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- 1 Method for producing a sem conductor wafer The

invention relates to a nethod for producing a

sem conductor wafer. 5 In accordance with the prior

art, sem conduct or mafers_zfrg produced in a

mul tiplicity of successive process steps, which can

general Iy be subdivided into the, follow ng groups:

10 a) Hﬁgﬁaétﬁeﬁ Brodusipgl @ EEparandushpEswaLsE

sem conductor material (crystal pulling); b)

%%panation,of t he. sem conduct or sin%Le crystal .into

ThRdi JTUGRFIRBf eFSITEREf ¥ P g, gfPr 1Breglucing a

seed kanidoalk opr @agssi.ng of the sem conduct or wafers;

d) chem cal processing of the sem conductor wafers;

e) chenonechani cal processing of the sem conductor

Inafesrcprdanaenerist theapmipot cfrt hesewidouhetknrwafers
f andder 1 20, epiaxiali & [ :

e s A O gi Regiye process

SkEPEi pl WBLER ofaBecBRBgERdVepbe stERda¥idpdaninge the

FERASHWI hY gaBdpRackagi ng. 25 A sem conductor single
crystal is usually produced by pulling a single

crystal froma nelt (CZ or "Czochral ski™ method) or
abypreduystiahl i zbfig aar odsimgiposedyaftajol yepyppbakli neot

' r r.ial (S I.LRg zone"
S%%?h%%?gggégKﬁga%%%ggaH% igﬁg%epﬁ%ggkﬁ%élude Wre
bgawepgrataoht iof vihe skindécppdnchpg) sdmgle crystal into

ih&&%ﬁ&%ﬂ%_ﬁt@%k%; (Sga‘élif%%i_n'gm,t h%a%%%"?f Wi re saw ng,

a nmultiplici sen conductor wafers are sliced

. y of = 35
Cf r BRCHAPILERE BEOSEFSERN Ofn thfe SRELKCHFNFEAPFOWALPRE /
dreechanical preeessing ST té% femitonBicRYrsS ¥WaEs ;

e) chemomechanical processing of the semiconductor
wafers;
f} thermal treatment of the semiconductor wafers and/or

epitaxial coating of the semiconductor wafers.

In addition there are a multiplicity of secondary steps

such as cleaning, measuring and packaging.

A gemiconductor single crystal is usually produced by
pulling a sgingle crystal from a melt (CZz or
“"Czochralski™ method} or by recrystallizing a rod
composed of polycrystalline semiconductor material (FZ

or "floating zone" method).

Known separation methods include wire sawing ("multi-

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

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

in one work operation.

The mechanical processing serves for removing sawing

undulationg, for removing the surface layers that were
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undul ations, for renoving the surface |ayers that

were - 2 damaged in crystalline fashion by the

rougher sawing processes or were contami nated by the
sawng wre, and primarily for global |eveling of

the semconductor wafers. Surface grindi ng
(single-side, double-side) and 5 | apping are known
daergedanih alcggsrmdﬁamecafa-‘eldgen pryocelssi rpughens. saying

p%?e%@%@. Ur. 3»5@&& eﬁéﬁE'&mQﬁéEQa”BK tRe SEMIGRNANCEOr ang

'S heI e rear ort "chuck"%
pramard lvevéped 8AcPRé fAeNELldnde 9§ atgﬁp gePhEPRguUCtor

w%ﬂf%li«svw iy rral-at Iﬁmrﬁlﬁpp@iﬁgw%mé Ndidgo Tk ski@@d and

sl ow radial advance t hod garat ses. fo

1SEPLAge S ndRyTor T Lt RS et BER R oo
proe®s silhg3 £868ps162 and US-5 400, 548 or EP-0955126,

for 15 exanple. In this case, a sem conductor wafer

is fixedly held on a wafer holder by one of its
I&uﬂﬂanesasmhofeSlMGQeeﬁpdﬂtgiknﬂﬁnﬁmet@ﬁpﬁ@@é@@@@uﬁyor

gfbﬂd'tﬁh% di sk de@/%ﬁr Aﬂ%@%;oﬁd ("chuck™)

s of
gri ndllng rotating and being presse agal nst one
a@ﬁotlﬁéfelqch PRi $hP0 £ERRE FRESsEM cBngUet FriRig | d1sk

vfl'thEdr@BaE{@nm@‘@rsuﬁﬁbﬁer ary Suehndiway d&hek iRl slow
rcenter subst antl al corrcfsgonds to the_rot ﬁt_jl on

_ K& i REFEBVETSS t hR™ P RaPRET3Ce
gHiskding ped t iaona:bm:rnmmkbtaomvaywaféuat dhe rbnatmonfrom

t he S c t fer
U%mg %196 ﬁégu on Igcrg]tﬁjeédtégé%ror\é%ggn % rrre%}pby teeth ofor
epdagpdel. ndimn g hdiss lcagks, & resul condpetent vager sypf fégedly
HifLdl N6, SgMeaaduck o1 qual e Gtk beraheundutddoyl anxle

movenent in the grinding plane. 30 In the case of
igisnuiopResd e dsuBiacs delyr i PEPFESSed ddoipl egreg ©of @

g&flln@iltiltn ,d.;_QlilG) Bhe werecondutdeor wah&r grsnding disk
DL AP PLOSEISE £ bOL Yo 28 LoBaTBINEE s
c2RRQS| tike c@dniireardispiow| esfeandis n fikedor ogedshd swafer
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 semiconductor wafer
reaches a working region or the edge region formed by
teeth of the grinding disk. As a result, the entire
surface of the semiconductor wafer can be ground

without any movement in the grinding plane.

In the case of simultaneous double-side grinding
("double-disk grinding", DDG), the semiconductor wafer
is simultaneocusly processed on both sides in a manner
floating freely between two grinding disks mounted on
opposite collinear spindles, and in the process 1is
guided in a manner largely free of constraining forces
axially between a water cushion (hydrostatic principle)
or air cushion (aerostatic principle) acting on the
front and rear sides, and is prevented from floating

away radially loosely by a surrounding thin guide ring
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35 guided in a manner largely free of constraining
forces axially between a water cushion (hydrostatic
principle) or air cushion (aerostatic principle)
acting on the front and rear sides, and is prevented
fromfloating away radi al I'y 1 oosely by a surrounding
thin guide ring - 3 - or by individual radial spokes.
olknbyhendasedokll apgind, sphkeseni conductor wafers are
noved under a specific pressure with supply of a
slurry 5 containing abrasive materials between an

Igppere afdsa |Gnet2BBEREng IS kSeRhFRRIBFECTs YRSy S are
m%ﬁgﬁg%'%@e?f aSLs%ﬁciﬂ&g_ﬁi@’dmiﬂey vﬁrm}/isimbh M tdE a slurry
el s for. better istrihution of the_|l appi
CRBEAL LR EBAS SET TAHGCP0F MTETTSR PO eaRved "ty =
1BEe%0gr04~}}tiQQZ dAlskan v HL G120 069812 v 5Eompogi G chbseteel
t hods t he _si nul €eo ringl th
e o e R
dugteibutionh a ebvenehe seqUARIELE i | 88SR6 t hat Wegreby
skARBLAGuCE 3Dtk ehanacer iegdvan the fact that

rasive is use which is fixedly bonded in working
| ayers ("films", "pads") applied to the working
piti 3ks. 44 webhad ofakidli S DHE Vipe Jone efer et ta asdiéchese

rinding wth | appin Ki tics'. "Rl .
TP RAEn GOl PRS TDEeSBPRPRE | Sraraii db A (el fime
otEEGo@t&SesdlfieEPG)End nhicil Bre adhesimiadgndistiday gaLers

t. t wo rKi [ [ f LA
B8 DO BT A e e iR £5d 7 p 0 pipnty VP! abing,
butocelsaiagterheed et ohbigct BRC D5 thafter aPER 8LV Rsdry efsed

wﬁﬁ%?l thin guide FagenaesO- ¢al | eerkoag I ileheravhi(ehilms",
‘have corresponding o enlngs_for receivin .
PersdondrRloredvater ke THeTEAPS; é1r1§(?{l“?atveA dﬁetlb?ﬂ epf this

thet hi By i shremgages aisnt ofaneol gihglappamdtuls lapping
quﬂ.ﬁl,o nEWrI tsllc%g' 02" erp l%r;l% t%l'lrtye rpaFcP %trhi%%, irﬂgn‘g S Eﬁﬂﬂ are

Working layers which are used in the case of PPG and
which are adhesively bonded onto the two working disks
are described for example in US 6,007,407'.13,. and
US 6,599,177 B2. During processing, the semiconductor
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 outer toothed rings and are moved
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
notch is usually processed as well ({("edge rounding",
"edge notch grinding”). Conventional grinding steps
with profiled grinding disks or belt grinding methods
with continuous or periodic tool advance are used for

this purpose.
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30 by neans of said rolling apparatus in the working
gap forned between upper and | ower working disks.

The edge of the sem conductor wafer including any

exi sting nmechani cal markings such as an orientation

35 notch is usually proce‘ss%d’ as well ("edge

roundi ng", "edge notch grinding"). Conventiona

Theisrdi adgst epsundind preahidded grendiexcepskaks eringel t the
rindi_ng.neth ' C I hupus i odi -

Hsance S UREPeda ) PEiel oot RELI 3AE FERbcure

seogddiivg netdoddiear semecesdurhosi mafathecaadde | Aanpged

r ees36dni! e d S, RATIAEH AT L YmbE ALLWFE- 188881 LhVeEn

eg%gl ?’ﬁ@ .se% co%%luctor vvaferw():an bnélgdanaged even by ©

eggege9pO8ssure and/ or tenperature loads in the 5

edge region. The wafer edge that has been ground and
reated with a et chi ng nmedi umis_usual | Lshe

thi” ¥atat s (s RS SRept Trovd cadokYeRPEAcn an

etbhd ngentmadiiym 10 ireot atibngl$em gordisitast waher a s later
r [.St c a ro i [ lshin

RO, Tip cEPLE Ot ERL G O (" eefiti Ly

r®te89.nP05 sdinsicicoshytar ediefepol 18hi PEeaReRod28RiPAts 2

e¥Rea %rgqléﬂﬁiduﬂéfﬁgﬂﬁé?cﬁfﬁﬁiﬁi@@”@0§§gc9fiénforce

alumnum alloy and has a 1 olishing, pad applied to
(contprd s EHETHHRCt or %f%,r%?%, l%ua‘%gg){‘?% ofta Sdge
po1amaiker mbehdar ,on orical kege oluckeiTheledgpodishing
t he sem conduct or, wafer %roj cts beyoqq t he cgucgas

{

Y difat SRS &y FlceSHBIEYFor 2R p8MshiR§ @
palimhidg Teel gromipiei toheht cafher sewssongustepswafer is
u%%%%hl fﬁ%@&r'é S &Etff§€n1 e§|QQﬁﬁﬂﬂnang/oEo—called
etching Steps. he group of chenonechani cal ,

ChioFessThy stdgs @npEhsessoBlpaRdantel By byprolects
peRiel HHY QuAlk N Pkl ©her cal 1sr easkipnaandskibpar For

nméchani cal. naterial renova
the polishing drum.

The group of chemical processing steps usually

comprises wet-chemical cleaning and/oxr etching steps.

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

of the surface is removed.

While the polishing methods that work on one side
("single-gide polishing®) generally lead to poorer
plane-parallelisms, polishing methods acting on both
sides ("double-side polishing") make it possible to

produce sgemiconductor wafers having improved flatness.

