- 1 - Method for producing a semiconductor wafer The invention relates to a method for producing a
semiconductor wafer. 5 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:
10 production of a single crystal composed of semiconductor material (crystal pulling);  separation
of the semiconductor singie: brystat intopadividuahwaters moderng: « tsawingDe 15 ¢) mechanical
processing of the semiconductor wafers; chemical processing of the semiconductor wafers;
chemomechanical processing of the semiconductor wafers; thermal treatment of the
semiconductor Wiers-BHERF 207 pitskiat EBEtinG Of tife sBmicErRiucisrivatersdnaiditiorathere are a
multiplicity of seeanidasy.Steprscsuchesds: eleaning, measuring and packaging. 25 A semiconductor single
crystal is ysually produced by pulling a single crystal from a melt (CZ or "Czochralski* method) or by
recrystallizing a rod compaosed of polycrystalline semiconductor material (FZ or "floating zone"

method). 30 KnowrPSEparafo fnethods ifrditdéwire Safirly ("Rt AR, MRES)ENnd
internal-diameter savimgdundtie dase af wird sawinge atgultipficityof Asssemiconststerapafers are

sliced from a pigce0f crysiahimonewark gRe[ation. 1y  pe  subdivided into the

following groups:

1¢
a) production  of a single crystal composed of
semiconductor material {(crystal pulling);
b} separation of the semiconductor single crystal into
individual wafers {("wafering", "sawing"),

15 ¢) mechanical processing of the semiconductor wafers;
d) chemical processing of the semiconductor wafers:
e) chemomechanical processing of the semiconducter
wafers;
£} thermal treatment of the semiconductor wafers and/ocr

20 epitaxial coating of the semiconductor wafers.

In addition there are a multiplicity of secondary steps

such as cleaning, measuring and packaging.

25 A semiconductor single crystal is usually produced by
prulling a single crystal from a melt (¢z or
"Czochralski" method) or by recrystaliizing a rod
compoged of polycrystalline semiconductor material (FZ
or "floating zone" method) .

30
Known separation methods include wire sawing {("multi-

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

In the case of wire sawing, a multiplicity of
35 semiconductor wafers are sliced from a piece of crystal

in one work operxation.

The mechanical processing serves for removing sawing

undulations, for removing the surface layers that were



- 2 - damaged in crystalline fashion by the rougher sawing processes or were contaminated by the
sawing wire, and primarily for global leveling of the semiconductor wafers. Surface grinding
(single-side, double-side) and 5 lapping are known here, and also mechanical edge processing steps.
In the case of single-side grinding, the semiconductor wafer is held on the rear side on a support

("chuck”) 10 angleveled owe&%é&%%@ cup grinding disk with r%ﬁ%m%flsufe&w{ﬁ d grinding

disk and slow radial advance. Methods and apparatuses for the surface grinding of a seniiconductor

wafer are knowRHrSiRUES, 605, 165 Gnd B8 B0 42 0reP-6855 £ 16191 5P &Ximpl85 this case, a
semiconductormvaferis fixedlyheld gniaiveafer Relder by gnewf itsthurfaceswhite is.oppesite surface

is processed by,means of & grindiag diskn Ry waferhaldar.and grnding diskrotating,and heing pressed

against one anc‘?[gler..ln this 20 case, the semiconductor wafer}is fixed on the wafer holder in such a
way that itd centBPESTantHiy corfedBBnds o the rofitidn chtst of & it tididers Mteover, the
grinding disk isRaositf@dig stichzeway that the rotation center of the semiconductor wafer 25
reaches a working region or the edge region formed by teeth of the grinding disk. As a result, the
entire surface q thetﬁemié:ggguctgr ngrgrfggsbed rounqLW' Qout a%movement in the%rinding plane.
30 In the case of simultanéous double-side grindmg (dotble-drsk grimding® DO e Smiconductor
wafer is simultaifedtilyFrodessed &h boll sidesih & akmnedflcatingieeltbetWesnokd grinding
disks maunted fncoppesita edllinear spindlescand is the pregess ie3p gyideddn agnaningt largely free
of constraining fgicgs axally behwesh a uaist ushion ydiostatic pringlpls) oraig cushin (aerostatic
principle) acting on the front and rear sides; and Is prevented from floating
radial advance. Methods and apparatuses for the surface
grinding of a semiconductor wafer are known from
Uus-3,805,162 and US-5,400,548 or EP-0955126, for
15 example. In this case, a semiconductor wafer ig fixedly
held on a wafer heolder by one of its surfaces, while
its opposite surface i1s processed by means of a
grinding disk, by wafer holder and grinding disk
rotating and being pressed against one ancother. In this
20 case, the semiconductor wafer i1s 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 positioned in such a way
that the rotation center of the gemiconductor wafer
25 reaches a working region or the edge region formed by
teeth of the grinding disk. As a vresult, the entire
surface of the semiconductor wafer can be ground

without any movement in the grinding plane.

30 In the case o©of simultaneous double-side grinding
("double-disk grinding”, DDG), the semiconductor wafef
is simultanecusly procesgsed on both sides in a manner
floating freely between two grinding disks mounted on
opposite collinear spindles, and in the process is

35 guided in a manner largely free of constraining £orces
axially between a water cushion (hydrostatic principle)
or air cushion (zercstatic principle) acting on the
front and rear sides, and is prevented from floating

away radially loosely by a surrounding thin guide ring



away radially loosely by a surrounding thin guide ring - 3 - or by individual radial spokes. In the case
of lapping, the semiconductor wafers are moved under a specific pressure with supply of a slurry 5
containing abrasive materials between an upper andza fower working disky which are usually
composed of steel and normally provided with channels for better distribution of the lapping agent,

whereby semicgnadygtor meteral s remgved110:DE;LQ3 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, 15 but characterized by
the fact that abfasivetis us@b®hictt is fisegiyrisondéditn wistkingdayers {tfitmsra fsads")zapplied to the

working disks. Adnethogrridkisdypaisteteredto-as fine %H@ﬂ%ﬂﬁ%i@pp&g kingmatice" or
"planetaryepad géinggl " (EPG)ELgIQan\rflgngrigyeerEivgqich are used in the case of PPG and which are
adhesively bonded orito the two worﬁlng disks are des%ribeﬁ?gfeeeilam%ﬁle inJ$6,067407 A and US
6,599,177 E2. DUty procassivg, tHekemitonatictdr 25 waerslare doserasridtethir il cages,

so-called carriegsawhietchare correspendingopenings for regaving=semiconguctopwafers. The
carriers have ag.quter, E%)gllg which gngages into a rqlling apparatus comprising inner.and outer
toothed rings and arelmoved gb by %gan_s oT%éid rolllligfg3 r%gpl)lﬁla%ratus %gtﬁlétV\'/orkingvggg?gfymed
between upperid-OWEF SFoTRINgTHISIE. The elfyerGFtRE $8miconductor wafer including any existing

mechani¢al markings such as an orientation 35 notch is usually processed as well ("edge rounding",

"edge notch grigigling;). Ganveptiopa! grinding steps wjthprefled grinding disks grihelt grinding
methods with continuqus or periodic tool advance are used for this purpose.
methods for the simultaneocus grinding at the same time

£=

of both sides of a plurality of semiconductor wafers
with a movement sequence similar to that of lapping,

15 but characterized by the fact that abrasive 1s used
which dis £fixedly bonded in working layers ("films",
"pads'} applied to the working disks. A method of this
type 1s referred to as "fine grinding with lapping
kinematics' or "pianetary rad grinding" (PPG).

20
Working layers which are used in the case of PPG and
which are adhesively bonded ontc the two working disks
are described for example in U8 6,007,407'A and
US 6,599,177 B2. During processing, the semiconductor

25  wafers are inserted into thin guide cages; so-called
carriers, which have corresponding openings for
receiving semiconductor wafers. The carriers have an
outer toothing which engages into a rolling apparatus
comprising inner and ocuter toothed rings and are moved

30 by means of said rolling apparatus in the working gap

formed between upper and lower working disks.

The edge of the semiconductor wafer including any
existing mechanical markings such as an orientation
35 notch is usually processed as well ("edge rounding",
"edge notch grinding'). Conventional grinding steps
with profiléd grinding disks or belt grinding methods
with continuous or periodic tool advance are used for

this purpcse.



-4 These edge rounding methods are necessary since the edge in the unprocessed state is particularly
fracture-sensitive and the semiconductor wafer can be damaged even by slight pressure and/or
temperature loads in the 5 edge region. The wafer egdge that has been ground and treated with an
etching medium is usually polished in a later processing step. In this case, the edge of a centrally 10

rotating semicongbistor wates is pressed-against acestrally Lotatingnalishing drym with gspecific force
(contact pressurg% us 5,9,%%%105 discloses a edgetpolishinﬁ m%thodloft IS t)j/ipe wherein the
polishing drum s 8mﬁ%se of ah alumindam a IoSS/L'élanae hasa %rpojricéﬁinagrpéﬁ aﬁﬁl%%lutg?t. The
semiconductor SEFEE Blstaliked oh aFemhedadhslter a ye-talledcehuckeThdadige et the
semiconductor wafar prpjects heyond-thechucka suchthat drig freghy aecessiblesfor the-pelishing drum.

20 The graup ogghemi%aljp(g%cessing steps usually comprises wet-chemical cleaning and/or etching
steps. The group of chemoméchanical processing steps comprises 25 polishing steps by which,
through in part chemical reaction and in part mechanical material removal (abrasion) the surface is
smoothed and wsidual tlamagaref tha:surfage iseemovech:30AVAie the-palishingsmethogs that work
on one side ("SM%'?%Q polishing) geq_eEraIIydgagﬂgoorggelggﬁ&gralIﬂjlsmsa polifg'pgrmethods
acting on both sides ("double-side polishin%;') make it possible to produce semiconductor wafers

having improvedFfRifREse ™ Aftéithe GindngSclEaRing ahBet&GHiFG sehs 8in SResfAAhE¥ with the
prior art, e surfacefthe semicondudtor wafers«s Smoothied by remeval palishihgskn the case of

single-side polishing(SSR): rorating polishing drum with a specific force
{(contact pressure). US 5,989,105 discloses an edge
pelishing wmethod of this type wherein the polishing
drum 1is composed of an aluminum alloy and has a
15 pelishing pad applied to it. The semiconductor wafer is
usually fixed on a flat wafer holder, a soc-called
chuck. The edge of the semiconductor wafer projects
beyond the chuck, such that it is freely accessible for
the polishing drum.
20
The group of chemical processing steps usually

comprises wet-chemical cleaning and/or etching steps.

The group cof chemomechanical processing steps comprises
25 polishing steps by which, through in part chemical
reaction and in part mechanical material removal
(abrasicn)} the surface is smoothed and regidual damage

of the surface is removed.

30 While the polishing methods that work on one side
("single-side polishing") generally lead to poorer
plane-parallelisms, polishing methods acting on both
sides ("double-gide. polishing") make 1t possible to
produce semiconductor wafers having improved flatness.

35 |
After the grinding, c¢leaning and etching steps, in
accordance with the prior art, the surface of the
semiconductor wafers is smoothed by removal polishing.

In the case of gingle-gide polishing (S8P) ,



- 5 - semiconductor wafers are held on the rear side on a support plate by means of cement, by
vacuum or by means of adhesion during processing. In the case of double-side polishing (DSP),
semiconductor wafers are loosely 5 inserted into a thin toothed disk and polished on the front and rear
sides simultaneously in "freely floating” fashion between an upper and a lower polishing plate covered

with a polishingpad. L Furthermoyg, the front.sides of Hhe semicondugtar,-wafers. arg,0ftgn polished
example by means of a soft of an %Ikaline g‘OHSh. g in haze-fr olishing pad with the aid

e fashion, for
sol. This step i 0REN Tefétrat to a8 CN7polish g%%lﬁ%%%mzjéﬁaﬁ?c%‘ll’fg p‘gﬁsr}ﬁﬁg' T e literature.
CMP methods affe d¢isklosedfor éxahpie iR U 260210077039 drekin ¢8:2008503B5722¢ The prior art

likewise disclosesdhe se:caliad nfixedr2-abrasive pelishingt (FAR)dechnolagies, whexeinithe silicon
wafer is pQDJishe.d ona eoAisf;LiH%)ad wpﬁ:h},1 h%vc\J/e r, gon ainhs an abrasive, mgt%{ial bonqaed in the

polishing pad (';f&%ﬁj:a rasive pad"f‘. A pc]ﬂlshingOs epin which st art P fbspcﬁlshi?\{j p% s used is 25

hereinafter refefi&ed e foraskdrt as FAP steld 49O 99455491 Yrieserbas a tWo-stdgepslishing method,
comprising a first 6AP: pelishingzster and aissbseguent secondMP polishing step.1lpw#eMP, the

polishing pad Oqoér%?ili?%?o?g%ncdeedc%t{;@g 8 r{@tgﬂag He_igg,ias%ilr%t{:e ég:ag e of a DSP step, abrasive

material is introduc e form of a slurry between the Silicon wa ndthe polishing pad. Such a
two-stage polishing method is used, in particular, to eliminate scratches left by the 35 FAP step on the
polished sarfacewaftithe substeate. 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 i1z often
referred to as CMP polishing ("chemomechanical

15 polishing") in the literature. CMP methods are
disclosed for example in  US 2002-0077G39 and in
US Z2008-0305722.

