
Principle of Low Birefringence
Polarization Maintaining Fiber

Article Overview

Low birefringence polarization-maintaining fibers are specialty single-mode fibers designed to preserve linear

polarization with minimal built-in birefringence, offering reduced polarization mode dispersion while

maintaining polarization stability.

Overview

Polarization-maintaining (PM) fibers are engineered to preserve the polarization state of light along a specific

axis, unlike standard single-mode fibers where environmental factors like bending, stress, or temperature can

cause random polarization drift . In PM fibers, birefringence is intentionally introduced to separate the

propagation speeds of two orthogonal polarization modes, minimizing cross-coupling and maintaining a high

polarization extinction ratio (PER), . Low birefringence PM fibers differ from high-birefringence PM fibers in

that they have a smaller built-in birefringence, which reduces polarization mode dispersion (PMD) while still

providing sufficient polarization stability for many applications. These fibers are particularly useful in systems

where ultra-low PMD is critical, such as coherent communication systems, interferometric sensors, and

precision metrology.

Design and Structure

Low birefringence PM fibers typically use stress-inducing elements or specialized core geometries to create a

controlled, but weaker, birefringence compared to high-birefringence fibers . Common designs include:

o Panda PM Fiber: Cylindrical stress rods on either side of the core, providing stable polarization with low

insertion loss.

o Bow-Tie PM Fiber: Wedge-shaped stress elements for enhanced polarization control with moderate

birefringence.

o Double-Clad PM Fiber: Additional cladding layers for high-power applications while maintaining low

birefringence . The beat length of the fiber, which is the distance over which one polarization mode

accumulates a phase difference of one wavelength relative to the orthogonal mode, is longer in low

birefringence fibers, reflecting the smaller difference in propagation constants .

Performance Characteristics

Key performance metrics for low birefringence PM fibers include:

o Polarization Extinction Ratio (PER): High PER ensures that most of the light remains in the launched

polarization mode.
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o Insertion Loss (IL) and Return Loss (RL): Low IL and high RL are maintained to optimize signal quality.

o Polarization Mode Dispersion (PMD): Reduced PMD compared to high-birefringence fibers, making them

suitable for high-speed or long-distance applications.

o Environmental Stability: While low birefringence fibers are slightly more sensitive to bending and

temperature than high-birefringence fibers, they still maintain polarization sufficiently for many precision

applications .

Applications

Low birefringence PM fibers are used in scenarios where polarization must be preserved but minimal PMD is

desired, including:

o Coherent optical communication systems

o Fiber-optic interferometers and sensors

o Quantum optics experiments

o Precision metrology and instrumentation By balancing polarization stability and low PMD, these fibers

provide a compromise between high-birefringence PM fibers and standard single-mode fibers, enabling

reliable performance in sensitive optical systems .

In this article, the latest in FOC''s series covering specialty fibers and their fabrication, we discuss polarization

In this work, a novel polarization-maintaining hollow-core fiber structure featuring a semi

THz fibers with several dB/m absorption loss can be obtained at present . The high birefringence fiber can be

used as

I get an opinion, that it was temporary solution before the development of real polarization-maintaining

In polarization-maintaining single-mode fibers (PM fibers), the fiber symmetry is broken by integrating stress

elements into the fiber

The fibre''s high birefringence and polarization-dependent loss enable transmission of a well-controlled

polarization

Unlike for other fiber-based polarization-sensitive optical low-coherence reflectometers, here the linear

birefringence of

Theoretical modeling and experimental verification demonstrate that pair of identical polarization maintaining
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fibers (PMF), with a

Polarization-maintaining fibers and their applications are reviewed. The classification of high-birefringent

fibers and low-birefringent

Understanding Polarization-maintaining Optical Fibers Optical fibers are integral components in modern

communication systems,

The results presented there also apply for high-birefringence fibers when the input pulse is linearly polarized

along one of the

Maintaining Polarization State by Birefringence Theoretically speaking, an optical fiber with a circular core

has no

Polarization Maintaining (PM) Fiber A specialty fiber called the Polarization Maintaining (PM) Fiber

intentionally creates consistent

The parameters that determine the polarization-maintaining ability and the polarization-dispersion of a

birefringent fiber are discussed

Polarization maintaining fiber is defined as a type of single-mode fiber that preserves the polarization state of

light during propagation

Polarization-maintaining fibers work by intentionally introducing a systematic linear birefringence in the fiber,

so that there are two
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