Abstract

The intense interest in understanding the optical properties of nanoscale materials stems from the fact that they differ dramatically from their bulk-scale counterparts. This presentation explores two distinct methodologies for the optical characterization of nano-objects: optical absorption and optical scattering.
Optical properties of hexagonal Silicon:  Silicon has dominated the semiconductor industry due to its favorable physical, electronic, and technological properties; however, its indirect bandgap prevents efficient light emission and limits optical absorption in the infrared, constraining its use in optoelectronic circuitry. Unlocking silicon’s full potential therefore requires engineering it into an effective direct-bandgap emitter. Theoretical predictions identified hexagonal Si, Ge, and SiGe alloys as strong candidates for silicon-based direct-bandgap materials, a premise experimentally supported in 2019 when Bakkers and coworkers demonstrated direct-bandgap emission from hexagonal Ge and SiGe alloys via photoluminescence measurements.  Existing absorption-based techniques used to verify direct-bandgap behaviour suffer from significant limitations and ambiguities. In this section of the presentation, we introduce an efficient optical detection system based on an integrating sphere that isolates and measures the purely absorbed optical power of individual nanostructures, enabling spatially resolved absorption mapping of Shell hexagonal Si nanolayers across wavelength and to check for the evidence of their direct-bandgap behaviour.
TPF-iSCAT: Interferometric scattering microscopy (iSCAT), first introduced by Sandoghdar and co-workers, has emerged as a powerful technique for detecting nanoscale objects with exceptional stability. Nevertheless, iSCAT performance is fundamentally governed by the balance between reflectivity-scattering ratio and their relative phase. Optimization of the reflectivity-scattering ratio was previously addressed by introducing a fixed obstruction of the reflectivity. Here, we present an interferometric detection scheme that enables continuous independent tuning of both parameters, allowing the ratio to be optimized for each specific measurement. Our approach yields significantly enhanced interferometric contrast. We demonstrate the utility of this framework through direct, label-free detection of proteins with molecular masses as low as 5.8 kDa.

