1 Method for producing a polished semiconductor wafer The invention relates to a method for
producing a polished semiconductor wafer, comprising the following steps in the 5 stated order: slicing
a semiconductor wafer from a rod composed of semiconductor material, material-removing
processing of at least one side of the semiconductoy wafer, and 10 - polishing of at least one side of
the semiconductor wafer. A semiconductor wafer generally has a polished front side, into which the
components are worked. Increasingly stringent requirements are being made of the flatness of the
front side. In order todae pble e predusacd inygesppbssisld manbernieshapoeAtyon a semiconductor
wafer, the necessary flatness has to be ensured as closely as possible right up to the edge of the front
side. 20 Most endeavors for increasing the flatnes: side f the semigonductor wafer
generally and'8fthe frioht %?@esrg%a%ﬁ%a 1y c%,ﬁé%eﬁcr%ft_e@é& %fgﬁ{%@%%\is%e% for the material-removing
processing ofseStftieBRELRFoPRETEr WhiER nffldifce ?ﬁe%{éﬁt‘ﬁé&i%gy ﬁ?g%uééz in particular, steps
such 25 as lapping:drindiag:or polishing of one or both side surfaces. At least one polishing process,
implemented assingle:side eedpthiesside polishing, foractically AlwaystarésPlace. As illustrated by
DE10302611A1, howeyer, progess steps such as etching the side surfaces can also affect the

flatness, in 30 particlar, he llainess,in.the edgefeaion of the.side sufaonss A semigonductor wafer is
usually etched betore a first p‘oﬁsﬁln process in order to remove damage to the surface left by a

preceding shaisiftg BroEessiy, 18r exanipie as

10 - polishing of at least sne side of the samiconductor waler.

A semiconductor wafer generally has a polished front side, into
which the components are worked. Increasingly stringent
requirements are beling made of the flatness of the front side.

15 In order to be able to produce a largest possible number of
components on a semiconductor wafer, the necessary f£latness has
to be ensured as closely as pessible right up to the =dge of

rhe front side.

50 Most endeavors for increasing the flatness of the side surfaces
of the semiconductor wafer generally and of the front sides
specifically concentrate consistently on steps for the
material-removing processing of a semiconductor wafer which
influence the flatness. They inciude, in particular, steps auch

25 as lapping., grinding or pelishing of one or both side surfaces.
At least one polishing process, implemented as single~side o&
double-side polishing, practically always takes place. As
ililustrated by DE10302611AR1, however, process steps such as
etching the side surfaces can also affect the flatness, in

3¢ particular the flatness in the edge region of the side
;uxfaces. n semiconductor wafer is usually etched before a
first polishing process in order to remove damage to the
surface left by a preceding shaping processing, for example a8
=2 result of grinding or lapping {(ox a mombination of these

35 methods) of the semiconductor wafer. The patent application
cited discloses an etching method whersin the semiconductor
wafer is exposed, during etching, to a flow of a liguid etchant

. L3 . PR gy
that is guided against the marg:in o0f the semiconductor waxer.



a result of grinding or lapping (or a combination of these 35 methods) Of the semiconductor wafer. The
patent application cited discloses an etching method wherein the semiconductor wafer is exposed,
during etching, to a flow of a liquid etchant that is guided against the margin of the semiconductor
wafer. 2 In order to obtain the flattest possible side surfaces of the semiconductor wafer up to the
outermost edge during etching, the margin of the Semiconductor wafers is shielded against the flowing

etcharfby PHegAs ofa spesialshickddurintpéfehitty. SRRSSt¥aces blithe Serfie6RBuctir wakérs that
are assHatiaspossible uprdd ¢he agtermostéage deferanpolishmtpare degarded eisch prerequisde for the
polishgd.semicepducter wafels alse.having fvery-good georaetiyin the-cdge regien. Howewsr, it has
been @éj&%{ts at.the rg%eometr%/ iQ tgeeecc:l% r%gé(l)g ia séilyrignneeec% cc:)%[‘llmgerovement even when the
teaching o 11(3% TALs emrﬁqye “Embodiments Seek to further improve the geometry of a
polish8d%erfitbrrtRtor waldisin IRBERETESioh. Ktembodinent iea Hethtdf fot proddeiy &
polished semicondactorwiafencetmpeisgr thesfollowing sidpsimthe stated oederrdsiitinga 2
semicgpdustarwates from acrad gompesed of senisendtictor matesial, Mmateriakiempvingspegcessing
of at lepsipne. s ol Nesericondictaryalsy, and, polshing.ofal leatane: sdeOkihee cne

semiconductor wafer,; wherein the semiconductor wafer has after the materlal-remowrfl%pr cessing

and bERTPETHEDotithiniFof & fedSDrid'site t8%e poiidhetf HloRg itsRArGiA 8 g ERRp&dBeal
elevatigrehagigharaasimimlaéight bt |éasteor e dvherein the local elevation reaches its
maximum height within a 10 mm wide ring proceeding inwardly at the edge of the semiconductor

wafer.zT e inventors haveestablished that, in contast todhe teaching of DEJO30261A s8eq

semiconductor&/vafcer that %s as flat&? po%sible before polishing does not constitute the optimum
prerequisité Tor Sbtaiing an outStanding geometty at the wafer edge after polishing. Rather, according
to the invention, a slight local elevation is provided on at least one side of the semiconductor wafer that
is to bermpolkshed]indhe edge regiortidsaickelevationibeingremovesl dating thespdkishidge Tie
polishipgethen leadsto-a semisondyeionwalerwhich has R ta the outepmest.edge, an outstanding
flatness withquyt.an appreciable edge rall-off, Preferably, the elevatign is 5 grngg%g .at.the edge of the
semiconductor waferon each _sfcqe Which is subsequently su%Jecte to polishing, that is to say only on
one sid&%h ARV Sf Egfé-side polishing and on both sides in the case of double-side polishing.

- material-removing processing of at least one side of the
semiconductor wafer, and

- pelishing of at least one gide of the semiconductor wafer,
wherein the semiconductor wafer has after the material-removing
processing and before the polishing on at least one side to be
polighed, along its margin, a ring-shaped local elevation having a
maximum height of at least 0.1 um, wherein the local elevation reaches
ity maximum height within a 10 mm wide ring proceeding inwardly at the

edge of the semiconductor wafer.

The inventors have established that, in contrast to the teaching of
DE10302611A1, a semiconductor wafer that is as flat as possible before
polishing does not constitute the optimum prerequisite for obtaining
an outstanding gecometry at the wafer edge after polishing. Rather,
according to the invention, a slight local elevation is provided on at
least one side cof the semiconductor wafer that i1s to be polished, in

the edge region,



10 The maximum height of the elevation and also the position of the height maximum are chosen
depending on the process parameters of the subsequent polishing step. These include primarily
contact pressure, polishing pad quality (hardness), composition of the polishing slurry, rotational
speeds of the 15 polishing plates and carriers and prjmarily the height of the polishing removal to be
realized. The material removal caused by the polishing on each side of the semiconductor wafer that is
subjected to polishing is usually 3 to 30 pm. The higher the polishing removal, the greater the height of
the elevation 2Q according to.the.ventior basdohe in grder:ta.obtan;the effeet sought. According to

the invention, fhe maximum, of the local.cleyation is situated in g.riag-shaped region glong the wafer
edge which 2 +§xtengj:s 10 mm inward from t;‘he,_eg} €. Prgfgrgblg/ thg.n%{gh;[_ maaximum of the local
elevation lies 6Ath&“oltermost five mifliméters of the Semiconductor water, that is to say on the
surface of a riAGRFRIChEEXRrRIEIS Mt inWard froRt tie Wafer etdeje. 3¢ AXTordintto the invention, the
height of the locabalevation ishat ledst 0L prieBefow thecheightoff 0FF pmyntheedésisedeffect can no
longer be obtainedreven inthe easerofa ¥ery smalk material removg! during the subseguent polishing.
35 Preferably, fheeleyation ageprdingtadhe-inuention is hot higher than 10:pm, since gtherwise a very
high polishinggggjo%all c{gsreguirggminc%qleerotg Qbtain gjﬁtdwalfa%rl?gggnvgi@hout an edge elevation by
means of the polishing. For these 4 reasons, the height of the elevation before polishing particularly
preferably lies in the range of 0.5to 5 pm.  The invention and also preferred embodiments are
describeddn 5TorézetabelenRithTeféfeh e & figards: Figure ikt akes Hie pardmeters for
describing thetélevatibpraccordinguto dlve inverstion &t theddye ofthésepricondactor wafer. 10

parameters of the subseguent polishing step. These include

primarily contact pressure, polishing pad quality (hardness},

@

compositiocn of the polishing slurry, rotational speeds of th

15 polishing plates and carriers and primarily the height of th

(4]

polishing removal to be realized. The material removal caused
by the polishing on each side of the semiconductor wafer that
is subiected to polishing is usually 3 to 30 pm. The higher the
pelishing removal, the greater the height of the elevation

20 according to the invention has to be in order to obtain the

effect scught.

