Met hod for producing a sem conductor wafer with a profiled edge The
invention relates to a nethod for producing a 5 sem conductor wafer with
a profiled edge; in which the sem conductor wafer is separated froma
crystal and subjected to further nachining steps. The invention rel ates,
in particular, to a nethod for 10 producing a sem conductor wafer which
serves as a substrate wafer for electronic circuits, for exanple a

sem conduct or WetkedcSppopraduring ac semdcondusihosumifeeMiddnduct or or

el se a semiconductor wafer whichghgrigeastideted in layered fashion and
conprises at |least 15 one |layer conposed of “sem conductor material. The
production of such sem conductor wafers constitutes a particular
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construéted in layered fashion and comprises at least
15 one layer composed of semiconductor material. The
production of such semiconductor wafers constitutes a
particular challenge since‘they have to meet extremely
stringent requirements not only with regard to the
purity of the material used but also with regard to the

20 form and thé flatness.

Customary machining steps devoted to 'shaping the
semiconductor wafer after separation from a crystal aim
to give the semiconductor wafer a form which 1is
25 distinguished, in particular, by a profiled edge and
sides that are opposite one another in plane-parallel
fashion. A machining step that produces an edge profile
is necessary because the edge is particularly
susceptible to breaking in the non-machined state and a
30 semiconductor wafer <can be damaged even by slight
pressure and/or temperature loadings in the edge
region. The shaping machining steps include, besides an
edge profile producing step, in particular lapping and
grinding of the sides. The two mechanical machining
35 steps mentioned last can be employed together, lapping
followed by grinding, or in such a way that only one of
the two machining steps is performed. The grinding of

the side can be subdivided into coarse and fine



the two machining steps is perfornmed. The grinding of the side can be
subdi vided into coarse and fine 2 grinding steps depending on the

granul ation of the abrasive grain used. Furthernore, the grinding nay be
restricted to one side of the senicond%ctor waf er or enconpass both
sides of the seniconductor wafer. If 5“both sides are to be ground, then
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15 for example by a notch finger, which engages in an
orientation notch on the circumference of the
semiconductor wafer, or by a friction belt which partly
encloses the semiconductor wafer on the circumference.
A prerequisite for the undisturbed rotary movement is

20 that the semiconductor wafer is round, that is to say

has a 01rcular circumference.

Semiconductor wafers in which the orientation of the
crystal lattice deviates slightly from the orientation
25 of the crystal from which they were separated have
advantageous properties which become apparent
particularly in thermal treatments and methods in which
layers are deposited on the semiconductor wafer. 1In
accordance with DE 129 54 349 Al, semiconductor wafers
30 with misorientation are obtained if the semiconductor
wafers are not separated perpendicular to the crystal'
axis, but rather at an angle that deviates therefrom
and corresponds to that of the intended misorientation.
Elliptically shaped semiconductor wafers are obtained
35 from a crystal having a uniform diameter ground in
round fashion. Owing to this shape, such a
semiconductor wafer initially cannot be subjected to a

mechanical machining of the sides by simultaneous



axis, but rather at an angle that deviates therefrom and corresponds to
that of the intended msorientation. Elliptically shaped sem conduct or
waf ers are obtained 35 froma crystal having a uniformdiameter ground in
round fashion. Omng to this shape, such a sem conductor wafer initially
cannot be subjected to a nechanical mac¢hining of the sides by
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profil e untPyngfsepicpadyries vilere aséfpceBglBgoperatetinave been
mechani cally nmachined is that the edge is so sensitive in the unmachi ned
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15 that the semiconductor wafer often does not withstand
the mechanical machining of the sides without being
damaged in the process. A semiconductor wafer with a
profiled edge remains sensitive, however, even though
serilous damage such as edge fragmentation and cracks is
20 less common. Therefore, it is likewise disadvantageous
if the edge profile is produced before the mechanical
machining takes place, because later damage to the edge

can no longer be completely repaired.

25 The patent US 6066565 describes a method in which the
edge profile is produced 1in two separate mechanical
machining steps, between which the mechanical machining
of the sides of the semiconductor wafer is provided. In
the first of the two steps, the edge is chamfered at

30 the sides, part of the edge remaining unmachined. The
aim of this method is to stabilize the edge by means of
the first coarse machining such that seriocus damage is
avolided in the subsequent side grinding step, which
aims to retain the symmetry of the semiconductor wafer

