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Defect formation by retainer ring pressure in chemical mechanical polishing (CMP) was investigated. It was found that a higher retainer ring

pressure causes more defects. The mechanism underlying this finding was considered to be the agglomeration of abrasive particles mixed with

polished polymers from the retainer ring. Such agglomeration is accelerated by increasing the retainer ring pressure. This ring pressure exerts

stress onto particles and also polishes the polymers from the ring. Lowering the retainer ring pressure and also changing the ring material from

polymers, which are easy to polish, to tough materials are effective for minimizing the density of defects in CMP.

# 2013 The Japan Society of Applied Physics

1. Introduction

Chemical mechanical polishing (CMP) is widely used and
one of the most important processes in semiconductor device
manufacturing.1–6) In the CMP process, a wafer is held on
a rotating polishing head, a polishing pad is placed on a
rotating platen, slurry is supplied on the pad, and the wafer is
pressed on the polishing pad.7) The polishing depends on the
wafer pressure and the relative speed between the wafer and
the polishing pad. The relationship between the material
removal rate and the polishing pressure as well as the
relative speed is known as Preston’s equation.8) The relative
speed is easily controlled because it is determined simply
by the geometrical parameters and rotational speeds of the
wafer and the polishing pad. In the contrast, the pressure,
particularly the within-wafer pressure uniformity, is difficult
to control but is a key in CMP. Therefore, various devel-
opments in the polishing head have taken place. In the past,
when CMP was introduced in LSI manufacturing, the
polishing head structure was very simple. There were a flat
plate with a backing film to hold a wafer and a retainer ring
with its surface designed to be lower than the wafer surface
so as not to come into contact with the polishing pad.9) The
pressure distribution within the wafer was affected by the
backing film properties and there was a limitation in the
uniformity improvement using this structure. Then, an ‘‘air-
bag’’-type head began to be applied because of the better
within-wafer uniformity.10) This type of head consists of a
membrane air bag and a retainer ring. It can realize very
uniform polishing pressure based on Pascal’s principle. The
pressure is applied by pressurized air introduced into the
air bag and the pressure is constant on the entire membrane.
This head also needs a retainer ring, which must be in
contact with the pad surface during polishing, differently
from the backing-film-type head. The relative position of the
wafer and ring was fixed for the backing film type but not
fixed for the air bag type. Therefore, the ring cannot hold
the wafer if it does not come in contact with the pad. Thus,
the ring position is secured by adding positive pressure to the
ring. This head structure can also control the wafer edge
profile.11) The wafer edge tends to have irregular pressure
distribution12) because of the strong contact of the wafer
with the pad at the edge. The retainer ring is also used to
prevent this problem. By controlling the retainer ring
pressure, the pressure distribution at the wafer edge can be

optimized so that the removal rate (RR) profile can also
be optimized. For these reasons, the air-bag-type head has
become very popular because of its capability of achieving
excellent uniformity.

On the other hand, as device nodes progress and the
number of applications of CMP in semiconductor device
manufacturing increases, defect control is becoming another
key factor in CMP.13–15) From this viewpoint, the develop-
ment of a low-k Cu interconnect process is a challenge
because low-k films16,17) are fragile and easily peel off
especially at the wafer edge portion.18) Therefore, wafer
edge pressure control by adjusting the retainer ring pressure
is also considered important for preventing low-k film
delamination.

Microscratches, which are well-known defects in
CMP,19,20) may also be affected by the retainer ring pressure.
Microscratches are considered to be caused by large
particles in a slurry and various efforts to reduce the
microscratch counts have been made such as monitoring
the slurry quality by measuring the large-particle count
(LPC) or large-particle rejection using a point-of-use
(POU) filter.21–23) Recently, however, it has been considered
that large particles in the slurry itself are not the source
of microscratches but rather large particles grown in the
slurry distribution system or during polishing on a polishing
pad.24–26) The growth of such particles is caused by the stress
between the wafer and the pad during polishing. Thus, the
pressure between the pad and the retainer ring may also
affect the microscratch count.

The effect of the retainer ring pressure on CMP defects is
studied in this paper. In addition, the effect of the retainer
ring material is also evaluated. From these experimental
results, the mechanism of large-particle generation during
polishing is discussed.

2. Experimental Procedure

ChaMP-222, a CMP tool from Accretech, was used for the
evaluation. The head structure of this tool is compared with
the structure of a conventional air-bag-type head in Fig. 1.27)

The conventional air-bag-type head controls the retainer
ring pressure by changing the head down force. As shown in
Fig. 1(b), the total force acting on both the wafer and the
ring is also applied to the head. The wafer pressure is
controlled by adjusting the air pressure to the air bag. The
ring pressure is determined by the difference between the
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total force and wafer down force. Since the area of the ring is
smaller than that of the wafer, ‘‘pressure’’ control for the ring
cannot be as accurate as that for the wafer. Theoretically,
the ring pressure can be below the wafer pressure, but it
is recommended that it be set higher than the wafer pressure
to avoid the risk of wafer slippage caused by negative ring
pressure, by varying the head down force and air bag pres-
sure. In contrast, ChaMP-222 has a unique head structure, as
shown in Fig. 1(a), which can control the wafer pressure and
ring pressure separately. The head is positioned close to the
polishing pad surface, and pressures are applied indepen-
dently to the wafer and the ring. With this structure, the
ring pressure can be controlled precisely without losing the
benefit of the excellent uniformity of the air-bag-type head.
This head can control the ring pressure to be below the wafer
pressure.

