| 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.qg.
~ microprocessors or memory chips. Starting materials (substrates) with stringent requirements made of
global and local flatness, thickness distribution, single-side-referenced 15 local flatness (nanotopology)
and freedom 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 ideal plane/range” = magnitude of the positive and negative
deviation fromE® Herskside-Yeferehedd sdéakpraresfirtherahtire from dide afthdwemionductor wafer),
which corresponds to the TT¥ditoiat dlickness vaHatony)specifigation that was foimerly 25
~customary. The LT" ("local thickness variation") specification that was formerly customary is nowadays
designated according to the SEMI standard by SBIR ("site backsurface-referenced ideal 30
plane/range’ = magnitude of the positive and negative deviation from a backside-referenced ideal
plane for dR tdivithis compEréntared defined difierision) andcstrespords: to'tf& GEIR or TTV of
a.componentiarea {"site- hofhérefore;dnucontrasirtbitheiglbbgl fatiess GBIR:-the SBIR is referenced to
defined 35:fielgls:0n the wafer, that is to say for example to segments of an area grid of measurement
windows having a size of 26 x 6 mm= (site geometry).

Epitaxially coated silicon wafers are suitable for use in the
16 semiconductor industry, in particular for the fabrication of
large scale intsgrated electronic components such as
e.g. microprocessors or memory chips. Starting materiszls
(substrates}'with stringent reguirsments made of glecbal and
local flatness, thickness distribution, single-side-referenced
15 local flatness (nanotopology) and freedom from defscts are
required for modern microelectronics,
Glabal £latness relates Lo the entire surface of a3 semi~
conducter wafer minus &n edge exclusion te bhe defined. It is
20 described by the GBIR (“global backsurface-referenced idsal
‘ plane/range” = magnitude of the positive and hegative deviatlon
from a backside-referenced ideszl plane for thes entire front
side of the semiconductor wafer), which corresponds to the TTV
(“total thickness varistion”) specification that was formerly
25 customary.

The LTV (“local thickness variation”) speci

Hy

ication that was
formerly customary is nowadays designated according o the SEMI
standard by SBIR (“site backsurface-referenced ideal

3 . plane/range” = magnitude of the pesitive and negative deviation
Ffrom & backside-referenced ideal plane for an individusl
component area defined dimension) and corresponds o the GBIR
or TIV of a.component arsa (“site”). Therefore, in contrast to
“he global flztness GBIR, the SBIR is referenced to defined

35 fields on the wafer, that is to say for example to segments of

rez grid of measurement windows having a size of 26 x B mm?
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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 deteimined
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 which lies within the FQA, are called "partial sites”. The determination of the maximum local
flatness ofterFEBEs G InvSIve tRtrigntive Y5aRiarsitest, Butrather ealystheso-calied ofull sites”, that is

to say the tompenrentareasityingcompletehwithin the FQA. In order to be 15 able to compare
maximum flatness values, it is essential to specify the edge exclusion and thus the size of the FQA

and furthermore to:Specify whether or not the "partial sites” have been taken into account. 20

Furthermore, Wi ard t& opfmiZiRg &shié Lit IR suentyoesstemary velnadays aet tagejest a silicon
wafer owing 5Bk exaniple, valyadla cdmpaneniaiea diatexceedsthe SEHRMax valye specified by the
component raapufactyrer,; byt Eath@@g)epgg@ii@sqg d percentage,.e.g. 1%, of componert areas with
i el BerCe iR B e BeIGHESISGfic limit

higher 25 va&gsa&@e B?elrcaenéqgg 8£It.lhe sites which lie or-are perrn
value of a geometry parameter is usually Specilied by PURCPPRtderigseatic vertpvalue,
usually referred to as “Fixed Quality Avea’, abbreviated to

FQA. Those sites which have part of their area lying outside

¥ the F0O2, bqt the center of which lies within the FPQa, ars
called “partial sites”. The determination of the maximum local
flatness often does not involve using the “partial sites”, but
rather only the so-called “full gites”, that iz to say the
component aresas lying completely within the FOA., In order to be

15 able to compare maximum flatnessz values, it is essential o
specify the edge exclusion and thus the size of the FOA and
furthermore to specify whether or not the “partial sites” have
been taken into account. '

20 Furthermore, with regard to optimizing costs, it is frequently
customary nowadays not to reject a silicon wafer owing, for
example, only to a component area that exceeds the SBIRpax value
specified by the component menufacturer, but rather to permit a

. -defin@d percentage, e.g. 1%, of component areas with higher
. 25 values. The percentage of the sites which lie or are permitted
: to lie below a specific limit value of =a gecmetry parameter is
usually specified by a PUA (“Percent Ussable Area”) wvalue,
which, e.g. in the case of an SBIRpax 0f less than or egual to
.7 ym and a PUA value of 99%, states that 29% of the sites

30 have an SBIRuy.. O0Ff less than or equal to Q.? um while higher
SBIR values are alsgso permitted for 1% of the sites
(*chip vield"),

According to the prior art, a silicon wafer can be produced by

35 a process seguence of separating a gingle crystal of silicon s
into wafers, rounding the mechanically sensitive edges, | |
carrying.out an abrasive step such as grinding or lapping



which, e.g. in the case of an SHIRma,, of less than or equal to 0.7 pm and a PUA value of 99%, states
that 99% of the sites 30 have an SBIR.,, of less than or equal to 0:7 um while higher SBIR values are
also Permitted for 1% of the sites ("chip yield"). According to the prior art, a silicon wafer can be
produced by 35 a process sequence of separating a single crystal of silicon into wafers, rounding the
mechanically sensitive edges, carrying out an abrasive step such as grinding or lapping 3 followed by
a polishing. EP 547894 Al describes a lapping method; grinding methods are claimed in the
applications EP 272531 Al and EP 580162A1. 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.reroying impugitiess A suitable gichingmetbeddskngwndrom DE 19833257 Cl,
by way of example, While the traditional single-side polishing methods M generally lead to poorer
plane-pardiRstisiis, BOREATRE st adlifigor BB &S T dothie-Sde Polishing”) make it possible
to producezsilizorswafers with ERpEced Fetness. In the case of polished silicon wafers, therefore, an
“attempt is made to achieve the required flatness by suitable processing steps such as grinding,
lapping anﬁjgogﬁhwﬁg%vs% the palishing. of.a silicon.wafe ysually:givesJise 1o, a decrease in the
thicknéss of the p?anar silicon wafgr qward 20‘tF3_§_e+,dege}gedg§ rall-off”). Etching methods also tend to
attack the &ilicth Walfer To'be fieated to'a greater extert at the edge and to produce such an edge
roll-off. In GRIEIFtG Bobt&rat tat oY s TUstBHTRY P Silfion WIS SS 1§'Be 6idHed concavely. A
concavely polishied siticorrivater et erin MeSetet™thén iiéeases ntits tHickiess toward the
edge and has a:desreasarin thickrressimanioutEer edgeregonm::30 R E10938340Ckdescribe a
deposiing a&.mongcrystaline:layesnr menoctystating silicemwagers.subich layetrdaamade of silicon
with the Saar@%gg%@! qrientationfla sescalled epitaxiablayer; ap-which semicgndiotar.components are

applied |atetfd pr%tgurgg %f _tﬂ% %% ahf’:le\/resc\gﬁa}{n advantageslqu%ré%@‘con wafers made of

mproved Llatheé

In the case of polisped silicon wafers, therefore, an attempt
15  is made to achieve the reguired flatness hy suitable processing

steps such as grinding, lapping and polishing.

However, the polishing of a silicon wafer usually gives rise to

s decreass in the thickness of the planar silicon wafer toward
30 the edge {“edge roll-cff”). BEtching methods aiso tend to attack

the silicon wafer to be treated to a greatef extent at the edgs

and to produce such an edge roll-off.

1n order to counteract that, it is customary for siliicon wafers

25  to be polished concavely. B concavely polished silicon wafer is
thinper in the center, then increases in ite thickness toward
the edge and has z decrease in thickness in an outer edge

region.

35 DE 199538340 {1 describes despositing a monocrystalline layer on
monocrystalline silicon wafers, which layer is made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductor componsnts are applied later. Systems of
this type have certainm advantages over silicon wafers mads oﬁ

35 homogensous material, for example The prevention of a chargs
reversal in bipolar CMOS circuits fgllowed by the short circuit
of the component (“latch-up problem”), lowsr defect densities

(for example reduced number of COPs (“orystal-criginated



35 homogeneous material, for 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 COPs ("crystal-originated 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 prior4art; epitaxially coated silicon wafers are produced
from suitable intermediates by means of a process sequence of removal polishing - final Polishing -
cleaning - epitaxy. DE 10025671 Al, for example, discloses a method for producing a silicon wafer with
an epitaxial layer deposited on its front side, said method comprising the following process steps: (a) a
reMotral polishing.step as sole polishing step; (b) (hydrophilic) cleaning and drying of the silicon wafer;
is (c) pretrebefieht oithe fidhtside otthersifiesAivafersat aeniperatdre 6F9%8t0 1250 degrees
Celsius in arcepitary rézcteryant {d) deposition of aprepitaxial faygrcon-théfront:side of the pretreated
silicon wafer;2Q HuS eystomary, Hrerdet ta pratech sticgnwafers Jierpartiele: loading, to subject the
silicon wafers: to a hydrophilic cleaning after polishing. Said hydrophilic cleaning produces native oxide

on the fgont}gnd rear C§|d%\s of ] tkg r%lgog wafe E,I)_\%/@cg_gch isyery. E@Qe@pgrpi(lcmatel% p -5,- 2 nm, depending

on the type ch c?eanln an me surement IS nafive OXIde IS removed In the COUFSQ of a

pretreatmeritif é’r‘i%%’l%?y reRtSHander % hﬂ?& é‘é‘r?é%%%p??éf@e(%l‘fo RalBdHE2 %56 Dake. In a second
step, the sUFREEEFSIgRResE B He HontEideof the ifidoR wafdiis Fedueetrand olishing defects are
removed fremithexsurface by usually small amounts of an etching medium, 35 for example gaseous
hydrogen chloride (HO1), being added to the hydrogen atmosphere

10 DE 10025871 2l, for example, disclosss a2 method for producing a
gilicon wafer with an spitaxiasl layver deposited op its front
side, sald method comprising the following procsss steps:

{al & remowal lelShlﬂg-SuEp a3 sclie polishing step;
(o) (hydroephilic) cleaning ang drying of the silicon wafer:

15 {¢) pretreatment of the front side of the silicon wafer at =
temperature of 930 to 1250 degrees Celsius in an spitaxny
reactor; and
(g} depcosition of an epitaxial laver on the front =zide of the
pretreated silicon wafer,

20
It is customary, in order ©o protect silicon wafers from
particle loasding, to subject the silicon wafsrs to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces native oxide on the front and rsar sides of ths

75  gilicon wafer which is very thin (approximetely 0.5 - 2 nm,

depending on the type of cleaning and measurement).

