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 semiconductor 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. 15 In ordeMg-Bedbie¥o preducd adafy &t ohmsle SRIMBERERESAHOYRARE 0N a
semiconductor wafer, the necessary flatness has to be ensured as closely as possible right up to the

edge of the frant side,.20 Most endeavers for.ingreasing the flatness-efthe-sige susfaces of the

semiconductor wgé%rn%%ré%rgyy hgnpl of the f[ogti sides s&(_emf%co Iy concentrate conglsg@l%tly on steps for

the material-rseerﬁnovmg processin%“ce)efr 4 sémiconductor water whic Wlln?l%e%%g%ﬁejﬂatness. They include,
in particilar, $t€<e8uch 85%'s lapping, grinding or polishing of one or both side surfaces. At least one
polishing process,implemented: ascsingle-sidereridoulfleside potishingipractically always takes place.
As illustratedday-DELO30261 1 Ads howewmer, process steps such as etching the side surfaces can also

affect the flatnegs, in,3Q E@gi?%@medﬂaft@@égm@e gdge region of the side surfaces, A

semiconductor wafer is usually etched before a first polishing process in order to remove damage to
the surface 168y pféteditg SRaping Brocessing, for example as a result of grinding or lapping (or a
combindfion of tekes3s hvetheds) of #7E SeffiCoridiittorafér THE AR appli€atién efted discloses
an etching method wherein the semiconductor wafer is exposed, during etching, to a flow of a liquid

etchant that ig quided against the jaargin of the semiconductorwafehed front side, into
which the components are worked. Increasingly stringent
regquirements are being made of the flatness of the front side.
15 In order tc be able to produce a largest possible number of
compenents on 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 flatness of the side surfaces
of the semiconductor wafer generally and of the front sides
specificalilly concentrate consistently on steps for the
marerial-removing processing of a semiconducter wafer which
influence the flatness. They include, in particular, steps such

25 as lapping, grinding or polishing of one or both side surfaces.
At lesast one polishing process, inplemented as single-side or
double-side polishing, practically always takes place. As
illustrated by DE10302611A1, hcowever, process steps such as
etching the side surfaces can alsoc affect the flatness, in

30 particular the flatness in the esdge region of the side
surfaces. A& semiconductor wafer is usually etched before a
first pelishing process in order to remove damage to the
surface left by a preceding shaping processing, for example as
a result of grinding or lapping (or a combination of these

33 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 ligquid 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 etchant by
means of a special shield during etching. 5 Side surfaces of the semiconductor wafers that are as flat
as possible up to the outermost edge before polishing are regarded as a prerequisite for the polished
semiconductor wafers also having a very good geometry in the edge region. However, it has been
found that the geometry in the edge region is still in 10 need of improvement even when the teaching
of DE10302611 A15is5employeid-#t'ie an'dbject 'of tie preésentinderitictt, theFéforé Stoftrthe? improve
the geometrysafrd pofished semiedrductor wafehin the-&5redge redien.dTire objectds achieved by
means of a methoglferproducing & pelished.semicanducter-waley, comprisiag ihe fellowing.steps in
the stated ordqt; #0,slieing & semieqpduclor waler fram & od gompesed. gl sermicandyptor material, -

material-remaving processing of atleast one side of the semiconductor wafer;, and - polishing of at

least one’sidé of thé SEAESTHdICor WafSF ™25 FiEréin‘the Serfilcondittor wafet has afteFthe
material-rem&vikgiprotessingarid:beforesthieqsolishilig o<l degstrone: siveto be polisheddalong its
edge, a ring-shapedlocat elevation Favingr-a maximsing beight of atdeast-Q. luime wheseignthe local
elevation reaghes jis maximumdAheightwithin 2,10 mmyide fing 3Qlying atihe edge ofithe, .
semiconductor wafer. The inventors have established that, in contrast.to the teaching of,
DE10302611A1, a semicont lictor wafetthat is ds Tlat as poss?cﬁe before poiishing does not constitute
the optirfum B5%5teréquisite forraEtaniRgSan BittandingtGésmeliy atthesvarer %%bé“éftéfspolishing.
Rather, according t@ ¢hie invention, a slight local elevation is provided on at least one side of the
semiconductor wafer that is to be polished, in the edge region, 3

It is an chiject of the present invention, therefore, to further
improve the geometry of a poilshed semiconductor wafer in the

15 edge region.

The cbiect is achieved by means of a method for producing a
polished semiconductor wafer, comprising the following steps in
the stated order:

20 - slicing a semiconductor wafer from a rod composed of
semiconductor material,

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

25 wherein the semiconductor wafer has after the material-removing
processing and before the polishing on at least cne side to be
polished, along its edge, a ring-shaped local elsvation having
& maximum height of at least 0.1 um, wherein the local
elevation reaches its maximum heicght within a 10 mm wide ring

30 lying at the edge of the semiconductor wafer.

The inventors have established that, in contrast to the
feaching of DE103062611A1, a semiconductor wafer that is as flat
as possible before polishing dees not constitute the optimum

35 prerequisite for cobtaining an outstanding geometry at the wafer
ecdge after polishing. Rather, according to the invention, a
siight local elevation is provided on at least cne side of the

semiconductor wafer that is to be peolished, in the edge region,



said elevation being removed during the polishing. The polishing then leads to a semiconductor wafer
which has, up to the outermost edge, an outstanding flatness without an appreciable edge roll-off.
Preferably, the elevation is 5 produced at the edge of the semiconductor wafer on each side which is
subsequently subjected to polishing, that is to say ondy on one side in the case of single-side polishing
and on both sides in the case of double-side polishing. 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 Félishifig SE: e SIS BrRTATIf ontact pressiire’ Poligling'p&d quality (hardness),
composition obthiespolishingsturky,adtational speedscoftthetts pelishingilatds and cangerscand
primarily the height.ofthepalishing-remavalto-be sealized: The.materiakiemeval.caused by the
polishing on each side,of (he.semicondudtar waley. thats syblegted Lo polishing g usually 3 to 30 pm.

The higher the palishing removal, the greater the height of the elevation 20 according to the invention

has to b in &feF 15 btain theeffd Sotght ATty to e ivelition” thd' nidxifmurn 9F the local
elevation is sitated irf aTiftpshapsd regivnlalongateWwafer bHgelwhich-25 exiends 16 3m inward
from the edgenPyeferablygthel Height maximumeof dhie 4aca) elevdtion fies orrtheouteamest five

millimeters of the;semicondycter, wafer, thatds {9, say-on the suface;of a,ring which extends 5 mm
inward from the wafer edge. 30 According to the invention, the height of the local elevation is at least

0.1 pm. Below the height of 0.1 pm, the desired effect can no Ioni%(re%r be obtained even in the case of a
very sm¥ll matsidl¥Emoval aariRg the subsegtieht polishing™ 35 Preferdbily thé dedatich according to

the inventiontissmothigher thanitOupnssincé otlkerwise anvienychigh polishingerereval is required in
order to obtapnaflat wafer edgenwithow - edge elevation hy naeans of the polishinga £or these 4
reasons, the height,of,the gleyation pefare palishing paticularly preferably lies.jn.the range of 0.5t0 5
pm. composition of the polishing slurry, rotational speeds of the
15 polishing plates and carriers and primarily the height of the
polishing removal to be realized. The material removal caused
by the pollshing on each sice of the semiconductor wafer that
is subjected to polishing is usually 3 to 30 pm. The higher the
pclishing removal, the greater tThe height of the elevatiocn
20 according to the invention has to e in order to obtain the

effect sought.

