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Method for Conditioning Polishing Pads for the Simultaneous

Double-Side Polishing of Semiconductor Wafers

The invention relates to a method for conditioning polishing
pads for the simultaneous double-gide polishing of
semiconductor wafers in a double-side polishing device having
two annular polishing plates covered with a polisghing pad and a
rolling device for carrier disks, the polishing plates and the
rolling device being mounted rotatably about collinearly

arranged axes.

Semiconductor wafers, in particular of monocrystalline silicon,
are needed as basic materials for the production of electronic
components. The manufacturers of such components require that
the semiconductor wafers have as far as possible planar and
plane-parallel surfaces. In order to meet this reguirement, the
semiconductor wafers are subjected to a serieg of processing
steps which improve the planarity and plane-parallelism of the
sides and reduce their roughness. In the scope of thig

processing, one or more polishing steps are usually carried

out.

Double-gide polishing (DSP), in which both surfaces {(front side
and back side) of the semiconductor wafer are simultaneously
polished in the presence of a polishing agent in the form of a
suspension (also referred to as a slurry), is particularly
suitable. During the double-side polishing, the semiconductor
wafer together with further semiconductor wafers is placed in a
gap between a lower polishing pad and an upper polishing pad.
This gap is referred to as the working gap. Each of the
polishing pads covers a corresponding lower or upper polishing
plate. During the double-side polishing, the semiconductor
wafers lie in recesses of carrier disks which guide and protect
them. The carrier disks are externally toothed disgks, which are

arranged between an inner and an outer toothed wheel or pin
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gear of the polishing device. A toothed wheel or pin gear will
be referred to below as a drive gear. During the polishing
process, the carrier disks are set in rotation about their own
axis and simultaneously in a revolving movement about the axis
of the polishing device by rotation of the inner drive gear or
by rotation of the inner and outer drive gears. Furthermore,
the polishing plates are usually also rotated about their axes.
For the double-side polishing, this results in characteristic
so-called planetary kinematics, in which a point on a side of
the semiconductor wafer describes a cycloid path on the

corresponding polishing pad.

One main purpose of the double-side polishing of semiconductor
wafers is to improve the global and local geometry. In this
case, a semiconductor wafer which is as planar as possible is
intended to be produced without edge roll-off in an economical
process. This can be achieved by interaction of the various
process parameters in the polishing process. One important
parameter is the polishing gap between the upper and lower
polishing pads. In this context, the conditioning of the
polishing pad surfaces plays a crucial role for the polishing
process. During the conditioning, on the one hand the surface
of the polishing pad is cleaned (dressing) and on the other
hand slight material abrasion is induced in order to impart the
desired - generally as planar as possible - geometry to the

polishing pad surface (truing).

Usually, the polishing pads are in this case processed with
conditioning disks whose surfaces facing toward the polishing
pad are coated with abrasive particles, for example diamond.
The conditioning disks have external teeth, so that they can be
placed like a carrier disk on the lower polishing pad, the
external teeth engaging with the inner and outer drive gears.
The upper polishing plate is placed on the conditioning disks,

so that the conditioning disks lie in the working gap between
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the upper and lower polishing pads. During the conditioning,
similar kinematics are used as in the polishing. The
conditioning disks therefore move during the conditioning
process with planetary kinematics in the working gap and
process the upper or lower polishing pad, or both polishing
pads, depending on whether conditioning disks coated with

abrasive on one or both sides are used.

With this standard method, a plane-parallel working gap can be
achieved. Furthermore, unevennesses on the polishing pad
surfaces can be removed. It has been assumed that an optimal
geometry of the polished semiconductor wafers can be achieved

by a working gap which is as plane-parallel as possible.

US2012/0028547A1 describes a possibility of imparting a
correspondingly concave or convex surface shape to the
polishing pads by using conditioning tools with a convex or
concave surface. The conditioning tools, like the semiconductor
wafers to be polished, are placed in the recesses of the
carrier disks. In this way, the geometry for the polishing pad
surface can be adjusted in such a way that the geometry of the
polished semiconductor wafers is improved. For example, it is
indicated that a pronounced biconcave configuration of the
polished semiconductor wafers can be avoided by concave
polishing pad surfaces (i.e. a small width of the polishing gap
at the inner and outer edges of the polishing plates and a

larger gap width at the radial center of the polishing plates).

