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Introduction 
 
The signal quality of optical transmission over silica glass fiber can be degraded by a number of 
mechanisms.  The more well known mechanisms, such as attenuation and chromatic 
dispersion, are linear in nature and can be accurately predicted. In contrast, there are other 
mechanisms which affect signal quality that cannot be readily predicted due to their nonlinear 
response character.  These “nonlinear optical effects” are gaining significance in today’s high-
performance systems.  Nonlinear effects can be grouped into two general categories – the first 
group are stimulated scattering effects related to signal strength and the second are modulation 
effects related to the optical intensity of the transmitted signal.  This document will focus on one 
of the nonlinear scattering effects – Stimulated Brillouin Scattering which is commonly referred 
to as “SBS”. 
 

Background 
 

Nonlinear transmission effects have rapidly become an important consideration in the design 
and operation of both analog cable TV and digital (long-haul) high data rate single-mode optical 
fiber systems.  These phenomena have been the focus of laboratory study as early as the 
1960’s.  At that time, these effects were observed to be several orders of magnitude smaller 
than more familiar parameters such as attenuation and chromatic dispersion; thus, they were 
considered insignificant.  Current system operating requirements have matured due to 
advances in communications technology.  The commercial availability of dispersion 
compensation modules and erbium doped fiber amplifiers provide viable solutions for what were 
once considered the dominant system limitations.  These system improvements have elevated 
the impact of all the nonlinear transmission effects and their significance has elevated beyond 
mere laboratory curiosities.  Nonlinear transmission effects are related in some manner to the 
intensity of the launched input optical signal.  In single channel optical fiber systems, SBS 
occurs at the lowest threshold power of all the nonlinearities and will likely be the first nonlinear 
effect encountered.  To achieve a better understanding of this effect, a technical discussion of 
the SBS mechanism is presented followed by a discussion of the functional effects of SBS on 
system performance. 

 

Technical Discussion 
 

SBS occurs in optical fiber due to a relatively complex interaction between the launched optical 
signal (a pump wave) and an acoustic wave (created by the optical signal).  The interaction of 
these two waves results in the generation of a backward-propagating optical wave (toward the 
launch origin). 
 
The pump wave (traveling at the speed of light - approximately 200,000 km/sec in glass) 
generates acoustic waves (traveling at the speed of sound - < 5 km/sec in glass) in the 
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transmission medium through a process called “electrostriction.” As the sound waves travel 
through the solid, transparent glass material, they induce spatially periodic local compressions 
and expansions which in turn cause local increases and decreases in the refractive index.  This 
effect is termed the “photoelastic effect.”  The magnitude of the photoelastic effect increases 
with increasing input optical power.  When the input power reaches a level referred to as the 
“SBS Threshold”, the refractive index of the fiber has been acoustically altered to a degree such 
that a significant portion of the optical signal is back-scattered. As the transmitted power level is 
increased beyond the SBS threshold, an increasingly large portion of the light is back-scattered, 
creating an upper limit to the power levels that can be effectively transported over the fiber. The 
basic SBS mechanism is diagrammed in Figure 1. 
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Figure 1:  Basic SBS Mechanism 

 
The precise value of the SBS threshold is dependent upon variables such as the linewidth of the 
optical source, the effective area of the signal propagation region of the fiber, and the system 
length. Also, elevated SBS threshold levels have been attained through the use of transmitter 
technology which applies specialized modulation schemes on the input signal. 
 

Functional Effect 
 
The main consequences of SBS are twofold: 
 

(1) SBS imposes an upper limit to the optical power that can be effectively launched 
into an optical fiber. 

(2) SBS reflected energy leads to degradation of overall signal quality. 
 

The effect of a power limitation is straight forward.  The maximum transmission distance or 
“system reach” is directly related to the maximum power that can be propagated down the fiber.  
While a specific transmission distance is dependent upon the overall system attenuation 
performance; typically, increasing transmitter power results in a corresponding increase in 
system reach.  SBS created backscatter prevents any transmitter power in excess of the SBS 
threshold from extending system reach. Once initiated, SBS clamps the maximum launch power 
level and effectively limits the maximum unamplified distance that can be achieved.  Figure 2 
diagrams this effect. 
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Figure 2:  SBS Effect on Transmitted Power 
 
SBS degrades signal quality via several independent mechanisms. SBS is characterized by a 
significant fraction of the transmitted light being redirected back toward the transmitter when the 
launched signal exceeds a given threshold level.  This may result in a saturation of the 
transmitter, as well as problems associated with signal propagation back into the laser.  Also, 
the back-reflected signal can potentially be reflected again in the forward direction (termed 
“Double Brillouin Scattering”).  This effect is similar to the more familiar Double Rayleigh 
Backscatter.  The impact of Double Brillouin Scattering on the optical transmission is dependent 
upon its phase and magnitude relative to the original signal.  These effects, in combination or 
individually, can result in degraded bit error rate (BER) performance in digital systems or 
reduced picture quality in analog video systems. 
 

Minimizing the Effects of SBS 
 
The impact of SBS on system performance is dependent upon the power level associated with 
the SBS threshold.  Methodologies to mitigate SBS effects on system performance relate to 
spreading out the launched composite optical power to reduce the peak power at a particular 
wavelength or location in the transmission media.  Distributing the signal over a spectral band 
will minimize the peak power at any single wavelength.  Distributing the signal over a larger area 
will minimize the peak power at any single location within that area. The SBS threshold level is 
system dependent and is affected by a number of parameters which directly relate to the 
interaction between the signal and the transmission media.  As previously stated, manipulating 
variables such as linewidth of the transmitting laser, effective area of the optical fiber core 
region, or length of the optical fiber can reduce the impact of SBS. 
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Summary 
 

Advances in telecommunication technology have increased the significance of all the nonlinear 
transmission effects.  These phenomena should be actively considered when designing long-
haul, high-data rate digital systems or analog cable television which employ single-mode optical 
fiber and high-power transmitters.  In order to fully evaluate the current and future capabilities of 
their networks, today’s telecommunication system designers are obligated to evaluate the 
impact of nonlinear optical effects such as Stimulated Brillouin Scattering. 
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