Sem conductor wafers with highly precise edge profile and nethod for
produci ng them The invention relates to a sem conductor wafer having a front
5 side, a rear side and an edge which runs along the circunference of the
sem conduct or wafer and which connects the front side and the rear side and
whi ch has a defined edge profile, the edge profile being substantially
constant over the entire circunference of the sem conductor wafer. It also
10 relates to a multiplicity of sem conductor wafers, the edge profile
bei ng substantially constant from sem conductor wafer to sem conductor

waf er. Mreover, the invention relates to a nethod for producing
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15 Semiconductor wafers, in particular silicon wafers, used for
the production of microelectronic components, are produced by
means of a multiplicity of machining steps. The first step
involves producing a polycrystalline or monccrystalline ingot
made from the semiconductor material. Said ingot is separated

20 into wafers, from which the crystal lattice damage caused by
the separation is eliminated in a plurality of machining steps
and which are brought into a highly precise geometrical form.

Thus, the required flatness and plane-parallelism are imparted
25 to the surfaces of the semiconductor wafers for example by
suitable combinations of different treatments, being single- or
double-side lapping, etching and single- or double-side
polishing. In addition, a defined edge profile is produced by
edge rounding and edge polishing.
30
It became apparent, however, that the precision and accuracy of
the edge profile achieved in accordance with the prior art no
longer sufficed for semiconductor wafers used for producing the
latest generations of microelectronic components. Relationships
35 have been ascertained between the edge profile or its precision
and accuracy and the yield in the production lines for

components to an increased extent recently.



conponents to an increased extent recently. 2 1In accordance with the prior
art edge profile of sem conductor wafers could only be neasured with
limted precision and accuracy. Mreover, owing to the type of neasuring
nmet hod, it was not possible to effect nmeasurenent over the entire 5
circunference of the sem conductor wafers. The neasurenent has hitherto
generally been effected by profile projection. In this case, the edge
profile is projected by means of a lighf source parallel to the planar
surfaces of the sem conductor wafer, the shadow casting by the edge profile
parallel to the wafer 10 circunferences recorded by neans of a canera and
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the circumference of the semiconductor wafer generally serve as

orientation features. Although profile projection also
functions, in principle, with non-polished edges, it does so
with limited accuracy. The latter is dependent on the roughness
of the surface in the region of the edge since a rougher edge

20 leads to more scattered light and the profile is therefore no
longer defined as well in the shadow casting. Moreover, profile
projection does not enable measurement of the edge profile in
the reglon of the notch or flat. Since the edge profile could
be precisely determined only in the case of a polished edge,

25 the state of the wafer edge before and after different process
steps could only be compared with limited accuracy by means of
profile projection. Therefore, the process control of all the
machining steps that alter the edge profile, in particular the
edge machining steps, was also possible only to a very limited

30 extent. Accordingly, the edge profiles of semiconductor wafers
varied considerably both along the wafer circumference and in
the region of the notch or flat even in the case of nominally

identical specifications.

35 In order to solve this problem, JP2003-017444 proposed
determining the material removal during edge rounding, edge
grinding and edge polishing by measurement of small depressions

introduced into the semiconductor wafer for this purpose. As an



the region of the notch or flat even in the case of nomnally identical
specifications. 35 In order to solve this problem JP2003-017444 proposed
determ ning the material renoval during edge rounding, edge grinding and
edge polishing by nmeasurenent of snmall depressions introduced into the

sem conductor wafer for this purpose. As an 3 alternative, US6722954B2
descri bes neasurenent of the material renoval at a | ayer nade of
polycrystalline silicon that is specifjically applied to a test wafer for
this purpose. This nethod is conplicated and is therefore not suitable for
5 continuous process control. Moreover, the nmeasurenent is not possible on
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step, whi ¢hhikhaspébeaiehf eebphhad ©ddt tagerwafers have an identical thickness.
This is intended to ensure an identical |ength and height of the facets

("chanfer") for 20 all the wafers. It enmerged, however, that this neasure
does not Idufhpcéurtheamoyecahteptiarhd bandeams fofr muddgblprofddessi n t he
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US6465328B1. Thus, EP0S71398A1 describes a process flow in
15 which the edge rounding is not effected directly after the
separation of the semiconductor ingot into wafers, but rather
only after a grinding step, which has the effect that all the
wafers have an identical thickness. This is intended to ensure
an identical length and height of the facets (“chamfer”) for
20 all the wafers. It emerged, however, that this measure does not
suffice to ensure a defined and uniform edge profile in the
finished machined semiconductor wafers as well.

