
The SVHOE structure, showing the recording of a grat
ing with wave vector KG by means of two coherent, col
limated recording beams. 

prove feasible by either optical bleaching or electrical tun
ing of the exciton resonance in a multiple quantum well 
structure, or by modulation of a doping superlattice. 
S V H O E structures can also be conceived that exhibit en
tirely different diffraction behavior in response to grating 
formation by distinct writing wavelengths, by actively al
tering the layer photosensitivity spectrum on a layer-by-
layer basis. 

These novel features of SVHOEs collectively allow for 
numerous additional degrees of freedom in the formula
tion of both passive and active holographic elements. 
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O P T I C A L C O M M U N I C A T I O N S 

16 GB/S LIGHTWAVE TRANSMISSION 
BY OPTICAL TIME-DIVISION 

MULTIPLEXING 
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Optical data at a bit rate of 16 Gb/s were recently 
transmitted over optical fiber in an experiment at 

A T & T Bell Laboratories. This is the highest transmission 
bit-rate reported for any single-channel lightwave system 
—an achievement made possible using optical technology 
to time-division multiplex and demultiplex the data. 

Commercial lightwave transmission systems use elec
tronic time-division multiplexing (TDM) to combine a 
number of electronic data channels into a single higher 
capacity channel for transmission. In essence, time-divi
sion multiplexing is a digital technique in which data bits 
are interleaved in time. As bit-rates move into the multi-
gigabit per second range, the speed of available electronics 
is being pushed to the limit and the electronic multiplexing 

circuity causes a speed bottleneck. The optical time-divi
sion multiplexing techniques used in the Bell Laboratories 
experiments retain the digital format of the signal, but 
overcome the speed bottleneck. This is achieved by capi
talizing on the inherent wide-band capabilities of optical 
components such as pulsed semiconductor lasers and lithi
um niobate (LiNbO 3 ) directional coupler switches. 

In the 16 Gb/s optical time-division multiplexed system, 
four optical data streams at 4 Gb/s are time-multiplexed 
directly in the optical domain to give a 16 Gb/s data 
stream for transmission. At the receiver end of the system, 
the 16 Gb/s data stream is demultiplexed optically to four 
lower bit-rate optical streams before detection and conver
sion to the electrical domain. 

The 4 Gb/s input data streams originate from short op
tical pulses generated by four mode-locked semiconductor 
lasers. Data are encoded on the pulses using L i N b O 3 

waveguide optical modulators. Optical multiplexing is 
carried out by simply delaying the optical pulses streams 
and combining them in a passive fiber directional coupler 
array. 

The demultiplexer, the most important component in 
the system, separates the pulses on the incoming 16 Gb/s 
stream into four streams each at 4 Gb/s. A block diagram 
of the demultiplexer and its associated electronics is 
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Block diagram of 16 Gb/s demultiplexer and associated 
electronics. The heavy lines represent optical (fiber) sig
nal paths. 

shown in the figure. The incoming pulses are fed into a 
L iNbO 3 waveguide switch, which demultiplexes the signal 
to two 8-Gb/s streams. The two streams are further de
multiplexed in two additional switches to give four signals 
at 4 Gb/s. These signals are then detected by conventional 
APD-FET optical receivers. The insets show the waveform 
of the incoming 16 Gb/s stream and the waveform of one 
of the demultiplexed signals after passing through the re
ceiver. The measured error rate of the complete system 
was less than 10 - 9 . 

The 16 Gb/s time-division multiplexed experiment 
highlights the potential of high-speed optical switching. 
The techniques used in the present experiment should play 
an important role in the next generation of lightwave 
switching and transmisssion systems. 

MODULATION INSTABILITY BASED 
FIBER DEVICES FOR ULTRAFAST ALL-

OPTICAL SWITCHING 
MOHAMMED N. ISLAM AND CARL E. SOCCOLICH 

AT&T BELL LABORATORIES 
HOLMDEL, N.J. 

A ll-optical photonic switching and signal processing 
devices are being developed to exploit the speed and 

bandwidth advantages of fiber optics. Photonic devices 
can be divided into two catergories: highly parallel devices 
for complex tasks that may be slow, and ultrafast simple 
devices for serial processing. For example, manipulation 
of large data arrays can be implemented by parallel de

vices while the front and back end of communication sys
tems require devices in the second category to handle high-
bit-rate data streams. 

For the ultrafast applications, fibers themselves are an 
attractive medium in which to do the switching. For a 
fused silica fiber, the response time of the nonlinearity is 
about 6 femtoseconds (10 - 1 5sec). A figure of merit for 
nonlinear optical devices is n2/α, where n2 is the nonlinear 
index coefficient and a is the absorption coefficient. In fi
bers, this ratio is favorable because of the small value of α. 
Also, because of the excellent guiding properties of fibers 
and the low loss near 1.5 μm, long length of fibers can be 
used, thereby reducing the power requirements. Although 
long length of fibers introduces a latency (delay between 
the inputs and outputs), the fast response times permit use 
of a pipelined architecture. Furthermore, there exists a ma
ture fiber technology that can be exploited if devices are 
made out of fibers. 

In addition to the speed requirements, signal processing 
also requires devices with small signal gain where a small 
signal controls a much larger input. For example, an elec
tronic transistor has gain because a small base current 
controls the flow of a much larger emitter to collector cur
rent. Cascaded system require this gain so that the output 
from one device can fan-out to several other devices. 

At A T & T Bell Laboratories, we have demonstrated var
ious types of active, high gain, fiber switches that are 
based on modulation instability (MI). M I is the tendency 
of a broad pulse to break up into a train of narrower 
pulses (called solitons). In M I , a signal or perturbation 
grows through the interplay between anomalous (> 1.3 

μm) group velocity dispersion and the fiber nonlinearity. 
M I is an attractive amplifier because its speed of response 
is virtually instantaneous, and it provides unidirectional 
gain, so that feedback from the output is not harmful. 

As a first example, we demonstrated the Modulation 
Instability based Fiber Interferometer Switch (MIFIS)1, an 
ultrafast, all-optical fiber switch with more than 40 dB of 
small signal gain. The device operates near 1.5 μm, coin
ciding with the minimum loss region in silica fibers. The 
MIFIS is a "three-terminal" device (pump, signal, and out
put ports), in which fluctuations in the pump do not give 
rise to an output. In the MIFIS, weak cw light from a 
semiconductor laser (SCL) gates pulses from a color center 
laser (CCL) through a fiber Mach-Zehnder interferome
ter. The C C L pump beams (P ~ 3W) enter both arms of 
the balanced interferometer, and the phases are adjusted 
to obtain a nulled output. 

When ≥ 4μW of SCL power is injected into one arm, 
induced modulation instability (MI) severely distorts the 
optical wave in that arm, thereby destroying the interfer
ometer null. Unfortunately, in this first demonstration of 
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