Epitaxially coated silicon wafer and nethod for producing epitaxially coated
silicon wafers 5 The. invention relates to an epitaxially coated silicon
wafer and to a nmethod for producing epitaxially coated silicon wafers.
Epitaxially coated silicon wafers are suitable for use in the 10

sem conductor industry, in particular for the fabrication of |arge scale

i ntegrated el ectroni c conponents such as e.g. mcroprocessors or nmenory
chips. In this case, stringent requirenents are nade of the flatness of the

front sides ol &haX1auhyceeawahe%ilaedwhh@Ee&hanalﬁgth@al@o&O@Ewaﬂasagare
produced. 15 This is necessary i.n_order to probl ens in the course

of exposing the silicon m&PéF?x%P#3Nb§P9§ﬁ9)s&ﬁ&CPH Wﬁ@eEéurse of

i nternedi ate polishing processes ("Chenical Mechanical Polishing", CW)
during fabrication of the components. 20 A critical property in this case is
the local flatness or local geonetry of the silicon wafer on its front side.
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t he positiwafeng. negative deviation froma front side defined by mninzing
the square error for a conponent area (neasurenent w ndow, "site") of
defined size). The maximum | ocal flatness value SFQRTH specifies the maxi mum
SFQR val ueEmta:s:h@lbormm@d 2t bhGon akefeB® #RE oSatedlhe Ar ausel Lrohh@af er .
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silicon wafers on whlch the electronic components are produced.
15 This is necessary in order to keep down problems in the course
of exposing the silicon wafers (lithography) and in the course
of intermediate polishing processes ("Chemical Mechanical

Polishing", CMP) during fabrication of the components.

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

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

30 into account on a silicon wafer.

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

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



2 flatness often does not involve using the "partial sites”, but rather
‘only the so-called "full sites", that is to say the conponent areas |ying
conpletely within the FQA. In order to be able to conmpare maxi num | oca
flatness values, it is essential 5 to specify the edge exclusion and thus the
size of the FQA and furthernore to specify whether or not the "partial

sites" have been taken into account. A generally recognized rule of thunb
states that the SFOQR- 10 value of a silicon wafer must be | ess than or equal
to the possible lin on mafe fom conduct or,
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usual |y spech figedebyiacPUWeéoReecent Useabl e Area”) value, which, e.g. in
the case of an SFQR,. of less than or equal to 0.1 umand a PUA value of 99%

states that 99% of the sites have an 25 SFQRT of | ess than or equal to 0.1 um
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a | appi ng grln rng me re c alne the the apprica rons
272531 Al eguﬁ@@é@gg@@@ Atepper experiences focusing problems and the

component in question is thus lost. With regard to optimizing
15 costs, however, it is frequently customary nowadays not to
reject a silicon wafer owing, for example, only to a component
area that exceeds the SFQRm.x value specified by the component
manufacturer, but rather to permit a defined percentage,
usually 1%, of component areas with higher values. The
20 percentage of the sites which are permitted to lie below a
specific 1limit value of a geometry parameter is usually
specified by a PUA ("Percent Useable Area™) wvalue, which,
e.g. in the case of an SFQRp.x 0f less than or egqual to 0.1 um
and a PUA value of 99%, states that 99% of the sites have an
25 SFQRp.x Of less than or equal to 0.1 um while higher SFQR values
are also permitted for 1% of the sites ("chip yield™).

According to the pricr art, a silicon wafer can be produced by
a process sequence of separating a single crystal of silicon
30 into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such as grinding or lapping
followed by a polishing. EP 5478394 Al describes a lapping
method; grinding methods are claimed in the applications
Ep 272531 Al and EP 580162 Al.
35
The final flatness is generally produced by the polishing
process, which may be preceded, if appropriate, by an etching

step for removing disturbed crystal layers and for removing
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35 The final flatness is generally produced by the polishing process, which

may be preceded, if appropriate, by an etching step for renoving disturbed

crystal layers and for renoving 3 inpurities. A suitable etching nmethod is

known from DE 19833257 O, by way of exanple. Wile the traditional

singl e-side polishing nethods generally |gad to poorer plane- parallelisns,

pol i shing nethods acting on both sides 5 ("doubl e-side polishing") nake it

possible to produce silicon wafers with inproved flatness. In the case of
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final polishing cl eaning - epitaxy. 30

DE 19938340 Cl describes providing monocrystalline silicon
wafers with a layer grown in monocrystalline fashion and made
of silicon with the same crystal orientation, a so-called

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

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

precipitates in component-relevant regions.

25
According to the prior art, epitaxially coated silicon wafers
are produced from suitable intermediates usually by means of a
process sequence of removal polishing - final polishing -
cleaning - epitaxy.

30

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

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

reactor; and



DE 10025871 Al discloses a nethod for producing a silicon wafer wth an
epitaxial |ayer deposited on the front side, said nethod conprising the
foll owi ng process steps: (a) a renoval polishing as sole polishing step; 35
{b) hydrophilic cleaning and drying of the silicon wafer; (c) pretreatnent
of the front side of the silicon wafer at,a tenperature of 950 to 1250
degrees Celsius in an epitaxy reactor; and 4 (d) deposition of an epitaxi al
| ayer on the front side of the pretreated silicon wafer. |s customary, in
order to pg&# t gl con fers E rtlcle l?ﬁ ?ﬁ % bj ect the
silicon wa R h %r%ph??lﬁp% %ﬁﬁ?%g AYter °PorShihg™ Sﬁﬁ eh? r&pfilic
cl eani ng produezsed ativenowabderon the silicon wafers which is very thin
(approximately 0.5 - 2 nm depending on the type of cleaning and
measurenent). 10 The native oxide is renoved later in the course of a
pretreat meFt bé @*ﬁﬁ@m¢rronlMa¢ederntQHPEQteeRySIba@@nrwaéaabIﬁromnder a

hydr ogen aigmenbies e d4dSAg cath egub il Bakee ) s: 1Dclf fasEEQNdosLen, the surface

roughness of _the front side he silicon wa i's reduced and polishing

def ects arléY%?ﬁ}%]eFLCf%%@ltmgs@ﬁ%ep%l%%n@» | $2bh Wafcerbéihg pleanéaged

with an %ﬁ&dtﬁ@emlﬂﬁﬁlx@s@_@i@ehdﬂr@lgé‘nsﬁi‘i@éﬁdﬁafég)wh§cH5E|§|{f¥ sed as
the etchin um and, added to the hydroggn at ppsphere_ 20 ("HC1 etchant”).

The silic :Wéf PREFFITRCheeh: pret el edCPRCRHTRY vRY tRELSEEEERAE] y acquires
an epitaxicaledayres . arkpitexyureashioy s, which are used in particular in the
sem conductor industry for 25 the deposition of an epitaxial |ayer on a
silicon wafer, are described in the prior art. For this purpose, in the

epi taxy rEeztmativnexrdenie sehoeah Wafer siarehdeadedsdyofreans of

pretreatment of the silicon wafer in an epitaxy reactor usually

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

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

20 ("HCl etchant").

