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Method for polishing a semiconductor wafer on both sides

The invention relates to a method for polishing a semiconductor wafer on both sides.

Double-sided polishing (DSP) is a method from the group of chemical-mechanical
processing steps. DSP processing of semiconductor wafers is, for example, described
in US 2003/054650 A1 and an apparatus suitable therefor is described in DE 100 07
390 A1. DSP comprises chemical etching by means of an alkaline solution and
mechanical erosion by means of loose particles dispersed in the aqueous medium,
which are brought into contact with the semiconductor wafer by a polishing pad
containing no hard substances coming into contact with the semiconductor wafer and
which thus bring about removal of material from the semiconductor wafer under
pressure and relative movement.

In DSP, the working layers are in the form of polishing pads, and these are attached
adhesively, magnetically, by means of interlocking (e.g., by means of hook-and-loop
fastener) or by means of vacuum to the working disks, which are also referred to in
DSP as so-called polishing plates. Both polishing plates of a DSP system are bonded
with polishing pads. To ensure a high quality of DSP processing, both polishing pads
should be bonded free of any bubbles. At the same time, it is important that the
polishing pad adhere with uniform strength over the entire polishing plate. To achieve
the necessary adhesion by adhesive, the polishing plates are brought together under
pressure for several hours after the bonding of polishing pads. This process is also
called pad pressing. The pressing makes it possible for the adhesive to flow and to
adhere better. Appropriate methods for pad pressing are, for example, known from EP
1775 068 A1 and from US 2008/0248728 A1.

Polishing pads can consist of a thermoplastic or heat-curable polymer.

A multiplicity of materials are possible as material for foamed polishing pads (foamed
pads), for example polyurethane, polycarbonate, polyamide, polyacrylate, polyester,
etc. A polishing pad produced from a polymer is, for example, disclosed in US
2008/0102741 A1.
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However, polishing pads can also consist of foamed plates or felt substrates or fibrous
substrates that are impregnated with polymers (nonwoven pad). Such a pad is, for
example, described in US 5,510,175 A.

German published specification DE 10 2008 056 276 A1 teaches a method for
regulating the working gap of a double-sided polishing machine. Said working gap, in
which the substrate to be polished is situated, is formed by an upper and a lower
working disk, each overlaid with a polishing pad (working surface). By means of an
adjuster, it is possible to deform at least one working disk, and so the shape of the
working gap changes and the working surfaces are as parallel as possible. It is
intended that a maximally even removal of material be ensured by the regulation of
the geometry of the working gap.

US 2014/0206261 A1 discloses a method for polishing at least one wafer of
semiconductor material on both sides at the same time, making use of hard, barely
compressible polishing pads, with a specific shape of the working gap being realized
by appropriate thickness profiles of the polishing pads. Said method has a positive
effect with regard to the edge of the polished semiconductor wafer.

In the case of soft and compressible polishing pads, specifically the wafer slightly
sinks into the working surface of the polishing pad. As a result, higher forces act upon
the wafer in the edge region of the wafer than in other regions of the wafer, and so the
edge becomes rounded during the polishing owing to an increased removal of
material.

For this reason, the use of hard and barely compressible polishing pads is
advantageous. In order to be able to bond the hard and barely compressible polishing
pads to the polishing plates absolutely uniformly, especially without any air bubbles or
creases, the reverse sides of the polishing pads can have adhesive films applied by
machine.

When bonding the polishing pads, it may be advantageous according to US
2014/0206261 A1 to heat the polishing plates, since the heating of the polishing plates
causes a decrease in the viscosity of the adhesive film with simultaneous
improvement in the adhesiveness of the adhesive film. Thereafter, the polishing plate
overlaid with the polishing pad is cooled from the temperature set for bonding to the
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desired process temperature over a period of at least 3 hours, the polishing pad being
pressed against the opposing polishing plate with a pressure of at least 10 000 Pa
during the entire cooling operation.

However, when using hard, barely compressible polishing pads, there is the problem
that insufficient adhesion of the polishing pads to the polishing plates is frequently
achieved after the conventional pad pressing. This is because there is, between the
upper and lower polishing plate, a polishing gap of up to 300 um arising from the
particular distance between the upper and lower polishing pad. In the absence of
countermeasures, the insufficient adhesion of the polishing pads also has an impact
on the quality of the polished semiconductor wafers.

JP 2004140215 A1 discloses use of a polishing pad consisting of a soft and a hard
pad. The two pads can be attached to one another by means of a double-sided
adhesive tape. The hard pad, by means of which the semiconductor wafer is polished,
can be a pad composed of foamed PU. The soft pad serves as damping between
polishing plate and hard pad. Here too, there is, however, the problem that higher
forces act upon the wafer in the edge region of the wafer than in other regions of the
wafer.