This native oxide is removed in ths course of 2 pretreatment in
an epitaxy reactor uncger & hydrogen atmosphere (alse czllad H,
36 bake}.

In & second step, the surface roughness of the front side of
the silicon wafer ls reduced and polishing defects are removed
from the surface by usually smell amounts of mn stching medium,

35 for example gaseous hydrogen chloride (HCL), being added to the
nydrogen atmosphere.



Sometimes; besides an etching medium such as HO1, a silane compound, for example silane (SiH4),
dichlorosilane (SiB2012), trichlorosilane (TCS, SiH013) or tetrachloposilane (5i014), is also added to
the hydrogen atmosphere in an amount such that silicon deposition and silicon etching removal are in
equilibrium. Both reactions proceed at a sufficiently hi?h reaction rate, however, so that silicon on the
surface is mobile and the surface is smoothed and defects are removed on the surface. 10 Epitaxy
reactors, which are used in particular in the semiconductor, industry for the deposition of an epitaxial
on a silica’) wafer, a.r'e described in the prior art. 15 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.br lamp banks, and subsequently exposed to a gas mixture,
comprising 3F86iHicE Yas: o tagrier yastahdnif appibpriatesa 28 doping gas.Azasceptor, which
comprises graphite,cSICcar quarntZ, ok examples Sefvesias @ suppontfes the:silieon wafer in a process
chamber of-the-epitaxy:reactor -Buring: the deposition pracess, 2b:the.siligop,wafer rests on this

T, ey

sasceptor apjigmilled-putportions of the susceplorin order to ensure a uniform heating and to protect

the rear sidse{qf.tge S(IJICOYL yvqfer, ondwhl,cﬂh, usually there is no degosmbn?LfFO‘mLtﬁ‘él-source gas. In
accordance with the prior art, the procéss chamberd =18 3T e mé&d for-Bne or more silicon wafers.” In
the case of ifcor Wafsts Babing FéigtveRsIRgadiameters fgickiat tids oridgial to 150 mm), single
wafer reactbes aré Wswalhy usetranethessilicba waferscare procésseat inhividually since this results in a
good epitaxiablayerahicknessredutaritys Theounifeimity-oithe=layer thicknagssean he established by
various measures.forexample by altering the gas flows (H2,, SINC1;), by incorporating and adjusting
gas inlgt _ :

Epitaxy reactors, which are used In particular in *+he

semiconductor industry for the deposition of an spitaxial laver

" on a silicén wafer, zre described in the prior art.

15 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 exposed to a2 gas migturs,
compriging a source gasg, a carrier ges and, L1f appropriate, a

20 doping gas.

& sgusceptor, which comprises graphite, SiC or guartz, for
example, serves as a support for the silicon wafer in a process

chamber of the epitaxy reactor. During the deposition process,

th

the silicon wafer rests on this susceptor or in milled-out

o

portions of the susceptor in order to ensure a uniform heating
and to pretect the rear side of tThe gilicon wafer, on which
ugually there is no deposition, from the source gas. In
accordance with the pricr art, the process chembers ars

30 designed for one or more silicon wafers.

In the case of silicon wefers having relativelv large diametsrs
{greater than or egual to 150 mm), single wafer rezchtors are
usually used and the silicon wafers are processed individually

Ly
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zince this results in z good epitaxial laver thickness

B
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3

regularity. The uniformity of the laver t© kness can be
sstablished by varicus measures, for sxample by altering thes

gas Llows (Hy, S1iHCl:z), by incorporating and adiusting gas inlet



6 devices(injectors), by changing the deposition temperature or modifications to the susceptor. In
epitaxy it is furthermore customary, after one or more epitaxial depositions on silicon wafers, to carry
“Out an etching treatment of the susceptor without a substrate, i - course of which the susceptor and
also other parts of the process chaMber are freed of silicon deposits. This etch, using hydrogen
chloride (HC1), for example, is often already carried 1.0 out after the processing of a small number of
silicon wafers (after 1 tosilicon. wafers) in the case of single wafer reactors, and is not carried out in
part until after the processing of more silicon wafers (after 10 to 20 silicon wafers) in the case of
depositing thin epitaxial layers. 15 Usually, only an HCI etching treatment or else an HC1 etching
teatment followed by brief coating,of the susceptor is carried out. The production of epitaxielly coated
silicon wafergwith good2Q glehal; flatness-araves ta.be extremely difficuitsinge, as mentioned above,

a concavely RQQ?P:?& gl&og’n wafer is ?gggg%gtpcgggent as the substrate. In the.prior art, after the etitaxy,
the global flatness and also the local flatness of the epitaxially coated silicon wafer have usually

deteriorated 25 compared with those of the concavely polished silicon wafer. This is associated, inter
alia, with thefact®hat e ‘depdsifed epftamaiat |ayertsafialsa fskdra tettdin ietularity. 30 Although the
depoSition ofgithickel epitadaltlayes inthe center ofdherconcavety paolishied siticon wafer, where the
thickness of saishlayerwautiglhave to gdecreaseutvard ththe diestion-oithe, edgeokthe silicon wafer,
could compepsate for theroriginally concave form.of the silicopwater.and thus;35 also improve the

global flatness of the siﬂc wafer, this |s&10tzcon§ider§d in the.eﬁtltax%(. of siligon wafers since an

h I .CE.?S -l «? [ ct.‘-fé. ITea Or Bl L1C0On C?GFDSJ_ S, D..iLS ? ch \TZS.‘]_ngr .
important spgcfﬁca lon"of an epitaxially coated silicon water, hamelyaTimif value for ategularity of
theLa”ayerhydrogen chloride (MCIL), for example, is often zlready carried ‘

10 out after the procsssing of a small number of silicon wafers
(after 1 to 5 silicon wafers) in the case of single waler
resactors, and is not carried out in parl until after the
processing of more silicon wafers {(after 10 to 20 silicon
wafers) in the cass of depositing thin epitaxial lavers.

sually, only an HCL =tching treatment or else an HCL etghing
treztment folliowed by brief coating of the susceptor is carried

out .

The production of epitaxially coated silicon wafers with geood

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 priocr art, after the epitaxy,
the global flatness and also the local flatness of the
epitaxially ceated silicon wafer have ususally detericrated

25  compared with those of the concavely polished silicon wafer.
This iz asscciated, inter alia, with the fact that the
deposited epitaxial layer itsszli also has z certain

irregularity.

30 Although the depogition of & thicker spitaxial laver in ths
center of the concavely polished silicon wafer, where ths
thickness of saild laver would have to decrease ocutward in the
dirasction of the edge of the silicon wafer, could compensats
for the originally concave form of the silicon wafer and thus

35 also improve The global flatness of the silicon wafer, this i1s
not considered in the epitaxy of silicon wafers since an

imporiant specification of an epitaxially coated silicon wafer,



cannot be prevented from being exceeded. DE 102005045339 Al discloses a method for producing
epitaxially 5 coated silicon wafers, in which a multiplicity of silicon wafers which are polished at least
on their front sides are provided and are successively coated individually in each case in an epitaxy
reactor by a procedure in which a respective one of the silicon wafers provided is placed on a
susceptor in the epitaxy reactor, and is pretreated under a hydrogen atmosphere at a first hydrogen
ftow rate of 20-100 aim in a first step and with addition of an etch ng medium to the hydrogen
atmosphere at a second, reduced hydrogen flow rate of 0.5-10 sim in a second step, is subsequently
coated epitaxially on its polished front side and is removed from the epitaxy reactor, and an etching
treatment of the susceptor is furthermore effected in each case after a specific number of epitaxial
coatings. DE 40205045339 Aklikewise discloses-a siliconwafer baving 2.20 frqatside and a rear

side, wherei{r;la%lgia Lits front side i§lp&QAi§p&q?8ngX%% ghitaxial Iayer is applied at Ieast_on its front side,
and which has a global flatness value GBIR 01'0.07-0.3 um, relative to an edge exclusion of 2 mm. The

comparatively good geometry of this ecitaxially coated silicon wafer results from the fact that the
“feduction of thelffydfoger fioty Fate i tHe Setohdisidpof fife PretréstiiehPwithedddition of an etching
mediumimakes tiepossibledo ewcheawayimatkiiah at the sdge. of the silicen Wafer in a targeted manner
30 and to glebalydewel the siicarrwafeeaciyally beforethe.epitaxial-coating stepe Disadvantages of

the method disclosed in.RE.192005045332 are that although.the.reduced hydrogen flow rate
intensifies the e;chlrr%g %tfect at thgc)el_d%e of thegg%lghlgd Xvafg{f;(‘tnﬂegag flow aver the semiconductor

aci . X

wafer is not 35 famir ar. Tt}ﬂag een sHown Iﬁg _p[eéiseely is'impedes ?Sﬁﬁ%%%%?irﬁ&%tion of the global
flatness beliw the*GBIR VAl df BF6 755 tiathed iR DEDSB0504B338PAR T US 26t5/0182397 Al
disclose$ arrepiaxy rezetdrivhieRprovides diféfait gasfows I asseallawimierzone” and a
so-called flouterzdhetcFoydrweader having a:-diamet-ali30@ mmithe finnrer zone" is:gpecified as a
central regiops of the, 300 pinZz wafes-having asiameter of 15 mpm: Ihe-setting:of the different gas

flows in the reactor s effected . seting the diameter af.the gas pipes: thys.;¢.g, reducing the pipe
- diameter also reduces the gas ro¥Iy in the direction of one of the two zones. Such ‘g%sedistribution.

