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ABSTRACT

In recent years, computer simulation has become a standard tool for analyzing solar energy systems.
The interaction of light with nanoscale matter can provide greater functionality for photonic devices and
render unique information about their structural and dynamical properties. As the field of nanophotonics
continues to experience phenomenal growth at both the fundamental research and applications level,
computational modeling is essential both for interpreting experiments and for suggesting new direc-
tions — for example, in designing of thin-film photovoltaic cells. The demand for computer simulation
continues to increase as researchers and developers tackle the tough challenges of designing new genera-
tion devices and optimizing current generation devices. This chapter is devoted to the development and
application of the Finite-Difference Time-Domain (FDTD) method to solar energy systems. In addition,
new models covering the latest advances in nanophotonics technologies, as well as key improvements
to the numeric solvers and new usability features, are introduced in this chapter.

INTRODUCTION

Thin-film solar cells offer the possibility to im-
prove efficiencies and lower costs in next genera-
tion photovoltaic devices. Further, light trapping
is the standard technique for improving solar cell
efficiencies and for harvesting the spectrum of
incoming sunlight.
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In order to describe the propagation and
scattering of sunlight within the solar cell and
optimize the process, Maxwell’s equations have
to be rigorously solved. Some of the well-adopted
simulations for optical simulations are the finite
difference time domain (FDTD) method (Qiu
and He, 2000; Farjadpour et al., 2006; Ong et
al., 2007; Tsakalakos et al., 2007), the transfer
matrix (TM) method (Hu and Chen, 2007), and
scattering theory (Street et al., 2008).
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Computer Simulations of Solar Energy Systems

This chapteris devoted to the development and
application of the finite-difference time-domain
(FDTD) method to solar energy systems. In ad-
dition, new models covering the latest advances
in nanophotonics technologies, as well as key
improvements to the numeric solvers and new
usability features are introduced in this chapter.

FINITE DIFFERENCE TIME
DOMAIN (FDTD) METHOD

The FDTD method numerically solves Maxwell’s
curl equations by representing time and spatial de-
rivatives as finite differences. The basic Maxwell’s
curl equations in a three dimensional (3D) domain
are expressed as (Taflove & Hagness, 2000):
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where both the electric field E and magnetic

field H describe the interaction between light
and the solar cell. The solar cell is described by
its permittivity € and permeability p. The param-
eters, e=¢ ¢ and ¢ describe the optical properties
of the solar cell. Expanding the curl operator in
(1) and (2) and equating their respective vector
components on each side appropriately, these
equations can be represented with the following
six equations in a Cartesian coordinate system (x,

V, 2):
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The FDTD algorithm divides the problem
geometry into a spatial grid where electric and
magnetic field components are placed at certain
discrete positions in space, and it solves Max-
well’s equations in time at discrete time instances
(Taflove & Brodwin, 1975; Yee, 1966). Grid co-
ordinates on a uniform, rectangular FDTD mesh
are defined as:

(i,7,k) = (iAx, jAy, kA7) 9

in which Ax, Ay, and Az represent the physical
dimensions of each grid cell. Furthermore, any
function with temporal and spatial variations can
be generally expressed as:

st = (iAz, jAy, kAz) (10)

3,7,k
with Ar denoting the time-step and n the corre-
sponding time index. Using this notation, the time

and space derivatives of s in central-difference
form can be written as:

) asn ) _ 3871,
os". i+l ik itk
i,,k 2 2
L +0

11
or Az b

(8]

713



17 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/computer-simulations-of-solar-energy-
systems/102040

Related Content

Application of Gabor Wavelet in Quantum Holography for Image Recognition

Nuo Wi Tay, Chu Kiong Looand Mitja Perus (2010). International Journal of Nanotechnology and Molecular
Computation (pp. 44-61).

www.irma-international.org/article/application-gabor-wavelet-quantum-holography/43062

Quasi-SMILES for Nano-QSAR Prediction of Toxic Effect of Al203 Nanoparticles

Alla P. Toropova, P. Ganga Raju Acharyand Andrey A. Toropov (2016). Journal of Nanotoxicology and
Nanomedicine (pp. 17-28).

www.irma-international.org/article/quasi-smiles-nano-gsar-prediction/157261

In-Situ Oxidative Degradation of Emerging Contaminants in Soil and Groundwater Using a New
Class of Stabilized MnO2 Nanopatrticles

Bing Han, Wen Liuand Dongye Zhao (2017). Applying Nanotechnology for Environmental Sustainability
(pp- 112-136).
www.irma-international.org/chapter/in-situ-oxidative-degradation-of-emerging-contaminants-in-soil-and-groundwater-

using-a-new-class-of-stabilized-mno2-nanoparticles/162326

One Pot Synthesis of CoTiO3-TiO2 Composite Nanofibers and its Application in Dye
Degradation

M. Shamshi Hassan (2021). Research Anthology on Synthesis, Characterization, and Applications of
Nanomaterials (pp. 1597-1607).
www.irma-international.org/chapter/one-pot-synthesis-of-cotio3-tio2-composite-nanofibers-and-its-application-in-dye-
degradation/279209

Characterization and Applications of Dielectrics
(2021). Design and Investment of High Voltage NanoDielectrics (pp. 12-48).

www.irma-international.org/chapter/characterization-and-applications-of-dielectrics/264385



http://www.igi-global.com/chapter/computer-simulations-of-solar-energy-systems/102040
http://www.igi-global.com/chapter/computer-simulations-of-solar-energy-systems/102040
http://www.irma-international.org/article/application-gabor-wavelet-quantum-holography/43062
http://www.irma-international.org/article/quasi-smiles-nano-qsar-prediction/157261
http://www.irma-international.org/chapter/in-situ-oxidative-degradation-of-emerging-contaminants-in-soil-and-groundwater-using-a-new-class-of-stabilized-mno2-nanoparticles/162326
http://www.irma-international.org/chapter/in-situ-oxidative-degradation-of-emerging-contaminants-in-soil-and-groundwater-using-a-new-class-of-stabilized-mno2-nanoparticles/162326
http://www.irma-international.org/chapter/one-pot-synthesis-of-cotio3-tio2-composite-nanofibers-and-its-application-in-dye-degradation/279209
http://www.irma-international.org/chapter/one-pot-synthesis-of-cotio3-tio2-composite-nanofibers-and-its-application-in-dye-degradation/279209
http://www.irma-international.org/chapter/characterization-and-applications-of-dielectrics/264385

