Method for producing a semiconductor wafer The invention relates to a method for producing a
semiconductor wafer. In accordance with the prior art, semiconductor wafers are produced in a
multiplicity of successive process steps, which can generally be subdivided into the following groups:
W a) production of a single crystal composed of semiconductor material (crystal pulling); b) separation
of the semiconductor single crystal into individual wafers ("wafering”, "sawing”),  c¢) mechanical
processing of the semiconductor wafers; M d) chemical processing of the semiconductor wafers; e)

chemomechanical procegsihaf thersampisandueigr waths:: Hdhaunaldreatgest of the semiconductor
wafers and/or epitaxial coating of the semiconductor wafers. 20 In addition there are a multiplicity of

secondary steps such as cleaning, measuring and packaging. A semiconductor single crystal is
usually pfdeuced Bipulliny & sirgle erystaldrorg althelt {Cror Croehidiskie metiod) Trbyctor
recrystallizirg=a rod composed of polycrystalline semiconductor material (F.7., or "floating zone"
method).  Known separation methods include wire sawing ("multi-w 30 slicing”, MWS) and

internal-diameter sawing. In the case of wire sawing, a multiplicity of semiconductor wafers are sliced
from a piéfe BFEVEEAMIHENY Work bpBration®35 Fhe:meEHaical ProcEssing sérvés Fdremoving
sawing unduldtions; fanremaviig the surface layersthat welerdapageddn ceystalkine tashion by the

rougher sawing PrCESses OLWeLe i vided into the following groups:

10 a) producticn of a single crystadl composed of semiconductor
material f{cryvstal pulling);
b) separation of the semiconductor single crystal into
individual wafers ("wafering", "sawing"),
c) mechanical processing of the semiconductor wafers;

15 d) chemical processing of the semiconductor wafers;
e) chemomechanical processing of the semiconductor wafers;
£ thermal tTreatment of the semicenductor wafers and/or

epitaxial coating of the semlconductor wafers.

200 In addition there are a multiplicity of secondary steps such as

cleaning, measuring and packaging.

A semiconductor single crystal is usualily produced bv pulling a

gingle crystal from a2 melt (C7 or "Czochralski" method) or by

bz
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recrystallizing a rod composed of polycrystalline semiconductor

material {FZ or "floating zone" method).

Enown separation methods include wire sawing ("multi-wire

30 slicing", MWS) and internal-diameter sawing.

In the case of wire sawing, & multiplicity of semiccenductor
wafers are sliced from a piece 0f crystal in one work
operation.

35
The mechanlical processing serves for removing sawing
undulaticns, for removing the surface layers that were damaged

in crystalline fashion by the rougher sawing processes or were



2 contaminated by the sawing w, e, and primarily for global leveling of the semiconductor wafers.
Surface-grinding (single-side, double-side) and lapping are known here, and also mechanical edge
processing steps. 5 In the case of single-side grinding, the semiconductor wafer is held on the rear
side on a support ("chuck") and leveled on the front side by a cup grinding disk with rotation of support
and grinding disk and slow radial advance. Methods and apparatuses for the surface grinding of a
semiconductor wafer are known from US-3,905,162 and US-5,400,548 or EP-0955126, for example. In

this casecasemicenductonwater is fixeiy held:ar=a wafer holderby one of its suifaees, while its
opposite fg@ggﬁ@% rgge%%eed g)é meansdtgjcacgg}ndin%girsg, b}é wafer holder. a q 15 gé@dir@disk

. ML COIl W rrace 1Tl I 11 e
rotating and being pressed against one another. In this case, thé semiconductor wafer 1s fixed on the

wafer holdléf fiv sitha Waythatits éentet 8GBstaAtiAIk CIFFESHONAS ¥6 thedfstatidrf€enter of the wafer
holder. Mosebver i thelgrintling diskds pesitioned 4 such a way that the rotation 20 center of the
semigonductor wafer reaches a working region or the edge region formed by teeth of the grinding disk.
As a result, the entire surface of the semjconductor wafer can be ground WithOEt any movement in the
grinding plan&’55 fiffie CdseSdf Gimtiltanesud dodbieide GitdinG T doubRlaiR grifdiiy®, BDG), the
semiconduttor wafet is=simrdtaneodsly proecessedron-both'sidestin"a nanmet doating freelydietween
two grinding.disks meunted gn opposite callingarspindles -and-in-the-pracess is guided ina manner
largely freer 3(311:1 g%straégmlgg] BOHfgrcSelsO%x@éy E)%theE(Lanvaé1 }/lvgéer %Jsp on (hydrostatic pnncﬁ,gple) or air
cushion (%eros aticgprlnup ef acting on the ﬁon an&1 rgar"sides,%ﬁ G5 %ré%%t@@ ?r%ﬁiaﬁolgtﬁ?g away
raditlly |doselytby: asufroundingtthirdiguide dingeorssyindividuat Fadialkspokesa 35 Ik iievease Of
lapping, thecsemicondunter, wafersare movedamdes asspeeificioressuyewith supply of a:slurry
Contalnlngﬁib{g%%ge g]dagtglllalg bseé\#ﬁ%%ragdu §£ av@ga?elrpwfé V\Iroggilggldffskﬂeld on a wafer

holder by one of its surfaces, while its opposite surface is

processed by means of a grinding disk, by wafer holder and

15 g¢grinding disk rotating and being pressed against one another.

In this case, the semiconductor wafer 1g fixed on the wafer

holder in such a way that its center substantially corresponds

te the rotation center of the wafer holder. Moreover, the

grinding disk is positicned in such a way that the rotation

20 center of the semiconductor wafer reaches a working region or
the edge region formed by teeth of the grinding disk. Rs a
result, the entire surface of the semiconductor wafer can be

ground without any movement in the grinding plane.

25 In the case of simultanecus double-side grinding ("double-disk
grinding", DDG), the semiconductor wafer is simultaneously
processed on both sides in a manner floating freely between two
grinding disks mounted on opposite collinear spindles, and in
the preocess 1s guided in a manner largely free of constraining

30 forces axially between a water cushion (hydrostatic principle)
or air cushion {aercstatic principle) acting on the front and
rear sices, and ls prevented from flcating away radially
locsely by a surrcunding thin guide ring or by individual
radial spokes. '

35

' In the case of lapping, the semiconductor wafers are moved
under a specific pressure with supply of & slurry containing

abrasive materials between an upper and a lower working disk,



which are usually composed of steel and normally p{ovided with channels for better distribution of the
lapping agent, whereby semiconductor material is rémoved. 5 DE 103 44 602 Al and DE 10 2006 032
455 Al disclose methods for the simultaneous grinding at the same time of both sides of a plurality of
semiconductor wafers with a movement sequence similar to that of lapping, but characterized by the
fact that abrasive is used which is fixedly bonded in working layers M("films", "pads") applied to the
working disks. A method of this type is referred to as "fine grinding with lapping kinematicor "planetary
pad grinding'=(PRG): Werking kayers:whichcare iseddn the:easerof-RRGlang whichdare 15 adhesively

bonded antg be bwo warkipg disks are deseriged Jof example in UiS.6.007 4074 ang 43 8,599,177

52. During processing, the semiconductor wafers are inserted into thin guidé cages, so-called carriers,
which haV8brepbnding dpehiifgsTor reteliy §8miconductor wafers. The carriers have 20 an outer
toothing which engages into a rolling apparatus comprising inner and outer toothed rings and are

moved by,means of said rolling gpparatus in the working gapsformed hetween uppenand lower
working disks. 25 The edge of the sergi,conductor wafer inclugi,nrg aréyfeéisgéng mechanical markings
such as an oridrfation HOtEH 1S y 5E'T ing ne&(‘i}e&ﬁg)’tcﬁ*grﬁlding").

Hinding at Lthe = k

Ity processed as wéll Fedge rounding”;
Conventiohakgrrding stepsewitts profiled-grindiag disksror belteg rndisg aisthcdsawith €dntinuous or
periodic toohadvance-3Q are: used forthisurpese:. Theseadge-roundingsmethodsare ustally
provided since the edge in the unprocessed state is particularly fractyre-sensitive_and the
semiconglsubcligrS \%vg?erigsankﬁee ar‘ﬁgiég%f even %ﬁ/%f@]? p%e%%ﬁffegar%a}o?iﬁﬁg‘r%tu%E%ggsl in the edge
regith. caséitiesedge BRE eentralfProtating serhicondtétor Waféris presded™édainst & éentrally
rotating patisbingydramiwith @ferred o as "fine grinding with lapping

kinematice" or "planetary pad grinding"” {(PPG).

Working layers which are used in the case of PPG and which are

15 adhesively bonded onto the two working disks are described for
example in US 6,007,407 A and US 6,599,177 BZ. During
processing, the semiconductor wafers are inserted inte thin
guide cages, so-called carriers, which have corresponding
cpenings for receilving semiceonductor wafers. The carriers have

20 an outer toothing which engages intc a rolling apparatus
comprising inner and outer teothed rings and are moved by means
of said rolling apparatus in the working gap formed between

upper and lower working disks.

25 The edge of the semiconductor wafer including any existing
mechanical markings such as an orientaticn nctch is usually
processed as well ("edge rounding", "edge notch grinding”).
Conventional grinding steps with profiled grinding disks or
belt grinding methods with continuous or periocdic tool advance

30 are used for this purpose.

These edge rounding methods are usually provided since the edge
in the unprocessed state is particularly fracture~sensitive and

the semilconductor wafer can be damaged even by slight pressure

1ad
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and/or temperature loads in the edge regLon.

