
ductors, they also provide fundamental limits on switch
ing speeds when they are used as active elements in all-
photonic switches. 
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A digital optical switch 

PETER W. SMITH 
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Optical fiber communications is already a well devel
oped technology and fibers are being installed in the 

field at an ever growing rate. It is therefore somewhat sur
prising to realize that the optical network has been limited 
so far to point-to-point communications. Any manipula
tion of the signal, and in particular switching and routing, 
is performed after the optical signal is converted to an elec
trical signal. Direct switching and routing of light signals is 

one of the functions that the developing technology of in
tegrated optics promises to accomplish. 

Integrated optical devices are constructed in an electro-
optic active material such as lithium niobate. Light is guid
ed in single-mode waveguides that are fabricated in the 
electro-optic substrate, and it is manipulated by electric 
fields applied to electrodes deposited on the substrate. Sev
eral types of integrated optical switches have been demon
strated in the past.1 Using these elements, switching with 
excellent extinction ratios (i.e., the ratio of output power 
in the " o n " state to output power in the "off" state) has 
been demonstrated, and switching arrays as large as 8 x 8 
have been constructed.2 

However, there are several limitations that prevented 
this technology from being applied outside the labora
tories. These switching elements can switch only one po
larization state of one specific wavelength of light, and the 
switched state can be achieved only at one precise value of 
the applied voltage. The polarization dependence is very 
undesirable from the system point of view. It requires that 
the light arrive at the device with a specific polarization 
state. In actual fiber optics systems, the polarization is of
ten scrambled by the fiber. Use of special active polariza
tion converters has been contemplated to solve this prob
lem, at the price of significant complication of the system. 
The wavelength sensitivity of most integrated optical de
vices is in conflict with the attempts to expand the optical 
network capacity by wavelength multiplexing. The volt
age sensitivity of those switches requires an adjustment of 
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the switching voltage to each switching element, and peri
odic readjustment to correct for variation due to environ
mental changes. 

Recently, a group at Bell Communications Research 
(Bellcore) has demonstrated a novel integrated optical 
switch that is free from all these limitations.3 The new 
2 x 2 switch is constructed from a junction of four single-
mode waveguides: two for input and two for output. The 
two input guides have different widths, and they converge 
at a small angle into a single wider guide. Switching is 
accomplished by biasing the otherwise symmetric output 
waveguide branch to be asymmetric, using an electric 
field. Without any voltage, light from each of the input 
guides splits evenly between the output guides. When the 
output branch is biased, however, light from the wide in
put guide is routed to the waveguide with increased index 
of refraction. This operation exploits the modal properties 
of asymmetric waveguide junctions that were investigated 
in the 1970s,4 but never successfully applied to devices. 

The advantage of this switch stems from the fact that 
switching is quite independent of the precise voltage once 
it is above a certain threshhold. This leads to a digital re
sponse that is very desirable for a switch. This digital re
sponse also permits the simultaneous switching of the two 
polarization components. In addition, the switch is insen
sitive to the precise wavelength of light and therefore can 
operate on a wavelength multiplexed signal. 

The many advantages of the digital switch are accom
plished due to the fact that, unlike any integrated optics 
switches in the past, it is not switching through interfer
ence of two optical modes. Actually when light propagates 
in either of the two switched states it is always confined to 
one of the two eigenmodes of the structure. Each input is 
continuously transforming into a local eigenmode of the 
changing structure. This adiabatic transformation that 
produces the switching is independent of the precise wave
length and the detailed parameters of the structure. 

The Bellcore group has demonstrated a single lithium 
niobate device that could switch simultaneously 1.3 and 
1.5 µm light with random polarization. These two wave
lengths are the wavelength of choice for fiber-optics com
munication. The switching voltage was about 15 volts for 
the T M polarization (perpendicular to the substrate sur
face) and about 45 volts for unpolarized light, and switch
ing with extinction ratio of better than —20 dB was ob
tained. Although these voltages are still high compared 
with other integrated optics switches, the group hopes to 
reduce them by optimization of the switch design. 

The digital optical switch is the first routing element 
compatible with today's optical network. It does not im
pose limitations on the incoming signal, and therefore can 
be incorporated in existing systems in a rather straightfor
ward manner. The demonstration of a practical optical 
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switch brings the promises of integrated optics closer to 
realization. 
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Organic polymers as nonlinear optical 
materials 
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Defying the traditional perception of plastics as struc
tural materials, organic polymeric systems contain

ing conjugated structures have emerged as exciting nonlin
ear optical materials.1 The reason lies in their highly polar
izable π-electron clouds, which yield the largest observed 
nonresonant third-order optical susceptibility (x ( 3 ) ≤ 1 0 - 9 

esu) and the fastest (femtoseconds) response t imes. 2 - 4 

High non-resonant optical nonlinearity is desirable for 
wave guiding in integrated optics applications. Polymeric 
systems also offer the flexibility of tailoring the structure 
by molecular engineering whereby a rich variety of nonlin
ear polymeric systems can be synthesized and fabricated in 
various shapes such as films, fibers, slabs, etc. In addition, 
polymer films with monolayer thickness (~12Å) can be 
prepared and transferred by the Langmuir-Blodgett tech
nique. The first study of x ( 3 ) measurement from a mono
layer film has been reported for a soluble polydiacetylene 
polymer, poly-4-BCMU. 5 The x ( 3 ) value for this monolay
er film spread on the water surface switches from low to 
high as the film is compressed. This compression induces a 
confirmational change whereby the effective π-electron 
conjugation is increased. 

Resonance enhancement can be used to increase the x ( 3 ) 

value. However, in case of electronic resonance enhance
ment, significant non-radiative dissipation produces unde
sirable thermal effects and slower responses. Vibrational 
resonance enhancement studied by coherent Raman scat
tering has been found to be more than an order of magni
tude, with response still in a few picoseconds.6 

Recent work at Buffalo using picosecond and subpico
second degenerate four wave mixing shows that polymeric 
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