However, it hag been found that even this measure is not
sufficient in order to satisfy the increasing regquirements for

the geometry of the polished semiconductor wafers.

The object is therefore to further improve the geometry of the

polished sewmiconductor wafers.
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According to an aspect of the invention, there is provided a
method for conditioning polishing pads for the simultaneous
double-gide polishing of semiconductor wafers in a double-gide
polishing device having a lower polishing plate, an upper
polishing plate and a rolling device for carrier digks, the
lower polishing plate, the upper polishing plate and the
rolling device being mounted rotatably about collinearly
arranged axes, and the lower polishing plate being covered with
a first polishing pad and the upper polishing plate ig covered
with a second polishing pad, wherein at least one conditioning
tool having external teeth and at least one gpacer having
external teeth are set in a revolving movement about the axis
of the rolling device and simultaneously in rotation by
themselves by means of the rolling device in a working gap
formed between the first and second polishing pads, so that the
at least one conditioning tool generates material abrasion of
at least one of the two polishing pads by its relative
movement, the thickness of the at least one conditioning tool
differing from the thickness of the at least one spacer,
leading to tilt of the upper polishing plate, whereby the
direction and extent of the tilt are determined by the
thickness difference between the conditioning tools and the at
least one spacer.

The studies which led to the present invention have shown that
the geometry of the polished semiconductor wafers can be
further improved by varying the width of the polishing gap from
the outer edge to the inner edge. An influence of this size on
the geometry of the polished semiconductor wafers was
previously unknown and was not to be expected. By means of a
simple conditioning method, without great outlay, the method
according to the invention makes it possible to produce a
working gap with a gap width varying in the radial direction.

The invention will be described in detail below with the aid of
the figures.

Brief Description of the Figures
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Fig. 1 shows a vertical section through a double-side polishing
device having a polishing gap produced according to the

invention.

Fig. 2 shows a vertical section through a double-gside polishing
device during a conditioning process according to the

invention.

Fig. 3 shows the lower polishing plate of the double-side
polishing device with a possible arrangement of two
conditioning tools and one spacer, according to one embodiment

of the invention.

Fig. 4 shows the lower polishing plate of the double-side
polishing device with a possible arrangement of two
conditioning tools and two spacers, according to another

embodiment of the invention.

Fig. 5 shows the lower polishing plate of the double-side
polishing device with a possible arrangement of one
conditioning tool and two spacers, according to a further

embodiment of the invention.

List of References

upper polishing plate

lower polishing plate

upper polishing pad

lower polishing pad

rotation axis of the polishing plates
inner drive gear

outer drive gear

carrier disk
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reeth of the carrier disk
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10 recess in the carrier disk for placement of a semiconductor
wafer

11 conditioning tool

12 teeth of the conditioning tool

13 conditioning tool surface coated with abrasive particles

14 spacer

15 teeth of the spacer

ds thickness of the spacer

dp thickness of the conditioning tool

w; width of the working gap at the inner edge

W, width of the working gap at the outer edge

The method according to the invention is used to prepare a
double-side polishing device according to the prior art, as
described above. After the method has been carried out, double-
side polishing of semiconductor wafers can be carried out
according to the prior art, but in a working gap having a gap

width varying in the radial direction.

The double-side polishing device and its use for polishing

semiconductor wafers will firstly be described below.

