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Epitaxially coated silicon wafer and method for producing epitaxially

coated silicon wafers 5 The invention relates to an epitaxially coated

silicon'wafer.and to a method for producing epitaxially coated silicon

wafers. Epitaxially coated silicon wafers are suitable for use in the 10

semiconductor industry, in particular for the fabrication of large scale

integrated electronic components such as e.g. microprocessors or

memory chips. Starting materials (substrates) with stringent requirements

made ofgiobatiandipcabilatiess, 1hicknessdistripidiohthod for produsing

single-side-referenceddpeakfiatness (nanatepalogy) and fregdom from

defects are required for modern microelectronics. Global flatness relates

to the entire surface of a semiconductor wafer minus an edge exclusion to

be defined. It is 20 described by the GBIR ("global backsurface-referenced
S ideHl BlafeTraHge ™= Ridghtsde of are potiivel andnegaiveddelibtiorfrontex
a barkside-referdircat] itealptade fontheptisecfront sideof Hie s11icon
sempcanductor wafer), which corresponds to the TTV ("total thickness
variation") specification that was formerly 25 customary. The LTV ("local
thi lation’) specification that was formerly customary_is .
no%v%%%%%\{ ggyngte%%écos%%ﬁéz t6 the SEMI Standard %% RPgiEs in the
backsur g@e&%?e%n%@%églx@o pﬁné’ﬁgﬁﬁéméﬁ‘rﬁaﬁﬁﬁuﬁé@ofﬁﬁ%’fﬁ@ﬁﬁ%n of
antBfeFatire devistibRgrarhesl atRS R renved idadlsplaneforan
individuahesmponertsreasdefineddimension)and correspondsderthe: =
GBHRuos THAt of 2 camposent atem ('sitedh ikhergiere ip contrasi1othe ang
glokalfiatnessGRIR, the:SRIR s refereneed todefined 35 dields onthe - o ceq
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measurement windows having a sizé o e geoi

maximumn Site JeoMatR Valie g ectronics.

Global flatness relates to the entire surface of a semi-
conductor wafer minus an edge exclusion to be defined, Tt ism
described by the GBIR (“global backsurface-referenced ideal
plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for the entire front
side of the semiconductor wafer), which corregponds to the TV
{*total thickness variation”) specification that was formerly

customary.

The LTV (“local thickness variation”} gpecification that was
formerly customary is nowadays designated according to the SEMI
standard by SBIR {(“site backsurface-reference ideal
plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for an individual
component area defined dimension) and corresponds to the GBIR
or TTV of a component area {*site”). Therefore, in contrast to
the global flatness GRBIR, the SBIR is referenced to defined
fields on the wafer, that is to say for example to segments of
an area grid of measurement windows having a size of 26 x 8 mm®
(site geometry). The maximum site geometry value SB1 Ryax



2 specifies the maximum SBIR value for the component areas taken into
account on a silicon wafer. Maximum site-referenced flatness or geometry

" values such as the 5 SBiRmax are usually determined taking account of a

certain edge exclusion (EE = "edge exclusion™) of 3 mm, by way of
example. An area on a silicon wafer within a nominal edge exclusion is
usually referred to as "Fixed Quality Area", Abbreviated to FQA. Those
sites which have part of their area lying outside 10 the FQA, but the center

of whightlies within the.EQAAresgalied s padial sites, @SI%SQH@%@&S taken

of the,maximum, lacal flatness often does not involve u using the "partial
S|tes" but rather only the so- “called "ful si S|tes" that is to say the

onent areas lying completely within the FQA. In order to be 15 able
c%)ﬁ?ﬁﬁ?’ér%ﬁkﬁﬁuﬁ%ﬁ@é@%l@éél’ﬂifﬁ?@%s%nﬁmcﬁwﬂmeedgech as the
%xcﬁ%i@man@lﬂhugahelslze &b theEQAANG: futhe mmoreto-specify whether ecdge
or not¢hedpartial sites” haygdesn: 1akgrintp Q@Qﬂﬂﬁn@olﬁum’é‘ifjwe@xm@i@
W”b&fﬁ%réhtoogptgngi@ﬂ@@ﬁt%rég‘f'érfr%uﬁgﬂy SUSIQMALY NoM/. aéé?crius&on is
requg@agtlkgogg\@ggg:gwl , for EXaM (%g c?na?it a comgon Qbk?r%?’dtr%?te

ds th,e SBIRmax va ue speC| |e the co Ogonent manu

but r ‘ﬁwer topermit gefefmﬁe?&vrﬁa@%ﬁé § 1% %T:Eoﬁ‘fﬁénéﬁﬁ%%itsme

Wwitl higigP25 Valuds THeepsriemageioithe sites whidh fie Grargoa, are
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perfiittéddo lleapdlonla spesific |iffity slaecofa geometry parametekiSnun local
usuzlly-specified by BA (HRercendiseakle Avgalhyakyg, whigh, &9;@49" but
therease.of 8 SEILOf lessdhanor eqyahta.Q7.pm and a PUA value of .

99O tha of the |te53 hav of less than or
&fﬂ%h mgv%k%ge% hégyr}erés \(/1%1 ugg rgnégho permette(?’?or b O ﬁHeer to be

S|tes ch| yleﬁWf 2RECBRIMG S thaBrisISs V2 Siedn \fvﬁfétscéaﬁﬁ%mml to
&é{?é“écfp By 3% processrseténte Bibdparatinga sihate efystakof0a and
S|Ilééﬁﬁﬁwmmstmmngﬂhewhechan|catt1ymenswmz edges; saryinges" have

oubasrabrasie Sepsuckeas:geinding or lapping

Furthermore, with regard to optimizing costs, it ism frequently
customary nowadays not to reject a silicen wafer owing, for
example, only to a component area that exceeds the SBIRpax value
specified by the component manufacturer, but rather to permit a
defined percentage, e.g. 1%, of component areas with higher
values., The percentage of the sites which lie or are permitted
to lie below a specific limit value of a geomeiry parameter is
usually specified by a BPUA ("Percent Useable Area“) value,
which, e.g. in the case of an SBIRp.x of less than or equal to
0.7 ym and a PUA value of 99%, states that 99% of the sites
have an SBIRmax ©f less than or egqual to 0.7 pm while higher
SBIR values are also permitted for 1% of the sites

("chip vield®).

