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Method for achieving a wear performance which is as
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linear as possible and tool having a wear performance
which is as linear as possible

The invention relates to the material-removing
machining of wafer-like workpieces, in particular semi-
conductor wafers. The subject matter of the invention is
a method for achieving a wear performance which is as
linear as possible in the case of a tool which has an
essentially planar working surface for the material-
removing machining of wafer-like workpieces, and a tool
having a wear performance which is as. linear as
possible. The subject matter of the invention is also a
method and a device for measuring a wear profile on an
essentially planar working surface for the material-
removing machining of wafer-like workpieces. Finally,
the subject matter of the invention is also a carrier
which is wused for the two-sided material-removing
machining of wafer-like workpieces, and which ad.vanta-.
geously differs from known carriers, as described, by
way of example, in US 4,739,589.

Wafer-like workpieces can be subjected to a
material-removing machining in various ways. As a rule,
the machining has one or more of the following aims: to

remove damage close to the .surface,. to . increase . ...

planarity and parallelism of the wafer sides and to
smooth the wafer sides. The machine tools are usually
grinding, lapping and polishing tools. A common feature
of the tools is an essentially planar working surface
which can be used to machine one side of the workpiece.
During the machining of the workpiece, the workpiece and
the working surface of the machine tool execute a
relative movement. With regard to the number of
workpieces which are machined simultaneously, it is
possible to disatinguish between single wafer machining
and batch ﬁachining; It is also possible to make a
distinction with regard to the number of sgides of the
wafers machined, the distinction being between single
side machining and double side machining. The present
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invention can in principle be applied to all the
abovementioned machining processes.

Wear to the working surface of the machine tool
is practically always associated with the material-
removing machining of a workpiece. Over the course of
time, this wear means that it is no longer possible to
machine the workpiece uniformly, so that the shape of
the machined workpieces becomes incorrect. For this
reason, the working surface of the tool has to be
trimmed at regular intervals, for example by regrinding
or by leveling using trimming rings. However, frequent
interruptions to work caused by trimming phases impair
the productivity of the machining process considerably.

The present invention demonstrates a way in
which it is possible to avoid trimming of the working
surface or at least to make the time intervals between
two trimming phases considerably longer.

The invention relates to a method for achieving

a wear performance which is as linear as possible in the
case of a tool which has an essentially planar working
surface for the material-removing machining of wafer-
like workpieces, wherein
a) a wear profile of the working surface is
determined;
b) the working surface is- replaced by- a modified
working surface which i1s divided into surface elements,
a surface element having a specific wear resistance and
adopting a specific position on the modified working
surface, and each surface element being arranged on the
modified working surface in such a way that there is a
relationship between the wear profile determined, on the
one hand, and the wear resistance and the position of
the surface element, on the other hand. '

The invention also relates to a tool which can
be prepared by employing the methed. In the tool, the
working surface is divided into surface elements, each
surface element having a specific wear resistance and
adopting a specific position on the working surface, and
there being a connection between a wear profile deter-
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mined, on the one hand, and the wear resistance and the
position of the surface element, on the other hand.

The invention in particular makes it possible to
ensure that the inevitable wear to the working surface
is as uniform as .possible and that the working surface
which comes into contact with the workpiece, for example
the surface of a lapping wheel or of a polishing cloth
which comes into contact with the workpiece, maintains
its essentially planar form. This linear wear
performance of the working surface, i.e. the fact that
the wear is more homogenous over the entire working
surface of the tool, means that the inevitable wear to
the working surface will no longer have an adverse
effect on the shape of the workpieces machined or the
productivity of the machining process.

The advantageous wear performance of the working
surface is achieved by the fact that the working surface
is modified and is adapted to the wear situation which
is actually present. To do this, it is necessary first
of all to determine the wear profile of the working
surface. This is achieved either by measuring the wear
profile of a wused working surface or by computer-
gimulating the wear profile taking into account the
kinematic conditions which prevail during the machining

‘process. The -rFesults of measurements of- wear profiles

can also be used to optimize the models on which the
gimulation calculations are based.

