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Types and Applications of Polarization-
Maintaining Fibers

Overview
Polarization-maintaining fibers work by intentionally introducing a systematic linear
birefringence in the fiber, so that there are two well defined polarization modes which
propagate along the fiber with very distinct phase velocities. The beat length Lb of
such a fiber (for a particular wavelength) is the distance (typically a few millimeters)
over which the wave in one mode will experience an additional delay of one
wavelength compared to the other polarization mode.

Key Takeaways
The most commonly used polarization-maintaining fibers are Panda fibers and bow-
tie fibers, both designed to preserve the polarization state of light through built-in
birefringence.Overview of Polarization-Maintaining Fibers

Polarization-maintaining fibers (PMFs) are specialty single-mode fibers that preserve
the linear polarization of light along a specific axis, even under bending or stress.
They achieve this by introducing strong built-in birefringence, which separates the
two orthogonal polarization modes and prevents cross-coupling during propagation .
PMFs are essential in applications like fiber-optic gyroscopes, coherent
communication systems, interferometric sensing, and fiber lasers .

Common Types of PM Fibers

1. Panda Fibers
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• Named for their cross-sectional resemblance to a panda's face, Panda fibers have
two stress-applying regions (SARs) flanking the core .

• The core is typically germanium-doped silica, while the SARs are boron-doped silica,
creating differential thermal expansion and high birefringence.

• Panda fibers are widely used in interferometric sensing, fiber-optic gyroscopes, and
coherent communication systems where polarization stability is critical . 2. Bow-Tie
Fibers

• Bow-tie fibers feature stress-applying parts shaped like opposing wedges around
the core, resembling a bow-tie .

• These SAPs generate optimum stress distribution, producing high birefringence and
maintaining polarization over long distances.

• Bow-tie fibers are commonly used in high-performance interferometric sensors,
integrated optics, and ultrafast laser systems . 3. Other High-Birefringence Fibers
(HiBi Fibers)

• HiBi fibers are a broader category of PM fibers with strong built-in birefringence,
including doped active fibers such as erbium, ytterbium, thulium, and neodymium in
PM versions .

• These fibers are used in fiber lasers, amplifiers, and sensing applications requiring
precise polarization control.
Key Features and Specifications
• Beat Length and Holding Parameter: PM fibers are characterized by their beat
length (distance over which one polarization mode lags the other by one wavelength)
and holding parameter, which quantify birefringence .

• Polarization Extinction Ratio (PER): High PER indicates better polarization
preservation.

• Insertion Loss and Return Loss: Low insertion loss and high return loss are critical
for efficient optical transmission .

• Slow and Fast Axes: PM fibers have two orthogonal axes with different refractive
indices, requiring precise alignment of the input light to the correct axis for optimal
performance .
Applications
• Fiber-Optic Gyroscopes (FOG): Require stable polarization for accurate rotation
sensing.

• Coherent Communication Systems: Minimize polarization-induced signal
degradation.

• Fiber Lasers and Amplifiers: Maintain polarization in active doped fibers for high-
performance laser output.
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• Sensing and Metrology: Interferometric and polarimetric sensors rely on PM fibers
for precise measurements . In summary, Panda and bow-tie fibers are the most
commonly used PM fibers, with additional high-birefringence variants available for
specialized applications. Their design ensures stable polarization, high extinction
ratios, and reliable performance in advanced optical systems.
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Polarization-maintaining fibers play a vital role in ensuring stable light polarization in
various advanced optical devices. By
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Contact Us

Continue your research online:

Website: https://coetzerinvestments.co.za
Technical inquiry: https://coetzerinvestments.co.za/contact.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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