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Current structures for solar cells or LEDs often incorporate optical elements that
operate in different regimes, with a mixture of coherent and incoherent scattering
components. These combined structures provide several computational challenges.
On the one hand, the wavelength scale grating structures require one to take into
account coherent effects. On the other hand, addressing structures in the ray optics
regime such as rough diffusers with full wave simulation methods would typically
require a huge computational domain. Furthermore, the total optical path length in
such systems tends to be larger than the coherence length of light and thus fully
coherent calculations cannot capture all of the real effects.

To address these complications, a simulation technique is developed, which takes
into account coherent effects where they matter the most while circumventing the
need to fully implement the ray optic section of the structure. We avoid the
extensive domain in our calculations by working directly with the wavefront
coming out of the ray optics section instead of its geometry. As any wavefront can
be represented as a superposition of plane waves, we instead calculate the response
of the wave section to different plane wave inputs. Phase relations are considered
to be lost as soon as light enters or goes back to the ray optics section, hence the
term one pass coherent (OPC). Details of the method will be presented.

We will first discuss the beneficial impact of limited coherence on absorption in
solar cell structures. Secondly, we will show how the method is versatile in
handling arbitrary diffusing structures. We demonstrate these points by showing
simulation results of solar cell structures which couple 1D gratings with a ray
optics segment. Here, the gratings have a period of 400nm, an ellipsoidal shape
with depth of 300nm and diameter of 280nm, and coated with 50nm of ITO.

Under limited coherence, light can be absorbed more strongly over a broad
wavelength range when the structure fulfills certain geometrical conditions. This
can be seen in Fig. 1 which shows the reflectance of a thin film solar structure with
a grating top and a flat specular reflector at the bottom for various poly-Si
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thicknesses under fully coherent and OPC conditions. The effect is due to a less
stringent phase condition for guided modes to exist when coherence is limited.

We can utilize the method to effectively study solar cell structures which combine
gratings and rough diffusers. A single plane wave calculation sweep provides all
the information to calculate any kind of bottom diffuser. Fig. 2(a) shows how we
can model such structures with a single grating period. Fig. 2(b) shows the
reflectance one would obtain for such a combined structure under OPC condition.
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Fig. 1 Reflectance curves under fully coherent and one pass coherent conditions for top grating-flat
bottom solar cell structures with different Si thicknesses.
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Fig. 2 (a) Modelling schematic of the OPC calculations. (b) Example reflectance of combined structure
as compared to an all flat structure assuming poly-Si thickness d= 2.5um.
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