ST10509/Ki | Epitaxially coated silicon wafer and nethod for producing
epitaxig&hﬁ ?ked silicon wafers 5 The invention relates to an epitaxially
coat ed Si n wafer and to a method for produci ng epitaxially coated
silicon wafers. Epitaxially coated silicon wafers are suitable for use in
the 10 sem conductor industry, in particular for the fabrication of |arge
scale integrated el ectronic conponemts such as e.g. mcroprocessors or
menory chips. In this case, stringent requirenents are made of the flatness

of the fro |des f the |I| Qn mafe ich.t | ectropi ¢ conponents
are pr oduc% % al"gn El’o\ﬁg’ plp&'lﬂag’r?s"”rgn t he
course of exp05|ng thepdmhmﬂmﬂlwabease@ B&ﬂdgb&phﬁfe&md in the course of

i nternedi ate polishing processes ("Cheni cal Mechanical Polishing", CW)

during fabrication of the components. 20 A critical property in this case is
the local flatness or |ocal geonetry of the silicon wafer on its front

side re n re u1 es. op a Ianarltles in
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exanpl eand SEQR fethtd foonpredufane epiéannabﬂyleaateQSSsmmaDas/range" =
magni t ugde saf (.t he positive and negative deviation froma front side defined
by mnimzing the square error for a conponent area (neasurenent w ndow,

"site") of defined size). The maxi mum | ocal flatness value SFQR~ specifies
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"Fixed Quality Area" brevi at ed ose sites which have part of

heir afed: IWiﬁﬁoﬁﬁ@gﬁﬂﬁor%h%rF@FWOEKtC@hﬁsceﬁﬁthbF GAPEh EEEANYPERI n t he
QA areequirements are made of the flatness of the front sides of the

silicon wafers on which the electronic components are produced.

15 Thisg is necessary in order to keep down problems in the course
of exposing the silicon wafers (lithography) and in the course
of intermediate pclishing processes ("Chemical Mechanical

Polishing", CMP) during fabrication of the components.

200 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 peositive and negative
deviation from a front side defined by minimizing the sguare
error for a component area (measurement window, "site") of
defined size). The maximum local flatness value SFQRpax
specifies 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 theilr area lying outside
the FQA, but the center of which lies within the FQA, are

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



called "partial sites". The determ nation of the maxi mum |l ocal ST10509/Ki 2
flatnesg ?ﬁéﬁngoes not involve using the "partial sites", but rather only
the so-ta ll 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 §pecify t he edge exclusion and thus
the size of the FQA and furthernore to specify whether or not the "partia
sites" have been taken into account. A generally recognized rule of thunb
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pernittgg%% E?%e bel Efﬁﬁ%glfic limt value of a geonetry parameter is

usual |y Percent Useable Area") value, which, e.g. in
the case of an SFCRUX of | ess than or equal to 0.1 umand a PUA val ue of
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into wafers, rounding the nmechanically sensitive edges, carrying out an
(abrasuv@O@P@@eaﬁéhtbétgarﬁdt@gb@rpr@@@¢ﬁ§ of of £ onkf bbla velushifg. EP

23;??ga§%%%§éé&'b@ﬁeaskéﬂﬁéﬁgexﬁgfbéﬁeegrf@éu§9n§95989§eﬁéeaﬁéatHEd in 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 S8FQRn.x value specified by the component
manufacturer, but rather to permit a defined percentage,
usually 1%, of component areas with higher wvalues. The
20 percentage of the sites which are permitted to lie below a
gpecific limit value of a geometry parameter is usually
specified by a PUA ("Percent Useable Area“) value, which,
e.g. in the case of an SFQRp.x of less than or egqual to 0.1 um
and a PUA value of 99%, states that 99% of the sites have an
( 25 SFQRmax of less than or equal to 0.1 um while higher SFQR values
are also permitted for 1% of the sites ("chip yield“).

According to the prior art, a silicon wafer can be produced by
a process sequence of separating a single crystal of silicon
30 into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such as grinding or lapping
followed by a polishing. EP 547894 Al describes a lapping
method; grinding methods are claimed in the applications
EP 272531 Al and EP 580162 Al.
35
The final flatness is generally produced by the polishing
process, which may be preceded, if appropriate, by an etching

step for removing disturbed crystal layers and for removing



EP 272531 Al and EP 580162 Al. 35 The final flatness is generally produced
by the gogbghbpg, process, which may be preceded, if appropriate, by an

et chi ng T B I renoving disturbed crystal |ayers and for renoving
ST10509/Ki 3 inpurities. A suitable etching nmethod is known from DE
19833257 C1, by way of exanple. Wile ghe traditional single-side polishing
nmet hods generally |l ead to poorer plane- parallelisns, polishing nethods
acting on both sides 5 ("doubl e-side polishing") nmake it possible to produce
silicon, wafers with inproved flatness. In the case of polished silicon

waf er s, ifPprereFbpe; Bheuibahieedtching veethed hehkeowe BYomechani cal and
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i ch semi conduct or conppnents are  applie er. Epitaxially, cpate
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made ofwdbebgencohsimpibesdaflatossexanpl e the prevention of a charge
reversal in bipolar CMOS circuits followed by the short circuit of the 20
conponent ("latch-up problem), |ower defect densities (for exanple reduced
nunber Df €Pscdéerystpdl Deshed nad eicpartatees, ) tharsfatso the abgenecedof an

appreci gbl e oxygen content . where it s ssible to.preclude a
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r egitonspr @Sefetng ds bgps ostdie s i grimiing eplapxind |and qatkidslsihgcon waf ers
are produced from suitable internediates usually by neans of a process
sequence of renoval polishing - final polishing - cleaning - epitaxy.