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 cage of single-side polishing (SSP),
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(abrasion) the surface is snoothed and residua

damage of the surface is renoved. 30 Wile the
pol i shing met hods that work on one side

("singl e-side polishing") qﬁnerally | ead to poorer

pl ane- parallellsns pol i shithg net hods acting on both
sides ("doubl e-side polishing”") nmake it possible to
sermddoceusenirc omaifetsr awaf ensldawimgthapresed side on a

ultp to[}%siﬂatés k@f Rl dd & Ardding, tS:)% EAN: RS 39 by means

steps, i n accordance W 'th prior art t he
ofu rat@msmn tcﬁ@rlggrrrpmwla;@tzélg welfler §h?s %t%ddﬁyble‘

F;L(;ﬁ:@?;ﬁ%:}lnzﬁlr%g) (8sp) |nsER@c6ﬁ§@c?BrS|mﬁgﬂ&s$|£§e lfgsely
sem_condyct or ers are he
igF e St Ye t&ﬁﬂa %qrﬁﬁéirt bR t@wgy H?:‘éﬁ?#
RN , 2By Vaﬁddiﬂhll okibysneasbnuDfamsbesipn duri nffreely
eSS|ng the c of do e p |sh| g
fq senf%%ﬂﬂﬁ@?orgﬁEWS?g a%%llooé%$§ Sgkhser edlower
poritmha.nlgh i at-eo toeret rekids kv 1duid ap@lqlsﬁéldmn palde  front

and rear sides sinultaneously in "freely floating"

fashi on between an upper and a | ower ol i shing plate
Feardeatonierh &hsol i 8ty pakleao @iﬁrtﬁgﬁm?@mlf:ﬁ@ducmr

Wt shdes Hicdhe p%ﬁms@@ajuihorhaﬂ@fﬁée arm i) for

polished in haze-free fa
cFATR IS0y JBPFRRI RY &aﬁfﬁ PohaShi 68 SRt i hh ar T ead
cﬂD|h&hiﬁgk&theThb®libhﬂngs gbllen Theker sedpt oias GFPen

"ch | hi ng" :
BRIU  CoomRe v o botEeBOhel WsheltnthRanican
?031%@132}90077039 antheé n 1iUse2008r8305724P Tmetchiﬁ are

dibclos %M‘S oP'S%&Eﬁﬁﬁ_thezéo edl bed-"bio¥e@3920 ana  in
rasi ve polishing”™ (FAP) technol ogies, wherein the
U5 124008 Q8&BE24-s pol i shed on a polishing pad which,

however , contaips an abrasive materi al bonded in the

”Iﬁ'{ee:ogxhjl.og g%(ij: (1:5«1_exweldseabé?gé: osgad"t)he SCQOlé_ffégg“fixed
abrasive polishing"” (FAP) technologies, wherein the
silicon wafer is polished on a polishing pad which,
however, contains an abrasive material bonded in the
polishing pad ("fixed-abragive pad"). A polishing step
in which such an FAP polishing pad 1is wused is

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 subsequent
second CMP polishing step. In CMP, the polishing pad
contains no bonded abrasive material. Here, as in the
case of a D8P 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
FAP step on the polished surface of the substrate.

The German patent application DE 102 007 035 266 Al
describes a method for polishing a substrate composed

of silicon material, comprising two polishing steps of
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i n which such an FAP polishing pad is used is 25
hereinafter referred to for short as FAP step. WD

99/ 55491 Al describes a two-stage polishing method,
conprising a first FAP polishing step and a

subsequent second CWP pd1i§h1ng step. In CW, the
pol i shing pad 30 contains no bonded abrasive

tihet eFARl tyh;lere whaschn differcase dfhad DEP step, polishing

%ggas lve %HJ?'LC[; éHtr Odé'f@'fﬂ/ gnc&ﬂ iﬂiﬂ@‘{; of y8bonded

rry bét e e SI I con i shing
apar@sw@chn@t@maét@ge %@n@mlﬁg it redured &%@é@f@qrh the

PR ra¥earand 0@l M 564 abakes wiefte bynt ke 38econd
FAP step on the ollshed surface of the substrate

PPRé SBdPFars tRR ehtCapiichith #8162 ° W’-’@’ssmzeﬁeﬁﬂaced

bgesC biohesha ngetleat! eolpalichitigta isulfsteraiog colfidsed

of silicon material, conprising two polishing steps

of - 6 the FAP type which differ in that in one

Seoliicehidng tost epvaf gos | shireg ageien sl proyidedt aiwiitdy an
iV tegi 0 i i tgﬁggﬂn

%gg%ggﬁgth €%ﬁbs??%?e§§ngk%ﬁ%a%ok%gﬁl%g]%gégd ile

momogcky Ssedadides pabhiRPngaBEePATEPolishi FgP8geRtystal

oHiehit% tisn eplAredyhidh a Hohi sbhdgeegent c@ﬁb@ﬁéﬁﬂs are
that is free of solids. Sen]c duct or fers

agPleRpr b3FAEd W R arfP iR |C§g?§re ¢ RgRiFenggetor
w&&fﬁ@tfhévéayEérgamwn|aavuhuaymmrys¢@&l|aemﬂashduntor

and _havi ng the sane I
W?%ﬁ?@oxéﬁ%?g?egonponen S areeo I ﬁ5§%£?% er gh %Qample
téuei t @xieaeny icoat ed se:ﬂmam@dumemersaéf efs hRipodart alFNOS
cq_@\é%ﬁtt%g %lq.\éﬁ\fedslqg} Cﬂ?%‘@l‘i&t et &t St Ceﬁpgﬁgdcgﬁponent

honogeneous mat er r exanple 15 the_prevention

(SR agiFirge"r ee¥ @i, bi pEIEKE Cl@ﬁeccti r COFRSIF RS onddor
Rumhe shehceldr Cbhhlbb‘é& t be C@m@@nem'cr@skallcbrmglnated

pro m ., Iomer def ect_densitie for Xxa

PR ea bRt o HEORPP e BTG s 3h - OF) TR Sable oxygen
c@@kbmmlesw&eﬁﬂﬂythe abssepoesdblan tappretealle oxygbort-
c%.%gﬁ:’?t enltSk om%.rneg?yté> t ok?gglqsfﬁ!lrgl':%pﬁgagggelHquﬁponent -

S
relevant regions.

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

semiconductor wafer.

It is known that the polishing steps such as SSP, DSP
and CMP, the etching treatments and the epitaxy step
lead to a deterioration in the flatness of the

semiconductor wafer particularly in the edge region.

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

minimum,

US 5942445 A proposes slicing (sawing) a semiconductor
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circuit risk owing to oxygen precipitates in

conponent- relevant regions. Wat is crucial is how

t he above-described nmechanical 25 and

chenonechani cal or purely chemi cal nethod steps are -
arranged in a process sequé%dé for producing a

sem conductor wafer. It is known that the polishing
watfeps $wolm ashS8SPerPSPal30 andn@mﬁg t hbeet efigag of the
tre n e t
S&Eﬁgrlora?F%thﬁﬂgheQ?%g?ﬁgéé %(%ﬁk 2 %%%t% prep
wivdfcdr ggar tdcopzdrsey 3 rﬁquiét%roﬁgﬂei@ a}rmfimgr@%f%r %1n916-
s‘iﬁ@:eaV&:?m?ﬁY © been madsd n Lhe Pré&ir arbites35of the

mnimze t mat eri al renoval durlng ol i shi
SGTAEPESOT0 AR, (D T oror 9 PO PRArRLat Pafer
td ghni aﬂl&{&lﬂ& 5942445 tAnpr ogagdest isld Xing peddwiigy athe

semni co tor 7 _waf fromth [, t
SSREPILY e85 AEMA NS T pakal i ovBEog oo
ggmnﬂdtn@g eanp alswhi bk ceepteopdi & aadolapring detep. A

%._ Fg{l &8 & Yl nQ?@érf Epat ad etch.
rear sides o

sem conduct or subj ectlng
Fripe 1damni cbhq@ugtr@mdwqﬂst%smr& kEREna'stet €BERN Chgbe

r%?ﬂ%]gﬁ_@%Ibsglggnkh%tcgpn1conductor waf er by means
DSP. The doubl e-side grinding can al so be

repl aced by a | apping step. A plasna etch can al so
e %fefuﬁ@cﬁﬂLﬁfﬂcﬂf vta{&metpcelﬁhedaofi medhy, of hBSP which

t t
r|n %%%%Ef%hiﬁ g%ﬁﬁhgﬁ%ﬁymggers polﬁB%ggE%fQthry
geears rof DSPthk @higar:ee@b@au ratiing bso t hhe meehodt wet-
Jﬁ@ﬁiﬁ?ﬂ uE%@EEﬁEﬁﬁgorXndlaﬂﬂgoﬁﬁ%ﬁﬁé'éégﬁéﬁﬁwechemlcal

use of hem cal treatnents .
eém?éillﬂge dIPéé?@ assThéltsed @ﬁemb@a?lt EETRCRGILPEEE) . waters

hERM S aac@@;?&aﬁra@ ¢ondueker vafess abawmla@mm abt ean

flatness val ues are av IabI i f an e excl S|on
gl ST SR L N ] ) BTt Sl o oSy Tl s a
basis, <¢f. ITRS "Roadmap". The nanotopologyf in

particular, is adversely influenced by etching methods.
In order to improve the nanotopology after the etching
step, in DSP an increased material removal is
necessary, but the latter in turn adversely influences

the geometry in the edge regiomn.

In order to be able to provide semiconductor wafers for
future technology generations which meet the stringent
requirements made of the edge region of the
gsemiconductor wafer, that i1s to say in order, {for
example, to make even the outermost edge region of the
wafer accessible to the modern lithographic methods
(immersion lithography}, other approaches are

necessary.

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.
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20 basis, cf. ITRS "Roadmap". The nanotopol ogy, in
particular, is adversely influenced by etching
net hods. I n order to inprove the nanotopol ogy after

- the etching step, in DSP i ncreased materi a

renoval is necessary, but the latter in turn
adversely influences 25 the geonetry in the edge
reglon In order to be able to provi de sem conduct or

i 4@ of Utuee J_tn%tf'ﬁqlo(i’lghsgeﬂgﬁﬁé{ré’@sb%'nf‘e'&rﬁe%f a

t e strlngent reqwrerrents made of th e edge regi,on
mefhoe £30 PERCEEHETC PoPWALORAUCHRE e fed s spmpyising:

Qﬂdefwuﬁ@in%e&ﬁﬁptﬁe Q&kﬁﬁkaeVﬁmet&%Hﬁmkﬂkﬁnﬁknfdgﬁfer
ion of t fer accessible.to the np

THERGG T cams TS | CHRTEPLT oY | TFERE afhy)® STARfing
dApRr eathes raney amr&sﬁaeg h3%ifige apr cblearagy egrain size
%ei%rlbed cJave, E{se to the stated object of the
present |nvent|on namely of providing a novel
(broce3§nmﬂinanﬁpﬁ&w préeidel eigs 5@ conatesialngapepying

p'r%c%%rstlogu ﬁfe haw NQefi dbRARL 6 OfwARL- MyhicB 1tk in

obj ect invention Is achi eved by nmeans of a
freehdd fevaplsdudiaflieBertorRiuctorotaf et ©one of &

ReFRNigkNdor (GarfDangi nhf the edgesell tthe rotate by

B o Nl g Lo S sl osL 80T Gheh on &
c@&lbﬁ@am1ﬁﬁ&ﬁéﬂﬁb@ﬁﬁlﬂherEEH amdukémlgdmnmbtwr(wyfers
a3 Lanaous, dgubl.gaa! dgomalard Ald epPy %—ql&éﬁp?a working

processing ot ThE"SEHi Conductor ies in
digkisr, eeVyeneiableadtastipvhing £iak oGPmP’H’léﬁé Gf Working
1%&%&alé$ﬂt£{nfﬁﬁf'éﬂf&éﬂ%@s angveayseth t aveehake dze of
ans of a rolling apparatus, and is thereby noved on
0 cy@PoiPddMitraj ectory, wherein the seniconductor

W@ferssﬁﬁuiﬁﬁﬂééw§ed bebtees- £ Wler Ot atbAgrial -removing
p(r}”:on%s%g.%\%”%}é\g Q%ﬁéﬁ?ﬁgonéucu\é@erwea{ ereac hm@flkllr}ﬁas in
freely movable fashion 1in a cutout in one of a

plurality of carriers that are caused to rotate by

means of a rolling apparatus, and is thereby moved on a

cycloidal trajectory, wherein the semiconductor wafers
are processed between two rotating ring-shaped working

digks, wherein each working disk comprises a working

"layer containing abrasives having an average size of

0.5 - 15.0 pm;

(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 pm;

{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;

(f) polishing of at least one side of the semiconductor
wafer using a polishing pad containing abrasives having
a grain size of 0.1 - 1.0 pm;

(g) polishing of the edge of the semiconductor wafer;

(h) chemical mechanical polishing of at least the front
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| ayer .containing abrasives having an average size of
5.0 - 20.0 gm (c) sinultaneous doubl e-side

mat eri al -renoving processing of the sem conductor
wafer, which lies in 20 freely novable fashion in a
cutout in one of a plurality of carriers that are
caused to rotate by neans of a rolling apparatus,
sadeg-.i s thereby noved on a cycloidal trajectory,
wherei n the sem conductor wafers are processed
between two rotating ring-shaped worKkin 5 di s

Thier elsEhath A6FRFAGTE skEo P?se§9¥ tF%?%Fore
c@ﬁ@&ﬂ's&'sng apr agitees hawingaad avel agetﬁbzesmlulﬂaﬂeeus

d f t d f.th
ERPYE B SNBSS 1k L AEERTEoS Ay Laed of
thkr asiewd s omavicrigpran wa@’l)ala,verca‘ge wradin sthe oflJIS'G -step

_Zc%‘vq_ g‘s ge)cotar% rﬁﬁgoéﬂh Stl.lﬁéa s@éoﬁcﬁ‘estep provides

en1conductor an et medi um I h
acofifufact gohnaing aaﬂ%te$4%ﬂn9réﬂﬁ#%1 shenofelbrenthghor

w%f@rpeiléédeu?f e c§esleontuCor cuei-eer 3§1(fa) manner
pol i shing of at |east one side o é hhe sen1con€

siBidRTustPg R3Jol F8hi T p&Eontai Ny A a3T
ala@.\iltﬁ@n augft&i resjaael ofo OcHe - pﬁo@e%u@g)obothehsngfaﬁes

f i cal ..

o dEn S GOTTARI NG B4t | Sher SHF (i FoF  PEfygning

afide aretileed tacos dINB) pol iseinqvent tlon fh@nbf pide of the
%%'I%hﬁ%% o W 3leRRS L) ARia. two simultaneous 5

uble-'si de processi ngs of the front and rear sides
of the sem conductor wafer, of which the first step

ARRVHASS &L QA S e il W, afile thersee Oﬂde§t ﬁ@t contain
provides a flne ri.ndi ng_and dirlng whi ch

agwr BEREaRLGAL 9P&EF n SHH agﬁtoﬁfocﬁsglggrrggFlng
whilch Medekell ceintidatort owahat iim thiexedbe bkldappi ngne

é?gg[¥ﬁ%ré£% by means of a wafer holder {e.g. wvacuum
chuck) while the other side is prbcessed by advancing a
rotating grinding disk. '

In steps (b) and (c¢), the semiconductor wafer is
processed in a manner free of cﬁ-onstraining forces on
both sgides 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”. All 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

also a balanced, uniform wear of the working layers of

the working disk.