The problem described gave rise to the object of the invention.

The object of the invention is achieved by a method for polishing a semiconductor
wafer on both sides, polishing pads of a Shore A hardness at room temperature of at
least 80 and having a compressibility at room temperature of less than 3% being
attached to upper and lower polishing plates, a semiconductor wafer being polished
on both sides between upper and lower polishing pads, characterized in that the
polishing pads are attached to the upper and lower polishing plate by bonding the
polishing pads to the upper and lower polishing plate, by positioning a pad having a
compressibility at room temperature of at least 3% between the two bonded polishing
pads as intermediate layer and by then pressing together the two polishing pads with
the pad situated therebetween for a certain period of time.

According to the invention, an intermediate pad layer is provided between upper and
lower polishing pad during the pad pressing. The upper and the lower polishing pad
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are hard and barely compressible. The pad used as intermediate layer is more
compressible than the polishing pads.

The compressibility of a material describes what pressure change on all sides is
required for bringing about a certain volume change. Compressibility is determined
analogously to JIS L-1096 (Testing Methods for Woven Fabrics).

The pad used as intermediate layer is only used in the pad pressing. After the pad
pressing, it is removed from the polishing system.

Both foamed polishing pads (foamed pads) and polishing pads having a fibrous
structure (nonwoven pads) are suitable as polishing pads having a high pad hardness
and a low pad compressibility.

In one embodiment, polishing pads having a Shore A hardness of from 80 to 100 (DIN
EN ISO 868) at room temperature (23°C + 2°C) are used.

Preference is given to the use of polishing pads having a low or very low
compressibility.

Preferably, the compressibility of the polishing pad is less than 2.5%. Particularly
preferably, the compressibility of the polishing pad is less than 2.2%. Very particularly
preferably, the compressibility of the polishing pad is less than 2.0%. The stated
compressibilities should be determined at room temperature (23°C + 2°C).

In one embodiment, the polishing pads or the working surfaces thereof consist of a
thermoplastic or heat-curable polymer and have a porous matrix (foamed pad).

A multiplicity of materials are possible as materials for the polishing pads, for example
polyurethane, polycarbonate, polyamide, polyacrylate, polyester, etc.

In one embodiment, the polishing pads or the working surfaces thereof consist of solid
microporous polyurethane.
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In another embodiment, the polishing pads consist of foamed plates or felt substrates
or fibrous substrates that are impregnated with polymers (nonwoven pad).

The thickness of the polishing pads can be from 0.7 to 1.5 mm. In one embodiment,
the thickness of the polishing pads is from 0.7 to 1.3 mm, very particularly preferably
from 0.75to 1.1 mm.

In the context of the invention, it has become apparent that, especially in the case of
hard foamed polishing pads, sufficient adhesion to the polishing plates can only be

ensured when a compressible intermediate layer is positioned during the pad pressing
between the two pads to be pressed.

In one embodiment, the pad used as intermediate layer consists of felt or a fibrous
substrate, i.e., of a nonwoven textile.

The felt can be generated from chemical fibers or natural fibers of plant or animal
origin.

In one embodiment, it is felt produced from PU elastomer fibers.

The thickness of the intermediate layer can be from 1.0 to 3.0 mm. In one
embodiment, the thickness of the intermediate layer is from 1.5 to 2.6 mm.

In one embodiment, the compressibility of the pad used as intermediate layer is 3-
10%. Very particularly preferably, a compressibility of the pad used as intermediate
layer is 3.2-7.6%. The stated compressibilities should be determined at room
temperature (23°C £ 2°C).

If, by contrast, pads having a compressibility of less than 3% or more than 10% are
used as intermediate layer, uniform adhesion of the polishing pads to the polishing
plates is generally not achieved.

In a preferred embodiment, the pad used as intermediate layer comprises two pad
layers bonded together. According to a preferred embodiment, the thickness of one
pad layer is from 0.7 to 1.3 mm.
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A double-sided adhesive film, for example, is suitable for attaching the two pad layers.

The use of such an intermediate layer in the pad pressing compensates for local
unevennesses and achieves uniform adhesion over the entire polishing plate.

Before the pad-pressing operation, the polishing pads are bonded to the respective
polishing plates of the polishing machine.

To this end, in one embodiment of the method, the polishing pads each have an
adhesive film on their reverse side. Commercially available double-sided adhesive
films, which are applied to the reverse side of the polishing pads, are suitable for
example.

In a further embodiment, the polishing plates are heated before the bonding of the
polishing pads. For example, the polishing plates can be heated to a temperature of
40-50°C. As a result, there is a decrease in the viscosity of the adhesive film with
simultaneous improvement in its adhesiveness.

