Azimuthal SHG with epsilon-near-zero enhancement
from ultrathin TiN epitaxial films
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Abstract

In this work we investigated the second harmonic generation (SHG) from TiN epitaxial films grown on c-plane sapphire. The ultrathin TiN films with thickness from 2-46
nm were grown by molecular-beam epitaxy (MBE) to produce high-quality stoichiometric TiN films. By rotating the samples along the propagation axis of the 800nm laser
excitation, we measured the reflected SHG polarized parallel (co-polarized) and perpendicular (cross-polarized) to the laser polarization. We observed nearly two orders
of magnitude increase in the SHG as the film thickness decreases from 46nm to 2nm. We associate the rapid increase in the SHG intensity below the 10nm TiN thickness
with the onset of redshift in the ENZ (epsilon-near-zero) wavelength below 10nm reported previously!ll.
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* Nine TiN thin film samples with varied film thickness from 2nm to 46nm, were measured in this study.

Results
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For cubic centrosymmetric materials such as TiN, the
SHG polarization due to surface and bulk contribution
can be expressed as
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The first term is the electric-dipole term and can only
come from the surface while the second term
corresponding to electric-quadrupole/magnetic-dipole
effects, give rise to the bulk contributed SHG. Both
surface and bulk have anisotropic contributions. The | 57 4 75
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Discussion & Conclusion

* The additional isotropic term y diminished as the TiN film thickness increases. We can attribute this term to the SHG contributed from the lattice mismatch between
the TiN/sapphire heterointerface.

* |n ultrathin TiN sample, the combination of surface and heterointerface SHG gives the feature of three-fold symmetry AZSHG in both polarization configuration.

* The bulk contributed AZSHG, due to electric quadrupole effect, dominates the total AZSHG in thick TiN samples (note: increasing a/f ratio). This effect is only
observable in co-polarization configuration (note: increasing a term in co-polarization).

* Surface contributed AZSHG diminished when the film thickness is increasing (note: decreasing [ in both polarization configuration).

* In both polarization configuration, the isotropic term y do not diminished completely in thicker sample. The origin of this isotropic AZSHG signhal need to be further
investigated in the future.
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