The method comprises none of the single-side grinding

(58@) processes known in the prior art, neither in the
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addition, wth regard to the processing of the

surfaces of the sem conductor wafer, at |east one

FAP polishing and at |east one CWP polishing of the

front side of the sem condyctor wafer are provided.

15 According to the inveﬁt'gnf t he nmet hod does not

contain any mechani cal whol e-area surface processing

foomi ngf whbelrsehe gséniddogduspsr waf ekhps £pxadl 9thefdne
side thereof by nmeans of a wafer holder (e.g.

9%2@%3%920 chuck) while the other side is processéd gy

advancing a rotating grinding disk. In steps (b) and

Fﬁﬁ)chetzﬁf%r%e ms}fi@&ﬂﬁlﬂé{rﬁqzi@fcﬂ%lﬂse— PIDE e_@lgmaimg S(DDG) is

‘manner free of .constraini orces .on ot h.si de

adishul PREeoREPY 18R wFFhoEE%fi?SgﬁgﬁanﬁFﬁﬁraéngntgoa the

ifent ichchuck”) of the sem conductor wafer, that is

to say in "freely floating" fashion. This has the

advant age of avoi ding defornmation of the

Téemi comadst aro waher aveidgncehwdk peéeessi nguchpgs the

gfﬂ%di%]% repeval i el ainsdlk f SEeiRE 068a8EBAASEERS watfer
have plranetary ki nematics and whol e-area g&oce55|n

26T 65 Co AR REE of the” SRAT EoHHdCRaF <ol O CARegese OF
Dt hefs aIReY Nile agkehai hyehyrgentike whangesd nof hese, to
rel ative speeds %etmeen sem conduct or wafer and
NRBEk MG "dPsKk S¥nd 35 al so a bal anced, uniform wear of
the working |ayers of the working disk. The nethod

2ZO0MRL! Sgl%oﬁﬁmela?{e}he st e'(%')deaﬂ&! ok Pg_ca(nssg)lso be
procésses known i the prior art, neither in the - 10
chamhedf ovhr st g ndirrg-AdPALANGheP¥RFRFDf Fiigled into
¥, Ndi Ao - U T her MRy 3t HzAne otisusoeibd 8481 dgolishing
grinding (DDG _is _5 also not provided in the nethod
TREEGIE N t'eS¢Re WDRYERY ﬁmuﬁm@q%sp{bﬁiwg at the

AR dange obf def®ai s sSdels asft hehe semiconductor wafer
guided in freely floating fashion in a carrier is made

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.

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
crystal composed of semiconductor material, grown by
means of CZ or FZ. The semiconductor wafer is
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 US 4655191,
EP 522 542 2Al1, DE 39 42 671 Al or EP 433 956 AlL.

The grown single c¢rystal composed of semiconductor
material is preferably a single crystal composed of

silicon. The semiconductor wafer i1is preferably a
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grinding navel in the center of the sem conductor

wafer 10 after SSG and DDG the "spark-out marks" in
the case of DDG and al so the grinding marks in the

case of SSG to nane just g few As is shown |ater,
steps (f) and (h) can also"be 15 carried out in a
free-floating process divided into two, wherein a
moopeeysitehdindogblacond@agsii-shi ng machine is used,
wher eby sinul taneous polishing at the sane tine of
both sides of the sem conductor wafer . g ed in ...
TheeeMgthpgat PFef ¢6aRl Bn F3EeS cd A% i nﬁgg oppecified
Reesi ke a%'o@ﬁa@ﬁ@lﬁeﬂl tdheemonentiendt) DIP and @Phod

Ther ef '
erefore, he Chenonechanl%gkeor égféélishing in

AFEORSFgal t suF §ce Pr6E&LSings

agicaudbaneoudiy ereyot () statestdle sobeemepefore of after
anst r.ai ni f.qrc 2 e f

%f?%o accg?dlgb %?S?h§r£?%5g%?i3%52%a§£ip%u?etg?$egdge

peitistiimgnt sronesest, ar@heéﬁbﬂal%mxﬁ%ﬁﬂﬁmmeﬁﬂedePSFFShlng

Eb%%%@yta%e%e@ﬂaﬁghﬂgﬂ%eéﬁﬁéﬁeéS (5) i&ed ££0P @h) and a

S|ng e 30 crystal .conposed of ‘se cond¥%tor

seerad ad9Yyr B I ik aRECEPSEZ ge after step
$ﬁﬂ100ﬁﬂ@§égﬁ waifres |sec©mﬁrer@hgg s@mﬂedﬂhymneapsooéss

w.. The slicing .  of th . waf et - .
pﬁf\g &@Yofta&{%ﬁ r Bigg\?/ i ecfse%gltﬁg’n Jhﬁﬁr Silica
salowofEtg edgeopallS s46551091, 35 EP 522 542 Al , DE 39
42 671 Al or EP 433 956 Al. The grown single crystal
conposed of sem conductor material is preferably a
stiepy| Eakr ystugundippsed dthe spigeort THee semiconductor

wEECoRduet Qb Waleadiref erably a - 11 -
nmonocrystal line silicon wafer. The nethod preferably

takes. place in the specified order in accordance

I\M tsfteii e@g (&hd Gsédh)cofdtteonevhber Ssaproviideg woth a

Wﬂé |on The edge polishing in accordance with
&1 take place before or after step (h). It
IS also preferred to carry out two edge

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
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 is disclosed in
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 of the wafer, with facets of identical
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 acquires a profile that is geometrically similar



10

15

20

25

30

35

pol i shing processes, wherein a first edge polishing
process takes place between step (f) and step (h) and
a 10 second edge polishing process takes place after
step (h), wherein the secpgyd_edge polishing process
preferably takes place using a softly renoving silica
sol (soft edge polishing). 15 Step (a) - roundi ng of
tbhe &dgoesf prRéideéni conductor wafer using coarse
abrasive In step (a), the seniconductor wafer is

BYOVIded with a_, rounded ed%e. Egr this purpose. 4
Be SEHNEGAGuUCtEFSKaf BFSis 'r‘f%&r& PGat ithg-9*°°ve

ptaghecandad i“eyﬁéﬁﬂe@y dtinddge agaiknstist hdistlkewnidsein

rotatln face of a processing tool. The
DEr&@@sQ%ﬁm%# Egau éd in this case can be enbodi ed 25

as di sks which are secured to a spindle and have

Thie! GRS gtéﬂﬁgééaesﬁ SBrH NG a8mWBEKEARY 1§1urtfl?é3€§orm

o proce e edge of he sem conduct or wafer.
Oﬁnaapﬁbraﬁa§esGﬂP§BI@rféﬁ Pﬁi@kﬁﬁﬁﬁa§eqaétdlsclosed

in 30 DE 195 35 616 A, for exanple Preferably t he
sem conductor wafers are prOV|d tﬂ% QE%E (% an be
T{nﬁamt@rslfﬁﬁgﬁmoe@namq%%sd%ﬁ whhe It H ©
fRkaaeyof ddthorafer , imi thhéacazto&kafngl dentrifzales35 ¢§pethe
on the.front_sifde of an side
PERSSREAET or PP 58 wi t S%%ﬂEtg}éQf egéé roﬂFgIirse
gwpmnldmﬁtewent.Kemmwde@thst@n trﬁiSrRNﬁOQ%Kﬂ33§M' the
g2Ld8SachBal Nis% GR e sedgeyafodhe sem conduct or

er acquires a profile that is geonetrically
sin1|ar - 12 - to a target profile. The grinding disk

ﬂ%edaﬁéﬁégéabﬁ;ﬁams s’?ﬁ.zgar oggedzopsof e, Arpfetenied 25-
%[lndlng i sk.is dis gg_g 3 DE 102 %%6 48 218

M ESRGFR PG Ys BFFEAEE: 26 BT &fb A 't he
form
Step (b) - double-side material-removing processing of
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

material-removing processing.

PPG is a method for the simultaneous double-side
grinding of a plurality of semiconductor wafers,
wherein 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 1s thereby moved 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.

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

preferred as abrasive bonded in the working layers.



10

15

20

25

30

35

of an abrasive cloth or as an abrasive belt. 10 The

mat eri al -renovi ng grain, preferably dianond, can be

fi xedly anchored in the working surfaces of the

processing tools. The grai h,used has a coarse

granul ation. According to ?PS R 6001: 1998, the

granul ation (in mesh) is #240-#800. 15 The avergg

AgpaPRTiRie APTAGLGE AEREIRIADAYS 2 RTAFGHRLY diamond,

s%i@%%hwda)ﬁfﬂiro@c e(abty, 22e29 ueMdiro:3 @40 tIJéOz‘St epCébOlndum
ubl e- si de .mat eri.al - r enpyj n ocessin h]S

§éﬁ“&8ﬁ@u%@e\/\a@éﬁoé 1c%ﬂr‘€ﬁ9%ﬁ\1‘5 g?‘ﬁﬁll crys 1 oren

nﬂ%kﬂ;@gCOaBNQ &b.li]ﬁﬁd: Vébdrorst eyl tiideof CBE)net ﬁouthermore

accordi nt| g de t

S&éﬁ%’&n% 2Ar ebg)u 5T e cfoélgm{'sdéj %Q{') "hrough co

sttghelfls.alamtémworfg:em ovdsyiimgls PRGH s29 hRYhed farPehRete

(BaL] aneo éﬂﬂpleéa%nﬁéndl(@@f )2 Pbur al hh¥nebium

thductor ers wher ei n_each sem conductor
Cﬂéfb@ﬂaltlees NFCPr)eel PLABYEBI e 30 ¥3Thi 6ATPRAE iUt and

almepemof & uair al(niyopf cabpif88m)t hairear epaatsedlénly
rotate by means of a rolling apparatus, and is

Pﬁéﬁ%&%@@&'%’ﬁ a cycloidal trajectory, wherein the
sem conductor wafers are processed in

terial-renp f ion, pet n t

r KPBEE APk Sg\gaga aghe ﬁ W%s%@er 0{@ligN%o pm,

erern eac rISGS a

pmrﬂe.m@wayfefls:onmauandqge@m@wlbﬁr@éfe\f@r%beWar%N pro.

