- 1 - Method for producing a semiconductor wafer The invention relates to a method for producing a
semiconductor wafer. 5 In accordance with the prior art, semiconductor wafers are produced in a
multiplicity of successive process steps, which can generally be subdivided into the following groups:
10 a) production of asinglecrystalcomposed of semitorductor material (crystal pulling); b) separation

of the semiconductor single, gry§tab (o dadiglakIALETs SAIBHRGC L3ANIRYReES ©) mechanical

processing of the semiconductor wafers; d) chemical processing of the semiconductor wafers; e)
chemomechanical processing of the semiconductor wafers;  f) thermal treatment of the
semiconductor Wafersi arnvd/or 20epitaxidkdoatingtaf the semiconductor waferseth:additiondhere are a

multiplicity of secondary, steps such-as.cleaning, measuring and packaging. 25 A semiconductor single
crystal is usually produced by pulling a single crystal from a melt (CZ or "Czochralski" method) or by

recrystalliz%’ng a rod composed of polycrystalline semiconductor material (FZ or "floating zone"
method). 30 Knbwnzseparatiorcmethiods indlgdecwire sawirly ("ragiiiwiee SHERGT MRS} aRd
internal-diameter-sawing, 4 ulhthe ¢aseof wire sawing a-multiglicity,of-35% sermicopducterswafers are
sliced from a pig%%f))é (’:rys&%ljl;rélcl)necvg%rk Oéjeer%ti%mly be subdivided into the
following groups:
10
a) production of a single crystal composed of
semiconductor material (crystal pulling):
b) separation of the semiconductor single crystal into
individual wafers ("wafering", "sawing"),
15 ¢) mechanical processing of the semiconductor wafers;
d) chemical processing of the semiconductor wafers;
e) chemomechanical processing of tThe semiconductor
wafers;
f) thermal treatment of the semiccnductor wafers and/or
20  epitaxial coating of the semiconductor wafers.

In addition there are a multiplicity of secondary steps

such as cleaning, measuring and packaging.

25 A semiconductor single crystal 1s usually produced by
pulliing a single crystal from a melt {(CZz or
"Czochralski™ method) or by recrystallizing a rod
composed of polycrystalline semiconductor material (FZ
or "floating zone" method).

30
Known separation methods include wire sawing ("multi-

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

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

in one work operaticn.

The mechanical processing serves for removing sawing

undulations, for removing the surface layers that were



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

("chuck”) 10 and.leveled on the front:side by a cyp grinding disk with rofatipn,ehsuppert apd grinding
disk and slow radial advance. Methods and apparatu%gg f%gle surface rlndln%(of a semiconductor
or

wafer are knowrr o U3, 905, 167 Gnd U8-5400% 0555178 0F 15 Ex&ple T this case, a
semiconductor waferis fixedlytheld anlawaler heltier by one of its Sugfacesrwhite it 6ppdsite surface

is processed by;means of & grinding disky by wafer holderand grinding diskd otating yang-eing pressed

against ong an tatler..lrrll thisaZOecaSﬁ,lér‘lv%se@ggnductor &vafearlis gxed 8%@8 Xvaafl r hoel%erein such a
way that its cen % ?&bs(i{antla]fly corresponds to fhe rofation center of the wafer holder. M%reover, the

grinding disk isjpresitionedlid sER@Sway that the rotation center of the semiconductor wafer 25
reaches a working region or the edge region formed by teeth of the grinding disk. As a result, the

enire surface of {he. semicanductar wafr, ¢an begroyrid wilaut any,movementin she gding plane.

30 in the case of simultaneous double-side grinding (“double-disk grinding”, DDG), the semiconductor
wafer is simultaf@be&ly prodesed 6A bbitFsidédih amaRnetTloating FEery betwesH fwo grinding
disks mounted andppesitelealinear spiredleSy and insthespracess: is @5cguided inianmanierkargely free
of.co.nstrainir)g forces ag@aalg/tq%twe%g \gg&ggy‘ghi%@ngr9§§@(§jgrpc5in@glg)(or Aifcushign (aerostatic
principle) acting on the front and rear,sides, &0d Is prevented from floaling ~32 surzace
grinding of a semiconductor wafer are known from
Us-3, 905,162 and US-5,400,548 cr  EP-0855126 for
15 example. In this case, a semiconductor wafer is fixedly
held on a wafer holder by cne of its surfaces, while
its opposite surface 1s ©processed by means of a
grinding disk, by wafer holder and grinding disk
rotating and being pressed against one ancther. In this
20 case, the semiconductor wafer is fixed on the wafer
helder in such a way that 1ts center substantially
corresponds to the rotation center of the wafer holder.
Moreover, the grinding disk is positioned in such a way
rhat the rotation center of the semiconductor wafer
25 reaches a working region or the edge region formed by
teeth of the grinding disk. As a result, the entire
surface of the semiconductor wafer can be ground

without any movement in the grinding plane.

30 In the «case of simultanecus double-side grinding
("double-disk grinding", DDG), the semiconductor wafer
is simultaneously processed on both sides in a manner
floating freely between two grinding disks mounted on
oppesite colinear spindles, and in the process 1is

35 guided in a manner largely free of constraining forces
axially between a water cushion {(hydrostatic principle)
or alr cushion (aerostatic principle) acting on the

front and rear sides, and 1is prevented from floating



away radially loosely by a surrounding thin guide ring or by individual radial spokes. In the case of
lapping, the semiconductor wafers are 5 moved under a specific pressure with supply of a slurry
containing abrasive materials between an upper and a lower working disk, which are usually
composed of steel and normally provided with channgels for better distribution of the lapping agent,
whereby 10 semicondgctgr My teria}LI IS renlwov%d. DE %0&%%6%& an Dl% 10 gogg O%g 455 Al
disclose method$ Tor thé Sirmuil afneo%gsgerl ingyat"flhe Same fime ofbo ﬁlsnde% of a pIuraﬂt%/ of
semiconductor Waférs I5:@itH smple et 3¢qa&fcesimilar to that of lapping, but characterized by
the fact that abrasive is used which is fixedly bonded in working layers ("films", "pads") applied to the

working disks. A.mefhod 04%; e 15 fgRd fo 3%, ding arinding i apping 20 Knematics” or
planetary pad grinding” (PPG). Working layers which are used in the case of PPG and which are
adhesively’bonded Bntd Héthorw Sty disks B destrbel! forexatiipiein Us 8,007 407A and 25US

6,599,177 B2. Ruring pracessiag,the semicondacton Wafersareinserted intpihin gaide cages,

so-called carriers,which, haye receiving sepiconductar cqreespending openingsswafets. ;The carriers

have an and normally provided with channels  for  better
distribution of the lapping agent, whereby

10 semiconductor material is removed.

DE 103 44 €02z Al and DE 10 2006 032 455 A1 disclose
methods for the simultaneous grinding at the same time
of both sides of a plurality of semiconductor wafers
15 with & movement sequence similar to that of lapping,
but characterized by the fact that abrasive 1is used
which is fixedly bonded in working layers ("films",
"vads") applied to the working disks. A method of this
type 1s referred to as "fine grinding with lapping
20 kinematics" or "planetary pad grinding" (PPG).

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 U3 6,007,407 A and
25 US 6,59%%,177 BZ2. 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 1intc a rolling apparatus
30 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
35 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



outer toothing which engages into a rolling apparatus 30 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 35 existing mechanical markings
such as an orientation notch is usually processed aswell ("edge rounding”, "edge notch grinding").
Conventional grindigg steps with profiled grinding disks or belt grinding methods - 4 - with continuous

YanceCArE ULRA 5 this PUTPOSE ThesE Bdgd POl méfhods &fe métessary since

or periodic tool &4V
the edge in the Unprodessed state is particularly fracture- 5 sensitive and the semiconductor wafer can

be damaged evendyeslighipressureand(gr temperaidre loads indhe £dge region, Fhe wader edge that
has been grounéjda%d Lreatgge\?/vith an. lgeestcsréiggénceacgtémj!ss usqulé/i%olllijs_hgg in a Iateugroc_essing step.
In this case, the egge ofa centréjlf)lpro?atmg Semiconductor wafer s pres%e %gaﬁlas,?a creeﬁtrally rotating
polishing dfum @itha-spgedficIdrte [EohtatEPesanfb)c S5 989 E05 disclosies ariergeas polishing
method of this typewheyein thepolighiag diura is samposedobar atupiwumalpy and has a polishing
pad applied to igdl’&e %%[{:QHQUctor wafer is usually fixed on a flat wafer holder, a so-called chuck.
The edge of the semiconductor wafer projects 20 beyond the chuck, such that it is freely accessible for
the polishing drum. The group of chemical processing steps usually comprises wet-chemical cleaning
and/or etching Stepswafer edge that has been ground and treated with an

10 etching medium 1s usually polished in a later
processing step. In this case, the edge of a centrally
rotating semiccnductor wafer 1s pressed against a
centrally rotating polishing drum with a specific force
(contact 9pressure}. US 5,989,105 discloses an edge

15 polishing method o¢f this type wherein the polishing
drum 1is composed of an aluminum alloy and has a
poclishing 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

20  beyond the chuck, such that it is freely accessible for

the polishing drum.

The group of  chemical processing steps usualiy
comprises wet-chemical cleaning and/or etching steps.

25
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

30 of the surface is removed.

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

produce semlconductor wafers having improved flatness.

After the grinding, cleaning and etching steps, in

accordance with the prior art, the surface of the



25 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 30 of the surface is removed. While the polishing methods that work on one side
("single-side polishing") generally lead to poorer planre-parallelisms, polishing methods acting on both
35 sides ("double-side polishing") maie it possible to produce semiconductor wafers having improved
flaness, - 5 - SERIGSRATIGT WATel e iootRed BY FeBVal BIShTHE 1A the ase Graifgle-side
polishing (SSP), semid¢driluctoravefers aré held onahe réardide opalsupporcplate (BEMeans of
cement, by vacyum @fohymeans ofyadhesionduing precessing: Hethe-gase of doublersidg polishing
(DSP), semiconsddjctcc))rrv%/afeilsa are ;gosg%é?lsserteg ingc%ﬂ a tq:in t%oth%% g{}?gmangrp?)lish%g on the front
and rear sides Simultaneous ym" réYer oatlngq' ashion between an upper and alower 10 polishing
plate covered viith &paIRMirRy padt FLirtheRiores Bfe fiBnt sides B theSeificoriduetdiiveders are often
polished in haze-free fashioahfonexample) hy means of @wsoftqpolishing pad i the aidk1s of an
alkaline polishing,sal- This step fs offen yeferred o as LM pelishing (cehemamechanicg polishing’) in
the literature. CMP methods are disclosed for example in US 2002-0077039 and in US 2008-0305722.
20 The prior art1ikWise distfoses BfF so-GHea *fixed dbradivd polishitg" (BAP) tedthfdidgies, wherein
the silicon wafef is>pdlishe'd onfapblisting paetwhich, hewever; goatainsaniabrasive maerial bonded

in the 25 p@lish%gkglﬁ%qjg'ﬂéeg;gggaesi\@o%qgdAMiﬁhi@gF%qgghwg'@h h an PAP polishing pad is
used is hereinatfter referred to for short as PAP step. WO 99/55491 Al describes a two-stage polishing
method, 30 comprising a first PAP polishing step and a subsequent second CMP polishing step. In
CMP, the polisHig pagdcontdns ndbondéd @brasive fteriat Hereh as irsthelcasecoid DSP step,
abrasive materiakisdptfodueed in the formof aslusy between the siligen wafen apd theror

example by means of a soft polishing pad with the aid

15 of an alkaline polishing sol. This step is often

referred to as CMP polishing {"chemomechanical

pollishing”) in  the literature. CMP methods are

disclosed for example 1in U3 2002-C077032% and in

US 2008-03057Z2.

20
The prior art likewise discloses the so-called "fixed
abrasive polishing" (FAP} technolcgies, wherein the
silicon wafer 1s polished on a polishing pad which,
however, contains an abrasive material bonded in the
25 polishing pad ("fixed-abrasive pad"). B polishing step

in which such an FAP polishing pad is wused 1is

hereinafter referred to for short as FAP step.

WO 99/55491 Al describes a two-stage polishing method,
30 comprising a first FAP polishing step and a subseguent
second CMP polishing step. In CMPF, the polishing pad
contains no bonded abrasive material. Here, as in the
case of a DSP step, abrasive material is introduced in
the form of a slurry between the silicon wafer and the
35 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 subsirate.



35 polishing pad. Such a two-stage polishing method is used, in particular, to eliminate scratches left
by the PAP step on the polished surface of the substrate. - 6 - The German patent application DE 102
007 035 266 Al describes a method for polishing a substrate composed of silicon material, comprising
two polishing steps of the FAP type, which differ ia that-in one polishing 5 step a polishing agent slurry
containing unbgnded abrasive material as salid is.introduced bhetw t u t the polishing
pad, while in th%?lseecogg Ib%ﬁghing %iceepnt%e p%%gr%%\caéo‘gle%?slu%% i§ ‘rSerlg)ioe%d @??éﬁ?ﬁﬁ? agent
solution that is #e&fSefidls. 20 Seriieshdbetor Watersare Bften provitedvith &P layer, that
is to say with adayes grows:in meneerystallinedfashiva:iangd havingihe samenerystakpsentdtion, on

which semicondygfor,components are. 15 applieddater. Such epitaxially cgated semiganductor wafers

have certain advantages over semiconductor wafers composed of homogeneous material, for example
the prevention 6F&kargé reVstsalSh BisolaPERIOS cifciitsbllowed by the SHort GrEait ofthe
component 20 @tatelsUpe problem); fowen defectldehsities (forexampte tedueced aambénef COPs

("crystal-originated papticles”).and the absenceaf an.appresiablg.oxygen content, wheraby it is
possible to rule out a short-circuit risk owir&gﬁ:[‘%géﬁ){gen precipitates in component- 2 rele\{%ant regions.
a

What is crucial B Hw thE AbsVeHeschbe ical dhd chemomechanicl or purély themical

method steps ape afrapgetish drosess sequencelfon pidthitingsa Bosentiéorductérwafer. It is known
that the ppfishing steps such as SSP, DSP and CMP, the etching treatments and the epitaxy step lead

to a deterioratiap In.the flaness, of the 33 semicopductorayafgr parieylatyin the, edge region.
epitaxial layer, that 1is toc say with a layer grown in
monocrystalline fashion and having the same crystal
orientation, on which semiconductcr components are
15 applied later. Such epitaxially coated semiconductor
wafers have <certain advantages over semiconductor
wafers composed of homogeneous material, for exanple
the prevention of charge reversal in Dbipolar CMOS

circuits followed by the short circuit of the component

20 {("latch-up" - problem), lower defect densities {for
example reduced number of COPs ("crystal-originated
particles") and the absence of an appreciable oxygen

content, whereby it is possible to rule out a short-
circuit risk owing to oxygen precipitates in component-

25 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

30 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 1in the flatness of the

35  semiconductor wafer particularly in the edge region.

Therefore, endeavors have been made in the prior art to

minimize +the material removal during peclishing, in



- 7 - order also to limit the deterioration in flatness to a minimum. US 5942445 A proposes slicing
(sawing) a semiconductor 5 wafer from the crystal, rounding the edge of the semiconductor wafer,
then carrying out a grinding step, which can comprise a double-side grinding and a single-side grinding
of front and rear sides of the semiconductor wafe¥, subjecting the semiconductor wafer 10 to an

alkaline wet etch, and finally pelishing.the saiiconductorater by means of DiRR.The dopble-side
grinding can also bé replaced by allapping step. A plasma etch can also be effected after the wet etch.
Finally, the gririthfig-St€ps and the wet etch can be 15 replaced by a plasma etch. The semiconductor

wafers polished by means of DSP which are obtainable by this method have an unsatisfactory

geometry in the,edge fegign owing to thedise of wet;,20 chemicalreatments and thelasma-assisted
chemical etching %PACE). Thus, at bést semiconductor wafers having acceptable ?tng s values are

available iPan Bag8excisith of Basis SF RS “at 1SS M % "ROGIM&TFhe “Aiways Taken as a

nanotopology,isemiconductor wafer, then carrying out a grinding step,
which can comprise a double-side grinding and a single-
side grinding of front and rear sides of the
semiconductor wafer, subjecting the semiconductor wafer
10 to an alkaline wet etch, and finally peclishing the
semiconductor wafer by means of DSP. The double-side
grinding can also be replaced by a lapping step. A
plasma etch can alsoc be effected after the wet etch.
Finally, the grinding steps and the wet etch can be

15 replaced by a plasma etch.

