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Fig. 1. Comparison diagram of absorption and scattering characteristics of two perfect absorbers: (a) The electric field intensity dia-

gram of absorber (e =141, =1); (b) the electric field intensity diagram of absorber (e =14 0.5i, 4 = 1); (c) the comparison

diagram of the far field distribution of the two absorbers; (d) the comparison diagram of the enlarged far field distribution of the

two absorbers.
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Fig. 2. Absorption characteristics comparison of different perfect absorbers: (a) The far field comparison diagram and (b) far field
comparison enlarged diagram of impedance-matched and impedance-mismatched absorbers of the first set; (c) the far field comparis-
on diagram and (d) far field comparison enlarged diagram of impedance-matched and impedance-mismatched absorbers of the
second set; (e) the far field comparison diagram and (f) far field comparison enlarged diagram of impedance-matched absorbers of

the above two sets.
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Fig. 3. Analysis of absorption characteristics of electromagnetic “black hole”: The electric field intensity diagram of (a) impedance-
mismatched and (b) impedance-matched electromagnetic “black hole”; the electric field z component diagram of (c¢) impedance-mis-
matched and (d) impedance-matched electromagnetic “black hole”; (e) the far field comparison diagram and (f) far field comparis-

on enlarged diagram of impedance-mismatched and impedance-matched electromagnetic “black hole”.
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Fig. 4. Absorption characteristics comparison of perfect absorber and electromagnetic “black hole”: (a) The far field comparison dia-

gram and (b) far field comparison enlarged diagram of impedance-mismatched perfect absorber and electromagnetic “black hole” ;

(c) the far field comparison diagram and (d) far field comparison enlarged diagram of impedance-matched perfect absorber and elec-

tromagnetic “black hole”.
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Fig. 5. Radial transformation relationship curve.
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Fig. 6. Absorption characteristics comparison of perfect absorber, electromagnetic “black hole” and inner PML: (a) Electric field in-
tensity diagram and (b) electric field z component diagram of inner PML; (c) far field comparison diagram and (d) far field compar-
ison enlarged diagram of impedance-matched perfect absorber and inner PML; (e) far field comparison diagram and (f) far field

comparison enlarged diagram of impedance-matched electromagnetic “black hole” and inner PML.
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SPECIAL TOPIC—Optical metamaterials

Absorption characteristics of perfect absorber,
electromagnetic “black hole” and
inner perfectly matched layer”
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(Key Laboratory of Electromagnetic Wave Science and Detection Technology in Fujian Province,
Institute of Electromagnetics and Acoustics, Xiamen University, Xiamen 361005, China)

( Received 15 January 2020; revised manuscript received 10 March 2020 )

Abstract

The perfectly matched layer plays a key role in electromagnetic simulations, and it makes the infinite space
look like a finite space, so that the electromagnetic waves propagating to the boundary seem like their
propagations to the infinity. The inner perfectly matched layer has a similar concept, usually in the form of a
cylinder or sphere placed inside the physical field. It makes the electromagnetic field matched at the boundary,
so that the electromagnetic waves propagate on its convex surface as if they were propagating to an infinite
distance, without any scattering. In addition to the perfectly matched layer, planar absorbers can be realized in
a variety of ways, such as spatial Kramers-Kronig relations, photonic crystals, metamaterials, etc. On the other
hand, the inner cylindrical or spherical absorbers are generally perfect absorbers, electromagnetic “black hole”,
etc. Transformation optics always arouse great research interests. For its property of controlling propagation of
electromagnetic waves arbitrarily under coordinate mappings, transformation optics has a wide range of
applications and has also been used as a theoretical tool for designing absorbers. However, to the authors’
knowledge, there is no effective method to achieve perfect absorption of inner absorbers with no reflections and
independence of incident angle or wave frequency. In this paper, transformation optics theory is used to design
an inner perfectly matched layer whose material parameters are obtained by a radial coordinate transformation
of the complex plane. Through investigating the electromagnetic wave patterns and the two-dimensional far-
field diagrams, we intuitively compare and analyse one by one the absorption characteristics of the matched and
mismatched perfect absorber, electromagnetic “black hole” and the inner perfectly matched layer. It is found
that the matched perfect absorber has better absorption property than mismatched one and electromagnetic
“black hole”. In the electromagnetic “black hole” there appear a lot of scatterings. While our inner perfectly
matched layer demonstrates the best effectiveness of absorption with no back scattering. It can be used as an

absorbing kernel in electromagnetic simulations and relevant experiments.

Keywords: inner perfectly matched layer, transformation optics theory, electromagnetic “black hole”,

absorption characteristics
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