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 relates, in particular, to a method for 10 producing a
sem conduct or wafer which serves as a substrate wafer for electronic
circuits, for Makprd Borserrdvringt ar saBiepndorpeseyasersiitbon or a
compound seni conductor or else apgepitanddgher wafer which is
constructed in layered fashion and conprises at |east 15 one |ayer
conposed of sem conductor material. The production of such
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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 the flatness.

Customary machining steps devoted to shaping the
semiconductor wafer after separation from a crystal aim
te give the. semiconductor wafer a form which is
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 particulariy
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 inte coarse and fine



foll owed by grinding, or in such a way that only one of the two
machi ning steps is performed. 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
may be restricted to one side of the sentconductor wafer or
enconpass both sides of the sem conductor wafer. If 5 both sides are
to be groun8rinrHéndt hB§epsn Bereadined onuttlricaessiviatior iaf oiRge
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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 circular circumference.

Semiconducteor wafers in which the orientation of the
crystal lattice deviates slightly from the orientation
2> of the crystal from which they were separated have
advantageous properties which become apparent
particularly in thermal freatments and methods in which
layers are deposited on the semiconductor wafer. 1In
accordance with DE 199 54 34% Al, semiconductor wafers
30 with misorientation are obtained i1f 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



30 with msorientation are obtained if the sem conductor wafers are
not separated perpendicular to the crystal axis, but rather at an
angl e that deviates therefrom and corresponds to that of the
intended m sorientation. Elliptically shaped sem conductor wafers
are obtained 35 froma crystal having a3uniformdianeter ground in
round fashion. OMng to this shape, such a sem conductor wafer
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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
serious 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 in two separate mechanical
machining steps, between which the mechanical machining
of the sides of the semiconductor waferxr 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 serious damage is
avoided 1in 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



25 The patent US 6066565 describes a nmethod in which the edge
profile is produced in two separate nechanical machining steps,

bet ween whi ch the nmechanical machining 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, pa-rt4 of the edge renaining

unmachi ned. The aimof this method is to stabilize the edge by neans
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comprising the following steps:
15 the separation of the semiconductor wafer from a
crystal;
an edge profile producing step, in which the edge is
mechanically machined and acguires a profile that is
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 acquires the target profile.

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

30 machining step. The profile produced in 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 cnly limited,
however, and damage furthermore occurs during the

35 subseguent mechanical machining of the sidegs of the
semiconductor wafer, a further edge machining step is
provided after the mechanical machining of the sides of

the semiconductor wafer 1in order to eliminate such



20 a mechani cal machining step, in which a thickness of the

sem conductor wafer is reduced; and an edge profile machining step,
in which the edge is nechanically machi ned and acquires the target
profile. 25 In the edge profile producing step, the edge acquires a
profile which is true to scale, that 7s°to say geonetrically
simlar, with respect to a target rofile. The target profile is
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into two steps that are interrupted by the chanical " nachining o
the sides. maauntiyrast ofo tlise prdeeduri® 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 give rise to damage fo 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 elliiptical 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 is simultaneocusly ground in round
fashion in the course of the first machining step,

35 which produces the edge profile.

The invention is explained in more detail below on the

basis of a particularly preferred embodiment with



described in the patent US 6066565, however, this 15 method has a
series of advantages. Thus, the edge does not remain partly
unmachi ned prior to the nmechanical machining of the sides and is

| ess sensitive than an edge which is only chanfered. Accordingly,
not only is it less comon for a seniconductor wafer to be danamged
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of ident'cabrbﬁﬁ%lﬁﬁ‘%ﬁ@ﬁvnghe edge is machined mechanically and
15 thereby acguires a profile 2 that 1s 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 is 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 is 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 time. The material removal effected in this case



the crystal with the aid of a wire saw. A cross section of such a
sem conductor wafer is approximtely 10 rectangular. Figures 1 and 2
illustrate the contours of the sides 1 as a series of lines in order
to indicate the roughness of the sides after the separation of the
sem conductor wafer. In the subsequent ‘édge profile producing step,
t he edge is machi ned nmechanically and 15 thereby acquires a profile 2
that is tru&l¥gsSscal®® wkPhtheedpadet oPrOfhtget -pridle IRCBL 1 heZedgé
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effected in this case 7 gives rise to the target profile 3. The

profile 2 and , ) , i L
15 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 later chemical
mechanical polishing of the edge can be dispensed with.
It is therefore likewise preferred for the method

20 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.

