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:
a) production of a single crystal composed of semiconductor material (crystal pulling); b) separation of
the semiconductor single crystal into individual wafers ("wafering”, "sawing"”), ¢) mechanical
processing of the semiconductor wafers; d) chemical processing of the semiconductor wafers; e)
chemomechanical proc 51590%“ ce)gemg%%&ju:&or vgafeé%ig tg%r&n%l tggatmgggrof the semiconductor
wafers and/or ep taxial coating of the s&miconductor waters. 20 in addtion thare are a multiplicity of
secondary steps such as cleaning, measuring and packaging. A semiconductor single crystal is
usually producecbypulling a singlte=erystal romeamaelt (CZ op rCzechraigki method)ornby. 25+
recrystallizing_g rod composed of polycrystalline semiconductor material (FZ or “floating zone"
method).  Known separation methods include wire sawing ("multi-wire 30 slicing”, MWS) and
internal-diameter sawing. In the case of wire sawing, a multiplicity of semiconductor wafers are sliced
from a piece efwrystabimcenerwolrk operationo35 art, semiconductor wafers are

produced 1in a multiplicity of successive process steps, which

can generally be subdivided intc the following groups:

it 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;
15 d} chemical processing of the semiconductor wafers;
e) chemomechanical processing of the semiconductor wafers;
£) thermal treatment of the semiconducter 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 produced by pulling a
single crystal from a melt (CZ or "Czochralski™ method) or by
25 recrystalllzing a rod composed cof peolyvecrystalline semiconductor

material (FZ or "floating zcone" method).

Known separation methods include wire sawing ("multi-wire

30 slicing", MW3) and internal-diametfer sawing.

In the case of wire sawing, & multipiicity of semiconductor
wafers are sliced from a piece of crystal in one work
operation.

35
The mechanical processing serves for removing sawing
undulations, for removing the surface layvers that were damaged

-in crystalline fashion by the rougher sawing processes or were



The mechanical processing serves for removing sawing undulations, for removing the surface layers
that were damaged in crystalline fashion by the rougher sawing processes or were 2 contaminated by
the sawing wire, 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 s 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, Methads and %paaratqse§ for the surface r%r'hndirl% ofa J,;:C(Dalélrlleiqonductor wafer
are known from. US-3;9051162 and US-5,400.548 6r EP-0955126, for éxample’ 1h this case, a
semicondt@tor wdter RFixedy Fefdoira WatdrHolder sy 6ne DR itd 8GrRaces, Wwhiledits!6ppositesurface
is processeidiby means of -asgrirding disk] bywafer baldekaned5igrinding:disk #atating and being

pressed qg@g}gggg&noé%r@_lqjgg%gg%%ﬁge gggﬁgqnductor wafer is fixed on the wafer holder in such

a way that its center substantially corresponds to the rotation center of the wafer holder. Moreover, the
grindﬁﬁg disk is positioned in such a way that the rotation 20 center of the semiconductor wafer
reaches alwotkirg regien of theledge regiorm farmediby teeth of theegrinding disko Asvaariesult] the

entire surfaceof the sgmicenductorauafer can be ground withoyt.amy mavementdn the grinding plane.
25 In the case Qf ggngltakr)\eous double;gld%grmd@gs(};do%blg-dsk %rl_qdlng", gog , the§enl|conductor
wafer is smql?anleo‘tls?y.p cessed ofl both si%%s i 8 mAANSr float ﬁ*fl%rél e tvo ﬁ‘riﬁjding
disks mouHitéd @Rrshpbsits collineat Spindies: and ¥ e proce¥s i guided it aananner largely free of
congtraining:30-forces.axially: betweern a water cushion: thydmstatic-pringiple) or-airigushion (aerostatic
principle) acting g the diont and rear.sides-andhis prevented from foatng away radially laosely by a
surrounding thin guidé ring ‘or by individual radial spokes. 3% i the"case ot lapping, the semiconductor
wafers aré ovedPuirderoa spedifipresstrswith stppRofaslhiirf Tontaining alvasive fidtefals
between am upper and arloewer wotking diskaces, while its opposite surface is
processed by means of a grinding disk, by wafer holder and

i35  g¢rinding disk rotating and being pressed against one another.

In this case, the semiconductor wafer ig fixed on the wafer

holder in such a way that its center substantially corresponds

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

grinding disk is positicned in such a way that the rotation
20 center of the semlconductor wafer reaches a working region or

the edge region formed by teeth of the grinding disk. As &

result, the entire surface of the semiconductor wafer can be

ground without any movement in the grinding plane.

25 In the case of simultaneous double-side grinding ("double-disk
grihding", DDG), the semiconductor wafer is simultanecusly
processed on both sides in a manner floating freely betwesen two
grinding disks mounted on opposite collinear spindies, and in
the process is guided in a manner largely free of constraining

30 forces axially between a water cushicn (hydrostatic principle)
or air cushilon (aerostatic principle) acting on the front and
rear sides, and is prevented from floating away radially
loosely by a surrcunding thin guide ring or by individual
radial spckes.

35
In the case of lapping, the semiconductor wafers are moved
under a speciflic pressure with supply of a slurry containing

abrasive materials between an upper and a lower working disk,



3 which are usually composed of steel and normally provided with channels for better distribution of
the lapping agent, whereby semiconductor material i$ removed 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 ("films", "pads") applied to the
working disks. A method of this type is referred to as "fine grinding with lapping kinematics" or

“planetary, a%rg“ 9'89 PREY W, fr%ﬁé*’hécé‘e%rﬁéé 'Hom%a?iﬁ] é?&% nd which are 15

adheswely onde onto the tweyworkl disks are descr or exam S6 0 407 A'and US
6,599,17 762 Dirirty ﬁﬁbce%%ﬂﬁeﬁréjéegm febRU B wafers Hte h%?%nf&ﬁﬁﬁr?guiﬂ%ecﬁﬁ%g
so-called sarriers;wihich havecosresponding :openings.for receiving semiconductor wafers. The
carriers have 20 an outer toothing which engages into a rolling apparatus comprising inner and outer
toothed rmg} s and are moved_hy means of said roIIrniq%o%)aratus in the working gap formed between

upper and fowet workingUdisks: 28" Fhd’gddé of the“semiconductor waterinlading am existity

mechanicahmaskings sacte as ancorientation adtchlis usaally processed as well (etige olnding”,
"edge noteh.grinding;). Gonventienalgrinding steps with.profiled grinding. disks @@@@H@éinding
methods with contrngéous or perlofdrc tool advan?E e 30 ae u use far.this % see e rounding
methods are usuajfly provraea since the'e g% in the unprocessedT sfate is ga cular y(fracfure sensitive

and the séRicontiictor afeFar bé damdyebieish by Shgiftgledsurgorking layers

10 ("films"™, "pads™) applied to the working disks. A method of
this type is referred to as "fine grinding with lapping

kinematics" or "planetary pad grinding" {(FPG).

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

15 adhesively bonded ontoc the two working disks are described for
example in US 6,007,407 A and US €,599,177 B2. During
processing, the semiconductor wafers are inserted into thin
gulide cages, so-called carriers, which have corresponding
openings for receiving semiconductor wafers. The carriers have

200 an outer toothing which engages into a rolling apparatus
comprising inner and outer toothed rings and are moved by means
of said relling apparatus in the working gap formed betwesn

upper and lower working disks.

The edge of the semiconductor wafer including any existing

2>
h

machanical markings such as an orientation notch is usually
processed as well ("edge rounding”, "edge netch grinding').
Conventional grinding steps with profiled grinding disks or
belt grinding methods with continucus or periodic tool advance

30 are used for this purpose.

These edge rounding methods are usually provided since the edge
in the unprocessed state 1s particulariy fracture-sensitive and
the semiconductcor wafer can be damaged even by slight pressure

and/or temperature loads in the edge region.