The silicon wafer that has been pretreated in this way
subsequently acquires an epitaxial layer. Epitaxy reactors,
which are used in particular in the semiconductor industry for

25 the deposition of an epitaxial layer on a silicon wafer, are
described in the prior art. For this purpose, in the epitaxy
reactor, one or more silicon wafers are heated by means of
heating sourceg, preferably by means of upper and lower heating
sources, for example lamps or lamp banks, and subsequently

30 exposed to a gas mixture, comprising a source gas (silanes)
comprising a silicon compound, a carrier gas (for example
hydrogen) and, if appropriate, a doping gas (for example

diborane) .

35 The epitaxial layer is usually deposited according to the CVD
method ("chemical vapor deposition") by a procedure in which
silanes, for example trichlorosilane (SiHCli, TCS), are passed

as the source gas to the surface of the silicon wafer,



heati ng sources, preferably by neans of upper and | ower heating sources, for
exanpl e | anps or |anp banks, and subsequently 30 exposed to a gas m xture,
conprising a source gas (S|Ianes) conprising a silicon conpound, a carrier
gas (for exanple hydrogen) and, if appropriate, a doping gas (for exanple
“di borane). 35 The epitaxi al Iayer is usually deposited according to the CVD
met hod ("chem cal vapor deposition") by & procedure in which silanes, for
exanpl e trichlorosilane (Si HC13, TCS), are passed as the source gas to the
surface of the silicon wafer, 5 deconpose there at tenperatures of 600 to
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coating. I'n t 'S casé I'i 'con waf er usual rests in

portions @Dndh@tgmd;e'ptor in order to ensure a 15 uniform heating and to
protect the rear side of the silicon wafer, on which generally no |ayer is
deposited, fromthe source gas. In accordance with the prior art, the

process cRamECERSORL haizh SmRpiFEase sEots e desiapieEadidmel B e

silicqp WfRhSz, Ifort fasecaa@ﬁ% Ofarid liisc o MRftRI® haw deicd i vl dimder
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coating. In this case, the silicon wafer usually rests in

milled-out portions of the susceptor in order to ensure a
15 uniform heating and to protect the rear side of the silicon

wafer, on which generally no laver is deposited, from the

source gas.

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

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

In the case of silicon wafers having relatively large diameters
(greater than or equal to 150 mm), single wafer reactors are
usually used since the latter are known for their goced

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

30 susceptor.

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

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

already carried out after the processing of a small number of



| ayer thickness can be established by various neasures, for exanple by
altering the gas flows (hydrogen, TCS), by incorporating and adjusting gas
inlet devices (injectors), by changing the deposition tenperature or
alterations to the 30 susceptor. In epitaxy it is customary, after sone
epitaxial depositions on silicon wafers, gto carry out an etching treatnent
of the susceptor without a substrate, in the course of which the 35
susceptor and al so other parts of the process chanber are freed of silicon

deposits. Thi Chl reat ment h ma fect d_using_h
chlori de (?k&? 8% of g%ﬁ%p?% ¥i's gF?eng alr agaxég %lngséfggr¥g otase
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Usual I ys ogbytgglgicmhggrgreatnent using HC or else an etching treatnent
using HC1 foll owed by brief coating of the susceptor is carried out. The
coating of the susceptor is effected in 10 order that the silicon wafer does

not bear drirs@@ny, O@nweansua@ﬁpﬁgrtréatﬂa@ﬁtb@gmnghgm bbaélbaeaﬁeraa'@ﬂ&nbnom
inthe prior art |ead orti,on o i taxial

coat ed b5 Sreebterareronactoen pEed oF| B el BOaFiBY fhr EREUPBPPEBHAT T he
edge regi obs éﬂrmﬁgdobu9xamhéecoatlng efchhegstseepﬁaﬂt19fefféétsﬂs¢ﬁptor IS
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sai d ep|taX|a y coat é i’con N~ each case as S|g can?ly poor er
| ocal fl atsesserOowal ues in the edge reglon. The ﬁHXIﬁUﬁ]|Oca| flatness
paranmeter SFQR a is usually in the region of 0.05 }am or higher for these

epitaxiall¥ coated silicon wafers, for which reason they are
has been shown that the methods known in the prior art lead

to a poor yield, since a portion of the epitaxially coated

15 silicon wafers has poor local flatness wvalues particularly in
the edge region. By way of example, 1f an etching treatment of
the susceptor is carried out after four epitaxial depositions
in each case, at least one of said epitaxially coated silicon
wafers in each case has significantly poorer local flatness

20 wvalues in the edge region. The maximum local flatness parameter
SFQRmax 1s usually in the region of 0.05 um or higher for these
epitaxially coated silicon wafers, for which reason they are
unsuitable for the imaging of structures (stepper technology)
for the future generation of electronic components having line

25 widths of less than 45 nm.

Therefore, the object of the invention was to increase the

vield of epitaxially coated silicon wafers with good local

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

generations.

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

35 wafers which are polished at least on their front sides are
provided and successively coated individually in each case in
an epitaxy reactor by a procedure in which a respective one of

the silicon wafers provided is placed on a susceptor in the



unsui table for the imaging of structures (stepper technology) for the future
generation of electronic conponents having line 25 wdths of |ess than 45
rim Therefore, the object of the invention was to increase the vyield of
epitaxially coated silicon wafers with good | ocal flatness values and to
provide an epitaxially coated silicon 30 wafer which satisfies the

requi rements of future technology generations. This object is achieved by
means of a nethod for epitaxially coating silicon mafers in which a
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subsequent by e9al,edea8BblaxivklkiANaht 8RAl hghedehEARhSbee -aRd ds eprpyed
fromthe 5 epitaxy reactor, wherein an etching treatnent of the susceptor is
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susceptor ksabydgepbhbi zed atikeepsairdist eblipepnt 1eabAeRrLed0 shi dt ke cpehiod
according to t vention, firstly a nultipFicity of silicon wafers i ch

are poIishEHeaFmFE st on their front sides are provided. For this purpose, a
single crystal produced according to the 15 prior art preferably by
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mechani cal 9£e§%é£§5§£88§ ?tangggsghggt such as sequential single-side

grindi ng net ods SI nmu ous

For this purpose, a single crystal produced according to the

15 prior art, preferably by crucible pulling according to
Czochralski, is separated into a multiplicity of silicon wafers
by means of known separation methods, preferably by wire sawing

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

20 Furthermore, mechanical processing steps are effected, such as
sequential single-side grinding methods (SSG), simultaneous
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

25 essentially rectilinear flattening of the silicon wafer edge
("flat") is generally processed as well (edge rounding, "edge-

notch-grinding®).

Chemical treatment steps comprising cleaning and etching steps

30 are additionally provided.

