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2008P00105DE/ KI ~ Met hod for producing and net hod for
processi ng a sem conductor wafer The invention relates
2009PRO M@ DBAKTI or producing and also a 5 method for
processi ng a semn conductor wafer. Sem conductor wafers
as substrates for particularly demandi ng conponents
having <- 22 nm m nimum structure length, that is to
say 22 nm Design Rule according to ITRS ("Internationa
10 Technol ogy_ Roadmap for Sem conductors"), have to, be
Mefehad inmBpredueing BRd Methrd SLOF BFeTRBRENGt cFmiqonductor
limted by a decrease in thik¢krpess in the wafer edge
region ("edge roll-off") and by non-uniform materi al
renoval resulting from fluctuations in the |ocal bond

Th&t 1@PghPiok. BelPedCeOUAtMOEhdE fadi pLbyutlingt HAYI AUso a
dqgg % i ncor oratlon as earI% as durlng the crystal
me 9* pPbe %%Sl%%da|§e?h%? FOrECEN4afeEbl e for < 22
nn1structures What is essentially responsible for both
e_chem cal necha ica

St PR Iact SE S LTS 185 aREbSF T angf LAE REEE. LpPaaeLy dpapading

compon@mbdunamgn@0<smbsmmamfnmmﬁmrstaacaudengehgthhethat is to

s=frofif Qebtel RS et SpRFERL TR b TREE (UFEREREs0 M5

Teohhal oggn BaadmaplﬁorySémmcondghhess")c haveheopbeor
pa§{%c?12§lgnki§pln9 9f§§§eé$ Sfrékgglgﬁg QXfe%g 1s élmlted

bypae@sqreaaﬁdlmnthlSQDQSy bh ahpowaghrngdageneg@ehuﬁFyﬁge
rol ofPQi'éﬁanﬂ%aQSHtFH§98£ ym??@iﬁé Srgﬁbbgidgggﬁltlng from

di spersed si | I'ne slurry; by contrast
fleabupblerhi hy pad toneai hendnetapnashves.Jheohneerphay of

ra??%?%gng% Stﬂggbﬁg'gﬁgéﬂtg 89&E8r§918£f§5ta?&lph§s during

n1ca attack of i ne
theofredtag AYEAiNGhRRECBEPAgsaRBolf Fherahperi unspéhpbae for

< t@aﬂmngt£9c£8§e§”DWBQtanoésEQHt%@iﬁg §H§£@ﬁ§1ble for both
Si nul t aneous chemi cal nechani cal | e-s1de polishing

effechs 8 thy RheWACRA mﬁ@hﬁniaﬁlaPPlthlBSPPracess that is

usBhusel thy ehdsef 69BHUEhOIN @@fgféc@gg ptepesEed pRoducing
naterlal-renDV|ng%a?§ i on S|nu t aneously on both sides

SuBBthRER YRbSESI f 0P kFAgtDBi BKEOTI ATEhiE BAEET tReremOvVe
re¥RAKaNgdEhsks HEathpokbir§btaY padScWure of layers near the

surface and to obtain a particularly low roughness.

In the prior art, the polishing process is carried out by
relative movement between wafer and polishing pad under
pressure and with supply of a polishing agent (slurry). The
polishing agent usually contains colloidally dispersed silica
sol in alkaline slurry; by contrast, the polishing pad contains
no abrasive. The interplay between the mechanically grinding
effect of the silica sol and the chemical attack of the
alkaline polishing agent then brings about the material removal

leading to the smoothing of the wafer surface.

Simultaneous chemical mechanical double-side polishing (DSP) is
known in the prior art. In DSP, a plurality of semiconductor
wafers are processed in material-removing fashion
simultaneously on both sides between two colinear working

disks. In this case, the working disks bear polishing pads
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2008P0O0105DE/ KI 2 which contain no substances wth
abrasive action, and a polishing agent containing
2018 Kl t h abrasive action is fed to the working
gap fornmed between the working disks. Substances with
abrasive action are characterjzed in that they 5 are
harder than the material of the wor kpi ece. Silica so
(Si2) is preferably used in DSP. SiQ2 is harder than
silicon. The silica sol is usually a colloid having
whigihpjgprfiades ¥ suhestagute paritite|adxr 71 tretaglelr™s MAAm a

poff@%fﬂé”é&&ﬂﬁ”ébnﬂdhﬂ¥ﬁ% sdBHﬂdeéH(%¥¥ﬁ“éEké§E%é”aéklon is
feCglurallt sem conductor wafers 10 are |nserted into

e drhe U (SRR I IS RATHE T itk ing iR
Sukg%éhddéﬁ lerttgh maert ﬁxk%,adtfh&h de f&{i@aﬂcﬁéﬁa@m ifngtat they
an an er 00 ed ring n IS alrr an
2T ST 1ERAT i bR o R S 1) ereg ol
Sid}e War glr@geggblyLﬂsbhll 3n Oz, Stile ﬁfmmd ldetJCtHQ[n silicon.
S escri pe chnar teristjic 1 Cl Ol da ,
thd AT A Ren B SO b (R ik T sxdzes of the
so]( maan’teﬁaalreys gﬁﬁarbe:uwmsmatfb QaE) . aril'mea nedvermat romatosad . i Bn DSP,
about b re at v nment f i shin
du7fl' Phocdiiitly Mnd B2 DI ABN o2 o BRSNS PR e ers
areeflfreﬁtruﬁd tjtrschairiesmmga ;akgmﬁlltzo Onetlekenplady cages that
e ' 0 f S:
ar ST, £ Rl ISR el S 6L SGLPAET ol 4P snner

angain ghitrey pmmte‘ss;:l i sy evehtwul ¢dn DE 20R10FeBIotentrically

Wltsfwféa%eeccr géajé(rjcﬁleér:s, frpi &?(SCH ed m%ggg&sﬁ%@ In this

cagg mdihs, seanmrtcam@rpdra@ﬁmde%@b% Jdrowac fephs USS

cyé‘ic?l?uvaﬂsczra e PFi s A teld kaw se- Ll sof 0s6S o Pei P isks
| ed leed Abr asi ve Pollshlng (FAP) for the

plgﬁrsﬁraﬁw HSDh VINenNaft ity layefhe IR elektFeraval | 1p)bregght
abMY Ay ardad 1o UKBFLNH € b N3350 Boeh 11 ¢ §5a Wi &d §&ﬁ'§cérﬁ@@ctor

contact with the surface to be processed and which are
waifd dBdehaPaheRArii ef et ek | thkh by o %%s%%llshlng
agdﬁus is described for exanple in WO 99/55491. An

interlayer dielectric consists e.g. in a field oxide

(soft silicon oxide) 35 grown by deposition of e.g.
Ond EXen{p o rypedrioxyisidrane)f aS®A of silicon wafers is disclosed

in US 2003054650A. A suitable apparatus for such a DSP
polishing process is presented in DE 100 07 390 Al. Suitable
guide cages for the semiconductor wafers, so-called carriers,
are described in EP 208 315 Bl. Finally, a suitable polishing
pad is known from US 4,927,432.

The prior art likewise discloses a method called "Fixed-
Abrasive Polishing" (FAP) for the planarization of "interlayer
dielectrics™ (ILD), in which a pad is used which has additives
which come into contact with the surface to be processed and
which are harder than the surface material thereby processed.
This is described for example in WO 99/55491. An interlayer
dielectric consists e.g. in a field oxide (soft silicon oxide)
grown by deposition of e.g. TEOS (tetraethoxysilane) on a
semiconductor structure in order to isolate different wiring

layers from one another.
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sem conductor structure in order to isolate different
wiring layers fromone another. F+1K+kviw x ... r
2008RAGIAADBE/KI . .+m _ +N.r a..:eaetb c. i, ,c. ... _ . w
2008P00105DE/ KI 3 Likewi se known is "Fixed- Abrasive
Pol i shing (FAP) for the isolation of shallow trench
i solation" (STl), e.g. described in US 2008/ 0153392
Al, in which a pad is |likew se used which contains
addj ti ves which cone into contact with the surface to 5

Likgwisedexyey hd Bhiedr e Haridiot hdnithe Mt erfaf e
isdheidd QQ@S:%QQM l@mm Sll«gcfla&’@loﬁ'yp(@lai)l Y Si@Ndageribed in

s netals HM - 4 for eleérlcal
0 HGTHLDTIEE i O 10 00 (st e o R 59 i g fen
cor®t o %CQi’th_Q}éSSmmg:l”lﬂ ddhes uhsid adenonposeth giAhPe surface to
semconutor teria risi st age
GG PR RAhddidet S DodT S g <F the
pr@mﬁedso,&mrtkpmrem thotita ahyr ats;'rpaa:asjmb)stamm andl varides metals
I|S|n a nt slurr it br |ve
C%’ué@f%wce’sq'f’s rou e%trﬁjf&%o%%%ﬁb %
substrate. The net hod can 15 conprise an additi onal
t-hou ve r
DE q\qoh a(gpasn ves%% Alhﬁ &l%&vogérréesntﬁsonﬁ&gj‘ﬁ; t;ﬁ@%@é%ﬂé&‘ &
suhgrur&ﬁmg:mmdmﬂs Oﬁ:fsemmrﬁjmmma‘@zrlab Pereor T g t owo-
stﬂ hEgAggopol r}{jdl élseﬂpdler{sél'?@dfflos‘p haﬁg%fa{éﬁ]ﬂng

orm of "a wor kpl ece TR
agedlt mqﬂatﬁwtwmiérakaﬁa%mﬁwtmnm@@fln the second

stdBEay l“laéhl C%g%htat Emﬁr%%%é%té%‘staﬁqces is

mat erl al part e renoved y nmechani cal action iIs

broughdy raf termadiF @bt siBamiad atd 2miksipr fenoliagnethod can

con OGRS S N % dBL isdsa i r@nhwdsec%s [Wédngﬁlﬁ?awgabriéﬁé@,
cutting, turning, mllijin rillin pl ani ng and

Po Kbk h R IR rﬁj]tLH@rY é”%ﬁ@t@k?ﬂ”g%ﬁls f romthemin that

Thd Nebordhdii vhd Akesp phagtody dRansr Hdangepsetsdsal &y.
mdeter&n‘ﬂgate cutting edge since many abrasive bodies

US P4t 'ment wth 30 randomorientation of their
cutting edges. (In the case of sawing, filing,

R QA 15 R Bhgeior o I EHGRGerEa U R T et et rod
sepHJraetnir&j i ved hint estpect tloe thermos K ph ecerispid@ceis dhanged
by(%ﬁfﬁfﬁgtlng the material cohesion by means of mechanical
action at the processing location. A material particle removed
by mechanical action is referred to as a chip. Examples of
chip-removing processing methods include grinding, sawing,
filing, cutting, turning, milling, drilling, planing and
shearing. Grinding is distinguished from them in that the
chipping takes place by means of a geometrically indeterminate
cutting edge since many abrasive bodies are in engagement with
random orientation of their cutting edges. (In the case of
sawing, filing, turning, milling, drilling and planing, only
one or a few cutting edges are in engagement with predetermined
orientation with respect to the workpiece surface.) A cutting
edge that can change the material cohesion of the workpiece is
distinguished by the fact that it is composed of a material

that is harder than that of the workpiece.
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edge that can change the material cohesion of the
wor kpi ece is 35 distinguished by the fact that it is
2008@aEDEfKTa material that is harder than that of the
wor kpi ece. 2008PO0105DE/KI 4 In the prior art of the
FAP nmet hods, the wear of the abrasive bodies results
frommcrofracture, whereby ndw cutt i ng edges are
constantly produced, and fromliberation of abrasive
grain, whereby newlﬁiyers of fresh abrasive grain are

