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Introduction. This project focuses on the nanoscience and nanotechnology of optoelectronic
materials and in particular (1) develops new condensed matter theory capable of guiding the
design, synthesis, and processing of new materials with dramatically improved performance, (2)
develops new methods of synthesizing nanoscale supramolecular architectures, and (3) develops
new nano- and mesoscale structures such as ring resonator and photonic bandgap structures that
can amplify the performance of new materials. In the first year of this project, dramatic
breakthroughs have been achieved in all of these areas of focus leading to organic electro-optic
materials exhibiting electro-optic coefficients (at telecommunication wavelengths) of greater
than 125 pm/V. Devices operating into the terahertz region have been demonstrated. This
research has stimulated research at companies such as Lucent, Corning, Lockheed Martin,
Boeing, General Electric, etc. leading to demonstrations of high bandwidth electro-optic devices
and electro-optic materials with electro-optic coefficients of 75 pm/V at 1.55 microns. Active
wavelength division multiplexing (WDM) transmitter/receiver systems have been fabricated
from organic electro-optic materials that are capable of wavelength (color) selectivity of 0.01 nm
and electrical-to-optical signal transductions rates (per wavelength channel) of 1-10 Gbits/sec.
Such devices are being considered for defense applications by Boeing and for civilian sector
applications by Intel.
Advances in Theory. Let us initially restrict our discussion to organic electro-optic materials.
The realization of macroscopic electro-optic activity requires that dipolar chromophores such as
shown in Figure 1 be organized into a noncentrosymmetric lattice of chromophores.
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Figure 1. A typical electro-optic chromophore and its representation as an rigid electrostatic
object.

We have developed new theoretical methods that permit definition of the long-range, many body
electrostatic potential functions that describe the interaction of concentrated assemblies of high
dipole moment chromophores. For chromophores dissolved in polymer to form composite
materials, these new theories provide quantitative prediction (with no adjustable parameters) of
the variation of electro-optic activity with chromophore concentration and as a function of shape
as shown in Figure 2.
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Figure 2. The experimental data for the CLD chromophore (shown in the figure) in
polycarbonate is shown together with theoretical simulations assuming different chromophore
shapes (based on the same pi electron structure).
Theory is capable of predicting the experimentally observed behavior for the simple
chromophore and for a chromophore derivatized to assume a more spherical shape. More
recently, theory has been extended to model the treatment of multi-chromophore containing
dendrimers. As shown below, theory shows that a multi-chromophoric dendrimer can act as
umbrella-like object, partially closing under the influence of an electric poling field.
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Figure 3. A multi-chromophore dendrimer in the absence (left) and presence (right) of a poling
field

Theory has shown that a variety of nanostructured architectures can lead to improved electrooptic activity.
New Material Structures: In Figure 4, we compare electro-optic activity realized for the same
chromophore in different nanoscale supramolecular structures. These are also compared with
lithium niobate.

Figure 4. The comparison of electro-optic activity achieved with different nanostructured
architectures.
Nanostructured Devices: In Figure 5, we show the first results obtained with incorporating
new chromophores into microresonator device structures fabricated by reactive ion etching.
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Figure 5. An active WDM transmitter/receiver system fabricated based on organic electro-optic
microresonators is shown. The wavelength selectivity is 0.01 nm.