According to the prior art, a silicon wafer can be produced by
a process sequence 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 547894 Al describes a lapping method;
grinding methods are claimed in the applications EP 272531 Al and EP
580162 Al. 5 The final flatness is generally produced by the polishing step,
which may be preceded, if appropriate, by an etching step for removing
disturbed crystal layers and for removing impurities. A suitable etching
method is known from DE 19833257 Cl, by way of example. While the
traditional single-side polishing methods 10 generally lead to poorer

pla%p%@gg%{l%g;sap%sﬂgmgth% ARG Ao ol B

pollshsz mak € |t(£)033| o uce silicon wafers with improve
flatne rlgcin thé’case ofp &ls% ci{ gilighh \Taferactharershe aﬁ*’?Bﬁtéﬁf’d’tW%
madé t6 % ﬁ?&v@*i‘hé‘?éq&l?e&ﬁ%?@ss%y suitable processing steps such

as grinding, lapping and polishing. However, the polishing of a silicon

swafereistialiygives tiseds a degrensein the thiskness ©f the planarnsieon «tep,

wafet toward 2 O-the-edee feedge rolkoffy), Eiching %@%S@éﬂéﬁ@déeep For
attack e si 089 g%&%é% b&&g@geﬂ 0, g&fsatef e%te”t at the ¢ geﬁgmues

proguce % e roll-off |I'l order to counterac { at

customary or S|I|con Wa%rséigl% b hofsHEY égﬁﬁ‘a\]?giylﬁs&f’r?c%@é’?;} by way
polfSheHFEMEOR widl 16 tiRfeF it tenter, thea noreadestnlitehing methods

10 thiglaiesstolvartethe ddgeanddras dadecrsaselinthicknessinldmBiter methods
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edgetrégipm:3bbEn1993834Q Cdescsihasidepositing agnonaerystalingoqg i b e

layes an-manacrystalling,siligen watgrs,which layey is ade of silicon with
the same crystal orientation, a so-called epitaxial layer, on which

seguc%?lductor co on%nts are a plled later. Systems of this type have

ceftain advantages over Sifitsn wafers iadé b3 hbogetidis an attempt

15 marir 36 E&aﬁﬁﬁ}é%ﬁ@ prEGefifor b e charje reveradl FrBipoheCMOS:ssing
cireGREFolfowad sy telsiibregircliiihe comippoensiiateh-up problem"),
lower defect densities (for example reduced number of COPs

("crystaloriginaledootishing of a silicon wafer usually gives rise to
a decrease in the thickness of the planar silicon wafer toward
the edge (“*edge roll-off”), Etching methods also tend to attack
the silicon wafer to be treated to a greater extent at the edge
and to produce such an edge roll-off,

In order to counteract that, it is customary for silicon wafers
to be polished concavely. A concavely polished silicon wafer isg
thinner in the center, then increases in its thickness toward
the edge and hag a decrease in thickness im an outer edge

regilon.

DE 18938340 Cl describes depositing a monocrystalline layver on
monocrystalline gilicon wafers, which layver is made of silicon
with the same crystal oriemtation, a so-called epitaxial layer,
on which semiconductor components are applied later. Systems of
this type have certain advantages over silicon wafers made of
homogeneous material, Ffor example_the'prevention of a charge
reversal in bipolar CMOS circuits followed by the short circuit
of the component ("latch-up problem"), lower defect densities
(for example reduced number'of £0Ps ("crystal-originated



"0 pretreatititnt

particles") and also the absence of an appreciable oxygen content,
whereby it is possible to preclude a short-circuit risk due to oxygen
precipitates in component-relevant regions. 5 According to the prior art,
epitaxially coated silicon wafers are produced from suitable intermediates
by means of a process sequence of removal polishing - final polishing -
cleaning epitaxy. 10 DE 10025871 Al, for example, discloses a method for
producing a silicon wafer with an epitaxial layer deposited on the front
sideysaid methorl cempasing thefllovdngdrogess st B%Cla@@ oxygen

fe”@e/ﬁwﬂhs“'&?ﬂe?s&?f%ﬁolﬁsp%%@?g OB, o LUMOPINEL ey
cleamn%I ing of Q}e silicon, wafer; 1 §2pretreatmen-'fl of th e Jt
side of the s':fcon wé%% ata Feeﬁjpgrgt%?g%f f%“f?%ﬁ%g?@é%‘@@l%ld?gloms
in an epitaxy reactor; and (d) deposition of an epitaxial layer on the front
Ssidé-oF e pretréatethsilicon wafer t20 dbisteustoliarys i ordertolprotectiafers
silicorevafersfrem [Farlicleldadinyeta subjestdhe sHican Walerstos2 & process
hydrephilicceleaningeafierpolishings Said hygrophilic cleaning produgces, . - -
natiye oxide on the front and rear sides of the C. 25 silicon wafer which is

very thin (approximately 0.5 - 2 nm, depending on the type of cleaning and
measuremen{i) This native oxide is removed in the course of a

A anfepitdaF reAdP LR def sERyde rratmssseftotalsooducing a

caﬁ&iFﬁP@OH@@ﬁF with an epitaxial layer deposited on the front
side, said method comprising the following process steps:
(2} a removal polishing step as sole polishing step:
(b) (hydrophilic) cleaning and drving of the silicon wafer:

13 {¢) pretreatment of the front side of the silicon wafer at a

temperature of 950 to 1250 degreeg Celsius in an epitaxy
reactor; and
{d) deposition of an epitaxial layer on the front side of the

pretreated silicon wafer.
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It is customary, in order to protect silicon wafere from
particle loading, to subject the silicon wafers to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces native oxide on the front and rear sides of the
gilicon wafer which is very thin {approximately 0.5 - 2 nm,
depending on the type of cleaning and measurement) .

This native oxide is removed in the course of a pretreatment in
an epitaxy reactor under a hydrogen atmosphere (also called Hp
bake} .

In & second step, the surface roughness of the front side of
the silicon wafer is reduced and polishing defects are removed
from the surface by usually small amounts of an etching medium,
for example gaseous hydrogen chloride (HCIL), being added teo the
hydrogen atmosphere.



n 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
usually small amounts of an etching medium, 35 for example gaseous
hydrogen chloride (HC1), being added to the hydrogen atmosphere. 5
Sometimes, besides an etching medium such as HCI, a silane compound,
for example silanedichlorosilane (SiH2C12f, trichlorosilane (TCS, SIHCL,)
or tetrachlorosilane (Sield, is also added to the hydrogen atmosphere in

. an ypaunt sueh that; dhe suiface. L Enitaxy.rgactors, whigh-are yisedhin, .
particlarin the %%@l%%@%gﬁtors@q%%r E%g:.&?? depos 'H_%%gél a%%%%qcl ),

layer on a_silicon wafer, are describe

| t
or ﬁ%‘%l {61 Sfehs>bhe' 6 o r%lﬁﬁf@e}:n\%se
hedti

1{)rlor art. M During all coating ™',
SRSt by HEarS bF e - 48
Gosaiees, prefebablpby AesahsSFappEraRdiBWEr Rerimy seufdesihat
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mimromﬁingmsaumgasgmcqwe&gas a;nd,aif_ approprate; 820igh
doping gas.A suseePtoswhich camprises araphite, SIC erauatzere ;g
example, sefves aga support for the silican waferyn.a process chamber of. .,
thet%)étaggrrfeaagéor. Durlng ?he d%posmon process,

Fpitaxy 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.

