ST10509/Ki 1 Epitaxially coated silicon wafer and method for producing epitaxially coated silicon
wafers 5 The invention relates to an epitaxially coated silicon wafer and to a method for producing
epitaxially geatadhgiligon wafers. Epitaxially coated silicon wafers are suitable for use in the 10
semiconductor industry, in particular for the fabrication of large scale integrated electronic components
such as e.g. microprocessors or memory chips. In this case, stringent requirements are made of the
flatness of the front sides of the silicon wafers gn which the electronic components are produced. 15
This is necessary in order to keep down proble]'ns in the course of exposing the silicon wafers
(lithography) and in the course of intermediate polishing processes ("Chemical Mechanical Polishing”,
CMP) during faBHERIBR OIS oRhBEn Efl ooPn WhtiRal BRsh IS RFisTOR FRAARISEM flatness or
local geometry of the silicon wepéterris ¥iantsids e oglbli steppexfectanology 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
windoty, "$iie®) eRUefiRbasi ZE 1l FhemaintmaBeaRkiALSY Ve SEQR, L1 copesifiEethe maximum
SFQR valuedoriheacampnoent arcasriofeniding pceseuat on acsiieemwafenr dde maximum local
flatness valye ds.ysually 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
Epitaxially coated silicon wafers are suitable for use in the

10  semiconductor industry, in particular for the fabrication of

large scale integrated electrxonic components such as

(4 e.g. microprocesscors or memory chips. In this case, stringent
requirements are made of the flatness of the front sides of the
silicon wafers on which the electronic components are produced.

15 Thig 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 c¢ritical property in this cage 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

(m 25 squares/range" = magnitude of the peositive and negative
deviation from & front side defined by minimizing the square
errory for a component area (measurement window, "gite") of
defined size). The maximum local flatness value SFORuax
specifies the maximum SFQR value for the compconent 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 axeclusion 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 PQA, are
called *partial sites". The determination of the maximum local



the FQA, but the center of which lies within the FQA, are called "partial sites". The deteLmination of
the maximum Iocal ST10509/Ki 2 flatness often does not involve using the "partial sites", but rather
only the SQ:G E S|tes that is to say the component areas lying completely within the FQA. In
order to be a € to mpare maximum local flatness values, it is essential 5 to specify the edge
exclusion and thus the size of the FQA and furthermore to specify whether or not the "partial sites”
have been taken into account. A generally recognized rule of thumb states that the SFQR 10 value of
a silicon wafer must be less than or equal to the possible line width on said silicon wafer for
semiconductor components that are to be produced on it. If this value is exceeded, the stepper
experiencés foeisisy prosiBnitegsd HoE comisonent iis Huestibe is trustlbst. Witheedardtd-optimizing
15 costs, hewaver, drisfreguently-clstopary ﬂ@w@yﬁéﬁ to fajeet assiieonswafenwing, for
example, o gﬁégr@e&%mgfgg%?t ?ﬁ%{gl the\ﬁl l@petqjledF Xth% 190% ner’g m%nufacturer
ne

rmit a de ual /0 o} component reas wit ]ﬂer values. The 20

but rather t
percentag@%??hé%ﬂﬁ@%ﬁﬁ é?@}ﬁé?mﬁtgﬂ’?@:ﬁe mea%pgéiﬁﬁﬁﬁm %ué%f%@éﬁﬁﬁ’r]y parameter
is usually specified bfva PlUA éRercentUseable Arel'}ivalue;ivehish ze.goih tieecaga ofiad SFQRC. of

less than grequaRliad-L Pre agdr PHA yalle, et 98%, siatesihat 33%: ot the gitesshave ap 25 =
SFQRll"%of less LEan or eqy ual to 0.1 pm while higher SFQR values are also permitted for 1% of the

sites ("chip’ ylerfdr) ceort to 555 pnl f art, a silicon wafer can be produced by

A generally recognized rule of thumb states that the SFQRuax
10 wvalue of a silicon wafer must be less than or egqual to the
possible line width on said silicon wafer for semiconductor
( components that are toe be produced on it. If thig value is
exceeded, the stepper experiences focusing problems and the
component in question is thus lost. With regard to optimizing
15 costs, however, it is frequently customary nowadays not Lo
reject a silicon wafer owing, for example, only to a component
arca that exceeds the SFQRn.y value specified by the component
manufacturer, but rather to permit a defined percentage,
uswally 1%, of component areas with higher values. The
20 percentage of the sites which are permitted to lie below a
gspecific limit 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 ©f less than or equal to 0.1 um
. and a PUA value of 99%, states that 99% of the sites have an
(, 25  SFQRy.x 0f less than or equal to 0.1 um while higher SFQR wvalues
are also permitted for 1% of the sites {("chip yvield"),

According to the prior arxt, a silicon wafer can be produced by
a process sequence of geparating 2 single crystal of silicon
3 into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such as grinding or lapping
followed by a polishing. EP 5478%4 Al describes a lapping
method; grinding methods are c¢laimed in the applications
Ep 272531 Al and EP 580162 Al.
33
The final flatness is generally produced by the polishing
process, which may be preceded, if appropriate, by an etching
step for removing disturbed crystal layvers and for removing