According to the invention, the maximum of the local elevatien
is situated in & ring-shaped region along the wafer sdge which

25  extends 10 mm inward from the edge. Preferably, the height
maximum of the local elevation lies on the cutermost five
millimeters of the semiconducteor wafer, that is to say on the
surface of a ring which extends 5 mm inward from the waferxr
edge.

30
According to the invention, the height of the local elevation
ig at least 0.1 pm. Below the height of 0.1 pm, the desired
e2ffect can no longer be cobtained even in the cass of a very
small material removal during the subseguent polishing.

35 referably, the slevation according to the invention is not
higher than 10 um, gince otherwise a very high polishing
removal 1s reguired in order to cobtain a flat wafer edge

without an edoge elevation by means of the polishing. For these



Figures 2a, 2b and 2c schematically show the production of an elevation according to the invention by
the processing of a semiconductor wafer by means of cup grinding disks. 15 Figure 3 schematically
shows the production of an elevation according to the invention by etching using a shield that shields
the wafer margin. Figure 4 schematically shows an arrangement comprising a 20 semiconductor wafer
and a shield which can be used in an etching method to produce an elevation in the edge region of the
semiconductor wafer on the front and rear sides thereof. Figure 5 schematically shows an

arrangement cQmprising @.25:sefgiconducter.wafer . and.a shield which,can, beused in an etching
method to proggge .qqlfé%\iatioqLQ t@ea@](_j elgea(%ionnof h@e serflgi%orédzu oL V\Lageg Qﬂ_b/ one side. Figure
6 shows variotis édlg“e georﬁ’e?rfe“s’%at“\’/v re pFodd“ce& y 36" means of an étchlng method using
different shields and without a shield. As a basis for the further description of the invention, firstly the
geometrical paragnétsrsnivilcbe inFodbeedasig the 35 exaniplerofa togndsemideritiuctor wafer (also
see figures 1-m:Hovwever | the: inventiorhcaain princplealsoshe applied to semiconductor wafers
which deviate from the round form. The edge R of the semiconductor wafer 1 is situated at the

distance 5 of asadius 1 from the, center of the semiconducior wafer. Land forms the circumference of
the semiconductor wafer. It is part of a margin 4 of the semiconductor wafer_1 that is provided with a
profile which was E%&ﬁgeacrﬁglé%érﬁﬁ:eﬁ@ by 3 SRARING S5 081 foF 8xanbie & profile grinding disk, in a
so-called margiftotRitfirg ‘st8p*Ffetinner end of the profiled margin of the semiconductor wafer, that
is to say the transition from the facet of the margin profile to the substantially flat surface of the
semiconductorwafesdsxdesignated by-E and-ties wiHiiDy show the production of an

alevation according to the invention by the processing of =

semiconductor wafer by means of cup grinding disks.

15 Figure 3 schematically shows the production of an elevation
according to the invention by etching using & shield that

shields the wafer margin.

Figure 4 schematically shows an arrangement comprising a
20 semiconductor wafer and a shield which can be used in an
etching method to preduce an elevation in the edge reglon of

a

+he semiconductor wafer on the front and rear sides thersof.

Figure 5 schematically shows an arrangement comprising a
25 semiconductor wafer and 2 shield which can be used in an
etching method to produce an elevation in the edge region of

the semiconductor wafer only one side.

Figure 6 shows various edgs geometries that were produced by
33 means of an etching method using different shields and without

a shiesld.

As & basis for the Ffurther description of the invention,
firstly ths geomstrical parameters wiil be introduced using the
35  example of a round semiconductor wafer {(alsc see figures 1-5).
Howesver, the invention can in principle also be applied to
semiconductor wafers which deviate from the round form. The

edge R of the semiconductor wafer 1 is situated at the distance



10 the physical edge R by a distance p. The margin 4 of the semiconductor wafer can be rounded
symmetrically or non-symmetrically. The edge region of the semiconductor wafer that is particularly of
interest according to the invention lies at the distance of 0 to 10 mm from the edge R of the
semiconductor 15 wafer 1 on the front side 2 and the rear side 3 of the semiconductor wafer 1. The
thickness d of the semiconductor wafer 1 corresponds to the distance between the front side 2 and the
rear side 3 of the semiconductor wafer. 20 The height hR of the local elevation and also the position of
its height maximum can, be described by the edge rall-off (ERQ). The ERO c determined by
means of com%e?ciﬁﬁd%%%i%béﬁegggrincge r§?\%03§ Sl%cﬁ ass“ﬁ%ectojgvi%%%%&%f{gﬁrgr% Ig%belco
Research Instiet8sInc: swhicls BpEFaSAcEordifg 16 e 28 fedstrelfiéit prifcipié of oblique light
phase shift intefferometey:nThe vfieabararent yislds eradiaf profile H(XF of th&T6j56g7abhy of the
semiconductog wafes. br-this case, the front sidercthe reariside oribothtsides ofahérsemiconductor
wafer simyltaneously:can be.measuzed. 30 Far detarminingsthecyariablessthat aresessential for the
invention (maximum height of the local elevation and the positien of the maximum); analgorithm
described in the sctfanda'r %EM M69 is_used (see figure 1). In contrast to tbg.35 parameter ROA
described in the StEREARF (RSO Amsant after 3%%ﬂ(ffdesrfp}]olyﬁgmlgﬁﬁtsﬁﬁ and de-trending at
position x"; siZze26f the &dgeerdtraf dt tRéposifioh X After ﬁﬂﬁ-%?&é%bbh}ho‘%f?&'i fittiig &nd its
subtraction) which is:deterimined: 6-omly-atiz predefidediratialspbsitioR, &cdntirtioustRéight profile is
used for the deseription of thejresent iventinnthecdeternination of wwhi¢hdfeight profile is described
below. In this cage,.x indicates fhe radial position as.distanserin. mn b from the.physical edge R of the

semiconductor wafer 1, The basis for the description of the local elevation is the definition of a
reference curve' RL(X} 6?%%%' aﬁﬁrcﬁ%?gerr 5%6/%%mial‘ fo the rhegllsur,ed radial profile h(x) of the 10

topography of tReREmicohdtictsr WafeF it AGcorddice With’SEMIMbY: For the purposes of the present
invention, the réferenes airse L) S fitted ¥ theefdasuredaadialodrofiRe nERiraadr-iTegion 11
extending at asdistance of: from xtz diznmmde X =330 nurefrorrtheswafef edget Three different radial
profiles 15 h(x) ase depicted-in figuee-1; andrare-designated by-31:92 and-P3cthereim:The third-order

Polynomial RL{px)-gotained 55 é@&yeglyt@gr@gg@%qf@%@cad%lgdgﬁi(pﬁ%@n 250 mm) of the 20
semiconductor wafer 1 and the height deviation hR(x) of the, radial profile h(x) measured in the edge
region of 0 to 0 P froh the Eéjx%?r%[;}olgtzed%ﬁrvséeﬁ <()Q)n|ﬂsj\35<§t%"rmir‘qea@by difference

20 The height hp of the local elevation and aleso the positlion of
its height maximum can be described by the edge roll-off (ERC).
The ERQ can be determinsd by means of commercially available
measuring devices such as the device LER-310 from Kobelco
Research Institute, Inc., which operates according to the

25  measurement principle of obligue light phase shift
interferometry. The measurement yields a radial profile h{x) of
the topography of the semiconductor wafer. In this case, the
front side cr the rear -side or both sides of the semiconductor
wafer simultansously can be measured.

