2009P00028DE Ki Method for Producing an Epitaxially Coated Semiconductor Wafer The invention
relates to azﬁgélgg&g%r p{;gducing an epitaxially coated semiconductor wafer. 5 One extremely
important p ete oFa semiconductor wafer, on which ever-increasing demands are being placed
(cf. ITRS "International Technology Roadmap for Semiconductors"), is its nanotopography. The
nanotopography is conventionally expressed W as a height variation PV (= "peak-to-valley"), based on
square measurement windows with an area of 2 mm x 2 mm. In order to study nanotopography, the
Nanomapper instrument from KLA Tencor is for example suitable. This interferometer is 15 suitable for

measuring the tbedgephyinatasange of fiéRd tROcAmLiy+ Sowhesh frevferRAReSPIh & conductor

wafer. During the measurement, the semiconductor wafer is placed on a soft, flat wafer holder (chuck).

The resulting peak-to-valley (PV) values are filter, aIussian highpass filter) and 20 analyzed on
circles witthlgialrﬁﬂefteél—rl% mrrhegglggsor?c Girdted! e\7vt| O(égad|aorﬁet%¥%%iglrxnlﬁ1)ﬁtﬁ%stpae}€f to ¥Z

peak-to-vali@riediagens C@echaR (Mhkedhold height analysis") analysis, for details see SEMI
standagd M43, the 3 sigma PV value is finally calculated from the distribution of all the PV values 25 as

a so called THA value, Qiten. this THAvalye is glso.tefeired tg as T2 Noide 1o make.jf clear that
small analysis windows With & dfameter of 2 mm have been used. 30 For electronics, microelectronics

and microstctFamEERANIEICETERTIRILE TR SHRN Bt Rs 8 Y866FemBhts fof Yfobal and local
planarity, onergideraferencad tnsahplanasity frarbtapodeaphydrbaghiess and purity are required as
starting 35 [aterials.(subsiigtesy s erladdiclg wpiRys Are aleLs of seipionpdugiprdaterials. in
particular compou dj emiconductors
0 as a height wvariation PV (= "peak-to-vealley"), based on sguare
(T” measurement windows with an area of 2 mm x 2 mm.
In order to study nanotopography, the Nanomapper® instrument
from KLA'Tencor is for example suitable. This interferometer is
15 aguitable for measuring the topography in the range of from
| ~20 nm to +20nm on the frontside of the semiconductor wafer.
During the measurement, the semiconductor wafer is placed on a
soft, flat wafer holder {(chuck). The resulting peak-to-valley
(pV) wvalues are filtered {(Gaussian highpass filter) and
20 analyzed on circles with a diameter of 2 mm (alsoc on circles
with a diameter of 10 mm) with respect to peak-to-valley
deviations. In the THA {"threshold height analysis") analysis,
for details see SEMI standard M43, the 3 sgigma FV value is
(w finally calculated from the distribution of all the PV values

25 as a 80 called THA value.

Often, this THA value 1s also referred to as THA 2 in ordsr o
make it clear that small analysis windows with a diameter of 2

mm have been used.

30
Por electronics, wmicreoelectronics and micreelectromechanics,
semiconductor wafers with extreme requirements for global an
local planarity, one side referenced local planarity
(nanotopography) , roughness and purity are required as starting
35 materials (substrates). SBemiconductor wafers are walfers of

semiconductor materials, in particular compound semiconductors



2009P00028DE Ki such as gallium arsenide and mainly elementary semiconductors such as silicon
and sometimes germanium. According to the prior art, semiconductor wafers are produced in a
muItiplicity%}fegag?:%?sgg\};e@teps, which can generallyf)e, divided into the 5 following groups: a)
producing a monocrystalline semiconductor rod (crystal growth); b) cutting the rod into individual
wafers; c) mechanical processing; d) chemical processing; e) chemical mechanical processing; f)
optionally, production of layer structures. The crystal growth is carried out by pulling and rotating a IS
preoriented monocrystalline seed from a silicon melt, the so-called CZ ("Czochralski") method, or by
recrystallizatior of e \v@pbl-deposited:pobecrystdllinaicrystad atomend avolt 2o, qyenbratertby means of
an inductiog, ¢oll, which; is;slewly. movedaxialyethroughthe crystalcke-By the se-called £z 20(*floating
zone") method. It is known in the prior art of CZ crystal pulling that a growth interface shape
characteristit of tfE TeGBtHvE (o clEs parafsters 1o Lf‘ﬁ‘ueer%‘ig ih'a %of%ﬁé:)%% &raction vt melt 25
convectionsratiffgsionedspamssegragationr an tleegovwthlintdpiacéiandigtkrinal eohdgction and
radiatign of:{he1me andtheyed. The complex material transport phenomena in the melt and during 30

the material deposition on the phase interface qd to a spatially.varying concentration of the dopant
doposted e RO SEmGor BT SmG Gy ore cona o SO TS

O

growth) ;
o} cutting the rod into individual wafers;
<) mechanical processing;
10 4 chemical processing;
e) chemical mechanical processing;
(j' ) optionally, production of layer structures. ' -

The crystal growth is carried out by pulling and rotating a

15 preoriented monocrystalline seed from a silicon melt, the so-
called CZ ("Czochralskinm) method, or by recrystallization of a
vapor-deposited polyerystalline crystal along a melt zone,
generated by means of an induction coil, which is slowly moved
axially through the crystal, i.e. by the so-called FZ

20 ("fleating zone") method.

It is knewn in the prior art of CZ crystal pulling that a
- growth interface shape characteristic of the respective process
(w' parameters isg formed in a complex interaction of melt
25 convection or diffusion, dopant segregation at the growth
interface and thermal conduction and radiation of the melt and

the rod.

The complex material transport phenomena in the melt and during
3¢ the material deposgition on the phase interface lead to a
spatially varving concentration of the dopant deposited in the

growing semiconductor single crystal.