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 Aé#ﬁé@ﬁ?%’g lapping method; grinding methods are claimed in the applications EP 272531 Al
and EP 5 ’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
ST10509/Ki 3 impurities. A suitable etching method is known from DE 19833257 ClI, by way of
example. While the traditional single-side polishing methods generally lead to poorer
plane-parallelisms, polishing methods acting on both sides 5 ("double-side polishing") make it possible
to producd Bitictn Wafers ditbrifriprovedflehdss Inthbedseofipalishefisiticon wafers, therefore, the
reqlgred 2@@@3}33?%%%@ bwn%geéraieagmglr%m@mqgme@amd@ &%@@@@ﬁ@ﬁ stepls such a}s
grinding, ing and palishing, DE 1 4 escri roviding manocrystalline silicon wafers
with a |ay§r9§r%€v% ﬁqlr%%n%%?y%’a ina ﬁ%ﬁlo%%asng %n%edreags %Ei)liggr{i1 %&%‘lotr%ogefrﬁég c%?éﬁt%%rientation, a

so-called Bpft@iardoaty, crPwhith 86mRIHiRILioEIhpeneRtL i afiiReslater. Epitaxially coated
silicors waferd mfilttiis tygpéd aveldstain@dvant&ge si ovepsiicol svaferpmatiecef amageneous material,

for examplg, the-Rreyentionpf,acharge revearsal 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 itis -
possible tdprédladeasshér-chelitHuicd g 16 egyigen bradpitaleerinicompoidtt-reapain dgions.
flatness is achieved by mechanical and chemo-mechanical
10 processing steps such as grinding, lapping and polishing.

( 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 reverssl in
bipolar CMUS 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 alsoc 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 tc the prior art, epitaxially coated sgilicon wafers
are produced from suitable intermediates usually by means of a
process sequence of removal polishing - £inal polishing -
cleaning ~ epitaxy.
30

DE 10025871 a1 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) & 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 Celsiusg in an epitaxy

reactoy; and



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 100258%11‘%1%&?02)535 a method for producing a silicon wafer with an epitaxial layer deposited on
the front sidé, & id ‘méthod 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
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 subject the silicon wafers to a
hydrophilic déaniepaftertpgolishifig a8arbhydrophiliciclganingprodacés antativiedexidé arhihe silicon

wafers whichde ¥egy thin (approxdmalalyd-5 - 2 nm, depending on the type of cleaning and
measurement). 10 The native oxide is removed later in the course of a pretreatment of the silicon

wafer in an epitaxy reactor usually under a hydrogen atmosphere (also called "H2-Bake").
It is customary, in order to protect gilicon wafers from

5 particle loading, to subject the silicon wafers to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces a native oxide on the silicon wafers which is very
thin (approximately 0.5 - 2 nm, depending on the type of
cleaning and measurement).

16
The native oxide is removed 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 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
degcribed in the prior art. For this purpose, in the epitaxy
reactor, one or more silicon wafers are heated by means of
heating gources, preferably by means of upper and lower heating
sources, for example lamps or lamp banks, and subsequently

30 exposed Lo & gas mixture, comprising a source gas (silanes)

comprising a silicon compound, a carrier gas {for example
hydrogen) and, i1f appropriate, a doping gas {(for example
diborane}.

35 The epitaxial layer ig usually deposited according te the VD
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,



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 (HC1) is usually used as the etching medium and added to the
hydrogen g%ggpﬁ%?éle("H01 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 ag 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 bankésanustbseguenty 80 exqpusethitoiagasaiiddt®, coni@ &g atspufeermgas (silanes)

' comprising BcsHisamn EORPOUAg :Ca11en 988 {far exampie hydtogar) 2adyif gRpropriate, a doping gas
(for example d{g%ragﬂ. 35 The ep‘)jitaﬁ'%lolay?r is usually %eé)osj d accordigg to the CVD method-
("chemicafav?éfpor &epoéftigﬁ?‘ﬁl/ abroce&ureﬁﬁ%higﬁ sﬁa e§ ?’%%n%ar fichlofSSilane (SIHC13,
TCS), are Parsbad eBUhEIRITcBYasI® QiR st frepsiicdy waten sSTE0509/Ki ez ompose there

at temperatopeisiof 68@¢e 12506 tafddt boclnmental silicon bodoo)atiebigmeuets,and foim an
epitaxially graupisiiean yeraodhessiicpnuater; The.erigxialdayeiypeypdoped or doped by
us,

means of suitagble 5 do%ing gases in a targeted manner with boron, phosp arsenic or antimony in
order to s&tTHE¥omdlttdn type and conductivity. A susceptor, which comprises graphite, silicon

carbide (SiC) or 10 quartz, for example, and is situated in the deposition chamber of the epitaxy

reactor, Seves f6cp SHPpOLHeEa-siicen wafer dufingdhe pretreanetstgpgandgduringthe epitaxial

coating. In thi se,the silican wafer_usually rests. in milled-out portions of the susceptor in order to
19 5%%%, og.exé%ﬁ?@, aﬁ%l % Si&ug%ﬁgoﬁﬁmgé% &e%ﬁﬁétlon Sﬁ gker

iy
ensure a 15 uniform heating ard to protect the rear si icon r, 'on which gerierally no

3

layer is depbsites, fBATHeYsGifRegas. serves as a support for the silicom

( wafer during the pretreatment steps and during the epitaxial
coating. In this case, the silicon wafer usually rests in
milled-out portions of the susceptor in order to ensure a

15 uniferm 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 cage 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 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

36 susceptor.

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

35 spusceptor and also other parts of the process chamber are freed
of gilicon 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



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 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 t{le deposition temperature or alterations to the 30_susceptor. In
epitaxy it is%’lfﬁS%K%%?é? s%n%’e i té)ed%tl%é:’pSgijti%(:)arf‘él ?Lscfﬁ)gt)tﬁ e r%,nt(g&c“g\rf:)?EL 8%itn etching
treatment of #H8 Suséetar WAkBUPESsuBSHale inAhedsirseorivhicH e stisEeptéiend also other
parts of themprocessichamber aterfreechofisdicart deposits: ThiSetehirg treathemt, Which may be
effected using; bydregen-shiorige (HGL):fer example, iseftenalreadwcarrigd eukaffer the processing
of a small nf§1%§rsqf 6 silicon wafers (e.g. after 3-5 epitaxial coatings) in the case of single wafer
reactors, and is not carried out until after the processing of a higher number of silicon wafers (e.g. after