The prior art likewise discloses the go-called ¥#fixed
2C abrasive polishing" (FAP} <technologies, wherein the
silicon wafer dis polished on a polishing pad which,
howevery, containg an abrasive material bonded in the
polishing bad (vfixed-abrasive pad"). A polishing step
in which such an FAP polishing pad is wused is

25  hereinafter referred to for short as FAP step.

WO 99/55491 Al describes a two-stage polishing method,
comprising a first FAP polishing step and a subseguent
gsecond CMP polishing step. In CMP, the polishing pad
30 contains no bonded abrasive material. Here, as in the
case of a DSP step, abrasive material is introduced 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 left by the

35 FAP step on the polished surface of the substrate.

The Cerman patent application DE 102 007 035 266 Al
degcribes a method for polishing a substrate composed

of silicon material, comprising two polishing steps of



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 - 6 - the FAP type, which differ in 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 agentsuerlases! by, pokehiag AGeDt sl s feg of ol Serjgonductor

wafers are often provided with an epitaxial layer, that is to say with a layer grown in mgnocrystalline
fashion and ha¥ihgRhe 3anfe dryStat BHenRE6A fon Whith SémicoRtiisHicsmpsHeradrsiapplied
later. Such epitakicdly Toatedsemicanduetor wafetsihave canainaiivasthgesaverssemigenductor
wafers composed-pfihomagensqus-matetiah fanexample.15 the;preyention Q&?@af%%@?(gfsa' in

em),

bipolar CMOS circuits followed by the short circuit of the component (“latch-up™ pro ower defect

densities (for eXAmMpie railicEs PimbaFof RSP S Fehtdt-drgnafctparicld®) &fPaRFassence of an
appreciable ox{yer 20 cbhténitpwharshytit spossible ta hdé ous aSher-ehtuitaiskdwing to oxygen
precipitates in component-relevant regions. What is crucial is how the above-described mechanical 25
and chemome(‘shanical 0 @u{elg chemical method stepséqare arranged in ag;oces,s sequence for :
producing a seficonductor wafer. It'is Known thatthe polishihg s?«g&"’sﬁﬁ% s $85DSP30 and CMP,
the etching tre&RiciE dad tRE EpitaxySieys ledd td-a deterioration imthesflatnessofuie demiconductor

wafer particulagly#inthe edge regien. fagm@{ﬁ{org&pdQ@é(gﬁlgavgpgengg@ge i@y% peer art to 35
minimize the material removal durir;g poIEhiqg, in arder alsg to limit the deterioration in flatness to a
orientdtion, o T wiick’ semiconductor  Componentg  are
applied later. Such epitaxially coated semiconductor
wafers Thave <certain advantages over semiconductor
wafers composed of homogeneous. material, for example
15 the prevention of charge reversal in bipolar CMOS

circuits followed by the short circuit of the component

("latch-up” proklem), tower defect densities (for
example reduced number of COPs ('"crystal-originated
particles*} and the absence of an appreciable oxygen

20 content, whereby 1t i1is possible to rule out a short-
circuit risk owing to oxygen precipitates in component-

relevant regions.

What i1s crucial is how the above-described mechanical
25 and chemomechanical or purely chemical method steps are
arranged in a process seguence for producing a

gemiconducter wafer.

It is known that the polishing steps such as 8SP, DSP
30 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.

Therefore, endeavors have been made in the prior art to
35 minimize the material removal during polishing, in
order also to limit the deterioration in flatness to a

mirnimumn.

US 5842445 A proposes slicing (sawing) a semiconductor



“minimum. - 7 - wafer from the crystal, rounding the edge of the semiconductor wafer, then carrying out
a grinding step, which can comprise a double-side grinding and a single-side grinding of front and rear
. sides of the 5 semiconductor wafer, subjecting the semiconductor wafer to an alkaline wet etch, and
finally polishing the semiconductor wafer by means of DSP. The double-side grinding can also be

replaced by a lapping step. 4 plasma etch can.also begfiecied aftepthe wetketch, 20 Ripally, the
grinding steps and the wet etch can he replaced by aglasma etch. The semiconductor wafers polished

by means of DSPUHTBAEYE oBFaiRZIE by thig FHethdd havehn HsatisAtigH 18%eonétry in the edge
region owing tovthearsecefiweteciismisel treaiwiehis=and e glasmdiassisted chemicat Btching (PACE).

Thus, at best sgruconductonwafers having aeceptableflainess.yaluesarg ayailabje if ap edge
exclusion of at least 2 mm is always taken as a 20 basis, cf. ITRS "Rgadmap". The nat%otopology, in
particular, s adverseiy THttiehzed %@%?ﬁﬁings%%jﬁgotsl.rfﬁ ordet tS TRprovatHs nanhotpotdgy after the
etching step, intDSFan inéleabétenaisial rérmolal issietessana Iolif the fatiedin @rn addersely
influences 25 the geemetrydndhe edgeregipy. Imerder todye alle to pravidessemiconsiugtor wafers for

future technolig¥§§8f§rations Whicrlrsngetghe strein%ergégqlgementamade of thg e%ge reﬁ&gion of the
P

30 semiconductor wa e??théial?to%ay in or erﬁo exam g, t5 mal%—?g\l/élrﬁ'?thet(’/\‘/a er accessible to

the (immersionBAGHapIAHHecesBarpls0 be effected after the wet etch.
10 Finally, the grinding steps and the wet etch can be

replaced by a plasma etch.

The semiconductor wafersg polighed by means of DSP which
are cobtainable by this method have an unsatisfactory
15 geometryy in the edge region owing to the use of wet-
chemical treatments and the plasma-assisted chemical
etching (PACE}). Thus, at best semiconductor wafers
having acceptable flatness values are available if an
edge exclusion of at least 2 mm is always taken ag a
20 basis, ct. ITRS "Roadmap". The nanotopology, in
particular, isg adversely influenced by etching methods.
In order to improve the nanctopoclogy after the etching
step, in DSP an increased material removal @ is
necegsgary, but the latter in turn adversely influences

25 the geometry in the edge region.

In order to be able to provide semiconductor wafers for
future technology generations which meet the stringent
reguirements made of the edge region  of the
30 semiconductor wafer, that is to say in order, for
example, to make even the outermost edge region of the
wafer accessible to the moedern lithographic methods
- {immersion lithography), other approaches are
necessary.
35
The problem area described gave rise to the stated
object of the present invention, namely of providing a
novel process sequence for producing semiconductor

wafers in particular having a diameter of 450 mm.



outermost edge region of the modern lithographic methods otherapproachesare The problem area
described gave rise to the stated object of the present invention, namely of providing a novel process
sequence for producing semiconductor wafers in Barticular having a diameter of 450 mm. S According
to an aspeetof-the nvention, theseds providediae methad: fargerpduciagea semiganductod wafer,
comprising: {ldouoging ok (ha sdoe Atihe semisandueiorarersiged o a single crystal, by

means of a Zrindlng disk containing abrasives having an average grain size of 20.0 - 60.0 gm; (b)
simultaneils d6UBIEIGdeFhateifalSéfoing ProcesShgorthe Semitiductor-fafers WHich lies in
freely mowahblglfashigrsined cutgutinzone of aplyalitydohgardiess thatrareicdusettorrstate by means of

a rolling apparatus,.and;is.thereby moved an a gysloigdal trajeciory, wherein the semiconductor wafers
are processed between two rotating ring-shaped workinlg_disks, wherein each working di%k comprises
a working'&}ef BHETATT S aSREs Raving al aVerage size 618 0% 26.9°6%7 (& situltalieous
double-sidematarialaemoviraf processirlofithesseimicdngsctnr wafek vhidiakdd imfrealy anovable
fashion ina cuteut in,ong ef aplutalityief.cartiess that arg:caused texgtateby means<ef adslling
apparatus, a%:nqﬁ is @er%gg rrs10\éef‘d ona %oidgl tr%jreacl:%o% Ws[1e({e£nstq%geggcorgn%%(:et8r (\%afgrs are
processea%e?weeenyiwo r(ﬁating rng-s ape% wgﬁqng ISKs, wherein gach wgrklng disk comprises a

working lagErieortaining abrasivesthavint arcdveragesize6To BrI8W g, WRERTT thé gfain size is
less than the geaikesizediseskin skep akttd)ragnding;obthe-edgeaiithesemiconducter-wafer by
means of ,ginding,igk centaining, abrasives, haying;ai ayerage giaip sz 051.0,: 20,0 gm, wherein
the grain size is less than the grain size used in step a);” (e) treatment of both™sides of the
semicondRRTGRFafdr WitR P 8tchiRg hédrind in cohjuhétiin with a material removal of not more than 1
gm per side jof thevsemricendectdswidfer sthi=etehireg-iredivsmoornprisimgrar sxidigc neédiahzor a

gaseous mediyn containing bydrogep,filugride and af least ong oxidizingeagenti 8a (R polishing of at

least one side of the semiconductor wafer us,in% agolishin%ﬁad corbt%ilning abrasives Qaving a grain
size of 0.F%9°8 pm*T(gfBSlisRing bf fic'edge of thef seffiitbhatictor wafer Whersih e edde of a
centrally rotatiig semivendactof wafep id pressabaiticasperifit forcélaejaiist aceatialiy rotating
golishingdggﬁm%mant@%iggmpad‘_@%g@_ ig}jpgl%(l@_dly @@p@&_ allg@é‘d,\iejs i%aaﬁﬁlgad_ @rﬁge pcl)_liihing
rum and polishin ent solution containing no solids is continuously supplied, wherein the polishing
pad used ro%(fgi?lss%a %%%Fv%eﬁgrthYgs E‘g]‘&?gﬁ Efrorn}lrfﬁésglr%}aﬁgco%%%n}%l 0 %ﬁ?égh (%%Fcfef%oron
nitride, dig@aehd aick it e3i6ftheEBRIERS critifT bRt SsifcaIT SredtiumP hy Efetical
mechanicehpolishing challeast tiefropt ¢.5 - 15.0 um, wherein the grain size is

legs than the grain size uged in step a);

{d) rounding of the edge of the semiconductor wafer by means of a
grinding disk containing abrasives having an average grain size
of 1.0 - 20.0 um, wherein the grain size isg less than the grain
size used in step al;

(e} treatment of both sides of the semiconductor wafer with an
etching medium in conjunction with a material removal of not more
than 1 pm per side of the semiconductor wafer, the etching medium
comprisging an acidic medium or a gaseous medium containing

hydrogen fluoride and at least one oxidizing agent;



9 side, or the front side and the rear side, wherein the method is performed in the order of: steps (a),
(b), (), (d), (e), (), (9) and (h); steps (a), (b), (c), (d), (e), (), (h) and (g); or steps (a), (b), (c), (d), (e),
M, (9), (h) and (g). The method according to the if#¥ention therefore comprises, in steps (b) and (c),
two simultaneopsidaeitilassider processings obie frortcandfeatsidesof tiesemieonducter wafer, of
which the JIrehgtep Biovdes goconrsedinding.and e see0ad shek frgvides, s e grindigg and during
which the semiconductor wafér lies in the cutoutin a carrier in a manner similar to that in the case of
lapping afld DSP?! Y adffiition, with regard to the processing of the surfaces of the semiconductor
wafer, at least prkiEAPngokishingandigtleast one GME polishing-of thefiront sidewfithethe
semiconduglor wafer are provided. Accordip g todhednvantien.thgsrethad dges nat coptain any

u

mechanical whole-area surface processing rln% hICh the semlconductO{l %fer is fﬁ(ﬁgnlly held on

one side fhe@I By means of & witar hidtder (G VAGIUM chTER) while Bz dfierElde s Brocessed by
advancingserotatingegrivvdingldiskl [vatepsdid) @iy, thesahicondadot \/\@é}a@meﬁed ina
manner frggqulgg{lstfaini&g@orcﬁe&qmbgtﬁ siqiecslﬁimgm@ne%ﬁlysaﬂqlgviﬂ@grﬁg(ecg@aumi@g onto a
mount (' chucgag of.the semiconduc or Wafer {t:%% IS to say: |n freelﬁ)élf_loaélglg f%shlon Thja%has the
advantage ot avméﬂn% déformation of the semlcondlﬁc?o afer dai ng “Shuck’ processing”. “All the
removal-refeigiit SuFfaeedproeedsifgrste pashaverpiahetary M metic s ehefftle-aFeF pfdéessing of
the surfacpscabthesemiconductor wafer.cbheseametheds permit arelatively gendeaehangedn the
relative spee%%geg@e@pl semiconductor. ‘é’?u%r agq%rll_ﬁqgndlsgﬁq% also glt}aéggggq uniform wear of

the workin yers of the Workln disk. The méthod comprises none of the single-side grinding (SSG)
processeé%khoﬁﬁ?fﬁlﬁﬁlpﬁﬁf’aﬁnhﬁﬂhe?ﬂ} H?é‘mﬁoo%ﬁﬁ of %@3rs&indiAg nor in the form of fine
grinding. Furthermore, simultaneous double-side grinding (DDG) is also not provided in the method
according to the invention. This leads to the avoidance of defects such as the grinding navel in the
center of the semiconductor wafer 10 after SSG and DDG, the "spark-out marks" in the case of DDG
and also the grinding marks in the case of SSG, to name just a few. As is shown later, steps (f) and (h)
can also be 15 carried out in a free-floating process divided into two, wherein a conventional
double-side polishing machine is used, whereby simultaneous polishing at the same time of both sides
of the semiconductor wafer guided in freely floating fashion in a carrier is made 20 possible which
combines the conventional DSP and CMP. Therefore, all the chemomechanical or purely mechanical
surface processings are effected simultaneously on both sides in a manner free of constraining forces.



