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Abstract: We use multi-physics engineering to improve both intrinsic (thermodynamic) and extrinsic (photonic) limits 

of photovoltaic conversion efficiency. These include a thermal up-conversion scheme and a hydrodynamics-inspired 
approach to trap light within nanoscale volumes by twisting it around phase singularities ‘pinned’ to nanostructures. 

Tailored spectral and angular selectivity of surface absorptance and emittance is critical for increasing 
the efficiency limits of photovoltaic and thermo-photovoltaic energy conversion schemes. We apply a 
combination of multi-physics approaches to design and characterize photonic meta-surfaces with 
tailored emittance/absorptance characteristics. First, thermodynamic analysis is used to identify 
requirements to directional and spectral selectivity properties of surfaces of photovoltaic and thermal 
solar power converters that are necessary for improving their efficiency limits (1). We then apply a 
hydrodynamics-inspired approach to perform photonic design of meta-surfaces that enable efficient 
absorption or emission of light. In particular, we explore ways to mold trapped light into optical 
vortices – tornado-like areas of circular motion of power flux, which are connected into transmission-
like sequences and 'pinned' to nanostructures (2, 3). We gain new insights into vortex-trapping 
structures by invoking a hydrodynamic analogy of the ‘photon fluid,’ whose kinetic energy can be 
locally increased via convective acceleration and then converted into pressure energy to generate 
localized areas of high field intensity. We will discuss applications of this new design framework to 
thermo- and photovoltaics as well as nanoscale light management, including light focusing, routing and 
switching in complex transmission-like reconfigurable nanoplasmonic networks (2, 4-7). 
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Left: Light can be twisted around phase singularities created in 
the vicinity of a nanostructure forming coupled optical vortices. 
Rainbow vortex trapping in spectrally-tunable meta-surfaces: 
(center) scattering efficiency & (right) the localized electric field 
intensity in optical-vortex-pinning meta-surfaces. 
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