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

35 polishing (SSP), silicon wafers are held during processing on
the rear side on a carrier plate by means of cement, by vacuum
or by means of adhesion. In the case of double-side polishing

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



doubl e-si de grinding nmethod ("doubl e-di sk grinding" DDG or |apping. The
edge of the silicon wafer including optionally present mechanical markings
such as an orientation notch or an 25 essentially rectilinear flattening of
the silicon wafer edge ("flat") is generally processed as well (edge
roundi ng, "edge- notch-grinding"). Chem cgl treatnent steps conprising

cl eaning and etching steps 30 are additionally provided. After the grinding,
cl eaning and etching steps, in accordance wth the prior art the surface of

the silicog; %gf ? %ﬁllgﬂggggg tﬁ¥ Eegpyal BOkEQQ'B%g hﬂﬁt&ﬁ%%ugﬁgé

si ngl e-si de | icon wafers are ur|n proce on
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of adhesi opge1i8nihe §§§§e0E0989Q39w§tﬁeapBB&§BhEHg CPSPh, silicon wafers are
inserted loosely into a thin toothed 8 disk and polished on the front and

rear side simultaneously in a manner "floating freely" between an upper and

a |l owers poheshingephakareovepedviitd arBopbshiREACkEt DeaBtThA $hkigon wafers
provi ded aﬁe golls ed at |least on their front sides. Furthernore, the front

sides of thECSFIFtOR°nafers provided are preferably polished in a haze-free
manner, for exanple using a 10 soft polishing cloth with the aid of an

| kal |i_shi | ; t bt t f th X f
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varers in this case, preferably 0.05 to 1.5 um. This step is often
referred to as CMP polishing ("chemo-mechanical polishing") in

15 the literature.

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

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

process.

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

provided.

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

sS0I ("strained silicon-on-insulator') wafers.

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

35 wafer is in each case pretreated under a pure hydrogen
atmosphere, preferably in a temperature range of 950 to 1200°C,

in the process chamber in order that the native oxide formed



baths, or by spraying nethods or else as a single wafer process. In a single
waf er reactor, epitaxial |ayers are subsequently 25 deposited onto the
polished front sides of the silicon wafers provided. The silicon wafers
provided are preferably wafers made of nonocrystalline silicon, SO
("silicon-on-insulator") wafers, 30 wafegs with a strained silicon |ayer
("strained silicon") or sSAO ("strained silicon-on-insulator"”) wafers. Before
the epitaxial layer is actually deposited onto the polished front side of a
silicon waf fiestly the.silicon .35 wafer.is _in.,eac ase etr.eat ed under
2 bure hydPbGER APRvSREFGIRE: TGRaMNY FHo8 ¢EnSLPAPHFS FARGe OF SE67o
1200C, insifle pfotbsssihanmber wafiegrder that the native oxide fornmed 9 after
the preceding cleaning step is stripped fromthe front side of the silicon
wafer. In this case, a hydrogen flowrate lies wwthin a range of 5 1-100 sl m
(St andar d Ent ehipefrafenutelycangenstpewf sphpl yiegowsohshme rangeseéond step,

an et chj ng) nedh ugihs (3ddadalAt Q_i%EEl%ééQrﬂQﬁﬁte?t, npaRheLep2Rdalig1§l |1 CON

wafer is treated by neans of sai etching nmedium preferably at a

t enper at ur200$0986M1200C. Gaseous hydrogen chloride is preferably used as the
etching medium In this case, the concentration of the gaseous HCl is
preferably_kept in a_range of 5-20% by volune, ,so that an 15 etching rate is

0.01 - 0.20% % HPRONGr 8FEPabPP, CheRiNEsTgAsWBuLs Hepded snfankheoly8EC9EBy
exanpl e satmeephSr&Minddinbl sLdsebANgaf &S H2ELR)yeat edChOMBahkane £3CS,

added 1o t RSP GBI B rmSBREFEP Y 4AE SoHAECLACHTENar SPP CACdgpoS: ti on
and silicon etching renoval are in equilibrium Both reactions proceed at a
SUffiCientéXseous hydrogen chloride is preferably used as the etching
medium. In this case, the concentration of the gaseous HCl is
preferably kept in a range of 5-20% by volume, so that an
15 etching rate is 0.01 - 0.2 um/min.

Preferably, besides gaseous HCL, a silane source, for example
silane (SiHs), dichlorosilane (SiH;Cl,), trichlorosilane
(TCS, SiHCl;) or tetrachlorosilane (SiCls), preferably

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

25 the surface.

After the pretreatment steps, an epitaxial layer is deposited

on the polished front side of a silicon wafer. For this

purpose, a silane source as source gas is added to hydrogen as
30 carrier gas. The epitaxial layer is deposited at a temperature

of 900-1200°C depending on the silane source used.

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

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



hi gh reaction rate, however, so that silicon on the surface is nobile and
the surface is snoothed and defects are renoved on 25 the surface. After the
pretreatnment steps, an epitaxial layer is deposited on the polished front
side of a silicon wafer. For this purpose, a silane source as source gas is
added to hydrogen as 30 carrier gas. The gpitaxial layer is deposited at a
tenperature of 900-1200C dependi ng on the silane source used.
Trichlorosilane (TCS) is preferably used as the silane source, at a
deposition_tenperature,qf 1050-1150 35 . The thickness of the deposi ted

epi t axi al ﬁ%§§ Ps SPr&f- F&bpyﬂm@FSOE §pﬁﬁFXFFE GORALTES & sﬁeéﬂﬁﬂ&oﬁbnber of

epi t axi al waﬁékngsh@fs&sﬁdﬁﬂb&nisWaEéBteﬁhelshSe@pb@tHngtm%ﬂmmm\Mﬂﬂ1ﬁﬁé

h d he . f. _whi_ch d h
Cusceptor . CoUThe BEchfrg™ FeRfrcne Te” BPEREFRRTy SarFectay ol thF 15

epi t axi al esvatenpgsri.n the process chanber of the epitaxy reactor. This neans
that, by way of exanple, after every third epitaxial coating of a silicon
wafer, the epitaxially coated 10 silicon wafer is renmoved fromthe susceptor
or from t hghepetakyngr sxcesneand ishpredssapisr efestieseqdsrt] y-Subj ected to

an etchi ”QpEEQQEHE”an'EE‘ig%t Ghi pget b%EEEQt chamBee! %Ifalggl?’éo%%‘&%% usi ng

}d. 15 According to the invention, the susceptor is after
sai d et chi A§2EFeAt nBALS Wﬁ§P5|§h§€h|EVeHaMyOﬁegﬁém@ﬂethﬁ@teﬁy§ﬁ@ﬁw'ﬁbéé?ﬁon

of the susggptakihs bbatlh@eoiuafa&alegnthafe§US%a@t@bltaxﬁanqyab@aagﬁf1
oxygen, that |s to s%y t hat the
10 silicon wafer is removed from the susceptor or from the epitaxy
reactor and the susceptor is subsequently subjected to an

etching treatment.

The etching treatment is preferably effected using HCI1.

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

20 susceptor surface is hydrophilic.

The susceptor is preferably hydrophilized by placing a

hydrophilic wafer momentarily onto the susceptor.

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

susceptor surface come into contact.

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

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

susceptor after 1 - 30 seconds.



