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2009P00028DE Ki Met hod for Producing an Epitaxially
pmi conduct or Wafer The invention relates to a
20@@@h§gDE ! producing an epitaxially coated sem conductor
wafer. 5 One extrenely inportant paraneter of a
sem conductor wafer, on which ever-increasing demands
are being placed (cf. ITRS "International Technol ogy
Roadmap for Sem conductors”), is its nanotopography. The
nanot opogr aphy is conventlonall{ expressed 10 as a hei ght
Moshedt 85 PyofucipgaRn: EpispKraplly Sagéa%ﬁ%ﬁmuctor Wafer
measur enent wi ndows with an area of 2 nmx 2 nmm In order
to study nanot opography, the Nanomapper(r) i nstrumnment
Ther emvEDAiDEnzel aitesf o exaepheds fiorapireduriing an epitaxially

co g%gr Eg@%%%ﬁct%r %%f%&Jtable for neasuring the
? rap

the range of from-20 nmto +20nmon the
front3|de of the sen1conductor waf er . EUrlng t he
neas

nduct
Ongmee{ r]elrm%é VA 1][nglor n&e%a(r%zﬁ %krm%.Fﬁéa rsées %%‘%ch%%ra wafer, on
whijeak etvervdniceya siFy) deaiamﬁs arr@ foielitreyr @ﬂa(c@aijs(s:mn ITRS

R AR A Ay, i v

nafik opobitabeyne Chet aapRlopiorradtyey s d:@ﬁvﬁdtcmﬁdalllry teb@ressed
THA_ ("threshol d helght anaIyS|ig) anal Y‘é for t ai
u

ass @ hSEFN s VARdATd TMEY tlFe "PeS '|§@§? rﬁﬂl%ﬂuare

me@aheehated Wi hawsh e 1dis tr *élﬂéao%fOf.?_ il &t e offV, val ues 25
as a so called THA value. Often, this THA value is al so

referred to as THA 2 in order to nmake it clear that
Inﬁggg%rgg%]%%Hﬁfmdﬁﬁﬁﬁéﬁgéﬁéﬁﬁy$ AR RlarfimappdP® hawa MeRtht
from KLA Tencor is for example suitable. This interferometer is
suitable 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}) values are filtered (Gaussian highpass filter) and
analyzed on circles with a diameter of 2 mm (alsc 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 sigma PV value is
finally calculated from the distribution of all the PV values

as a so called THA value.

Often, this THA wvalue is also referred to as THA 2 in order to
make it clear that small analysis windows with a diameter of 2

mm have been used.

For electronics, microelectronics and microelectromechanics,
semiconductor wafers with extreme requirements for global and
local planarity, one side referenced local planarity
(nanotopography), roughness and purity are required as starting
materials (substrates). Semiconductor wafers are wafers of

semiconductor materials, in particular compound semiconductors
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For el ectronics, mcroelectronics and
croelectronechanlcs sem conduct or wafers with extrene
ZOW%HWPﬁ Felit s for gIobaI and |ocal planarity, one side
referenced | ocal planarity (n%\notopography), roughness
and purity are required as starting 35 materials
(substrates). Sem conductor wafers are wafers of
sem conductor materials, in particular conpound
sem conduct ors 2009P00028DE Ki 2 such as gallium
sugis ewi ge ldridmensen iglee mant ARy rdeniedemiudtaons seuctprductors
Lli_co ongt r dif |
st LSS s T S AR o (e priox
araf, mcm@umm a;aefendwiaxle qarodyereet gl ya bm]du@]dmuwce)f

the 5 .fol I d ||
SRR T od Cery e SRRy, B) TSy THS 1o
fdhﬂuwuﬂgﬂgﬁdmyﬁ mafers c) nmechani cal proceSS|ng 10 d)
h I h I
](c:) egﬁgﬁaﬁgh%;es& n S)&'ﬁl rHeg;a?&m c i ca prqeﬁe(c,c Si nsgdal

gr&ftshal growth is carried out by pulling and rotating a
15 preorlented nonocrystal ljne seed froma silicon nelt,

b)t he cy§ting td¢ Eod icde irgiskidve lnsafeF sior by

o)l eChgehahliiczat iz nghapor - deposi ted pol ycrystal line
crystal along a nelt zone, generated by neans of an

d)j ndg&erdgadoibroamEisdmdis sl owy noved axially through
thec%xa*c%h, rﬂec@rarﬁ%atlh%r%e“s@ﬂr%d FZ 20 ("floating

zone") nethod. IS known in the prior art of CZ crystal
)pu|ppﬁgcmﬁéﬂya productlon of layer structures.

The crystal growth is carried out by pulling and rotating a
preoriented monocrystalline seed from a silicon melt, the so-
called CZ ("Czochralski") method, or by recrystallization of a
vapor-deposited polycrystalline 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

("floating zone") method.

It is known in the prior art of CZ crystal pulling that a
growth interface shape characteristic of the respective process
parameters is formed in a complex interaction of melt
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
the material deposition on the phase interface lead to a
spatially varying concentration of the dopant deposited in the

growing semiconductor single crystal.