é’a&?oé%é’dorﬂﬁ@ D fmddiea mes hstsor i 3@l WeRt exfaridle ghrasive
bodd2 £, 8241451 Bm ofFfd Ak TRt 0dah e Airidud N sRH ges

the fact that they roduce cryst al defects. These are
areorqqrtsiteari‘trlé’ctﬁﬁcéj réci/sftréﬁ% Libgna tdeoryi & GRdone grain,
whém@ Gfew SINB}d raand eflgars?n %H&ﬁ%@fdﬁﬁ)areﬂé}f@@d This
Ia ers vvlth anor phi struc scraéré;zezfmiﬁo In
i ord e A Hodi2 -

according to the prior art the reacti on of the

Gr lglﬂg]ljant 63‘131@?95%' shi %S(]fr}élaq%ﬁn vgat h ttg]-ﬁ)\,%}m c%}g#gttg% ey,

proeimmrttxs{stradl ket e sandl NGB (rac i ict t led cihvacuios €k

I\/AH (teetranet h um hydr oxi.de . .
aﬁnksdl |lnaet te Cc%lcyhlgs)alocﬁnﬁ gmoasgaelncig Q:SNaél ai n @e ag e
boure:mtztm ) ( addeadame Jsa;tem ws1dﬂ) .angrphi mz=¢ ase;udthere,

sc e&q{ £0. depends on the transport of the reactive
star |n’g sucbst ances wthin the etching or polishing

liquid and to the sem conductor surface, on the

In tcﬁ{gﬁﬁr@%lur A Ng C%{grﬁ%a{lo;})%soénﬂ% R G4 aa[c?ordlng

materi a COITpOSItIO eCmaterl
to grivp@rtiias . antoc diharateadtalort onfpdsia i rehsivul @ beolpshing

agériﬁd%hsttkp%é %éﬁ%ﬁ&lﬁcﬁﬁsﬁ%ﬁ ergfsg’aﬁ@ﬁ@l‘@hé’rmaterial

other mterials al ong si de the sem conductor materi al

renpgl ( £HAMPLa orft GEhehi iR 1ude -HF i d8¥udesrisiic
et GOIMPUNSE SETH ,CONBICT Or S)rariIff 1 HmdH ORerHy @St 1), NaOH

i nf| uence, t he reactlon are afforded for exanple by t he

etqr ekt gte dfiFhitid) 30PAnPby e rORparftontaln OH™ as

reZonent (Al kONisne el chendgal . mechaii £aka o) i st ngeik\/tlon
means of silica sol that. is knovvnjnthexgrjora

degfidyLaddift B AR QIO iy al€3T 0 e (e pr sty tances
witsuinf ade Brdareians ©f polivleemdodyqiid edfti®nthe semiconductor

surface, on the temperature, on the concentration and, in
particular, on the local material composition and on the
material properties. Local material composition should be
understood to mean the presence of oxides, metals or other
materials alongside the semiconductor material used (e.g.
silicon, germanium, III-V semiconductors, compound
semiconductors). Material properties that influence the
reaction are afforded for example by the presence of dopants

and by the dopant concentrations.

The chemical mechanical polishing by means of silica sol that
is known in the prior art brings about a material removal from
the processed surface by means of a three-body interaction,

namely between polishing pad, silica sol and the wafer surface.

Said three-body interaction has the effect that the material

removal is not effected in a path-determined manner, that is to
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35 nanely between polishing pad, silica sol and the
waf er surface. Said three-body interaction has the

20 CfEfOecHtO XK he nmaterial renoval is not effected in a
pat h- det er mi ned manner, that is to 2008P00105DE/ KI 5
say not exclusively along the_path described by a point
on the polishing pad over t he wor kpi ece surface, but
rather is additionally determ ned by the dynam cs of
the silica sol _ particles in the olishkgg agent fjlm

SaYedtodb|9HetP e &l i Bhaamp Marags guret LY @ point on the
po IEHIMERE td N ottt He RS ki ddsd BacdPbut rather is

at h- det ernmj ned processing is._distjinguished by the fact
2 dHORA Y ARG RN RO AING SOMAT G & % td i1 Ghatol

paﬂtSiclthésSﬁiMl ithe g&ﬂeﬂsfﬁiﬁﬁﬁ a@&dm b_sliblltnheascﬂamlmaéﬂfcs mﬂgtvtdr@u pad

00 This leads to an, undesir y _convex, er for

and,PAfa R G SR IO U Aaree o T o Non-

patfoldestid i reege i r cotegd seitrioni f rdiimg ttiheywiafrerd  kedgend aofddie that
waf er_center or t.0 J|ocally, preferenti.al terial .

tne Hafraiah HAbre vidh SRS, e Qi U 159 Y 1S

detsd mcitreghiaal yf yoif It uamerptprapert igse tddoITheldid | lomag to an

unc:{r"erseif(c{bo_l_vﬂ',1 CIJJ}N;& “Pgd%ueg{ %Em &h fa{'géglﬁ{c}:dr% Igcgéjgseofjﬁg%soef the

processi'ng sem con or wafers in a
wafresntddgredbwialpver pado-diiglg arggitameplataldrel f1eppig wafer
iy : . ; .
eddd 39 08, Vf""nféf\j“gl%zéo}oi 94%0 3%9'%&;&0%{%&%%%%% &1 material
remprviadiaty Miaat I appivig- ki HamitGadlst Y Pl et alryraPaly or

o143 g NG 1 RP@1 st i H@igrandedbd n an easily
changeabl e © wor ki ng | ayer("abrasive pad"), e.g.
expl ained in 25 DE 10 2006 032 455 Al, suitable

TheA Sl e RpdsSr baimgndescrihethr & 9. atth 4465 A0OMOY mdhods for
US 6599177 B2; - _ simultaneous doubl e-sjde grindin

g .
PIYRSREH (SRICATHEE Y Yah§ahget a4 grdhdr higtf sk gnentioned
abdoubl e-Di sk Ginding, DDG, e.g. 30 explained in US
2003/ 0060050 Al; Single-Side Ginding (SSG, also
called surface rotation grinding, or Single-Side

- Fi navdadinedi ng; (SS@-pd gl e riiashbiasy  Sfdgl sheitde lapping)
ns G S Bl et B s AR BT T T
and rear sides of the sem conductor wafer, e.qg.
ex%fﬂﬂggkéfgllel grinding with lapping kinematics (Planetary
Pad Grinding, PPG) using grain bonded in an easily changeable
working layer("abrasive pad"), e.g. explained in
DE 10 2006 032 455 Al, suitable abrasive pads being described
e.g. in US 6007407 and US 6599177 B2;

- simultaneous double-side grinding between two colinearly
arranged cup grinding disks (Double-Disk Grinding, DDG), e.g.
explained in US 2003/0060050 Al;

- Single-Side Grinding (SSG), also called surface rotation
grinding, or Single-Side Fine-Grinding, SSFG), implemented as
single-side processing step or processing step on both sides by
means of sequential single-side processing of the front and
rear sides of the semiconductor wafer, e.g. explained in

EP 272 531 Al.
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EP 272 531 Al. 2008PO0105DE/KI 6 In the prior art, the
production of an always primarily convex wafer form
20000 93 /&oi ded si nce the polishing agent always has
to be fed to the working gap between wafer surface and
pad surface via the edge of the wafer. A depletion of
polishing 5 agent therefore otcurs fromthe edge to the
center of the wafer. The material renpval is thus
eater at the edge than in the center of the wafer,
In %ﬂecrprll@ardsartfo A RFOIUT 15 o Tofan Helwags gprimarily convex

wa fld¥ Ges cardbomieraddiied didad wiee il i Std Pnsgdtte always

has\{\?’qfﬁfg}qi & 55" tq‘@uwrbrgwse as it emded (lTBng':i,f_er surface and pad

surS_Qa['ﬂeCthdiJQiK& Se"dgeap;aﬁ ttHer o,mm edyedeEet st aff Z8818i shing

dt h of d d C
2 gl e o, e o e reta I FC RS G Srne

waﬁﬁnlIThaﬂmatdnnakﬁﬁamovnkxmnnﬂhnsmgﬁﬁﬂuﬂn(Htfthetédge than in

on a count t he robI utI d above 15 T
the Ici%)s ef Qc&nea v\faﬁ, | Ve o pr es e rol off of the
waﬁem/eﬂmccknessl n Irrarctndﬂﬁ arh,att heox rlftlﬂrune)rappslm}atpr@ws dehe

wa S it ot e, WIS A dd L PERSs H 9 ng Rkl 2
Tedtmqmmqammwfqma&emqmgmmwl |dpay thrioees san fedge

ex %r{s éi%oq-gltens 'J‘qpfcpﬁ{%fdlwh r@dé}‘?é M hbet endeavored

uctuating y into the si e crysta

to awoge% SuHi @1 s lblep I el fy. p@shswla/ T;&rﬁrrfhrlor art still

doed 5o efdistal c gr-pmdnn Lyt 1 & ogh £n 29 Fér?'ﬁccount of
Fundanmental s to Technol ogy, 2004, p. 239- 270. The

the R lems fQuickingd mPUtpant concentration Ieads to
correspondingly radially fluctuating electronic
properties of the wafers _produced fromthe single,

Th]c? yEI LS b‘S/lSn%edi% %ffjslfsrh?@ec@u‘i%éh%e e RISk njgnventlon

In $LAS %flﬂlrarp,:qaﬂﬂi Iﬁng&l\ﬁtﬁhmﬁ &fo B J!"tﬁ\gfc@e d@trﬁét}ﬁbd that
renova chani sm o iC s .is base

ACTARERS GHIED (LIRS o O et D chepertentaos 9 brioha

senfiadendddadr fhdtdiat es radially in accordance with the
dopant concentration. They include all chem cal and

cheno- mechani cal
It is furthermore known that during the pulling process, for

example, dopant is incorporated with radially fluctuating
density into the single crystal that arises. This is described
e.g. in W. v. Ammon: Silicon crystal growth, Crystal Growth -
From Fundamentals to Technology, 2004, p. 239-270. The radially
fluctuating dopant concentration leads to correspondingly
radially fluctuating electronic properties of the wafers
produced from the single crystal by means of slicing.
Subsequent processing steps for planarizing the wafer, the
material removal mechanism of which steps is based on
electronic interaction, therefore experience a removal rate
that fluctuates radially in accordance with the dopant
concentration. They include all chemical and chemo-mechanical
processing steps, in particular etching and chemical mechanical
polishing using silica sol. (The electronic and electrochemical
interactions and removal mechanisms during etching or polishing
are described e.g. in Appl. Phys. A 60, 347 - 363 (1995).)
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processi ng steps, in particular etching and chem ca
nmechani cal 35 polishing using silica sol. (The
20 R 0B/ Kind el ectrocheni cal i nteractions and
renoval mechani sns during etching or polishing are
described e.g. in Appl. Phys._A 60, 347 - 363 (1995).)
2008P0O0105DE/ KI 7 Since etch?ng and, in particular,
chem cal nechani cal polishing are the final processi ng
. steps, which therefore crucially determ ne the form
Singgriedsiiitd A dvafldt PrtRtEr i iFhrdtiifadtechan 16 r@ollshlng
ar<lasesti qj”rcﬁifeitsls'il_ WY diy e w.'thlr@{ Q:l'%%éfiﬁﬁﬁe 5:rucf1alhly
ronounc di a rica nodu of the
e, el SR TORIH G ot FRAc Ieeh st gfccordance
wm/paﬁﬂfes cpurcmhmeqarlaﬁcc&ﬁ regma)jst hes s Ia)rmcaﬂ‘é amsudabl e
assuM;rM&sfor aH|cm eman sem ¢ m%mtm
pr Qﬂﬂﬂﬁﬁﬁé} §§) Bule q ¥»n o t surface.
Suah gtdinght Sﬁt&ﬂﬂmfc:ptarst In(ajteiré.e}tnidftbrrddcﬂzonervteiMS produced
functional ,and sep aratln | ayer The praoducti.on o
2CqHH'T aerd Mo Ves Topuit bt T of° pOTTEmHig > -oF
pa rpricoelsselsy fdmnar@lmgeaﬂemug:qﬂcanaror mcmrp@y@r‘& durhiig is
onent praduct ln C, e r
beé:aqf%)ace pfge ar atélrg&nsdllsﬂcjtr@ sa}gee%?g mgy?la&gfrhsé%g {h g
verztclcwl dfinncrtglq:nﬁh s&nmgsept%raatlrremﬂlayer% %Hrmrpr@dwmcvrs of
o4 Bi 45y s £
| BIGLEINA e paE Sl L BEOGRS, o
cr@tmmmamwemldwm com@mm@m@m%\wngln the

ca§5”6¥'HH“%ﬁgvéH”é%é%ﬁﬂhé'éﬁﬁfééﬁ“jpfgbiﬁﬁﬂﬂéﬁ§lfh the
pronounced preferential” materjal renpval

SeRA et ishi 9 58 rtiul QR i b ; pqlo#sfeﬁégf dhpval result,

shdBChant smtdndeldyi N9 tNese PFOCrRSSESon Sc acdsS®hdnts thus
nmechani cal , one by neans _ of structural separation by

PrRM P Fenthfl -M3kes H'e s 63t sy by act ual

chi ppi ng by neans of fixedly bonded 25 abrasive and in

t he case of ing by britt]e erosive , uctur
T 1O GRS oyt S D0 (et op £ et i 631 b et
gr:paiincﬁlar&bj Eil‘gtpirhjér}ﬁiﬁ m@wsmst@Mﬁ xaa/py dlittgtlsehoamd
haﬁﬁge oncentréc unev $£ses ofa%. waf er surfacel t

Bdtr GtOtHe SO T2 hdhit evetf by TRk ot a

eldatrisdni aeel hypdnadcla ot digrd g drinee; | fovie nt he ne éros v 40k (mecslsamgsm
un&%rlying these processes is a purely mechanical one by means
of structural separation by chip removal - in the case of
grinding by actual chipping by means of fixedly bonded
abrasive, and in the case of lapping by brittle erosive

structural fatigue by means of free grain in a slurry.

