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Three-dimensional thermal diodes fabricated using selective bonding of
transparent nanospheres
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Cu20 nanospheres, which were coated on various thin film metal substrates,
were irradiated by near-infrared femtosecond laser pulses to investigate the bonding mechanism of
single-layered and multi- and melted Cu20 nanospheres on the substrates. The minimum pulse energy of

Cu20 nanosphere bonding on the thin film substrates such as Au, Cu, Cr, and Si materials were
examined. On the other hand, the electric field intensity distributions and temperature
distributions were calculated using electromagnetic filed analysis and heat transfer analysis. These

results suggest that the local bonding was caused by the electromagnetic enhancement between Cu20
nanospheres and underlying metal thin films.
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Sample | PVP (g) | Injection rate of PVP Reaction Average | Dispersibility/ coefficient
No. solution (mL/min) [ temperature (°C) | size (nm) of variation (%)
1 0.39 0.83 150 110 Mono/13
2 0.39 1.66 160 130 Mono/12
3 0.39 1.66 150 143 Mono/14
4 0.78 1.66 140 199 Mono/11
5 1.56 1.66 140 249 Mono/8
6 0.10 0.63 160 110 Poly/29
7 0.20 0.63 160 110 Poly/27
8 0.39 0.63 160 101 Mono/18
9 0.59 0.63 160 114 Poly/28
10 0.78 0.63 160 167 Poly/37
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