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

concentration variations are substantially radially
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C growth interface shape characteristic of the respective
r ocess araneters is forned in a conplex interaction of

20&EPWD§§EC hvection or diffusion, dopant segregation at

the growth interface and therhml conduction and

radi ation of the nelt and the rod. The conplex nmateri al

transport phenonena in the nelt and during 30 the

mat eri al deposition on the phase interface lead to a

spatially varying concentration of the dopant deposited
symmet-hre cagr.ofihag senitcomduct @morsiandlrd acmyigigd .of0OMany 1y dopant

h N I f [ )] .
R o TR S o

seadroekiucaibiro s iveylieatdryrs adr.e substantially radially
2009P00028DE Ki 3 symmetrical. That is to say,
concentric rings of varying dopant concentration are
Thie@leNeld paln®n ¢ drite riraEtEloTy vaxl is tofodheres efliconthidred to as
. single crystal. 5 These dopant concentration variations
S&Fé%§P§8 eferred to as "striations". They can be
reveal ed by neasuring the |ocal surface conductivity or

structurally as nonplanarity after treatment 10 with a
Theet 680 &EcK eVEAliSty rhdesa ddi fdorl 4 1 éff ate it

coni@tiiRdity d4alst SR GANAYL LY WalAImd188ds 410 e reatment
surface layers of the resulting sem conductor wafers

wighoge dediesdr Hcdl inity is 15 damaged. These damaged
| ayers are subsequently renmoved by chem cal and chem ca
mechani cal processing. The material renoval rate in

Saghicow ¢cdle semdyeridsataredrahitea|separate it into individual

gemiconductor wafers leads to near surface layers of the
resulting semiconductor wafers whose monocrystallinity is
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
the local 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 modulation of
the surface after chemical or chemical mechanical processing is

also referred to as "striation".

Semiconductor wafers suitable as a substrate for particularly
demanding applications in electronics, microelectronics or
microelectromechanics must have a particularly high degree of
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 multilayer components, which are subsequently
structured photolithographically on it. If the starting
planarity is insufficient, then breakthroughs of the applied

insulation layers will occur later during the various processes
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processing of the surface of a sem conductor wafer

depends on 20 the | ocal chem cal or electronic
ZO%W@ggﬁpﬁeglof t he sem conductor surface. Annul ar

nonpl anarities are formed in the surface of the silicon

waf er, according to the dopant C concentration

variations. This concentric hei ght nodul ation of the

surface after chem cal or chem cal mechani cal processing

is 25 also referred to as "striation". Sem conduct or
of\A@‘l@mremitr@)Itéieaerwisuwsxalatveiﬁimg perariesyl arggding to short

cﬂ%m?&%' 13, 'r%aftcﬂ Sfa{ﬂlﬁlee%f{]%ec%o rtléé%[ ﬁ};i/@%:@gﬁoduced.

m croe romechani ¢cs nust have a p
degree of 30 pl anarity and honobgeneity of their surface.

PO \ihis MEaaeh s Sqe AR el end SRS £ E possible
hawmﬂsmahhﬂandrynng vl werlesmaith dqgnnﬁﬂcdnddnﬂfgﬁﬂon variations

compone nts, are subseque str ctur
s RALER1aG dgh i 157 SHF 4L 1T AL TS PR 12y
par% il livCisAdw  guiean iy e akid g Qfs td}eatappi i £l necessary
insul ation | ayers, will ocea{ Iate ur| fﬁﬁpe varlo
£ MEedsdd S0

prdtdisdedialn ey, mﬁlqsabdﬁ&mgﬁgadcp Lﬁ{g&dnor@iéé:yl ts and
therefore failure of the conponents thus produced. For

this reason, seni conductor wafers which as far as

S&ﬁ%rﬁ&t@ﬁ%%lAr@r&d&p%fwl%@g}ft}g%rgplt axial

concentration variations are preferred in th rior art.
lamrs calf bevigdhideviey sy FrovBaran cul Ao SIGE 4melgfomhew1th

La3QR | Ifé%%ﬁ'érﬂéh Qﬁ?a@ﬁ W AR U Db iductor wafers are

partlcula I nterface. Such ~ processes,

supsesirent layr @ppalbmd oBGnERifevoidnit atoatigd semiconductor

wafers have certain advantages over semiconductor wafers made
of homogeneous material, for example the prevention of charge
reversal in bipolar CMOS circuits due to short circuit of the
component ("latch up" problem), low defect densities (for
example a reduced number of COPs ("crystal originated
particles")) and the absence 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 observed in epitaxially
coated semiconductor wafers. These also lead to a comparatively

poor nanotopography (THA 2 wvalue, cf. above).

It was an object of the invention 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).

The invention therefore starts 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.
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C Sem conductor wafers are often provided with an

i tal .layer, i.e. with a |ayer grown on in
20%@1‘?@%@(5! line formwith the_sane crystal orientation,
on which seni conductor wafers are subsequent |y appli ed.
Such epitaxially coated sem conductor 15 wafers have
certain advant ages over sem conductor wafers nmade of
honogeneous material, for exanple the prevention of
charge reversal in bipolar CMOS circuits due to short
circuit of the conponent ("latch up" problen), |ow

fect 1l 14 .8S: r :ﬂﬁgpﬁé
T%ﬁ&sﬁ%ﬂ%ﬂ%ﬁa‘%@%{ Zbdegég:%%f%%"ﬁygﬁ‘got e a s%&céigrg a}élally
caEitgd fdemmimonsiyafar confiemnt conpr isiag L£he¢ skobfowhegtsteps in
[ rGuy Q- .0xygen, preci pit.at u I.Nn
] e MR o PR R ST ke S B MR Bon one
sitdee urd areniarandicobeeiard (I epi t=ixi @bl ish iy coht elde
sem_conduct or. wafers, These al so | ead.t conparativel
epplgco"’l lnagnéf ocpoo T hsyl Czel'l-%e * et%/%l et %?r}d%cgtoos%)‘?g%r\;\a%% g%i’ng a
padhjsacitngpfpadheri ity et ted dlorsesiorel wiiliatduypsl wing a polishing
pi.t.axi ally .coated seni conduct or f and. to, i nprov
SR R B S T TR (Faviy KL 1OREha et 1 Fie
epdﬂtfafl@\éa%rﬂ}ag_ﬁfaﬁd $1ke o ﬁfh@;éadﬁdﬁdu@ﬂ@&ﬁ@f@ﬁ@lbylusing a
ing). The inyention therefore starts_with a, single,
s tyé%%l%}}% P%aﬂ?mmgcq%twas F9 Sr%Ed SRR or Githe
f tritp Sigkl Bsh3py dysial swssbis osessed) faspbel c hayi ffoth
St%%r%?yﬂpﬁecalﬁtgkri a%?%nsgl desséri bed above, 2009P00028 Ki =
epyl tapH@ lopljastar i dellf ARV Bl et g f ot L b ot ey amd

