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Introduction 
When considering a CWDM overlay of a network designed for 1310 nm analog 
broadcast video, the potential for fiber non-linear effects require that the directionality of 
signal transmission be managed to prevent degradation of the 1310 nm analog signal.  
This is especially true when employing CWDM channels supporting Fast Ethernet which 
operates at a line rate of 125 MHz.  The following informational discussion is specific to 
the effects of a CWDM overlay on 1310 nm analog systems.  Digital 1310 nm 
transmission has different characteristics and is therefore not similarly affected. 
 
Characteristics Affecting System Performance 
The key system transmission characteristics that result in the potential degradation of 
the 1310 nm analog video carrier when overlaying Fast Ethernet CWDM channels are: 
 

 Fast Ethernet line rate: 125 MHz 
 Fast Ethernet Idle transmission: “11111”  Non-Return-to-Zero, Invert on Ones 
 CATV channel assignments: Chs 3, 14, & 9 
 CWDM Wavelength(s): typically 1470 – 1610 nm 
 Stimulated Raman scattering 

 
These issues are addressed in detail below. 
 
Fast Ethernet Line Rate, Idle Transmission1, and CATV Channel Assignments 
During Fast Ethernet operation, the Physical Coding Sublayer (PCS) of the transmitter 
will insert a sequence of idle frames (/I/) between data transmission streams to maintain 
clock synchronization. For 100BASE-FX systems having a 125 Mb/s optical line rate, 
the idle code word is defined to be “11111.”  The Non-Return-to-Zero, Invert on Ones 
line code used then translates the stream of idle code words into a continuous 62.5MHz 
optical square wave on the fiber at the wavelength of the CWDM Fast Ethernet signal 
[1]. 
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Comparing the Fast Ethernet transmission and harmonic frequencies with CATV 
channel assignments (see Table 1), it can be seen that the Ethernet signals fall within 
the band of several of the assigned CATV frequencies: 
 
 

CABLE TV CH FREQs  Fast Ethernet Idle Synch 
Transmission 

CATV 
Channel1) 

Video Freq 
(MHz) 

Sound Freq 
(MHz) Harmonic Freq  (MHz) 

3 61.2500 65.7500 1 62.5 
141) 121.2625 125.7625 2 125 
9 187.2500 191.7500 3 187.5 
28 247.2625 251.7625 4 250 

392) 313.2625 317.7625 5 312.5 
492) 373.2625 377.7625 6 375 
592) 433.2500 437.7500 7 437.5 
702) 499.2500 503.7500 8 500 
802) 559.2500 563.7500 9 562.5 

912,3) 625.2500 629.7500 10 625 
Note: 

1) Effects on some channels may be mitigated due to location of the harmonic with respect to 
frequencies used and accounting for adjacent channel isolation. 

2) Weak higher-order harmonics expected to have negligible impact on single-channel CWDM 
Fast Ethernet system.  The presence of multiple CWDM Fast Ethernet channels at different 
wavelengths could be an issue at higher channel frequencies. 

3) Channel 91 coincides with the first harmonic of Gigabit Ethernet 
 

Table 1: Comparison of CATV and Fast Ethernet Transmission Frequencies 
 
 
Raman Scattering and CWDM Transmission 
In optical fibers that simultaneously carry multiple optical channels (e.g. CWDM 
systems), channels operating at shorter wavelengths may provide unwanted gain to 
channels operating at longer wavelengths under certain conditions.  For example, a 
1310 nm analog signal might be scattered and provide gain to a signal (analog or 
digital) over the wavelength range of 1410 to 1470 nm, or longer, depending on the 
characteristics of the transmitted signals and the system architecture.  Raman 
scattering can result in a transfer of optical power between the low and high channels 
resulting in added noise to the higher wavelength signals while also reducing the power 
of the 1310 nm signal or increasing its noise.  The threshold power required for 
degradation is reduced as the number of higher wavelength channels carried by the 
fiber increases. 
 
In the case of a CWDM channel running Fast Ethernet, the effect manifests itself as a 
62.5 MHz beat on the 1310 nm carrier that degrades the performance of various CATV 
channels (especially CH 3 and CH 9)[1].  A simple example is shown in Figure 1.  When 
co-propagating multiple Fast Ethernet systems at different CWDM wavelengths, it is 
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possible that upper harmonics could have sufficient magnitudes to impact channels 
operating at higher frequencies, for example channels 28 and higher in Table 1. 
 
 

 
 

Figure 1: 62.5 MHz Fast Ethernet CWDM Beat on 1310 Analog Broadcast  
 
 
The problem may be worse at shorter CWDM wavelengths, but will only be marginally 
improved if longer CWDM wavelengths are used. The difference in performance is due 
to the Raman gain efficiency which is a function of the difference between the 
transmitted wavelengths.  Raman gain is generally highest between wavelengths 
spaced 100 nm apart. 
 
Correcting CATV Raman Interference in Two-fiber Systems 
To correct this effect in a system employing a CWDM overlay onto a network supporting 
a 1310 nm analog broadcast, the direction of the CWDM channels must be reversed to 
address the Raman issue.  This means that the downstream CWDM channels must be 
on a separate fiber from the downstream 1310 nm signal.  However, the return CWDM 
signals (e.g. 1470 – 1610 nm) can safely be allowed to counter-propagate on the 1310 
nm analog broadcast fiber. 
 

 
 

Figure 2: Counter-Propagating 1310 nm Analog and 1490 nm Fast Ethernet 
(1310 nm downstream and 1490 nm upstream) 
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The reason that counter-propagating transmission works is that although Raman 
Scattering is still present, the effect is averaged over the entire 1310 nm analog signal 
and the 62.5 MHz beat is eliminated.  The net result is a very small change in the 1310 
carrier-to-noise ratio (CNR) that is generally negligible.  See Figure 2 for an example of 
counter-propagating analog 1310 nm and Fast Ethernet CWDM transmissions. 
 
Figure 3 shows a CATV system with a counter-propagating 8-channel CWDM overlay set-up to 
eliminate the 62.5 MHz beat phenomenon from the 1310 nm Analog carrier 
 

 
 

Figure 3: Counter-Propagating 8-channel CWDM System with 1310 nm Analog   
 
 
Conclusions 
The idle frames of a Fast Ethernet (125 Mb/s) CWDM overlay can generate an 
unacceptable amount of a spurious 62.5MHz signal on a 1310 nm video access network 
when the two beams are co-propagating.  If the signals are set up to counter-propagate, 
no penalty due to the idle frame of the CWDM overlay is observed [1]. 
 
The CWDM solutions offered by Corning Cable Systems fully support a counter-
propagating transmission scheme for those applications where this interference 
phenomenon is potentially of concern. 
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