20 susceptor surface is hydrophilic. The susceptor is preferably
hydrophilized by placing a hydrophilic wafer nonentarily onto the susceptor.
25 The hydrophilic wafer is a wafer which conprises a hydrophilic |ayer at
| east on one of its sides and which is placed onto the susceptor in such a
way that said hydrophilic layer and the gpsceptor surface conme into contact.
30 While said hydrophilic wafer bears on the susceptor, the tenperature of
the susceptor or in the process chanber is preferably 700 - 1100C. The

hydr ophi I'i g _waf er ot coated in ase. 5 The hydrophilic wafer is

o ef or abl y FPENBGEE SAFRORr Bt EReE=RUL T8 5F SPPRPTIenCly CBAGRES. 11  The
next silicepiwakéalpyovided is subsequently coated epitaxially. It is
particularly effective and therefore particularly 5 preferred to use a wafer
made of silicon as the hydrophilic wafer, said silicon wafer conprising a

t her mal oxlﬂelerpﬁTCﬂCvltnhyTeﬁﬁetaLueeaGﬂl tbeyeFayerpahitelamdyl TO waf er

bears an é@feeeffeat P65, utbes tegegerag{is gk S}Q Lbe agsgﬁet ﬁgﬁka oREefarably

700 - 900 The LTO wafer is pre y reane agaln fromthe Susceptor
after 1 - MdfeBcoRdsd $5lieonswphieri colBriyipgeperhegmed exidy out L¥Re

etching treetsRntempbrhibgrsUseeator aki,er.every epitaxial coating. It has
been shown that, in the prior art, the silicon wafer which is epitaxially

coated directly after a susceptor etch has 20 particularly poor |oca

flatness wghiee tRHeilsoeflgeet egeqhs dHi ShéSsddeepOot NerhacteinPatasigbi bircant
change in the local flatness_of %£§ §bé|cogo fer can occur in particular
a

at the 0 edge oFUFREPEPT | TONPTRFEF 2 sl Cthe penetration of

The LTO wafer is preferably removed again from the susceptor

after 1 - 10 seconds.

15 It is particularly preferred to carry out the etching treatment

of the susceptor after every epitaxial coating.

It has been shown that, in the prior art, the silicon wafer
which is epitaxially coated directly after a susceptor etch has
20 particularly poor local flatness values 1n its edge region.
This is due to the fact that significant changes in the local
flatness of the silicon wafer can occur in particular at the
edge of the silicon wafer as a result of the penetration of
hydrogen, etching gas or deposition gas between silicon wafer
25 and susceptor. After the etching treatment, the susceptor
surface 1is saturated with hydrogen. If a silicon wafer is then
applied to the susceptor surface saturated with hydrogen, it is
possible, during the pretreatment in a hydrogen atmosphere, for
the hydrogen to diffuse between susceptor and rear side of the
30 silicon wafer through to far inward in the direction of the
center of the silicon wafer and strip away native oxide there.
During the subsequent epitaxial coating of said silicon wafer,
silicon can grow at the locations etched away on the rear side,
in particular in the edge region of the silicon wafer, which
35 leads to vitiated local flatness in the edge region of the
silicon wafer and thus also to poor maximum local flatness

values.



hydr ogen, etching gas or deposition gas between silicon wafer 25 and
susceptor. After the etching treatnent, the susceptor surface is saturated
with hydrogen. If a silicon wafer is then applied to the susceptor surface
saturated with hydrogen, it is possible, during the pretreatnent in a
hydr ogen at nosphere, for the hydrogen to diffuse between susceptor and rear
side of the 30 silicon wafer through to fay inward in the direction of the
center of the silicon wafer and strip away native oxide there. During the
subsequent epitaxial coating of said silicon wafer, silicon can grow at the
| ocati ons etched on the rear side, par | ar in_the edge region of
the silicon iRy mﬁ%@ ﬁogg FBEdSCFBer?lﬁﬂﬁ 5%9 AFSPRELRY FOt hBSedge
regi on of iﬁmEnSiémCQﬂnmafEheaédstépﬁoﬁlSQ hedpophi xeduny| ptakifibatness
. val ues. gh g'ég? B@lﬁa goes pgt . pccur in the nethod according to the

i nvention ‘& fic Susc p%or S ﬁydrophlllzed by placing a hydrophilic
wafer onto it. 5 Wen using an LTO wafer, part of the oxygen is transferred

from the 191 gy &tﬂﬁo%éfﬁ?? 0%ar§° of Nehe {;J}% ﬁh%rﬁgﬁl\{ékeﬁ%dt e L TO
waf er, oxygen pre ofri natés on the's sceptor sur as the advant age
t hat duri nghe HeT®riayeat kenthef suheepext, ¢ tkah abter tbebsewpiadxpPél ly

coated in @ hydF®aensdP, a&ﬂ?&@ﬂﬁ?edbﬁuﬂ?&@&@én”@ﬁé Qhéfzéﬁ%% EQtshydrogen to

penetrate between suscept or ace and i con waf er be epitaxially
coat ed si ntel$ HES relie fASYRGLAYEr bRk Febtie Wie W%‘i\]@@ﬁtﬂ“%h of hehgusespt or

saturated yﬂifb&%%@@ﬂér150TbéSebﬂ@@ﬁ?&ll@ecéﬁﬁéaainoé Hﬁ&kMQeQXIde on the
rear sjde of t he S|I|cocgmafer to be gﬁ# axi coated. Since, therefore,

there i FRYEBRHE 1 ehbVAFCHFERH PPTR C t RF (RuAregeR BP PERELERFEcon
waf er to afetappsrecddd € ext eghir fdeposnd i o0l Déon Sﬂ:dif@@nt@tbét épetaniayly
| ocati ons does not., occur elthg Thi s 2@ grevents V|£iatiog of the Local
fl at ness df° %F 4”§%§5h m%?% indiffusing hydrogen reacts with oxygerl Irom

the susceptor saturated with oxygen.

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

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

defined maximum local flatness values.

25 The hydrophilic wafer or the LTO wafer which is placed onto the
susceptor after the etching treatment thereof is preferably

used a number of times.

The following process sequence is particularly preferred in the

30 context of the invention:

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

its front side onto the susceptor;

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

(c) epitaxial coating of this pretreated silicon wafer;

(d) removal of the epitaxially cocated silicon wafer;

(e) etching treatment of the susceptor using HCI1;



that is epitaxially coated directly after a susceptor etch, and increases
the yield of epitaxially coated silicon wafers with defined maxi nrum | ocal
fl at ness values. 25 The hydrophilic wafer or the LTO wafer which is placed
onto the susceptor after the etching treatnment thereof is preferably used a
nunber of times. The follow ng process seguence is particularly preferred in
the 30 context of the invention: (a) placenent of a silicon wafer which is
polished at least on its front side onto the susceptor; (b) pretreatnent of

t he polish ilicon fe nd a _hydroge at nosphere and with addition
of Hgl It?) F ﬁ)es]h%/%?gra%%@a?%o%%hgi%;Wa%/%ﬁ %ﬁ??agggl SEB%EP%%?OF h\ié‘msSBF‘éfL :l*ﬁlt ed
silicon waf&ne: (d) renoval of the epitaxially coated silicon wafer; (e)

et chi ng tr@@%n@@&oggltgg ?Hécﬁf%%a 'flng HQ; 13 (f) placenent of an LTO

waf er onto e susceptor for a Specific tine;, (g) renoval of the LTO wafer;
and then siepstiien seepg) (agarn. (95 aWrEnprocess sequence provi des for
carrying out an etching treatnment of the susceptor after every epitaxial
coating, an ,LTO wafer being placed onto the susceptor after each, etching
treat ment BRLEHRFITRERpEBAVERCRrRE? Ve achPEVeaBRY 2@ eQ4t 081 2BChiggen on the

surface oftsahensHsCept e shisbastdbeenssdovevéhat ephigxDalt &6t aREY Bheferred
process sequenc mgaccord nce_wth (é}%ﬂ to égé?ls suktable for grodum ng a
silicon wafe? CRhpFiRFHE P170RT P G s tQ¥ Ather SRCPeaETRERE front
si de bei nkpehtadet afdciae epsdaxtad ih ayedebetbgadppévedat cekbessront side,
charactoeri zed by a rr@xi rrur%l ocal .fl at ness val ue. SFQRmaX of 0.01 pmto 0.035
pm relat i VeI at™ | BA%t 59008 5F ?%esﬁfa t?%%c?%ﬁ?léhs of an area grid