The wafer edge that has.been ground and treated with an etching

medium is usually polished in a later processing step. In this



specific force (contact pressure). US 5,959,105 discloses an edge polishing method of this type
wherein the polishing drum 5 is composed of an aluminum alloy and has a polishing pad applied to it.
The semiconductor wafer is usually fixed on a flat wafer holder, a so-called chuck. The edge of the
semiconductor wafer projects beyond the chuck, such that it is freely accessible for the polishing drum.
10 The group of chemical processing steps usually comprises wet-chemical cleaning and/or etching
steps. The group of chemomechanical processing steps comprises 15 polishing steps by which,
through in pat, chemicalikgaction anddm padimechanical inatedatremovak (abrasionfdhe surface is
oo ehAdses gL damane ol lle suface ipJeavey. pXNE R golaling Meiods that bork on

one side ("single-side’20 polishing") genera to poorerg ane-parallelisms,_polishing methods
acting on“b6th sfdes Eassie-Sidé’ palichiRg'§ iirakeit poSsibletd prodiice Semiconttictor wafers
having insproved flatnessnAftesthecgiinding, icleaning andretching steps, frrddcdrdancelwith the prior
art, the sydace.of the.semicopducter,wafers is smoothed;by. stock removalpolishings In the case of

single-side polishing (SSP), semiconductor wafers are held on,the rear side o%'nﬁ,a support plate by
means of Gamefit. by Vathum orby fHeans 5F 36 adhedfon duriny Eﬁ%‘é@i&iﬁg. mthe cade of
double-sitlezmlishifgD8P) semiconductor Wafdrscaredbosély insetied into & thin toothed disk and
polished garthe front and rear-sides Simyltaneoushyinfreelyfloatingl fashiom betweenian upper and a

lower po&srhirgl \%Iat% 8%\éesr§§ ,ivveithfa Pol_idsjr(l_:in% 8?‘9- }33 Fur%'lglrlmore, the front sides of the
semiconductor wafers are often p()ﬁsheb in haze-free If[c"?shld"n,ni‘lér example by means of a soft

polishing pad with the aid of an alkaline polishing sol. This step is often referred to as CMP polishing
("chemomeehanieakpalishingarindbe literatuse. CMP methods are:disclosedfor example in-US

2002'007c7hoe§§§i%dlincg§a%99§§ 0§957/%% %tching steps.

The group of chemomechanical processing steps comprises
15 polishing steps by which, through in part chemical reaction and
in part mechanlical material removal (abrasion), the surface is

smoothed and residual damage of the surface is removed.

While the polishing methods that work on one side ("single-side
20 poliishing”™) generally lead to poorer plane-parallelisms,

polishing methods acting on both sides ("double-side

polishing™) make it possible to produce semiconducteor wafers

having improved £flatness.

o
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After the grinding, cleaning and etching steps, in accordance
with the prior art, the surface cf the semiconductor wafers is
smoothed by stock removal polishing. In the case of single-side
polishing ($S8P), semiconductor wafers are held on the rear side
on a support plate by means of cement, by vacuum or by means of
30  adhesion during processing. In the case of double-side
polishing (DSP), semiconductor wafers are loosely inserted into
a2 thin toothed disk and pclished on the front and rear sides
simultaneously in "freely floating" fashion between an upper

and a lower polishing plate covered with a polishing pad.

Furthermore, the front sides of the semiconductor wafers are
often polished in haze-free fashion, for example by means of a

goft polishing pad with the aid of an alkalline polishing sol.



The prior art likewise discloses the so-called "fixed abrasive polishing” (SAP) technologies, wherein
the silicon wafer is polished on a polishing pad which, however, contains an abrasive material bonded
in the polishing pad ("fixed-abrasive W pad"). A polishing step in which such an SAP polishing pad is
used is hereinafter referred to for short as SAP step. WO 99/55491 Al describes a two-stage polishing
method, comprising a first FAP polishing step and a subsequent second CMP polishing step. In CMP,
the polishing pad contains no bonded abrasive material. Here, as in the case of a DSP step, abrasive
material isrintsoduced indhe ferm, ofarslurry hetween thevsiligon waferand the polishing pad. Such a
two-stage polishing method is used, in particular, to eliminate scratches 20 @Eéby th SA%‘P step on the
polished s(uﬁz%fgén S%fh((%saupb*sﬁfr%%e. ielggr%r%gn%pa%epht%g%liéa{tl%oﬁrﬁﬁﬁ%%'0 35 %%%VA “describes a
method f8F Folishirig-& StBstrate Composedl of siliConimateriall comprisiig twd! pelishing $teps of the
PAP type) wiicte differ in 25 that in one polishing step a polishing agent slurry containing unbonded
abragive material as solid is introduced between the substrate and the polishing pad, while in the
second polishing step the palishing agent slurry is replaced by a polishing agent solution that is free of

“

solids. 30 88micorithuctdr waft kS Hre Griéh-frovitfstfwith Bn¥pitasial fyer, thafie 18 %5y Witita layer
grown in monoenystaliing Fashion and havingithe sawie: crystal orientation-on wikdtesemiconductor

components arg applied later Such epitaxially 35 coatedisgpaisanductgrwaters haye certain

advantageg over semiconductar v}\éafer comgo§%d of hgmogeneous matgrial, for gxgp le the

preventioan 61‘%%”’3?@% Téversaiin blpoo‘?areéMbS circuits’ oﬁgwéa%ﬁﬁg shortcircuit f the %gﬁ}ponent 6
10 pad"). A polishing step in which such an FAP polishing pad is

used i1s hereinafter referred to for short as FAP step.

WO 99/55491 Al describes a two-stage polishing method,
comprising a first FAP pclishing step and a subsequent second
15  CMP polishing step. In CMP, the pcelishing pad containsg no
bonded abrasive material. Here, as in the case of a DSP step,
abrasive material is introduced in the form of & slurry between
the silicon wafer and the polishing pad. Such a two-stage
polishing method is used, in particular, to eliminate scratches

20 left by'the FAP step con the polished surface of the substrate.

The German patent application DE 10z 007 035 266 Al describes a
method for polishing a substrate composed cof silicon material,
comprising twoe polishing steps of the FAP type, which differ in

25 that in one polishing step a polishing agent slurry containing
unbonded abrasive material as solid is introduced between the
substrate and the polishing pad, while in the second polishing
step the polishing agent slurry is replaced by a polishing
agent soluticn that is free of solids.

3G
Semlconductor wafers are often provided with an epitaxial
layer, that is to say with a laver grown in monocrystalline
fashion and having the same Crystal.orientation, on which
semiconductor components are appiied later. Such epitaxially

35 coated semiconductor wafers have certain advantages over
semiconductor wafers composed of homogenecus material, for
gxample the prevention of charge reversal in bipolar CMOS

circuits followea by the short circult of the component



("latch-up" problem), lower defect densities (for example reduced number of COPs ("crystal-originated
particles")) and the absence of an appreciable oxygSn content, whereby it is possible to rule out a
short-circuit risk owing to oxygen 5 precipitates in component-relevant regions. What is crucial is how
the above-described mechanical and chemomechanical or purely chemical method steps are arranged
in a process sequence for producing a semiconductor wafer. It is known that the conventional
polishing steps such as SSP, DSP and CMP, the etching treatments and the epitaxy step lead to a
deterioration in-the-flatnegs-ekthersemiconductarwater pagicidariy:ia the edgestegion= Endeavors
have beep.hade n ihe pigr artto-minimize. the fpaterial ternaual dyring Aolishing.in ordeg; also to limi
the deterioration in flatness to a minimum. 20 For this purposeﬁas een proposed, for example, to
introducea finé gfiRbFY step SEindYrinding means hatGtindiiy-fols with fihgF grahulation than in the
case of DQGsare UsedoThe advantages ©f such fine grindingiare disclesedin 26:D&=10 2005 012 446

Al. The material removals dyringgtching-and-polishing can. pe reduced by means of fine grinding. This

makes it possible to prevent the good geometry after the grinning steps such as DDG or PPG from
being overly impaired by subsequent etching and polishing. 30 However, the nanotopography of the
semicondictér wafer alsoiplays anlimpottaat part.vEhelnanctopegraphyicanibeexpressed for example
as a height fluctyation RV "peako valley ). Jelative to.sguatesmeasurement windaws Having an

area of 352 mm x 2 mm. The Nanomapgerég instrument from KLA Tegcor is oEten used for examining
I‘OCEHSS sedquencCe ror xr Ucling & semlconguctocr warer.
the nanof;bp%grap 2

10
It is known that The conventiconal polishing steps such as 58P,
DSP and CMP, the etching treatments and the epitaxy step lead
To a deterioration in the flatness of the semiconductor wafer

particularly in the edge region.

Endeavors have been made in the prior art to minimize the
material removal during polishing, in order also to limit the

deterioration in flatness to a minimum.

20 For this purpose, 1t has been proposed, for example, to
introduce a fine grinding step. Fine grinding means that
grinding tools with finer granulation than in the case of DDG
are used.

The advantages of such fine grinding are disclosed 1in

25 DE 10 200> 01z 44¢ Al. The material removals during etching and
polishing can be reduced by means of fine grinding. This makes
it possible to prevent the good gesometry after the grinding
steps such as DDG or PPG from being overly impalred by
subseguent etching and polishing.

30
However, the nanotopography of the semiconductor wafer also
plavs an important part. The nanotopography can be expressed
for example as a height fluctuatlion PV (= “peak to wvalley”),
relative to square measurement windows having an area of

35 2 mm x Z rmm.

The Nanomapper® instrument from KLA Tencor is often used for

examining the nanctopography.



7 This interferometer is suitable for measuring the topography in the range of from -29 nm to + 20 nm
on the front side of a semiconductor wafer. During tHe measurements, the semiconductor 5 wafer is
situated on a soft, flat wafer holder (chuck). The resulting peak-to-valley (PV) values are filtered
(Gaussian high-pass filter) and analyzed on circles with a diameter of 2 mm (additionally also on
circles with a diameter of 10 mm) with respect to peak-to-valley deviations. In the TEA ("threshold
height analysis") analysis, for details see SEMI standard 1443, the three sigma PV value is finally
calculated from the distribution of all the PV values as a so-called THA value. 15 The TEA values are
often als%%e‘fgrre%;%g%él'yA-gJQm or TEA-10 mm in.order to indicate the size of the analysis_
windows. It hias been found that aﬁhéugh fifie %%ﬁﬁingoéﬁlop\%v%assrﬁlgljrenr%t(t:hlﬁg a%%op%‘f%ﬁlrr% refovals,
it has an adterseidffuehteorPthe FHA NI value! that i9to $a\risTassbeiatddiwith an20 impairment
of the sherteriwaveinanetopegraphy. Sueh tepagiaphy: diferences-also often oseur-inrthe ferm of
SO'C%‘”ed»%r%tpniSsTQ?%%%E@&OBE can beattri nﬁqht%{%cetl&‘at%‘f’!lsdié‘ ;h? (%QE@QS congentrations.
These striated 25 structures become apparent aftér chemical or chemomechanical processing steps.

