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Fig. 1. Diagram of CMP system.
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Fig. 2. Schematic diagram for the oxidation and corrosion

processes of substrates with various HyO, concentration3™.
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Fig. 3. (a) Ilustration of proposed CMP method of SiC substrate by enhanced slurry containing bubbles enclosing ozone gas gener-

ated by ozone gas generator!®®; (b) schematic diagram of enhanced CMP method for single-crystal 6H-SiC based on electro-Fenton

reaction; (c) schematic diagram of anodic oxidation setup with sodium chloride aqueous solution; (d) schematic diagram of pho-

tochemically combined CMP processi®!.
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Fig. 4. Schematic diagram of the CMP mechanism for the

developed optimal CMP slurry.
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Fig. 5. (a) Schematic of the CMP process of Cu interconnect with a barrier; (b) typical dishing profiles of the pattern feature after

CMP process™; (c) schematic diagram of galvanic corrosion!™!.
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Fig. 6. Effects of ionic (a) and nonionic (b) surfactant addi-
tion on the stability of high ionic strength slurries; (c¢) mech-
anism of high ionic strength slurry stabilization by the syn-

ergistic mixture of anionic and nonionic surfactants!1°?),
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Fig. 7. Schematics of how the surfactants are partitioned on
the liquid-vapor and liquid-solid interfaces: (a) Cationic
surfactants; (b) nonionic surfactants; (c) anionic surfact-

antsl103],
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Fig. 8. (a) SEM images (left) of contaminated patterned wafer and the defect map on contaminated (centre) and cleaned (right)

wafer surfacel'; (b) AFM images of contaminated (left) and cleaned (right) Cu samplel®sl.
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SPECIAL TOPIC—Toward making functional devices at an atomic scale:
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Abstract

Atomic-scale fabrication is an effective way to realize the ultra-smooth surfaces of semiconductor wafers on
an atomic scale. As one of the crucial manufacturing means for atomically precise surface of large-sized
functional materials, chemical mechanical polishing (CMP) has become a key technology for ultra-smooth and
non-damage surface planarization of advanced materials and devices by virtue of the synergetic effect of
chemical corrosion and mechanical grinding. It has been widely used in aviation, aerospace, microelectronics,
and many other fields. However, in order to achieve ultra-smooth surface processing at an atomic level, chemical
corrosion and mechanical grinding methods commonly used in CMP process require some highly corrosive and
toxic hazardous chemicals, which would cause irreversible damage to the ecosystems. Therefore, the recently
reported green chemical additives used in high-performance and environmentally friendly CMP slurry for
processing atomically precise surface are summarized here in this paper. Moreover, the mechanism of chemical
reagents to the modulation of materials surface properties in the CMP process is also analyzed in detail. This
will provide a reference for improving the surface characteristics on an atomic scale. Finally, the challenges that
the polishing slurry is facing in the research of atomic-scale processing are put forward, and their future
development directions are prospected too, which has profound practical significance for further improving the

atomic-scale surface accuracy.

Keywords: fabrication of atomically precision surface, chemical mechanical polishing, green and environ-

mental protection, influence mechanism
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