25 The essential steps of the method according to the invention and the preferred embodiments
thereof are explained below in detail. Firstly, a semiconductor wafer is sliced from a single 30 crystal
composed of semiconductor material, grown by means of CZ or FZ. The semiconductor wafer is
preferably sheed by means ofof the semieanduetor weafeshyeffected ¢#i the rmnnerHadwir a wire

saw. meas 03 Rl fam chealielno wire saLiRUSAESSIDL 30.EP 583 5424, DECJ9 42 671 A

or EP 433 956 Al. The grown single crystal composed of semiconductor material is preferably a single
crystal coffpogdfof Eilicof “FRE seficonblctorafetds prefétably@ mdRdcRBtllfe silbn wafer.

steps (a}, (b), (¢}, (&}, (e}, (£), (g}, (R} and (g).

The method according to the invention therefore comprises, in
steps (b) and (c), two simultaneous double-side processings of
the front and rear sides of the semiconductor wafer, of which the
first step provides a coarse grinding and the second step
provides a fine grinding and during which the semiconductor wafer
lies in the cutout in a carrvier in a manner similar to that in
the case of lapping and DSP. In addition, with regard to the
processing of the surfaces of the semiconducter wafer, at least
one H#AP polishing and at least one CMP polishing o©f the front

side ©of the semiconductor wafer are provided.

According toe the invention, the wmethed does not contain any
mechanical whole-area surface ©processing during which the
semiconductor wafer is fixedly held on one gide thereof by means
of & wafer holder (e.g. vacuum chuck) while the other side is
processed by advancing a rotating grinding disk.

In steps (b)) and (¢}, the semiconductor wafer is processed in a
manner free of constraining forces on both sides simultaneously
and without fixed clamping onto a mount (“chuck”) of the

semiconductor wafer, that is to say in “freely floating” fashion.

This has the advantage of avoiding deformation of the
semiconductor wafer during “chuck processing”. 2All the removal-
relevant surface processing steps have planetary kinematics and
whole-area processing of the surfaces of the semiconductor wafer,
These methods permit a relatively gentle change in the relative
speeds between semiconductor wafer and working disk and alsc a

balanced, uniform wear of the working lavers of the working disk.

The method compriges none of the sgingle-side grinding (S8G)

procesgses known in the prior art, neither in the



The method preferably takes place in the specified order in accordance with steps (a) to (h) of the
method 5 according to the invention. The edge polishing in accordance with step (g) can take place
before or after step (h). It is also preferred to carry otit two edge polishing processes, wherein a first
edge polishing process takes place between step (f) and step (h) and a 10 second edge polishing
process takes place aftef stepo@ swhegsin thbisecorigbedgel polishivgg prloeess preferablytakes place
using a softly remouingrsilica sol (soft edge polishing). 15 Step (a) - rounding of the edge of the
semiconductor wafer using coarse abrasive In step (a), the semiconductor wafer is provided with a
rounded edge. 20 For this purpose, the semiconductor wafer is fixed on a rotating table and delivered
by its edge agaifist theliRewse rotating Vaorkirigssuifaek ot aPréce SEHGHBORIThEBIStessing tools

used in this casg ean bggmbedied 25ap disks WiHeh arg-segited fo-aspmdigjandhavene
circumferential lsrt%‘r/_fglc%%~ grelrving as working surfaces for processing the edge of the semiconductor
wafer. An appara?'us suitable for this purpose is disclosed in 30 DE 195 35 616 Al, for example.
Preferably, the semiconductor wafers are provided with a profile that is symmetrical with respect to the

central plane ofitheswalerafdth fasets néidenticat 3b.dype on pheg;@ﬁwe ohthe wafer and the rear
side of the waf r%‘%ﬁ%%‘"‘i@a%%i‘sy mEHéca!:S%Q%Pr%‘P with difierent fagetwiths, on fhe front and

rear sides. In this case, the edge of the semiconductor

10 after S8G and DDGE, the “spaxrk-out marks” in the case of
DDG and also the grinding marks in the cage of 8S8G, to

name just a few.

Ag 1is shown later, steps (£) and (h} can also be
15 carried out in a free-floating procegs divided into
two, wherein a conventional double-side polishing
machine 1s used, whereby simultaneous polishing at the
same time of both sides of the semiconductor wafer
guided in freely floating fashion in a carrier is made
20 possible which combines the conventional DSP and CMP.
Therefore, all the chemomechanical or purely mechanical
gurface processings are effected simultaneously on both

gides in a manner free of constraining forceg.

25 The essential steps of the method according to the
invention and the preferred embodiments thereof are

explained below in detail.

Firstly, a gemiconductor wafer is gliced from a single
30 crystal composed cof semiconductor material, grown by

means of CZ or FZ. The semiconductor wafer 1is

preferably sliced by means of a wire saw. The slicing

of the semiconductor wafer by means of a wire saw is

effected in the manner known e.g. from U8 4655181,
35 EP 522 542 Al, DE 39 42 671 Al or EP 433 956 Al.

The grown single crystal composed of semiconductor
material is preferably a single crystal composed of

silicon. The semiconductor wafer i1s ©preferably a



wafer acquires a profile that is geometrically similar - 12 - to a target profile. The grinding disk used
preferably has a grooved profile. A preferred grinding disk is disclosed in 5 DE 102 006 048 218 Al.
The working surfaces can also be embodied in the Jrgrrﬁ' of an abrasive cloth or as an abrasive belt. 10
The material-removing grain, preferably diamond, can be fixedly anchored in the working surfaces of
the processingt@BRCTYidtgrain i Ffids & @oardel§ranulation. According to JIS R 6001:1998, the
granulation (in mesh) is #240-#800. 15 The average grain size is 20-60 pm, preferably 25- 40 um,
eepecially prefaiably g2:30.4m BLICA0ME, Sienh) - doublesidemargdal-igmaniag processing of
20 the semiconductor wafer sliced from a S|_Xgle crystal, using coarse abrasive ~ In step (b) of the -
method accordi¥§es thEindEREEIP HREsias B BEBMitBhdiCtor Rafdt brE REbREtEPD 25
material-rgmo\dng pracassing: PP G isa methedfarthe siMiudaneddgsedopbleisitie gruinding of a

plurality of semicondugctar wafers,wherein each semiconguctor wafer igs in fregly mevahle 30 fashion

in a cutout in one of a plurality of carriers thaf are caused_to rotate by means of a rolling apparatus,
and is thereby fté¥ed o a cy‘y&oida? tréeefonp Wherehife S8micBRductoF Waf&iEar& précessed in
material-removing. fashiony betweers tvee 85 rotatingadorking disksswheesinseaghewoeking disk
comprises a WB%’E%?%E&%@Z}M%E@”%%C{@Q@%W&5%3 tApPRIoprigte-abrasive matesials are

preferably diamond, silicon carbide (Sic), cerium dioxide 26) coryndum gag%rglrnursrlt%gde, Al203),

zirconiunt Yioxe(ZF82) S56on Ritide>(ER TuBtBorsi niﬁ%?é, CBRY, FoRhetmors

{(h), wherein the second edge ©polishing process
preferably takes place using a softly removing silica

sol (soft edge polishing}.

15 Step (a) -~ rounding of the edge of the semiconductor

wafer using coarse abrasive

In step (a), the semiconductor wafer is provided with a
rounded edge.
20
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 tools used in this case can be embodied
25 as disks which are secured to a spindle and have
circumferential surfaces serving as working surfaces

for processing the edge of the semiconductor wafer.

An apparatus suitable for this purpose i1s disclosed in
30 DE 185 35 616 Al, for example.

Preferably, the semiconductor wafers are provided with
a profile that is symmetrical with respect to the
central plane of the wafer, with facets of identical
35 type 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 acguires a profile that is geometrically similar



5 silicon dioxide (5i02), boron carbide (B40), through to significantly softer materials such as barium
carbonate (BaCO3), calcium carbonate (CaCO3) or magnesium carbonate (MgCO3). Diamond, silicon
carbide (SiC) and aluminum oxide (Al203; corundumy are particularly 10 preferred, however. The
average grain size of the abrasive is 5-20 pm, preferably 5-15 pm and especially preferably 5-10 pm.
The abrasive p@éticae%ﬂegg%efg@y handed 15 individually or as clusters in the bonding matrix of the
working layer. In the case of cltster bonding, the grain diameters specified as preferred relate to the
primary particle size of the cluster constituents. 20 Working layers with ceramic bonding are preferably
used; a synthetingesinybonditggs particklarly peeferredendinalcage obwerking lagersawithiclusters also

a hybrid-bondzgir@ﬂq@ _(ceﬁang&gm% é@/it@ﬂ%@ﬂ@terg and synthetic tesin, bapding petween
clusters 25 and working %yer matrix)Jl.:That temperature prevailing in the working gap formed between
the workin%; Iaﬁ%@s E}ﬁreq @b%l@e& Onétant during processing. For this purpose, the carriers can 30

have openings through which cooling lubricant can be exchanged between lower and upper working

disks, such thatypperand lower Working layersalways have thgrsametemperatuee. Fhis,counteracts
an undesired de ormati%:r}l of the Worliigg]é;acg) formed bet\geen the Bngiorking layers as a result of the
in

. 4arl Ir'gsive o r.as 4dil abragsl . . .
deformation of the wor%ngafayers or Working di§ks i adcount o\f?hermatr expansion under alternating

load. Moreover, the cooling
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-#800.

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

40 um, especially preferably 25-30 um oxr 30-40 pm.

Step (b) - double-side material-removing processing of
20 the semiconductor wafer sliced from a single crystal,

using coarse abrasive

In step (b) of the method according to the invention,
both sides of the semiconductor wafer are subjected to

25 material-removing processing.

PPG is a method for the simultaneous double-side
grinding o¢f =& plurality of gsemiconductor wafers,
wherein each semiconductor wafer lies in freely movable
30 fashion in a cutout in one of a plurality of carriers
that are cauged to zrotate by means of a rolling
apparatus, and i1s thereby moved on a c¢ycleidal
trajectory, wherein the semiconductor wafers are
processed in material-removing fashion between two
35 rotating working disks, wherein each working disk

compriges a working layer containing bonded abrasive.

A hard material having a Mohs hardness of =z 6 1is

preferred as abrasive bonded in the working lavers.



of the abrasives bonded in the working layers is improved and becomes more uniform, and the
effective - 14 - service life thereof is thereby increased. It is preferred to determine the form of the
working gap formed between the working layers dufing grinding 5 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 gapn,syah.svaydbatihe afiing,oap as g predelijed [on, 14 Prgleranly. the

semiconductor wafers temporarily leave the working gap, delimited by t rklng ayers, with a part
of their surfacedutgProcEeSig the! Fakimurf f i exctirsioAth the$dial dFEEiBHB8iIng more 15
than 0% and at{mbstr2@Urofdhe digmetesmfithe semicanductatwafed dhe Bxcutsiombeing defined as

the length - mel@Js_g@d(i.elat\éqqto the, working disks in.the radial dlrggtl\gn by whigh a semiconductor

wafer projects beyond the inner or outer edge of the workin ]ﬁng gap at a specific point in time during

grinding. Prefefably; i8Waft &t ofbroekssiRg e TiqRamadiim Rafing a fidcdidy of at least
3-10-3 N/m2.s aihdrat ostriiony]1 68 N/a2 sustiatrodlicedsbetwern \ierking2Scdisksaade

semiconductor wafers via operings ifkthe earrigss, Jhis medigmeshould be preﬁgghgye@ﬁt while the
working disks are q&eln emo dJ&omt semlcogductor wafer, there %%é:urblp .the mechanical

removal by the Wor |ng ayers. érlna AEAS Tkt 30 hre Stierwing Dbesrve fn “the PHGr art, such
as marks, scrafchiésgruH- offcﬁiaﬁi@, cah%é?eby bE@Walden T his 3¢ @eschBed irttheaGérman
Application - nehprrevieusly, putlished r bearing the file reference 10 2009 048 436.1, to which in its
entirety reference
- The average grain size of the abrasive is 5-20 pum,
preferably 5-15 um and especially preferably 5-10 um.
The abragive particles are preferably bonded
15 individually or as clusters in the bonding matrix of
the working layer. In the case of cluster bonding, the
grain diameters specified as preferred relate to the

primary particle gsize of the cluster constituents.