In the Geffhak Patért dpplicatch Bearkiy theFfile réfetéice $62009050296%, Mot Brsiidusly published,
it is indicatedithat:the SAR-pelishiagcoutc:affard-advantages’in this regard. 30 dripally; thefedge

geometry,of the semicondyctorwaters;is also criticalIn grdey,to,make evep the puiermast edge region
of the semiconductor wafer accessible to the modern lithographic methods (immersion lithography),

improvenients i e &dge GEoMety ars indidpénsable, Thelptivt art &t (65t indicates that
convéntional DSk pelishing i partcuanwitls fespect torthesnew generation lof 450amABENafers, should
be replacedin this segard by-new polishing mathods. 8A need therefore exists, to-provide,a method
for producing a semiconductor wafer thg%sgﬁlis to,address at least one of the above pro, S.
Accordingly, em odiments of the present invention seek tovpa)rol\*/ledge g‘%oeelsﬁroggss gequence for

producing géificonductor wafers which achieves both good geometry and good nanotopography of the
semiconductor wafers and is also suitable for 450 mm wafers.

15 The THA values are often also referred to as THA-2 mm or THA-
10 mm in order to indicate the size of the analysis windows. It
has been found that although fine grinding allcws smaller
etching and pelishing removals, 1t has an adverse influence on
the THA-Z mm value, That 1s to say is associlated with an

20 impairment of the shorter-wave nanctopography.

Such topography differences also often occur in the form of so-
called striations. These striations can be attributed to
Tluctuations in the dopant concentrations. These striated

25  structures become apparent after chemical or chemomechanical
processing steps.
In the German patent application bearing the file reference
1G2009C30296.4, not previcusly published, it is indicated that
the FAP-polishing could afford advantages in this regard.

30
Finally, the edge geometry of the semiconductor wafers ls also
critical. In order to make even the outermost edge region of
the semiconductor wafer accessible to the modern lithographic

methods (immersicn lithography), improvements in the edge

(9]
n

gecmetry are indispensable. The prior art at least indicates
that conventional DSP pelishing, in particular with respect to
the new generation of 450 mm wafers, should be replaced in this

regard by new polishing methods.



According to an aspect of the invention, there is provided a method for producing a semiconductor
wafer, comprising in the stated order: (a) simultaffeous double-side material- -removing processing of
the semiconductor wafer sliced from a single crystal, wherein the semiconductor wafer is processed
between Rvoyetating e SRaTeEWbRiRy BiskBXWHE@ Sadtevbadnd 8isk B5AEHINE BBradives having
an averageegaheBize @i &:0-26.0sam C{i9)tresemiat sfbotdsldes of the sésicondaster Wwafer with an
alkaline metiurnbge)egrirdiig. efftontfariredt sitles of ¢héoedrmiconds ctof walfer, whersinin each case
one side ofrthersennicondectbr waber fsixedieheld bypovedns pfraweder helkeenamlite theoother side is
processegbydnednsjof agnindingsoot avhereintthesgrindingtoolxdntaing abrasivés hgeing an average
grain sizegefdn@16,0 Asndvhegeindhe axeragepgraireging of the abrasivessisnessihauncthe:average
grain sizewefibe absasivesobheaverkingadisks sed westepr(aya fe)-palishing of both sides of the
semiconductor wafer by means of a polishing pad containing abrasives having an average grain size
of 0.1-1.0:Amo.»e) Relishing.f thasfretside ofthe serjesnduisor waferby meaps.of acdeck removal
polishing pad,£eniqiniRg PO @hKaRIvaS YVt @@@@@Hd@f&e@l%@e@gerﬁ tajningabrasives; (f)
chemical pgchapical golishinag-(CMP) of the front side. 9 The method according to the invention
therefore comprises, it step (a), simultaneous double-side processing of front and rear sides of the

semicondygtor wafer, jwherein this step jnyolves & 550arse;grinding, of anaiciorguater, while
P o Toe i o ST M 4 Segyfg@a'iy on front and
1ICO

rear sides..Step a Semcg:rolilfl dGcF Fe rred Is case, uctor warer lies
in the cuto&t in acarner Inam nner imi arlfo tﬁa ath%cas qffaemn and n addltlon with

regard toﬂqe Brocassing orthe u?f%ceséf &’s@miconductor Warer, an P?\f-’ oldsﬁlng or? ront and
rear S|des in s%ep @-‘ a% I\??lE o?éthng 0 %ejfrocnt Sie ot té %gl%lcgﬁ@uc or Waf&r in tep (f) are
prowded.

(b) treatment of both sides of the semiconductor wafer with
an alkaline medium;

(¢} grinding of front and rear sides of the semiconductor
wafer, wherein in each case one sgide 0of the semiconductor
wafer is fixedly held by means of a wafer holder, while the
other side 1s processed by means of a grinding tool;
wherein the grinding tool contains abrasives having an
average grain size of 1.0-10.0 um, wherein the average
grain size of the abrasives is less than the average grain
size of the abrasives of the working disks used 1n step
(a);

{d} pelishing of both sides of the semiconductor wafer by
means of a polishing pad containing abrasgives having an
average grain size of 0.1-1.0 um;

(e} polishing of the front side of the semiconductor wafer
by means of a stock removal peolishing pad containing no
abragives, with the supply of a polishing agent contailning
abrasives;

(£} chemical mechanical polishing (CMP) cf the front gide.



Step (e) is a stock removal polishing process, wherein, 20 however, in contrast to DSP, only the front
side of the semiconductor wafer is polished. The essential steps of the method according to the
invention and the preferred embodiments thereof are explained below in 25detail. Firstly, a
semiconductor wafer is sliced from a single crystal composed of semiconductor material, grown by
means of CS or FS. The semiconductor wafer is preferably sliced by means of a wire 30 saw. The
slicing of the semiconductor wafer by means of a wire saw is effected in the manner known e.g. from
MS 4655191, EP 522 542 Al, DE 39 42 671 Al or EP 433 956 Al.  The grown single crystal.

composerof semicanuctar matarialis 33 preferably,a sinale coistgl composed.af slion, 0 The
method in‘accordance WIﬁ'I (ﬁéirﬁ” 1 takes place in the specified order in accordance with steps (a) to
(f). The eBligelof the semicttitizit WiteF iR PreferablyhotisRed Bafore or afteF step (?)?ﬂ‘ua?e?élfo say

the_ CMPspDiishingf Itis:alsepreferreth tocarryalitdwp edgerpalishing.processes whereinsa first edge
polishing pracess takes place beforg the_10, CMP polishing and & secand;edge polishing process takes

place after the CMP polishing, wherein the second edge polishing process preferably takes place
using a softhyrenfoVifig Siica sof (Sottedge’polishing) Breterabiy; atter &fidifig thé Sefmiconductor
wafer fromfthecsingle crystaland:Before grifding the surfaces ofsthéesemiconductor wafer in
accordance with step (a), a process of

Step a) can bs DDG or PPG.
10 PPG is preferred. In this case, the semiconductor wafer lies in
the cutout in a carrier in a manner similar to that in the case

of lapping and DSP.

In addition, with regard to the processing of the surfaces cof
15 the semiconductor wafer, an FAP pclishing of IZront and rear
sides in step (d) and a CMP polishing of the front side of the

semiconductor wafer in step () are provided.

Step (&) is a stock removal polishing process, wherein,
20 however, in contrast to DSF, c¢nly the front side of the

semiconductor wafer is polished.

The essential steps of the method according to the inventilon
and the preferred embodiments thereof are explained below in
25 detail.

Firstly, a semiconductor wafer is sliced from a single crystal

composed of semiconductor material, grown by means of CZL or FZ.

The semiconductor wafer is preferably sliced by means of a wire
30 saw. The slicing of the semiconductor wafer by means of a wire

saw is effected in the manner known e.g. from US 4655181,

EP 522 542 RAl, DE 3% 42 &71 Al or EP 433 $56 . A1.

The grown single crystal composed of semiconducter material 1s

35 preferably a single crystal composed of silicon.

The semiconductor wafer 1s preferably a monocrystalline silicon

wafer.



rounding the edge of the semiconductor wafer using a coarse abrasive takes place. In this case, the
semiconductor wafer is 20 provided with a rounded (gdge. For this purpose, the semiconductor wafer is
fixed on a rotating table and delivered by its edge against the likewise rotating working surface of a
processing tool. The processing 25 tools used in this case can be embodied as disks which are
secured to a spindle and have circumferential surfaces serving as working surfaces for processing the
edge of the semiconductor wafer. 30 An apparatus suitable for this purpose is disclosed in DE 195 35
616 Al, for example. Preferably, the semiconductor wafers are provided with a profile that is
symmetrichkwitk réspgect to theccenteal ptanel 35 of fhelwafer owitl: fagets ofidentitaldype on the front

side of theyafer apd the sear side of the water or.else.with ap.asymmetrical:gdge profile with different
facet widthS on the front and rear sides. In this case, the edge of the semiconductor wafer acquires a

profile that is geometrically similar to a target profile. The grinding disk used preferably has a grooved
profife. Aljrefepréakgririding diskag diselosedtin DE 402:006:048-218 ALThe workind sdrfaces can also
be embodieddn ¢he foraretan abeasivercloth-eras ap abrasive, belt.cThematerialremaying drain,
preferably diamond, can be fixedly anchored in the working surfaces of the processing tools. The grain
used has a coarse granulation. According to JIS R 6001:1998, the granulation (in mesh) is #240-#800.
The averade §faifi-size R170-60 PRt preferably 25240 espéciaiepreferabli 25305 ©F 30540 pm.

wherein a first edge poclishing process takes place before the
16 CMP polishing and a second edge polishing process takes place

after the CMP polishing, wherein the second edge polishing

process preferably takes place using a scoftly removing silica

scl {soft edge polishing).

15  Preferaply, after siicing the semiconcuctor wafer from the
single crystal and before grinding the surfaces of the
semiconductor wafer in accordance with step {(a), a process of
rounding the edge of the semiconductor wafer using a coarse
abrasive takes place. In this case, the semiconductor wafer is

20 provided with a rounded edge.