The wear profile determined for a working
surface is a representation of the working surface whose
shape has been changed as a result of wear, only wear-
related changes to the shape of the working surface
being taken into account. Deformation to the working
surface which has different causes, for example
production-related curvature of the working surface, is
not included in the representation. In the case of
working surfaces which are subject to rotationally
symmetrical loads, for example the grinding wheels of
grinding tools, the lapping wheels of lapping tools and
the polishing cloths of polishing tools, even a radial
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wear profile which is determined along one radius of the
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working surface gives accurate information about wear-
related changes to the shape of the working surface.

The inventicn envisages referring to the
information contained in the wear profile concerning the
local differences in the wear to the working surface and
preparing a modified working surface. The modified
working surface is created in such a way that at loca-
tions which are exposed to a relatively high load the
resistance of the material of the working surface to
abrasion is high, while at locations which are exposed
to a less considerable load the resistance of the
material of the working surface to abrasion is lower,
resulting in the wear performance of the modified
working surface becoming more uniform. The resistance
can be increased by hardening material used hitherto or
replacing it with harder material. The resistance can be
reduced by replacing the material used hitherto with
softer material or by reducing the basic surface area of
the surface element which is subjected to load during
the machining of workpieces.

According to the invention, the modified working
surface is divided into surface elements which are
characterized by specific properties. Each surface

- element adopts. a specific position -on. .the modified ... . . :-._:

working surface and, in plan view, has a _specific
geometric shape. In principle, the shape is not subject
toe any ©particular restrictions. However, it is
preferable for the surface elements to have a shape
which is selected from a group which comprises rings,
ring segments, polygons with preferably 3 to 10 sides,
circles and circle segments. The number of surface
elements is preferably 3 to 10,000. Adjacent surface
elements do not necessarily have to abut one another,
but rather may be separated from one another by a gap of
specific width. If the gap width is zero, adjacent
surface elements abut one another. The hardness of the
material from which a surface element is produced
imparts a specific resistance to abrasion to =said
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element, which resigtance is referred to below as wear
resistance. Consequently, the wear resistance of a
surface element is reduced when it congists of a softer
material than a surface element which has the same shape
and same basic .surface area but is made from harder
material. The wear resistance of the surface element is
alsc reduced if its basic surface area is reduced by the
existence of gaps, holes or other mea.sufea which reduce
the surface area. In this case, the surface element is
subjected to greater loads when machining workpieces
than a similar surface element which has a larger basic
surface area. - -

Two surface elements are considered to be of the
same type if they correspond to one another in terms of
wear resistance. There is a connection between the wear
profile determined, on the one hand, and the wear resis-
tance and the position of a surface element on the
modified working surface, on the other hand. The surface
elements are positioned on the modified working surface
in accordance with the expected position-dependent wear.
On the modified working surface, surface elements of
equal wear resistance are situated at locations on the
working surface which are subjected to comparable loads.
A surface element of increased wear resistance iz situa-
ted at--locations which according ~to the wear profile
determined ar.e subjected to higher loads. If the wear
profile determined indicates that one should expect a
lower level of loading at a certain locatiocn, a surface
element of reduced wear resistance will be situated at
this location. Overall, the modified working surface is
made in such a way that the wear to the surface elements
is as uniform as possible despite loads which differ in
certain locations.

In order to measure a wear profile, a method
which is easy to carry out is proposed, wherein
a) the distances between a planar reference surface
and the working surface are measured without contact at
a plurality of measurement points;

b) the distances measured are converted into wear
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depths which describe the actual wear to the working
surface at the measurement points; and

c) a wear profile of the working surface is produced
on the basis of the wear depths.