20 Working layers with ceramic bonding are preferably
used; a 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

25 and working layer matrix).

That temperature prevailing in the working gap formed
between the working layers is preferably kept constant
during processing. For this purpose, the carriers can
30 have openings through which cooling Ilubricant can be
exchanged between lower and upper working disgks, such
that upper and lower working layers always have the
same temperature. This counteracts an undesired
deformation of the working gap formed between the
35  working layers as a result of the deformation of the
working layers or working disks con account of thermal
expansion under alternating load. Moreover, the cooling
of the abrasives bonded in the working layers ig

improved and becomes more uniform, and the effective



35 is made here. The following preferably come into consideration as the medium: agueous mixture
containing polyhydric alcohols - 15 - (glycerol, monomeric glycols, oligomeric glycols, polyglycols and
polyalcohols) aqueous mixture of glycerol, butanol and a surfactant 5 slurries, wherein the required
viscosity of the medium is ensured by the proportion of solids (colloidal dispersions composed of

silicon dioxide Qégg_@g@ oxjde, p@ﬁ'@ie&)),fprfgerggg@/&maqgliggggls\gaqosity-increasing media (e.qg.

10alcohols) depending on the proportion of solids. Step (c) double-side material-removing processing
of the semiconductor wafer sliced from a single crystal, using finer abrasive 15 PPG grinding of the
semiconductorirafersis tkevfiseefftécted indstep (o)j wherelreartabrasivé clotrehavingsfimer granulation
than in step (blisyised, 20 Ehe,aygrage oraip sige of i abiagy@és %ﬁrlﬂa%’“gl%@ﬁﬁﬁ 0.5-7 pm,
partlcularlg preferably 0.5-4 pm, and espe_ma!fly prefera% 0.5-2 pm. The preferred inijtial thickness
prior to proces&g big% freaRs of $t8p (b ¥ the me %a%’gg to ﬁ‘%%@%ﬁtioﬁﬁs to 1000
pm. For siliconleafets havikg a diameteg of 30, medhitial tickness of 775-egB8E pAYis

parti?ularly preferrrd B0 fhesfinat thickpess ot the seausnduetasvaders afier-pracgssiag after step
Tt 0 et SGRRAG 1,05 TYRRNON (5. RTelRIZRY 00 S SSHRT AnoRAriRae freferably
form.
10
Preferably, the semiconductor wafers temporarily Ileave
the working gap, delimited by the working layers, with
a part of their surface during processing, the maximum
of the excuxsion in the radial direction being more
15 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 in the
radial direction - by which a semiconductor wafer
projects beyond the inner or outer edge of the working

20 gap at a specific point in time during grinding.

Preferably, toward the end of processing, a 1liguid
medium having a viscosity of at least 3-107° N/mbs and
at most 100107 N/m%s is introduced between working
25 disks and semiconductor 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
30 are otherwise observed in the prior art, such as marks,
scratches or 1lift-off marks, can thereby be avoided.
This ig degceribed in the German Application - not
previously published - ©bearing the file reference
10 2009 048 436.1, to which in 1its entirety reference

35 is made here.

The following preferably come intc consideraticon as the
medium:
& agqueous mixture containing polyhydric alcohols



35 The total removal, that is to say the sum of the individual removals from both sides of the
semiconductor wafer, by means of steps (b) and (c) is preferably 7.5 to 120 pm, and particularly
preferably 15 to 90 pm. - 16 - Step (d) Edge rounding using finer abrasive A second edge rounding
step takes place in step (d). 5 However, a grinding tool having finer granulation is used. For this

purpose, the semicon%gg% g\iaggr’ is Qgﬁ%ﬂgg%ﬁxggf&q eqatg@i@gjg@@l%deéjy reckhy its edge 10

against the likewise rotating work surface of a rocessmgtool. The processing tools used in this case

can be embodied as dSKY AhHFPAre SBLar&P{’d Lpfde §hd have circumferential surfaces serving as
working surfaces for prguessing theiedgersf theo§emigandwctor. 15 wafetraTiod working susfaces can
also be embodied in the-fermn of ap abrasive cloth or as an abrasive belt. 20 The material-removing

grain, preferably diamopd, can be fixedly anchored into the working surfaces of the processing tools.
The troin aetfhas a NG ARGt ALEOIND S 28 SROR Ro01 {036 o sfartitonSnoud he
finer than #800, prefersly w80014#806M s Trrlavérdgetdrain sivelds0B20 g fpreferhbfs0.5-15 gm,

particularly preferably Q:5101Q-ga 2nd especiahina8 preferrlik .28 9Bt Stepfe)riEtehing or cleaning

of the semiconductor wafer 35 In step (g;(of the methg(:jL gfce:%rding to thefwvgggon, botht%ides of the

semiconductor wafer are treca?é:& With an ejf(%nglr%%]élym inc ﬁljunclﬁgrﬁla W|tTh’a Material removal of not
more than 1 pm per stiéfthersemicondbeep Svdier Lifreasing  media (e.g.

10 alcohols) depending on the proportiocn of solids.

Step (c) double-side material-removing processing of
the semiconductor wafer sliced from a single crystal,
uging finer abrasive

15
PPG grinding of the semiconductor wafer 1is likewisze
effected in step (c), wherein an abrasive cloth having

finer granulation than in step (b) 1s used.

20 The average grain size of the abrasive is 0.5-10 um,
preferably 0.5~7 um, particularly preferably 0.5-4 um,
and especially preferably ¢.5-2 pm.

The preferred initial thickness prior to processing by
25 means of step (b) of the wmethod according to the
invention is 500 to 1000 um. For silicon wafers having
a diameter of 200 mm, an initial thickness of 77% Lo

950 um is particularly preferred.

30 The final thickness of the semiconductor wafers after
processing after step {c) of the method according to
the inventicon i1s preferably 500 to 950 upm, and
particularly preferably 775 to 870 um.

35 The total removal, that 1is to say the sum of the
individual removals from both sides of the
semiconductor wafex, by means of steps (b) and (¢} is
preferably 7.5 to 120 um, and particularly preferably
15 to 80 um.



The minimum material removal per side of the semiconductor wafer is preferably 1 monolayer, that is
to say approximately 0.1 nm. The semiconductor wafer is preferably subjected to a wet-chemical
treatment with an acidic medium. Suitable acidic media include aqueous solutions of hydrofluoric acid,
nitric acid or acetic acid. 10 It is especially preferred for the semiconductor wafer to be treated with a
gaseous medium containing hydrogen fluoride and at least one oxidizing agent that oxidizes the
surface of the semiconductor wafer. In this case, 15 it is particularly advantageous if the gaseous
medium flows &§&iRstihe FRER VIRt B8mMitHAt clot W PRIA Fldfive speed in the range of 40
mm/s to 300 m/s. The gaseous medium therefore contains hydrogen fluoride 20 and at least one

oxidizing agent, T [dlizi e ble, to_oxidi e icondyctqr_materigl, e.g. silicon.
When a siliconhsu%%gé %%%%d%%%ggix%%g %égest%ig %%(%de,ggre%e%a ly é%édn dioxide
arises. This in ﬁﬁﬁ%@ﬁemiéall?%ﬁ%él%@&'bfﬁ?ﬁlrod%?’n"fﬁfé‘ifidef,]g’?\ﬁﬁg A&t héxatfdrosticic acid
(H2SiF6), silicarstetrafluoride (SiF4) and water as reaction products, which are discharged by the
stream 30 of the gaseous medium. The gaseous medium can furthermore contain further constituents,
for example inert carrier gases such as njtrogen or %ggon, in order to inflyence the flow ¢onditions and

removal rates. 387t i PraferietPiose dt18ast B Xidi2ing Hgeii s8fectdtl fEMTh8%#dlh consisting
of nitrogen diofidesdzone ard chidrinel Mpurebhlerirrrid usked, ivisTreedsaryitbadesgger vapor in

order to @xidizg the 8 - ehlerine andwzene apdchloring is weed theadditien of ghlorige serves to
use the water which is released in]ghe I(—;-1action of hydro encfluq_ride Witl& silicon dioxide to further
¢ ool 1 i

- L Drocegsin \ e procteggln Hig case .
oxidize the SI|I(§)0n sur?ace, %n %O erepy toppreven condensation (]S)fgtﬁe Wa{%er rejreasead IN the reaction

even at low flodavelsticsriand icrfparaties ke isywariibulany prsersa do tige dz6REISWiRg to its high
oxidation potentiad, thesfast thatrtbameactinnproducts:de Aok presentaigpreliems; d0iand the ease of

providing it by meaps of 97qng ogneralors ihal atgin widespread usgdn e Sermigandugipr industry.

15 wafer.

The working suxrfaces c¢an also be embodied in the form

of an abrasive cleoth or as an abrasgive belt.

20 The material-removing grain, preferably diamond, can be
fixedly anchored into the working surfaces of the

procegsing tools.

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

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

Step (e} - Etching or cleaning of the semiconductor

wafer

35  In step (e} of the method accocrding tc the invention,
both sides of the semiconductor wafer are treated with
an etching medium in conjunction with a material
removal of not more than 1 pm per side of the

semiconductor wafer,



In order to produce the gaseous medium,the 15 constituents can be mixed in the desired quantitative
ratio. The ratio of hydrogen fluoride to oxidizing agent is typically chosen in the range of 1:1 to 4:1. The
gaseous medium can be supplied either by the 20 individual components being passed directly into
the process chamber or a mixer connected upstream thereof, or by the gaseous oxidizing agent being

passed through, quuiqlﬂ%%o%s solution of I;f/dro en fluoride having a suitable concentration. This
can take place, oc? 25 exampl%, in amsaok-gglf“ea was ?n%oggt e ora %omp%’i‘éﬁle a érat& *“As the

gaseous oxidizifaGEmPEsEes thiradgh thksaquieptismorkion Lit Rostpichsd withblkater asd hydrogen
fluoride, such that theyregpised gaseaus megjum:asises. 30 With the same method parameters and a
constant ratio of hydrogen fluoride to oxidizing agent, an increase in the temperature and an increase
in the concentrations exhibit a reaction-accelerating effect. 35 The etching in the gas phase serves to

reduce the roughfiesS TR HRE e TloPEuCIBE Rafer SvhBFeby ke Réguired ptnsHAg rérmoval can be
reduced, and imadditioertd removedmpusties andeducessurdface mdQirgefects in the crystal
structure. The cleaning and etching methods described are preferably effected as single-wafer
treatment. 5 S ec,ific%l for a semiconductqr wafer having a diameter of 450 mm that is particularly
preferred in thé lééﬁ%x%f tHEThetHod JEording B HE HiverfigH SHLSSSEE 3UOPIIE. fréth Solid State
Equipment CoffUSA lwhichds designed iorsubsiales op te.asize-ohSOO. mm 10 x 500 mm, is
suitable fog this purpose. Step (f) - FAP polishing of at least one side of the semiconductor wafer 15 In

step (f) at Ieas&Qne. side of the. semiconductor wafer is polished using a palishing pad containing
abrasives having aﬁsav%t‘sa%%cglr%ellr?gizglé?Oﬁlff%de FROIENET S2NPARATI water
Lo be treated with a gaseous medium containing hydrogen

fiuoride and at least one oxidizing agent that oxidizes
the surface of the semiconductor wafer. In this casé,
15 it is particularly advantageous if the gaseocus medium
flows against the surfaces of the semiconductor wafer

at a relative speed in the range of 40 mm/s to 2300 m/s.

The gaseous medium therefore contains hydrogen fluoride
20 and at least one oxidizing agent. The oxidizing agent
must be able to oxidize the semiconductor material,

e.g. silicon.

