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Modeling and Design of Blazed Meta-Gratings



Abstract
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We show how to design a blazed
meta-grating that is composed of
nanopillars with spatially varying
diameters. The (almost) polarization-
iIndependent behavior of such a meta-
grating is analyzed. And, we also
demonstrate further parametric
optimization of the meta-gratings after
Its initial design.




Building Block / Unit Cell Analysis (Index Matched)
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Building Block / Unit Cell Analysis (Index Matched)
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Building Block / Unit Cell Analysis (Index Matched)
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Figure 1 from P. Lalanne, et al.,

Opt. Lett. 23, 1081-1083 (1998)
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Fig. 1. Crosses, phases of the transmitted zeroth order for
a 487-nm-thick grating composed of a 380-nm-period array
of square pillars etched in TiOs2. Dotted curves, n values
of all the propagating modes supported by the biperiodic
structure. The uppermost curve (n varies from 1 to 2.3)
corresponds to the grating effective index. Numerical
results were obtained by the modal method of Ref. 10 with
square truncation (17 orders are retained along each axis).
Solid curve, phases of a plane wave transmitted through a
487-nm-thick homogeneous dielectric film whose refractive
index is equal to the n value of the fundamental mode.
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Building Block / Unit Cell Analysis (Glass Substrate)

transmission amplitude/phase vs. pillar diameter (@633nm)
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Selection of Unit Cells = Linear Phase
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Selection of pillar diameters follows from P. Lalanne, et al., Opt.
Lett. 23, 1081-1083 (1998)




Initial Composition of the Blazed Grating
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P. Lalanne, et al., Opt. Lett. 23, 1081-1083 (1998)




Phase Distribution behind Blazed Meta-Grating
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Phase Distribution behind Blazed Meta-Grating

E E N
H B B
X H BB X

D=380nm

period (5D)

period (5D)

C
|
|

|

<

(€3}
-
3

directly b

B 10: Including Evanes|

5um behind the grating (evanescent waves damped)

E 9: Excluding Evanescent Waves
Numerical Data Array

(E=% Hom ==

Diagram Table Value at {xy)

Phase of “"Component Ex" [rad]

Diagram Table Value

Y [pm]

at (ey)

Phase of “Component Ex" [rad]

S 314

o 0

o S A -3.14
S5 nys g s 0 oSt i g s s o

X [pm]

10




Further Optimization of Grating Structure

downhill simplex optimization with FMM/RCWA for grating analysis
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Blazed Meta-Grating Design — Initial Structure
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Blazed Meta-Grating Design — After Optimization

E:'l 58: Blazed Meta-Grating - Optimized
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Brief Instruction on Workflows in VirtualLab Fusion



Step 1: Unit Cell Analysis
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- Vary the pillar diameter and obtain the
phase-diameter characteristic curve.

- Note that the phase value is wrapped
within [-pi, +pi], and it may contain certain
dips.

- In the next steps, we will first regularize the
phase-diameter relation, and then define
its inverse, which will be used to define the
meta-grating structure later.
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Step 2: Regularize Phase-Diameter Curve
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You may skip this
step if your unit cell is
properly chosen
without any ,dips”.

~

VirtualLab Module: Step 02 Extract and Unwrap 1D Phase Function.cs
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Step 2: Regularize Phase-Diameter Curve
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Step 2: Regularize Phase-Diameter Curve
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Step 3: Define Diameter — Phase Mapping Relation

The result from last step is the phase- By inversing, we get the diameter-
diameter relation, as shown below. phase relation, which will be used later.
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Step 4: From Phase Profile to Structure

diameter-phase relation from last step
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Step 5: Load Meta-Grating Structre in FMM Simulation
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Step 6: Optimize Pillar Postion and Diameter

E 16: Average Efficiency of Polarization Analyzer ... | = | =l |

Mumerical Data Array

Awverage Efficiency [%5]

85

80

75

Diagram  Table

Value at x-Coordinate

10

20 30 40

Simulation Step

. 10: Parametric Optimization from "3 D:AOneDrive\..\5tep_05_Meta-Grating Rigorous Analysis_Initial Setup.os™

D ptimization Resuli=

Start or stop the optimization routine. The results are shown in the table.
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Appendix: How to Use LightTransSolutions.dll?

Make a copy of

LightTransSolutions.dll

Paste it into the installation location of
VirtualLab Fusion, e.qg.,

C:\Program Files\Wyrowski
Photonics\VirtualLab Fusion (7.5.0)

#~
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o S e m o e

. devDept.Geemetry.v12.dll
| devDept.Geometry.w12xml

devDept.Graphics.Shaders.w12.dll
devDept.Graphics.Win.v12.dll
devDept.Graphics.Winw12xml
hasp_net_windows.dll
KellermanSoftware. Themed-Wizard.dll
LightTransSelutiens.dll
LightTransSolutions.pdb
MathLibrary.dll
Microsoft.Solver.Foundation.dll
NMath.dll

Merthwoods.Ga.dll
VirtualLab.Programming.dll
VirtualLab.Programming.xml
VirtualLabAPl.dll
VirtualLabAP| xml
Kceed.Compression.v3.0.dll
Kceed.FileSystem.v3.0.dll

Keeed Zip.v5.0.dIl
ZOSAPI_MetHelper.dll
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