The greater the density of the measuring points,
the better the wear profile corresponds to the actual
shape of the working surface which is subjected to load.
An exact representation of the wear profile is obtained
if the working surface of the tool is moved across the
workpiece steadily while the workpiece remains at rest.
In this case, the surface of the workpiece is converted
to the mirror image of the wear profile. .-

The invention also relates to a device for
measuring a wear profile, which device has a measurement
body with supporting surfaces for ©placing the
measurement body on the worki:ig surface and at least one
sensor which is accommodated in the measurement body and
which measures the distance between a reference surface
and the working surface without contact at a measuring
point of the reference surface,

In the case of double side batch machining, the
aim of making the wear performance of the working
surface linear can be assisted by means of a carrier of
particular design.

== ~“Therefore, the invention also  relates: to--a
carrier for bolding workpieceas between essentially
planar working surfaces of a tool for machining wafer-
like workpieces, which disk is provided with circular
openings for accommodating the workpieces, wherein the
centers of the openings are arranged on c¢ircular paths
and, if appropriate, in the region of the center of the
carrier, the centers of adjacent openings which are
arranged on a circular path lying on different circular
paths.

When these carriers are used, the wear perfor-
mance of the working surfaces is more even than when
carriers which were conventional hitherto are used.

The invention is explained in more detail below
with reference to figures. Where the explanations relate
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to devices for machining wafer-like workpieces, they
deal with preferred embodiments in which devices which
can be used for lapping semiconductor wafers are shown
80 as to represent all the application areas of the
5 invention. . e

Fig. 1 shows a device which is suitable for
measuring a wear profile.

Fig. 2 diagrammatically illustrates how a wear
profile is measured using a device in accordance with

10 Fig. 1. .

Fig. 3 shows a typical radial wear profile of a
lapping disk. .

Figures 4 to 7 show a plan view of the modified
surfaces of lapping wheels.

15 Fig. 8 shows a carrier with openings which are
arranged advantageously so as to receive semiconductor
wafers.

A device in accordance with Fig. 1 is suitable
for measuring a wear profile. The device comprises a

20 measurement body 1 with support surfaces 2 for posi-
tioning the measurement body on a working surface. The
support surfaces 2 lie in a single plane. At least omne
electronic sensor 3, which can be used to measure the
distance between a reference plane 4 and the working

- 25 ~rgurface without-contact; -is--accommodated - in- the measure~

ment body. It is preferable to use sensors which measure
the distances using a capacitive measurement principle.
The reference plane is congruent with the plane in which
the support surfaces lie or it lies parallel to this
30 plane. In the embodiment illustrated, a plurality of
gsensors are arranged fixedly next to one another, at
regular intervals. If the number of sensors is
increased, the measurement accuracy can be improved.
However, a high measurement accuracy can also be
35 achieved with only one sensor if this sensor can be
displaced parallel to the reference surface. The
measurement body shown in Fig. 2 may, for example, be
dési.gned not as a ruler (as shown), but rather as a
carriage (not shown) along which a sensor is guided in
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order to measure a wear profile. The device is

preferably connected to a computer 5, with the aid of
which the measurement result is evaluated and displayed.
Before a measurement is carried out, the device may be
placed against .a.comparison standard 6 and calibrated.
Fig. 2 diagrammatically illustrates the measure-
ment of a wear profile on the basis of the example of
the lapping wheels of a lapping machine. The measurement
body 1 is placed against the surface of a lower lapping
wheel 7. The distances between the reference surface 4
and the surface 8 of the lower lapping wheel are
measured along the radius of the lower lapping wheel at
a plurality of measurement points of the reference
surface and are stored. Puring a subsequent measurement
on the upper lapping wheel 9, the distances between the
reference surface and the surface of the upper lapping
wheel are also measured along the radius of the upper
lapping wheel at the same measurement points of the
reference surface and are stored. In order to £find the
wear profile of the lower (upper) lapping wheel, first