( 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 segquence 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



30 DE 10025871 Al discloses a nethod for producing a silicon wafer wth an
epi taxi al_| ayer deposited on the front side, said nethod conprising the
foIIomﬁn& &pﬁgggglsteps: (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 gt a tenperature of 950 to 1250
degrees Celsius in an epitaxy reactor; "and ST10509/Ki 4 (d) deposition of
an epitaxial layer on the front side of the pretreated silicon wafer. It is
customary, in order to protect silicon wafers from 5 particle loading, to
subj ect tlHe debredhiqafefsanocpltpydpdphpyee enebhengrantesigel edhichg. Sai d

hydr ophi Li-er¢kgaBlangi1Pr8HUEESe2 Native oxide on 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 gent sotukBemakli con weber 8 %ﬂo@é&£a§Y1iééﬁtthE§BaEE%m,Under a
hydr ogen at nps heigﬁ8a so called "H2-Bake"),,15 In a second step, the

surfate PBlghA&ES tRE: f FBnEUBiBEt oSt ALliFPRCBALREFFCi & reduced and
pol i shi ngydebphtisiar eleendrgdarteompbheshinfaceaby hiarsphicon wakgnibgi ng

pretreated gﬁth an egchinﬁ nﬁgiun1 Gaseous hxdro en chgor'de (HCL) is
usual |y BEQHUCEE BhBALL¥Ri A AEPENTARdSAUHEE™ t B2 REShYBEGGenSaVRbEphere 20
("HA et ehant (xpptbrisatetonovwaf er 2t haf Hesebh@engport tRat egpenoffhi s way
subsequenglé ac uirgs an egitax%gl | ayer. Epitaxy reactors, which are used
in parti caF8FrPH the LeRPeoRttetor i ndustry for 25 the deposition of an
epitaxial layer on a silicon wafer, are described in the prior art. For

this purgﬁgenakgvghgxfgét?éyremoved later in the course of a
( 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 cof
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
ag 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 sources, 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 (SiHCl;, TCS), are passed

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



reactor, one or nore silicon wafers are heated by neans of heating sources,
preferabl neans of upper and | ower heating sources, for exanple |anps
or Ianp %iﬂﬁé 2/%hd subsequently 30 exposed to a gas mxture, conprising a
source gas (S|Ianes) conprising a silicon conpound, a carrier gas (for
exanpl e hydrogen) and, if appropriate, a doping gas (for exanple

di borane). 35 The epitaxial |ayer is ugually deposited according to the CVD
nmet hod ("chem cal vapor deposition") by a procedure in which silanes, for
exanpl e trichlorosilane (Si HC13, TCS), are gassed as the source gas to the
sur f acedetorpess thesa @hf@ﬁmPQWQG%D§$K@f55 detonpdse’thepefarmt enper at ur es
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the conduction type and conductivity. A susceptor, which conprises

gr aphi t 8°P3R¥ | €3 e%a%%lﬂet?ﬁﬁﬁﬁe@rmaﬁﬁeﬁu%+¥ﬁ b?%?nexEHﬁFEhoéHa i s situated

in the gdepesiéi 6h gheiachy Oh bhGeLptdaxyL!cREt ObndSEEYEE 8gpa sHaport for
t he 5|I|co wafer during the pretreatnment steps and during the epitaxial
coati ng® ?ﬁ Utht¥ithse, the silicon wafer usually rests in nilled-out
portions of the susceptor in order to ensure a 15 uniforn1heating and to
pr ot ect the rear sid

icon fer, o hrm Ia er is
epos: tAEFFEREoRe Wabth cBonRE 468 Geebr Shtc o W TFORnESPET g LPEO)
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@suallywaéed @mntﬂgthbelpreEIeaxmemnoanep@ram@e@mrgmgdthe epitaxial
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 layer is deposited, from the

source gas.

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

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

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

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

30 susceptor.

In epitaxy it is customary, after some epitaxial depositions on
silicon wafers, to carry 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



25 epitaxial layer thickness regularity. The uniformty of the |ayer

t hi ckness ¢ be established by various neasures, for exanple by altering

t he gassm 9(ﬁ9drogen, TCS), by incorporating and adjusting gas inlet
devices (injectors), by changing the deposition tenperature or alterations
to the 30 susceptor. In epitaxy it is gustonary, after sone epitaxial
depositions on silicon wafers, to carry out an etching treatnent of the
susceptor wi thout a substrate, in the course of which the 35 susceptor and
al so other parts of the process chanber are freed of silicon deposits. This
et chi ng SidégoremRians cie mhy afderefr-ocepd taxind KWPatageR ) chrotthge ca@sEl), for

exanpl eofi &iklen waddreads Gai'dl, edneut sahber chhe iReessung1af & ol
nunber of ST105091Ki 6 silicon wafers (e.qg. after 3-5 epitaxial coatings)
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epi taxial ,coatings) in the case of depositing thin 5 epitaxial |ayers.

UsuaPf | y EPGHPYF 3@€ﬁrﬁg treatment using HClL or else an etching treatnent

using HCl1 foll owed by brief coating of the susceptor is carried out. The
is.effe or.der at _the silico fer does

coati ng_of e susceptor ted _in 10 n
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case, afg %%%%%P ye of said epitaxially coated silicon wafers in each case

has signP / poorer local flatness 20 values in the edge region. The

@axinun1|ocal_flatness paranmeter SFQR ,,a,Cis usually in the region of
0.05 puR Ok i gheh f@low83@t 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 values particularly in
the edge region. By way of example, if an etching treatment of
the susceptor is carried out after four epitaxial depositions
in each case, at least one of said epitaxially coated silicon
wafers in each case has significantly poorer local flatness

20 values in the edge region. The maximum local flatness parameter
SFQRpax 18 usually in the region of 0.05 um or higher for these
epitaxially coated silicon wafers, for which reason they are
unsuitable for the imaging of structures (stepper technology)
for the future generation of electronic components having line

( 25 widths of less than 45 nm.

Therefore, the object of the invention was to increase the

yield of epitaxially coated silicon wafers with good local

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

generations.

