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Abstract

In CMP (Chemical Mechanical Polishing) using a colloidal silica slurry with a pH of 10-11 for ILD
(Inter- Layer-Dielectric) planarization, the removal rate drops off rapidly because of the pad surface
degradation. Thus we must recondition the polishing pad surface in order to maintain a constant removal

rate during the pad's life.

We clarified that this degradation was caused by the KOH solution in a conventional slurry. We also
found that our newly developed MnO2 slurry could avoid that degradation for reconditioning-free CMP.

1. Introduction

We investigated using CMP for planarizing the
dielectric, to develop a practical global planarization system
for ILD films in multi-level interconnections.l»? In the
CMP process for ILD planarization, we generally use a
colloidal silica slurry. This slurry has a pH of 10-11 and has
added K* (920 ppm), because K* (an alkaline metal) greatly
increases the oxide removal rate.?)

When we use this slurry, the removal rate rapidly drops
off during the polishing process due to pad surface
degradation.*) This degradation is regarded as the physical
deformation of the pad surface caused by applied shear forces
during the polishing process.®) Thus we must recondition the
polishing pad surface in order to maintain a constant removal
rate during the pad's life.

In a pad reconditioning process, the polishing pad is
ground by a diamond file. This reduces the polishing pad's
life, and also generates dust, which reduces yield by
increasing the number of defects caused by particles.

In this paper, we will show that the polishing pad
degradation was mainly caused by the KOH solution in the
conventional slurry. We also demonstrate our newly
developed MnO2 slurry”-® to avoid the pad surface
degradation for reconditioning-free CMP.

2. Clarification of the pad surface degradation
factor

Figures 1 and 2 show the surface roughness of a virgin
pad (IC1000). The removal rate decreases when the pad
surface becomes smooth. The RMS (Root Mean Square)
roughness parameter of this pad's surface was 10.5 pm, and
there were no flat regions.

However, after a 75 minute polish using a conventional
slurry containing KOH, the pad surface became smooth, as
shown in Figures 3 and 4. In this experiment, we polished
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wafers with a thermal oxide film at 0.56 Kg/cm? and the
rotation rates of both regions where the wafer and the
polishing plate were 60 rpm. In Figure 3, the glazed areas
show the regions where the surface roughness has been
worn-out. The RMS roughness parameter of this surface was
5.07 pm.

After a 75 minute polish with only a KOH solution that
does not contain any abrasive, we examined the pad surface
condition. Figure 5 shows a photograph of this pad surface.
The glazed area in Figure 5 is larger than that in Figure 3,
because the pad surface of Figure 3 is ground by the silica
particles in the slurry.

Figure 6 shows a photograph of the pad surface after a
75 minute polish with only water. There were almost no
glazed areas on this pad's surface.

Thus, the degradation of a polishing pad's surface is
mainly due to a change in the pad material surface
morphology due to interaction with the KOH solution, not
to the physical deformation of the pad's surface caused by the
applied shear forces during the polishing process.

Figure 1. Photograph of a virgin pad surface.
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Figure 2. Surface roughness profile of a virgin pad. The
RMS is 10.5 im and the maximum peak-to-valley height is
about 30 pm.
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Figure 3. Photograph of a pad surface after a 75 minute
polish with a conventional slurry containing KOH. The
glazed areas show the regions were the roughness has been
worn-out.
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Figure 4. Surface roughness profile of a pad after a 75
minute polish with a conventional slurry containing KOH.
The RMS is 5.07 pm and the maximum peak-to-valley
height is about 18 wm.
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polish with only a KOH solution.

Figure 6. Photograph of a pad surface after a 75 minute
polish with water.

3. Reconditioning-free polish with MnO2 slurry

Figure 7 shows a photograph of the pad surface after a
75 minute polish with a conventional slurry with light
polishing pressure. In this experiment, we polished wafers
with a thermal oxide film at 0.21 Kg/cm? and the rotation
rates of both the wafer and the polishing plate were 80 rpm.
This is the same polishing condition that we polished wafers
with a thermal oxide film using an MnO2 slurry. When we
polish using a light weight, we also see the deformation of
the polishing pad's surface. The glazed area for the light-
pressure polish was as large as that in Figure 3, and we
confirmed that the removal rate dropped off rapidly as we
expected. This means that the polishing pad degradation is
independent of the polishing pressure, and depends on the
KOH solution added to a conventional slurry.

Figures 8 and 9 show the pad surface condition after a
300 minute polish with an MnO2 slurry. In this experiment,
we polished wafers with a thermal oxide film at 0.21
Kg/cm? and the rotation rates of both the wafer and the
polishing plate were 80 rpm. There were almost no glazed
areas, and the RMS of this pad's surface was 7.39 pm. KOH
is not added to an MnOz2 slurry, so the glazed areas of the
polishing pad are formed by a frictional force between the
wafer and the polishing pad. The polishing pad is also
ground by the MnOz2 particles in the slurry, so that small
roughness regions are generated. Thus, polishing with an
MnOz2 slurry has a self-reconditioning effect on the pad.

Figure 10 shows the removal rates of the thermal oxide
film, using a conventional slurry and an MnO2 slurry. In
this experiment, we polished wafers with a thermal oxide
film at 0.21 Kg/cm? with an MnO2 slurry and 0.56 Kg/cm?
with a conventional slurry. The rotation rates of both the
wafer and the polishing plate were 80 rpm with the MnO2
slurry, and 60 rpm with the conventional slurry. The
pressures and rpm rates were chosen to achieve the same
polishing rates (both 120 nm/min.). In this experiment, we
did not recondition the polishing pad surfaces. The removal
rate for the conventional slurry dropped off rapidly, but that
of the MnO2 slurry did not drop off until after about 570
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minutes (190 wafers). This means that we do not need to
recondition the pad's surface until after 570 minutes of
polishing using an MnOz2 slurry.

Figure 7. Photograph of a pad surface after a 75 minute
polish with water using light polishing pressure.

Figure 8. Photograph of a pad surface after 300 minute
polish with an MnO2 slurry.
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Figure 9. Surface roughness profile of a pad after a 300
minute polish with an MnOz2 slurry. The RMS is 7.39 pm
and the maximum peak-to-valley height is 18 pim.
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Figure 10. Removal rates of thermal oxide films, using a
conventional slurry containing KOH and an MnOz2 slurry,
without surface reconditioning. Polishing pressures and
rotation rates were adjusted to achieve same polishing rates
(120 nm/min.).

4. Conclusion

We found that polishing pad's surface degradation was
primarily caused by the KOH solution in a conventional
slurry. By using our newly-developed MnO2 slurry we
avoided the surface degradation. Using MnOz2 slurry, we were
able to polish wafers for about 570 minutes (190 wafers),
without pad surface reconditioning. Our MnO2 slurry realizes
a reconditioning-free polishing system, which extends the
useful life of the polishing pad. This also prevents dust
generation, which improves the yield due to the reduced
number of defects caused by particles.
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