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57 ABSTRACT

An optical coating includes a first resonator with a broad-
band light absorber. A second resonator includes a narrow-
band light absorber which is disposed adjacent to and
optically coupled to the broadband light absorber. The phase
of light reflected from the first resonator slowly varies as a
function of wavelength compared to the rapid phase change
of the second resonator which exhibits a phase jump within
the bandwidth of the broadband light absorber. A thin film
optical beam spitter filter coating is also described.
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FANO RESONANT OPTICAL COATING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of co-pending U.S. provisional patent application Ser. No.
63/165,881, FANO RESONANT OPTICAL COATING,
filed Mar. 25, 2021, which application is incorporated herein
by reference in its entirety.

STATEMENT REGARDING FEDERALLY
FUNDED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under 1IP-1701164 and I1P-1722169 awarded by National
Science Foundation and W911NF-20-1-0256 awarded by
ARMY Research Office. The government has certain rights
in the invention.

FIELD OF THE APPLICATION

[0003] The application relates to optical coatings, particu-
larly to optical coatings for optical filters or mirrors.

BACKGROUND

[0004] Optical coatings are typically thin films of material
deposited on an optical instrument or optical components,
e.g., anti-reflective coatings, color filters, and dielectric
mirrors.

SUMMARY

[0005] An optical coating includes a first resonator broad-
band light absorber. A second resonator includes a narrow-
band light absorber which is disposed adjacent to and
optically coupled to the broadband light absorber. The first
resonator exhibits a phase transition within a bandwidth of
the broadband light absorber which is slower relative to a
rapid phase change of the second resonator within the
bandwidth of the broadband light absorber.

[0006] A resonant destructive interference between spec-
trally overlapping cavities of the first resonator and the
second resonator yields an asymmetric Fano resonance
absorption and reflection line. The broadband light absorber
provides a continuum response. The narrowband light
absorber provides a discrete state response. The optical
coating is typically a thin film optical coating. A phase of
light reflected from the first resonator varies slowly as a
function of wavelength compared to a rapid phase change of
the second resonator which exhibits a phase jump within a
bandwidth of the broadband light absorber.

[0007] The first resonator can include a lossy material on
a metal. The first resonator can include a lossless dielectric
on a lossy metal. The first resonator can include a lossy
dielectric on a lossy metal. The first resonator can include a
dielectric on a lossy material on a metal. The first resonator
can include a lossy material on a dielectric on a metal.
[0008] The second resonator can include a metal dielectric
metal cavity. The second resonator can include a lossless
dielectric on a low loss metal. The second resonator can
include a dielectric mirror-dielectric-dielectric mirror cavity.

[0009] The optical coating can be configured as a beam
splitter filter.
[0010] A thin film optical coating beam spitter filter

includes a first resonator broadband light absorber. A second

Sep. 29, 2022

resonator is a narrowband light absorber disposed adjacent
to and optically coupled to the broadband light absorber. The
thin film optical beam spitter filter coating can be configured
as a multi-band spectrum splitter and a thermal receiver.
[0011] The thin film optical beam spitter filter coating can
be a Fano resonant optical coating (FROC) which behaves
simultaneously as a multi-band spectrum splitter and a
thermal receiver. The thin film optical beam spitter filter
coating can be a component of a hybrid solar thermal-
electric energy generation system.

[0012] The optical coating can include a first metal layer.
A lossless dielectric layer can be disposed adjacent to and
optically coupled to the first metal layer. A second metal
layer can be disposed adjacent to and optically coupled to
the lossless dielectric layer. A lossy material layer can be
disposed adjacent to and optically coupled to the second
metal layer.

[0013] A lossy material layer and the second metal layer
can provide the first resonator including the broadband light
absorber. The second metal layer, the lossless dielectric
layer, and the first metal layer can provide the second
resonator including the narrowband light absorber.

[0014] The foregoing and other aspects, features, and
advantages of the application will become more apparent
from the following description and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The features of the application can be better under-
stood with reference to the drawings described below, and
the claims. The drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating
the principles described herein. In the drawings, like numer-
als are used to indicate like parts throughout the various
views.

[0016] FIG. 1A includes graphs showing (i-v) Schematics
of the structure and reflectance R and transmittance T of the
main types of optical coatings including (i) metallic coatings
used as mirrors and beam splitters, (ii) anti-reflective dielec-
tric coatings, (iii) dielectric (Bragg) mirrors, (iv) broadband
optical absorbers, and (v) narrowband absorbers, and (vi)
schematically the new fano resonant optical coating (FROC)
according to the Application;

[0017] FIG. 1B is a drawing showing an exemplary sche-
matic of a FROC having two weakly coupled resonators
where resonator 1 represent a broadband absorber and
resonator 2 represents a narrowband absorber;

[0018] FIG. 1C is a graph showing calculated oscillator
intensities for the structure of FIG. 1B;

[0019] FIG. 1D is a graph showing corresponding oscil-
lator phases ®,(w) for the structure of FIG. 1B;

[0020] FIG. 1E is a graph showing the reflectance from the
whole system of the two coupled resonators;

[0021] FIG. 2A is a graph showing a calculated reflection
and absorption of an exemplary thin-film broadband light
absorber.

[0022] FIG. 2B is a graph showing an exemplary narrow-
band light absorber;

[0023] FIG. 2C is a graph showing an exemplary a FROC
using the structures of FIG. 2A and FIG. 2B;

[0024] FIG. 2D is a graph showing a calculated power
dissipation density in a Ge—Ag structure highlighting the
resonant destructive interference between the broadband and
narrowband nanocavities;






