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Imaging of Sub-Wavelength Gratings by Using Vector
Beam lllumination



Abstract

It has been shown that the polarization of light
play an important role in the interaction with
micro- and nanostructures. For example,
different types of vector beams have been
employed in microscopy. In this example, a
high-NA microscope for imaging of sub-
wavelength grating is build up, and the
iInfluences from illumination with linear, radial,
and azimuthal polarizations is investigated.




Application Scenario



Scenario: System

— Plane wave
+ wavelength 532nm
+ different types of polarization

* period: 450nm
* duty cycle 50%
* depth 610nm

Rectangular grating (fused silica)
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Scenario: Task

— Plane wave
a) linear polarization
b) radial polarization
c) azimuthal polarization
Detector

S Nﬂmmﬂl‘ IR

Condenser lens Objective lens Tube lens /

X
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How to calculate the image of the sub- 7
wavelength grating, under illumination
with differently polarized light?




Simulation Results



3D System View

Ray-tracing analysis provides a fast
overview of the complete system in space,
including multiple diffraction orders.




Imaging with Linearly Polarized Light

rectangular
grating ) .
= R =

H 54: Polarization E@ n 55: Irradiance
Electric Field (x-Dromain, Equidistant) Radiometric Data (Irradiance)
Diagram Table  Value at i) :
Spectral Irradiance for Wavelength of 532 nm [W/m?]
Amplitude of "Ey-Component” [V/m]
94
[] 1.0072

E E
E _ =F 47
E 0.50388 =
-

o 0

-15 -1 -0.5 o 0.5 1 1=
X [mm]
Linear polarization Irradiance




Imaging with Radially Polarized Light
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Electric Field (x-Domain, Equidistant)

Y [mm]

Diagram Table Value at (xy)

=15

Amplitude of “Ey-Component” [V/m]

0

0 0.5 1 1.5

=] -0.5
X [mm]

Linear polarization

rectangular
grating

Vector nature of light is
taken into account, and
interaction with grating
Is modeled by using
Fourier modal method.
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Imaging with Azimuthal Polarized Light
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Electric Field (x-Domain, Equidistant)

Diagram Table Value at (xy)
Amplitude of “Ey-Component” [V/m]

Y [mm]

X [mm]

Linear polarization

all

Anyyuanml

-

‘ Il.

rectangular
grating

Vector nature of light is
taken into account, and
interaction with grating
Is modeled by using
Fourier modal method.

% 4

n 59: Irradiance

Radiometric Data (Irradiance)

Y [um]

Spectral Irradiance for Wavelength of 532 nm [1E2 W/m?]

0.535

0

Irradiance




Workflows



Basic Workflow Steps

Getting it done in VirtualLab Fusion:

Source selection

» Plane Wave
» Programmable Source for Radial and Azimuthal Field

Edit Linearly Polarized Light * B=; 58 Polarization folfa =

Electric Field (x-Domain, Equidistant)
' I l . Diagram Table  Value at
Syste Setu p Basic Parameters Spectral Parameters it

Spatial Parameters Polarization Mode Selection sampling Amplitude of “Ey-Component” [V/m]

© Global Polarization

Type of Polarization Linearly Polarized e

Angle 90"

Detector selection

MNormalized Jones Vector
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Options for linear
polarization

Azimuthal polarization



https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#mk108
https://www.lighttrans.com/index.php?id=1370

Basic Workflow Steps

Source selection

System setup

Detector selection

Getting it done in VirtualLab Fusion:

» Zemax import of lens group

» Position and orientation of elements in the optical setup

» Use Grating Component to represent sample

Edit Microstructure Component (Specimen (Microstructure])
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https://www.lighttrans.com/index.php?id=1305
https://www.lighttrans.com/index.php?id=2891

Basic Workflow Steps

[ Source selection ]

[ System setup ]

Detector selection

Getting it done in VirtualLab Fusion:

>

Irradiance Detector

Edit Universal Detector

Coordinate
Systems

o

Pasition /
Orientation
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Dretector Window [k-Domain)

W Data from Universal Detector

Electromagnetic Field Quantities

Poynting Vector

.8

@

Irradiance

Detector Window [x-Domain)

Gridless Data

Add-ons

Lol

o
o
Lol

Detector
add-on
selection



https://www.lighttrans.com/index.php?id=1305
https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#subsection.75.8.4

Document Information
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Required packages
Software version 2025.1 (Build 1.176)*
Category Use Case

 Reflecting Microscope System with very high Numerical Aperture
* Single Molecule Imaging by High-NA Fourier Microscope

Further reading

* The files attached to this document require the specific version or later.
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