For this purpceses, the semicconductor wafer is fixed on a
rotating table and delivered by i1ts edge against the likewise
rotating working surface of a processing tool. The processing

25  tools used in this case can be embodied as disks which are
secured to a spindie and have circumferential surfaces serving
as working surfaces for processing the edge of the

semiconducter wafer.

30 An apparatus sulitable for this purpose 1s disclosed in

DE 195 35 ¢l6 Al, for example.

Preferably, the semiconductor wafers are provided with &
profile that is symmetrical with respect te the central plane
35 of the wafer, with facets of identical tType on the front side
of the wafer and the rear side of the wafer or else with an
asymmetrical edge profile with different facet widths on the

front and rear sides. In this case, the edge of the



Step (a) of the method involves carrying out double-side material-removing processing of the
semiconductor wafer sliced 20 from a single crystal,lhsing a coarse abrasive. In this case, both sides
of the semiconductor wafer are subjected to material-removing processing. The processing is
preferably effected by means of DDC in accordance with the prior art. The processing of the
semiconductor wafer by means of PPG is especially preferred. 30 Sequential processings of the
semiconductor wafer in which one side of the semiconductor wafer is fixed ("chucked") on a wafer
holder, while, the ather side of:the semieenducior:wafes is treated:py meags oha:grinding tool, are not
preferred q%kl]if&[lfncggreﬁinttgg né%thog.o'f%g wafer lies in freely movable fashion in a cutout in one of a
plurality of carfiers that are caused tb Fotate Ey means of a rolling apparatus, and is thereby moved on
a cycloidal trajectory, wherein the semiconductor wafers are processed in 5 material-removing fashion
between twe retating woyking diskss whereia eachhwarkingsdisk gemprises axwarking. layer containing
bonded abrasive. 4 hagd matetial having a Mafishardness of, 2,8 is prefeired agdl, aragive bonded
in the working layers. Appropriate abrasive materials are preferably diamond, silicon carbide (SiC),
cerium dioxide (Ce02), corundum (aluminum oxide, Al203), zirconium dioxide (Zr02), boron nitride
(EN; cubitrboren nitrideg, EBN) 2fusthermoresikicorbdioxide($i62), borontearbider(840),ahrough Is to
significantly softer, materials such as harium, carbonate,(8a003), calcium carbonate (Ca003) or
magnesium carbonate (Mg003). Diamond, silicon carbide (SiC) and aluminum oxide (Al203;
corundum) are particularly preferred, however. 20 The average grain size of the abrasive is 5-20
um,Brablyhe material-removing grain, preferably diamond, can be fixedly

anchored in the working surfaces of the processing tools. The

grain used has a coarse granulation. According to

JIS R 6001:1998, the granulation {(in mesh) 1is #24C-#800.

i5  The average grain size is 20-60 pum, preferably 25-40 um,

especially preferably 25-30 pm or 30-40 pm.

Step {(a) of the method involves carrying ocut double-side
material-removing processing of the semiconductor wafer sliced

20 from a2 single crystal, using a cecarse abrasive.

In this case, both sides of the semiconductor wafer are

subjected Lo material-removing processing.

]
Ly

The processing is preferably effected by means of DDG in

accordance with the prior art.

The processing of the semiconductor wafer by means of PPG 1is
especially preferred,

30
Segquential processings of the semiconducter wafer in which one
aide of the semiconductor wafer i1s fixed (“chucked”) on a wafer
holder, while the other side of the semiconductor wafer is
treated by means of a grinding teool, are not preferred at this

35  Jjuncture inn the method.

PPG ig & method for the simultaneous double-side grinding of a

pilurality of semiconductor wafers, whereln each semiconductor



5-15 um and especially preferably 5-10 um. The abrasive particles are preferably bonded individually
- or as clusters in the bonding matrix of the working Ia\%er. In the case of cluster bonding, the grain
diameters specified as preferred relate to the primary particle size of the cluster constituents. Working
layers with ceramic bonding are preferably used; a 30 synthetic resin bonding is particularly preferred;
in the case of working layers with clusters also a hybrid-bonded system (ceramic bonding within the
clusters and synthetic resin bonding between clusters and working layer matrix). 35 That temperature
prevailingvinsthe Vg@hkiflgigﬁpfi@ﬁ@mﬁ Q@W@Bmihefé\&ﬁlﬂﬂﬁ lay.er:é is:%nﬁcﬁﬁr@bbynk?m@;)%@ta@t durin%
processing, F IS purpose, the carrier n haye openings.through which cooling lubricant can be
exchangg%"gégt%lviele%lﬁo% Ciif and %%Jpgi\%v%rlﬁﬁgg dlcs%,sgﬁ%hbt%atr(gpt)ﬁgrear%/ IoH\}\?ear%V\?orﬁ%gdlayers
always have the'sarmeRérmpertitures This-Gourteratly af Uhdesiféd deforimafionidf the working gap
formed between-therworkiriglayers as a result efthedefermation-ofithe working:layers anworking

disks, on gccount of thermal expansian upder.alternating Joad; Moreoyer, the caoling of the abrasives

bonded in the working layers is'improved and becomes more uniform, and the effective service life
thereof iSherby inGredsel "W it i pretérred t8 HE T M€ tHETofm b tHe Wotking gap fBrmed
between thenworkinad layers’during grinding and to alter the form of the working Surface of at least one
working disk mechanically or thermally depending on the measured geometry of the working gap in

such a way Ircliag (ghe ﬂwpﬁglging galpaqf%sna 15 egefir}qedjorm. Prefgrgbl , the semicor_lducéor wafers
temporarily fehve the "Wo*rl%m“'g gap, defimited %i/sthe %o%i%ier‘laslay?ersfm hlaspéjrf%F tietrsurfice during

procéssirige Witerein thelagdmum bl thev2d Bxeursionvinthe radiakdirgctiongs piore 1hars 0% and at
most 20% gf the: diameterot-the semigondutienwafer, the exeursion bping-defined,as thedength -
measured felatiye to thewprking disks in the radial direction ; by whigh a semiconduictor wafer projects
beyond the inner or olter'edge of the working gap at a £y ST
dicxide (Zr0;), boron nitride (BHN; cubic boron nitride, CBN),
furthermore silicon dioxide (510;), boron carbide {(B4,C), through
15  to significantly softer materials such as barium carbonate
{(BaCO3), calcium carbonate (CaCOjz) or magnesium carbonate
(MgCOs) . Diamond, silicon carbide {(5iC) and ziuminum cxide

(Al;04; corundum) are particularly preferred, however.

20 The average grain size of the abrasive 1s 5-20 um, preferably

5-15 um and especlally preferably 5-10 um.

The abrasive particles are preferably bonded individually or as
clusters in the bonding matrix of the working laver. In the

25 case of cluster bonding, the grain diameters specified as
preferred relate to the primary particle size of the cluster

constituents.

Working layers with ceramic bonding are preferably used; a

30 synthetic resin bonding is particularly preferred; in the case
of working layers with clusters also a hybrid-bonded system
(ceramic bonding within the clusters and synthetic resin |

bonding between clusters and working laver matrix).

35 That temperature prevailing in the working gap formed between
the working layers is preferably kept constant during
processing. For this purpose, the carriers can have openings

through which cooling lubricant can be exchanged betwesen lower



25 specific point in time during grinding. Preferably, toward the end of processing, a liquid medium
having a viscosity of at least 31.0-3 N/m2.5 and at miost 100.10-3 N/m2.s is introduced between
working disks and semiconductor 30 wafers via openings in the carriers. This medium should be
present at least while the working disks are being removed from the semiconductor wafer, thereby
curbing the mechanical removal by the working layers. Grinding defects that are otherwise observed in
the prior art, such as marks, scratches or lift-off 35 marks, can thereby be avoided. This is described in
the German:application - nat peevidushspublished -hearingdbe fileweferense 10:2009:048 436.1, to
which in s gtiety sefetence Js nade.harg, 4. he [allowing preferably.come Jyp consideration as
the medilim: ‘agqueous mixture containing polyhydric alcohols (glycerol/ monomeric glycols, oligomeric
glycols, pEksiycols dnd poRaIcohots) aduédtis miktlire s giyderol biihoPahd $5€urfattant slurries,
wherein therequited wigeosityaf, thermedium isensureddfthegproportion of Selids>(collomlal

dispgrsiong composed,f silicon dioxige op cerdum gxide particles) a1 expansion under
alternating load. Moreover, the cooling of the abrasives bonded
in the working lavers is improved and becomes more uniform, and

the effective service life therecof is thereby increased.

10 It is preferred to determine the form of the working gap formed
between the working layvers during grinding and to alter the
form of the working surface of at least one working disk
mechanically or thermally depending on the measured geometry of
the working gap in such a way that the working gap has a

predefined form.

Preferably, the semiconductor wafers temporarily leave the
working gap, delimited by the working lavers, with a part of
their surface during processing, wherein the maximum of the

20 excursion in the radial direction is more than (0% and at most
20% of the diameter of the semiconductor wafer, The excursion
being defined as the length - measured relative to the working
disks 1n the radiel direction - by which a semiconductor waier
projects beyond the inner or outer edge of the working gap at a

25 specific point in time during grinding.

Preferably, toward the end of processing, a liguid medium
having a viscosity of at least 3-107° N/m®s and at most 100-107°
N/m”s is introduced between working disks and semiconductor

30 wafers via openings in the carriers. This medium should be
present at lsast while the working disks are being removed from
the semiconductor wafer, thereby curbing the mechanical removal
by the.working layers. Grinding defects that are otherwise
observed in the pricr art, such as marks, scratches or 1ift-off

35  marks, can thereby be avolded. This 1is described in the German
application - not previously published - bearing the file
reference 10 2009 048 436.1, to which in its entirety reference

is made here.