During all coating or deposition steps, one or more silicon
wafers are heated by means of heating sources, preferably by
means of upper and lower heating sources, for example lamps or
lamp banks, and subsequently exposad to a gas mixture,
comprigsing a source gas, a carrier gas and, if appropriate, a

doping gas.

A susceptor, which comprises graphite, SiC or gquartz, for
example, serves as a support for the silicon wafer in a process
chamber of the epitaxy reactor. During the deposition process,
the silicon wafer rests on this susceptor or in milled-out
porticons of the susceptor in order to ensure a uniform heating
and to protect the rear side of the silicon wafer, on which
ugually there ig no deposition, from the source gas. In
accordance with the prior art, the procesgs chambers are

designed for one or more silicon wafers.

In the case of silicon wafers having relatively large diameters
{greater than or egual to 150 mm), single wafer reactors are
usually used and the gilicon wafers are processed individually
since this results in a good epitaxial laver thickness
regulatrity. The uniformity of the layer thickness can be
established by various measures, for example by altering the
gas flows (H, SiHCL3), by incerporating and adjusting gas inlet



25 the silicon wafer rests on this susceptor or in milled-out portions of the
susceptor in order to ensure a uniform heating and to protect the rear
side of the silicon wafer, on which usually there is no deposition, from the
source gas. In accordance with the prior art, the process chambers are 30
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 and the silicon wafers are
progessedndividyally: 35:sincethis resulis,ina.g0gd.pRitaxiahlayglperature or
fhickpess regulatrity. The unifqrmity. of the layer thickness can be
established by various measures, for example by altering the gas flows
(112, SIHC13), by incorporating and adjusting gas inlet 6 devices
(injéétots): Byehahiging the depodifert teHpefaiis orthbdificatrivteiges

Ssuseepterchn epitawy itiis fanthermoyé loustomeny cafter onecrmwred: an

epitedalidepasitiensientsilicon mafes,dotasey out apriching beetmesf ofn che
the@fﬁ@@é@@%@%ﬁﬁ?@%@@e&w gﬁ&f%%%W%@t?t}?@%geB@rttm

an S er.pa 0] € process cnamper are mmreea ol sllico eposlts. .
Th%get(c%?'usiﬁgﬁ%ggﬁech%ﬁge #gf):?%rc gilar(ir?e g,Si"égoSfferr?%Jrrgéa%%y&’ using

carmied 19 Bt afteP e Brddédding'sta S mbeF of SiRbIFwWaTeRy carried
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carfietout ih part Bnelidfiectherpfecessing of meorssiticon waferi{after 40

to 2esiicarswatets) insthes¢ase of depasiing thipapitaxiallayerser the
procesgging of moxe gilicon wafers (after 10 to 20 silicon
wafers}) in the case of depositing thin epitaxial lavers.
Usually, only an HC1l etching treatment or elge an HC1l etching
treatment followed by brief coating of the suscepteor is carried

out.

The production of epitaxially coated silicon wafers with good
global flatness proves to be extremely difficult since, ag
mentioned above, a concavely polished silicon wafer is usually
present as the substrate. In the prior art, after the epitaxy,
the glcbal flatness and also the local flatness of the
epltaxially cocated silicon wafer have usually detericrated
compared with those of the concavely polished silicon wafer.
This i1s associated, inter alia, with the fact that the
deposited epitaxial laver itself also has a certain

irregularity.

Aithough the deposition of a thicker epitaxial layer in the
center of the concavely polished silicon wafer, where the
thickness of sgaid layer would have to decrease cutward in the
direction of the edge of the silicon wafer, could compénsate
for the originally concave form of the gilicon wafer and thus
also improve the global flatness of the gilicon wafer, this is
not congidered in the epitaxy of silicon wafers since an

important specification of an epitaxially coated silicon wafer,



15 Usually, only an HC1 etching treatment or else an HC1 etching
treatment followed by brief coating of the susceptor is carried out. The
production of epitaxially coated silicon wafers with good 20 global flatness
proves to be extremely difficult since, as mentioned above, a concavely
polished silicon wafer is usually present as the substrate. In the prior art,
after the epitaxy, the global flatness and also the local flatness of the
repitdxially toated siiton Waferdhaverusually deteriorated 25 eamparedyer,
with those of the, eaneavely polished silicon wafar. This is associated, inter
alia, with the fact that the deposited epitaxial layer itself also has a certain

irregularity, 30 Althqugh, the deposition of a thicker epitaxial layer in the
e e c ey PORhe SR rer A o tHeRIBSs of aia
Q8y&F otid haveto detraade CUtwWATdGh The dirdetiBh rtheedge dtthe to
tsilicors water, ‘could Edbmpensate for theorigirallycontavefoidrofitheced yglobal
Sikcore wafer and thus 35 also improve the global flatness of the silicon

wafer, this is not considered in the epitaxy of silicon wafers since an
AH@QEB@%&%”&%‘%@%@@ enPﬁ%!?é'Yp‘%%%@Qts”i% wafer,, 7-namely;a

limit value for a regularity of the epitaxial layer, cannot be prevented from
BBt et ded” EfibdaimEnR G theSniRA GG seekitoProvide & métitd
Wforf epitaxiallywtoatingssitican waféers whictt makessitpossibletowrovideare
JLRitaxially coated silicon wafers having inproved.global flainess. . . s

According to one aspect of the present invention, there is provided a

Tetivod torproduciig epitakially Chated sitorwaréidsh whicha ©Pitaxy
raaltiplicity of siliconcwafers whichrdarehpelishetbatleast onrtheirffrantsigdesi con
2redovided and successively, coated individually. in eaghcaneinan .. co.,
‘epitaxy reactor by a procedure in which a respective one of the silicon

Wafers provided isplaced o dsuseeplorinciiecasitaty fedctsp, ishvarogen
retreaied undes arhydrogen-atmespherehata fifst:kydrogen:flew sate.in acdium
dirststen,gnd.wih, addifion. af.an etening medium t e lydragen. o, o
atmosphere ata secong, educed hy(?rogen flow rate in a second tep, IS
rQilssequentBecoatéddpitaxidlly ontitsepolishetfronesidé and isrédmbyedon its
Jromsthe-epitaxy-reacter, and fusithermare.an etehingdregiment.oftbe o, ang
ﬁsusqeéntor IS effecteg ig ,eachtcas(-;-C aftefr: a specific number of epitax\i%If q i
L Batings Whergin the firsthydrsgeh How fate 820 100% I and the = focted in
egedord: hydrogenflowsate ist0 G-105aT Ir themetiotkdccoring to thetherein
Jnvention, firstly.a oultiplicity. of silicon yvaterswhich are polished at least .
on thgirtfro_nt s[gdg§laore %rovided. For this purpose, a silicon single crystal
prodiced according to the prior art, preferably by crucible pulling
according to Czochralski, is sawn into a multiplicity of silicon wafers by

means gfknown sepatation,methods, preferably by wiresawing with fre@ ; -+

Agsgqﬂgzgﬁbgggggéyﬁﬁkgﬁagggu%gﬁ%ghed at least on their front

sides are provided.