35 with regard to a horizontal reflection plane. What is
disadvantageous about this method is that the edge of
the semiconductor wafer has, during the mechanical

machining of the sides, a region that has not yet been



of the sides of the sem conductor wafer is provided. In the first of the
two steps, the edge is chanfered at 30 the sides, part of the edge

remai ni ng unmachined. The aimof this method is to stabilize the edge by
means of the first coarse machining S%}iﬁh that serious damage is avoided
in the subsequent side grinding step, fch ainms to retain the symetry

of the sem conduct or fer with regard to orizontal .refl ectjon
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particul arly Sensitive, resul 'S hot ‘protected nuch better
than if the edge machining had not taken place at all. 5 Therefore, the

obj ect 8f iR RILHRNT "cl;;‘ée%'é%@:_t""aosftghes@?%}sfe%ta iRidiad whi ghsenapl es
t he shapi ng nachi ning of a sem conductor “wafer separated froma crystal
with greatSEREdsimerd wieh yeerll pachbseshhping sagbaniagest

descri bed abovematenfoktassoshfked scdihtheseWrtdn THi soopiwest s tachi eved
by neans of a nethod fqor , producing a sem conductor wafer with a profiled
edge, comFiGthg PRECESLPHW ngRdt eps: T5%he ¥dBhfat iRFFYISE he the
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true to sca lilﬁ"flﬂ:hr'espect to a target profile; 20 a nechani cal nachi ning
step, in which a thickness of the sem conductor wafer is reduced; and an
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producing a semiconductor wafer with a profiled edge,
comprising the following steps:

15 the separation of the semiconductor wafer from a
crystal;
an edge profile producing step, in which the edge 1is
mechanically machined and acquires a profile that 1is
true to scale with respect to a target profile;

20 a mechanical machining step, in which a thickness of
the semiconductor wafer is reduced; and
an edge profile machining step, in which the edge is

mechanically machined and acgquires the target profile.

25 In the edge profile producing step, the edge acquires a
profile which 1is true +to scale, that 1is to say
geometrically similar, with <respect o a target
profile. The target profile is that profile which the
edge is intended to have after the edge profile

.30 machining step. The profile produced 1in the edge
profile producing step protects the edge against damage
to the same extent as an edge which already has the
target profile. Since this protection is only limited,
however, and damage furthermore occurs during the

35 < subsequent mechanical machining of the sides of the
semiconductor wafer, a further edge machining stép is
provided after the mechanical machining of the sides of

the semiconductor wafer 1in order to eliminate such



25 In the edge profile producing step, the edge acquires a profile which
is true to scale, that is to say geonetrically simlar, wth respect to
a target profile. The target profile is that profile which the edge is
intended to have after the edge profile 30 machining step. The profile
produced in the edge profile produ0|5b step protects t he edge agai nst

damage - tosLhe sa extent as rea has the .1
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met hod di vivdésrt he nmechani cal nmachining of the edge into two steps that
are i %prrupted by the nechanical machining of the sides. In contrast to

the procedure described in the patent US 6066565, however, this 15
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sensitive t an an mhlc is onl ccordlng not only is
machining of the sides. n contrast to the procedure

described in the patent US 6066565, however, this
15 method has a series of advantages. Thus, the edge does
not remain partly unmachined prior to the mechanical
machining of the sides and is less sensitive than an
edge which is only chamfered. Accordingly, not only is
it less common for a semiconductor wafer to be damaged
20 during the mechanical machining of the sides, for
example as a result of fragmentation, cracks, scratches
and the like, but it is also less common for such
damage to gilve rise to damage to or faster wear of
parts of the machining machine, in particular the guide
25 ring and the notch finger of a double-side grinding
machine itself. Furthermore, a semiconductor wafer
having an elliptical form whose edge was only chamfered
in the first step of the mechanical machining of the
edge would maintain its elliptical form and would not
30 be able to be ground by means of a double-side grinding
machine. In the case of the method according to the
present invention, a semiconductor wafer having an
elliptical form 1is simultaneously ground in round
fashion in the <course of the first machining step,

35 which produces the edge profile.

The invention 1is explained in more detail below on the

basis of a particularly preferred embodiment with



it less comon for a sem conductor wafer to be danmaged 20 during the
mechani cal machi ning of the sides, for exanple as a result of
fragnentation, cracks, scratches and the like, but it is also |ess
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profile producing step, the edge is machined mechanically and
15 thereby acquires a profile 2 that is true to scale with
respect to a target profile 3. The edge profile
producing step is performed using a grinding tool with
bonded abrasive grain, for example a grinding disc,
with preferably coarse granulation. The form of the

20 target profile 1s predefined by the customer for the
semiconductor wafer. This may involve for example an R-
profile (radius profile) in accordance with figures 1

and 3 or a T-profile ({(trapezoid profile) in accordance
with figures 2 and 4. The edge profile producing step

25 can be subdivided into two or more partial steps, one
partial step preferably using an abrasive grain with

finer granulation than in the preceding partial step.