The semiconductor wafers polished by means of DSP which
are obtainable by this method have an unsatisfactory
geometry in the edge region owing to the use of wet-
20 chemical <treatments and the plasma-assisted chemical
etching (PACE). Thus, at Dbest semiconductor wafers
having acceptable flatness values are available 1f an
edge exclusion of at least 2 mm is always taken as a
basis, ct. ITRS "Roadmap". The nanctopology, in
25 particular, is adversely influenced by etching methods.
In order to improve the nanotopology after the etching
step, in DSP  an incresased materilal removal is
necessary, but the latter in turn adversely influences
the geometry in the edge region.
30
In order to be able to provide semiconductor wafers for
future technology generations which meet the stringent
reguirements made of the edge region of a semiconductor
wafer, that is to say in order, for example, to make
35 even the outermost edge region of the wafer accessible
to the modern iithographic methods (immersion

lithography), other approaches are necessary.



25 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 region. 30 In order to be able to provide semiconductor wafers for
future technology generations which meet the stringent.requirements made of the edge region of a

semiconductorq\_q\ﬁafer, that is to say in ordgr, for eéample, to make 35 event %outergnost edge region
e. ’%ro [S3¢01 rea. escribed %av rise ?h = at e
of the wafer accessibleto the modéermn lithographic methods 6(almmerslon | ographyi othér approaches

are necessary. ©8 = The problem aes HeseribatVgavel fise tothastated bbjeerafiherpregent
invention, namely-©f providing 8sROVet pracesssequence for pradicing seyaitonduetor wafers in

particular havin aafgiggneltgr of,ﬁ: Qmm.3 Tlt'gvoisz; ct aof éq%%ggggo%' Q%ey&d by means of a
method for producing a semiconductor wafer, comprisingin the stated order: ~ (a) double-side
material-re?noving processing of the 10 semiconductor wafer sliced from a single crystal; (b)

rounding of the Bdge @f the-semitondictanrwafer;i (c) giindingoffrentahdrearsidesofthefSemiconductor
water, wherein k. eaelycass,ons;side.of e semigandustonyalet is fixedly hald i means.of a 15
eis

wafer holder while the other si processed by means of a grinding tool; (d) polishing of at least one
side of the semicondli&to? WafeFby hieans of a polishing pad comprising fixedly bonded abrasives;
20(e) treatment @ botkrsides-ofite sencondiretorwafer with anetching saediumdA cohjusction with a

material removalQf not meredhan 1 ldm-pen side 9f the,semicongdyctor wafer; A(f);polishing of a front
Qde(ﬁthesenﬂﬁgpdggggding of the edge of the semiconductor wafer;
(c} grinding of front and rear sides of the
semiceonductor wafer, wherein in each case one side of
the semiconductor wafer is fixedly held by means of a

15 wafer holder while the other side is processed by means
of a grinding tool;

{d} polishing of at least one side of the semiconductor
wafer by means of a polishing pad comprising fixedly
bonded abrasives;

20 (e) treatment of both sides of the semiconductor wafer
with an etching medium in cenjunction with a material
removal of not more than 1 um per side of the
semiconductor wafer;

(£) polishing of a front side o¢f the semiconductor

25 wafer wusing a polishing pad having fixedly bonded
abrasives and simultanecus polishing of a rear side of
the gsemiconductor wafer by means of a polishing pad
which contains no abrasives, but in the case of which
an abrasive-containing polishing agent 1s introduced

3¢ between polishing pad and rear side of the
semiconductor wafer;

(g) polishing of the edgs of the semiconductor wafer;
(h) polishing of the rear side of the semiconductor
wafer by means of a polishing pad comprising fixedly

35 bonded &abrasives and simultaneous polishing of the
front side of the semiconductor wafer by means of a
polishing pad which c¢contains no fixedly  bondsd

abrasives, wherein an abrasive-containing polishing



25 wafer using a polishing pad having fixedly bonded abrasives and simultaneous polishing of a rear
side of the semiconductor wafer by means of a polishing pad which contains no abrasives, but in the
case of which an abrasive-containing polishing agent is introduced 30 between polishing pad and rear
side of the semiconductor wafer; (g) polishing of the edge of the semiconductor wafer; (h) polishing of
the rear side of atth% sgmicgnducggr C\}N(?.fer b rg%ar%\?eofna pogigigg Pgd comgrisgnggdfix%oyg g,tS bonded
abrasives and simultanetus p%}isﬁlngugfet e front side of thie s&miconducior wafer by means of a
polishing pad whickecorftainishGRREdN BeHEESP BbFshass; wherein an abrasive-containing polishing -
9 - agent is introduced between polishing pad and front side of the semiconductor wafer. Firstly, a

semiconductor ?’fﬁff%réég!icead. fé%’{gz?c%iﬂgl??ﬁ%ysl?é§8mp9%?ds%f'%eéﬁic%%%t%r mategal, grown by

means of CZ or ES. Thé semiconductor wafer is preferably sliced by means of a wire saw. The slicing

of the semicondiictSdaferINFRIEERE of s wifBaw 18 eHectad intRE Fiarer KITGWYR.g Pfom US
4655191, 10EP&221542 Al DEZ39 42671 Rr.or ER'H33 956w cEhelgrowr singleferystalicomposed of
semiconductor material is preferably.a single,crystal compgseg; ofsilicon. The, semicopductor wafer is
preferably a monocrystalline sjlicon wafer. 15 The essential steps of the method according to the
invention and tHe pr&fetred BMBSAIMents the Fot afe &%pldiivéd BelSw irfdetail 20 Ttép (12% -
Double-side matéfalreatoving processing ofithe semivonduetor wafér sticed fromba Single crystal In
step (a) of the methodaceerding fo the myentiors both sides of the semicanductor wafer are subjected
to 25 material-r{_efr}'?eovin roces%ijr]g. I@S can bseacaj(ine Ct:)é{mm%z%srgasdof soimultggr%g%%g%@%sride grinding
(DDG) or by means of S(grkplanetgry padc Y 2 N

material 1s preferably a single crystal composed of
silicon. The semiconductor wafer 1s preferably a

monocrystalline silicon wafer.,

15
The essential steps c¢f the method according to the
invention and the preferred embodiments thereof are
explained below in detail.

20 Step (a) - Double-side material-removing processing of

the semiconductor wafer sliced from a single crystal

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

25 material-removing processing.

This can pbe done by msans of simultansous double-side
grinding (DDG) or by means of PPG (pianetary pad
grinding). 2 lapping step is less preferred in the

30 method according to the invention.

DDG machines according to the pricor art, as are
described for example in JP2000-28C155A and JP2002Z2-
307303A have twe grinding wheels which lie opposite one
35  another and the rotation axes of which are arranged
colinearly. Dburing the grinding operation, a workplece
in wafer form which 1s positioned between the grinding
wheels 1s processed on both sides simultaneocusliy by the

two grinding wheels rotating about thelr axis, while it



grinding). A lapping step is less preferred in the 30 method according to the invention. DDG machines
according to the prior art, as are described for example in JP2000-280155A and JP2002- 307303A
have two grinding wheels which lie opposite one 35 another and the rotation axes of which are
arranged colinearly. During the grinding operation, aWorkpiece in wafer form which is positioned

between the grinding wheels;is processed.en bgth sides §mlé“.a§'@é)ﬁl§!y bythetwo-grinding wheels
nag-

rotating about their axis, while it - 10 - is held in position by a,ri§ shaped k%yldi&% an r%tation device
and at the samB3inie rotated aboi itd dwnaxis: Buringthe gAfding %ﬁ%Fa fon?the twogrinding wheels
are advanced invam axdalidirection Biantil tHédesiifirel tickiass1f the Workgigée has'been
reached. The holding and rofatiomdevige may donexample; gomprisesfiction wheels:which engage on
the edge o::Df 10 tqlec\év?r?heeceﬁgggvfggr, ]%tirrqu al%)ibe a device wh&w@surrounds thee wggléolece in

. K 1eC
ring-shaped fashion and engages iha score, groove of notch which s po‘gglrbfff)r%sent at the

periphery of th&@&@rkpiece: e device of this type is normally referred to as a "notch finger". 15 In order
to process the entire area of the workpiece, the workpiece is guided relative to the grinding wheels in

such a way thaﬂpee a rgﬂy&gﬂndﬁgﬁ segglgcri}{sigfntheg%rm&g Wllag@’s d%pbe&gm%r’path which

runs constantly over the center of the workpiece. 20 In this case, the workpiece is not generally in a
fixed position, BiftT&ifef fs hefd axiafy inBiditioh by tivo apFadtises 6 hjafostatid bedting, referred
to as "hydipadsiewhiclr ‘are fitted oA dotlvsides bftheay alsc be a device which

surrounds the workpiece In ring-shaped fashion and
engages 1in a score, groove or notch which is possibly
present at the periphery of the workpiece. A device of
this type is normally referred to as a "notch finger™.
15 In order to process the entire area of the workpiece,
the workpiece is guided relative to the grinding wheels
in such a way that the abrasive grinding segments of
the grinding wheels describe a circular path which runs
constantly over the center of the workpiece.
20
In this case, the workpiece is not generally in a fixed
position, but rather is held axially in position by two
apparatuses for hydrostatlc bearing, referred to as
"hydropads"”, which are fitted on both sides of the
25 workpiece. Apparatuses of this type are described in
JP2002-280155A. In accordance with the prior art, those
surfaces of the two hydropads which face the workplece
are configured in planar fashion and orlented parallel
to one another. Each hydropad comprises a plurality of
30  hydrostatic  bearings, between which grooves for
discharging the medium used for the hydrostatic bearing
(referred to hereinafter as the "hydro-bearing medium")

and the grinding coolant are arranged.

35 In each case one OrY mMOre measuring Sensors are
integrated into the hydreopads, allowing the distance
betweenn the surface of the hydropads and the workpiece
surface to be measured during the grinding operation.

This distance measurement is usually carried out with



25 workpiece. Apparatuses of this type are described in JP2002-280155A. In accordance with the prior
art, those surfaces of the two hydropads which face the workpiece are configured in planar fashion
and oriented parallel to one another. Each hydropad comprises a plurality of 30 hydrostatic bearings,
between which grooves for discharging the mediumqused for the hydrostatic bearing (referred to
hereinafter as the "hydro-pearing medium'% and the %gnding c%)olant are arranggad. 35 In each case

one or more meakuring sensdrs afeintSrated’ihte thefydropads, allofing the distAits Between the
surface of the hysiropatis areithesvarkpicteseivfacees be mddstredidngng the Grirsdisg dperation.

This distance measdrement isysdaleearded eutiwith +l-«the aid efdynamje pressurg.ubes as a

pneumatic dynamic pressure measurement. The. dynamic pressure tubes are designed as simple
bores in the edge< 5 ey eroLafe badrhas which Mokt InG Buide SuTacee: T5 & Sriabid the
distance bétweé& #el Rydropéids AneithE GorkprREB 6 be Mé&suret BECHESE as Possibled the
location of grinding pracessing othe dynanaic pressussstubes ate generally attanged close to that edge

of the hydropads which g)shadggceagloo@%)ggrindgipgé/glgesq%glfo P&% is@%ﬁ%‘? fggggesgggjltaneous

double-side grinding of a plurality"of semiconductor wafers, wherein each semiconductor wafer lies in
freely movable fa¥Rfoh i SeclHEGEH BheYof A pIardR o Cariérs 1% thafare Ta8&ed o fotdte by means
of a rolling apparatisyaadss tiereby movaethiaracycloidat trajectarydwhereifi ¢wd semiconductor
wafers arg grocessed in material-removing fashion between two rotating working disks, wherein each

working disk ZODco prises a working layer (f‘ontain{rg]}ggbond,ed qbrasive. The #Sebolf a PPG method in
step (a) of the métHod Ja%cor‘:‘cljingmt(:f)“t '8%nvention is & pecsfé@uﬁr%?er}?gdl. 25 r%?er“é%ly?%hee

semiconductor wafetr4é be prodesséd by PRG airesdy Rds a Fstnded edye: bt isohte z@ain

subjected to sughhedge rounding afier therRRGtsiep hasbeen cagiedoutrkbas beendpuad that such
an edge rounding step divided into two parts, affords 3Q advantages, especially since the PPG method

. j§ %Ing I a \,g
in the case of semiconductor wafers having rounded edges apparently léads to semiconductor wafers

having better geonistry 858 nafdtsistgraphy. 35°Ahard niferifldfaving 8 Mols hafthesE of6 is
preferred as abraspverzanded in theiworking layers=Appropriatedbrasive raterigls hre paeferably

diamond, silicon.garbide, (SIC). cetium,dioxide (GRO2), sopndum (@lvminum,gxide.Al203). zirconium
dioxide (Zr02), boron -12-" , , ,
processed 1n materizl-removing fashion between 1Two
rotating working disks, wherein each working disk

20 comprises a working layer containing bonded abrasive.

The use of a PPG method 1in step (a) of the method

according to the invention is especially preferred.

25 Preferably, The semiconducteor wafer to be processed by
PPG already has & rounded edge, but i1s once again
subdjected tc¢ such edge rounding after the PPG step has
been carried ouf. It has been found that such an edge
rounding step divided into Two parts affords

30 advantages, especially since the PPG method in the case
of semiconductor wafers having rounded edges apparently
leads to semiconductor wafers having better gecmetry

and nanotopography.

35 A hard material having a Mohs hardness of = 6 is
preferred as abrasive bonded in the working layers.
Appropriate abrasive materials are preferably diamond,
silicon carbide ({(S5iC)}, cerium dioxide (Ce0:), corundumn

{(aluminum oxide, Al1;03), zirconium dioxide (Zr0;}), boron



nitride (BN; cubic boron nitride, CBN), furthermore silicon dioxide (Si02), boron carbide (B40), through
to significantly softer materials such as barium carbonate (Ba003), calcium carbonate (0a003) or
magnesium 5carbonate (Mg003). Diamond, silicon carbide (SiC) and aluminum oxide(Al203;
corundum)are particularly preferred, however. The average grain size of the abrasive should be less

10 than 9 Rm. The preferred size of the abrasive grains bonded in the workipg layers is on average
3 Lo dlathes

0.1 to 9 Jim, andparticGlaryBréferably 6 1 36 4 i the thes of didond as abrasive: The diamonds
are preferably sdrideckindigidvrailer 4§ tlustersdin e berding dtatri@ of 116 th& wokking tdyer. In the

case of cluster bogding; the.grain digmatersrspecifieshas preferredrelate tothe-primansparticle size of
the cluster constj uec\r&ts. Workin Ig\. ers with ¢ r%rlxi]ichondir@géﬁﬁreferggly Zomgs%d'sais nthetic resin
bonding is parti&u%rlyﬁ))r’eferrg “in the casé of worﬁing layers with clusters also ah %I‘Id- onded
system (ceramieasdieirig withiAl e elustels aRa sPnthéticlreSiTboRdify Bétweén Elustdfand working
layer matrix). 25 Theihardness:of dhe warkingJayer is:preferalhly at least 8 Shore-AlRatticularly

preferably the \géqzrg@grl%g{]iskg&ggggggd in multilayer fashion, the upper and lower layers haying
different hardnesses, with the 30 result that point elasticity and long-wave compliance of the working

layer can be adapted to the method requirements independently of one another. Prior to the first use of
a working layerTthe abvasivg 35 qatérials boaded intothe storkingtayes ave preférablyasmeovered by
removing-the topmost laygkin order to,make them usable forthe.grnding-gperation; This.initial
dressing is carried out for, example with the il of grindstones ot blades that are prefgrably

and particularly preferably 0.1 tc 6 um in the case of

diamond as abrasive. The diamonds are preferably bonded

individually or as clusters in the bonding matrix of

15 the working lavyer. In the case of cluster bonding, the
grain diameters specified as preferred relate to the

primary particle size of the cluster constituents.