Tt eri gl \aping %%B§ch@gdn8%§¢@f @eféral@l‘ﬁf er peflded
as abrasive bonded in the working | ayers

inggvdehedtly aB¥ agiSy e HET TRl dlar e pr ?P@P&E‘ﬁy natrix of
t@ﬂea%“xdqmgmi . canbicde (Sis6) ot eriwumeti okbdéing, the

ShES 9By e I B g AP RO e
piitairge pa@BN)c 1 ef writdeeraforahes cliudteon afined iderqrsi=sx?) ,

boron carbide (B4C), through to significantly softer

materials such as bari um car bonate _
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

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
have openings through which cooling lubricant can be
exchanged between lower and upper working disks, such
that upper and lower working layers always have the
same temperature. This counteracts an undesired
deformation of the working gap formed between the
working layers as a result of the deformation of the
Working layers or working disks on account of thermal
expansion under alternating load. Moreover, the cooling
of the abrasives bonded in the working layers is

improved and becomes more uniform, and the effective
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(BaC03), cal cium carbonate (CaCO3) or magnesi um
carbonate (MJC33). Dianond, silicon carbide (SiC) and
al um num oxi de (A1203; corundum are particularly 10
preferred, however. The avepage grain size of the
abrasive is 5-20 m preferably 5-15 m and especially
preferably 5-10 m The abrasive particles are
sprefiecablifebshesgofs ipngherahy LRCsE288%| usters in
the bonding matrix of the morklng | ayer. In the case

of cluster bonding rain ters % ified
Iﬁré*fserPﬁﬁf?éF‘é‘t’iettcb %fee +7%m R 8 etg“ of %t 1“9

gabu Sﬁcﬁfmeccp nsétdent she Owant kindang 1Ia§¢ess duintima eganm@mg

di
DSOS T ELE B BioLnd UOKIEL CoOERR, ot o
lwaski ng:ﬂeayensrlmmgm cBasker @e@mcélﬁy&’br ik boRdeymally
dﬁégbﬁgP%CQQ?nfﬁeb %s%&é@tégéhé{f§ SEU%H@T%éﬁﬁlng gap

c resin bon between clusters 25
imorskicly Ray&ty wﬁbﬁﬂix)thel'hHPrFéﬁﬁerQﬁRjr Bagr é\/aPF?ﬂﬁf?'ﬂed
Fbhe working gap formed between the working layers is
preferably kept constant during processing. For this
pur pose, the carriers can 30 have openi ngs through
prhirelra®06l,i nghd ubeintaahdoanobe wabegisangedstmielgn leave

tk?“ﬁr:ﬂﬁ&ﬁfﬁ§%§amﬁefkﬁgtgasﬁ Eﬁgﬂhof@ﬂﬁ%uf£§ér§ndW1th

yers-always have th
at grapeT avfir eheThi sucdaneedactinapiprrei ey the maximum

ogef gﬁgate{:&nuxcg 1d:feipo rllfﬂé‘ 9 Y@@k 2hor gedebet yge ']betlfi:@] 3150re

ayers as a result of the deformation o % h
tﬂ@ﬁklﬁg | ajer sasr WOEki ngOdi sreE oﬁhﬁccQ&ﬁWQEFrthQ maf?e
s%&ﬂ%%%b%&t%&d%bjﬂﬂfﬂﬁﬁﬁléxbﬁﬁﬁﬁbnhbéﬁﬂgeﬂefihed as the

coollng br asi ves bond
lepgéis §ne§§&ﬁ% eﬁeiﬁalggcgﬁbggﬁ% {kﬁ¥%wn1 ShdEnERe
x@ﬁh@ﬂtlw&rectéorsePV|b@'Imhachheaeosemscphénebyr wafer

Lncrease t is pre d_to t
A e iR g ke A
Eﬁgagﬁpamuﬁ}c point in time during grlndlng

Preferably, toward the end of processing, a liquid
medium having a viscosity of at least 3-107° N/m’s and
at most 100-10° N/m®*s is introduced between working
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
are otherwise observed in the prior art, such as marks,
acratches or 1ift-off marks, can thereby be avoided.
This is described in the German Application - not
previously published - ©bearing the file reference
10 2009 048 436.1, to which in its entirety reference

is made here.

The following preferably come into consideration as the
medium:

. aqueous mixture containing polyhydric alcohols
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5 and to alter the formof the working surface of at

| east one working disk nmechanically or thermally
dependi ng on the nmeasured geonetry of the working gap
in such a way that the working gap has a predefined
form 10 Preferably, the s&m conductor wafers
tenporarily |l eave the working %ap, delimted by_the
wor kilgdveayeds, nenomenipadlyepleheiat dameid€ dotyrgls -

processi Lhe aRXl atohhe sgxcursion in the
radigl g??ggtion bei%gqggre015 t ha 096gnd at _nost

*20% GAVERES]i AW EiTDf Phe Foffi uct BPEREPEr  AKe 2
exCcuLshdachantg defined as the Ilength - neasured

relative to the working disks in.th i al .

*di r eSS H 1%y WATERYR J6if cgﬁgb%FgrS \A‘éféeiégéﬁyoj && sbe
beyomedtilne i haer ensuved erbeddgdicof prisponsrikimgof20sgapds
at a I fi:C 1P 1 -t ' rd £adi ngs i oxd
P of AP Al o Lkl U o i pon dfoide
nedi @m hawenium vioxdssi t yoartagleehst @rﬁﬁ%‘-’%@%ﬁ@-smm
and -@lyi¥9skha100. 101 3Dk iy sihsréatinguceddimiaeen(e.g.
wor ki ng 25 _di sks and,senico$%$ctor waf ers vi

openPAGOTeR ) heereRding: &1 Fhics BreBHhiSho Nt S5&+4s -
present at |east while the working disks are being
renoved, from.t

e _sem conductor .1 h - £
SEGPbI RG) ¢ HOWRLRERTIGI T GHova %‘%‘(‘%g{%en%?’rkr?’%%mg ©
they esemi @ndutinor dekéetrs alHateBofnpr 6t heingte crystal,
[ jcor art, such as marks, scratches
L%$§§{¥?g§??a%§%f§;eban t hereby be avoided. This is
described in the German Application - not previously

9}%’2' iin%hﬁéin beg# i nahe haehh benaat-ebenceardd 20091048wise

to which i ts entirety reference 35 j de
e Cethalt GFFOR 16! pr SFFATY Tortbr o e ototh Ha%Eng
faeRsi dematulet ias tdrmn nedistrap O(kdqusoussean xt ur e
cont ai ni ng pol yhydric al cohols - 15
The average grain size of the abrasive is 0.5-10 pm,
preferably 0.5-7 upm, particularly preferably 0.5-4 pm,

and especially preferably 0.5-2 um.

The preferred initial thickness prior to processing by
means of step (b) of the method according to the
invention is 500 to 1000 um. For silicon wafers having
a diameter of 300 mm, an initial thickness of 775 to

950 pm is particularly preferred.

The final thickness of the semiconductor wafers after
processing after step (c) of the method according to
the dinvention is preferably 500 teo 950 um, and
particularly preferably 775 to 870 um.

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) 1is
preferably 7.5 to 120 pm, and particularly preferably
15 to 90 pm.
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(glycerol, nononeric glycols, oligonmeric glycols,

pol ygl ycol s and pol yal cohol s) aqueous m xture of

gl ycerol, butanol and a surfactant 5 slurries,
wherein the required viscos §ty of the nmediumis
ensured by the proportion of solids (colloida

di spersions conposed of silicon dioxide or cerium

oxi de particles), preferably with additiona

s¥kpcqah t yagacreastfggmediag( €igerl@bahedlel s)

dependi ng on the proportion of solids. Step (c)
doubl e-side material -renoving processing of the
Aseieamiiustios wafierdislg cedepr @nﬂcassipﬂgﬁcee cipsteglep (d).
usi ng_finer e P lation is
Hggﬁygghduct3§95 ?b& = fkgkﬁééﬁg ?fecte iﬁngtep (c)
ugedherei n an abraS|ve cloth having finer granulation
than in step (b) is used 20 The average grain size

of the abrasive is 5-10. m referab
Foar (a8 FFRPopFer b 0 R O iRt ot oFp(E agai
rRkekerabl )é 0rc5l:62tm1g TheaHireef end e die lniverad thyckirl:%sedge

pri,or to b a 0 ep t
3FBIRGE a * %e roﬁ\r}g 5§on(ﬂo§k O(él%facl%eoohc‘r;nf
pE@besshmgomowafemhdnpmquSSﬂmHeﬂﬁﬂkﬁ wiedon niiiancase
Lni tJj.al i gyl arkpindle
Cﬁlrn efer r e%%d%%‘&?_ﬁazs ?é 15}?@ lag%l;@oé&@%a ¥
asleim caved uctisrcumliasrentakaer Suﬁrfé€§§5| PTREREr 3 ePOrEFnI
ﬂé@%gﬁ%ipd aeeacding tihe t BegekNWENtElRH b&miconductor
preferab y 508 to 950 m and particularly preferably
WEfS-0 870 m 35 The total renpval, that is to say

the sum of the individual reanaIs fromboth sides

t f 1 °
S Syt SERAABLYY P oAbl o ) o
qfr efrersablayived dtletd) an as an abrasive belt.

The material-removing grain, preferably diamond, can be

fixedly anchored into the working surfaces of the

processing tools.

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

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

Step (e) - Etching or cleaning of the gsemiconductor

wafer

In step {e) of the method according to the invention,
both gides of the semiconductor wafer are treated with
an etching medium in conjunction with a material
removal of not more than 1 um per side of the

semiconductor wafer.
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- 16 Step (d) Edge rounding using finer abrasive A
second edge roundi ng step takes place in step (d). 5
However, a grinding tool having finer granulation is
used. For this purpose, the.sem conductor wafer is
once again fixed on a rotating table and delivered

by its edge 10 against the |ikew se rotating work
ThGr f ABENHRUE pREREiRy t GEMOVPHe pPBEesTHF t 0Qfs the

SR d drliulRicy GRS r ol pecerbadied 1asnddicsiksyaphi cthat eis
secured to a,splnigp and have circunferentia
toy PR 8PPLORHRG Ay Work™fy surfaces for processing

the edge of the sem conductor 15 wafer. The worKki ng

urfaces ca | so be enbodied jrt for
SRRt RaE e et iy S fnfectla o a
weest-ehieallcedmovieag mgrdi i ghr efre eatildicding@dsvgt- can be
fi xedly anchored into the working surfaces of the
processing tools. The grain _used has a fine ,
Syiamdliat | 681dACcoMgPAg t dncindy Saguepys: 1§98utipes  of
haldrar shad d e finelcihan #8@Q.c prcgferably
800- #8000. The average grain size is 0.5-20 m

preferably 0.5-15 m particularly preferably 0.5-10
M iande@seeti Bl ypratepretiertaly ytHe SsémiwoSieptér) wafer

Et chi or. ¢l eani 0 eni u : r

B G (el S e 003 GRLARR B LBl bl
ﬂ;mdriﬁaﬂandﬁaurﬁﬁaﬁﬁﬁ@mﬁdgﬁi@%zhﬂgeaggﬁ% Fh@ﬁt@éidiZGS
et %u?ff'aceé CHENG 1P di i & HInGQPIEMACHEBWM tTh ahis case,
material renoval of not nore than_1 mper side of .
ithels sBAFEBAHGEESY \FEntageous ThE 5 HRFTRESr mgfium

F1ORNRY ad PRk s dBe0faihes cs&enbeontidct dmi@befudtiSor wafer

referably 1 nal ay, [
aFt): a re?Lat)g.ve ré%e%dayl%r ’tl'}ehartar{gse of 40 mm/s to 300 m/s.

The gaseous medium therefore contains hydrogen fluoride
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,
a gilicon oxide, preferably silicon dioxide arises.
This in turn 1s chemically attacked by hydrogen
filuoride, giving rise to hexafluorosilicic acid
(H.8iFs), wsilicon tetrafluoride (8iF,) and water as
reaction products, which are discharged by the stream
of the gaseoug medium. The gaseous medium can
furthermore contain further constituents, for example
inert carrier gases such as nitrogen dr argon, in order

to influence the flow conditions and removal rates.

It is preferred to use at least one oxidizing agent
gelected 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

gilicon surface. If a mixture of nitrogen dioxide and
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to say approximately 0.1 nm 5 The sem conduct or

wafer is preferably subjected to a wet-chem ca
treatnment with an acidic nmedium Suitable acidic

medi a i ncl ude aqueous solui%ons of hydrofluoric

acid, nitric acid or acetic acid. 10 It is especially
preferred for the sem conductor wafer to be treated
cmbrmaegaesebuszmen amdcotlomingg hydeegen Thaopddetion

fod 5 % - OXikdi 2] N0 @gentathat il zes réhéased
sur ace of the seniconductor wafer. In_this.case,

int fthepareretiap yoadvhnEaEgests ‘F?—H?Hédaas@bﬁé e i&ﬁ?n

dg_tb%\&@ea?@? nsiturttﬂﬁaﬁg Ukaeaseof thie samn eandyordacsal eand
arelative speed I n e range oO

tﬁF§?byﬂﬁPgB§%8 th&ﬂQ#ﬁ Ecgﬁﬁwrw @ngggﬁsed

il uehicde 2@ cardrat dwast one borwdlﬁlqmg agehociThes and

Flialagagent, sl 95,20 &AL Aagdbeea  ro  use

or material ['1con
ozwrac ewinipxiali zed, hbﬁhmﬂﬁhﬁaﬁégﬂnﬂQien@%ﬁ%;th@cSﬁCt

|d I X
TGP S B Pl i poleee

agidvi dier | @0 IR afBERY Bty Lt ack PEBRFFepP. OZOone

Rirldr@eriset rehhtor igee (Siid) afdewpreadas ugeactiron the
praduct.s, which ar%_dlscharged by the stream 30 of

SEHE CoRSEGES e B Rt e gaseous medi um can

furthermore contain further constituents, for exanple

PSLBRREL | CEpOISERORED AL 1 OB o gaRD  che

& def 0 in e flow conditions and reanaI )
qraises tugBtist ¢an pbef atieafl t dnuddeatdgehised oguantitative

r%? id) Z'@ﬂeagﬁaElose$§Ctﬁ§hf6§@hthﬂiﬂﬁﬁ%ﬁeCQﬁS'&kh6921ng

nitrogen di oxi de, ozone and chlorine ure

aﬂﬂnﬁrﬂﬁe%ﬁ§%%%%}qu qgﬁmlﬂebé§§hﬁvuﬁﬁié&ﬁjwétqr Vapor
in order to oxidize the silicon surface. If a
S S WO, OB SR Ay U OB iy e
individual components belng' passed directly into the
process chamber or a mixer connected upstream thereof,
or by the gaseous oxidizing agent being passed through
a liguid aqueous solution of hydrogen fluoride having a
suitable concentration. This can take place, for
example, in a so-called washing bottle or a comparable
apparatus. As the gaseous oxidizing agent passes
through the aqueous solution, it is enriched with water
and hydrogen fluoride, such that the required gaseous

medium arises.

