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STEM Degrees: 2 STEM Participants:

Major Goals: This proposal seeks to leverage novel thin-film based homo- and hetero-structured devices to
elucidate a number of fundamentally new radiative heat transfer and energy conversion processes that arise in the
near-field. In fact, near-field radiative heat transfer (NFRHT), which occurs in a regime where the gap-size between
hot and cold objects is less than the Wien’s wavelength, is an area of great current interest due to both its
fundamental importance and technological potential. While far-field radiative transport is well understood, there
remains a significant gap in current understanding of NFRHT. During the last decade, computational studies have
predicted a number of novel transport and energy conversion phenomena which include potentially transformative
approaches for: a) thermophotovoltaic energy conversion by leveraging near-field effects in conjunction with low
band-gap materials and b) electro-luminescent based refrigeration using thin-film heterostructure devices.

Accomplishments: We accomplished several goals of the proposal.

Probing Energy Transport via Photons in Nanoscale Gaps and Nanodevices (A. Fiorino et al., Nano Letters (2018);
A. Fiorino et al., ACS Nano (2018); D. Thompson et al., Nature (2018)): We made important breakthroughs in
exploring nanoscale radiation. Specifically, we overcame several technical challenges to demonstrate that it is
possible to achieve almost three orders of magnitude enhancements above the blackbody limit when the gap size
between objects is reduced to the nanoscale( A. Fiorino et al., Nano Letters (2018), A. Fiorino et al., ACS Nano
(2018)). In addition, by employing nanofabricated calorimeters we achieved detailed experimental evidence to
demonstrate that heat transfer rates between sub-wavelength nanodevices located in the far- field of each other
can surpass the blackbody limit by 100 times (D. Thompson et al., Nature (2018)).

Probing Energy Conversion in Nanoscale Gaps (A. Fiorino et al., Nature Nanotechnology (2018)): We also made
major contributions to elucidate the potential of nanoscale thermal radiation for energy conversion. We showed for
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the first time, by employing microfabricated scanning probes and a novel nanopositioning platform, that the power
output for thermophotovoltaic energy conversion at the nanoscale can exceed that at macroscopic gaps by ~40
times due to strong contributions from evanescent modes (A. Fiorino, et al., Nature Nanotechnology (2018)).

Training Opportunities: This project resulted in the training of a number of graduate students and postdocs, who
are listed below.

1) Dakotah Thompson (Graduated in 2019, currently an Assistant Professor at UW-Madison)
2) Anthon Fiorino (Graduated in 2018), currently Engineer in Si Time

3) Dr. Linxiao Zhu (Currently post-doc in Reddy and Meyhofer labs)

4) Dr. Dejui Fan (Currently a post-doc in the Forrest lab)

5) Byungjun Lee (Currently a graduate student in the Forrest lab)

Results Dissemination: The work done in this project has resulted in several publications. Further, work form this
project has been reported online in several websites and has also been presented in a number of conferences in
invited talks.
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