When a silicon surface is oxidized, by way of example,
25 & silicon oxide, preferably silicon dioxide arises.
This in turn is chemically attacked by hydrogen
fluoride, giving rige to  hexafluorogilicic  acid
(H;S1iFs}, silicon tetrafluoride (SiF,) and water as
reaction products, which are discharged by the stream
30 of the gaseous medium. The gaseous wmedium can
furthermore contain further constituents, for example
inert carrier gases such as nitrogen or argon, in order

to influence the flow conditions and removal rates.

35 It i1s preferred to use at least one oxidizing agent
selected from the group consisting of nitrogen dioxide,
ozone and chlorine. If pure chlorine is used, it is
necessary to add water vapor in order to oxidize the

silicon surface. If a mixture of nitrogen dioxide and



Preferably, front and rear sides of the semiconductor 20 wafer are simultaneously polished at the
same time in step (f). Conventional DSP polishing machines are suitable for this purpose, the polishing
pads used containing abrasives. 25 Preferably, only, the_front side of the semiconductor wafer is
polished in step (f). During the polishing step, a polishing agent solution that is free of solids is

preferably introgﬂggggﬁéweaelgd30égghgid%g&thgh?@g%gdU£gor Mvgé%[ thi%heis é{g%et oolig,hed and the
polishing pad. "The palishing agent solution'is, in the simplest case, water, prefera ]Iy elonized water
(DIW) having tRé 35 phRE ELRIOTRATYIEr Uise iHtRe $&iRicHRdEciorihdddtryL Bowever %€ polishing

agent solution ¢an atdescontainccompouns’ suchias sediunt carbondte (Na2CO3} jpotassium

Carbon_ate (KZ%Q@{;&?@FU%‘J‘y‘}@fiﬂ%@a@k‘idﬁ%@ssi}ﬁ% ) gQIic_:on surface and
hydroxide(KOH),ammoniumhydroxide(NH4DH), tetramethylammonium hydroxide (TMAH) or any

desired miktur SFEGT. T GO OtasSRIN CafGontE is Wsp&diglly frefired SHEfiEtase, the pH
value of the 5 palishingeagentaolution prefeeably digs inlavangelofvl0 toel2and the prepattion of the

stated compouag,ﬁg;émBgI@@lng agent §9Iutiggli$: Q@jg@lbjx,o.ogltg A0% by weight, pagdicularly
[Nekﬂamyﬂnnkgggg?Og?@ggvggwgts high oxidaticn potential, the fact
that the reaction products do not present any problems,
1¢ and the ease of providing it by means of ozone
generators that are in widespread use in the

semiconductor industry.

In order to produce the gaseous medium, the
15 comnstituents can be mixed in the desired quantitative
ratic. The ratio of hydrogen fluoride to oxidizing

agent 1s typically chosen in the range of 1:1 to 4:1.

The gasecus medium can be supplied either by the
20 individual components being passed directly into the
process chamber or a mixer connected upstream thereof,
or by the gaseous oxidizing agent being passed through
a liguid agquecus sclution of hydrogen fluoride having a
suitable c¢oncentraticon. This can take place, for
25 example, in a so-called washing bottle or a comparable
apparatus. As the gaseous oxidizing agent passes
through the agqueocus sclution, it is enriched with water
and hydrogen f£luoride, such that the reguired gaseous

medium arises.

30
With the same method parameters and a constant ratio of
hydrogen fluoride to oxidizing agent, an increase in
the temperature and an increase in the concentrations
exhibit z reaction-accelerating effect.

a5

The etching in the gas phase serves to reduce the
roughness of the semiconductor wafer, whereby the
required polishing removal c¢an be reduced, and in

addition to remove impurities and reduce surface



10 The polishing agent solution can furthermore contain one or more further additives, for example
surface-active additives such as wetting agents and surfactants, stabilizers acting as protective
colloids, 15 preservatives,biocides,alcoholsand complexing agents. A polishing pad is used which
contains an abrasive material bonded in the polishing pad (FAP or FA pad). 20 Suitable abrasive

materials compgjésgefg{§x§mp&%gag%qlo%gft@§ée!ements cerium, aluminum, silicon,

zirconium and patrticles of hard materials such as silicon carbide, boron nitride and diamond. 25

Particularly suitdbie pSithfHy pfds hale a sGF5CE hograpy eHaract8RzZ&EF by FeplicatEea
microstructurepr8didmaicigstricieres£thosts"y have forexenplethe faranof.columns having a
cylindrical or polygonal cross 30 section or the form of pyramids or truncated pyramids. More detailed

descriptions of suchﬁpﬁ,lisél;[;%f)ad are contained for ex%mcple in WO§%2/136 0 Aland US
2005/227590 AIPS5 TheGse'df a éocf?éhin& pad RAVIRGEaRG T Exide abratives iXedly borided therein,
as described edj:an¢IS 660X 12 BY, israspétiatly prefepadt i 1lariy averade paritiesize of the
abrasives is paffieulaibnpeaterably Ogh@.6mamhodAR s¥erRgerRartice sige ofiQl0,254am is
espemaﬂy5rw%ﬁgm§%Ec 3400 ML from Solid State Equipment Corp./USA,

which is degigned for substrates up to a gize of 500 mm

10 x 500 mm, is suitable for this purpose.

Step (f) - FAP polishing of at least one side of the

semiconductor wafer

15 In step (£} at least ocne side of the sgemiconductor
wafer 1ig polighed using a polighing pad containing

abrasives having an average grain size of 0.1-1.0 um.

Preferably, front and rear sides of the semiconductor
20 wafer are simultaneously polished at the sgame time in
step (f£). Conventional DSP pclishing machines are
suitable for this purpose, the polishing pads used

containing abrasives.

25 Preferakly, only the front side of the szemiconductor

wafer is polished in step (f).

During the polisghing step, a polishing agent solution
that is free of solids is preferably introduced between
30 that side of the sgemiconductor wafer which is to be

polished and the polishing pad.

The polishing agent solution is, in the =simplest case,
water, preferably deionized water (DIW) having the

35 purity customary for use in the semiconductor industry.

However, the polishing agent solution can also contain
compounds such as sodium carbonate (Na,C0s;), potassium

carbonate (E;CO;), sodium hydroxide (NaOH}, potagsgium



Removals of greater than or equal to 1 mm per side are preferably employed for the FA polishing,
where in this regard the range of 1-3 mm is particularly preferred 10 and a range of 1.5-2 mm is
especially preferably employed. Preferably, step.(f)dovelves carrying out simultaneous polishing at the
same time of the front side of the 15 semiconductor wafer using an FA polishing pad and of the rear

side of the semicenductor.wafer using a CMP palishingpad. Acenventigral DSPypolishjng machine is

likewise suitable for this purpose, an FA polishing pad being applied to one polishing plate and a
conventional z‘é‘?ﬁﬁ%“bﬁoﬁ)ﬂ%ﬁ%@w&%&% i%l%g%i% e 52%(15%%3 k)olisch*ing % ate. gf:é%l@?g Polishing of
the edge of thenerhicomductdrawafer 25 The edgecof the semicoreiticior warePigélishddin step (g).

Commercially available;adtematicradgespolishing-units 3G ake, suitablefor-gammyingautistep (g) of the
method a%cordiré%’tosglegnv%ntieozgt SU%E 9§§ 105 %iﬁlgg%i suclr}i%n apparatus fro:Er gd% polishing,
wherein the poﬁshlﬁg Fimn i§ %ompose oFan%Spa?ummum aﬁoy and has a polllfs?hlﬁg pad applied to it.
The semicondddorc@afe? issashiallifixéd ottt Abafefhdlaer, also-csllet THRRK FRe éfige of the

semiconductorpMafepprojegisheyenithe chwtkesueh is preferably 0.01 to 10%
by weight, particularly preferably from 0.01 to (.2% by
weight.

i0
The polishing agent solution c¢an furthermore contain
one or more further additives, for example surface-
active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
15 preservatives, biocides, alcohols and complexing

agents.

A polishing pad 1s used which contains an abrasive
material bonded in the polishing pad (FAP or FA pad).

20
Suitable abrasive materials comprise for example
particles of oxides of the elements cerium, aluminum,
silicon, zirconium and particles of hard materials such
as silicon carbide, boron nitride and diamond.

25
Particularly suitable polishing pads have a surface
topography characterized by replicated microstructures.
Said microstructures ("posts") have for example the
form of columns having a cylindrical or polygonal cross

30 section or the form of pyramids or truncated pyramids.

More detailed descriptions of such polishing pads are
contained for example in WO 92/13680 AL and
US 2005/227590 Al.

35
The wuse of a polishing pad having cerium oxide
abrasives fixedly bonded therein, as described e.g. in

US 6602117 B1l, 1is especially preferred.



- 22 - that it is freely accessible for the polishing drum. A centrally rotating polishing drum, to which the
polishing pad is applied and which is inclined by a specific angle with respect to the chuck, and the
chuck 5 with the semiconductor wafer are delivereczto ene another and pressed onto one another with
a specific contact pressure while the polishing agent is continuously supplied. 10 During the edge

polishing,the chuek withhesemicongduetor wafer held thereon isciatatediggnirally. Breferably, one
revolution of theacrhéjflé Iﬁsts 0-39:0 é@%@fulagyff%fegabl 50-150 s (revolution time). 15 A polishing
drum, which is’covered with the %oﬁs ing paﬁ and’is piefePa ly rotated centrally at a rotational speed
of 300-1500 min-1, particularly preferably 500- 1000 min-1, and the chuck are delivered to one

another, 20 withrtheypelisttiag detm being set abliguely @t a-settig anglei with:gspecttoithe
semiconductor wafer and the semiconductor wafer being fixed on the chuck in such a way that it
projects slightly beyond the latter and is therefore accessible for the polishing drum. 25 The setting
angle is preferably 30-50. Semiconductor wafer and polishing drum are pressed onto one another with

a specific cont®etnpresdure@hdawithz 480 pdtishingragentbding supplied goatinudusly, sareferably with
a polishing agentdlow.tate of Ols1 Jigriminspartigulagy preferably 0.15-Q.4Q,literiming wherein the

contact presstire can be set by means of weights attached to rolls and is preferably 1-5 kg, 35
re

particularly pref&@Bhy2-4 k5. Péidkng Arunt and $8micShdBahr waterdrepréte
10

and a range of 1.5-2 um is especially preferably

employed.

Preferably, step (f) involves carrying out simultaneocus
polishing at the same time of the front side of the
15 semiconductor wafer using an FA polishing pad and of
the rear side of the semiconductor wafer using a CMP
polishing pad. A conventional DSP polishing machine is
likewise suitable for this purpose, an FA polishing pad
being applied to one peolishing plate and a conventional
20 CMP polishing pad being applied to the seccond polishing

plate.

Step (g) - Polishing of the edge of the semiconductor
wafer
25

The edge of the semiconductor wafer is polished in step

(g).

Commercially available automatic edge-polishing units
30 are suitable for carrying out step (g} of the method

according to the invention.

US 5,989,105 discloses such an apparatus for edge
polishing, wherein the polishing drum is composed of an

35  aluminum alloy and has a pelishing pad applied to it.

The semiconductor wafer 1s wusually fixed on a flat
wafer holder, a so-called chuck. The edge of the

semiconductor wafer projects beyond the chuck, such



moved away from one another after 2-20, particularly preferably after 2-8, revolutions of the
semiconductor - 23 - wafer or of the chuck holding the semiconductor wafer. In these customary edge
polishing methods, the local geometry in the edge region of the semiconductor wafer 5 is usually
adversely influenced. This is associated with the fact that with the relatively "soft edge polishing pads"

used in this case (relatiyely so ishin ich_silj | i lied.are u used), not only
the edge itseh‘%%tgt gsagt\én Xl% o%féégg)rt %r(? (?Igg ﬁ%%&nﬁ%&%%igg%gf%éeg@%c%%%%%to%wafer IS
polished as wellShichicah ber@gstained by Rt A&k edye "aipPing” ints the"pblishing pad to which
polishing agenpsiutrytis appledd This hassthe eftectahat rembyal isimdeed-éffected ot oaly 15 in the

region of the aglual.edge but,lsg i ha,adanin.eaion enhe-liantandipireat sida, Thgrefore, the

edge polishing of the semiconductor wafer in method according to the invention is 20 preferably

effected by fixifg e sEMfcorRfRISIRARFERE ceffdty roflig kY §&RringIne Smiconductor
wafer and a ceatraliy:ectatimgipolishking @funertbavhichea polishingrpadidontamingfbedfi bonded

abrasives (FAR gglishing pf}@ is;applied and 25wvhichyls inclined:with respect (e the chyck, and
pressing semiconductor wafer and oﬁshi g drum onto one another with the continuous supply of a
polishing agen??&ﬁﬁ%%ﬁ&hiﬁ&ﬁ% S:LO%%S. 30 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, ang thupfariexamplente setthedesired geamelry andserfacerprepertios enly oasbe wafer
edge. 35 The FAP pad used.is signifi an;[jl% der,and much less compressible than the polishing
pads used as Sﬁgmfgr%nac?udc gﬁgrg'éa%%ra vghrﬁég%?%%?ggvelr,s of [C)DIEO Bgfir?gct Ié%rg%a%%gl'without
alkaline-loaded silica sol - e.g. just

Preferably, one revolution of the chuck lasts 20-300 s,
particularly preferably 50-150 s (revolution time).

