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Figure 3 Stability of the polishing liquid
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Figure 4 Effect of polishing liquid concentration
on material removal rate of copper
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Figure 5 Effect of polishing liquid concentration on surface morphology and surface roughness of copper after

polishing
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Figure 6 Effect of loading pressure on surface morphology and surface roughness of copper after polishing
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Figure 7 Metallographic photographs of copper sheets under different polishing loading pressures
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Table 1 The influence of the rotation speed and relative rotation direction of the polishing pad and the polishing head

on the surface roughness of the polished copper
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Chemical Mechanical Polishing Research of Nano Silica Slurry

YAN He', WU Chunlei', DUAN Xianjian', WANG Yuelin®
(1. Guangzhou Huifu Research Institute Co. , Ltd., Guangzhou 510663, China; 2. Hubei Huifu nanomaterial Co. ,
Ltd. , Yichang 443007, China)

Abstract: Chemical Mechanical Polishing (CMP) is widely recognized as the sole method capable of achieving global
planarization of wafer surfaces in contemporary integrated circuit (IC) manufacturing. Once the fabrication of various functional
components on an IC chip is completed, they need to be interconnected using metal wires according to specific functions.
Among these metals, copper stands out due to its low resistivity, high thermal conductivity, and excellent resistance to
electromigration, making it the most crucial material for realizing interconnections. At present, the copper wire interconnection
between the components of the chip is mainly completed by the double Damascus process, which has a very high requirement
for the surface flatness of the copper after each layer of wiring. Therefore, it is necessary to use appropriate chemical
mechanical polishing technology to polish the copper wire after each layer of wiring to achieve partial or comprehensive
flatness. In this paper, a CMP slurry with nano silica as abrasive particles is independently developed, which can be used for
chemical mechanical polishing of copper and its alloys. The pH value of the CMP slurry is between 9 and 10 and the
concentration is adjustable. Through the exploration of the process parameters such as polishing pressure and polishing speed in
the polishing process, the sub-nanometer accuracy of the elemental copper surface can be finally achieved. The surface
roughness of polished copper can reach 1.33 nm by white light interferometer. In addition, the material removal rate of
elemental copper can reach up to 160 nm-<min ', which can meet the needs of rapid wafer surface flattening in the IC
manufacturing process. The CMP slurry used nanometer SiO, abrasive particles with a native particle size of (50£20) nm, a
specific surface area of (50+10) m?+g ', and a uniform size distribution in the slurry. It could maintain a stable size
distribution for a long time, and after approximately 280 days of tracking monitoring, the median particle size of SiO, particles
in the slurry only increased by 4. 5%, indicating good stability of the slurry.

Keywords: chemical mechanical polishing; integrated circuit; elemental copper; nano-silica; CMP slurry; weakly alkaline

formulation; sub-nanometer precision;long-term stability
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