30
For determining the variables that are essentlial for the
invention (maximuum height of the local elevatilon and the
position of the maximum), an algorithm described in the
atandard SEMI M69 is used (see figure 1). In contrast to the

35 parameter ROA described in +he standard (“Roll-0ff Amount after
3rd Order polynomial fitting and de-trending at position x%;
size of the adge roll-off at the position x after third-order

polynomial fitting and its subtraction), which is determined



formation: h(x) = h(x) - RL(x). This subtraction eliminates the global geometry of the semiconductor
wafer (concave, 25 convex), such that hR(x) actually only reflects the local deviation from the globel
geometry, this local deviation being crucial for the present invention. In this description, the size of the
deviation as a function of the radial position is designated as "height of the elevation" hR(x), and the
maximum 30 positive deviation between actual radia# profile and extrapolated curve is designated as
"maximum height of the elevation" h6,2sx. The radial position at which the elevation reaches its
maximum height is designated hereinafter for short as "position of the maximum®” xe" The present
invention in afmy*3% éverit RGeS poSitva dévialioh dtr1dast f APt PEGionsftHe outermost 10 mm
of the semicondétotvaferits tnaximinreheight his:§axs af Iddst CI95%0 7 WX Fean e specified both
for the front side<? aatfonthetreéan side @-aftherseniiconaductor waferds positivel Viaduesralways

indicating an elgvatign. 5:Eke pesition of the maximumy of theelevalion, g 29-Gan:le diregtly at the
transition poin% gogoggl éh%gl% {§H£ff‘c<§dr§’eth£? gafcq_:[g tgg{@é}ggi@u@é@digggg@.semiconductor wafer

1, but also further in the diréction of the center of the semiconductor wafer 1. A plateau is also
possible. Three 10 different forms are indicated by way of example in figure 1, wherein the profile P1
represents a profilffatis 1ot détordiig to- e Mvertion=ThE profi P2 i 23%rd fossible variants
of the local ele\&tion. aceordifgaonhésnventoninthelédee regioht 1t has bedr fouhd tvatthe elevation
in the 15 edge-ragiendeadsdo aminpeavement iz fhe loealgeametryafter polishing even when the

hR(x) alregdy falls,again.toward the edge.ndhis-case,.haimax) ganalsa.benggativezhe form (height
and position of,fhe maximum. gradient of theise),qan be setby meags of fhe dfgtant production
variants for the 20 ring-shaped local elevation in the edge region and thus be optima ¥adapted to the
subsequent pSiEhifig stép! However TEsHSuld R AR é%%%dbe‘ Peafted I\?\ﬁt‘h:?ﬁefhg tagion' 12 illustrated in
figure 1, that i$ 1652y GiF the butérmostieh fillitnefers orthBSSerfifcordiittdr Wafér ™25 The local
elevation according:fo tire inventidreattife outelarostibdge ofithéssemiconrdiictor wafér should not be
confusedwith:aglohally cercave:geometiywkich is known fropa dheprieraaand, 2 and

P3 therein.

The third-order polynomial RL(x) obtained is subseguently
extrapolated up to the edge (positicon x = 0 mm} of the

20 semiconductaor wafaer 1 and the height deviation hp(x} of the
radial profile h{x) measured in the edge region of 0 to 10 mm
from the extrapolated curve RL{x) is determined by diffesrence
formation: hp{®) = hi{x) - RL(x). This subtraction eliminates
the global gesometry of the semiconductor waier (concave,

25 convex), such that hp{x) actually only reflects the local
deviation from the global geometry, this local deviation being
crucial for the present invention. In this description, the
size of the deviation as a function of the radial position 1is
designated as “height of the elevation” hyp(x), and the maximum

3 positive deviation between actual radial profile and
extrapolated curve 1is designated as “maximum height of the
elevation” hg,usx- The radial position at which the elevation
reaches its maximum height is designated hereinafter for short
as “position of the maximum” xu... The present invention in any

35  event reguires positive deviation at least in a partial region
of the outermost 10 mm of the semiconducitor wafer; its maximum

height hg e 18 at least 0.1 um.



which is likewise intended to lead to an improvement in the 30 flatness after a subsequent polishing
process. Such a globally concave geometry as initial geometry for a subsequent double-side polishing
process is described in EP0750967A2, by way of example. According to the invention, by contrast,
before the polishing, a local elevation is provided in the region near the 35 margin. It has been found
that this leads, independently of the global geometry-of the semiconductor wafers, to a minimization of
the edge roll-off after a subsequent polishing step. This is manifested after polishing in the
improvement in geometry 8 parameters such as e.g. SFQR, SEQD, SBIR (in accordance with SEMI
M1 appendix Daifid SENI 29 ERs36-07RO DO PSFOR SEMINTO- 14%8)2 ESFQROESE®DD, ESBIR,
ESBID (SEMI M67-EEG8) and ZDbe(SEN MEB8-LE08). e seiconduttoravaterprepared according to
the 5 invention hasa posiivesinfluence even:an global parameters such as e.g. the GBIR (SEMI M1
appendix 1 and SEMI MF17.30-0707) after polishing. The elevation according to the invention in the

edge regiqn of the semiconductor wafer can be cambined - depending on the reqyirements of the
subseque%t p(fnrl%s%iﬁa"’l é’é}enp,othat\(r:{sf3 o %gi/raléﬁpé:’ﬁdih%eoﬁ fhe C@ﬁ‘a%%eqfhm F]Se \'fv%?elriégometry that is

caused by saiff Piching Step = Svith Z'Giobahy esichve; ffat OF aitématively*EonieR basic f6rm. It is
thus possible #©rprdide asermdsrductdr wbfet opfiniizedsfor inestibsetjuent Polishing'step. 15 The
starting material for producing thetélevationdnihe edge kegiosrissa sefnicbaductor wafer sliced from a
semiconductok ked -generally-a.single erystal, bysmeanssofa wire.gang.saw, for.example. Said

semicondyctopwafet is subsequently subjected 20,19 a materal-remoying pro¢gssing, which usually
comprises a pllqagg/. gf §Ele£s.r8%¥\ia€y 9 ei;ggn%g,@ggiéj wafer igimgc%njcall rocessed, for example

WY ; 1 a pro & 1 gt . .
ground or lappe on hoth Sides; in order to remove sawing grooves. 1€ local Elévation according to

the invention i§ Fro8tERd ina stitable St of 257the Aiteriakfemoviiy pfocéssingThiS¢sn be done
by grinding or etehing; foréxaimpléchia firseentBodinentotthelinvention, the etévation is produced by
grinding, as illuskatetschematicallytinfigures2r3@ound that the elevation in the
15 edge region leads to an improvement in the local gsonstry after
polishing even when the hp(x) already fails again toward the
edge. In this case, hg(max> can alsc be negative. The form
{(height and position of the maximam, gradient of the rige} can
be set by means of the different production variants for the
20 ring-~shaped local elevation in the edge region and thus be
optimally adapted Lo the subseguent pollishing step. However, it
should in any case be realirzed within the region 12 illustrated
in figure 1, that 1s to say on the outermost ten millimeters of
the semiconductor wafer.
25
The local elevation according to the invention at the outermost
edge ¢f the semiconducior wafer should not be confused with a
globally concave geometry which is known from the prior art and
which is likewise intended to lead to an improvement in the
30 flatness after a subseguent polishing process. Such a globally
concave geometry as Iinitial geometry for a subsegquent double-
gide polishing process is described in EPOT750867A2, by way of
example. According to the invention, by contrast, before the
pcelishing, a local elevation is provided in the region nesar the
35 margin. It has been found that this leads, independently of the
global geometry of the semiconducter wafers, te a minimization
of v“hs edge roll-off after a subssquent polishing step. This is

manifested after polishing in the improvement in geometry



The elevation can be produced either on a side of the semiconductor conductor wafer 1 by single-side
grinding or on both sides of the semiconductor wafer 1 by sequential or simultaneous double-side
grinding. The processing is in any 35 case preferably effected by means of cup grinding disks 21 that
rotate about an axis 22 perpendicular to the surface of the semiconductor wafer 1. In the case of
single-side grinding and sequential double-side grinding, the semiconductor wafer 1 is fixed by one
side on a chuck 23 during processing, while the other side of the semiconductor wafer 1 is processed
by means of the cup grinding disk 21. This is done only on one side in the case of single-side grinding;
in the case of Retietitial 5 doablesside- §rindirig théSemicontiuctérwater i iraedaftér the
processing of thelfirgtlsigles¢hatiis tb say tiiatthe/alréady processedHipst sigeis ¢lamped on the chuck
and the as yet unprqcesseskseeendiside is grpundz v theseasenf sequential doule-sidewgrinding, the

elevation produged og the 1Q firstside of the.semiconductor wafer in the figst step is.nqt intended to
bear on the chuck 23 in thg second step, that is.to say that the chuck 23 must In this case have a

