Abstract. Hyperbolic metamaterials have shown great promise in nano-photonic applications due to extreme dielectric anisotropy. Traditionally,
noble-metal based metal/dielectric multilayers (Ag/TiO,, Au/SIO,) & metallic nano-wires (Ag, Au) embedded In dielectric matrix have been used to
demonstrate HMM properties. However, noble-metals are unstable at high temperatures, CMOS incompatible & difficult to deposit in thin film form
due to their high surface energies. Transition metal nitride-based TiIN/(Al,Sc)N metal/semiconductor superlattices have been developed to exhibit
HMM properties but fails to cover full spectral range (near-UV-to-near IR) due to it's longer ENZ wavelength compared to Ag. Here, we
demonstrate hyperbolic photonic dispersion In epitaxial (Hf,Zr)N/ScN metal/semiconductor superlattices that covers near-UV to near-IR spectral
ranges along with high thermal stability, CMOS compatibility & high figure-of-merit.
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d Metamaterials : Artificially designed structure with
property that is not found in natural materials.

W Hyperbolic Metamaterials (HMMS) :

O Anisotropic, uniaxial, sub-wavelength metamaterials where principal
components of electric permittivity (¢) have different signs.
O Iso-frequency curve in k-space is hyperboloid following the dispersion
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W Transition metal nitrides (TMNS) : TiN, HfN, ZrN, ScN etc.
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O Epitaxial TiIN/(Al,Sc)N metal/semiconductor superlattices
exhibit HMM properties in visible-to-near-IR spectral range
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1 Noble metals are soft.
 Unstable at high temperatures.
d CMOS incompatible

To show near-UV-to-near-IR hyperbolic dispersion by growing

epitaxial (Hf,Zr)N/ScN metal/semiconductor superlattices as
ZrN and HfN exhibit ENZ at 340 nm and 370 nm respectively.

LiLluetal A Difficult to grow in thin film form due to high surface energies.
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d With the development of (Hf,Zr)N/ScN superlattice HMMs, the entire near-UV-to-visible-to-near-IR region of the spectrum can be
covered with TMN-based materials.

Real and imaginary components of the effective permittivity for the HfN/ScN (a and b),
ZrN/ScN (c and d) superlattices

Angle-dependent Reflection Conclusions
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