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Metallodielectrics consist of multiple thin films alternating a metal layer to elicit plasmonic effects and a 
dielectric layer. Over the past decade metallodielectrics (MDs) have been explored by researchers to 
explore unusual optical phenomena normally considered in the context of metamaterials. The layered MD 
approach allows hundreds of nanometers of layered MDs to become transparent even in the mid-wave 
infrared regime range and beyond with carefully chosen design parameters [1].  

Simulations identify two super-resolution regimes: a focusing regime at shorter wavelengths of 
the pass band with no surface plasmon excitation; and a beam channeling, or super-guiding regime at the 
center of the pass band that favors the onset of transverse surface plasmons [2,3].  

MD photonic crystal structures also display slow group velocity effects that can be exploited to 
enhance nonlinear effects. Lower group velocities are effective in accumulating more phase and 
amplitude nonlinear effects in the materials.  MDs give access to nonlinear effects in metals because the 
field penetrates the entire structure, including providing access to the metal nonlinearity. MDs made from 
copper and silica have reported third-order nonlinearities with effective index variations of order 0.1 [4] 
by designing samples with fields localized in the metals. However, high transmission does not have to be 
sacrificed at the expense of field localization inside the metal layers. By chirping the layers and using 
higher index dielectric film layers the transmittance can be higher while retaining the field localization 
and considerable optical limiting capabilities across the entire spectrum.  

The third order nonlinear coefficient of metals is several orders of magnitude larger than that of 
ordinary semiconductors and nonlinear effects are enhanced beyond what is possible to achieve for 
ordinary materials. Giant phase modulation effects and nonlinear absorption are expected [1]. The access 
to the bulk metal nonlinear properties combined with design and control of the field distribution inside the 
MD stack and control of the group velocity enables a more detailed understanding of the underlying 
physical origin of optical phenomena in MDs, which can lead to technological applications.  We used the 
finite element technique and the transfer matrix method to calculate the fields, within MDs, for which we 
find significant nonlinear enhancements. We focused our investigation on the nonlinear absorption 
process which significantly dominates the nonlinear refraction within these materials.  Also we 
numerically simulate Z scan experiments for two MDs. 
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