Owing to the rotational symmetry of the pulling process,
35 pulling device and growing semiconductor rod, the dopant

concentration variations are substantially radially



Owing to the rotational symmetry of the pulling process, 35 pulling device and growing semiconductor

That is to s BEHERFidings of varying dopant concentration are formed along the symmetry axis of
the semiconductor single crystal. These dopant conéentration variations are also referred to as
"striations”. They can be revealed by measuring the local surface conductivity or structurally as
nonplanarity after treatment 10 with a defect etch. Sawing the semiconductor rod to separate it into
individual semiconductor wafers leads to near surface layers of the resulting semiconductor wafers

whose morgeiystediniiyis IbrdamsgedoThese demegeattlayers-aresubstquentlyrgmbweshby
chemical a 9&9&5@%@%@&“&9@%B&%@ésg(‘ﬁmlé‘et@éteg{%%@&oy%@g i, ehegical or chemical

mechanical processing of the surface of a semiconductor wafer depends on 20 the local chemical or
electronic FrRPeRRINCHR s eMRINBUERY $tfface. Annular nonplanarities are formed in the surface of
the silicon wafer, according to the dopant concentration variations. This concentric height modulation

of the surfage.after.chemical.or, chemical mechanical prasessing is, 23 alsqreferred s, striation”.

Semicondu"ctor wafers suliltable as a substrate for particularly demanding applications in electronics,
microelectronfds Gt tdetectromechanics must have a particularly high degree of 30 planarity and
homogeneity of their surface. This is because the planarity of the substrate wafer crucially limits the

achievable planatiies aLtheuipdiidunl oyt planesof wpical sulilaygeagponents, which are
r

subsequently structured photolithographicalljy on it. If the starting, _
gconductivity or structurally as nonplanafFity after treatment

10 with a defect etch.

(: Sawing the semiconductor rod to separate it into individual
semiconductor wafers leads to near surface layers of the
resulting gemiconductor wafers whose monocrystallinity is

15 damaged. These damaged layers are subsequently removed by

chemical and chemical mechanical processing.

The material removal rate in chemical or chemical mechanical
processing of the surface of a semiconductor wafer depends on
20  the lccal chemical or electronic properties of the
semiconductor surface. Annular nonplanarities are formed in the
surface of the silicon wafer, according to the dopant
concentration variations. This concentric height modulaticn of
(M the surface after chemical cor chemical mechanical processing is

25 alse referred to as "striation®.

Semiconductor wafers suiltable as a substrate for particularly
demanding applications in electronice, microelectronics or
microelectromechanics must have a particularly high degree of

30 planarity and homogeneity of their surface. This is because the
planarity of the substrate wafer crucially limits the
achievable planarities of the individual circuit planes of
typical multilayey components, which are subseguently
gstructured photolithographically on it. If the starting

35 planarity is insufficient, then breakthroughs of the applied

insulation layers will occur later during the various processes



35 planarity is insufficient, then breakthroughs of the applied insulation layers will occur later during the
various processes 4 of planarizing the individual wiring planes, leading to short circuits and therefore
failure of the components thus produced. For this geason, semiconductor wafers which as far as
possible have small and long wavelength dopant concentration variations are preferred in the prior art.
This can ke aghieved byiampartinelatlysionw QuilingeThedgagarissiat itds neagssasy hmaintain a
particulary flat growth Interface. Such prcasses, owever, ate laborious and unecanomical.
Semiconductor wafers are often provide With an epitaxial 'Faye?, & with a i%ye‘? grown on in
monocrystalline form with the same crystal orientation, on which semiconductor wafers are

subsequently apipiied :Sucepitaxaly cnatet semiconstictonwaierabawe eedain@sivantages over
 semicondciar wiafess mads of Aemagenepus arsislor examels he preyeniion of charge reversal

in bipolar CMOS circuits due to short circuit of‘the component (" up" pro ]evm ,Jlow ect
densities f6F eXRRpRE FEUUEd HARbSTIREORS P'erySitt BridiftitePParticiesejethd e @bsence of a
significanpaxygemntantent, shcthapa Iiskref shoHecircai st tooXxypar piecifitates:cas berexcluded in

regions reé%var}ﬁ&(%lt@gigpm%onegé:}&igglsc{@l res-Qn.the ;ﬂg@gﬁ argg&%gtﬁgyed én itaxially

coated semiconductor wafers. These also lead to a comparatively poor nanotopographyu( HA 2 value,
cf. above PEIRBEERTen 3 VITHE Vet SEEk tPBvoid i AR5 OB BHfBXially coated semiconductor

wafers and to improve their nanotopography, without having to tolerate the disadvantages of the prior

art (slow, yaecenamical pulling)s Embodimentsfdhe inveptiop.thergiarg star with asingle-crystal
grown according to.the prior art, the wafers cut from the single crystal and processed further having
the typical S¥FEtiond tesciBod aBote SATTUMGS A albu of ¥R ThierffonE e T brovided &

method fdprodatimgcay epraxiaiy eoatiisemicondutictwalenicomgrsingrthesbiowirgrsteps in the

orolleL spe@iﬁhsg'e@be@ﬁg%sitiagﬁﬂi@%taxigﬁawer @pi%d@cwmqf a ésbaﬂ@@d@@ﬁw%{aﬁ&%ﬂrsth ;

polishing of the epitaxially coated side of the semiconductor wafer by using a polishing pad with fixe
Have cexr ll, 1 (%) %a %(%])C%R/%P OIlEl)]afg

abrasive WAITS gﬁpp ying a pO|IS%II;]1g SolUtion which 1S frée of én&%gsr;l pglls%rlr?g e epitaxially

coated sid of PlECSEMRSABUBDE Waterby Sy 36T bBlisHITy PAS VfiER eBntainshefiged abrasive,
while supplyirg-a40lishing Agens suspETsi@LAd) flepositisg apotaesepitaxiablayer en thegreviously
epitaxially.coated and polished side of.the semiconductar yvafe emi or wafer is '
preferablycagr%ongcrystaﬁlinegg%%on \%afeﬁpThehgé%iéon%actorc\%\?a grggrerfae%ijt%g %séa deitagn%ter of 300

mm or m&EETReSiarfteteF SPHESSE miBRtTHor Wafer (Cfreferdbiy @i fin, criginated
Preferablysiticbnisgiepositeddpitivdalyermece of a significant oxygen content, so

that a risk of short circuit due to oxygen precipitates can be

excluded in regions relevant for the components.

Ring structures on the surface are also obgerved in epitaxially
coated semiconductor wafers. These also lead to a comparatively

peoor nanotopography (THA 2 value, cf. above).

Embodiments of the invention seek to avoid striations on
epitaxially coated semiconductor wafers and to improve their
nanotopography, without having to tolerate the disadvantages of

the prior art (slow, uneconomical pulling).