15
A polishing drum, which i1s covered with the polishing
pad and is preferably rotated centrally at a rotational
speed of 300-1500 min™', particularly preferably 500-
1000 min't, and the chuck are delivered to one another,

20 with the polishing drum being set obligquely at a
setting anglie with respect to the semiconductor wafer
and the gemiconductor wafer being fixed on the chuck in
such a way that it projects slightly beyond the latter
and is therefore accessible for the polishing drum.

25
The setting angle is preferably 30-50°.°

Semiconductor wafer and polishing drum are pregsed onto

one another with a specific contact pressure and with a
30 polishing agent being supplied continuously, preferably

with a polishing agent flow rate of 0.1-1 liter/min,

particularly preferably 0.15-0.40 liter/min, wherein

the contact pressure can be set by means of weights

attached to rolls and is preferably 1-5 kg,
35 vparticularly preferably 2-4 kg.

Polishing drum and semiconductor wafer are preferably
moved away from one another after 2-20, particularly

preferably after 2-8, revolutions of the semiconductor



- 24 - by using an alkaline solution - , which additionally avoids polishing agent entrainment onto the
front side of the wafer and thus the additional adverse influencing of the wafer surface - in the form of
e.g. 5 increased defect rates such as e.g. LLS (localized light scatterers) on account of incipient
etching. A short polishing step using softly removing silica sol can additionally follow on the same FAP

polishing pad, 10 jn order tg sealize aseduction:of the edge roughnessand:edogdetoct rates. The two

polishing steps can then be coordinated with one another such that a targeted positive influencing 15
of the wafer edge geometry and surface can be performed without adverse influencing of the wafer
partial sites onlthe wassdrontsidenatdwatsirearside. sh priaiciple tiedeforet e séafiédnductor
wafer is 20 pr?@@@@«c@g}ismgd Qﬁéne@gg&of@@qﬂ@ﬂing@r@nea@@ﬁ@ﬁgga@@@ onrdlre surface of
which is a hard and not very com%essiblqj—:: olishigﬂlpad CQ{npriqg')L_rleg fixedsly bonded abrasives, with an
alkaline sglutioﬁsbefﬁa%% tied® ?’?éc’feeré%lyf'ral SMOOthing 'step 15 Subsequéently effscted in a second
step on the samietdolishitey padwhiletasiicavsbtis siipiftied sbelf a¥®ly. Glaizok 39085 Swith

approximately 136 bynveight ¢f-3i82. 3Qd&danzex 3900 is theapeoductsaeneifer aypolishiitg agent slurry
offered as a congfggg\gen% _Fujjigmi In%oorpomlt%g Japan. T _b%% _solygor)a Eglii%c(g)ncgggate_ has a pH
of 10.5 and coRtains app xnﬁate?y 9% by welgfl?t 0%25 colloidal guoz havm(gan average particle size
of 30 to 40 nmusually used), not only the edge itself but also an
10 ocuter part on the front and/or rear side of the
semiconductor wafer is polished as well, which can be
explained by the hard edge "dipping” into the polishing
pad to which polisghing agent slurry is applied. This
has the effect that remcval is indeed effected not only
15 in the region of the actual edge but also in the

adjoining region on the front and/or rear side.

Therefore, the edge polishing cf the semiconductor
wafer in the method according to the invention 1is
20 preferably effected by fixing the sgemiconductor wafer
on a centrally rotating chuck, delivering the
semiconductor wafer and a centrally rotating polishing
drum, to which & polishing pad containing £fixedly
bonded abrasives (FAP polishing pad) is applied and
25 which 1s inclined with respect to the chuck, and
pressing semiconductor wafer and polishing drum onto
one another with the continuous supply of a polishing

agent solution containing no solids.

30 This makes it possible te influence the wafer edge in a
targeted manner without impairing the adjoining region
of front and/or rear side of the sgemiconductor wafer,
and thus for example to set the desired geometry and
surface properties only on the wafer edge.

35
The FAP pad used is significantly harder and much less
compressible than the polishing pads used as standard
and affords the advantage, moreover, of producing the

removal without alkaline-loaded silica sol - e.g. just



- 25 - as observed in the prior art is entirely avoided by such edge polishing using an FAP pad. A
further advantageisthat polishing agent 5 entrainments in the removing step of the edge polishing and
thus the occurrence of surface defects on account ®& uncontrolled incipient etching on the wafer
surface are avoided. 10 The polishing agent solution used during the edge polishing is, in the simplest

_Ca:jse,twatfg prer%@i{xg&ioﬁlge%%qri@é\ﬂ Raving theypurity custematy fofd@se inia semiconductor
industry. owever, the palishing agent solution can also contain compou c odium
carbonate (Naﬁﬁ@% ,%ofé%ii](ﬁ#%algogang?en 2?58&3‘?%88&%%@&%%@%%%? p?ot%gg?Ljém hydroxide
(KOH), ammosiém hitoxidedpMOHEErantétiflammeRiumaARFS4BETEMARTSEERAF desired 20
mixtures theregf, These ofpoiassium casenate isrespesially prefetred fEenpk akiecof the

polishing agent solution &r{efeégl%l C2C5 Ii%% ;Lpe% ra%%% flgéf 12 and tlﬁgrop(q_rgggﬂ%stated

compounds in %ﬁglﬁ%ﬁ%mg agent solution is preferably 0.01 tg 10% by weight, particularly preferably
from 0.01 to 0.286B WEIgHtC 30SFHE pSlishitgayert sofutiorddffthetindre B8ntain one or more

further additives, for example surface-active additives such as wetting agents and surfactants,

stabilizers actigg aggategiiye calloids Jyresenatiyes. bioeides, Alsabels.nd.complexingi3s agents. A
polishing agent containing abrasivesis used in the preferred Second steg of the edge leishing. This
step preferably-Bike& piiceater stép {)iwhreRiithgle same FAP polishing”pad,

10 in order to realize a reduction of the edge roughness

and edge defect rateg.

The two polishing steps can then be coordinated with
one another sgsuch that a targeted positive influencing
15 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
20 preferably polished by means of & polishing drum,

adhesively bonded on the surface of which is a hard and.

not very compressible polishing pad comprising fixedly

bonded abrasives, with an alkaline solution being

supplied.

25
Preferably, a smoothing step i1s subsequently effected
in a second step on the game polishing pad while a
silica sol is supplied, such as e.g. Glanzox 3800% with
approximately 1% by weight of Si10:.

30

*Glanzox 3900 is the product name for a polishing agent
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
35 colloidal Si0, having an average particle size of 30 to

40 nm.

It has been found that the impairment of the local

geometry in the edge region of the semiconductor wafer



- 26 - first edge polishing process takes place between step (f) and step (h). The proportion of the
abrasive material in the 5 polishing agent slurry is preferably 0.25 to 20% by weight, particularly
preferably 0.25 to 1% by weight. The size distriution of the abrasive material particles is preferably
markedly monomodal. 10 The average particle size is 5 to 300 nm, particularly preferably 5 to 50 nm.

The abrasive rggteg%lsccp r&f‘ei eg@%%l 1%1%}5 g}g haféca%rceit}% %8%%5&% aterial,

preferably one or more e oxI ments a umlnum cerlum iicon.” A polishing agent
slurry contalnlﬁéjl%llﬁiéﬁlﬁ/ @@%IFS?J%MSlH@&Fﬁp&ﬁiC@I%ﬁyW@ferred In the optional second step of
the edge polishing, in contrast to the first step, preferably no additives such as sodium carbonate

(Na2003), potassium, carbanate 25 (1(2003 SOdILirQ hydrgxide (N%glﬂéqgg ium I;?/ axide (KOH),
H

ammonium hydroxide (NH4OH), tetramethylammonium hydroxide (TMAH) aré added. However, the
polishing Eé\gen?%ﬁﬁ%}(?g}?@&ﬁaﬁfbﬁé“&r ICROFE TS RIdRves for %Qgﬁpﬁ’é:’%&ﬁé?é@actlve
additives suchzasiwétting agénts and surfactamtsy Stabilizésactidg s pretectiveacotioids;

preservatives,Biocidgs glgohoisang complexing@JeRtShing on the wafer surface

are avolided.

10 The polishing agent solution wused during the edge
polishing isg, in the simplest case, water, preferably
deionized water (DIW) having the purity customary for

use in the semiconductor industry.

15 Howevér, the polishing agent solution can also contain

compounds such as sodium carbonate (Na,C0:;), potassium
carbonate (K,CO;), sodium hydroxide (NaCH}, potassium
hydroxide {(KCH) , ammonium hydroxide {NH.OH) ,

tetramethylammonium hydroxide (TMAH) or any desired

20 mixtures thereof.
The use of potassium carbonate is especially preferred.

The pH value of the polishing agent sclution preferably

25 lies in a range of 10 to 12 and the proportion of the
stated compounds in the polighing agent sclution is
preferably 0.01 to 10% by weight, particularly
preferably from 0.01 to 0.2% by weight.

30 The polishing agent sclution can furthermore contain
one or more further additives, £or example surface-
active additives such as wetiing agents and
surfactants, stabilizers acting as protective colloids,
preservatives, biocides, alcohols and complexing

35 agents.

A polisghing agent containing abrasives is used in the
preferred second step of the edge polishing. This step

preferably takes place after step (h), wherein the



35 Preferably, therefore, a polishing pad containing an abrasive material bonded in the polishing pad
(FAP pad or FA pad) is used in step (g) of the method according to the invention. - 27 - Suitable
abrasive materials comprise for example particles ef;oxides of the elements cerium, aluminum, silicon,
zirconium and particles of hard materials such 5 as silicon carbide, boron nitride and diamond.

Particularly sui olishi s:have a surf oqr. chgragteri licat
microstructuresgj!L %gitg rr%c ostr%%t%rlgs%\(ﬁ%gst?ﬁ%%%o?or%%ggn%c)le?)tiggl% fér%rcr# %%F"c%pur%%g aving a
cylindrical or pdlygoRaFcrossReétian or the form of pyramids or truncated pyramids. The average

particle size of the FAP polishing pad is preferably 0.1-1.0 pm,preferably 0.1-0.6 p.m,and 15
particularly pre{s;lr@bly&gj-zpoﬁ Applishiag p@ﬁgavigg_@a@y{péayeﬁggt%q;ﬁryctioir}lcon%@{ging a layer

containing abrasives, a layer composed of a stiff plastic and also a c?%mgliant, non- 20 woven layer,
-se

wherein the laysts S8 HoRdEP R one SHOtHer by MeRAE bEprteblire LensitivePadh8&iveMyers, is
particularly suitablg¥ar, caraing ouf thelmethoelf e r&fheylage Eornpodéd bfrawtiffgiastic preferably 25
comprises polycarbonate. The polishing pad can contain an additional layer composed of polyurethane
foam. 30 One g the layers of the polishing pad is comPpliantin thig case; v racerian
particles is preferably markedly mcnomodal.
10
The average particle size is 5 to 300 nm, particularly

preferably 5 tc 50 nm.

The abrasgive material comprises a material that
15 mechanically removes the substrate material, preferably
one or meore of the oxidezs of the elements aluminum,

cerium or silicon.

A polishing agent slurry containing colloidally

20 digsperse silica is particularxrly preferred.

In the optional second step o©f the edge polishing, in

contrast to the first step, preferably no additives

such as sodium carbonate (Na,CO0;), potassium carbonate
25 {K.CO;), sodium hydroxide (NaCH), potassium hydroxide
(KOH) , ammonium hydroxide (NH,OH), tetramethylammonium

hydroxide (TMAH) are added.

However, the polishing agent slurry can contain one or
3¢ more further additives, for example surface-active

additives such as wetting agents and surfactants,

stabilizers acting as protective colloids,
preservatives, biocides, aitcchols and complexing
agents.

35
Preferably, therefcre, a polishing pad containing an
abrasive material bonded in the polishing pad (FAP pad
or FA pad) is used in step (g) of the method according

to the invention.