For this purpose, a silicen single crystal produced according to
the prior art, preferably by crucible pulling according to
Czochralski, 1s sawn into a multiplicity of silicon wafers by
means of known separation methods, preferably by wire sawing

with free ("slurrvy"} or bonded grain (diamond wire).

Furthermcre, mechanical processing steps are effected, such as
seguential single-side grinding methods (85G), simultanecus
double-side 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



Furthermore, mechanical processing steps are effected, such as

sequential single-side grinding methods (SSG), simultaneous double-side
grinding method ("double-disk grinding" DDG) or lapping. The edge of the

silicon wafer including optionally present mechanical markings such an an
orientation notch or an essentially rectilinear flattening of the silicon wafer

edge ("flat") is generally processed as wellg(edge rounding,
"edgenotch-grinding"). 5 Chemical treatment steps comprising cleaning
and-alebing steps aedditionally provided: Afterthe arinding, cleaning,. . 5.
and (etﬂ}érkg, steps, %@e ggrfgfe of Ytgeesslgcgn gvmfx%ﬁ[ Is @é)othedu%y , ed
removal polishing, Tn ﬁme 10°ade of singie-side polishing FSSP SificaH: "edge-
wafafs are feld dtiifig processing on the rear side on a carrier plate by

means of cement, by vacuum or by means of adhesion. In the case of
SdouBleside bolishing(®8P} sibconwafets arg inSerted fepsely ista-athin steps
toothed diski andpelishegonthestiont and 15 rear side simultaneously in

a manner ftfloating freely" between an upper and a lower polishing plate

co it ishing cloth., The.frant sides of the silicon wafers are

B A

olished.in a iple’
soft poliShig It RitR the Aid BISH ARAITRE FETEHIR] Jot-insrtef toIn the

10 b thé flatidss 6r thiedstliesn irarers prédided sipltortis stistheare held

15

materale movalssrdrelativelyismalhin thislease, preferatily:0 §5:t0:15, means
ur T hisisée js biten2biefesedip asHMPopolishing (shemermeghanical o ¢
polishingy insthelitgsature; The gllisan vw@!;%eao\ﬂg%gﬂeﬂsf%@g@%tea
olished Foneugly.in rder E%é%?fé'&t LI G RUSCLILPO PO ana
30 stgg;:éa d also etching steps) to an outer e region of the siticon

wafer The Global fatieesy GBiRFol' e Sificor WarkiS prévigetyis Petween
usBAIER$0. 5 Yivetran dije eRénsion ot wavered with a polishing

cloth.

The front sides of the silicon wafers are then preferably

20 polished in a haze-free manner, for example using a soft

25

30

35

polishing cloth with the aid of an atkaline polighing sol; in
order to obtain the flatness of the silicon wafers produced up
to this step, the material removals are relatively small in
this case, preferably 0.05 to 1.5 um. This step is often
referred to as CMP polishing (chemo-mechanical pelishing) in

the literature.

The silicon wafers provided are preferably polished concavely
in order to restrict the edge roll-off caused by polishing
steps (and also etching steps) to an outer edge region of the

silicon wafer.

The global flatness value GBIR of the silicon wafers provided
is usually 0.3-0.5 pm given an edge exclusion of 2 mm,

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



35 After polishing, the silicon wafers are subjected to a hydrophilic
cleaning and drying according to the prior art. The cleaning may be
performed either as a batch method with 9 simultaneous cleaning of a
multiplicity of silicon wafers in baths, or by spraying methods or else as a

| single wafer process. 5 The silicon wafers grovided are preferably wafers

made of mono- crystalline silicon material, SOI ("silicon-on-insulator")
wafers, silicon wafers with strained silicon layers ("strained silicon") or
SSGiigstkapreebsiticohean-imsulatory) waferspMethogdsdor pradueing8@brs in
or s3@hwafers sych:asSmastGuiandid 0snetheds for prodycing wafers-
with,stsaiad silicon layers are known in the prior art. The polished silicon
wafers provided are subsequently pretreated individually in each case in
an %Bitax / {reactor. The 15 pretreatment in each case comprises a
treatment of tha silledR Warer i ATRAr88nRRAGE e (1S BaReyafd #f mono-
tre SIETCOf tHeesifidoh sratennigicaaditioPst dn stéhingrmendiimstoltheor ” )
hydragensatnsodphere, préferablyiinteachreasedviiinia tempeatite (aREes i ned
(()f gaimagop@rz@g@ﬁ qtc@%m%&um@@@ter@ymgf%wﬂ%%mn

HGL ) hod ret 1] roge, osphere is prefera N

eff%% O%tsaeig/drgﬁ%;% ?a%%dz%glé%gmwggtgﬁ%a% ﬁ%erafS%)é?r tCut and

** minute), particularly preferaply 40-80%li. Thé difafion of thécon tavers are
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pretreatent inte Myaisdert Gtmosphere is preferably 0-120 s. 30 During
the pretreatment with the etching medium, preferably HC1 is added to the

hy@kogerr afrosphets incan amount; preterndbys within the sange.of 5,20%
bypﬁﬁﬁﬁﬁaﬁﬁﬁmHMﬁﬁh@ﬁ@ﬁEyaiﬁﬂ@é§ﬂl@&é@zﬂﬂnﬂﬂhkpitaxy reactor. The
pretreatment in each case comprises a treatment of the silicon
wafer in a hydrogen atmosphere (H,; bake) and a treatment of the
silicon wafer with addition of an étching medium to the

hydrogen atmosphere, preferably in each case within a
temperature range of 950 to 1200°C.

The etching medium is preferably hydrogen chloride (HCL).

The pretreatment in a hydrogen atmosphere is preferably
effected at a hydrogen flow rate of 20-100 slm {(standard liter
per minute), particularly preferably 40-60 slm.

The duration of the pretreatment in a hydrogen atmosphere is

rreferably 0-120 =.

During the pretreatment with the etching medium, preferably HCL
is added to the hydrogen atmosphere in an amount, preferably
within the range of 5-20% by volume, such that the removal rate

is 0.01-0.2 pm/min.