10preferably with additional viscosity-increasing media (e.g. alcohols) depending on the proportion
of solids. Step (b) of the method involves treating front and rear sides of the semiconductor wafer with
an alkaline medium. 15 Aqueous solutions of NaOH or KOH are preferably used as alkaline media.
The concentration of NaOH or NOR in the alkaline solution is 20 preferably 40% to 60%. The
treatment temperature is preferably approximately 50C to 90C, especially preferably 80C to 90C. 25 It
has been found that the alkaline etching does not adversely influence the good geometry and the good
longer-wave nanotopology after the grinding Steps, in particular after PPG. Acidic etching is

disadvaniageausny dhjs goad.and shauld be.volded, 0Howaver, (e surlace souchogss s higher

after alkaline etching tham after comparable freatments using acidic media. The treatment with the
alkaline thediunt® i-5refetably etideted 85 a8 sgle-witer reathmeént 2 This’is partichlaffysreferred in
particular for semicenttctar wdfers-having aidiametercofgreatet thanc30Q gimcthat isstosay in
particular for seg}gq(?y@yg@{ﬂ%fgrs having a diameter of 450 mm. 1.5 Step (c) of the method

according to the invention involves matgrial{removirig p}raocgssing of tge semicondutctortwafer using a
. . 1 1 r T =
finer abrdsive tHaRiAStep ()54 7F ©F g-yceroL, butancs and a subractan

€ slurries, wherein the required wviscosity cof the medium 1s

ensured by the proporticn of solids {celleoidal dispersions
composed of silicon dioxide or cerium oxide particles),
10 preferably with additional viscosity-increasing media

(e.g. alcchols) depending on the proportion of solids.

Step (b) of the method involves treating front and rear sides

of the semiconductor wafer with an alkaline medium.

Agueous solutions of NaCH or KOH are preferably used as

alkaline media.

The concentration of NaCH or KOH in the alkaline solution i1s

20 preferably 40% to 60%.

The treatment temperature is preferably approximately 50°C to

90°C, especially preferably 80°C to 90°C.

25 It has been found that the alkaline etching does not adversely
influence the good geometry and the good longer-wave
nanctopology after the grinding steps, in particular after PPG.

Acidic etching is disadvantageous in this regard and should be

avolded.
30
However, the surface roughness is higher after alkaline etching
than after comparable treatments using acidic media.
The treatment with the alkaline medium is preferably effected
35  as single-wafer tresatment. This is particularly preferred in

particular for semiconductor wafers having a diameter of
greater than 300 mm, that 1s to say in particular for

semiconductor wafers having a diameter of 450 mm.



In step (c) of the method, both sides of the semiconductor wafere ground. In contrast to step (a), the
grinding of front and rear sides W has to be effectedSSequentiaIIy. DDG or PPG fine grinding is
unsuitable in the context of this invention. For this purpose, the semiconductor wafer held on a wafer
holder and a grinding disk lying opposite are rotated independently of one another, the grinding disk
being arranged in a manner laterally offset relative to the semiconductor wafer and in this case being
positioned in such a way that an axial center of the semiconductor wafer reaches a working region of
the grinding disk, the grinding disk being moved at 20 an advancing speed in the direction. of the

e D A AU felYISa Ja gne anorner

. .teﬁ
while semiconductor wafer an isk Totate about parallel axes, such that a surface of the

semiconditict6rwafer @@I‘b‘ﬂhﬂ?ti@’é’fﬁ%ﬁé%%kcbfeiﬁ&?eoﬁﬁ&@l@&f”éj%?%rr‘ﬁﬁé%ﬁeéa Htera
specific matesial remeval hastieen attainedkdt isgreferred for grinding disk and semiconductor wafer
to be;delivered by a distance of 0.03-0.5 um during a revolution of 30 the semiconductor wafer. The
choice of delivery during a revalution of the semiconductor wafer of 0.03-0.1 um is especially
preferredt™ Preferably, & grindhg sk Raving d-Grain 8128 of greater iR 35 BFEGI&A To #1200 is
used, espedially preferably #4200 - #8000. 16 An average particle size can be calculated from the
mesh figures: 5 if grinding disks having fine granulation are used, the term fine grinding is often also
employed. Such fine grinding disks have e.g, a granulation of from #1000 up,to #4000, e.g. those
commergfé]lycé)v%tn% etfrgn% Diséé C %draﬁgﬁ WI%%%%eIFgeso 6urr}|1r‘1fgc> the g(?%\/e?seﬁ%ﬁ into particle sizes
that! by wedgoftexaniplé S# EZ0G €orfesporitis itd anvaverige partithe size s 98 Ut #5000 Torresponds
to an average padicie:-size of 25 pamrand:#80GQ0 carrespandsrio arhaverage particle size of 1.2 um. 15

For this purpose, the semiconductor wafer held cn a wafer
holder and a grinding disk lying opposite are rotated

15 independently of one another, the grinding disk being arranged
in a manner laterally offset relative tc the semiconductor
wafer and in thisz case being positioned in such a way that an
axial center of the semiconductor wafer reaches & working
region of the grinding disk, the grinding disk being moved at

20 an advancing speed in the direction of the semiconductor wafer,
whereby grinding disk and semiconductor wafer are delivered to
one another, while semiconductor wafer and grinding disk rotate
about parallel axes, such that a surface of the semiconductor
wafer is ground, the grinding disk being led back at a

25  returning speed after a speclfic material removal has been

attained.

It is preferred for grinding disk and semiconductor wafer to be

delivered bv a distance of 0.03-0.5 um during a revelution of
30 the semiconductor wafer. The cheice of delivery during a

revolution of the semiconductor wafer of 0.03-0.1 pm is

especially preferred.

Preferably, a grinding disk having a grain size of greater than

35 or egual to #1200 1s used, especilally preferably #1200 - #8000.

The grain size is usually specified in # [(“mesh”) in accorxdance

with Japanese Industrial Standard JIS R 6001:1998.



The average particle sizes during fine grinding are therefore approximately greater than or equal to 1.0
pm and less than or equal to 10 pm, preferably 1.0-!76pm, particularly preferably 1.0-4 pm and
especially preferably 1.0-2 pm. 20 The rotational speed of the grinding disk is preferably 1000-5000 .
min'.  The rotational speed of the semiconductor wafer is preferably 2550-300 min', especially
preferably 200-300 min91. The advancing .speed is preferably 10-20 1 /m The increased surface
roughness after the alkaline etching can 30 be reduced by means of the fine grinding. A roughness of
approximately 25 nm (RMS, 250 pm filter) remains. The good geometry obtained up to this point in
time and the good nanotopography are not adversely influenced in way.by the fine grinding. 35 17
A 20 T e A s i e e s of tha
semiconduci@Ewafer and before the PAP polishing in accordance with step (d). If a fitst edge rounding
step had already been carried out before 5 step (a), which is preferred, a grinding tool having finer

granglatiqn by comparison with.the first edga raunding process, s used inJhg second edge rounding

step. For this'purpose, the semiconductor wafer is once again fixed W on a rotating table and
deliveredby'its 8dg& dgaimst theliewisé rotatifgwork Strfact'of'a brocesSing Yool THet protessing
tools useddm¢his case tag:benembodied astdiskswhichlare secured totd Spindée and havee

circumferentiglsurfaces.sexving asiyverking-surfaces for-pragessing dhe edge of

10 It emerges during the conversion into particle sizes that, by
way of example, #1200 corresponds to an average particle size
of 9.5 um, #5000 corresponds to an average particle size of
2.5 pm and #8000 corresponds to an average particle gize of

1.2 m.

The average particle sizes during fine grinding are therefore
approximately greater than or egual to 1.0 um and less than or
equal to 10 pm, preferably 1.0-7 pm, particularly preferably
1.0~4 pm and especially preferably 1.0-2 pm.
20
The rectaticnal speed of the grinding disk is preferably
© 1000-5000 min™".

The rotational speed of the semiconductor wafer 1g preferably

25 50-300 min™', especially preferably 200-300 min™.
The advancing speed ig preferably 10-20 um/min.

The increased surface roughness after the alkaline etching can
30 be reduced by means of the fine grinding. A roughness of

approximately 25 nm (RMS, 250 um filter) remains.

The good geometry obtained up to this point in time and the

good nanotopography are not adversely influenced in any way by

the fine grinding.

It is furthermore preferred to configure the fine grinding such

that a sligntly convex form of the wafer results.



15 the semiconductor wafer. The working surfaces can also be embodied in the form of an abrasive
cloth or as an abrasive belt. 20 The material-removing grain, preferably diamond, can be fixedly
anchored into the working surfaces of the processing tools. The grain used has a fine granulation.
Accordingto  JIS R 6001:1998, the granulation should be finer than #800, 25preferably #800-#8000.
The average grain size is 0.5-20 km, preferably 0.5-15 Um, particularly preferably 0.5-10 um, and
especially preferably 0.5-5 um. 30 In step (d), both sides of the semiconductor wafer are polished by
means ofa pelishing pad-containingrabrasives havingian average grainSize-of0.4-kE0rpm. 35 The
polishing g front apdeatsidgs of Ine semiconduclor wiafer. can.fie effgeled simlianeansly. glthe
same timé. Converitional DSP polishing machines are suitable for this purpose, the polishing pads
used containmgatrasivest |8 Mowaver thé pdlisRing GIine twid sides 'can algo be'effetted
sequentially; s whithecasethe silicontwafers:arezpalished ibdeolding: systemsanith hardoretainer plates,

l.e. @'d'@&éﬁ%%ﬁ with mempranes-are.not used. The sequential polishing by-means of polishing
pads comprlsmq'a* rasives opens up the pOSS!bI |ty1ﬁl%art|+(;l{llarlr¥ when polishing wafers havmig very
large diafeters; that 18 td8ay WAVihg didietérs6f greaterthan 360 Fim™ h particli&’ @iGfeters of 450
mm - of cobrdinating the: pelishirgstéps darethedrgrtand reaesides with one another in a targeted
manner, with regard to optimized polishing of the wafer edge regions (ERO).

For this purpose, the semiconductor wafer 1s once again fixed
10 on a rotating table and delivered by its edge agalnst the
likewise rotating work surface of a processing teol. The
processing tools used in this case can be embodied as disks
which are secured to a spindle and have circumferential
surfaces serving as working surfaces for processing the edge of

13 the semiconductor wafer.

The working surfaces can also be embodied in the form of an

abrasive cloth or as an abrasive belt.

20 The material-removing grain, preferably diamond, can be fixedly

anchored into the working surfaces of the processing tools.