Embodiments of the invention therefore start with a single
crystal grown according to the prior art, the wafers cut from
the single crystal and processed further having the typical
striations described above.



monocrystalline silicon wafer both in step (a) and in step (d). This results in a silicon wafer having an
epitaxial silicon layer. It is, however, also preferred to deposit heteroepitaxial layers on a silicon wafer.
Preferably, silicon geLmanium is deposited on a siicon wafer. Preferably, silicon carbide is deposited
on a silicon wafer. Preferably, gallium nitride or another IlI-V semiconductor is deposited on a silicon
wafer. 2009P80828HEKI Wntil she-fikst epitaxialelepasitioniivrstenta)ef thesmethad, @gonventional

fabricatiomngg%foeésésxcaﬁs@%%eyh%'rgﬂa@rg%!{%%%ﬁ%ggtﬁegése@dsgs&g.s%awertyﬁ%ys?f crystal

pulling, and in particularindependent of wtiether is carried out auickly or slow All'the steps

until the fiFREXTERIIHe fotioh Ard L4+ Gl ortfihg T8 the Pt ar SERsidarRethodasteps

comprise dattimgpiwafers frometheddtpiudled single coystatnedgeirdeindifg apekatidnsngtinding or

lapping, efghiagor qhsﬁniflgrgelisémagﬁ&ﬁgara@'%{ép A98:GMP), Arediuced gpitaxial layer is
0

preferably deposited in Si%: g%il f the method, j.e. a layer with a layer thickness which is somewhat
less than the"cuZtSHMERT '&é icKFR55of Egn\iéﬁﬁﬁﬁalaepﬁ’éigﬁﬁfblfb% R3S RS thfckffeds of the
depositedadayesisvsreférably GERPAWLIRD particlaslyineferablytl.5:8.0mh is free of
solids; (c) CMP polishing of the epitaxially coated side of the
semiconductor wafer by using a soft polishing pad which
contains no fixed abrasive, while supplying a polishing agent
gugpension; (d) depositing another epitaxial layer on the
previcusly epitaxially coated and polished sgide of the

semiconductor wafer.

The semiconductor wafer is preferably a monocrystalline silicon

wafer.

The semiconductor wafer preferably has a diameter of 200 mm or

more.

The diameter of the semiconductor wafer is preferably 450 mm.
Preferably, silicon is deposited epitaxially on a
monocrystalline silicon wafer both in step (a) and in step (d4).

This results in a silicon wafer having an epitaxial silicon

iaver.

It is, however, also preferred to deposit hetercepitaxial

layers on a silicon wafer.
Preferably, silicon germanium is deposited on a silicon wafer.
Preferably, silicon carbide is deposited on a silicon wafer.

Preferably, gallium nitride or another III-V semiconductor is

deposited on a silicon wafer.



In order to protect the semiconductor wafer from exposure to particles, it is preferably subjected to
hydrophilic cleaning before the epitaxial coating. This hydrophilic cleaning 25 generates a native oxide
(natural oxi#fPBAPEREEEMiconductor wafer, which is very thin (about 0.5:2 nm, depending on the type
of cleaning and measurement). The native oxide is removed during pretreatment of the 30
semiconductor wafer in an epitaxy reactor, conventionally in-a hydrogen atmosphere (also referred to
as an "H2 bake") In a second step, the surface roughness of the frontside of the semiconductor wafer
is conventionally reduced, and polishing 35 defects are removed from the surface by pretreating the
silicon wafer with an etchant. Conventionally, gaseous hydrogen 2009P00028DE Ki 7 chloride (HC1)

' used as e Slehapland adce tQéQQ%‘IJP“&%{&QE’P%R“%QE'Q& Qi) Ihe sqmiconductor

wafer pretreated in this way subsequently 5 receives an epitaxial layer. In the case of epitaxially
coating siliGorFREaTERL iPHHd ehBUHE 8 Adte RIRGASTafeTs G RedtbdPinthe epitaxy reactor by
means of heat sources, preferably by means of upper and lower 10 heat sources, for example lamps -

Or banks ofignps, anchaubsedueptiy.expased o a.gas MR capsisiag ol asoyice daseaniaining a

silicon compound (silanes), a carrier-gas (for example hydrogen) and optionally a doping gas (for
example diB8rahe}g15 epitBaaag i%%o?ﬁféﬁ%ﬁ WBeBﬁsiWE%ﬂ?e BN/D Higthdd (“chemical
vapor deposition?xBy silanes bekigrsuppliet-as. g sl de gas, forap@myple idchibrosilanet(5iIHC13,
TCS%toth%ﬁ%ﬁ?ﬁ?éﬂtB@ﬁﬁE&%@@ﬂﬁgrgegaypgégdg%geégcording to the prior
art. Typical method steps comprise cutting wafers from the
10 pulled single crystal, edge rounding operations, grinding or

lapping, etching or cleaning, polishing (for example DSP and

(:' CMP) .

A reduced epitaxizal layer 1s preferably deposited in step {a)
15 of the method, i.e. a layer with a layer thickness which is
somewhat less than the customary layer thickness of

conventional epitaxy (up to 5 upm}.

The thickness of the deposited layer is preferably 0.5-4 um,
20 particularly prefersbly 1.5-3.0 um.

In order to protect the semiconductor wafer from exposure to
N particles, it is preferably subjected to hydrophilic cleaning
(;f before the epitaxial coating. This hydrophilic cleaning
25 generates a native oxide (natural oxide) on the semiconductor
wafer, which is very thin {(about 0.5-2 nm, depending on the

type of cleaning and measurement) .

The native oxide is remcoved during pretreatment cof the
30 gsemiconductor wafer in an epitaxy reactor, conventionally in a

hydrogen atmogphere {(also referred te as an "H, bake")

