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Direct near-field mapping of photoelectric response induced
by localized surface plasmon of gold nanoparticle on a

silicon solar cell

Student: Cheng-Ying Yang Advisors: Prof. Peichen Yu
Department of Photonics & Institute of EO Engineering, National Chiao Tung

University

Abstract

In this work, we use the finite element method to simulate the light propagation
behavior around the nanostructure in different size and geometry. Absorption
spectrum (resonance spectrum) and the electric field distribution is presented, the
simulation results shows that the resonance wavelength of gold nanostructure always
occur within 500~600nm the resonance wavelength which is the wavelength that Si
has enough absorption. According to ‘the field distribution and absorption
enhancement factor of Si material, we choose the gold nanosphere to do the followed
near-field measurement. Elaborate gold nanoparticle with dimensions of 100 nm were
first fabricated on top of crystalling silicon solar:cells using immobilization of gold
nanosphere colloid. Si solar cells with gold nanoparticle were characterized under the
AM 1.5G illumination condition and analyzed by external quantum -efficiency
measurement. From the results of simulation, the phase difference between scattered
wave and transmitted wave induced different photo-electric response in silicon solar
cell at different wavelength.

Finally, Near-field disturbed photocurrent measurement is done in three
different wavelength (470 nm, 532 nm, 632 nm). We directly observed that the
localized photocurrent is related to localized electromagnetic field induced by
plasmon resonance. The measurement is synchronized with a Atomic Force
Microscopy (AFM) which allows for the simultaneous probing of topology and

photovoltaic effects of metallic nanostructures.
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