The grain used has a fine granulation. Accerding to
JIS R 6001:1998, the granulation should be finer than #800,
25  preferably #800-#8000C.

The average grain size 1s 0.5-20 pm, preferably 0.5-15 pm,
particularly preferably 0.5-10 um, and especially preferably
0.5-5 um.

30
In step (d), both sides of the semiconductor wafer are polished
by means of a polishing pad containing abrasives having an

average grain size of 0.1-1.0 pm.

35 The polishing of front and rear sides of the semiconductor
wafer can be effected simultaneocusly at the same time.
Conventional DSP polishing machines are suitable for this

purpose, the polishing pads used containing abrasives.



In the context of the sequential polishing, there is additionally the possibility, between the two polishing
steps, of harrying out a measureMent of the wafer edge profile, e.g. by means of the "Kobelco LER
310" measuring instrument, and thus optimally adapting the second polishing process to the first. This
measurement also makes it possible to characterize 20 regions with an edge exclusion of less 1 mm.
During the polishing step, a polishing agent solution that is free of solids is preferably introduced
between the sides of the semiconductor wafer which are to be polished and the 25 polishing bad. The
polishing agent solution is, in the simplest case, water, preferably deionized water (DIW) having the

purity customary. for in th%§ iconductar.industry. 30 However, thf oI'shingﬁl_ ent solution can
also contain corﬁpduﬁ%gsesgc% és% g]éélllgmgfarbgﬁalt%w(%aszbag)s, I:g:oatralssa}urSrL}?3 cak?goné%%ﬁ( c?qs), sodium
hydroxide® faGH); Potassiumhydidside (RO -a&mnionidmHydreige eNpBEOHe L ished in
tetramethytamitonium hiydraxide 85 (TAH )or tanyrdesiredmixtyres therent: Tdherdses ofpetassium

carbanats is.esheciallyprefersad. In tis case, theypH valye f the, polishing agent solution preferably

lies in a range of 10 to 12 and the proportion of the stated compounds in the 19 polishing dgent
solution i§ prét8rabiy 0/ f6™10% By WeiGRt Partctiary-preterabi fFomr0.61 %0 0.2% by weight. The
polishingrageat solutitn capdurtherniare contdir nnewr Sstnore furthee ad ditives nfor example
surfa_ce-agg\f%@dg_mgﬁg§g§_@ aswyetting agentsand %lﬁﬁ%%”t@’i%ﬁﬁ@&'é%s agting,as; protective
colloids, preservafives; iocides, algohols and complexing 29ents, 5o 1, _ o
10  ccordinating the polishing steps for the front and rear sides
with one another in a targeted manner, with regard to optimized

polishing of the wafer edge regions (ERO).

In the context of the sequential polishing, there is

13 additionally the possibility, betwesen the two polishing steps,
of carrying out & measurement of the wafer edge profile, e.g.
by means of the “Kobelco LER 310" measuring instrument, and
thus optimally adapting the second polishing process to the
first. This measurement also makes it possible to characterize

20 regilens with an edge exclusion of less & mm.

During the peclishing step, a pcelishing agent solution that i1s
free ¢f solids is preferably introduced betwsern the sides of
the semiconductor wafer which are to be polished and the

25 poiishing pad.

The polishing agent sclution is, in the simplest case, water,
preferably deicnized water (DIW) having the purity customary
for use in the semiconductor industry.

30
However, the pclishing agent sclution can also contain
compounds such as sodium carbonate (Na;CC;), potassium carbonate
(K»CC3), sodium hydroxide (NaCH!, potassium hydroxide (KOH),
ammonium hydroxide (NH.CH), tetramethylammonium hydroxide

35 (TMAH) or any desired mixtures therecif. The use of potassium
carbonate 1s especially preferred. In this case, the pH value
of the pelishing agent soluticn preferably lies in & range of

10 to 12 and the proportion of the stated compounds in the



M A polishing pad is used which contains an abrasi}/g are al bonded in the polishing pad (SAP pad).
Suitable abrasive materials comprise for example particles of oxides of the elements cerium,
aluminum, silicon, zirconium and 15 patrticles of hard materials such as silicon carbide, boron nitride
and diamond. Particularly suitable polishing pads have a surface topography characterized by
replicated microstructures. Said 20 microstructures ("posts") have for example the form of columns
having a cylindrical or polygonal cross section or the form of pyramids or truncated pyramids.  More
detailed descrigtions; Ofi@léeit pekishing padi are-eertained125for. examplelio WE,92/23680 Al and US

' 2005/227590 AI %Ylél of%%%IPQEn% g.wggbofrlug oxide akgi}a%&\égsggxedly bonded therein, as

described & g in 2117 31iS especia y preferre 30 The average particle size of the abrasives
is particularly preferably 0.1-0.6 km.  An average particle size of 0,1-0.25 km is especially
35preferreige 20:thedange of 2e4 unsisparticutary: prefenred andarrangercf 2:83 uomis especially

pfef%rab%&P&p'%e%@wéﬁdqoé@b@g makes i possible %r§§xa%@u@g@1%@%é@am%produced by
the fine grinding. Secondly, the rough ness of appr%lmate ly 25 nm @at remains after the f|ne grinding

is significantiy réducéa’th 188s faT ore it ¢ A nnr tRIAS; 57 S lizers acting

protective colloids, preservatives, biocides, alcohols and

complexing agents.

10 A polishing pad is used which contains an abrasive material

bonded in the polishing pad (FAP pad).

Suitable abrasive materials comprise for example particles of
oxides of the elements cerium, aluminumn, silicon, zirconium and
15 particles of hard materials such as silicon carbide, boron

nitride and diamond.

Particularly suitable pclishing pads have a surface topography
characterized by replicated microstructures. Said

20 micrestructures {("posis") have for example the form of columns
having a cylindrical or polygonal cross section or the form of

pyramlds or truncated pyramids.

More detailed descriptions of such polishing pads are contained
25  for example in WO 22/13680 Al and US 2005/22759%0 Al.

The use of & polishing pad having cerium oxide abrasives
fizedly bonded therein, as described e.g. in US 6602117 Bl, is
especially preferred.

30
The average particle size of the abrasives is particularly

preferably 0.1-0.6 pm.

An average particlie size of 0.1-0.25 um is especially

[¥3)
]

preferred.

Removals of greater than or egual to Z um per slide are

preferably employed for the FAP polishing, where in this regard



250 um filter). In particular the striations observed in the case of highly W doped semiconductor wafers
can be removed by FAP. In this regard, reference i€'made to the entirety of the German patent
application bearing the file reference 102009057593.6, not previously published. 15 It is not least as a
result of this that an improvement in the shorter-wave nanotopography is achieved by means of FAP.
Step (e) of the method according to the invention involves polishing the front side of the semiconductor
wafer by means of 20 a stock removal polishing pad. The rear side of the semiconductor wafer is not
polished.« HRuringthe polishing, apalishingragent based op:cotleicadly disperse sitiea sokis introduced
between polishing pad and 25 front side o mic afer. In this case, the semiconductor
wafer is f§<e% with %’e ERE’%Sﬁs E)eLdy r a%%ldée}}%réeié\/raﬁof%%ggésﬁ\éport plate of a polishing machine,
wherein a uniform, thin cement layer having at most a 30 thickness of 3 pm is used for fixing, and,
finally, therfeont sklepefithe lsemiconductoriwates ssssulijectéd xe poblishing s\Withiregard tothe cement

layets Usﬁgmé%éfe%%&%@?%i? the entirety of the.unpyblished German patent-application bearing
the file reference 102009052744.3. 35 As an alternatjve, the semicqon u\ﬁwor wafer is held during

polishing® by Prean&of S hGItin g sy st Wiich T&fiked 'on alcarrier-alid whith Gmpriseda fifed cutout

of the sizeigfithd i2fantly reduced to less than or equal to 4 nm (RMS3,
250 um filterxr).
In particular the striations ckserved in the case of highly
10 doped semiconductor wafers can be removed by FAP. In this
regard, reference 1s made to the entirety ol the German patent
application bearing the file reference 102008037593.6, not

previously published.

i3 Tt is not least as & result of this that an improvement In the

shorter-wave nanctopography 1s achieved by means of FAP.

Step (&) of the method according to the invention involves
. polishing the front side of the semiconductor wafer by means of
20 a stock removal polishing pad. The rear side of the

semiconductor wafer is not polished.

During the polishing, a polishing agent based on collcoidally
disperse silica sol is introduced between polishing pad and

25 front side of the semiconductor wafer.

Irr this case, the semiconductor wafer 1s fixed with the FAP-
polished rear side preferably on & support plate of a polishing
machine, wherein a uniform, thin cement layer having at most a

30 thickness of 3 um is used for fixing, and, finally, the front
gside of the semiconductor wafer is subjected to polishing. With
regard to the cement lavers used, reference 1s made to the
entirety of the unpublished German patent application bearing
the file reference 1020009052744.3.

As an alternative, the semiconductor wafer is held during

Qo

polishing, by means of a holding system which 1s fixed on

carrier and which comprises a lined cutout of the size of the



semiconductor wafer to be received, by the side that is not to be polished by means of adhesion in the
cutout. Such holding systems having cutouts for re(,géiving a semiconductor wafer are also referred to
as templates. With regard to the templates used, reference is made to the entirety of the unpublished
German patent application bearing the file reference 102009051007.9. W A typical stock removal
polishing pad is used during the polishing of the front side. Commercially available polishing pads are
e.g. the pads of the DCP series and also the pads having the trade names IC1000m, Polytexm or
SUBATMstramRekm& Haaszte A typicad hake-stock remevalpolishinggpachwithauw abrasives
containe% éh%égmii%%v&%?' Iﬁ%ggvg§ ag%gléggligg i%heC ﬂo@rn&g&g&qlishing agent.  This stock
removal polishing serves to eliminate the 20 microdamage caused by SAP. The material removal on.
the front sidielis preferdbly approximately’ 1 0Fto 210 Pt particulafy Brefersblyapproximately 1.0 to 1.5
pm. Aftersstep ¢e); polishimg of theredge ofithecsemitenductor-water is preferabdy: effected. However,
this gan also follow step (f), as already mentioned above. 30 Commercially available automatic
edge-polishing units are suitable for this purpose. US 5,989,105 discloses such an apparatus for edge

polishing“wheréifi #& Bolighing ardr 1% ¢6mposéd 6F an afunfihGit &lloy°afd s A polishing pad
applied teitt R22eprojects béyondthechueke sucketiratit isfreelytactiessibiesfor thie pelishimg drum. A

centrally rotating pelishing. deynto;whigh dhe polishing pad is applied and which is inclined by a
specific angle with respect to the chuck, and the chuck with 5 the semiconductor wafer are delivered to

one another and pressed onto one another with a specific contact pressure while the polishing agent is
Cmﬂﬁmoﬁgyggé@ﬁ%_stock removal polishing pad is used during the

polishing of the front side. Commercizally available polishing
pads are e.g. the pads of the DCP series and also the pads
having the trade names IC1000™, Polytex™ or SUBA™ from Rohm &
Hzas.