The compliant layer is preferably a non-woven layer. 35 The compliant layer preferably comprises
polyester fibers. A layer composed of polyester fibers impregnated with polyurethane is particularly
suitable ("non-woven"). - 28 - By means of the compliant layer, the pad height can be adapted and
follow continuous transitions. The compliant layer preferably corresponds to the 5 bottommost layer of
the polishing pad. Situated above that there is preferably a foam layer composed of polyurethane, for
example, which is fixed on the compliant layer by means of an adhesive layer. Situated above the PU

foam is a laye eRpEa&d of 3R&BLY 20 Bt hfteRal prefSEBR cBmposed of £EARFdEstic, for
which polycarhenate fbe examiplesis Saikablef Sithated adyovnthis stff layer isahetdyermhaving the

microreplicated s{riictiyres, thatis.{q say hesadualfixedsabragivedayer L3 Eoyever.dhecompliant

layer can also be situated between the foam layer and the stiff layer. or directly below the fixed
abrasive I3yer®50 TheVEPRUS Hayetsare AREPT Br& andthet Brefarably By means of

pressure-sensitive adhesive layers (PSA). The polishing pad preferably comprises a layer having the

microreplicateg struetures & compliantlayer apd a2 laygr comnoses-efa stff plastiessuch as

polycarbonate, wherein the c%@gllant Iaexéer can he e'therﬂeqa %gile or the ggttorg@ost layer of the

polishing pad. Eﬁpﬁ%rap A siZzes %?ﬁw% mﬁﬁﬁéiyergd FAP polishing pg%ldcsrl?sedr are p%lrg?ee?ébly greater
than or equal t850. & uri aredess arusresual 1east-aih, prefsigblyE®I-0 84afiPand pakfcularly
preferabiy0.1-825ums 36 3taR.AR) Hahemicakmeghanical palishing elatteastdhe frontside

section or the form of pyramids or truncated pyramids.

The average particle gize of the FAP polishing pad is
preferably 0.1-1.0 pm, preferably 0.1-0.6 pm, and
15 particularly preferably 0.1-0.25 um.

A polishing pad having a multilayered construction
éomprising a layer containing abrasives, a layer
composed of a stiff plastic and alsc a compliant, non-
20 woven layer, wherein the layers are bonded to one
another by means of pressure-sensitive adhesive layersg,

ig particularly suitable for carrying out the method.

The layer composed of a stiff plastic preferably

25 comprises polycarbonate.

The polishing pad can contain an additional laver

composed of polyurethane foam.

30 One of the layers of the polishing pad is compliant in

this case.
The compliant layer is preferably a non-woven layer.

35 The compliant layer preferably comprises polyester
fibers. A layer composed of polyester fibers
impregnated with polyurethane is particularly sultable

{"non-woven"; .



- 29 - method. Preferably, both sides of the semiconductor wafer are polished by means of CMP in this
step. A conventional 5 DSP polishing machine is suitable for this purpose, although in said machine
softer CMP polishing pads are used instead of the ¢gnventional DSP removal polishing pads. 10 The
CMP polishing pads used are polishing pads having a porous matrix. The polishing pad preferably

comprises a thexaplastic arheat:curabig palvmer A ultnligly of.subsipnags 15 gy pe envisaged
for the material, for example polyurethanes, polycar osrqate’, po yam? e, pof'y ryWate, polyester, etc.
The polishing p%\‘aaﬁéf’é?aﬁfﬁcid%ﬁ&r@%sﬁW&tﬁﬁﬁé%6p596%%$&9&€ﬁ1ane. It is also preferred to use
polishing pads composed of foamed plates or felt or fiber substrates, which are impregnated with

polymers. Coategimpregnatednolishing padscan als be configured such that there are,a different

pore distribution and diffefent pore sizes in the substrate than in the coating. The polishing pads can
be substartially it FEISE bertdratdd. ©F I-Gtle PR CSHIbP theRttosity of #ie BolishiigSad, 35 fillers
can be introdudgehinto thepelishing padeferably a foam layer composed of

polyurethane, for example, which is £fixed on the
compliant layer by means of an adhesive layer. Situated
above the PU foam 1g a layer composed of a harder,

10 stiff material, preferably composed of a hard plastic,
for which polycarbonate, for example, is suitable.
Situated above this stiff layer is the layer having the
microreplicated structures, that is to say the actual
fixed abrasive layer.

15

| However, the compliant layer can also be situated
between the foam layer and the stiff layer or directly

below the fixed abrasive layer.

20 The various layers are fixed to one another preferably

by means of pressure-sensitive adhesive layers (PSA).

The polishing pad preferably comprises a layer having
the microreplicated structures, a compliant layer and a

25 layer composed of a stiff plastic such as
polycarbonate, wherein the compliant layer can be
either the middle or the bottommost layer of the
polishing pad.

30 The grain sizes of the multilayered FAP polishing pads
used are preferably greater than or equal to 0.1 um and
less than or equal to 1.0 um, preferably 0.1-0.6 um,
and particularly preferably 0.1-0.25 um.

35 S8tep (h) - Chemical-mechanical polishing of at least

the front side

CMP polishing of at least the front side c¢f the

semiconductor wafer is effected in step (h) of the



Commercially available polishing pads are, for example, the SPM 3100 from Rodel Inc. or the pads of
the DCP series and the pads of the IC1000TM, PolytexTM or StIBATM - 30 - brands from Rohm &
Haas. Preferably, step (h) involves carrying out simpfaneous polishing at the same time of the rear
side of the 5 semiconductor wafer using an FA polishing pad, that is to say a polishing pad comprising
fixedly bonded abrasives, and of the front side of the semiconductor wafer using a CMP polishing pad
(without abrasive). A conventional DSP polishing machine is likewise suitable 10 for this purpose, e.g.
a machine of the AC2000 type from Peter Wolters, Rendsburg (Germany), an FA polishing pad being
applied to one potiskingplate ahdaconventionalfCNPpoksting padusehny apigdto tHeesecond

polishing plate,,13 Insthisicase, stepsf) and (hprovide-a combinad, simultaneessdosbie-side
pollshlng rocess by Vlér the fact that FAP é)ollshlng r}% CMPé)oIls H\Jg take place simultaneously
T

first on th fror‘}%%?del?é’ é}% af@ ten '6n thé redr'sidentiont si & convantional DSP step and
the subsequen@ééb&*@élCMP septradispensed ARAS2Z5 THE pBfishifg FREChRREA0Z000 from Peter

Wolters, Rendskiyg (€gepany), isrequippedJavitrepipiatesiocking ot-thecatder guad inslet iggs in order
to drive the carrler . The apparatus can be designed for one or more carriers. Owing to the higher
throughput, an apparatus

10 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

15 may  be envisaged for the material, for example
polyurethanes, polycarbonate, polyamide, polyacrylate,
polvyvester, etc.

The polishing pad preferably comprises solid,

20 wmicroporous polyurethane.

It is alsc preferred to use polishing pads compesed of
foamed plates or felt or fiber substrates, which are

impregnated with polymers.

25
Coated/impregnated peolishing pads can also be
configured such that there are a different pore
distribution and different pore gizes in the substrate
than in the cecating.

30

The polishing pads can be substantially flat or else

perforated.

In order to control the porosity of the polishing pad,

35 fillers can be introduced into the polishing pad.

Commercially available polishing pads are, for example,
the 8PM 3100 from Rodel Inc. or the pads of the DCP
series and the pads of the IC1000™, Polytex™ or SUBA™



30 for a plurality of carriers is preferred, such as is described for example in DE-100 07 390 Al and in
which the carriers move on a planetary path around the center of the apparatus. The apparatus
includes a lower and an upper polishing plate, whichpare freely rotatable 35 horizontally and are
covered with a polishing pad. During the polishing, the semiconductor wafers are situated in the
cutouts in the garrigrs.and.petween the two.polishing plates, which rotate and exert a specific polishing
pressure on them while a polishing agent is - 31 - continuously supplied. In this case, the carriers are
also set in motion, preferably by means of rotating pin rings which engage in teeth on the
circumference Bxf ¢Heecadribys. SsAdypidal catmercbngsrised THtemd feryecaivifigithreeseiconductor

}/vaf?rs Situat%qng}ﬁ%ft:]glger% of the-cutouts arginlaysavhichsare kierded to pratect the
racture-sensitive edges of the semic ductor 10 wafers, in particular including against metals being
released from ﬁweé“&ég PRPBSay THE ESHier Bodycan co%‘prfg or exar %gn@etal ceramg}éa plastic,
fiber-reinforced plastieor raetabeddtsd with plaatt o kP Bidiafdnd fhké%‘%ﬂyon B?BﬁﬁﬁiLC layer).

Steels 15 are preterted; doweyer ST@mleﬁSdlhmmm steelbeiny pattcutasryipreferred. cthe cutouts

are preferably designed for receivi gﬁl H}Pﬁ of semiconductor. wafgrs having a diameter of at
least 200 mm, pré erab‘lly 306 mh mm, especllD ally p inE/)450 (rfnm and thicknesses ?
conventiocnal DSP polishing machine ig likewise suitable

10 for this purpose, e.g. a machine of the AC2Z000 tType
from Peter Wolters, Rendsburg (Germany; , arr  FA
polishing pad being applied to one polishing plate and
a conventional CMP polishing pad being applied to the
second polishing plate.

15
In this case, steps (f) and (h) provide a combined
simultaneous double-side polishing process by virtue of
the fact that FAP polishing and CMP polishing take
place simultaneocusly first on the front side/rear side

20 and then on the rear side/front side.

The conventional DSP step and the subsegquent separate

CMP step are dispensed with.

25 The polishing machine AC2000 <from Peter Wolters,
Rendsburg (Germany), 1s eguipped with pin interlocking
of the outer and inner ringg 1in order to drive the
carriers. The apparatus can be designed for one or more
carriers. Owing to the higher throughput, an apparatus

30 for a plurality of carriers 1is preferred, such as is
described for example in DE-100 07 390 Al and in which
the carriers move on a planetary path around the center
of the apparatus. The apparatus includes a lower and an
upper polishing plate, which are freely rotatakle

35 horizontally and are covered with a polishing pad.
During the polishing, the semiconductor wafers are
situated in the cutouts in the carriers and between the
two polishing plates, which rotate and exert a specific

polishing pressure on them while a polishing agent is



200f 500 to 1000 pm. A polishing agent slurry containing abrasives is supplied during the combined
simultaneous double-side polishing (FAP + CMP). 25 The size distribution of the abrasive material
particles is preferably markedly monomodal.  The faverage particle size is 5 to 300 nm, particularly
30 preferably 5 to 50 nm. The abrasive material comprises a material that mechanically removes the

substrate matei n re of the oxi of the ele s aluminum, 35_cerium or
silicon. The prcﬁgé%r% ﬁgé%}%!&rgg\f;eﬂl r%a(gtgia%trfgq%%ish%gs gaggr?ﬁ;s%urar?/%grpjfe@fg?abﬁ/%.% to 20%
by weight, partfclfaHy5referabRU-28%0 195 By ﬁfeﬁﬁﬁfy -Bp PR 6f &6licidalilyigtetse silica as
polishing agent slugy isrparticutartyegreferred: &<tie aguedus palishingragents ¢ exdsi{n 200 from
Bayer AG and &larzex-3900(r) from Fujimi are used, by way of example. The polishing agent
preferably_contains additives such 10 as sodium carbonate (Na2CO3), potassium carbonate (K2CO3),
sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH4OH),
tetramethylamf ol Pavdroxider (RVTA HPLE Henever tther polishing agestisiiry cahceatain one or

more further adéitives:danexapple spefase-agtive addiives suchas wetting agepts-and.gurfactants,

. . : i ' iocides,alcohols and complexing 20 agents.
stabilizers aCU@%gS gglotteocfﬂ:vse Cglll%ldsinlaefrsesev%?_tclz\ﬁes’glrogdgnten e to pr tectg J

the fracture-sensitive edges of the semiconductor
10 wafers, in particular including against metals being
released from the carrier body. The carrier body can
comprise for example metal, ceramic, plastic, Ffiber-
reinforced plastic, or metal coated with plastic or
with a diamond-like carbon layer (DLC layer). Steels
15 are preferred, however, stainless chromium steel being
particularly preferred. The cutouts are preferably
designed for receiving an cdd number of semiconductor
wafers having a diameter of at least 200 mm, preferably
300 mm, especially preferably 450 mm, and thicknesses
20 of 500 to 1000 um.

A  polishing agent slurry containing abrasives is
supplied during‘ the combined sgimultaneous double-side
polishing (FAP + CMP).

25
The size distribution of the abrasive material

particles is preferably markedly monomodal.

The average particle size is 5 to 300 nm, particularly

30 preferably 5 to 5C nn.

The abrasive material <comprises a material that
mechanically removes the substrate material, preferably
one or more of the oxides of the elements aluminum,

35 cerium or silicon.

The proportion o¢f the abrasive material in the
polishing agent slurry is preferably 0.25 to 20% by
weight, particularly preferably 0.25 to 1% by weight.