According to the invention, the maximum of the local elevation
is situated in a ring-shaped region along the wafer edge which

25 extends 10 mm inward from the edge. Preferably, The height
maximum of the local elevation lies on the outermost five
millimeters of the semiconductor wafer, that is toc say on the
surface of a ring which extends 5 mm inward from the wafer
edge.

30
According to the invention, the height ¢f the local elevation
is at least 0.1 um. Below the height of 0.1 pm, the desired
effect can no longer be cbhtained even in the case of a very
small material removal during the subsegquent polishing.

33 Preferably, the slevation acccerding to the invention is not
higher than 10 um, since otherwise a very high pcolishing
removal is regquired Iin order to obtain a flat water edge

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



The invention and also preferred embodiments are described in 5 more detail below with reference to
figures: Figure 1 illustrates the parameters for describing the elevation according to the invention at the
edge of the semiconductor wafer. 10 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:¢otipfisingta 2 0nserfiitontltictérewafet drid- ashisld Wkich cahtbé t8ed in an etching
method to produce anielevationd e etlgeiregion of the semicenductor. wafer 6nithe front and rear
sides thereof. Figure 5 schematically shows an arrangement comprising a 25 semiconductor wafer
and a shield yhich ¢n.bs used In ap.etching method to produce an elevalion n.he,edac fegion of the
semiconductor wafer only one side. _Elgtﬁe Shows various eche geometries that were produced by
30 means of Arrétchiig methBd Usiry differeht SRiefds aRd WithGRS shield. As a basis for the further
description of the invention, firstly the geometrical parameters will be introduced using the 35 example
of a round semiggnductarwafter falsessee igueas: k) However gthe-inventignican in principle also be

applied to semyiganductor wafers,which deyiate from the round form. The edge R.of the semiconductor

wafer 1 is situated at the distance_5 of a radius r from the center of the semiconductor wafer 1 and

. ¥ + el .
forms the ciréimtérenteofthe ‘Semiconductor wafer. It is part
10

Figures Za, 2b and Z2c¢ schematically show the producticn 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 te produce an elevation in the edge region of

the semiconductor wafer on the front and rear sides thereof.

Figure 5 schematically shows an arrangement comprising a
25 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 only one side.

Figure 6 shows various edge geometries that were producsed by
30 means of an etching method using different shields and without

a shield.

As a basis for the further description of the invention,
firstly the geometrical parameters will be introduced using the
35 examnple of a round semiconducter wafer (also see figures 1-5).
However, the inventicn can in principle alsco be applied to
semiconductor wafers which deviate from the round form. The

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



of a margin 4 of the semiconductor wafer 1 that is provided with a profile which was produced
mechanically by a shaping 5 tool, for example a profile grinding disk, in a so-called margin rounding
step. The inner 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 semiconductor wafer, is designated
by E and lies within 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-df interest ascordingto the imertion lies atthesdistarceloicd ¢or 102her fromthe edge R

of the semiconduetor: 13 wafer J.on the.front siden2 and-thesieas side:3.0f the semicondygtar wafer 1.
The thicknesg d of the semicpnductor, W@é%%SQHSéESQd%‘%Q}e 9'35%896 between fhe front side 2

and the rear side 3 of the semlconoTuctor wafer. ght hR of the local elevation and also the

position of its"He&ight nFbrmur c%’\]ﬁll‘féldggénﬁéa’ ‘E)%ﬁg é%?&%ﬁ@ﬁdﬁyﬁes@ﬁ@lb&n be
determinéd byanéansof comiviercially avaiable medsaiing dEvices such astheadevice LER-310 from
Kobelco Reseatcft Institutes ine;, whigh. opetates accoedingdo tha25-measusement principte of oblique

light phase Shhﬁ%‘”&%ﬁ@&%&%{g@ measurement yjelds a al-profile b9 -qfthe tepography of the
semlconduct wafer %n thi S case the fronL 55de or th the rear side or bot flde of the semiconductor
wafer S|multaneously Can be measured, 30 For de?ermlnlng the Variables that are 88Sential for the
invention (maxdmuti hefgHESIRARI6E4] elévation Ahd R PEsHiGH of thé nfBdmbnf) aft-afyotithm
described in thesstamdaird SEMEAORisoysed (See figure ). IAconteast to tHe 35 garmameter ROA

described in therstandard {RolOft Amauntafter3re-Qrder pelypemial flitting and.de-trending at
position x"; siz iQJ dhe-edge roll-off at the position x after third-order polynomial {ifing and its

subtractlon) ich is determined 6 only at a predeflned radial position, a continuous heignt profile is

used for the dec’sé?isp‘ﬁbanBflﬁre}“ﬁ’re%jénfﬂﬁ%ﬁlﬁﬁ ftr& gktermTination st v&ﬁ]gﬁlﬁ%?&ﬁ profife B described
below. In thistéese deimdicstes Thé radial positiohras distancelire nim BEfrofetheepliysicdledge R of the
semiconductenwaferi1l.chhe basix-fatthe descriptian afibe tecal eleviatian isrtherdefinition of a

reference curye,RLEQ) Ry-fitting,a third- QVd@_L‘VH%OWFl@m@' Hdothg measuredstadial.profile h(x) of the 10
topography of thfe serl'mconductor Cg;tfer in %cor ance with SE,EMI 146% For the pu Tgodses of the

present invention; the r&fErencs ¢ ¢urve R is fitted t6" ﬁ'ue meaSured ragla pr&‘]e J(x) in‘a radial

region 11 ext@ﬁalnghﬁt 5%ﬁ§taﬁé€@of3rrd?ﬁ ﬁhﬁlsﬁfﬁ;r % 36%Rm Hdntthe wafer edge. Three different
radial profiles 15 h(x) are depicted in figure 1, and are designated by Pi, P2 and -P3 therein.

200 The height hp of the local elevation and alsc the position of
its helight maximum can be described by the edge roll-off (ERO).
The ERO can be determined by means of commerclally avallable
measuring devices such as the device LER-310 from Kcbelco
Research Institute, Inc., which operates according to the

25  measurement principle of obligue light phase shift
interferometry. The measurement vields a radial preofile h(x) of
the topography of the semiconductor wafer. In thils case, the
front side or the rear -side or both sides of the semiconductor
wafer simulranecusly can be measured.

