Polarization-maintaining fibers - a short explanation on how they work
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POLARIZATION-MAINTAINING FIBERS

WHAT MAKES PM FIBERS MAINTAIN THE POLARIZATION?

In polarization-maintaining_single-mode fibers (PM fibers), the fiber symmetry is broken by integrating stress elements
in the fiber cladding. The light is then guided in two perpendicular principle states of polarization with different
propagation constants — the fast and the slow axis. The linear polarization of light coupled into one of these axes is
maintained. The linearly polarized laser radiation is conventionally coupled into the slow axis because of its lower
sensitivity to fiber bending.

If light is coupled into both axis then the resulting polarization is elliptical (if the coherence length of the source is larger
than the phase difference). Strain and temperature variations, however, change this arbitrary elliptical state. Thus it is
important to exactly align the polarization axis of the laser source with the polarization axis of the fiber e.g. using the
Polarization Analyzer SKO10PA.

Different types of polarization-maintaning fibers are designed depending on the geometry of the stress elements:
“PANDA" fibers, “Bow-Tie" fibers or “Oval-Inner Clad" fibers.

The polarization-maintaining fiber cables made by Schafter+ Kirchhoff typically use fibers of type PANDA. The slow
axis is aligned with the index key of the FC type fiber connector with high precision (<1.5°).

The fiber cables made by Schéfter+Kirchhoff typically have a polarization extinction = 200:1 (23 dB) or = 400:1 (26 dB)
for A= 780 nm (except for fibers end caps).

The fiber cables with end caps made by Schafter+Kirchhoff typically have a polarization extinction = 200:1 (21 dB) or =
400:1 (23 dB) for A= 780 nm.

Polarization-maintaining  single-mode  fibers  guide
coupled radiation in two perpendicular principle states,
the fiber polarization axes (also called the slow and fast
axis, see figure on the left).
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https://www.sukhamburg.com/products/fiberoptics/fibercable/pm.html
https://www.sukhamburg.com/products/fiberoptics/measurement/polarizationanalyzer.html
https://www.sukhamburg.com/support/technotes/fiberoptics/cablebasics/pmcharacterization.html
https://www.sukhamburg.com/support/technotes/fiberoptics/cablebasics/endcap.html
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Connector key

Polarization —
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AXis orientation of a PM fiber

COUPLING INTO THE FAST AXIS OF A PM FIBER

Bad

The polarization extinction ratio PER of fiber-coupled
radiation is the ratio between the optical power levels
coupled to the two polarization axes of the fiber. The
Polarization Analyzer SKO10PA is used to optimize the
polarization alignment of the polarization axis of the light
source to the polarization axis of the fiber by rotating the
input polarization axis of the source, see figure on the
left.

* Good alignment: If the connector index key is in axis
with the slow axis of the fiber and the laser polarization
axis the alignment is good

* Bad alignment: If the connector index key is in axis with
the slow axis of the fiber but the laser polarization axis
is rotated the alignment is bad and the resulting output
beam is arbitrarily elliptically polarized

CHARACTERIZING POLARIZATION-
MAINTAINING FIBERS (PM FIBERS)
More information on how Schafter+Kirchhoff
characterizes PM fibers can be found here.

Conventionally the linearly polarized laser radiation is coupled into the slow axis because of its lower sensitivity to fiber

bending.

You can also couple light into the fast axis of a PM fiber cable. However, the bandwidth of the fiber is severly reduced
and it is only advisable to couple in a wavelength close to the cut-off.

Please also keep in mind that Schéafter+Kirchhoff only specifies and tests as well as supplies measurement data for
radiation coupled into the slow fiber axis. Measurement and test result will vary for coupling into the fast axis.

SKO10PA
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POLARIZATION ANALYZER

More information of the application of the Polarization
Analzer can be found in the Technotes section as well as
on the product page. There is also an article that gives a
good overview.
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https://www.sukhamburg.com/support/technotes/fiberoptics/cablebasics/pmcharacterization.html
https://www.sukhamburg.com/products/fiberoptics/measurement/polarizationanalyzer.html
https://www.sukhamburg.com/support/technotes/fiberoptics/cablebasics/pmcharacterization.html
https://www.sukhamburg.com/support/technotes/fiberoptics/SK010PA/applications.html
https://www.sukhamburg.com/products/fiberoptics/measurement/polarizationanalyzer.html
https://www.sukhamburg.com/support/technotes/fiberoptics/SK010PA/art_poarizationanalyzer.html
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This is a printout of the page https://sukhamburg.com/support/technotes/fiberoptics/cablebasics/pmc.html from
7/26/2025

CONTACT

For more information please contact:
Schifter + Kirchhoff GmbH

Kieler Str. 212

22525 Hamburg

Germany

Tel: +49 40 85 39 97-0

Fax: +49 40 85 39 97-79

info@sukhamburg.com
www.sukhamburg.com

LEGAL NOTICE

Copyright 2020 Schafter+Kirchhoff GmbH. All rights reserved.

Text, image, graphic, sound, video and animation files and their arrangement on Schafter+Kirchhoff
GmbH webpages are protected by copyright and other protective laws. The content may not be
copied for commercial use or reproduced, modified or used on other websites. [more]
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