Furthermore, during the pretreatment with addition of the
etching medium to the hydrogen atmosphere, the hydrogen flow
rate is significantly reduced in comparison with the H; bake

pretreatment.,



35 Furthermore, during the pretreatment with addition of the etching
medium to the hydrogen atmosphere, the hydrogen flow rate is
significantly reduced in comparison with the Hy bake Pretreatment, 10
The hydrogen flow ate is preferably reduced to 0.5-10 sin. A reduction
of the hydrogen flow rate to 0.5-5 sIm is 5 pgrticularly preferred. It has
been shown that the global flatness of an epitaxially coated silicon wafer
can be significantly improved by the reduction of the hydrogen flow rate
during the pretreatment 10 with the etching medium. As a result of the

redtittonpfitherbydiigen flaverate diringthe HC L atching stepothe 10 =im.
thickness of the silicon wafer is reduced to a greater extent at the edge

than igé@ggirfggog§%ggah%g&tgr fthg gilicogtwaé%r. Jhis counteracts

the concave.initial eometry 0 the sﬂico_n wafer. Whereas no increased
Smapeﬁ%lrglr%}loé{/‘%$ sggﬁgerev%rc? &t the edge of the silicon wafer at an H2 flow
rate of 50 elm (standard
It has been shown that the global flatness of an epitaxizlly
coated silicon wafer can be significantly improved by the
reduction of the hydrogen flow rate during the pretraatment

10 with the etching medium.

Ag a result of the reduction of the hydrogen flow rate during

the HCl etching step, the thickness of the silicon wafer is

reduced Lo a greater saxtent at the edge than in the direction
13 of a center of the silicon wafer. This counteracts the concave

initial geometry of the silicon wafer.

Whereas no increased material removal is observed at the edge
of the silicon wafer at an H; flow rate of 50 glm (standard
20 litex per minute) during etching, that is to say the customary
HCl concentration, a material removal of 100-300 nm occurs at
the edge of the silicon wafer as a result of a reduction of the
H: flow rate to 0.5-10 slm, that is to say with a significantly
increased ¥Cl concentration, depending on the duration of the

25 treatment with HCL.

A treatment duration of 10-120 s is therefore preferred during
the HCLl etching treatment -~ depending on the desired material
removal at the edge of the silicon wafer to bhe epitaxially

30 coated.

The particular advantage of this method is that after the
pretreatment steps the silicon wafer obtains an optimum form of
the front side for the subsequent deposition of an epitaxial
35 silicon layer since the silicon wafer ig leveled in its edge
region by the pretrestment and the concave form of the silicon

wafer is at least partially compensated for.



10

20 liter per minute) during etching, that is to say the customary HC1

concentration, a material removal of 100-300 rim occurs at the edge of the

silicon wafer as a result of a reduction of the 112 flow rate to 0.5-10 sIm,

that is to say with a significantly increased HCI concentration, depending

on the duration of the 25 treatment with HCJ, A treatment duration of

10-120 s is therefore preferred during the HC1 etching treatment -

depending on the desired material removal at the edge of the silicon wafer

to baEpitaxidlly 80<oatedndihie paricularadeantage of thisyeethod iSeposited

thatsafterdherprelreatmen steps the siiconswaterebtaing an-aptimuN:; 15 con

form,at the frapt sidp for e 3ubsequentdenosiign.of aepitaxialsa. o ;o adgea

silicopn Iﬁy&ras)mé:e thg s(ga{%%gevgkafeglgs le eeled in its gdq_e eglonrby the k
retreatment and the cORcave form of the SO WATST is &Y fdastharaafy ted at

B onTo i EREHTOR" T 1AM P e PR Cx FRERTSURR, &R SHitfAlByer Furoe

depd%ftéd at least on the polished front side of at least the silicon wafer.

For this purpose, a silane source as source gas is added to hydrogen as

carriet gasoThe epitaxighlayer is-depasited gt $ a temperatyre of; 1ane source,
900;1200G. depending en,the silane squrce dsed. richlorosilane (TCS) is

preferably used as the silane source, at a deposition temperature of
1050-1150C. 10 The thickness of the deposited epitaxial layer is

prefefap OB 288 5met t&ﬁeﬁﬁ#@ﬁéﬁﬁéﬁt%ﬁ’ﬁ&%&p&éﬁd% |ldyerptirferably
epitidally 25Hbated silicon wafer is removed from the epitaxy reactor.

After a specific number of epitaxial depositions on silicon wafers, the

suscepier imiseatasbwithian etehingsnegdiumpraferalylywithHC L ingrders 1 .

15 to g dhe suscepter QLSlCOn o removed from the epitaxy reactor.

20

25

30

35

After az specific number of epitaxial depositions on silicon
wafers, the susceptor 1s treated with an etching medium,
preferably with HCLl, in order to free the susceptor of silicon
deposits, by way of example.

A susceptor etching is preferasbly effected in each case after
i1-5 epitaxial coatings of silicon wafers. For this purpose, the
epitaxially coated silicon wafer is removed and the substrate-
free susceptor 1s treated with HCL.

Preferably, besides the susceptor surface, the entire process
chamber is flushed with hydrogen chloride in order to remove
silicon deposits.

The susceptor ig preferably coated with silicon after the
susceptor etching and before further epitaxial processes. Thig
may be advantageous since the silicon wafer to be epitaxially
coated does not then bear directliy on the susceptor.

Moreover, it has been shown that the methed according to the
invention is suitable for producing a silicon wafer which

comprises a front side and a rear side, at least its front =zide



20 deposits, by way of example. A susceptor etching is preferably effected
in each case after 1-5 epitaxial coatings of silicon wafers. For this
purpose, the epitaxially coated silicon wafer is removed and the substrate-
25 free susceptor is treated with HC1. Preferably, besides the susdeptor
surface, the entire process chamber is flushed with hydrogen chloride in
order to remove silicon deposits. The susceptor is preferably coated with
silicon after the susceptor etching and before further epitaxial processes.
Thidfidypbeadieirtdgeods sncathiesiliconwater odieepitaxiallyiceatatbast on
doestnotithentbesrddirectyonthersusaepios Mprgovers irhas; been showny ¢
thatothe;method.according 1o the jnyentigp s suitable for prodicing a
silicon wafer which comprises a front side and a rear side, at least its front
Ssidehlz beingﬂpolished and an epitaxial Iaégir%pein applied at least on its
front §1d8, and Whith has a Yol fikineSSRAIGE TBIR of (o rrstimic
reldtiverittas etifesexditision st 2ing SThasilcms waler Whishtwasde, as a
subjjestedttiocd’ hydigphikc cleaningeafiethespelishing-afiatdaashiss ot con
Sidea@sa, resulf @%@@B@ﬁﬁ;@%@ggééiéﬁﬂﬁfm%d W&P@gﬂﬂﬂc%@ﬁwﬁﬁere in
wagsubseasiently pretsated, in afydrogen aimosphere in an epitaxy ..
" rquigrilgogrdﬁé%%éemé)? @atlv%%lde Ilrorgr&ihe 10@§I|gon wafer, and was ;
subseguently treated, with addition of Fyoroge c%ﬁorlaeqovfﬁgkhfd}%bgﬁon ©
] atMSSPIEE in A S8EGAE stép Hite FydrogsAnswRte M aVing betrpecond step,
a sighffit dhtledtited inthe seedmi sk esrmler torehiove siliconsdaterdalin the
_ in &targeted manier imtheredge region:of the siliconanaterato ahleast=laeted
pafith.eem pﬂmsat&:fczfctbe GRS Bﬁti%@e@ﬂﬂ%&ﬁ thesrelished silicon,, .
15 Walgr-and to givethe silicop,walgr a flafier geometyic.form, and was. .,

