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Nonlinear optical lightwave local 
network 
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Nonlinear effects in fibers have been primarily seen as 
a limitation to lightwave system performance. A re

cently demonstrated1 network instead turns nonlinear op
tics to advantage by using stimulated Brillouin scattering 
to provide channel selection in a densely packed wave
length division multiplexed network. 

In wavelength multiplexed lightwave local networks, 
where many users' signals are combined on a single fiber, 
the central problem is channel selection: how a user selects 
the desired channel from many equal strength signals. 
Some type of optical filter is required. Coherent detection 
converts the optical signal to an electrical waveform and 
employs electronic filters to select the desired channel. 
This type of system is capable of very good performance, 
but a price is paid in terms of receiver complexity to ob
tain high resolution. In other systems, actual optical filters 
are used, but the resolution achievable here is typically 
only about 0.1 nm. 

A unique method of high-resolution filtering is made 
possible by the nonlinearities of the fiber transmission me
dium itself. As the optical power in a single mode fiber 
increases, the first nonlinear optical effect that occurs is 
stimulated Brillouin scattering. In this effect the laser light 
propagating in the fiber is backscattered by an acoustic 
wave in the glass, which is generated by the light itself. 
The frequency of the backscattered light is decreased by 
the frequency of the acoustic wave, 11 G H z if the pump 
laser is at 1.5 µm. This frequency is determined by the 
wavevector matching condition for the pump wave, scat
tered wave, and acoustic wave. At power levels above a 
few milliwatts, waves propagating in the opposite direc
tion from the pump, with the frequency of the scattered 

light, are greatly amplified through a parametric interac
tion with the pump light and acoustic wave. The acoustic 
phonon lifetime in silica gives this process a minimum 
linewidth of 17 M H z for light at 1.5 µm. However, de
pending on the index profile and dopants in the fiber, this 
linewidth can be tailored to suit the application. Gain of as 
much as 1000 can be achieved with pump powers of 10 to 
20 m l 

In an optical network using frequency division multi
plexing, the fiber running to the user has many available 
signals at different frequencies all propagating toward the 
user. If a pump laser is sent into the fiber in the opposite 
direction to the propagation of the signals, with its fre
quency tuned to be higher than that of the desired signal 
by an amount exactly equal to the backward Brillouin 
shift of the fiber, the desired channel can be amplified 
while leaving the other channels alone. If a standard direct 
detection optical receiver is then used, the desired channel 
can be detected without interference from the other sig
nals. The number of channels that can be used is roughly 
equal to the gain, that is 1000 users for a gain of 1000. 
Each user tunes his pump laser to amplify the signal he 
desires to receive. The users may all receive the same chan
nel or each user a different channel, depending on their 
needs and the type of system. 

A demonstration of this channel selection technique has 
been performed1 with two 1.5 µm external cavity semi
conductor lasers, modulated at 45 Mb/s. The pump laser 
was a tunable F-center laser providing 14 mW of pump 
power into the fiber, providing a gain factor of 300 with a 
linewidth of 100 M H z . A 10 km length of fiber was used 
in this experiment, but fiber lengths as small as 2 km could 
be used with different fiber designs. The two information 
bearing channels could be placed as close as 140 M H z 
from each other while still detecting one channel with no 
interference from the other. This corresponds to a wave
length spacing of 10-3 nm. 
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Continuous wave operation of Ga/As 
lasers on Si substrates 
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Integration of optical devices (dominated by semicon
ductor GaAs) and electronic devices (dominated by 
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