In a gecond step, the surface roughness of the frontside of the
semiconductor wafer ies conventionally reduced, and polishing
35 defects are removed from the surface by pretreating the silicon

wafer with an etchant. Conventionally, gaseous hydrogen



20 temperatures of from 600 to 1250C into elementary silicon and volatile byproducts, and foLming an
epitaxially grown silicon layer on the silicon wafer. The epitaxial layer may be undoped or deliberately
doped with” ; phorus, arsenic or antimony by means of suitable doping gases, in order to
adjust the conduction type and conductivity. A susceptor, which consists for example of graphite,
silicon 30 carbide (SiC) or quartz and is contained in the deposition chamber of the epitaxy reactor, is
used as a support for the silicon wafer during the pretreatment steps and during the epitaxial coating.
The silicon wafer conventionally rests in pockets of the susceptor so as to ensure uniform heating and
to 35 protechtherhaeksidie df thessiicer wafer;lon whichsatayends adigenearally depbgttedgtrom the

source gasdt%%g%@l%%zwg&i %@gﬁqr)ding to the prior art, the process chambers of the epitaxy
reactors are contigured for one or more silicon wafers. For silicon wafers with larger diameters (greater

than or equal to 5 150 mm), it is conventional to use single wafer reactors since these are known for
their good Epiaxiatiayendnifomitw aifrerupierinitadiiieilayetthickness sabdmzadiusiad by various
measwes, far. example hy madifying the gas flow rates (hydrogen, TCS), by incorporating and
adjusting gas inlet devices (injectors), by changing the deposition chamber or modifications on the
susceptor. In step (b) of the method, polishing is carried out by means of a polishing pad with abrasive
fixed in it, & poliskingagent IS aplutionibdihy supptiedgvich is-free wi Solids. Thws; luhdikenid DSP or
CMP, in nq,caseis gpolishing.agent suspensiondised-whighcontains abrasive (for examplg,colloidally
dispersed silica sol), but instead agreferabl _alkahn1e s%lutlon without abrasive substances. 20

meang o©f heat sources, pré&ferably by means of upper and lower

10  heat sources, for example lamps or banks of lamps, and

- subgequently exposed to a gas mixture consisting of a source
(u' gas containing a silicon compound (silanes), a carrier gas (for

example hydrcgen) and optionally a doping gas {for example

diborane) .

The epitaxial layer is conveniticnally deposited by the CVD
method ('"chemical vapor deposition®) by silanes being supplied
as a source gas, for example trichlorogilane (8iHCl;, TCS), to
the surface of the silicon wafer, decomposed there at

20 temperatures of from 600 to 1250°C into elementary silicon and
volatile byproducts, and forming an epitaxially grown silicon

layer on the silicon wafer.

(_, The epitaxial layer may be undoped or deliberately doped with
25  boron, phosphorus, arsgenic or antimony by means of suitable
doping gases, in order to adjust the conduction type and

conductivity.

A susceptor, which consists for example of graphite, silicon
36  carbide (8iC) or guartz and is contained in the deposition
chamber of the epitaxy reactor, is used ag a support for the
silicon wafer during the pretreatment steps and during the
epitaxial coating. The silicon wafer conventionally rests in
pockets of the susceptor sc as to ensure uniform heating and to
35 protect the backside of the gilicon wafer, on which a layer is

not generally deposited, from the source gas.



This step is used to reduce, or even entirely eliminate, the variations on the surface of the
semiconductor wafer which are observable after the first epitaxy step. Not all of the deposited epitaxial
layer is remdBYEP09E REdrithis first polishing, the surface of the semiconductor wafer, or the surface of
the remaining epitaxial layer, has certain defects and a certain surface roughness which are caused by
processing with the fixed abrasive polishing pad. 30 A polishing pad is used which contains an
abrasive substance bound in the polishing pad (PAP or FA pad). 2009P00028DE Ki 9 particles of
hard substances such as silicon carbide, boron nitride and diamond. Particularly suitable polishing
pads have a surface topography 5 imparted by replicated microstructures. These microstructures
(uposts™) have, for example, th pe of colu wi IrlL indr e%qu 0 jon or the
shape of p)%%%ﬁéﬁ%@%mﬂl gu%ﬁn?g \R/%Mbre gtagl) egﬁ%%ri%%%l%%o su%%n[%%h%%%a%g are
contained, ¥GEEHEHBl2 TP WO E36 86 A Y STHOS752 PSSR APand FU S 8662 F1 7 B In the simplest
case, the pslishingragent soiutiencaccordingrtodtmstep=y of fremethodiscaording¢adhie invention is
water, prefetgply deionjzed wajer (IV);with the ysyalpurity far.use in.the, sericondutardndustry.

The polishing agent solution may however also contain compounds , .
these are known for their good epitaxial layer uniformity. The

uniformity of the layer thickness can be adjusted by various
measures, for example by modifying the gas flow rates
{hydrogen, TCS), by incorporating'and adjusting gas inlet

10 devices (injectors), by changing the deposition chamber or

mocifications on the susceptor.

M

In step {b) of the method, polishing is carried out by means of
a polishing pad with abrasive fixed in it, a polishing agent
15 solution being supplied which is free of sclids. Thus, unlike
in DSP or CMP, in no case ig a polishing agent suspension used
which containg abrasgive (for example colloidally dispersed
silica sol), but instead a preferably alkaline solution without
abrasive substances.
20
This step ig used to reduce, or even entirely eliminate, the
variations on the surface of the semiconductor wafer which are
obgervable after the first epitaxy step.
(«’ Not all of the deposited epitaxial layer is removed.
25
After this first polishing, the surface of the semiconductor
| wafer, or the surface of the remaining epitaxial layer, has
certain defects and a certain surface roughness which are
caused by processing with the fixed abrasive polishing pad.
30
A polishing pad is used which contains an abrasive substance

bound in the polishing pad (FAP or FA pad).

Suitable abrasives comprise for example particles of oxides of

35 the elements cerium, aluminum, silicon ¢r zirconium and



20 such as sodium carbonate (Na2CO3), potassium carbonate (K2003), sodium hydroxide (NaOH),
potassium hydroxide (KOH), ammonitm hydroxide (NE4OH), tetramethylammonium hydroxide
(TMAH) or28RSPRAHdETES Bhereof. 25 The use of potassium carbonate is more particularly preferred.
The proportion of the aforementioned compounds in the polishing agent solution is preferably from
0.01 to 10 wt.%, particularly preferably from 0.01 to 0.2 wt.%. 30 The pH of the polishing agent
solution preferably lies in a range of from 10 to 12. The polishing agent solution may furthermore
contain one or 35 more other additives, for example surface active additives such as wetting agents
and surfactants,istabilizers aefiny asb2009206028{0k Kid Gsprotectiveceoiinids; preservatives,

biocides, % Oépi%gngégaﬁggggﬂg: In step (c) of the method conventional CMP polishing is carried 5
out, i.e. polishing with a soft polishing pad and while supplying a polishing agent suspension which

contains abrasive. The CMP polishing pad used does not contain any abrasive fixed in it. The
polishing apent suspension is:prefeiably alkadinénBythidsstbp,vih eadefocttrore theopadaeef the
semicondugtor W, wafer.are elimingteciand the, surface roughnessds dedyced fereferabhs A typical
CMP polishing pad is used in step (¢). The CMP goli%hin% pags usled are Qfolisﬁﬂng pads with a
porous 15 Mﬁﬂﬁts") have, for example, the shape of columns with &

cylindrical or polygonal cross section or the shape of pyramids

or pyramid frustums.