To summarize, the form of the edge profile has hitherto been
25 determined only by measuring methods of limited accuracy. The
material removal in the region of the wafer edge is
additionally controlled, if appropriate, by means of auxiliary
constructions such as polycrystalline silicon layers or small
holes produced intentionally. Accurate tracking of the profile
30 form of the wafer edge over all the process steps 1s therefore
not possible, in particular not in the region of the notch or
flat. The edge profile of correspondingly fabricated
semiconductor wafers is therefore subject to a wide fluctuating
range.
35
Therefore, the object on which the invention is based was to

provide semiconductor wafers having a precise edge form.



hol es produced intentionally. Accurate tracking of the profile 30 form of
the wafer edge over all the process steps is therefore not possible, in
particular not in the region of the notch or flat. The edge profile of
correspondingly fabricated sem conductor wafers is therefore subject to a
wi de fluctuating range. 35 Therefore, the object on which the invention is
based was to provide sem conductor wafers having a precise edge form 4

The object is achieved by neans of a seji conductor wafer having a front
side, a rear side and an edge which runs along the circunference of the

sem conduct or wafer and which connects the front side and the rear side and
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side of the . sem conductor wafer and - standarc]l devi ati on
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0. 50. - standard deviation of the transition radius ra of the

transition between the facet at the rear side of the

semiconductor wafer and the web < 10 um,

- standard deviation of the facet heights B, at the front side
15 and B; at the rear side of the semiconductor wafer in each case

< 5 um,

- standard deviation of the facet length A; at the front side

of the semiconductor wafer < 11 um,

- standard deviation of the facet length A; at the rear side of
20 the semiconductor wafer < 8 um, and

- standard deviation of the facet angles 8; at the front side

and 6, at the rear side of the semiconductor wafer in each case

< 0.5°

25 1In this case, the standard deviations specified are determined
from measurement of the edge profile at a plurality of
locations on the circumference of a single semiconductor wafer.

The object is likewise achieved by means of a multiplicity of

30 semiconductor wafers each having a front side, a rear side and
an edge which runs along the circumference of the semiconductor
wafer and which connects the front side and the rear side and
which has a defined edge profile, wherein the parameters of the
edge profile have the standard deviations specified above over

35 the entire multiplicity of semiconductor wafers. In this case,
the standard deviations are determined from measurements of the
edge profile of each individual semiconductor wafer of the
multiplicity of semiconductor wafers.



25 In this case, the standard deviations specified are determned from
nmeasurenment of the edge profile at a plurality of |ocations on the
circunference of a single sem conductor wafer. The object is |Iikew se

achi eved by neans of a nultiplicity of 30 sem conductor wafers each having a
front side, a rear side and an edge which runs along the circunference of

t he sem conductor wafer and which connects the front side and the rear side
and which has a defined edge profile, gwherein the paraneters of the edge
profile have the standard devi ations specified above over 35 the entire
multiplicity of sem conductor wafers. In this case, the standard deviations
are determ ned from neasurenents of the edge profile of each individua
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having the .Lhigcknass t (Figure 1) is subdivided - in cross section through
the wafer - Into three regions: a facet 2, i.e. a chanfered

The invention is described in more detail below with reference
to figures:

15
Figure 1 illustrates parameters that can be used for completely
describing an edge profile of a semiconductor wafer.

Figure 2 shows the alteration of an edge profile in the course

20 of machining a semiconductor wafer.

The edge profile of a semiconductor wafer 1 having the
thickness t (Figure 1} is subdivided - in cross section through
the wafer - into three regions: a facet 2, i.e. a chamfered

25 region on the front side, a web 3 on the circumference, and
once again a facet 4 on the rear side of the semiconductor
wafer. The facets 2, 4 in each case comprise a substantially
straight section, the chamfer, and a curved transition region
5, 6 to the web 3.

30
The profile can be described by the following parameters:
- Facet angles ©; on the front side and €; on the rear side of
the semiconductor wafer: angle between a reference plane and
35 the chamfer of the respective facet. Either one of the planar

wafer surfaces 7, 8 or for example a chuck surface can be
used as reference plane. The measurement of the edge profile

includes only a small region of the planar wafer surface,



25 region on the front side, a web 3 on the circunference, and once again a
facet 4 on the rear side of the sem conductor wafer. The facets 2, 4 in
each case conprise a substantially straight section, the chanfer, and a
curved transition region 5, 6 to the web 3. 30 The profile can be descri bed
by the follow ng paraneters: - Facet angles el on the front side and e2 on
the rear side of the sem conductor wafer: angle between a reference pl ane
and 35 the chanfer of the respective facet. Either one of the planar wafer
surfaces 7, 8 or for exanple a chuck surface can be wused as reference

pl ane. The measurenent of the edge profile includes only a small region of
the planar wetieth swshaes, i® anineBreesyldsdriaBtUscest ajne deter m nation of

the wafer s . e, ..t .i.s e er .t ef | th huck
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intersection of the facet 2, 4 with the planar wafer surface 7, 8 and the
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resul ts fromedriiredi prepbleke ® the defBled rgFerpacoerieiche t hi ckness t of
the sem conductor wafer and the sumof the facet heights Bl, B2. The web

may also comprise a:phuLatl by Qhe SH AN o285 W on e rear side of
the semiconductor wafer: distance between a lengthening of
the planar wafer surface 7, 8 and the point of intersection
of a lengthening of the facet 2, 4 with a perpendicular to
15 the reference plane through the outermost point of the
semiconductor wafer. The web length B results from the
difference B = t - (B; + B,) between the thickness t of the
semiconductor wafer and the sum of the facet heights Bi, Bs.
The web may also comprise a plurality of straight sections.
20 '
- Transition radii r; on the front side and r; on the rear side
of the semiconductor wafer: radius of curvature of the
respective transition region 5, 6 between chamfer and web 3.