After the bonding of the polishing pads, the polishing plates are, if necessary, cooled.
In one embodiment, the polishing plates are cooled to the desired polishing
temperature, which is generally between 10 and 50°C.

The heating and the cooling of the polishing plates before and after the bonding of the
polishing pads is preferably achieved by means of an internal temperature-control
element of the polishing plates.

In a preferred embodiment, the polishing plates are cooled over a period from one up
to several hours.

In a further embodiment, the polishing plates are cooled during the pad pressing,
which will be described in more detail below.

In one embodiment, what takes place is the pressing operation in which the two barely
compressible polishing pads are pressed together with the more compressible pad
situated therebetween for a certain period of time.
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Preferably, the pad pressing is done at a pressure of at least 11 000 Pa.

In one embodiment, the pressing operation takes place for the duration of one or more
hours.

The pressing operation preferably takes place at the bonding temperature
recommended by the manufacturer of the polishing pads.

In one embodiment, the pressing operation takes place at room temperature.

In the prior art, an intermediate layer between the polishing pads when pressing
together the polishing pads has not been envisaged to date. The polishing pads were
bonded to the polishing plates and then pressed together. In the case of relatively soft
pads, this was also possible without impairing the quality of the polished
semiconductor wafers. However, in the case of hard polishing pads, a soft,
compressible felt pad, for example, as intermediate layer is necessary in order to
meet the requirements for the quality of the polished semiconductor wafers.

When using hard pads without an intermediate layer, it was in some cases already
noticeable after the pressing operation that the pads in the inner region were
insufficiently pressed, i.e., the pads had insufficient adhesion to the polishing plate.

By contrast, in the case of inventive use of an intermediate layer, the polishing pads
are fully pressed on after the pressing operation, achieving a better and more
homogeneous adhesion of the polishing pad, leading to a better quality of the polished
semiconductor wafers.

In one embodiment of the invention, a so-called pad dressing is carried out before the
two-sided polishing of a semiconductor wafer between the polishing pads attached to
the polishing plates in such a manner. In this connection, the polishing pads bonded
to the polishing plates are adapted before the polishing operation to the particular
individual plate shape of the polishing machine. Relevant methods are known in
principle from the prior art and described, for example, in the documents EP 2 345
505 A2 or US 6,682,405 B2.
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The pad dressing is advantageous, since a polishing plate can usually exhibit
differences in the local evenness of up to £ 50 um. The purpose thereof is, by
mechanical processing of the polishing pad situated on the polishing plate by means
of suitable tools generally containing diamond abrasives, to set both a desired
geometry of the polishing pad and thus a desired geometry of the polishing gap, and
the desired properties of the pad surface (working surface) of the polishing pad. The
polishing pad situated on the polishing plate is optimized each time for a certain
polishing machine and a polishing gap.

In one embodiment, the pad dressing of the two polishing pads, i.e., the processing of
the working surfaces of the polishing pads, is carried out such that a polishing gap,
which is formed by the semiconductor wafer to be polished with in each case the
polishing-pad surface coming into contact with the semiconductor wafer and which
extends from an inner edge up to an outer edge of the polishing pad, has a differing
height at the inner edge and at the outer edge of the polishing pad. In other words, the
polishing pad has a different pad thickness at the center than at the outer edge.

In one embodiment of the method, the height of the polishing gap, i.e., the particular
distance between the upper and lower polishing pad, is lower at the outer edge than
at the inner edge of the polishing pad.

For the polishing, the semiconductor wafers are placed into a suitably dimensioned
slot of a carrier. Preferably, a liquid is fed during the polishing into the working gap
formed between the working layers of the polishing pads. Said liquid is preferably a
polishing agent suspension. Particular preference is given to the use of colloidal-
dispersion silica, optionally with additives such as, for example, sodium carbonate
(Na2CQ3), potassium carbonate (K2CO3), sodium hydroxide (NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH4OH), tetramethylammonium hydroxide
(TMAH), as polishing agent suspension. In the simultaneous polishing of the front side
and the reverse side of the semiconductor wafer, there is preferably a surface removal
of less than or equal to 15 um per side, particularly preferably from 5 um to 12 um per
side.

The advantages of the invention are elucidated below on the basis of examples and
comparative examples.



10

15

20

25

30

35

Unless otherwise specified, all the parameters stated earlier and in the following
examples and comparative examples were determined at a pressure of the ambient
atmosphere, i.e., at about 1000 hPa, and at a relative air humidity of 50%.