30
For determining the variables that are essential for the
invention (maximum height of the local elevation and the
position of the maximum), an algorithm described in the
standard SEMI M692 is used (see figure 1). In contrast to the

35 parameter ROA described in the standard (“Roll-0Iff Amount after
3rd Order polynomial fitting and de-trending at position x”;
gize of the edge roll-off at the position x after third-order

polynomial fitting and its subtraction), which is determined



The third-order polynomial RL(x) obtained is subsequently extrapolated up to the edge (position x =0
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 10 mm from the extrapolated curve RL(x) is determined by difference
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 global
geometry, this local deviation being crucial for the present invention. In this description, the size of the
deviation as afunction ef theradialhpasitian is designatedas "heightoftheelevationithR(x), and the
maximum 30;p&§fti\aeedegiayigecbe:twee@h%ctaegadieke@tiI% angrextrapolated Gyveds designated as
"maximum he:| ht gf the eleva élon" h The t‘hadla|}R'OSItIOI% a{whlch éhe ele\%atlcg)%reﬁches its

% CeYmina on o Jh
maximum height is esignate erelnafter or short a osmon of the maximum- x e present

invention in ahy §é1é@ehtaﬁé‘quﬁesﬁgéﬁ%%l%v%?%nrﬁfilje%jstWéjﬁa‘rﬁﬁl feiGh BF B Buidimiost 10 mm
of the semicofiduetariwafeéry its raxinion Height lRsmeseiscatidastt0.1 pmi<zthix) can be specified
both for the front side 2 and for the rear side 3 of the semiconductor wafer 1, positive values always

indicating an glevation. T%EOS'H8“£J§B§IB%§'8}P®PfJH8 elgyation, ¢Orx).can lig directly at the

transition point E from the flaf surface to the facet of the margin roundln%o the semlconductor wafer

1, but also fufthiet ih-tHe Gir8ctién bF e cahfer Bf K& S%Im%?)naﬁct“o]rw 7 1% ATprhtEal i€ aRko
possible. Three 1 different-forimscaresindivated Byway of example’in figupé 15 Wherein the profile P1
represents a prafilgthat:is ndt accordimgitosthéuinvention fEhe profilesRZ andP3 are possible variants

of the local eleyation according tedhednvention, in the.edge regin.dtihas begn found.thatthe elevation
in the 15 edge regloggeeds to_an. improyement in the local %eomgtrg/ after ILshlng( even when the

hR(x) already Ffalls again toward the edge thls crg%esﬁﬁe(max can algo Iz negatlve The form
(height and po%ﬁb%lofﬁ%lﬁ%xﬁﬁuﬁf{ﬁgaﬁeﬁ? of thé rlgef cani e 8ét By Meahs of thediffetent
production variants forthef2@ringhshapdd: locadiefevatiorem thelddge: ragionandithuscie optimally
adapted;to the subseauent polishingistep: bowever, i:shoud iniapy gasede realized withimtihe region
12 illustrated-n figyre 1, that is to say on the outermost ten millimeters of the semiconductor wafer. 25
The local elevation according to the invention at the outermost edge of the semiconductor wafer
should not be confused with a globally concave geometry which is known from the prior art and which
is likewise intERtletto18ad t6%n MProvelient iftHe) obtained is subsequently

extrapolated up to the edge {position x = 0 mm) of the

20 semiconductor wafer 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) 1s determined by difference
formaticn: hep(x) = hix) - RL{x). This subtraction eliminates
the glokal geometry of the semiconductor wafer {(concave,

25 convex}, such that hg{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 c¢f the deviaticon as a function of the radial position is
designated as “height of the elevation” hz(x), and the maximum

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

33  event requires positive deviation at least in a partial region
cf the cutermost 10 mm of the semiconductor wafer; its maximum

height hg aex i3 at least 0.1 um.



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 $his 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,
SFQD, SBIR {in accetdance with SENM M1 appendix 1andcSEMI MEA530-GAHY ): PSRQR (SEMI M70-

1108), ESFQR, £SEQR, ESBIRESBIRD(SEMLEME751108) and ZDD(SEM| ME8:1108). The

semlconductor wafer pre ar accordln to the 5 |nvent|on has a positive influence even on global
parameters sucﬁ ey g. IYIE?(§E X appendlx 1 and SEMI MF1530-0707) after polishing. The
elevation according to the |nvent|on in the edge region of the semiconductor wafer can be combined -
depending orftire reguitementsiofithe subseqguent polishing.stept that is1e.saywdepending on the
change in theswafer-geometryibat is,caused Ry;said, polishipg:steps with a glohally-concaveflat or
alternatively convex %@lgggrmag 3 thy %Bgé&p&e Eofp;%%u ea s(e(grlllgong%ctor V\éafer i)ptlgwlzed for the

subsequent polishing step. 15 Th e starting material for roducm the elevation in the edge region is a

semiconductér\waferdicadrorm & Senficofductor rad, geﬁerﬁ‘ﬁ Fdingfe crfStal, by means of a wire
gang saw, forexamplal Saidsemiconductdr waferig subsequently sabjected 200
materialiremaeMing preaessingmwhich: usually:comprisesva plusality:efsieps 1By may:etexample, said

wafer is mechanically, progesseds far.example ground or lapped-on both sides, in grder to remove
sawing grooves, Thg Iocal e ev$t|on accordlng toége mverltloln is Bré)du d |9 a swtable slrgp_g of 25 the

material-remGving procgssmg is Can be dorie y grinding or etchlng or example “a

embodiment Bfiﬁfé‘ifhv%nﬂéntﬂ?e efvatioRi§ prodiced By GiindiAg tas fitistratedsERematitally in
figure 2. 30 Theselevgtor eandse piddiuced eitker doasideiofithesemicendudtor comductor wafer 1 by

single-sige grnding o Roth-sides:ef the semicondustar wafer by sequeptiakarsimultangous
double-side grinding..The Q&%%eiﬁ{%q '%H&aﬂx 33 C%%%Q&%E?V%Q'z}’l%ff%‘“gdrPyt%‘eé ng qf,gup grinding

disks 21 that rotate about an axis 22 perpendicular to the surface of thé semiconductor wafer 1. In the

case of singl&Sfe grifding'and §8aueﬁﬁél?%bbfea§ld‘%lgc’ffn&1ﬁgnﬁ@géﬁﬁ?coﬁaﬁctgro\ﬁafer 1is

(height and position of the maximum, gradient of the rise) 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 to the subsequent polishing step. However, it
ghould in any case be realized within the region 12 illustrated
in figurve 1, that is to say on the outermost ten millimeters of
the semiconductor wafer.

25
The local elevation according to the invention at the outermost
edge of the semiconductor wafer should not be confused with a
globally concave geometry which is known from the prior art and
which 1s likewise intended to lead to an improvement in the

30 flatness after a subseguent polishing process. Such a globally
concave geometry as initial geometry for a subsequent double-
side polishing process is descrikbed in EPQGT750%67A2, by way of
example., According to the invention, by contrast, before the
polishing, a local elevaticn 1s provided in the region near the

