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Development of Novel High-Performance Semiconductor Bonding Mediated by
Monolayer Materials for the Realization of Ultrahigh-Efficiency Solar Cells
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We proposed and experimentally demonstrated various novel high-functionality

semiconductor wafer bonding technologies. We succeeded in the first-time realization of
semiconductor bonding via a monolayer material. We also generated the concept of hydrogel-mediated
semiconductor wafer bonding. The unique property of hydrogels was utilized to simultaneously realize
high mechanical stability, electrical conductivity, and optical transparency in semiconductor
interfaces. Furthermore, a new concept of semiconductor wafer bonding, mediated by optical
wavelength conversion materials, is proposed and demonstrated. This bonding and interfacial scheme
can improve the performance and structural flexibility of optoelectronic devices, such as solar
cells, by allowing the spectral light incidence suitable for each photovoltaic material, and
photonic integrated circuits, by delivering the respective preferred frequencies to the optical
amplifier, modulator, waveguide, and detector materials.
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