It has been shown that this particularly preferred process
sequence in accordance with (a) to (g) is suitable for
producing a silicon wafer comprising a front side and a rear

15 side, at least the front side being polished and an epitaxial
layer being applied to the front side, characterized by a
maximum local flatness value SFQRp.x of 0.01 pm to 0.035 um
relative to at least 99% of the partial regions of an area grid

2

of measurement windows having a size of 26x8 mm* on the front

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

This is achieved in the particularly preferred process seguence
by virtue of the fact that the etching treatment of the
susceptor is effected after every epitaxial coating. The

25 susceptor is thus freed of silicon deposits prior to each
epitaxial coating. In order to prevent hydrogen from being able
to penetrate easily between susceptor and silicon wafer during
the pretreatment in accordance with {(b), after each etching
treatment of the susceptor an LTO wafer is placed onto the

30 susceptor for a specific time and subsequently removed.
Firstly, this process seguence has the effect that the silicon
wafer to be epitaxially coated bears on a clean susceptor
surface freed of any deposits, and thus bears in particularly
flat fashion. Secondly, the negative influence - already

35 observed in the prior art but not understood - of the etching
treatment of the susceptor on the local flatness of the

epitaxially coated silicon wafer is prevented by the momentary



of neasurenent w ndows having a size of 26x8 mm®2 on the front 20 side of the
coated silicon wafer and an edge exclusion of 2 mMmm This is achieved in the
particularly preferred process sequence by virtue of the fact that the
etching treatnment of the susceptor is effected after every epitaxial

coating. The 25 susceptor is thus freed of,silicon deposits prior to each
epitaxial coating. In order to prevent hydrogen frombeing able to penetrate
easily between susceptor and silicon wafer during the pretreatnent in
accordance with (b), after ch_etchi treat t,of the susceptar_an LTO
wafer is b?gégﬁm %%oo h@n35$ u@%gﬁfo?ggﬁ? éhgp%§$??%gt ﬁﬁaEWEHEUBEeEﬁEntIy
renoved. $uassepyorthis process sequence has the effect that the silicon
wafer to be epitaxially coated bears on a clean susceptor surface freed of
any deposits, and thus bears in particularly flat fashion. Secondly, the
negati ve iHfi¢ueptiowing roagiymes obceivelatneshevatios arosbuinnbheundeest ood

- of the etghing: 44 epl FERL V\g%iEgﬁiéyﬂ?e@égﬁe@niﬁPﬁcé@f@éméé%??ﬁstg% the

epitaxially coated silicon er is prevented by e nmonmentary acenent
of an LTO R@FleiCatdely tRecEeehr@goroeas renedernede 0s05Zepmor. 0TALS BNl owi ng

mexi mum | ogab24 | ghness. yab ugs ar@se3d Muhherksask: s Scbe 514k COPNRELLS of
epitaxially coated in accordance with the particularly preferred process

sequence: PPRTRCFRFRE IV HREOW Al 42 pid 2€ 005 286 pn 10 8 F s £ 9911t Hiid< ase,

an area grofl tlie SPHSAKPAEIY &baconss hBvEog waBéZ ead 26XSFE @xenushenf ront
coated sjl.icon waf and an edge exclusion 10 of 2

o ar concd apTh THRETSE SUR) TR LT 8 ik
nm ar e “once" a € i S Fhe*2pT t¥xTHF1 y coated silicon wafer
preferably has a maxi mum |ocal flatness value SFQRmaX of 0.01 pmto 0.025 pm
15 par ti Ul 2 1S e ol T Tt P HA0h BYL S | TEOF G of S0 th B St Tshed
front and ¥eeal sftetndggs svd buelUBF@Rnat hef facdl timtta 0.025 yum since it has
been shown that the method according to the invention exhibits
15 particularly good results in the.case of silicon wafers with a
polished front and rear side. This is due to the fact that a
gap between the susceptor and the rear side of the silicon
wafer held by the susceptor is particularly narrow in this
case.
20
If, in the particularly preferred process sequence in
accordance with (a), use is made of a silicon wafer which is
CMP-polished on the front side and also polished on the rear
side, and furthermore of a susceptor having a polished bearing
25 area, it is possible to produce epitaxially coated silicon
wafers with further improved maximum local flatness values
SFORpax. The front and rear sides of the silicon wafer are

preferably polished by means of DSP in this case.

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

35 edge exclusion of 2 mm.

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

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



gap between the susceptor and the rear side of the silicon wafer held by the
susceptor is particularly narrowin this case. 20 if, in the particularly
preferred process sequence in accordance with (a), use is nmade of a silicon
wafer which is CMP-polished on the front side and al so polished on the rear
side, and furthernore of a susceptor haviyyg a polished bearing 25 area, it is
possible to produce epitaxially coated silicon wafers with further inproved
maxi mum | ocal fl atness values SFQRm The front and rear sides of the silicon

valer are oprelss ol yepold shedby GRA0S- ol OSP U4 NLs 86030 Therafar e

S
silicon water conprising a and a rear rear  si des
bei ng pol iSedasntestite off DSFEaWdllCtCma Yaian isi derdeided Otporiished and an
epi taxi al Jd.auefxhei ngyapplied at least to its front side, preferably has a
maxi nrum | ocal flatness val ue SFQrRmaX of 0.01 - 0.02 pm relative to an 35
edge exclusion of 2 mm In this case, therefore, front and rear sides of the

silicon \&&Ieihearc.%stpldfs@ﬂ e(glamwl%luapldoﬂuéw)sntl%ﬂ Lt esi e, Oig the 15

silicon is fur hjéjrm)re free of haze or pol i shed and the front_side
of the sil l@é‘i?‘%%‘ & GOreli B SR 1ar a?flgeerﬁ?f%%’r%‘-loq Hlerd B P tHREFAKE of

ag epi tarlma YneGOAlreshetid mefac;w f(rsgtéaaés ngale_h.sedllaﬂaﬂﬁf A r8F nam ?é/aen an
edge excl usi tal o ws (Site ise in
the form @frléﬂ g&?%t& (LJF’favs]é'bgﬁeantssl%f’a\ﬁﬁ}Lé ngz rﬁf’i %%’r of said

336 neaswesrmentensnid ovisideeiandoeipar tim risidlesiiteddr Pr ef erably, in the context

of thi,g invention, the "partial sites" are also taken into account in the
determnation of the mnaxinmumlocal flatness value, that is to say all the
parti al Preferably, in the context of this invention, the "partial

sites" are also taken into account in the determination of the
maximum local flatness value, that is to say all the partial
regions of an area grid of measurement windows having a size of

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

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

20 maximum local flatness value.