furthermore.provided with an epitaxial layer after the prétreatment steps at

Iea%jgf(iolnﬁ?tls(,E ?r%sn% %%d:eériowlar\%&%p%%érstéj 0 ‘:évseerﬁf{%eoF fir)\]e?acs‘fﬁe\?‘?'efrﬁg \ﬁ%ﬁlatter
SilEBRRETErE epitaRialfChatR ihHCCHIANER Wit TRETV&Ftich aRiteRhEaxial
hytrgGen HohFiatEhe caepteasEnavihgGbens redutedsd @5-10elfront side.
according to the invention during the pretreatment in the etching medium,

20 thedohowingpvalsescinter aliaiawsercnidorthe-global flatngss value warers
SEIS givenitreatraentdurations of 101205, 0 441 KmL- 0.1 K5, 0.17.Km .,
- %géxlﬁ@eho-%?o'émr I each cas%wnh an edgfn%x%u5|on of.2 mm.

& 1n each casée ha aen reduced to

A

0.5-10 slm according to the invention during the pretreatment

in the etching medium, the following values, inter alia, arose

(( 25 for the global flatness value GBRIR given treatment durationg of

~ 10~120 s: 0.11 pm - 0.15 pm -~ 0.17 pm - 0.25 pm - 0.29 pm, in
each case with an edge exclusion of 2 mm.

The silicon wafer according to the invention preferably has a
30 global flatness value GBIR of 0.07-0.25 um.

It has been shown that a further improvement of the global

flatness values of the epitaxially coated silicon wafers is

achieved by a reduction of the hydrogen flow rate to 5 slm or
35 less.

In the course of a series of measurements with silicon wafers

epitaxially coated in accordance with the invention, with the
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The silicon wafer according to the invention preferably has a 30 global

flatness value GBIR of 0.07-0.25 Km. It has been shown that a further
improvement of the global flathess values of the epitaxially coated silicon

wafers is achieved by a reduction of the hydrogen flow rate to 5 slm or

35less. In the course of a series of measurgments with silicon wafers

epitaxially coated in accordance with the invention, with the 13 hydrogen

flow rate having been reduced in each case to 5 slm during the
pretigairrentinihevetching vadium womparethwnith a-flows ratecefd0 shNs a1m
duriagrthedHZihake)ethesfollewing values, interalia, arose far m%x%%ti%'d with a
ﬂ?trﬁ%ﬁxﬂé&'@eGglER;é Q%?Lﬁgﬁxsi{gg% %ﬂ%‘ %22 %%(]g?g 1|§t91_?% é%nl% C?P(;wﬁtcagsevalues ,
with exclusion.o . , th
epi?%eeﬁg%g‘altaea silicon W%a?gp]f)éeefe?a %ﬁiliasféaéﬁ ‘ fF0o7%0 98 Hm, 0 - 07 e
likewise with an tdte ex@ulfort'F 2110 RARPTHRSSiEGF varer jloe exclusion

prefdrably™® wafet mage ot mrorserysislline silicon material, an SOl
("silicon-on-insulator") wafer, a silicon wafer with a strained silicon layer

("straineerbsilicons) epansSQL(strained siliconapsinsulator WWaet .1y nae
proyided-with-anp epitayial Ll,aﬁﬂr The GEIR VQ{[{%S thheedéglcgzgg\%%tae{ o of 2

ess than or equal to 0.3 Rm already mee
the requirements

The silicon wafer ig preferably a wafer made of monocrystalline
silicon material, an SOT {*silicon-on-ingulator”) wafer, a
silicon wafer with a strained silicon layer (“strained
silicon”) or an ®80I (“strained silicon-on~insulator”’) wafer

provided with an epitaxial layer.

The GBIR values of the gilicon wafer aceording te the invent;on
of less than or egual to 0.3 um already meet the requirements
made of starting materials for the next technology generation
(accoxding to ITRS: hp45 technology node) and the one after
that {hp32 technology node).

This also applies to the local flatness, expressed by the
SBIRmax, which, in the case of the gilicon wafer according to
the invention, is less than or egqual to 0.1 um, preferably less
than or egqual to .05 um, likewise with an edge exclusion of

2 mm and relative to partial regions of an area grid of
segments having a size of 26 x 8 mm?’. This results in 336
segments, of which 52 are “partial sites”. The *partial siteg”
are preferably taken into account in the determination of the

SBIRnax- The PUA value is preferably 100%.
Eszamples
An epitaxial layer was deposited on a silicon wafer having a

diameter of 300 mm that had been produced in accordance with
the pricr art and finally polished by means of CMP on its frong



20 made of starting materials for the next technology generation

(according to ITRS: hp45 technology node) and the one after that (hp32
technology node). This also applies to the local flatness, expressed by the

(- 25 SBIR(l, which, in the case of the silicon wafer according to the

invention, is less than or equal to 0.1 Km, preferably less than or equal to

0.05 Km, likewise with an edge exclusion of 2 mm and relative to partial

regiong of an area grid of segments having a size of 26 x 8 mal2. This

resdits i 338 30°LAgMBA01Fhich 52 are partisl Sleescoptedpartial concavely
siteB® 4r& Hrefer 2By taken intarcdant in therdeteemingtion.of the:8BIRMand an
ThezPYA valie-isfdreferably 100%. Example: 35 An epitaxial layer was

deposited on a silicon wafer having a diameter of 300 mm that had been

sprogueed dn aecordancewiththe prior.art.and finally polished by mea gegpqtaxy

C Jdts front. 14 side, The silicon wafer to be epﬂaxﬁl?yrcoate W
comgja,%%f%gn?ﬁé&% L% 15 Sy RS ontAve IAATgaBmatiPaREraFre s
edge oot 5 DufiRg the pratreatiert bf tRisificon wafer in the epitaxy

reactor, firstly a pretreatment in a hydrogen atmosphere was effected at

anHZ fow rdte of B0ssinRuripg the subsequent pretieatret Wil oride added

10 hydrogen:ehloride:adaad Minte the-hydregen atmaspherg, the H2 flaw, ..«
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ratgasseduced acgarding Lo the invention, 19,5 elm, The duration of the
pr%;g%%%%@gn\gm WQE%Q nghloride was 60 .~ An epitaxia fayerwas
subsequently deposited at & deposition 15 temp&raiufe of 112000 and a

trichlorosijlane flow rate of
An epitaxial layver was subsequently deposited at a deposition

temperature of 1120°C and a trichlorosilene flow rate of
17 slm.