5 nventign as .a BlLiVE nf, 2o e@vean 0. [<s argMSCET 8. . .
smaller diametér than the serrllcoﬁaucfor vygfer 1.1n the case of si ultanieous d‘(ﬁble-&de grinding, by
contrast, the s&ffifcoftuttdr wiatér 215 notHirmIf fixedh Bt tatherdisuidkd Bétvedt (6 Hydrostatic
bearings in a sdlsstartially constraifibd-foregdice mamyer thiordllbstrated) a1 procdssed
simultaneouslyion batfz sides by meansoftuo miinally eppositercup grindingdisks:21-that rotate
about rotation axgs.24 that are axeangeg collinaarly. 20 This taghniques alsa referred to as "double

disk grinqi@g",slggbcra. n g%j%rstotgro&%ecilg@%ﬁj}%‘aaﬂo&agggrd&'ggr; eth%nyggtigg@ghe edge of the

semiconductor wafer, in the case of single- or 25 guble-si e grinding care must be taken to ensure
that the entire SUHSCE Bf I8 sehficoRbticlorwaldr with the exieption of the dtfefinost edge region is
processed. THis €afB¢ athic#eE throtigh fie Ehofce 6F atnY gRRBITG dRIC2 E Wiy oL &
correspondingly shiialk externab tadius r afndcoriesponding 30 positieriiay ofthersemicdnductor wafer
1 relative to theneup gringing gisk21; as:ilystrated in figure 2. In this case, the cup grinding disks
always grind over the center of the semiconductor wafer but, in contrast to generally conventional
practice, do nat grind beyond the edge.of the sem(ijconduct?}rj 35 wafer, but rathg_rhleeavg the edge

. T ing. et e oY Broducin € elevation In adge
region unprocesseé. ﬁé radius F of the semiconductor wafer 1 and the desired width v(\?p, of the edge

elevation to bé prodlicéd dfe EUCHTTON i€ PréGisE difter€ions oithd i grinaiiy tigks (external

radius rA and t¢4d, generalily a single crystal, by means of a wire gang saw,

for example. Said semiconductor wafer is subsequently subjected

20 to a material-removing processing, which usuvally comprises a
plurality of steps. By way of example, said wafer 1is
mechanically processed, for example ground or lapped on both
sides, in order to remcove sawling grooves. The local elevation
according to the invention is producad in & suitable step of

25 the material-removing processing. This can bs done by grinding

or etching, for example.

In a first embodiment of the invention, the elevation is
produced by grinding, as illustrated schematically in figure 2.
30
The elevation can be produced either on a side of the
semiconductor conductor wafer 1 by single-side grinding or on
poth sides of the semiconductor wafer @ by seguential or
simuitansous double-side grinding. The processing is in any
35 case preferably effected by means of cup grinding disks 21 that
retates about an axis 22 perpendicular to the surface of the
semiconductor wafer 1. In the case of single-side grinding and

gseguential double-side grinding, the semiconducior wafer 1 is



10 width ds of the ring-shaped region covered with abrasive). The material removal depends on the
edge elevation height hp, that is desired - that is to say necessary for the subsequent polishing
method. 5 Grinding is particularly suitable for producing a plateau-like local elevation. A sharp step
between the flat surface of the semiconductor wafer and the edge elevation can pose problems during
the subsequent polishing process. Therefore, the grinding disks used can be beveled on the outer
radius in order to prevent a sharp step from arising between processed region and non-processed
region. Smoothing of the transition between flat 15 surface and edge elevation can also be achieved
by subsequent Y&RToval SRRty TR dtedtdaRte with £88c¢oHd _RMbGAMERt, the'eigvation according to
the invention ipctireredgéaegiont bf tlhesemiconduectorwafer 20 tanralsesse gfolducedas\® means of an
etching methatk fornexample-dnthesmanner dascritedsin DELIZ026LTALn I contrast tan ‘
DE10322611A1.the, shield and.also thesarrapgement thereef, relative todhe-semiganductor wafer are

configured such that the gdag region of the sericonductor wafer is.shielded so.well 23 during etching
that an elevation arises in the e lge gjog,orl account o;Lfktlher material re‘mqr\gzlli_:tha'{jis reduced even
further locally.“A%ditali& Hitag&ment Is iiUstrated in’an dvervidw ih figire 3°and ity detail in figures 4
and S. 30 Duriig chingXeeesf§ire 3y, theSéthicohdUGBP frafer 15 Wich & prafétabliF sibstantially
composed of siiconpisrexpased toecflow ofiadiquid etchamt-that flows atasspecific rate parallel to the

side surfaces §kantanddeansides 25 3)stathe margin 4hef thessemicenduetos wafes:1.tHae flow
direction 35 of:the etchant is represented by the asrow %in figure 3E Apprepriateetchants include both
alkaline and acldic splufions. fagidic solytions,ats, piefefted. floweust, bacause the fiskofiherr
introducing metallic contaminants into the semiconductor material Is &gmﬁganty ower. A particularly

preferred etch&Y contiing 5qiebs hydrbgeh fidbride Eoftitith SAdat1e8E 6h& oxXidiZing Heid,
particularly préferabliRitAe acid ahd approptiate furthet et diives Of i€ R 5% tiealarly preferred
for small gas buhbles-teibe disperseddn the etchiard st orderte ebiainra urifornvetthing yemoval. This
can be reglizedjn accerdance:with 085451262, for examples |nardes to phiainamaterialyemoval

which is as unjform: as passibje . the. semicondyctor,wafers.are rotated during,gtching. 10 The rotation

of the Semlcoqqﬁgg{%%tgéﬁ Isaglcl:ljsgsatggobyeghs%d gimultaneously on both sides by

means of twe mutually opposite cup grinding disks 21 that
rotate about rotation azes 22 that are arranged collinearly.

20 This technigque 1s alsc referred to as “doukle disk grinding”,
DDGE.

In order to produce the elevation according to the inventien at
the edge of the semiconducter wafer, in the case of single-~ or

25 double-side grinding care must be taken to ensure that the
entire surface of the semiconductor wafer with the exception oI
the ocutermost edge region ls processed. This can be achieved
through the cholce of & cup grinding disk 21 having a
correspondingly small external radius r, and corresponding

30 positioning of the semiconductor wafer 1 relative to the cup
grinding disk 21, as illustrated in figure 2. In this case, the
cup grinding disks always grind over the center of the
semiconductor wafer but, in contrast to generally conventional
practice, do not grind beyond the edge of the semiconductor

33 wafer, but rather leave the edge region unprocessed. The radius
r 0of the semiconductor wafer 1 and the desired width wy ¢f the
adge elevation to be produced are crucial for the pracise

=

dimensions of the cup grinding disks {external radius r, and



arrow 9 in figure 3. The semiconductor wafer is caused to rotate by at least one rotating drive shaft 8,
for example. Three drive shafts 8 are illustrated by way of example in figure 3. The shield 5 is situated
upstream of the margin 4 of 15 the semiconductor wafer 1 as seen in the flow direction 7, said shield
shielding a part of the margin 4 against the etchant. The second embodiment of the invention provides
for the ma 4 of the semiconductor wafer 1 on which the etchant flows to be 20 at least partly shielded
in the manner illustrated in figures 4 and 5. This means that at least part of the margin 4 of the
semiconductor wafer that lies in the flow direction 7 of the etchant, including the outermost region of
the flat surfac¥ iithe sefficGRGuctor WareTPROsHiIRIdEd. PhE Bttt 6 tHe 225 &filgiBing 6Athe geometry
of the edge regiors of thie side salfatessidthecsemicordaetor Wafet 19 thé yigatedty Nowéver, if the
circumferenceigf thessemicenduetor wafer thay liesdn the:flov directiensofthesetehant is completely
shielded. ThisJs therefore alse particularly preferred. 30 In order to achieve this, a shield 5 is arranged
upstream _g)f the margin 4 of the semiconductor wafer 1 as seen in the flow direction 7 of the etchant, in
a manner similar to that illustrated, in ?E11030261r1%1.. However, g1 contrast tQ tk_lig_p’rj_?jrSS art, the
shield and the“arrafgRmert thataof re1dtive 5 the Bemiconduetsr Warer are Ronfigured in such a way
that the elevaticit aecdtéivjto“the invention arises in the edge region of the semiconductor wafer
during etching. 22 This is possible in particular with the arrangement shown in figures 4 and 5. The
shield 5 has adowes-houndarydddying-thenfurthest away fremdhednargisraf-iheisemieonductor wafer,

and 5 an ypperhoundaty Glying;the glosest fo thednargin.otthe semiconductor wafer. The

dimensions of the shield, in particular the length 1 and height h, are essentially determined by the size
of the semiconsdlt%t%cr}lf/\?gt%rﬁ? éﬁgﬁntc‘ﬁ ﬁg%gﬁéés?%grlneéy%ﬁaet’Ia%égr ?n%arg %ﬁé;%iagrlh%%r of the 10
semiconductoF WidteF SPhEhIGRER Sthat'ts 16 Bay the ditanes betwdER the pp&F Bolindary G and the
lower boundar§t4ris pieferdblys & PO MM 2paRTcuUIRHY PrefsrabiE 304 E8C MRk for a
semiconductopwaier having:the diarbeter:308mnt. Ehe lowen boubdary+t eanrbd straight or rounded
in accordance with the 1:h.sectional illustration shaw, with sespectio-thesgirectioaquent

removal etching.