The second partial object therefore consists in avoiding short-

wave concentric unevenesses of the wafer surface.

The object of the invention is achieved by means of a first
method according to the invention for processing a
semiconductor wafer, comprising a polishing process A, which
effects material-removing processing of both sides of the
semiconductor surface simultaneously and in which a polishing
pad 1s used which contains no substances with abrasive action,
and in which a polishing agent is added which contains

substances with abrasive action; and a polishing process B,
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sem conduct or wafer, conprising a polishing process A,

which effects material -renoving processing of both
2008 OGDR/ME 35 semi conduct or surface sinultaneously

and in which a polishing pad is used which contains no

substances wi th abrasive actlﬁn and in which a

pol i shing agent is added which contains substances

wi th abrasive action; and a polishing process B,

2008P00105DE/ KI 8 which effects naterlal-renDV|ng
whighy eddqaig FrRtanindr emeemy rotarasdey ¢¥f tqigher one or

botFedicrduat %é@e@rﬁc&ﬁﬁmdwwmea: Reld s Mhlcﬂada igolishing

used which has a microstructured surface nd whi

Pad ot 1S5RS 8 itk &13%a1%s TESTHIRS T U RESh St £aRe 1fh éﬂfslch
corfeMi0 Rl eiale Miafley adMiclhy are haddefadthan ttheche

o A Ui A T T T TR et P 1RO BT
ma tter i) ,arhdMiire lvtciant a I]:B)M!Bhi&idostmﬁe&smaddea:brv&mc&e has a
PH %%}allﬁfnd) %{eh%lef’;g'é%'}%g Spr OCI%h rgs andSR,\,%C' &}‘ll lé’ocptaldis no

&osttucture
subﬁcﬂammgvm%:ssas&vecamwcesponds to a chem cal
mechani cal doubl e-si de polishing process using
preferably a silica sol polishing slurry. 15 The nethod

Thea@cxiricﬁhigiq euduesieritd en shiddierlsl f ragfap tvad rmftltﬂcﬁ:hing

F/k%el r#ol | ?ﬁ&%&(}c&%d’z%ﬁaﬁ AL tMIH s%k%ng a ent

Ng processes (oOne using po
comqwméﬁw&s chearig-adn anaghiaisifa latsraist e idmdani shing

prdb@é&rﬂﬁélrﬁgdgiﬂé%bl% fali ghing %c?lplskpf}{@’ OMNerry.
speci al | y "adapt ed poli shing step using 20 t

m crostructured pad, which succeeds or precedes a

TheC RRIFHR] ad&pﬂmmgcado thuebllqﬁﬁérci@lcnpldlsﬂw@ P RGeS he method

(DSP), is provid is essential to the success

de s ied dirau%dl%%or% %5 & PH AV A et grignttead myh tgro FAP
polqmngt cprlﬂzé‘syest h(e;rzwlu:slhigwq)@glemm@@gemmm la’kgra51ves,

ol jishin rocess us m cr.os qﬁéﬁ%

and fipd i SRR AT i Sat B 15 S G, ARGt P
po lGH ingy sltn:_tp), Qﬁﬂﬁ&in%dﬂédiﬁﬁlmré@;ﬁf@i r}ﬁ:ﬂﬁlﬁ’lilﬁy\ﬁf‘;tep using

har.dnes m_conduct or er|a .
e ST W The e LA POTEHI G Ageiosian 13 chemical
mecﬂ'mrtlaja’ﬂj rapdlreass wss sl i shire grAR e g0l {338 )Ng ¥ quesswided.

i.n {QF 10 2007 0 éﬁb t he nfd 30, accor di t
Whaﬁ1 SRS IQcolnal 3: A Suuncscuecscses%é 9fe colalmeé RSP is a pH
value of greater than or equal to 10 for the polishing agent
solution during the polishing process using a microstructured
pad and the fact that the materials and pad components coming
into contact with the workpiece have a lower hardness than the
semiconductor material to be polished. With the use of a
polishing agent slurry containing abrasives as in the FAP
polishing process in DE 10 2007 035 266 Al, the method

according to the invention would be unsuccessful.

By way of example, silicon has a Mohs hardness of 6.5. When
polishing silicon wafers, therefore, a polishing pad with
abrasives composed of a material having a hardness lower than

6.5 should in any event be used.

Examples of suitable abrasives include feldspars,
(Ba,Ca,Na,K,NHys) (Al,B,S1) 405, having a Mohs hardness (My) of
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By way of exanple, silicon has a Mobs hardness of 6.5.
When polishing silicon wafers, therefore, a polishing
20080 OUAIDE /&Ir asi ves conposed of a material having a
har dness | ower than 35 6.5 should in any event be used.
Exanpl es of suitable abrasiveé i nclude feldspars, (Ba,
Ca, Na, K NH#4) (A, B, Si) 408, having a Mhs hardness
(MH) of 2008PO0105DE/KI 9 approximately 6, but in
partlcular al so softer materials, in particular

aPRR Gt te Lvs foh i diamakdsl cwla Bia 3 ide oM tabial s/
pardfiddigsefitrirald andd@s as apatltes, Cas (PO4) 3 (F,Cl,0H), some

Al , F 3 S Cﬂ 3
of%%ﬁaoe@et%) s s G aam L o A&wﬁemslg ) 408y
5 [TDﬂa,ZIH&fStnaFes(l% La(,ddd,)IFéO4_/ ([M'd:O‘g .(My5=5%, ..bafbum monazite,

cs rb t arlun1sulf , Ba (
cEHPN G TE, § M 5 3 Dpgbirpumsublate, B2SOL ()

(Mﬂwﬁ 3.%) baﬁﬁumceuﬂ&atethaSOﬁ1(Mﬁeanﬁlxnﬁxﬁ Aﬂﬂaﬁkﬂsﬂnnlte
xi.de ( Y203, ScgO3; -Yb2 d

(Ca Ch el qtel(e}liclj"ja %, _Cpa%JTOél’ abf'y mgnera Q%%\l/‘u%ﬁg %{Iﬁ/g%umlo

scafmhdmessr W te it iBim ©<Tivke ot@%bt, Mg 1=| kew/ & /adltb@yedtyps) and

marggad%eq'_f L 3G4UNG el J&eﬁ%uc s rf?;r{l@rélo th@a\}ﬂ}’(f‘ tl\ﬁcéhs

produci ng a s€m waf er conprisi
haﬁdﬂﬁ&ﬁmﬁhg<sﬁe§s in the order indicated: 15 (a)
separating a sem conductor single crystal into wafers;

(b) S|nultaneously processi ng both sides of the
Thes & IasHd uict drl ksisifss aghlr@@fg Rif edAps rehovigreond method

acdBREBRS INY; tﬂé)lrﬂféﬂtslmrﬂgféf‘%xs@dﬂé?ﬂ{@Lbi:ts%mi/@érﬁiuctor wafer,
, which effects

conprisin ol i shj ng process
COmRIt T -t %ﬁrofg? HPvprst edlsgiyy Bt Yo PrdRr strfdkcafed:
( )S €M eAUGHY =S Whdic® rduBidraneioisly @ngs ﬂeﬂL WHh viafers;
pO|IShIn pad i.s used which contalns, no ances MAR?
P )abrESid SHRAGH,Y dHP GG AT P haidas rﬁqfuatébeﬂtse?@con uctor
waMéem_l{ \liv{ﬂa:a}{‘sh @@rﬁlﬁipﬂérém&gir&jlmm%dé%%hr@f asive acti on;
an i shi r ocess i ch effect
LR )T PO P o Therc IR GHE M B tshing
prdﬂékﬁskﬁ WHEEHNHﬁfHEKthaHeEﬂHIiMEdethrpm%néﬁsfhg of both
ol i shin ad is ed whic has a crostructure
51 1 SR e e S B AL T iy wnten
policrttiand ped hid hesed aerhicondumitr isuriacaudgt acas ewith

Ve ddan,d he r?&@r?%“%i ﬁiﬂg Cr?q_' A N W §he & which

ing agéht I's ad
contains substances with abrasive actlon, and a polishing

process B, which effects material-removing processing of either
one or both sides of the semiconductor surface and in which a
polishing pad is used which has a microstructured surface and
which contains no materials coming into contact with the
semiconductor surface which are harder than the semiconductor
surface, and in which a polishing agent is added which has a pH
value of greater than or equal to 10 and which contains no
substances with abrasive action;

(d) chemical mechanical polishing of one side of the

semiconductor wafer, wherein less than 1 pm is removed.

In polishing process B of the first method according to the
invention and in polishing process B in step c¢) of the second
method according to the invention, at least one side of one or

more semiconductor wafers is guided over a rotating working
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30 value of greater than or equal to 10 and which

contains no substances with abrasive action; (d)
2008RHH1EHDEYEdIhani cal polishing of one side of the

sem conductor wafer, wherein less than 1 pmis renoved.

35 In polishing process B of .the first nmethod according

to the invention and in poIﬂthng process B in step c)

of the second nethod according to the invention, at

| east one side of one or nore sem conduct or mafers is
dlsd%l‘ﬂ“é%?ro@esas‘%rcﬁrat"{lf@ VW%WIQWMW%Y 1oL thyi &k

addirtCianaflf 9§&°dﬂa9_l, IMdin ratiadd eibvdik ot imnadH s wdde arche
dditi on radlal oS |Ilat|onag ment . Inthls case,
WORHING \(HaK RESHSIE RS0 R TP SFacs WA <if 1 ace

m1idrs 9 rarasivded tat e e artch iaontreg @Jmm anein € QM contact
|nt cont act th the sem conductor .sur whi
wit e AR AR IRe . i dieist i rets g The
senprcaneiaﬁﬂnhr anuk fae qeoltics e rager sedhavdmi) @ Ha:b—lmaﬂiueg ~agent
hav1(%1§1 ur% 9 NP a%ucpsé G55 \C'ﬂc# hno asQ[bassﬂéle e? v%
e contact zone orng rom~ sem conduc
abmmf\aa:@@mebrpols stachg pdthes wdraoect 1Ry ef armedsd yﬁrcmn

serfflichiAS% @ SA-ald efhd &I Na A4 L PUr Uit C the

sem con uctor and “prevents” floating away or
bursting during processing. A polishing apparatus

f3e d r
Pr LS, 1 S RIS\ B A (B syprounas

th%%%ﬁ?ﬁ‘b‘et%é'ba o ATpbIRENGRY Drivkeaisl B ByjEwegr d@urstlng

dur_e_l. e HRpl & lcfé}ﬁtrf Cé;&ﬂﬁda@?éjssﬁ@akﬁfécfdﬁ%ls
9924218 or 5,152, 917. 20 These pads have

PULRRTeces dASGF iRasti 195 atr BHged 4mi form | ocal
eI evations, that is a per| odi c arrangerrent of

"islands" r at ed renches These
TheREI6st Akt L?f a]é%%eserﬂvi]dc%fﬂl dé@r% C3n i ged for
polsitiitiaty) e e 0|8 SIBngvPAdsE Ie’kallrdfpl?é‘l swhtable

i LELOSIINEIA L8, T, L0 o Suplap ) b gt o

US & ,as84,91%., e.g. by

These pads have surfaces with regularly arranged uniform local
elevations, that is a periodic arrangement of "islands",
separated by "trenches". These microstructures are produced by
embossing. Likewise suitable are polishing pads in which a
microstructuring of their surface is brought about by lateral
modulation of the pad hardness or local elasticity, e.g. by
variation of the material mixture, by variation of the addition
of suitable fillers, by mechanical compression, locally varying
curing of the synthetic resin mixture or admixture of suitable
fibers, etc.