The results are explained below with reference to figurez 1 to
6, whereas figures 2, 4 and 6 show schematically the geometry

of the circular silicen wafers in perspective,

Flgure 1 shows the profile of the thickness of a concavely

polished silicon wafer against itg diameter (“line scan”) .

Figure 2 shows SBIR values for this concavely polished silicon

wafer,

Figure 3 shows the thickness of the epitaxial laver against a

line scan.

Figure 4 shows SBIR values for the epitaxially coated silicon

walfer.

Figure 5 shows the thickness of the epitaxially coated silicon

wafer against a line secan.



17 sin.  The results are explained below with reference to figures 1 to 6,
whereas figures 2, 4 and 6 show schematically the geometry 20 of the
circular silicon wafers in perspective. Figure 1 shows the profile of the.
thickness of a concavely polished silicon wafer against its diameter (_"!lne
scan"). 25 Figure 2 shows SBIR values forithis concavely polished silicon

wafer. Figure 3 shows the thicknesS of the epitaxial layer agains_t a line
scag: igure,4 shows SBIR values for the epitaxially coated silicon
Wa%éi&%%‘u%l gagov?so the thickness of the epitagiaffy costediifd6H-35 13‘:’ )
wafer against a ine scEht o3 Figre8¥Mvs FoF Bachtbinpeasatarsd ative to
on thé epfaRRNy-codeed shieeh wafse the change in the SBIR values

relative to the concavely polished wafer. 5 Figure 1 illustrates the

sthicknesssdistribution-eta soncavebnpolishad slicopwaler NAYiINg &, concavely
diapatesed 200 mre of 4% mio 1S mm ga g unclion aldhe rads g,
a lipg scan, An edge e@&u%lginogf 20 m is taken as a basis here. The an edge
thickness increases from the center in'the d??edclt%% Bfitie edge o 2o
exhibits & sighifidartt d&régsé &t the B ge. 20 gicbal e s vakisi OBIRS s
of HFGRT PSSl GvehTm éégé@xd@sibheof@mﬁi&"ﬁgﬁre:ﬂdlluﬁtr;ateﬁqd

10 sitexgjedrnetyaahies: SBiR:for thisconcavely: polishedsidicon wafer given

a subdivision into 336 component areas ("sites") having a size of 26 x 8

mm2y S2phthesedRa.copponentargas arg ‘paitial sites,, Using an edge ,
exglysign of 2 mm or an FQA of 296 mm and taﬁlr?lg accouint of alf

15 Figure 2 illustrates site geometry values SBIR for this
concavely polished silicon wafer given a subdivision into 338
component areas ("sites”) having a size of 26 x 8 mm®. 52 of
these 336 component areas are “partial sites”. Using an edge
exclusicon of 2 mm or an FOA of 296 mm and taking account of all

20 the “partial sites”, a maximum site gecmetry value SBIRg.. of
0.174 um results in this case.

Figure 3 illustrates the difference in thickness between the
epitaxially coated silicon wafer and the concavely polished

25 silicon wafer as a function of the radius as a line gcan. This
difference in thickness decreases From the center in the
direction of the edge of the wafer and rises again inr the edge
region, but does not correspond to the actual thickness of the
deposited epitaxial laver, but rather also takes account of the

30 changes in thickness as a result of pretreatment steps. Since
material was removed at the edge of the silicon wafer during
the pretrestment with the etching medium, significantly more
silicon than illustrated in Pigure 3 wasg accordingly deposited
at. the edge. The material removal at the edge was approximately

35  150-200 nm, which was then evergrown by a uniform epitaxial
layer having a thickness of 2.6 pm + 1.5%. This complies with a
specification for the layer thickness regularity of the

epitaxial layer.



20 the "partial sites”, a maximum site geometry value SBIR,,. of 0.174 pm

results in this case. Figure 3 illustrates the difference in thickness between

the epitaxially coated silicon wafer and the concavely polished (c- 25

silicon wafer as a function of the radius as a line scan. This difference in
thickness decreases from the center in the ghirection of the edge of the

wafer and rises again in the edge region, but does not correspond to the

actual thickness of the deposited eoitaxial layer, but rather also takes

account of the 30 changes in thickness as a result of pretreatment steps.
Sinééfiaterih frEcrhiorEd At e eelyeodf tHessitican avafel turingbed silicon
pretreatimentvithethesetehingymettivan sigrificanty.more;silicen.than . geometry
illustrettee:in Figuredavas ascordingbrdepesited at the gdge,, The material .

sremovatatihe qggeowgg@gﬁgﬁoﬁg@%@[tﬂ%i?ée]fgo-zoo muéwh,ich as then
. L 5

ovey a unifor taxial layer having a thickieSSof 2.6 Pm>1 5ot tes
Thisgc(.é%% ite% with a %%eei ic’éti%n’?%r 'thé%ayg‘?ﬁ?%é%%lré@uw%ﬁhemtes "
epitaxial 1ay&F.° 16 FiGHre'd revkars SBIR veldeyof theepitaxidilyscoatede
siliESiT Wit PLT e edstansighifiear dmprévementin the site geometry

values in comparison with the concavely polished silicon wafer. 5 An

10 SStRgef6.086 pmikastiisdiere. ongeiagaindor 336sites havipga %ipzl Pesat1y

i3

20

26 %8 rem?, &ethereqtheing, partial sites: which were likewise taken into”™
acgaunt, and with an eéj%e efélusi%%%f%?n% or an FOA'6F 288 m. \® radius

. : an, resuitin TR:)
Figure 5 iliustrates the thickiness profile bfthe Epttakidlly cssetplue GBIR of
O&JB%Qﬁgﬁe%l SifitoR WP BsH fliicticti oP s fadins dstadipesscamrds a
reStififtg irt PGlbbAFRALTERRTEIUE G BIRwh0. $2pmgivercan edg®al flatness
exBlusiarT of 2 1wavahothel iards assignificant4MProvementitas not been
consparisorewithrthecglobal fiatness 15-obthe cencavely nalished silic } are
wa@i,twﬁmh@%ﬁ%b@?@&o%%@%%@t‘i@%i” tt.!:% p{(?egterri%%m gtlgz_ligrati ons

prigr g, epitaxial depositions are more likely to I%ad,to raions’in
the global zgnd local f%fane%os%asalo Si |£8ﬁsv§é°¥5er§’£2§ﬁdlfr‘én6 CRGHAES for

each component area, the change in the SBIR values of the epitaxially

coAtEd ichriwarer in“mpanSoR WP tiss concavely iotishbeyafem the SBIR

vaigéshavitfy alpositiie sigiedénoteca detesaration, ardmRegative:-signs 1 son

awihprovementohthe SBIR values. Andmprovement of the.local flatness . .