pERidrad alilde Soalpd Sem COnducdoF yader, conprising the
following steps in the order specified: (a) depositing

an epitaxial |ayer on one
The semiconductor wafer is preferably a monocrystalline silicon

wafer.

The semiconductor wafer preferably has a diameter of 300 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 (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 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.
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5 side of a sem conductor wafer; (b) first polishing of

taxially coated side of the sem conductor wafer
2“%9&EQEﬁE‘§ pol i shi ng pad MAtQ fixed abrasive while

supplying a polishing solution which is free of solids;

(c) CWP polishing of the epitaxially coated side of the

sem conduct or wafer by using a 10 soft polishing pad

whi ch contains no fixed abrasive, while G supplying a

pol i shi ng agent suspension; (d) depositing another

epitaxial layer on the previously epitaxially coated and
unP@hi shedssi-de %Elkla%l%qnu@g%m% waf @teplIalN®f the method,

sem conduct or I's preferably a nonocrystalline
a sphiveshionaflefabTAcasapinc prdgeser iRatarrpedf dbl y has a

di aneter of 300 nmor nore. 20 The di aneter of the

sem conductor wafer is preferably 450 nm G Preferably,
Inspbkténuﬂsrdephsimeﬁheﬂiﬁaxﬁaﬁbpe@deat wénddrey stygld iafe crystal

con fer both.in.ste t [

pulafeoatl Bn BRr e drerabeRitar ol Fhgkhler Bidds®y 1o
carayed. olt QSichawewefslaMQQ préflethed stepsepogiitl the first

het eroepi.t axi al . | ayers on .
ePRF R APLDAS POBRFR OB a6, FRRT IR S heBSEera g 2§19 &Fior
arvaf eypicBilehetably steplsi compedkkl datitd ndepasidred fawma the

Llicon fer 35 _Preferabl aII|un1n|tr|de or .a ther

puf Sl

LEA/SIBHIL o RANSER i £998epE 39 RPE TSNS R
1apB@0B00828RENK o8 cleaning, polishing (for example DSP and

CMP) .

A reduced epitaxial layer is preferably deposited in step (a)
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 um).

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

In order to protect the semiconductor wafer from exposure to
particles, it is preferably subjected to hydrophilic cleaning
before the epitaxial coating. This hydrophilic c¢leaning
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 removed during pretreatment of the
semiconductor wafer in an epitaxy reactor, conventionally in a

hydrogen atmosphere (also referred to as an "H; bake")

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

wafer with an etchant. Conventionally, gaseous hydrogen
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Until the first epitaxial deposition in step (a) of the

. conventional fabrication process is carried
Zogﬁﬁ&ﬁgbﬁnﬁbarticular, t he neth?d i s independent of the

type of crystal pulling, and [ n particular independent

of whether pulling is carried out quickly or slowy. Al

the steps until the first epitaxial deposition are

carried out according to the prior art. Typical nethod

steps conprise cutting wafers fromthe 10 pulled single
chdoyadsl | (HSdde ifomffichg ot tsiantgrarkliaffest te the hydrogen

Idyyﬂ tuGiH{N wl eani ng, polishing (for exanple DSP
altand H(EEQNS)?( %\mrle utcégehdqe'pi taxial layer is preferably

deposited in step (a) 15 of the nethod, i.e. a |ayer

1 1) Glness el o SHTRINAY £ Phatibe 1
1*%%5%3@&#& 5§é%lt I'ckn€éss 0 E%%ﬁ%:htigﬁg%‘éﬁft%éy pto v
resapvesTie tapidensissl dfadre. deposited | ayer is preferably

0.5-4 m 20 particularly preferably 1.5-3.0 m In order
to protect the sem conductor wafer from exposure to

Impattd cdaess dft ds genafarlabl gpasiije et idd dan walfepd) [tc this end
cl eani n C .hefore th %Pitaxialtgg?tjn .. This, or b
O GPoBITHS & A M 2 et AR (it VIS 38 e Phat SRGTOT bY
me&(éa)ﬂt?je)f ??%%dmn&@,n%@ﬁraw%&fy v e rod dslu@ﬁgrté:thdldlower

about 0. 5- m depending on the. type of cleanin n
he R Lot A AT G5 BAi &tf diTony  and
sUbRidiRaitBNte:gfoddie 20 Sefis anduaid WLl Thq@nepd texyrce

reactor, conventionally in a hydrogen atnosphere (al so
IxefEted gk agnll'll-@fbai%?éﬂaoqrfa/ KEE LR &b, Cafeler gas (for

exdfRc ey RS dde ddantsideadiddeyasent Senekshor e
wafer is conventionally reduced, and polishing 35 defects
difierarénoved fromthe surface by pretreating the silicon