16 More detailed descriptions of such pelishing pads are
contained, for example, in WO ©2/123680 Al, US 2005/2275920 Al
(:f and in US 6602117 Bl.

In the simplest case, the pclishing agent solution according to
15 step {b) of the method according to the invention ig water,
preferably deionized water (DIW) with the ususl purity for use

in the semiconductor industry.

The polishing agent solution may however alsc contain compounds
20 such as sodium carbonate (NayC0;), potassium carbonate (X,CO3),

sodium hydroxide (NaOH), pctassium hydroxide (KOH), ammonium

nydroxide (NH,0H), tetramethylammonium hydroxide (TMAH) or any

mixtures thereof.
25 The use of potassium carbonate is more particularly preferred.

The proportion of the aforsmentioned compounds in the polishing
agent solution is preferably from 0.01 to 10 wt.%, particularly

preferably from 0.01 to 0.2 wt.5%.

The pH of the polighing agent solution preferably lies in a

range of from 10 to 12.

The polizhing agent solution may furthermore contain one or
35 more other additives, for example surface active additives such

as wetting agents and surfactants, stabilizers acting as



The polishing pad preferably consists of a thermoplastic or thermosetting polymer. A multiplicity of
substances ' may be envisaged for the material, for example polyurethane, 20 polycarbonate,
polyamide,ZBQ)? 39:%%,1@0Iyester etc. The polishin%oad preferably contains solid, microporous
polyurethane. 25 It is also preferable to use polishing pads made of foamed plates or felt or fiber
substances, which are impregnated with polymers. Coated impregnated polishing pads may also be
configured so 30 that there are a different pore distribution and different pore sizes in the substrate
than in the coating. The polishing pad may be substantially flat, or perforated. 2009P00028DE Ki i
Commercialbraeaitable polidhing gadsrare storexanvgle, theiSPMIBE00 #omeiRode| #mel or the pads of
the DCP sgéagg@ﬁgggg@s of the IC1000TM, PolytexTM or SUBATM brands from Rohm & Hass. 5
The proportion of the abrasive substance in the polishing agent suspension according to step (c) of the
method is preferably from 0.25 to 20 wt.%, particularly preferably from 0.25 to 1 wt.%. 10 The size
distributionIof theegbrdsiveqiartitlesis: praférably shapedmdnciibdalhyl L siTheaveragempadrtiéle size is

ﬂ0”15§03QQﬂUnip@ﬁmgkﬁngiﬁgﬂﬁ%ﬂﬂyQOQ&E&Oﬁ%h@@hing pad and while
supplying a pclishing agent suspension which containsg abrasive.
The CMP polishing pad used does not contain any abrasive fixed
in it. The pelishing agent suspension is preferébly alkaline,
By this step, the defects on the surface of the semiconductor

10 wafer are eliminated and the surface roughness is reduced.
(;' Preferably, a typical CMP polishing pad is used in step (c).

The CMP polishing pads used are polishing pads with a porous

I5 matrix.

The polishing pad preferably coneiste of a thermoplastic or
thermogetting polymer. A multipliicity of substances may be
envisaged for the materizl, for example polyursthane,

20 polycarbonate, polyamide, polyacrylate, polvester etc.

The polishing pad preferably contains solid, microporous

polyurethane,

25 It is alsc preferable to use polishing pads made of foamed
plates or felt or fiber substances, which are impregnated with

polymers.
Coated impregnated polishing pads may also be coniigured =o

30 that there are a different pore distribution and different pore
sizeg in the substrate than in the coating.

The polishing pad may be substantially flat, or perforated.

35 In corder to increacse the porosity of the polishing pad, fillers

may be introduced into the polishing pad.



The abrasive substance consists of a material which mechanically removes the substrate material,
preferably one or more of the oxides of the elements aluminum, cerium or silicon. 20 A polishing agent
suspensioﬁ%ﬂ?@ﬁ%éﬁ?ai‘ﬁé colloidally dispersed silicha (silica sol) is particularly preferred. The pH of the
polishing agent suspension preferably lies in a 25 range of from 9 to 11.5, and it is preferably adjusted
by additives such as sodium carbonate (Na2CO3), potassium carbonate (K2003), sodium hydroxide
(NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH4OH), tetramethylammonium
hydroxide (TMAH), or any mixtures of these compounds. 30 The use of potassium carbonate is more
particularly preferred. The polishing agent suspension may furthermore contain one or more other

additives, for example syface active addifives such.35 aswelting ass@%&aqlﬁygaca@stswbiIizers

acting as 2009P00028DE Ki 12 protective colloids, preservatives, biocides, alcohols and

sequestrants.2Rter s Eﬁ?&)%ﬁmhweﬁ%iaﬁ@%?ﬁ 3@60%?%% 61751RE BMcoRuERT Wafer in
order to incréaseagain thefayerthisgkress ofithelBpiiaxiatdayer, @hich Rasbeéntedaced by the two
preceding polishes. The total material removal in steps (b) and (c) of the method :

The proportion of the abragive substance.in the polishing agent

suspension according to step (¢} of the method is preferably

from .25 to 20 wt.%, particularly prefersbly from 0.25 to 1

wh.%.

10
The size distribution of the abrasive particles is preferably

(:; shaped monomodally.

The average particle size is from 5 to 300 nm, particularly

15 preferably from 5 to 50 nm.

The abrasive substance consists of a material which
mechanically removes the substrate material, preferably one or

more of the oxides of the elements aluminum, cerium or silicom.