r A - e}
systems are Commefciafly avajiabie ‘er%ir%nﬁli’/&pﬁﬁ?aﬁ\ﬁa?é?rlla“ﬁsxlln%?%oog‘r & nafe Eifi Tentura
Accusetfin( EFFEehtif 19'the harfBBtthe epftakl Fedctorfiont BPIfsd Matéridls Inc(.). As an
alternative,, fartontrotlirag thegas fonksit i afsepossibietorise soccalled Fivass Elow Controller” or

similar devices-fordegulating the flpwsThcgasmber of epitaxial coatings.,

DE 102005045339 Rl likewise disclesss a silicon wafer having a
2 . front side and & rear gide, wherein at leasst its front gide is

polished and an epitaxial laver is applied st least on its

front side, and which has a global flatness wvalue GBIR of

9.07-0.3 um, relative to an edge exclusion of 2 mm.

25 The comparatively good geometry of this epltaxizlly coated
 silicon wafer results from the fact that the reduction of the

hydrogen flow rate in the second step of the pretreatment with
addition of an etching medium makes it posszible Lo etch away
material at the edge of the silicon wafer in & targeted manner

3 and to globally level the silicon wafer actually before the
epitaxial-coating step. Disadvantages of the method disclosed
in DE 102005045339 are that alcthough the reduced hydrogsn flow
rate intenzifies the etching effect at the edge of the polished
wafer, the gas flow over the semiconductor wafer is not

15 laminar. It has been shown that precisely this impedes further
optimization of the global flatness below the GEIR valus of
0.07 pm cleimed in DE 102003045339 AL,



distribution in inner and outer zones is designated by I/O in US 2008/0182397 Al. This notation will
also be used in the context of the present invention. ITS 2008/0182397 Al specifies two ranges for gas
distribution 20 700: firstly a range of 1/0 = 0.2-1.0 during the epitaxial coating and secondly an 1/O of
1.0-6.0 during the etching step (substrate pretreatmgnt). US 2008/0245767 Al discloses a method in
which a contaminated 25 or damaged layer of a substrate is removed by means of an etching gas in
order to uncover a substrate surface. This cleaned substrate can subsequently be epitaxially coated.
The flow rate of the etching gas is 0.01-15 elm. If an inert gas (inert with respect to the substrate
material, e.qg. silicon) 30 such as, in particular, hydrogen or else nitrogen, argon, helium or the like is
supplied, the flow rate thereof is 1-100 slm. The temperature of the substrate is 600-650*C. 1.0-7.0
(5/5 - 35/5)1is spedifiedsas YO ratie:ofdtheshydeegen fkawy. WS:2007/6010033:Akdisetoses influencing
the thickness of.an.0p taxially deposited layer.by segulating the.gas distributign ip-annner and an
outer zone.,\AgtrQ ntig e:(Ae,d apggea h&yggyega%% g9 gegggggqiqe Qf gg@gl&e& epit%igl layer-in the penter of
the concavgﬁ/ po |Sﬁe silicon wafer, |n order to compensate for the initial Gedmetry of the polished
wafer, is unstitible’sihee the SEECTcaTON of thé TayerthickfeSE réguidiity ‘SFth&epitaxial layer would
thereby’be exeerdert ‘EhbodiRfERisSsf fite iRvERtion seeketo-previde & Mefhiod féeepitaxially coating
silicon wafegsawhich makes: itspossible 10iprovide epidndiall\ysebated siliconiwsfers:having improved
global flatness hy=gomparisor mith theqrierad Acgordingtethe fistaspegt ebthe invention, there is
provided a figsf ethod fog proguging enitaxialiy.coated silicop wafers,in which g gwiltiplicity of silicon
waters whigh afe polished at joast gn thelr front sides are proyided and suggessively coated

i AVE

individually in"each case in an epitaxy eéct‘ér,ﬁfa procedure In which a respective one of the silicon
wafers ProidBd & pIHEE o 2 sUSCe ptof it the 8ptiaky redttoF drtd s prétra&ted only under a
hydrogen atifosphrrelinca fitsttStepahtl wih-agdrioh-6F An SRty riedumawith &flow rate of 1.5-5
sim to the hyslregeniatmospheredna secoadstep;¢he faydrogen: floii ratecbeing:%-100 sim in both
steps and the distribution of the efching medium-ndnnes and ovter zores;being i/0 =0-0.75, is
subsequenty, goated spitaxialy.on s ashed fea! side,and s, cemaved from dhe epitaxy reactor.
According to the second aspect of the inventjon, there is pro Ldefd a second methad for producing
epitaxidfly costed siiconwaters it which & Miltipficity of sslligéﬁwg"%"r%dwg%h ée polished at least on
their front sitfes?aFE predidety aht: stcedsafely toatdd indfidaally it &%th-€aséin an epitaxy reactor
by a procedwretin:which atrespeetines ohevehthiecsilicon wafers provided is placed on a susceptor.in a
reactor chamber of the epitaxy reactor, wherein gas flows introduced into the reactor chamber by
means of injectors £afh e sistriputed: by mmeans.of valvesdnto.anputer; and.an.inner zone of the reactor
chambey, such that the gas flow,ipthe-inner zoge acts on,aregion,around the, genter of the silicon

wafer and thé gas flow iri the outer zone_acts on an eggg region of the ilicon wafer, wherein the

silicon wafef 7 préffeatéd By timdera Hydrogen atmosphefedt® tme stching step

{substrate pretreatment).

US 2008/0245767 Al discloses a method in which a2 contaminated
25 or damaged layer of a substrate is removed by means of an
stcohing gas in order to uncover & substrate surfacs. This
cleaned substrate can subsequently be epitaxially costed. The
flow rate of the etching gas is 0.00-15slm. If an inert gas
finert with respect fo the subgstrate material, 2.¢. silicon)
3¢ such as, in particﬁlaz, hydrogen or else nitrogen, aryon,
helium or the like is supplied, the flow rdte therecf is
1-100 slm. The temperature of the substrate is 600-850°C.
1.0-7.0 (5/5 - 35/5) 1s specified as I/0 ratioc of the hydrogen

flow.

Us 2007/0010033 Bl discleses inflvencing the thickness of an
epitaxizlly deposited layer by regulating the gas distribution

in an inner and an onter zone. ks mentlioned above, howsver, the



10 a hydrogen- flow rate of 1-100 sIm in a first step and with addition of an etching medium with a flow
rate of 1.5-5 sIm to the hydrogen atmosphere in d second step, the hydrogen flow rate being 1-100 sIm
in the secRRd step, 00 andithe Bidistibutign.abthe etghipg mediunin inpexand outer ganes being
T/0 = 0- Q:f2,300LS subseauenty coaled spliaxially.ons polished gt side and g regved from the
epitaxv reactor. W-in fhe method accordin to the invention,firstly a multiplicity of silicon wafers which

are polish8d EadastITHiEH froht-Sids Bre piodtitled® For this pulBtde; 2 Riitof Siigle dstal
producedaeedfdingticrthe Priok Eart prererabii Birartrible pulitig atcotéing® GR3CHEISK, is sawn
into a multipkeitywof: silicor:wafersby=mesxns=0f known separation methods, preferably by wire sawing
with free ("slurry”) or bonded grain (diamond wire). 20 Furthermote;:.Mechanical processing steps

arerected, sUGh as sequential single-side gundingmathods (SgG), simultanegus,doublezside grinding
methods ("double-disk grinding% DOG) or Iapvpin . The ed?e of the silicon waferfkr)%genft:

mechaniERMATkiAgS SudiPas AN 25°48s8Rtally Foctifiner iakeMAG ST (“Hat)H8 Generally Srocessed as

notch griRdRIE}e cCheritical treafifidht tepsidGriprismereeafingefd etehingStess 30%re
additionallyprovice dyAftertheiginding; clebaing axd etching steps, the surface of the silicon wafers is
smoothed by removal polishing. In the case of single-side polishing (SS?), silicon wafers are held 35

during processing,on the rgar side on.a carrieg plate.by means of cement. By, vacuymy o5 by means of
adhesion, |n the case %f dguble-&dg ?o |sh|n% (DSP&ﬁl{;coQD\évgggrs&rfilgggrtggggggelyigto a thin

toothed digk and Polished on the frontand = o

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 procedure in
which a respective one of the silicon wafers provided is placed on a
susceptor in the eptiaxy reactor, and is pretreated only under a
hydrogen atmosphere in a first step and with addition of an etching
medium with a flow rate of 1.5-5 glm to the hydrogen atmocsphere in a
second step, the hydrogen flow rate being 1-100 slm in both steps
and the distribution of the etching medium in inner and outer zones
being I/0 =0-0.75, is subsequently coated epitaxially on its

polished front side and is removed from the epitaxy reactor.