The epitaxial layer is conventionally deposited by the CVD
method ("chemical vapor deposition") by silanes being supplied
as a source gas, for example trichlorosilane (SiHCl,, TCS}, to
the surface of the silicon wafer, decomposed there at
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
boron, phosphorus, 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
carbide (8iC) 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
protect the backside of the silicon wafer, on which a layer is

not generally deposited, from the source gas.
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wafer with an etchant. Conventionally, gaseous hydrogen
2009P00028DE Ki 7 <chloride (HCL) is used as the etchant
2009K80028BEKk 0 t he hydrogen atnopsphere ("HCJ etch"). The
sem conductor wafer pretreatedin this way subsequently
5 receives an epitaxial layer. In the case of epitaxially
coating silicon wafers, to this end one or nore silicon
wafers are heated in the epitaxy reactor by neans of
heat sources, preferably by nmeans of upper and |lower 10
heat sources, for exanple |anps or banks of |anps, and

Ac%%br%%g%eg%'g%h%x 9524 g2 @€ PSS GO Setljsn%f)ftl?e, epitaxy

sourc as containing'a silicon conmpound (silanes
reaatpirer agas cohdri guseainiloe kyddy egemorand idptdconatdfierss. For
.dopi ng for. . exanpl e dj.borane). 15 The epi,t.axi al
=3 AR BB, Ao B SHOTT R by e (&0 L fiy S0l Eo
150" aem dal ivapenvéepdsirdlons) e Silngies wadiarg sapdded since
as a source gas, for exanple tri.chlarasilane (SiHC13,.
hige) 210 KIOHE St S L S SHIEAO ATl TG bGORbFY - The
urtifertmialy 3¢ terpPaagled ehitkrids@nGRD Heo alZRE N, various

el enentary silicon and volatile 3¥Products, and form ng

MeRFUEGISY aXioR) IByegidin B Maddit Y 18y dSo §ath e 19 1T Suaf er .
(hgd%ge%ﬂ' tz@sgal Hyaelc b e itdeperd Lf wielierad Ll dhlet

oped with 5 boron, phosphorus, arsenic or antinmony by
devdars dAnggatamse . FopiNGrgases thien daRps ieTadhAIbeher
moBFAUGk! QR <t RE 3 gueiadlcdd vity. A susceptor, which

consi sts for exanple of graphite, silicon
In step (b) of the method, polishing is carried out by means of
a polishing pad with abrasive fixed in it, a polishing agent
solution being supplied which is free of solids. Thus, unlike
in DSP or CMP, in no case is a polishing agent suspension used
which contains abrasive (for example colleoidally dispersed

silica sol), but instead a preferably alkaline solution without

abrasive substances.

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 removed.

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.

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

the elements cerium, aluminum, silicon oY zirconium and
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30 carbide (SiC) or quartz and is contained in the
0S| chanber of the epitaxy reactor, is used as a

2m§§ﬁ%@ ﬁﬂ@r the silicon wafer during the pretreatnent

steps and during the epitaxiﬁ coating. The silicon

waf er conventionally rests in pockets of the susceptor

so as to ensure uniformheating and to 35 protect the

backsi de of the silicon wafer, on which a |ayer is not

general |y deposited, fromthe source 2009P00028DE Ki
pagtiggesr afnhard ﬁﬁ@sﬁﬁm@ﬁsaﬁPChtﬁé §ﬂ3é§§§ SRaislss dioron

nlEQngpbhax ialagtors are configured for one or nore
silTrcon wafers. For silicon wafers with |arger dianeters

(greater than or equal to 5 150 mm, it is conventlona

Pa%glgﬁ§a§ﬁ %1W§£§r BRI ERL %ﬁsp%%%.péﬂ%iﬁ é%ﬂ@”%#ﬂ%graphy

REVEE( Ia er orm orm
1mphetbdyby tbpdkne$sdcmnchesadpu$Me&sbyT%aﬁeouscnﬂaxﬂmuﬁnres

(v exanmple by .nodi th as rom;rate h
?8%}5 Z HSOrégFaFF%Epgﬁd g&%ugplﬁg §ds mlé‘l(r1 eV|ces
cyauhﬁe&baﬂSbr bylovhangilngroke depadion or mhmﬂaﬂapm'of pyramids
|flcgt|ons on the susceptor. In step (b) of the

OrnBVﬁBEl pGFHSHYAS i s carried out by means of a polishing

pad with abrasive fixed in it, a polishing agent 15
sol uti on bebgg suppli,ed which is free of solids. Thus,

MogRl ArE21{ RADSPSEE 1EHP ONin Ao SEESe PR 18Ta1S &RidTy Sdent

coﬁﬂ&@ﬁ@&'OEOQS%Qamﬂthh1%0Wba©ﬁ$1@%@@smﬁe oz v & 90 A1
colloidally dispersed silica sol), but instead a

anéréﬂe?§b§§°8ﬂ&£lﬁﬁe sol ution w thout abrasive
substances. 20 This step is used to reduce, or even

entirely elimnate, the . .
In the simplest case, the polishing agent solution according to

step (b) of the method according to the invention is water,
preferably deionized water (DIW) with the usual purity for use

in the semiconductor industry.

