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Abstract:

The performance of next-generation semiconductor devices critically depends on the quality of material interfaces,
yet the direct bonding mechanism of diamond -- an ultimate semiconductor material -- remains poorly understood
at the atomic scale. Here we present atomic-scale insights into the direct bonding of rough diamond (001) surfaces
using molecular dynamics simulations. Our results reveal a characteristic “order—disorder—order” structural evolution
at the interface, which facilitates the gradual formation of stable C—C covalent bonds and a significant reduction in
system energy. A critical roughness threshold of 0.4 nm is identified, below which the interfacial formation energy
increases dramatically by 275%, marking a transition to high-strength bonding. Mechanical pressure is found to be
more effective than thermal energy in promoting covalent bond formation across the interface. Furthermore,
atomically smooth diamond interfaces can achieve bonding strengths comparable to that of bulk diamond. In this
talk, | will also discuss ongoing and future work related to these findings.
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2% Scientists list. He is also the Chief Scientific Officer of IC Research Technology (Wuhan) CO. LTD.
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