20
A polishing agent suspension which contains colloidally
dispersed silica (silica sol) is particularly preferred.
Cﬂ The pH of the polishing agent suspension preferably lies in a

25 range of from ¢ to 11.5, and it is preferably adjusted by
additives such as sodium carbonate (Na,C03), potassium carbonate
(KC04) , sodium hydroxide (NaOH), potassium hydroxide ({(KOH},
ammonium hydroxide (NE,OH), tetramethylammonium hydroxide

{TMAH} , or any mixtures of these compounds.
The use of potassium carbonate is more particularly preferred.
The polishing agent suspension may furthermore contain one or

more other additives, for example surface active additives such

35 as wetting agents and surfactants, stabilizers acting as



W is preferably 0.5-2.5 pm, but in any event it is smaller than the thickness of the epitaxial layer
deposited in step (a) so that, before the second coating in step (d), the semiconductor wafer préferably
has an epit#2FI88PRitN a thickness of at least 0.2_pm which is increased again in step (d) of the
15method. This new deposition of an epitaxial Iayer}“ s carried out in step (d) of the method. The _
resulting layer thickness, which is made up of the layer thickness of the epitaxial layer of step 20 (a) -
remaining after polishing and the layer additionally deposited in step (d), is preferably 0.5-5 pm.
Finally, this provides an epitaxially coated semiconductor wafer which has no striations. 25 Between
the first epitaxiakdepasition Bndithe FAR polishing; asd betweendee CNMPqstishingadd the second
epitaxial d%peo%téos%r%q_ﬁygmional cleaning steps are preferably carried out which rid the surface of the
semiconductor wafer of any 30 particles. The cleaning steps are preferably of the hydrophilic type, so
as to provide a semiconductor wafer having a hydrophilic surface. This corresponds to cleaning steps
which are editentionasinsthepsefaicponductandndusity: 22009P0CA2BD E KidSoblee present invention

thus claims, a Iwonart spiaxy sten,2k least wg plishing steps being carried %@%ﬂf@? the two

coating operations. 5 What is essential for success of the method is the use of a polishing method with
a polishing et TONPAins Hbr&EIVE Fred in HFERP p8FSiitl - ih e §B1e LR iRstell réffoval is to
be observed«n corvendional EMR akkieh leads to different polishing removal rates in regions with
different dopant M concentrations and in practice exposes the striations which subsequently lead to

inferior nanatopography during the
' Thept%téayﬁate ial removal in steps (k) and (¢} of the method

10 is preferably 0.5-2.5 ugm, but in any event it is smaller than
_ the thicknesgss of the epitaxial layer deposited in step (a) so
(:. that, before the second coating in step (d), the semiconductor
wafer preferably has an epitaxial layer with a thickness cf at

least 0.2 pm which is increased again in step {d) of the

15 methed.

Thig new deposition of an epitaxial layer is carried cut in
"step (d) of the method. The resulting layer thickness, which is
made up of the layer thickness of the epitaxial layer of step
20 (a) remaining after polishing and the layer additionally

deposited in step (d), is preferably 0.5-5 um,

Finally, this provides an epitaxially coated semiconductor
(ux wafer which has no striations,

25
Between the first epitaxial deposition and the FAP polishing,
and between the CMP polishing and the second epitaxial
deposition, conventional cleaning steps are preferably carried
out which rid the surface of the semiconductor wafer of any

30 particles. The cleaning steps are preferably of the hydrophilic
type, 0 as to provide a semiconducteor wafer having a
hydrophilic surface. This corresponds to cleaning steps which

are conventional in the semiconductor industry.



epitaxial coating, this is avoided by using FAP technology. This is surprising, and thus was not
predictable. M This leads to clear advantages over conventional methods: a)improvement of the local
geometry AREPERRUE N {he nanotopography, particylarly in the short spatial wavelength range (THA 2)
for epitaxially coated semiconductor wafers 20 b) optimization of the nanotopography, particularly in
the short wavelength range (THA 2), irrespective of the type of crucible pulling process (slow, fast,
very fast or different dopant concentrations) 25 c) production of epitaxially coated semiconductor
wafers with particular profiles of the dopant variations, but which do not appear as "striations" on the -
surface 30THprouuetiontofMeygspécial epitaxialy toated SerpicontticRr Wafshs Ba¥Rg special intrinsic

properties yith-comparabla and aplimized planarity pasametarsdnangtopegsaphy=2008P00028DE Ki
14 Example The tests were carried out on a polishing machine of the nnHance 6EG" type from

Strasbaugh @t i pEfEg Machine from Strasbaugh Inc. has a polishing plate with a polishing pad -
and a polishing head, which processes a semiconductor wafer fully automatically. The polishing head

is universajiy mounted and-eamprises- adixedhasepatenuhieb is savered-with ashasking pad”, and a

mobile retainer ring. Air cushions, on.which the semiconductor, wafer f ri polishing, can be
set up throﬁﬁﬁi h%ﬁ%g‘% t‘ﬂ%églé}s% Hr’ér%é_l i two Itlzérslcgéﬁi ic arﬁs%?r%?zo%%%?%%%ngrg r%%%s,gg%e zone and
an outer présserd Zond ThE AR R rEMIABEYng ¥ah e HRS8TEIEE YFREERS bf S5 Bressed

bladder soas toprestress die-palishingpadapon-eentackwjththe semieadductor dafér and keep it
flat. A plurality of epitaxially cpated siicon walets, eachwith 2020 eaitaxialjgyge thickness of about
2.75 pm, wete processed. .. ..
10 concentrations and in practice exposes the striations wnich
subsequently lead to inferior nanotopography during the
(j, epitaxial coating, this is avoided by using FAP technology.

This is surprising, and thus was not predictable.
15 This leads to clear advantages over conventional methods:

aj improvement of the local geometry and above all the
nanotopography, particularly in the short spatial wavelength
range (THA 2) for epitaxially coated semiconductor wafers
20
b) . optimization of the nanotopography, particularly in the
short wavelength range (THA 2), irrespective of the type of
) crucible pulling process {slow, fast, very fast or different
(Pf dopant cohcentrations}
25
o) production of epitaxially coated semiconductor wafers with
particular profiles of the dopant variations, but which do not

appear as "striationsg" on the surface

30 4) production of very special epitaxially ccated
semiconductor wafers having special intrinsic properties with

comparable and optimized planarity parameters {(nanotopography)



