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Tolerance Analysis of a Fiber Coupling Setup
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The capacity of optical fibers to transport
light over long distances with hardly any
losses is one of the characteristics that
makes them such popular components.
However, the coupling efficiency is often
extremely sensitive to the system
alignment, especially for single-mode
fibers with relatively small core diameters.
In this example, a well-designed fiber-
coupling lens is selected, and the
coupling efficiency is evaluated with
respect to different tolerance factors,
such as the shift of the fiber end position
and the tilt of the coupling lens.
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Imported Lens File

X

Edit Lens System Component

4 Sy

-

Position / Index | Distance | Position Type Homogeneous Medium| Comment
Orientation 1 0mm Omm Conical Interface N-LASF9_SCHOTT in Hor Zemax Interface
2 800pm 800pm  Plane Interface Air in Homogeneous M¢ Zemax Interface

B = Optical Setup

P j " - Import to Numerical Data Array
ew » i
E |mpﬂf‘t§ text and images into a Data A"ay

* R

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. 2 " | oot Zemas ticudios Len i

Open E’ Import Harmonic Field Data from Bitmap File
Imports various image formats (BMP, JPG, PNG, TIF) Solver

Save EF Import a Chromatic Fields Set from Bitmap File o
Imports various image formats (BMP, JPG, PNG, TIF) F‘I‘—_‘
——

_"li
=
a Save As Import Harmonic Field Data from Text
= Channel

Imports various text formats (ASCII, Field Information, PTF, Code \

Configuration
Incremental Save )F Import Old Virtuallab Files ‘ .
"D Imports obsolete Virtuallab documents (CA, DGR, DIAGRAM, PWH I}.- K Plane Conical Cylindrical  Aspherical Polynomial  Sampled Programmable
| |
(PR P et d

. ) Fourier
Imports an Optical Setup and the associated parameters optimizg
Transforms Tools ﬁ" Add Insert Delete

Imports optical setups from "Zemax OpticStudio @

Global Options ﬂ @ Validity.a I] Cancel Help

Import "Zemax OpticStudio @' Beam File

Imports beam files in binary format from ‘Zemax OpticStudio @
Online Help

1@ %N

b4 Exit




Fiber Coupling 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.

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: e
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)
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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.




Parameter Run

Parameter Visualization
Preview of used parameter sets per iteration

Parameter Specificaion
Set up the parameter(s) to be varied.

The table below shows the parameters which will be used in each iteration of the Parameter Run.

You can select one or more parameters which shall be varied as well as the resulting

specifying how the parameters are varied per iteration. Iteration Step 1 > 3 2 5 5
1 | Distance Before ("Fiber End” (# 3) | Basal Positioning (Relative)) | 1485 mm E 1485 mm  1485mm 1485mm 1485 mm 1485 mm
US&QC Mode Sanning v Number of lterations: 1 681 2 | Lateral Shift X [“Fiber End” (# 3) | Basal Positioning [Relative)) -10 ym 9.5 um -9 um 8.5 um -8 pm -7.5 ym
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End” (#3) | (Relative) Lateral Shif.. [ -10 pm

< Back MNext > Show *

The scanning mode of VirtualLab Fusion's Parameter Run document allows you to perform a parameter
sweep over a multi-dimensional (often 2D) region of the parameter space. More information under:

[#* Scanning Mode of Parameter Run
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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




Coupling Efficiency vs. Fiber End Position Shift
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Coupling Efficiency vs. Coupling Lens Tilt
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Physical-optics analysis of the
coupling efficiency with respect to
lens tilt. As long as the lens tilt angle
is within 0.1°, the coupling efficiency
remains higher than 90%.
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