Working layers with ceramic Dbonding are preferably

20  used; a2 synthetic resin bonding 1s particularly
preferred; in the case of working layers with clusters
also a hybrid-bonded system (ceramic bonding within the
cilusters and synthetic resin bonding between clusters
and working layer matrix).

25
The hardness of the working layer 1s preferably at
least 80 Shore A. Particularly preferably the working
layer is constructed in multilayer fashion, the upper
and lower layers having different hardnesses, with the

30 result that point elasticity and long-wave compliance
of the working layer can be adapted to the methoad
regquirements independently of one another.

prior to the first use of a working layer, the abrasive
35 materials bonded intoe the working layer are preferably
uncovered by removing the topmost layer in order to
make them usable for the grinding operation. This
initial dressing is carried out for example with the

aid of ogrindstones or Dblades that are preferably



- 13 - mounted on specifically modified carriers and lead over the two working disks by means of the
rolling apparatus. 5 The dressing is preferably effected using grindstones containing abrasive grain
having a similar grain size to the abrasive in the working layers. These "dressing blocks" may be for
example ring-shaped and inserted into an externally tpathed driver ring, such that they 10 can be
guided along between the uIPper and lower, or%%%ka%/er%m a suitable mannegrgg/l eans of the rolling

apparatuses of the griRding Sr

mgé)r%ﬁéf‘f)ﬁﬁ%g YT, tRe diessing BiockS Sretérably siwaep over the
entire area of théorking layers arid garticllamy prefarabfd 5reven €mpdrafily of elseléshtinuously
run somewhat beyenesthesedge of said layers. Preferably, the abrasive grain is bonded in the dressing
block in such a way that the wearing of the dressing blocks still permits an economic dressing
operation, but during the 20 dressing process at least one layer of loose dressing block grain is always
situated inthe WBingZoheBetweéen drEsdiRgBidck ahtliVForkRg |ayetsarfade: With“theG&sult that the
dressing is predeminantly effected byifree (@nbanded) grain. 25 Thisnislkecayse: ithas been shown
that the dressing progess.produces a distyrped layer, near the surface 40, the. werking.layer, the depth

of which has approximately the extent of the dressing grain. Therefore, a dressin%30 block with

excessively coats8giain infréssBE ort tHe WotkiG Yayera SHucr®P fat i ¥haraltefiz&d By the grain
of the dressing bicok amd not bythe properties bethedworking layergThis s disadvantdgenus for the

desired piecess.of self-drassing-the workingJayer-as 35 aniferpaly agpessible.in the skbsequent
grincing operatipn, An excessively ine drcssing blook vields oo itle materls remoyal and leads to an
uneconomic
apparatuses of the grinding machine. During trimming,
the dressing blocks preferably sweep over the entire
area of the working layers and particularly preferably
15 even temporarily or else continuously run somewhat
beyond the edge of said layers. Preferably, the
abrasive grain is bonded in the dressing block in such
a way that the wearing of the dressing blocks still
permits an econcmic dressing operation, but during the
20 dressing process at least one layer of loose dressing
block grain 1is always situated 1in the working zone
between dressing block and working layer surface, with
the result that the dressing is predominantly effected
by free (unbonded) grain.
25
This is because 1t has been shown that the dressing
process produces a disturbed layer near the surface in
the working layer, the depth of which has approximately
the extent of the dressing grain. Therefore, a dressing
30 Dblock with excessively c¢oarse grain impresses on the
working layer a structure that 1s characterized by the
grain of the dressing block and nct by the properties
cf the working layer. This 1is disadvantagecus for the
desired process of self-dressing the working layer as
35 uniformly as possible in  the subsequent grinding
operation. An excessively fine dressing block yields
too little material removal and leads to an uneconomic
dressing operation. Finally, it has been shown that

dressing predominantly by means of free dressing grain,



dressing operation. Finally, it has been shown that dressing predominantly by means of free dressing
grain, - 14 - on account of the rolling movement of the dressing grain during the dressing movement,
exerts less directed forces on the working layer than dressing by means of predominantly fixed
dressing grain and the 5result is a dressed working4ayer which, although rougher, is particularly
isotropic. Preferably, a grain that is softer than.the abrasive grain _used.in the working layer is used for
dressing or 10 tHmniif ﬂﬁ@&vorﬁiﬁg I%ygr. 'Irﬁjeﬁg‘rgrlens%inén 8Fa#|mi%sn6artf)cdlfjlar%3] Sref%Fa %“7 Jr%ia%e of
corundum (Al2@3)z Abrasiterrhaterialtresiduds fiat Have bECOHREDBIUN thrGEgT E6ntinlBES wear of the

working layer arg 15 preterabiy-reroved apgnewsabrasiye majenials with adigh eapacityfor cutting
are continuous:lxeuncoveéefd. Continuaus operatiop.up o the r(é%@ﬂ%e V‘é?raaéﬁ'f the working layers is
e. A uent dressi

thereby possib This operat?nlé condition without intervening subse 1t dressing 20 intervention is
referred to‘as "$ékdPdssing working* SR Workiigaysrs it particdiafly préféirea #he engaging
of the grains expesedat the surface: attheavarkingslayersinto.the surface of the semiconductor layers
and the material removal effected 25 by the relative movement of working layer and semiconductor
wafers are technically referred to as "multigrain grinding with a geometrically indeterminate cutting
edge”. 30 It is fGRR&MTGTR Prefeftedfot the MARE iallr%ma\‘?ﬁtﬁ%e Eﬁ@@te&%? pfedonindrtly areal
engagement of ¢lme. working dayer. ‘Arealengagemerity shiould be ufdefstood te reanthatthat part of
the area gfithe WQ[lﬁiﬁgﬂ@/erMCh isagtually imcontact with the semicongdyctoy 35 wafer on average

during the grindingﬁm,achina{r% is siggi%igan Iar%%rdthangh%ggntaﬁg%re of Epigrinding coating of a

I
cup grinding digkFin thé cags of p?ocessﬁ%%;};mean% ot a conventional up°grinding disk grinding

process, for example DDG or SSG. The carriers are preferably produced from a completely metal-free
material, for exaipplesa ceramigtaatesal. Howevehcarriersdavinga sorecmade«of, fol example, 5

steel or stainlesghsrteel vghicl& ae gggtg&l with a QPnnge%allic& B%ati%@rgiqlao p@‘?ggd. Such a coating

preferably comprlse%utﬂermoplastlcs or thermosetting plastics, ceramic or“olrganic-ln‘or%anic hybrid
polymers ‘diamBi§ {efaRond- & eBBn"2PECT Bt f4fsive materials with a

high capacity for cutting are continuously uncovered.
Continuous operation up to the complete wear of the
working layers is thereby possible. This operating
condition without  intervening subseguent dressing
20 intervention is referred to as "self-dressing working"”
of the working layers and 1s particularly preferred.
The engaging of the grains exposed at the surface of
the working layers into the surface of the
semiconductor layers and the material removal effected
25 by the relative movement of working layer and
semiconductor wafers are technically referred to as
"multigrain grinding with a geometrically indeterminate

cutting edge".

30 It is furthermore preferred for the material removal to
be effected by predominantly areal engagement of the
working layer. "Areal engagement"” should be understood
to mean that that part of the area of the working layer
which 1s actually in contact with the semiconductor

35 wafer on average during the grinding machining 1is
significantly larger than fthe contact area o¢f the
grinding ccating of a cup grinding disk in the case of
processing by means of a conventional cup grinding disk

grinding process, for example DDG or S550G.



10 alternative also a hard chromium plating or nickel-phosphorus coating. In the case of carriers made
of metal or having a metal core, the walls of the cutouts for receiving the semiconductor wafers are
preferably lined with a ceramic material. As a result, there is no direct contact between the
semiconductor wafer and the metal of the carrier_20 £referably, the cutouts for receiving the
semiconductor wafers in the carriers are provided eccentrically with respect to the center of the
respective carrier in such a way that the midpoint of the carrier lies outside the area of the
semiconductor WagersaAxcherier preferabhye 25 has thireertodightutous for semiiohetuetar wafers.
During a grinding: eperatione preferably five tomine cardersiare simultanapusly siuateddn the grinding
machine. 30 T %:ggg%re v&ith vrvgjsg:h th ygrl&ing Iay%rgra@re Bre&ge%]@gai@%trth%sgrnf?icionductor
wafers during mac ining, and the paﬁﬁ ve ocﬁfy of the Seémiconductor wafers over the ﬁ/oﬁ(ing layers
are preferably cHoseh dofing fiieimaftad st suchithat the fotalTeRitvariatd! i.8. the™85 sum of the
removal rates andheth sides obthe: semiconduciorswalerse amonats. to 24e60 lambnint Main load step
should be unde %89%£%m§gn te-piocessing phasg il which the.oreaiest prpartion of the tota

removal in the entire grinding treatment is brought - about, in which processing phasé should in
turn be understBoa £& higan £ aRFSegntent JEFinG Yhich A #e hfethotP parniterd¥ehfain constant.
Generally, the midrrload step'is thenprotessing phase with'the high€st,5 pressure ®s thegroportionally
longest dygation, o both, {n the cgse of a,working layer-with ahragiye giains made of diamond having

an average size of 3 t% 15 1.tm, a removal rate of between 2.5 and 25 pLm/min is particularly
preferred. 10 phosphorus ceoating.

In the case of carriers made of metal or having a metal

core, the walls o¢f the cutouts £for receiving the

[
o

semiconductor wafers are preferably lined with a
ceramic material. As a result, there 1is no direct
contact between the semiconductor wafer and the metal

of the carrier.

20 Preferably, the cutouts for receiving the semiconductor
wafers in the carriers are provided eccentrically with
respect to the center of the respective carrier in such
a way that the midpoint of the carrier lies outside the
area of the semicconductor wafers. A carrier preferably

25 has three to eight cutouts for semiconducter wafers.
During a grinding operation, preferably five to nine
carriers are simultaneously situated in the grinding

machine.

30 The pressure with which the working layers are pressed
against the semiconductor wafers during machining, and
the path velocity of the semiconductor wafers over the
working lavers are preferably chosen during the main
load step such that the total removal rate, i.e. the

35 sum  of the removal rates on both sides o©of the
semiconductor wafers, amounts to 2 to 60 pum/min. Main
load step should be understood to mean the processing
phase within which the greatest proportion cf the total

remcval in the entire grinding treatment 1is brought



For the pressure which the working disks exert on the semiconductor wafers during the main load
step, a range of 0.007 to 0.5 bar is preferred and a range of 0.012 to 0.3 bar is particularly preferred.
For this 15specification, the pressure is related to the total area of the semiconductor wafers situated
for processing in the apparatus, and not to the effectiwe contact area between working layer and
semiconductor \ﬁ%afers. Zo.iurtgg%%re, it is Cprgferred for.the work ngudllaks E% rotate in a eopposlte

. T
sense with regaa (L)n—the alverage cwculﬁfﬁg s?pesézdn& ti’f%hc%?relerss aring the mairi 1oad s ep of

processing. In dddigdis itz hariiculai 25 preféife SRPTIRE Sredsdresdrotdtioral Speedsdnd hence
path velocities te-asstine-differerismnliesdenthe vadaus processing phases:, Finally, kis also
particularly preferred fo warking disks in.the e in specific low:- ure
processing 30 rﬁéags%s ggggrk%l%(t gchga%es%t.géggé %a%Jg;rk%%rtggﬁsas?i%gxppéi%nt,l%vr\édﬂt%lesg?efore
preferred, parti€li&dy HghRt afthe éntfof REBIRTE YRnattreatRIEAE StempéraiirePrevafing in the
working gap formech35 betwegrethewoekingiayers ispieferably keptrcomstant dulring proeessing. For

this purpose, thg carriers canhave openingsthrough which-cogling luhricant.can be exchanged
between lower and upper working disks, such that uppér and lower workin éayer always have the -
17 - same temperattiré. This lé%ﬂﬁgtvéﬁ‘gc@ anund si?%%tﬁjeefg%a ioR of fHe Vg rklﬂg Jap formed between
the working layemsrasi aresull gf thesdeformation of the working layers or working disks on account of
thermal ¢

For the pressure which the working disks exert on the
semiconductor wafers during the main lcocad step, a range
of 0.007 to 0.5 bar is preferred and a range of 0.(012
to 0.3 bar is particularly preferred. For this
15 specification, the pressure 1s related to the total
area of the semiconductor wafers situated for
processing in the apparatus, and not to the effective
contact area between working layer and semiconductor
wafers,
20
Furthermcore, it is preferred for the working disks to
rotate in an opposite sense with regard to the average
circulating speed of the carriers during the main load
step of processing. In additicon, it 18 particularly
25  preferred for the pressures, rotational speseds and
hence path velocities to assume different values for
the wvarious processing phases. Finally, i1t 1is also
particularly preferred for the working disks to rotate
in the same sense 1in gpecific low-pressure processing
30 phases ("spark out" phases). Such a spark out phase is
expedient, and therefore preferred, particularly right

at the end of the entire grinding treatment.

Temperature prevailing in the working gap formed
35  between the working layers 1is 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 lavers always have the



5 expansion under alternating load. Moreover, the cooling of the abrasives bonded in the working
layers is improved and becomes more uniform, and the effective service life thereof is thereby
increased. 10 The cooling lubricant used preferably comprises a water-based mixture with
viscosity-modifying additives such as, for example, glycols, short- or longer-chain polyethylene glycols,
alcohols, sols or gels ang1 similar materials \/\Mt:lhsare kgg\ﬁv%heaﬁs ccqgéants Qr 15Iubrgl'icasr}nt§:élaowever, a
particularly prefserre%l c00 |er1|rngp [Ubficant’is also pure walter without any additive. 20 The amounts of
cooling lubricarftahataretfedo the workifig géprsia e passagelimhedpper Witking disi€are
preferably withindhe rangeiefhetweers0.2 areé 50 1/ minfand particueslyrpretesably between 0.5 and

20 1/min. 25 The preferted Iial (hickpess piarig piacassing by siap,ahal the mefhag.aqeording to
the invention is 500 to T00 . For silicon wafers having a diameter of 300 mm, an initial thickness of

775 to 950°4m G paricllaiy i éfefret Tha finaPihiddiess BPIHe EmicondictorRartets after
processing according teestepra)=af the method @edordimg ta-the invemtiomis préferally 500sto 950 p.m,

and 35 particularly.preferably 775 10820518 preferably-ampqunts. 10 7.5 te 120:p.0n angkparticularly
preferably 15to 9 rgl,. It is_preferred to determine. the form of the working 5 gap formed between the

working layers 8Grg GRndihgTand (o alter the form of the wWitking SUtface of at least one working disk
mechanically or thermally depending on the measured geometry of the working gap in such a way that

the working gaprhas agsedefined 10form cBreferablys the semiconducter walers temperarily leave
water-based mixture with viscosity-modifying additives
such as, for example, glycols, short- or longer-chain
polyethylene glycols, alcchels, sels or gels and
similar materials which are known as coeclants or

15 lubricants.

However, a particularly preferred cooling lubricant is

also pure water without any additive.

20 The amounts of cooling lubricant that are fed to the
working gap via the passage in the upper working disk
are preferably within the range of between 0.2 and
50 1/min and particularly preferably between 0.5 and
20 1/min.

25
The preferred initial thickness pricr to processing by
step a} of the method according to the invention is 500
to 1000 pum. For silicon wafers having a diameter of
300 mm, an initial thickness of 775 teo 950 pum Is

30 particularly preferred.