In accerdance with a second embodiment, the slevation according
to the invention in the edge region of the semiconductor waier
20 can also be produced by means of an etching method, for example

in the manner described in DEIC302611AT. In contrast o
DELO30261121, the shield and also the arrangement thersof
relative to the semiconductor wafer are configured such that
the edge region of the semiconductor wafer is shielded so well

25 during etching that an elevation arises in the edge region on
account of the material removal that i1s reduced even further
locally. A suitable arrangement iz ililustrated in an overview

in figure 3 and in detail in figures 4 and 5.

3 During etching {see figure 3), the semiconductor wafer 1, which
is preferably substantially composed of silicon, is exposed to
a flow of a liguld etchant that flows at a specific rate
paralilel to the side surfaces (front and rear sides 2, 3}, to
the margin 4 of the semiconductor wafer 1. The flow direction

33 of the etchant is represented by the arrow 7 in figure 3.
Appropriate etchants include both alkaline and acidic
solutions. Acidic solutions are preferred, however, because the

risk of their introducing metailic contaminants into the



perpendicular to the side surfaces 2, 3 of the semiconductor wafer 1. Furthermore, the body of the
shield 5 can have a rectangular circumference in accordance with the sectional illustration with a
constant thickness t or can be embodied in 20 a manner tapering toward one or both boundaries (not
illustrated). The thickness t of the shield, when simultaneously etching a plurality of semiconductor
wafers, is limited by the slot distance between the individual semiconductor wafers. The distance
between two adjacent shields 25 should be chosen such that the etching medium can flow through
between the shields in a sufficient quantity. The distance 3 between the edge R of the semiconductor
wafer 1 and tHETipper Bothiiary G ot the stielt§sHoutia e &t I‘e%"s?%‘.lpi*nﬁ%rﬁcultcé‘alﬁ 5120 be
significantly lapger. 30 # ordel to bptirialR/ sikietd e tegiorPoATRB \Walkt Sirface tionPeide 2 and/or
rear side 3) indhe vcinity=afthenmarginid zind te piddupe Erielevation iprthesedgeé regicn by means of
the etching praeess, thesshield. 5.preferably has-atleastone: 354rojaating: parts@rojection 10)
protrudingin the ditection. of the center.of the.semigonductaorwaferdl in.a:;plape parallelto the surfaces
of the semicor‘]ductqg vgl%feg. I:firguorggedi a,_ng 5ﬂ-}|LU~S4t£at§ a pjgjggtion%lg on bothmgigfgf_of_gbe

semiconductor T3 Wafer 1: However, it 1s alcéo"cmo“nce|vabF“e“to“E;noren%';);feltleriL d]:séapense with ésprojection 10

on one side. IF#yuiés Fand=s index*E for- s VaRables rélatds c te 5ont&idE2 of the
semiconductopwifer op thetcorregpordingprojEclien 40, \ntFihdex 3 Felétés 67 théYear side of the
semiconductopwafer bs thercorsespoenditigoprojecticr 19. By:=way:ef-exanypte nys denotes the height of
the projegion 40.that:shields the fraat side: ef.the;semiconductor wafer (thatris:tedl @ sayrbe length of
the distance betweendhe end 8¢ of the prajection and the ypperhoundary.G.af the,shield 5), and y3

denotes the height of the projection 10 that shields th% rear side %tt e semiconductor wafer (that is to
say the length’dFthe didtaride beiveeR the'end 3 6Fthe projection and the Upper is boundary G of the
smekiS).BycB%ﬁ%%ﬁ#ﬁH@%i$%%§%%t% are illustrated by way of example in
figure 3. The shield 5 is situated upstream of the margin 4 of
15 the semiconductor wafer 1 as seen in the flow direction 7, said

shield shielding & part of the margin 4 against the ebtchant.

The sscond smbodiment of the invention provides for the margin
4 of the semiconducter wafer 1 on which the etchant flcows to be

20 at least partly ghielded in the manner illustrated in figures 4
and 5. This means that at least part ¢f the margin 4 of the
semiconductor wafer that lies in the flow direction 7 of the
etchant, including the cutermost region of the flat suriace of
the semiconductor wafer, is shielded. The effect of the

25 shielding on the geometry of the edgs region of the side
surfaces of the semiconductor wafer is the greatest, however,
if the circumference of the semiconductor wafer that lies in
the flow directicon of the etchant is completely shielded. This
is therefore also particularly preferred.

30
In crder to achieve this, a2 shield 5 is arranged upstreanm of
the margin 4 of the semiconductor wafer 1 as seen in the flow
direction 7 of the etchant, in a manner similar to that
illustraced in DE103G2611A1. However, in contrast to this prior

35  art, the shield and the arrangement therecf relative to the
semiconductor wafsr are configured in such a way that the
elevation according to the invention arises in the edge region

of the semiconductor wafer during etching.



both projections, that is to say that yi denotes y2 or y3. The thickness Wi of the projection 10 is
significantly smaller than the thickness t of the shield, such that a distance ai 20 still remains between
the semiconductor wafer 1 (having thickness d) and the projection 10 as seen perpendicular to the
surface of the semiconductor wafer I. The wall thickness Wi should be between 0.1 and 1 mm. The
distance ai between the sides 2 and 3 of the semicom@luctor wafer and the projections 10 25 should lie
between 0.1 and 1 mm. The projection 10 preferably terminates flush with the surface of the shield 5
on the side remote from the semiconductor wafer 1. The projection has a height yi. If two projections
10 are present, then a cutout 6 having a depth yi and a width n arises between the projections 30 10,
into which cutdiitthel Sefichhictor warer projecs byt alteitgth Erirptecradial frecttoAn particular Li
> pi, that is to saythatthe flatl sarfate=ofsthiezdemicdrductot wafer is aist: shieldéd atdheredge by the at
least one projegtion: ke width a.eitheeutout should benehesen sueh.dbas the shieldegd 35 regions of

the semicandugtor,wafer do.not,come inte contact with the projections, and:the semiconductor wafer

can be reliably sunk in the cutout. .)4 T Ign{gyt@3 GZi%I?g/noPymﬂlous with the difference between the

4

height yi of thesﬁirncijggﬁoﬁbfc?gn“(‘{iatﬁerdis ance 6: 162 = yi- 6: Theele%}é%ﬁﬁ , O the side of the
semiconductoPfaferBnivhichan Bl8vation Hedording o the Aventivristinfended to be 5 produced,
lies preferably @& therange 6i1 G ifn, partidiiafy Brefardabiy ity thie Farge Bfel ie5ahin 1If an
elevation of identical typesis intended to berproducechontaothisides of the semiconductor wafer 1, for

example before-a 10-daublessidespelishing-process: then shield;5is-constructed symmgtrically with
respect to the ng:nw_ee&f1 s;_/gg&mglg%{egf %ggg@gfo%dg%tgré%_@fe_fb@gyl%%tﬁ%tggrig figure_4. In particular, the

height yi of the pro eCtInglo IS identical on both Sldef, at is to say that y :Lyé.l'léhismgnutomatically

t L
also means th&E T5 T2 213 “with the rdaut that both sided 2°4rd 3 6F thi 7

for a semiconductor wafer having the diameter 300 mm. The lower
boundary H can be stralght or rounded in accordance with the

I5 secticonal illustration shown, with respect to the direction
perpendicular to the side surfaces 2, 3 of the semiconductor
wafer 1. Furthermore, the body 0f the shield 5 can have a
rectangular circumference in accordance with the sectional
illustravion with a constant thickness t or can be embodied in

2 2 manner tapering toward one or both boundaries (not
illustrated). The thickness t of the shield, when
simuitaneously etching a rlurality of semiconductor wafers, is
limited by the slot distance between the individual
semiconductor wafers. The distance batween two adjacent shields

25 should be chosen such that the etching medium can flow through
between the shields in a sufficlent guantity. The distance [
between the edge R of the semiconductor wafer 1 and the upper
boundary G of the shield 5 should be at ieast 0.1 mm, but can
alsc be significantly larger.