25 - Web angles PB: angle between the web and a perpendicular to
the reference plane. (In Figure 1 the web angle B = 0 since
the web runs perpendicular to the reference plane.) If the
web is described by a plurality of straight sections, a
plurality of web angles correspondingly exist.

30

Large variations of the edge profile are possible with these
parameters. It is thereby also possible to describe edge
profiles which have no web 3 and in which the curved transition
regions 5, 6 merge directly into one another, in which case, if

35 appropriate, the transition radii r; and r; can be identical.

According to the invention, the parameters specified have a
very small standard deviation from semiconductor wafer to



- Transition radii rl on the front side and r2 on the rear side of the
sem conduct or wafer: radius of curvature of the respective transition
region 5, 6 between chanfer and web 3. 25 - Wb angles R angl e between the
web and a perpendicular to the reference plane. (In Figure 1 the web angle
R =0 since the web runs perpendicular to the reference plane.) If the web
is described by a plurality of straight sections, a plurality of web angles
correspondi ngly exist. 30 Large variations of the edge profile are possible
with these paraneters. It is thereby al so possible to describe edge
profiles which have no web 3 and in which the curved transition regions 5,
6 nmerge directly into one another, in which case, if 35 appropriate, the
transiti ofepagendyctoand2£9r cah Wehildeat feml condneger dvate 1o aseepnoent i on,
the parangtiers spasdd b§dahauepfeciver ¥d§8uddonmitandandi sleviad i on from
sem condu Egéum€fer %pgzecéeniconductor waf er %% ¥%£hin a sem.conduct or

dg

B oNiS cau’é%r%ilcbfoénﬁ)oflﬁ%?séccfasne b%%lfﬁétarv)?lgﬁ i?nsg t he

waf er. LosSSeS 0 yiel
producti oA &es@eltectroni c conponents can be reliably avoided as a result. 5
The sepi conductor wafers according to the invention can be produced by a
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d) ascertaining the location-dependent deviations of the

measured edge profile from a desired edge profile, and

e) altering the machining parameters in such a way that the

15 subsequent machining of a further semiconductor wafer leads to

an edge profile which has smaller deviations from the desired

edge profile than the edge profile of the previously machined

semiconductor wafer.

20 In step a), the semiconductor wafers are separated from a
semiconductor ingot in accordance with the prior art,
preferably using a multi-wire saw.

In step b), a first semiconductor wafer is subjected to a

25 machining step that alters the profile of the wafer edge. These
ére primarily the edge machining steps such as edge rounding or
edge polishing, but also the surface machining steps that are
customary in accordance with the prior art, such as grinding,
lapping or polishing of the wafer surfaces. Grinding or

30 polishing may relate to one side of the semiconductor wafer or
to both sides. In step b), moreover, it is possible to carry
out any other conceivable type of machining which has an
influence on the edge profile, for example an etching
treatment, a cleaning or an epitaxial coating.

35
Figure 2 shows by way of example how the edge profile is
altered in the course of the machining of a semiconductor
wafer. After a double-side grinding, the semiconductor wafer



edge profile than the edge profile of the previously nmachi ned sem conductor
wafer. 20 In step a), the sem conductor wafers are separated froma

sem conductor ingot in accordance with the prior art, preferably using a
multi-wire saw. In step b), a first sem conductor wafer is subjected to a 25
machi ning step that alters the profile of the wafer edge. These are
primarily the edge machining steps such as edge rounding or edge polishing,
but al so the surface machining steps that are customary in accordance with
the prior art, such as grinding, |apping or polishing of the wafer

surfaces. Ginding or 30 polishing may relate to one side of the
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wafer edge profile is thereby created, from which the profile
parameters such as facet angles 0;, 0,, facet lengths A;, A,

‘15 facet heights B;, B; and transition radii r;, r; are then
obtained by suitable methods. It is thus possible to precisely
measure the profile of wafer edges that are not highly
polished, in particular in the region of the notch or flat.
Suitable measuring apparatuses are commercially available. If

20 the semiconductor wafer already has a polished edge at the time
when the edge profile is measured, the light section method is
not as well suited since the edge scatters too little light. In
this case, the above-described method of profile projection is
preferably used for measuring the edge profile. The combination

25 of light section method and profile projection is suitable for
the highly precise and accurate determination of the edge
profile in any machining state of the edge and in all regions,
on the entire circumference and in the region of the notch and
flat,

30
In step e), the machining step is optimized on the basis of the
measurement and evaluation carried out previously, with the
result that the edge profile of the next semiconductor wafer to
be machined experiences an improvement relative to the