10-20 epitaxial coatings) in the case of depositing thin epitaxial layers. Usually, onl%/P an etching
treatment USFYF-HE'T GreiEedth BichNgAreé 26REHETSING 129 ol oWe & bSoAef 658AGDT the susceptor

is carried out:sHterenatingl obthie Susceptord kffdrtéd incordertbat thelsiliconaraferdoes not bear
directly on thersuseepter, thasbgenshewnribatibedpetiods kigwndadhe prigieartlead to a poor

yield, since g,pogtiqn of i epitaxially.coated,silicog; waters hag naqr lagallaingss 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 significahtlASoBrsHIotaP RatHESS VallGeSShtReedge figidh RRehaRniint 168afiathess
parameter SE@Rmaxis isuahrinethe wyionwst G.055pm ephighaifol these epitasdalyrenated silicon
wafers, for ek sensengbey are-ansuitahble-tos thelimagipg:afistuictres {stepprerdeghnology) for the

future genergtion,of elecironic-compgnents having linewidthsahless thanys A Ihekgfore,
embodiments of the.in entggn&gek to increase the é’ielgggci%@@é@%yi%%@ghs'yg n wafers with good
S|

i3 C?,I'I‘le dOu 81" oUur .epl h =¥ .
local flatness values and to provide an epitaxially coate Icon wafer which satisfies the requirements

of future tedRASIO G GeRerafdis SREEBHAY O AhAsped of thelintantidn, tRefé i pradided a silicon
wafer havirtpé fostsideant s reapside] acfdadt s otft SideWssing poiRIfstlarkearBpitaxial layer
applied to atHeast-itsrfrontsidé, Hitvimg senpaxingireio S faineéssualaeISEQRbeof€8drpm to 0.035
pm relativede at. lpask-H9%-rokthe-pastiakregionsetanareagidofsneasuemeniaringows having a
size of 26x8 mmge, onthe front side ot the coated silicor yaferavth,an.edge exclysiongt2 mm.
(stepper technology) for the future generation of electronic
components having line widths of less than 45 nm.

Therefore, embodiments of the invention seek to increase the yield
of epitaxially coated silicon wafers with good local flatness
values and to provide an epitaxially coated silicon wafer which

satisfies the requirements of future technology generations.

According to an aspect of the invention, there is provided a
silicon wafer having a front side and a rear side, at least its
front side being polished and an epitaxial lavyer applied to at
least its front side, having a maximum local flatness value

SFQRuzx 0f 0.01 pm to 0.035 um relative to at least 99% of the
partial regionsg of an area grid of measurement windows having
a size of 26x8 mm® on the front side of the coated silicon wafer
with an edge exclusion of 2 mm.



Ga In an embodiment of the invention, there is provided a method for epitaxially coating silicon wafers,
in which a multiplicity of silicon wafers which are polished at least on their front sides are provided and
successively coated individually in each case in &h epitaxy reactor by a procedure in which a
respective one of the silicon wafers provided is placed on a susceptor in the ST10509/Ki 7 epitaxy

reactor, is pretieated under.a-hydregen;atiaosphere ima.first stepanduith agditien ofan etching
medium to the hg)glrog;n %tcr)g%spher Ifl% &,?coi@egbep, is SUbs gg%q&[ylgg%tfdcggyaé@ly on its

polished froﬁjt side and s removed from the 5 6 pifaxy reactor, wherein an etching treatment of the
susceptor i§ BB RN EASE & %Oéﬁéaﬂé ﬁﬁrﬁﬁ@?gf%lwﬁhfc%%?fhbég %%stﬁg Susceptor is
hydrophilized aftsleshiehstciing eresiirant. A0 kethe mdihodiaceardingehe iR ioriirstly a
multiplicity ebsilicon wedersswhich arepolishectat leagtiomtheirfrpdcides aresprovidee. For this
purpose, a single£1ysialfroducss: aceording 19 the 15 priokast dyreferably fyecrucible 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, "edgenotch-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 Waf%r,P]]aE,J'ng;ﬁrted loosely into a thin toothed ST10509/Ki 8 disk and polished on the front and
rear side simu aneouley in a manner "floating freely" between an upper and a lower polishing plate
covered with a polishing cloth. 5 The silicon wafers provided are polished at least on their front sides.
Furthermore, the front sides of the silicon wafers provided are preferably polished in a haze-free
manner, for example using a 10 soft polishing cloth with the aid of an alkaline polishing sol; in order to
obtain the geometry of the silicon wafers produced up to this step, the material removals are relatively
small in thiSRhE8XpreTeraisIgn.05 $o 15 theatds stepey ofiehyelreshicasCNReotishing
("chemo-mechapicet gpliahifon) itk 2 i itesatuse. Afies pelishigombhie: siicas Walers are subjected to

a hydronhilig gieanino apgddinaacarcinaloliePdecat. The cleaiing [y bederforped either as a

batch method, with 20 simultaneous cleanjng_of a multiplicity of silicon rsi atﬁs or by spraying

methods oFBiEEE alsiMgRAwAfS fBcesded |AEPEingRe ARféreatior EBRERA I%S%Ps
subseduentlyi(t2&depesitcd onteltise potisked &onk sidescokthersilicoroWatdrs progidedtdhe silicon

wafers DFOY'Qeéﬁ@d@;@ﬁefﬁb|3é&@ﬁe@d§éd§ﬁéﬁoﬁoﬁﬁ’é@|k% SA&@B&QA&"%&%QMSU'NW")

wafers, 30 wafers with_a str ned silican Jayer (‘st a| icon”) ar s "stram
silicon-on- msu%foﬁ Wé’%érs@h Sceplc% is E’l ropsn f z)e% a% JS deetchlng

treatment.

10 In the method according to the invention, firstly a
multiplicity of silicon wafers which are polighed at least on
( their front sides are provided.

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 grzin (diamond wire).