Shore A hardness is determined in accordance with DIN EN ISO 868. A type A
durometer is used (Zwick 3130 hardness tester). The tip of the hardened steel rod
penetrates the material. The penetration depth is measured on a scale of 0-100. The
steel stick has the geometry of a truncated cone. Five measurements are performed
in each case, from which the median value is specified. The measurement time is 15
s, the material to be tested was stored for 1 h under standard climatic conditions
(23°C, 50% air humidity). The applied weight of the durometer is 12.5 N + 0.5.

Comparative examples

Comparative example 1

Polishing pads composed of felt (PU), Shore A hardness 60 at 23°C, compressibility
9.4% at 23°C, thickness 1.27 mm

Pad pressing without intermediate layer, pressure 11 000 Pa, 2 hours

After the pad pressing, there is good adhesion of the polishing pads to the polishing
plates.

Comparative example 2

Polishing pads composed of felt (composed of PU elastomer fibers), Shore A
hardness 84 at 23°C, compressibility 2.6% at 23°C, thickness 1.27 mm

Pad pressing without intermediate layer, pressure 11 000 Pa, 2 hours

After the pad pressing, there is poor adhesion of the inner region of the polishing pads
to the polishing plates. This would inevitably lead to quality deficiencies in the

polishing of the semiconductor wafers.

Comparative example 3
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Foamed polishing pads (PU), Shore A hardness 93 at 23°C, compressibility 2.5% at
23°C, thickness 1.06 mm
Pad pressing without intermediate layer, pressure 11 000 Pa, 2 hours

After the pad pressing, there is poor adhesion of the inner region of the polishing pads
to the polishing plates. This would inevitably lead to quality deficiencies in the
polishing of the semiconductor wafers.

Example 1

Polishing pads composed of felt (composed of PU elastomer fibers), Shore A
hardness 84 at 23°C, compressibility 2.6% at 23°C, thickness 1.27 mm

Use of an intermediate layer in the pad pressing (pressure 11 000 Pa, 2 hours)
Intermediate layer: double-layer PU felt, thickness of one layer 1.27 mm,
compressibility 3.3% at 23°C, Shore A hardness 83 at 23°C

After the pad pressing, there is excellent adhesion of the polishing pads to the
polishing plates.

Example 2

Foamed polishing pads (PU), Shore A hardness 84 at 23°C, compressibility 2.1% at
23°C, thickness 0.86 mm

Use of an intermediate layer in the pad pressing (pressure 11 000 Pa, 2 hours)
Intermediate layer: double-layer PU felt, thickness of one layer 1.27 mm,
compressibility 3.3% at 23°C, Shore A hardness 83 at 23°C

After the pad pressing, there is excellent adhesion of the polishing pads to the
polishing plates.

The above description of illustrative embodiments is to be understood as being
exemplary. The disclosure made thereby enables a person skilled in the art to
understand the present invention and the advantages associated therewith and also
comprehends alterations and modifications to the described structures and processes
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that are obvious to a person skilled in the art. All such alterations and modifications
and also equivalents shall therefore be covered by the scope of protection of the
claims.
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Claims

. A method for polishing a semiconductor wafer on both sides, polishing pads of a

Shore A hardness at room temperature of at least 80 and having a compressibility
at room temperature of less than 3% being attached to upper and lower polishing
plates, a semiconductor wafer being polished on both sides between upper and
lower polishing pads, wherein the polishing pads are attached to the upper and
lower polishing plate by bonding the polishing pads to the upper and lower
polishing plate, by positioning a pad having a compressibility at room temperature
of at least 3% between the two bonded polishing pads as intermediate layer and
by then pressing together the two polishing pads with the pad situated
therebetween for a certain period of time.

. The method as claimed in claim 1, wherein the polishing pads are foamed pads

based on PU.

. The method as claimed in claim 1 or as claimed in claim 2, wherein the polishing

pads have a Shore A hardness at room temperature of from 80 to 100.

. The method as claimed in any of claims 1 to 3, wherein the compressibility of the

polishing pad at room temperature is less than 2.5%.

. The method as claimed in any of claims 1 to 4, wherein the pad used as

intermediate layer has a compressibility of 3.2-7.6% at room temperature.

. The method as claimed in any of claims 1 to 5, wherein the pad used as

intermediate layer is felt or a fibrous substrate.

. The method as claimed in claim 6, wherein the pad used as intermediate layer is

based on PU elastomer fibers.

. The method as claimed in any of claims 1 to 7, wherein the pad used as

intermediate layer comprises two pads bonded together.
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9. The method as claimed in any of claims 1 to 8, wherein a thickness of the
polishing pads is from 0.75to 1.1 mm.

10. The method as claimed in any of claims 1 to 9, wherein a thickness of the pad
used as intermediate layer is from 1.5 to 2.6 mm.



