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Computational methods have proven to be essential in the design of three-dimensional (3D) photonic crystals
[1]. They have allowed the prediction of the properties of the photonic crystal design without expensive manu-
facturing steps. Additionally, computations are used to interpret experimental results from real crystals. Interest-
ingly, the fabrication of photonic crystals is necessarily never perfect as structural differences from the design are
inevitable [2,3]. This structural mismatch between design and realization means that experimental results (trans-
mission, reflection) are not faithfully interpreted, as the physical model (plane-wave expansion) does not have the
true structural realization as input.

Here we propose a procedure to overcome this mismatch by using a reconstruction of the structure of a real
photonic crystal. As starting point we use the reconstructed electron density of an 3D inverse woodpile crystal
Fig. 1a that was obtained by X-ray holotomography [2]. Several preprocessing steps are taken to remove artifacts
from the reconstruction. A small part of the reconstructed crystal is chosen as input for computations, as the
whole crystal volume is so large that computations exceed memory and CPU needs. For the computation we want
sufficient accuracy to study the fabrication effects , hence discretiztion effects should be smaller than real structural
details. Therefore, we use a Discontinuous Galerkin Finite Element Method [1,4], as such a method can accurately
handle the sharp and detailed boundary between air and silicon. We show first results based on synthetic perfect
structures, see Fig. 1b since this allows comparison with previous work [4,5].

Fig. 1 a) Reconstruction of the electron density of a Si inverse woodpile photonic crystal obtained using X-ray holotomography
[2]. b) Electric field from the lowest Bloch mode inside an inverse woodpile, computed using DivDGMax. The magnitude of
the normalized electric field inside the pores is shown in color, and arrows in the Si region show the real part of the electric
field.

To validate our novel approach, we analyze assumptions (numerical, physical) that are inevitable in each step
and that affect the computational result. We will discuss the choices, and how they impact the goal of making
computations that are as close as possible to experimental reality.
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