The final thickness of the semiconductor wafers after
processing according to step a) of the method accerding
to the invention 1s preferably 500 to 950 uym, and

35  particularly preferably 775 to 870 um.

The total removal, i.e. the sum of the individual

removals from both sides of the semiconductor wafer,



the working gap, delimited by the working layers, with a part of their surface during processing, the
maximum 15 of the excursion in the radial direction before more than 0% and at most 20% of the
diameter of the semiconductor wafer, the excursion being defined as the length - measured relative to
the working disks in the radial direction - by which ajgemiconductor wafer 20 projects beyond the inner

or outer edge of the. working gap at a_specific point in tim ring grinding. Ste .(étg = Rounding of the
edge of the ser%ffc%ﬁaﬁgt%? a e%rl:ofgfngst%f)) (b 'trr%e ggmigtg\%dé%dr wa éqr [ %?o%? %lc%\?vftfg% rounded
edge. For this purpése ahé BehticoidiclotHafer is fixed on a 30 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.empodigd a5 diskswhigh giey sequid to.a,spindie.and havs,drcygygrengal surfaces

serving as working surfa 5 for processing the edge of the semiconductor wafer. The

material-removARFgrdifcatb e ietR Bnchidred R T Warkifty Strfaced bt tHe Fo¢8sshF tools. The

grain used normally has axbarse grarulationmThefaverage wdid=ing surface of at
least one working disk mechanically or <thermally
depending on the measured geometry of the working gap
in such a way that the working gap has a predefined
10 form.

Preferably, the semiconductor wafers tempeorarily leave
the working gap, delimited by the working layers, with
a part of their surface during processing, the maximum
15 of the excursion in the radial direction before more
than 0% and at most 20% of the diameter of the
semiconductor wafer, the excursion being defined as the
length - measured relative to the working disks iIn the
radial direction - by which a semiconductecr wafer
20 projects beyond the inner or outer edge of the working

gap at a specific point in time during grinding.

Step (b) - Rounding of the edge of the semiconductor
wafer:

25
In step (b) the semiconductor wafer is provided with a

rounded edge.

For this purpose, the semiconductoer wafer is fixed on a
30 rotating table and delivered by its edge against the
likewise rotating working surface of a processing tool.
Tne 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
35 for processing the edge of the semiconductor wafer. The
material-removing grain can be fixedly anchored in the
working surfaces of the processing tools. The grain

used normally has a coarse granulation. The average



grain size is in this case preferably greater than or equal to 10 These grinding processing tools are
suitable for 5 providing the semiconductor wafer with a rounded edge. After edge rounding, however, a
certain minimum roughness usually remains on the edge surface. In a later processing step, the
wafer edge that has 10 been ground and treated-witlt an etching medium is therefore polished in step

(9). For the case where REG is used,in step.(a). of the.method..if is prefarredtp carry,putwo edge
grinding 15 ste%s, the first edge rounding being effected prior to the PPG step. Step (c) Grinding of

front and rear si@&$ef the sémidBnductor wafer 20 Both sides of the semiconductor wafer are ground
in step c) of the method. Frontandrearsidesarepreferablyground 25sequentially. For this purpose, the

semiconductor yyafer.held op.a,wafer ?&dﬁé@é@@gfind&@%%k lying OpRsite-aredotates
independently of one anather, the grin ing disk 30 bein tarrangg% in a manner,laéerggy offset relative

to the semicondGESFWafst andin %‘ﬁgucﬁ BPaihg Positioned i slich & way that an axidl center of the

semiconductorivaferreaehssea working tegion oftthgever, a certain minimum
roughness usually remains on the edge surface.

In a later processing step, the wafer edge that has
10 been ground and treated with an etching medium is
therefore polished in step (g).

For the case where PPG is used in step (a) of the
method, it is preferred to carry out two edge grinding

15 steps, the first edge rounding being effected prior to
the PPG step.

Step (c) Grinding of £ront and rear sides of the
semiconductor wafer

20
Both sides of the semiconductor wafer are ground in
step ¢) of the method.
Front and rear sides are preferably ground

25 seqguentially.

For this purpose, the semiconductor wafer held on a
wafer helder and a grinding disk lying opposite are
rotated independently of one another, the grinding disk
30 being arranged in a manner laterally offset relative to
the semiconductor wafer and in this case Dbeing
positioned in such a way that an axial center of the
semiconductor wafer reaches & working region ©f the
grinding disk, the grinding disk being moved at an
35 advancing speed in the direction of the semiconductor
wafer, whereby grinding disk and semiconductor wafer
are delivered to one another, while semiconductor wafer
and grinding disk rotate about parallel axes, such that

a surface of the semiconductor wafer is ground, the



grinding disk, the grinding disk being moved at an 35 advancing speed in the direction of the
semiconductor wafer, whereby grinding disk and semiconductor wafer are delivered to one another,
while semiconductor wafer and grinding disk rotate about parallel axes, such that a surface of the
semiconductor wafer is ground the - 20 - grinding disk-being led back at a returning speed after a

specific materia| rem val ha ds en §t%%§§ i é |%greker£%d for gél gtﬁg %§m§§g §gmé%oine ctor 5 wafer

to be dellvered%y a |s?aghce 0

a revolutlon of the se uctor wafer. The

choice of dellveﬁfy%ﬁmﬁ@%lﬁé\iéﬂﬁi%ﬁlﬁlthé@éﬁﬂ dirtorifater £ 008563 -Rm is especially
preferred. 10 Preferably, a grinding disk having a grain size of greater than or equal to #2000 is used,
especially prefe_rr@blyigzog

with Japanese Industrial

from the 26 me&hfighre&Af d?ﬁdn‘?geaiﬁs%5%9|né3ﬁneagraﬂﬂl%haﬂ%?e (5ed, Ihé fer

Qs #8000415:The %%'Dr&%%lf usually spegified in #(‘megh) in accordance
tandard JIS R 600171998 An average particle size C?}g be calculated

finéGrinding is

often also empldyedrguch fineegrinding alisks fiave eeg. agramgation:dffrom#1600 upl2% to #4000,
e.g. those compgrcially avaitablefromyRisgo Carporghion. = revolution of  the

semiconductor wafer of 0.03-0.1 um 1is especially

preferred.

10
Preferably, a grinding disk having a grain size of
greater than or egual to #2000 1is wused, especially
preferably #2000 - #8000.

15  The grain size is usually specified in # ("mesh") in

accordance with Japanese Industrial Standard
JIS R 6001:1958.

An average particle size can be calculated from the

20  mesh figures:

If grinding disks having fine granulation are used, the

term fine grinding is often alsc employed. 3Such £fine

grinding disks have e.g. a granulation of from #1000 up

25  to #4000,

e.g. those commercially available from Disco

Corporation.

It emerges during the conversion into particle sizes

that,

by way of example, #1200 corresponds to an

30 average particle size of 9.5 pm, #5000 corresponds to

an average particle size of 2.5 um and #8000

corresponds to an average particle size of 1.2 um.

The average particle sizes during fine grinding are

35 therefore approximately greater than or egual to 1 um

and less than or equal to 10 pm.

A seguence of two serial grinding steps is particularly

preferred, wherein the first step 1s carried out using



It emerges during the conversion into particle sizes that, by way of example, #1200 corresponds to an
30 average particle size of 9.5 Rm, #5000 corresponds to an average particle size of 2.5 jim and
#8000 corresponds to an average particle size of 1.2 pm. The average particle sizes during fine
grinding are 35 therefore approximately greater thaplor-equal to 1 Rm and less than or equal to 10

Rm. - 21 - orinding disks haylng.a ofanylgtion of les,than o egual 1 #2000dn e, logbtain the
highest possible removal rates and shortest possible process times (coarse grinding) and the second,

subsequent stefflis®stcarfied 80P sifg gfRERG disks Haviba GaRhuRtiBRST gréftérthan$2000 and
less than or equatto#8000:iatorder terabtainiparticudarly smeethiyl groupdavafers with msigimal

damage of approximately 1 psm«fing gringing) 1A preferred t0’§\h}5%@%ﬁ@'r!'@ the-fine grinding step is
25 pm, given symmetrical removal 0 approximﬁatelg 1%5]15%m per side. 15 The rotaq'ona] sgeed of the
grinding disk is Br&fer&bty 2600-8606 ird 1 FHe Fotationar Epesti‘df the Senfitoiductor Wafer is
preferably 50-300 ntinsespecially preféedbiy 26020800 Mmif1aThe advantidg Speetlts preferably
10-20 pm/min. ; , SteRiéd) - FARpelishing-afrat:least-0ne, sidg-ebthe12b seraicanducigiawafer In step
(d) at least one s.@r% of the semlgondggtor wafer Is. polished b¥irpn%%n of a Qol}fr%lng P%qnceontamlng

abrasives. 30 Bie e?bf&}gﬁ"l@ﬁ e front side of the sermiconductor wafer is polished in step (d).
grinding}.

10
A preferred total removal in the fine grinding step 1is
25 pum, given symmetrical removal of approximately

12.5 pum per side.

15 The rotational speed of the grinding disk is preferably
1000-5000 min™*.

The rotational speed of the semiconductor wafer is
preferably 50-300 min™", especially preferably 200-
20 300 min"t.

The advancing speed is preferably 10-20 pm/min.

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

25 semiconductor wafer

In step {(d) at least one side of the semiconductor
wafer 1s ©polished by means o¢f a polishing pad
containing abrasives.

30
Preferably, only the front side of the semiconductor
wafer is polished in step (d).

Preferably, only the rear side of the semiconductor

35 wafer 1s polished in step (d}.

Preferably, both front and reayr sides of the

semiconductor wafer are polished in step (d).



Preferably, only the rear side of the semiconductor 35 wafer is polished in step (d). - 22 - During the
polishing step, a polishing agent solution that is free of solids is preferably introduced between that

side of the semiconductor wafer which is to be polished and the polishing pad. 5 The polishing agent
solution is, in the simplest case, water, preferably. deipnized water (DIW) having the purity customary

foruse inthe s miqondu%tr%ind%ﬁtgy. 10 How%\%er, the poI{i%inag%a%ent solution can also contain
r

compounds suc Y55 @dinm cal:r)bona%}él J(RI%ZO?) ?potgssﬁjm ca %n%tea(ﬁ%BB)?%%Hiulmoﬂydroxide

(NaOH), potasshira hydfoxide (K OH), sprrh@niuhs hydidkiies(NH4AGRY, 1efiasethyrahsrium
hydroxide (TMAH}:er anygesiced I5wmixuses theraok The use okpotagsiwn cabonate iseespecially

preferred. In this SE, h %Ha/ajC e OHQ? .p(ﬁ@ [ agent solution preferably lies in a range of 10 to
12 and the pro&??éﬁ 0 %ie ?tate go poﬁﬁ S Enél?‘r% polishing agent solution is preferably 0.01 to

10% 20 by3weight, particularly preferably from 0.01 to 0.2% by weight. The polishing agent solution
can furthermore centamni aré: brimoreyfurthes additives, fosexample isarfadesZeactivesagitives such

as wetting agenfs.and surfactants. stabilizers; acting.as pretective callejds, preservativesy biocides,

alcohols and complexing agents. 30 A polishing pad is used which cantains an abrasive material
bonded in the FONERTY ot (A1 b FACgad)® Sutable/HbraSive TAENATs CompiNe Tof Bxample

particles of oxides of the elements cerium, aluminum, 35 silicon, zirconium and particles of hard

materials sych assdicen caeide, horanpitride and damond, 123 Said MICESrieiEes ('posts”)
P o e s Am.of counns baving A gvindreal of pelvagnalesoss sgeian.r i form of
carbonate (K.CO03), sodium hydroxide (NaOH), potassium
hydrozide (KOH) , ammonium hydroxide (NH40OH) ,
tetramethylammonium hydroxide (TMAH) or any desired
15 mixtures thereof. The use of potassium carbonate 1is
especially preferred. In this case, the pH value of the
polishing &gent solution preferably lies in a range of
10 to 12 and the proportion of the stated compounds in
the polishing agent solution is preferably 0.01 to 10%
20 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-
25 active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
preservatives, biccides, alcohols and complexing

agents.

30 A polishing pad 1is wused which contains an abrasive
material bonded in the polishing pad {(FAP or FA pad).

Suitable abrasive materials comprise for example
particles of oxides of the elements cerium, aluminum,
35 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.



5 More detailed descriptions of such polishing pads are contained for example in WO 92/13680 Al and
US 2005/227590 Al.  The use of a polishing pad having cerium oxide 10 abrasives fixedly bonded
therein, as described e.g. in US 6602117 Bl is especially preferred. The grain sizes of the FAP
polishing pads used (size of thefixedly bonded abrasives/particles)are 15 preferably greater than or

equal to 0.1 km.and.less.than ar equal to 1.0 km. Aparticlesizeof0.1-0.6 kmisparticularly.preferred. 20
A particle sizemc‘?fa &?E-o%%? is eréicgwce%%@Spreﬁeﬁgggﬁeﬁgnovéﬁsv& grloégfer tﬁgﬁm ﬁe%ua)g%l km per
side are preferdbiyniployetiiorite PADBlShiRgCWhereRithkl25 fegard HEOFYeBFASS3 km is
particularly prefesrediand arange of d.hr 2 RKnpigrespedially prefecably empleyechheswafers
processed by means of the FA polishing have 30 preferably previously been processed on both sides
by means of grinding disks with a granulation of #2000- #8000 (fine grinding). Step (e) - Etching or
cleaning oPa séMkcondicterwarter 35 Tt Eep-E&y'ef the'method adtording 18 IhePRventdhchoth sides
of the semiconductorwatst are tfeated with amcdtehing mediun¥in cohjuriction \iith a matetial - 24 -

US 2005/227590 Al.

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

US 6602117 Bl is especially preferred.

The grain sizes of the FAP pclishing pads used (size of
the firedly bonded abrasives / particles) are
15 preferably greater than or egual to 0.1 puym and less

than or equal to 1.0 pm.

A particle size of 0.1-0.6 um is particularly

preferred.
20
A particle size of 0.1-0.25 um is especially preferred.
Removals of greater than or egual to 1 pm per side ars
preferably employed for the FA polishing, where in this
25 regard the range of 1 - 3 pm is particularly preferred
and a range of 1.2 - 2 pum 1s especilally preferably
employed.

The wafers processed by means of the FA polishing have
30 preferably previousiy been processed on both sides by
means of grinding disks with a granulation of #2000~

#8000 (fine grinding).
Step (e) - Etching or cleaning of a semiconductor wafer
In step {e) of the method according to the invention,

both sides of the semiconductor wafer are treated with

an etching medium in conjunction with a material



removal of not more than 1 pm per side of the semiconductor wafer. The minimum material removal
per side of the 5 semiconductor wafer is preferably 1 monolayer, that is to say approximately 0.1 nm.
The semiconductor wafer is preferably subjected to a wet-chemical treatment with an acidic medium.
10 Suitable acidic media include aqueous solutions ©f hydrofluoric acid, nitric acid or acetic acid. It is
especially preferred for the semiconductor wafer 15 to be_treated with a gaseous medium containing
hydrogen fluoridé€ rﬁﬁﬁaai least oné BkidiZiif Sgent 1At oxidiZ8s theSurface OF the®demitBfiductor
wafer. In this casenitéspdricttariyadiantageous if the gaseous medium flows against the surfaces of
the semiconductor wafer 20 at a relative speed in the range of 40 mm/s to 300 m/s. The gaseous

medium therefof%gontainlslﬂxgrrnogen g%%@q% nd at Ie%%taqpe oxigizing ggggt. T%efoxiqj%igg agent
must be able to oxidize the semicondictor ma eriaf%e.g. silicdn. Wheh & Silicort surfaces oxidized,

by way of exampeCsilebiT bRitle Mpreferably sHiE6n dicXider arise8oTRiSdd trn is BRémically attacked
by hydrogen 30dftuosighe, giving rseta Bexafluorositicic acid (H2SiF6), silicon tetrafluoride (SiF4) and
water as reaction products, which are discharged by the stream of the gaseous medium. The gaseous
medium can furthermore contain further constituents, for example 35 inert carrier gases such as

nitrogen or argomn GraBF fPRAUEAECE thd HEGFconditidheSaiftF fdtnovaliafels e85 - G7oné and
chlorine. If purevctitorinesisiused, fitis menessary 1a laddwater vapomie oider.to oxidize the silicon
surface. Ifi @ mixture of nitrogen dioxide and chlorine and ozone and chlorine is used, the addition 5 of
chlorine serves é% use the water.which is released in reaction of hydrc;%eégﬂuoride with_silicon

h
dioxide to further'oxidize the Sfficn SurfAcs “and ﬂ{é?gf%i?o PRVRRPESndetishtibn Bt the Water

released in the Feattion leveniat I6wiflbw velbeities anddl 0o teraperatgrescitds particularly preferred to
use ozone, owing to its high oxidation potential, the fact that the reaction products do not present any

problems, and the ease gfproviding i} by mmeans ef.ozene gengrajors thatare in widsspread use in the

15 to be treated with a gaseous medium containing hydrogen
flucride and at least cne oxidizing agent that oxidizes
the surface of the semiconductor wafer. In this case,
it 1is particularly advantageous 1f the gaseous medium
flows against the surfaces of the semiconductor wafer

20 at a relative speed in the range of 40 mm/s to 300 m/s.