15 A typical hard stock removal polishing pad without abrasives
contained therein is invelved., Abrasives are supplied In the

form of a polishing agent.

This stock removal polishing serves to eliminate The

20 microdamacge caused by FAD.

The material removal con the Iront side is preferably
approximateliy 1.0 to 2.0 um, particularly preferably

approximately 1.0 to 1.5 pm.

Lfter step {e), polishing of the edge of the semiconductor
wafer is preferably effected. However, this can also follow
step {(f}, as already mentioned above.

avall

30 Commerciall ble autcomatic edge-polisning units are

4

a
sulitable for this purpose.

[

U5 5,988,105 discloses such an apparatus for edge poelishing,
wherein the polishing drum 1is composed of an aluminum alloy and

35  has a polishing pad applied to it.

The semiconductor wafer 1s usually fixed on a flat wafer

holder, a so-called chuck. The edge of the semiconductor wafer



During the edge polishing, the chuck with the semigcgnductor W wafer held thereon is rotated centrally.
Preferably, one revolution of the chuck lasts 20-300's, particularly preferably 50-150 s (revolution
time). 15 A polishing drum, which is covered with the polishing pad and is preferably rotated centrally
at a rotational speed of 3001500 min-1, particularly preferably 500-1000 min-1, and the chuck are
delivered to one another, with the polishing drum being set obliquely at a setting angle with respect to
the 20 semiconductor wafer and the semiconductor wafer being fixed onthe chuck in such a way that it
projects glightly beyond the: tatter andrisithereforeiaccessibledor thefpelishingsdrues sThel setting angle

Is preferably 30:30...5 §f§9{%%d;§£%vya§§r@@9&%@@@99&9@@@&@@%ﬂrmgoreﬁaﬂeth%with a

specific contact pressure and with a polishing agent being supplied continuously, preferably with a
polishing" Gyt flowrats &6 41 fitePifin - farticttans préferasly 36'0.15-0'46" iter/ifin “Whérein the
contact pressuré tandecset byimeans spweights atthehethtorolls and is preferably 1+6.kg, particularly

preferably 2=4 kg. Polishing drym.ane.semiconductor,wafer are preferably maved:35away from one
another after 2-20, particularlg preferabl% afteg%-Sé revolutions of the semiconductor wafer or gf the

chuck ho?d?ﬁ& %ﬁed sé’rrrllfc%n%rl}ctogr’lI\}voa%élrg.3 23’ JI'he‘ edgséppeoff‘l% ilﬁfj o(ﬁﬁé—” Semiconductor wafer is
preferablyleffeeted By fixiag e semicoreictor wale e o ascbvibrall§ Fotating chuck, delivering the
semiconductor wafer and a

During the edge polishing, the chuck with the semiconductor

10 wafer held thereon is rotated centrally.

Preferably, one revolution of the chuclk lasts 20-300 s,

particularly preferably 50-130 s (revolution time;.

15 A polishing drum, which is covered with the polishing pad and
is preferably rotated centrally at a rotaticnal speed of 300-
1500 min™?, particularly preferably 500-1000 min™', and the
chuck are delivered te one another, with the polishing drum
being set obliguely at a setting angle with respect to the

20  semilconductor wafer and the semiconductor wafer being fixed on

the chuck in such a way that it projects siightly beyond the

latter and is therefore accessible for the polishing drum.
The setting angle is preferably 30-507.

Semiconductor wafer and polishing drum are pressed cntoe cne
another with a specific contact pressure and with a polishing
agent being supplied continuously, preferably with a polishing
agent flow rate of 0.1~1 liter/min, particularly pref@rably

36 0.15-0.40 liter/min, wherein the contact pressure can be set by
means of weights attached tce rolls and is preferably 1-3 kg,

particularly preferably 2Z-4 kg.

Polishing drum and semiconductor wafer are preferably moved
35 away from one another after 2-2Z20, particularly preferably after
2-8, revoluticns of the gsemiconductor wafer or of the chuck

holding the semiconductor wafer.



centrally rotating polishing drum, to which a polishing pad 5 containing fixedly bonded abrasives (PAP
polishing pad) is applied and which is inclined with féspect to the chuck, and pressing semiconductor
warfer and polishing drum, onto one another with the continuous supply of a polishing agent solution
containing no solids. 10 This makes it possible to influence the wafer edge in a targeted manner
without impairing the adjoining region of front and/or rear side of the semiconductor wafer, and thus for
example to set the desired geometry and surface properties only IS on the wafer edge. A short
polishingstep ysing sedtly: kxmeving silieasokean addiionally-follaw-on the sarae PAR-pelishing pad, in
order L, realize a reduction.of the edge roughness and edge defect 20rates. The two polishing steps
can then %%Ic%%%rlgi%a%eyd ﬁﬁﬁ %)?1% a%%%he?’rgs%lc%%ﬁg% % faSr%e%ve%Lgo]?sitlgv% i%flﬁgr%ﬁél%f he wafer edge
geometry-and SuftacE 6ar be petformed wWithdut adverseB nfAGEAGNY Bf Biie #Aferdartial sites on the
wafer frontside andywafet rearrside:dn peinciple, dhereforecthesermicengudior wafer is peeferably
polished by means, of.a polishing, drym.adhesively bonded e the 30 surface of which is a hard and

not very compressible polishing pad comprising fixedly bonded abrasives, with an alkaline solution
being suﬁﬁ%%?‘?’?ef@?adolybég hoofhing Ste s SubséquerithFéifected ina 35€ee6Ad stéfon the
same polishirig pad wiie iacsiticaisolis supphed, suchasle.ghGlanzox3900A withcapproximately 1%
by weight;@f-3102, 241+ the continuous supply of a polishing agent
solution containing no scolids.
10
This makes it possible to influence the wafer edge in a
targeted manner without impairing the adjoining region of front
and/or rear side of the semliconductor wafer, and thus for

example te set the desired gecomeftry and surface properties only

A

on the wafer edge.

A short polishing step using softly removing silica sol can
additionally follow on the same FAP polishing pad, in order to
realize a reduction of the edge roughness and edge defect

20 rates.

The two polishing steps can then be coordinated with one
another such that a Targeted positive influencing of the waler
aedge geometry and surface can be performed without adverse

25 influencing of the wafer partial sites on the wafer front side

and wafer rear side.

In principle, therefore, the semiconductor wafer 1s preferably
polished by means of a polishing drum, adnhesively bonded on the

30 surface of which is a hard and not very compressiblie polishing
pad comprising fixedly bonded abrasives, with an alkaline

solution being supplied.

Preferably, a smoothing step is subsequently effected in a

L
wn

gecend step on the same polishing pad while a silica sol is
supplied, such as e.g. Glanzox 3%00* with approximately 1% by

waight of 3510,



*Glanzox 3900 is the product name for a polishing ggent slurry offered as a concentrate by Fujimi
incorporated, Japan. The base solution of this concentrate has a pH of 10.5 and contains
approximately 9% by weight of colloidal Si02 having an average particle size of 30 to 40 nm. The
polishing agent solution used during the edge polishing is, in the simplest case, water, preferably
deionized water (DIW) having the purity customary for use in the semiconductor W industry. However,
the polishing agent solution can also contain compounds such as sodium carbonate (Na2003),
potassiumarhenate {K2003); sodiun hydraxide NaOH); potassitim fydroxide;&@H3, 1 15-ammonium

hydroxidg KEAOH), lettamethylamimoniura hygtxide. (TMRH). gr.any desired miturag, hereof. The

use of potassium carbonate is especially preferred. 20 The pH value of the polishing agent solution

preferably 38 if a'rahye of 10 t6 125 tHeSprbporton 6Fthé skited tompound&dn the péiishing agent
solution isypreferably 001 te 0% byweight, pearticulatly preférably from 0i01:toa. 28 by avesight. 25 A

polishing agent containing abrasives.is usedn the preferred second step of the edge polishing. This
step preferably takes place after step (f), wherein the first edge polishing process takes place between
step (e) and step (f). 30 The proportion of the abrasive material in the polishing agent slurry is
preferably0:25¢d. 209%6. by weight tparticulatly prefeeably 02510 1Wehyereigheo L 1Fhe averaye particle
sizeis 5 t-LoﬂB_Q(pl@n@3 Pasticilary-35 preferably 5 to 8Omnm=The abrasive material comprises ja material
that mechanically femoyes, the,substrate material, preferably ane.ormere Lt 13-

10 industry.

However, the polishing agent sclution can also contain
compounds such as sodium carbonate (Na;COs:), potassium carbonate
(K2CO3), sodium hydroxide (NaOH), potassium hydroxide (KOH],

15 ammonium hydroxide (NH,OH), tetramethylammonium hydroxide

(TMAH) or any desired mixtures thereof.
The use of potassium carbonate is especially preferred.

20 The pH value of the polishing agent solution preferably lieg in
a range of 10 teo 1Z and the proportion cf the stated compounds
in the polishing agent solution is preferably 0.01 to 10% by

welght, particularly preferably from 0.01 toe 0.2% by welght.

25 A polishing agent containing abrasives is used in the preferred
second step of the edge polishing. This step preferably takes
place after step (f), wherein the first edge polishing process

takes place between step (e) and step ().

30 The proportion of the abrasive material in the polishing agent
slurry is preferably 0.25 to 20% by weight, particularly

preferably 0.25 to 1% by welght.