The polishing agent solution may however also contain compounds
such as sodium carbonate {(NayCO;), potassium carbonate (K;CO,),
sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium
hydroxide (NH,OH}, tetramethylammonium hydroxide (TMAH) or any

mixtures thereof.
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.$%

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
more other additives, for example surface active additives such

as wetting agents and surfactants, stabilizers acting as
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variations on the surface of the seni conductor wafer

' e.. observable after the first epitaxy step. Not
20(24?108@83%]&1 deposited epitaxial, layer is removed. 25

After this first polishing, th8 surface of the

sem conductor 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
PR BRI IF QRIS R SR W S BEQHAE S b AP § Hand
seRldthihg gad (FAP or FA pad). Suitable abrasives

conprise for exanple particles of oxides of 35 the

el ements cerium alum num silicon or zirconium and

=0} 8 i i - gﬂg§#§9g%% . S :
Ing%Q.I% og(%éargﬁ ?eh,egﬁoér)%{néd %lc?ﬁeg{etlgﬂ{ﬁdi anord. Par?ﬁ&%r??ﬂled
owui tialsl .e gedliisghing widds shaaf ta ety qurographywhsle
' ted by r [ ].Cr ct.yres,. .Thes . .
Sdﬁ@%&& Gettn rlng4 Hj(%ag:) ga%esrﬂt) Eﬂg&{\rocrae?]%lﬁn Z"Qhatlngpﬁe ec,eor%thaél ' a%%raswe'
Thef GMH woisi skiitty aay/ luswlt idads grotpalogomial ampsshsesti vonf ixed
. _or. the.shape .of .pyram d Qr ram d frust . e
et L QROCHTII O TP 1 Shi vy et ety €l faline.
By @Miia natp ,f atheexmfdaet s ioh WDOZ UG8 Af U 2006f 22A7EHS or
C and .i,n \US 6602117 Bl. In the sinplest case, the
waﬁgari aﬂengelaxjma%%ﬂo Kb i A CPUFE RIS | bse%tfcee%
met hod according to the invention is water, preferably

dei oni zed water (DIW_w th the usual C{)u,ri t3/ fé)r, use
Preferably, a typical 'CMP polishing pad is used in step (c).

The CMP pclishing pads used are polishing pads with a porous

matrix.

The polishing pad preferably consists of a thermoplastic or
thermosetting polymer. A multiplicity of substances may be
envisaged for the material, for example polyurethane,

polycarbonate, polyamide, polyvacrylate, polyester etc.

The polishing pad preferably contains solid, microporous

peolyurethane.

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
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.

In order to increase the porosity of the polishing pad, fillers

may be introduced into the polishing pad.
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in the sem conductor industry. The polishing agent
| Lt y however al so contain conmpounds 20 such as
Zoéﬁﬂmﬁﬁﬁgagﬁonate (Na2C3x3) , pqgassiun1carbonate ( K2CB)
sodi um hydr oxi de (NaOH), potassi um hydroxi de (KOH),
amoni um hydroxi de (NHACH), tetranethyl anmoni um
hydr oxi de (TMAH) or any m xtures thereof. C 25 The use
of potassium carbonate is nore particularly preferred.

The proportion of the aforenenti oned conpounds in the
pol i shing agent solution is preferably from0.01 to 10

C Yoo iRANY Glanlab1 Prfierabing WLm Gl tfb@-@xéliﬁgf/é, 3he spM

The pH of "the polishing agent "solution preferably 1Ties in
3190 rfaege Refdetlr gmcL0 awo the pRds o i df agienieslard omhe pads
ofT¥ el WclyfgygRor ePoclngte%m.&n%LngA"B%M& NG @it 14 @Ss s,

for ‘exanple surface active additives suc as wetting

agents and surfactants, stabilizers acting as

20 0 ie | Al | Qi ds,. j
orfOBREHROATER e ihe IS SEY S B e 4 B SRE UG e agent
susgtened cco mcentridime) tEVRBtE | i f itheanetilend & quteferably

i shi it ft l.ishi d d il BY
Ex G e Hodth- Cudie S A e R e e ¥ 2

wtllke CMP polishing pad used does not contain any abrasive
fixed init. The polishing agent suspension is
preferably alkaline. By this step, the defects on the

THeU I iaee dafs trhie e g udaorasih iafe rpartel €l d 41 Natede fechbl y

the surface raoughness is reduced.
shaped monomodally.

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

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 silicen.

A polishing agent suspension which contains celloidally

dispersed silica (silica sol) is particularly preferred.

The pH of the polishing agent suspension preferably lies in a
range of from 9 to 11.5, and it is preferably adjusted by
additives such as sodium carbonate (Na,C0O;}, potassium carbonate
(K2C0;3) , sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium hydroxide (NH,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

as wetting agents and surfactants, stabilizers acting as
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C Preferably, a typical CWP polishing pad is used in step

.CMP polishing pads used are polishing pads wth
zméﬁ%w?g®€%°15 matri x. The poliﬁying pad preferably

consi sts of a thernoplastic or” thernosetting polyner. A
multiplicity of substances may be envisaged for the
material, for exanple pol yurethane, 20 pol ycarbonat e,
pol yam de, polyacrylate, polyester etc. The polishing
pad preferably contains solid, mcroporous polyurethane.
protostivej §odleddpr ePELABIEatdVESe PAPFiAREy gadshrdde
sebQanedanpkates or felt or fiber substances, which are
I'mpregnated with polyners. Coated inpregnated polishing
pads may al so be configured so 30 that there are a

Lff t e distrLi LQN _ar Lthe par.e ' j
nebRL’ EhES, PERR° Fla PhOPhERCeBRa bl ISREP AR actictlR od o
thbessubsbtaducablry whifetr, ior opdefrocat edcr8ssen ageder tihe layer

c B BB cabo Bl PG eRaTpol PURPrg “Rad 2000 B6GbaE Gy By the

twEoprecetdahbypavtashabl.e polishing pads are, for exanple,

the SPM 3100 from Rodel Inc. or the pads of the DCP

series and the pads of the I1Cl000'", Polytex" or SUBA "
Ther apdalf mageRehm &ehasal SnTheepsofdnt aowd akc)t he abreasietrtiod

o3 B0BRRSEy ot PRl LM B0.R0enLe, SUSREDS 1 A0S (G
thet £ cRaekiCBEathy Rpeteakablly 1bkem Qepdstieell W <¥ep (a) so
that, before the second coating in step (d), the semiconductor
wafer preferably has an epitaxial layer with a thickness of at
least 0.2 pm which is increased again in step (d) of the

method.