30
In order to optimally shield the region on the wafer surface
{front side 2 and/or rear side 3) in the vicinity of the margin
4 and to produce an elevation in the edge region by means of
the etching process, the shield I preferably has at least one

15 prodecting part {(projection 10) protruding in the direction of
the center ¢of the semiconductor wafer 1 in a plane parallel te
the surfaces of the semiconducter wafer. Figures 4 and 5

illustrate a projection 10 on both sides of the semiconductor



semiconductor wafer are shielded in an identical way in the edge region. By contrast, if an edge
elevation according to the invention is 20 intended to he produced only on one side of the
semiconductor wafer 1, for example on the front side 2 in preparation for a single-side polishing of the
front side, then preference is given to an asymmetrical embodiment of the shield 5 and, in particular, of
the projections 10, as illustrated in figure 5. 25 If the fieight y2 of the projection 10 that shields) the
front side of the semiconductor wafer differs from the height y2 of the projection 10 that shields the
rear side of the semiconductor wafer, a larger elevation can be produced on one side (on the front side
2 in the case &FffGire's) 6P 38 semiconduciBr WATEF &R bh tHe SHBF- ST n ParichEs, the
geometry of theishietd eanise chvsersgeh #hat thedglevation according to the invention is produced on
one side of the semiconductor wafer by means of the etching method, while the other side of the

semiconductor waferremains aknos) idealh 35 flasin accordanee with the ieaghing ehPE10302611A1.
15 region of the, semiconductor water and have 1o he adapted ta the,subsequent polishing step. The

wall thicknesses Wi, the heights of Ctlhe; ﬁcgtol{ecélons yi.and the distances at.between the semiconductor
wafer 1 and the inner-sidés of thé projéctions 105 Can als6 be“gm:t?c?dv‘le%?asymmet:ﬁéalIy. Further
important paraifigferen Angidehe g8smetic A dinTeRSBRS 6T thESKiefd are thle flolv ¥ate of the
etching mediunt angthelrotationdd speet 6hthersémiconduttor wafeis during efchingt These

parameters shawuld beschaser hy-means:ot. simple preliminaty I0-experdmentsiaw@ suitable manner in

order to oftainsthe effect acgerding totheinyention. The,elevation accorgingdo:the invention can also

be produced by means.qf et methods, By way of examele. Ing elevatian ¢an 1 e produced by
e

spraying an etchant onfggt ?eas,t one side of the semiconductor wafer, V\gh%r in that edgg region of the

semiconductoPWaterTh Which tHE Brevation Ts It8rded @ be prédtited’is toversd It fis way, the
edge region isHoteexpfodetf t¢ B e Bttacks With tHe Pésulfthiat &7 elévstio? 28 arisés in the edge
region. The subsequest polishirg aeel, itagproptiate, cledaningsstepscthatare effadtverbeforehand and
afterwardghowd.beiperformed imaceatdance withethe-priokat: Atleaskonexealishing:of at

both projections, that is to say that v denotes vz or vsi.

The thickness W; of the prodjection 10 is significantly smaller
than the thicknesss t of the shield, such that a distance a
26 still remains hetween the semiconducteor wafer 1 {(having
thickness d) and the projection 10 as sesen perpendicular to the
surface of the semiconductor wafer 1. The wall thickness W,
should be between 0.1 and 1 mm. The distance a; bhetwsen the
sides 2 and 2 of the semiconductor wafsr and the projecticns 10
25  should lie between 0.1 and 1 mm. The projection 10 preferably
rerminates flush with the surface of the shield 5 on the side
remote from the semiconductor wafer 1. The preoisction has a
neight v;. If two projections 10 are present, then a cutout 6
having a depth vy; and a width n arises between the projections
30 10, into which cutout the semiconducter wafer projects by a
length 4; in the radial directicen. In particular A, > py, that
is to say that the flat surface of the semiconductor wafer is
also shielded at the edge by the at least one proiection. The
widech n of the cutout should be chosen such that the shielded
35 regions of the semiconductor wafer do not come into contact
with the projections and the semiconductor wafer can be

reliably sunk in the cutout.



25 least the front side of the semiconductor wafer is carried out. The polishing can be carried out as
single-side polishing or as double-side polishing. In the case of the single-side polishing of the front
side, the semiconductor wafer is fixed, for example adhesively bonded, by the rear side on a support
plate. 30 In the case of double-side polishing, the semiconductor wafer lies in freely movable fashion in
a cutout in a carrier. During the subsequent polishing, the geometry fault intentionally produced during
the etching is precisely 35 compensated for by a material removal that is locally increased in the
region of the wafer edge, which material removal would otherwise lead to an edge roll-off, and so a
semiconductor afertHatistextrenieR P as fo the edde résiits:~ TRIF the front side is polished a
number of times ithis expedient foP e firstipalisHing Brocags 18 b e6AfiGardd 85 ock femoval
polishing and fakthe:figahpaolishing precessito Sthe tenfiguied mb:ouch polishing; whiékessentially
differ in terms.gf thesnaterial remevak abtainedrin the-eowrserofipolishisgaahict material removal is
generally 2 pm or less in the case af-taugh polishing.and 3;pm.er mare irthe:gase of stock removal
polishing. In addition fq the final ?QliShL g p[;ocg%sé the semiconductor wafer can also be coated, for
example by af &pitaxialiayér BEmg deposited on the front s{fé)e and/or by the rear side being sealed
with a layer of polycrystalline material and/or with an oxide layer. On each side that previously had a
local elevatiort dceording te therinvéniieariatheledye regnt Heateridl refévacHse by the
polishing preferaiiy Hesdn the rangeseh3 40:30: prirA yafticularly preferedoprodesseseguence for the
productiop of the, glaimed.semicondustorwafer comprises sficingioff the 20 sepriconductor wafer by
sawing a single.crystal, raynding.the maugin of fhe semiconductar waler. ftgparopriate grinding the
semiconductor wafer, w ich can be performed as single-side grinding or sequential, or simultaneous
double-side grifiding”3Rdi6r fapking - wet-chemical etching, if appropriaté margin 25 polishing, and
also polishing ‘i thesEmitondicior Wafe CWhitH R caftied obt at et orde, “E64niitg &teps carried out
between the proeg¢sses,andane:drmore costing processes cartied-out aftep tiefinal pofishing of a
side surfage. Thedoga) elevatiomaceerding torthe inventiohdathe edge tegion:-86 can preferably be
produced in thecontext;of the grinding or.etehing, & gompination.ofthestwa-variants also being
conceivable. By way of example, an elevation produced by grinding in accordance with the first
embodiment o ?ﬁg ifvention at the edge of the semiconductor wafer can again be

By contrast, if an edge elevation according to the invention is
20  intended to be produced only on one side of the semiconductor
wafer 1, for example on the front side 2 in preparation for a
single-side polishing of the front side, then preference is
given to an asymmetrical embodiment of the shield 5 and, in
particular, of the projections 10, as illustrated in figure &.
25 If the height ve of the projection 10 that shields the front
side of the semiconductor wafer differs from the height y; of
the projection 10 that shields the rear side cof the
semiconductor wafer, a larger elevation can be preduced on one
side (on the front side 2 in the case of figure 35) of the
30 semiconductor wafer than on the other side. In particular, the
geometry of the shield can be chosen such that the elevation
according te the invention is produced on one side of the
semiconductor wafer by means of the etching method, while the
other side of the semiconductor wafer remains almost ideally

35 flat in acceordance with the teaching of DELG3ICZ2611A1.

