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Abstract

Fibers are widely used as sources in
optical systems. Investigating the
effects of the aberrations of the optical
system on the propagation of the fiber
modes is therefore worthwhile. In this
use case, we employ a specific fiber,
either step- or graded-index, as a
source to generate a couple of
propagating modes, and evaluate the
diffraction pattern after the
propagation of said modes through an
aberrated optical system.




Modeling Task with a Step-Index Fiber

aberration phase

A\

step-index fiber
wavelength 600nm
core diameter 10um

Neore = 1.455

n =1.45

cladding

; What is the diffraction

| pattern in the focal
region?

: In the fiber source, what

. are the propagating
modes?

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




Linearly-Polarized Mode Calculator

step-index fiber
wavelength 600nm
core radius Sum

= Dggre = 1455
Netadaing = 145

This calculator gives the
propagation constants and
mode fields of all existing
linearly polarized (LP) modes.

Name |Non-Dispersive Material (n=145)

| Defined by Constant Refractive Index vl 14
State of Matter | Solid v/
Maximum Azimuthal Index | 10}3]
Maximum Radial Index [ ol
Output of Additional Data Arrays
| Show Mode Structure

| b Create Mode Fields

validity: 4"

| @ == <
Mode Type Linearly Polarized Bessel v| Radial Order M | Propagation Constant B | Effectiv... |
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Source of Fiber Modes

aberration phase
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step-index fiber
wavelength 600nm
core radius 5um

Neore = 1.455 (Lm) (0,1) (0,2) (1,1) (1,2) (2,1) (3,1)
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irradiance of existing LP modes in the step-index fiber

wnog
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Setup from Appl. Opt. 59,6584-6592 (2020)




Diffraction Patterns

aberration phase
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fiber source
wavelength 600nm —] L
core radius 5um

Ngore = 1.455 (I’m) (011) (012) (111) (112) (211) (311)
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Setup from Appl. Opt. 59,6584-6592 (2020)




Edit Multiple Light Source Pt
Combination Mode  Coherent v
Light Source Name Light Source Use Add
Fiber Mode 01 Programmable Light Source
Remove
Fiber Mode 02 Programmable Light Source
Fiber Mode 11 Programmable Light Source
Fiber Mode 12 Programmable Light Source
......................................... Fiber Mode 21 Programmable Light Source
Fiber Mode 31 Programmable Light Source
fiber source

- wavelength 600nm validity: @ Tools i w Cancel Help

- core radius 10um

Ngore = 1.455 (I’m) (011) (012) (111) (112) (211) (311)

ndaddmg: 145 . u - H H
U
\

irradiance of diffraction pattern in the focal region

different modes
result in different
diffraction pattern

S wnQeQoL-  wnQEg ”

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

pattern fiber mode




Switch from Single Mode Source to Multiple Light Source

aberration phase

S\
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fiber source
wavelength 600nm —] L Coﬁerent
core radius 10um inati
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irradiance of diffraction pattern in the focal region
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Setup from Appl. Opt. 59,6584-6592 (2020)




Modeling Task with a Graded-Index Fiber

aberration phase

A\

graded-index fiber
wavelength 600nm

core diameter 10um

- Neenter = 1.455
gradient constant 0.00343

; What is the diffraction

| pattern in the focal
region?

: In the fiber source, what

n is the propagation
modes?




Source Modes and Diffraction Patterns

aberration phase

B

’_ _
graded-index fiber |
wavelength 600nm —] L coherent
core diameter 10um combination of
Neanter = 1.455 (I, 0,1) (0,2) (1,1) (1,2) (2,1) (3,1) modes

gradient constant 0.00343
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irradiance of diffraction pattern in the focal region




Peek into VirtualLab Fusion

Edit Zernike & Seidel Aberrations x>
Edit Fiber Source X
Basic Parameters Physical Parameters  Sampling
Polarization Mode Selection Sampling Ray Selection Mode Zernike Fringe Aberrations v
Basic Parameters Spectral Parameters Spatial Parameters Coordinate
Systems
[] Generate Cross Section : . Norme Value I ~
/
Algorithm 4 DET_DCUS - 0
. 5 Astigmatism X 2
. Position /
Snippet // Edit Validity: @ Orientation & | Astigmatism Y 1
7 ComaX 0
B 8 ComaY 1
Parameters E:Fi 9 | Spherical D
AzimuthalOrder ‘ 1|3 '
RadialOrder ' e
[ 13: “Camera Detector” (#602) after “Fiber Sour... E]@ T) 9: Zemike Fringe Aberrations Transmission @@
CoreDiameter Chromatic Fields Set Data View
[~] GRINFiber —_—
£
£
GradientConstant w =
CoreMaterial: “Non-Dispersi.. |7 L _
=
3 ©
CladdingMaterial: "Non-Dis...  |[.F L > 0
’ £
E
. . b i . . ] -3.1416
single mode fiber source S convenient setting of ~10 mm 10 mm
. . . pm .
with specified mode index aberration PNASEe | o s ronmsson  prase zoom asossr  sarse0s
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Workflow Iin VirtualLab Fusion

« Set the programmable light source

— How to work with the programmable light source in
VirtualLab Fusion and Example (Gaussian Beam) [Use Case]

Source Code Editor

 Set the position and orientation of COMPONENLS | e cwmrmma smaris sz

48
Posi ion and Orien a ion .d 49 lic Complex GetlLocalDataPoint(double x, double y) {
- t tat Video :
[ ] 51 #region Main method
52 Complex FieldValue = new Complex(@, @);
53
54 double kB = Math.PI * 2.8 / Wavelength;
5 double epsilonCore = nCore * nCore;
double epsilonCladding = nCladding * nCladding;
7
8 bool ifModeExist = false;
9
60 LPMode SinglelLPModeFunction = LPModeSupport.CalculateSinglelLPModeFunction(lavel
61
2 if (ifModeExist) {
63
64 Fieldvalue = SinglelLPModeFunction.GetValue(new VectorD(x, y));
}
67 return FieldvValue;
68 #endregion
69
70
]
"%y |3* | Check Consistency | Validity: @
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https://www.lighttrans.com/index.php?id=1369
https://www.youtube.com/watch?v=w__CY5jIyoA&ab_channel=FastPhysicalOptics

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 °
beam Fresnel, meta
splitters lenses

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

# Iidealized component
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