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Objective lens

Lens
radius

Optical system settings



Show Airy disk and plot profile along X and Z



Show Airy disk and plot profile along X and Z



Vectorial simulation



Paper DOI: https://doi.org/10.48550/arXiv.2110.00160
Documentation: https://pyfocus.readthedocs.io/en/latest/ 

Vectorial simulation: PyFocus

https://doi.org/10.48550/arXiv.2110.00160
https://pyfocus.readthedocs.io/en/latest/


The field near the focus can 
be obtained by:

Vectorial simulation: PyFocus



The field near the focus can 
be obtained by:

For most fields, 2D 
numerical integration

Vectorial simulation: PyFocus



Vectorial simulation: PyFocus settings



Vectorial simulation: PyFocus settings



Vectorial simulation: Field settings



Objective lens

Lens
radius

Vectorial simulation: Field settings



Objective lens

Vectorial simulation: Field settings



Uniform incident field with X 
linear polarization

Vectorial simulation: Default simulation

Simulation time: 34 sec



Vectorial simulation: Intensity of the X, Y and Z components



Vectorial simulation: Intensity of the X, Y and Z components



Vectorial simulation: Intensity of the X, Y and Z components



Vectorial simulation: Intensity of the X, Y and Z components



Vectorial simulation: Intensity of the X, Y and Z components
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Vectorial simulation: Intensity of the X, Y and Z components



Vectorial simulation: Amplitude setting



Vectorial simulation: Gaussian amplitude



Vectorial simulation: Gaussian amplitude

Energy of 
custom field
Energy of 

uniform field



Aperture 
radius

Uniform

Intensity at the center: 
22.6 kW/nm^2

Intensity

Incident energy factor: 1

Vectorial simulation: Gaussian amplitude

3mm



Aperture 
radius

Uniform Waist: 1mm

Intensity at the center: 
22.6 kW/nm^2

Intensity at the center: 
9.01 kW/nm^2

Intensity Intensity

Incident energy factor: 1 Incident energy factor: 1

Vectorial simulation: Gaussian amplitude

3mm



Aperture 
radius

Uniform Waist: 1mm

Intensity at the center: 
22.6 kW/nm^2

Intensity at the center: 
9.01 kW/nm^2

Intensity at the center: 
16.8 kW/nm^2

Intensity Intensity

Waist: 2mm

Intensity

Incident energy factor: 1 Incident energy factor: 0.89Incident energy factor: 1

Vectorial simulation: Gaussian amplitude

3mm



Aperture 
radius

Uniform Waist: 1mm

Intensity at the center: 
22.6 kW/nm^2

Intensity at the center: 
9.01 kW/nm^2

Intensity at the center: 
16.8 kW/nm^2

Intensity at the center: 
1.92 kW/nm^2

Intensity Intensity

Waist: 2mm Waist: 10mm

Intensity Intensity

Incident energy factor: 1 Incident energy factor: 0.89 Incident energy factor: 0.09Incident energy factor: 1

Vectorial simulation: Gaussian amplitude

3mm



Vectorial simulation: Intensity contrast



Vectorial simulation: Intensity contrast



Intensity at the center: 
22.6 kW/nm^2

Intensity at the center: 
9.01 kW/nm^2

Intensity at the center: 
16.8 kW/nm^2

Intensity at the center: 
1.92 kW/nm^2

Aperture 
radius

Uniform Waist: 1mm

Intensity Intensity

Waist: 2mm Waist: 10mm

Intensity Intensity

Incident energy factor: 1 Incident energy factor: 0.89 Incident energy factor: 0.09Incident energy factor: 1

Vectorial simulation: Intensity contrast



Vectorial simulation: Incident energy ratio



Vectorial simulation: Incident energy ratio

Intensity at the center: 
22.5 kW/nm^2

Gaussian amplitude with 
10mm waist normalized

Intensity at the center: 
22.6 kW/nm^2

Uniform amplitude



Vectorial simulation: Phase settings



Vectorial simulation: Vortex phase

Order = 1



Vortex phase with X linear 
polarization

Vectorial simulation: Vortex phase



Vectorial simulation: Polarization setting



Vectorial simulation: Vortex phase for various polarizations

With
NA = 0.65

n = 1.3
FOVxy = 1.5μm

Y Linear X Linear Left Circular Right Circular



With
NA = 0.65

n = 1.3
FOVxy = 1.5μm

Y Linear X Linear Left Circular Right Circular

With
NA = 1.4
n =1.5

FOVxy = 0.75μm

Vectorial simulation: Vortex phase for various polarizations



Vectorial simulation: 
Custom phase (amplitude)



Vectorial simulation: 
Custom phase (amplitude)

rho
lens radius



Vectorial simulation: 
Custom phase (amplitude)

rho
lens radius

Units must be in nm

3mm = 3000000nm



Vectorial simulation: 
Custom phase (amplitude)

rho
lens radius

Units must be in nm

3mm = 3000000nm



Vectorial simulation: 
Custom phase (amplitude)

custom phase uniform field



Aberrations



Aberrations

Vectorial modeScalar mode



Aberrations: Zernike
Uniform field



Aberrations: Zernike
Uniform field

Vectorial modeScalar mode

N = 3, M = 1, 
weight = 0.6

N = 3, M = 3, 
weight = 0.6



Aberrations: Zernike
Vortex phase with right handed circular polarization

N = 3, M = 1, 
weight = 0.15

N = 3, M = 1, 
weight = 0.6

N = 3, M = 1, 
weight = 0.4



Aberrations: Vectorial simulation
Interface

Objective lens

=1.33 =1



Aberrations: Vectorial simulation
Interface, uniform field



Now, lets see it in action!