The subsequent mechanical machining step, in which
30 material is removed from the sides of the semiconductor
wafer by lapping and/or grinding, serves for thinning
the semiconductor wafer and obtaining lateral surfaces
that are as flat and parallel as possible. The result
of this machining step 1s a semiconductor wafer in
35 accordance with figure 3 or figure 4, depending on the
form of the profile. In the subsequent edge profile
machining step, the edge is mechanically machined for a

second Ltime. The material removal effected in this case
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ul ation. An average size of the abrasive grain

When a particularly fine-grained abrasive grain is used
in the edge profile machining step, the edge can be
smoothed to an extent such that a 1later chemical
mechanical polishing of the edge can be dispensed with.
It 1is therefore likewise preferred for the method
according to the invention not to comprise a chemical
mechanical edge polishing, that is to say a polishing
using a polishing cloth in the presence of a slurry
containing an etching active substance and an
abrasively acting solid. |

A semiconductor wafer obtained in this way is then
preferably etched or finely ground and polished on both
sides, or etched and finely ground and polished on both
sides, 1in order to eliminate damage to the crystal
lattice near the surface and in order to increase the

local flatness of the lateral surfaces.

Example 1:
In a comparative test, 600 semiconductor wafers made of
silicon having a diameter of 300 mm were mechanically

machined in a manner according to the invention (edge

‘profile producing step with grinding disc having coarse

granulation, simultaneocus grinding on both sides and



is preferably 15 pmto 0.5 um particularly preferably 10 5 pmto 0.5 pm
The edge profile nmachining step can be subdivided into two or nore
partial steps, one partial step preferably using an abrasive grain with
finer granulation than in the precgdhng partial step. 15 Wien a
particularly fine-grained abrasive grdin is used in the edge profile
machi ni ng step, the.edge can _he snpothed,to an extent such.that a later
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mechani calddge machi ned in a manner according to the invention (edge
profibg produci ng step with grinding disc having coarse granulation,
si mul taneous grinding on both sides and g _ edge profile machining step
w th grindizrguiescZhaving fine granulation) without failure wafers
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misoriented crystal lattice and an ovality of 0.3 to
0.7 mm were mechanically machined in a manner according
15 to the invention ({edge profile producing step with
grinding disc having coarse granulation, simultaneous
grinding on both sides and edge profile machining step
with grinding disc having fine granulation) without
failure wafers having been produced after the edge

20 profile machining step owing to damage to the edge.



5 was dispensed with prior to grinding the sides on both sides and the
edge was provided with the target profile only afterward, sone of the
sem conductor wafers processed in this way failed owing to damage to the
edge. 10 Exanple 2: 2000 sem conductor wafers nmade of silicon with a

m soriented crystal lattice and an 6v%thy of 0.3 to 0.7 mMmmwere

nmechani cal ned in a manner according 15 to the invention (edge
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converteduhﬁ(B&mﬂdnnﬂhdUUﬁnwéfeﬂTmsr&ﬁdumb@ﬁ atdinmed inclaiml1l or claim
2, an edge profile machining step, in which the edge is

mechanically machined and acquires the target profile.

15 2. The method as claimed in claim 1, wherein, in the
edge profile producing step, an elliptical form of the

semiconductor wafer is converted into a round form.

3. The method as claimed in claim 1 or claim 2,

20 wherein the mechanical machining step, in which the
thickness of the semiconductor wafer is reduced, and
the edge profile machining step aré carried out
simultaneously.

25 4. The method as claimed in one of claims 1 to 3,
wherein the edge is machined by means of a grinding
tool with coarse granulation during the edge profile
producing step.

30 5. The method as claimed in one of claims 1 to 4,
wherein the edge 1is machined by means of a grinding
tool with fine granulation during the edge profile
machining step.

35 6. The method as claimed in claim 5, wherein the
granulation of the grinding tool corresponds to an

average grain size of 15 um to 0.5 ym.



20 wherein the nechanicalknachining step, in which the thickness of the
sem conduct or wafer is reduced, and the edge profile machining step are
carried out sinultaneously. 25 4. The nethod as clainmed in one of clains
1 to 3, wherein the edge is machined by neans of a grinding tool with
coarse granul ation during the edge *pr]chTe produci ng step. 30 5. The
met hod as ¢lained in e of claing 1 to0,4, wherein_the edge, is chi ned
by neans of* a gimrgf?‘?ldf“l‘? [PlofjooEf‘S Wit e Jg‘l"‘arﬁ)l_?leat‘i’gn cdt‘?ﬁ“f‘?gdjt hEoeotgg
profile ndEshtaimgthtepddd brofThee netrivathcdsigel @it eedcbnpeliaem Swavher ei n
the gran t] he_ grji,nding tool corresponds to an average grain
size of 1 %r%llc?%e g?%ﬁﬂl%tedﬁlg' The nmethod as clainmed in one of clains 1
to 6, wherein the edge profile producing step conprises two or nore
parti ak steps. 8. nIRAMEIN0] A% i TR IhONGe Olcrcl@ld™er 1ebo 7, -
wherein the edge profile machini ng step conprises two or nore partial
steps. 9. WhRrewt hbbicasddsi pedl i he of@chindingi nstap t 60BPriseswHet®ein a
chem cal mpehanicabapoldshing,of the edge is not effected.

9. The method as claimed in one of c¢laims 1 to 8,
10 wherein a chemical mechanical polishing of the edge is
not effected.





