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Diffraction from the Aperture in a Microscopy System



Abstract

In microscopy systems, the influence
of the diffraction from the aperture in
the system may have an effect on the
PSF. However, it is rarely considered
In the design as well as the usage.
VirtualLab Fusion provides a
straightforward way to include the
diffraction effect in the microscopy
lens system. This use case
investigates the influences on the
energy density at the entrance pupil of
the tube lens as well as at the image
plane.




Scenario

aperture

L
spherical wave 4
: wavelength 532nm \J T \J U

circularly polarized X

7 objective lens
US4379623-1 PSF?
(NA=0.58)
How is PSF, defined as energy
_ density, influenced by the
energy density? diffration from the aperture in
the iens system?
How is the energy density at the
entrance pupil of the tube lens
influenced by the diffration from
the aperture in the lens system?




Building the System in VirtualLab Fusion
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Solvers for Components
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Edit Lens System Component I
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The LPIA solver works in the spatial domain (x domain), locally, in a pointwise
manner. The solver follows that

1. the inputfield on the surface is treated as a composition of local plane
waves (LPWs),

2. the partofthe surface seen by each LPW is considered a plane interface
(locally), and,

3. theinteraction of the LPW with the local plane interface can be modeled by
the Fresnel (or the layer) matrix.

At an arbitrary location on the curved surface, an approximate local boundary
condition is applied, which assumes the interaction of the LPW with the local plane
interface. Thus, the Fresnel matrix (or layer matrix for coatings) can be used to
connectinput and output fields.Learn more about this solver.

—

Position /
Orientation

@

Structure

-

Solver

—s g —
=2

Edit Lens st‘[em ComEonent I

Component Solver | Local Plane Interface Approximation (LPIA) ~ 7 Edt

The LPIA solver works in the spatial domain (x domain), locally, in a pointwise
manner. The solver follows that

1. the input field on the surface is freated as a composition of local plane
waves (LPWs),

2. the part ofthe surface seen by each LPW is considered a plane interface
(locally), and,

3. theinteraction of the LPW with the local plane interface can be modeled by
the Fresnel (or the layer) matrix.

At an arbitrary location on the curved surface, an approximate local boundary
condition is applied, which assumes the interaction of the LPW with the local plane
interface. Thus, the Fresnel matrix (or layer matrix for coatings) can be used to
connect input and output fields.Learn more about this solver.
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Fourier Transforms Before and After Components

A

Edit Lens System Component I

[ Customized Fourier Transform Selection: Component

Coondinde Fourier Transform Inverse Fourier Transform
Systems [] Fast Fourier Transform [] Fast Fourier Transform
4 [] Semi-Analytical Fourier Transform ] Semi-Analytical Fourier Transform
ﬁ Pointwise Fourier Transform Pointwise Fourier Transform
Posikon | [] Use Spherical Phase Only [] Use Spherical Phase Only
Qrientation
[+ Enforce Pointwise Fourier Transform if Numerical Effort is Too High [l
@ [] Customized Fourier Transform Selection: Source Modes
Structure
Fourier Transform Inverse Fourier Transform
[ Fast Fourier Transform [ Fast Fourier Transform
[] Semi-Analytical Fourier Transform [] Semi-Analytical Fourier Transform
Solver Pointwise Fourier Transform Pointwise Fourier Transform
— ] Use Spherical Phase Only [ Use Spherical Phase Only
1==I’=‘ [ Enforce Pointwise Fourier Transform if Numerical Effort is Too High [l
- .- Learn more about Fourier transforms.
Channel
Configuration
T
Fourier
Transforms

Edit Lens System Component I
."’;’ e d Fourier Transform Selection: C:
g o -
Coordinate =
Pl Jse Sphe Phase
Orientation
lumerical Eff G i |
@ [ Customized Fourier Transform Selection: Source Modes
Structure
Fourier Transform Inverse Fourier Transform
[] Fast Fourier Transform [] Fast Fourier Transform
[] Semi-Analytical Fourier Transform [[] Semi-Analytical Fourier Transform
Solver Pointwise Fourier Transform Pointwise Fourier Transform
— [ Use Spherical Phase Only [[J Use Spherical Phase Only
——
#Ig [] Enforce Pointwise Fourier Transform if Numerical Effort is Too High [l
- .- Learn more about Fourier transforms.
Channel
Configuration




Geometric-Optics Simulations

by Ray Tracing



Results: Ray Tracing
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Fast Physical-Optics Simulations

by Field Tracing



Energy Density at the Tube Lens
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The ripples at the border are
caused by the diffraction effect.
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PSF at Image Plane

The maximum energy density is
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