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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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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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systems capable of permitting conformational defects such 
as solitons, polarons and bipolarons show promise as non
linear materials. These are the same systems that show 
large conductivity in the presence of such conformational 
defects. Polythiophene is such a system that can be pre
pared by both chemical and electrochemical polymeriza
tions. In the neutral form, it is an insulator, but when the 
polymer backbone is charged to create polarons and sub
sequently bipolarons, it becomes a good conductor. In po
tential cycling between the neutral form and the positively 
charged form, there is a dramatic reduction of x ( 3 ) when 
only 1% of the polymer is charged. This redox switching 
caused by sweeping the voltage is reversible and may have 
prospects for device applications. 

The work at Buffalo on polymeric films has also dem
onstrated optical switching and bistability behavior de
rived from purely electronic nonlinearity7 in a quasi-wave-
guide interferometer arrangement.7 A soluble polydiacet
ylene polymer, poly-4-BCMU, with a large non-resonant 
X ( 3 ) was deposited as a film of thickness ~1µm on the base 
of a prism. Because the refractive index of poly-4-BCMU 
is less than that of the prism, the film can not propagate a 
guided mode and is leaky at the prism-polymer interface. 
This arrangement, therefore, gives a quasi-waveguide 
whereby the radiative modes decoupled from the prism 
give rise to m-lines. This quasi-waveguide bears a direct 
analogy to a Fabry-Perot etalon. In the experiment, the 
coupling angle for m=0 mode was selected. When the 
coupling angle was detuned in the positive direction by 
more than the line width of the corresponding m-line, op
tical bistability was observed as shown by the input-out
put curve (see figure). Important fundamental information 

The observed optical bistability behavior in the poly-4-
BCMU polymer quasi-waveguide interferometer. The 
detuning angle is +59. 

derived from this experiment is the sign of the optical non-
linearity. 

An actual device application using nonlinear polymers 
must wait for achievements of larger non-resonant x ( 3 ) 

values and the availability of low loss optical quality mate
rials. Towards achieving this goal, a comprehensive re
search plan at Buffalo has been undertaken that spans 
from developing a microscopic theory to molecular engi
neering of novel polymeric systems.* 
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