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.

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

addition to remove impurities and reduce surface
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of chlorine serves to use the water which is rel eased
in the reaction of hydrogen fluoride with silicon

di oxi de to further oxidize the silicon surface, and 5
thereby to prevent condensation of the water rel eased
in the reaction even at Tow flow vel ocities and
tenperatures. It is particularly preferred to use
defenes owi hbet oryesahi glhroxiEdaei.on potential, the

ct . the ti :ggduct t n
T%@ cféﬁﬁﬁ%é] SE?ﬁ QEcﬂﬁﬁg eSOt peesedbedny are

robl ens, an e ease of providing it by neans of
P@@éﬁ@abé§n§ﬁ5€§F§dtﬁ§tSépglﬁﬁWﬁf8§SEF§§Hm§§é'in t he
sem conductor industry. In order to produce the

ents can_be m.xed in

gasequs nedi u the 15 constitu
SPRELAOSPIGH QU | 18t RETICHIGI e [ REFBEor Heving @
dhpdeegen i ugsbdenrt othxrkdiizd ngarajenlardyt yuiedaldned in
hosen .in.the.r e0 X AL T 0 :
Chd iR b%fs§§%| i%%‘%?%hé?c%&%ﬁ% %’ iR Hveption,
themSEHt % GeiMy paswedadiidedttiars g ipeentpr 6eERs/ USA,
wﬁ;@ﬂb% ﬁtesagﬁrﬂegaeffo@@ﬁﬁteﬁaw@tdﬁ% tdes £0d , of 050HYmm
X1 al

€ gaseous “di zi ng agent being passed through a
x| B8Qi Bmaqieogyisabdei ERTo P HFPIPH§ERSFI-uori de having a
sui tabl e concentration. This can take place, for 25
exanp) e, in_a_so-called washin ottle or a_.
SEGE’paLEJbI e FABp AU EIHE ?Ee a%agjeeoafét oSG Feg a%fethe
spad sesduthbeughfelte aqueous solution, it is enriched
with water and hydrogen fluoride, such that the

required gaseous nediumarises. 30 Wth the sanme
Imet &oep parfamessr sleadt a aghseade rafi Fhsf SRYdFBgERctor

walfde! | 48 10 Pxididi NGs BE§NTa b1 RHieRSCpRA EBAtaining
ten'pe_r ature and an increase in the _concefnt rati OQJS
abXRISBIVE Sa NAFABET G- AVEHRIRAI Y TG 0138 T -0 M-

etching in the gas phase serves to reduce the

£, 24anness of the semconduct of suaf ey WRE™ 8% EBRauctor
wafer are simultaneously polished at the same time in
step (f). Conventional DSP polishing wmachines -are
suitable for this purpose, the polishing pads used

containing abrasives.

Preferably, only the £front gside of the semiconductor

wafer is polished in step (f}.

During the polishing step, a polishing agent solution
that is free of scolids is preferably introduced between
that side of the semiconductor 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

purity customary for use in the semiconductor industry.

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

carbonate (X,CO;), sodium hydroxide (NaOH)}, potassium
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required polishing renmoval can be reduced, and in
addition to renove inpurities and reduce surface - 19
- defects in the crystal structure. The cleaning and
et chi ng net hods descri bed . preferably effected as
si ngl e- gafer treat nment. %pe0|fically for a

sen con uctor waf er haV|n a dianeter of 450 h
hysirpgddiecul arlBPHpr ef er F@B‘%inﬁrumt he t Eg]Nh 8 ,

t}[é%@&ﬁ%t?x%@gﬁb?gugo hlyarbma@t i Qm‘MAHD heoﬁsEé.‘n{MO@e #red
rom S0l I a nent :
mieSiGRgd B etbst ot s B sty Forkinage, is
e@@;fécmr?llrys pauifieatree .f dm titiiss pragwsechStE) (dlue FAPthe
in h degt
ﬂx; % Iﬁgeéﬁ é%f?éé§glggé?ggﬁél% 1e§eqHPQ§ §E of
wemccolmL@xtL@r theapeppPstpon sfed-hfsi W%%&Q@W%@ds in

r!LtsfﬂrH G &br asbygeibBaViiRg ARk FAMRINAGE Of@i Nco 10%
SIZ 1!§ dg Preferlabll F?% t and rear sbd§§ by

ket w@emwlﬁr 30 Rieh &5 & ST ¢ GnbusPy

M@y ghed at the sane tinme in step (f). Cbnventlona
pol i shing machines are suitable for this

purpose t he polishing pads used contai ning

Mapoweg,hlﬁg Rregdfrer alslojutdiony cae fierithesimgereof cppgain

%m 89”%& g fh%fr ' 3aR9 E%Esd | Fo St &R die Dg{l!r@gce-

e pol p, a po agent sol ution that
a|0§1f\f‘reee @fdd:;ldillw is q#céver a%$y |H?FBHG%ed pgenesn and

éﬁ%ﬂé@géﬁﬁéﬂaégéﬂﬂﬁiéﬁ¥gCéE@ Oésmpf@teébhﬁb tellleids,

be ~ polished and the pO|IShIn The i shin
PASERTVESSSon | $195FIETe |%¥4§§91§a5e %%matnggIEX1ng
SRfeeftey.abl y dei oni zed wat er (DIVV havi ng the

purity customary for use in the sen1conductor

i ndustry. However, the polishing.agent solution can
Aalpolashuagn pa@npuun@$e§Uchhaghso@¢®hat@$b@ﬁhtébr351ve

oDIATER) o OI20SI By Aihon g T ns o5 4R pact)

ot assi um

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.

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

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 2005/2275%0 Al.

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

US 6602117 Bl, is especially preferred.
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- 20 hydroxide (KOH), ammoni um hydroxi de (NH4OH),

t et ranet hyl ammoni um hydr oxi de (TMAH) or any desired

m xtures thereof. The use of potassium carbonate is
especial ly preferred. In_this_case, the pH value of

the 5 polishing agent solution preferably lies in a
range of 10 to 12 and the, proportion of the stated
TP ANRIERATS PRECAHELEshi firhgemt soﬂﬁ‘?i offrgsives 18

phtefienallyyOpRdreeab@d oby-veieghi,. particul arly
preferably fromO0.01 to 0.2% by weight. 10 The
pol i shing agent solution can furthernore contain one

a0l aeneadaurpaeriatkdi tives,off 00 . xanpb e pBurifsacespecially
active additives such as wetting agents and

PG FggFgﬁts, stabilizers acting as protective

coll oids, 15 preservatives, biocides, alcohols and

REABRLEY RF AYHUS. Aol bshkbpdapadol 3 yaehari ehde are

contal ns an abrasive material boq%gg,ln t he . ni
Pp6EEsRPRY FARICMAE dCTFAAd? ROL KM VAT ast betht®
rEBhen alise ceapgsaf on-exampl ¢s parttichdsamfy ogrdésrred

of. the el enents_ceri al um num LLL Zj '
“Bd far EPEPES OF hdrd fat 87 ars sGERCCRE ST | Rom Ty
ea@ilbiydd,. boron nitride and di anond. 25 Particularly
sui tabl e polishing pads have a surface topography
characterized by replicated mcrostructures. , Said
Priefeseblyct wite® (fostargl vk eCdBFY BXxAnpre FABULEBPRPUS

p2h 1GRli WSy PavhRg Sardy! kRl caf ehepof yganakiGeosst 38he
section~or the form of gyran1ds or_truncat ed

smigﬁpgél_cto%r%a%%?aﬂs& 9dea§%riF&ti% 1 11%%Cﬁad and of
tpel i sdHNgsRads o etheonteiinethduurtcexanpieri msWhg a CMP

pgo /i]é ?_%% Aﬁ)la.cfg‘.ndA ggn%glqé/lg%gig%ﬁ 'pﬁishing machine is
likewise suitable for this purpose, an FA polishing pad
being applied to one polishing plate and a conventional
CMP polishing pad being applied to the second polishing
plate.

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

wafer

The edge of the semiconductor wafer is polished in step

(g} .

Commercially available automatic edge-polishing units
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

aluminum alloy and has a polishing pad applied to it.

The semiconductor wafer is usually fixed on a flat
wafer holder, a so-called chuck. The edge of the

semiconductor wafer projects beyond the chuck, such
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The use of a polishing pad having cerium oxi de
abrasives fixedly bonded therein, as described e.qg.

in US 6602117 Bl, is especially preferred. - 21 The
average particle size of_t?g abrasives is

particularly preferably 0.1-0.6 m An average

article size of 0.1-0.25 mis especially 5
thréf ditr it Rerolil 3°6PS§iBARefOThdRC P Uil D - A
cRaEr8hde arlq,tapgg{garafbyigmhgyediﬁm, t heoFAwhich the
pol.i shi hg, where in_thj

SRS i bl LIS S0P dd

sbecespeciaakily priefersspectenpt oted. chiraf erapd yrhet epuck

. I pyal ves_carr w t_ sicoul t i
Wﬁ%@ Sgﬁs tﬁﬁglngﬁﬁggpggnyagl e g?gfﬁéel?ggkég'neoatone
asetheondutd oprasted uwity aneFAdiiehi Wgthad afBeetfic

chigatear sidesiet heygend conduct ok oNaflindsi NaganeWP is
pol 1 shing_pad. A _conventional DSP polishing machine
cPatipuReRiye SYRPLASe for this purpose, an FA
pol i shing pad being applied to one polishing plate

and a conventianal 20 ol i shin ad, bej n ie
Dpgipfe setond eish?ﬂé%ghgﬁge. §?%bp(%§u9kPgﬁﬁs |ngghe
sefnithadedgerofratfee hetidc cheoeor iswaloérnt2s Teatedddy -
of the sem conductor wafer is polished in step (Q).
Commercially avail abl e autonati c edge-polishing units
p3eferebdyi t sblee Heoroladiigi riaf ouie sElRpCK gaskst E8‘3°0 S,

paekhed 1 22660 b%je%ﬂa%ltyh%d—ﬁ.\’s%msi qrevid3 1R 1989 tiRR) .

di'scl oses such an apparatus for edge polishing,

wherein the polishing drumis conposed of an 35

aalgsiHRra) | @yuand whdsna pel behergdpad tappthedpbdikhing
pgﬁeéﬁﬁnfﬁ“5¥é’é¥aﬁf§E¥o%§té§“§é£¥r£if&daQ”aarBEQEional
speed of 300-1500 min™', particularly preferably 500-
1000 min!, and the chuck are delivered to one another,
with the polishing drum being set obliquely at a
setting angle with respect tc the 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 accessgible for the polishing drum.
The setting angle is preferably 30-50°.

Semiconductor wafer and polishing drum are pressed onto
one another with a specific contact pressure and with a .
polishing agent being supplied continuocusly, 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,
particularly 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
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waf er hol der, a so-called chuck. The edge of the

sem conduct or wafer projects beyond the chuck, such -

22 that it is freely accessible for the polishing

drum A centrally rotating;polishing drum to which

the polishing pad is applled and which is inclined
specific angle with resEect to.the_ch

wa%@rcﬁackfstnﬁtﬁhtlﬁ% BehfiiBHAEBRoFEREFRP HFgor waBdr.

delivered to one another and pressed onto one

another with a specifl h
Iﬁmﬁﬁﬁﬁ%@CHEEﬂFag c! éﬁ]l og_ ﬁangupﬁ%ﬁép Ef fbcal
géhﬁeeﬂgelnomhdue@gethegchucbfWUﬁ¢tﬂﬂmIQﬂﬂﬁwﬁﬁﬁch®fer

t t l:
i haltl{, ety o sy, 7 lasablane
wpaht i tlo¢ arfacpr effertablwi B80- 156 srteﬂéfi‘él"@tlyon"??ﬁ%) edge

péﬁléhﬁﬁbl Shk&gr driga.g Whizeh th_LsCOV:&[séd \M:émathleely soft
[1shing “pad and is frefer rotated centr at
alﬁéhaflaon@@d&"sp%%d Hidy Fai 7Ot ﬁ:ﬁn?@%? fﬁy ate

ubtaf ef-ablaed00- nﬂ;QOOOmIljﬂ th&ndecﬁt_ip@ dlugeR farleut also an
del i ver ed to one

t h
oHEFfg BRECobPRqUETS af X CocPt PRG anbratui £ R Paspoct 10
staithadsetbronduior isabed ished tdwe ‘8@1!1 coW@G@ﬁlorcan be
S 1950081 B9 f% 3 télggé:h“&ibf)ih gBULhE @ MY HO8 shing

pfoj ec ﬁ%ﬁ the lI'atter and is therefore.
oadossi BhaCROma 19 SRERGTArUHTDE The 3RSy THis

h@:ggk:ﬁe' s reeherahly ROnd1 Saim ekt of roefed Aot only
pol i shing drum are pressed. on not her Mﬁth a

igpethei c:‘-’%gb’l‘\‘?r}ac:tofpré'%’é':'ur@‘:&i‘?ﬁEL % p&itshi A§ the
adgenhibgi Begsbppbinedheoftriomioasidy orpreber @iide.with a
polishing agent flowrate of 0.1-1 liter/ mn,
particularly preferably 0.15-0.40 liter/mn, wherein
TheeeComtact theessdge canlbehdag bpfmeahs ofemerghayctor

Wwarkached toprollscand 15 MLIeEabIts 1thekJinvention is

preferably effected by fixing the semiconductor wafer
on a centrally rotating chuck, delivering the
semicohductor wafer and a centrally rotating polishing
drum, to which a polishing pad containing fixedly
bonded abrasives (FAP polishing pad) is applied and
which is inclined with zrespect to the chuck, and
pressing semiconductor wafer and polishing drum onto
orne another with the continuous supply of a polishing

agent solution containing no solids.

