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Parametric Optimization of Fiber Coupling Lens
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Using the simulation and optimization
capabilities of VirtualLab Fusion, we
present the design of a convex-plano
lens with a conical surface for efficient
light coupling into a single-mode fiber.
To evaluate the performance, the fiber
iIncoupling efficiency—quantified by
the overlap integral—is compared
between a commercially available
spherical lens and the optimized
conical lens.




Application Scenario



Application Scenario: Initial System

Input field
* Fundamental Gaussian
+ Wavelength: 780nm
* Diameter: 500um

Edmund 65254

(spherical lens)

« convex-plano
lens (*)

Single-mode fiber
Mode field diameter: 3uym

d=1.588mm

N4

4\

4 (*) For the design of the coupling lens, please see: Parametric Optimization of Fiber Coupling Lens



https://www.lighttrans.com/index.php?id=844

Application Scenario: Task

Convex-plano lens

« variable radius of curvature R

* variable conical constant k Optimize the fiber coupling lens to

* variable center thickness t achieve maximum efficiency by an
appropriate selection of values of the
lens parameters (radius of curvature
R, conical constant k, and lens
thickness t).

d=1.588mm

4\
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Simulation Results



Evaluation of Initial Lens

Initial lens parameters
* radius of curvature R = 1.7mm
* conical constantk = 0
* |ens thickness t = 0.8mm
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coupling efficiency n=85.8%

(overlap integral calculation)

The coupling efficiency obtained from the
initial spherical lens is not optimal, due to
mismatch between the focal spot of the
lens and the propagating mode of the

fiber.

file: USC.0051_FiberLensOptimization_01_Initial lens.os



Parametric Optimization

Initial lens parameters
* radius of curvature R = 1.7mm
* conical constantk = 0
* lens thickness t = 0.8mm

B 115: Optmization

Numerical Data Array (Non-Equidistant)

B 113: Universal Detector
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Parametric optimization of coupling

efficiency with downhill simplex
algorithm

Optimized lens parameters
* radius of curvature R = 1.608mm
* conical constant k = —0.7139
* lens thickness t = 0.6311mm

file: USC.0051_FiberLensOptimization_02_Parametric optimization.opt



Evaluation of Optimized Lens
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The coupling efficiency increases to almost the
ideal theoretical value after optimization of the
lens.

coupling efficiency n= 99.2%

(overlap integral calculation)

9 file: USC.0051_FiberLensOptimization_03_ Optimized Lens.os



Workflow Steps



Basic Workflow Steps

Source selection

Getting it done in VirtualLab Fusion:

» Gaussian Wave

System setup

Detector selection

I 15: Irradiance - “Universal Detector” (# 607): Irradiance (Profile: General) =N EoR |

Radiometric Data (Irradiance)
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| Edit Gaussian Wave

Spatial Parameters Polarization Mode Selection

] Generate Cross Section

Basic Parameters Spectral Parameters

Sampling

Irradiance of source

(") Rayleigh Length

Source settings

Hermite-Gaussian Mode o
Crder 0+ 0=
1% Parameter 1 1
Reference Wavelength (Vacuum) 780 nm ¥
Select Achromatic Parameter:
OWaist Radius [1/8%) 250 um = 250 pm
- HaIf—AngIe%\:ergence 0.056887= 0.056387°
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https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#mk110

Basic Workflow Steps

Getting it done in VirtualLab Fusion:

» Zemax import of lens group
» Position and orientation of elements in the optical setup
» Find optimal working distance for fiber

{ Source selection }

SySte m Setu p Edit Lens System Compenent (Edmund_65254) * I m po rted

'i Lens

Coordinate
Cystems
Detector selection ﬁ.
Position / Index| Distance | Pasition |ﬁrpe | Homogeneous Mediurr| Comment
Orientation | 1 Omm Omm Conical Interface M-LASFS SCHOTT in Ho Zemax Interface
2 800 pm 200 pm  Plane Interface Air in Homogeneous M Zemax Interface

@,



https://www.lighttrans.com/index.php?id=1305
https://www.lighttrans.com/index.php?id=3332
https://www.lighttrans.com/index.php?id=1383

Basic Workflow Steps

Getting it done in VirtualLab Fusion:
» Universal Detector

Source selection

» Fiber Coupling Efficiency

SySte m Setu p Edit Singlemode Fiber Coupling Efficiency Detector (Fiber Coupling Efficiency) et ) S | N g I em Od e
Detector Window and Resolution Detector Function Fl ber
© Specify Gaussian Mode Field Cou p“ng
Coordinate .
Systems () Fiber MA 0.002 Eﬁl C | e n Cy
H Mode Field Diameter (1/e52) 3 um
Detector selection /Q o Detector
Position / () Specify Customized Made Field
Orientation .
Maode Field
I:| Efficiency Related to Incident Field of Optical System
dvo
Detector
Parameters



https://www.lighttrans.com/index.php?id=3057
https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#mhs033

Specific Workflow Steps Related to Use Case

Getting it done in VirtualLab Fusion:

sweep » Parametric Optimization document

Perform parameter

[\ 9 Parametrc Opimizaion - = == | Parametric
Optimization Resulis

Start or stop the optimization routine. The results are shown in the table. Opti mization
o document

Simulation Step
Detector Subdetector 1 | 2 | 3 | 4 | 5 & 7 8 |
Optimizer Logging Target Function Value 0.013368 073185 0076235  0.43008 0.73065 0.70186 0.74112 0.60081
Conical Constant (Initial L... [i] 0 1 0 0.66667 0.5 0.16667 041667
Parameter Constraints Distance (‘Initial Lens (Edm...| 800 um 800 pm 800 pm 880 pm  853.33 pm 840 pm 81333 pm 83333 pm
Radius of Curvature ("Initia... 1.7 mm  1.87 mm 1.7 mm 1.7 mm 153 mm  1.615 mm 1.785mm 16575 mm 1
“Fiber Coupling Efficiency” | Singlemode Fiber g 5 g 5 527 9 & % 5

ks Create Output from Selection

Filter Rows by... x |
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https://www.lighttrans.com/index.php?id=2679

Document Information

Title Parameteric Optimization of Fiber Coupling Lens
Document code USC.0051
Publication date 25.04.2025

Required packages
Software version 2024.1 (Build 2.74)*
Category Use Case

 Optimal Working Distance for Coupling Light into Single-Mode Fibers
Further reading « Comparison of Different Lenses for Fiber Coupling
* Introduction to the Parametric Optimization Document

* The files attached to this document require the specific version or later.
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