Pads suitable for carrying out polishing process B are
characterized in that they contain no additives coming into
contact with the wafer surface which are harder than the
material of the workpiece. Pads containing additives coming
into contact with the wafer surface which are harder than the
material of the wafer surface are unsuitable for carrying out

the method according to the invention since these hard
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it variation of the material mxture, by variation of
the addition of suitable fillers, by nechanica
2008310OYIOSHIEKI | ocal |y varying curing of the synthetic
resin mxture or adm xture of suitable 30 fibers, etc.
{ Pads suitable for carrying._qut polishing process B
are characterized in that t contain no additives
comng into contact with the wafer surface which are
harder than the 35 material of the workpiece. Pads

addddrivgsnilfghdd (INARS Icath Ity SGaRtChRt FQUITTST fnd crystal
danRfesr <y f, aq\ﬂllV@fH Gl rhsd ey ddtan gdwe - p@d@és@lngﬁ The

t he waf er surf re unsuitable for r th
A IARTAE ARG E J4 AS TSR oS HLd TR b i Led,
howBR3R0 B0 D dEt -blrocdd itrigv,e s | adt aattess £ aabh‘ﬂlrther

h%&lrﬁ%glches rajtjc%rﬁgesglslta d cryst al dl%ﬁecgaeag(ﬁiac r‘égae%cordance

witdc ddredipng dro dite |cn§/er[IE drd vﬁmﬂj (bﬁ Mmadd iK1 ed,
however, by a post-processing, e.g. by means of a
further 5 chem cal nechanical polishing using silica

In AP ime tdosty d%nce‘ELDNiglrartaheLmimn,arqf gfQ T A PD0Tthe

98%59%%?5&‘& ﬁ%ﬂ?}m%%@ %ﬂa;t%at%ﬁ? %Za?r]i ngigs Additives

conpmspesbre 3 amf $-Madbt (Meks I hardoaposed 8)¢. YoﬂlzpsAl(ﬂbe 8) i
sid Mo draqydn H\ABDI QSVS%%og quM 18) ced, C( ﬁ gé} other
7 or ot

quart z- I|ke 2 (HM
maﬁﬁaﬁlear]isalasr&araéideﬁﬂje@ ttdra r@&m%dfherr@%ﬂd@n‘fes/e%r%r@erefore

corﬁﬂ@ﬁ‘sreeof Refic méﬂ@ﬂ%ﬂ%d Wi JRISrd A SrddY Ghha ecﬂ'@rﬁ?@ieff@ﬁ to be

material to be processed. By contrast, the nethods

pro&ﬁﬁﬁﬁ:ﬂ ngH &Qf}feralsrﬁﬂerﬁ}}%ﬁnetf?dafr A EIREBRG (0 o’?ﬂ‘%/ jpvention

ardPreadsdrdihicni f v gl sd 1y pi $hi Nkpyoeess B of
the first method according to the invention and in

polishing process Bin step c) of the second nethod
In aeclorghingy terddeesd e itne il s rneéﬁtdceobdcﬁbrding to the

1nv|;ﬁer{:t$1|6£'{afte 20 a%]ﬁi}}e ol Ir:ohcleggssg%?frglsssq%glt%n of the second
metlhntbnstdcm“};dirhﬁ tatterd alnveammiven, sl of feefetrdy todasiseinafter
oo Qi Y 00T 0 UL DL, ML PR N S 5
esgmtterd lal ta erfoyalnvent iedrf ectthed mater jlt heatetexni nedeffected by
med ¥ éugiggg§(¥ﬁ¥§}action, namely between microstructured
pad surface and the workpiece surface. The material-removal is
effected in a path-determined manner and therefore
deterministically. No crystal defects owing to chip-removing

processing occur.

The invention is described in detail below with reference to

the figures.
Brief description of the figures:

Figure 1: Semiconductor wafer with dopant fluctuations and the
influence thereof on the surface topology; A) after processing
not according to the invention, B) after processing according

to the invention.



25 determnistically. No crystal defects owing to

chi p-renoving processing occur. The invention is
20 01O /KT det ai | bel ow with reference to the

figures. 30 Brief description of the figures: Figure 1:

Sem conductor wafer with dopant fluctuations and the

i nfl uence thereof on the surfiédce topol ogy; A) after

processing 35 not according to the invention, B) after

. processi ng according to the invention.  2008P00105DE K

Figpre 2 ‘guREMEONSRIG N kot ARt drhaand ien R | Peridee gFeometry
thd @ geMaiHy eddeneQfidr} the £age HHEs Mg afdt€raccording

processi ng not according to the invention, %9 after
to &r%éé‘s"u%f&lé’ébor%i R tF tHECS TR o B My e
invegidicanduct or wafer with convex thickness profile

after chem cal nechani cal doubl e-side polishing (A);

and the change in said profile after processing
Fiqaneor3t riprticdrimctawentfiaan iBh ddhvex Rilgirlenekss profile

Al terati.on of the geonet f a .sem caonduct or fer__in
T g R P RHE T IR i SERdS T TOLS alibof iy Ehe
charge tihe danivie a1 eB)a fireor eesiawp sicoprattagrding heo the
: hod 15 according to the invention. List of
Jj“%%ﬁgggh2§%§ynbols and abbrevi ations used: 1:

10 Sem conduct or wafer 20 2: Locally fluctuating dopant
concentration 4: Non-uniformmaterial renoval 25 5:
~Surface unevenness 6: Surface flatness 7: Convex form
Figameerd :DIH L0 BLoTP| Gin - fifargd dnea t Mora o t¥emirordasiog watfer
in Bhd R&idd g Rk reof by A) processing not according to

the invention, B) processing according to the second method

15 according to the invention.

List of reference symbols and abbreviations used:

1: Semiconductor wafer
20
2: Locally fluctuating dopant concentration
4: Non-uniform material removal
5: Surface unevenness
6: Surface flatness
7: Convex form after DSP
30
8: Plane-parallel form after processing by the first method
according to the invention
9: Convex form after DSP + CMP
35

10: Plane-parallel form after processing by the second method

according to the invention



- according to the invention 9: Convex formafter DSP +
CvP 35 10: Plane-parallel formafter processing by the
200888 S /dd  according to the invention
2008P00105DE/ KI 13 11: Holding apparatus for a
sem conductor wafer during polishing 12: Retainer ring
5 13: Polishing pad, abrasivé3pad 14: Colloidally
di spersed silica sol 10 15: Depletion, wear, reduction
of the silica sol 0 16: Front-side decrease in ,
113 hifssddy apreretedyd 6t a renisandsidic et stafdir g
polliGhiffear - si de decrease in thickness at the edge of the
sem conduct or wafer 18: Planoconvex form 20 109:
Bi convex form 20: Sem conductor wafer with decrease in
12t hirdegsse matritde edge  21: Prestretched pad 25 22:
Front-side increase in thickness at the edge of the
sem conduct or wafer 23: Plane-parallel formafter DSP
13:polHdhigid ngB3®arY: d¥egatiinee paver hang of a sem conduct or
waf er The invention clains two-part polishing of a
sem conductor wafer, conprising a polishing process A
14 :anddd Jpadldadliyngl ippecessd 359 B4 tdvdl pol i shing using a
m crostructured pad that is essential to the
i nvention). 2008P00105DE/ KI 14 Polishing process A
10 15:comregslpdrids),t wemmheredsalt ivec eitded sipoldastdanly st ep
e.g. using alkaline colloidally dispersed silica

16: Front-side decrease in thickness at the edge of the

semiconductor wafer

15 17: Rear-side decrease 1in thickness at the edge of the

semiconductor wafer

18: Planoconvex form

20 19: Biconvex form

20: Semiconductor wafer with decrease in thickness at the edge

21: Prestretched pad

22: Front-side increase in thickness at the edge of the

semiconductor wafer

23: Plane-parallel form after DSP polishing

30

24: Negative overhang of a semiconductor wafer

The invention claims two-part polishing of a semiconductor
wafer, comprising a polishing process A and a polishing process
35 B (the polishing using a microstructured pad that is essential

to the invention).
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sol. This chem cal nechanical polishing step is
characterized in that |less material is renoved than

20060 0dPEréclessary in the 5 case of a conparative
processi ng according to the prior art (conventiona
DSP) in order to conpletely renove the damage
resulting fromthe previous ocessing steps. Said
damage conprises disturbances in the crystallinity
(Sub- Surface Damage), roughness and scratches

Polighiing g IG5 &&R%ﬁﬁsw%ltﬁbl%fﬁwlwfﬁ%l
polfa_:_rgiuai %ﬂiaqylfeatg onﬁsifrfgalraﬁmltraé gﬁllcflﬁie{mlr}esdﬂépéhgsed silica
rom non-uni formrenoval in previous chenc
soly oo et S S A T BT SDrh o firacterized
in ediedd rigs s sThea teadiuclt iion ﬁemdxﬁarwvca{ardummjgj t]dsé Ngd SNt Ngin the
st&g;onl becoq? possible in the %é qh rt
CA5ovev et SR Sec ght Pol T EH if X Jsri%p C R
(ccyni\tdnﬁma)]olllsgh)l ngh progesstd acsnp]rqjiealmem@nbve the damage
Stre ri ch furt na erlal |s re
refIIT il G BESVUSIY el T S0 dls | Ssd e
compﬁusﬂﬂrﬂpsqunbdnﬁesaun(ﬂhﬁnqnyﬂuﬂlkmpxﬁyltSubnﬂdzﬁ&p©r
dul t I 1 :
Dangaﬁ%dceﬁfd reogl‘ s%glpdplslsceg ocﬁr{ease Ia%‘%ff% c% %Iﬁ htsIlﬁeeVlous
chirﬁmrrtgstpmeuarszrrgg o tedfeg alEnd ooy | desslat purs odf@mn ofhe target

For LG P1 B Wtﬁhg‘%@frélﬁ@vﬁdlﬁ%f%d\é tclfhenélcal

correlation | engths etween 10 umand 10 nm a

Progrsifpii tude GiS 1@ piR Wl Mimacidis caf 131 kPaine ceitehring. The
redﬁf@éf&@bﬂ rdrlie £01d 8t atd Oihl@%ﬁél’?lrl}’c_?t MLy a1'%5’comes

5000 pm and the anplitude i s between 10 and 250 um
POSIH kb dift at'th%rﬁjothft Hel 3¢Rval NIRRT ci P2 t FREPRA pOllShlng

stegd”ifrﬁ(‘éi:dcﬁrdé}%é ot eved ;ktyllmﬁ{ sk @dd &R of s t il emented
e

nsity or_of, the terial OSItJOI’] of the surface
doyngtgreamys gt TelfféanHHnF%t Hé%“‘ TP Tt at Fist AHAT ¢ onal

additives in the formof introduced solids which brlng

ut a mcrostructurin ns of dul ation_ of t
po B SIS e | e e B Etabo0 GatRs kit s shing
pad:atSaeS &w@mstﬁmmMgdsf Biee ot fcd oot he mowehdt don of
conduct or surfac

e soerr t he se to be
1t AL o PIRRIR A FELATEIE B4R Tide 8F -
stjpffefcema]tﬂqr& li con.

The microstructuring preferably comprises a periodic or random
height modulation of the pad surface with correlation lengths
of between 10 pym and 10 mm and an amplitude of 1 pm to 1 mm

vertically.

Particularly preferably, the correlation length is between 50

and 5000 pm and the amplitude is between 10 and 250 um.

The modulation of the local elasticity of the pad surface is
best achieved by local variation of the density or of the

material composition of the surface layer.

Preferably, the pad also contains additional additives in the
form of introduced solids which bring about a microstructuring

by means of modulation of the elasticity (compliance), in which
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5 Additives which are added to the polishing pad in
order to alter the elastic polishing pad properties
20050 OIS /&dn conme  into contact with the sem conductor
surface preferably have a hardness of at nost 6 Mohs.
For the case of silicon poli |ng 10 it is thus ensured
that the additives are softe than the sem conduct or
surface to be processed. Therefore, an enbodi nent of
t he polishing pad which has a mcrostructuring both in
casSar MW Gy “SHahiSty Lt 13T WP DO 1519 st i thAVe O
be isofle30 el el Gen@tdittudidersirdticd M B groSaAysed.
bel ow the hard carrier layer, the pad can additionally
have a further, soft layer ("Sub- Pad"), which
Thec peeresatees deori corduatidomEtdreisal nid hergpdradliyngs 20 con.
plate as long as the hardness set by the stiff carrier
| ayer is not changed as a result. The hard carrier
Addigyiere prafierhalEne elvake sd ndlagtalcadiing pad dratarddr to

al%nlgcg{ger% engtF%O r angﬂﬁtﬂ@%é%o raer{cf vfrﬁl% 'St come

intcormmrtacdl Wi tdy dilead enimsinididtay st ass enestrably drave a
har‘%ﬁ&as“o%o%c]; Ifodas; fiud gt nge é%[the rth@or?ﬁﬂcflfs%lng

out accor to the I nventio

Lt i dHhuhETB0I T dndtorEnes dsisidd s e azcrﬁw:eoth@mt)he
seti&Ihdte: fad e dd e o esPrd@sdupperti es menti oned

above. If the pad does not have any m crostructuring,
no material renoval at all arises. 35 If the pad

TheGIHRM S Al dnidogismert ¥ afree Hﬁﬂdles”hl’trl@fpé&eﬂhlch has a
, sem conductor siurface to be pr cesse%1 cone_into

i TR GRACE AT HHEEH, aiTt dre i b S0 e G Pk erms of
itoeystoeithe waffrs2Qa0AeDE/ KI 16 surface. The

desired | ow surface roughness and damage cannot be

achieved in this way. During the investigations it was
On fdimdirtdeats igron tdedtects ng seysldladw ecipolhsid ngppadksr layer,

and rocess ra rs durin h oI i shi usi ng _
themI%:ar 0stT uct %Cir)lgcol paacﬁﬁﬁa N ags%seeth al’ to #fhgla &£19("sub
Pad"), which compensates for non—unlformltles in the polishing
plate as long as the hardness set by the stiff carrier layer is

not changed as a result.