This makes it possible to influence the wafer edge in a
targeted manner without impairing the adjoining region
of front and/or rear side of the semiconductor wafer,
and thus for example to set the desired geometry and

surface properties only on the wafer edge.

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
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35 particularly preferably 2-4 kg. Polishing drum and
sem conduct or wafer are preferably noved away from
one anot her after 2-20, particularly preferably
after 2-8, revolutions of $he-sem conductor - 23

waf er or of the chuck holding t he sem conduct or

waf er In t e .cust onma edge polis
bfhé“ﬁd&hlangégﬁﬁﬁhﬁfq n ?hé e"fegloﬁub Wﬁﬁ&f@fonally
a&@EFQO@ﬁﬂﬂbmmmgﬁageﬁt|enUB@ahm§nadwet9em¢e front side
in enced ThIS LS ,ass te t th

ofi t hu?% o M3 aet | Ve[arc'l ?l?u@ Ay Qdﬁ@.@l&ﬁ%ﬁ. verse

edg pol i shi ng pads" used
1nm1uhn31ugs®f(m£anwa@#w gsotfacpolri ¢B F§Spdry oL ©-9-

}r‘égs%lil ' géféejc | S, 009! | GEbRr &s UsUG | YLESedllodﬁﬂllzed
e I1tself but al so an 1Q qu a on t he
1ﬂ9bﬁt5§ﬁGF§FeF§éro§lé@CQPthQ §€ﬁﬁ€&ﬁ&§c?g is

pgllshgd as mell mhlch can be explalned by the hard
edge "di ppi.n | t he paol h

Apg oL PL&& er]%, 4 ré%l);?: gm&?#@i Qﬁllca sol
cahf %&ﬁdﬂﬂiaﬁuarlem)vﬁbll@m ode@@eefﬁaatet dthhadpobhtling pad,
ltélge gdeeq: of, ofregtﬂ?tzg(:taﬁgi‘?gggélgﬂ 7:)@' $9¢ rbcié:@ roughness

ni'ng regronon t ront and rear side.
aﬁﬁeedggréefﬁhé gadgespol i shing of the sem conductor
wafer in the nmethod according to the invention is 20

eferably effected by fixing the sem condugct or fe
1%@ - ERnPPAREPIPGL a1 FFR° chatk, Sl i P8r i TR dted With

oM Haneet Osuwaf amhaandaa t@ﬁ:@tertaald ypomtaiverginfluencing

2 U T 3P B e pstnea

wﬂmﬂawui&duhﬁébvﬁmfhuescnnglpﬁe¢hﬁtWﬁﬁ%@p@%?t%@ltﬁétes
Ghysek, RIS NG K pondledorJaf &f; and

pO|IS |ng &}un1pntp one another with the continuous
supply of a polishing agent solution containing no

130! gg‘incg P1Zhi stABKEEOKE, po@ﬁéb|§erﬁi')ccbﬂﬂidl¢t&ﬁhce v;tdfear is
ein.a targ ed rranner \é\_gthout LR
/

s s R SO of 1 857 Er ¢ % X
ddie: sSefE 160 Nsbieteal dvaftﬂﬂe surface of which is a hard and

not very compressible polishing pad comprisiﬂg fixedly
bonded abrasives, with an alkaline solution being

supplied.

Preferably, a smoothing step is subsequently effected
in a second step on the same polishing pad while a
silica sol is supplied, such as e.g. Glanzox 3900% with

approximately 1% by weight of SiO,.

*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
colloidal S8i0, 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
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and thus for exanple to set the desired geonetry and
surface properties only on the wafer edge. 35 The FAP
pad used is significantly harder and much | ess
conpressi bl e than the polishing pads used as standard
and affords the advantage nor eover, of producing the
remgval w t hqut kal i ne-| oaded SI|IC sol. - _e. q.
apyghsenyed b;}nusﬂh R 187kt T he ol %?ﬁ)ﬁe iy, A %cc,jﬁa d by
sagdi ehgeabby isavagdaspabi shi FgPagedt. ent rai nment onto
the front side of the wafer and thus the additiona
adverse influencing of the wafer surface - in the
Af or fuothery. Bavectteased def ectthalt es Bukhshing. g agent
chtPat haeakkz (?_EJ. tred r}tenﬁﬁﬁ.trfge &) Of A€ 0Mye Opolishing

I'ncrpient etc A short_"pol i shing step u3|1g
angf turyaef cHR% ﬁ@célFFﬁél&esd?f %aﬁfaaa aeéﬁatﬁy Fp| FoRPURE
08N Ykt 1RAP pedishémg padhind0onn tederatdr surface
realize a reduction of the edge roughness and edge
ager 8YPA5Fes. The two polishing steps can then be
coordinated wth one another such that a targeted

QSi ti nflue e r EOPBRLI Yeg
R ST sdan e e, o RO e Serod OtR Yedge
pedfishengi rigs of mhécrwaf BiMPheEt alcasky eV t BT RRFERLLY
dfer Rk fﬁ'dd Qnaﬁf& VWhHedr) I effvitifeend N pRkiRG Rh&stomary for

erefore, the sem conductor wafer is O preferably
uﬁ@l iL5h &dheh P el 65 0 LR T RIS 59 -drum  adhesivel y
bonded on the surface of which is a hard and not

HEURNES  alhtR Dok SR T AHCHE k%dol%%“p“ T AP g bneain

I'me "sol utton

s:m@palum A5cHPr afserahi:y;m acanbothtag ($teefOils, POtaSSlum

c%pgiﬁﬁﬁgpt eCtSlehﬂ q$ﬁﬁﬁgggdétQEk@ﬂIthep595551um
i ng stlica sol 1s suppl |ed such

harsir@xgdee anz(é<>©H:3900* WIPTLIAhr oxiHReyi Ory, by (NH.OH)
R O t9f, 18dnium  hydroxide (TMAH) or any desired

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

The pH value of the polishing agent solution preferably
liegs in a range of 10 to 12 and the proportion of the
stated compounds in the polishing agent solution is
preferably 0.01 to 10% by weight, particularly
preferably from 0.01 to 0.2% by weight.

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,
preservatives, biocides, alcohols and complexing

agents.

A polishing agent containing abrasives 1is used in the
preferred second step of the edge polishing. This step
preferably takes place after step (h), wherein the



10

15

20

25

30

35

- 30 *d anzox 3900 is the product name for a polishing

agent slurry offered as a concentrate by Fujim
I ncorporated, Japan. The base solution of this
concentrate has a pH of 10,5 _and contains
approxi mately 9% by wei ght "of 35 col |l oidal Si02
having an average particle size of 30 to 40 nm It
Hastherdo? onRd 1ERARIt MEAIRRA r FekesS oPlere |RRlgreen step
gﬁO@@k{gﬂé@ t(ng .edge region of the sem conductor
fer - 25" as observed in the prior art is entirely
av0|ded by such edge polishing using an FAP pad. A
ﬂhﬂifgﬁopmm%&mmgeotsiﬂhﬁ pabrabing agemteri®l in the
i.nnent s e._removin h ge o
n@g a%?ﬁa t urls}1 e o occ?rrm?éeﬁégreg% };sg)r ? g’cet%efzeoct
walgaccommmrtMMUI@nthEImﬁﬂayﬁhhﬁnQMzénﬁIeﬂkﬁnhﬁ;Wﬁigﬁﬁe
waf er surface are avoided. 10 The polishing agent
sol ution used during the edge olishing is, in the
THienp| 85F€ caghl SHRHRIE 197 of &fabl §Re deiddtindd Snat BRTETiAl
R 13V 1530 pirider caild 16y rEl A ndrmodise i n the
sem conductor industry. 15 However, the polishing
agent solution can al so contain conpounds such as
T3ediaire eafdopat el ¢ Na2 €08, igotmsisd uBl0 campopatéicularly

K%gIB di_um roxi de (NaOH), potassium
p% rec1):X| %K(S% Srbg%mnl um hydr oxi de (NHACH),

tetranethylannonlun1hydrOX|de (TMAH) or any desired
THL M Fhreesyd hefn%%fenme U§§m19h@@§ assi U%&%Pﬁ@t €that

I's especially preferred. pH val ue of th
MesiHagHIGRg lag erfm B Ut Heh %W@?EF%B?ymaE%rP‘%s “preferably

JrRN08r Ofmck t 9f 1Z2andokhaepr appr then «feridier St atlediinum,
conpoundsjhg_the pol i shing agent solution is

S5ef et & 1FP™ 0 10% by wei ght, particularly
preferably fromO0.01 to 0.2% by weight. 30 The

PPOl %E 04 ; & enta&@hytlqgifﬁpyfuQkﬁﬁﬁﬁgﬁgmfonkéﬂﬁ01dally

disperse silica is particularly preferred.

In the optional second step of the edge polishing, in
contrast to the first step, preferably no additives
such as sodium carbonate (NayCO3), potassium carbonate
(K,C03), sodium hydroxide (NaOH), potassium hydroxide
(KOH) , ammonium hydroxide (NH,OH), tetramethylammonium
hydroxide (TMAH)} are added.

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
-agents.

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.
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one or nore further additives, for exanple surface-
active additives such as wetting agents and
surfactants, stabilizers acting as protective
colloids, preservatives, biocides, alcohols and
conpl exing 35 agents. A polishing agent containing
abrasives is used in the preferred second step of
the edge polishing. This step preferably takes place

safitgbist teﬂal.(}:ﬂfﬁszl_\)@er glial‘&etrl'i%i%6 ééﬁg??l@éige f{aﬁ'l | sékagple
process takes ce e and step .
oRRE 61 8F0rt CHELESE O TnbiaE ] GHCREPEF, AN on L Ghinum,
spokcshi, ngidgent usl iy pesrtpircefesy abfl yha@5naoe20@l Hysuch
wei_ght articularl ref y wei ght.
athe 3 seParerPiRe| BEESR o abradtle ey,
particles is preferably markedly nononodal. 10 The

PQ&‘E @ggggﬂzt ' §ﬁ§t§b§@ 'é_ofléﬁ’lf’fgo pH8s p@lrat\ﬂecuhar L¥rface

era he abrasive materi al

t@@ﬁfﬁrfa@éy @W@ﬁ%l%tby 1Eepettrir e A G rahbyekures -
skhe SMP&%&@E@uH@&Eébal("pégtgvabh%nmon¢cﬁr BREepAE the

t he OXIde of t e el ements cerium or
torm e nC Vr?d“-’agaencfyﬁjrlﬁ%:ﬁlc%jon?ﬁl%(i’irjpégonal cross
seethahdaklyhezaodmspér@gramﬂ@@acustgamtat@ﬂap&yamlds.
preferred. In the optional second step of the edge
polishing, in contrast to the first step, preferably,
The aduinadeespastithlassdeei wfi cehdofidPe AONdEbdEY pad’ is
p?gtf%%bawén cay honate 75 (KBEEBLraedi UMMM @i din,  and
otassium h rOX|de KOH), anmmoni um
PRy #6388 LYNRESHP T aPd vy ety | i um hydroxi de
(TNAH) are added. However, the polishing agent slurry

30 f ddi t .
R N

cagpntisiand surfhsyant scontaining abrasives, a layer
composed of a stiff plastic and also a compliant, non-

woven layer, wherein the layers are bonded to one

another by means of pressure-sensitive adhesive layers,

is particularly suitable for carrying out the method.

The layer composed of a stiff plastic preferably

comprises polycarbonate.

The polishing pad can contain an additional layer

composed of polyurethane foam.

