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Automatic Selection of Fourier Transform Techniques
In Free-Space Propagation Operator



Abstract

Accurate and efficient simulation of free-
space propagation of electromagnetic
fields is essential for physical optics
modeling and design. VirtualLab Fusion
has a unified free-space propagation
concept. It is based on the spatial-
frequency domain (k-domain) analysis. In
combination with different Fourier
transform techniques, it delivers
numerical efficient solutions for different
situations of free-space propagations.
The selection of appropriate Fourier
transform is automatic according to the
situation.
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Concept of Free-Space Propagation Operator

Vi (p) — (Ea:aEy) E,H

Unified propagation
operator in the k-domain

Applicable for arbitrarily
oriented planes

Switching between two
domains via Fourier
transform
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Available Fourier Transform Techniques in VirtualLab Fusion
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(. .. fast Fourier transform (FFT)

( Fﬂ: homeomorphic Fourier transform (HFT)
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- F™: semi-analytical Fourier transform (SFT)
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« F-1: inverse fast Fourier transform (IFFT) h

- F,.*°*™: inverse semi-analytical Fourier transform (ISFT)

. .7-‘;1’“: inverse homeomorphic Fourier transform (IHFT)
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Example 1. Propagation of a Spherical Wave



Modeling Task

input spherical wave

wavelength @532nm
linearly polaried along x direction
diameter (3mm, 3mm)
10mm in front of focus

d, =10mm

in focal plane

d, =1mm

slight beyond
focal plane

d; = 14mm

far from
focal plane




Simulation Result: in Focal Plane
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l:. Detectors  [*4/* @ Analyzers (

Ratio between geometric and diffractive power = 560.7

S~~~ _--@ Homeomomphic Fourier transform selected.

Free space propagation in k-domain done.

Ratio between geometric and diffractive power = 6.2148E-14
Field in k-domain is NOT in homeomorphic zone.
® Inverse fast Fourier transform selected. (number of points = (137; 137

automatic selection of
Fourier transform

Detector evaluation finished. (Duration = 00:00:00.5515814)




Simulation Result: Slightly beyond Focal Plane
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Ratio between geometric and diffractive power = 560.7

_» Homeomorphic Fourier transform selected.

g Free space propagation in k-domain done.

Ratio between geometric and diffractive power = 162.1

Field in k-domain is NOT in homeomorphic zone.

“~~<¢ nverse semi-analytical Fourier transform selected. {&imber of points = (141, |
Detector evaluation finished. (Duration = 00:00:01.4021256)

automatic selection of
Fourier transform




Simulation Result: Far from Focal Plane
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N N o Ratio between geometric and diffractive power = 560.7
Viik)=FE, H TS P Vi(k)=E.,H ",',JHomeomorphic Fourier transform selected.
- Free space propagation in k-domain done.
Ratio between geometric and diffractive power = 810.51
~-@ Inverse homeomormphic Fourier transformation selected.
Detector evaluation finished. (Duration = 00:00:00.5684736)

—_————

’f

automatic selection of
Fourier transform

1
I
I
|}
\

N ————




Example 2: Propagation of a Truncated Plane Wave



Modeling Task

near field plane

truncated plane wave
- wavelength @532nm

- linearly polaried along x direction
- shape: rectangular

- diameter: (50um, 50um)

- inclination(10°, 20°) far field plane

intermediate
plane

d, =1.9mm d;=1m
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Simulation Result: Near Field Plane
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li. Detectors  [*%j" @ Analyzers r

Ratio between geometric and diffractive power = 1.0774E-13
Field in x-domain is NOT in homeomorphic zone.
® Fast Fourier transform selected. {number of points = (137; 137))

(f’{, w) |} ~~. Free space propagation in k-domain done.
’ = BRI Ratio between geometric and diffractive power = 0.042457
- P . \\\-.__ Field in k-domain is NOT in homeomorphic zone.
Vi ("3) = E.,H T o Inverse fast Fourier transform selected. (number of points = (1005; 1055
|/ | ( K) = EZ, H Detector evaluation finished. (Duration = 00:00:02.3430915)

automatic selection of
Fourier transform




Simulation Result: Intermediate Plane
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Ratio between geometric and diffractive power = 1.3091E-13 automatic selection of
~.  Field in x-domain is NOT in homeomorphic zone.

Fast Fourier transform selected. (number of points = (137; 137))
Free space propagation in k-domain done.

Ratio between geometric and diffractive power = 0.84933
Field in k-domain is NOT in homeomomphic zone.

------------------------------ -o Inverse semi-analytical Fourier transform selected. (number of points = (11°¢
Detector evaluation finished. (Duration = 00:00:15.7667738)

Fourier transform




Simulation Result: Far Field Plane
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Ratio between geometric and diffractive power = 1.2744E-13
Field in x-domain is NOT in homeomorphic zone.
Fast Fourier transform selected. (number of points = (137; 133))
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Detector evaluation finished. (Duration = 00:00:00.9525450)
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