20 Furthermore, mechanical processing steps are effected, such as
seguential single-side grinding methods (88G), simultaneous
double-side grinding method ("double-disk grinding® DDE) or
lapping. The edge of the gilicon 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.

Afrer 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 meanz of adhesion. In the case of double-side polishing
(DSP), silicon wafers are inserted locsely into a thin toothed



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
temperat W 50 to 1200C, in the process chamber in order that the native oxide folmed
ST10509/Ki U after the preceding cleaning step is stripped from the front side of the silicon wafer. In
this case, a hydrogen flow rate lies within a range of 5 1-100 sIm (Standard Liter per Minute), and is
preferably 30-60 sIm. In a second step, an etching medium is added into the hydrogen atmosphere
and the silicon wafer is treated by means of said 10 etching medium, preferably at a temperature of
950-1200C. Gaseous hydrogen chloride is preferably used as the etching medium. In this case, the
concentratisrgbf andgacdoss #iC Pis pledefabin keptih aeamge bi8-20% Wiyt wolkeous 1so that an 15

etching rat&: iﬁzﬁlﬁés_’ 0:2 1584miRg Pfef@éaplv Besides-gasequsaelagsianespurce, for example
silane (SiH4 5,%1 |I§g%éS|H tnc@@rosnarf Q;)CS Sll-iC%ﬁ) or tetrachlorosilane (S1C14),
preferably 20 tr ane IS aso added to the dro ena osphere in an amount such that silicon
deposition and S|I|con etching removal are in equnlbrlum Both reactions proceed at a sufficiently high
reactién ratbehewtienrsostiabe sfliconcan thetsarfaceds nobilé and theasttrfage isnpothed and
defects arg ygmovedQn. 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 900-1200C depending
on the silahe&cipeaeied, the front sides of the silicon wafers provided are

preferably polished in a haze-free manner, for example using a
16 soft pelishing cloth with the aid of an alkaline polishing sol;
in order to obtain the geometry of the gilicon wafers produced
( up to this step, the material removals are relatively small in
this case, preferably 0.05 to 1.5 um. This step is often
referred to as CMP polishing ("chemo-mechanical 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 batech method with

20 simultaneocus 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

s80I ("strained silicon-on-insulator") wafers.

Before the epitaxial layer is actually deposited ontc 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 ordex that the native oxide formed



Trichlorosilane (TCS) is preferably used as the silane source, at a deposition temperature of
1050-1150C. 35 ST10509/Ki 10 After a specific number of epitaxial coatings of a silicon wafer, the
susceptor is treated with an etching medium, in the course of which there is no substrate situated on
the suscepﬁ%%s"‘gﬁe{ ]éfching treatment is preferably effected after 1-5 epitaxial coatings in the process
chamber of the epitaxy reactor. This means that, by way of example, after every third epitaxial coating
of a silicon wafer, the epitaxially coated 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 HC1. 15 According to the invention, the susceptor is
hydrophilizefiaftertdaid pteling trantmlesdn atd s @chieveskhy preahstetihis hydophilization of the

susceptor ig;that the sudace of the siigeeptor 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.
In this case, a hydrogen flow rate lies within a range of

5 1-100 slm (Standard Liter per Minute), and is preferably
30-60 slm.

In a second step, an etching medium is added into the hydrogen
atmosphere and the silicon wafer is treated by means of said
10 etching medium, preferably at a temperature of 950-1200°C.

( Gaseous hydrogen chloride is preferably used as the etching
medium. In this case, the concentration of the gaseous HCl is
preferakly 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 {(8iH,), dichlorosilane (5iH;Cly}, trichlorosilane
{TCS, SiHCLl;) or tetrachlorosilane (SiCl;), preferably
20 trichlorcsilane, is also added to the hydrogen atmosphere in an

amount such that silicon deposition and silicon etching removal
are in ééuilibrium. Both reactions proceed at a sufficiently
high reaction rate, however, so that gilicon on the surface is

. mobile and the surface is smoothed and defects are removed on

( 25  the surface.

after the pretreatment steps, an epitaxial laver is deposited
on the polighed front side of a silicon wafer. For this
purpose, a silane source as source gas 18 added to hydrogen as

30 carrier gas. The epitaxial lever 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.



( 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 SUSCE&EIIBPIQ‘IQI‘H@'DYOCGSS chamber is preferably 700 - 1100C. The hydrophilic wafer is not coated
in this case. 35 The hydrophilic wafer is preferably removed again from the susceptor after 1 - 30
seconds. ST10509/Ki ii The next silicon wafer proviged 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 comprising a thermal oxide or LTO ("Low Temperature Oxide")
layer. Whiledhed T evdafél beatsbartheiSusseptor; Hie teyaperaturesdl W thelduuseeptor is preferably

700 - 900G, Fag. | TQ,walerds aeferably remgyed again,from the.suscenigafiar 1 ;10seconds. 15 I

IS particular%/ Hpreferr%d t% cagy %Jt the etching treatment of the susceptor after every epitaxial coating.
It has beeff SRR that T 18 prdFatt, the SicOnwATe Whith ¥ 2pR8xidfy ©d%ted directly after a
susceptor B¥HRRS OT -

5

The etching treatment is preferably effected after 1-5
epitaxial coatings in the process chamber of the epitaxy
reactor. This means that, by way of example, after every third
epitaxial coating of a silicon wafer, the epltaxially coated
10 silicon wafer is removed from the susceptor or from the epitaxy
reactor and the susceptor is subseguently subjected to an
( etching treatment.

The etching treatment is preferably effected using HCI.

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 oxvgen, that is to say that the

20 susceptor surface is hydrophilic.

The susceptor is preferably hydrophilized by placing a
hydrophilic wafer momentariiy onfc 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
sugsceptor 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°C.

The hydrophilic wafer is not coated in thisg case.