33 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 subseguent poclishing step. This is

manifested after polishing in the improvement in geometry



9 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 sequential 5 double-side grinding, the semiconductor wafer is
turned after the processing of the first side, that is to say that the already processed first side is
clamped on the chuck and the as yet unprocessed second side is ground. In the case of sequential
double-side grinding, the elevation produced on the 10 first side of the semiconductor wafer in the first
step is not inteadeddodearnn-the.ehuclk 23dndhe second steprthatis te saydhatthe.ghuck 23 mustin
this case haveg,smajler diameter thap,he.semicondustor yvafer 1. ﬁ@%@% C«?§%\9f sipyltaneous
double-side g#méjéng, %y Hgorg{trag FtheD semlcogdugtor wafer is not f"”l'}f’ ixed, but rather is gwded
between two hy ostafic b%afin@é i sﬁ“g&%ntiaﬁf Constraimed-torde- tjeoe8t]na"’hth%r7(R8t ifld IE%ted) and
is processed ¥frAuktadéouslyoh B6thisidles byt meansciiwarmbiaally eppesite eap rindirg disks 21
that rotate about+otation axes 22 thatiarevarranged collimeariyn 20nT hisdeehnigue-salso seferred to as
- "double disk gringings, BD&. Iprerder ta praguce the glevation,according-ta.theinyention &t the edge of
the semicondg&oerrwagelr. isnnt&e casrehgf giﬂg&I’e-tgro%Sa ogglre-side ggngirrl] care mtl:JSt be taken to
ensure that the entire sur ace of the semlco'nguctor warer w(ljthl}ﬂe exception of the ‘outefmost edge
region is processed  This &4 Be Schieved IRrotgriieErndice of S c s yrindling #isk 2 having a
correspondingfesmall extermal radiusaArandcorrespondirite36 positioring of the semigonductor wafer
1 relativesto the gup grirding disk 24 asdiystratedn figure 2. dn thiscase, the cupgrinding disks

always grind guer, the center of the semicgndyctor wafer but,in contrast to g‘g%%alg/ conventional

Practice, do n%t ricr]ld beyond the edge of the’semiconductor 35 wafer, but rat| er leave the edge

H-The ratias F of thé sefticOndictdr wafsr{ ard'the dBaited widt wR 6f the edge

region unprocesse
elevation to beSpigtititetlare’ &rieidt fortipretise difiénsions Ofthe cupegringingdisiest(aernal
radius rA and:-11€ width dsuefrthecririg-shaped:region covered with abrasive). The material removal
dependson the edge elevation height hR that is desired - that is to say necessary for the subsequent
polishing methiod. 2, Grinding iz particularly suitable for,producing 2 plateau:like local eleyation.
region is a semiconductor wafer sliced from a semiconductor
rod, generally a single crystal, by means of a wire gang saw,
For example. Saild semiconductor wafer is subsequently subjected
20 to a material-removing processing, which usually comprises a
plurality of steps. By way of example, said wafer is
mechanically processed, for example ground or lapped on both
sides, in order to remove sawing grcoves. The local elevation
according to the invention is produced in a suitable step of
25 the material-removing processing. This can be done by grinding

or etching, for example.

In a first embodiment of the inventicn, the elevation is
produced by grinding, as i1llustrated schematically in figure 2.
30
The elevation can be procduced 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
simultanecus double~-side grinding. The processing is in any
35 case preferably effected by means of cup grinding disks 21 that
rotate about an axis ZZ2 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



A sharp step between the flat surface of the semiconductor 10 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 removal etching. In accordance with a second embodiment, the
elevation according to the invention in the edge region of the semiconductor wafer 20 can also be
produced by fieans bfaneichinganethad, fonexaaple in theymannes deseriped-ihBEL16802611A1. In
contrast to D§440302611A1 sthe,shigld,and alse the arangementdhereofselative to the-semiconductor
wafer are corg}f;gucrgg scqch th9£ rt}ré% Ynggire}gicbni of %q gerln_lpocpodnuectcc)Jrrl \ﬁ/af%rnisosnhéelgegesoiwell 25
during etching that an efgvgnqn ar_légs in the edge region on account of the materiallr.emovial that is
reduced everr firtiéridcally. SA Luitab dfraRgehrentds ilfustratéd i ah KervWw ifigdre 3 and in
detail in figurés Yard 51 @0 During Btching(seedigure8ju thecsemicorductotwaferdl awhich is
preferably substantiadlycompesed of sdicenrisexpaesed to.aflovs of a liguwd etchandithat flows at a
specific rate parallel o the.sidesirfaces (frant.and earssides 2, 3), tobe margin4,of the, .

semiconductor wafer 1. The flow direction 35 of the etchant is re reshented by the arrow 7 in figure 3.
Appropriate etthaffSihRitae Eothaikaiife thtfadidiccEsitiions. Acitit®sShtions are preferred,
however, beciiBesthelisk ePtheteintrodticiig hietafic cotftamirraimsifto thee denfidonductd? material
is significantly lawer.sA particulatty prefetrechatchant ceatains agueows fiydrogendluofisersalution and

at least one oxidizing.acid, padicularly preferablynitric acid. and it.appropriate further.additives. It is
also 5 particuslgrkl/y Q{)%fg”‘?%foéé& Il gas bubbl%%tchg di%%rgeg in the etchﬂt in oo{_ggzrﬁt(% obtain a

. . the Cf s er sTer
uniform etchg%ﬁremoval. IS can be realized in accordance with %%%4%13%?, or example. Tn order to
obtain a matéridi’temval Whick 1§45 Urifotmt &< possible, the s&mifconduttiotwafers are rotated during

etching. M Thirétation iotehe semicondubtor wwafers istillustrateteby e anow 9 indigere 83 The
semiconductenwater-is caused4o rotate by ahleast ongrotiing.ddve shafts, forexample: three drive
shafts 8 are illustrated by way of gxample; imfigure 3, the shield 5Js situaed upsiream of the margin 4

of 15 the semi ;I’%%lé%t%’ I%N feg1 % s, ssegg In, glseS ngs%irrz% tlogné,oi%l yShéﬁldb%@ﬁldéq a Sp%rltf of the
margin 4 agamst the € t. TR S

means of two mutually opposite cup grinding disks 21 that
rotate about rotaticon axes 22 that are arranged collinearly.

20 This technigue is also referred to as “double disk grinding”,
DDG.

In order to produce the elevation according to the invention at
the edge of the semiconductor 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 of
the outermost edge region is processed. This can be achieved
through the choice of a 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 illiustrated in figure Z. In this case, the
cup grinding disks always grind cover the center of the
semiconductor wafer but, in contrast to generally conventional
practice, do not grind beyond the edge of the semiconductor

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

dimensions of the cup grinding disks {(external radius rp and



The second embodiment of the invention provides for the margin 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 flgt surface of the semiconductor wafer, is
shielded. The effect of the 25 shielding on the geometry of the edge 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 direction af thefetchant-is.eprapletely shiglded. ddws is-theretare alsa pavtigulanty preferred.

30 In order tq.achipye this. a-shieldf is.amangediupstieam of the margin 4.of the semiegnductor wafer

1 as seen in the flow .direc?tion Z}of the etchant, in a manner siﬁilar t? that illustrated in
: slLre -~ that 1 the e

DE10302611313\S;L; However, in xcor]t“ras:ts to this %¥io?%%ea5r?,atﬁ\é shiéld and the LE’ffz'r?:ingrtlzj%nent thereof
relative to the"semiconductor-wafer are configured in such a way that the elevation according to the
inventionsarises in the edge region of the semiconductor wafer during etching. 12 This is possible in

particular with; the arrangement.shown in-figures 4.and-5 - Fhe shigld 5 has a lowarhqundary H lying
the furthest ayvay. from, the margin of the semiconductor wafer, and 5 an upper boundary G lying the
closest to the margin of the semiconductor wafer. The dimensions of the shield, in particular the length
1 and height h, are essentially determined by the size of the semiconductor wafer. The length 1 is at
least somewRatiarger thaRrthesdiaretert 6fthel 20 sentiésnductdr Wafer The heightte that is to say
the distamce betiveen:the upperboandanyGrand the fowesboundary-nsisqpreferabiy s to 200 mm,

particularly prefgtably 30:to 180 mmngarparéegggqn%g%mth@,\ﬁ@ggtp%!i@q%et@&éﬁ%@ mm. The
a

lower boundary H can be straight or rounded in gggog:da}fncdgiv&/gh jEhe 15 dsec?:ctjﬁoen Dgll%set%attiogl shown,
with respect to the direction perpend?cuﬂar fo'the side"surfaces 2,3 of Th€ SemiicOnductor wafer 1.