This object is achilieved 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



epitaxially coated silicon wafers, for which reason they are unsuitable for

t he ina&%ggggﬁ%;txuctures (stepper technology) for the future generation of
el ectro dhent s having line 25 widths of |ess than 45 nm Therefore,

the object of the invention was to increase the yield of epitaxially coated
silicon wafers with good local flatness values and to provide an
epitaxially coated silicon 30 wafer whi'ch satisfies the requirenents of
future technol ogy generations. This object is achieved by neans of a nethod
for epitaxially coating silicon wafers, in which a nultiplicity of silicon
35 waf erf®3{7*6h IR i dfedr@tnesdad smdereidr idsROes dddofhgsivovitdéd and
successifidgt e dnddiididdlditiich FChrCasenihyg ARt Y digactor by a
procedure jn which a respective one of, the silicon wafers provided. is
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t he i nvemtdaamerfti.rstly a nultiplicity of silicon wafers which are polished
at least on their front sides are provided. For this purpose, a single

crystal produced according to the 15 prior art, preferably by crucible

pul N0ng Tac ddredimeghiogl  aCrogidiialss kio, the sepanated.i ftiosdlyulatiplicity of
silicon fars - .qf: 0 arat:i.on t ref.er W re
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For this purpose, a single crystal produced according to the

1S 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-digk 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 (8SP), 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



sequenti al single-side grinding nethods (SSG, sinultaneous double-side
grindingagﬁgﬁ8? é"double-disk grinding" DDG or |apping. The edge of the
silicon (K | uding optionally present nechanical markings such as an
orientation notch or an 25 essentially rectilinear flattening of the silicon
waf er edge ("flat") is generally procgssed as well (edge roundi ng, "edge-
not ch-grinding"”). Chem cal treatnent steps conprising cleaning and etching
steps 30 are additionally provided. After the grinding, cleaning and
etching _steps, .in accordance wth the prior art the surface of the silicon
waf er s #35ksapdt Rediphedeppyvihe pbrerhi agd rearheidgseivrlspngpessydénss

pol i shi Agm&SSEY , " 61 bk €ORgVWBFEE By Ar'Be PREEN dith | BB BF 0588SANToRB the rear side
on a carr eraflate neans of cenent, .vacuum _or_ by means of adhesi on.

b b
In the B3$eS n@oﬂ%@ées?ﬂﬁeﬁ%@ighF%ga ??%$§Pl%glF%%ﬁhmafers are inserted
| oosely into a thin toothed ST10509/Ki 8 disk and polished on the front and

rear_side sipultaneously in a, ner "floating freely" between an upper and
a Idher%hﬁothﬁ?ﬂ@ %?§?%SCB§%Yé '?ﬁeapﬁﬁ+?§ﬁ$n©tcf%¥ﬁF gnThBe&f| i con

waf ers prowntdetldase polished at |east on their front sides. Furthernore,
the front sides of the silicon wafers provided are preferably polished in a
haze-free manner, for exanple using a 10 soft polishing cloth with the aid
of an aFkatheempoéj sthagfsoaht sides def tloe obi bl coh heafeoaepryvbfletihgrsi licon

waf ers pr { : hj t t raterial r vals are relatively
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After polishing,.th ilic re j ec ‘ ophi ki | eani ng
and dryehoPoag: 5 noo Eal nle SRS A Cof DhE T ERL bt e LS B ted St her
@5 a batehteethbd skeh, the material removals are relatively small in

this case, preferably (.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, S80I ("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°cC,

in the process chamber in order that the native oxide formed



20 sinul taneous cleaning of a nmultiplicity of silicon wafers in baths, or
by spraying nethods or else as a single wafer process. In a single wafer
react or S S0P i%el | ayers are subsequently 25 deposited onto the polished
front sides of the silicon wafers provided. The silicon wafers provided are
preferably wafers nade of nonocrystalline silicon, SO
("silicon-on-insulator") wafers, 30 wafers with a strained silicon | ayer
("strained silicon") or sSO ("strained silicon-on-insulator") wafers.
Before the epitaxial layer is actually deposited onto the polished front

si de of adtsirl ithen pxsfcedinfd cdidapinige ssiebi don st33 ppeefrios itheedaontase

pretrea%q ur&%ert{%()%%rﬁa%d%% atmosphere, preferably in a tenperature

range o in the process chanmber in order that the native
oxi de formed ST10509/Ki 9 after the preceding cleaning step is stripped

fromthef LRk csisde @f wﬁo@én' @%ww%% 1hRgt wl%hcmsg I%nlﬁ%dro(fgen flow

rate lies within a range " of 100 sim (Standard Liter per Mnute), and is
pr ef &r aBi} 9038180 (§ %ﬁﬁda1§§@6n@e§tgﬁnu &) et @RCng Smbdederedladded into the
hydr ogeng-g&pmagphere and the silicon wafer is treated by neans of said 10
etching nmedium preferably at a tenperature of 950-1200C. t Gaseous hydrogen
chloride is preferably used as the etching nedium In this case, the

concent irat k0Beebnihe t@pseaws odehihg m@ﬂ‘ihﬁir QB' }Ad&@at m@oa than8eqebgan20% by
volume, so that an 15 etching.rate i r abl besi des

g rrg Pr ef % Y,
gaseous HFESPRELE sRE Sher SE1icor WR ﬁﬁlés §F?Qﬁ§%( VHIpang; ofl 5248 | ane
( Si H@Cl2kchihipC hlediQs, | gie feleblySeHCA3etpetratuaehbdr gsiol-aneoesdi.C 4)
preferably 20 trichlorosilane, is also added to the hydrogen atnosphere in
an anount such that silicon deposition and silicon etching renoval

( Gaseous hydrogen chloride is preferably used as the etching

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

Preferably, besides gaseous HCL, a silane source, for example
silane (8iH,), dichleorosilane {SiH,;Cl;), trichlorosilane
(TCS, SiHC1li) or tetrachlorosilane (SiCl,;), preferably
20 trichlorosilane, is alsc 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, & silane source as source gas is added to hydrogen as
30 carrier gas. The epitaxial layver is deposited at a temperature