The gaseous medium therefcore contains hydrogen fluoride
and at least one oxidizing agent. The oxidizing agent
must be abile tTo c¢xidize the semiconductor material,

25 e.g. silicon.

When a silicen surface is oxidized, by way of example,
a silicon oxide, preferably silicon dioxide arises.
This in turn 1is chemically attacked by hydrogen
30  fluoride, giving rise te hexafluorosilicic acid
{HoSiFs), =ilicon tetrafluoride (SiF;) and water as
reaction preducts, which are discharged by the stream
cf the gaseous medium. The gaseocus medium can
furthermore contain further constituents, for example
35 inert carrier gases such as nitrogen or argon, in order

to influence the flow conditions and remcval rates.

It is preferred to use at least one oxidizing agent

selected from the group consisting of nitrogen dioxide,



15 semiconductor industry. In order to produce thegaseous medium,the constituents can be mixed in
the desired quantitative ratio. The ratio of hydrogen fluoride to oxidizing 20 agent is typically chosen in
the range of 1:1 to 4:1. The gaseous medium can be supplied either by the individual components
being passed directly into the process chamber ar aymixer connected upstream thereof, or by the
gaseous oxidizing agent being passed through 25 a liquid agueous solution of hydrg%en.fluoride
having a suitabR?E8tce At &tion THS dah take pldte” for EXample’fh a So-cHfied washing Bottle or a
comparable apparadisss #sythé gasebils oxidizing’agent passes Hifough the @igu@das solbion, it is
enriched with water;30,andsiydrogen flyeride, such-that the requiree-gaseods siedium ariges. With the
same method pa}rﬁmeters and a constant rar'%ig 01;: Xdrgggg fltioridgstg Ooxid%{r(]}g agent, an increase in
35 the temperaﬁjre%ﬂ%infn inCreasSé in the Concentrations exhibit a readtion-accéa\erating effect. - 26 -
required pdlishifng remheévalicsh beeredesed: and i¢ addifiorrtremove impurities EhtF@atee surface
defects in the crystalistreictures btlhe-cleamingrangk-etghing methodstescribed are pteferably effected

as single-wafer reayment. Specifically for a semicondudter.wafer-having adiameter of 450, mm that is
particularly preferreé in 10 the context of the method according to the invention, the SSEC 3400 ML

from Solid Staté Bgtfpment CoRyRISA lwHicH Redeigricd o dubbiiate¥ tpth a’SZ2& 8560 mm x
SOO mm, is suitable farthisraurposenls Step(g) aPolishing of theredge bbthetsemicoaddctor wafer

The edge,6f thet%?@@?QgHggg waferds polished.instep{@)r1y preferred to use
ozone, owing to its high oxidation potential, the fact
that the reaction products do not present any problems,
and the ease o0of providing it by means of ozone
generators that are in widespread use in the

15 semiconductor industry.

In order To produce the gaseous medium, the
constituents can be mixed in the desired guantitative
ratio. The ratic of hydrogen fluoride to oxidizing
20  agent 1is typically chosen in the range of 1:1 to 4:1.
The gaseous medium can be supplied either by the
individual components being passed directly into the
process chamber or a nmixer connected upstream thereof,
or by the gaseous oxidizing agent being passed through
25 a liguid agqueocus solution of hydregen 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 agueocus solution, it is enriched with water
30  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 1n
35 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



20 Commercially available automatic edge-polishing units are suitable for carrying out step (g) of the
method according to the invention. 25 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 30 gvafer holder, a so-called chuck. The edge of the

semiconductor wafer.prol'fcts C@Ig(ﬂond the chuckéguih tfg%trilt isgreel)%g c%ssgale forntge palishing drum.

A centrally rotaﬁr?éz%%ﬁs%mg %rum,SPol\I/}vﬁichrt%ré1 po“ﬁshing pad |seapp i6d and Which is inclined by a 35
specific angle Witrespeet to e cHEEIC BRI tHeERUCK-wHtIT theasEhicaifdlittsr wafer afcgelivered to
one another and$fesses ontone angther withwerspeaitie:contact pressure while the polishing agent is
continuously supplied. - 27 - During the edge polishing,the chuck with the semiconductor wafer held
thereon is rotated centrally. Preferably, one revolution of the chuck lasts 20-300 s, particularly
preferably 50-150°% (reGoe@8n tithe). & PolisKing 4ram, which CeveredSHith teSpolisiing pad and is
preferably rotated €€ntraky. at & fdtational H3x:speedid0£360-1500 mins pasticularly preferably 5001000
min’, and the chuck are delivered to one another, with the polishing drum being set obliquely at a
setting angle with respect to the semiconductor wafer ang the sgmicon%uctor wafer being fixed on the
chuck in 15such BSVay that it projectdslightly b&FBHE tHeatt&Pand i§IhEreford a8cdsSiblé for the
polishing drum.cFensateng ariglelishraferabha30-5¢ 20 Semiconrductor waferand polishing drum are
pressed qnljo O@anczﬁaelﬁ:\é;]ﬁlﬂ acﬁpe@'ﬁ@ C%@@?Td%fe%%&%fﬁaﬁiﬂbjtht?p@iﬁbinQ@iQ@?tQ@ﬂg Stt)llpplied
continuously, prefera it ishing.agent flow.rat .1-1 Jiter/min, particularly erably
0.15-0.40 Iiter/rri%:gwgégrée/%ln 2% ?k?e %@n%crt%p%sés%% C?aer?%ggcs%t )?I“rlrf' a%%%f Weg?grrﬁs' é\%{%ﬁed to rolls

and is preferabl§1i5kg, particitgippreterably 2-£Kkgstrates up to a size of

500 mm x 500 mm, is suitable for this purpose.

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

wafer

The edge of the semiconductor wafer is polished in step
(gl .

20
Commercially available autcmatic edge-poclishing units
are sultable for carrying ocut step (g) of the method

according to the invention.

25 US 5,989,105 discloses such an apparatus Zfor edgs
polishing, wherein the polishing drum is composed of an

aluminum allioy and has a polishing pad appliied to it.

The semiconducter wafer is usually fixed on a flat

30 wafer holder, a so-called chuck. The edge of the
semiconductor wafer projects bkeyond the chuck, such
that it is freely accessible for the polishing drum. A
centrally rotating polishing drum, to which the
polishing pad is applied and which 1s inclined by a

35 specific angle with respect to the chuck, and the chuck
with the semiconductor wafer are delivered to one
another and pressed onto one another with a specific
contact pressure while the polishing agent is
continuously supplied.



Polishing drum and semiconductor wafer are preferably 30 moved away from one another after 2-20,
particularly preferably after 2-8, revolutions of the semiconductor wafer or of the chuck holding the
semiconductor wafer. In these customary edge polishing methods, the local 35 geometry in the edge
region of the semiconductor wafer is usually adversgly influenced. This is associated with the fact that
with the relatively "soft edge polishing pads" used in this case (relatively soft polishing pads to which
silica sol is applied are - 28 - usually used), not only the edge itself but also an outer part on the front
and/or rear of the Bémficondtictor \eafef is pphistied as dell, wHich cafBe éxpldinéd by theshard edge
"dipping" into thespolishing:2 pad twavkieh polishing ageotsluyy is applied. ddis: bag the. effect that
removal is indeed effected not only in the region of the actual edge but also in the adjoining region on
the front and/or rear side. 10 Therefore, the edge polishing of the semiconductor wafer in the method
according f th& TifeRrtiBA 1 pretéfabhFdifeciéd BY fi?ﬁ]gtt%@ sEmtOhdbR i vat&r ol & centrally
rotating chuck, delivering!thelsemicerfducton wafer-ahtla sentrallyorotetingpalishag. 15 drum, to which
a polishing pad containing fixedly bonded abrasives (FAP polishing pad) is applied and which is
inclined with respect to the chuck, and pressinﬁ semiconductor wafer andrgolishing,drum onto one

|

another with thé* cotintidus SepHiy 8F a pdildhifig 26 agentsofitiol cohtaming K 36%51.3%5 makes it
possible to influende thislwafermsoigesinartaygated aathe? svithoat ipaiting: theoadjdiring fegion of
front and/og reag sideof the semicongdvctar wafer, 25-anrd thusfen example to-sefithe desired geometry
and surface proggqtbesmoglylon gh%w%\gaer eggg. ];h% Fé%pea&pi%seegeia s'{%nifiézzggtl)égg; er }f;;md much
less compressible than the ﬁolisﬁlng pads Used ‘asStandar ) o ’
with the polishing drum being set obliguely at a
setting angle with respect to the semiconductor wafer
and the semiconductor wafer peing fixed on the chuck in
15 such a way that it projects slightly beyond the latter

and is therefore accessible for the polishing drum.
The setting angle is preferably 30-50°.

20 Semiconductor wafer and polishing drum are pressed onto
one another with a specific contact pressure and with a
polishing agent being supplied continucusly, preferably
with a polishing agent flow rate of 0.1-1 liter/min,
particularly preferably 0.15-0.40 liter/min, wherein

25 the contact pressure can be set by means of weights
attached to rolls and is preferably 1-5 kg,
particularly preferably Z-4 kg.

Polishing drum and semiconductor wafer are preferably
30 moved away from one another after 2-20, particularly
preferably after 2Z-8, revolutions of the semiconductor

wafer or of the chuck hclding the semiccenducter wafer.

In these customary edge polishing metheds, the local
35 geometry in the edge region of the semiconductor wafer
is wusually adversely influenced. This 1s associated
with the fact that with the relatively "scft edge
polishing pads" used in this case (relatively soft

polishing pads to which silica sol 1s applied are



30 and affords the advantage, moreover, of producing the removal without alkaline loaded silica sol -
e.g. just by using an alkaline solution - , which additionally avoids polishing agent entrainment onto the
front side of the wafer and thus the additional adverse 35 influencing of the wafer surface - in the form
of e.g. increased defect rates such as e.g. LLS (localized light scatterers) on account of incipient

etching. - 29 - A shart soft poli ging step using so t‘t){ remaving silica sql can additionally follow on the
same PAP poligﬁi‘ﬁﬁ%pﬁéﬂ, ierSong r to Yealize 1fa“?%dur%: ion 61 tRe edgljces reoiu%ghgéls?s aan%Sect)zlgéEl Qefect rates.

5 The two polishiriestepseeari-therPbe coordinatéd With one2anther suéRafat a tdrgetéd positive
influencing of eswafer sdge geomelryrand susfage tanbeperermed withaut agverserinfiencing of the

wafer partial sites 10.on the \gafe{glré)ngﬁi%gb%ng \gaf.e&%%%ri%}_ 8. Ig%igciﬁl]ee t%%.rﬂosrpbio}tr:gge d on the

semiconductor Water is prefelrgbly polis e , eans of a polishing drum, adhesively
surface of Whichd8'a hard"dnacts it vefy eompradsbie polishinyg pad compridiRg fixedlBonded
abrasives, withrersalkakne=saiation beiag stpplied.1Preferablyzasnmobfkingsiepistsulaséguently

effected 20 in a secqnd.step.on the same polishing pad while,a siliga sol ig supplied, sugh.as e.g.
Glanzox 3900* with approximately 1% by weight of Si02. *Glanzox 3900 is the product name for a

polishing agent®5 Siuhry BHeréd a8"a E8hdehitrate BY Fujifit iicorpérated “fApan. The base solution of

this concentrate has a pH of 10.5 and contains approximately 9% by weight of colloidal Si02 having an
average payticle sizeof30:to 4Q pm. 304dthasbeenfound thatthedmpairaentof the local-geometry in
the edge region of the semicogguctor v%fﬁer asaogggl}r:vcggnin the griogﬁét isienn‘;iéel%/iaglgidedsby such
edge polishing ﬁ&slin%ran FAP pa&. 35'A ur?heradvantagels%natbolishlngagent entrainments in the
removing step dfithestielpblisiidgeted by fixing the semiconductor waler

on a centrally rotating chuck, delivering the
semiconductor wafer and a centrally rctating polishing
15  drum, to which a polishing pad containing fixedly
bonded abrasives (FAP polishing pad) is applied and
which is inclined with respect to the chuck, and
pressing semiconductor wafer and polishing drum onto
cone another with the continuous supply of a polishing

20 agent sclution containing no solids.

This makes it possible 2o influence the wafer edge 1in a
targeted manner without impairing the adjoining region
of front and/or rear side of the semiconductor wafer,
25 and thus for example tTo set the desired geometry and

surface properties cnly on the wafer edge.

The FAP pad used is significantly harder and much 1ess
compressible than the polishing pads used as standard
30 and affords the advantage, morecover, of producing the
removal without alkaline lcoaded silica sol - e.g. Jjust
by using an alkaline solution - , which additionally
avoids polishing agent entrainment onte the front side
of the wafer and thus the additional adverse
35 influencing of the wafer surface - 1in the form of e.g.
increased defect rates such as e.g. LLS {localized

light scatterers) on account cof incipient etching.



and thus the occurrence of surface defects on account - 30 - of uncontrolled incipient etching on the
wafer surface are avoided. The polishing agent solution used during the edge polishing is, in the
simplest case, water, preferably deionized water (DIN) having the purity customary for use in the
semiconductor industry. However, the polishing agent solution can also contain 10 compounds such
as sodium car nag%g\rIQZO%B%fgotass' m carbonat éKZOOSQisodium r%\é roxide (NaOH), potassium
hydroxide (KOH), ammonium hy roxide fﬁﬁi@ﬁ#), fe rapmetHyI Ammonium Hydréxi gﬁ %H) or any
desired mixturesitheféof. 38 Th&ase ciPotassiiimichrbohatelis espetialfisreférag. TRAPH value of
the polishing ageritisefition preferably:lies-inarrange et 1Q tar 32 and-thepropertion Of #1e=20 stated

compounds in tggggeoli]?gm agent sg%iog&ggrgggaﬁb& 0,01,t0 10% by weight, particularly preferably

from 0.01 to 0.2% by weight. The polishing agent solution can furthermore contain 25 one or more
further additives, for example surface-active additives such as wetting agents and surfactants,
stabilizers actirighas pretectiveldalloids; presepatives; biotides, ladcohols mhiheomplexing agents. 30 A

polishing agent containjng abrasivesys used in the preferred;second.siep. of the edge palishing. The
proportion of the abrasive material in the 35 olishing agent slurry is preferably 0.25 to 20% by weight,
particularly pref%‘i‘aﬁig%.é‘?;af%efo/oe&ﬁﬁe%%? igRYY and surtate can beperiormed

without adverse influencing of the wafer partial sites

10 on the wafer front side and wafer rear side.