35 previously machined semiconductor wafer if the edge profile of
the previously machined semiconductor wafer had a deviation

from the necessary precision. The optimization consists for



waf er edge profile is thereby created, fromwhich the profile paraneters
such as facet angles 01, 02, facet |lengths Al, A2, 15 facet heights Bl, B2
and transition radii rl, r2 are then obtained by suitable nmethods. It is
thus possible to precisely neasure the profile of wafer edges that are not
highly polished, in particular in the region of the notch or flat.
Sui t abl e measuring apparatuses are commercially available. If 20 the

sem conductor wafer already has a polighed edge at the tine when the edge
profile is measured, the light section nethod is not as well suited since
t he edge scatters too little light. In this case, the above-descri bed

met hod of exmmgfliel of pa ojmeatiifde icont pskfef ahkyprsesks Qarampasuts ghd he edge
profile. dhagonmbination 25 of light section method and profile projection
is suitable for the highly precise and accurate determ nation of the edge
profile in any machining state of the edge and in all regions, on the
entire ciImnaﬂpreéersednuhﬂddlmbﬂtregithé abthboe adodiandtoftd. 30 In step

e), the BEAIMERE, ShER SRRt %faﬁtehﬁréﬁﬂesuﬁ ca*}% o&uf%@ent and

eval uation carried out previous res that he edde profile of
the next ¥ @ShAGCER Wﬂ&@éplﬂé %% Fagddfsii pedl bx fraficsrdasdanThepr ovenent
rel ative tesulte 35 piievineutkystpehinsed azentonpattsd, Onra@tesbi f azhe edge

e

P ot he i ihenpL b Al ormal, Db AT, SOREUEL AL AT SEnDgh SURKH2T | O

fromthe necessary precision M zatT on CONnsi's exgnple of a
specific Qﬁjﬁ@FOWaSPlT%ﬂQ Pr&PeSarpiArmsite Pt PRI thsoMmeaspremesefisr r ed
enbodiore e tefrmihed i hod caae @b+ dgpdrichitembnhéy eRtd rORhemBasifeenent of the

edge prm;#d‘!oeﬁf'll% B?rﬁﬁﬁe%é&g‘ ﬁ .r%hl_&/en% Eegft(}ileffmr I;]lltnl n but addl tionally

bef or eha resul t's “of sur enent’s ared1 preferably by
di f f er enc¥ 96T F&Pi BRI S%&arétﬁésﬁptth%%é’aﬁat ehieh R%Wél feaﬁm

improved process control.

15 The difference between two edge profiles is the éhortest
distance point by point between the two edge profiles plotted
one above another before and after a machining step (see
Figure 2), and is determined as follows: at each point of the
later edge profile (e.g. edge profile 12 after an etching

20 treatment), a perpendicular to the edge profile is constructed.
The distance between the point of intersection of the
perpendicular with the earlier edge profile (e.g. edge profile
11 after double-side grinding, i.e. before the etching
treatment) and the point of intersection of the perpendicular

25 with the later edge profile (e.g. edge profile 12} corresponds
to the difference between the two edge profiles at said point.
2 plotting of these differences along a length- or angle-based
development of the later edge profile is the difference
profile. It is thereby possible to find the removal in the

30 different regions of the edge profile. Quantitatively, it is
possible to determine the removal depending on the required
statement e.g. by averaging {(linear or gquadratic) of the
difference profile or specific regions of the difference
profile. The causes of deviations from the desired profile that

35 occur in a specific machining step can easily be determined on
the basis of the difference profile.



by the machining step carried out between the neasurenents is 10 determ ned
in a location-dependent manner over the entire profile of the edge.

i nfluences of different machining

The

steps can be separated in this way, which

permts further inproved process control. 15 The difference between two

edge profiles is the shortest

di stance point by point between the two edge

profiles plotted one above another before and after a nmachining step (see
Figure 2), and is determned as followgy at each point of the later edge
profile (e.g. edge profile 12 after an etching 20 treatnent), a

perpendi cular to the edge profile is constructed.

The di stance between the

poi nt of ThetemstEoid arcotdihe tpehpendient son wilkh hhe ess lddanedge profile
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profile is the difference profile.
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to the | i t ' d test
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35

an edge rounding by means of a profiled grinding disk and the
method according to the invention is thus applied to the edge
rounding. This is preferred since the edge rounding by its
nature has a very great influence on the edge profile. In
accordance with the prior art, the edge rounding is generally
effected by grinding the wafer edge using a profiled toel, for
example a grinding disk, the negative form of which corresponds
to the edge profile to be produced. During grinding, the
negative form of the tool is copied positively on to the edge
of the semiconductor wafer. The precision and accuracy of the
edge profile of the semiconductor wafers depend on the position
of the grinding disk with respect to the semiconductor wafer
during the grinding operation and on the wear of this grinding
disk.

In this preferred embodiment, in step e), the position of the
grinding disk is readjusted if a deviation of the facet length
of the edge profile from the desired value that goes beyond the
amount afforded tolerance is ascertained in step d). By
contrast, the grinding disk is changed if a deviation of
another parameter of the edge profile from the desired value
that goes beyond the amount afforded tolerance is ascertained
in step d). Both hold true not only for the edge rounding on
the wafer circumference but also on the flat or in the notch.