According to the second aspect of the invention, there is provided a
second 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 procedure in
which a respective'oﬁe‘of the silicon wafers provided is placed
on a susceptor in a reactor chamber of the epitawy reactor, wherein
gag flows introduced into the reactor chamber by means of injectors
can be distributed by means of valves intc an outer and an inner
zone of the reactor chamber, such that the gas flow in the inner
zone acts on a region around the center of the silicon wafer and the
gas flow in the outer zone acts on an edge region of the silicon
wafer, wherein the silicon wafer is pretreated only under a hydrogen

atmosphere at



11 rear side simultaneously in a manner "floating freely" between an upper and a lower polishing plate
covered with a polishing cloth. 5 The front sides of the silicon wafers are then preferably polished in a
haze-free manner, for, example using a soft polishing cloth with the aid of an alkaline polishing sol; in'
order to obtain the flatness of the silicon wafers produced up to this step, the material removals are
relatively small in 10 this case, preferably 0.05 to 1.5 Bm. This step is often referred to as CMP
polishing (chemo-mechanical polishing) in the literatUre. The silicon waiters provided are preferably
polished concavely 15 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 polished
silicon wafers 20 provided is usually 0.2-0.5 Rm given an edge exclusion of 2 aau. After polishing, the'
silicon wafers are subjected to a. hydrophilic cleaning and drying according to the prior art. The
cleaning may BE&pedermedreithier asa batéh meimodwith P5rsimutarsesns cleahing of a multiplicity of
Silicon wafessidn tiathse Oray sprayiing methodswar-else as awsingle wafer mogessy, The silicon wafers
provided are:peeferably watersdsade:ef mono--30Grystalline silicon material, $Q4,
("silicon-on-insulator:’ }lgvafefgosmognl\ga@rg haying.stre med t$|I|con e%e]f( ‘'strained silicon”) or 3501.
3

("strained 5|I|con .an. L!Ensulato,; ). \%afers Methods for pro §OI or wafers such as SmartCut

and methods or producm% waFers With StrAInBd S ’F%WIB% e‘rsaa‘fe RAGwN HPHTE prior art. 12

being I/0 .75, and is subssguently coated epitaxially on
its polisied front side and is removed from the epitaxy
reactor.

16 In the method according to the invention, firstly a
multiplicity of silicon wafers which are polished at lezst on
their front sides are Droveded

For this purpose, a silicen single crystal produced according
15 to the prior art, preferably by crucible oﬁlling according to

Czochralski, is sawn into a multiplicity of silicon wafers by

means of known separation methods, preferably by wire sawing

with fres (Mslurrcy”) or bonded grain (diamond wired,

jaly

20 xthexmoﬁgi ﬁechanical processing steps are effected, such as
sequential single~side grinding methods (8S86Y, zimul%ansous
double~side grinding methods (Mdoubla-disk gr ﬂdlnq”, DDG: ox
lapping; The edge of the silicon wafzr including optionally
present mechanicel markings such as an orientation notch or an

25 essentially rectilinesr flattening of the silicon wafer =dgs
{("flat”} is generally processed a5 well (edge rounding, "sdge-
netch grinding”).

Chemical treatmeﬂt steps comprising cleaning and etching steps

=

30 are additionally provided.

After the grinding, cleaning and stching stepe,'the gsurface of
the silicon wafers is smoothed by removal polishing.
case of mingle-side polishing (88P), silicon wafers zre hald

35 during processing on the rear side on &z sarrier plate by means
of cement, by vaculm or by means ¢f adhesion. In the case of
double~side pelishing {DSP), silicon wafers ars inserted ’

lovsely inte a thin toothed disk and pelished on the front and



pretreatment in each case comprises a treatment of the silicon wafer in a hydrogen atmosphere (H2
hake) and a treatment of the silicon wafer with addition of an etching medium to the hydrogen
atmosphere, preferably in each case in a temperature range of 950 to 120.0C. The etching mediumis
preferably hydrogen chloride (.7101). The pretreatmeqtlin a hydrogen atmosphere is effected at a
hydrogen flow rate of 1-100 slim (standard liter per minute), particularly preferably 40-.60 elm. The
duration of the pretreatment in a hydrogen atmosphere is preferably 10-120 s. 15 During the
pretreatment with the etching medium, the flow rate of the etching medium is 1.5-5 slm. The hydrogen
flow rate is also 1-100 elm, rarticularly preferably 40-60 elm, during the pretreatment with the etching
medium. It has been shown that the global flatness of an epitaxiallv coated silicon wafer can be
significantly improved by the 75 increased flow rate of the etching medium by comparison with the
prior art. By vite dfdhesfautihartieHCl floweratsnissncréased tod . 5:5 sitvend shedwdrogen flow rate
is 1-100 slit as ingher3@-irst pretreatment step; the thickness.af the:silicanwaferisteduced to a
greater extept gt the edge than in the direction of a center of the sing:in wafer. This counteracts the
concave initial geometry of the silicon wafer. 35 Whereas no increased material removal is observed at
the edge of themsiJFicoana]‘er rghe#material removal is uniform over the entire wafer) at an H2 flow rate
of 50 elm (stahfarditer Permifte) Snd an EFABHF Fife 676.9-5F tRAPRSEREAY the 13 customary Eel
flow rate in tR&priGfart a aeFRl féffoVEl ofap t6B0BTO M wrewrssatsthietedge of the silicon
wafer as a result of ‘awincredsevintcthe kel oty satesto 4150 sirs that issta saywith a significantly
increased HE2se@neendgdiOh the flastness of the silicon waf

=rg produced up
to this step, the matex] )

el removals are relatively small .in
16 this case, preferably 0.05 to 1.5 um. This step is often

referred to as CMP polishing {chemo~mechanical polishing) in
the literature.

The silicon wafer

mn

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

silicon wafer.

The glebal flatness value GBIR of the pollshed silicon wafers

20 provided is usually 0.2-0.5 um given an edge exclusion of 2 mm.

After polishing, the silicon wafers are subjected to &
hydrephilic cleaning and drying asccording to the prior art. The
leaning may be performed either as z batch method wit
25 simultaneous cleaning of & muitiplicity of silicon wafers in
baths, or by spraying methods or else as a2 single wafer

process,

The silicon wafers providged are preferably wafers made of mono-
30 orystalline siliceon material, 30T {(“silicon-on-insulator®)

wafers, silicon walfers having strained silicon layers

{(“strainad silicon”) or s80I (“strainsd ol

wafers., Methods for producing $SCI or =301 wafers such as

SmartCut and methods for producing walfer

"33  layers are kpown in the prior art.

The polished silicon wafsrs provided are subseguentliy

pretrsated individually in sach case in an epitaxy reactor. The



5 depending on the duration of the treatment with Eel. A treatment duration of 10-120 s is preferred,
very particularly preferably 20-60 s, during the 501 etching treatment - depending on the desired
material removal at the edge of the silicon wafer to be epitaxially coated. The particular advantage of
this method is that after the pretreatment steps the si 'Fon wafer obtains an optimum form of the front
side for the subsequent deposition of an epitaxial ts silicon layer since the silicon wafer is leveled in its
edge region by the pretreatment and the concave form of the silicon wafer is compensated for It is
even possible to convert the geometry into a convex form, as will be shown later on the basis of
examples. 20 It is particularly advantageous that a laminar gas flow prevails as a result of the
increased H2 flow rate by comparison with the closest prior art in the second pretreatment step. It has
been shown that this has an additional positive effect on the global flatness of the epitaxially coated
silicon wafeF WhicH gbEs-bejjontlthe-afectoPRervad ift thé Tridear (by tHeeredudti of the K2 flow
rate in the sEe6Rd pretretifiept StepFrBG T setBnd risthothdceording tostive ivi/erition involves
controlling the distibutide ofithenHGH flowsin the seaetarrchamben: As already described in the prior art,
for the Epi Ggnttsa-Reagtors.frora Applied Materials, a-device called 25-Acc:asett is available,
comprising \_@Q{Sg gp%%iq‘%v%\é%s'a,‘ which permits this. The flow of the etching medium is
distributed into an inner and into an outer zone of the reactor 14 chamber. The control is preferably

effected by means of suitable software.
Tne etching medium is preferably hydrogen chioride (HCOLY.

The pretresatment in a hydrogen atmosphere is effected at &
10 hydrogen fiow rate of I-100 slm {standard liter per minute),
particularly preferably 40-80 sim,

The duration of the pretreatment in a hydrogen atmosphere is

preferably 10-120 s.

Turing the pretreatment with the etohing mediuom, the flow rate
i

T
of the etching medium is 1.5-5 slm.

The hydrogen fiow rate ig also 1-100 =lm, particularly
20 preferably 40-60 slm, during the pretreatment with the etching

medivm,

It has been shown that the global flatness of an epitaxially
coated silicon wafer can be significantly improved by the
25 increased fiow rate of the etching medium by comparison with

e
ri.

the prior

™m

By virtue of the fact that the HCL flow raf
1.5~5 slm and the hvdrogen flow rat

3¢ first pretrsatment step, the thickness of the silicon wafer is

reduced to a grezter extent at the edge than in the direction

of a center of the silicon wafer. This counteracte the concave

-

W
initial geometry of the silicon wafer.

