& Materials for All-Optical Processing

ACHIEVEMENTS: New organic molecules have increased electronic delocalization giving
— large third-order nonlinearity and low nonlinear loss across the telecommunication win
(1300-1550 nm).

IMPACT: Demonstrates a path toward next-generation
materials with enabling figures-of-merit for all-optical signal
Z processing at >100 Gbs in integrated optical devices and
potential application in sensor protection. Efforts to integrate
systems with nanostructured silicon photonic devices are
underway.

Fully delocalized cyanine analogue
Porphyrin alkyne cyanine
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New Se-containing cyanines (open squares) show large third-order
nonlinearity and very low nonlinear loss over 1300 to 1550 nm range,
Dramatic increase of 3@ for porphyrin alkyne vs significantly better than current state-of-the-art organic systems (closed
alcohol precursor. Molecular nonlinearity 5X larger circles)

than state of the art.
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IMPACT: The compounds described have extremely large third-order optical nonlinearities. In both
cases (the porphyrin and selenopyrylium cyanines), the ratio of the real to imaginary part of the
nonlinearity is extremely high, which is critical for their applicability to all-optical switching
applications.

DISCUSSION: High nonlinearities are required for all optical switching applications, so adequate
changes in the refractive index of the materials can be achieved with reasonable optical input power.
However, at the same time all sources of loss must be kept low so that light can travel through the
device. In the case of all-optical switching, in addition to linear loss and scattering losses it is critical
to minimize nonlinear optical losses, because of the high fluences required to induce the index
change. The imaginary part of ¥ is related to the two-photon absorption cross section which must
be minimized to reduce the nonlinear loss. Thus, the porphyrin and selenopyrylium cyanine
compounds developed within CMDITR have state-of-the-art high figures of merit for all-optical
switching applications.
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