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Nonlinear optics in polymeric 
semiconductors 
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T he future of photonics critically depends on new ma
terials that possess large and fast optical nonlineari

ties. Conjugated polymers like the polydiacetylenes and 
archtypical polyacetylene have emerged as potentially im
portant materials to fill this role. 

Conjugated polymers behave like one-dimensional 
semiconductors with energy gaps, E g , of the order of 2 eV 
and combined valence-conduction band widths, W, of the 
order of 10 eV. Recently, Kajzar, Etemad, Baker, and 
Messior have measured the third order nonlinear re
sponse, X ( 3 ) , over a wide frequency range below the band-
gap in polyacetylene and have shown that the large x ( 3 ) is 
enhanced even further at long wavelengths. A peak ap
pears at the two photon resonance with the bandgap and 
X ( 3 ) rises dramatically as the incident beam drops to lower 
frequency (see figure).1 

The frequency dependence of the absorption indicated 
on the right and third harmonic generation indicated on 
the left in polyacetylene. The third order susceptibility is 
converted to a nonlinear index of refraction, n2. The 
cross hatched region indicates a minimum value of n2 re
quired for on chip all photonic switching as described in 
the text. 

This work is scientifically important to our understand
ing of these novel one-dimensional semiconductors and 
technically important in assessing their significance as ma
terials for photonic devices. On the scientific side, the two 
photon excited state does not significantly differ in energy 
from the direct band gap absorption. This implies that the 
coulomb interactions between electrons do not dominate 
the physics and control such things as the bandgap. The 
essential physics is the electron lattice interaction that 
forms the conjugated pairs while the coulomb interactions 
renormalize and only modify this result. 

Technically these results show that the values of x ( 3 ) are 
sufficiently large that they may be useful in all-photonic 
switches. We may consider a generic photonic switch as a 
1 cm long waveguide constructed of a material that would 
allow a semiconductor diode laser to modify the index of 
refraction enough to change the phase of a signal beam by 

Π. This generic device would be constructed of material 
with a nonlinear index of refraction indicated by the cross 
hatched region (see figure). The long wavelength non-lin
earities in these polymeric semiconductors satisfy this re
quirement. Although it is necessary to construct low loss 
waveguides in this material and satisfy a number of other 
important technical issues, these experiments have graphi
cally demonstrated that these materials may hold the key 
to on chip all optical switching. 

In another vein, but equally important to our under
standing of the non-linear response of these materials, are 
subpicosecond optical pump and 2.5-5.5 µm probe of po
lyacetylene. These experiments have provided new experi
mental insight into the character of the photo induced ex
citations in polymeric semiconductors. In the 2.5-5.5 µm 
spectral range a strong absorption peak can be induced by 
bandgap excitation and is caused by the creation of soli-
tons. Earlier work could only observe the creation of these 
states on a microsecond time scale and probed the long 
time build up of the solitons. 

Rothberg, Jedju, Etemad, and Baker 2 showed that the 
earlier long time observations were focused on the residue 
of the photogenerated solitons. Most of the photo-induced 
absorption disappeared on a picosecond time scale and 
signaled geminate recombination of soliton anti-soliton 
pairs on the same chain. This provided the first verifica
tion of the mechanism originally proposed by Su and 
Schrieffer3 for the photo generation of solitons. On a 
much longer time scale, they were able to observe the 
build up of the mid-gap absorption that could be attribut
ed to electron hole pairs created on different chains that 
then migrate to and convert neutral solitons to charged 
mid-gap absorbing solitons. This confirms the model put 
forward by Orenstein et al. in 1984. 4 

Although these experiments are vital for our under
standing of electron dynamics in these unusual semicon-
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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 
BELL COMMUNICATIONS RESEARCH 

RED BANK, N.J. 

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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