35 Whereas no increased material removal is observed at The sdge
af the gilicon wafer (the material removal 1ls uniform over the
entire wafer) at an Hp flow rate of 50 slm (standard liter per

jan}

minute) and an HCL flow rate of 0.9 sim, that is to say the



The etching medium distributed into the inn=," zone acts on a 5 region around the center of the silicon
wafer situated on a susceptor. That part of the etching medium which is distributed into the outer zone
of the chamber acts on an outer region of the silicon wafer, that is to say in particular on the edge
region. Overall, inner and outer zones correspond overall 10 approximately to the size of the silicon
wafer to be treated. Ih accOrdande with the second method according to the invention, the flow rate of
the etching medium is 1.5-5 sIlm. The distributionof the etching medium between inner and cuter 15
zones is 0 to at most 0.75. This ratio results from the quantity of etching medium in the inner zone
relative to the quantity of etching medium in the outer zone. A clear difference is shown here with
respect to the prior art, which prescribes a distribution of 1.0 up to 6.0 during the etching 20 treatment
as in US 2006/0182397 Al. The size of the inner and outer zones relative to the silicon wafer can
likewise beccentrolied, MostSimplyeby corrésgondingraremgement ent:¢onfiguratior Of the gas inlet
devices 25tinjectbrs)y whish cendust the gasesdato sheyractar chamher By way of example,.the
inner zone could pe.2 circularyegion having adiametgr ot 7Z; mminthe cepter ot the silicon wafer,
given a water diameter,of 300 mp, as alteady, described.in U 200810182397 Al 30 In the method
according, to the i.nvgntionzﬂ_the |ﬁnef ,zbne‘gré’fe?gbly correspoﬁqps fo‘a. circlé ﬁ‘él(/ing aldiameter of 100
ram in the CEREI O tReSilitbh Wafar \TRilBtheButer Yome CorfE<gbnds to a ring having a width of 100
mm which 35 encompasses the edge of the silicon wafer. Silicon wafers having a diameter of 300 mm
are Likewiske assameshin the cassiobthése Vidlues 1Withr ¢ifeuseiof siicon wafers of the next

generation pavhich.ate-curignibeingeyelopaend - Ravingathe HCL etching
treatment - depending on the desirsd meferisz]l removal st the
16 edge of the sillcon wafer to be spitaxially 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 subssguent deposition of an epitaxial

ot
in

siligon layer since the silicon wafer is leveled in lis edge
region by the pratreatment and the concave form of the silicon
wafer is compensated for. It is even posgsible to coenvert the
geometry into & convex form, as will be shown later on the
basis of sxamples. |

It is particularly advantageous tThat 2 laminar gas flow
prevalls as a result of the increased Hy flovw rate by
camparison with the cleosesst pricr art in the sscond
pretreatmant step.

It has been shown that this has an additional positive effect
on the glebal fletness of the epitaxiaily coated siliceon wafer,
which goes beyond the effsct observed in the pricr art (by the
reduction of the H; flow rate in the second pretrestment siep).
30
The sescond method according to the invention invelives
controlling the distribution of the HCI flow in the reactor
chamber. As already described in the prior art, for the Epi
Centura-Reactors from Applled Materilals, a device called
15 Rocusett™ is avallable, comprising velves {“metering valves”},
which permits this. The flow of the etching medium is

digtributed inio an inner and into an outer zone of the rsactor



15 substrate diameter of 450 mm, inner and outer zones are chosen analogously thereto, likewise in
the case of smaller substrates such as 200 mm or 150 mm wafers. 5 The quantity of the etching
medium is preferably realized by altering the diameter of the gas pipelines for inner and outer zones.
The quantity of the etching medium is reduced by regucing the line diameter. N In principle, the
following construction is preferred in the second method according to the invention: the gas quantity is
set by means of a Mass Flow Controller (MFC) which is able to set a flow rate of between 1 and 5 aim.
This is novel since the MFC used in the prior art was limited to 1 sin. This quantity 15 of gas is then
passed via a main gas line to two needle valves (inner and outer zones) and distributed there. The
reaulation is effected by setting the valves jregulation of the line diameter, inner and outer zones
independently of one another), The distributed quantities of gas are then introduced into the 20 reactor
chamber byFhfE4FS of Gif injettor TS EGstrattion Fas B Havanta§eéthat iin automatic control is
possible byanearslef saitavissoftware. With .regard to the treatment durations and the treatment 25
temperatures, the value ranges preferred in the first method according to the invention are also
preferred inithe seeand methodraecardingothe; inventian. After-the pretreaiment steps, an epitaxi 1
layer. is,deposited 30 gt least.an the polished front;side of e slicon wafer, For this purpose, a silane
source as source gas is added to ydgqgen as carrier gas, _The epitaxial layer is deposited at a
temperaturé 6f 990-1200C tepending oh the SiTanE Sotres Ts&d - T “The Tickn@ds5t the deposited
enitaxial lay&ti8 prefefY 5T one Khef e HepbSioR TrihereBitatiar fayeic thé e ditaxially 5 coated
silicon wafetig rehioved fraethe epitaxieradctoryAfter maspécificenumbertef epitaxial depositions on
silicon wafetggtiwn suseestanis tresdedwith-arn eichingemesiyp: fpreferadlywith HC1, in order to tree
the susgeptor.of silican N deposits, by way.of example.con warer to be treated.

' In accordance with the second method according to the
invention, the flow rate of tThe etching medium is 1.5-5 slm.
The distribution of ths etching msdium betwsen inner and outer

15 zones is 0 to at most 0.75. This ratlo results from the
quantity of etching medium in the inner zone relative to the
guantity of etching medium in the outer zone. A clear
difference is shown here with respect to ths prior art, which
prescribes a distribution of 1.0 up to 6.0 dur

20 treatment as in US 2008/0LE2387 AL.

ing the etching

The size of the inner end cuter zones relative to the silicen
wafer can llkewlise bz controlled, mest simply by corresponding
srrangement and configuration of the gas inlet devices
(“injectors”), which conduct the gases into ths yeactor
chamber. By way of example, the inner zone could bes & circular
region having a diameter of 75 mm in the center of the silicon
wafer, given z wafer diametsr of 300 mm, as already describsd
in US 2008/0182387 AL.
30
In the method according tov the invention, the inner zons
preferably corresponds to & <ircle hnaving &
in the center of the silicon wafer, while the outer zone
corresponds to a ring having a width of 100 mm which
35 encompasses the edge of the silicon wafer. Silicon wafers
having z tiameter of 300 mm are likewise zssumed in the case of
these wvalues. With the use of silicon wafers of the next

generation - which are currently in develcopment -~ having a



A susceptor etching iseferably effected in each case after 1-5 epitaxial coatings of silicon wafers. For
this purpose, the epitaxially coated silicon wafer is removed and the subStratel5 free susceptor is
treated with MCL1. Preferably, besides the sasceotor surface, the entire protess chamber is flushed
with hydrogen chloride in order to remove silicon de‘|ol sits. 20 The susceptor is preferably coated with
silicon after the susceptor etching and before further €épitaxial processes. This may be advantageous
since the silicon wafer to be enitaxially coated does not then bear directly on the susceptor. 25
" Moreover, it has been shown that the method according to the invention is suitable for producing a
silicon wafer which comprises a front side and a rear side, wherein at least its front side is-polished
and an epitaxial layer is applied at 30 least on its front side, and which has a global flatness value
GETF of 0.02-0.06 p.m, relative to an edge exclusion of 2 If an edge exclusion or 1 mm is employed,
that is to S&Y<# ATGHE stHRFEREErifETidN CtHig reSURSIn 3B E TRV e6E0. G4 to ©:084m. The silicon
wafer, whichwagsubjected: te achydriophilie cleanirig: aftes ¢he palishing ofatdeast isfront side, as a
17 result ofwhicha nagiveroxide yerformed en the silicon wafer, was subsequently pretreated in a
hydrogen atmosphere in'an epitaxy reactor in order to remove native oxide from the silicon wafer, and
was supsequently treated with addition.of 5 hydrogen chloride tq the hydrogen atmosphere in a
secondp stebH?hg%&%T%w%té’ eing 1.5-5 srfr%cgﬁn e"“‘ée%g%id s agﬁ,”%vrﬁ% 5“rﬁ%ﬁa(%smﬁrpossible to remove
silicon matéﬁa?ﬁ%gtér@%tg‘aamEter of the gas pipelines for inner and outer

zones. The quantity of the stching medium is reduced by

reducing the line diamster,

10 In principle, the following constructicn is preferrad in the
second method according to the invention: the gas quantity is
set by means of z Mass Tlow Conirolley {MFC} which is able to
set & flow rate of betwsen 1 and 5 zim. This is novel since the
MFC used in the priocr art was limited to 1 slm. This guantit

15 of gas 1z then passed via a malin gas line to two neadie valves

‘ ‘inner and outsr zones) and distributed thers. The regulation

he 1lin

diameter, inner and outer zones indspendently of one anothar).

ot
[1H

@

is effected by setting the valves (regulation of

The distributed guentities of gas are then introducsd into the
20 resgcteor chember by means of an injector. This constructicn has
:\..S y 42

3
the advantage that an asutomstic control poesible by means of

suitable software.

With regard to the tresztment durstions and the treatment
25 temperaturss, the valve ranges preferred in the firzst method
according to the ipvention are also prefsrred in the second

method acsording to the invention.

After the pretresatment steps, an epitaxial laysr is deposited
30 at lzast on the pelished front side of the sgillicon wafer. Foz
this purpose, a silans source as source ¢gas is added to
i

hydrogen as carrier ges. The spitaxial laver

)
.
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temperature of 900-1200°C depending on the silans source used.

eposition temperature of 10%0~1130°C.

jold
rt
.



manner in the edge region of the silicon wafer, to compensate for the concave initial geometry of the
polished silicon wafer 10 or to overcompensate for it (convex geometry) and to give the silicon wafer a
flatter geometric form after e epitaxial deposition. It has been shown that a further improvement of the
global 15 flatness values of the epitaxially coated silicon wafers is achieved by an increase in the 1501
flow rate to 2 elm or more (up to 5 sim). This also ap fies to the local flatness, expressed by the 25
SBIPmm, which, in the case of the silicon wafer according to the invention, is greater than or equal.to
0.02 'am and less than or equal to 0.05 um, likewise given an edge exclusion of 2 mm and relative to
partial regions of an area grid of segments having a size of 26x8 mm4. This results in 336 25
segments, of which 52 are "partial sites”, The "partial sites" are preferably taken into account in the
dete2luination of the SPIRmm. The PUA value is preferably 100%. Relative to an edge exclusion of .
1 mm, an SBiR:ef 0:044e 3L00%-eraresultsTheisiliconwaterds preferably a.wafer made of
monocrvstallise_silicgn material, an SOI(Thilicon-on-insulator”) wafer, a silicon wafer with a strained
silicon layer ("strained 35 silicon™) or an sSOI("strained silicon-on-insulator")fc,r which is provided with
an epitaxial layer. 18 preferably has an epitaxial layer thickness regularity of at most 2.0%. The
epitaxial lagér frickkeSEReGaIarty cah betctBriifed by fisasuriig sverageaiius t and range At

£

5 rcoated silicon wafer is removed from the epitaxy reactor.