2.1 Experiment 1

A low-k Cu structure on a 200mm wafer was evaluated. The
film structure consists of a 600 nm layer of Cu on top, 30 nm
Ta as the barrier metal and 100 nm of cap SiO2 on 150 nm
of CVD-deposited low-k film, as shown in Fig. 2. Plasma
treatment to enhance the adhesion between the low-k
film and the cap SiO2 film is usually performed before cap
SiO2 deposition,28,29) which was omitted in this experiment
to accelerate delamination failure. Defect evaluation was
carried out using the defect inspection tool LS6700 from
Hitachi High-Tech. The defect mode was confirmed by
optical microscopy and scanning electron microscopy
(SEM). The polishing conditions for this evaluation were
as follows. For the Cu polishing step, the wafer pressure was
20.7 kPa, the platen rotational speed was 83min�1, the wafer
rotational speed was 78min�1, and the ring pressure was

varied from 10.3 to 41.4 kPa. The slurry was commercially
available H2O2-based colloidal silica slurry and the polish-
ing pad was IC1400 with k-grooves from Nitta Haas. For the
barrier-polishing step, the wafer pressure was 17.2 kPa, the
platen rotational speed was 83min�1, the wafer rotational
speed was 78min�1, and the ring pressure was 10.3 kPa. The
slurry was commercially available H2O2-based colloidal
silica slurry and the polishing pad was IC1400 with k-
grooves.

2.2 Experiment 2

A blanket TEOS film on a 200mm wafer was polished. The
same CMP tool as that used in experiment 1 was used and
the supplied slurry was twofold-diluted SS25 from Cabot.
The polishing pad was IC1000 with A21 XY-grooves. The
wafer pressure was 20.7 kPa, the platen rotational speed was
90min�1, the wafer rotational speed was 90min�1, and the
ring pressure ranged from 6.9 to 41.4 kPa. The slurry was
supplied with and without a POU filter. The filter was 3 �m
Millipore Solaris (10 in.). The post CMP cleaning conditions
are as follows: brush cleaning with 1% NH4OH for 20 s and
with DIW for 20 s in the brush 1 chamber; brush cleaning
with 0.5% DHF for 20 s and rinsing with DIW for 20 s in the
brush 2 chamber; chemical spin etching with 0.5% DHF for
10 s and rinsing with DIW for 30 s in the chemical chamber;
and megasonication in DIW for 15 s, rinsing with DIW for
20 s, and spin drying with N2 for 12 s in the spin dry
chamber. Defect evaluation was performed using LS6700.
Defects were automatically categorized into particles and
scratches by the equipment.

2.3 Experiment 3

The standard material for the ring was poly(ether ether
ketone) (PEEK) in Experiments 1 and 2. Two other rings
made of poly(phenylene sulfide) (PPS) and poly(butylene
naphthalate) (PBN) were evaluated to determine the effect of
the material. PPS is widely used as a ring material in popular
CMP tools. PBN was expected to show a lower wear rate
than PEEK. The polishing tool, slurry, and pad are the same
as those used in Experiment 2. The polishing conditions are
also the same as those used in Experiment 2 except that ring
pressure was fixed to 20.7 kPa and a POU filter was not
applied.

The wear rates of the ring materials were evaluated.
Specimens with dimensions of 15� 15� 2mm3 were
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Fig. 1. (Color online) Polishing head structures: (a) air floating head

(ChaMP-222) and (b) conventional air bag head.
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Fig. 2. Film structure evaluated in experiment 1.
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prepared from the evaluated materials. A jig for a 200mm
wafer head was fabricated to hold three specimens as shown
in Fig. 3. Three specimens from the same material were
attached to the jig, and their change in thickness was
measured to evaluate the material wear rate. The same CMP
tool, ChaMP-222, was used and a wafer pressure of 6.9 kPa
was applied. This pressure is calculated to be 337.8 kPa for
the size of the specimens. The pad and head rotational speed
was 30min�1. The polishing time was 30min. Polishing was
repeated 4 times for each set of specimens. Two sets of tests
were performed for each material and the average of 24 data
sets of thickness changes was used as the wear rate.