In principle, therefore, the semiconcductor wafer 1is
preferably polished by means of a polishing drum,
adhesively bonded con the surface of which is & hard and

15 not very compressible polishing pad comprising fixedly
ponded abrasives, with an alkaline solution being
supplied.

Preferably, a smoothing step 1s subseguently effected
20 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 S$i0;.

*Glanzox 3800 is the product name for a polishing agent
25  slurry offered as a concentrate by Fujimi Incorporated,
Japan. The base sclution of this concentrate has a pH
of 10.5 and contains approximately 9% by weight of

colloidal S51i0; having an average particle size of 30 to

40 nm.

30
It has been found that the impairment of the local
geometry 1in the edge region of the semiconductor wafer
as observed in the pricr art 1is entirely avoided by
such edge pelishing using an FAP pad.

35

A further advantage is that polishing agent
entralnments in the removing step c¢i the edge polishing

and thus the occurrence of surface defects on account



The average particle size is 5 to 300 nm, particularly preferably 5 to 50 nm. 5 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. 10 A polishing agent slurrycontaining colloidaliy
dispersed silica is particularly preferred. In the optiofigl second step of the edge polishing, in contrast
to the first step eferab ;16 es 15 such as sodlum carbonate (Na2003 sium carbonate
(K2C03), sod Tk MGG (NG, DETARIGH py Bt (ORD, SHTMGHRI hySrtoacts (NEAORD
tetramethyl amﬁmllﬁﬁm%«de (TMAH) are added. 20 However, the polishing agent slurry can
contain one or more further additives, for example surface-active additives such as wetting agents and
surfactants, st Hzers a&tl %qq §rotectlve coIIou:ls tpreservatlve blgcldes aIcoﬁlesandcomplexmg
25agents. Prefera%ly fhere po?ghlng pad containing an abrasive materia onded 1 the

polishing pad (I@Rﬁlp%kb&@ﬁFNEad) 1S usetfin StepP(e OF the Hiéthod AEEdrding Bt Xtk ivention.
Suitable abrasive materials campeise fob Examplevparticles ef axidestof thexelesnents cerium,

aluminum, S|I|cc31r§ez|rlclqn% aggnpﬁé%q%%gcggrdlm@&%r@%such 35 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 - 32 -
However, the pclishing agent soluticn can alsc contain

10 compounds such as sodium carbonate (NayC03), potassium
carbonate (K;CO3}, sodium hydroxide (NaOH), potassium
hydroxide (KCH), ammonium hydroxide (NH4OH), tetramethyl
ammonium hydroxide (TMAH} or any desired mixtures
Therect.

15

The use of potassium carbonate is especially preferred.

The pH value of the polishing agent sclution preferably
lies in a range of 1C to 12 and the proportion of the

2C  stated compounds in the polishing agent solution is
preferably 0.01 to 10% by weight, particularly
preferaply from 0.01 te (0.2% by welght.

The polishing agent sclution can furthermore contain
25 cne or mere Iurther additives, for example surface-
active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
preservatives, biocides, alconols and complexing
agents.
30
A pelishing agent containing abrasives 1s used in the

vreferred second step of the edge polishing.

The proportion o©f the abrasive material in the
35  polishing agent slurry 3is preferably 0.25 to 20% by
welght, particularly preferably 0.25 to 1% by welght.

The size distribution of the abrasive material

particles is preferably markedly monomodal.



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 5 containedforexampleinWwO
92/13680 Aland US 2005/227590 Al. The use of cerium oxide particles bonded in the polishing pad is
particularly preferred, cf. also 10US6602117B1. The average particle size of the FAP polishing pad is
preferably 0.1-1.0 jim, particularly preferably 0.1- 0.25 gm. 15 A polishing pad having a multilayered
construction comprising a layer containing abrasives, a layer composed of a stiff plastic and also a
compliant, nonWbgerlayes arheraintthe Jayers afe Bonded te oAE 20rahotier Hyimeans by
pressure-sensitive-adhesive layers, is paicularly suitable for carrying out the method. The layer
composed of a stiff plastic preferably comprises polycarbonate. 25 The polishing pad can contain an
additional layer composed of polyurethane foam.  One of the layers of the polishing pad is compliant
in 30this case. The comphiamtisyer id'pletérably a FOARWOVER Jayef ThEEbRiptiant la eferably
comprises polysster 3bifibers. A layescemposed ofipelyestee fibersdmpregnated Withaiolyurethane is

particularly suitghle (‘nonyoven-), e 33,.By means of the coppliantlayer, thepad height can be
adapted and follow continuous t{ansitions. The compliant layer preferably corresponds to the
cerium or sS1.L1lCon.

10 A polishing agent siurry containing colloidally

dispersed silica is particularly preferred.

In the optional second step of the edge polishing, in
contrast to the first step, preferably no additives

15 such as sodium carbonate (Na,COs3), potassium carbonate
(K,CO4}, sodium hydroxide {NaOH), potassium hydroxide
(KOH), ammonium hydroxide {NH;OH), tetramethyl ammonium
hydroxide (TMAH) are added.

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

25 agents.

Preferably, therefore, a polishing pad containing an

abrasive material bonded in the polishing pad (FAP pad

or FA pad) 1s used in step (g) of the method according
30 to the invention.

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

35 as silicon carbide, borcon nitride and diamond.

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

Said microstructures ("posts") have for example the



5 bottommost layer of the polishing pad. Situated above that there is preferably a foam layer
composed of polyurethane, for example, which is fixed on the compliant layer by means of an
adhesive layer. Situated above the PU foam is a layer composed of a harder, 10 stiff material,
preferably composed of a hard plastic, for which polyearbonate, for example, is suitable. Situated
above this stiff layer is the layer having the microreplicated structures, that is to say the actual fixed
abrasive layer. 18 Hbvdver thd Bbmpirant i ef caH hidiibe- Stdated bRfvediPiife foanPaSer and the
stiff layer or directlythaelowcthe fixed Bbrasive layer.220 The various: fayers:dreofixed-todene another
preferably by means of pressure-sensitive adhesive layers (PSA). The inventor has recognized that
a polishing pad without the PU faam, layer that is always present in the 25 prior art of FAP polishing
pads leads to glc\)gvgtl:i‘ FestitsIh t%%s (r%%gcﬁjépﬁcojl@ﬂlsng %%d chl%%rigeosqral1 ?a%le??la\ﬁﬁﬁ? the™* &
microreplicated &tifetiresda coripiant lageeand a layet Bompd¥ed<et/alsiff flastic suchras 30
polycarbonate, wherginihe rzopitiant layer can be either the middle or the bottommost layer of the
polishing pad. The grain sizes of the PAP polishing pads used are 35 preferably greater than or equal
to 0.1 pm and less than or equal to 1.0 pm, particularly preferably 0.1- 0.25 pm. - 34 - Steps (f) and (h)
- Double-side pSfishing'B§ médns SFRAP AN EMIFurtiefinore, tRerdiseafied dit in'stép (f)
polishing 5 of afrent sidenef thesemidonductor wiafer using a patishimgreat, havirg fixedly donded
abrasives;and simuitanequsspolishing of a rear side of the semiconductor wafer by means of a
polishing pad which contains no abrasives, but in the case of which an 10 abrasive-containing
polishing agent is introduced between polishing pad and rear side of the semiconductor wafer.

Edge polishing &s ¢glescriietigbaves efféeted irestep15{g)e FAP polishing pad is

preferably 0.1-1.C um, particularly preferably 0.1~
G.25 pum.
15
A polishing pad having a multilavered construction
comprising a layer containing abrasives, a laver
composed of a stiff plastic and also a compliant, ncn-
woven layer, wherein the layers are bonded to one
20 ancther by means of pressure-sensitive adhesive lavers,

is particularly suitable for carrying out the method.

The layer «composed of a stiff plastic preferably
comprises polycarbonate.

25
The pclishing pad can centain an  additional layer
composed of polyurethane foam.

One of the layers of the pclishing pad is compliant in
30  this case.

The compliant layer is preferably a non-woven laver.

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

{"non-woven™) .



Afterward, there is carried out in step (h) polishing of the rear side of the semiconductor wafer by
means of a polishing pad comprising fixedly bonded abrasives and 20 simultaneous polishing of the
front side of the semiconductor wafer by means of a polishing pad which contains no fixedly bonded
abrasives, wherein an abrasive-containing polishingagentis introduced between polishing pad

andfrontside of the 25 sr?gwl%%ljdt ctor wafer. .'I'heJCnvEQtlonther fare rc‘:{xfpesacgmbmed srljmultaneous

double-side pofigé‘hiﬁngeab‘rocess in’s %psc ﬁr)ng%é ?ﬁ‘) by vittue ‘of ﬁﬁeefa £ PAP E):oli%ﬁlrﬁg and 30 CMP

polishing take plae®siRultaiieotisyliist 619 e RERLSidEFSdarSside @Rd then on the rear side/front side.
The conventional DSP step and the subsequent separate CMP step are dispensed with. 33Steps (f)

and () can be garriecout on existing apparatuses fo e double;side golishipg of semisanductor

wafers, e.g. on a commercially availa ouble-side polishing machine of the A02000 type from Peter

Wolters, RendsbRifg (esBffiany) 2 ¥ 35 - Thispdishing rhathirGiséfippetwithpirfintefiBeRifig of the
outer and innertrings intdrdeeto deve the: Canrers. \The apparatus cagde desigpedfor of

polyurethane, for example, which 1is fixed on the
compliant layer by means of an adhesive layer. Situated
above the PU fcam 1s a layer composed of a harder,
10 stiff material, preferably composed of a hard plastic,
for which polycarbonate, for example, 1s suitable.
Situated above this stiff layer is the layer having the
microreplicated structures, that 1s to say the actual

fixed abrasive layer,

However, the compliant layer can also be situated
between the foam layer and the stiff layer or directly
below the fixed abrasive layer.

20 The varicus layers are fixed to one another preferably

by means of pressure-sensitive adhesive layers (PS5A).

The inventor has recognized that a polishing pad
without the PU foam layer that 1s always present in the

25  prior art of FAP polishing pads leads to good results.

In this case, the polishing pad comprises a layer
having the microreplicated structures, a compliant
layer and a layer composed of a stiff plastic such as
30 polycarbonate, wherein the compliant layer «can be
either the middle or the bottommost layer of the

polishing pad.

The grain sizes of the FAP polishing pads used are

25 preferably greater than or egual to 0.1 pm and less
than or equal to 1.0 pm, particularly preferably 0.1-
0.25 pm.



5 one or more carriers. Owing to the higher throughout, 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 10 includes a lower and an upper
polishing plate, which are freely rotatable horizontally;and are covered with a polishing pad. During the
polishing, the semicondyctor wafers, are situated in the cytouts in the carriers and between the two
polishing platesg,i\?v?ﬁcsn ig" ota?t%cgnéﬁesxeft agsoplg%l fc’_psb:'ﬁéﬁng ?Jgelsss%%él Bn e whits a°p‘g'olishing
agent is continRRBIyasgh B, In this case, the carriers are also set in motion, preferably by means of
rotating pin rings which engage in teeth on the circumference of the carriers. 20 A typical carrier

comprises cutouts f%ﬁ receiving thcree semlconduct%r v%/{afg{r& Siltggtecdeon tﬁﬁ cwcgmfgﬁeince of the

cutouts are inlays Which are intended to plrgtecéiEl the fracture-sensitive epdges of the semlélo%ductor 25

wafers, in parti@ar tcltidifglagdinsEmetals bEifg RIERSERIIFOIA tRE cafféfBody SHié cafrier body
can comprise farcexagipledmetak ¢eramic plastic; fibed reinfarcedqplastich ok metal coatediwith plastic
Or with a diamand:like.carbon gayeﬁggli(;g@{%). Steels 30 are preferred,.however; stainless chromium

steel being particularly preferred. The designed for receiving an odd wafers having a diameter of at
300 mm, especiify Frefa6y 35 of 560%0 2800 5 Citolits ate B@é@%ﬁpﬁurﬁﬁé% of Béfriconductor
least 200 mm, preferablys45@mgandshicknessest- 36r  the case of which an

16  abrasive-containing polishing agent is introduced
between polishing pad and rear side of the

semiconductor wafer.

Edge peclishing as described above 1s effected in step
15 {g).

Afterward, there is carried out in step (h) polishing
of the reazr side of the semiconductor wafer by means of
a polishing pad comprising fixedly bonded abrasives and
20 simultaneous ©polishing <f the front side of the
semiconductor wafer by means of a polishing pad which
contains no fixedly bonded abrasives, wherein an
abrasive-containing polishing agent is introduced
between polishing pad and front side of the

25 semiconductor wafer.

The invention therefore provides a combined
simultanecus double-side polishing process in steps ()
and (h} by virtue of the fact that FAP polishing and
30 CMP polishing take place simultaneously first on the
front side/rear side and then on the rear side/front
side. The <conventiconal DSP step and tThe subssguent

separate CMP step are dispensed with.

35 Steps (fy and (h) c¢an ke carried out on existing
apparatuses for the double-side polishing of
semiconducter wafers, e.g. on a commercially available
double-side polishing machine ¢f the AC2000 type from
Peter Welters, Rendsburg (Germany).



abrasives comprises abrasives. A polishing agent slurry is involved.  The size distribution of the
abrasive material 5 particles is preferably markedly monomodal. The average particle size is 5 to 300
nm, particularly preferably 5 to 50 nm. 10 The abrasive material comprises a material that
mechanically removes the substrate material, prefergbly- one or more of the oxides of the elements
aluminum, cerium or silicon. 15 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.  The use of
colloidally dispéraéd silicaesiFdlishihg 20:a§eatSturry isSparti@fadypprsterred 1 e aqiedus polishing
agents Levasilg 20@ fronxBayer AG and<Glanzox-39000 frommEujimiiaresused, by way oftexample. 25

The polishing agent,preferably. contains,addifives such as sodium, carpanaje (Ng2Q0s).patassium

carbonate (K2003), sodium hydroxide (Na01-1), potassium hydroxide (KOH), ammonium hydroxide

(NH4OH), 30 h§dfoxits (FRAH). FaweFerS the Potiefing AgémSsIUPyPEST comtdin BHEO ore further
additives, for examplesuarfaceactive additivesrsuchtas wétting agéntssandssufaetants,ed,

35stabilizersactingasprotectecollaids, pregervatives,bigeides, alcghaisandeomplexing agents. - 37 -
A polishing pad containing an abrasive material bonded in the polishing pad (PAP or FA pad) is also
used in the met%%é]a&&rdfﬁﬁfglthé:fh%en?%ﬁriﬁ Sctordance wigtﬁ st%pgj g)agn& (H)?'5 Sditable abrasive
materials comprisefocexdmple paticles of @Xidestior thé rlierérnts Teriufm @lurmfivmy,asilicon,
zirconium and patticles ©f hard materials such:as siligpa carpisie; bpron;nitidetand diamend.
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
15 rotate and exert a specific polishing pressure on them
while a polishing agent is continucusly supplied. In
this case, the carriers are alsc set 1in motion,
preferably by means of rotating pin rings which engage
in teeth on the circumference of the carriers.
20
A typilcal carrier comprises cutouts for receiving three
semiconductor wafers. Situated on the circumference of
the cutcuts are inlays which are intended to protect
the fracture-sensitive edges of the =semiconductor
25 wafers, in particular including against metals being
released from the carrier body. The carrier body can
comprise for example metal, ceramic, plastic, fiber-
reinforced plastic, or metal ceated with plastic or
with a diamond-like g¢arbon layer (DLC layer;. Steels
30 are preferred, however, stainless chromium steel being
particularly preferred. The cutouts are preferably
designed for receiving an odd number of semiconductor
wafers having a diameter of at least 200 mm, preferably
300 mm, especially preferably 450 mm, and thicknesses
35  of 500 to 1000 pm.

