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Tight Focusing Through a Stratified Medium



Abstract

In the real-life experiment, a coverslip is
very often applied with a microscope for
observing biological specimens. The focal
spot of the high-NA objective could be
influenced by the aberration introduced
by the coverslip. In VirtualLab Fusion,
the influence of the focal spot by the
coverslip can be analyzed
straightforwardly with a stratified medium.
The aberrated focal spot is demonstrated
and analyzed in this use case.




Scenario

plane wave

wavelength 532nm
circularly polarized

high-NA objective
US04384765
(NA=0.95)

coverslip

water

/ focal spot?

How is the focal spot, defined
by the energy density,
influenced by the coverslip?




Building the System in VirtualLab Fusion



System Building Blocks
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Solvers for Components

high-NA objective
US04384765
(NA=0.95)

Edit Lens System Component
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Position /
Orientation

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

1

2
3

Atan

condition is applied, which assumes the interaction of the LPW with the local plane
interface. Thus, the Fresnel matrix (or |ayer matrix for coatings) can be used to
connect input and output fields.Learn more aboutthis solver,

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

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

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

arbitrary location on the curved surface, an approximate local boundary
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The layer matrix solver works in the spatial frequency domain (k domain). It consists
of

1. an eigenmode solver for each homogeneous layer and
2. an S-matrix for matching the boundary conditions at all surfaces.

The eigenmode solver computes the field solution in the k domain for the
homogeneous medium in each layer. The S-matrix algorithm calculates the
response of the whole layer system by matching the boundary conditions in a
recursive manner. It is well-known for its unconditional numerical stability since,
unlike the traditional transfer matrix, it avoids the exponentially growing functions in
the calculation steps. Learn more about this solver.




Summary

Coverslip
Lens Systems
Components Solvers
Lens Systems Local Plane Interface Approximation (LPIA)

Coverslip S-matrix for stratified medium




Geometric-Optics Simulations

by Ray Tracing



Results: Ray Tracing
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Fast Physical-Optics Simulations

by Field Tracing



Focusing through the Coverslip into the Medium

high-NA high-NA
objective objective
US04384765 US04384765
(NA=0.95) (NA=0.95)

By comparing the original focal

/[ spot in air, the focal spot
z influenced by the aberration is

2

||l
Chromatic Fields Set

| =
Chromatic Fields Set

Bz + |By* + | E:|?

1.88

0.0101

Y [um]

Bz + | By * + | E:|”

3.44
O - 1‘72
0.000298
=1 0 1

X [um]

original focal spot in air

clearly demonstrated.
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