3. Results and Discussion

3.1 Experiment 1

Figure 4 shows a plot of the defect count vs retainer
ring pressure. It shows a very strong correlation between the
defect count and ring pressure. A higher ring pressure results
in a higher defect count. Figure 5 shows the defect dis-
tribution in the wafer and Fig. 6 shows a SEM image of a
typical defect on the wafer. It was confirmed that delamina-
tion occurred between the low-k and cap SiO2 films. The
distribution of the defects was random within the wafer
and was not concentrated at the wafer edge. Delamination
defects are considered to be caused by stress concentration,
and the wafer edge is considered to be the region where
the stress concentrates. However, the result indicates that
delamination at the wafer edge is not the main source of the
defects. A higher defect count at a higher ring pressure also
indicates that the wafer edge pressure distribution is not the
key for the delamination because a higher ring pressure
should result in a lower wafer edge pressure.

3.2 Experiment 2

Figure 7 shows the microscratch count on the SiO2 film
against ring pressure. The scratch count remains almost zero
regardless of the ring pressure when a POU filter is applied.
A negative scratch count is due to a noise because the count
is calculated from the difference between the counts before
and after the polishing. In the case without a POU filter,
the scratch count increases with the ring pressure. It is
considered that large-particle growth is caused by the stress
induced by the ring pressure, or that the polished material
from the ring becomes the source of the scratches.

3.3 Experiment 3

Figure 8 shows the material wear rates. PPS has the highest
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Fig. 3. (Color online) Illustration of sample holder for retainer ring material coupons.

Fig. 5. (Color online) Distribution of defects after Cu/low-k CMP.
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Fig. 4. Defect count vs ring pressure for Cu CMP.

Fig. 6. SEM image of a defect.
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rate and PBN has the lowest rate. The scratch count was
plotted against the material wear rate, as shown in Fig. 9.

A higher-wear-rate material has a higher scratch count.
Thus, it is considered that material polished from the retainer
ring is the sauce of scratches. However, the hardness of the
ring materials is much lower than that of SiO2. Also, it is
considered that the material from the retainer ring should
not be large enough to create scratches because the surface
of the ring appeared very smooth and no chipping was
observed. In addition, if we note that there was no increase
in the scratch count when a POU filter was applied, we
cannot simply state that the polished material from the
retainer ring was the sauce of microscratches.

Providing that the retainer ring wear rate is proportional
to the ring pressure, the wear rate for each ring pressure can
be calculated. The graphs in Figs. 7 and 9 are merged in
Fig. 10, placing the wear rate on the x-axis. The scratch
counts under a high ring pressure are above the line of the
material wear rate dependence. It also shows that the reason
for the high ring pressure causing a higher scratch count is
not solely the amount of material polished from the retainer
ring.

The above results indicate the mechanism of the scratch
count dependences on the ring pressure and material wear
rate as follows. Polymers are polished from the retainer
ring. The polished polymers react with large particles in the
slurry. Polymers and particles agglomerate to create larger
particles, which cause microscratches. This agglomeration is
accelerated by the stress induced between the ring and the
polishing pad. This is the reason why the scratch counts
under a high ring pressure are above the line of the material
wear rate dependence.

There is evidence to support the above model. During the
introduction of tungsten CMP30,31) more than 10 years ago,
there was an issue of accessory patterns being filled with
foreign materials. In tungsten plug CMP, plug patterns are
filled with tungsten, but accessory marks such as alignment
marks were designed not to be fully filled with tungsten
because it is necessary detect them after CMP. Therefore,
foreign materials were easily filled there. Figure 11 shows
accessory mark photographs after tungsten CMP. This filling
caused the critical issue of upper layer explosion with
degassing. This issue was observed only with the air-bag-
type head. The backing-film-type head did not have the issue.
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Fig. 11. (Color online) Optical microscopy and SEM images of

accessory mark after tungsten plug CMP.
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The difference in the retainer ring structure was considered to
be the cause of the issue. The filling material was analyzed by
EDX, and tungsten, silicon, oxygen, and sulfur atoms were
detected, as shown in Fig. 12. Silicon and oxygen were
considered to come from silica particles in the remaining
slurry in the mark. Sulfur was considered to come from the
retainer ring. At that time, the retainer ring was made of PPS,
which included sulfur. No source other than the retainer ring
was considered to be the source of sulfur. When the ring
material was changed to SiC, which is very difficult to
polished, the filling of the accessory mark was eliminated.
This result indicates that polished polymers from the retainer
ring can accelerate agglomeration with particles in the slurry.

The proposed model of the defect formation by the retainer
ring is not considered to be a major cause of microscratches.
It is a minor factor that accelerates defect formation only
when other factors, such as slurry parameters, are under poor
conditions. However, as device features continue to shrink
and further defect reduction becomes more difficult, this
model will help to minimize defects in CMP.

4. Conclusions

A strong correlation between the defect count and retainer
ring pressure was found. This correlation is not related to
changes in local pressure distribution at the wafer edge. It is
considered that polished polymers from the retainer ring
during CMP react with large particles in the slurry to make
large agglomerates that cause microscratches. Lowering the
ring pressure, which means the use of a new head structure
that can control edge pressure distribution and wafer-holding
capability with a low ring pressure, and applying materials
that are difficult to polish can be a new approach to
minimizing defects in CMP.
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