The polishing agent used during the polishing by means

of a polishing pad containing nc fizxedly bonded



10 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 15 section or the form of pyramids or truncated pyramids. More detailed
descriptions of such polishing pads are contained faygexample in WO 92/13680 Al and US
2005/227590 Al. 20 The use of aF%oJishinga&ad havin% ceﬂum o) }Lds%%brasives fi ecély bonded therein,

as described e 308660211

Ij“ig%gpemgﬁ‘ysﬁf%?er'red. 25°The grari“ﬁJ siZ8s'of the Igiﬁypolishing

pads used (sizé of theviixeddibonded abrasives / particles) are preferably greater than or equal to 0.1
gm and less than or equal to 1.0 km. 30 Aparticlesizeof0.1-0.6 kmisparticularly preferred.

size of 0.1-0.2

The second polishing p

0 s espegially preferied, 3o pne palisning plate js auinped Wi suelan
iR

atehas a conventional CMP polishing pad applied to it.

A particle
PAP pad.

The CMP

polishing pads G&&d ard pélishing’ pads havihy &péretis atiR PReFolishing pad preferably
comprises a thermoplastic 5 or heat-curable polymer. A multiplicity of substances may be envisaged

for the material,.for example polyurethanes, polycarbonate, polyamidey polyacrylate,palyester, etc. 10

Thepolishingpadpreferablycomprisessolid, microporous polyurethane.

It is also preferred to use

polishing pads E5MpBSEH oF foami&d pfatédor felt or fiber substrates, which are 15 impregnated with

polymers.
i0

15

20

25

30

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
welght, particularly preferably 0.25 to 1% by weight.

The use of colloidally dispersed silica as polishing

agent slurry is particularly preferred.
The agueous polishing agents Levasil® 200 from Bayer AG
and Glanzox 3900® from Fulimi are used, by way of

example.

The polishing agent preferably contains additives such

as sodium carbonate (Na.CCs) , potassium carbonate
(K»CO3), sodium hydroxide (NaCH), potassium hydroxide
(KOH}, ammonium hydroxide (NH,OH), tetramethyl ammonium

hydroxide {TMAE}.

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

agents.



Coated/impregnatedpolishingpadscanalsobe configured such that there are a different pore
distribution and different pore sizes in the substrate 20 than in the coating. The polishing pads can be
substantially flat or else perforated. 25In order to control the porosity of the polishing pad, fillers can be
introduced into the polishing pad. Commercially avaitable polishing pads are, for example, the SPM

3100 from Model Inc, or the pads_of the DCP 30 series a ads of the 101900, PolytexTM or
SUBA' brands%ro%oli’éﬁ’r%l Iagg.dAsCr%%l%ﬁeg ibg\gle, %v%%esgar%/i%aout polishing?n accordance
with steps (f) ahé ()6t tHemetiod ds 88cbrdiigio the ifvenBéifon AdoabiR%sidetlishihg machine,
as is the case forexample vith - AC2000 type frone PeterAdtottersy Remdsburg,thesitgle-side

haze-free polis@@gh(cg\gg%)\g/hipg)isﬁggq y in the prior art can be obviated since both the polishing
- 39 - which determines the geometry and that which determines the surface quality are carried out
fully on ong type of machine. 5 In the prior art, by contrast, the stock removal and haze-free polishing
(DSP and CMPYwiereldagriededutsepasatelpfroaroné anotiveorayd 6a différeht pslisaiiylmachines.

Only the front sigde of the.semigonductas wafar wasepolisheedby means ofeMPsilihepeiey art. 10
silicon, zirconium and particles of hard materials such
as silicon carbide, boron nitride and diamond.
10

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

1% 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 2005/227580 AlL.

20
The use of a pelishing pad having cerium oxide
abrasives fixedly bonded therein, as described e.g. in

Us 6602117 Bl is especially preferred.

25 The grain sizes of the FAP polishing pads used (size of
the fizxedly bonded  abrasives / particles) are
preferably greater than or egual to 0.1 pm and less

than or egual to 1.0 pm.

30 A vparticle size of $G.1-0.6 um  is particularly

preferred.
A particle size of 0.1-0.25 um is especially preferred.
35 One polishing plate is eguipped with such an FAP pad.

The second polishing plate has a conventional CMP

polishing pad applied to it.



In order to achieve an optimal wafer geometry, here primarily the edge geometry (edge roll-off
elimination), simultaneous double-side polishing with planetary kinematics and a combined use of
fixed- 15 abrasive and CMP polishing pads affords advantages since the fixed-abrasive polishing
process makes it possible to dispense with a compggent containing silica sol, on account of the hard

pad, which can optionally be configured with an overhang, in.ordey 10 gbtain;the 20, necessary
polishing remg\T/%I? an ad%ﬁ%ﬁéﬁ;? gﬁaﬁgé?hg %ﬁge ?é:ge?oﬁ Cc’;?tlhe senaic%ductor waft;g‘]r to be
influenced in aR&rgeied Rdnher [In addition, the CMP polishing is already integrated in 25 the context

of simultaneous double-side polishing by one of the polishing plates being equipped with a CMP

polishing pad, o whiehthe, GME stepakes place, The doublesside polishing.aesording 4 the
invention 30 takes place In twoﬁgollshlng substepsg%fe) and %h, , between which the semiconductor wafer
is subjected] to @lge BAISHIG Faccorfh@8SHith Sep 1y} “Fwo-stage’edge poitsHing i&-referably
effected here, 3awhetein a first edgg polishing is canded out betwedn theiwo substeps bf the

double-side po%@%h_i%ﬁ@@ﬁ‘gr(@)sé‘”%?ﬁ&%@!@&;@@,poﬁf@i%iﬁ@éﬁie%ﬂﬂ@f?h%ﬁ@mpbte
double-side polishing has ended, that is to say after step (h), which makes it possible to more - 40 -
finely tune the Bﬁdé'%tciﬁﬁﬁng By Means of this division into two steps and thus to influence the edge
geometry of the semiconductor wafer as little as possible. 5 Preferably, both steps of the edge
polishing-are effected bydmeans efpolishing pads-Hadng abrasivesdixgdlydaandedstherein.

10Preferably, the second edge polihing s gifected with

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

15 impregnated with polymers.

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

20 than in the ccating.

The polishing pads can be substantially flat or eise
perforated.

25 In order to contrel the porosity of the polishing pad,
fillers can be introduced intc the polishing pad.

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

brands from Rohm & Hass.

As mentioned above, when carrying out polishing in
accordance  with steps {f) and {h) of the method
35 according to the invention on a double-side polishing
machine, as is the case for example with the AC 2000
type from Peter Wolters / Rendsburg, the single-side
haze~free polishing (CMP) which is obligatory in the

prior art can be obviated since both the polishing



supply of an abrasive-containing polishing agent slurry, like the optional soft polishing step described
under (g). 15 In this case, the proportion of the abrasive materials in the polishing agent slurry is
preferably 0.25 to 20% by weight. The abrasive materials in the polishing agent slurry 20 are
preferably selected from one or more of the group gansisting of oxides of the elements aluminum,

cerium or silicon. . . The polishing agent slurry.i rably collaidally. 25 dispersed sili The pH
value of the po‘f%ﬁ“lﬁa a(g%%?gm%ﬁ%g perte &ra %65%%?53%§ T%(Ila ;?H %%%gof%%e poIiSéLi‘l\lli% agent slurry
is preferably sety atiéfig a8ditiHsSelectéd FoMaths GiBuednsisting of SodinH Talbdnate
(Na2003), potassiutia €athonate (K2CO3), sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium hydroxide (NH40OH), tetramethyl 35 ammonium hydroxide (TMAH) or any desired mixtures
of these compounds. - 41 - be advantageous to perform additional siélgle-side PAP. polishing of the

|

rear side: This i préfefabiy c&ied bt in thre& StEpsiin wactt 8 tade-(Sifig 4 PoNighing BAd which
contains an abtasie-haterialdontedinghe pofishingrphd &N Whiete sepressed bifo tivelfear side of
the semicondugtog, waferwith a polishing pressurey wherein imthe firststep a polishing agent free of
solids, whereas in the secondol and tlgird s%e S pos[)iﬁgigg aéqgnt c:ggtainiﬁg}giab()rgaigggg%terials, is
introduced betWE&H pafisting patiand féar id&'dF thé s&miconductor wafer, wherein a polishing
pressure in thefsgteandrsecarl$teps of BY13psirs réducdifto s 5 Ssify #ig thirdstep. On the planar
surfaces of its rear side,the semiconductor wafer preferably has an average surface roughness Ra in a

wide range of from 0,3 tg 4.5.nm, g%lfgg\é%go t%er1 sp@ﬁi@%{s{g\_{elmﬁ%of less.fban or 20 ggual to 250
pm. Suitable for Icjletermlnlng the surface roughness’is, by way of example, a Chapman Surface Profiler
MP 2000 with primarily the edge geometry {edge rolli-off
eliminaticon), simultaneous double-side polishing with
planetary kinematics and a combined use of fixed~
15 abrasive and CMP polishing pads affords advantages
since the fixed-abrasive pelishing process makes it
possible to dispense with a component containing silica
sol, on account of the hard pad, which can optionally
be configured with an overhang, in order to obtain the
20 necessary polishing removal, and additicnally enables
the edge region of the semiconductor wafer to be

influenced in a targeted manner.

In addition, the CMP polishing is already integrated in
25 the context of simultaneous double-side polishing by

one of the polishing plates being egquipped with a CMP

pelishing pad, on which the CMP step takes place.

The double-side polishing according te the invention
30 takes place in two polishing substeps (f) and (h),
between which the semiconductor wafer i1s subjected to

edge polishing in accordance with step (g).

Two-stage edge polishing is preferably effected here,
35  wherein a first edge polishing is carried out between
the two substeps of the double-side polishing (f) and
{h)y and the second edge polishing is carried out after
the complete double-side pelishing has ended, that is

to say after step (h), which makes it possible to more



a 250 pm filter (spatial wavelengths greater than 25 250 pm = waviness data, cf. Chapman Technical
NoteTG-1, Rev-01-09). If a high rear side roughness in the abovement oned range is desired, LAP
pads have grain sizes of 0.5- 301.0 p.m are preferably used. If a low rear side roughness is desired,
PAP pads having grain sizes of 0.1-0.25 4m are prafgrably used. 35 The polishing agent solution in
the first step of palishing the rear iEe of the silic in the meth rdipg to the invention is,
in the simplest fcolarslg,tl1 \X/ateg}lf)lreefera ﬁ/ de?éf%%ed%??rg?éjf\?lvgha%g q-g?l%q-??he Bgrityﬂgﬁé%:)mary for
use in the semiEbREBEARR inkfistry TMEwWSFEtPthestlishing igkht SolitiotFEaT alsd ToRtiT 5
compounds sugh assogium carboriate (Na2003)npotassium earbenate{K2003), sodiuna hydroxide
(NaOH), potas '%@Mj:%)gide (KOH), ammonium hydroxide (NH4OH), tetramethyl ammonium
hydroxide (TMAH) or any desired mixtures thereof. 10 The use of potassium carbonate is especially
preferred. - A polishing agent containing abrasives is used in the second step of polishing the rear
side of the 15 serriCemdidtgr; water:The abeasive materiaheomprges a piateAsliithat méeRanically

removes the substrate matesial, preferably corpasedofone s drore, of; the,oxigdes0f the elements 20

glrlé;rgrr:g;n, cerium or s |I§cogér,lﬁ\dg%l|s&negxgq?1n_tslurrycontaln|ngcoII0|daIIy dispersed silica is particularly

10 Preferably, the second edge polishing is effected with
supply of an abrasive-containing polishing agent
slurry, like the optional soft polishing step described
under (g).

15 In this case, the proportion of the abrasive materials
in the polishing agent slurry is preferably 0.25 to 20%
by weight.

The abrasive materials in the polishing agent slurry
20 are preferably selected from one or more of the group
consisting of oxides of the elements aluminum, cerium

or silicon.

The polishing agent slurry 1is preferably colloidally
25 dispersed silica.

The pH wvalue of the ©polishing agent slurry 1s
preferably 9 to 11.5.

30 The ©pH value of the polishing agent slurry 1is
preferably set by adding additives selected Irom the
group consisting of sodium carbonate (NapCO3), potassium
carbonate (K,COs), scdium hydroxide ({(NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH4OH), tetramethyl

35 ammonium hydroxide (TMAH) or any desired mixtures of

these compounds.

In order to achieve a specifically desired defined rear

side roughness of the polished wafer rear side, 1t may



25 A polishing agent containing abrasives as used in the second step is likewise used in the third step
of polishing the rear side of the semiconductor wafer. The polishing pressure is reduced by
comparison with the first and second steps from 8-15 psi to 0.5-5 psi. 30 Conventional polishing
machines such as e.g. the polishing machine "nHange 6EG" from Strasbaugh Inc. are suitable for
carrying out these nolshing procgsses. 35 The.pqliphing.madhine from Sirashaughncy bys one
polishing plate with one po isﬁlng ad and %nefpoﬂshing ead, which processes a semiconductor
wafer fully autoPRaticaly"Bhé polistiing Biead fs fAfvunted cardanically and comprises a fixed baseplate
coated - 43 - with a "backing pad”, and a movable guide ring. Through holes in the baseplate, air

cushions can be,established.inwo.concentric,pressure zones, ap janer apd an outer zopg, the

semiconductor watfer floating on said_air cushions during polishing. Pressure can l%3'1({3?<';1?§Iied to the

movable gtiide gy Hieals 6f cBhpréSsdilaiPBaliofR if brder this ot réiend Polishing pad
upon contact with the semicbadubtor wafer aritkto keég itiplare. IeParticutarly-preférred s
embodiments Rarticuladly preferred.embadimentsA-Fof thermethed acsarding to-the drvention are
presented below, The 15 ah reéiations PPGé DDG, P%g andrCI\{IP u&eg hgy}e:spgeggxglained above.
A Slicing a waf8rfrmIhé Singe &R/3ta - 8dgé Founding 26 = PPG - 6dge rounding - double-side fine
grinding > doubste-sid&PAP - phade @fching - AR @F theWear Sidé ahd simifitaRB6GSl§ CMP of the
rear side >pedgerolishing 4 PAPaear sideand simultangausly Chifraniside - edge polishing 25
Slicing a wafer from the_single.crystal - e rounding - PPG, - rqundjng - le-side fine
grinding > PAP 6t the %eagrséidel z gég l%)ﬁ%%%%?c mn%éq%%%gof%ﬁzqr%%rl% BEd %%{P erélcgf

side of the semiconductecr wafer, wherein a polishing

pressure in the first and second steps of 8-15 psi 1is

reduced to 0.5-5 psi in the third step.

gt
[3]

On the planar surfaces of its rear side, the

semiconductor wafer preferably has an average surface

roughness R, in a wide range of from 0.3 to 4.5 nm,

relative to the spatial wavelengths of less than or
20  equal te 250 pum,

Suitable for determining the surface roughness 1is, by
way of example, a Chapman Surface Profiler MP 2000 with
a 250 um filter (spatial wavelengths greater than

25 250 ym = waviness data, c¢f. Chapman Technical Note-
TG-1, Rev-01-09}).

If a high rear side roughness in the abovementioned
range 1s desired, FAP pads have grain sizes of 0.5-

30 1.0 um are preferably used.

If a low rear side roughness 1s desired, FAP pads

having grain sizes of 0.1-0.2> pm are preferably used.