(%)
[

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

medium i1s usualiy polished in a later processing step. In this



35 and/or temperature loads in the edge region. 4 case, the edge of a centrally rotating semiconductor
wafer is pressed against a centrally rotating polishing drum with a specific force (contact pressure). US
5,939,105 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 comgﬁi%es \Cllvet-ch%mical Clea@éﬁ%&“?ﬁ% eLchingg steps. The %Cr:ocu(profw%h%p:omsechanical
rou

. snt. C ct 1 .
processing Steps comprises 15 polishing steps by which, through in part chemical feaction and in part

mechanicBFafsifal Fémoval (abrasion) ! the surfdcedis SrrodiRed andr&sidbarddamade df the surface
is removedp «Whiledhe potishing saethods that wwork«<on.onessitle {8singlesside 20 polishingt) generally

lead to pogter.plane-paralielisms, palishing methods acting.on-both siges {doublesside polishing”)

make it possible to produce semiconductor wafers having improved flatness. 25 After the grinding,

N

cleaning arid SICHAG HEPS in HcHrddhts Wit thePrict art, tHe sarfade-of theenRigEnductor wafers is
smoothedigyprstoek removal -pdlishingein thenchsetof:singlésside polishing. (SSP),ssemiconductor
wafers arg held qn the.rear side-on a suppertiplate by.megns of cement, hy:vaguum or by means of 30
adhesion duringgro,ces%in .In the case of d%ubI%-side poll§Fing @DSI?;) semiconvqrucgor.vyafers are
loosely inS&fted into ﬁ?h_fﬁ tobthed diSk aﬁg%oﬁs ed’ 8ﬁ<%hé ront and rearsides Sittitaneotsly in
"freely floatii faskien befdedrs ah Uppehandallofer polishing: plate covered with a polishing pad. 35
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 part chemical reaction and
in part mechanical material removal (abrasion), the surface is

smoothed and residual damage of the surface 1s removed.

While the polishing methods that work on cne side ("single-side
20 polishing”) generally lead To poorer plane-parallelisms,

wolishing methods acting on both sides {("double-side

polishing”) make 1t possible to preoduce semiconductor wafers

having improved flatness.

25 After the grinding, clileaning and etching steps, in accordance
with the prior art, the surface of the semiconductor wafers is
smocthed by stock removal polishing. In the case of single-side
polishing (SSP), 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 locsely inserted into
a thin toothed disk and polished on the front and rear sides
simultanecusly in "freely floating" fashion between an upper
and a lower polishing plate covered with a polishing pad.

35
Furthermore, the front sidesg of the semiconductor wafers are
often polished in haze~free fashion, for example by means of a

soft polishing pad with the aid of an alkaline polishing sol.



Furthermore, the front sides of the semiconductor wafers are often polished in haze-free fashion, for
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 ("chemomechanical polishing”) in the literature. CMP methods are
disclosed for example in US 2002-0077039 and in US 2008- 0305722. The prior art likewise discloses
the so-called "fixed abrasive polishing” (FAP) technologies, wherein the silicon wafer is polished on a
polishing pad which, however, contains an abrasive material bonded in the polishing pad
("fixed-abrasjve W_pad"). A polishing step in which such an PAP polishing pad is used is hereinafter-
referred tc?ii@olrSsh“c(’)Tr;tg S RP%%E?W%%%%%%l% dsclibes 5?\7'&76?31?&(51 polishing method,
comprising ‘&t PAPpGIishittystep ahdld sabsequent Becerid-E M- pokishing! Stepe M CRP, the
polishing pad cantains-re bonded abragivematerial. Here: asdn the; case of a DS step; abrasive

material i%@ﬁrgggggd in the form of a 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 on the
polished surface of the substrate. The German patent application DE 102 007 035 266 Al describes a
method foripelishinga substrate:eampesed of silicer materialpeamptising'two:pafishing=steps of the

PAP type whichiditfern 2s,that in.one, pelishjng step.a palishing, agentslurry, cqtaining ynboded

abrasive material as solid is introduced between the substrate and the polishing pad, while in the

second pdifshiry Step tHe polishing Abeft aﬁﬁy“@ecﬁacé&)ﬁ§5%isﬁﬁ:\6t£g]éﬁf sofution that is free of
solids. 30:8emiconduscterwafers drenfted provided withlar:epitaxialdayelr; that ésiteesayawitha layer
grow in penegrystal fine fashion;and having the same;crystal Qrientatign; on which semicpnductor
components ate appfied later. Such epteXialy s to for short as FaP step.
WO 98/55491 Al describes a two-stage polishing method,
comprising a first FAP polishing step and a subseguent second
5 CMP polishing step. In CMP, the polishing pad contains no
bonded abrasive material. Here, as in the case of a D3P step,
abrasive material 1s Introduced in the form of a slurry between
the silicon wafer and the polishing pad. Such a two-stage
polishing method 1s used, in particular, to eliminate scratches

20 left by the FAP step on the polished surface of the substrate.

The German patent application DE 102 007 035 266 Al describes a
method for polishing a substrate composed of silicon material,
comprising two 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 scoluticn that is free of solids.

Semiconductor wafers are often provided with an epitaxial
layer, that 1s to say with a layer grown in menocrystalline
fashion and having the same crystal orientation, on which
semiconductor components are applied later. Such epitaxially
35 coated semiconductor wafers have certain advantages over
semiconductor wafers composed of homogeneous material, for
example the prevention of charge reversal in bipcoclar CMCS

circults followed by the short circuit of the component



35 coated semiconductor wafers have certain advantages over semiconductor wafers composed of
homogeneous material, for example the prevention af charge reversal in bipolar CMOS circuits
followed by the short circuit of the component 6 ("latch-up” problem), lower defect densities (for
example reduced number of COPs (“crystal-originated particles")) and the absence of an appreciable
oxygen content, whereby it is possible to rule out a short-circuit risk owing to oxygen precipitates in
component-relevant regions. What is crucial is how the above-described mechanical and '

chemomechanical or pyrely chemical method st are arranged in a process sequence for producing
a semicon%u”;c?grcv!\}af%’r’. It %ﬁ?n%ﬁn at e’ %Envgegn%%ﬁél oI Fh@iﬁgpé tich %}é%%,eDSP and CMP,
the etchingarBakfents: Eig thetépitadysstep Jeadtozd deterivrativrein the flatrress=of the semiconductor

wafer particiiaryin-theedge region. Endeaverschave been madedn the prer-art{o minimize the
material removal during palishing, in order,alsa to limit the deterigration in flatness to a minimum. 20
For this p%%%%é%ﬁ%&e%ﬁ%og&%ef fSrh gfgcmﬁlé?%oum%troaﬁgé{ acﬁﬁlengrintd?né) step. Fine grinding
means thatGifnding fodts with fireRgritiilaticrPthandn the 8as€BEDOG are used. The advantages of
such fine grinding are disclosed in 25 DE 10 2005 012 446 Al. The material removals during etching

and polishing can be reduced by means of fine grinding. This makes it passible to preyent the good

geometry after the grinding steps such as DOG or PPG from being overly impaired by subsequent
etching and poiaHing  “Sb-However, T Rarotopography Gthe Semicsiiuctoriwarer ak8staydian
importantpart: Thesranvtopography can beexpressedfor exampledasadeight fleactuation PV (= "peak
to valley"), relative to square measurement windows having an area of

It is known tThat the conventional polishing steps such as S3P,
DsP and CMP, the etching treatments and the epitaxy step lead
Lo a detericraticn in the flatness of the semiconductor wafer
particularly in the edge region.

15
Endeaveors have been made in the prior art to minimize the
material removal during polishing, in order also to limit the

detericration in flatness to a minimum.

20 For this purpose, 1t has been preposed, for example, o
introduce a fine grinding step. Fine grinding means that
grinding tocls with finer granuiation than in the case of DDG
are used.

The advantages of such fine grinding are disclosed in

25 DE 10 2005 012 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 geometry after the grinding
steps such as DDG or PPG from being overly impaired by
subsequent etching and polishing.

30
However, the nanotopography of the semiconductor wafer also
plays an ilmportant part. The nanotopography can be expressed
for example as a height fluctuation PV (= “peak to valliev”),
relative to sguare measurement windows having an area of

35 2 mm x 2 mm.

The Nanomapper® instrument from KLA Tencor is cften used for

examining the nanotopography.



352 mm x 2 mm. The Nanomapper0 instrument from KLA Tencor is often used for examining the
nanotopography. 7 This interferometer is suitable fof measuring the topography in the range of from
-20 nm to + 20 nm on the front side of a semiconductor wafer. During the measurements, the
semiconductor 5 wafer is situated on a soft, fiat 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 M43, the three sigma PV
value is finally calculated from the distribution of all the PV values as a so-called TEA value. 15 The
THA valuésiafe eftért alsprrefeiret tolds THALZIMM of TE AL M itofder 16 indicate B size of the
analysis wihdows.-has beerr fotmd-that akhaughfirengrinding allews smaller etching.and, polishing

removals. has.an aduetse ipfluence ofyfhe, IHAZ i ale, fhatis lo say isassociated with,an 20

impairment of the shorter-wave nanotopography. Such topography differences also often occur in the
form of so¥Eaifed stiations! Thete Strigtions idan He- ftrilidtéd fo Atdtiations the) dopant
concentratiens. These stratedt25-strudtares(fécorme apparent aftér chemical orehemomechanical
processing steps. n the-German patentapplication bearing the.file feference;102009030296.4, not
previously published, t s indicaed tht the PAPpalishing could afford advantages f this regard.
with respect to peak-to-valley deviations. In the THA
10 (“threshold height analysis”) analysis, for details see SEMI
standard M43, the three sigma PV value is finally calculated
from the distribution of all the PV walues as a so-called THA

value.