The upper polishing pad 3 (see Fig. 1) is fixed on the upper
polishing plate 1, and the lower polishing pad 4 is fixed on
the lower polishing plate 2. Between the surfaces of the
polishing pads facing toward one another, there is the working
gap. In the working gap, there are the carrier disks 8 with
teeth 9, which engage with the inner drive gear 6 and the outer
drive gear 7. The drive gears 6, 7 may be toothed wheels or pin
gears. The two drive gears 6, 7 together form a rolling device
for the carrier disks 8, that is to say by rotation of at least
one drive gear or preferably both drive gears the carrier disks
8 are set in rotation about their own axis and gimultaneously
in a revolving movement about the rotation axis of the rolling

device. The rotation axes 5 of the polishing plates and of the
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drive gears forming the rolling device are arranged
collinearly. The carrier disks 8 have recesseg 10, in which the
semiconductor wafers to be polished can be placed while being
freely mobile. A polishing device simultaneously containg at
least three carrier disks. Fitting with five carrier disks
simultaneously is also usual. Depending on the dimensions of
the polishing device and of the semiconductor wafers, a carrier
disk in turn has at least one recess 10 for placement of a
semiconductor wafer. In general, however, a carrier disk has

three or more recesses 10 for semiconductor wafers.

The effect of the conditioning method according to the
invention is that the width w; of the working gap at the inner
edge of the polishing pads 3, 4 differs from the width w, of
the working gap at the outer edge of the polishing pads 3, 4,
as represented in Fig. 1. The preferred amount of this
difference depends primarily on the size of the polishing
plates. What is crucial in this case is the ring width of the
polishing pads, that is to say the distance between the inner
and outer edges of the polishing pads. Preferably, the
difference between the two gap widths w; and w, is at least

70 pm, particularly preferably at least 140 um, per meter of
ring width of the polishing pads. Preferably, the difference is
at most 300 um. (With a ring width of half a meter, the
difference between the two gap widths w; and w, is conseguently
preferably at least 35 um and particularly preferably at least

70 pum. The maximum value is in this case preferably 150 um.)

It has been found that a particularly good global and local
geometry of the semiconductor wafers can be achieved when the
width of the polishing gap at the inner edge is greater than at
the outer edge, particularly when the preferred ranges
described above are complied with. The polished semiconductor
wafers are more planar overall (global geometry) and have a

reduced edge roll-off (local geometry).
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A monotonic profile of the polishing gap width, particularly
preferably a linear profile as a function of the radial

position, is preferred.

The working gap having the described gap width difference
between the inner and outer edges is adjusted according to the
invention by at least one of the two polishing pads being
shaped by conditioning before carrying out the polishing
process. In this case, a different amount of material is
abraded from at least one of the two polishing pads as a
function of the radial position. If more material is abraded at
the inner edge than at the outer edge, then there is a greater
width of the working gap at the inner edge compared with the
outer edge, and vice versa. It is possible to condition only
one of the two polishing pads correspondingly, so that the
radial profile of the polishing gap width corresponds to the
radial profile of the material abrasion and therefore to the
radial profile of the thickness of the conditioned polishing
pad. It is, however, also possible to condition both polishing
pads as a function of the radial position, so that the
contributions of the two polishing pad surfaces to the radial

gap width profile are added together.

Preferably, the conditioning method according to the invention
is applied to hard polishing pads with low compressibility,
since the desired thickness, dependent on the radial position,
cannot readily be imparted to soft compressible polishing pads
by a conditioning process. A compressibility of at most 3%, and
particularly preferably at most 2.5%, is preferred. The
determination of the compressibility is carried out in a
similar way to the standard JIS L-1096. A hardness of the
polishing pads of from 80 to 100 Shore A is preferred.

The conditioning process according to the invention is

represented in Figures 2 to 5. In this case, the at least one
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polishing pad 3, 4 is conditioned by setting at least one
conditioning tool 11 having external teeth 12 and at least one
spacer 14 having external teeth 15 in rotation in the working

gap by means of the rolling device 6, 7.

For the purpose of conditioning the polishing pads 3, 4, the
conditioning tools 11 and spacers 14 are placed in the double-
gside polishing device instead of the carrier disks 8. Both the
conditioning tools 11 and the gpacers 14 have similar external
teeth as the carrier disks 8. The conditioning tools 11 and
spacers 14 are dimensioned in such a way that their external
teeth 12, 15 can engage with the inner and outer drive gears 6,
7 of the rolling device. The conditioning tools may be

configured circularly or annularly.