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

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

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



are in equilibrium Both reactions proceed at a sufficiently high reaction
rate, however, so that silicon on the surface is nobile and the surface is
snoot he§TdA§0§dKéct s are renpved on 25 the surface. After the pretreatnent
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
hydr ogen as 30 carrier gas. The epitaxﬂ%l | ayer 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

deposi t Adtereapeparcarfe cohuhbse- QfS@Qit8§i§hecbht¢hgessfoh shé ideposi t ed

eP! L axi g rkdy Ol ALEEBLAD! Yo 0yBarol BINSTIOB0RLK 10 alher 19 spgel fic

nunmber Spi't axi al coatings of Susce reat ed

with ancéugﬁﬁngfnﬁﬂﬂ@hlthﬁrﬁhés ngusgbsbraﬁhlghtuhéeé Py nbesubstrate

si tuat ed,,QRelRBy SUSCeptor. 5 The etching treatnment is preferably effected
after 1-5 epitaxial coatings in the process chanmber of the epitaxy
reactor. This neans that, by way of exanple, after every third epi t axi al

coatingrak @cehlngOR-WAtAENc! e EQbEafhahyyeﬁeaegedlgfébk'@0@ wafer is
renoved fromthe susceptor or fromthe ep |t;@§ reactor and the susceptor is

subsequEREE§x3dah| EOREANES 4R tBECRrAGSPFe&PABREr ThetBECcRPA§aR¥eat ment is

pref er abb¥ceblectrad susieRdsHERat , 1ByAGEYT 8ENaxbRpt Be am&eﬁtbeerytmﬁlgwsceptor
is hydrop hlllzeg after said etching treatnment., Wat is, achieved by means of

this h§BLSHHLRLz SOREATE! Ofhe §a%es fokai %rthabetﬁ@lgaﬁ%a&éyoF°ﬁﬁ§
sus¢ept gh 1k sofatvdfat-ed swrbhio0¥igERomt BRE bBEstepsay bhaFrbRethe epitaxy

reactor and the susceptor is subsequently subjected to an
( etching treatment.

The etching treatment is preferably effected using HC1.

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 is to say that the

20 susceptor surface is hydrophilic.

The susceptor is preferably hydrophilized by placing a
hydrophilic wafer momentarily onto the susceptor.

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

sugceptor 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°C.

The hydrophilic wafer is not coated in this case.

35
The hydrophilic wafer is preferably removed again from the
susceptor after 1 - 30 seconds.



20 susceptor surface is hydrophilic. The susceptor is preferably
hydroph|I|%%% %&placing a hydrophilic wafer nonentarily onto the
susceptéfp1 9 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 IaX r and the susceptor surface cone
into contact. 30 \Wile said hydrophilic wafer bears on the susceptor, the
tenperature of the susceptor or in the process chanber is preferably 700 -
1100C. The hydrophilic wafer is not coated in this case. 35 The hydrophilic
waf er i hﬁr@P@Fa@PQlF@ﬁovééeég&?ﬁvﬂﬁéﬁlﬂﬁesu?§§§éﬁﬂéﬁyaﬁ9éﬁeﬁ 30 seconds.
STlOSOQ@thgklaIng next silicon wafer provided is subsequently coated

epi taxi al | is particularly effective and therefore particularly 5
preferred to use a wafer nmade of silicon as the hydrophlllc waf er, said

sili conrwafier p@@&nth&bmgyaeﬁflﬂ@bmbeogmae tﬁérbf@re( hwﬁam%rl@t ure Oxide")
Iayeé. Wi | e thg LTO waf er ;ars 0 tor, B b re of 10
the SusPEFEEFTPSY PetEfaBl Y766 M ?ﬁ lE B Gaf &pe YEE BFy r enoved
agai n f wafetrhe sadgceplaront waficer c&mpriﬁlagcandﬁerﬂﬁll bxtidepatt Laol arly

preferreq a t th etch treatment of the susceptor after every
epitaX|z L@&éﬁewggrﬁguﬁﬁs %h #Sfhat, in the prior art, the silicon

wafer which is epltaX|aIIy coated dlrectly after a susceptor etch has 20

particu r cal flatness v ' dge ue to
t he fact'\@i %étgggg%#gi%8§€rc%§%§§sO%n%ﬁ%esP88§§t8FFa gggPeFﬁ§u§I|I§

waf é0 caheoscsceptopaisi pukderablyh@00edg806FPCt he S|I|con wafer as a result
of the 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 in its edge region.
This is due to the fact that significant changes in the local
flatness of the silicon wafer can occur in particular at the
edge of the silicon wafer as a result of the penetration of
_ hydrogen, etching gas or deposition gas between silicon wafer
( 25 and susceptor. After the etching treatment, the susceptor
surface is saturated with hydrogen. If a silicon wafer is then
applied to the susceptor surface saturated with hydrogen, it is
possible, during the pretreatment in a hydrogen atmosphere, for
the hydrogen to diffuse between susceptor and rear side of the
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
W th hyﬁ?%ﬁ%ﬂ?/$$ 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_ o diffuse between susceptor and rear
side of the 30 silicon wafer through t¥ 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
| ocat i oF8ieteredlemagosd RAb Peanr sidethemebaedi aetardingt he edge regi on of

the siligoEnWBEE! s MBECEndSshgadsLLP ¥éfﬁ€&f&pﬁ9§f&eélﬁ§nﬁf ciﬂgtge edge

region of the silicon wafer and thus also to poor maxihum [ocal flatness
val ues. hgoBodl k¢ weferhpBter 6Bt em does not occur in the nmethod according
to the invention since the susceptor is hydrophilized by placing a
hydrophilic wafer onto it. 5 Wen using an LTO wafer, part of the oxygen is
transf VR PR FReLTTORESEr PRTE MR stRR epfvven sbs t heanaf eeregnbrPBnoval

of thethd Q.v@f BiyeOXygerher edostpeses €8 ther SAPELPt Ofie SHEMEEL1L ofhis has
t he advggta t ha durlnﬁ t he Ergtreatnent of the next silicop wafer to be
Py I G oBER

epi t axi ¥ FRIER oBERIABI TR 1ot piier BRe | FUBTTRNRE FoFE2GRfficul t
for hy_drl?:ggnha@ ﬂeﬁe&cﬂ%ﬁta%etmlm ot f&uﬁmt‘ﬂmeswéﬁﬁ@aaﬁdnsibfﬁﬁhevﬁéﬂfto be
epitaxia coat si nce the.jndi sin rogen reacts with oxygen from
TR e elbhtesT ol frn bl St APi ka1 P R A aR St pval o hat | ve
oxi e omtmdephens, sitdebefomebensrdidobf ikt for Heyé@épodeaxi abl yeneatde