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



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%ff{%%ﬁgp &ration of hydrogen, etching gas or deposition gas between silicon wafer 25 and
susceptor. qf erthe ‘efChing 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 hydtogen 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 hative oxide there. During the subsequent epitaxial coating of said silicon wafer, silicon can grow
at the locaffénes afsHedrawag@n wfiemar gy idgdrticulenitpiedys vegioatafdhe silicon wafer,
which 35 leads-towvitiatag, local flatness in the edge region of the silicon wafer and thus also to poor
maximum local flatness values. ST10509/Ki 12 This problem does not occur in the method according
to the invention since the susceptor is hydrophilized by placing a hydrophilic wafer onto it. 5 When

using an LD Waf&epaAOTRE okyGERTE HarRiémed sty SO TS PR f fe difsceptor, so that after
the removaloitee 1D nwafenoxygeaijwedominates @i tHestsegptohsuHaae ophishias the advantage

that duringJhe Jyetrgatgent of ismnexlssiliconyaleisio,pe gpiaxialy roladin g ygigen W
atmosphere, |t becomes more dlffléult éoc‘ y?rggen to penetrate between susceptor surface and silicon
wafer to be e%ﬁgxiaﬁiln REaEd Shce theTndif T |ﬁ§ hydrogen reacts with oxygen from the susceptor

saturated with oxygen. 15 This impedes the removal of native oxide on the rear side of the silicon ,
wafer to bevepitaxioly coatedr=Jiagepiherefase, these ds00.4iehing repeovalpl aative-oxidgon the rear
side %theajllgzo&\%g%;g&aq gpg;eecﬁl%lgbq’x ent, @epotfgmo_f 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
défined m&tieuifoos flatéss valaéer2bItherkydrophiliorafer Orahe 117eC suaeryvhieh is placed
onto the sysgeptor after the-ighingstreatment 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 suscegtor; (b) pretreatment of

the pdfishdd-slioRMTAFHABERK MAREGER S &PhGeHare At WA imef Fresetergiethydrogen

atmospheref the susceptor after every epitaxial coating.

It has been shown that, ia 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
flatnesg of the silicon wafer can occur in particular at the
edge of the silicon wafer as & 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
appiied to the susceptor surface saturated with hydrogen, it is
possible, during the pretrezatment 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.



(c) epitaxial coating of this pretreated silicon wafer; (d) removal of the epitaxially coated silicon wafer;
(e) etching treatment of the susceptor using HC1; ST10509/Ki 13 (f) placement of an LTD wafer onto
the susceptor 6or a specific time; (g) removal of the LTD wafer; and then steps (a) to (g) again. 5 This
process sg&i}er?ceé g ides for carrying out an etching treatment of the susceptor after every epitaxial
coating, an LTD wafer being placed onto the susceptor after each etching treatment of the susceptor in
order to achieve an excess of 10 oxygen on the surface of said susceptor. 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 eoitaxial
layer beinflapplipddb ke fdre sids tharacterized theameakiodim docat diatige sovalie SFQR",™ of 0.01

pm to 0.03%:pantelative to.atleast 99% pEthe pattial xegirgsiof anarea.grid of megswement windows
having a size,of 2%2 mm?2 an the frgnt Zg side of the coated silicon wafer and an edge exclusion of 2
€

mm. This |§ggﬁ8ve e pgﬁic%?arﬂ/ Ei ferred process sequence by virtue of the fact that the

etching treatment of the
5 When using an LTO wafer, part of the oxygen is transferred from

the LTQ layer to the susceptor, so that after the removal of
the LTO wafer, oxygen predominates on the susceptor surface.
This has the advantage that during the pretreatment of the next
silicon wafer to be epitaxially coated in a hvdrogen
i0  atmosphere, it becomes more difficult for hydrogen to penetrate

between susceptor surface and silicon wafer to be epitaxially

( coated since the indiffusing hydrogen reacts with oxygen from -
the susceptor saturated with oxygen.

15 This inmpedes 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. Thisg

20 prevents vitiation of the local flatness of a silicon wafer
that is epitaxially coated directly after a susceptor etch, and
increages the yield ¢of epitaxially coated silicon wafers with
defined maximum local flatness values.

{ 25 The hydrophlilic wafer or the LTO wafer which is placed onto the
susceptor after the etching treatment thereof ig preferably
used a number of times,

The following process sequence is particularly preferred in the
30 context of the invention:

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

its front side onto the susceptor;

{b) pretreatment ¢of the peolished silicon wafer under a hydrogen
35 atmosphere and with addition of HC1 to the hydrogen atmosphere;

(¢} epitaxial coating of this pretreated silicon wafer;

{d} removal of the epitaxially coated silicon wafer;

(e} etching treatment of the susceptor using BCL:



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 s §8 9 Ed silicon wafer during the pretreatment in accordance with (b), after each etching
treatment of'the susceptor an LTD 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 surfare 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 waféifis prevesnst: by tie amoMERtaeL ST 19509/ Khi4 plomerpéntroffar LT Dswefer fHfter the
etching treatiment of the susceptor. The following maximum local flatness values arose in the case 5 of

silicon waf pi coated in rdance with the particularly preferred process sequence; 0.013
S bl b 510 b

p.m -0.01 pm. In this case, an area grid of measurement windows
having a sBabIFwB ﬁﬁ'ﬁ’?%n ihd fFoht SdeaFaR8 epitaxially coated silicon wafer and an edge
exclusion 10 of 2 mm are once again taken as a basis. The epitaxially coated silicon wafer preferably

has a maximym locglflalness yalie. o él%?m 8£0. %m@ﬁ%’égﬂr&ﬂn%w@aﬁ%ﬂ shown that the

method accordlﬁ%to thegw ﬁ'x ntion exhi artlculag ood results in the case of silicon wafers
ek .

with a polish&HERE &nd E.o%usr%?%"aué & e PG K LR Y BE A Sus@tor and the
rear side o5t €piEoR Waftrteld by ahe Susecpltt ispartatiany Abkewy fitHis easbing

treatment of the susceptor in order to achieve an excess of
10 oxygen on the surface of said susceptor.

