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Abstract. Nanostructured materials like thin film solar cells have opened new opportunities for
light management and energy efficiency. Recently, it has been shown that structurally correlated ran-
dom surfaces can drastically increase light absorption [11]. The meta-atoms used in meta-materials
may have a random variation by design or due to a defective manufacturing process. Of inter-
est is how the correlated random position of the meta-atoms affects the optical properties such as
transmission and reflection coefficients of random structures [3, 12]. We shall present a computa-
tional stochastic methodology for generating and optimizing random meta-material configurations
with non-overlapping geometric constraints subject to various types of covariances and distributions
characterizing the randomness of the meta-material configurations [8, 9].

The methodology developed consists of three main components: (1) A deterministic solver for
electromagnetic scattering from multiple objects [1, 2]. (2) The Karhunen-Loève (K-L) expansion
to represent the correlated configurations of the scattering objects [5, 10]. (3) The Multi-element
probabilistic collocation method (ME-PCM) to provide flexibility in achieving desired distributions
of the meta-materials [4]. In the current work, we employ random fields from a Spartan family that
includes covariance functions with damped oscillatory behavior [6, 10]. The algorithm is applied to
study light propagation through random layered heterojunctions and random 3-D meta-materials.
We found that greater transmission and reflection, compared to the uniformly spaced structures,
can be achieved for a structure with an oscillatory spacing profile along the propagation direction.
Optimized configurations of the heterojunctions and 3-D meta-materials have been found with larger
or smaller transmission coefficients for different wave numbers of the incoming wave and different
correlations [8]. We shall discuss generalizations of this methodology by using non-separable covari-
ance functions [7] as well as by applying the adaptive ANOVA decomposition [13] to investigate the
sensitivity of the reflection coefficient to different parameters and deal with dimensionality challenges.
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