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Polarization-Mode Dispersion 
 
AEN 48, Revision 2 
 
What is Polarization-Mode Dispersion? 
 
Polarization-mode dispersion (PMD) is an optical effect that spreads or disperses an optical 
signal in single-mode fibers.  In the case of a high data rate, long-length (>100 km) system, 
PMD can become a limiting factor for network spans when the effect of more traditional 
chromatic dispersion has been addressed by a compensation device.  Accordingly, this effect 
has become a concern in the deployment of optical fiber cables transmitting digital and 
analog signals.  
 
Light coupled into a single-mode fiber is resolved into two orthogonal-polarized components 
that make up the fundamental mode.  The components are oriented perpendicularly to the 
transverse electric field.  PMD occurs when these two orthogonal components propagate at 
different speeds (see Figure 1). The result is a distortion or dispersion of the originally 
transmitted signal.  The difference in propagation velocity results from a difference in the 
index of refraction seen by the two components, referred to as the fiber's birefringence 
 

 
 
 

Figure 1: Polarization-Mode Dispersion 
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What causes PMD? 
 
PMD can be caused by several different factors that can be grouped into two basic 
categories, intrinsic and extrinsic.  Intrinsic refers to properties of the fiber such as 
asymmetric geometry or stress.  Extrinsic factors include the cabling of the optical fibers and 
the environment in which the fiber is deployed. 
 
Intrinsic 
 

Asymmetric Geometry 
 
Birefringence can occur in a fiber when the circular symmetry of the core cross 
section is not ideal.  This imperfect symmetry leads to a non-uniform refractive index 
distribution across the area of the core.  Since the two fundamental mode 
components tend to travel in alignment with the major and minor axis of an elliptical 
(not perfectly cylindrical) core, the electric field component traveling along the major 
axis travels slower than that traveling along the minor axis, resulting in signal 
dispersion1. 
 
Stress 
 
In addition to non-circular geometry, asymmetrical residual stress (from the fiber 
manufacturing process) across the fiber can induce birefringence.  The doped core 
region of the fiber may exhibit slightly different thermal expansion and contraction 
than the pure silica cladding region during the draw process, leaving stresses 
“locked” in the fiber. Additionally, non-circular cladding areas may cause unequal 
stresses across the circular core that it surrounds.  Stress on the fiber acts to alter the 
refractive index of the transmitting medium. 
 

Extrinsic Stress 
 
The cabling process is designed to provide a protective package for the optical fiber, 
providing a buffer from the mechanical and environmental stresses presented by the 
environment in which it is deployed.  If not properly designed and manufactured, this 
protective package can induce stress on the fiber during manufacturing and deployment1.  
Lateral loading, bending, tension and fiber-to-fiber contact may influence birefringence.  
Additionally, environmental effects such as temperature and vibration can affect the PMD2. 
 
How does PMD affect a signal? 
 
Since each of the polarized components carries a part of the transmitted power, any offset in 
the arrival time of the components acts to distort the original signal.  In digital communication 
systems, the result is signal spreading which limits the operational transmission capacity.  
Analog transmission systems are impaired by the increase in composite second order (CSO) 
distortions as a result of the dispersion. The increase in CSO distortions arises from the 
delay of the amplitude dependent signal. 
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How is PMD measured? 
 
PMD performance can be estimated through the measurement of the time delay between the 
two polarization orientations normalized over length.  PMD increases with the square root of 
the length due to the changing birefringence along the length of the fiber3 in most standard 
telecommunication grade products of any substantial length.  Thus, the units for PMD are 
picoseconds (of delay) per square root kilometer (ps/ km).  Chromatic dispersion, on the 
other hand, increases linearly with length.  For this reason, PMD remains a second order 
system limiting parameter. 
 
There are three methods for measuring PMD, as recognized by TIA/EIA:  wavelength 
scanning (FOTP-113), Jones Matrix Eigenanalysis, or JME (FOTP-122), and interferometric 
(FOTP-124).  Each method has its advantages.  For example, the interferometric method is 
quick and can be used in the field.  The wavelength scanning method is relatively 
inexpensive and yields an expected value of PMD.  The JME has shown superior 
repeatability for all fiber lengths, but the equipment costs are relatively high. 
 
How is PMD controlled or minimized? 
 
Control of PMD can be achieved by deploying a fiber with optimized circular geometry and 
controlled stress.  The closer the fiber is to an ideal circular geometry and stress-free, the 
lower the PMD will be. 
 
Specifying PMD performance, however, is fairly complex due primarily to the statistical 
uncertainty of PMD measurements.  A fiber specification of 0.5 ps/ km has been 
implemented, however, the debate over PMD specifications for fiber and cable in national 
and international standards bodies continues even today. 
 
How can Corning Optical Communications help protect against PMD 
problems? 
 

For installations where PMD limitations are a concern (long length, analog and high data rate 
systems), Corning Optical Communications can offer assistance to ensure that PMD effects 
will be minimized.  Because there are several factors that must be taken into account 
(system length, fiber type, data rate, etc.), PMD limitations are typically based on distribution 
or statistical limits rather than a set maximum value.  For more information, or for help with a 
system design, contact Corning Optical Communications at 1-800-743-2671. 
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