The conditioning tools 11 have surface regions 13 which are
coated with abrasive particles, for example diamond.
Preferably, the surface regions 13 coated with abrasive
particles are arranged in the form of a ring on the

conditioning tool along the external teeth 12.

By rotation of at least one of the drive gears 6, 7, the
conditioning tools 11 and spacers 14 are get in rotation about
their own axis and simultaneously in a revolving movement about
the center of the double-side polishing device, that is to sgay
about the rolling device rotation axis extending collinearly
with the rotation axis 5 of the polishing plates. At the same
time, at least the polishing plate covered with the polishing
pad to be conditioned is preferably set in rotation. When the
two polishing pads are conditioned simultaneously, both
polishing plates are preferably set in rotation. By the
relative movement between the conditioning tools and the at
least one polishing pad, material abrasion of the polishing pad
3, 4 in guestion is generated by the surface regions 13 of the

conditioning tools 11 which are coated with abrasive particles.
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It is possible to use conditioning tools 11 which have surface
regions 13 coated with abrasive particles only on one side, or
alternatively on both sides. If only one of the two polishing
pads is intended to be conditioned, one-sided conditioning
tools will be used. If both polishing pads are to be
conditioned, one-sided conditioning tools may likewise be used.
In this case, the conditioning of the upper and lower polishing
pads is carried out sequentially. It is, however, preferable in
this case to use double-sided conditioning tools which have
surface regions 13 coated with abrasive particles on both sides
(as represented in Fig. 2) and therefore allow simultaneous

conditioning of the two polishing pads.

The spacers 14 are needed in order to achieve radially
nonuniform material abrasion of the polishing pads during the
conditioning. In order to fulfill their function, the thickness
dg of the spacers 14 must differ from the thickness dp of the
conditioning tools 11. In order to produce a gap width
difference in the range described above in conventional DSP
devices having a polishing pad ring width of half a meter or
more, a thickness difference of at least 0.1 mm between the

conditioning tools and the spacers 1s necessary.

The functionality of the method according to the invention is
represented in Fig. 2. The pendular mounting of the upper
polishing plate is used in this case. This is necessary since
the upper polishing plate must be capable of compensating for a
height excursion or wobbling of the lower polishing plate and
adapt to this movement. For this reason, all conventional
double-side polishing devices have pendular mounting of the
upper polishing plate. The spacers do not have surfaces coated
with abrasives, and therefore do not generate any material
abrasion of the polishing pads. They are merely used to tilt
the upper polishing plate. Conventional carrier disks which

have the required thickness may also be used as spacers.
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In the case represented in Fig. 2, the thickness dp of the
conditioning tools 11 1is greater than the thickness dg of the
spacers 14. This leads to slight tilting of the pendularly
suspended upper polishing plate 1, which is lowered further in
the region of the thinner spacers 14 than in the region of the
thicker conditioning tools 11. This in turn leads to an
increased load on the inner part, as seen radially, of the
conditioning tocls {(i.e. in Fig. 2 in the left-hand region of
the conditioning tool 11 represented there) and therefore to
increased material abrasion in the region of the inner edge of
the polishing pads 3, 4, which lies next to the inner drive

gear 6.

Increased material abrasion at the inner edge of the polishing
pads (and therefore a greater working gap width at the inner
edge, i.e. wi > w,, as represented in Fig. 1) can therefore be
produced by a smaller thickness of the spacers in comparison
with the conditioning tools (as represented in Fig. 2).
Conversely, increased material abrasion at the outer edge of
the polishing pads (and therefore a greater working gap width
at the outer edge, i.e. w, > w;) can be produced by a greater
thickness of the spacers in comparison with the conditioning

tools.