15 The THA values are often alsc referred to as THA-Z2 mm or THA-
10 mm in order to indicate the size of the analysis windows. It
has been found that although fine grinding allows smaller
etching and polishing removals, it has an adverse influence on
the THA-Z mm value, that is to sav 1is associated with an

20 impairment of the shorter-wave nanotopography.

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

25 structures become apparent after chemical c¢r chemomechanical
processing staps.
In the German patent application bearing the file reference
102008030296.4, not previously published, it is indicated that

the FAP-polishing could afford advantages in this regard.

Finally, the edge geometry of. the semiconductor wafers is also
critical. In order to make even the outermost edge region of
the semiconductor wafer accessible to the modern lithographic
methods (immersion lithography), improvements in the edge

35  geometry are indispensable. The prior art at least indicates
that conventional DSP polishing, in particular with respect to

the new generation of 450 mm wafers, should be replaced in this

regard by new polishing methods.



30 Finally, the edge geometry of the semiconductor wafers is also critical. In order to make even the
outermost edge region of the semiconductor wafer acgcessible to the modern lithographic methods
(immersion lithography), improvements in the edge 35 geometry are indispensable. The prior art at
least indicates that conventional DSP polishing, in particular with respect to the new generation of 450
mm wafers, should be replaced in this regard by new polishing methods. The problem area described
gave rise to the stated object: of the present invention. The objective consisted in providing a novel
process sequence for producing semiconductor wafers which 5 achieves both good geometry and
good nanotopography of the semiconductor wafers and is also suitable for 450 mm wafers. The
object of théhvehtibr 5 aekieved by pdarsiof e iffethidd for produicing assemiconductor wéfer,
comprising irethe-stated-W: erderi- (a)-simultanequs-double-side-matariak-remoying.pracessiag of the
semiconduyctor sli from. a single crystal, wherein the semiconductor wafer.is processed
between t&v%ﬁggt' %[Orf(lij%gghi%ﬁé%nggﬁk%,kﬁﬁgféﬁ gaéh”%%?ﬁﬁgg ﬁ?&ocronwgﬁﬁgrg%rgéwgs“having
an averag8{rain'size 8F50-236 0= iB)tréatnient of B6th Sldes bPiesethictnddctbR ®afer with an
alkaline meeiung;:201{cxgrinding ©f froatand rear lsides:afithersemicenductor waferwbekein in each
case one side of the semiconductor wafer is fixedly held by means of a wafer holder, while the other
side is proqesse% bymeangs of a grjndingpol; wherein the 25§rinding tool con}ains abrasives having
an average Yraif size of 2:0-16.0 prit, Wherei the avstage Grain'size 67 the dbrasivls i fess than the
average gkain sizeoofherabrasives of-thiedneorking disks used imstep{a);B0{(d) palishingiofboth sides
of thegsemigoenductor wafer by means of a polishing pad containing abrasives having an average grain
size of 0.1-1.0 um;

(a) simultaneous double-side material-removing processing of

The semiconductor wafer sliced from a single crystal, wherein

the semiconductor wafer 1s processed between two rotating ring-
15 shaped working disks, wherein each working disk contains

abrasiveés having an average grain size of 5.0-20.0 um;

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

20
{c) grinding of front and rear sides of the semiconductor
wafer, wherein in each case one side of the semicconductor wafer
is fixedly held by means of a wafer holder, while the other
side is processed by means of a grinding tool; wherein the

25 grinding tool contains abrasives having an average grain size
of 1.0-10.0 um, wherein the averacge grain size of the abrasives
is less than the average grain size of the abrasives of the

working disks used in step (a);

30 {(d) polishing of both sides o¢f the semiconductor wafer by means
of a polishing pad containing abrasives having an average grain

size of 0.1-1.0 um;

{e) polishing of the front side of the semiconductor wafer by

(78]
Ln

means of a stock removal polishing pad containing no abrasives,

with the supply of a polishing agent containing abrasives;

(f} chemical mechanical polishing (CMP) c©f the front side.



(e) polishing of the front side of the semiconductor wafer by 35 means of a stock removal polishing
pad containing no abrasives, with the supply of a polishing agent containing abrasives; (f) chemical
mechanical polishing (CMP) of the front side. 9 The method according to the invention therefore
comprises, in step (a), simultaneous double-side processing of front and rear sides of the
semiconductor wafer, wherein this step involves a coarse grinding of the semiconductor wafer, while
step (c) provides a fine grinding of the semiconductor wafer, which is effected sequentially on front and
rear sides. Step a) can be DDG or PPG. PPG is preferred. In this case,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 BftHecsurfaces ot 15the Seriionduttsiiwarer tare PAPC6lishitig 6fiff6rit-and rear sides
in step (d)sand-a GMP polishing:of¢he: frontside of theisemicondustor wafer inrstep (£ ate peavided.

Step (¢) is.3 stockJemoyal palishing,process. wherein, 20.howeyer, jn.contrast (g PRR.Aly the front
side of the semiconductor wafer is polished. The essential steps of the method according to the
invenfion &R i pretertéd BrbodimentsthBrec? are expraincdiselow'in 258efiCRirstly, a
semiconductorwader is sliced:-fromiadingte criystalcorgusedrof semiconductar, matetial, grewn by

means of CZ-ar . 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 4655191,
Step a) can be DDG or PPG.

16 PPG is prefsrred. 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 additicn, with regard to the processing of the surfaces of
15 the semiconductor wafer, an FAP polishing of front and rear
sides in step (d) and & CMP polishing of the front side of the

semiconductor wafer in step (f) are provided.

Step (e} is a stock removal polishing process, wherein,
20 however, in contrast to D8P, cnly the front side of the

semiconductor wafer is polished.

The essential steps of the methed accerding to the invention
and the preferred embodiments thereof are explained below in

detaill.

-3
ih

Firstly, a semiconductor wafer is sliced from a single crystal

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

The semiconductor wafer is preferably sliced by means of a wire
3¢ saw. The slicing of the semiconductor wafer by means of a wire

saw is effected in the manner known e.g. from US 4650191,

EP 522 542 A1, DE 39 42 €71 Al or EP 433 956 AL,

The grown single crystal composed of semiconductor material is

35 preferably a single crystal composed of sllicon.

The semiconductor wafer is preferably a monocrystalline silicon

wafer.



EP 522 542 Al, DE 39 42 671 Al or EP 433 956 Al.  The grown single crystal composed of
semiconductor material is 35 preferably a single crystal composed of silicon. 10 The method in
accordance with claim | takes place in the specified order in accordance with steps (a) to (f). The edge
of the semiconductor wafer is preferably polished before or after step (f), that is to say the CMP
polishing. it is also preferred to carry out two edge polishing processes, wherein a. first edge polishing
process takes place before the W 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
softly remoyingsilicasol (soft.edge polishing); 43 Rreferably, after.slicing.the semicgaductor wafer
from the single cgst?J and before grinding the surface%of the semiconductor wafer in accordance with
step (a),.asér)%%éé“sf ot rotinding the e of the ‘Semticonductorwate? Using a coarse abrasive takes
place. In this case, the semiconductor wafer is 20 provided with a rounded edge. For this purpose, the
semiconducter wader is fixed on=arotating table and delivered byrits edge agaipst: therlikewise rotating
working syfges; of 8 pracessinalpol, The propessing 25.gols.Isedn thi sase canbe embodied as
disks which are secured to a splnd?g and have circumferential surfaces serwﬁg as Wor]kﬁ\g surfaces for
processing the edge of the semiconductor wafer. 30 An apparatus suitable for this purpose is
disclosed in: DEs195 35 6i6Alctorexamplearry cut twe edge polishing processes,

wherein a first edge polishing process takes place before the
10 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 softly removing silica

sol (soft edge polishing).

15 Preferably, after sliicing the semiconductor wafer from the
C

f the

63

single crystal and before grinding the surface
semiconductor wafer in accordance with step (a), a process of
rounding the edge of the semiconductor wafer using a ccarse

abrasive takes place. In this case, tThe semiconductor wafer is

200 provided with a reounded edge.

