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Aberration Effects on Focused Modes from a Fiber
Source



Abstract

Fibers are widely used as sources in
optical systems. Investigating the
aberration effects of an optical system
on the propagation of the fiber modes
IS therefore of interest. In this use
case we employ the fast physical
optics engine in VirtualLab Fusion to
demonstrate how the shape of a set of
modes generated by either a step- or
graded-index fiber, and the total field
resulting from their combination, is
affected by propagation through an
aberrated optical system.




Modeling Task with a Step-Index Fiber
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Setup concept from Appl. Opt. 59,6584-6592 (2020)




Linearly Polarized Mode Calculator

step-index fiber
» wavelength 600nm
+ core diameter 10um
* N = 1.455

° r]cladding =145

This calculator gives the
propagation constants and
mode fields of all existing

linearly polarized (LP) modes.

Mode Type Linearly Polarized Bessel
Wavelength 600 nm

Core Diameter 10 ym

Core Material
MName |Non-Dispersiw Material (n=1.455) Q
Defined by Constant Refractive Index v 1.455
State of Matter Solid v

Cladding Material

Name |Non-Dispersive Material (n=145) Q,
Defined by Constant Refractive Index v 145
State of Matter  Solid v
Maximum Azimuthal Index Ho
Maximum Radial Index o

Output of Additional Data Arrays

b Create Mode Fields Show Mode Structure

valigity: 4* 1l

15231e-07T m™
1.5208e-07T m™
15223e<07m™
15192e+07 m™
15212e-07 m™
1519807 m™

Numerical Data Array (Equidistant)

dla ote pi
‘Mode L=1, M=2"

‘

For further information:
LP Fiber Mode Calculator

Squared Amplitude of “Mode L=1, M=2" [(MV/m)’]
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fields of all LP modes



https://www.lighttrans.com/use-cases/feature-use-cases/lp-fiber-mode-calculator.html

Source of Fiber Modes
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irradiance of existing LP modes in the step-index fiber
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Setup concept from Appl. Opt. 59,6584-6592 (2020)




Diffraction Patterns
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Setup concept from Appl. Opt. 59,6584-6592 (2020)

diffraction pattern
irradiance of diffraction pattern in the focal region




e Light Source

step-index fiber
+ wavelength 600nm
» core diameter 10um
* N = 1.455
*  Ngjadding = 1.45

For combined simulation,
either a Multiple Light Source
or the Parameter Run can be
used.

Edit Multiple Light Source Pt
Combination Mode  Coherent v
Light Source Name Light Source Use Add
Fiber Mode 01 LP Mode Source
Remove
Fiber Mode 02 LP Mode Source
Fiber Mode 11 LP Mode Source
Fiber Mode 12 LP Mode Source
Fiber Mode 21 LP Mode Source
Fiber Mode 31 LP Mode Source
validity: @ Tools i Cancel Help
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Setup concept from Appl. Opt. 59,6584-6592 (2020)

irradiance of diffraction pattern in the focal region

different modes
result in different
diffraction pattern




Switch from Single Mode Source to Multiple Light Source
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Setup concept from Appl. Opt. 59,6584-6592 (2020) of modes




Modeling Task with a Graded-Index Fiber

graded-index fiber
+ wavelength 600nm
+ core diameter 10um
* N = 1.455
+ gradient constant 0.00343
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Source Modes and Diffraction Patterns
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VirtualLab Fusion Technologies

nonlinear free
crystals & components SPaC€  nrismg,
anisotropic plates,
components @ cubes, ...
waveguides lenses &
& fibers freeforms

] apertures &
scatterer Field boundaries
Solver
diffusers \ gratings
diffractive,

diffractive o
beam Fresnel, meta
splitters lenses

SLM & micro lens & HOE, CGH,
adaptive  freeform DOE
components  arrays

# Iidealized component

11



Document Information

title Aberration Effects on Focused Modes from a Fiber Source
document code FCP.0006
document version 1.2

software edition VirtualLab Fusion Basic
software version 2023.2 (Build 1.242)
category Application Use Case

- Fiber Mode Calculator
- Few-Mode Fiber Coupling under Atmospheric Turbulence

further reading

12 www.LightTrans.com


https://www.lighttrans.com/index.php?id=2584
https://www.lighttrans.com/index.php?id=2565