After a specific number of epitaxizl dspositions on silicon
walers, the susceptor is treasted with an etching medium,
preferably with HCl, in order to free the susceptor of silicen

it deposits, by way of example.

A éusceptoz stehing is preferably effected in each cass after
1-5 epitaxial coatings of silicon wafers, For this purposs, ths
epitaxially coated silicon wafer is removed and the substrate-

15 free susceptor is ftreated with HCL.

Praferaply, besides the susceptor surface, the sntire
chamber is fiushed with hydrogen chilcrids in order to rasmove
gilicon depesits.

it
The susceptor is preferaply coated with silicon after the

s
susgceptor etching and before further epitazial processes. This

Hy

E}
may be sdvantageous since the silicon wafer to be epitaxially

coated does not then bear directly on the susceptor.

(%]
in

Moreover, 1t has been shown that the method according to the
invention is suitables for producing a silicon wafer which

comprises a front side and a rear side, wherein at lesast

-
cf
n

front side iz polished and an epitaxial layer is applied

i1}
rt

3¢ leset on i1ts front sids, and which has & global flaztness value

GBIR of 0.02-0.06 pm, relative to an edge exclusion of 2 mm.

If an edge exclusion of 1 mm is emploved, that is to say a more
stringent criterion, this results in GRBIR values of 0.04 o

32 0.08 pm.
The gilicon wafer, which was sublected to a hvdrophilic
clesaning after the polishing of at least its front side, as a



of the the epitaxial layer thickness.. At/t is particularly 5 preferably 0.5% - 2.0%, very particularly
preferably 1.0% - 1.5%. The method according to the invention, for the gas flows and gas flow
distributions claimed, permits the production of epitaxially coated silicon wafers having these epitaxial
layer thickness regularities. 10 If, in the prior .art, it |§ ttempted to correct the concave initial geometry
of the polished silicon wafer by a procedure-in which a thicker epitaxial layer is deposited in the center
of the silicon wafer during epitaxy, or by a ,-,roced,7-e-e in L.5 which, although firstly a largely regular
ep taxial laver is deposited, the concave geometry of the epitaxially coated silicon wafer is
subsequently corrected by etching removal at the epitaxial layer, it is impossible to keep the epitaxial
layer thickness regularity parameter, whiah, is extremely 20 important andcritical for the component
manufacturers, in that narrow range of less than or ecual to 7%. 25 An epltaX|aI layer was deposited
ona SI|ICOﬂWﬁFé'rthﬁVlﬁﬁ‘h‘Hl&?ﬂT’éﬁé’ﬁS@ﬁ%% tRYERAEFFEER FiBditedSitaterdance with the prior
art and finaly polished byrhrearsof CMPrehtdts frontside. Thersilicon atafertostye epitaxially coated
was concavely falished rthatdsto:say hag-a coneaverinitiakgeemettyianti-an 30:edge roll-off. During
the pretreatment.of thisrsilicon.wafel-insthe: epitasyireactan firstly a-pretseatmentdp a hydrogen

atmosphere was effected at.an H2 flowy rate;0 anggﬂ [ t@e subseg prefreatment with
hydrogen chtoride add:e?dcl}%to% g i{(\; gr%t%g sphe?eg the E@r ov% r%tgé\%v%dfé é%lm Different gas

distributions Werdexantihed in aEC Ft?arrces wi tﬁ*fg the' gé%o??d’ ?né%h%‘%f‘ﬁtco Ag to the invention. The
duration of ffdpretreatATEALWANTY dBERIF chidridevas 6874 it edlefcad89=t & enitaxial layer was
subsequenthsoeposited o a&deposﬁmﬁ tefn peiatﬁxé@fommeand ‘eetriciiorgsitarte flow rate of
for the concave initial geometry of the polished silicon wafer
6 o

4

to overcompensate for it (convex geometry) and to glve the
gilicon wafer a flatter gsometric form after the epitaxial

deposition.

It has been shown that a further improvement of the global

15 flatness values of the epitaxially coated silicon wafsrs is
achieved'by an increasse in the HCL flow rate to 2 slm or more
fup to 5 sim .

This also applies to the locel flatness, expressed by the

20 SBTRpey, which, in the case of the silicon wafer according to
fhe invention, is greater than or edual. fte 0.02 um and less
than or equal to 0.05 um, likewise given an edge exclusion of
2 mm =nd relative to partial regions of an area grid.of

segments having & size of 26x8 mm®. This results in 336

P2
Lh

segnments, of which 52 are “partial sites”. The “partial sites”
SBIRme:. The PUA vzlue is preferably 100%.

Relative to an edge exciuveion of 1 mm, an SBEIRge o0f 0.04 to
36 0.07 pm resuvlts.

The silicon wafer ig preferaply a wefer made of monocrystalline
silicon material, an 80I{“silicon-on-insulator”™) wafer, &
siiicon wafer with a strainasd silicon laver (“strained

35  gilicon”) or an s30T (“strained silicon-on-insulator”) waiser

which ig provided with an epitaxisl layer.

The epitaxially coated silicon wafer according to the invention



17 elm. results are explained below with reference to Figs. 10 Fig. 1 shows the profile of the thickness
of a concavely polished silicon wafer against its diameter ("line scan") Fig. 2 shows the material
removal 'uan etching pretreatment of a polished silicon wafer in the epitaxy reactor against its
diameter. Fig. 3 shows essentially the thickness of the deposited 'taxial layer against a line scan. 20
Fig. 4 shows the thickness of the epitaxially coated silicon wafer against a line scan. Fig. 5 shows the
lifluence of different process parameters during the etching pretreatment on the wafer geometry, in ZS
particular with regard to the material removal in the edge region. Fig. 6. shows the change in the
thickness of the silicon wafer during an etching pretreatment in the epitaxy reactor. 30 Fig. 7 shows the
change in the thickness of the silicon wafer during an etching pretreatment in the ep taxy reactor with a
changed gas distribution. 35 rig. 8 shows SBIR values of a silicon wafer epitaxially coated according to
the inventio® f6¢ 8aeP Soffrorféntarea*f iy ﬂﬁﬂ%‘ftavééﬁtﬁ%@tﬁ%m@%{mm%mef a concavely 20
polished siliconwafetthaling axiametel of:360 ramak@ss regularity can be :

id

[
LA

20

36

35

determined by measuring averags value t and range At = Tpar-Twin

of the epitaxial layer thickness. At/t is particularly

preferably 0.5% - 2,0%, very particularly preferably

1.0% - 1.5%. The method according to the inventlion, for the gas

flows and gas flow distributions clazimed, permits the

préddc;l » of epitaxially coated silicon wafers having thase
ivaxial layer thickness regularities,

If, in the prior art, it is attempbpd to correct the concave
initial geometry of the po ished silicon wafe r by a procedurs
in which a thicker epitaxisl layer is deposited in the center
cf the silicon wafer during epitaxy, or by = procedurse in
which, althovgh Tirstly a largely regular epitaxial laver is
deposited, the concave geometry o©f the epitaxially coared
silicon wafer is subsequently corrected by stching removal at
the epltaxial layer, it is impossible t¢ ksep the spitaxial
layer thickness regularity parameter, which is extramely
important and critical for the component manufacturers, in that
narrow range of lessz than or esgual to Z%.

Example:

An epltaxial lsyer was deposited on 2 silicon wafer having a
diameter of 200 mm thet had been produced in accordance with
the pricr art and finzlly polished Dy means of CMP on its front
side. The silicon wafer to be spitaxially coaited was concavely
polished, that iz to say had a concave initizl geometry and an
edge roll-cff. |

firstly =z pretrsatment in a hydrogen atmesphars was

buring the subsegueni pre

s

reatment with hydrogen chlioride added
into the hydrogen atmosphere, the HCL flow rate was 2.5 slm.

2
Diffsrent gas distributions wers examined in azccordancs with



~function of the diameter as a. line scan. Rn edge exclusion of 2 mm is taken as a basis here. The
thickness increases from the center in the direction of the edge and exhibits a decrease at 5 the edge.
A global flatness value GBIR of 0.3 pm results given an edge exclusion of 2 mm. 10 Fig. 2 shows the
material removal during the etching .pretreatment as a function of the diameter of the silicon .wafer.
While approximately 0.13pm of silicon is removed in the center of the silicon wafer, the material
removal increases toward the edge and exhibits overall a concave profile, precisely like the initial
geometry of the polished silicon wafer, with the result that a compensation of the concave geometry is
achieved by etching away the silicon mat 20 Fig. 3 illustrates the difference in thickness between the
epitaxially coated silicon wafer and the concavely polished silicon wafer as a function of the diameter
as a line scan. This difference in thickness increases locally in the edge region. However, it does not

correspond & & &A04I TRERARSE S5 BHiRe d€poSted esitaxialiayersbltFathetaleh takes account of
the changes-frethicRiess weatresie ok prefreaiment wteps. Buicd inatetialawas reptéved at the edge of
the silicon wafer during the pretreatment with the etching medium, significantly more silicon than

illustrated inzfige 3: was acca: dingly-depasied . al-theedgsc. She-material ramoyal adithe edge was up to
700 rim,whichwas thep.oxergrowncby a.unifeum epitaxial layer havpg,a fhickpess of 2,6 pm 2.5%.
This compllqu with a specification for the layer thickness regularity of the epitaxial layer. 35 Fig. 4
illustrates the thickness profile of the epitaxially coated, CMP-polished silicon wafer as a function of its

diameter as a line scan, resulting in a global flatness value 21
The results are explained below with reference to Figs. 1 to 8,

10 Fig. 1 shows the profile of the thickness of & concavely
pelighed silicon wafer against its diameter (Mline scan”).

Pig. 2 shows ths material removal during an etching

3
pretreatment of a polished silicon wafer in the epitaxy reactor
15  against its dizmeter.