The hard carrier layer preferably behaves inelastically in a
lateral length range up to 25 mm, particularly preferably in a
lateral length range up to 10 mm.

Some of the commercially available polishing pads were tested
for comparison. It was found that the method can be carried out
according to the invention, and the object on which the
invention is based can be achieved, only when the pad has the

essential properties mentioned above.

If the pad does not have any microstructuring, no material

removal at all arises.

If the pad contains additives which are harder than the
semiconductor surface to be processed and come into contact

with the latter, undesirable scratches can occur on the wafer
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invention, material renoval can be obtained w thout a

harnful parasitic abrasive effect (scratches,
208N’y /K yst al  damage) and without the undesirable

properties of chem cal 10 nechani cal polishing using

colloidally dispersed silica sol (edge roll-off,

short-wave unevenesses). Al Yhe nethods known in the

prior art presuppose, by contrast, that a) neither

chi p-renoving material renoval by neans of 15 grinding
surfaggye Hiades bieqetiet TIEATY ToEERRE 3§ i@ dagageannot be

acﬁg&ﬁgﬁjﬂ}IQQQQQQﬂgg;; abrasi ve grain harder than
wor kpi ece; e.g. AP grinding of interlayer

di el ectrics) or b) chem cal nechanical polishing using
Dusind Ciﬂ”a%?inx(@é‘@i’@f '&@idrlys_, aﬁt_.sivsa@:dfoumtﬂ tz%}@ét NEpbAPHE NGt ing

wi th additian of a polishing slurr containi n
sufims vieh St B PRI B e IR el &9 the
polnedteindl ug anPpva Ngi o ecesstnNgrad epad hetat yi €l dssensi@dtto the
._surface with little da e _can be carried out 1 t haut
el g MR S bt i ST oy by Reanbi ot e Barmeul
payd itsin rep s e ee M @rtostsacd teteeks padotdiatess, essesta Al

he _ i nvent i , e h id. polishi .
danfdes and TS A bidfa A et i 88 of Vi can
me @odn sta hophioshing wifrgtedl loiddl by éteponsed rehbiad sol
(eddl & SNl et T gy SLLLAL |y d e pal oy det ermi ned
nner, are extrenely unexpec?e In view of the 30
prior art. It was furthernore found that the pH val ue

Alfﬁtﬂé“hé¥ﬂéé§"Eﬁbwﬁgfﬁttﬁgl i é§t §@%@§§8§éja$yt80ntrast,

the invention. Gven a neutral pH value, no materi al
thaterplvate Wohigd Pelbtmeengurad Ry B8l t FRNp6R | shY ngears ngt

gr#ndd 9@15&%§Lﬁﬁﬁbé¥“bf orhSt 588Nty &l ndOtethfnate cutting
i nvention. 2008P00105DE/KI 17 This ‘can be regarded, as

ed‘%ﬁ%olfntma?ﬁi“%fh‘?b-ﬁ‘%‘?ﬁﬁ%% FrREr AT FRARNYOT KRECFR; ©-9-
FAR Ner iRl B d abf I Bl o Pee hand 5 of 1 &4 Sor PY) | ShéMbcal
§ﬁ¥eg%gil fs it is known o, the person Sklliﬁd in .the
meghani %‘f TR RE (LT P Ty 17e eekehtent 52+ hYepibieheds
ulofabindel pbbvad uei e Adei€Doh i BY & ubsl Lainingsetuand
her ef ore gields a considerable material renmoval in

t
CORLFITHRY AP R GF veh® a2kt aPUhH val ue. This al so

expl ains why the undesirable

The fact that a gentle material-removing processing step that
yields a smooth surface with little damage can be carried out
without grinding or without abrasive slurry by means of the
polishing using a microstructured pad that is essential to the
invention, and the fact that said polishing, upon selection of
suitable microstructuring of the polishing pads, is effected
with an economic removal rate and deterministically in a path-
determined manner, are extremely unexpected in view of the

prior art.

It was furthermore found that the pH value of the polishing
agent solution is also essential to the invention. Given a
neutral pH value, no material removal would be obtained during
the polishing using a microstructured pad that is essential to

the invention.
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surface defects can be avoided in the nethod according

to the invention. 10 During the polishing essential to
200300 VEDE /KD usi ng polishing pads whose surface is

m crostructured and which are free of materia

addi ti ves whi ch possibly have an abrasive action and

are mxed in to nodify the mechani cal pad properties, a

15 material renoval is |ikew se obtained, but only if

the pH value is set to be significantly alkaline,, ,
Thharety R (e piedAnePerol atieeare ApiPr¥emadingl enteraction
is bEneoNddd nBgl thatnd fer 1RL erdRbva ErYEhaflUshngr 201§ he

olishing that is essential to the invention is , ,
POE$RERed CSRBStANY a2 F y1 T nl: FAPWR deP et i BT Aamngkilled in
th@ﬁ@ﬁtytm@tygﬁin&h@% k@f?@'pﬁ§)tD@gegf@nﬁﬁ@DlyQYﬁdepyndent of

the m crostructure i's . pad. In e prior art, a .,
thg i ok 06 it et et Q0L B [ BRGvHh A hE RS R L RSt biBREpore ields
a deeni daosiml é roatehl 1 redmevay i os@ssl oglar netéhsg2ben a

respect..a_surprising findin or_the nethods accord
ne§ CEREGPH ASHIRT oTADT ki SR LT Ind Ain L PE EpgeE L0
suafvant dgtaciss efdreclbe ofved hdedret hodhée smébladdaaccording to the

[ Efggntial chem cal renoval at the regions that are
artered 30 structurally (by neans of crystal lattice
strains or oxygen precipitates) or electronically (by
L  ons) i e .t hej L. C s

DufBRESCRt SeREthing SELURtLgT N0\ Bl St ikl T iR polishing
pPadechapseasupbi¢ehl agnisragt sictenedornd which are free of

ma%é‘P?éP”é&&‘Hi’véé‘%félge?%%%‘{wg L 56 PO, | §B%9t9ﬁgéi Rgt 8on and

5 mcrostructured pa IS essentlal t ,
are mEwed ol Thenodhby t thRvecebnr et ti BAdNRYRPREEERS, afe

maSé B4 T 1 SaRET Y1 F edUCERei; Dse 2oPEA I HES, apGt NBRKk@ADESShe pH value
. after the second polishing step that is essential _to
lstﬁ%tiEQe??i%hgnkf?9§n?ly~@lka¥@&ﬁ7vv?mﬂﬁ¥mﬂltﬁ1a+pH.V?lue of
at_least 10.

I YUUAW X' -wnww. 2Yt+M , M .aN r4' ~" t| WA eREssi r whvvnHI?

WWe. uaa.rvm .. mn "... a ctrcvewxU w.l| ma

It way aapgngoaﬁsaﬁﬂ_iﬂS% Ehael tie hbecdest easforBLt faring

thi ckness o the sem conduct or er.towa the e
Che ROLESRLR . DPFC) Leans BT LUhcER. CHRi SNTSH - &9R doft Pyrected
suldsieah0i 4 hey f aot at path-dyt eransedf maheespcoadeby only at the
108911 ShE NG, L OGS, Lhat L8 18, ANt S POLLENLNG, YS! NY18shing

pad. In the prior art, a path-determined material removal had

in

hitherto only been known from chip-removing processing; in this
respect a surprising finding for the methods according to the

invention presented here.

An extremely advantageous effect of the method i1s that a
preferential chemical removal at the regions that are altered
structurally (by means of crystal lattice strains or oxygen
precipitates) or electronically (by means of dopant
fluctuations) in terms of their chemical behavior, as is
observed during chemical mechanical polishing using silica sol,
is substantially suppressed during the polishing using a
microstructured pad that is essential to the invention. The
short-wave concentric unevennesses are significantly reduced in
amplitude and markedness after the second polishing step that
is essential to the invention.
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m crostructured pad, it is possible to avoid the

di sadvantages of polishing using silica sol in the
200600 18X pr/&fer ent i al  chemi cal attack and poli shing

agent depletion fromthe edge to the center, but a

particul arly advant ageous path-determ ned 10 processing

of the seniconductor surface M thout involvement of

di sadvant ageous chi p-renovi ng renoval nechanisnms is

realized at C the sane tinme. The inventors assune that

with the use of a pad surface that is 15

Flr%llqu I ey d%éaaéeechri Q- Hd Qﬂﬁsé]{rié‘slé”@ @%Os”éiﬁﬂ%r{dhctor
i nvention, on the one hand so |itt passed

Wafteof 1A e RGO 1RARS o' StHT - h1etE Pr &aéré%ﬁ pretitne ngis is

evidREes IRPIARC Y .t haafh N e otﬂgﬁrmésam SO 1A Idrid
passed thereto that an edge roll-off of .the wafer

POl S BhTYy t ad‘epﬂsetticbrr“'%% d}ﬁeZ(?qlﬁeS}b]db% SRS
miedudtipdevent edt Ro ﬂwsdermn;mam G¥Eabdse disadvantages

ot ¢ gﬁxan|t |Q%o reSSIQ#'Hﬁg%i lﬁ§f9| ﬁ; %%%ﬁﬁﬁ%b%h

charurdadcatﬁmb]sanequﬂmcﬂkmmgsmg‘e&ﬂe dep Jpstr it dre uff :msmh ytkhse ggdge to

5 ere n1cro tru cturges o e pad surf C
thev ecrey%c rdse Ut E?1er3tsle caornl uct %vrangc u rQlf) ace ot tz}%/en ochhned
prddessimy tdfattltehisemianpldddtes: spatdeaetigrimutedi meacténment of

o1l kR B LR K 1120

thepagariec fliare by t he hard pollshing pad 30 | ocations over
the sem conduct or surface nmay bring about a higher
reaction rate there and thus support a path-determ ned
The Haerdiorfatags e ridmvalith tharusrerof mvexd gty bree ithat is

e1 S Ohspmusihthaly the path o et efda Neckb IR &1d at!o the

renmoval® that distinguishes the polishing using

IVt r (B8t drhed iRl iand §% ]els%te]rﬂ i 8 m@aemém ithe

ser{iRAHSMH Y pocRsse BHAL hotdr dmddiods) accf thdidds the: occur,
2008PQ0105DE/ KI. 19 |nvent|o l can al so be_ utilized for

and; Gyt FNETadia! oto e Qi den@asese wdrgetoTidat an

edqfwlﬁ'cslm'ngfmaﬂf usualv 3/ o i dign s hagvih Pl 4 s gl Patord from
makes t he i shing pad stiff and

carrier | atter 0
the T, T, e Tt Rr e e tw i 1 L ost or 5. Th
pol i shing pad usually

For hydrodynamic reasons (continuity, incompressibility) it can
be expected that the shear gradient in the liquid film between
pad surface and semiconductor surface is particularly high
where the microstructures of the pad surface come very close to
the semiconductor surface or even touch it, and that this
amplifies a path-determined reaction of the OH  with the
semiconductor surface. Likewise, local friction heat along the
paths described in particular by the hard polishing pad
locations over the semiconductor surface may bring about a
higher reaction rate there and thus support a path-determined

chemical material removal.

