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Abstract

We present a strategy for simulating the scattering effect of an array of self-aggregated (SA) metal nanoparticles (NPs) on the
light absorption in solar cells. We include size and shape effects of the NPs, the effect of a layered substrate and the effect of the
interaction between NPs. The simulation relies on realistic characterization by SEM microscopy of the random NP arrays. Time
and memory limitations of numerical approaches are overcome using semianalytical expressions. Size and shape considerations
deal with truncated-sphere shapes by using a polarisability tensor. This is a development of other models leading to equivalent
dipoles from the external source and the radiated fields from the rest of NPs. Once an equivalent array of 3-D dipoles is found,
the total electromagnetic field and optical simulations are performed. The general trends show good agreement with experimental
measurements. A critical analysis of the model is presented, and some improvement strategies are discussed for future studies.
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1. Introduction

The majority of solar cell technologies are currently based on Si, as the industry is still focused on Si-based
processes. However, as other minor technologies are increasing its efficiency most industrials look for a competitive
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advantage by reducing costs while maintaining high efficiency. In Si photovoltaics, up to 51% of the cost is due to
the silicon wafer, so a thickness reduction of the cells is therefore planned in the next years [1].

However, this thickness reduction leads to incomplete light absorption. Thinner solar cells therefore require light
trapping strategies different from the traditional texturing, as textured thinner solar cells are expected to have a much
greater breaking ratio during production.

A solution is possible with the use of nanostructures which provide scattering and therefore an enhancement in
light absorption. Moreover some techniques, such the self-aggregation, have already been demonstrated to be
economically feasible from the industrial point of view in the photovoltaic industry [2].

The self-aggregation method lead to nanoparticles that are not completely spherical or spheroidal [3], but rather
truncated forms. This is intrinsic to the fabrication process and the wetting properties of the materials involved.
Thus, traditional spherical models based on Mie seem not so appropriated to predict the behaviour of those systems,
and the final application makes the multi-layered substrate too important to neglect its effect.

This work presents an approach to simulate the behaviour of metal nanoparticles over a stratified media assuming
truncated spheres and a dipole-like radiation system solved using Green’s function techniques. Thus, in Section 2
the details of a semianalytical model to obtain the polarisability of truncated spheres are presented, together with a
critical analysis of its numerical particularities and the results. In section 3, the strategy in the use of Green
functions to solve the induced dipoles is presented, taking as the exciting source not only the external exciting field
but also the field radiated by the rest of the nanoparticles/dipoles. The model is tested in Section 4, where a critical
comparison between experimental and simulated data is performed.
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Nomenclature

NP Nanoparticle

SA Self-aggregated

o Parallel or horizontal eigenpolarisability

oy Normal or vertical eigenpolarisability

a Polarisability tensor

R Radius of the spherical nanoparticle

a Radius of the theoretical intersection between the spherical nanoparticle and the substrate
0 Truncation angle

€ Permittivity function of a material

A% Volume of a nanoparticle of radius R

Va-1 Volume of a truncated nanoparticle in Jesper-Jung’s model

Kuv Integral Kernels (Parallel and Vertical, respectively)

N degree of the Laguerre polynomial / degree of Gauss-Laguerre quadrature
Z; j™ zero of the Laguerre Polynomial of degree N

; j® weighting factor for the Gauss-Laguerre quadrature

Figure 1 Schema of the structure studied by Jesper Jung. Three different materials can be considered in four different regions, corresponding to
the substrate (4 or 3-4), the nanoparticle (2-3 or 2) and the surrounding upwards media (1, usually air). The truncation angle is defined from the
bottom of the particle. All the solutions are calculated assuming that the parameter “a” is kept constant to 1.
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