One of the layers of the polishing pad is compliant in

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

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

("non-woven"} .
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stabilizers acting as protective coll oids,
preservatives, biocides, alcohols and conpl exi ng
agents. 35 Preferably, therefore, a polishing pad
contai ning an abrasive naEErlal bonded in the
pol i shing pad (FAP pad A pad) is used in step

(g) of the nmethod accordin to the |nvent|on -
BSuunte@mSe cibrighs veorat éangl ga&*@ﬁpr ithe el daidite caﬂ be

araa el 881300 bde e ook iheuel eraRks taehnsum al um num
icon, zirconiumand particles of hard materials

sych 5 as silicon carbide, boron nitride and
T@Lleamafdﬁhplﬁ&hh;i culagrdy Spird Bdtabpol | st respatds have athe

rface aph aracterized by _r.epl
bf#(’f?&'ﬁ‘f’?ﬁcﬁlﬂ}%sff éalccg1 m%?:g]s Fi 89 ?"épgcq’i q_“deid wveve
thart exhapée ihe'gfbfewmbbf ool msen haeiyey aCOmPOSGd Of
oBiLLBdEkaRl O 00! YARAL [ 05 BAPT LD OFiLOE TOAM che

rram ds ‘or truncate ram ds. The aver age
C@mptlll@Mé dieyerofont earyp Cp%| 33 A HRe pEEE | 32V B of 8i BHRYe

a%g?«*teﬂ-cglilegn}mpr ?(Bfﬁtﬁaﬁbs}/ Q- 1t Hydr gBompc: 6%15 of a harder,

ularly prefera n

Shavit ngnaatqﬁﬂama%?%%r%%ﬁgt FB@PPE%H] i 188 Ga82tsc,

fbayffmﬁ?ntapauygaabbasmées farlaygampaenpossd ehinable.
astic and al so

SI&V@F Pgin%H%§ %%ﬁg% éﬂggéondeﬁg§ e¥ogﬁg%ﬁ%rthe

nbyrwea@é1@htpdb3$mwustmws$I|véaadhéslv@ Eé&%r%he pgtual

fgﬁyglgwrg Ll YreS Y g%gle for carrying out the nethod.
e layer conpos of a stiff plastic preferably 25

conpri ses pol ycarbonate. The polishing pad can

H%%R@rn apnaddibhgnaknay qr:ayetio m@a&ed a0kopobyur et baneed
foam 30 _One_ of t

e | ayer hi d
CESHPFFaria rEOTh SAK860 & Mori et T4y r SF sdiFectly
Heflefe rcalel \f igedoBbwaisavd dyarar .

The various layers are fixed to one another preferably

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

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

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

Step (h) - Chemical-mechanical polishing of at least

the front side

CMP polishing of at least the front side of the

semiconductor wafer is effected in step (h) of the
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35 The conpliant |ayer preferably conprises polyester
fibers. A layer conposed of polyester fibers

i npregnated with polyurethane is particularly
suitable ("non-woven")._-,28_ By neans of the
conpliant |ayer, the pad height can be adapted and
foll ow continuous transitions. The conpliant |ayer
mgEBPBrably corresponds to the 5 bottonmost |ayer of
t he polishing pad. Situated above that there is

refer am er e t
SBEELERERY BT LRS! oSS HpftcolLpLe bty axe
pbyipkads kogf mmlhes. ¥MH ajer thebt g&eed fabevevenelpppl
Dggag¢$f+§h ﬁ%ferg%ﬁﬂ&§eQSOfs§19§Bﬁ§ruﬂﬁp shiikf purpose,

conposed of a hard plastic, or
awhh@hgbollwmmam@chm 8R&HPEe CMPs RAYisipig pads are

ugleﬁu ateq ARPVSE t Bhé sbihfknkaverli DImerdmyedl havl hghing
he mcroreplicated structures, that is to say the
Pa@ﬁual fixed abrasive layer. 15 However, the

conpliant |ayer can al so be situated betmeen t he

and the stjff y y. | Qw4 h
T% Eg} %’ro:} s@‘é‘nlga)per& e%/%oﬁg%ggé}]‘?ﬁy% %a(g%e fi xe% 2
pbaroose manatirer preferably by means of
pressure-sensitive adhesive |ayers (PSA). The

pol i shi pad preferably conprises a |ayer aV|
Tihige mle:rsgr:épﬂ i pad eBrSEEtabdre SO LGRS | Ant Fﬁ?@glaﬁb*lc

o@‘a&e&@y@&rﬁﬁﬂPmﬁ@dyﬁﬁra SAI&blﬁh@&hbdt?uahﬁaSubstances
pol ycar bonat e,

rein the_conpliant .l ayer b
M@t hel?® t hEMH-8PE% bGRE o |laa3&/lér of St potxample
pRhusteitngnead. ﬁﬁl?hargoaanesla@slxﬁmldﬂa npbilypayydage,
FAP I|sh| pads wused are preferably greater than
P&-Y, % ﬁ% 'l mand less than or equal to 1.0 m
preferably 0.1-0.6 m and particularly preferably

f%éb(lﬁgafghing pad preferably comprises golid,

microporous polyurethane.

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

impregnated with polymers.

Coated/impregnated polishing pads can also be
configured such that there are a different pore
distribution and different pore sizes in the substrate

than in the coating.

The polishing pads can be substantially flat or else

perforated.

In order to control the porosity of the polishing pad,

fillers can be introduced into the polishing pad.

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 IC1000™, Polytex™ or SUBA™
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35 Step (h) - Chem cal - nechani cal polishing of at

| east the front side CMP polishing of at |east the
front side of the sem conductor wafer is effected in
step (h) of the - 29 - nethgd. Preferably, both sides
of the sem conductor wafer are polished by neans of
CW in this step. A conventional 5 DSP polishing
brgaRenérry 8etfall €286 this purpose, although in
said machi ne softer CWP pollshlng pads are used

i nst ead_of the conventio DSP LE I I
Pﬁ&é?“%éYTh&téﬁP ghh s‘é”g“@r%@%o%% .f%%ne"“s
p@ad?hh&‘gl r@tatmaoreamerrmme( O‘.Ehetlpi)l irshirngspde of the

prefer onprd er a C
R T T e
tenvissaged f @o]t:r@m erH’%1 ‘ff%fﬁp‘é%(%h%ﬂl e lxegly bonded
aEQ%%&%%EhaQﬁ§i B@lXﬁﬁgbﬁﬂﬁ&@,s@@éyaﬁﬂd@he semlconductor

pol yacryl at e, yester, etc he Lishin
weteTerahing c® Ps e%ojs’o'?lpdlg Eﬁg @ﬁ%ﬁ’@ ago 2hive) . a
cRehxiethane DSt pl AlsmPprvdchtee 1o MsbeWDSeshumgable

pads_conposed of foanped Ia t f
FOUh st LT e PUTRNEN afed- llnneéﬁg%eé\Jﬁ tﬁé 4é§§902gype
f@oat edpetpregniitlatol i sRengspady cahG%r@@ﬂfbb an FA

(C? '1{ Ihq_glr e%a%joge{%?f ?ggfﬁgdart% ol fﬁﬂféﬁllﬂlj)rﬁlate and

ri |on and ent ore sizes in th

as Ut venionahnCMR tméucséwn%gpa@ob?ﬁegpaa%% HRahe
LA e qsst ng’I ]Ja\,té‘lat or else perforated. In
ro

or der to cont the porosity of the polishing pad,
35 fillers can be introduced into the polishing pad.
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 simultaneously first on the front side/rear side

and then on the rear side/front side.

The conventional DSP step and the subsequent separate

CMP step are dispensed with.

The polishing machine AC2000 from Peter Wolters,
Rendsburg {(Germany), is eguipped with pin interlocking
of the outer and inner rings in order to drive the
carriers. The apparatus can be designed for one or more
carriers. Owing to the higher throughput, an apparatus
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, which are freely rotatable
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 gpecific

polishing pressure on them while a polishing agent is
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Commerci ally avail abl e polishing pads are, for
exanple, the SPM 3100 from Rodel Inc. or the pads of
the DCP series and the pads of the |1 C1000TM
Pol yt exTM or SUBAT" - 30_-;brands from Rohm & Haas.
Preferably, step (h) involves carrying out

si myl tanegus polishing_at the sane tlng of the rear

CONGATYPUERY BRSO diRt P NTaf €15 Tsi ifSaf FA LTS 1€
afebl gkingnpadt ildmt prﬁ‘eﬂe&eﬂ:ﬂw dpahesis nof paotating pin

conpri fixedl de abr ve
P8Rt W Eﬁ&g ?ﬁ@y %‘ C{:cﬂjc o?ghe ?eréﬁﬁkéﬁfé§§5ﬁﬁ the
cpatiiglrisng pad (MAthOUt abraS|ve). A conventional DSP
pol i shing machine is |ikew se suitable 10 for this
pur pose, e.g. a machine of the AC2000 type from
APty oRd| (el eRe RIS IO PSS BT FReCPbY 1RBi hgree

<R7d Being tapPhjat AL, 09er RotéshbRy t@ieat&ﬂﬁdnf@rence of
conventi onal CWVP pollshlng ﬁq bei ng gggd dto thet ot
thec - PItT sAFRg PHA® YBIFR tHiS CR5ENISPef® (PFO°°
ﬁmyi(ﬁﬁadﬂuxéihéﬁsinmﬁéneddgssnubﬁaneﬂus deebi eonddetor
i shing proc y virtu t t P
W%%@rfhlngna§ﬁl- Yot shi |ﬁ§u§aﬁg-h£$£f&ét et peing
nellmalsadnebrrmhythler s:talonnlamebbda'nt Bﬁ@ieﬂﬁéaﬁegl dwodypocan
gVEE%” ng ggﬁﬁﬁff Shg éﬁronéeﬁéﬂfc,T%ﬁastlc fiber-

ent’i on the subsequent, separ.at e
I@MPf§¢€§dar91@$§b@nséﬂfwﬂ@ﬁa125c?ﬁgeﬁoﬂF§HFn@lﬁégﬁfheor

WAeZ009 faiemoRetarn Kl éerbon RendsbungLCCGarapmy)., Bseels

equi pped with pin interlockin of the auter andl b

S TS G m BPHETSTo GEATaieRe CHPTHL Shfel being

p&ﬂﬁd@@ﬂ@&lganﬁmEﬂhxyqﬁuniTmm oretount Horarecapreéerably
el F0F RLBR8LLRr MNBHL . RIROPAL! UandlohllcRor

I ers-iLs pre errec
mhémra bradrlfrxg-r e dimpiet ¢ BE-200167s8990A m@ndprﬁferably

MY G téﬂ&p&@;éiﬁgs S MR Q018 PhaekAr Y 24t heAkeuRdsses

t'he center atus.” The apparatus incl udes
oA 150Wertcadd Ofn pm.

A polishing agent slurry containing abrasives 1is
supplied during the combined simultanecus double-side
polishing (FAP + CMP).

The size distribution of the abrasive material

particles is preferably markedly monomodal.

The average particle size is 5 to 300 nm, particularly

preferably 5 to 50 nm.

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

cerium or silicon.

The proportion of the abrasive material in the
polishing agent slurry is preferably 0.25 to 20% by
weight, particularly preferably 0.25 to 1% by weight.
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upper polishing plate, which are freely rotatable 35
hori zontally and are covered with a polishing pad.
During the polishing, the sem conductor wafers are
situated in the cutouts insthe carriers and between
the two polishing plates, mhlch rotate and exert a
specific polishing pressure on themwhile a
polishing agent is - 31 continuously supplied. In

Thidl Sugaser t Be16aMkians angspatkse setiidh Ml Opolishing
preferably by neans of _rotating _pin rings which

238Gk & L1E TWedPhPEA S I FURF&ETEREE D the

carriers. 5 A typlcal carrier conprises cutouts for
ecei ving thr seni condyct ar r t d
ea&uFé’glﬁ‘f 65@15*9 Fhe! LLc u&,)el}{"%é glr@e 2%} afg&\%/vthﬂer BG
aa:ﬁe €héended lm@i@otmm tihe ifriac egree- *-S%ﬁ@l tikee ew@gesolf
H& sem conductor 10 wafers, in particular
I nc i'ng agai nst netals being released fromthe
carrier body. The carrier body can conprise for

'I?Péa%ﬁéfﬁtrﬁgl , a§&hBMpGe FlRIraghiC, cdritheims f@d@i@iﬁ@ﬁi such
pl astic, netal coated W|th|s)last|c or

3 an%‘?f?jl‘l“? ke CREPREAHEay ef N IXE) I ay é?ﬁtassqtle"gl‘ s Tgrglonate
(meder r e@odﬁ@nﬁVEydrskadﬂl egSa@iy pmpamastsdeim bbydgoxide

|cularl refe ed.. JThe tqut s
@@E gne‘—i’Jm‘?% ERAETE 145 oéi{gﬁ él}rk?ber % g@%@ ﬁ%hééog%um

hWﬁ:@D&dhﬁ\/(ﬂM@Ha .di aneter of at |east 200 nm

preferably 300 mm especially preferably 450 nm .and
thi cknesses 20 of 500 to 1000 m A polishing ent
Hew@viey ¢ dritaai PR hisabRas RIEE T §1U§E|¥plciaé"d WA %br%tﬂ’ée or

rrs&@' ned-tHdwl tanepusyaoubl eosi dexappléshengaEAPattive
25 The size distripution_of ﬁzge abr.asi ve ———
aﬁiéit%vﬁs r?éi‘tsqclae% i €T LPer aBPG Har kaiPy ASRSRSTAT

sH@ iaversage pardccirgsi zeass 5 tprSOdcimye colloids,
pq:erstelr%%.lt%rvle)é biocides, alcohols and complexing

agents.