In further investigations it was observed that the path-
determined material removal that distinguishes the polishing
using a microstructured pad that is essential to the invention

(polishing process B in both methods according to the
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additionally contains a soft polishing pad backi ng
(foam). The latter brings about an elasticity of the

20q8RAGHSREAED in the range of centineters and higher.
10 Therefore, the polishing pad can be prestressed by
i ncreased pressure of the retainer ring in such a way
that a convex form C arises.~“A concave thickness
profile of the sem conductor wafer, that is to say an
increase in thickness of the sem conductor wafer from

inend kunt 72t kP 01t hel 2y ef het etz gerd pehasing of the

sept@ es by weadhs, of the second polishing step
according to the invention. If this is substantially

chosen such that it acts conplenentarily to the
Th@wpb iﬁdir&ﬁgﬁa%?héu@]g]fy oécfmftﬁi_rv@f@rhaﬁ@ ;!Sclhl:i?m_ﬁs? bad a
subsequent do e-side palishi using silica_sol in, .
CaEh tathe WRTTET HIA TS orierto L Lot i A% Skt bafaf | e lastic
in ttgetadigs moftd he Sem mondind tosr saf Bie i so bbélad medoad usually
he. en of the processi sequence. 25.The cl
2 ot a B et A SO e 80 Mo BB TP fam - The
latitegyrizaireyrs @it delolestiditefef ertve poliskeingipradesn the

ra‘f%gu%%tc’lerg%l%&gem&or@ Jor wafer that was processed

according to € invention by nmethods known
The re fdwee ¢l Wsesol petiong gpad apah (1B) picest e sged Oy hencreased
prd SWEN 1 08 Bye %éﬁa?ﬂ{é@ rﬂ(&cféss&@fatm%f&ﬁﬂ rethodey form
according to the invention; Iin each case on the basis
aripjes heh sl e ofhickres ot be olafidre $¢raicorductor wafer,

th&t L4 108 &) |y | i‘r‘i‘@f@%@eﬂ&'%%ﬁc}&é§§%f Ofie ré’é’rﬁf&ﬁ(d@étor

i
varyi ng dopant incorporation during the crystal pulling

watppclesdn e cuMieondiRIP L vied ebha @9 afereact ocad ybe

obtd UedWat§ N £ONCONt 134 | SBZn@f pHDPHM nd F L B8 €adcdAing to the
top). As a result of non-uniformmaterial renoval 4 on

invRitlot®R - of the bond 2008P00105DE/ KI 20 strength
fluctuations owing to the locally fluctuating dopant

concentration 2, a rface unevenness 5 (figure 1 (A,
If it oms %?k?%%%n%%a]:\er u??e%fsﬁ&c%%%? njétb C%ans(o% a

corfel érsdn tegr ey hosl ties coxchdiged cedde psiDrofftofetige wafer
enGOPLER reehapy cal. pol | ShL0Re- 2148 09 AhAREARLYSy <11 ca
sol in accordance with the prior art, a highly plane-parallel
target form of the semiconductor wafer is obtained at the end

of the processing sequence.

The claimed invention and its advantageous effects are
explained in greater detail below with reference to the

figures.

Figure 1 shows a semiconductor wafer that was processed (A) not
according to the invention by methods known in the closest
prior art and (B) according to the invention by polishing
process B of the first method according to the invention, in
each case on the basis of the example of a semiconductor wafer
that is electronically inhomogeneous as a result of radially
varying dopant incorporation during the crystal pulling
process: the semiconductor wafer 1 contains a locally
fluctuating concentration 2 of dopant (figure 1 (A), top). As a

result of non-uniform material removal 4 on account of the bond



10

15

20

30

35

In contrast thereto, polishing process B of the first
nmet hod according to the invention |eads, by virtue of
2008 Rilf0eD®/ Kiat eri al renoval and pat h- det er m ned,
deterministic processing, 10 to a snooth surface having
littl e danage and havi ng higB | ocal flatness 6 (figure
1 (B)). Figure 2 shows a seni“®onduct or wafer that was
processed (A) not according to the invention by
met hods__known in the prlor art 15 and (B) accor di ng

streRd MG TR tHPEh € A9 19 Ad Hriecedsi B £ ]d%ctt%?etlfr}q é%opant
contRINtaG taesordi Y dur e ivnenmdss talfidude ISagn) a bottom)

speci ally adapted polishin si.ng the mcrostr
ariges 342 g B AR S P i pie TG method
accﬁﬁ:mmmﬁdzldﬁtt()fe \p&flefr dravi (kg forargenenils medterriiadal polishing
propertl es. roce ing by 20 neans of chem cal

usﬁ?@cﬁ"é’nl ﬁasplolq ssrﬁ ‘abrasive silica sol

according to the prlor art the depletion of the silica

Tn 800 00 16, LAS NeGessaRy LT anspard. T o the, S49%J etnog

center senmcon or Waf er to an
acdorshiegs e rdrepvialveatt itdre lesdiye dfy Nieftsmncc&)rmumﬁorm

: :@ I or YAFTAR ,
mat f%i f%?% Qﬁ é%%?fgg%ﬂﬁkeré{odgﬁégﬁlq '$§§3moce331ng,
to mmm S ehthldlq He. ttile etamiase iand Hewigtthddigh local

flaacqlc‘ecysdlg}g(ﬁ_lwllge i ng@ntion leads to a plane-parallel
form8 by neans of a uniformmaterial renoval. 30

Figure 3 shows a sem conductor wafer that was processed

Fidu¥e POtsh AGC Y Bt dohdure d MURMd O ik avad Eﬁﬂdc’:&ﬁé&ﬁ (A) not
cheni cal nechani cal doubl e-si de pol.ishing (DSP) known

ACGH IR 19 d%hearltnved]ﬂ%lkﬁ’g eh %lehr}%wrdulébé%hfecprlor art
andi (B)Casrdng uppldited 3ol iching wgeo i digkbcess B

abrasjives between two polishin ads cont ai ni .ng .no,
of et %M aéi&ﬂf)cgl%ft&gft LR PrYbes is to say
sqmra:itlrgg ddapgthel ipvleindt oty bysla]goaihémlrtgcqymmﬁéd)ypad in

TS P dAe 5 SH0dto0 T0SERE 1 = Jhy (e tor wafer

hawiirgy dsinfagpinecads med teshiialg grasheadnitesd .ni gr iy ;smd&setsaennegs by
com i,Lht o cont ct W|th he S8 conduct or urface

meahs’ acrheenhlca ap Jtchal rocl(:)sssl(;) I5HY AREa Ve silica
solswd@oe]irando ithe Ireflcmsartﬁ, vﬁh&:rd@ilmﬁicshm@ ’H@mllma sol
dufﬁﬁgﬂﬂﬁéjﬂggegkary transport from the edge to the center of
the semiconductor wafer leads to an increased removal at the
edge of the semiconductor wafer, and an undesirably convex form

7 arises (figure 2 (A4)).

In contrast thereto, the polishing process B essential to the
invention in the method according to the invention leads to a

plane-parallel form 8 by means of a uniform material removal.

Figure 3 shows a semiconductor wafer that was processed (A) not
according to the invention by a simultaneous chemical
mechanical double-side polishing (DSP) known in the prior art
and using colloidally dispersed silica sol as supplied
polishing agent containing abrasives between two polishing pads
containing no abrasives and (B) such a wafer that was processed
according to the invention by a polishing process A by means of

DSP using silica sol and subsequently by a polishing process B
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5 contains no substances wi th abrasive action and has a
pH value of greater than or equal to 10. Onng to the
20 A Y ELUEM /Kbl | shi ng process B, however, the DSP in
t he met hod according to the invention (figure 3 (B)) is
10 carried out here with a mgterial renoval that is
significantly reduced by cor%i'ari son with the DSP
according to the prior art. During the DSP in the
prior art, a total of between 10 pmand 50 pm of
usifg diimisrasipiediused v itg . POE aoit s o 1,

subsx drife £XHPIR) - 1dth tdU S £as 61 tH efted aldliyi h@aM@dr surface
amount of material is renmoved fromthe front and rear

WhiGhar ©haiier Bt MR RIICTRIY | SehtordugiPsgurface, and
in bﬁ{él\&ﬂbh 8 5) cpﬂndv&mb_ it % rprv]aﬁ_rs:fmw?a:gers& dies djﬁ@pbe‘iécfﬂl_aﬂhichs

tho accor.di n to the I nvention accordin I gure
conES 115 iy IS AR T (R ST SH Lo T (R b value
of weidrablyhdretovearng@d pand 10 pm of material is

removed during the DSP (total material renoval). 25
OmMng to the further material renoval as a result of

Owirhe to ulisegiesdeqodnts oyl gt Doe ssr&-ess Mgy, showever, the DSP
i c t.he t eria ' h

in AL QRHOUEL Mot B L0 )01 Bl JRLEL Sl LIRS 1y
cagriesd autathertd wurh scenalzemigel roughmestsest angl significantly

{ aural awaadamiEl 1o : ,
i A R L

snooth, flat end surface results. OMmng to the reduced

Du SRy Vst p ojjfr{]t He POjdShing  Progess 4y kE‘é’l‘!\?é’&‘i’Jréh&n and

convexity 9 e sem conductor wafer 1 is nuch Tess

S0 prorduritdee b i el cvhparmneeeeéxaebl Dbf 1@l p5H04 C 1,

foMd bl oy mederd i r@d@é/,alpf'@f@ﬁmyamee@sﬂsﬂ@umi&f
art 35 (7). The subsequently perfornmed polishing

natRHes st B 1RNES THR%rioee rietnt e Poreahi pdpadet the

s et W red [t il nes Agd] tyes LOM N 0say O KO agt i 4RdtP® pm from
sem conduct or surface which are harder than the

cadeny ductor surface, and in the case of which a
2008P00105DE/ KI 22 polishing agent is added which

cantai ns no substances with abrasjve action.and which
In RS OThq) FCRr i eat o R hat Brnt Boual T ot 4ond oho figure 3
(Blacguoeiid rafl y tise paddn detian med20 emovahd pgpref en bbbty

préf%?%%?&'%%%ﬁéé% rﬁﬁpgigvf6e&nrgglgg@egggltygsremoved during

the DSP (total material removal).

Owing to the further material removal as a result of the
subsequent polishing process B using a microstructured pad, the
total material removal in the method according to the invention
is sufficiently great that all surface damage, roughnesses and
chemical inhomogeneities originating from the preprocessing
steps are reliably removed and a smooth, flat end surface
results. Owing to the reduced DSP removal, in the polishing
process A, however, the convexity 9 of the semiconductor wafer
1l is much less pronounced than in the comparative example of a
DSP with high material removal in accordance with the prior art
(7). The subsequently performed polishing process B using a
microstructured polishing pad containing no additives coming
into contact with the semiconductor surface which are harder

than the semiconductor surface, and in the case of which a
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5 levels the slightly convex sem conductor surface

resulting from the first polishing step, but w thout
2008 P 0OPBKOLt an i ncreased material renoval in the

edge region of the sem conductor wafer, with the

result that overall an end surface of the

sem conduct or waf er havi ng vé%% good flatness 10 10 is

obtained (figure 3 (B), botton). Figure 4 (A shows

first of all how silica sol polishing processes that
pohiehimdvdgent the aoded whichteenpiing ruofdbatareasewith

abf&@ﬂ%@faéf@bﬁeﬁﬁ&oﬁﬂﬂ@ﬁOﬁa§ﬁ£eﬁHOMAD@et@fS%£é§@e§0£h4§ or
eq%%ﬁletlon fromthe edge to the center of

ERntlict R 2GREERt Thel t 5| RRER ad bR BERR AT FRAV R
réf@ﬁ\ﬁbl er@rﬁ@@@s sestd a1 t hr OHOb] &vSe8d Coagush or aMaf €hus

n the in aratus 11 oljishin
Levelfkhs ofldhofn PSS ent cah it anchirescw Fpsulting from
théefﬂr@erpdlﬁghﬂﬁgaﬁﬂepplb@hi@gt@@@tlarlﬁ@lﬂgt&h@tti5n
g count er act ﬁe etlgn 15 of the s lica
ln%%?ai% bfg}a%%ﬁjn% of cMave eb%t OVET h%%%l°%4°5f bhe
sem&nmmmwmhmmCWaﬁE&srwﬂtmvemethesulbtﬂhmbroven@llzan end

su?@géghgftgﬁep éﬁf@d§§u8@g¥1§af§ﬁ"§£5fﬁ %u¥té$%&%£;£?5ess 10

orce e sem

isi¢bt¢mm@@géf1@@r©n3o(31hebQEhwmbnductor waf er 1 by the
25 retainer ring and cones into better contact with the
sem conductor wafer in the center of the sem conductor