enabl es



The net hod according to the invention nmakes it possible to produce

sem conduct or wafers whose edge profile varies to a significantly | esser
extent than in accordance with the prior art. 10 In one preferred

enbodi nent of the nethod according to the invention, steps c) and d) of the
met hod are carried out after an edge rounding by neans of a profiled
grinding disk and the nethod according to the invention is thus applied to
the edge 15 rounding. This is preferredisince the edge rounding by its
nature has a very great influence on the edge profile. In accordance with
the prior art, the edge rounding is generally effected by grinding the
waf er edg@heseage aymidfilel el $oduigquently exariplneda sgmii ndnayrctdirskaféhe negati ve
form of V\’fl'scﬁoﬁ%&e&p%ﬁéscggtf&i[&ﬁb dgg: Prafddacko Becpradieadi Ruring

gri ndi ng, ormo is copied positively on to the edge
of the seﬁPEoﬂH%% é%d\h&fépe HT&Pﬁn%£§|s?éhseﬂﬁfqic5gﬁgc§ Bd QQ%é edge profllg

of the sewacdoatiiot of whkepsraepeerds ds tbeiqeos] byogompéridmn griithdiig di sk

with rgsp%&-&o&oawe ﬁ%msegﬂayf&oaemft%nz%@% Ngpbhe- @én%r}%dng operation and
on the wear of é%; ndi n sk t hi referred ment, in step

e), the p@§FFW8ﬁe%ﬁ éheg?8%ﬂ|9ﬁf§ﬁl§kafge¥ GEPEATPINE M FF S i on of the
facet | engbkciBledfirt tabédge. pInftiHies trem tite desisnedmeat uertikat Ugoes beyond

the anvur&hdaﬁﬁowﬁdcet%egafaggswe&%%eé&ai@%as%réhgﬂtdaosmoﬁemrast the

grinding disk 1's changed i f a deviation of  another paraneter of the edge
profile fta&ﬁf‘f* NERGES édc\]réFEFEfeliefPéte 1 gBRST B SR Fﬁ@la%‘if%ﬁtoaff raFeEs
toIerancenmasaseerinmune@eSS nacisireyg dh. aBodtiddialed wiithetiotprdnlryator t he edge

roundi ng %éh he v e.Jca‘i-. g%e&?é‘%th% Ao ongt B £hats Werichophe notch.
0 11 The e ge pr of | sequently machi ned _sem conductor warers
he semlconductor wafers measured in UZ were machined

according to the invention with profile measurement and
feedback with respect to the edge rounding. A similar

15 improvement is achieved in the notch of the wafers {(measurement
series N1, N2; N1 analogous to Ul in accordance with the prior
art, N2 analogous to U2 according to the invention), such that
the variation of the parameters is now comparable on the wafer
circumference and in the notch. In addition to the parameters

20 defined above, table 1 also specifies the symmetry deviation
ASym of the edge profile, that is to say a comparison of the
parameters for the front and rear sides of the semiconductor
wafers, and also the deviation of the edge profile from
nominally straight or circular regions (profile deformation

25 Def).
Tab. 1
Measurement r Py B, B, Ay As ASym Def 64 8,
series (pm] | [pm] | [pm) | [pm] | [pm] [pm] fum] | fpmd j (°] (°]

Ul 5.77| 5.77| 5.33F 7.22 | 14.42|19.85]|22.63| 0.30} 0.19]| 0.21
U2 2.52| 2.52| 4.00| 5.04 | 10.64 | 11.53 | 17.67 | 0.29} ¢.13| 0.18
N1 2.20| 2.20| 5.79| 6,13 13.86 | 16.54 | 28.43 | 0.49} 0.16 [ 0.20

| N2 1.24§ 1.24] 5.20| 5.58|12.12|13.80| 24.36| 0.62| 0.10 0.11

It is particularly preferred, in this case as well, to carry
30 out measurement of the edge profile in each case before and

after the edge rounding.



is nonitored and controlled by this feedback. Such feedback is not provided
inthe prior art. This neans that a reduced variation of the paraneters is
achi eved by conparison with the 5 prior art. The standard devi ations of the
above-defined paraneters of the edge profile after the edge rounding are
specified in table 1. In this case, the nmeasurenent series UL and U2 rel ate
to a neasurenent at 16 neasurenent positions along the wafer circunference,
wherein the sem conductor wafers 10 neagured in U were nachined in
accordance with the prior art wthout application of the nethod according
to the invention and the sem conductor wafers neasured in U2 were machined
according to the invention with profile nmeasurenent and feedback with

retspﬁctft ﬁ‘]ﬂﬂt@ief@ﬁigﬁe,r%\ﬂ@é"'%-reﬁteé‘féﬁ | &y %ﬁﬁi H@%}%’ﬁ%@%ri&iin@% ft\h%ﬂli n the
notch o e wafers asur ene series NI, N2: N anal ogous to in
accor dance™ W 1Pﬂet‘é)r Dr3PP rlfe? [\ ti}‘%leéii%ugo 1'% c ¢ Br Hﬁh@ e hét

i nventi on)stegueh .t bla¢ padigivar pat tlon rofl ishénpatenetier sekdjnoved drfpar abl e on

the wafeer q&jikeyBhes£nag el prifedateh the Addiddon, be;therparameters 20
defi ned above, tablg gRaIso S ec% ies the s¥nnetry deviatipon LSym of the
edge profiJ%¥> PREPTsHhD ARG @ % 6R16F 28 T5HATEREFRTR®Y O the front
and rear sittesdoft Phefsmhloondbetmrtemaflersnoent ja sletehsidedieacshyof the