All the shield parameters presented influence the position and

wtent of the elevation according to the invention in the edge

{B



35 additionally shaped and, if appropriate, reinforced by means of an etching step in accordance with
the second embodiment of the invention. 17 Examples and comparative examples: Semiconductor
wafers composed of silicon were sliced from a cylindrical silicon single crystal having a diameter of
300 mm 5 by means of a wire gang saw. All the semiconductor wafers were subsequently processed
in the same way by simultaneous double-side grinditfg. The semiconductor wafers were then
subjected to an etching method. By using a hydrogen fluoride/nitric acid solution with dispersed small
gas bubbles, a total of 25 pm 10 (sum of the etching removals on the front and rear sides) were etched

away. The rotéﬁ8h8Psﬁ§edlb9r tAESEIMROHTIG of Waters Yaring Etching Was 350 iSm™&t &Anflow rate
of the etching $hediiHGAto te éechifg tahkvof 165 17@min. 15 DUisg 856 Stehirid of fife $8hficonductor
wafers, variousfedge georetries:were:produced: byidifferentsshieltingrekthecgdge region of the
semiconductog svafers.qlhe dellowing settings wereiused herer=20 Gomparative @xample 1nwithout

shield CO@pag%qlveae%(gn;Jgeeznb\/gghé@lglgy%gcgqrgﬂﬁp with figure 4% ghgrmm /Y2=Y3=0.4mm
/ Aj = 0.25 mm) Example: with s |e Cip accordance with flgugg 4(t=2 =y3520ram/&=

1.85 mm) 25 Ré Width n of t‘?}e cutou % was 7 mm in each case in al the examp es and1 comparative

examples. e §émidoRductorwafers Wefe Medsurat afsy éfb%lﬁ@%y%‘e%ﬁso@@%f an edge roll-off
measuring deviceskob8lcoEER810onductor wafers during etching. These

parameters should be chosen by means of simple preliminary
10 experiments in a suitable manner in order to obtain the sffect

according to the invention.

The elevation according to the invention can also be produced
by means of other methods. By way of example, the elevation can
15 be produced by spraying an etchant onto at least one side of
the semiconductor wafer, wher=sin that edge reglion of the
semiconductor wafer in which the elevation is intended to ke
produced is covered. In this way, the edge region is not
exposed to an etching attack, with the result that an elevation

20 arises in the edge region.

The subsequent polishing and, if appropriate, cleaning steps
that are effective beforehand and afterward should ke performed
in accordance with the prior art. At least one pcelishing of at
25 least the front side of the semiconductor wafer is carried out.
The pclishing can be carried out as single-side polishing cr as
deouble-side pelishing. In the case of the single-side polishing
of the front side, the semiconductor wafer is IZixed, for
example adhesively bonded, by the rear side on a support plate.
3¢ In the case of double-side polishing, the semiconductor wafer

lies in freely movable fashion in a cutout in a carrier.

buring the subseguent pelishing, the geomeiry fault
intenticnally produced during the etching i1s precisely

33 compensated for by a material removal that is locally increased
in the region of the wafer edge, which materizl removal would
otherwise lead to an edge roll-off, and sc a ssmiconductor

wafer that is extremely flat up to the edge results,



Figure 6 illustrates the corresponding radial profiles h(x) of the topography of the semiconductor
wafers near the edge, wherein the left-hand ordinate relates to the profile h2(x) of 35 the front side
(upper three curves) and the right-hand ordinate relates to the profile h2(x) of the rear side of the
semiconductor wafer (lower three curves). In the case of comparative example 1 (without shield;
dashed lines in figure 18 6), a significant edge roll-off occurs on the front and rear sides. An edge
roll-off can additionally be ascertained also in the case of comparative example 2 (with shield and with
small insertion depth of the semiconductor wafer 1 into the cutout 6 5 of Ai = 3.25 mm; dotted line in
figure 6), this edge roll-off being reduced relative to comparative example 1. It is only in the case of a
significantly laf§et ifiseribhtdepthcAile 185 hfeth actbfttaice withi thiesexamplé that a local elevation
according to tkedavertion Drcursat fhe swafer edge mithragnaximum heighirlO. hyrnax efsapproximately
1.2 pm (solid line #n figewe 6)1 The:height maximumdies at a;distance ok approximately 1.4 mm from the
wafer edge. Afler dhe measuterment. ha semicaadudlor.wafes In acroedance yithal the examples
and comparatb/grega@jp es W?nr%ur}if%rml%%iv{did mong a total of eight polishing passes and
polished on a douZBTe-sldé‘p%llsﬁihag r‘naichlﬁéoofat ety e C™2000 Fom Pater Wolters AG. The
polishing rem&\alVigs i total 20 ui? umof tﬁ%”ﬁﬁﬁ&ih@ rBRIGFAS Bh thefratit arfdf fedfsides). The
20 semiconduttsr watersswete eldaned afferpolishing atd therrthedr flatriéss (RSFQR) was measured
by means of asmeasuring-device-afithiei type Watessight drom Kl-A<l eneer Cospatation; The average
values obained andsalso-the fusthersesults of thesstatistical-evaluation.are-presented in the table

below. 25 Cgﬁé%rﬂivﬁ e)é%mgjl_ﬁg'axial layer being deposited on the front side
and/or by the rear side being sealed with a layer of
pelycrystalline material and/or with an oxide layer. On each
side that previously had a local elevation according to the
13 inventlon in the edge regilon, the material removal caused by

the polishing preferably lies in the range of 3 to 30 um.

]

particularly preferred process sequence for the production of
the claimed semiconductor wafer comprises slicing off the

20 semiconductor wafer by sawing a single crystal, rounding the
margin of the semiconductor wafer, 1f appropriate grinding the
seniconductor wafer, which can be performed as single~sids
grinding or sequential or simultaneous double-side grihding,
and/or lapping, wet-chemical etching, if appropriate margin

25 polishing, and alsc polishing of the semiconductor wafer, which
is carried out at least once, cleaning steps carried out
between the processes, and one or more coating processes
carried out after the final polishing of a side surface. The
local elevation according to the invention in the edge reglon

30 can preferably be produced in the context of the grinding or
etching, a combination of the two variants alsoc being
concelvakle. By way of example, an elevation produced by
grinding in accordance with the first embodiment of the
invention at the edge of the semiconductor wafer can again be

35 additionally shaped and, 1f appropriate, reinforced by means of
an etching step in accordance with the second embodiment of the

invention.



Comparative example 2 Example. i J Number of wafers n 18 33 36 Average value ?SPQR [nm]
49.1j34.71 29.1 Standard deviation [nm] 3.1 2.61 2.8 10% valueHam]
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Examples and comparative examples:

Semiconductor wafers composed of silicon were sliced from a
cylindricael silicon single crystal having a diameter of 300 mm
by means of a wire gang saw. ALl the semiconductor wafers were
subseguently processed in the same way by simultaneous double-
slde grinding. The semiconductor wafers were then subjected to
an stching method. By using 2 hydrogen fluoride/nitric acid
solution with dispersed small gas bubbles, a tcotal of 25 pm
{sum of the etching removals on the front and rear sides) ware
etched away. The rotational speed of ithe semiconductor wafers
during etching was 3.0 rpm at an inflow rate of the etching

medium into the etching tank of 165 l/min.

During ths etching of the semiconductor wafers, various edge
geometries were produced by different shielding of the edge
region 0f the semiconductor wafers. The following settings were

used here:

Comparative example 1: without shield

Comparative example 2: with shield in accordance with figure 4
(t = 2.5 mm / v = vy = 0.4 mm / A = 0.25 mm)

Zxample: with shield in accordance with figure 4 (t = 2.5 mm /

v o= vy = 2.0 mm / A; = 1.85 mm)

The width n of the cutout % was 2 mn in each case in all the

examples and comparative examples.

The semiconductor wafers were measured after etching by means

of an edge roll-off measuring device Kobelco LER 310.

Figure & illustrates the corresponding radial profiles hi{x) of
the topography of the semiconductor wafers near the edge,
wherein the left~hand ordinate relates to the profile hy{x} of
the front side {(upper three curves) and the right-hand ordinate
relates to the profile hiy({x) of the rear side of the
semiconductor wafer {lower three curves!. In the case of

comparative example 1 {without shield; dashed lines in figure



45.7 31.21 25.5 50% value[nm] 49.51 53.01 34.01 38.01 29.5 32.5 90% value[nm]
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6}, a significant edge roll-coff cccurs on the front and rear
sides. An edge roll-off can additionally be ascertained also in
the case of comparative example 2 {with shield and with small
insertion depth of the semiconductor wafer 1 into the cutout 6
of Ay = 0.25 mm; dotted line in figure 6), this edge roll-off
being reduced relative to comparstive example 1. It is only in
the case of a significantly larger insertion depth Ay = 1.85 mm
in accordance with the example that a local elevation accerding
to the invention occurs at the wafer edge with a maximum height
The

height maximum lies at a distance of approximately 1.7 mm from

hr,mex ©Ff approximately 1.2 um {sclid lins in figure 6).
the wafer edge.