All these wafers with a diameter of 300 mm had "striations" on their surface. 25 With the aid of
sampling, three wafers with representative polishing settings were observed and evaluated. The range
for the poliSRRGEEREVAl Varied in an interval of from about 0.9 ym to about 2.05 pm, which means that
there was 30 a residual epi layer thickness of at leadf 0.7 ym for each setting observed. As the FA
polishing pad, a polishing pad with frustopyramidal cerium oxide microreplicates and a particle size of
0.5 Am was 35 used. More detailed descriptions of such polishing pads may be found, for example, in
US 6602117E1. 2009P00028DE Ki 15 After the first FA polishing step, two further polishing steps
were carriegkeionsthe same FA polishing pad using silica sol (Glanzox 3900; 1 wt.%) in order to
smooth the surface. 5 Glanzox 3900 is the product name of the polishing agent suspension which is
provided as a concentrate by Fujimi Incorporated, japan. The undiluted solution has a pH of 10.5 and

contains abigtft F-REHE oM ESIRIGAFS1ES WAt aP Bverafe- MEpafie &z g tront 3618 40 nm. After
these two additienral FAR polishes fhile Stpphdbgadpolishing agent suspension, the wafers were
already free of striations.: '
The polishing machine from Strasbaugh Inc. has a polishing
plate with a polishing pad and a polishing head, which
processes a senmilconductor wafer fully automatically. The
polishing head is universgally mounted and comprises a fixed
10 baseplate which is covered with a "backing pad", and a mcbile
retainer ring. Alr cushions, on which the semiconductor wafer
(: floats during the polishing, can be set up through holes in the
base plate in two concentric pressure zones: an inner presgsure
zone and an outer pressure zone. The mobile retainer ring can
15  be pressurized by means of a compressed bladder so as Lo
pregtress the polishing pad upon centact with the semiconductor

wafer, and keep it flat.

A plurality of epitaxially cocated siliceon wafers, each with an

200 epitaxial layer thickness of about 2.75 um, were processed.

All these wafers with a diameter of 300 mm had "striations®" on

their surface.

25 With the aid of sampling, thres wafers with representative

polishing settings were observed and evaluated.

The range for the polishing removal varied in an intexrval of
from about 0.9 um to abcut 2.05 um, which means that there was
3¢ =2 residual epi layer thickness of at least 0.7 pm for each

setting observed.

As the FA polishing pad, a pelishing pad with frustopyramidal
cerium oxide microreplicates and a particle size of 0.5 um was

35 used. More detailed descriptions of such polishing pads may be
found, for example, in US 6602117Bl.



A subsequent CMP step to achieve a defect free surface was used to remove existing defects (LLS,
microscratches) and énsure defect free silicon growth. 20 For the two smoothing polishing steps using
silica sol (C@f}frﬁ’ 89(0§%’é;[i‘\/\/t.%), the following settiqgs were employed: Smoothing step 1: 25duration
= 240 sec silica sol volume flow rate = 350 ml min head plate rotation speed ratio = 23 rpm : 43 rpm 30
retainer ring application pressure (floating retainer ring) = 2 psi  pressure in pressure zones of the
carrier = 2 psi in the 35 inner pressure zone 2 psi in the outer pressure zone (for the two concentric
pressure zones, inner & outer) 2009P00028DE Ki 16 polishing pressure = 4 psi Smoothing step 2:
duration = 60 sec

10

C.
15
20

C
25
30

(4]
[¥N

After the first FA polishing step, two further polishing steps
were carried out on the same FA polishing pad using =silica gol

(Glanzox 2900; 1 wt.%) in order to smooth the surface.

Glanzox 3500 is the product name of the pcelishing agent
suspension which is provided as a concentrate by Fujimi
Incorporated, Japan. The undiluted solution has a pH of 10.8
and contains about % wt.% of colloidal 810, with an average

particle size of from 3C to 40 nm.

After these two additional FAP polishes while supplving a
polishing agent suspension, the wafers were already free of
striations.

A subsequent CMP step to achieve a defect free surface was used
to remove existing defects (LIS, microscratches) and ensure

defect free silicon growth,.

For the twe smocthing polisihing steps using silica sol (Glanzox

3800; 1 wt.%}, the following settings were emplioyed:
Smoothing step 1:

- duration = 240 sec

- silica sol volume flow rate = 3250 ml min

- head plate rotation speed ratio = 23 rpm : 43 rpm

- retainer ring application pressure (floating retainer

ring) = 2 psi

- pressure in pressure zones of the carrier = 2 psi in the
inner pressure zone 2 psi in the ocuter pressure zone

(for the two concentric pressure zones, inner & outer)



silica sol volume flow rate = 350 ml min head plate rotation speed ratio = 23 rpm : 24 rpm retainer
ring application pressure (floating retainer ring) = 2 psi pressure in pressure zones of the carrier =
2 psiin thezﬂQﬁg&ﬂr?ég% fzone 2 psi in the outer pressure zone polishing pressu e = 0.5 psi 20 In-the
FAP polishing according to step (b) of the method, t‘ne following settings were selected for the three
successful wafers:  As the polishing agent solution, 0.2 wt.% K2CO3 solution was 25 used in each
case. Example A duration = 485 sec 30 volume flow rate of K2CO3 solution (0.2 wt.%) = 1500 ml min
head plate rotation speed ratio = 23 rpm : 43 rpm 35 -retainer ring application pressure (floating
retainer ring) = 2 psi 2009P00028DE IC

- polishing pressure = 4 psi

Smocthing step 2:

Lh

- duration = 60 sec

- silica zol wvolume flow rabe = 350 ml wmin

0 - head plate rotation speed ratio = 23 rpm : 24 rpm
(; - retainer ring application pressure (£loating retainer
ring) = 2 pei
15 - pressure in pressure zones of the carrier = 2 psi in the

inner pressure zone 2 psi in the outer pressure zons
- polishing pressure = 0.5 psi

20 In the FAP polishing according to step {b) of the method, the
following settings were selected for the three successtul

wafers:

(w, As the polishing agent solution, 0.2 wt.% Ky;CO:; solution was

25 used in each case.
Example A

- duration = 485 sgec

36
- volume flow rate of K;C00; soluticon (0.2 wt.%) = 1500 ml min
- head plate rotation speed ratio = 23 rpm : 43 rpm

35 - retainer ring application pressure (floating retainer

ring) = 2 pgi



17 pressure in pressure zones of the carrier = 2 ps in the inner pressure zone 2 psi in the outer
pressure zone 5polishing pressure = 4 psi Example B: duration = 242 sec 10 volume flow rate of
1(2003 solatitH ¥8028NES = 1500 ml min head plate rotation speed ratio.= 23 rpm : 43 rpm -retainer
ring application pressure (floating retainer ring) = 2 pSi pressure in pressure zones of the carrier =
2 psi in the inner pressure zone 2 psi in the outer pressure zone 20 polishing pressure . 4 psi Example
C: 25duration = 120 sec volume flow rate of 1(2003 solution (0.2 wt.%) = 1500 ml min head plate
rotation speed ratio = 23 rpm : 43 rpm