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

15 side, &t least the front side being polished and an epitaxial
layer being applied to the front side, characterized by a
maximum local flatness value SFQRmax 0f 0.01 pm to 0.035 um
relative to at least 99% of the partial regions of an aresa grid
of measurement windows having a size of 26x8 mn® 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 ceoating. The

—

25 susceptor isg thus freed of zilicon deposits prior to each
epltaxial 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 esach etching
treatment of the susceptor an LTO wafer is placed onto the

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

35 observed in the prior art but not understcocod - 0f the etching
treatrment of the susceptor on the local flatness of the
epitaxially coated silicon wafer is prevented by the momentary



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 havin(?; agﬂt{alis'hed bearing ( 25 area, it is possible to produce epitaxially coated silicon

- wafers with S Brbved maximum local flatness values SPQR.. 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 regy 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 flathess value SFQHmax of 0.01 - 0.02 pm, relative to an 35 edge exclusion of 2
mm. In this pagedherefose, Eantand vedesides o thelsdicon waler areqolishad (ssmeval polishing),
the front sidg of the. $5LT10509/Ki 15 silicon wafer is furthermore free of haze or CMP-polished and the
front side of the silicon wafer is provided with an epitaxial layer. 5 In the case of an epitaxially coated
silicon wafer having a diameter of 300 mm, given an edge exclusion of 2 mm, a total of 336
measurementidddwswsiegs ravsaimtnecforin éfanmees grialoksegmests Havinga size®f 26 mmx8

mm, 52;0f sgid 336 1easwieresnt windayws heing ‘Rautiaksites” a L@ Hratatabin,in the-gantext of this
invention, theayaﬁalrtigksié s are aﬁlse% faken intg account ine}lrlc:e@(Qedt(?rw'ir}ation of the maximum local
flatness vaIE’e, that is 1o sgy Bhhe partlalpreglons of & area grid of maa&lremerit windows having a
size of 15 28 ArkeMnT ofi-thérott sidé of Hhe Sicortw At STRE FRUARRAIGE ERhFF§eIPT is at least
99%, that isttessayrthasfor atileas89%zof the meastwemen guindews, the tasal flatnessasalges are

|eSSthan(”6¥n€ﬂéoé@?§QQ§§P?9dHEh%Q&n@@@yggdo%@fggngﬁﬁvgﬁm%dge exclugion

10 of 2 mm are once again taken as a basis.

( The epitaxially coated gilicon wafer preferably has a maximum
| local flatness value SFQRum ©of 0.01 um to 0.025 um since it has
been shown that the method according to the invention exhibits
15 particularly geod results in the case of silicon wafers with a
polished front and rear side. This is due to the fact that &
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 (&), 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
SFQORmax- 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 maximuam
local flatness value SFQRq of 0.01 - 0.02 uym, relative to an

35  edge exclusion of 2 mm,

In thig case, therefore, front and rear sides of the silicon
wafer are polished (removal polishing), the front side of the



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 value.
By virtue g ,Fi%gégfmely small maximum local flatness value 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 pm, 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 SO esilicols-trr $F 10300l ufaior) Wafbr zewere CNRh ROStiahed siicbn layer

("strained siigorcartan 58O | Estraised silicanonrinseiatos’) yyafel. decaghaserprovided with an
epitaxial 'aéi?{@éﬁaaﬁt q’rgggppnt side. 5 The invention is explained below with reference to Figures 1
to 7, figures 1 to 5 schematically showing the geometry of the circular silicon wafers in perspective. 10
Figure 1 shows local flatness values for a silicon wafer which is CMP-polished on the front side.

§ In the case of an epitaxially coated silicon wafer having a

diameter of 300 mm, given an edge exclusion of 2 mm, a total of
336 measurement windows (gsites) arise in the form of an area
grid of segments having a size of 26 mmx8 mm, 52 of said 336
measurement windows being "partial sites™.

10
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 teo 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 vield") is at least 99%, that is to say

that for at least %% 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 value.

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

3¢ electronic components having line widths of lesg than or equal
to 0.022 um, according te ITRS ("International Technology
Roadmapr For Semiconductors™) also referred to as hp2?
technology generation. Epitaxially coated silicon wafers having
such outstanding leocal flatness values agre not known in the

33 prior art.

The silicon wafer according to the invention is preferably a
wafer made of monocrystalline silicon, an S0I ("silicon~-on-



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 pr’%@?o%%o\?/ﬁﬁjan 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 pyofile 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 hegvaat the thickniss, of:n sliten 3o vwiafer whiehiaqatowdedwih aaepitaxial layer in

accordancq w\qu%igaeggqq@gg,ha%gegﬂ nggipﬁlisg@ag%l&e front side beforehand and the

thickness of this silicon wafer Q{olished in ST10509/Ki 17 a haze-free manner on the front side, against
its radius (ﬂﬁ’é%ggh‘ifﬁ%fﬁpéra ReSSxamPISsHoretfe provided with an epitaxial

layer at least on its front side.

The invention is explained below with reference to Figures 1 to
7. figures 1 to 5 schematically showing the geometry of the
circular gilicon wafers in perspective.

W Figure 1 shows local flatness values for a silicon wafer which
is CMP-polished on the front side.

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

IS5 prior art.

Figure 2 ghows local flatness values for a silicon wafer which
is CMP-polisghed 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
sald silicon wafer {"line scan“).

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

which ig 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 ags a line

scan.