¥igg, 3 shows essentially the thickness of the deposited

gpitaxial layer against a line scan.

3 Wig. 4 shows the thickness of the epitaxiaslly coatad silicon

wafer agasinst a line scan.

Fig. 5 shows the influsnce of diffsrent process parameters
during the etching pretrsatment on the wafer geomsiry, in

25  particuniar with regard to the material removal in the edge
reglion.

Fig. & shows the change in the thickness of the silicon wafer
during an stching pretreatment in the epitaxy reactor.

kit
¥ig. 7 shows the c¢hange in the thickness of the silicon waler
during an etching pretreatment in the epitaxy rsacter with a
changed gas distributilon,

35  Pig. B shows 3BIR values of a silicon wafer epitaxially coated

according to the invention for gach component area.

®ig., 1 illustrates the thickness distribution of a2 concavely



GEIR of 0.056 pm given an edge exclusion. of 2 mm, in other words a significant improvement in
comparison with the global flathess of the concavely polished silicon water. A significant improvement
with respect to the closest prior art is also a manifested. ' Fig. 5 shows the initial geometry of a
polished silicon wafer 51. The illustration shows the %ckness of the silicon wafer as a function of the
diameter thereof. A concave profile and.a 111 decrease in the thickness at the edge are manifested.
52 shows. the thickness of the silicon wafer after pretreatment with an HCI flow rate of 0.9 elm (prior
art). This corresponds to a standard etch with the HO1 flow rate limited by the conventional mass flow
controller. 15 53 shows the geometry of the wafer after treatment according to the invention with
an'HO1 flow rate of 2.5 elm ;first method according to the inventioni. 54 shows the geometry of the
wafer after treatment according to the invention with an 1101 flow rate of 2.5 slm and gas 20
distributiorPS&¢SFdRg o tHE ThvEitidn 15 28/506' <6 {58EoRt methBa dtdtding to the invention). In
the case of BB&EnR@patfictiig |y ifithé tastsoft 541 ah iFttBaséintheetehifig Féaiovd is manifested
particularlyzirethe edgekregian. 4 he aethodsactorlinyitokthe: mvantioreenable everi:more distinct
changes indhecinitiahgeamelryafiherpelishead wafes which-eenver dhe crrcave geametry into a
convex;geemetnsand can give the wafer, prior to the subsequent epitaxial deposition, a geometry
which confofms to the respective requirements and is optimum - depending on the 30 initial geometry.
Fig. 6 shows the cﬂh?angeﬁln the gveometg of the polished silicpgvyaferr as a result of an etching
- pretreatment Hcotding to e InVantion® Bére"an 110 PRol At 8f 375 §imWagBosen, and as 35 flow
distribution®FO'=E3H16D 2 6273. A material removal at the edge of up to 500 nr, is manifested here.,
The illustration shows the difference in thickness Lt (= material removal) 77 between polished wafer
and wafer prgireated:iwthe ppitaxeraaciorasa:furctian of the diametes.

pretreatment zs & functlon of the diameter of the silicon

wafer. Wnile approximately 0.13um of silicon i3 removed in the

center of the silicon wafer, the material removal increasss

toward the edge and exhibits overall a concave profile,

1% precisely like the initial geometry of the polished gilicon

wafer, with the result that a2 compensation of the gongave

ct

initial geometry is achisved by etching away the silicon

maeterial,

20 Fig. 3 illustrates the difference in thickness between ths
epitaxially costed silicon wafer and the concavely polished

:‘2?
silicon wafer as z function of the diameter as a lins scan.

{

This difference in thickness increases locally in ths =dge
region., However, it does not correspond to the actual thickness

L

O

B
o

the deposited epitaxial layer, but rather slso takes account
of the changes in thichkness as a result of pretrsatment steps.
Since materlzl was removed at the edge of the silicon wafer
during the pretreatment with the etching medium, signifigantly
more silicon than illustrated in Fig. 3 was accordingly

30  deposited at the edgs. The material removal at the edge was up
te 00 nm, which was then overgrown by a uniform epitaxial
laver having & thickness of 2.6 um £ 1.3%. This complies with a2
specification for the layer thickness regularity of the

epitaxial laver.

Fig. 4 illustrates the thickness proflle of the epitaxially

coated, CMP-polished gilicon wafer as & function of its

-

diameter &s a Lline scan, rssulting in & global Ilaztness value



Fig, 7 shows the change in the geometry of the wafer, in which case, in comparison with the example
of Fig.a different flow distribution of I'io =.0/200 = .0 was chosen, with a constant HC1 flow rate of 2.5
slm. Here, too, the illustration shows the difference in thickness Lt or the material removal as a result
of the etching pretreatment as a function of the 10 digmeter of the wafer. By virtue of the changed gas
distribution, the material removal at the edge is intensified to up to 7.0,0 nm. In the prior art, even with
reduction of the H, flow rate is during the etching pretreatment, which, as already mentioned, entails
other disadvantages, only material removals of up to 300 nm at the edge were possible (of. DE
102005045339 Al). Fig, 8 illustrates site geometry values SBIR for an epitaxially .20 coated silicon
wafer given a subdivision into $36 component areas ("sites") having a size of 26x8 mmz2. 52 of these
336 component areas are "partial sites”. Using an edge exclusjon of 2 mm or an FQA of 296 mm and
taking accolit-6f &fl tRe™partidl grés” ﬁl'thi?ﬁuﬁ%igteséecgm%' ry'vaftie SBIRAIX of 0.044 pm 25
results in thi$%¢&se 2TRETOHOWIRY ProtesS Sarametsr SHEra Sriploysd i e &x&Rfte: Step 1 30 H2
bake Distfibetiorel04101157 35K ENY gim-iched silicon wafer. 2 significant

improvement with respect te the closest pricr art is zlso

manifested,

425

Fig. & shows the initial geometry of & peclished silicon wafer
§1. The illustration shows the thickness of the silicon wafer
as a function of the diametsr thereof. A concave profiile and a
I decresse in the thickness at the edye are manifested.
52 shows The thickness of the silicon wafer sfter pretreatment
with aﬁMHCl flow rate of 0.2 slm (prior art). This corrassponds
te a standard etch with the HCl flow rate limited by the
conventional mass flow controller.

15 B2 shows the geometry of the wafer after treatment according to
the invention with an HCI Zlow rate of 2.5 slm {(first method
according to the invention). _
B4 shows the gecmetry of the wafer after trestment according o
the invention with an HCL flow rate of Z.G%

20 distribution actording to ths invention I/0 = 0/200 = 0 {second
method according to the invention).

In the case of B3 and pearticularly in the case of 54, an
increase in the etching removal is manifested particularly in
the edge region. The methods according to the invention enable
és even more distinct changes in the initial gesometry of the
polished wafer which convert the concave geomeitry into a convex
geometry and can give the wafer, pricr to the subseguent
epitaxial depesition, a geometry which conforms to the
respective recguirements and is optilmum - depending on the
30 initial gesometry.

Fig. 6 shows the change in the geomstry of the polished silicon
wafer ms & result of an étching pretreatment according to the
invention. Here arn HCl flow rate of 2.5 slm was chosen, and as
15 flow distribution I/0 = 131/180 = 0.72. A maeterial removal aki
the edge of up to 500 nm is manifested here. The illustration

shows the difference in thickness At (= material removal)



H2insIm60 Temperature1150 Step 3 EtchingDeposition 0/200110/157 3.5 20SO 11501120 23
Patent Claims 1. A method for producing epitaxially coated silicon wafers, comprising providing a
multiplicity of silicon wafers polished at least on their front sides and successively 5individually coating
the wafers in an epitaxy reactor by a procedure in W@igzh a silicon wafer is placed on a susceptor in the
epitaxy reactor, and is pretreated only under a hydrogen atmosphere in a first step, and with addition
of an etching medium with a flow rate of 1.5-5 slm to the hydrogen atmosphere in a second step, the
hydrogen flow rate being 1-100 sIm in both steps and the distribution of the etching medium in 10 inner
and outer zones being 1/0 =0-0.75, subsequently coating the wafer epitaxially on its polished front
side, and removing an epitaxillay coated wafer from the epftaxy reactor. 2. The method of claim 1,
wherein thedwarpsatreaimentistepsaresetfected i et Stempetatune tramgec 0£. 850 to 1200 C.

reactor, as & function of the diasmetsr.

" Fig. 7 shows the change in the geometry of the wafer, in which

o

case, in éompaxison with the example of Fig. &, a different
flow distribution of I/0 =.0/200 = 0 was chosen, with a
sonstant BCL flow rate of 2.5 slm. Hers, too, the illustration
shows the difference in thickness 4t oxr the material removal as
a result of the etching preftreatment z= & function of the

10 diameter of the wafer. By virtue of the changed gas
distribution, the material rsmoval at the edge 1g intensified
Sto up te 700 nm,

In the prior art, even with reduction of the K, flow rate
during the etching pretreatment, which, as already mentioned,
entails other disadvantages, only material removals of up to
300 mm at the edge were possible (cf. DE 102005045339 AL).