Furthermore, YR8 Body-6Fthe sHieRf'5 tafthaiie- d5ettaigiisrarclmfstéfte 3 Actdfdance with the
sectional illustratiomswith aregristant thickneéssworcan e embodied: 20 e-mannef tapering toward

one or bath beundaries{net dlustratad), Thethickness:t-of the shield-when-simultanagusly etching a
plurality of se@ﬁggggct@{g}@g@ 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 r8 between the edge R of
the semiconduittGrowmatst=h and the luppet Lottt # 7 G &f tise Shield: 8 shiould biecat kease 0 nsm, but
can also be significantly:larger.30 kmorder tedaptimally shield: thentegien omthe.wafer swrface (front

side 2 angl/orear side,3),in thevicinily of theJnatgin 4 and 19 produce,an.glgvatin in the edge region

by means of the etching process, the shield 5 prefer t least one 35 projecting part (projection
10) protrudin@n ﬂE?é% d‘?%egﬁgﬁ o?%ﬁ’ec Iééﬁ%% (ﬁn'[hlfggge(?ﬁﬁ(ﬂc%agggdr v%é’fe?infﬁrg%ﬁari“eo parallel to the

surfaces of the'sémicohductor Wafers EiGdrés® and’s flustiate A o REEHvN 1 0- BRIAh sides of the

semiconduct@elative to the semiconductor wafer are configured such that
the edge regilon cof the semiconductor wafer is shielded so well
25  during etching that an elevation arises in the edge region on
account of the material remcval that is reduced even further
iocally. A suitable arrangement is illustrated in an overview

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

30 During etching (see figure 3), the semiconductor wafer 1, which
is preferably substantially composed of silicon, 1s exposed to
a flow of a liguid etchant that flows at a specific rate
prarailel 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 represzented by the arrow 7 in figure 3.
Appropriate etchants include both alkaline and acidic
solutions. Acidic solutions are preferred, however, bescause the

risk of their introducing metallic contaminants into the



13 wafer 1; however, it is also conceivable to completely dispense with a projection 10 on one side. In
figures 4 and 5, index 2 for all variables relates to the 5 front side 2 of the semiconductor wafer or the
corresponding projection 10, and index 3 relates to the rear side of the semiconductor wafer or the
corresponding projection 10. By way of example, y2 genotes the height of the projection 10 that
shields the front side of the semiconductor wafer (that is to 10 say the length of the distance between
the end 52 of the projection and the upper boundary G of the shield 5), and y3 denotes the height of
the projectiorsdf)ithat:shietds-the:rear side bf the genticonductor wafer (that {ssto:say:ther length of the

distance between the end33.gf the projection and-the uppgrdia heundary,G:oftheshield.5). By
contrast, indeg< [ reé%tefetostloth rperOJ;)ecjtmigngi%hatails £%ksa£g a‘g?g& [ q%r}cltes&yge%rg ¥3b'[he tgiggrﬂgss Wi of
the projection 58 IS signlﬁqatntfy smaller than the thicknéss t'of the shigld; such that & distance ai 20
still remains Bétiveerfite sémicstitictorwvarer s tRavingthickhées d) andthe?drifection 10 as seen
perpendiculapto the suHaée of the semvdoriductoniafer ds Thelwak: thitknéss Wishould dhelbetween

0.1 and 1 mmxEhe distanee ah between the sides 2 and:3 of the semisonductenwafer andithe _
projections 10 25 should lie,between 0.1.and 1 mm, The prejection 10 preferably terminaigs flush with

the surface of the shield 5 on the side remate_from the semjconductor wafer 1. The projection has a
height yi. If tW& Projettion 10 are pradeht hena Gttt 6'Ravilg s d&FtHirdnd™a Width n arises
between the pecjeétions 30MED, SRtbhwhitRRETBUL e SEMIGHTdUCtbR WafeAprojéstshyF B léAgth Li in the
radial directiorhdn particulan Lb3 pihthat isnta-say thatthedigt=stiface afithessemicanductatwafer is

also shielded at,the edge, by the af leastone projection..Ehe width-n of the cutaut shquld be chosen
such that the shielded, 35 rg_giggg 5911; the segfnoi onductor, wafer do nat Cé)mef(ijr}lrtoec;(oa%ggte v_vith the

. . YQLaLe OV 4 ne alt 17 rive sngtt
projections and the Semiconductor water can be reril%b?y sunk i the cufout. _
Three drive shafts 8 are illustrated by way cof example in
figure 3. The shield 5 1s situated upstream of the margin 4 of
15 the semiconducter 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 margin
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, inciuding the cutermost reglon of the flat surface of
the semiconductor wafer, i1s shielded. The effect of the

25 shielding on the gecometry of the edge region of the side
surfaces of the semiconductcr wafer is the greatest, however,
if the circumference of the semiconductor wafer that lies in
the flow direction of the etchant is completely shieided. This
is therefore alsc particularly preferred.

3¢
In order to achieve this, a shield 5 is arranged upstream 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
illustrated in DE10302611A1. However, in contrast to this prior

33 art, the shield and the arrangement thereof relative to the
semiconductor wafer are configured in such a way that the
elevation according to the invention arises in the edge regilon

of the semiconductor wafer during etching.



14 The length Ai is synonymous with the difference between the height y. of the projection 10 and the
distance p: Ai = yi - p. The length Ai, on the side of the semiconductor wafer on which an elevation
according to the invention is intended to be 5 produced, lies preferably in the range of 1 to 10 mm,
particularly preferably in the range of 1 to 5 mm. If amglevation of identical type is intended to be
produced on both sides of the semiconductor wafer 1, for example before a 10 double-side polishing
process, then shield 5 is constructed symmetrically with respect to the plane of symmetry of the
semiconductor wafer, as illustrated in figure 4. In particular, the height yi of the projection 10 is

identical on beth sides, thatistosaythat y2:=¥3= This automatically-alsemeans that13 A2 = A3, with
the result thaula%hrgigeg 2 anSS ofrghe s%rpécloipdéjcrg% ng‘:lr: are shieldecgain an iq_entical way in the