- pressure in pressure zones of the carrier = 2 pgi in the

inner pregsure zcne 2 psl in the couter pressurs zone
5 - polishing pressure = 4 pail
Example B:

- curation = 242 sgec

de

- volume flow rate of XK.C0; solution (0.2 wt.%) = 1500 ml min

- head plate rotation speed ratio = 23 rpm : 43 rpm

15 - retainer ring application pressure (flocating retainer
ring) = 2 psi
-~ pressure in pressure zones of the carrier = 2 psi in the

inner pressure zone 2 psi in the outer pressure zone

28
- polishing pressure = 4 psi
(: Example C:
| 5 - duration = 120 sec
- volume flow rate of K,C0; solution (0.2 wt.%) = 1500 ml min

- head plate rotation speed ratioc = 23 rpm : 43 rpm

- retainer ring application pressure (floating retainer

ring) = 2 psi

- pressure in pressure zones of the carrier = 2 psi in the

35 inner pressure zons 2 psi in the outer pressure zone



30 retainer ring application pressure (floating retainer ring) = 2 psi pressure in pressure zones of the
carrier = 2 psi in the 35 inner pressure zone 2 psi in the outer pressure zoneé 2009P00028DE Ki 18
polishing preSXteIZ8BndtiAfter the polishes, epitaxial layers were again deposited. The layer
thicknesses lay in the range of from 2.5 to 2.75 m. At three wafers no longer had striations after
second epitaxial coating in step (d). PATENT CLAIMS 1.A method for producing an epitaxially coated
semiconductor wafer, comprising the following steps in the order specified: (a) depositing an epitaxial
layer on one side _

- poelishing pressure = 4 psi

After the polishes, epitaxial layers were again deposited. The

laver thicknesses lay in the range of from 2.5 to 2.75 um,

All three wafers no longer had striations after second

epitaxial coating in step (d).



of a semiconductor wafer; (b) epitaxially coated sida®f the using a polishing pad with fixed a polishing
solution which is 10polishing of the epitaxially first polishing of the semiconductor wafer by abrasive
while supplying free of solids; (c) CMP coated side of the semiconductor wafer by using a soft
polishing pad which contains no fixed abrasive, while supplying a polishing agent suspension; (d)
depositing another epitaxial layer on the previously epitaxially coated and polished side of 15the
semiconductor wafer. 2.The method as claimed in claim 1, wherein the thickness of the layer
deposite PRTEYF (&FAT¥E-4 m. 20 3.The method as claim ed in claim 1 or 2, wherein the polishing
pad used in step (b) contains fixed abrasive comprising particles of oxides of the elements cerium,
aluminum, silicon and Z|rcon|um or Barélcles selected from the g{?up of h%rd substances cor%3|st|ng of -

silicon 1. A method for producing an epitaxid semicoidu
wafer, comprising the following steps in the order
3 specified: (a) depositing an epitaxial layer on one side
of a semiconductor wafer; (b} first pclishing of the

epitaxially coated side of the semiconductor wafer by
using a polishing pad w1th fixed abrasive while supplying
a polishing solution which is free of solids;(c) CMP
10 polishing o©f the epitaxially coated side of the
semiconductor wafer by using a soft polishing pad which
contains no fixed abrasive, while supplying a polishing
agent suspension; (d) depositing another epitaxial layer
on the previously epitaxially coated and polished side of

15 the semiconductor wafer.

2. The method as claimed in claim 1, wherein the thickness of

the layer deposited in step (a) is 0.5-4 pm.

200 3. The method as claimed in c¢laim 1 oxr 2, wherein the
polishing pad used in step (b) contains fixed abrasive
comprising particles of oxides of the elements cerium,
aluminum, silicon and zirconium or particles selected from
the group of hard substances consisting of silicon

25 carbide, boron nitride and diamond.

4. The method as claimed in claim 1 or 2, wherein the
polishing agent solution wused in stép (b) containsg

compounds such as sodium carbonate {Na,C0s), potassium -

30 carbonate {K,CO;), sodium hydroxide (NaOH), potassium
hydroxide {KOH) , ammonium hydrexide (NH,4OH) and
tetramethylammonium hydroxide (TMAH) or any mixtures
thereof.

35 5. The method as claimed in claim 1 or 2, wherein the pH of

the polishing agent solution is from 10 to 12.



25carbide, boron nitride and diamond. 4The methodzas claimed in claim 1 or 2, wherein the

polishing agent solution used in step (b) contains compounds such as sodium carbonate (Na2003),
potassium - 30carbonate (1(2003), sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium hydroxide (NH40OH) and tetramethylammonium hydroxide (TMAH) or any mixtures thereof.
20 6. The method as claimed in claim 1 or 2, wherein the polishing agent suspension according to step
(c) contains abrasive substances comprising one or more of the oxides of the elements, aluminum,
cerium or &iliconTs . Thetrethod&s clahaedsdlclalif 6, Sweerain the palishing agestsisperision

contains silicon %a@(i% éﬂ%?a gglicidally dispersed siliga sgh-¥V 8sThegnethed agjaimeddn claim 1 or
2, wherein the total material removal in steps (b) and (¢) is 0.5-2.5 Am and the semiconductor wafer
has an epitaxial RYERFIES AtRAEEDER S 162 AnT BefoREthE Se dtrcoafind St td= 35
9.The method assdlaimhed #lelarsnisgr 2 Wwinerainrihe semiconductariwdteshas a thickness of 0.5-5
Am after the second epitaxial coating according to step (d). 20 10. The method as claimed in claim 1

or 2, wherein the semiconductor wafer is a silicon wafer with a diameter of 300 mm or more.
7. The method as claimed in claim 6, wherein the polishing

agent suspension contains silicon oxide and 1is a

colloidally dispersed silica sol.

0 8. The methed as claimed in claim 1 or 2, wherein the total
' material removal in steps (b) and (c¢) is 0.5-2.5 um and
the semiconductor wafer has an epitaxial layer with a
thickness of at least 0.2 um before the second ceoating in

step (d}.

)

g. The method as c¢laimed in c¢laim 1 or 2, wherein the
semiconductor wafer has a thickness of 0.5-5 um after the

second epitaxial cecating according to step {(d).

20 10. 'The method as claimed in c¢laim 1 or 2, wherein the
gemiconductor wafer i1s a silicon wafer with a diametsr of

300 mm or more.



