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Quarter-wave plates — optical elements that
can shift polarization states from linear to
circular and vice versa — are quite versatile
tools used in many different applications, from
laser resonators to petrographic microscopes.
In particular, diffractive waveplates are a
variant of this type of element that is currently
Increasing in popularity. Diffractive waveplates
use subwavelength periodic structures to
produce the polarization shift, while
maintaining high reflectance over a wide
wavelength range. In this use case, we will
demonstrate and analyze one such structure
that has been optimized to work with a C02
laser beam.




Scenario

binary grating

« working order: Ot (reflection)
 surrounding material: air
 grating material: copper

* grating period: 8um

* grating height: 5.31um

« fill factor: 41%

CO, laser
« wavelength: 10.6um
* linearly polarized (45°)
6 different spatial models

detector




Task Description

binary grating

« working order: 0" (reflection)
 surrounding material: air

* grating material: copper

e grating period: 8um

* grating height: 5.31um

« fill factor: 41%

CO, laser
« wavelength: 10.6 um
* linearly polarized (45°)

source modelled by:
a) spherical wave
(NA: 0.0018, 0.05, 0.25)
b) Laguerre-Gaussian wave
(mode: 0,0; 1,1; 2,2)

detector
» electromagnetic field
» polarization ellipses




Result
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Electric Field (x-Domain, Equidistant)

Diagram Table  Value at (xy)

Amplitude of “Ex-Component” [V/m]
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input field (spherical wave, 0.0018 NA)

(Note: Polarization ellipses are calculated per pixel, but for clarity we show the average of

20x20 pixels in these illustrations.)
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Polarization Uniformity for Different Spherical Waves

As the grating structure was optimized for illumination from a single direction, using higher NA (and therefore a

more divergent field), leads to a local deformation of the polarization ellipses.
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Polarization Uniformity for Different Gaussian Modes

The same effect can be seen for higher order Gaussian Modes, as they are, also, higher divergent fields.
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B, 3: Gaussian Wave (Mode: 0,0)
Electric Field (x-Domain, Equidistant)
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Electric Field (x-Domain, Equidistant)

=} 5: Gaussian Wave (Mode: 2,2)
Electric Field (x-Domain, Equidistant)
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Diagram Table Value at (xy)

Amplitude of “Ex-Component” [V/m]
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Diagram Table
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Workflows



Connected Modeling Techniques: Meta-Structured Grating

Available modeling techniques for microstructures:

Methods Preconditions Accuracy| Speed Comments
Functional : diffraction angles acc. to grating
- low very high - A
Approach equation; manual efficiencies
Thin 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 . : h I h; [

ethod ( ) period > ~ (154 x 154) o slow the wavelength; more demanding

for larger periods; k-domain

While the period might seem large
at first sight it is still small in
comparison to the long
wavelength of the CO, laser.
Hence, the Fourier Modal
Method (FMM) can be used to
provide a rigorous solution.




Simulation of the Structure: Stac

KS & Grating Component
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The meta-structured grating can be included as a Stack
into a Grating Component in the General Optical Setup*,
to combine it with the various different source models

required for the example.

*The Grating Optical Setup, which might at first appear to be the obvious choice for this example, restricts each simulation to a
single pass of the FMM algorithm. Only the Ideal Plane Wave source is then available there, for this reason. Therefore, it makes

sense here to work with the General Optical Setup.
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Document Information

title Meta-Structured Phase Retarder
document code GRT.0035

document version 1.0

required packages
software version 2024.1 (Build 1.132)
category Application Use Case

 Grating Order Analyzer
further reading « Parameter Variation Analyzer
* Introduction to the Parametric Optimization Document

11 www.LightTrans.com


https://www.lighttrans.com/index.php?id=593
https://www.lighttrans.com/index.php?id=3243
https://www.lighttrans.com/index.php?id=2679

Visualization of the Result: Universal Detector
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The flexible Universal Detector provides access
to the electromagnetic field at the detector plane
and can be used to calculate additional
magnitudes from this information. In this particular
case we want to calculate the local polarization
ellipses on the x, y plane.

Detector Window (x-Domain)
Add-ons

Edit Universal Detector
A Field Quantities
A/ -, = N
a-md Detector Window (k-Domain) Gridless Data
g
Coordinate Data from Universal Detector
| Systems |
I l | b Electromagnetic Field Quantities
Position /
Orientation |
52
dvo
Detector
P;rameters
. I}' I]-‘ 2 .
F |
Edit View Settings for Array of Polarization Ellipses in xy-Plane X
Line Width o2
Direction of Rotation
(C) Draw Arrows
Clockwise Color | Counterclockwise Color ]
Grid
Minimum Cell Size (Screen Pixels) 20
Extraction via () Nearest Neighbor © Average
(] Draw Grid

Edit Electromagnetic Field Quantity Visualization Settings

Field Components & Domain

Amplitude & Phase
O Amplitude

[[) wavefront Phase [C] Wavefront Phase w/o Spherical Part

Ex Ey Ez Hx Hy Hz
Components %

2 uJ U UJ
Domain Space (x-Domain) (] Fourier (k-Domain)

© Amplitude/Phase (w/o Wavefront Phase)

Polarization Ellipses

Show Polarization Ellipses xy-Plane @
Ignore Vanishing Jones Vectors Threshold 10 %
Color Table i Midnight Sun
Color for Undefined Values ]
:]_ Interpolation on Detector Grid Nearest Neighbor v
Cancel Help