The direction and extent of the tilt of the upper polishing
plate, and therefore of the radial gap width difference, are
determined by the thickness difference between the conditioning
tools and the spacers. In the case of a polishing pad ring
width of 700 mm, for example, a working gap having a gap width
which is 300 um greater at the inner edge than at the outer
edge (i.e. Wi - W, = 300 pm) can be produced by the thickness dg
of the spacers being selected to be about 1 mm less than the
thickness dp of the conditioning toolsg (dp - dg = 1 mm).
Convergely, a working gap which is 300 um larger at the outer

edge (wy - wo = -300 um) can be produced by selecting dp - dg =
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-1 mm. With the same DSP system dimensions, smaller gap width
differences can be achieved by correspondingly smaller
thickness differences between the conditioning tools and the
spacers. For larger DSP systems, a correspondingly larger
thickness difference is necessary in order to produce a
particular gap width difference, and in smaller DSP systems a

correspondingly smaller thickness difference.

With given thicknesses of the conditioning tools and spacers,
fine adjustment of the tilting is possible through the
selection of the distances of the conditioning tools and

spacers from one another.

As described above, during the conditioning it is necessary to
tilt the upper polishing plate slightly by the different

thickness of the conditioning tools and the gpacers, in order

to achieve material abrasion of the polishing pads dependent on

the radial position. In principle, it is possible to achieve
this effect with one conditioning tool 11 and an oppositely
installed spacer 1l4. This, however, can lead to an unstable
position of the upper polishing plate. It is therefore
preferred to use either at least two adjacently arranged
conditioning tools 11 or at least two adjacently arranged
spacers 14, as represented in Figs 3 to 5. The figures show a
plan view of the lower polishing plate (more precisely of the
lower polishing pad 4) with conditioning tools 11 and spacers
14 applied. It is particularly preferred to use one
conditioning tool 11 and two spacers 14 (Fig. 5) or two
conditioning tools 11 and one spacexr 14 (Fig. 3). In these
cases, the upper polishing plate 1 bears stably on three

points. It is also posgsible to use two conditioning tools 11

and two spacers 14 (Fig. 4). In this case, the two conditioning

tools 11 and spacers 14 must respectively lie next to one

another in order to tilt the upper polishing plate 1 owing to
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the thickness difference between the conditioning tools 11 and

spacers 14.

The conditioning procesg according to the invention, in which
the material abrasion of the polishing pad, dependent on the
radial position, is achieved by means of differently thick
conditioning tools and spacers, has the advantage that it is
carried out with rotation of the conditioning tools. The
formation of grooves or indentations on the conditioned
polishing pads 1s thereby avoided. An essential advantage of
the conditioning method is therefore retained. At the same
time, a polishing gap can be produced by simple means with a
freely selectable gap width difference between the inner and
outer edges. Likewise, used polisghing pads worn to a different
extent can be returned to the desired shape by the degcribed
method.

It would also be conceivable to achieve the different width of
the polishing gap between the inner and outer edges of the
polishing plates by deformation of at least one of the two
polishing plateg. Double-gide polishing machines which allow
hydraulic deformation of the upper polishing plate are known.
It has, however, been found that a gap width difference caused
by a different polishing pad thickness at the inner and outer
edges of the polishing pad has a substantially greater effect
than an equally large gap width difference which is achieved by

" a corresponding polishing plate deformation. The adjustment of

the gap width difference by means of material abrasion,
dependent on the radial position, during the conditioning
furthermore has the advantage that this method can also be used
in polishing machines which do not have a deformable polishing

plate.

The method according to the invention can be used to prepare

polishing pads for the double-side polisghing of any



14

semiconductor wafers. Use in the polishing of silicon wafers,
in particular monocrystalline silicon wafers, is particularly
preferred owing to their great economic importance and the very

demanding geometry requirements.
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Patent Claims

1. A method for conditioning polishing pads for the
simultaneous double-side polishing of semiconductor wafers in a
double-side polishing device having a lower polishing plate, an
upper polishing plate and a rolling device for carrier disks,
the lower polishing plate, the upper polishing plate and the
rolling device being mounted rotatably about collinearly
arranged axes, and the lower polishing plate being covered with
a first polishing pad and the upper polishing plate is covered
with a second polishing pad, wherein at least one conditioning
tool having external teeth and at least one sgpacer having
external teeth are set in a revolving movement about the axis
of the rolling device and simultaneously in rotation by
themselves by means of the rolling device in a working gap
formed between the first and second polishing pads, so that the
at least one conditioning tool generates material abrasion of
at least one of the two polishing pads by its relative
movement, the thickness of the at least one conditioning tool
differing from the thickness of the at least one spacer,
leading to tilt of the upper polishing plate, whereby the
direction and extent of the tilt are determined by the
thicknegs difference between the conditioning tools and the at

least one spacer.