Si nce, therefor there i.s tching. renpval _of native oxide on,ihe rear

S HeC o DOEHELY] FunchDRES 4irERaE SlunG TEIN Ao PLe 1B (S G EEOMIDE, oo
t et cheohedysincat toasiddetiusingcoydrejemereadihs swlth poeygen stvomi at i on
fthe Local, {alnesssQtupa sl §P0n Eflen.

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

defined maximum local flatness values.

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

used a number of times.

The following process segquence 1s particularly preferred in the
30 context of the invention:

{a} placement of a silicon wafer which is polished at least on

its front side onto the susceptor;

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

{c) epitaxial coating of this pretreated silicon wafer;

(d) removal of the epitaxially coated silicon wafer;

(e) etching treatment of the susceptor using HCL;



that is epitaxially coated directly after a susceptor etch, and increases
the yield of epitaxially coated silicon wafers with defined nmaxi nrum | ocal
flat nes$ i K125 The hydrophilic wafer or the LTO wafer which is placed
onto the susceptor after the etching treatnent thereof is preferably used
a nunber of tinmes. The follow ng procej sequence is particularly preferred
in the 30 context of the invention: ( ? pl acenent of a silicon wafer which
is polished at least on its front side onto the susceptor; (b) pretreatnent
of the polished silicon wafer under a hydrogen 35 atnosphere and with
addi t i orf fof PHerementh®thypar 6§6n vateis phéce the ensepptaxi dorcsatipeyidiia hi s
pretreataeesilicon wafer; (d) removal of the epitaxially coated silicon
wafer; (e) etching treatnment of the susceptor using HCl; ST10509/Ki 13 (f)
pl acemerd®) o SHRVELOOKaftele &fCoWehErsusceptor for a specific time; (g)
removal a0y thenl EQopaf a) tandghhagasheps (a) to (g) again. 5 This process
sequence provides for carrying out an etching treatnment of the susceptor
aftef every epitaxial coating, an LTO wafer being placed onto the susceptor
after eaphseipebicegs iHeopleiRr! pebviAessEseephotviiRgobARr aho c2ehii@e an excess
of 10 %gy n _on tE@ Syrface of saig susceptor. It has_been shown that this
par ti cuFPRFTERAt Gty CPhFUSEER LOZ0REERE o SR THC BHLIRNEE WEORE R 1 6 g) i 5
sui t abl eThokwa fetro thed g pd agleld eanowaher steapbitdrng faekr eathsiedendnd a rear
15 side, _at . |least the.front side being Bpli;hed nd an _epitaxial _|ayer

cHeri 28a 6 5

bei ng appFredsts fie FoRHSSPRECT chlr RELEF VeLRR RITECSC AT f1 at ness
val ue SB&QR@EEnobn0thE purtface. 035spid sekakptrert.o at | east 99% of the partial
regions 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 SFQRpax ©0f 0.01 um to 0.035 um
relative to at least 99% of the partial regions of an area grid
of measurement windows having a size of 26x8 mm®’ on the front

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

This is achieved in the particularly preferred process seguence
by virtue of the fact that the etching treatment of the

susceptor is effected after every epitaxial coating. The

o

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

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

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

epitaxially coated silicon wafer is prevented by the momentary



of neasurenent wi ndows having a size of 26x8 mm2 on the front 20 side of
the coated silicon wafer and an edge exclusion of 2 mm This is achieved in
t he part iSGHOOYy Kdr ef erred process sequence by virtue of the fact that the
etching treatment of the susceptor is effected after every epitaxial
coating. The ( 25 susceptor is thus freed of silicon deposits prior to each
epitaxial coating. In order to prevent R¥drogen frombeing able to
penetrate easily between susceptor and silicon wafer during the
pretreatnent in accordance with (b), after each etching treatnent of the
suscept oplacenEftwaifean TPl aa€droafaerhehdlesvadapt arebmeatspecichiec ti ne
and subs%g%e%tk rrem)ved Firstly, this process sequence has the effect
that the~siii ‘'wafer to be epitaxially coated bears on a cl ean susceptor
surface freed of any deposits, and thus bears in particularly flat fashion.

S dl h 5 t but
ot _undurEEooq L9 by peBe RN 8e1 2T BBt g v ETSEE (88 0R (O (el 8RBT ™
flatnéSSOéfsuﬁecoepwaéﬁmalEplcaanaalyitbe@ndmaheaccgr@aewenwe@hbyhehe

moment ar %Saﬁl%(i%/rﬁgsé%ef@k?%@”g_@%cg} aQeéIQnWéf €p. P&Be nf D€ oEhGRI 1

treatnment of the ept or owi ng maxi num ['oca fIatness val ues
arose i n0tRé4cage— 9.0£8sikmi cofl -WdBers. epht skial Fpseoatdairraageefdafice with

the parhb%%h%bh&nﬂr%ﬁﬁHBQQ REO%R§SaSEq4eN6s: 28x813mPrn Ond18-Hit - sPd924 pm

- 0.028 pm- _0. pm this caSe, an area grid of neasurenent w ndows
havi ng a%$i fbeofepzé;%glﬁﬁmlz 6A3LRE FiOMECR| WRLSHf apfeaBpPEgR 8K USSR Ped

siligon waf er yandrancadacagyshushRBnllsoh Bagmsare once again taken as a
basis. The epitaxially coated silicon wafer preferably has a maxi mum | ocal

flatness value SFQR ,,ax of 0.01 pmto 0.025 pmsince it has been shown
tQat t herhet bed taggandiyngoboetingil N¥eAt waficexprbEbsahdypPREEI GUmakl ugood

results in the Gase of silicon ualersowhia, polighgd front;and year oide.