Fig. & illustrates site geometry values SEBIR for an spitaxilally

26 coated silicon wafer given a subdivision into 336 component
arezs (“sites”) having a size of 26x8 mm®. 52 of these 336
component aAreas =re “partial sites”, Using an edge sxclusion of
2 mm or an FQA of 296 mm and taking sccount of all the “partial
sites”, 2 meximum site geometry value SBIRgy of 0.044 um

25 results in this case. The following process parameters were
employed in tnls example:

Srep 1 . Step Z Step 3
30 o
He bhake Ftehing Deposition
Distribution I/0 119/1587 0/200 1107187
35 HCl in slm - 3.5 -
H; in slm . &0 Z0 50

Temperature 1150 1150 1120



3. The method of claim 1, wherein the etching medium added to the hydrogen atmosphere is hydrogen
chloride. 204. The method of claim 1, wherein thezzydrogen flow rate is 40-60 slm in both pretreatment
steps. 5. The method of claim 1, wherein the duration of pretreatment is 10-120 s in both pretreatment
steps. 25 6. The method as claimed in any of claims 1 to 5, wherein the duration of pretreatment is
20-60 s in bgﬁ?%?r@éﬂ?ﬁent steps. 24 7. The method of claim 1, wherein the silicon wafers provided
are wafers of monocrystalline silicon material, SO1 ("silicon-on-insulator") wafers, silicon wafers
having strained silicon layers ("strained silicon™) or sSO1 ("strained silicon-oninsulator”) wafers. 5 8. A

method for gr_o}gHg%g%@;@3%&%@?@9%@5@;@r§m886r§£i%%\ci1v(?r&viﬁl&l g% Irré]\éu#‘jﬁ”dty of silicon

wafers polished at least on their es, and successively in y & Wafers in an

epitaxy reaciQuipiaPeIcardreasRishiaiicaniaaien imBlares: QRidsSiRFspteE g A fpactor chamber

of the epitaxy reactor, wherein 10gas flows introduced into the reactor chamber by means of injectors
are distéibutedibidwabacsatfiyahesdfics an oupitzoneandray iapes zeaneah theicracticehamber such
that the gas flow in the inner zone acts on a region around the center of the silicon wafer and the gas
flow in the OUESRTZE A ERISCOIE AYEHEOreniba epithrysitisciewalidriswhereatat esificodanafer is
pretreated only under a hydrogen atmosphere at a 15hydrogen flow rate of 1-100 sIlm in a first step,

and with adERGNFBesRRI SR gififs! Witk 2RewiHardetiemal ansidire Medisgeitagmosphere in a

second step, the hydr flow rate heing 1-100 sIm jn the second step, and the distribution of the
etching meg}a%r#¥ﬁri€%% Bjuttdaghe Al Shd' Bgﬂﬂ-‘ﬁf%? BT R EGReHIR WHB8AIly coating the

erzo

water on its polisaed It itk aRdr BRI aa RPiRR ARGt alStom e sRitaxy reactor.
10 inner and outer zones being I/0 =0-0.75, subsequentiy coating the wafer epitaxially
on its polished front side, and removing an epitaxillay coated wafer from the ep&axy

reactor.

2. The method of claim 1, wherein the two pretreatment steps are effected in a

15 temperature range of 250 to 1200° C,

3. The method of claim 1, wherein the etching medium added to the hydrogen

atmosphere is hydrogen chioride.

20 4. The method of claim 1, wherein the hydrogen flow rate is 40-80 sim in both

prefreatment sieps.

5. The method of claim 1, wherein the duration of pretreatment is 10-120 g in both
pretreatment steps.

25
6. The method as claimed in any of claims 1 to 5, wherein the duration of

prefreatment is 20-60 s in both pretreatment steps.



9. The method of claim 8, wherein the two pretreatment steps are effected in a temperature range of

950 to 1200 C. 2510. The method of claim 8, whex¢in the etching medium added to the hydrogen

atmosphere is hydrogen chloride. 25 11. The method of claim 8, wherein the hydrogen flow rate is
ent steps. . 12. The method of claim 8, wherein the duration of

40-60 elm i th pretre
pretreatmerr‘J(:['t')fkf'i)}'?ﬁ%‘)g1 ﬁ?]Bst épwff’éﬁmgﬁlsg‘%kwﬁf?sr peYisthatPoraiamPB, wherein the duration

of pretreat both letrea t steps. 1014. Sll con.wafer having a front side and a
rear side, w egr;’eg?%’i% 2%56;[ ?ts'cfO ron atae |S%E())Tr§ 1 gn g é'ﬂséjplna &i ‘fvﬁc{%? |§”éﬁ5’6l|ﬂ% %ﬁsleast on its front

sde, which s & QIALaness ke GRIR.8 G050 08 B plaifed exclusion of 2 mm,

or a global flatness value GBIR of 0. 04 0.08 pm relatlve to an e ge exc u5|on 0 “mm. 1515. The
silicon wafeinefigkaim d4idhaving a local flatness, SBIRmax, of greater than or equal to 0.02 pm and
less than or equal to 0.05 pm, given an edge exclusion of 2 mm and relative to partial regions of an
area grid of segments having a size of 26x8 MM2 . 2016. The silicon wafer of claim 14, having a local
flatness, SB1Rmax, Of greater than or equal to 0.04 pm and less than or equal to 0.07 pm, given an
edge excludiof Breihpthicaneebiaiigertpeatincrsitersiioparvaiers qrithofisegmentsihgwvng a size of

26x8 MM2 e - .
multiplicity of silicon wafers polished at least on their front sides, and successively

individually coating the wafers in an epitaxy reactor by a procedure in which a silicon
wafer is placed on a susceptor in a reactor chamber of the epitaxy reactor, wherein
10 gas ﬂows introduced into the reactor chamber by means of injectors are distributed
by mean.s of valves into an outer zone and an inner zone of the reactor chamber
such that the gas flow in the inner zone acts on a region around the center of the
silicon wafer and the gas flow in the outer zone acts on an edge region of the silicon
wafer, wherein the silicon wafer is pretreated only under a hydrogen atmosphere at a
15 hydrogen flow rate of 1-100 sim in a first step, and with addition of an eiching
medium With a flow rate of 1.5-5 sim to the hydrogen atmosphere in a second step,
the hydrogen flow rate being 1-100 sim in the second step, and the distribution of the
etching medium in inner and outer zones being 1/0=0-0.75, and subsequently
epitaxially coating the wafer on its polished front side, and removing an epitaxially

20 coated wafer from the epitaxy reactor.

8. The method of claim 8, wherein the two pretreatment steps are effected in a

temperature range of 850 io 1200° C.

25  10. The method of claim 8, wherein the etching medium added to the hydrogen

atmosphere is hydrogen chloride.



2517. The silicon wafer of claim 14, wherein the silicon wafer is a wafer made of monocrystalline
silicon material, an 301 wafer, a silicon wafer with gsstrained silicon layer or an sS01 wafer which is
provided with an epitaxial layer. 26 18. The silicon wafer of claim 14, having an epitaxial layer
thickness uniformity of 0.5%-2%. 19. The silicon wafer of claim 14, having an epitaxial layer thickness
uniformity of "It 09881 reiiod g siriet & pitexrinyhsobtd tositie oweder iadd-8tethadrfenproducing
apitaxially coated silicon wafers The object- is achieved by means of a first method for producing
epitaxially cdﬁ%ﬁegfmﬁ,ﬁaf‘ers, 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 procedure in which a respective one of the silicon wafers provided is placed on a susceptor in the
epitaxy reactoy, i r I masphere in.a first step. apd with addition of
an etching L??ngj?ﬁrri\% ﬁ%%ﬁ%@éﬁdgﬁgﬁﬁ a%rﬁ%{‘%%ﬁg ﬁgy%r%g%ar%%?rrﬁdséé éigélr?p é{‘sgé’égnd step, the
hydrogeh flowartatheingsied$o0 slit in both steps, is subsequently coated epitaxially on its polished
front side and is removed from the epitaxy reactor. In a second method according to the invention, gas
flows 20 introduced inte the reactor chamber by injectors are distributed by means of valves into an
outer and an inner zone of the reactor chamber, such that the gas flow in the inner zone acts on a
region arountPtHée Eiedrahdaimonnirin fridireipsdiovetretimenttiar 266 acibothan edge region
of 25 the silico Wa}fer, ???e distribution of the etching medium in inner and outer zones being 1/0 =0 -
0.75. The im%%ﬂ%%rﬂ%? 1&hthe production of a silicon wafer having a front side and a rear side,
wherein at least its front side is polished and an epitaxiel layer is applied at least OT its

10 14. Assilicon wafer having a front side and a rear side, wherein at ieast its front side is
polished and an epitaxial layer is applied at least on its front side, which has a global
flatness value GBIR of 0.02-0.06 um, relative to an edge exclusion of 2 mm, or a

global flatness value GBIR of 0.04-0.08 um relative to an edge exclusion of 1 mm,

15 15. The silicon wafer of claim 14, having a local ﬁatnesé, SBIRma, Of greater than or
equal to 0.02 ym and less than or equal to 0.05 pm, given an edge exclusion of 2

mm and relative to partial regions of an area grid of segments having a size of 26x8

mm?,

20 16. The silicon wafer of claim 14, having a local flatness, SBIR .., of greater than or
equal to 0.04 um and less than or equal to 0.07 um, given an edge exclusion of 1

mm and refative to partial regions of an area grid of segments having a size of 26x8

mmZ.

25 17. The silicon wafer of claim 14, wherein the silicon wafer is g wafer made of
monocrystalline silicon material, an SOl wafer, a silicon wafer with a strained silicon

fayer or an sSOI wafer which is provided with an epitaxiaj layer,



30 front side, and which has a global flatness value GEIR of 0,02-0.0e um, relative to an edge
exclusion of 2 mm, ' 26

18. The silicon wafer of claim 14, having an' epitaxial fayer thickness uniformity of

0.5%-2%.

19. The silicon wafer of claim 14, having an epitaxial layer thickness uniformity of

5 1.0%-1.5%.