of all the distance which was measured at one

measurement point between this measurement point and the
surface of the upper (lower) lapping wheel is subtracted
from the distance which was measured between this

measurement point-.and - the surface of ‘the lower -{upper)-:=-r-- -

lapping wheel. The difference is referred to as.the wear
depth and describes the actual wear to the lapping wheel
in question at the associated measurement point. In
geometrical terms, the wear depth can be understood as a
vector which is perpendicular to the reference surface
and the length of which indicates the wear to the
working surface. Therefore, the wear profile of a
working surface is preferably produced by joining the
vector ends together by interpolation, so that a smooth
curve or surface is achieved. )

The wear profile of a working surface which is
used in a machine for the single side machining of
workpieces is measured virtually as described above.
However, in this case the wear depth which is to be
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assigned to one measurement point is obtained from the

difference betWéen two distances measured between the
reference surface and the working surface at this
measurement point, one distance being measured before
there has been. any wear to the working surface and the
other distance being measured after wear to the working
surface has taken place.

Fig. 3 shows a typical radial wear profile of a
lapping wheel. The surface 10 of the lapping wheel is
not planar, but rather is of uneven structure as a
result of different levels of abrasion. The wear depths
T are not constant between the inner edge -R; of the
lapping wheel and the outer edge R, of the lapping wheel.
Between the inner edge R; and a local maximum max,, they
increase steadily, then they pass through a 1local
minimum min between the local maximum max, and a local
maximum max,, and they decrease again steadily between
the local maximum max, and the outer edge R,. The wear
profile reveals uneven loading on the lapping wheel, the
reaction to which, according to the invention, is to
modify the surface of the lapping wheel.

Figure 4 illustrates one embodiment of a lapping
wheel with a modified surface. The surface of the
lapping wheel is divided as far as possible into square
surface- 'elements ~'1la and- -1llb.  -Not -all the surface
elements have the same wear resistance. The shaded
surface elements lla have a lower hardness than the
remaining surface elements 1llb. The position of the
harder surface elements on the modified lapping wheel is
selected in such a way that they are situated at
locations at which, according to a wear profile which
has been determined, a high level of load on the lapping
wheel surface is to be expected. Correspondingly, the
less hard surface elements are positioned where a lower
load on the lapping wheel surface is expected. The
hardnesses of the surface elements are selected in such
a way that overall the wear performance of the lapping
wheel is made more uniform. The most suitable material
for the surface elements is expediently selected on the
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basis of results of tests.

The modified lapping wheel surface illustrated
in Fig. 5 is also divided into square surface elements
12a and 12b which have different wear resistances. In
contrast to the.embodiment in accordance with Fig. 4,
the shaded surface elements l2a, which have a lower wear
resistance, are arranged in such a way that a gap 13 of
a specific width remains between them. These surface
elements are again situated at locations on the lapping
wheel surface at which a lower load is expected. The
space required for the gaps is created by reducing the
basic surface area of the surface elements. As a result,
the wear resistance of the surface elements is reduced
further, since the basic surface area which is available
for load per surface element has become smaller and the
load to be expected nevertheless remaina unchanged.

Fig. 6 shows a further embodiment of a modified
lapping wheel surface. In this embodiment, the surface
is divided into surface elements 14a and 14b which aré
in the shape of concentric rings. The shaded surface
elements l4a again have a2 lower wear resistance than the
other surface elements 14b. The positions of the surface
elements are again selected in such a way that surface
elements which have the lower wear resistance are found
in-regions. which, according to—a:wear profile which has
been determined, are exposed to a lower level of load
during the machining of workpieces and in such a way
that surface elements which have the higher wear
resistance are in positions at which a high level of
load is to be expected.

Fig. 7 shows a further embodiment of a modified
lapping wheel surface. The surface of this lapping wheel
is divided into surface elements 14 which are 'in the
shape of rings. The surface elements consist of the same
material and there is no difference in hardness between
them. Nevertheless, gaps 15 between the surface elements
mean that the wear resistance of the 1lapping wheel
surface in the region of the inner and outer edges of
the lapping wheel is reduced.