For this purpose, the semiceonductor 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 embodisd as disks which are
secured te a spindle and have circumferential surfaces serving
as working surfaces for processing the edge of the

semiconductor wafer.

30 An.apparatus sultable fcr this purpose 1s discleosed in
DE 192 3% &l¢ Al, for example.

Preferably, the semiconductor wafers are provided with a
profile that is symmetrical with respect tTo the central plane
35  of the wafer, with facets of identical type on the front side
of the wafer and the rear side oi 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



Preferably, the semiconductor wafers are provided with a profile that is symmetrical with respect to the
central plane 35 of the wafer, with facets of identical itiype 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 semiconductor wafer acquires a profile that is geometrically
similar to a target profile. The grinding disk used preferably has a grooved profile. A preferred grinding
disk is disclosed in DE 102 006 048 218 Al. The working surfaces can also be embodied in the -form of
an abraswe %Io% Qr.as @brasgv% belt M The material- emov;_ ram prefer%b# dlamgnd can be

fixedly anchored in tugwgrklng surfaces. ofﬁ1e procgssmg fools. The gralﬁuse as & coarse

granulatioh: Aee6rding to?IISTR G0 1FEG98! thie granulation (in mesh) is #240-#800. 15The average
grain size is 20-60 pm, preferably 25-40 p.m, especially preferably 25-30 pm or 30-40 pim. Step (a) of

the methorl ivalves saimying.uf double sirle fmaterjaliqmaving pracessing of the semigonductor

wafer sliced 20 from a single crystal, using a coarse abrasive. In'this case, both sides of the

semicondu&tor W?@ar%%?é&gd o Matefalteifovitit ProtesSing 195 T%(brgélésss‘?ﬂgg Spreferably

effected by means of DEG in accordance with the prior art. The processing of the semiconductor wafer
by meansofPRG is especialbrpreferredn a1sc be embodied in the form of an

abrasive cloth or as an abrasive bslt

10 The 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 6001:19298, the granulation {in mesh) is #240-#380C.

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

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

Step {(a) of the method invelves carrying out double-side
material -removing processing ¢f the semiconductor wafer sliced

20 from a single crystal, using a coarse abrasive.

In this case, both sides of the semiconductor wafer are

subjected to material-removing processing.

25 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 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 other side of the semliconductor wafer is

treated by means of a grinding tool, are not preferred at this

a2
LN

Juncture in the method.

PPG 1s a method for the simultaneous double-side grinding of a

plurality of semiconductor wafers, wherein each semiconductor



30 Sequential processings of the semiconductor wafer in which one side of the semiconductor wafer is
fixed ("chucked") on a wafer holder, while the other sidle of the semiconductor wafer is treated by
means of a grinding tool, are not preferred at this juncture in the method. 17 wafer 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 is thereby moved on a cycloidal trajectory, wherein the semiconductor wafers
are processed in D material- removing fashion between two rotating working disks, wherein each
working dIS com&nseg a,woAq ayer contagnlng bonded abraswe A Qard mgt%nal having a Mohs
hardness 0f6 is re%erred" as K/Fab ive bonded in the W Worklng %yers Appropnate “brasiVe materials
are preferﬁ%lﬂ#&iédﬂbﬁdoélllé@f‘f Earbide (SiE), derfunt @ioiiie (Ce0)edrandmT@iiminam éxide,
A1303), zircaniumdiexide {ZrQ2), beran nitriden(SNstophicberondiitrides CBNY); fusthermore silicon

dioxide (Sig2), Qam@rgarbnﬁe@e&% through b do significantly, softer majerials. such. as hayigm

carbonate (BaC03 calcium carbonate (CaCO3) or magé esium carbonate (MgCO3). Diamond, silicon

carbide (Si¢} &hd %}urﬁf?fﬂwo%‘de%ﬁm LoRmdiim a %rﬁ&ﬂéﬁ%ﬁ%f@ﬁé&%&fe‘?k% The

- average graiprsize obtherabrasiveris -20.4in, preferably: 5- 15 4mrandespecially preferably5:40 p.m.
The abrasivg, paticlgs.are preferably bonded individually or as clusters in the bonding matrix of the
working layer. 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
[yeﬂyamymgéﬁxésnaberlal having a Mohs hardness of 2 € is preferred as

10  abrasive bonded in the working layers. Appropriate abrasive
materials are preferably diamond, silicon carbide (SiC), cerium
dioxide (Ce0:), corundum (aluminum oxide, Al.0s), zirconium
dioxide (Zr0O:;), boron nitride (BN; cubic boron nitride, CBN),
furthermore silicon dioxide {5103}, boron carbide (B:C), through

15 te significantly softer materials such as barium carbonate
(BaC03), calcium carbonate (CaCCz) or magnesium carbonate
(MgCGs) . Diamond, silicon carbide (3iC) and aluminum oxide

(A1,05; corundum) are particularly preferred, however.

200 The average grain size of the abrasive is 5-20 um, preferably

5-15 um and especially preferably 5~10 um.

The abrasive particles are preferably bonded individually cor as
clusters in the bonding matrix of the working layer. 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 synthetlc 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 ketween clusters and working layver matrix).

35 That temperature prevalling in the working gap formed between
the working layers 1s preferably kept constant during
processing. For this purpose, the carriers can have openings

through which cooling lubricant can be exchanged between lower



30 synthetic resin bonding is particularly preferred; in the case of working layers with clusters also a
hybrid-bonded system (ceramic bonding within the cléisters and synthetic resin bonding between
clusters and working layer 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 between lower 1:3 and upper
working disks, such that upper and lower working layers always have the same temperature. This

counteracts,an yndesired deformation of the working gap formed betyeen,the warking javers as a

result of the deformation of the working 5 layers or working disks on account of thermal expansion

under alterRAGTF IGaH" R67e67ere the Cootifgfof thERBFEsVEShondetfin thE Wotking T8y ets is
improved anddreicomte simbdreunifarom, and thieseffective servicedlifédhereof issthereby ncreased. W It is

preferred {0, determine, the, form of the working gap-foemed bgtween the werking:laygts.dwing grinding
and to altgr the form of the Workin%surface of at least one yorkingﬁ disk mechanical!y or tgermally
3 of Thed 1 under

depeﬁdin DNThe rﬁéa%?gcfjg%%me%ryK of thé Waocfl%%"gmg%p In stc aﬁﬁéy thatthe \L/v%rki'ng gap has a 15

predefined o rRreferablyo #ie. sétnicondactor Wafersaiempotarily [eave tieoweking gapcdelimited by
the working,laygrs, with.a partof fheis surface.during processing-wherein dhe maximumof the 20
excursion,in the radial direction is more than 0% and at-most 20% of the diameter of the
semiconduictor wafer, the excursion beifg defined as the Fe“hg'm “measured relative to the working
disks in the radial direction - by which a semiconductor wafer projects beyond the inner or outer edge
of thesworkingigap at-a 2brspecific printtime duringhgrinding. Preferablyy tawardtheendiafjprodessing,

a liquid medium baving 2 viseesity of At least 3:10-3 N/m2-s and .t most 100.108. - ¢re
form of the working surface of at least ones working disk
mechanically or thermally depending on the measured geometry of
the working gap in such & way that the working gap has a

15  predefined form.

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

20 excursion in the radial direction is more than €% and at most
20% of the diameter of the semiconductor wafer, the excursion
being defined as the length - measured relative tc the working
disks in the radial direction - by which a semiconductor wafer
projects beyond the inner or outer edge of the working gap at a

25 sgpecific point in time during grinding.

Preferably, toward the end of processing, a liguid medium
having & viscosity of at least 31077 N/m%s and at most 1001077
N/m*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 - not previously published - bearing the file
reference 10 2009 048 436.1, to which in its entirety reference

is made here.



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 wdtfking 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 - not previously published - bearing the file
reference 10 2009 048 436.1, to which in its entirety reference is made here. The following preferably
come into consideration as the medium: aqueous mixture containing polyhydric alcohols (glycerol,
monomeric glycols, oligomeric glycols, polyglycols and polvalcohols) agueous mixture of glycerol,
butanol and 2 Sutfactaht™Slufiies: Whierein the Fequifed visCakity 6t The i iS eRsied By 'the
proportior of solids{(eollidalidispersionsnt a i nicomposed-ofcsiliconadioxide or ceriuprexide particles),
10preferably with additiopal.visaqsitysincreasing media-(e.g.alcahols) depending,on the,proportion of

solid% Step (b) of the eth%d nvolves treating front and rear sides of the semiconductor wafer with an
alkaline medium®’ 15 AquedUs sélutions of NaOH or KOH are preferably used as alkaline media.