This new deposition of an epitaxial layer is 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
(a) remaining after polishing and the layer additionally

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

Finally, this provides an epitaxially coated semiconductor

wafer which has no striations.

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
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 conventional in the semiconductor industry.
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10 The size distribution of the abrasive particles is

|y C shaped nononodal |y. The average particle
2“@%@%5 @Ef'on15 to 300 nm paragcularly 15 preferably

from5 to 50 nm The abrasi ve Substance consists of a
mat eri al which nechanically renoves the substrate
material, preferably one or nore of the oxides of the
el enents alum num ceriumor silicon. 20 A polishing
agent suspension which contains colloidally dispersed
Thsi preaepsi Fnyansary ithugacdipdiicanl ¥ wor ORIt €P1 L@ XThSYsR

t S f ] AV | w
le%%t E%opﬁb;ﬁ?h@glga%%%s %%E%gﬁ g@&r&%@ BRI el Ithed two

range o rom9 to 11 is preferably adjusted
coaylnaddperaésogﬁch as sodi um carbonate (Na2C33),
pot assi um carbonate (K2CO3), sodi um hydroxi de (NaCH),
pot assi um hydroxi de (KOH), ammoni um hydroxi de ( NHAOH)
whiaet dameskyghamadnifon ydcesisdef CTeAMethod dmy thiextuseesfofa

The se Qf SsSium car Qnat e _i.s
Pohﬁﬁglﬁgrﬁ|g§P§ ﬂ%g &f &) é&hl Qago%F§ i g agent dbrasive
flaeﬁpensuﬁn (AP porltilsérinm)e mhnﬂalmeQEEtQWe|mmuenndkuremoval
for xanple surf,ace .a dditi.ves: s
1535, 56) PRYSEgBA 4 TR e dor, CMEYL BTy SR g ek erent
po2088PA8028REvIIL k&te@r Qe GlelgM @ne0 lelttlhd 31,1 ffcaserty aidpe&ﬂ;
bi oci des, al cohals and sequestrants. After this step

COPEFNtEALLRBE AFF: A% amc&;}&ﬁ EXPRSESsitHEd Shi¥ Lag e which
sub8BLEeRdUGt eawaher iinFeaide nh@dtdpegs®hdalutithe drayer

epitaxial coating, this is avoided by using FAP technology.

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

a) improvement of the local geometry and above all the
nanotopography, particularly in the short spatial wavelength

range (THA 2) for epitaxially coated semiconductor wafers

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)

c) production of epitaxially coated semiconductor wafers with
particular profiles of the dopant variations, but which do not

appear as "striations" on the surface

d) production of very special epitaxially coated
semiconductor wafers having special intrinsic properties with

comparable and optimized planarity parameters (nanotopography)
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t hi ckness of the epitaxial |ayer, which has been reduced

t precedi ng polishes. The total nmateri al
2“@%%@@E?Eﬂﬁosteps (b) and (c) 9£ the nethod 10 is
preferably 0.5-2.5 m but in any event it is smaller than
the thickness of the epitaxial |layer deposited in step
(a) so Cthat, before the second coating in step (d), the
sem conductor wafer preferably has an epitaxial |ayer
with a thickness of at least 0.2 mwhich is increased
Ex3@BRIR in step (d) of the 15 nethod. This new deposition
of an epitaxial layer is carried out in step (d) of the
met hod. The resulting |ayer thickness, which is made up
Thef teRes| we‘e thRirekeds §usf onhae @S’Iltlé)blléllg mawdings oft &he20

" f he | ddi t [
RRoE Paa | RYBEen Ol SFe bR aBy 0. 5.5 m Finally,

this prOV|des an epltaX|aIIy coated sem conductor C

Thé?%?ﬁlgg g Hg% geSEE' %Q%ER%EEOII enh%ge'ﬂ ﬁ?lshl g

axial eposi |on an i'ng, et we
plehe @NEhpaIpshuaglagdpaﬂeaﬁdc@n@oépshamgahea@epm&umﬁon

conventi onal cl ea ste refer bl carr ed ut
pripREReh 8" SrnteGRPLREoR BTt EiRaS) St ea R st 2
pOBQshahglhbaﬂ 1§hendbeaeeﬂgyshem&t@ﬁeamﬁet@m@ﬁneeﬁ alﬁaxed
b é ﬁ hi | so a rov"g % .sem _conduct o maf 1
ARG RS e il SBnEOVE e IR, SThPeckiftoshtnds A0 & Mobile
reebeaeh:nelslgepel\mlce@hl@he C RV ahtiicnahe Beieonductor wafer

sem cqonduct or i ndustr 2009P00028DE Ki 13. The pre ent
flpﬁ&enepéﬁntahﬁeecp&. } B0 58 Peepetakp Stgpudst holes in the

base plate in two concentric pressure zones: an inner pressure
zone and an outer pressure zone. The mobile retainer ring can
be pressurized by means of a compressed bladder so as to
prestress the polishing pad upon contact with the semiconductor

wafer, and keep it flat.