35 The mpolishing agent solution in the first step of
polishing the rear side of the silicon wafer in the
method according to the invention is, in the simplest

case, water, vpreferably deionized water (DIW) having



30 side and simultaneously CMP of the rear side > edge polishing - PAP rear side and simultaneously
CMP front side - edge polishing 35 Slicing a wafer from the single crystal - edge rounding - PPG -
edge rounding - double-side fine grinding > PAP of the front side - gas phase etching - PAP of the rear
side and simultaneously CMP of the rear side > edger --44 - polishing - FAP rear side and

simultaneously CMP front.side - e polishing 5 Slicing a wafer from thesipgle Grystal - DOG - edge
rounding - dou&l%e?sidg |rl11é§&g¥ind§1%g> qgrgu%%-si e FAP - gas phase etchirslg - FACIJD of theorear side and
simultaneously E¥Pf ke rear side > edge polishing - FAP rear side and simultaneously CMP front

side - edge 10 polishing Slicing a wafer from the single crystal - DOG - edge rounding - double-side
fine grinding > BARof the reaside,1 gas phase,glchings PAR ofthedgar side and simuligneously
CMP of the rear side > edge polishing - FAP rear side and simultaneously CMP front side - edge
polishing 20F S‘ﬁemﬁoé‘%%%er?ﬁbﬁ?th@%in@?@&%ta@ﬁ%?éﬁge%?ﬁ%?ﬁb’- d8ab1eSsidé fine grinding
> PAP of the frortsidenagas plias®etchingcP AP oftthid yeariside anéesihultaneotislyCMP of the rear
side > edge polishing,s 25 FAR fear side.and simultaneausly:EMBifrant sider-edgaqpalishing The
concluding step of the .qd“gbe %oliégicp :Li grefi&%ﬂ%;ollogvred b 2 finaclecé%anéglg. 30ih>gg£%oev§r, the
semiconductor Wafer can be st jected to a thermal treatmen or be provﬂe with an epitaxial layer. -
45 - Patent claifge I$0iethod for producing a semiconductor wafer, comprising in the stated order:

10

The use of potassium carbonate i1s especially preferred.

A polishing agent containing abrasives is used in the
second step of polishing the rear side of the

15 semiconductor wafer.

The abrasive material comprises a material that
mechanically removes the substrate material, preferably
composed of ocone or more ¢f the oxides of the elements

20 aluminum, cerium or silicon.

A  polishing agent slurry containing colloidaily

dispersed silica is particularly preferred.

25 A polishing agent containing abrasives as used in the
second step 1is likewise used 1in the third step of
polishing the rear side of the semiconductor wafer. The
polishing pressure is reduced by ceomparison with the
first and second steps from 8-15 psi to 0.5-5 psi.

30
Conventional polishing machines such as  e.g. the
polishing machine "nHance 6EG" from Strasbaugh Inc. are

suitable for carrying out tThese pclishing processes.

35 The polishing machine from Strasbaugh Inc. has one
polishing plate with o©one polishing pad and one
polishing head, which processes a semiconductor wafer
fully automatically. The polishing head 1is mounted

cardanically and comprises a fixed baseplate coated



5(a) double-side material-removing processing of the semiconductor wafer sliced from a single crystal,
(b) rounding of the edge of the semiconductor wafer; 10(c) grinding of front and rear sides of the
semiconductor wafer, wherein in each case one side of the semiconductor wafer is fixedly held by
means of a wafer holder while the other side is processed by means of a grinding 15tool; (d) polishing

of ot least one sideof the semicangustoswafsy, by 11eg0s of 2 polising pactcomarsing ey bonded

abrasives; e)atrea ment of bbth sides of the semiconductor 20wafer with an etching medium in

conjunction with@-matekal o TERbE Rfore fian £H&H 16t Sidesr the seitiéddutiswater; (f)
polishing of a front sigde of dhe:semicanduictor svafer using a,padishingrpad kaving fixedhr €25 bonded

abrasives and simultanepys polishing of a.rear side, af-the semiconduycfor waferpy means.of a

polishing pad which contains no abrasives, but in the case of which an brasive-gv?gt inin%) polishing

agent is 30intrddtitBd Betweth poIhiRg Pt aitPreal Sie Bt Hfe SéHicATUBRP watsr; (g) polishing of

the edge of thetsemiconchacidewater] ¢k) polishingdfthereasideofthe 35oserhiedrddctor Wafer by

means of a polishingpad compsising fixedly-bonded, abrasives and:siaulianeous pofishiag of the front
side of the semiconductor wafer b% .m%ans of aspolishingcpad which cgntains no fi%<edl}é bonded
upoen contact itTh the emiconductor waier arn O Keep
it plane.
10

Particularly preferred embodiments

Particularly preferred embodiments A-F of the method
according to the invention are presented below. The
15 abbreviations PPG, DDG, FAP and CMF used have been

explained above.

A

Slicing a wafer from the single crystal - edge rounding
20 - PPG - edge rounding = double-side fine grinding >

double-side FAP - gas phase etching - FAP of the rear

side and simultaneously CMP of the rear side > edge

polishing - FAP rear side and simultanecusly CMP front

side - edge polishing

25
B
Slicing a wafer from the single crystal - edge rounding
- PPG - edge rounding - double-side fine grinding > FAP
of the rear side - gas phase etching - FAP of the rear

30 side and simultaneously CMP of the rear side > edge
polishing - FAP rear side and simultanecusly CMP front

side - edge pclishing

C

3% Slicing a wafer from the single crystal -~ edge rounding
- PPG - edge rounding - double-side fine grinding > FAP
of the front side - gas phase etching -~ FAP of the rear

side and simultaneously CMP of the rear side > edge



- 46 - abrasives,whereinanabrasive-containing polishingagentisintroducedbetween polishing
padandfrontsideofthe semiconductor wafer. 5 2.The method as claimed in claim 1, wherein
simultaneousdouble-sidegrinding(DOG)is involved in step (a). 103.The method as claimed in claim 1,
wherein step (a) is effected by means of PPG. 4 -Thieimethod as claimed in claim 3, wherein the
Sem'conductortﬁ%af%&g hrgvided-wih gJounded: 15 erge as gatly aedhelare e PG sisp n
accordance with step é) IS carried out, and the edge of the semiconductor wafer is rounded once
again in accordihied witF&tep (B aftérthe“PPG step has been carried out. 20 5. The method as
claimed in any of claims 1 to 4, wherein the grinding of front and rear sides in accordance with step (c)
is effected sequgntially. 25 6.The method as claimed in any of claims 1 to 5, wherein the grinding of
front and rear sides in accordance with_step (c).is effecte% by means af a griniging tool %aving a grain

size of #2000 -#8060"90 The"MbtHod B Llailrd iff aRY of cI&ME 6, whereh the oAEside of the

semiconductor wafedisipolisheddnistep fd)de fine grinding > double-side FAP
- gas phase etching - FAP of the rear side and
simultanecusly CMP of the rear side > edge polishing -
FAP rear side and simultaneously CMP front side - edge

=

10 polizhing

E
Slicing a wafer from the single crystal - DDG - edge
rounding - double-side fine grinding > FAP of the rear
15 side - gas phase etching - FAP of the rear side and
simultanecusly CMP of the rear side > edge polishing -
FAP rear side and simultaneously CMP front side - edge
polishing
20 F
Slicing a wafer from the single crystal - DDG - edge
rounding -~ double-side fine grinding > FAP of the front
side - gas phase etching - FAP of the rear side and
simultaneously CMP of the rear side > edge polishing -
25 FAP rear side and simultanecusly CMP front side - edge
polishing
The concluding step of the edge pclishing 1s preferably
followed by a final cleaning.
30

Morecver, the semiconductor wafer can be subjected to a
thermal treatment or be provided with an epitaxial

layer.



35 8.The method as claimed in any of claims 1 to 6, wherein the rear side of the semiconductor wafer
is polished in step (d). - 47 - 9.The method as claimed in any of claims | to 6, wherein front and rear
sides of the semiconductor wafer are polished in step (d). 5 10. The method as claimed in any of
claims 1 to 9, wherein in step (d) a polishing agent g¢élution 10 11. The method as claimed in any of

claims 1 to 10, yehereip the pglishing pad used in step (d) comprises abrasive particles selected from
the group consisting of silicon carbide,boron 15nitride, diamond and oxides of the elements cerium,
aluminum, silicon, zirconium. 12. The method as claimed in claim 11, wherein the grain sizes of

the abrasive pdrticlesAre gegdateri 20than ocetubl¢d 04l jirm anskless thahiotegqualte i< pm. 13. The

method as claimed in any,of claims 1110 12,6 Stat\gae@ira@rstep (f) the material removal per side
250f the sem conductor wafer IS t leas éo 1 nm and
e 51 material-removing processing of

the semiconductor wafer sliced from a single
crystal;

(b) rounding of the edge of the semiconductor
wafer;

10 (c) grinding of front and rear sides of the
semiconducter wafer, wherein in each case one
side o¢f the semiconductor wafer 1s <£fixedly
held by means of a wafer hclder while the
other side is processed by means of a grinding

15 tool;

(d) polishing of at least one side of the
semiconductor wafer by means of a polishing
pad comprising fixedly bonded abrasives;

(e) treatment of both sides of the semiconductor

20 wafer with an etching medium in conjunction
with a material removal of not more than 1 um
per side of the semiconducter wafer;

(£f) polishing of a front side of the semiconductor
wafer using a polishing pad having fixedly

25 bonded abrasives and simultaneous polishing of
a rear side of the semiconductor wafer by

means of a polishing pad which contains no

abrasives, but in the case of which an
abrasive-containing polishing agent is
30 introduced bketween polishing pad and rear side

of the semiconductor wafer;
{g) polishing of the edge of the semiconductor
wafer;
(h) polishing of the rear side of the
35 semiconductor wafer by means of a polishing
pad comprising fixedly bonded abrasives and
simultaneous polishing of the front side of
the semiconductor wafer by  means of a

polishing pad which contains no fixedly bonded



at most 1 p.m. 14. The method as claimed in claim 13, wherein in step (f) the semiconductor wafer is
treated with a 30 gaseous medium containing hydrogen fluoride and at least one oxidizing agent that
oxidizes the surface of the semiconductor wafer. 15. The method as claimed in any of claims 1 to 14,
35 wherein in step (g) the edge of a centrally rotatingssemiconductor wafer is pressed with a specific

force against a centrally rotg%zi[%% g:?gsét%ing dr%@é w@éergein %Rolishé%ngQQfngag@jgg :ifiﬁ(?_g' bonded

abrasives is applied to the ="48"-"poliShing drum and a polishing agént solution containing no solids is
continuously supplied. 16. PRe riEthEd as cRHRES in cldifh 15, WHeFSiRtRES polisFihy H&d containing
abrasives that is used in stgp [g)¢otrespondsdo a polishingfpathas claimed in claim 1kbel2. 17. The
method as claimed in any of glaims, 14t0-16,.. 10 wherein the one polishing pad containing abrasives
that is used in steps (f) and (h) corresponds to a polishing pad as claimed in claim 11 or 12. 18. The
method as claimed in claim 17, wherein the 15other polishing pad in each case comprises no
abrasives and Bas a pbreus matrixcd9. e methadrassclaimed incamiof cldims 1wl Wherein the

abrasive-containing palishing agen; 20 usgd in, stepsi(R-and (§) campriges partistes selegted from the
group consisting of one or more of,the oxides,of the elements aluminum, cerium or silicon. 25 20. The
method as claimed in %\W%T‘é%?m%q t%tf§ wherein the polishing agent is colloidally dispersed silica.

21. The method as claimed in any of claims 1 to 20,

10 3. The method as claimed in claim 1, wherein step (a)

is effected by means of PPG.

4, The method as claimed in claim 3, wherein the
semiconducteor wafer is provided with a rounded
15 edge as early as befcore the PPG step in accordance
with step (a) 1s carried out, and the edge of the
semiconductor wafer 1s rounded conce again in
accordance with step (b) after the PPG step has
been carried out.
20
5. The method as claimed in any of claims 1 to 4,
wherein the grinding of front and rear sides 1in

accordance with step (¢} is effected sequentially.

25 6. The method as claimed in any of claims 1 to 5,
wherein the grinding of front and rear sides in
accordance with step (¢) is effected by means of a
grinding tool having a grain size of #2000 -
#8000.

30

7. The method as claimed in any of claims 1 to 6,
wherein the front side of the semiconductor wafer

is polished in step (d).

35 &, The method as claimed in any of claims 1 to 6,
wherein the rear side ¢f the semiconductor wafer

is polished in step (d).



30wherein a two-stage edge polishing is effected, wherein a first edge polishing is effected in step (g)
and the second edge polishing is effected after step (h) 35 22. The method as claimed in claim 21,
wherein the second edge polishing is effected with supply of an abrasive-containing polishing agent
slurry which corresponds to the polishing agent in ciaim-19 or 20. - 49 - 23. The method as claimed in

any of claims 140 22.yyherein anpediignal poliaind ol ihe ar side s efiggledafter,stap () wherein
the rear side 5'1$ polished in three steps in each case using & polishing pad which contains an
abrasive material bondB& i e FalishingHd dtfwhieh FSpre8ded Sifto BB EA S b the
semiconductor wafer with arpalishing-pressuare, ivhereragin thie first step a 10polishing agent free of
solids, whereas in the second and third stepsa polishing agent containingabrasive

materialsisintroduced between polishing pad and rear side of the semiconductor wafer, wherein a

polishing ptesstre 15in the fifst And sécond stefor 815 Fis réducEd 16 65-5 pst ih the third step.

wherein in step (d) a polishing agent solution
that is free of solids is introduced between that
side of the semiconductor wafer which 1s to be
pclished and the polishing pad.
10
11. The method as claimed in any of claims 1 to 10,
wherein the polishing pad used in step (d)
comprises abrasive particles selected from the
group consisting of silicon carbide, boron
15 nitride, diamond and oxides of the elements

cerium, aluminum, silicon, zirconium.

12. The method as claimed in c¢laim 11, wherein the

grain sizes of the abrasive particles are greater

20 than or equal to C.1 um and less than or equal to
1.0 um.

13. The method as claimed in any of claims 1 to 12,
wherein in step {(f) the material removal per side
25 of the semiconductcr wafer 1is at least (0.1 nm and

at mest 1 pm.

14. The method as claimed in claim 13, wherein in step

(£} the semiconductor wafer 1s treated with a

30 gasecus medium containing hydrogen flucride and at
least one oxidizing agent that oxidizes the

surface of the semiconductor wafer.

15. The method as claimed in any of claims 1 te 14,

35 wherein in step (g} the edge of a centrally
rotating semiconductor wafer 1s pressed with a

specific force against a centrally rotating
pelishing drum, wherein a polishing pad containing

fixedly bonded abrasives is applied to the



10

15
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....48_
polishing drum and a polishing agent solution

containing no solids is continucusly supplied.

The method as claimed in claim 15, wherein the
polishing pad containing abrasives that is used in
step (g) corresponds tc a polishing pad as claimed
in ¢laim 11 or 12.

The method as c¢laimed in any of claims 1 to 16,
wherein the one polishing pad containing abrasives
that is used in steps (f) and {(h) correspocnds to a

polishing pad as claimed in claim 11 or 12.

The method as claimed in c¢laim 17, wherein the
other polishing pad in each case comprises no

abrasives and has a porous matrix.

The method as c¢laimed in any of claims 1 to 18,
wherein the abrasive-containing polishing agent
used 1in steps (f) and (h) comprises particles
selected from the ¢roup consisting of one or more
of the oxides of the elements aluminum, cerium o

silicon.

The method as claimed in any of claims 1 to 18,
wherein the polishing agent is colloidally

dispersed silica.

The method as c¢laimed in any of claims 1 to 20,
wherein a two-stage edge polishing is effected,
wherein a first edge polishing is effected in step
(g) and the second edge polishing is effected
after step (h).

The method as c¢laimed in c¢laim 21, wherein <the
second edge polishing is effected with supply of
an abrasive-containing polishing agent slurry
which corresponds to the polishing agent in claim
19 or 20.



10

23.

- 49 -

The method as claimed in any of claims 1 to 22,
wherein an additional polishing of the rear side
is effected after step (h) wherein the rear side
is polished in three steps 1in each c¢ase using a
polishing pad which contains an abrasive material
bonded in the polishing pad and which 1is pressed
onto the rear side of the semiconductor wafer with
a peolishing pressure, wherein in the first step a
polishing agent free of solids, whereas 1in the
second and third steps a polishing agent
containing abrasive materials is introduced
between polishing pad and rear side of the
semiconductor wafer, wherein a polishing pressure
in the first and second steps of §&-15 psi 1is

reduced to 0.5-5 psi in the third step.