The concentraticrieENaOHGrKOH: irthedalkakie solulior: i 20prefetably 40% 30 BO%G-
® slurries, wherein the reguilred viscosity of the medium is
ensured by the proportion of solids (colloidal dispersions
composed of silicon dioxide or cerium oxide particles),
10 preferably 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.

Aguecus sclutions of NaOH or KOH are preferably used as

alkaline media.

The concentratlon of NaCH or KOE in the alkaline solution is

20 preferably 40% to 60%.

The treatment temperature is preferably approximately 50°C to

890°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
nanotopelogy after the grinding steps, in particular after PEG.
Acidic etching is disadvantageous in this regard and should be
avoided.

30
However, the surface roughness is higher after alkaline etching

than after comparable treatments using acidic media.

The tTreatment with the alkaline medium ls preferably effected

33  as single-wafer treatment. This is particularly preferred in
particular for semiconductor wafers having a diameter of
greater than 300 mm, that is tc say in particular for

semliconductor wafers having a diameter of 450 mm.



The treatment temperature is preferably approximately 50C to 90C, especially preferably 80C to 90C.
25 It has been found that the alkaline etching does iét adversely influence the good geometry and the
good longer-wave nanotopology after the grinding steps, in particular after PPG. Acidic etching is
disadvantageous in this regard and should be avoided. 30 However, the surface roughness is higher
after alkaline etching than after comparable treatments using acidic media. The treatment with the
alkaline medium s preferably effected 35 as single-wafer treatment. This is particularly preferred in
particular for semiconductor wafers having a diameter of greater than 300 mm, that is to say in
particular for semiconductor wafers having a diameter of 450 mm. 15 Step (c) of the method
according-totRe iverftioninvolied hateriaiBRiovity PproceSSing o B sémicbRUGCIor Wafer using a
finer abrasivedhan in-stepo(@).rlo ste (c) of they methad sbotksidesrofthe semiconductor wafer are

ground. Iy cetrast 10 step-(a)-the grinding.of front and rear sides N has to be effected sequentially.
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
independéntlysafene another the grinbingcdisk belngsatarigetlina mappied lareraily oifset relative to
the semicgnduetor 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 semiconductor wafer, whereby grinding disk and
semicondtittar watérdre déliverédtoldne anbthef Swhite-BEmicbndGeor water &ifk grifdifig Hisk rotate
about paraliel axespsuelt that assurtaceofthe semjcorouetar waferisground rthecgringingdisk being

led back ata.25 refyining spegd aftsy, aspeciiic material remoyval has been attained.

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

15 independently of one anocther, the grinding disk being arranged
in a manner laterally offset relative to the semiconductor
wafer and in this case being pesitioned in such a way that an
axial center of the semiconductor wafer reaches a working
region of the grinding disk, the grinding disk besing moved at

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

25 returning speed after a gpecific material remcoval has been

attained.

It is preferred for grinding disk and semiconductcor wafer to be

delivered by a distance of 0.03-0.5 um during a revclution of
30 the semiconductor wafer. The cholce of delivery during a

revoliution of the semiconductor wafer of 0.03-0.1 pm 1is

especially preferred.

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

35 or eguel to #1200 is used, especially preferably #1200 - #8000.

The grain size is usually specified in # (“mesh”} in accordance

with Japanese Industrial Standard JIS R 6001:1998.



It is preferred for grinding disk and semiconductor wafer to be delivered by a distance of 0.03-0.5 pm
during a revolution of 30 the semiconductor wafer. The choice 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 350r equal to #1200 is used, especially preferably #1200 - #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 04000, e.g. those commercially available from Disco Corporation. 10
It emerges during the conversion into particle sizes that, by way of example, #1200 corresponds to an
average particlE Sized6t 35 pm, HB00DLEGresponds t6ah@verageipartiele $iz€ oh238'm and #8000
correspongisda:an:average particle size of 1.2 pm. 15 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 1.0-7 um, particularly preferably 1.0-4 pm and especially preferably 1.0-2 pm. 20 The
rotational spegd of the grifding didkeié Prefetabl§ 10005000 itk 2 TEhé fdtationdlspedd™df the
semicondactor waferisipreferably 2550-300: mirskeispecially preferably: 200:300-min). Thesadvancing
speed is preferably10-20 Pm/Mi1ation of from #1000 up to #4000, e.g. those

commercially avallablie from Disco Corporation.

10 It emerges during the conversion into particle sizes that, by
way of example, #1200 corresponds Lo an averags particle size
cof 9.5 pm, #5000 corresponds to an average particle size of

2.5 um and #8000 corresponds to an average particle size of

,_.
h

The average particle sizes during fine grinding are therefore
approximately greater than cor equal to 1.0 um and less than or
equal to 10 upm, preferably 1.0-7 pm, particularly preferably

1.0-4 um and especially preferably 1.0-2 um.

20
The rotaticnal speed of the grinding disk is preferably
1000-5000 min™*.
The rotaticnal speed of the semiconductor wafer i1s preferably
25 50-300 min™', especially preferably 200-300 min™t.

The advancing speed is preferably 10-20 pm/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 pm filter) remains,
The good geometry oObtained up to this point in time and the
good nancotopography are not adversely influenced in any way by
the fine grinding.
35
It i1s furthermore preferred to conflgure the fine grinding such

that a slightly convex form of the wafer results.



The increased surface roughness after the alkaline etching can 30 be reduced by means of the fine
grinding. A roughness of approximately 25 nm (RMS7 250 pm 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. 35 12 An edge rounding step is preferably effected after the fine grinding of front
and rear sides of the semiconductor wafer and before the FAP polishing in accordance with step (d). If
a first edge rounding step had already been carried out before 5 step (a), which is preferred, a grinding

tool havingfines granulaion by comarison withhe firstedge-tounding prpgess fused,p the second

edge rounding step. For this purpose, the semiconductor wafer is once again fixed M on a rotating

table and Heliveredthylits SdGe agaitst e fkewisE Fotafing Worlk STFEE8 614 proce&sifytodl The
processingdbolscusedan This caseicanibe embodiethasidisks whichharetsgcured to aspindle and have

cireumferental sugages setying a3 workipg sufages frogessing thecsdge ofL5 the-gemiconductor

wafer. The Workin% sur{&ges can also be embodied in the form of an qbrgsive cloth or as an abrasive
belt. 20 ThEHaténatre d\ﬁﬁg Yraifi - preférably diamond. cah Be fixedly &hchioved it the working
surfaces ofthepreéessingtootsmparison with the first edge rounding process

is used in the second edge rounding step.

For this purpose, the semlconductor wafer i1s once again fixed
0  on a rotating table and delivered by its edge against the
likewise rotating work surface of a processing toel. The
processing tools used in this case can be embodied as disks
which are secured to & spindlie and have circumferential
surfaces serving as working surfaces for processing the edge of

15 the semiconductor wafern.

The working surfaces can also be embodied 1n 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 & fine granulation. According to
JIS R 6001:19%8, the granulation should ke finer than #8500,
25  preferably #800-#8000.

The average grain size is 0.5-2C pm, preferably 0.5-15 um,
particularly preferably 0.5-10 pum, and especially preferably
0.5=5 um.

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 C¢.1-1.0 pm.

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

purpose, The polishing pads used contalning abrasives.



The grain used has a fine granulation. Accordingto  JIS R 6001:1998, the granulation should be
finer than #800, 25preferably #800-#8000. The averdge grain size is 0.5-20 pm, preferably 0.5-15 pm,
particularly preferably 0.5-10 pm, and especially preferably 0.5-5 pm. 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 simultaneously at the same time. Conventional DSP polishing machines are suitable
for this purpose, the polishing pads used containing abrasives. However, the polishing of the two
sides can also be effected sequentially, in which case the silicon wafers are polished in holding
systems With'REfiretaingr pratéss e Roleling systérms 55witls netfibrahes aré fiobiiséd trtte sequential

polish!ng by@mrtsi@ﬂplqﬁshmg pad@ompré&ingabr%i\aetmpgnsalf@me possihility; pariculatly when
polishing wafers having.very large.diameters, that is.to say having diameters of greater than.300 mm -

in particular diameters of 450 mm. - of M coordinating the polishi“ngwsteps for the front and rear sides
with one dhother X gétedThanfer- withT8gard 1o oitmhizad pofisking of the \Wafsf igeTegions
(ERO). In the contéxtcfrthesegaentialpolishing, there isi 15 additienallythetpossibility, between the

two polishing steps, ot ¢arrying out-a measurgMent ot thewafer edge prafile .e-g» By pagans of the
"Kobelco l,_aEB %1%'1@%?%@” in§gumept, %nod thgs ogtlrrllall¥ aglagtlng the second polishing process to
the first. THiS measurement also m%‘esﬁ?possilﬁe% characterize e ers oF greater

than 300 mm - in particular diameters of 450 mm - of

10 coordinating 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 {ERC).

