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Reflection at a Rough Surface



Abstract

When designing optical elements or
components due to deviations introduced
by fabrication processes, the function of
the final elements may differ from the
iIdealized model. For the modeling of a
real surface with a specific roughness in
this example a customized surface is
used. In addition, the scattering effect
Introduced by the unevenness of the
surface is investigated.




Modeling Task
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« material behind: silver
» diameter: Tmmx1mm
* height profile: random
e tilt: 10°

Gaussian wave

e wavelength: 532nm

 waist radius: 100umx=x100um
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Connected Modeling Techniques: Rough Surface

Available modeling techniques for microstructures:

Methods Preconditions Accuracy| Speed Comments
Functional : diffraction angles acc. to grating
- low very high - 9
Approach equation; manual efficiencies
Ul E!emept smallest features > ~102 high very high inaccurate for larger NA and thick
Approximation elements; x-domain
(TEA) smallest features < ~21 low very high '
_ period < ~ (54 x 52) very high | high rigorous solution; fast for
Fourier Modal structures and periods similar to
Method (FMM) period > ~ (151 x 151) very high slow the wavelength; more demanding

for larger periods; k-domain

@

In this example, the smallest
feature size is much larger
compared to the operating
wavelength of light. Thus, a solver
like Thin Element Approximation
(TEA) is accurate and fast!




Rough Surface

Edit Diffractive Optical Element (DOE) Compenent (Rough Surface)

Preview for Random Rough Surface

Note: The height is scaled to make the roughness
visible in a small area.
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TEA algorithm allows users to
adapt the accuracy.
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For this modeling task, we use the
Diffractive Optical Element (DOE)
component to benefit from the inbuilt
advanced TEA field solver. The shape
of the modeled structures can by
defined by using a surface. For further
details on this component, please refer
to this use case:

Diffractive Optical Element (DOE) &
Microstructure Component



https://www.lighttrans.com/use-cases/feature-use-cases/doe-and-microstructure-component.html
https://www.lighttrans.com/use-cases/feature-use-cases/doe-and-microstructure-component.html

Rough Surface

2=, 9: Rough Surface
MNumerical Data Array (Equidistant)
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Edit Programmable Surface

Structure  Height Discontinuities Scaling  Periodization
Surface Specification
Algorithms

Snippet for Height Profile

Diagram Table  Value at (xy)

Rough Surface [nm]

Y [um]

(® MNumerical Gradient Calculation

(C) User-Defined Gradient Calculation

Accuracy Factor
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The seed is used to generate
reproducible random height
values.

Parameters

Seed for Random Generator g ]
I Minimum Height Value -Eﬁnm"
I Maximum Height Value a0 nm||
I Average Feature Size S5pm

U Show Generated Sur‘(acel

| ] As Separate window| | (@ Read M

Definition Area
Size and Shape

This value corresponds to half
the width of a Gaussian, which
is used for the convolution of the
random height distribution to
generate the random height
surface.

Shape (®) Rectangular () Elliptic
Size | 1 mm| ® | 1 mm
Effect on Field Qutside of Definition Area
Field Passes Plane Surface
Field is Absorbed
Position of Surrounding Surface Plane Def
Area
Specification Mode | Boundary Minimum V| H
z-Pasition -74.544 nm
1
| valiaity: 4 [ ok ]| cancel | hep




Simulation Results
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