edge profige rfexe0keAOM N Aot eShhAl Hfile Ok hel &sgus giolr‘%ﬂ'iﬁasbfrpf&frdiln%
deformatloq1 25 Eef%? Tab. 1 Measurenent BI r 1 B2 Al."A2 asym Déef Bl 02
sories [UniPY GHEIFERICT HEEOR CLareToRIEd] BRYSTIS [ 08¢ Ehestoet 4577 5. 33
7.22 1D AxAIe850R21 BBl .13@dJuEed, 21 U2 2.52 2.52 4.00 5.04 10.64 11.53
17.67 O#20. 0.18 N 2.20 2.20 5.79 6.13 13.86 16.54 28.43 00.20 N2 1.24
1.24 5.20 5.58 12.12.13.80 24.36 00,11 It .is particularly preferred, in
this case 35 aRBIECAHEOR £ JhgomEHROHetsordiBat %ftr{enéngaa\élg? of91e in each

case bef oréd&unld-side polishing is also preferred: thus, the carriers
which are used during the double-side polishing and which
15 receive the semiconductor wafers can be chosen according to the
edge profile to be produced.

It is also particularly preferred for the described
measurements and evaluations of steps ¢) and d} to be carried

20 out before and after all the machining steps in the course of
the production process which have a significant influence on
the edge profile. These are, in particular, all machining steps
having considerable material removal, such as grinding,
lapping, etching, polishing, in each case of the wafer surfaces

25 or of the wafer edge. An epitaxial coating can also have a
considerable influence on the edge profile. In this way, a
precise edge form can be ensured over all of the machining
steps through to the end product.

30 Like table 1, table 2 represents the standard deviations of the
parameters described, but for finished machined semiconductor
wafers that have undergone all the machining steps including
double-side polishing. In this case, the measurement series U3
and U4 once again relate to a measurement at 16 measurement

35 ©positions along the wafer circumference, in which case the
semiconductor wafers measured in U3 were machined in accordance
with the prior art without application of the method according
to the invention and the semiconductor wafers measured in U4



after the edge rounding. 12 Furthernore, it is preferred for the nmethod
according to the invention to be applied to the edge polishing. In this
case, in step e), the position of the polishing tool is readjusted if a 5
deviation of the edge profile fromthe desired profile that goes beyond the
amount afforded tolerance is ascertained in step d). Preferably, the
material renoval is determ ned exactly by neasurenent before and after the
edge polishing by form ng the differenge between the neasured profiles, and
the tool is 10 correspondingly readjusted. An application of the nethod
according to the invention to double-side polishing is also preferred:

t hus, the weaereekinaghiagkoadénasta tder iinyenthiordmilthepseielgpol i shing and

wgl ch 15f ﬁrlég@%ly@rgért@ a?@mfégﬂﬂé‘fﬁ q,rit\&?fregge@?rtob%1@%@%@&9&{1&@?9 t?ht he
edge profile to be praoduced. is also i qul ar referred for e

descr | bed “CARHSETEh A S Ate obi \SHIROREOBT 51 dbe LoPLANGSES AG6ETER (1 ed 20
out bef or @fatbtle aftardagd demMmeatierns Mingldt tips paramedecouby ecasipatheopr oduct i on
procesg Whii¢h PRY & oY @ricf i gardiddid.uence on the edge profile. These are,
in particular, all machining steps having considerable material renoval,
such as grinding, |apping, etching, polishing, in each case of the wafer
surfaces ZBbaer2of the wafer edge. An_epitaxial coating can also have a

consi der abl e j nfd yence dn ,}2he eg?e preofill g 1n Lhis Ay, A¢ precisg, edge
form can jbe ensured over| al'l pf the nmachining steps thiough to the end
product . s 13 [ydp) dpml lst dABlad difelil gk il dnd of the
par anet er|g3descri beds. 4oUteef pg | f1.nk $hedsmaehined . sem cenducdéof 2. onabkesss| t hat
have undgrgone all [the machin) ng,steps iingl adi ng,, fpphle,side, pglipshing. In
t hi s caser—thermeastiement—series U3 and—B4 once agat nretate tua
measurenent at 16 neasurenent 35 positions along the wafer circunference, in
whi ch case the




sem conductor wafers measured in U3 were machined in accordance wth the
prior art without application of the nethod according to the invention and
t he sem conductor wafers nmeasured in U4 13 were machi ned according to the
invention with profile measurenment and feedback with respect to all the
machining steps that influence the edge profile. A significant reduction
of the standard deviations of all the paraneters by conparison 5 with the
prior art is evident. Tab. 2 Measurenenty rl1 r2 Bl B2 Al A2 aSym Def 61 62

series [pm] [pn | pm [pm] [pml [m [pm [pm) [O0] [1 U3 24.47 28.26 12.14
13.45 12.37 14.13 14.88 0.87 2.08 2.34 U4 11.14 9.80 4.75 3.10 10.96 7.11