In the context of the seguential polishing, there iz

15 additicnally the possibility, between the two polishing steps,
of carrying out a measurement of the wafer edge profile, e.g.
by means of the “Kobelco LER 310" measuring instrument, and
thus optimally adapting the seccnd polishing process to the
first. This measurement also makes it possible to characterize

20 regions with an edge exclusion ¢f less 1 mm.

During the pelishing step, a polishing agent solution that is
free of solids is preferably introduced between the sides of
the semiconductor wafer which are to be pelished and the

polishiﬁg pad.

b
L

The polishing agent scolution is, in the simplest case, water,
preferably deionized water (DIW) having the purity customary

for use in the semiconductor industry.

However, the polishing agent sclilution can alsc contain
compounds such as sodium carbonate (Na,CO0s), potassium carbonate
(K2CO3) , sodium hydroxide (NaOH), potassium hydroxide (KCH),
ammonium hydroxide (NH.OH)}, tetramethylammonium hydroxide

35 (TMAH)} or any desired mixtures therecf. The use of potassium
carbonate is especlally preferred. In this case, the pH value
of the peolishing agent soluticn preferably lies in a range of

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



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 pad. The polishing agent solution is, in the simplest case, water,
preferably deionized water (011W) having the purity customary for use in the semiconductor industry.
30 However, the polishing agent solution can also contain compounds such as sodium carbonate
(Na2003), potassium carbonate (K2003), sodium hydroxide (NaOH), potassium hydroxide (KOH),

ammonium hydrpxide (NHAQH), tetramethylammoninm hydroxide,35 (TMARY) qr any desired mixtures

thereof. The use of potassium carbonate is especially preferred, In this case, the’pH value of the
polishing Bﬁémjs‘dhﬁ’ N prefarabfriRe N ararge of 16 tbcizoar%tftﬁ@’p%?)bﬁlfb%'of the stated
compounds in the 19 polishing .E;gent solution is preferably 0.01 to 10% by weight, particularly

preferably:fram 0,01 {o 0226 hyweight, jThe; polishing agent selutiop.canfyrthermere.contain one or 5
more further addjtives, for exg@ple surface-active additives such as Wettii_‘rlgvag%rga ftpd surfactants,

stabilizers" gﬁ?ngzgsr Bfrb?é:ctﬁ/e cbﬂ%?'a%? pré%%?vﬁﬁ%@%i%c%%gfgfé%ﬁélg la'nde comple)?i%‘é%gents. W A
polishing padis ased’whichrcontains ah alirdsive materalBondettinithe polishing pad (P AR pad).
Suitable abrasive materials comipiise forexample-particlesof exides:of the elementscedum,
aluminumcsilicgn, zirconium a.d
Omple®ing agernts.
10 A polishing pad is used which contains an abrasive material

bonded in the peolishing pad (FAP pad).

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

nitride and diamond.

Particularly suitable polishing pads have a surface topography
characterized by replicated microstructures. Saild

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 descriptions of such polishing pads are contained
25 for example in WO 92/13680 Al and US 2005/2275%0 AL.

The use of a& polishing pad having cerium oxide abrasives
fixedly bonded therein, as described e.g. in US 66062117 Bl, is

especially preferred.

The average particle size of The abrasives is particularly

preferabply 0.1-0.6 um,.

An average particle size of 0.1-0.25 pm 1s especially

35 preferred.

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

preferably empioyed for the FAP polishing, where in this regard



15 particles of hard materials such as silicon carbide, boron nitride and diamond. Particularly suitable
polishing pads have a surface topography characteri#ed 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 descriptions of such polishing
pads are contained 25 for example in WO 92/13680 Al and US 2005/227590 Al. The use of a polishing
pad having cerium oxide abrasives fixedly bonded therein, as described e.g. in US 6602117 El,

especially, %referred 30 Th ayerage. partlglg+5| e ftpeafa ﬁg@@@ggs %%hrg Lélarjy Pé%f rabl3f0 1-0.6 pm.
erred.

An average partlcPe S|ze of 0.120:25 wr, is espe(:la y 35 e range of 2-4 tm is particularly
preferred and afange &@@ﬁﬁi&ésééﬁ%@@%f@faﬁ@%‘rﬁdl@?ed The PAP polishing makes it
possible firstly to eliminate the damage produced by the fine grinding. Secondly, the roughness of

approximately 25 pm,that Lemains afier the fing grinding.is significantly sedygeg to-less than or equal
to 4 nm (RMS 250 um fllter) In"particular the striations observed in the case of highly.
5 “damage produced by the fine grinding. 3econdly, the roughness

of approximately 25 nm that remains after the fine grinding 1is
significantly reduced tc less than or equal toe 4 nm (RMS,
250 um filter).
In particular the striliaticons cbserved in the case c¢f highly

10 doped semiconductor wafers can be removed by FAP. In this
regard, reference is made to the entirety of the German patent
application bearing the file reference 10zZ008057393.6, not

previocusly published.

13 It is not least as a result of this that an improvement in the

shorter~wave nanctopography is achievad hy 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 & stock removal polishing pad. The rear side of the

gsemiconductor wafer is not polishea.

During the peclishing, a polishing agent based on colloidally
disperse silica scl i1is introduced between polishing pad and

25  front side of the semicconductor wafer.

In this case, the semiconductor wafer is fixed with the FAP-
polished rear side preferably on a support plate of & 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
side of the semiconductor wafer 1s subjected to pelishing. With
regarcd to the cement lavers used, reference 1= made to the
entirety of the unpublished German patent application bearing
the file reference 10Z2008032744.3.

As an alternative, the semiconductor wafer is held during
polishing, by means of 2 holding system which 1s fixed on a

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



N doped semiconductor wafers can be removed by PAP. In this regard, reference is made to the
entirety of the German patent application bearing théffile 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 PAP. 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. During the polishing, a polishing agent based on colloidally

disperse giliga sol.Is introduced hefween polishing P@Qéﬂ‘“di%? f{ﬁ%‘ gdg of the %GHQ%COEQHC‘%% water. In
this case, the semiconductor wafer is fixed with the FAPpolished rear side pre?era y on a support
plate of alpdlishing Ph&chiRe, Wikérem & tinfieri Sthi! ceiment fayer having at most a 30 thickness of 3
pm is usedifonfixingcamd; fiumaly sthe fiont side afithesemidonductaranafenis subjected to polishing.

With regard fo the.cernentlayersdised, reference.is made.to the entirety,of the ugpublished German
patent application bearing the file reference 102009052744.3. 35 As an alternative, the semiconductor

wafer'is held during polishing, by means of a holding system which is fixed on a carrier and which
comprised atlinedscurout ofthé bizetofrthd 22k semiconductof waferte besreteived; by the side that is
not to be palished-hy means of adhasion dn the cuterh Sych:holding,systems  having citouts for

receiving 2semicqndyctor wafer 2rg gl isfarred ip gs templates.

16 A tvpical stock removal polishing pad is used during the
polishing of the front side. Commerciaily available polishing
pads are e.¢. the pads of the DCP series and alsoc the pads
having the trade names IC1000™, Polytex™ or SUBA™ from Rohm &
Haas.

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 microdamage caused by FAP.

The material removal on the front side is preferably
approximately 1.0 te 2.0 um, particulariy preferably

approximately 1.0 to 1.5 pm.

Efter step (&), polishing of the edge of the semiconductor
wafer is preferably effected. However, this can alsc follow

stap (f), as already mentioned above.

30 Commercially available auvtomatic edge-polishing units are

suiteable feor this purpose.

US 5,989,105 discloses such an apparatus for edge polishing,

wherein the polishing drum is composed of an aluminum alloy and
33 has a polishing pad applied to 1it.

