Optical Resonator Modulated Super-Plankian Monochromatic
Thermal Radiation in Near-field
Baoan Liu and Sheng Shen*
Department of Mechanical Engineering, Carnegie Mellon University, Pittsburgh, PA 15213, USA
*
corresponding author: sshen1@cmu.edu
Abstract-We propose a general methodology to achieve the super-Planckian monochromatic
thermal radiation by designing the emitter-absorber optical resonator. The monochromatism can
thus be controlled by the resonance mode, rather than the material intrinsic properties. A general
theory based on the quasinormal modes of the resonator is derived to qualitatively guide the design
of the emitter-absorber resonator.
Thermal radiation, which was regarded as broadband and less-intensive because of Planck’s law,
can simultaneously be monochromatic and super-Planckian in near-field1. The super-Planckian monochromatic
thermal emission shows great potentials in the fields of renewable energy2, information interconnects3, and
infrared super-resolution sensing4. However, so far the only solution to realizing the super-Planckian
monochromatic near-field thermal radiation is to utilize the intrinsic resonance of the polar dielectric thermal
emitters/absorbers (e.g. SiC, SiO2), where the peak frequency corresponds to the resonance of surface
phonon polariton, i.e. ò  1 1. In this scenario, the monochromatism is determined by the material property,
which severely limits the engineering applications.
In this presentation, we propose a general methodology to achieve the super-Planckian monochromatic
thermal radiation by designing the emitter-absorber optical resonator. The thermal radiative energy flux
peaks correspond to the frequencies of the cavity resonance modes. Therefore, the monochromatism can
be designed by the geometrical structures, rather than the material intrinsic properties. In general, the
emitter and absorber can be made by non-resonance materials (e.g. metals, graphene, etc.).
First, we present a general theory to quantitatively predict and interpret the peaks in the energy flux
spectrum based on the quasinormal modes (QNM)5 of the emitter-absorber resonator. We demonstrate
that the peaks follow the Lorentz line-shape whose apex value can be estimated by a simple equation
as
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e  Qe /  Qa  Qe  Q f  are the fractional energy loss of the QNM in the absorber and emitter, respectively.
Here, Qa and Qe indicate the resistive dissipation of the QNM inside the absorber and emitter, respectively.

Q f is the far-field radiation loss of the QNM. This theory serves as a general design principle for the

optical resonator modulated near-field thermal radiation. To maximize the monochromatic thermal radiative
energy transfer, the resonance mode of the emitter-absorber resonator needs to be designed such that

a  e  0.5 , i.e. the mode loss inside the emitter and the absorber are equally distributed, and the
fractional far-field radiation loss is negligible.
After that, we demonstrate that the thin metal wire and graphene serve as two possible building blocks
of the optical resonator thermal emitter/absorber with ideal performance. We also confirm our theory by
comparing with the direct simulation results by the Fluctuating Surface Current method6.
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