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Parametric Optimization of Fiber Coupling Lenses
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Fibers are some of the most versatile
components in modern optics. One of their
most valued characteristics is their capacity to
transport optical energy with very low losses
across vast distances (even several
kilometers). On the flip side, coupling light into
a fiber in a way that achieves as high an
efficiency as possible is often a very delicate
endeavor: among other things, the fiber
coupling lens must be well designed to
ensure that the focal spot matches the
propagating modes of the fiber as closely as
possible. With the fast physical optics
simulation and the parametric optimization in
VirtualLab Fusion, we show the design of a
plano-convex lens with a conical surface for
1t:_hl:)e task of coupling light into a single-mode
iber.




Design Task

input field
+ fundamental Gaussian
* wavelength 780nm
* diameter 660 um

conical surface
e radius of curvature R="?
e conical constant k=?

How to optimize the fiber coupling lens to
achieve maximum efficiency, by an
appropriate selection of values of the lens
parameters (radius of curvature R,
conical constant k, and lens thickness t)?

——

single-mode fiber
mode field diameter = 3um

coupling lens
(initial parameters
from Edmund 65254)
effective focal length
2mm

> 2 t="? d=1.585mm

(fixed working distance)




System Building Blocks — Imported Lens File

Lens systems, such as
the coupling lens in this
application, can either be
configured by the user
from scratch or imported
from information provided
by the manufacturer.
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E="  imports text and images into a Data Array
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System Building Blocks — Fiber Efficiency Detector

The Singlemode Fiber
Coupling Efficiency
Detector calculates the
efficiency as the normalized
overlap integral of the
incoming field and the
(single) eigenmode of the
fiber. Please note that, as
its name implies, this
detector only works for a
singlemode fiber.

I'Edit Singlemode Fiber Coupling Efficiency Detector
Detector Window and Resolution Detector Function
© Specify Gaussian Mode Field
Coordinate
Systems () Fiber NA 002
/Q' o Mode Field Diameter [1/e42) 3um
Position / O Specify Customized Mode Field
Crientation
Maode Field
MFH [:] Efficiency Related to Incident Field of Optical System
do
Detector
Parameters
From VirtualLab Fusion Manual: s
The coupling efficiency of an arbitrary harmonic field into a single mode fiber can be obtained by calculating
the complex overlap integral between the fiber mode and the harmonic field. The overlap integral is defined by
Heoupl = Hx,coupl 1 Hy.coupl (137.29)
2 2
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Eyyin is the complex amplitude of the incident field, (E*-"“I) is the complex amplitude of the field where the
! v,0u
coupling efficiency should be calculated from and (i?"—l) is the complex conjugate of the reference field - this | © Cancel Help
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means the harmonic field of the fiber mode. Typically as the reference field the Gaussian base mode of the
fiber should be used.




Optimization

Constraint Specifications
Select and specify the constraints which shall be considered dunng optimization.

Constraint Host Constraint Mame | Use | Weight | Constraint Type Valuoe 1 Value 2 Start Value | Contribution

Surface #1 . 1| Range -1E+303 mm | 1E+303 mm 1.7 mm 0%

“Initial Lens (Edmund_65254]" (+ 1) | Surface #1 ] 1|Range -1000 1000 0 0%
Surface #2 - 1| Range Omm | 1E+303 mm 800 pm 0%

“Fiber Coupling Efficiency” (# 602) |Singlemode . 1| Target Value 100 % 88442 % 100 %

Tools iff » Target Function Value 0.013359 Update

< Back Mext = Show 7

In order to find an optimized set of parameters for the lens, the
Optimization document enables the definition of parameter
constraints and weights for the target values. Find more
information under:

[# Introduction to the Parametric Optimization Document

Optimization Strategy

(® Local Optimization (O Global Optimization

Local Optimization Settings

Optimization Algorithm  Downhill Simplex v|
Maximal Number of Iterations | 500|
Maximum Tolerance | 1E-12|
Initial Step Width Scale Factor | 1 |
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Summary — Components...

... of Optical System

... iIn VirtualLab Fusion

Model/Solver/Detected Value

1. source

Gaussian Wave

spatial Gaussian function

2. coupling lens

Lens System Component

Local Plane Interface Approximation
(LPIA)

3. fiber

Fiber Coupling Efficiency

overlap integral calculation




Evaluation of Initial Lens
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Parametric Optimization

Initial lens parameters
radius of curvature R=1.7mm
conical constant k=0

lens thickness £=0.8mm

X 3: Intensity Distribution

Checenatic: Fields Set

intensity [1E4{V/m)?]

¥ [um]
S .

X [um]

S /
n=88.4%

Chromaic Fields Set

1.2
B 4: intensity Prefile - |[-= @

15

1

intensity [1E4 (V/im)2]
05 2

1]

MNumerical Data Array

B, 32 Fiber Coupling Efficiency of “Fiber Couplin... | = || = |[md)

Diagram Table Value at xCoordinate

oy [
a0 100
n M |

60

Fiber Coupling Efficien
20 40

D5

50

T T
100 150

Simulation Step

T
200

3 20 intensity Distribution [o o]

y [pm]

intensity [1E4(Vim)?]

Checenatic: Faslds 5ot

'.;
)

3 21: intensity Profile [fo | o]
Cheoenatic: Faslds 5o

35

25

parametric optimization of coupling

efficiency with downhill simplex

algorithm

intensity [1E4 (V/im}3]
15 2

0 as

x [pm]

optimized lens parameters

radius of curvature R=1.608 mm
conical constant k=-0.7139
lens thickness t=0.6311mm




Evaluation of Optimized Lens
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VirtualLab Fusion Technologies
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