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 sgside of the silicon
wafer held by the susceptor is particularly narrow in this
case.

20
1f, 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
SFQRmax. 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 SFQRgqax ©f 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 poligshed {(removal polishing), the front side of the



gap between the susceptor and the rear side of the silicon wafer held by

t he sus& Eb particularly narrowin this case. 20 If, in the

particu a gog/g%erred process sequence in accordance with (a), use is nade
of a silicon wafer which is CMP-polished on the front side and al so
polished on the rear side, and furtheé re of a susceptor having a polished
bearing 25 area, it is possible to produce epitaxially coated silicon

wafers with further inproved maxi num | ocal flatness values SFQRIPC The
front and_rear sides of the silicon wafer are preferably polished by neans
of DSP PAliRPB waser 3@ fHEFEFSW@reaf§?P|eénhﬂ&PePrcgﬁﬁrP§Eh§h§dfﬁBﬁt si de

and a repe rebfe, siaenbrander 8alisbHefabekngsppltbshngdabyirnags of DSP and
the front  side e|n§FCWP polished and an epitaxial |ayer being applied at

| east t 8PLFEXERNt preferably has a maxi mum |ocal flatness val ue
SFQR~ of 0.01 - 0.02 pm relative to an 35 edge exclusion of 2 mqmm In this
case EereLore fro t _and rear ég %llcon %afeé are polished
(renbvat? Fsﬁ?ﬁa)o B FPOREXER yoeoeﬁg S?i 5697 K218 SRViBEn3wafer is
furthermbamef:eeeoﬁf3hazmorg§:%>npehl ehgd eﬁdlursinenfbﬁnja simgeaotothe sflicon
waf er igFBrOV|ded W { ' he case of an_epitaxially

I
coat ed RERSHAFEFT aVFﬂao s g%%ﬁﬁ?L B?Sgobn €9FOLR 8k 8Hg8TERc! usi on
of 2 nnyradtofabegmenBQGhaeasgrannﬂtewbﬁd@&smmthmm) B2i o€ Baitth@3ktorm of an

ar ea QL%QFQ eﬁg gﬁgglﬂgrﬁgzré §a£65?gx§“nn1 52 of eaid 336

measur e réferably, in the context of
t hi $0i nventi on, the "partial sites" are also taken into account in the

det or M BRLEQPaBly! Mo EREI BUALLRE e LAL RO UALLGn, AL (Sabeigdy all the

{ 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 vyield™) 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 value
of less than or equal to 0.02 um, the silicon wafer according
to the invention is already suitable for the fabrication of

30 electronic components having line widths of less than or equal
to 0.022 um, according to ITRS ("International Technology
Roadmap For Semiconductors®) 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 neasurenent w ndows having a size of 15 26 mMmx8
mmon the front side of the silicon wafer. The PUA value ("chip yield") is
at | eastSTIIROIMKEt is to say that for at |east 99% of the neasurenent

wi ndows, the local flatness values are |less than or equal to the
correspondi ng 20 maxi mum | ocal flatness value. A PUA value of 100%is
preferably assunmed, that is to say that!® the | ocal flatness values for the
i ndi vi dual neasurenent w ndows are all |ess than or equal to the maxi mum
| ocal 25 flatness value. By virtue of the extrenely small maximum | ocal

f1 at nessinsallatoxdf) vesfent han warfeequaltht @ Gti2iumd tdid isidn dayenaf er

accordi ng . i ' i lr Wi | r .t brication of 30
el ect roﬂ?ft%%&%%?erﬁl\g%%gvrﬁﬁg Cfcl ﬁdél w dt 2( gEt%%elglsefcfhse{‘nﬂgcrofrgqual to 0.022 um
accor di mg-ti@spIRS qrIntwarfien.i onaleardc lvasieo gy ovRekathwy tRo @rSanid@iect or s")

al so reﬁ%&&&dakor%%gﬁﬂéa fechngl@gysgeneration. Epitaxially coated silicon

waf ers having such outstandi ng [ocal flatness values are not known in the
35 pfior art. The silicon wafer according to the invention is preferably a

waf er mage QhvERRAETY Sitldxigit itidd HRNowdriSH detddri@n -t FIRNP/Kit 416
insulator") wafer, a wafer with g strained silicon |ayer ("strained
silicony digaressd O st rsahrmetdicaldyn showings fing geomeiaterct itheach case

provi degiwch 23N BRIt Aafdrdydmn derspreli@.its front side. 5 The
invention is explained beloww th reference to Figures 1 to 7, figures 1 to

5 schematically showi ng the geonetry of the <circular silicon wafers in
per gpectFivhirelQ Bhgwe lbailovE dteedls fladtuees Fovalaues fidtora waifldrc avhiwad er
which 1i.s &%pn% si.de. Figure 2 shows |ocal fl atness

- pol,i.shed. on the
Val ues 15 R R RER ik side
(

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-poclished on the front side

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

scarn.

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

CVP- pol iSSHP W Kihe front side. 20 Figure 4 shows |ocal flatness val ues for
the silicon wafer from Figure 3 provided with an epitaxial |layer in
accordance wwth the invention. Figure 5 shows the thickness of a silicon
waf er which is 25 CWP- pollshed on the fifont 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
accor darc dama-f re30 nidmmemventthen fanod thas deee mg@VBspoliitshedhddrus hid ifrreont

si de bef gand, agai nst the radius of the silicon wafer as a line scan.

