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Optimal Working Distance for Coupling Light into
Single-Mode Fibers
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In this example, we select a
commercially available lens and show
how to find the optimal working
distance to achieve maximum
coupling efficiency. Starting from a
geometrically found focus position, the
optimal distance is evaluated using
diffractive propagation methods.




Application Scenario



Application Scenario: System

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

Edmund 65254
(spherical lens)
- Effective focal Single-mode fiber

length: 2mm Mode field diameter: 3um
 Diameter: 1 mm




Application Scenario: System

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

Edmund 65254

(spherical lens)

 Effective focal
length: 2mm

* Diameter: 1Tmm

Single-mode fiber
Mode field diameter: 3uym
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» As starting point the fiber end is positioned according to
a geometric evaluated focal distance.

» The fiber coupling efficiency calculations are performed
based on overlap integrals considering the diffractively
calculated incident field and the fiber mode.




Application Scenario: Task

Find the optimal working distance d to maximize fiber coupling efficiency.
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Fiber coupling efficiency
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Initial Working Distance by Focal Spot Calculation
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Field Evaluation at Ray-Optics' Focal Distance

_ coupling efficiency n=48.49%

(overlap integral calculation)

X _d=1566mm
‘ (by ray tracing)
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Optimal Working Distance by Parameter Run
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Field Evaluation at Ray-Optics Focal Distance

_ coupling efficiency n=85.82%

(overlap integral calculation)
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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 |
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https://www.lighttrans.com/fileadmin/shared/downloads/VirtualLab.pdf#mk110

Basic Workflow Steps

{ Source selection }

System setup

{ Detector selection }

Getting it done in VirtualLab Fusion:
» Zemax import of lens group

» Position and orientation of elements in the optical setup

Edit Lens System Compenent (Edmund_65254)

#

Coordinate
Cystems

=

Position /
Orientation

@,

Index| Distance | Pasition |ﬁrpe | Homogeneous Mediurr| Comment
1 0 mm 0 mm Conical Interface M-LASFS SCHOTT in Ho Zemax Interface
2 800 pm 200 pm  Plane Interface Air in Homogeneous M Zemax Interface

Imported
Lens



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

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:

Perform parameter

» Parameter Run document
SWEE
12 10: Searching Optimal Distance = | = == | Parameter
Results Run
Start the parameter run and anzlyze its results
document
b Go! Local Execution

[Parallel lterations: 8) o

B Use Already Calculated Results for Mext Run
lteration Step

Detector Subdetector Combined Output 1 2 3 4
Varied Parameters Distance Before ("Fiber End | pata Array 1.505mm 151 mm 1.515mm  1.52 mn
“Fiber Coupling Efficiency”... | Singlemode Fiber Couplin... | Data Array 14,468 % 14.23% 15.034% 15.692% 14.928%

by Create Output from Selection Filter Rows by... X |



https://www.lighttrans.com/index.php?id=1596
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-  Comparison of Different Lenses for Fiber Coupling
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Further reading

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