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Abstract:
Freely available historical records show that Nicola Tesla was the first to experiment with the idea
of transporting energy between two distant points. Tesla’s ingenuity, however, was not only ahead
of its time but also ahead of its practical relevance. In the 1960s, W. C. Brown proposed wireless
power transfer using microwaves, and in the 1970s, R. Bailey was on the record to be the first to
propose harvesting the energy of the solar spectrum directly using nano-antennas. The world’s
energy crises have undoubtedly ignited interest in these earlier extraordinary and highly important
works.
By far, the most abundant and clean energy source is solar radiation. Converting solar energy into
usable DC with efficiencies much higher than the 160-year old photovoltaic-based technology
would be based on understanding the electromagnetic radiation and reception phenomena in
general and the concept of antenna in particular. In this talk, I will re-examine the concept of
electromagnetic energy reception and its evolution from transmission between tightly coupled
systems, namely inductive and/or capacitive (near-field) coupling, to very loosely coupled system
(far-field coupling). To receive electromagnetic energy, one needs an energy collector, namely an
antenna. Classical antenna metrics were conceived for the antenna as a communication device. In
energy harvesting systems, however, the “energy transfer” modality is distinct and different from
information transmission, which calls for revisiting the classical antenna metrics and determining
their suitability for the energy harvesting paradigm.
Focusing on the efficiency as the most important parameter, I will discuss several design
paradigms for energy absorption and channeling developed by my group that span the microwaves
to the infrared frequency range. I will show important accomplishments that enabled us to achieve
near-unity power harvesting and channeling efficiency while at the same time highlighting the
important challenges that we anticipate as we inch closer to the holy grail of high solar energy
absorption in the infrared frequency regime and beyond.
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