Abstract:

W investigate |ight propagation in periodic nanoscal e structures known
as photonic crystals. The goal is to gain insight into how the
propagati on of |ight can be nodified and exploited for uses in

t el econmuni cati on, regenerative energy, quantum i nformation processing
and optical conputing. To this end, we dope photonic crystals with
optically resonant systens: systens which strongly nodify |ight

pr opagati on.

We probe a Si woodpil e photonic band gap crystal on both picosecond and
fem osecond tinescales with ultrafast, frequency-tunable punp-probe
spectroscopy. Free carrier induced changes of both the width and the
position of the stopband are observed, and are shown to depend strongly
on the punp and probe frequency. At fentosecond tinmescal es, we observe
spectral features agreeing to a conbination of the optical Kerr effect
and non-degenerate two-photon absorption. Both effects have

i nplications on density of states sw tching.

Cavities are especially suitable for sw tching because of their narrow
resonances, or high quality (Q factors. Using punp-probe spectroscopy,
we are able to nmeasure both the dynamic cavity resonance and the

I i neshape, which we find to broaden considerably. Since broadening
mght limt

t he performance of next-generation optical networks, we delineate
conditions for which this degradation can be m nim zed.

The behavior of the switched cavity resonance is used to control the
rel ease of light fromthe cavity. Therefore, the pulse's dwell tine in
the cavity can be controll ed.

We can al so control the propagation of continuous |ight. The extrenely
nar r owband di spersion of atom c resonances can strongly nodify the
optical properties of photonic crystals. To this end, we have diffused
resonant alkali atonms (Cs) into a photonic crystal, whose stopband
frequency is

varied. W show both experinmentally and theoretically how the |ineshape
of the atom c transition changes drastically for different relative
positions of the stopband to the atom c resonance.