After the measurement, the semiconductor wafers in accordance
with all the examples and comparative exsmples were uniformly
divided among a total of eight polishing passes and polished on
a double-side polishing machine of the typese AC 2000 from Peler
Wolters AG. The polishing removal was in total 20 um (sum oi
The

semiconductor wafers were cleaned after polishing and then

the pelishing removals on the front and rear sides).
their flatneszs (PSFOR) was measured by means of a measuring
device ¢f the type Wafersight from KLA-Tencor Corporation. The
average values obtained and also the further results of the

statistical evaluation are presented in the table below.

Comparative | Comparative Examplse
exampla 1 example 2
Number of wafers n 18 33 36
Average value PSFQR 42,1 34.7 29.1
[nm]
Standard deviation [nm] 3.1 2.6 2.8
10% wvalue [nm] 45,7 31.2§ 25.5
50% value [nm] 49.5 34.0, 29.5
30% value [nm] 53.0 38.0] 32.5
95% wvalue [nm] 532.3 38.0 33.0
1992.7% value [nm] 54.3 38‘9i 33.0




95% value[rim] 53.3 38.0] 33.0 99.7% value[mm) 54.9 38.91 33.0 19 Boundary conditions for the
PSFQR measurements: Edge exclusion EE =2 mm Measurement field size = 20 mm x 20 mm
Offset of the grid field in the x direction = 10 TM 5 Offset of the grid field in the y direction = 10 mm It
becomes clear that the semiconductor wafers having the elevation according to the invention

(example) in the edge region achieve the best PSFQsRa"3 value after polishing given W identical
polishing parameters.

Soundary conditions for the PSFOR measurements:
Edge exclusion EE = 2 mm
Measurement fileld size = 20 mm X 2J mm

Offset of tha grid field in the x direction

#

10 mm

Il

La

Offset of the grid field in the y diresction 10 mm

It becomes clear that the semiconductor wafers having the
elevation according to the invention (example} in the edge
region achieve the best PSFQRaw value after polishing given

10 identical pclishing parameters.

The present invention can be applied to all semiconductor
wafers which ultimately are subiected to single- or double-side
polishing. These are, in particular, monocrystalline

15  semiconductor wafers that are provided for the producticn of
electronic components. These are preferably substantially

composed of silicon.



The present invention can be applied to all semiconductor wafers which ultimately are subjected to
single- or double-side polishing. These are, in part2cular, monocrystallime 15 semiconductor wafers
that are provided for the production of electronic components. These are preferably substantially
composed of silicon. 20 Patent claims: 1. A method for producing a polished semiconductor wafer
having two sides and an edge, comprising the following steps in the stated order: S a) slicing a
semiconducienwaterfrains a rod composed of semiconductor material, b) material-removal processing
at least one side of the semiconductor wafer, and 10 c) polishing at least one side of the

semiconductop wafer niereirdihe sermiggndugfor yafgr has,long its.margin safter pateriakremoval

processing and before polishing on at least one side to be polished, a ring-shaped local elevation
having 153 MBSimufi? hEIJAESt A MchsBB. 1T S whereifRe Toc elel8tiorrreHeNesfs REamum
height within 8h®0 aira wade cindggareceeding inwardly from the edge of the semiconductor wafer. 2.
The gethod of claim 1, wherein material removal caused by 20 polishing, on each side of the
semiconductor wafer that is polished, is 3 to 30 pm. 3. The method of claim 1, wherein the
material-Fémo¥al5ioegssiftg fERASICEHIABASET at Wasesne featinent ofh@ composed of

semiconductor material,
b) material-removal processing at least one side of the
gsemiconductor wafer, and

10 ¢) polishing at least one side of the semiconductor wafer,

wherein the semiconductor wafer has along its margin, after
material-removal processing and before pdlishing on at least
one side to be polished, a ring-shaped local elevation having
15 a2 maximum height of at least 0.1 um, wherein the local
elevation reaches its maximum height within a 10 mm wide ring

proceeding inwardly from the edge of the semiconductor wafer.

2. The method of claim 1, wherein material removal caused by
20 polishing, on each side of the semiconductor wafer that is

pelished, is 3 to 30 um.

3. The method o0f claim 1, wherein the materizl-removal
processing further comprises at least one treatment of the
25 semiconductor wafer with a liquid etchant, wherein the etchant
flows during the treatment substantially paralilel to the
surfaces of the semiconductor wafer onto a margin of the
semiconductor wafer, and wherein the local elevation isg
produced by an at least partial shielding of the ring
30 proceeding inwardly from the edge of the semiconductor wafer

against the etchant flowing directly thereon.

4. The method o0f claim 1, wherein the material-removal
processing comprises at least one treatment of the

35 semiconductor wafer with a liquid etchant, wherein the etchant



25 semiconductor wafer with a liquid etchant, wherein the etchant flows during the treatment
substantially parallel to the surfaces of the semico@ductor wafer onto a margin of the semiconductor
wafer, and wherein the local elevation is produced by an at least partial shielding of the ring 30
proceeding inwardly from the edge of the semiconductor wafer against the etchant flowing directly
thereon. 4. The method of claim 1, wherein the material-removal processing comprises at least one

treatment.ef the:35senicanduciar afes withreeliquichetchant swhereim the-gtehanb 2 1is sprayed onto
at least ong '%‘iﬁf tt& gemic nductor wafer, wherein the ring proceeding inwardly from the edge of
the semicon\‘3 uctor Wa?ler israjf%gaslp ﬁzﬁﬁ?%%\i/g%d.%.aﬁﬁ{egﬁet 6dof (ﬁgﬁ?n 1 Where the he
material-FSHSFRTPOCESBIhgieédinprides atlebsbsite paadihy treanaeatiof at least one side of the
semiconductor wafer by means of at least one cup grinding disk, wherein the at least one cup grinding
disk is positioned relative to the semiconductor wafer during 10 the grinding treatment in such a way

that & ring proceting MWAPly fidm the-8dFe of-the SERTEGA ctdMFafeP FéRAHR LHpFECYEsed, such
that the lpcalatewmtion adsesduringsthe grindiag treatment gnihe shifacerefdbasing. k5:6. Tbe
method of clai herejgn th I j i [ height within.a 5. mm wide ring

‘ proceed%gé:%v%]a#j%&frggg%e %gﬂgt%&gggé%%%ﬁ%?wngge%&ur%?ﬂw%arﬁgthg o?%lalr%a(f’,dcwherein
the maxiffiifn [F1ghtHF Hrel 20 Focat sfevatiBieissoi® to- 1@ pat slFheimaned eEElaigy 6 nwhBeein the

maximunaheight ef the daaal elevatien is0.bvte Scpm 28:9.cthel methrd obelaip 6 -wherein material
rem@val %%usedrb%/ fﬁ{irszhin%’ oenag%crhgid%rgf tggc emiconductor, wafer that.is polished, is_.3 to 30 um.
10. The method oF Craim 1, wherein the maximuny Reight 8 the 3iocat eletBRoPESF LT 18Pm. 11.

The metHotiatrdaim 10r amersinemazeids repfovallvausedrblqpolighingyon eadtesiderafithéns
semicondugtetwates dhat isspRlishedais 34830 Pa1 elevation arises during the

grinding treatment on the surface of the ring.

15 6. The method of ciaim 1, wherein the local elevation reaches
its maximum height within a 5 mm wide ring proceeding inwardly

from the edge of the semiconductor wafer.

7. The method of claim &, wherein the maximum height of the

20 local elevation is 0.1 to 10 um.

8. The method of claim 6, wherein the maximum height of the

local elevation is 0.5 to 5 um.

25 9. The method of c¢laim 6, wherein material removal czused by
polishing, on each side of the semiconductor wafer that is

polished, is 3 to 30 um.

10. The method of claim 1, wherein the maximum height of the

30 local elevation is 0.1 to 10 pum.

11. The method of claim 10, wherein material removal caused by
pelishing, on each side of the semiconductor wafer that is
polished, is 3 to 30 um.

35



22 12. The method of claim 1, wherein the maximum height of the local elevation is 0.5 to 5 pm.

The method of claim 12, wherein material removal€aused by 5 polishing, on each side of the
semiconductor wafer that is polished, is 3 to 30 pm.

12. The method of claim 1, wherein the maximum height of the

local elevation is 0.5 to 5 um.

13. The method of claim 12, wherein material removal caused by
5 polishing, on each side of the semiconductor wafer that is

pelished, is 3 to 30 um.

13.