The semiconductor wafer 1is usually fixed on a flat wafer

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



With regard to the templates used, reference is made to the entirety of the unpublished German patent
application bearing the file reference 1020090510079. M 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
DOS series and also the pads having the trade names IC1000TM, PolytexTM or SUBATM from Rohm
& Haas. 15 A. typical hard stock removal polishing pad without abrasives contained therein is involved.
Abrasives are supplied in the form of a polishing agent.  This stock removal polishing serves to
eliminate g‘reﬁ% migradamage %%Segh%%Aps%hﬁ r@%?{iahr@”}%"a}%é ¢ front side.is preferably
approximately'1.0 to 25%%{1, ‘partilc_ularly preferably approximate y1.0to 1.37um_. 15 After step (e),
polishing 6fthe ey 6f thelsemicoridictor wafer is preférabRi-éffedtéd Fiddwalier this €5 alsd follow
step (f), astaiready mentienedraboyep30 Ciomemerciaklydavailable-automaticiedge:palishing units are
suitable for fhis;purpose,, \US ;989,105 discloses such an.apparatys for gdge polishing »wherein the

polishing drum is composed of an aluminum alloy and 35 has a polishing pad applied. to it. 22 projects
beyond the EhueR"STeh tHaT t3€ fré@iy accessibie for fié BolidHing dfu A dentrafly fotating polishing
drum, to which tisel polishing padds:applied and whicteisdndlined byca specific angleowith véspeet to the

chuck, angdithe ghuck with-the gemicanductorwafer ate delivered te gne another and pressed onto one
another with a specific contact pressure while the polishing agent is continuously supplied.  During

the edge polishing, the chuck with the semiconductor W wafer held thereon is rotated centrally.
Preferably’ ‘bhie¥evblitionsT theehuck lasty 20-300 3} patticildrly preferaBy 505G 8 Fvolution
time)o M Arpekishing druranhwhichris cevered:-withithespelishing,pad and is preferably rotated centrally at
a rotational speed of 3001500 min-1, particularly preferably 500-1000 min-1, and the

Freferaply, one revoluticon of the chuck lasts 20-300 s,

particularly preferably 50-15C s (revolution time).

15 A pelishing drum, which 1s covered with the polishing pad and
is preferably rotated centrally at a rotational speed of 300-
1500 min™*, particularly preferably 500-1000 min ', 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 on
the chuck in such a way that it projects slightly bevyond the

latter and 1s therefore accessible for the polishing drum.

The setting angle is preferably 30~50°.

b
L

Semiconductor wafer and polishing drum are pressed onto one
another with a gpecific contact pressure and with & polishing
agent being supplied continuocusly, preferably with a pcolishing
agent flow rate of 0.1-1 liter/min, particularly preferably

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

particularly preferably 2-4 kg.

Polishing drum and semiconducter wafer are preferably moved
35 away from one another after Z-20, particularly preferably after
2-8, revolutions of the semiconducter wafer or of the chuck

holding the semiconductor wafer.



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 semigonductor wafer being fixed onthe chuck in such a
way that it projects slightly beyond the latter and is therefore accessible for the polishing drum. The
setting angle is preferably 30-50. 25 Semiconductor wafer and polishing drum are pressed onto one
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 preferably 30 0.15-0.40
liter/min, wherein.the contact pressur _be set.by means of weights attached to rolls-and is
preferably\/% ?‘% kegc,t%“ért?colr}lér‘?y [l)Pe era IS%I-Z kSg% oﬁgﬁfﬁgcd%rﬁr% ar semiconbuctor water are
preferablyemdied 35 away froft'ehe- afiothef afier2 20" particlsfy prefetall§ after 218, revolutions of
the semiconductornwafenariof the chuek-holding thessemiconductarorafes.s 23 Thededge polishing of

the semicapdyGton wafer s zE’{?fo‘?&[atf;% effeted bydixing the semiconductar wafergn.a ceptrally rotating

chuck, delivering the semiconductor wafer and a centrally rotating polishing drum, to which a polishing
pad contaiififg fixediy honted Hofasives AP PoliSHiInG Dadl i aptiied Hhd Whithds indlined with
respect tozthe chadk 2and pressingisemicondoctor wafér angspalishingedruneontouorie another with the
continuous supp-ef a pelishing: agent-solution-canaining ne solids. 10,;khis makes;itpossible to
influence the v%/ggeg ehg]gehin %tgr%etgg manner withoui Impairing thﬁggjoining region of front and/or

£ (t)h 1

. 3, WIT 111 us au I, a nin a nt
rear side 6f the semlconducttor wafer, andlﬁﬁus for E%%p e to set the desired geometry and surface
propertiesserlypt ion containing no solids.

16
This makes it possible te infiuence 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

15 on the wafer edge.

L short polishing step using softly removing silica scl can
additicnally foliow 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 bs coordinated with one
another such that a targeted positive influencing of the wafer

edge geomelry and surfaces can be performed without adverse

2
e

influencing of the wafer partial sites on the wafer front side

and wafer rear side.

In principle, therefore, the semiconducter wafer is preferably
polished by means of a polishing drum, adhesively bonded on the

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

sclution being supplied.

Preferably, a smoothing step 1s subseguentlv effected in a
35 second step on the same pclishing pad while a silica sol is
supplied, such as e.g. Glanzoxn 39007 with approximately 1% by

waeight of 5102,



150n the wafer edge. A short polishing step using softly removing silica sol can additionally follow on
the same PAP polishing pad, in order to realize a reétiction of the edge roughness and edge defect
20rates. The two polishing steps can then be coordinated with one another such that a targeted
positive influencing of the wafer edge geometry and surface can be performed without adverse
influencing of the wafer partial sites on the wafer front side and wafer rear side. In principle, therefore,
the semiconductor wafer is preferably polished by means of a polishing drum, adhesively bonded on

the 30 surface gl whichds 2 Q%rdt?]rg natyery. compressible polishing pad comprising fixedly ponded

abrasives, with an alkaline solution being supplied. Preferably, a smoothing step is subsequently
effected iR 555 86cchd Step UntRE Samtepoiishinyg pad while & §ifica §61s suppiied, such as e.g.
Glanzox 3908% withl approximatelyhi% byoweight ot 8i02h 224 *Glarizox 3900 is thedproductname for a

polishing ggg%%!%g@éf@gdaés 8.copcentrately E@J’i@blﬂﬁgﬁp%@@p,&%%?T% base selution of this
concentrate has a}sz of 10.5 an ontainﬂsoapproximately 9% by weight of colloidal. Si02 having an
average paHicie Size 6F30°td°40 Rim. 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
semicondggtor Windustlys agent sclution used during the edge polishing is,

in the simplest case, water, preferably deionized water (DIW)

having the purity customary for use in the semlconductor

16 industry.

However, the polishing agent solution can also contain
compounds such as sodium carbonate (Na,C0;), potassium carbonate
(K;C0z), sodium hydroxide (NaCH), potassium hydroxide (KOH),

15  ammonium hydroxide (WH4,OH), tetramethylammonium hydroxide

(TMAH) or any desired mixtures thereol.
The use of potassium carbonate 1s especially preferred.

20 The pH value of the polishing agent soiution preferably lies in
a range of 10 to 12 and the proportion of the stated compounds
in the polishing agent sclution is preferably 0.01 to 10% by

welght, particulariy preferably from 0.01 to 0.2% by weight.

]
h

A polishing agent containing abrasives 1s used in the preferred
second step of the edge peiishing. This step preferably takes
place after step (f), wherein the first edge polishing process
takes place between step (e) and step (L.
30 The proportion of the abrasive material in the polishing agent
slurry is preferably 0.25 to 20% by welight, particularly
preferably 0.25 to 1% by weight.

The average particle size is 5 to 300 nm, particularly

preferably 5 to 50 nm.

