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The past decade witnessed a rapid growth of ultra-thin and atomically-thin
electronics and optoelectronics devices due to the advances in the development
of new two-dimensional (2D) and ultra-thin nanomembrane materials. Although
these new thin film materials opened opportunities for electronics and
optoelectronics, their ultra-thin/atomically-thin film nature resulted in intrinsic
limitations or challenges. For instance, in most thin-film energy harvesting/
conversion applications, there is a long-existing trade-off between optical
absorption and thickness of semiconductor materials. When the absorptive
materials are scaled down to ultra-thin (e.g. sub-50-nm) or atomically thin (e.g.
sub-5-nm) dimensions, their light-matter interactions (e.g. optical absorption,
energy conversion enfficiency, nonlinear optical response, etc.) are weak. To
overcome this limitation, I will explain a planar nanocavity structure to enhance
the light trapping within ultra-thin films and successfully demonstrated over
60% resonant absorption within a 1.5-nm-thick amorphous Ge film. Importantly,
this planar nanocavity strategy can be extended to enhance light-matter
interaction within monolayer of 2D materials. Therefore, this architecture will
enhance the light-matter interaction of ultra-thin absorbing films and overcome
the limitation between the optical absorption and film thickness of energy
harvesting materials. More recently, my team successfully demonstrated

nanomembrane Ge photodectors and 2D perovskite photodetectors boosted by

this nanocavity strategy.
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