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Tolerance Analysis of a Fiber Coupling Setup
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t- 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.




Application Scenario



Application Scenario: System

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

optimized
incoupling position
of ideal setup

Coupling lens(*)
Diameter: 1mm l
Single-mode fiber
Mode field diameter: 3uym

= efficiency
1=99.2%

d=1.588mm
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4 (*) For design of lens, please see: Parameteric Optimization of Fiber Coupling Lens



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

Application Scenario: Task

Task 1: Investigate coupling
efficiency while shifting the fiber

longitudinal shift
end position. hig
"""""""""""""" lateral shift
incoupling
lens
Task 2: Investigate coupling \ lens tilt

efficiency while tilting the
coupling lens.

Task 3: Exemplary robustness

tolerance analysis considering both
shift and tilt deviations.




Simulation Results



Coupling Efficiency vs. Fiber End Position Shift
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The coupling efficiency is B °
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7 file: USC.0073_FiberCouplingTolerancing_02_Lateral and longitudinal shifts.run



Coupling Efficiency vs. Coupling Lens Tilt

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 v | 2 I R R I R

is within +0.7°, the coupling . e ee o ez o 02 o4 08 0o
efficiency remains higher than 90%.
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file: USC.0073_FiberCouplingTolerancing_03_Coupling lens tilt.run



Robustness Tolerancing of Fiber Coupling Setup

lens tilt
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For an exemplary robustness
analysis we vary all (shift and tilt)
parameter in the following ranges(*):

* longitudinal shift: £1um

+ lateral shift: £0.5um

* tilt (x/y-axis): £0.7°

With these deviation ranges outlier under 20%
are to be expected.

longitudinal shift
>

t lateral shift

coupling efficiency

Minimum: 16.53%

Fiber Coupling Efficiency for mixed tolerance simulations.

E< 10: Robustness Analyis
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(*) Values refer to 2 times the standard deviation.
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file: USC.0073_FiberCouplingTolerancing 04 Robustness Analysis.run



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°
._.] I--I |I-EZ\I hhhhhhhh ==



https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#mk110

Basic Workflow Steps

. Getting it done in VirtualLab Fusion:
Source selection

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

» Optimize lens parameters for highest efficiency

Edit Lens System Compeonent (Edmund_65254) > I m ported
i Lens
1 Coordinate
{ Detector selection } o
;:sition! Index| Distance | Paosition |T'_|rpe | Homogeneaus Mediurr| Comment
Orientation - 1 Omm Omm Conical Interface MN-LASFS_5CHOTT in Ho Zemax Interface
@ 2 B00pm 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
https://www.lighttrans.com/index.php?id=844

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

Perform parameter

sweep

Getting it done in VirtualLab Fusion:
» Parameter Run document

» Random Distribution for robustness tolerancing analysis

Adjust result
visualization

2 18: Fiber Position Tolerancing

Resulis
Start the parameter run and analyze its results

= Ho >

Local Execution

b Go!
(Parallel lterations: 8) 0]
B Use Already Calculated Results for Mext Run
Iteration Step
Detector Subdetector Combined Qutput 1 2 3 4
Distance Before ("Fiber Data Array # IELTE 1435 mm  1.485mm  1.485 mm
Varied Parameters -
Lateral Shift X ("Fiber End”... |Data Array _} =10 um -85 pum -9 um -B.5 um
“Fiber Coupling Efficiency”... | Singlemode Fiber Couplin... |Data Array _/’ T.2347% T7.9758% 8.3353% 89146%
ks Create Output from Selection Filter Rows by... x|

Parameter
Run document



https://www.lighttrans.com/index.php?id=1596
https://www.lighttrans.com/index.php?id=2880

Specific Workflow Steps Related to Use Case

-

\_

Perform parameter
sweep

~

J

Adjust result

visualization

Getting it done in VirtualLab Fusion:
» Change Color Scheme for detector result documents

I'I'\-"Ianagen'lent|:n°'Cc.'nlc.'anal':rles X ) Contour Llnes
Fredefined Color Tables Customized Color Table Menu H .
. Cold Colors IITricoIor In the IISt Of
HP B Midnight Sun ;
Contour Rainbow Black and White a'vallable COIOr
. Dark Site "I Rainbow
I Hot Stepped Colors III Reverse Rainbow tables
I I Jet I Het Colors
|II Legarithmic Rainbow I. Rainbow LOg
|II Legarithmic Unicorn I I Tricclor_Cust

. Astro Colors (Deep)
User-Defined Color Tables

l Hot Colors Ex

I IJet_Custc-m

| I.Iet_CustDmE
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| I.Iet_CustDm4 .
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https://www.lighttrans.com/index.php?id=2819
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