OGCS denote a deterioration, and negative signs an improvement
of the SBIR values. An improvement of the local flatness acocurs
particularly in the edge region of the epitaxially coated
silicon wafer, which can be attributed to the leveling of the
silicon wafer in its edge region by the pretreatment of said
gilicon wafer with addition of HCL to the hydrogen atmosphere
at a significantly reduced hydrogen flow rate.



25 particularly in the edge region of the epitaxially coated silicon wafer,
which can be attributed to the leveling of the silicon wafer in its edge
region by the pretreatment of said silicon wafer with addition of fin to the
hydrogen atmosphere at a significantly reduced hydrogen flow rate. 17
Patents Claims 1. 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 $uccessively coated individually in
each case in an epitaxy reactor by a procedure in which a respective one
of the silicon wafers provided is placed on a susceptor in the epitaxy
Patrtiol 18 Pfétreated under a hydrogen atmosphere at a first hydrogen
flow rate in a first step and with addition of an etching medium to the
1. hydrogen atmosphere at:a secongd, reduced hydrogen flow:ratedp a yarers,
second step, is subsequently coated epitaxially on its polished front side
and'i3 refhovéd f?onﬁ?‘i]etéﬁ' a%y téactor and furth&fmobé S &tchifigc”  a+®
treatmentlofthe susceptor isreffectedrin Bachtcasedafter s specific pémtbexnd

of epitaxial coatings; yuherein the firsthydrogen tlowiyate is 20:100,SIR s 2 xy
and the segor!tg hydro %@Q&VQ’ rate is 0“;}5]11(: slm. 2. The method as

reactor ;4 e 1T . a respective qgne of the
claimed In claim 1, th pretreatrmenjts in each case ﬁefﬁg effected within a
tempetatne rangeof 95016 P200C: 3. Theanethod a3 clalfrsbirelain 1the
or Zzthe etchinganediym added-to-the: Bydragen-atmosphergbeingnosphere
hydgogen chloride- 4, The methad as claimed in gne.oflaims 40 3, e,
first hydrogen flow rate béing 40-60 sim. 18
addition of an etching medium to the hydrogen atmosphere at
a second, reduced hydrogen flow rate in a second step, 1is
subsequently coated epitaxially on its polished front side
and is removed from the epitaxy reactor, and furthermore an
etching treatment of the susceptor is effected in each case
after a speciflic number of eplitaxial coatings, wherein the

first hydrogen flow rate 1z 20-100 slm and the second

hydrogen flow rate is 0.5-10 sim.

2. The method as claimed in claim 1, the pretreatments in each
case being effected within a temperature range of 950 to

1200°C.

3. The method as claimed in claim 1 or 2, the etching medium

added to the hydrogen atmosphere being hydrogen chloride.

4. The method as claimed in one of claims 1 to 3, the first

hydrogen flow rate being 40-60 slm.
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5. The method as claimed in one of claims 1 to 4, the second hydrogen
flow rate being 0.5-5 sIm. 6. The method as claimed in one of claims 1 to
5, the epitaxial deposition being effected using trichlorosilane at a
deposition temperature of 1050-1150C. 7. The method as claimed in one
of claims 1 to 6, hydrogen chloride being used as the etching medium
during the treatment of the susceptor and the etching treatment of the
susceptor in each case being effectedafter 1 to 5 epitaxial depositions. 8.
The method as claimed in one of claims 1 to 7, the susceptor being
coated with silicon after the treatment with the etching medium. 9. The
method as claimed in one of claims 1 to 8, the silicon wafers provided

- beinghwafers made of meneerystalline:silicénN claims 1 to 4, the second

mat%r)j@gggég'sjilip&p-ggﬁigsygﬁth&")gvggggs, Ssi'!jpg:won wafers having strained

silicon layers ("strained silicon") or sSOI ("strained silicon-on-insulator")
wafers. 10. A silicon wafer having a front side and a rear side, at least its

- front'side beirgppolisheddndariepitaxialiayerbeing apptiediat leaston the

its frant side .andwhich has.a global flatress value GBIR of 0,07-0.3 pm;, ...

relati\ée toan edcj_lle exclusion of 2 mm. 19 11. The silicon wafer as
claified in“G&iR 10 RAving 8BRSt 6:07:6.25 par.’12 " The silicon wafer
as claimed in claim 11 having a GBIR of 0.07-0.15 pm. 13. The silicon

. wafemas glaimed in one of claims; 10 19,42, which has.a Ena‘%gnw I%%rogen

flatn&Sfov%lgg SE‘ISRﬁ of Iegg JhaQ or %%ual totO}iL Em, relative to partial
regions of an area grid of Segments having & Size 6f 2658 Him2 ahtign the
edgéSatsion 6f2 im. 14s THe-siticondvafer astclaimedtinaglaimii3 of the
havingsaaSBIR", of less: than e £gquabto Q05 prpe15-dhesilicon wafergs s
claimed. in one o(]f{ claim%_lo to 14, the silicon wafer being a wafer made of
prtaxia PosS1Tions. . .
monocrystalline silicon material, an SOI wafer, a silicon wafer with a

strained silicon layer or an sSOI wafer which is provided with an epitaxial

. layeThe method as claimed in one of claims 1 to 7, the

susceptor being coated with sgilicon after the treatment

with the etching medium.

The method as claimed in one of claims 1 to 8, the silicon

wafers provided being wafers made of monocrystalline

silicon material, 301 (“silicon-on-insulatcr”) wafers,
silicon wafers having strained silicon layers (“strained
silicon™) or s80I (“strained silicon-on-insulator”) wafers.

A silicon wafer having a front side and a rear side, at
least its front side being polished and an epitaxial layer
being applied at least on its front side, and which has a
global flatness value GBIR of 0.07-0.3 um relative to an

edge exclusion of 2 mm.



1z.

13.

14.

15.

19

The silicon wafer as claimed in c¢laim 10 having a GBIR of

0.07-0.25 um.

The silicon wafer as claimed in c¢laim 11 having a GBIR of

0.07-0.15 yum.

The silicon wafer as claimed in one of claims 10 to 12,
which has a maximum local flatness value SBIR... ¢f less than
or equal to 0.1 um, relative Lo partial regions of an area
grid of segments having a size of 26 x 8 mm’ and an adge

exclusion of 2 mm.

The silicon wafer as claimed in claim 13 having an SBIR,.. of

less than or egual to 0.05 um.

The silicon wafer as claimed in one of claims 10 to 14, the
silicon wafer being a wafer made of monocrystalline silicon
material, an S0I wafer, a silicon wafer with a strained
silicon layer or an sS0I wafer which is provided with an

epitaxial lavyer.