Fi gure f Shovis a difference between the thickness of a silicon 35 wafer
which is prOV|ded with an epitaxial | ayer in accordance w th the invention
and has v ld p&q frg% S|de bef orehand and the thickness of
this silicon mafér po |shed in ST10509/ K a haze-free manner on the
fronf side, against its radius (line scan) Conparative exanple (prior art)

S Figur %':Lbdz‘é Ystinat £ A0 lfolc%tl“%gﬁtﬁ@s‘ée%a@'ﬁgg @fE‘Q@{ Sifl izcen 1 :wafer having
a dlaneter of 300 mMmm said silicon mafer elnigdS polished on the front and
&

rear si 485y hiwdng & diopeey Béi AG0 oWp- Feitskéd 16T Mefrromeisidle. The

sili con ﬁéﬂﬁ%‘hécﬁ oH WirdedrHt RhG @Rad a Ak %yotne&%@ @s&aﬁsrpera@m DURGPWS
haV|ng size of . 26x8 mme, of which 52 neasurenent w ndows ar.e arti al

sites”. CMFh@ddrdan oat ithe §ronte Si‘ﬁ@? FEeuEL Lii§oRa ¥ad o8 1gn Bageekxcl usi on
of JomMiet 2% rame%%rl\dmf BRE Méaspaichiedl: $ihngdws ABGiRsS@ tgken dmto

account., 2 SWBanU 1cth§t£gggu¥gﬁg§t 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 SFQRmax ©of 0.055 pm 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.

200 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

v 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
site” are also taken into account, a maximum local flatness

35 wvalue SFQRuax ©of 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 numof all the SFQR values of this
silicon wafer. A great rise in the local flatness values toward the edge is
appar ent STMSOR /KS i dentified by the nunerical values being printed in
_ bold. 20 An epitaxial |ayer was subsequently deposited on the front side of
this CVP-polished silicon wafer in accordance with the prior art. The
deposition was effected at a tenperaturé®in the process chanber of 1120C, a
TCS flow rate of 17 slm a flow rate of the carrier gas H2 of 50 simand a
deposition duration 25 of 63 sec. Figure 2 illustrates |ocal flatness
val ues f ¢het Isius cepitivaxipalioy too&hed epiltaxin lwadeposiEdgea , exbleuSiodd caridgrQA
correspo . I i i.n descri.ptian ncerni Figure 1.
oo, - 300pag i dockR #33cHBAL, QAT el Ruer SEPERL 83002 o 00N,
epi t axi aldl.P5foat &d 05i7l.i ¢ve hatseri fwphyaddgs rcegiresposdifigr thetiner e
appar ent [ IS, i1k W identhfied by .t u Lcal u ei ng
printed Fﬁ&%g@gﬁl%ﬁg% ?#E%gfégpg%P?EE o?ifgﬁggpg a Egggaﬁé%kiﬁ%g%account, a
maxi nfim ceadleds epinesd adsyy digecsigrefseroans etphings trestmest odr tther
silicon g@%@@@tggqted epitaxially in accordance with the prior art, that is
to say w thout hydrophilization of ST10509/Ki 18 the susceptor prior to the
epi taxi al deposition, the followng maxinmmlocal flatness val ues
SFQR, , , agkampree: 0.042 - 0.044 - 0.050 - 0.057, the latter two val ues
corresponding to the maximmlocal flatness values of silicon wafers that
were 5 coated epitaxially directly after an etching treatnent of the

suscept orighxenpl ¢ 11L@tre@ese 13chlll Hshtakes hagtaksf bat pegslvabuewadhra
I TS TN A AT RSN A
tme fronbnsifgentonad agarnswiel sy segesexél pspoandfl b2ifAH 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 values being printed in

bold. When the 52 "partial sites" are taken into account, a

maximum local flatness value SFQRmax of 0.046 um results.

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

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

30
Figure 4 illustrates local flatness values for this epitaxially
coated silicon wafer. A maximum local flatness value SFQRp.x 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 appar e edge of the silicon wafer, which 1is again identified by
t he nuneéalﬂéa%ﬁGes being printed in bold. When the 52 "partial sites" are

taken into account, a nmaximum|ocal flatness value SFQR ,,a, C of 0.046 pm
results. 20 This CNP—poIished silicon quer 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
the etching treatnent of the _susceptor for 10 sec_at_a tenperature of 900C
in the pAd¥Essizg. cRENBETITMiandy 818 ENEF B oan hepimophidil zdpdsst tion on

the fropiarsiided ot e fYRRHeld shed silicon wafer, in the course of which
the foll owi ng process paraneters were used: TCS flowrate 17 slm H2 flow

rate 50 sIm tenperature 1120C, deposition duration 63 sec. 30 Figure 4
i |l ust ratﬁgul:ecail shlogisne s \padfﬁ_s_ef @rf ttihies telﬁ.icﬂ@?ésai lof =ceatledosi ey
waf er . Xi mum

ss v 0. 019 esults | thIS case.
The 53 - g 4 GMEeBolded E5088 s i A% Bl €
out st andiriaglihec alf fslaatdn@isllaﬁmarm ars @anllm% aldam . bl}hﬁdadgla ae:&dlgmlfdmant
I mpr ovenent of t he cal tness i ere |on of th axial |
coat ed r%I e O st gla?( %Tass%fchl g‘ﬁf@ SENE G ?ﬁ’d—‘ cfl ésy
ST10509/ ki sl@nufrmatmﬂn (dlecnetasgmrimi mhﬂealthby:m%wptt@re yidriguin kiafatri.on
carried auls LELRLHANd e SO B RS IHIE L o KBNS NS es O, 2

silicon wafer shed on the fron tlon of
t he lt)adlsuélao;bnsana&egl Illsc@mundﬂe’r msh@hleldn@om@nrelém ¢dn@¢ excltgsisey of 2 mm

5 1 ken 188 D815 cnTBRidd Sl AIOB ANQNEARL H0R-R Y008 3-89 CA0,

decrease in the thlcknesses of ELe silicon wa rease can be
af't ri but &ret genfierpoifi $hiengidtieen wALEy QWtW@éﬁﬂ et @xhidigs galdegyesisieshed

C ncavel ¥ thakihesk0o%@Y 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 laver, as a [unction 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 ig evident that the thickness of the epitaxially coated
silicon wafer has increased significantly at the edge, as a
result of which the edge decrease observed in the case of the
CMP-polished silicon wafer is at least partly compensated for.