[
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In the case of double side machining of wafer-
like workpieces, in particular in the case of lapping
and polishing of semiconductor wafers, the carriers used
also have a particular effect on the wear performance of
the lapping wheels or polishing cloths.

Figure 8 depicts a particularly preferred
embodiment of a carrier 16. The carrier is distinguished
by the fact that the workpiece receptacles 17 are
arranged in such a way that, taking into account the
kinematics of the machining operation, the surfaces of
the lapping wheels or polishing cloths are subjected to
as uniform a level of loading as possible. The workpiece
receptacles are circular openings in the carrier. The
centers of the openings lie on circular paths 18a and
18b. If appropriate, an additional opening is provided,
the center of which lies in the region of the center of
the carrier. The centers of adjacent openings which lie
on circular paths lie on different circular paths. It is
particularly preferable for the circular paths 18a and
18b to lie eccentrically with respect to omne another.
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Patent claims:

1. A method for achieving a wear performance which
is as linear as possible in the case of a tool which bhas
an essentially.planar working surface for the material-
removing machining of wafer-like workpieces, wherein

a) a wear profile of the working surface is
determined;

b) the working surface is replaced by a modified
working surface which is divided into surface elements,
a surface element having a specific wear resistance and
adopting a specific position on the modified working
surface, and each surface element being arranged on the
modified working surface in such a way that there is a
relationship between the wear profile determined, on the
one hand, and the wear resistance and the position of
the surface element, on the other hand.

2. The method as claimed in claim 1, wherein the
wear resistance of the surface elements is decreased by
measures which reduce the surface area.

3. A tool having an essentially planar working
surface for the material-removing machining of wafer-
like workpieces, wherein the working surface is divided
into surface elements, each surface element having a
specific . wear resistance and. adopting.:a specific
position on the working surface, and there .being a
connection between a wear profile determined, on the one
hand, and the wear resistance and the position of the
surface element, on the other hand.

4. The tool as claimed in claim 3, wherein the
surface elements, in plan view, have a geometric shape
which is selected from a group which comprises rings,
ring segments, polygons with at 1least three sides,
circles and circle segments.

5. A method for measuring a wear profile of an
essentially planar working surface of a tool £for the
material—rem.oving machining of wafer-like workpieces,
wherein

a) the distances between a planar reference surface
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and the working surface are measured without contact at
a plurality of measurement points;

b) the distances measured are converted into wear
depths which describe the actual wear to the working
surface at the measurement points; and

c) a wear profile of the working surface is produced
on the basis of the wear depths.

6. A device for measuring a wear profile of an
essentially planar working surface of a tool for the
machining of wafer-like workpieces, which device has a
measurement body with supporting surfaces for placing
the measurement body on the working surface and at least
one sensor which is accommodated in the measurement body
and which measures the distance between a reference
surface and the working surface without contact at a
measuring point of the reference surface.

7. The device as claimed in claim 6, which has a
measurement body which is designed as a ruler and in
which a plurality of sensors are accommodated and are
arranged fixedly at regular intervals next to one
another.

8. The device as claimed in claim 6, which has a
measurement body which is designed as a carriage and in
which a sensor is accommodated and can be displaced in a
linear fashion along the carriage. e
9. A carrier for holding workpieces . between
essentially planar working surfaces &E“{L{a tool for
machining wafer-like workpieces, which ~disk is provided
with circular openings for accommodating the workpieces,
wherein the centers of the openings are arranged on
circular paths and, if appropriate, in the region of the
center of the carrier, the centers of adjacent openings
which are arranged on a circular path lying on different
circular paths.

10. The carrier as claimed in claim 9, wherein the

" eircular paths are eccentric with respect to one

another.
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