A plurality of epitaxially coated silicon wafers, each with an

epitaxial layer thickness of about 2.75 um, were processed.

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

their surface.

With the aid of sampling, three wafers with representative

polishing settings were observed and evaluated.

The range for the polishing removal varied in an interval of
from about 0.9 pum to about 2.05 pm, which means that there was
a residual epi layer thickness of at least 0.7 um for each

setting observed,

As the FA polishing pad, a polishing pad with frustopyramidal
cerium oxide microreplicates and a particle size of 0.5 um was
used. More detailed descriptions of such polishing pads may be
found, for example, in US 6602117B1.
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| east two polishing steps being carried out between the

.ng operations. 5 Wiat is essential for success
20@#%@ﬂg8ﬁé{hod is the use of a,_polishing nethod with a

pol i shing pad that contains ablasive fixed in it ( FAP
polishing). Wile selective material renmoval is to be
observed in conventional CMP, which |eads to different
polishing renoval rates in regions with different dopant
10 concentrations and in practice exposes the striations
whi ch subsequently lead to inferior nanotopography

AngE'Eﬁet@%rgte@At%éuaﬁhSQ@tb@% tQM%'Eﬁf@ﬂ@ﬂ“ﬂ%ﬂ%bﬂ%ﬁdﬂbteps
FAP technol o his is Sur r|S|ng, and thus was not

wegﬁesae‘m@ﬁeoutsonhutélel satle o olddshiagamesyes igersilica sol
Gﬁ%ﬁ\é‘é&t '3%%' TELR0GS: 5 b IRy QUEERG 9f e dggalce

and above al I" the “nanot opography, part|cularly
|n the short spatial wavel ength range (THA 2) for

Gl%%itziaﬁx' K3hlY 5 %O?B%d $omucenduGLot, f""%fh%r Kib U,J]?) iA9 395 e

m zati on nanotopography,
suspenslmv gherdt Hsr @m‘gasrl(d'éldAa%) A |cmmem<rlajt\ee bof Ptd]antlype

Ingbrper ket coBam: Sl e R e 158 Yon YRS A L fH 0.5

anépkbaxbahky amaﬂte ) smmsc ofduetldbivaile r&i oul whthpaht laoetcage
pagrofgles_of t dopant varl tions, but which do not

bpEaF 2d2esPl §FP5h 0 &% ¢Re™Burface 30 d) production of

very special epitaxially coated sem conductor wafers

havi ng special intrinsi ertle conparable and
ALSET his8e ﬁwanéﬁdtlg;l gééne“ﬁe”p Y ﬁé‘i’@tsoﬁ’éjg‘r [Rppplying a
poZQQﬂEQQO&%@Ethuspen51on, the wafers were already free of
striations.
A subsequent CMP step to achieve a defect free surface was used
to remove existing defects (LLS, microscratches) and ensure

defect free silicon growth.

For the two smoothing polishing steps using silica sol (Glanzox

3900; 1 wt.%), the following settings were employed:
Smoothing step 1:

- duration = 240 sec

- silica sol volume flow rate = 350 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

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




14 Exanple The tests were carried out on a polishing
' of. the "nHance 6EG' type from Strasbaugh Inc. 5
2m$ﬁ§&%gﬁps i ng machine from Strasbaugh Inc. has a
polishing plate with a poIisH?ng pad and a polishing
head, which processes a sem conductor wafer fully
automatically. The polishing head is universally nounted
and conprises a fixed 10 baseplate which is covered with
a "backing pad", and a nobile retainer ring. Ar
cushions, on which the sem conductor wafer C floats
- during sEhe polehisnge Gan bgiset up through holes in the
base plate i"n“"two concentric pressure zones: an inner
pressure zone and an outer pressure zone. The nobile
I i can 15 be pressurized by neans of a
S@§§%§%&'s§5eggéﬁder so as to prestress the polishing pad
upon contact with the sem conductor wafer, and keep it

_ flat.rétp%urqliéy %k epitaxially coated silicon wafers,
each RN = 2 5b|taxial | ayer thickness of about 2.75

m were processed. All these wafers with a di aneter of
300 had "striations' on_their rface.. C 25 Wth the
" aids l§5’m§lolslna,° e & L AL Snit ﬁ%ﬁeﬂﬁe%ﬁ} ative
pol i shing settings were observed and eval uated. The range
for the polishing renoval v%{iedlin an interval_of from
- abotieag @lfRteo r&’g@t}tloél. PSR HR medrs TAL t4fer®has
30 a residual epi layer thickness of at least 0.7 mfor

each setting observed. , , .
- 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

- polishing pressure = 0.5 psi

In the FAP polishing according to step (b) of the method, the
following settings were selected for the three successful

wafers:

As the peolishing agent solution, 0.2 wt.% K;CO; solution was

used in each case.

Example A

- duration = 485 sec

- volume flow rate of K,;CO; 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
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As the FA polishing pad, a polishing pad with
ram dal ceriumoxide mcroreplicates and a

2m&§&ﬁb8ﬁé ize of 0.5 mwas 3 7used. More detail ed
descriptions of such polishing pads may be found, for
exanple, in US 6602117B1. 2009P00028DE Ki 15 After the
first FA polishing step, two further polishing steps
were carried out on the sane FA polishing pad using
silica sol (danzox 3900; 1 wt.% in order to snooth the
surface. 5 3 anzox 3900 is the product nane of the

- POl £30506-06R! p:8USRERSAMNGEN the BRAYIA] B9 ai in the
concentrate by Eu1|n1 I ncor porated, Japan. The undil uted

ingerupiresshias aopld of2 PEI5 imakdiec oM PLESEHTD IAND of
colloidal Si02 with an average 10 particle size of from
30 to 40 nm C After these two additional FAP polishes