: jatet :
edge region. By contrast, itan edge elevation accordlnﬁi fo the invention 1s 20 inténded to be produced

only on one side b fife séHfidondiCtor Wafdr I 3fdt ample GFIHE FOMt Side 2 17 prépardtion for a
single-side palishimgof the froft sidd; then preference ¢s givertto ahasymirmetricaf epitsodiment of the
shield 5 and, i paricidatof the prejections 18 asrifustrateskindfigurerh.«25:lf tha height y2 of the
projection 10 that shields, the front side;of the semiconductor wafer differs: fram;the height y3 of the

projection 10§h§t shields the rear side of thgsgmconductor wafer, a larger elej\j/gtiog cantReProduced
on one side (67 the St side 25Rthe ‘dase of figlre 5y of the 30 s8mikdndUctor WafeF than on the
other side. Inirarficulatz e gedmenytoftheEhielticah behosehssifch that thé elevation according to
the invemtion is:ptaducid-on:oneaside .ofthe semigonductarhwafet Hytmeans ofithe &tehimgomethod,

while the othey.sideof thesemicondyetor yafer temains almostidealy 35flatinaccoedance with the
teaCNng(ﬁ[%g&Qég%g%kﬁ% %g 200 mm, particularly preferably 30 to 180 mm,

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

15 sectional illustration shown, with respect to the direction
perpendicular to the side surfaces 2, 3 of the semiconductor
wafer 1. Furthermore, the body o0f 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
simultanecusly etching a plurality of semiconductor wafesrs, is
limited by the slot distance betwsen the individual
semiconductor wafers. The distance between twe adjacent shields

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

30
In order to optimally shieid 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 5 preferably has at least one

35 projecting part (projection 10) protruding in the direction of
the center of the semiconductor wafer 1 in a plane parallel to
the surfaces of the semiconductor wafer. Figures 4 and &

illustrate a proijection 10 on both sides of the semiconductor



region of the semiconductor wafer and have to be adapted to the subsequent polishing step. The wall
thicknesses Wi, the heights of the projections yi and the distances ai between the semiconductor wafer
1 and the inner sides of the projections 10 5 can also be embodied asymmetrically. Further important
parameters, alongside the geometrical dimensions of;the shield are the flow rate of the etching
medium and the rotational speed of the semiconductor wafers during etching. These parameters
should be chosen by means of simple preliminary 10 experiments in a suitable manner in order to
obtain the effeetraecarding-te:the-invention. Theclevatien accarding ta the inveritionican alsebe

produced by means;of.other methodsy By way of example, the elevation can 15 be produced by
spraying an etchant onto at least one side of the semiconductor wafer, wherein that edge region of the

semiconductor wafer in which the elevation is intended to be produced is covered. In this way, the

edge region i$hot eXpoédtosditetching aftAck, with thé re¥af tAat&T ef/tioh=20 @riset in the edge
region. The s@bsequentipolishifg and, ifcappropdate; ccleaningrsteps tthat arereffectivelbeforehand and
afterward shauld beperdarmed inaccordanceswith the priorart.-At least-one golishing.ef at 25 least the

front side of the semicondugtor. waler is, capjed QHEJJ&BR@%'}!QQ&?QFQ%JE%@GQ QUL 85 single-side

polishing or as double-side polishing. In the case of the single-side polishing of the front side, the

o ) E g+~ ] g + P
semiconductSt w8 Hixed! foF &Xample SdRelRel boRded By the r&5rdide orf astipport plate. 30
In the case ofdéaBléssidbdlishitig, thésemicbhauetsh walef Hes i freely moVablé fashibh in a cutout
in a carrier. Dugingcthe Subsgquent polishing; the georeetry fault intentianally pfodaeed during the

etching is pregisely. 35:compeRsaied for.by.a matgral-remoyal that is;locally ingreased in the region of
the wafer edge, which material removal would otherwise Iealeo an eﬁdgs%r.oll-%ﬁ, and so a
. fs. 161 the front

semiconduct%%év]:&fa{?eerSthsé“ﬁ?1 is extremely flat up to the edge resif If the front si“créeisrgc?lfshed a
number of tinfes3§t i%%kﬁe%iéﬁ%??ﬁ@ﬁ?&%l%ﬁﬁ%’p%&@é% thhé RofAfiguretfas ek rémoval
polishing andtfoe thi. finabpelistinggrocéssetend S; of the projection and the upper

13 boundary G cf the shield 5). By contrast, index i relates o

both proijections, that is to say that v; denotes vy» or vi.

The thickness W; of the proiecticon 10 is significently smaller
than the thickness £t of the shield, such that a distance a;

20 still remains between the semiconductor wafer 1 (having
thickness d) and the projecticon 10 as seen perpendicular to the
surface of the semiconductor wafer 1. The wall thickness Wi
should be between 0.1 and 1 mm. The distance a:; betwsen the
sides 2 and 3 of the semiconductor wafer and the projections 10

25 should lie betwesn 0.1 and 1 mm. The projection 10 preierably
terminates flush with the surface of the shieid 5 on the side
remote from the semiconductor wafer 1. The projection has =a
height v;. If two projections 10 are present, then s cutout &
having a depth v; and a width n arises betwesen the projections

300 10, intco which cutout the semiconductor wafer projects by a
length Ay in the radial directicn. In particular 4; > pi, that
is to say that the flat surface of the semiconducter wafer is
also shielded at the edge by the at least one projection. The
width n of the cutout should be chosen such that the shielded

35 regions of the semiconductor wafer do not come into centact
with the projections and the semiconductor wafer can be

reliably sunk in the cutout.



5 be configured as touch polishing, which essentially differ in terms of the material removal obtained in
the course of polishing, which material removal is generally 2 pm or less in the case of touch polishing
and 3 m or more in the case of stock removal polishing. In addition to the final polishing 10 process,
the semiconductor wafer can also be coated, for example by an epitaxial layer being deposited on the
front side 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 elevation according to the 15 invention in the
edge region, the: matetalremoyval egusedhy.thewpalishing preferablydies indhesangeiof 3 to 30 pm. A

particularly preferred process.seauence for the preduction of.the: claimed semigondugtor wafer
comprises sli%mg Tf th%§0 semiconductor wafer_by ,gawin%a siggle %rg/stal, rpundiqg vtghe gqlargin of the

. £11 A, on the side of The s CO ctor wafer or i
semiconductor wafer, it apprbprlarfe gnnd?n_g the semicon upjtor v.va?ehr, WhICﬁ can be performed as
single-side griRdifgotesectiertiaf of Simtiltafestis dolBRéLside grfding™ and#st 12ppiry, wet-chemical
etching, if appropiiate marpirs 25jpelishing,land alsoypolisting of the semitdnductor wafer, which is

carried out atJeast; ence,:cleaping-stepsicarkied out betweenthe progesses, 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 region 30 can preferably be produced in the context of the grinding or etching, a

combination ofth two VAAANRTaI8d bEifi§ conceivabie By wHy 6Fexample, &n Eevation produced by
grinding in aceordardelniththetfirst embodindnt bf the' iriientibn dtcthecedge of theeSericénductor
wafer can againhe 35-additionally shaped ane; ifappropriate; reinforced; by saeans: of an etching step

in accordance with-the: seqand gmbodiment of the invention, 17 Examples.and compagative examples:
Semiconductor wafers coryggs%g of silicon ng%s[ége m a cy.lindncalésilig%ngci_in}%lg crystal having a

fr C
diameter of 30 mrﬁf:nog%@cf“ﬁeans“dfear \’Niraesgéng saw. A Ft%e Semiconductor v‘vafers“wer%bs‘l?ﬁféequently

processed in thé shfieTitfay by SimtltanBs0s Hotbtetside grinditR Thersemitdrdiuetsriafers were
then subjectedtotan etching awethiod:: By using a Mydregentfhroride/aitdc agidssolutien withhdispersed

small gag bubbles, @Syo_t@@lhz\'ﬁlpén A0(suM @ggﬁe etehing remeovals; gn the frontiand rear sides) were
etched away'sy?n% 5%@398%%%%‘}8; tg%éc'egﬂ%%qgl%%ogwaaf%rsidentical way in the

edge reglon.