The FAP polishing pad used preferably has the properties described under (f). 25 Preferably, after
step (h), renewed edge polishing is effected, especially preferably as fine polishing using a softer
polishing pad than in step (g) or using a polishing. pag comprising even finer abrasives than the FA
polishing pad described in step (g). 30 Particularly preferred embodiments Particularly preferred
embodiments A-E of the method according to the invention are presented below. The abbreviations
PPG, DDG, FAP and CMP used, have been 35 explained above. The ending _coarse means that
abrasives (grindify diskEwdtking RyeéRs) SRavirg éib%l?ﬁ%uléﬂéﬁﬁﬁe ud&d, hlié Ebtasives having
finer granulationgaretusetun:ste fshadng the:2adiby finee The mdbdasives used during edge rounding
and - 33 - during PPG and the preferred grain sizes have been explained above. Edge polishing_fine
denotes sqft edge polishing using softly removing silica sol. 5 A _Slicing a wafer from the single crystal
- edge rounding EoarsE SRR BoriS L PHG FREL WIGESIGHHT e’ ERMGEFAR offront and rear
sides of the semicon@ulctorwafeoddye pdlisting 'CMRif are used, by way of

example.

The polishing agent preferably contains additives such

10 as sodium carbonate {Na,C0s) , potagsium carbonate
(K,CC3), sodium hydroxide (NaOH), potassium hydroxide
(KOH) , ammonium hydroxide (NH;0H), tetramethylammonium

hydroxide (TMAH) .

15 However, the polishing agent slurry can contain one or
more further additives, for example surface-active
additives such as wetting agents and surfactants,
stabilizers acting as protective colloids,
preservatives, biocides, alcchols and complexing

20 agents.

The FAP polishing pad used preferably has the

properties described under ({f).

25 Preferably, after step (h), renewed edge polishing is
effected, especially preferably as fine polishing using
a softer polishing pad than in step (g) or using a
polishing pad comprising even finer abrasives than the

FA polishing pad described in step (g).

30
Particularly preferred embodiments
Particularly preferred embodiments A-E of the method
according to the invention are presented below. The
abbreviations FPPG, DDG, FAP and CMP used, have besn
25  explained above. The ending  coarse means that

abrasivesg (grinding disk, working layersg), having
coarse granulation are used, while abrasgives having
finer granulation are used in steps having the ending

_fine. The abrasives used during edge rounding and



10 the front side Slicing a wafer from the single crystal - edge rounding_coarse - PPG coarse - PPG
fine - edge 15 rounding_fine - etching - FAP of front and rear sides of the semiconductor wafer - edge
polishing - CMP of the front and rear sides of the_sepgiconductor wafer 20 Slicing a wafer from the
single crystal - edge rounding_coarse - PPG coarse - PPG fine edge rounding_fine - etching - FAP of
the front side apd sim Itatg) S|¥n %f th éc, le dFAP arSSIde gnd snmultageously CMP of
the front side - edge 2 pol gl Sllcmg fom the smg e crystal -e ge roun&ng coarse -
PPG coarse - Fﬁjf@]fﬁﬂeneéﬂdg%bé@%ungiﬁﬁeﬂﬁé’léﬁ%h@_lprﬁbf trsRtsidfeand SHsiftaneously
CMP of the reapsideshedge pelishing: o EAPyofireas sitecand Sitntdtagepusly CMP of front side - edge
polishing fine 35 E Slicing a wafer from the single crystal - edge rounding_coarse - PPG coarse - PPG
fine - edge rounding_fine - etching - FAP of the front side and simultaneously CMP of the rear side -
edge polisﬁingp-‘ - 34 - FAP of rear side and simultaneously CMP of front side

Slicing a wafer from the single c¢rystal - édge
rounding coarse - PPG coarse - PPG fine ~ edge
‘rounding fine - etching - FAP of front and rear sides
of the semiconductor wafer - edge polishing - CMP of

10 the front side

B

Slicing a wafer from the single crystal - edge

rounding coarse - PBG coarse - PPG fine - edge
15 rounding_fine - etching - FAP of front and rear sides

cf the semiconductor wafer - edge polishing - CMP of

the front and rear sides of the semiconductor wafer

c

20 8Slicing a wafer from the single c¢rystal - edge
rounding coarse - PPG coarse ~ PPG fine - edge
rounding fine - etching - FAP of the front sgide and
simultaneougly CMP of the rear side - FAP of rear side
and simultaneously CMP of the front side - edge

25 polishing

B

Slicing a wafer from the single crystal - edge

rounding coarse -~ PPG coarse - PPG fine - edge
30 rounding fine - etching - FAP of the front side and

simultaneously CMP of the rear side -~ edge polishing -

FAP of rear side and simultaneously CMP of front side -

edge polishing fine

35 E
Slicing a wafer from the single c¢rystal - edge
rounding coarse -~ PPG coarse - PPG fine - edge
rounding fine - etching - FAP of the front gide and

simultaneously CMP of the rear side - edge polishing -



-35- Patent Claims: 1.A method for producing a semiconductor wafer, comprising: (a) rounding of the
edge of the semiconductor wafer sliced 5 from a single crystal, by means of a grinding disk containing
abrasives having an average grain size of 20.0 - 60,Q um; (b) simultaneous double-side
material-removing processing of the semiconductor wafer, which lies in freely movable fashion in a
cutout in one of a.plytality. of cartigs thakate: caysed-10.ta ratata by means g a rolliag apparatus, and
is thereby moved on a cycloidal trajectory, wherein the semiconductor wafers are processed between
two rotating ring-shaped working disks, wherein each working disk comprises a working layer
containing abrasives having an average size of 5.0 - 20.0 um; 15 (c) simultaneous double-side
material-removing processing of the semiconductor wafer, which 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 20 wafers are processed between
two rotating ring-shaped working disks, wherein each working disk comprises a working layer
containing abrasives having an average size of 0.5 - 15.0 um, wherein the grain size is less than the
grain size used in step a); 25 (d) rounding of the edge of the semiconductor wafer by means of a
grinding disk containing abrasives having an average grain size of 1.0 um up to 20.0 um, wherein the
grain size is less than the grain size used in step a); (e) treatment of both sides of the semiconductor
wafer with an 30 etching medium in conjunction with a material removal of not more than 1 um per
side of the semiconductor wafer, the etching medium comprising an acidic medium or a gaseous
medium containing hydrogen fluoride and at least one oxidizing agent; -36 - (f) polishing of at least
one side of the semiconductor wafer using a polishing pad containing abrasives having an average
grain size of 0.1 - 1.0 pm;



(9) polishing of the edge of the semiconductor wafer, wherein 5 the edge of a centrally rotating

semiconductor wafer is pressed with a specific fo %e_against a centrally rotating polishing drum,

wherein a polishing pad containing fixedly bonded abrasives is applied to the polishing drum and

polishing agent solution containing no solids is continuously 10 supplied, wherein the polishing pad

used contains abrasive particles select%d t%om @e(gioug cansisting of silicon carbide, boron nitride,
, |u%,

diamond and oxides of the elements ceFidm alimi g‘l‘ﬁ%bn, zirconium;  (h) chemical mechanical

polishing (CMP) of a front side, or 15 the front side and the rear side, wherein the method is performed
~in the order of: steps (a), (b), (c), (d), (e),.(f), (g) and (h); steps (a) (b), (c), (d), (e), (f),.(h) and (g); or
steps (a¥ (b), (&), %?E&?(f%%),&ﬁ?éﬁ&@ﬁzé 5 SHERREVSTFRS cHirhEd in RS 3RFein, in step

(), the frant side.gh the,semigonguetorawater is polished wsing adralishing-pagdewing fxedlydonded
abrasives having an average grain_size of 0.1 - 1.0 im and at the same time the 25 rear side of the

serBicoridiftoravateris PolishetF b¢ medn¥ oFEME £ The nthoG SREIEmed iff CRIAT0E, wherein,
in step %ﬁé%é@%ﬂmﬁﬁﬂe%%@sgymt@q@zgntgs_ifd%o?e%the g sidgf the
ofis

semiconductor wafer is simultaneously polished using a polishing pad comprising fixédly bonded
abrasived?) -37 1 et d &8 ErifetHif Tlahd L &7 22 WHePsIR the P ol RERRESEd- BSeddn step (f)

compriseg abtasive particles selegtad from fhe groupscansisting-ptsilicon.carbide. berogitside,
diamond and oxides of the elements cerium, aluminium, 5 silicon, zirconium.
in a cutout in one of a plurality of carriers that are caused

10 to rotate by means of a rolling apparatus, and is thereby
moved on a cycloidal trajectory, wherein the semiconductor
wafers are processed between two rotating ring-shaped working
disks, wherein each working disk comprises a working Ilayer
containing abrasives having an average size of 5.0 - 20.0 pm;

15 {¢) simultaneous double-side material-removing processing of
the semiconductor wafer, which 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

20 wafers are processed between two rotating ring-shaped working
disks, wherein each working disk comprises a working layer
containing abrasives having an average size of 0.5 - 15.0 um,
wherein the grain size is less than the grain size used in
step aj;

25 (d) rounding of the edge of the semiconductor wafer by means
of a grinding disk containing abrasives having an average
grain size of 1.0 um up to 20.0 um, wherein the grain size is
legs than the grain size used in step a);

(2) treatment of both sides of the semiconductor wafer with an
©30 etching medium in conjunction with a material removal of not
more than 1 upm per side of the semiconductor wafer, the

etching medium comprising an acidic medium or a gaseous medium

containing hydrogen fluoride and at least one oxidizing agent;



5. The method as claimed in claim 1 or 2, wherein, in step (e), the material removal per side of the
semiconductor wafer is at least 0.1 nm and at mo 1 um. 10 6. The method as claimed in claim 1 or
2, wherein, in step a), the average grain size of th% grinding disk is 25 - 30 pm. 7. The method as
claimed in clalm 1 or 2, wherein, in step 15 b), the abrasives of the working layer have an average

grain SIZ % S Th metthd as almed mléalm ]for wherem |n ategtcg the aj_praswes of
the Work Ia?lg %ﬁ av rage graln s 0f 05 <4 pm. e me%h as clalmec‘flln cTaim 1 or 2,
wherelnumzsigp a), j;hﬁlamtagg ggmmsmemt&mgmgjlmj:mabwﬁé -A8umg25:10. Ihemraethod as

claimed in claim 1 or 2, Whereln |n ste(g) a), the average grain size of the grinding disk is 30 - 40 pm.
graln gize of

(g) polishing of the edge of the semiconductor wafer, wherein
5 the edge of a centrally rotating semiconductor wafer is
pressed with 'a specific force against a centrally rotating
polishing drum, wherein a polishing pad containing Ifixedly
bonded abrasives ds applied to the peolishing drum and
polishing agent solution containing no solids is continuously
10  supplied, wherein the polishing pad used contains abrasive
particles selected £from the group consisting of silicon
carbide, boron nitride, diamond and oxides of the elements
cerium, aluminiuﬁ, silicon, zirconium;
{(h) chemical mechanical polishing {CMP) of a front side, or
15 the front side and the rear side,
wherein the method is performed in the order of:
steps {a), (b), (c), (d), (&), (£}, (g} and (h);
steps (a) (b), {(c), (&), (e}, {(£f)y (h) and {g}; or
steps (a) (b), (¢}, (&), (e}, (£}, (g, (h) and (g).
20
2. The method as claimed in claim 1, wherein, in step (),
the front side of the semiconductor wafer is polished using a

polishing pad having fixedly bonded abrasives having an

average grain gize of 0.1 - 1.0 um and at the same time the
25 rear side of the semiconductor wafer is polished by means of

CMP.

3. The method as claimed in claim 1 cor 2, wherein, in step
{hy, at the same time as the CMP pclishing of the front side,
3¢ the rear gide of the semiconductor wafer is simultaneously
polished wusing a polishing pad comprising fixedly bonded

abrasives.
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4, The method' as claimed in c¢laim 1 or 2, wherein  the
polishing pad used in step (£} comprises abrasive particles
selected from the group consisting of silicon carbide, boron
nitride, diamond and oxides of the elements cerium, aluminium,

silicen, zirconium.

5. The method as claimed in claim 1 or 2, wherein, in step
(e}, the material removal per side of the semiconductor wafer

ig at least 0.1 nm and at most 1 um.

6. The method as claimed in c¢laim 1 or 2, wherein, in step

a), the average grain size of the grinding disk is 25 ~ 30 um.
7. The method as claimed in claim 1 or 2, wherein, 1in step
b), the abrasives of the working layer have an average grain

gize of 5 - 10 um.

8. The method as claimed in claim 1 or 2, wherein, in step

¢}, the abrasives of the working layer have an average grain

gsize of 0.5 - 4 um.

9. The methcod zg claimed in claim 1 or 2, wherein, in step

z), the average grain size of the grinding disk is 0.5 - 10 um.

10. The method as claimed in c¢laim 1 or 2,; wherein, in step

a), the average grain size of the grinding disk is 30 - 40 pm.