The average particle size is 5 to 300 nm, particularly

35 preferably 5 toe 50 nm.

The abrasive material comprises a material that mechanically

removes the substrate material, preferably one cor more of the



oxides of the elements aluminum, cerium or silicon.,)@ polishing agent slurry containing colloidally
disperse silica is particularly preferred. 5 Preferably, therefore, a polishing pad containing an abrasive
material bonded in the polishing pad is used in the edge polishing. The polishing pads used in this
case correspond to the PAP polishing pads used in stet) (d) in this case. 10 Step (f) of the method
involves chemical mechanical polishing of the front side of the semiconductor wafer, that is to say
conventional CMP polishing of the front side of the semiconductor wafer. 15 Here, too, the rear side of
the semieanductoravaferis preferably-fixet by means of waxordemplates.cas. described in step (e). 20
The CMP polishing pads used are polishing pads having a porous matrix. The polishing pad preferably
comprises a thermoplastic or heat-curable polymer. A multiplicity of substances may be envisaged 25
for the materiat, f6F exampREpoly Sretiane st polyearbdtaté Pohyarfitie .l polyaér/ité Splyéstef etc.
The polishing-pad prefecahly comprises salid, microporous polyurethane. 30 It is also preferred to use
polishing pads composed of foamed plates or felt or fiber substrates, which are impregnated with
polymers. 35 Coated/impregnated polishing pads can also be configured such that there are a different

pore distiBGicH-and differéitsore Siresiin e SGBstratettian fifthe"coating, =0 arrasive

material bonded in the polishing pad is used in the edge
polishing. The polishing pads used in thils case correspond to
the FAP polishing pads used in step (d) in this case.

10
Step (f) of the method invelves chemical mechanical polishing
of the front side of the semiconductor wafer, that is to say
conventional CMP polishing of the front side of the

semiconductor walfer.

Here, too, the rear side of the semicconductor wafer 1s
preferably fixed by means of wax or templates, as described in

atep (e).

20  The CMP polishing pads used are polishing pads having a porous

matrix.

The polishing pad preferably comprises a thermoplastic or heat-
curable polymer. A multiplicity of substances may be envisaged
25 for the material, for sxample polvurethanes, polycarbonate,

polyamide, polyvacrylate, polyester, etc.

The polishing pad preferably comprises solid, microporous

polyurethane.

It is alsc preferred tTo use polishing pads composed of foamed
plates or felt or fiber substrates, which are impregnated with
polymers,

ed/impregnated polishing pads can also be configured such

)
i
O
cf

Loa

ot

hat there are a different pore distribution and different pore

sizes 1in the substrate than in the coating.



26 The polishing pads can be substantially flat or else perforated. In order to control the porosity of
the polishing pad, fillers 5 can be introduced into th%ﬁpolishing pad. One commercially available
polishing pad is, for example, the SPM 3100 from Rodel Inc. M A silica sol is preferably supplied as
polishing agent, that is to say introduced between front side of the semiconductor wafer and polishing
pad during the polishing.  The material removal is preferably at most 0.5 pm on the front 15 side of
the semiconductor wafer. Patent claims 1. A method for producing a semiconductor wafer, comprising
in the stated ofder: 5(a) simulianeous-daublessisle naterial-remeviag psecessig of the semiconductor
wafer sliceéjrf§%ma@%ingle crystal, wherein the semiconductor wafer is processed between two rotating
ring-shaﬁjed“woﬁln”g gﬁ‘sks, wherein each working disk contains abrasives having an average grain
size of 105.0-20.0 Am; (b) treatment of both sides of the semiconductor wafer with an alkaline
medium; I{c) grindingtaf front @andrearsides of the-semicondactor wader] wiepein in 2ath<ase one

gdleﬂ%ﬁ%”B@oﬁw%?BBuced intc the polishing pad. '

Cne commercially avallable polishing pad is, for example, the

SPM 3100 from Rodel Inc.

10 A silica sol is preferably supplied as polishing agent, that Is
to say Introduced between front side of the semiconducter wafer

and polishing pad during the polishing.

The material removal is preferably at most 0.5 pm on the front

13 side of the semiconductor wafer,



15 wafer is fixedly held by means of a wafer holder, while the other side is processed by means of a
grinding tool; wherein the grinding tool contains abrasives having an average grain size of 1.0-10.0
Am, wherein the average grain size of the abrasives is less than the average grain 20size of the
abrasives of the working disks used in step (a) ; (d}polishing of both sides of the semiconductor wafer
by means of a polishing pad containing abrasives having an average grain size of 0.1-1.0 Am; 25(e)
polishing of the front side of the semiconductor wafer by means of a stock removal polishing pad -
containing no abrasives, with the supply of a polishing agent containing abrasives; (f) chemical _
mechanical polishin iCM? of the front side. 30 2. The method as claimed in claim 1, wherein, in step
(@), the serﬁi%&ﬁ&ﬁc?b fwarer lies in freely movable fashion in a cutout in one of a plurality of carriers
that are caused to rotate by means of a rolling apparatus, and 35is thereby moved on a cycloidal
trajectory, whereinieacheweekingdlisio eompri§as Brigoeking tayaschntainingwatirasives. 28 3. The
method as claimedcginglﬂryi%grgnv@}géeigttggégr@gg@ggctor wafer temporarily leaves the working
gap, delimited by the Wo_rkirygﬁ%“srs of the \ggrkjn%gisks 1\évith.a Ei_irt of i'gg,%Jrfaceog%rirg%lprocessing,
whereif the maximtim 84 REU SO TAE TaGiaT ARG i Tare Than BT af htost 201 of
the diameter of theSerhizopeltiteoniiafer oY, Thbatethod-&s clgfiedan Tialft  oF 2 ¥ierein the
alkaline medium iggeragueous seliiDpRiNa@trornat aguesus sotidionsal KBtleen two

roﬁating ring-shaped working disks, wherein each working
digk contains abrasives having an average grain size of

10 5.0-20.0 um;

(b} treatment of both sides of the semiconductor waisx
with an alkaline medium;

{c} grinding of front and rear sides of the semiconductor
wafer, wherein in each case one side of the semiconductor

15 wafer is fixedly held by means of a wafer holder, while
the other side is processed by means of a grinding tool;
wherein the grinding tool contains abrasives having an
average grain size of 1.0-10.0 um, wherein the average
grain size of the abrasives is less than the average grain

20 | size of the abrasives of the working disks used in step
{a);

(4} polishing of both sides of the semiconductor wafer by
means of a polighing pad containing abrasives having an
average grain size of 0.1-1.0 um;.

23 (e} polishing of the front slde of the semiconductor waler
by means of a stock removal polishing pad containing no
abrasives, with the supply of a pelishing agent containing
abrasives;

(£} chemical mechanical polishing (CMP) of the fromt side.

30
2. The method as claimed in claim 1, wherein, in step
(a), the semiconductor wafer iies in freely movable
fashion in & cutout in one of a plurality of carriers that
are caused to rotate by means of a rolling apparatus, and
35 is thereby moved on a cycloidal trajecteory, whersin each

working disk comprises a working layer containing

abrasives.



5. The method as claimed in claim 1 or 2, wherein the polishing pad used in stepcomprises abrasives,
selected from the group consisting of silicon carbide, boron nitride, diamond and oxides of the
elements cerium, aluminum, silicon, zirconium. 6. The method as claimed in claim 1 or 2,
wherein, in 70step (d), a polishing agent solution thagis free of solids is introduced between the
polishing pad and the two sides of the semiconductor wafers. 7. The method as claimed in claim 1
or 2, wherein, 25before step (a), the semiconductor wafer is provided with a rounded edge.  B. The
method as claimed in claim 1 or 2, wherein the edge of the semiconductor wafer is polished between
step 30(e) and step (f). 9. The method as claimed in claim 1 or 2, wherein, during the processes of
polishing the front Side SFRe®eRiiednagctor Wefefinidccotdafice wih step¥tEFand (B85 the
semiconductor wafes+s fixedbytts-rear side asmmcaiel 1 wheesinssunifel methitce et layer having

at most a thickness,of 300115 UsPCL Il ing.; 29 10, Thedngthodgslaimadinalai 1 gsgnwherein
during the processes of polishing the front side of the semiconductor Waf%r in accordance with steps

(e) and (f), the senficBRAGCIRF watsr RITEIA Ty goilBhmg 13 Fiedhs SFEhsiding %‘)e/st_em which is
fixed or a carrier angbuithich cimptisss atinedGied ! the dize of #fe sénfidarriticterwaer to be
received, on its reayside by=means pladhesiap=n thexxweutche diameter of the

semiconductor wafer.

4. The method as claimed in claim 1 cor 2, wherein the
10 alkaline medium is an agueous sclution of NaCH or an
agqueous solution of KOH.

5, The method as claimed in-claim 1 or 2, wherein the
polishing pad used in step @y Comprises abrasives,

15 selected from the group consisting of silicon carbide,
boron nitride, diamond and oxides of the elements cerium,

aluminum, silicon, zirconium.

6. The method ags claimed in claim 1 or 2, wherein, in

20 step (d),.a polishing agent sclution that is free of
solids is introduced between the polishing pad and the two
sides of the semiconductor wafers. ‘

7. The method as claimed in claim 1 or 2, wherein,
25 before step {a), the semiconductor wafer is provided with
a rounded edge.

8. The method as claimed in claim 1 or 2, wherein the
edge of the semiconductor wafer is polished between step
30 (e} and step (L).

9. The method as claimed in claim 1 or 2, wherein,
guring the processes of polishing the fromt side of the
semiconductor wafer in accordance with steps {e} and (f},
a5 the semiconductor wafer is fixed by its rear side on a
carrier, wherein a uniform, thin cement layer having zat

most a thickness of 3 um is used for fixing.



29 .

10. The method as claimed in c¢laim 1 or 2, wherein,
during the processes of polishing the front side of the
semiconductor wafer in accordance with steps (e) and (f),
the semiconductor wafer is held during polishing, by means
of a holding system which is fixed on a carrier and which
comprises a lined cutout of the size of the semiconductor
wafer to be received, on its rear side by means of

adhesion in the cutout.