14.53 0. 3Pakens Ol@gmd4 Patent Clains 1. A semconductor wafer havi ng a
front side, a rear side and an edge which runs along the circunference of
t he sem conductor, 5 wafer and which connects the front side and the rear
side and v éhSRBLCAP YR Ted2E8EN PG Pe I T0MerEide t Re TRAF ot P81 t he
edge prof idre edgeewbheh fminisowilngg stiendardutéoratcors aher séhicorehictoe

ci rcunt er%ff%roan&%ls&mc%%céeeg%wr%t 5 éé aé}ﬂf‘rt‘ilxhd§¥5§té% afqt he

transition radius rl transition etvveen acet at the front
si de of tHﬁ‘lCQeH?Eo?]o‘{F’cftléﬁedvﬁij? RiRfithfe WRBrein Ehsmparaveteytof 48Gi ation
of the t raem.get p@nft]aedlhssrer 2hef fohkowingasshhdarnd bxwieedohbheotacatheat the rear

side of t the gg% nc\é/aB@rtﬁ@CEetnﬁ%opﬁpcﬁog‘Qd .15 - standard

deviation o el ghts Bl at ont si “and B2 at the rear side
of the serii &RGHRFDrdsH A oPnoEathe daed SlElB“p‘fﬁdlusstran%Ffart@edevi ation of the
facet loengidanAli tabntihetWaenntthei decetofatt htesénvcornduet of wader < 11 pm

semiconductor wafer and the web < 12 um,

- standard deviation of the transition radius r; of the
transition between the facet at the rear side of the
semiconductor wafer and the web < 10 um,

15 - standard deviation of the facet heights B; at the front side
and B; at the rear side of the semiconductor wafer in each case
< 5 pm,

- standard deviation of the facet length A; at the front side
of the semiconductor wafer < 11 pum,

20 - standard deviation of the facet length A; at the rear side of
the semiconductor wafer < B um, and
- standard deviation of the facet angles 6; at the front side
and 8; at the rear side of the semiconductor wafer in each case
< 0.5°

25
2. The semiconductor wafer as claimed in claim 1, featuring a
substantially round cross section and at least one orientation
feature selected from the group consisting of notch and flat,
the parameters of the edge profile having the standard

30 deviations specified in claim 1 in the region of the
orientation feature as well.

3. A multiplicity of semiconductor wafers each having a front
side, a rear side and an edge which runs along the

35 circumference of the semiconductor wafer and which connects the
front side and the rear side and which has a defined edge

profile, wherein the parameters of the edge profile have the



20 - standard deviation of the facet length A2 at the rear side of the

sem conductor wafer < 8 pm and - standard deviation of the facet angles 01
at the front side and 02 at the rear side of the sem conductor wafer in
each case < 0.50. 25 2. The sem conductor wafer as clainmed in claim1,
featuring a substantially round cross section and at | east one orientation
feature selected fromthe group consisting of notch and flat, the
parameters of the edge profile having ide standard 30 devi ations specified
inclaimlin the region of the orientation feature as well. 3. A
multiplicity of sem conductor wafers each having a front side, a rear side
and an edfd lamiiod stardaddodgviabi 3% civieguhher entieeomutlhépseed onrduct or waf er
and mhlcrgéagﬁaggﬁgt@fm%aﬂgy@nt si de and the rear side and which has a defined
edge proflle paranet ers t he edge proflle have the 15

fol l owi ng Stv H88F§ ‘gee‘(/‘laaﬁﬁoélngf T tt’??élséﬁtli’?e %S pri 2f t§P%f  seni conduct or
waf ers: -transndaed betvestni dheofatde atr ahsi from: redieusfr thef the transition

bet ween thanif-aaghcedr tvhaeferr QRt shdle, L he e, sem conductor wafer and the
web < 12 pm eV|a|on of the l;ranS|t|on radius r2 of the

transition %@P&Eﬁ& ‘? A3 08t Oht i raRgl tiPerati wsh&: Qeri®onduct or waf er
and t he vielansit@opnpetwesnambar facksviadt ithe ofat heideaedt thei ghts Bl at the

front si %mggnaggtgsg ‘,patfet hgnhegke Sidie Of ot sen conductor wafer in each
case andard devi atjon of the facet length Al at the front side

<
of the sem%&ﬁﬂﬁ’é% oS it e <1 1ty faced: BRdah s cFé\ﬁ"attih@n fEprEheldeacet | ength
A2 atld heamrde®t &t ddheofreaitbside sferrheondnctarduwaaber watf8r pim cant case

< 5 um,

- standard deviation of the facet length A; at the front side

of the semiconductor wafer < 11 pm,

- standard deviation of the facet length A; at the rear side of
15 the semiconductor wafer < 8 um, and

- standard deviation of the facet angles 8; at the front side

and 8; at the rear side of the semiconductor wafer in each case
< 0.5°.

20 4. The multiplicity of semiconductor wafers as claimed in
claim 3, each semiconducteor wafer featuring a substantially
round cross section and at least one corientation feature
selected from the group consisting of notch and flat, the
parameters of the edge profile having the standard deviations

25 specified in claim 1 in the region of the orientation feature

as well.

