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Study on Formation of Semitransparent Cu Nanoparticle Layers for

Realizing Metal Nanoparticle-Dielectric Bilayer Structures
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Abstract: This study reports the fabrication and application of semitransparent Cu nanoparticle layers. Spin coating and

subsequent drying of a Cu colloid solution were performed to deposit Cu nanoparticle layers onto Si and glass substrates.

As the spin speed of the spin coating increases, the density of the nanoparticles on the substrate decreases, and the

agglomeration of nanoparticles is suppressed. This microstructural variation affects the optical properties of the nanoparticle

layers. The transmittance and reflectance of the Cu nanoparticle layers increase with increasing spin speed, which results

from the trade-off between the exposed substrate area and surface coverage of the Cu nanoparticles. Since the glass

substrates coated with Cu nanoparticle layers are semitransparent and colored, it is anticipated that the application of a

Cu nanoparticle-dielectric bilayer structure to transparent solar cells will improve the cell efficiency as well as aesthetic

appearance.
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Fg. 1. (@ EDS spectra of specimens including Cu nanoparticle layers,
naturally dried and acetone-cleaned. Plan-view SEM images of specimens
including Cu nanoparticle layers (b) naturally dried and (c) acetone-cleaned.
Blue rectangles in (b) and (c) denote the EDS analysis points.

Fig. 2. Plan-view SEM images of specimens including Cu nanoparticle
layers, (a) naturally dried and (b) acetone-cleaned (spin speed: 500 rpm,
spin time: 30s).
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Fig. 4. Reflectance changes of specimens including Cu nanoparticle
layers (a) spin-coated at different spin speeds (spin time: 30s, acetone-
cleaned) and (b) processed by different treatments (spin speed: 500
rpm, spin time: 30s). Insets in (b) are plan-view SEM images of
specimens, acetone-cleaned (left-hand side) and additionally annealed
at 120°C for 5 min (right-hand side), respectively.
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Fig. 5. Transmittance change of specimens including Cu nanoparticle
layers (a) spin-coated at different spin speeds (spin time: 30s, acetone-
cleaned) and (b) processed by different treatments (spin speed: 500
rpm, spin time: 30s).
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Fig. 6. Photographs of specimens including Cu nanoparticle layers:
(a) glass substrate, spin speed: 100 rpm, spin time: 30s, acetone-
cleaned, (b) glass substrate, spin speed: 300 rpm, spin time: 50s,
acetone-cleaned, (c) glass substrate, spin speed: 600 rpm, spin
time: 15s, acetone-cleaned, and (d) Cu nanoparticle-AITiO bilayer

structure, spin speed: 600 rpm, spin time: 30s, acetone-cleaned.
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