25
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
sideg, 1n order to eliminate damage to the crystal

30 lattice near the surface and in order fto increase the

local flatness of the lateral surfaces.

Example 1:

In a comparative test, 600 semiconductor wafers made of
35 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, simultaneous grinding on both sides and



the target profile 3 are geonetrically simlar, or in other words
the profile 2 is true to scale wwth respect to the target profile 3.
The edge profile nmachining 5 step is perfornmed using a grinding tool
wi th bonded abrasive grain, for exanple a grinding disc, an

abrasive cloth or an abrasive belt, preferably with fine

granul ation. An average size of the abrasive grain is preferably 15
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abrasively aggkng solid. 25 A sem conductor wafer obtained in this
way is_then preferably etched or finely ground and polished on both
si des, "or etched and finely ground and polished on both sides, in
order to el Erempie danage to the crystal 30 lattice near the surface
and in orde i | ocal- _fl atness of the |at I aces.
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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.



machi ned in a manner according to the invention (edge profile
produci ng step with grinding disc having coarse granulation,

si mul taneous grinding on both sides and - 8 edge profile machining
step with grinding disc having fine granulation) without failure

waf ers havi ng been produced after the edge profile machining step
owing to damage to the edge. By contrast, if the edge nmachining 5
was dispen? g m%ggh;rlor to grinding the S|des on both sides and the
edge was provfy M ihe target profile only afterward, sone of

t he senlconductor mafersE;grocessed in this way failed ow ng
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edge profikgepEOduendggrinding is performed with a grinding tool with
rough grain:
machining at least one side of the wafer in a mechanical
machining step, 1in which a thickness of the semiconductor
wafer is reduced; and
further machining the edge in an edge profile machining
step, in which the edge is ground and acquires the target
profile, wherein the grinding is performed with a grinding
tool with fine grain, in such a way as to smoothing the
edge; and
etching and polishing the semiconductor wafer, wherein a
chemical mechanical polishing of the edge is dispensed with

after the edge profile machining step.

2. The method as c¢laimed in claim 1, wherein, in the edge
profile precducing step, an elliptical form of the

semiconductor wafer is converted intec a round form.

3. The method as claimed in claim 1, wherein the grain of
the grinding tool with fine grain corresponds to an average

grain size of 15 um teo 0.5 um.



step, in which the edge is ground and acquires a profile that is
true to scale with respect to a target profile, wherein the grinding
is performed with a grinding tool with rough grain; machining at

| east one side of the wafer in a nechanilcal machining step, in which
a thickness of the sem conductor wafer is reduced; and further

machi ni ng t4he egﬁ% &ngt%gde%%e &chifrt{elcie {YI?.CQi n{ 19, %t epc’laiin Vg]i Cwaetrh%_n
edge is ground and acqui'res the target  profile, erein’t He grlné?ng
i s perfornmetdew ¢diga gridgiiley ptreducwhth §tae gr@igrisied sueb aomayn@as
to snoothin he. edge; and etching and polishing the sem conduct or
waf er, mhePgF i3l ﬁﬁgﬁ?cal mechani cal polishing of the edge is

di spensed with after the edge profile machining step. 2. The nethod
as clainmed in claim1, wherein, in the edge profile producing step,
an el liptical f&htn BELERE 2Serilcdmpsctisr Wl &R |scsomlardited i niherein

round formnd. Jhge mehnad 185 GLAhTRAnGN SLAL M ntherel nelhe of i) of

the grinding tool "with fine grain corresponds to an average grain
size of 15pphitaloseepm - 10 4. The nethod as clainmed in claim1 or
claim2, wherein the edge profile producing step conprises two or
nore partial steps. 5. The nmethod as clained in claim1l or claim2,
wherein the edge profile machining step conprises two or nore
partial steps.



