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Abstract of Thesis

Energy is crucial for development of human society. Energy shortage or crisis has severe influence on every
aspect of daily life especially in developing countries. Among numerous heavy demands of energy, one of
indispensable utilization is space cooling in the building. In order to solve this problem by employing passive
radiative cooling, a novel structure noted embedded metal-dielectric-metal (EMDM) structure that is
appropriate for ultrabroadband absorption is proposed and systematically analyzed in this dissertation. The
valid and intuitive framework are constructed, which mainly includes modified Fabry-Pérot (F-P) model and
single mode matching (SMM) method. In design of conventional broadband metamaterial or metasurface perfect
absorbers (MPA), a common strategy is to combine multi-resonant structures into one unitcell, i.e. multilayer
and multisized structures, which increases the complexity of design and fabrication. In contrast, physically,
periodic EMDM structure is distinct with aforementioned MPA, which is based on coupling between localized
and propagating modes. Performed by finite difference time domain (FDTD) calculation, the ultrabroadband
single-sized EMDM absorber is numerically demonstrated, which perfectly fulfills the requirement of high

performance passive radiative cooling.

As the results of this dissertation, with respect to an individual resonator, the EMDM resonator exhibits a
1.9 times broader full width at half maximum (FWHM) relative to that of the MDM resonator, and this results
from the match between EMDM and dielectric-loaded metal waveguide (DLMW) modes and the coupling of
frequency-dependent free space wave. Periodic single-sized resonators have an FWHM that is 3.8 times broader
than that of the MDM resonator, resulting from a novel mode noted hybrid mode. The hybrid mode is a special
example of guided mode. The existence of a hybrid mode enables EMDM resonators to significantly expand the
absorption band. In addition, a strong coupling effect and Fano resonance can be confirmed between localized
EMDM and hybrid modes. In order to improve average absorptivity of aforementioned periodic EMDM
resonator, I propose lossy dielectric material based EMDM resonators. In the application of a periodic 3D EMDM
resonator an average absorptivity of 0.85 could be achieved in the entire atmospheric window (8—13 um) by
lossy-dielectric single-sized ultra-thin EMDM resonators, corresponding to the net cooling power of 119 W/m?2
at 300 K. The pertinent wide angular responses are also confirmed, it demonstrates the EMDM structure can
preserve high performance of absorber in wide angular range. It is noteworthy the expansion of absorption band
is feasible by splitting of hybrid modes at high angle. The proposed EMDM ultrabroadband absorber is also
demonstrated by experiment, the experimental results show the average absorptivity of 0.68, corresponding to
the net cooling power of 93 W/m? at 300 K. Results of this dissertation suggest that these types of periodic 3D
EMDM structures are extremely promising candidates for radiative cooling devices and other ultrabroadband

absorbers.

Additionally, EMDM structures are not only limited in application of passive cooling, practically, I propose a
novel physical mechanism to obtain broadband absorption or scattering, which is distinct from the conventional
strategy of broadband resonators (i.e. multi-sized and multi-layer). Therefore, it is promising to apply this
mechanism to other research topic, such as light-trapping (in this dissertation, I utilize semiconductor materials
as a-Si and Ge, which are frequently used in light trapping and photovoltaics), plasmonic color palette (it is
promising to obtain single-sized resonator based structure, which means ultimate resolution of printing

technology), and thermophotovoltaics.
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