5. A method for preoducing semiconductor wafers, comprising the
following steps:

30 a) separating a semiconductor wafer from a semiconductor ingot,
b} machining the semiconductor wafer, the edge profile of the
semiconductor wafer being altered,
¢} measuring the edge profile of the semiconductor wafer,

d) ascertaining the location-dependent deviations of the

35 measured edge profile from a desired edge profile, and
e) altering the machining parameters in such a way that the
subsequent machining of a further semiconductor wafer leads to
an edge profile which has smaller deviations from the desired



e SS——_—_—_
- standard deviation of the facet angles 81 at the front side and 02 at the
rear side of the sem conductor wafer in each case < 0.50. 20 4. The
multiplicity of sem conductor wafers as clained in claim3, each
sem conductor wafer featuring a substantially round cross section and at
| east one orientation feature selected fromthe group consisting of notch
and flat, the paraneters of the edge profile having the standard devi ati ons
25 specified in claiml in the region of the orientation feature as well.

5. A nethod for produci ng sem conductor wafers, conprising the follow ng
steps: 30 a) separating a sem conductor wafer froma sem conductor ingot,
b) machi niedget o tiari chafuch®redtf @rofihe m%epFeéH&J@ﬂy t3ehis&dn conduct or

waf er bei pgaltered,C suring the edge profile of the sem conductor
waf er, d) gscerf@ﬂﬁ?nga?ﬁg'Iocation-dependent deviations of the 35

measured edge profile froma desired edge profile, and e) altering the
machi ni ng 6parkeraictin®d BsSeTdimed\dy thatimtde wnswbsgguePiomehi ning of a

furtheg sem r e s to_.an ed rofile whjch.has snaller
deviat%ongg}ggﬁﬁﬁﬁgﬂ e§?$€%”%§ﬁgéﬁ%gaﬁ?5ﬁf1%%FﬁaﬁgthﬂléﬁggtﬁPB?%le of the
previ ous| Peatersnfed cfehhecrdilfctrerlnhe efs e feThedneamdditesedhatimed in cl ai m
5, wherei BesPIi®roft @hd HRE MdH it etnBAt & 98 LAHRIUGHOE £ V&f 8fadnAnSh§Pady) . an

addi ti ona Sur nt_of t edge .profile is effected, and erein the
resul ts o%°?ﬁ%§%wasggagﬁ?éﬁ%%%?1b§P8r%?%ﬁﬁﬁﬁFﬂéi FEBRTHI FGUSPE “¥onpar ed
wi th one AhotPrghipdiact he weawmhvadecenpingd dausedopytiomalepeoteming is

therepy daterst nethr Aha LoEadd epepgend, 10 manner over the entire edge
profile. 7. The nethod as clainmed in either of clains 5 and 6, wherein the

machining in step b) is selected froma group consi sting of
7. The method as claimed in either of ¢laims 5 and 6, wherein

the machining in step b) is selected from a group consisting of
edge rounding, edge polishing, grinding of at least one side,

15 lapping, etching, polishing of at least one side, cleaning and
epitaxial coating.

8. The method as claimed in claim 7, wherein, in step b), an
edge rounding is carried out by means of a profiled grinding
20 disk, and wherein, in step e},
- the position of the grinding disk is readjusted if a
deviation of at least one of the facet lengths A; at the front
side of the semiconductor wafer and A; at the rear side of the
semiconductor wafer from the desired value that goes beyond the
25 amount afforded tolerance is ascertained in step d), and
- the grinding disk is changed if a deviation of another
parameter of the edge profile from the desired value that goes
beyond the amount afforded tolerance is ascertained in step d).

30 9. The method as claimed in claim 7, wherein, in step b}, an
edge polishing is carried out and wherein, in step e), the
position of the polishing tool is readjusted if a deviation of
the edge profile from the desired profile that goes beyond the
amount afforded tolerance is ascertained in step d).

35
10. The method as claimed in one of claims 5 to 9, wherein the
edge profile is measured by means of a light section method if
the edge is not polished, and wherein the edge profile is



edge roundi ng, edge polishing, grinding of at |east one side, 15 | apping,
etching, polishing of at |east one side, cleaning and epitaxial coating. 8.
The nethod as clainmed in claim7, wherein, in step b), an edge rounding is
carried out by neans of a profiled grinding 20 disk, and wherein, in step
e), - the position of the grinding disk is readjusted if a deviation of at
| east one of the facet lengths Al at the front side of the sem conductor
wafer and A2 at the rear side of the isem conductor wafer fromthe desired
val ue that goes beyond the 25 ampbunt afforded tol erance is ascertained in
step d), and the grinding disk is changed if a deviation of another

par anet emepfutéd mdgeapsobf| @ grafmlehprdisdtrian 4l bhetddde gdeshebeyond t he
anount  afsbeidedat o Br gL i $s aseErdhauned in step d). 30 9. The method as
claimed in claim7, wherein, in step b), an edge polishing is carried out
and wherein, in step e), the position of the polishing tool is readjusted
if a deviation of the edge profile fromthe desired profile that goes
beyond the amount afforded tolerance is ascertained in step d). 35 10. The
nmet hod as clainmed in one of clains 5 to 9, wherein the edge profile is
measured by neans of a light section nethod if the edge is not polished,
and wherein the edge profile is 17 neasured by neans of a profile
projection if the edge of the sem conductor wafer is polished.