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



5 Figure 1 illustrates local flatness values SFQR of a silicon wafer having a diameter of 300 mm, said
silicon wafer being polished on the front and rear sides by means of DSP and being CMP-polished on
the front side. The silicon wafer is divided 10 into an area grid of 336 measurement windows having a
size of 26x§%9@9%‘f5@hich 52 measurement windows are "partial sites". The determination of the
SPQR values is based on an edge exclusion of 2 111111 or 296 mm FQA. When the 52 "partial sites"
are also taken into account, a maximum local flatngss value SFQRm 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. 20 An epitaxial
layer was suliseguentty depasited amthenfrofirside of ttis, Chpotishad silicad wafer iniaecordance
with the prigg a4ty The deposition was effected at a temperature in the process chamber of 1120C, a
TCS flow rate of 17 slm, a flow rate of the carrier gas H2 of 50 situ and a deposition duration ( 250f 63
sec. Figure 2 illustrates local flatness values for this epitaxially coated silicon wafer. Edge exclusion
and FQA céarapptat iy ehexampdsmgnibrreddntihe description concerning Figure 1. Here, 30 too, a
signifigant rise in the local flatness values of the epitaxially coated silicon wafer in the edge region is

e TOr PR MUK s e by Ve e e OYELD b e,
pn1resuhsW?$%¥@é@@ﬂ%Pg a diameter of 300 mm, gaid silicon wafer being
polished on the front and rear sides by means of DSP and being
CMP-polished on the front side. The silicon wafer is divided
10 into an area grid of 336 measurement windows having a size of
26x8 mm®, of which 52 measurement windows are "partial sites®.
[ The determination of the SFQR values is based on an edge
exciusion of 2 mm or 296 mm FQA. When the 52 “partial sites®
are also taken into account, a maximum local flatness value
15 SFQRp.x of 0.0835 um results as the maximum of all the SFQR
values of this silicon wafer. A great rise in the local
flatness valuess toward the edge ig 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 cf 17 slm, & flow

_ rate of the carrier gas H; of 50 slm and a deposition duration
{ 25 of 53 sec.

Figure 2 illustrates local flatness values for this epitaxially
coated silicon wafer. Bdge exclusion and FQA correspond to the
values mentioned in the descripiion concerning Figure 1. Here,

3  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

25 wvalue SFQRux of 0.051 um results.

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



18 the susceptor prior to the epitaxial deposition, the following maximum local flatness values
SPQR,,m arose: 0.042 - 0.044 - 0.050 - 0.057, the latter two values corresponding to the maximum
local flatness values of silicon wafers that were 5 coated epitaxially directly after an etching treatment
of the susceﬁ?&@%ﬁﬁﬁle 10 Figure 3 illustrates local flatness values of a silicon wafer having a
-diameter of 300 mm, said silicon wafer being polished on front and rear sides by means of DSP and
being CMP-polished an 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 npartial
sites" are takie intosaceotint; miaxmien thealdlatness walueSo@R: f'onf 04HS Falresulisg20 This

CMP-polished siligon wafes was gpitadally coated aligkan elching treatgent of ghe sysceptor and
placement of aﬁ%I%TO v%af(gg onto the susceptoar. In this case, the LTC wafer was placed onto the
e chin

susceptor aft ét teatrEnt B i’ sUER pIGrH7 1 0P8 PRIt attfe BE®00C in the
process 25 ghanben Tsisavad ilowsds byahresitadaksddpositowahethe fidmtsideoéthe

CMP-paishedslis@napafesindhe,ceursef whigh dee fallowwpgriregess Haraastersvaeused: TCS
flow rate 17§in #gz {Igw rate 50 sin, temperature 1120C, deposition duration 63 sec. 30 Figure 4

. u t% . . . . oy .
illustrates local flathess values for this epitaxially coated silicon wafer. A maximum local flatness value

SPQR", of 0.019 results in this case The 52 "partial sites" are taken into account in this case. This
outstandingEseaitikeness 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

acconﬂ%gt%@g%re 3 illustrates local flatness values of a silicon wafer
having a diameter of 300 mm, said silicon wafer being polished

( 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, top, 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 SFQRpax 0f 0.046 um results.

200 This CMP-polished silicon wafer was epitaxially coated after an
etching treatment of the suscepteor and placement of an LTO
wafer onto the susceptor. In this case, the LTD 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 gilicon wafer, in the course of
which the following process parameters were used: TCS flow rate
17 8lm, Hp 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 SFQRyex OFf
0.019 results in this case. The 52 "partial sites“ are taken
into ageount 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



ST10509/Ki 19 invention, in particular by the susceptor hydrophilization carried out beforehand. Figure

5 shows the profile of the thickness of a silicon wafer 5 that is CMP-polished on the front side, as a

function of tlg%ﬁ%i@ﬂsaid silicon wafer as a line scan. An edge exclusion of 2 mm is taken as basis.
a

The illustratidn sHow< at both edges a significant decrease in the thicknesses of the silicon wafer. This

edge decrease can be attributed to the polishing steps. A 10 silicon wafer is usually polished
concavely, that is to say 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 CMP-polished on the front side and
provided withrareapitaxial Fyepsas-a fudetiorpf tiweradiss ap tis dpitdxiatiy coated sdicon wafer as a
line scan. Thethickidess:ef therepitadally, 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 andRREPESITCKIESEOTHE EVPEHORsId SRBoANIATERBSM Bfufe §bkis A etRFRST the
radius of thissdicohavak®-ascd linbsdannThedlldstratiorsthis, shawa hfuribeitbickae ssigd the
CMPpolishegdysilican waferhas changed ag-a kesultotthe; pretreatment steps and the depgsition of an
epﬂamaHayg%I%)mm is taken as basis. The illustration shows at both edges
a significant decrease in the thicknesses of the silicon wafer.
This edge decrease can be attributed to the polishing steps. A
10 silicon wafer is usually polished concavely, that is to say
that the thicknesg ¢f the polished silicon wafer increases from
( the center of the silicon wafer ocutward 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 CMP-polished on the front side and provided with
an epitaxial layer, as & 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-
pelished gilicon wafer has changed as a result of the
pretreatment steps and the deposition of an epitexial laver.