By contrast, if an edge elevation according to the invention is

20  intended to be produced only on one side of the semiconducter
wafer 1, for example on the front side 2 in preparation for a
single~side polishing of the front side, then preference 1is
given to an asyvmmetrical embodiment ¢f the shield 5 and, in
rparticular, of the projections 10, as illustrated in figure 5.

25 If the height yz of the projection 10 that shields the front
side of the semiconductor wafer differs from the height vy of
the projection 10 that shields the rear side of the
gemiconductor wafer, a larger elevation can be produced on cne
side {(on the front side 2 in the case of figure 5) 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 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 wafer remains almost ideally

35 flat in accordance with the teaching of DE1CG302611A1.

A1l the shield parameters presented influence the position and

extent of the elevatlion acccording to the invention in the edge



during etching was 3.0 rpm at an inflow rate of the etching medium into the etching tank of 165 1/min.
15 During the etching of the semiconductor wafers, various edge geometries were produced by
different shielding of the edge region of the semiconductor wafers. The following settings were used
here: 20 Comparative example 1: without shield Comparative example 2: with shield in accordance
with figure 4 (t=2.5mm /Y2 =Y3 =0.4 MM/ Ai - 0.25 mm) Example: with shield in accordance with
figure 4 (t=2.5mm /Y2 =Y3=2.0mm/Ai-1.85mm) 25 The width n of the cutout 6 was 2 mm in
each case in altheexatnples andrcomparative examples.nd Thesemicondustarwafers were

measured after giching by means:30,9f an.gdgeroll-off measuring device Kobelco.L ER;310.(Figure 6

illustrates the gorresponding radial profiles h(x) of the topography o t%e semicaonductor wafers near
the edge, whgr*eié "fﬁg ?é:f%h%a%%igr%%eﬁ‘é l?er]gteéht% t%%r%?%e@tgz(n)(‘) (%fe 5 the fr@ﬁ? side (upper three

curves) and tRETgH AU Grdifaterelated™d theSrofilePha ) G thé feaP siders theskritohductor
wafer (lower three cusve$k: Irthie case of compdarative examplerl (withowpshiekd; dashed lines in figure
18 6), a significantedge kgll-eff aceurs on:the frentand rearsides«Anedge rotl-eff camadditionally be
ascertained alsq in the ¢ase, of comparatiye examplg 2 (with shield and with small insertion depth of

the semiconductor wafer 1 into the cutout 6 5 of Al = 0.25 mm; dotted line in figure 6), this edge roll-off

being reducedefativa o comparati/e example 12158 dnfifin'the Gasd'oFd sigmificantly larger insertion
depth Ai = 1.85 fimsShctordance with theoegample tiatloeal efevationracebrdingetosthe invention
occurs atthe avafer edgetwith @ maximuabheighi 10441],1Qq efiappreximatelyrl.2rpmdsakdtine in
figure 6). The,height Maximum jies at-a-distance of approximately 1.7 mm from the wafer edge.

The elevation according to the invention can also ke produced
by means of other methods. By way of example, the elevation can
15 ke produced by spraying an etchant onto at least one side of
the semiconductor wafer, wherein that edge region of the
semiconducter wafer in which the elevation i1s intended to be
produced i1s ccvered. 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, 1f appropriate, cleaning steps
that are effective beforehand and afterward should be performed
in accordance with the prior art. At least one polishing of at
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, fthe semiconductor wafer i1s fixed, for
example adhesively bonded, by the rear side on a support platea.
30 In the case of double-side polishing, the semiconductor wafer

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

During the subseguent 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 semicenductor

wafer that is extremely flat up to the edge results.



After the measurement, the semiconductor wafers in accordance 15 with all the examples and
comparative examples were uniformly divided among a total of eight polishing passes and polished on
a double-side polishing machine of the type AC 2000 from Peter Wolters AG. The polishing removal
was in total 20 pm (sum of the polishing removals on;the front and rear sides). The 20 semiconductor
wafers were cleaned after polishing and then their flathess (PSFQR) was measured by means of a
measuring device of 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. 25

Comparative examplesk Gomparative example.2 ExampleNumberof wafers n 18133 36
expedient for the first polishing process to be configured as
stock removal polishing and for the final polishing process to

5 be configured as touch polishing, which essentially differ in
terms of the material removal cbtained in the course of
polishing, which material removal i1s generally 2 um or less in
the case of touch polishing and 3 um or more in the case of
stock removal polishing. In addition to the final polishing

10 processg, the semiconductor wafer can also be coated, for
examnple by an epitaxial layer being depocsited con the front side
and/or by the rear side being ssaled with a laver of
volycrystalline material and/or with an coxide layer. On each
side that previously had a local elevation according to the

i5 invention in the edge region, the material removal caused by

the polishing preferabkly lies in the range of 3 to 30 pm.

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

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

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

30 can preferably be produced in the context of the grinding or
etching, a combination of the two variants also being
concelivable. 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 agailn be

35 additiornally shaped and, i1f appropriate, reinforced by means cof
an etching step in accordance with the second embodiment of the

invention.



Average value PSFQR[nm] 1 49.134.7 1 29.1 Standard deviation [nm] ,3.1 2.6, 2.8 10% value[nm]
45.7 31.21 25.5 50% value[nm]
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Examples and comparative examples:

Semiconductor wafers composed of silicon were sliced from a
cylindricel silicon single crystal having a diameter of 300 mm
by means of a wire gang saw. All the semiconductor wafers were
subseguantly processed in the same way by simultaneous double-
side grinding. 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 um
{(sum of the etching removals on the front and rear szides) were
etched away. The rotational speed of the semiconductor wafers
during etching was 3.0 rpm at an inflow rate of the etching

medium into the etching tank of 165 1/min.

During the etching of the semiconductor wafers, various edge
geometries were produced by different shielding of the edge
region of 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 / vz = vz = 0.4 mm / Ay = 0.25 mm)

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

v = y3 = 2.0 mm / Ay = 1.85 mm)

The width n of the cutout 6 was 2 mm in each case in all the

examples and comparative examples.