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

25 flatness wvalue.

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

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

35 prior art.

The silicon wafer according to the invention is preferably a

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



regions of an area grid of neasurenment w ndows having a size of 15 26 mmx8 nm
on the front side of the silicon wafer. The PUA value ("chip yield") is at

| east 99% that is to say that for at |east 99% of the nmeasurenment w ndows,
the local flatness values are |less than or equal to the corresponding 20
maxi mum | ocal fl atness value. A PUA valuelff 100% is preferably assuned, that
is to say that the local flatness values for the individual neasurenent

wi ndows are all less than or equal to the nmaxi numl ocal 25 flatness val ue. By
virtue of the ex mal | _maxi_nmum |, fl atness val.ye | ess than or
equal to o?BE“Sﬁ% Wg §P Ebnamﬂ?éﬁrawégﬁdﬁnﬁtrﬁénF esﬂﬁ&gﬁpléﬁﬂg§ al r eady
sui t abl e f¢rsthaifialir s¢aticon"of o30arl e€OIorni"stecadpedertid ikeavni-ng | i ne w dt hs
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Technol ogy m conduct 6 SoFreferred to as
generatlonlaEprtaR|éEBytcéatedSSﬁKpubnSiéEers havi ng such out st andi ng | ocal
flatnesgs val ues are not known in the 35 prior art. The silicon wafer
according to the invention is preferably a wafer nmade of nonocrystalline
silicon, aRt SC#nYegFFPEOﬁSOﬁXE alPﬁéubSZ@W"Wlﬁﬁf§?feéeﬂéﬁeﬁ°wfﬁﬁu5e§tﬂaﬁﬁed

silicon |laypreigustsained si kchepatigh1ap sBELiOgSthal Bedmeiki,COB- the
on-insulator”) wafer, _in each _case provided with an epitaxial |ayer at |east

on its froRtTSPYR” §1#ﬁEOPnW@ﬁ?FénlFspﬁiﬁpﬁFﬁéHebelOM/mnth reference to
Figures 1 to 7, flgures 1 to 5 schematically show ng the geonetry of the

i I L 10. F 1 sh I | flat
CLy CULB] RSP, 1oL el 0B SRS L g I ELGUEE o shos Local Liauers
shows | ocalsftHPrpessivhbdesnf ahet ferost| stda.waf er from

Figure 2 shows local flatness values for the silicon wafer from
Figure 1 provided with an epitaxial layer according to the

15 prior art.

Figure 3 shows local flatness values for a silicon wafer which

is CMP-polished on the front side.

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

the invention.

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

said silicon wafer ("line scan®“).

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

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

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

scan.

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

beforehand and the thickness of this silicon wafer polished in



Figure 1 provided with an epitaxial |layer according to the 15 prior art.
Figure 3 shows | ocal flatness values for a silicon wafer which 1is
CMP-pol i shed on the front side. 20 Figure 4 shows |ocal flatness values for
the silicon wafer from Figure 3 provided with an epitaxial layer in
accordance with the invention. Figure 5 shows the thickness of a silicon
waf er which is 25 CWP- pollshed on the frop side, plotted against the radius
of said silicon wafer ("line scan"). Figure 6 shows the profile of the

t hi ckness of a silicon wafer which is provided with an epitaxial layer in

d th t has b CMP- pol i shed the f t sid
bt or chand? MGATRTEHEPART U oF SEnb SN Ti BORCnaf 87 CaE a. FPnBcstan | 1#gur o 7

shows a dig¢amence between the thickness of a silicon 35 wafer which is
provided with an epitaxial |ayer in accordance wth the invention and has
been CMP-polished on the front side beforehand and the thickness of this
silicon weltearpavitiviedexamp¥e fohior-ared nanner on the front side, against
its radius (line scan). Conparative exanple (prior art) 5 Figure 1
illustrates_ |ocal flatness values SFQR of a silicon wafer having_a dianeter
of 300 mmFiRMELst|itbnsShetkesbbprayl poRFRAEE Balvme FFERtOand@ FeakcShdes by

neans of RRFrand.being aCa/Paﬂa@téish@ﬂ 900t kR, F 5908 Sifecodh@asili gannyafer is
divided 10 into an area grid of 336 neasure ment wi ndows having a si ze of

26x8 nm 2,Po¥L ke OBt B astiPRredtc \/\fﬁ%v\él‘é?% by perRf FtBEF, anghgeing

det er mi nat@mmli@ﬁecSF@R ¥iaé UBBohE Haged TReasiedgén @XEbHSL 8NAO1 deqm OF
296 When the 52 ﬁ% £a£3 ites" are also akeqhinto account,

maxi m I(ﬁﬂﬁof?%I%E§§ %5 measurement windows having a size ©
26x8 mm?, of which 52 measurement windows are "partial sites®.

The determination of the SFQR values is based on an edge
exclusion of 2 mm or 296 mm FQA. When the 52 "partial sites®
are also taken into account, a maximum local flatness value
15 SFQRpax ©f 0.055 uyum results as the maximum of all the SFQR
values of this silicon wafer. A great rise in the local
flatness values toward the edge is apparent, which is

identified by the numerical values being printed in bold.

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

25 of 63 sec.

Figure 2 illustrates local flatness values for this epitaxially
coated silicon wafer. Edge exclusion and FQA correspond to the
values mentioned in the description concerning Figure 1. Here,
30 too, a significant rise in the local flatness values of the
epitaxially coated silicon wafer in the edge region is
furthermore apparent, which is likewise identified by the
numerical values being printed in bold. When the 52 "partial
gite" are also taken into account, a maximum local flatness

35 value SFQRpax ©f 0.051 um results.

For further silicon wafers coated epitaxially in accordance
with the prior art, that is to say without hydrophilization of



15 SFQR, of 0.055 pmresults as the maxi rumof all the SFQR values of this
silicon wafer. A great rise in the local flatness values toward the edge is
apparent, which is identified by the numerical values being printed in bold.
20 An epitaxial |ayer was subsequently deposited on the front side of this
CWP-pol i shed silicon wafer in accordance with the prior art. The deposition
was effected at a tenperature in the proggess chanber of 1120C, a TCS flow
rate of 17 sIm a flow rate of the carrier gas H2 of 50 sImand a deposition
duration 25 of 63 sec. Figure 2 illustrates local flatness values for this

epi taxially, ated on maé xclu n_and_F re d t9 the
val ues nen |one %pf%r é%%%?l ?IOH c%%%g ﬁ%ﬁg é?@ﬁ?ét gﬁﬂbgé 359?
S|gn|f|cannax1$@m|h0¢mb fb@ame$$at@bsesvSFQEﬁmo&rohe @pDﬂaxraDI94éoated
silicon e n_the,edge.xeg L r r h i kew se
|dent|f|2§6b95?he @n%%gr|E%§ iQPEeg e#n%gf?ggtg Q%Sﬁglnéagg F % 52

"parti al @@%ému%féo%ﬁkoflék@ﬁs$nY@l%@%ogﬁtSlélﬂgmlW@ﬁerbcéhatlﬂen@ss 35
val ue SFQRIBOfeQ. &éﬂtmwwla§re591yf§fw§raﬁléteﬂﬂn&ﬂéﬁéétﬁ@ﬁkeef the
epitaxially in accordance Wwith the prior art, that is to say wthout

hydr ophi | i Za3FHCED¥+- 18 the susceptor prior to the epi t axi al deposition, the
follow ng nmaximmlocal flatness values SFQRmaX arose: 0.042 - 0.044 - 0.050

- 0. 057, t€$ | after two val ues corresponding to the maximum|local fl atness
val ues of % wafers that were 5 coated epitaxially directly after an
et chi ng treatnent of the susceptor. Exanple 10 Flgure 3 illustrates |oca

wefer Dot T chelt THHTTTOR HACPT ol 67688 b9  NRAne o DS GRE BRIFG
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on front and rear sides by means of DSP and being CMP-polished

on the front side, once again with an edge exclusion of 2 mm.