30
It is 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 ig 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



It is 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. 35 This also results in an improvement of the local flatness of the
epitaxially cd%fé(%ﬁ oirwafer 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 ST10509/Ki 20
hydrophilization of the susceptor prior to the epitaxiabgoating, which impedes hydrogen from
penetrating between susceptor and silicon wafer during the pretreatment and native oxide from being
removed on the rear side of the silicon wafer, 5 which would have the consequence that silicon would
grow at the |bwatimrs:ifrdédaof ative foxitie onthesar side-dbthesilicdre waber, aadaiould lead to still

poor local flatagss wgluegparticylagyda dhepeaseionges sehtindhe conpayative example and in
figure 2. 10 In fgger:\% &e%%UéeQJ%{%,Oe ita@glll,y 8o%ted siLi%on waf%rs in tthe case g{{which an etching
treatment of the sugceptor was respec |V‘é‘ﬁ/ carrie &Lﬁgpnor?ogfﬁg eﬁﬁgxf%?%ep%g‘l ofHrd’&n LTO
wafer was siBSEHEHiRTDREEASNFEHRY SHseEpioRFor £511055etears téMmperdtlicon 98atsn the

process xhamh):eas_hexiaﬂ_a:ﬁad }theréolklm'ngdﬁﬁgk@ﬁéﬁ}:l@cahﬁalngﬁsj/ehtesﬂSEQR:g&B&ZaiD.Qﬂlé - 0.015 -
0.018. The examjned silican.wafers werespalishedsin each case by means, of, gﬁf}h%gém@&? rear

sides and CMP-polished _on their front side. Moreqgver, a susceptor 20 with a polis bearing area
was used anfer, and would lead to still poor local flatness values

particularly in the edge region, as set out in the comparative
example and in figure 2.

10
In further measurements, epitaxially coated silicon wafers in

( the case of which an stching treatment of the susceptor was

respectively carried out prior to the epitaxial deposition and
an LT wafer was subseguently 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 SFQRpm:
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.



What is claimed is: 1. A silicon wafer having a front side and a rear side, at least its front side being
polished and an epitaxial layer applied to at least its front side, having a maximum local flatness value
SFQR,77" of 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 mm2 on the front side of the coated silicon wafer with an
edge exclusion of 2 mm. 2. The silicon wafer of clain 1, comprising polished front and rear sides, a
CMPpolished front side and an epitaxial layer on the front side, the front side having a maximum local
flatness yalug RRGRRa.ef 0.01 um to 0.025 p.m. 3. The silicon wafer of claim 2, the front and rear
sides thereof polished by DSP. 4. The silicon wafer of claim 1, having a maximum local flatness value
SKIP. of 0.01 um to 0.02 um, relative to all the partial regions of an area grid of measurement windows

having a-sizg QfiRGx8wAe2 ARG fontsidepldheqoated siligar wafb. S EQ%@HF%@%@M f claim
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producing epitaxially coated silicon wafers The mventlon relates to a method for producing epltaX|aIIy

coated sHicomhwalfesrnwiieho Bulfiplicineehsiisen iR iEh Are Relished allgast Bﬁ'r front

sides are,B[RYEECARE SUECERHVANY SBRLSEHN yé?ué'HYtﬂbeﬁﬁF!tCé‘é%'”tﬁé‘ RSB ISR

procedurﬁ]ggamﬁ:h;&gq&g%yg@&%ﬁ@@gﬁ% wah p{ﬁrp{g\d% S]S# aced on a susceptor’in the
ereina

epitaxy reactor, is pretreated under a hydrogen atmos step and with addition of an

etehing eciuy QKA Ydigose Aimpsehegiintaeanntsisbsissuinenusnilvcaied gnadally on

its polished front side and is removed froin the epitaxy reactor, wherein an etthing freatmént of the

susceptol isgifegiedinansh FRRSAMErLoRRe 5'%%5%[?942&6 A epimalcogings angihe %ﬁ?@ﬁtor S
hydrophili tgft@ros& t(i]%llg \}ée% tthFur qre..the |ra¥e£ﬁ|o relates to€ S|I|con wa rhavmg
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least on |ts ront side, a hasamaX|mum ocal Iatness value @Ie—fbﬁ BT pm to 0.035 um

relative tg afm%agﬁ.egr(wfmeo b s0ions.2! AR 215a 01 oL msashemenl vMndqus haking  size of
2648 i, QA ot SHE LI SRR S RN AR 28, e LEIan Pl i, e

silicon, SOl wafers, wafers with a strained silicon layer, and a sSO! 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.
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Abhstract

Epitaxially coated silicon wafer and method for producing
epitaxially cosbted sllicon wafers

The invention relates to a method for producing epitaxially
coated silicon wafers, in which a multipliecity of silicon
wafers which are polished at least on their front sides are
provided and successively coated individually in each case in
an epitaxy reactor by a procedure in which a regpective one of
the silicon wafers provided is placed on a susceptor in the
epitaxy reactor, is pretreated under a hydrogen atmosphere in a
first step and with addition of an etching medium to the
hydrogen atmosphere in a second step, is subseguently coated
epitaxially on its polished front side and is removed from the
epitaxy reactor, wherein an etching treatment of the susceptor
is effected in each case after a specific number of epitaxial
coatings and the susceptor is hydrophilized after said etching
treatment.

Furthermore, the lnvention relates teo a silicon wafer having a
front gside and a rear side, at least its front side being
polished and an epitaxial layer being applied at least on its
front side, and which has a maximum local flatness value SFQORmax
of 0.01 pym to 0.035 pm relative to at least 29% of 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 and an
edge exclusion of 2 mm.

Figure 7.



