Engineering Advanced Functional Materials for Nonlinear Optical Applications
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Abstract

The rapid advancement of laser photonics and
optoelectronic technologies has significantly increased
the demand for advanced nonlinear optical (NLO)
materials, particularly for applications such as all-optical
switching, optical limiting, and photonic signal
processing [1-3]. In this context, semiconductor metal-
oxide ultrathin films have emerged as highly promising
candidates due to their compatibility with integrated
device architectures and their remarkable physical and
optical properties. Nanoscale engineering enables precise
tailoring of material functionalities through the design of
semiconductor nanostructures that exhibit enhanced or
synergistic effects. The integration of diverse
nanomaterials allows fine control over structural,
chemical, and optical characteristics, thereby paving the
way for the development of customized materials with
superior performance in laser-based and photonic
applications [1-3]. In this presentation, we highlight the
strong nonlinear optical response of functionalized
pyridinium-benzimidazole derivatives [4] and BODIPY
dyes, emphasizing their potential for advanced
optoelectronic applications such as random lasing,
harmonic generation, and organic light-emitting diodes
(OLEDs). In addition, recent results on rare-earth-doped
AgGaGesSes are presented, demonstrating a promising
pathway toward multifunctional materials for tunable
optoelectronic devices [5].
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