The FAP ©polishing pad used preferably has the

properties described under (f).

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).

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
explained above. The ending coarse means that
abrasives (grinding disk, working layers), having
coarse granulation are used, while abrasives having
finer granulation are used in steps having the ending

_fine. The abrasives used during edge rounding and



10

15

20

25

30

35

30 preferably 5 to 50 nm The abrasive materia
conprises a material that nmechanically renoves the
substrate nmaterial, preferably one or nore of the

oxi des of the elenents alLugknum 35 cerium or

silicon. The proportion of the abrasive material in

the polishing agent slurry is preferably 0.25 to 20%
ayFinge) BRE, Pk I aPEG EFFEPEr SBTFD. 2675 19Ps  Peen
eWhahhed s¥dvdherdge pbleehliabdaibhy diesperse sift cadge

as .pol.ishin age slurry i.s parti.cul arly preferred.
Pgi?ﬁglgﬁuEégggng%%ﬁthegég' f&&&gﬁl%r 200 from
Bayer AG and d anzox 3900(r) from Fujim are used,
2Py way of exanple. The polishing agent preferably
contai ns additives such 10 as sodi um carbonate
S(NZA0e8) ,a porakst unframboklite SREAR) CBRhaim - edge

YN ¥de ehagH) | - potmssidumfyglr oxi deppg KHle - edge
~ammoni um _hydroxi de (NHAOH), tetr t hyl ammoni um .
TRPAGTIAS TEPVR) SCIBRBuGV STAE (R BEPHShITNG dgett Sides

of Wy esafieentiakchogneavafer Nor edgs t el isidingi vesGMP of
or exanple surface-active additives such as wetting
t&&eﬁF?ngnﬁl rfactants, stabilizers acting as
protective colloids, preservatives, biocides,
Balcohols and conpl exing 20 agents. The FAP polishing
pad used preferably has the properties descrjbed
slagémg(f)a 2afeef efuphy, tHE erSIRBS (I5LYFehewed ©€d9¢
rERPRIIRR IRRiRg | s- efdmeteshrospeci al bycpreherably adge
fine poli shing using, a softer gl%shingzggﬂ t han indes
repging fdmeusi ngteR P8l ishitg 5 d SE6Rpr i hgT &vEn =t
dfi nefie abeasivaguchar twefeFA-padghi pglpadidescer i @6el of
tE% %&%@m(%&d:¥%é¥”§ﬂ ééfHé>%ﬂ%*§éH£é%LéﬂH%%¥'HEH&%

c

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 -~ FAP of rear side
and simultaneously CMP of the front side - edge
polishing

D

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 polishing -

FAP of rear side and simultaneously CMP of front side -

edge polishing fine

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

gimultaneously CMP of the rear side - edge polishing -



Particularly preferred enbodi nrents A-E of the nethod
according to the invention are presented bel ow. The
abbrevi ati ons PPG DDG FAP and CWP used, have been
35 expl ai ned above. The endi,ng _coarse neans that
abrasives (grinding disk, working |ayers), having
coarse granul ation are used, while abrasives havin
FAh &t GE@ﬁUB&ﬁﬁoﬁnér§1G§@&3Wﬁc§ﬁé§SCW%VFﬁgfFﬁ%“éﬁﬂ%ﬁb
fine. The abrasives used during edge rounding and -
33 during PPG and the preferred grain sizes have
been expl ai ned above. Edge polishing fine denotes
soft edge polishing using softly renoving silica
sol. 5 ASlicing a wafer fromthe single crystal -
edge roundi ng_coarse - PPG coarse - PPGfine - edge
rounding fine - etching - FAP of front and rear sides
of the sem conductor wafer - edge polishing - CW of
10 the front side B Slicing a wafer fromthe single
crystal - edge rounding _coarse - PPG coarse -

PPG fine - edge 15 rounding fine - etching - FAP of
front and rear sides of the sem conductor wafer -
edge polishing - COW of the front and rear sides of
t he sem conductor wafer C 20 Slicing a wafer from
the single crystal - edge rounding_coarse - PPG
coarse - PPG fine - edge rounding fine - etching -
FAP of the front side and sinultaneously CVWP of the
rear side - FAP of rear side and sinmultaneously CW
of the front side - edge 25 polishing D Slicing a
wafer fromthe single crystal - edge rounding_coarse
- PPG coarse - PPG fine - edge
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30 rounding_fine - etching - FAP of the front side
and sinultaneously CVMP of the rear side - edge
polishing - FAP of rear side and simnultaneously CWVP
of front side edge polishi,pg_fine 35 E Slicing a
wafer fromthe single crystal - edge roundi ng_coarse
- PPG coarse - PPG fine - roundi ng_fine -
etching - FAP of thePRFBRE §36ém§nd si nul t aneousl y
CWP of the rear side - edge pO|IShing - 34 FAP of

rear side and si_nultane of front.side - 35.-
Lperoht BRSPRG: EOTA RECHUGLPS, Br oficer pungitesy” darer,
coapréendact or wafer, conprising: 5 (a) rounding of

the edge.of the s co t ol r £
(& ngt %’9{{? V¥ al® &F bgﬂ%rrea&%%f %a \é\?ﬁfl%dlsﬁaﬂlc %@k It Agafer
stared rﬁlﬂgn abr mnge@ haviagain &vervendyr 8fn i gpinging

d?[gko corﬁg—zlqulﬂ\? (mrééméé apngoYsqdaublfreyile grain size

terial-reno 10 proceSS|ng of the sem conduct or
Oﬁaﬁéro Whﬁ@hOIF€B in freely novable fashion in a

%WIOUtdﬂhdmﬁéﬂéodt Kﬂldéubly @id@arriﬁasethal aemoving

d.t t | ]
p%?e%sé%glp%eieéa% L BRCaoRyEPp) ATy e, BRLghy tres in
fwbeﬂei nntdvetbaem dasductor imf exs dsteue pnmceesed of a
mﬁ?_rt]:yt V\Qﬁr oé ﬂ"fgré' S'?%l&?é]a&ecg: V‘@éﬁéé‘@ tfg Sli%'tg_te by

erein‘eac Ing di rises a working er
meemsaqu 13g raairlalmgxe@rrmmgs ana%@eqa%ng*eh%m]ey ofovedoon a

10105 1( G eoyfeda4hl a1 dfemiconductor wafers
erlal-renDV|n 0 processing, of the s n1co duct

awefé?m%ﬁf&fime WERI e KR T FRSHTIRPTR HOT ing
dGWk@ut JHeBdEn Ofearh PhEFREOYY dlifs]@abbmpf$séhata awerking

lgﬁ&sedcct?%oté%g%?}@m%dfagﬁ_vess ° a%11[18| la{nngag‘gggégt Ubbze of
5.0 — 20.0 pm;

(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 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 pm, wherein the grain size is less than the
grain size used in step a);

(@) rounding of the edge of the semiconductor wafer by
means of a grinding disk containing abrasives having an
average grain size of 1.0 pm 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 etching medium in conjunction with a material
removal of not more than 1 um per side of the
semiconductor wafer;

(f) polishing of at least one side of the semiconductor

wafer using a polishing pad containing abrasives having
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cycloidal trajectory, wherein the sem conductor

waf ers 25 are processed between two rotating

ri ng- shaped working disks, wherein each working disk
conprises a working |ayer ;gontaining abrasives
having an average size of 0.5 - 15.0 m wherein the
grain size is less than the grain size used in step

ag) aveFad®) FédmdisiFeorht fe ledgd & MYe seni conduct or
(epf @o1lyhimRARSE ezfnea egrgiewd:umg;né &ienamairﬂiumtm:g: wafer;

B S35 AN SR AL 1 E 8L 5 4T oo

fgroaitn sdidee used in step a) (e) treatnEnt of both
sides of the sem conductor wafer 35 with an etching
mediumin conjunction wwth a material renoval of not
2nor e Thigamethadhas Geingd tie ckaH chbndieesRihaf éF; Step

("), p@h§5hfﬂgn@f §1déea§f (HH%5NQE%$HbﬂdM%tor wafer 1is
sem conduct or wafer_usjn i ng pagd., ta
PREASLEFe sURENI NG - P%lslaﬁgav@% avaﬁﬁ ey og Aded
abr@siRies( Gapiold simngv@fagaegedga efizeheof 0.1 - 1.0 pm
m_conduct or er, C |
T (s e AL AF koA, JEORRD B8k conayeror
waételxod,sa@@mhmﬁhynmamsmqﬁ GMferel n, instep (f) ,
the front side of the sem conductor wafer is

pol i shed using a poli shi pad haying fi xedly bonded
Zabr a?hﬁeéﬂm%@%rﬁjﬁﬂéﬁ%gel%r%iﬁl@i eOBf 20, ¥hereipg, min

sk pandyat éf‘etﬁéﬁgaﬁléﬁﬁlhﬁe dfaihes i ciep 0ol h€hing of the

sencondict o helel g polished b gesta ol O s, 1o

sﬂmaldaﬁbouﬁlyrmapﬁm&shaﬂe amsiﬂg CMP pobbihehgngf pad
the .15 fr e, tﬂﬁ f the
c%ﬂ%ﬁﬁﬁﬁﬁﬁiﬁ%xe bq S é%nu aneoﬁgly pol i shed usi ng

a polishing pad conprising fixedly bonded abrasi ves.

£ Thesethad as,claMekd nig! @iMd 07 o2, 2WhehekBihhehe
polishing pad used in step (f) comprises abrasive
particles selected from the group consisting of silicon
carbide, boron nitride, diamond and oxides of the

elements cerium, aluminum, silicon, zirconium.

5. The method as claimed in any of c¢laims 1 to 3,
wherein, in step (e), the material removal per side of
the semiconductor wafer is at least 0.1 nm and at most

1 pm.

6. The method as claimed in any of claims 1 to 5,
wherein, in step (g), the edge of a centrally rotating
semiconductor wafer is pressed with a specific force
against a centrally rotating polishing drum, wherein a
pelishing pad containing fixedly bonded abrasives is
applied to the polishing drum and polishing agent
solution containing no solids is continucusly supplied,
wherein the polishing pad used contains abrasive
particles selected from the group consisting of silicon

carbide, boron nitride, diamond and oxides of the
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15

20 polishing pad used in step (f) conprises abrasive
particles selected fromthe group consisting of
silicon carbide, boron nitride, dianond and oxi des
of the elenents cerium _akgm_num silicon
zirconium 25 5. The nethod as clainmed in any of

the material

4i§a§£§ ' %&1$WHe%@fm%#ﬂ@13§ﬁ1 6%ﬁhcf§thMﬂﬁﬁ' ‘is at

| east O. 1 nmand at nost 1 m 30 6. The nethod as
| ai i of, cl t ei ste 6,
7‘(:g) q?]%e Igdtglgg%f a cée‘%%n%?yqpo F n%% s%hrﬁ%:r%gnd%c?coor
whelerin,s presseb wiedh atBpedverager éfé‘aléga$fh%¢- &L the
28Rl Wikt ald 3G POlaios RinnG rdrem- when @i n
pollshlng pad containing fixedly bonded abraS|ves 'S
35 applied to the polishing drum and polishing agent

gs0l utrhen BOhEd Niaky ODa Sfkd ds Sax@:pnbifnwminys 1 to 7,

up ere t ol shin used contains
W%@F%&We lnp\mﬁpclkgs’ 5@? c?’]%]aa?]r % éﬁ%uwor Ing™ layex
heansaatawgra@esgnaimwsuza%mﬁkﬁ-bdﬂbmmn|tr|de
di anond and oxi des of the 37 elenents cerium
alum num silicon, zirconium 7. The nethod as
S| ai mEHe rmetHODf agl Aleimed oiB, angher ki flaimsstlepto 8,

w@a)eretlthe aver, gl Neisd Zerpisihes &f9LhadiBOkEhgk1b§er
- 30 mor 30 - 40 m, 8. The nethod as clained in

ham% 6P EVETRISL FGR Sigfecdi -9 m & ¢ b), the
abraS|ves of the working |ayer have an average grain

i ze 10.m Th nethod as .cl aj med_ i n
:Lf CIT e mit]it%d as V\%galm & L5 s?‘l}.% &f ajtahlms h 9,
wilenrasinyesiof sttt@ wenki ngheayererdgsy e Janiavesage @fai hhe
,ﬁlﬁﬁ ?lfg Qi 14 B2 ]ﬂr qhe nmethod as clained in

clains to 9, rein, in step a), the
average grain size of the grlndlng disk is 0.5 - 10

m