33 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 ("ro‘w“’TlQ)Wg'jI.{llS Figure 6 shows the profile of the thickness of the
silicon wafer which is CWVP-polished on the front side and provided with an
epi taxi al layer, as a function of the r?Fg’i us of this epitaxially coated
silicon wafer as a line scan. The thickriéss of the epitaxially coated
silicon wafer increases fromthe 20 inner portion outward. An edge decrease
with regard to the thickness of the silicon wafer is no |onger discernible.
Fi nal |y, hy@uerhil striwon Hef dilte cruanar st WPt Heo tHie keristtaxtal t he

epi taxi aldys edysid Cﬂﬁpe}!@é@hﬁdﬁgéﬂfj%&rcﬁn Gt LA\ g dRedpb&kness of the

CVP- pol i shed siTicon wafer, fromfigure as a function of the radius of

this siliSeFreRIer ard s11Heenr dmHer Thering Jdie RATYHF HIERh AR HRE TR
t hi cknessy0fdd herddvhoe | RS &d | dre ahavaf &y i hanaeck asi B desUbd £ &F, the

pretreat nent steps d the deposition of :qrheplt,ax_l al |ayer 30 It is

evi dert tYHAtCh HEey R STRE GINSKLBINEE AHAF Hlak P o Y1 TR R Hese

i Bcr easgdl_ééaﬂicﬁﬂ§aﬂ§é?’d adf tﬂr@tie\ﬂlg&;lxi&ﬁe aﬁan _rtlﬂfp‘éﬂﬁeeﬁf fé/mieg:fbﬁ hﬁq@dgﬂmlease

observed in_the case o e - poljished siljco er is at Jeast partly

conpensat@-§or .2 stéglr%‘?ﬁr\g%lﬁﬁlsl i rPcéﬁ'Fi]r&ﬁag]v NS 1Y Yot al

fl at ness prtidelepiy aki atthey edpd eteqidn cas wadterowdt irhected geompel-oyesal | i n

a significant 'errpé o%eﬂgné. maxi num | ocal fl atness, as has been shown
n

of .t
in figurefm e o5 E‘ﬁt ed to the ST10509/Ki 20 hydrophilization
of th® susceptor prior to the epitaxial coating, which inpedes hydrogen

from penetyafing betyeen, %&f&,‘ 4, i%@d%l'l}%% vl ere durd g She. - 4
pretreat nent” and native oxi de rom%el ng re vec? on t%e rear Si dee of rfhe
si(l i con viiercass ahivwhivipan dfakdnha rsaivwputence thatswsidéntorr was d gr ow
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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 SFQRpax:
0.012 - 0.014 - 0.015 - 0.018. The examined silicon wafers were
polished in each case by means of DSP on front and rear sides
and CMP-polished on their front side. Moreover, a susceptor

20 with a polished bearing area was used.



wafer, and would lead to still poor |ocal 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 LTO wafer was subsequently placed
onto the susceptor for 15 10 sec at a tenperature of 900C in the process
chanber, exhibited the follow ng madlnum | ocal flatness val ues SFQRM

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 side. Mreover, a susceptor 20 with a polished bearing area was used.
21 d ai Mails A silicon wafer having a front side and a rear side, at |east
its front side being polished and an epitaxial |layer applied at least its
front side,, hﬁleli&nawiiﬁthH‘g"é%ﬁi sidé laAd BESs MY, We 1A QRBAt HdDleipgn to 0. 035
pmrelative tgolahed £8%h eSiHiaP laysWBpIRAIaL le@dt its HORH RS hRfingAm@liRamdsdafl Of

measur ement  WiHdQWSa BRI, Sordl0d §mPlo 048 &%nmﬁnmofab@ast §RRFthe @Riadf the

coated silicop }ﬁﬁé Sfad"ﬁrlc ﬁr?d‘ ﬁlga%m%ﬁﬁ L\ﬁh&’d%vs(lfav @?lze?cfﬂi?@ 2 dnGRo waf er  of
claimi, Co”pi-‘r 'si?féo EfkilidoR Wa aﬁ@& %k ﬁ on Aff; polished front
si de and an epltaX|a a er on the ront $i& ront si de having a

ﬁHXIﬁUﬁ]|O | at.ness 0. 025
silicon waf (fi 51 F‘E’I i P g@"?q;ﬁf’m %ngrg fSP‘ q ﬁg% erre&rofldﬁ E éWEd by DSP.
2 The 'silicofP m}a&rd orggside2af g P! g gﬂ fipoBafroRt fHB8dEA) ve
SFQRmax of 0. BFImym lpgpl Hapess yplug 8FQRinay 8T 981 winyto P25 BErtial regions of an
area grid of measurenment w ndows having a S|ze of 26x8 mm® on the front
si de of thé: cEhtlirogiwafe ehclajat 2 the metwle'eaj.sudp%@ﬁr%ﬁomheéfbyas& m 1, where the
silicon wafer, prior to being provided with an epitaxial |ayer, is selected
from the grioufheukiconstafergf eiﬁmmgh@rl@ maedmym logebflafnesy yalue BFQBnspf 0-8bn, SO
waf ers, waf er pmwiot 02 pst, relhtinedto silll the partiblanegions affah ares &M of wehawrgnent. The
si |l i con waf er wiridow$ Rivingla sidetog 26:xB inmiroasise fadnt sideofthé taadallicbayefer.appl i ed on
its front side is 0.5-5 min thickness.
5. The silicon wafer of claim 1, where the silicon wafer, prior to being provided with an

epitaxial layer, is selected from the group consisting of wafers made of

monocrystalline silicon, SOI wafers, wafers with a strained silicon layer, and a sSOI

wafers.

6. The silicon wafer of claim 1, the thickness of the epitaxial layer applied on its
front side is 0.5-5 um in thickness.



