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The current state-of-the-art in materials used for 
IR optical components (e.g. focusing elements, 
waveplates or prisms) is far from ideal. This 
problem is exacerbated by the long free-space 
wavelengths associated with the mid-wave IR 
(MWIR) to terahertz (THz) spectral domains. 
Through the use of polaritons, one can surpass 
the diffraction limit and thus the limitations of 
these long free-space wavelengths can be 
circumvented. The two most prevalent varieties 
are the surface plasmon (SPP) and surface 
phonon polariton (SPhP), resulting from the 
coupling of light with electronic charges in a 
metal or ionic charges on a polar lattice, 
respectively. Each exhibits significant limitations, 
for instance the narrow, material specific 
operational “Reststrahlen band” of SPhPs and 
the relatively high optical losses in SPPs.  Thus, it 
would be ideal to identify a method to dictate 
the IR/THz response, while retaining the positive 
attributes of both.  

This goal of overcoming some of the limitations 
of various polaritons, while expanding the 
virtues can potentially be realized through the 
creation of hybrid materials. Two distinct types, 
the crystalline (XH) and the electromagnetic 
hybrid (EMH) were recently proposed.1 The 
general concepts are provided in the schematics 
in Fig. 1. Both concepts promise control of the 
infrared resonse through nanometric to atomic-
scale design. XHs are derived from atomic-scale 
superlattices with layer thicknesses on the order 
of the optic phonon mean-free path (typically a 
few nm or less). These ultrathin layers lead to 
both phonon confinement and interface 
phonons that dramatically change the phonon 
density of states. As the IR dielectric function of 
polar materials is dictated by optic phonons, this 
provides a means to engineer the IR response. 
The resulting XH must be considered as a new 
hybrid material with properties derived from the 

atomic-scale interactions. EMHs result from 
strong coupling between polaritonic modes. 
EMHs promise the faster propagation, broader 
bandwidth and carrier-density dependent 
optical response of the SPP along with the lower 
optical losses of the SPhP. 

 

Figure 1: Schematic representations of the a) crystalline 
and b) electromagnetic hybrid concepts. 

Preliminary results demonstrating the XH 
concept within atomic-scale superlattices (SLs) 
of AlN and GaN will be provided. It is shown that 
that the infrared dielectric function of this SL 
stack is not simply the sum of the AlN and GaN 
contributions, but requires incorporation of the 
atomic-scale modifications to the vibrational 
states. The predictive nature of this new XH 
dielectric function was then tested via 
comparison to experimental measurements of 
the IR polaritonic dispersion. Evidence of EMH 
formation between SPhPs and SPPs in SiC 
nanopillars via photoinjection of carriers will also 
be demonstrated, along with other 
methodologies for improving polaritonic 
behavior. It is through the combination of the XH 
and EMH concepts dynamic, low-loss IR 
materials that promise to transform IR optical 
materials and components can be realized. 
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