Here, too, significantly poorer values with regard to the local

15 flatness are apparent at the edge of the silicon wafer, which
is again identified by the numerical wvalues being printed in
bold. When the 52 "partial sites“ are taken into account, a

maximum local flatness value SFQRp. 0f 0.046 pm results.

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

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

30
Figure 4 illustrates local flatness values for this epitaxially

coated silicon wafer. A maximum local flatness value SFQRpax Of
0.019 results in this case. The 52 "partial sites“ are taken
into account in this case. This outstanding local flatness

35 parameter can be attributed to a significant improvement of the
local flatness in the edge region of the epitaxially coated

silicon wafer, which is achieved by the method according to the



Here, too, significantly poorer values with regard to the |local 15 fl atness
are apparent at the edge of the silicon wafer, which is again identified by
the nunerical values being printed in bold. Wen the 52 "partial sites" are
taken into account, a maxinmumlocal flatness value SFQrRn8X of 0.046 pm
results. 20 This CWP-polished silicon wafer was epitaxially coated after an
etching treatnent of the susceptor and placenent of an LTO wafer onto the
susceptor. In this case, the LTO wafer was placed onto the susceptor after
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in the process, cha IS was an ep ep05|Plon on
the frontcateeedforhebefmpaindhed silicon wafer, in the course of which
the foll owi ng process paraneters were used: TCS flow rate 17 slm H2 flow
rate 50 slm terrperature 1120C, deposition duration 63 sec. 30 Figure 4
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"partial sites" ar nto account in this case. This qutstanding |ocal
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whi ch is achieve é/ net hod accordl n‘g%loﬁ{lhe 19 nvent| 0 in p 1J:E]tl cul ar
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wafer is usually polished concavely, that is to say
in thickness only at the'edge ("roll-off")

15 Figure 6 shows the profile of the thickness of the silicon
wafer which is CMP-polished on the front side and provided with
an epitaxial layer, as a function of the radius of this
epitaxially coated silicon wafer as a line scan. The thickness
of the epitaxially coated silicon wafer increases from the

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

thickness of the silicon wafer is no longer discernible.

Finally, figure 7 shows the difference between the thickness of
the epitaxially coated silicon wafer from figure 6 and the

25 thickness of the CMP-polished silicon wafer from figure 5 as a
function of the radius of this silicon wafer as a line scan.
The illustration thus shows how the thickness of the CMP-
polished silicon wafer has changed as a result of the
pretreatment steps and the deposition of an epitaxial layer.

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

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



that the thickness of the polished silicon wafer increases from the center
of the silicon wafer outward to exhibit a decrease in thickness only at the
edge ("roll-off"). 15 Figure 6 shows the profile of the thickness of the
silicon wafer which is CWP-polished on the front side and provided with an
epitaxial layer, as a function of the radius of this epitaxially coated
silicon wafer as a line scan. The thickness of the epitaxially coated
silicon wafer increases fromthe 20 inner portion outmard An edge decrease

wi th regar 1 hi e t i scerni bl e.
Finally, f}%%fe&?lel gﬂe&gl ?t;ler%%sc%é% V\goy\ﬁ{)ﬁetgt)h {‘9&%19%
epltaX|aJI@OQ%kRQMj@h4¢%ohmm9¢%$ hY@W@gﬁguf@Q% Bﬁ@eth@tQEch€§Wﬁ@§s of the

CMP- pol i S"@%ééﬂﬁ&lonaﬂ@fﬁlié&ﬁﬁ%éﬁé%%@rﬁ%%athé étP@a\%eﬁbeaﬁédhé'@l% this
silicon wafer _as a |line scan The il ust i on us shows how t he thickness

of the CVPXIFE |HIY REITGoreRRY ! PasthdarRps wkda Pesthe ®iligen wafer,

pretreat meMicH eRsuBNthine €ePoshisanuaicaniept taxi 8dohayeild glowtat Sthe

evi dent t t he thickness of the ep| ially coated silico
Chor eased LG Tt IISGIos %ﬁ% 5% LS T AT vt O Dhet Bfget HLerBase

observed |maﬁeh:e caasaavﬁiulcﬂleleMchsoétﬂﬂecbcsaf|m11vaafeatmésatvéhaé§ partly
conpensat ed f 35 This al.so I sults in rovenent_of. the |ocal flatness
of T the el e IR Loaaa it FEEN TR TR A e GdghE al ToBr SPTSFERE 4ve

si gni fi carxamprevenemnn ofigdme ndxi num | ocal fl atness, as has been shown in
figureyd. This can be attributed to the 20 hydrophi Ilzatlon of the susceptor
prior to the epitaxial coating, which inpedes hydrogen from penetrating

bet ween susclprdreampas i ooeniwal eepdating bhecprieed ead iepen anaf eras | o

oxi de frongRei g d IPuad On dN6f & '%é)cfmérﬂ_e <§f ! El?@“sd‘@é@étoé W ch woul d

have t he consequence that sjlicon wou grow at the |ocations freed of
native oxiXRSTAFRHEe P edtaRTERA gPut H%Us‘?’ht'ébri'-he epitaxial deposition and

an LTO wafer was subsequently placed onto the susceptor for

15 10 sec at a temperature of 900°C in the process chamber,
exhibited the following maximum local flatness values SFQRrax:
0.012 - 0.014 - 0.015 - 0.018. The examined silicon wafers were
polished in each case by means of DSP on front and rear sides
and CMP-polished on their front side. Moreover, a susceptor

20 with a polished bearing area was used.



wafer, and would lead to still poor local flatness values particularly in
the edge region, as set out in the conparative exanple and in figure 2. 10
In further neasurenents, epitaxially coated silicon wafers in the case of
whi ch an etching treatnent of the susceptor was respectively carried out
prior to the epitaxial deposition and an,]TO wafer was subsequently placed
onto the susceptor for 15 10 sec at a tenperature of 900C in the process
chanber, exhibited the follow ng nmaxi num | ocal fl atness val ues SFQRR~:
0.012 - 0.014 - 0.015 - 0.018. The exam ned silicon wafers were polished in
each case by neans of DSP on front and rear sides and CMP-polished on their
front si dePatlnto@ajima susceptor 20 with a polished bearing area was used.
21 Patent Clainms 1. A nethod for producing epitaxially coated silicon
wafers, 5 in which a nultiplicity of silicon wafers which are polished at

| east on their Aroatheiddésraprogroingdeepanaxisltressaveflystbated wadevidual |y

| n eachy case | niAnyySpht 2y { 85106 by arPLoeedlneyhBapbl £ anT gagecti ve one
of the silicon wafers prOV|%ed S pTaced on a susceptor in 10 the epitaxy
reactor, is pree?easkadupbeteashydrogenir afnespherdesnanefpravidedpandd with

addition of an ghebbps: AR 88X L8t Deahydsegen, al AOSPBRr 8258 dnsSggroONd step,
is subsequently coated epitaxially on its polished, front side and is

renoved from t FEPERFEAXGEREREE oPY SHRFRFPdERe 157 eWhiRg2 t FREPRERE VB Ohfe

suscept or iz eLaSgctlea &1 eash w@ﬁﬁgsa%ifﬁ@%@pfggiﬁi@c@ﬁn&er%oéugaépa&ain
coatings and t susceptor is rophilized after said etching treatnent. 2.
it Fag & dowitst 7ovano8

