
Telecom Test and Measurement

www.EXFO.com

Dispersion does not affect all networks equally. In SONET/SDH DWDM
systems using non-return-to-zero (NRZ) pulses, the threshold for
chromatic dispersion (CD) at OC-192/STM-64 10 Gb/s is 1176 ps/nm.
For G.652 fibers, with CD typically less than 19 ps/nm•km in the C band,
this corresponds to around 60 to 80 km between regeneration or
compensation sites. 

For 10 Gigabit Ethernet (10GigE) transmission systems, however,
as defined by the IEEE 802.3ae-2002 standard, tolerances for
dispersion are much lower.  There are two main reasons for this.

The first and most direct reason is that the forward error correction (FEC)
applied to 10GigE is not as robust as the one generally applied to
SONET/SDH transmission, which by default makes 10GigE less tolerant
to dispersion.  

The second reason has to do with the difference in acceptable outage
probability for SONET/SDH and 10GigE, respectively. These constraints
do not only affect CD tolerance, but PMD as well.

For SONET/SDH transmission at 10 Gb/s, standard G.959-1 (Optical Transport Network Physical-Layer Interfaces) and system vendors have defined
that the maximum differential group delay (DGD) for these networks is 30 ps, which leads to a generally accepted polarization mode dispersion (PMD)
level of 10 ps. As DGD varies statistically according to Maxwellian distribution in most normal fibers, the average DGD (i.e., PMD) value must remain
lower than 10 ps in order to obtain a DGD value of less than 30 ps, 99.999% of the time. 

On the other hand, for 10GigE systems, the maximum DGD is 19 ps, and because 99.999% of the time is just not good enough for this type of
transmission, this translates to an average PMD value of approximately 5 ps. For 10GigE applications, it is crucial to attain “Seven 9s” reliability;
in other words, the DGD level must be lower than 19 ps, 99.99999% of the time. So instead of a PMD value three times lower than the maximum DGD
(like in SONET/SDH), the ratio is now 3.73.

Similarly, the maximum tolerance for chromatic dispersion is only 738 ps/nm; i.e., significantly lower than for SONET/SDH.

Testing
It is also important to keep in mind that the central wavelength of these 10GigE signals may fall anywhere in the C band (1530 to 1565 nm), which
means that the range over which chromatic dispersion can occur is wide. Consequently, it is dangerous to assume that the central wavelength of a
component will remain the same. In fact, just because the central wavelength obtained with one particular transmitter on one particular day is 1550 nm,
this may not be the case for a subsequent replacement transmitter.  

In summary, for 10GigE applications, it is always more cautious to conduct dispersion testing – even on short-link networks. 
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