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Focusing of Cylindrical Vector Beams by a High-NA
Objective Lens



Abstract

The cylindrical vector beams are studied
intensively in recent years. The small
focal spot can be obtained by radially
polarized beam for high-resolution
applications. A donut-shaped focal spot
can be obtained by azimuthally polarized
beam, which has the potential for
advanced imaging and lithography. In
VirtualLab Fusion, the focusing of such
cylindrical vector beams can be modeled
and analyzed straightforwardly. The focal
spot is demonstrated and analyzed in a
fully vectorial manner.




Scenario

radially and azimuthally

polarized beams
wavelength 532nm

high-NA objective
US04384765
(NA=0.95)

| - — focal spots?

How are the focal spots
influenced by the vectorial
components of the electric field
at the focal plane of focusing
radially and azimuthally
polarized beams?




Building the System in VirtualLab Fusion



System Building Blocks

high-NA objective
US04384765
(NA=0.95)
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Solvers for Components

high-NA objective
US04384765
(NA=0.95)

Edit Lens System Component I X
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Component Solver I Local Plane Interface Approximation (LPIA) ~ I v i
Corarate Components Solver
Systems The LPIA solver works in the spatial domain (x domain), locally, in a pointwise o 0 e s o e s
manner. The solver follows that
/ e Rl ok e i s b 22 oot e S sk Lens Systems Local Plane Interface
Posison 1 waves (LPWs),
Orientation 2. the part of the surface seen by each LPW is considered a plane interface

the Fresnel (or the layer) matrix.

B Approximation (LPIA)
@ 3. the interaction of the LPW with the local plane interface can be modeled by

Structure 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 usedto

}ﬂ\’\ connectinput and output fields.Learn more about this solver

Solver




Geometric-Optics Simulations

by Ray Tracing



Results: Ray Tracing




Fast Physical-Optics Simulations

by Field Tracing



Tight Focusing of Radially Polarized Beam

high-NA objective

1 US04384765
(NA=0.95)
Strong axial component of the electric
X field, Ez, is demonstrated clearly.
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Tight Focusing of Azimuthally Polarized Beam

high-NA objective

4 US04384765
(NA=0.95) _
The donut-shaped focal spot is
M demonstrated clearly.
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