Figprer4 ohA) aslowmt Lbrsttef ephsthevt yilipe setnpolishing

prcl;@%@éé@ NGhadE0PL egn L e ih’tthgt‘%rf{mté‘ft E‘t&ﬂﬁgu%oévmd a

er _over the hol ding appara
copfe¥khess ¢5 fhachenicapdueier h‘aﬁéersowrl@atoysgélca sol

deﬁi@tiéﬂefréﬁaﬁhéSe&QeS@d EﬁétcéH€e§38fCQHQU§éﬁ£c$ﬁ8§&tor
rojects fromthe tetainer or guide apparatus at the

wakpl- ofne hbl it raki oy prloematkicaily - shevs, tipneeosaf seption

th@blhght@esérﬂi@@ﬁéi@ﬁtof swhosrthei segh6onguat Ay Wpperatas 11
&i, ol ished not for the holding agparaius to be
(Pt A BYI e 5|v%h%5ﬁlic%?|6nsb?g%% BtdsshpelshoRgyBachine

wither@tapxﬁeﬁrtlldgsm 08688 SobhYtRisGdgaany3. dﬂubhEtsmﬁe 1s made

toPEriaherdnE Phsr IeREAERR chRuder bhe it i upoE aachy Bfans o

a fﬂeg@tbﬁessverbam@vnzerofhanethemouenhaﬁgoofwhﬁer 1 over the
et ai ner. 200

el hE ThS SFhyl 40T B bR Fshohpebynd pab 13! 87 nSLikehear

(21), that is to say is forced away from the semiconductor
wafer in the edge region of the semiconductor wafer 1 by the
retainer ring and comes into better contact with the
semiconductor wafer in the center of the semiconductor wafer on
account of its elasticity. The term "overhang" denotes the jut-
out of the semiconductor wafer over the holding apparatus when
the target thickness is reached. The overhang is normally
positive, that is to say that the semiconductor wafer projects
from the retainer or guide apparatus at the end of the
polishing process ("jut-out"), since, after all, the intention
is for the semiconductor wafer to be polished and not for the
holding apparatus to be worn by excessive application of
pressure. However, the prior art discloses single-side and
double-side polishing processes (DSP) in which material is
removed for so long that the semiconductor wafer, at the end of

the process, is thinner than the overhang of the retainer
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the carrier during the DSP. This is possible only on

account of the elasticity of the polishing pad. 5 In
20GFROQPIrAIE /AR, the convex form of the seni conduct or

waf er can actually be reduced sonewhat by this

"under hang" (negative overhar%) right in the edge

region, the silica sol depleﬁ nechanisn1is al ways

predom nant, and a wafer having so-called "edge

roll-off" of its thickness still results. Figure 4 (A,
aPPAYaeE Gl it B o oHiiidtdrihmieinalerside tpplishing or

thPBdshid¥ Mih@nrthe usger hangs 24 pdd s Be oY .on account of

m ddl e, ,shoms it after. one side _of the sem conductor

th‘?/vaef]ear sl W rFadi oM pihe&Rdthe  seni conduct or

waf er has been turned and the other side of the

S n1conductor fer has started t e polished. Durin
In W1 1 mr R GHEY P r K178, G, T SO M BRFLoF fwafer
carofact’dlea]f]ly die lsedi&:eli ddreeweni dondilct or"wederhdwas" (negative

alrea ar. (17 account of the sj :
ov Y oL 4 M eIl IOty TR h NS Sphetgpletion
medH&nr&mnxxn&ﬂtuH vad domianarse,s 4m£)aCWHfm@ hghieng so-called

"ecgqo gi' ng, Jﬂf Q{g‘e{hf’éﬂ%s ésﬁ%% eFJa%ure 4 (A),

1City e S€m con or
ton,hesrrmyfs yii et dsemsno;rmvmmtctlo watffer c[yrzamco:r prespuleshfng Heith an
" oly 4 ' h ol j S: ot |
uﬁﬂéfﬁéh Ln%éof ﬂ% 4d§$$ng t eﬂ%ol”%ﬁ Y%glg ?Pgiﬁ Se side
of oﬁhﬁérsmld@miuqtmer sveaﬁ%rfm@:t@lrrémﬂmbe@n sorreiiagd Q the

seﬁﬁgﬁﬂéﬁc€%¥ﬁ%éfgf #gé E@é§e§ufﬁght$ﬁﬁ COPMEL QI de of the

waf er 25 asti cal Yy assunes an | most planoconvex form

SeTEROTHURHON HEA LR bribval ST Eeb Se e Gnolibterd waPeriag oe
polfh Q) SN FREOPIALIE, anPadys ﬁéiﬂ%fbe &hdeiod first

(ggllshlng when t he sen1conductor waf er
si et ISP T b ai YA T &h NaR et d AT Edge (17) on

acd@int off 2 viihian %y@@éxé@féﬁyf&hct@o%rveédé@ f@lmdﬁf of
IS nmani e

of the se co or waf er
th iy SIE S o A ot weti et et bids T (dhting
th@%@lﬁs}dﬁﬁgl | ad f tiree @ﬁﬁ%ﬁ@fkﬂs@l Q0n V\@é@csuralf eof_lo&h@oémbeﬂuty

S uenti a on a Ssin e S ut
of SRS S BATES: dote pedd it Sbaplatds  famewhat to
theadyrsdming pse peuforaed ve tdi bhcd L&@ber@ﬁrDﬁgttﬂee polishing

of {HT $ARLE 200G T o wnEEhy SHLEEYMERL $fishing

of the other side of the semlconductor wafer, a somewhat
smaller edge roll-off arises and the semiconductor wafer
elastically assumes an almost planoconvex form 18. After the
removal of the semiconductor wafer from the polishing
receptacle apparatus after the end of polishing, when the
semiconductor wafer has elastically relaxed again, an
asymmetrical edge roll-off 20 with an asymmetrically biconvex
form 19 of the semiconductor wafer is manifested (figure 4 (a),
bottom) .

An analogously similar result is obtained if both sides of the
semiconductor wafer are not polished sequentially on a single
side, but rather simultaneously on both sides by means of DSP
and the polishing is performed with an "underhang" of the

semiconductor wafer at the end of polishing under the thickness
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of the carrier of the DSP apparatus. A symetrically

bi convex form of the sem conductor wafer results in
2008H0D 1 /K gure 4 (B) illustrates an enbodi ment of

the first nmethod 5 according to the invention, nanely

the case where polishing prgcess B precedes the

doubl e-si de DSP polishing pr dess A Firstly,

therefore, the polishing using abrasive-free polishing

ent and us%gg a mcrostructured polishing pad is

of Hyer i HRT AT I PP EBRATAS - Fh RS tcHa L bhdiconvex

forelc Refe 9t cbh dUEHy0jWRttes heynnd 4 hie e 4 hbLdeness
of the sem conductor wafer, that is to say that the

wafer is polished with an "underhang". C The retainer
Fidureg 4l 2AB)onpriessas: ddwe drongebsiienealtasdf cche first method

<L HE S ROLLSTL 10 PR IS 8, L8 2050 LoUon o
prddqedes p]rEecCeeiﬁsertkm‘ ddidb IserdictEn st gro Miafteimd 2rocess A.

Flrstrice pc% ehfon acc or%t h01r¥ heus'1nr1\/(:"natk§rcms1l'lvs’eI g4 polishing
M crdstT uct ure THout Hbrasi Ve-cont | ni ng

ageud] iegtd ngsla@sra ndmsrtcnucgnumd isEl tahingqrashsierl carried out
s dge : Ragd f { a

(£ . geadl n tHi 2%%\]@ Iléélgq{ %qrce%:% 'y to aroefzgogr rrg%])pollr%ldngl%y

prqjsdcro h&(yqrr;brtdm/eenﬂlafténcfmemshm rtgﬁearsemocrmmor wafer,

théﬁ“'fé‘”ceos% *dHhttg-)% ‘%H%%feﬂé %Iibflolf S eimcé}{‘d‘{%&grhan ",

waf er re 4 ( t I Nng process
Theg J%ﬁ,t@elrrtﬁmgﬂtrw t4e qqmrrﬂs&ﬁﬁ dig g arost Fargiif ed

mldl%%’dﬁlc@cafﬂécﬁ%c%ﬂs %ﬂ*%ﬁd ald ya@r‘cl'@tefﬁgsé d@églc\M tdF athe

‘under hang", this results in a biconcave wafer form 25

wafegmdits deisy dmsasidl ig Nihadharat 91 a her Swpjea ekt dhe

certr Shawy .sehhicsiR-t@suldrd:s Y21l deghi e olishing
si myl taneous doubl e- side DSP using a mcrostructured

ac‘i%iﬂjl(r}q rf-dtveéﬁfd\/&{) uging t%@%‘f%ﬁ'?o@b‘i%é‘iﬁed drad without
ab i £ioncanh vEfreimg odhiesh fipaldantsujactast dovd heise to

second, si nul t aneous_.doubl e- si de, oI [ 5}2 I%&)r cess 201 0h
InGQGaRFh I st , PRh S99 re Bt ekt al aving
a Mﬂlgm :Irhefhlsoo,my Sldéadd rtamtgﬂyetgm an ddﬂ‘es@ﬁmgsglﬁe plano-
t| Oﬁba‘g evi ouslayrl ntroduce on accou

C?Ih ca S0 Fetsh. THE ISR r U CKIGRT ehgn i Ghe
edc;tepemjlem ah the ﬁmsaomiucytcm‘ vtzh@rSS(fng:umttt uth emllddle)

12 B34 SICRRA, T D% E0 B PR byl st
micmagﬂﬂrturdmreﬁ petd cihs |cgaldte1t@d mtnedsebyuemtelamw nerm kleinmgeides
witdERLD 'an&mazrngS,Pocqil:péqEégﬂlts in a biconcave wafer form
(symmetrical increase in thickness in the edge region; not
shown). The same result is yielded by a simultaneous double-
side DSP using a microstructured pad (likewise not shown). If
this planoconcave or biconcave wafer is then finally subjected
to the second simultaneous double-side polishing process A
using a silica sol, the increased material removal which then
occurs in the edge region then reduces the edge elevation

previously introduced, on account of the silica sol depletion.

The preferred "underhang" is dependent on the elasticity of the

microstructured polishing pad and is between 0.1 pm and 0.1 mm.

Preferably, the desired total material removal, the magnitude

of which is determined by the maximum damage depth of the



25 nechanical prior processes, is divided between the
first polishing process B using abrasive-free
2008RQEHI ST /Agent and  using a microstructured polishing
pad and the second sinultaneous doubl e- si de pol i shing
process A using silica sol i_n such a way that
precisely a maxi mally plane- &érallel end formof the
wafer is produced. Now that the solution according to
t he invention has been found and under st ood, thls can
meqh@n G it érré%qwe;ﬁfedsﬁ IV%%\@FW%% the first

po ISisitranty rd des fEBQlSlCrhj)iaJﬁfafsJ_Lfvé-h‘_BréH QI tdioNad agent and
di vision of the part re vals 10 be en the t

us g |asH‘HFg‘f%Stterﬁ%C*§? p‘f 1r %ﬁgﬁd’gﬁi & HeC© unt

simafl tcatgowey dduhkﬁ4ﬁﬂﬁk pumkﬁhiﬂgegﬁﬁdnszArusmngnHilmpa sol
the .first

l.i shi ) t h f
S g R b e
form mf S:quafesremmdixythh;ed/\awm theet "l esdlangi'orofadderding
UL
to BLeqtit il s f it Snd &t i dli g ve
reahmﬂ@eqﬂ&ﬂﬂ@ﬂas@amhcm@te\mn tvieth pmlsmﬁtr@iaigaek&y free

ch R B b SO BB P DR oo
10 betyveem rdtehdaVd dro Jprdtlass i sters sﬂalrﬁcz@nd@cltsﬁlmﬂ@y way of the

am@WPTd 511G r 8 POl i il 11k RY O G G5Fe /A tﬂ@'fé‘caelf{@ftlslng during
material -renmoving 5 processing of both sides of

thes i oh R BT Riee s mitharisiig s %dcqmpwfem cdotalned

in RHd Siddhr fad dan l@@dlmlpéhc&pmlaim ﬂ@lc‘ﬁé’bﬁir@ﬂ?@%nd
wi th abrasive actiaon, n which pollshlng ent

seqandigtredPXutiah Lorlths néﬂkciﬂa%ftaé}ﬂzeso%ftfrﬁ bkl yrder the

15 thiagiidds aMciae Rﬁﬁﬁ@ﬂ%ﬁﬁfcﬁ%kﬁse%ﬂ@ﬁﬂW ﬁé@m spd® using
mat er i I-r an! % rocessi ng of ejther one or both

siliGhes Ut S99 G hikFFNE of the

po Jpicd H ishy rwgqqaﬁ dépwtelcbrvmaﬁh bdaisn tteri8 ©f 0&d I Ut iethg) or
surfacgjap (g qbalns no materials comng into