The nmefhod as cHaf nBt FA¥| BFAT IVWé%EP?FFﬁ%aE% Foashy S4r ophi | i zed

by momentarily ptracspigene hydraphitstec swderandywitls addiehbsh ofeahydtophngic

side onto the %ﬂggfﬁéoﬁo the hydrogen atmosphere in a second step, is
subsequently coated epitaxially on its polished front side
and is removed from the epitaxy reactor, wherein an

15 etching treatment of the susceptor is effected in each
case after a specific number of epitaxial cecatings and the

susceptor is hydrophilized after said etching treatment.

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

reactor.

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

epitaxial coating.

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

etching treatment of the susceptor.

5. The method as claimed in one of claims 2 to 4, wherein the
hydrophilic wafer i1s placed onto the susceptor for

35 1-30 seconds, a temperature in this case being 700-1100°C.



and subsequently renoving said wafer fromthe epitaxy reactor. 25 3. The
nmethod as clainmed in claiml1l or 2, wherein an etching treatment of the
susceptor is effected after each epitaxial coating. 4. The nmethod as cl ai ned
in one of claine 1 to 3, wherein a 30 silicon layer is deposited on the
susceptor after the etching treatnent of the susceptor. 5. The nethod as
claimed in one of clains 2 to 4, wherein tthe hydrophilic wafer is placed
onto the susceptor for 35 1-30 seconds, a tenperature in this case being
700-1100C. it 22 6. The nmethod as clainmed in one of clains 2 to 5, wherein

the hydrophilicrwaf gbtheaaasi khaonewrf ar caRdokehe 1By dophicli & LAaxe 00 the
silicon wafer is a thernmal oxide layer. 5, 7. The method as claimed_in clalm
6, wherein the SYPreBRIlngs ¥RLPE pFagedibycPris vekermandokige varoPEdts t he

susceptor for 1iifegeeandse theitenpeadbw €si B thkesmeasexibei ngy&20- 900C. 10
8. The method as clainmed in one of clains 2 to 7, wherein the ﬁydrophilic

wafer 1s used a manner of tinmes. 9. The nmethod as clained in one of clains 1
to 8, whergin tftee sekhednawat@aimpdovhdedaame 6potvhehednbyhaeang ielonDSP i n 15

each case on the_front side and,rear side. 10. Th thod as,clained in one
of clains 1 to 3?%ﬁge%8i g?ﬁga EV|%é8n£$§F@?g 8F6§Fg§8y3FeOBSPi§ &d by neans
of CWP in eachscasepbnrt fierr 1fiLOntespdds, 20héltefberaetitedias thlia mwegel n one
of claims 1 to {0; whepgigygosusceptor with a polished bearing area is used.

12. The method as cfFained in one of clains 1 to 11, wherein 25 the silicon
waf ers provi ded are wafers nmade of

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

hydrophilic wafer is used a manner of times.

9. The method as claimed in one of claims 1 to 8, wherein the
silicon wafers provided are polished by means of DSP in

15 each case on the front side and rear side.

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

20
11. The method as claimed in one of claims 1 to 10, wherein a

susceptor with a polished bearing area is used.

12. The method as claimed in one of claims 1 to 11, wherein
25 the silicon wafers provided are wafers made of
monocrystalline silicon, SOI wafers, wafers having a

strained silicion layer or £S0I wafers.

13. A silicon wafer having a front side and a rear side, at
30 least its front side being polished and an epitaxial layer
being applied at least on its front side, and which has a
maximum local flatness value SFQRpaxy of 0.01 um to 0.035 um
relative tc at least 99% of the partial regions of an area
grid of measurement windows having a size of 26x8 mm? on
35 the front side of the coated silicon wafer and an edge

exclusion of 2 mm.



monocrystalline silicon, SOT wafers, wafers having a strained silicion |ayer
or sSO wafers. 13. A silicon wafer having a front side and a rear side, at
30 least its front side being polished and an epitaxial |ayer being applied
at least on its front side, and which has a nmaximum|ocal flatness val ue
SFQRR of 0.01 pmto 0.035 pm relative tojat |east 99% of the partial regions
of an area grid of neasurenent w ndows having a size of 26x8 m®2 on 35 the
front side of the coated silicon wafer and an edge exclusion of 2 nm 23
14. The sili,con fer a | ained in im 13, _conprising palished front and
r ear sides?4a “po %%%8% Fgﬁf Sﬁdéhgéﬁﬁéa%neﬁi axi ar’l ayer o e front
si de, whi ch haspalighgiinfirehtcahdf Fretmessdesl ue SHERpodfi shedl fpmnto s3de. 025
pm 15. The siljgan watgk as channed. i pnckakms14, -t e sbront, ;apdyfear sides
t her eof being poﬁ?sﬁed gy eans OEEDgP.nlk %6. $ﬁe S?F%éon Wat er -as cl ai med
in one of clainmgax3muy igcalnidpageasniriinenSFOBalx Plalnéds altge SFQR, . of
0.01 pmgto O0.03.ps%E ﬁﬁLative to all the partial regions of an area grid of
measur enent w ndows having a size of 26x8 m®2 on the front side of the
coated silicon wafer. 15 17. The silicon wafer as claimed in one of clains 13
to 16, whigh imnnel ¥esiaowaheFernde efaimBaciystakliinne4si kheoFroit a8
wafer, a wafer with a,atraLEed siILcon Ia¥ﬁt gr ag sSO wafer _which has been
provi ded with ah®@pi PASFSI “BETFYYePS RE. PPheSEPF O¥n™RAPEr C4s PSFai med in one
of claims 13 to 17, the thickness of the epitaxial layer applied on its
front 1&'dfGPeleﬁeos§licgnp&5fer as claimed in one of claims 13 to 15,

having a maximum local flatness value SFQRm.x ©0f 0.01 um to

0.02 um, relative to all the partial regions of an area

grid of measurement windows having a size of 26x8 mm*® on

the front side of the coated silicon wafer.

15
17. The silicon wafer as claimed in one of claims 13 to 16,
which involves a wafer made of monocrystalline silicon, an
S0I wafer, a wafer with a strained silicon layer or an
sS0I wafer which has been provided with an epitaxial
20 layer.

18. The silicon wafer as claimed in one of claims 13 to 17,
the thickness of the epitaxial layer applied on its front
side being 0.5 - 5 um.



