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ﬂ\ Introduction

Tungsten chemical and  mechanical
planarization (WCMP) 1s an 1mportant
procedure to create a flat and smooth surface
in advanced semiconductor manufacturing
process for a better depth of focus in the
photolithography step. With integrated circuits
becoming more complex, the requirement in
W  compatibility and clean performance
becomes more critical. Fig. 1 shows common
defectivities after W Post-CMP clean. How to
develop test methods that simulate the real
operating process becomes an important i1ssue
for us. This study focuses on in-house method
development to reduce device-dependent W
plug recess and to improve W compatibility at
a high temperature for buffing clean.
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Figure 1: Schematic of four types of common
defectivities after W Post-CMP clean.
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Figure 2: a) Schematic of W plug recess after Post-CMP
clean. b) The proposed mechanism of electrochemical

effects for the device-dependent W corrosion.

It has been shown that W plugs suffer from corrosion
in the stacked metal/via interface. The layout dependent
failure happens only on the source/drain contact output
nodes, suggesting that it 1s the electrochemical reaction
that causes corrosion when the wafer undergoes post-
CMP clean processes. We developed a method to mimic
W plug recess by applying positive charges on W surface

Figure 3: The device-dependent W plug
recess is simulated by applying positive
charges on W surface.

to stmulate the electrochemical reaction. The extraction

of W 1s determined by measuring W concentration in
solution using ICP-MS. W loss purely due to charge
effect 1s obtained by subtracting W loss without charge
from W loss with positive charges applied, as shown 1n
Fig. 3. With our hypothesis of inhibiting W surface to
prevent electron transfer from W to P+, we develop a co-

inhibitor system that helps to minimize W plug recess.
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Fig. 2. The pad temperature profile during the blanket W wafers polishing

for different slurries.

Y.-L. Wang et al. Materials Chemistry and Physics 52 (1998) 17-22.

Figure 5: Pad temperature increases with time
during the polishing process due to heat

accumulation. Similarly, the surface temperature is

expected to increase during the buffing process.

W compatibility test for buffing process

= Cut 3cm x 3cm square tungsten coupons
* Immerse the coupon in formulation at 60C

= Measure the concentration of tungsten dissolved in

the formulation with ICP-MS
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Figure 7: Steps for W compatibility test at 60C for the

buffing process.
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Figure 4: Hypothesis — we can build up a
pile of positive charges on top of W
surface to reduce the tendency of
electron transfer from W to P+ to
minimize W loss due to electrochemical
effects.
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Figure 6: W loss with our commercialized
product PCMP3210 becomes much higher at
60C than at RT. This suggests that a stronger
Inhibitor is required for better protection of W at
a high T.

A mechanical force 1s applied during buffing
clean similar to the CMP process. It has been
shown in the literature that there is heat
accumulated on pad surface during the
polishing process, resulting in an increased
temperature (T). The high surface temperature
is also expected in the buffing process. Fig. 6
shows the W loss with our commercialized
PCMP3210 at various temperatures. W loss
increases significantly with an increasing
temperature from room temperature (RT) to
60C. This suggests that a stronger inhibitor
system 1is required at a high T for better W
inhibition. Thus, screening out inhibitors
which provide better W protection at a high
temperature becomes our next challenge.

ﬂ\ Results and Discussions

* W plug recess is minimized by our co-inhibitor system
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Figure 8: Zeta potential on W surface. A significant
increase in WOX surface zeta potential is observed with
the combination of Amine 3 + Amine 4, with Amine 3
chelating on W surface and Amine 4 stacking on Amine
3 by Van der Waals forces. This suggests that our co-
iInhibitor system provides positive charges on W to
modify its surface charge.

Figure 9: W loss purely due to positive charge
effect. The result shows the same trend as that
observed on customer site. DIW shows the
lowest W loss probably due to the low
conductivity. Our product S3-3-2060 shows a
comparable W loss to that of DIW.

e Wloss at 60C is minimized with a more effective inhibitor
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Figure 10: W loss at 60C for inhibitor screening.
Having the most functional groups on a
molecule, inhibitor C shows the best inhibition of
W compared to inhibitors A and B.

Figure 11: W loss at 60C with different formulations.
EKC S3-3-2560 with the most effective inhibitor C
shows a much lower W loss at 60C than
PCMP3210.

 EKC cleaners outperform ammonia in clean capability
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Figure 12: Normalized defect count on blanket SiIN and TEOS surfaces with full-wafer (12”) demonstration
via Ebara FREX300L with inspections done by KLA SP1 0.15um for SiN and KLA SP1 0.16um for TEOS.
EKC S3-3-2560 decreases defect counts on both SiN and TEOS significantly compared to 2% NH,OH.

Zeta potential of SiN and TEOS
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Figure 13: Zeta potential of SIN and TEOS at various pH (upper left) shows that the two materials carry
opposite charges at neutral regime where S3-3-2560 falls in. The schematic showing the idea of surface
charge modification to turn electrostatic attraction to repulsion between SiN and SiO, (lower left). Zeta
potential of SiN film and SiO, particle with and without surface charge modifier (right). With the surface

charge modifier, zeta potential of SiN film becomes more negative, suggesting that it provides a stronger
electrostatic repulsion between SiN and SiO, and thus better particle removal capability.

5\ Conclusions

~~

In this study, we developed methods to simulate the device-dependent W plug recess and W loss in
buffing clean. We figured out key components that help to reduce W loss in both cases. In addition, we are
able to improve clean performance on SiN significantly by our surface charge modification technique. Our
products are able to fulfill multiple requirements and are applicable for both brush and buffing cleans.