2. The method as claimed in claim 1, wherein the polisghing
plate covered with the polishing pad to be conditioned ig set

in rotation during the conditioning.

3. The method as claimed in either claim 1 or 2, wherein the
thickness of the at least one conditioning tool differs by at

least 0.1 mm from the thickness of the at least one spacer.
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4. The method as claimed in one of claims 1 to 3, wherein the
thickness of the at least one conditioning tool is greater than

the thickness of the at least one spacer.

5. The method as claimed in one of claims 1 to 4, wherein at
least two conditioning tools, which are arrvanged adjacent to

one another, are used.

6. The method as claimed in one of claims 1 to 5, wherein at
least two spacers, which are arranged adjacent to one another,

are used.

7. The method ag claimed in one of claims 1 to 6, wherein,
after the conditioning, the width of the working gap at the
inner edge of the polishing pads differs from the width of the
working gap at the outer edge of the polishing pads.

8. The method as claimed in claim 7, wherein the width of the
working gap at the inner edge of the polishing pads differs by
at least 70 um per meter of ring width of the polishing pads
from the width of the working gap at the outer edge of the
polishing pads.

9. The method as claimed in claim 7, wherein the width of the
working gap at the inner edge of the polishing pads differs by
at least 140 pum per meter of ring width of the polishing pads
from the width of the working gap at the outer edge of the

polishing pads.

10. The method as claimed in one of claims 7 to 9, wherein the
width of the working gap at the inner edge of the polishing
pads differs by at most 300 um per meter of ring width of the
polishing pads from the width of the working gap at the outer
edge of the polishing pads.
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11. The method as claimed in one of c¢laims 7 to 10, wherein the
width of the working gap at the inner edge of the polishing
pads is greater than the width of the working gap at the outer
edge of the polishing pads.

12. The method as claimed in one of claimg 1 to 11, wherein the
double-side polishing device is used after the conditioning of
the at least one polishing pad for the simultaneous double-side
polishing of at least three semiconductor wafers in the working
gap formed between the first and second polishing pads with
rotation of the lower and upper polishing plates, each of the
semiconductor wafers being freely mobile in a recess of one of
at least three carrier disks provided with external teeth, the
carrier disks being set in rotation by means of the rolling
device so that the semiconductor wafers are moved on a cycloid

path in the working gap.
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Abstract

Method for Conditioning Polishing Pads for the Simultaneous

Double-Side Polighing of Semiconductor Wafers

The invention relates to a method for conditioning polishing
pads (3, 4) for the simultaneous double-side polishing of
semiconductor wafers in a double-side polishing device having
an annular lower polishing plate (2), an annular upper
polishing plate (1) and a rolling device (6, 7) for carrier
disks (8), the lower polishing plate (2), the upper polishing
plate (1) and the rolling device (6, 7) are mounted rotatably
about collinearly arranged axes (5), and the lower polishing
plate (2) being covered with a first polishing pad (4) and the
upper polishing plate (1) is covered with a second polishing
pad (3), wherein at least one conditioning tool (11) having
external teeth (12) and at least one spacer (14) having
external teeth (15) are set in a revolving movement about the
axis (5) of the rolling device (6, 7} and simultaneocusgly in
rotation on themselves by means of the rolling device (6, 7) in
a working gap formed between the first and second polishing
pads (3, 4), so that the at least one conditioning tool (11)
generates material abrasion of at least one of the two
polishing pads (3, 4) by its relative movement, the thickness
(dp) of the at least one conditioning tool (11) differing from

the thickness (dg) of the at least one spacer (14).

Drawing for the Abstract: Fig. 2