The semiconductor wafers were measured after etching by means

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

Figure 6 illustrates the corresponding radial orcofiles hix) of
the topography of the semiconductor wafers near the edge,
wherein the left-hand ordinate relates to the profile h:(x) of
the front sgide (upper three curves) and the right-hand ordinate
relates to the profile hiy(x) of the rear side of the
semicenductor wafer (lower three curves). In the case of

comparative example 1 (without shield; dashed lines in figure



49.5 34.0: 29.5 1 90% value[nm] 53.0 38.01 32.51 95% value[nm] 53.3 38.0 33.0 99.7% value[nm]

£), a significant edge roll-off occurs on the front and rear
sides. An edge roll-off can additicnally be ascertained also in
the case of comparatlve example 2 (with shield and with small
insertion depth of the semiconductor wafer 1 into the cutout 6
5 of A; = 0.25 mm; dotted line in filgure 6), this edge roll-off
beling reduced relative to comparative example 1. It is only in
the case of a significantly larger inserticn depth A; = 1.85 mm
in accordance with the example that a lccal elevation according
to the invention cccurs at the wafer edge with a maximum helght
10 hg,max ©f approximately 1.2 um (solid line in figure 6). The
height maximum lies at a distance of approximately 1.7 mm from

the wafer edgs.

After the measurement, the semiconductor wafers in accordance

15 with all the examples and comparative examples were uniformly
divided among a total of eilght pelishing passes and polished on
a double-side polishing machine of the type AC 2000 freom Peter
Wolters AG. The polishing removal was in total 20 pm (sum of
the polishing remcovals on the front and rear sides). The

20 semiconductor wafers were cleaned after polishing and then
their flatness (PSFQR) was measured by means of a measuring
device of 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.

25
Comparative ;| Comparative Example
example 1 example 2

Number of wafers n 18 33 36
Average value PSFQR 49.1 34.7 29.1
[nm]

Standard deviation [nm] 3.1 2.6 2.8
10% value [nm] 45,7 31.21 25.5
50% wvalue [nm] 49.5 34.0‘ 29.5
90% value [nm] 53.0 38.0 32.5
$5% value [nm] 53.3 38.0 33.0
99.7% value [nm] 54.9 38.9 33.0




54.9 38.9 33.01 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 gdge region achieve the best PSFQRavg value
after polishing given W identical polishing parameters. The present invention can be applied to all
semiconductor wafers which ultimately are subjected to single- or double-side polishing. These are, in
particular, managcrystaline 15 isemiconduetor waless tiratareprosdad for the production of electronic
components.These.are peferakly substaptially composed of silicon. 20 Patent claims: 1. A method
for producin%golished sen}ig(e)ﬂguctor Wq_j‘eQOcomrpnerisi?@ trg% following steps in the stated order:

surement silze
Offset of the grid field in the x directicn = 10 mm
3 Offset of the grid field in the v direction = 10 mm

It becomes c¢lear that the semiconductor wafers having the
elevaticn acccording to the invention {example) in the edge
region achlieve the best PSFQR.., value after polishing given

10 identical pclishing parameters.

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

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

composed of silicon.



5 - slicing a semiconductor wafer from a rod composed of semiconductor material, - material-removing
processing of at least one side of the semiconductor wafer, and - polishing of at least one side of the
semiconductor wafer, 10 wherein the semiconductor wafer has after the material-removing processing
and before the polishing on at least one side to be polished, along its edge, a ring-shaped local
elevation having a maximum height of at least 0.1 pm, wherein the local elevation reaches its
maximum height within a 10 mm wide ring 15 lying at the edge of the semiconductor wafer. 2. The
method as claimeshin cleariwk, :wherein the local elevation reaches its maximum height within a 5 mm
wide ring lying at the edge of the semiconductor wafer. 20 3. The method as claimed in any of claims
1to 2, Where'hn.t e gggtxkilm m.hei h]:toocfL the local ele\ﬁ%%%l? 0.1to 10 pm.. _4. The method as

: . T ) ot Ter,.
claimed in any of claims 1o frw erein the 25 maximum hela  of the focal elevation’is 0.5 to 5 pm.

5. The methotP4$ Efsfrd ihshy 6f CRIMED - FRRvhéreinthe Thatetfal vénioval caused by the
polishings on eagh:side of the 30isemitonductorafafer thatrisssubjéctedtocthedpaolishing, is 3 to 30 pm.
6. The methogd-as elaimed:-in-amsetelaims 1 to 5, wherein the material-removing processing comprises

at least one tregtment §§LQ§§L§O§]§%C égrs\fyggerovyitg@ liquid etchant, wherein the etchant flows

during the treatment substantlall% gpara lel to the surfaces of the semiconductor wafer onto a margin of
the semicondﬁ%%’c\%fjéf}?%ﬁa WH&rEin thé focal elevation is 21 produced by an at least partial
shielding of the Fingiying at the édge of ffie S8EMicOructor Wafefafainst the etchart Htving directly

thereon.l¢ wherein the semiconductor wafer has after the material-removing
processing and before the polishing on at least cne side tec be
polished, along its edge, a ring-shaped loczl elevation having
a maximum height of at least 0.1 pm, wherein the local
elevation reaches its maximum height within a 10 mm wide ring

13 lyving at the edge of the semiconductor wafer.

2. The methed as claimed in claim 1, wherein the lcocal
elevaticon reaches its maximum height within a 5 mm wide ring
lying at the edge of the semiconductor wafer.

20
3. The method as claimed in any of claims 1 to 2, whereln the

maximum height of the local elevation is 0.1 to 10 um.

4, The method as claimed in any of claims 1 to 2, wherein the
25 maximum height of the local elevation is 0.5 to

5 um.

5. The method as claimed in any of claims 1 to 4, wherein the
material removal caused by the polishing, on each side of the
30 semiconductor wafer that is subijected te the polishing, is 3 to

30 pm.

6. The method as claimed in any of claims 1 to 5, wherein the
material-removing processing comprises at least one tCreatment
35 of the semiconductor wafer with a liguid etchant, wherein the
etchant flows durlng the treatment substantially parallel to
the surfaces of the semiconductor wafer onto a margin of the

semiconductor wafer, and wherein the local elevation is



5 7. The method as claimed in any of claims 1 to 5, wherein the material-removing processing
comprises at least one treatment of the semiconductor wafer with a liquid etchant, wherein the etchant
is sprayed onto at least one side of the semiconductor wafer, wherein the ring lying at the edge of the
semiconductor 10 wafer is at least partly covered. 8. F;he method as claimed in any of claims 1 to 5,
wherein the material-removing processing comprises at least one grinding treatment of at least one
side of the semiconductor wafer by 15 means of at least one cup grinding disk, wherein the at least
one cup grindingdlisk ts pesitioned relative tostheisemiconduatorgvaterduringithe grindingdreatment in

such a way t'%‘?eth&fé%g lying at the gdge. of the semigendugtor M@@W%@%@%HQHEO%?Q@UCV‘ that
the local eIevgtlon arises 20 durlng the grinding treatment on the surface of the ring.

5 7. The method as claimed in any of claims 1 to 5, wherein the
material~removing processing comprises at least one treatment
of the szemiconductcr wafer with a liguid etchant, wherein the
etchant is sprayed onto at least one side of the semiconductor

+“<

wafer, wherein the ring lving at the edge of the semiconductor

10 wafer is at least partly covered.

8. The method as claimed in any of claims 1 to 5, wherein the
material-removing processing comprises at least one grinding
treatment of at least cne side of the semiconductor wafer by

15 means of at least one cup grinding disk, wherein the at least
one cup grinding disk is positicned relative to the
semiconductor wafer during the grinding treatment in such & way
that the ring lying at the edge of the semiconductor wafer
remains unprocessed, such that the local elevation arises

20 during the grinding treatment on the surface of the ring.