L2
A

The abrasive material comprises a material that mechanically

removes the substrate material, preferably one cor more cf the



However, the polishing agent solution can also contain compounds such as sodium carbonate
(Na2C03), potassium carbonate (K2003), sodium hydroxide (NaOH), potassium hydroxide (KOH), 15
ammonium hydroxide (NH40H), tetramethylammonium hydroxide (TMAK) or any desired mixtures
thereof. The use of potassium carbonate is especially preferred. 20 The pH value of the polishing
agent solution preferably lies in a range of 10 to 12 and the proportion of the stated compounds in the
polishing agent solution is preferably 0.01 to 10% by weight, particularly preferably from 0.01 to 0.2%
by weight, 25 A@polis?in agent containingﬂie}bra%iv?e‘“s is_used in the preferred second step of the edge
polishing.lefﬁLsCt stsépopref%?ablﬁf/ tgﬁlgsngf%ce “after s'}lé‘b' (f)c,\\“/v%lelflgin(%ﬁe ﬁ%s%é%l%ré ‘polishing process takes
place between step (e) and step (f). 30 The proportion of the abrasive material in the polishing agent
slurry is preferably: 02510209 byaveight; pactictdartyi preferably-0.25 10 1% dbyaweight s:The average
particle size is,5 10 300 nm, R;\rg%@g){fggcgyeferably 5 to 50 nm. The abrasive material comprises a
material that mechanically removes the substrate material, preferably one or more of the 25 oxides of
the efements aluminum, cerium or silicon. A polishing agent slurry containing colloidally disperse silica
is particulany: prefetreéd., Preferabli tierefore pa pelishing pad contdining iancabrasiviematerial bonded
in the pO"ﬁ@!ﬂ_ﬁ@l'SMéﬁgé@ﬁ the,edge PQB%@@%H@P palishing pads;used in-this.case correspond to
the SAP poll$h|nlg pads uTshed in step gd) in thlsgase. L i
polishing. The polishing pads used in this case correspond to

the FAP polishing pads used in step (d) in this case.
10

Step (f) of the method inveolves 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.

ey
Ly

Here, too, The rear side of The semiconductor wafer is
preferakbly fixed by means of wax or templates, as 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 material, for example polyurethanes, polycarbonate,

polvamide, polvacrvlate, polyester, ezc.

The polishing pad preferably comprises solid, microporous
poclyvurethane.

30
It is alsc preferred to use polishing pads composed of foamed
plates or felt or Ifilber substrates, which are impregnated with

polymers,

35 Coated/impregnated polishing pads can also be configured such
that there are & different pore distributicn and different pore

sizes in the substrate than in the ccating.



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 tA& front side of the semiconductor wafer. Here,
too, the rear side of the semiconductor wafer is preferably fixed by means of wax or templates, as
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 material, for example polyurethanes, polycarbonate, po
yamide, polyacpdate, polygsiet, elc. The polishing pad.preferably comprises solid, microporous
polyurethane. 30 It is also preferred to use polishing pads composed of foamed plates or felt or fiber
substrate$,S4hich aré fmpregnated with polymers. 35 Coated/impregnated polishing pads can also be
configured such that there are a different pore distribution and different pore sizes in the substrate than
in the coating, fde.palishing-pads;can.be substantially.flat.or else perforated. , - in order to control the
porossity of the Bolishirggjp d, fillgrs 51Tcant e introduced into the polishing pad. One commercially
available 53ﬁsh|r‘1eg ]pg i, b‘lrceexarﬁlﬁl‘é?thelgPR/P 100" ﬁ%Sél Inc. W A silica sol is preferably
supplied as polishing agent, that is to say introduced between front side of the semiconductor wafer
andpongmﬂ@D@QMK@@@ﬂQ@P@"QﬁBQlabLe 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 zide of the semiconductor wafer

and polishing pad during the polishing.

The material remcval is preferably at most .5 pm on the front

15 side of the semiconductor wafer.



The material removal is preferably at most 0.5 pm on the front IS side of the semiconductor wafer.
Patent claims 1. A method for producing a semiconddctor wafer, comprising in the stated order: 5(a)
simultaneous double-side material-removing processing of the semiconductor wafer sliced from a
single crystal, wherein the semiconductor wafer is processed between two rotating ring-shaped
working disks, wherein each working disk contains abrasives having an average grain size of
105.0-20.0 pm; (b) treatment of both sides of the semiconductor wafer with an alkaline medium; (c)
grinding of froat and rear-sides of the semiconductor wafer, wherein in each case one side of the
semiconductor 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 pm, whekein the Bferage grain si7e ofthe'abrasive’d is 1esdtRarn the'avérage grain 20size of
the abrasives of thenwarking-disks:used in:stepda);ofet) gpolishing of both sides of the semiconductor

wafer;by means ?t 7 %%ﬁ@@@aﬁ?é%ﬁwtéméb@&’ee%aé’&%én %8?&9&9{@"13%%% Ql]n& O um;

25(e) polishing of the front side of the semiconductor wafer by means of a stock removal polishing pad

containing no alftasives, it tHe Sty of a"b%ﬁ?hlnﬁab‘éﬁ?cc’}rﬁﬁ%lﬁg abFashesS iy Ehémical
mechanical polishirg ¢CMP) of theefrontsidector wafer is processed between two

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

10 5.0-20.0 pm;

(b) treatment of both sidesgs of tThe semiconductor wafer
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 1s fixedly held by means of a wafer holder, while
The other side is processed by means of a grinding tool:
whereln the grinding toocl contains abrasives having an
average grain size of 1.0-106.0 um, wherein the average
grain size of the abrasives 1s less than the average grain

20 slze of the abrasives o©f the working disks used in step
el
(d}) polishing of both sides of the semiconductor wafer by
means of a polishing pad containing abrasives having an
average grain size of 0.1-2.0 um;

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 polishing (CMF} of the front side.

30
2. The method as clalmed in claim 1, wherein, 1in step
{a), the semiconductor wafer lies in freely movable
fashion in & cutout in cone of & plurality of carriers that
are caused to rctate by means of a rolling apparatus, and
33 is thereby moved on a cycioidal trajectory, wherein each

working disk comprises a working layer containing

abrasives.



30 2. The method as claimed in claim 1, wherein, in step (a), the semiconductor wafer lies in freely
movable fashion in a cutout in one of a plurality of cafriers that are caused to rotate by means of a
rolling apparatus, and 35is thereby moved on a cycloidal trajectory, wherein each working disk
comprises a working layer containing abrasives. 28 3. The method as claimed in claim 1 or 2,
wherein the semiconductor wafer temporarily leaves the working gap, delimited by the working layers
of the working disks, with a part of its surface during processing, wherein the maximum of such an
excUrsion in the radial directien-isgnorasthan0%-and:at masti20% of thex diametecafthene
semiconductor wafer. 4. ;I"\?e rg%tpo%a  Claimed in any. of clgimﬁsvlé(tp 3, wherein the alkaline medium
is an agueous solution of NaOH or an aqueous Soltition of KOF- '+ The metﬁoa as ai%]e%’in any of
claims 1 to 4, whéfeir the- sélishing Dad lised iR $tep [ TOniprisks abradiés: Sefbcied frothtthe group
consisting of silican;carhide,sbaron nitride > diamonc: and oxides of thegelements: ceriumgsaluminum,

silicog, zirconium, .6, ;The mgthod as, claimed in,any of claims Lo 3,.20whergin, in.step (d)..a polishing

agent solution that is free of solids is introduced between the polishing pad and the two sides of the
semiconductor wAfeFs. 77Fhe MrietAbd a8 clAimEd in‘ny°df cldims e 676 \FRerein, ‘before step (a), the
semiconductor waferis providecbwitly afrounded edge. 8. The method as claimed in any of claims 1
to 7, wherein the edge of the semiconductor wafer is polished 30between step (e) and step (f).

4.  The method as claimed in any of claims 1 toc 3,
10 wherein the alkaline medium is an agueocus solution of NaCH

or an agueous solutlon of KOH.

5. The method as claimed in any of claims 1 to 4,
wherein the polishing pad used in step (d) comprises

15 abrasives, =zelected from the group consisting of silicon
carbide, boron nitride, diamonda and oxides of the elements

cerium, aluminum, silicon, zircoenium.

6. The method as claimed in any of claims 1 o 5,
20 wherein, in step {d), & polishing agent scoluticn 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 any of claims 1 to 6,
25 wherein, before step (a), the semiconductor wafer is

provided with a rounded edge.

8. The method as claimed in any of claims 1 To 7,
wherein the edge of the semiconductor waier 1s polished

30 between step (e) and step (f).

9. The method as claimed in any of claims 1 to §,
wherein, during the processes of polishing the front side
of the semiconductor wafer in accordance with steps (e)

35 and (f), the semiconductor wafer is fixed by its rear side
on a carrier, wherein a uniform, thin cement layer having

at most-a thickness of 2 um is used for fixing.



9. The method as claimed in any of claims 1 to 8, wherein, during the processes of polishing the front
side of the semiconductor wafer in accordance with %“teps (e) 35and (f), the semiconductor wafer is
fixed by its rear side on a carrier, wherein a uniform, thin cement layer having at most a thickness of 3
um is used for fixing. 29 10. The method as claimed in any of claims 1 to 8, 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 whichigomprisesrashnescuteut-afdhe size of tha seprcenducter wafes ta@ pe received, on its
rear&debyrnea@%g%ggggﬂgﬂylgga%ﬁgubrocesses 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 cn a carrier

h

and which comprises a lined cutout of the size c©f the
semiconductor wafer to be received, on its rear side by

means of adhesion in the cutout.