SURRIHT S ??RIM§Q5?ﬁ Uctor wafer which are harder
than the sem conductor material, and in which a 15
pol i shing agent is added which has a pH val ue of

greater than or equal to 10 and which contains no
subst ances with abrasive
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action. 2. The nmethod as clainmed in claim1, wherein

the 20 sem conductor wafer is conposed of silicon and
208 B0 e B /AMIs of the polishing pad used in polishing

process B which cone into contact with the

sem conductor surface have a Mobs hardness of six or

|l ess. 25 3. The method as cl &fed in claim2, wherein

the polishing agent added in polishing process A

contains silica sol (SiQ2). 4. The nethod as cl ai ned
Patgnteiqdfmsyf clains 2 and 3, wherein the pH val ue of

t he polishing agent added in polishing process 30 Bis

set. by addjtion of potassium hydroxi de (KOH) or

potpaéf@t@rﬁ éé’rﬂomc@s(ﬁm senicafdypiiHod' e ol HMMRFLsing

Eidf]l_ltasﬂ')ﬁ_ caieres It thﬂmch/\&eﬁﬂftst hht@atéﬂlCJPSﬁéM\IM@S

0 e g pad used in polishin rocess
prQlest oA A0 pad Used o, poll ehi g rocess, %0
simgiirfaceusthersaid J'IrhavH‘tL&ilrng 1 tdreire) gnmntiss i ssdetwieath

m and 1 and the stance bet en the e enent

cof e A c ta?rtbcefo%ﬁ KAl h“éhléﬁ a
pohmﬁﬂmnbzﬁgaﬂuuﬂﬁxhddedﬂwhﬂnﬁicdﬁuﬂxﬁ91sdbsﬁ&nqﬁﬂ with

nts is betwee mna 50 and. t.he
0 G TR e 0 Wi the ot NI TSRt im0 P S
matremigbl kenﬁtanmtptmtmlcrmaloﬂecemhanwrm co:]t abatsh 2side$,0f the

|.1.sh ! ; Dbef
oo s preies T 0 The et Rl G i s Th aage vhich
hasfa gl mstruatwedwmreiare pold sthlrtgh proTesINA g materials
cort‘r“ﬁ'{c‘{1 39: o CCfr?{atcecr Pl Sﬁ'}t@g% e Bor ]anﬁer e ch are

almed 1n claim erel n pol i1 shing

haxysiese ddwaA The stami ganstiveles: anqﬁmbnv@%i o¥N P le bRV ex
po BEIH GRN i’@fﬁdé@l{‘%mﬂ S NG, Fﬁf@%ﬁu@ of greater than

subse uen e produces a pl ane-parall sentconductor
or v%ﬁearl Y3 11% a%é”hﬁétfhdéprﬁéa%m%l%osqbﬁ@%% FigheRRrFsive
actti . sem conductor wafer, during polishing process A

lies in a holding apparatus having a retainer ring

that surrounds the edge of the sem conductor wafer and

2. thempbwduiseds dieimed in claim 1, wherein the
semiconductor wafer is composed of silicon and all materials of
the polishing pad used in polishing process B which come into
contact with the semiconductor surface have a Mohs hardness of

six or less.

3. The method as claimed in claim 2, wherein the polishing

agent added in polishing process A contains silica sol (SiO;).

4. The method as claimed in either of claims 2 and 3, wherein
the pH value of the polishing agent added in polishing process
B is set by addition of potassium hydroxide (KOH) or potassium
carbonate (KyCOs) .

5. The method as claimed in any of claims 1 to 4, wherein the
microstructures of the polishing pad used in polishing process

B are formed from uniform elements arranged on the pad surface,
wherein the height of the elements is between 1 pym and 1 mm and

the distance between the elements is between 10 pm and 10 mm.



20 sem conductor wafer from |l eaving the hol ding
apparatus during the polishing process, wherein the
2008R@ IEDE/KID proj ects beyond the plane in which that

side of the sem conductor wafer which is polished
during polishing process Ais |ocated at the end of
pol i shing process A 25 11. Hve method as claimed in
claim9, wherein the overhang of the retainer ring
over the polished side of the sem conductor surface is

6. betMemathopmari Dimedmin Jolaim Thevhrtnby e ched oy of
thé rb?éwerpés ci fipstedp 14, JJIHW‘;%E&' 750 beh Wweed dhdny asea e

material is renoved fromthe sem conductor wafer
befdm%gtfp%ﬁls@fn%t%rb%é%%tweqéo TR ¥4 hod™s cl ai ned
in any of clains 9 to 11, wherein a 35 total of

5 betv%gn 3 {qu)r(}and é? pm Iﬂgnnap%ﬁitls% IS rermved fé,o whereln

poEﬂBﬂE@l@fx&Eéd@ £8is ldarA ekt bt lﬁ@foﬂé O@@Di@l@l@g process B.
sem conductor wafer, conprising the follow ng steps in
the order indicated: (a) separating a sem conductor

8. si rMifee matysdchlas niha:\médsrm ar(p)oSicidiranedusd y6, wherein

cessing both sides of sem conduct o . waf er

oo R DR Aol n B beasarher (e et anilg Ered¥ss ».

10 sem conductor wafer, conprising a polishing process A,
whi t e roc
o date iR I8 e e Ao LR P AR S P ing
prwﬁem A fpodt Ehi ppglace $ sa uskanakd e x ot abncsom)ex
| OPocadd §NsWPLLhyant1

Seﬁ [ nﬁ%ég%%€els addagimﬁ?fﬁé %on%%?ns suﬁg 5 ces Y

prcv@lwche%lba as} ame zea T aht e hngeral pondeet o @@%cess B,

15 whi ch effects material -renoving processing of elther
one or both sides of the sem conductor surface and in

10 whithe dretnd sis iyl PHEED st usekp idhi &h whergin t

sefll E60$EEUEE UL BUTd@Een@nglo1 15nh Wy Chr68853i A5 Nes in a
material s con1ng%énto contact with the seniconductor

ho LEHAG PR eH B R FEAGCH TREALARE ToAT chhdticBeFrounds the
ed%élrcﬁﬁc’@he agéni dondii EFo R WL 8hang a@@ﬁébyspa@ld@ﬂt@htﬁ@
a

valu of reaier t han or

20 seqpenterot VATen £ 0ol SHELRS W oh Bl a5pg eaBBe FoRus during

the polishing process, wherein the retainer ring projects

beyond the plane in which that side of the semiconductor wafer
which is polished during polishing process A is located at the
end of polishing process A.

11. The method as claimed in claim 9, wherein the overhang of
the retainer ring over the polished side of the semiconductor

surface is between 0.1 pm and 0.1 mm.

30 12. The method as claimed in any of claims 9 to 11, wherein
between 1 puym and 20 pm of material is removed from the

semiconductor wafer during polishing process A.

13. The method as claimed in any of claims 9 to 11, wherein a
35 total of between 3 pm and 10 pm of material is removed from the

semiconductor wafer during polishing process A.
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20 (d) chem cal nechanical polishing of one side of the
sem conduct or wafer, wherein less than 1 pmis renoved.
2008200 OFtliod as clainmed in claim14, wherein step (b)
C consists in a process in which a plurality of
sem conductor 25 wafers are processed and in which each
sem conductor wafer lies in“reely novable fashion in
a cutout in one of a plurality of carriers that are
caused to rotate by neans of a rollin appar atus, and
144 s & metdwy diroge s o & fami apduG ey edfadrsy , comprising

thé/\'fﬁﬂa_dwﬂrﬂﬁ SRIP S o UH O o Mid e risn Brea fypcessed in
rraterlal 30 renovi ng fadshl on betv\% two raotating

2 o rSERRF il 2 WREHE F Kot e ters:
mréﬂmlgﬂaahéﬁfuﬂq;ﬂ;&ldbd‘@ﬂ?@dﬁﬁh AirdRs Wt ths skificonductor
fgg&d as cl alﬁreqqln claim 14, wherein step (b) is a
wa LS A SPIRFEIRY BID RS Fhe et hod as
(c C|@dﬁﬂthﬂmgﬂthaﬂSbhlddﬁﬂUﬂﬂDﬁHWﬁfdﬂn campﬁmsﬂng|a1pbllshlng
roce ri ndi t he sem.c nductor waf e
o= a1 QMBI o aaatt (i A Gl hdt T eigiag of poth
s1d/at£er® ra tsfcenmdlmtdlmts)rrf/meermmmltgm@kmbhaohmi IJyn bzg/hlch a
Y e Jo
pOlglestrﬁch&wgDuLch? edr Wl%‘ iésgng% ?Ped glﬁ%éé)%gé er or
abraisri\mjsmtdrml,pramd d]ed Vdmctfh@ fp@lmtsfalncg rmn‘el desadded which

COI{ ance%ﬁt% sem C UCtJOJI']eaV\Ia rrgg;%[?lé:j% #éhﬂ{&

prcwetShS Bottian eﬁf@mﬁasma@malemewnqaorwmmw either
ondéS LIRS i db ANy Ah &l SniE-dthd & e sPRI & fhnciolﬁmhlch a

addi tional processing step, conprising single-sid

polgrstHalihPadbfipriessst Wotdh diares? dmlqwfsleiﬁfclmcfmface and

whi’@T ontyid®ans Pt i LUP c%n'll Nch1h Skont Sceff oot ethe
bet ween steps (b) and (c). he nethod as clained in

sewr&uc&odq n%UIfLQPQ% %@CW%IWH&Q}“ dmaridi k¢ otpiriconductor
suf6ES ity it %1&9@rp§ll%ﬁ{cj3m%@7@f1§ hedded which has a pH

semc nduct or fer, is effected en steps (b). and
valyg of gyeatfy ndtdb P L ®at ned 3 Vg“ﬂ?li@“ GipfEr &S no

sukjd’t&arﬁié}hlvfhg:mfabﬁmwrﬁ@ﬂ)ﬂﬁﬂﬁtor wafer is effected
betmeen t | | e- side 20 |nd| and t.h po i .shi ng
diof PRI T e ST e it 05 [F i,

sedxﬁonductor wafer, wherein less than 1 pym is removed

15. The method as claimed in claim 14, wherein step (b)
consists in a process in which a plurality of semiconductor
wafers are processed and in which each semiconductor wafer lies
in freely movable fashion in a cutout in one of a plurality of
carriers that are caused to rotate by means of a rolling
apparatus, and is thereby processed on a cycloidal trajectory,
wherein the semiconductor wafers are processed in material-
removing fashion between two rotating working disks, wherein
each working disk comprises a working layer containing bonded
abrasive.

16. The method as claimed in claim 14, wherein step (b) is a

plane-parallel lapping process.

17. The method as claimed in claim 14, wherein step (b)

consists in a process of grinding the semiconductor wafer
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21. The nethod as clainmed in any of clains 14 to 19,
wherein Qin step (c) polishing process Ais carried
200800 OBSS®Ee Kiol | shing 25 process B. 22. The nethod as
claimed in any of clainms 14 to 19, wherein in step (c)
polishing process Ais carri%d out after polishing
process B. 30 23. The nethod ds clainmed in claim 21,
wherein polishing process A firstly produces a
pl anoconvex or hi convex . sem conductor wafer and
betmﬂeirsmwg Gt G I ngy sl edifen e T o dide sepiconductor wafer

is RlARRPaRIilal1 s GORMGE LuMﬁfQﬁnéy5ﬁﬁ£cﬁngfﬂgﬁﬂgxh

as claggfd in cla|n123 mherel etmeen 1<££%¥§P Am
Lottt & &N S SRR %dqr. SHichg Sr ety by
water or air cushions provided on the front and rear sides of
the semiconductor wafer, and the cup grinding disks are
advanced onto the semiconductor wafer symmetrically with

rotation in opposite directions.

18. The method as claimed in any of claims 14 to 17, wherein
an additional processing step, comprising single-side grinding
of one or both sides of the semiconductor wafers by means of a

cup grinding disk, is effected between steps (b) and (c).

19. The method as claimed in any of claims 14 to 18, wherein
an additional processing step, comprising etching of the

semiconductor wafer, is effected between steps (b) and (c).

20. The method as claimed in claim 19, wherein the etching of
the semiconductor wafer is effected between the single-side
grinding and the polishing of the semiconductor wafer in

accordance with step (c).

21. The method as claimed in any of claims 14 to 19, wherein
in step (c¢) polishing process A is carried out before polishing
process B.

22. The method as claimed in any of claims 14 to 19, wherein
in step (c¢) polishing process A is carried out after polishing
process B.

23. The method as claimed in claim 21, wherein polishing
process A firstly produces a planoconvex or biconvex
semiconductor wafer and polishing process B subsequently

produces a plane-parallel semiconductor wafer.

24, The method as claimed in claim 23, wherein between 1 um

and 20 pm of material is removed during polishing process A.