- whi belsapphyi pgeasupel i=sHi pgiagent suspension, the wafers
were already free of striations. 15 A subsequent CW
step to achieve a defect free surface was used to renove

Exampdel By defects (LLS, m croscratches) and ensure defect
free silicon gromh. 20 For the two snoothing polishing
steps using silica sol (danzox 3900; 1 w.%, the

- f ol Howialg omett i2ags caey e enpl oyed: Snoot hing step 1: C 25
- duration = 240 sec - silica sol volune flow rate = 350
m mn

- volume flow rate of K,CO; solution (0.2 wt.%) = 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

- polishing pressure = 4 psi

Example C:

- duration = 120 sec

- volume flow rate of K;CO; solution (0.2 wt.%} = 1500 ml min
- head plate rotation speed ratio = 23 rpm : 43 rpm

- retainer ring application pressure (flcating 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




- head plate rotation speed ratio = 23 rpm: 43 rpm 30 -
' ing application pressure (floating retainer
20@&&@¥§§%Zﬁbsi pressure in presgure zones of the carrier
2 psi inthe 35 inner pressure zone 2 psi in the outer
pressure zone (for the two concentric pressure zones,
i nner & outer) 2009P00028DE Ki 16 polishing pressure = 4
psi Snoothing step 2: 5 duration = 60 sec silica so
volune flowrate = 350 m min 10 - head plate rotation
- spe®@lishild=rressmne 24 M retainer ring application
pressure (floating retainer ring) = 2 psi 15 - pressure
in pressure zones of the carrier = 2 psi in the inner
Afheas Since pA3STE Ppsienit atia lo Utasre s eissis eaSoiie derds Btedg The
&1 [ ishi | t
e T e thod! G T o g et hae vt & A
sel ected for the three successful wafers: C As the

Alﬁg lé:i Skj.%ien & st nSooI tniag??grl’ éioa;gz ds\at'trréj;{ﬁtﬁzo%gg f@@! ege L:Qg%cg@é 25
(d) .

N eacn case. Ion =
epitaxial coating in step
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ring) = 2 psi 2009P00028DE Ki
zones of the carrier = 2 psi in the inner pressure zone
2 psi in the outer pressure zone 5 - polishing pressure =
4 psi Exanple B: - duration = 242 sec 10 - volune fl ow
rate of K2CO3 solution (0.2 wt.% = 1500 M mn C - head
Paflemte F1RiMmS on speed ratio = 23 rpm: 43 rpm 15 -
retainer ring application pressure (floating retainer

volune flow rate of K2CO3 solution (0.2 w.% = 1500 m
] d plate rotation speed ratio = 23 rpm: 43 rpm 35
20 AFRcKP

ring application pr§ssure (floating retainer
7 pressure in pressure

= 2 psi pressure in pressure zones of the carrier =

¢)
1.2 péi methdee fammeroguaissdiran e & ipsl 1y ceaee@useniconductor
pre z %Q ql | shi rss: = Si . C
25 ??‘a%e%dt i%gﬁn: %8{%2{:}{@95\/0 1udﬂrr\?el o%vtépa%oei%f%%&ep
sol wpean ik wia)depdblling an repitdeiaal player roh adnenside
speed ratjo = 23

rpm. 43 rpm - LN
appl9cdt i%on" 1pcr°é.§%uu°&e°12fvfaofa?likj;ng%qetﬁall??et:r polidhilg of the

retainer. ri

epitaxially cocated side of the semiconductor wafer by
using a polishing pad with fixed abrasive while supplying
a polishing solution which is free of solids; (¢} 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 sugpension; (d) depositing another epitaxial layer
on the previously epitaxially coated and polished side of

the semiconductor wafer.

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

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

The method as claimed 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 zirconium or particles selected from
the group of hard substances consisting of silicon

carbide, boron nitride and diamond.

The method as claimed in one of claims 1 to 3, wherein the
polishing agent solution used in step (b) contains
compounds such as sodium carbonate (Na,CO;), potassium -
carbonate (K,CO;), sodium hydroxide (NaOH), potassium
hydroxide (KOH}, ammonium hydroxide (NH,OH} and
tetramethylammonium hydroxide (TMAH) or any mixtures

thereof.

The method as claimed in one of claims 1 to 5, wherein the

pH of the polishing agent solution is from 10 to 12,
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ring) = 2 psi pressure in pressure zones of the carrier =
[y ol he 35 inner pressure zone 2 psi in the outer
20@?@@?&b§ gbne 2009P00028DE Ki .18 polishing pressure = 4

psi

After the polishes, epitai%al | ayers were again

deposited. The Ilayer thicknesses lay in the range of
from2.5to 2.75 pm 5 Al three wafers no | onger had
striations after second epitaxial coating in step (d). C

C

10.

The method as claimed in one of claims 1 to 6, wherein the
polishing agent suspension according to step (¢} contains
abrasive substances comprising one or more of the oxides

of the elements, aluminum, cerium or silicon.

The method as claimed in c¢laim 6, wherein the polishing
agent suspension containsg silicon oxide and is a

colloidally dispersed silica sol.

The method as claimed in one of claims 1 to 7, 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 coating in

step (d).

The method as claimed in one of c¢laims 1 to 8, wherein the
gsemiconductor wafer has a thickness of 0.5-5 um after the

second epitaxial coating according to step (4).

The method as claimed in one of claims 1 to 9, wherein the
semiconductor wafer is a sgsilicon wafer with a diameter of

300 mm or more, preferably 450 mm.




