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ABSTRACT: We introduce a novel mid-infrared perfect metamaterial absorber characterized by wide-angle operation,
and dual-band absorption. This absorber is composed of perpendicular rectangular gold strips placed on a dielectric
substrate with an opaque gold ground layer. Through numerical simulations, we observe two absorption peaks
approaching unity, attributed to magnetic polariton modes at distinct resonant wavelengths. Furthermore, our structure
exhibits stable absorption across a broad range of incident angles (0) for both transverse electric (TE) and transverse
magnetic (TM) waves, particularly at azimuthal angle (¢) = 0°. This innovative design holds promise for applications in
infrared spectroscopy and imaging by serving as an effective absorbing element.
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L. INTRODUCTION

Metamaterials are synthetic materials crafted with specifically designed electrical permittivity and magnetic
permeability [1]. They have gained significant attention due to their unusual properties like the Doppler effect, negative
refractive index, perfect lensing, left-handed behaviour, electromagnetic wave cloaking, and perfect absorption [2-3]. A
noteworthy advancement is the creation of a "perfect" absorber, achieving near-unity absorption through metamaterials,
initially proposed by Landy et al. [4]. Utilizing intrinsic loss and employing suitable structural designs, various perfect
metamaterial absorbers have been developed, spanning wavelengths from the microwave [5] to the optical [6] regimes.
Strategies for mid-infrared absorbers encompass composite grating absorbers [7], photonic crystal absorbers [8], and
broadband nanoresonator absorbers [9]. Liu et al. [10] designed a single-band mid-infrared absorber with a cross-
pattern metamaterial, while Ye et al. [11] explored the omnidirectional and polarization-insensitive properties of the
cross structure. Recognizing the limitations of single-band infrared absorbers in applications like spectroscopy and
imaging [12], researchers have focused on developing dual-band or multi-band infrared absorbers. Liu et al. [13]
studied a dual-band absorber by laterally assembling a subunit to the original cross-pattern unit cell, and Chen et al. and
other [14-15] investigated a dual-band perfect absorber with a symmetrical structure.

Despite these efforts, achieving absorption with a simple structure has not been demonstrated in prior research. In this
study, we propose a dual-band, wide-angle, and mid infrared metamaterial absorber using a T-shaped structure. The
absorber exhibits two distinct nearly 100% absorption peaks. We identify the dual-band absorptions as the result of
magnetic polariton modes produced at two distinct resonant wavelengths by analyzing the electric field distribution at
resonant wavelengths. Furthermore, we also investigate the wide-angle stability of the perfect absorber under both TE
and TM modes of incidence.

II. DESIGN OF METAMATERIAL ABSORBER

Figures 1(a) and 1(b) show the unit cell of a T-shaped metamaterial absorber. The T- shaped metal strips and bottom

metal layer are made from gold and the Drude model dielectric function &, = is used. The plasma frequency

w(a)+1(uc)
(wp) and the collision frequency (w.) are taken as 1.2 x10'® rad/sec and 10.5x10" rad/sec respectively. With a loss
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tangent of 0.003 and a dielectric constant of 10.8, the SiC layer is selected as the dielectric layer between the T-shaped
metal strips and the bottom metal layer. The gold layer has a thickness (t,) of 0.1 um while the SiC layer has a
thickness (t) of 0.27 pm. The lattice period of the structure is A = 2.6um in both the x and y directions. The vertical
distance between two perpendicular metal strips is d; = 0.4 pm. The rectangular gold strips have width w and length [ of
0.4 pm and 0.8 pm, respectively. COMSOL Multi physics, based on the finite element technique, was used to calculate
the transmission and reflection coefficients of the proposed structure [16]. The transverse electric (TE) wave that is
being considered here has an incidence angle of 0 to the z-direction and is impinging on the structure in the x-z incident
plane is shown in figure 1(a). A transverse magnetic (TM) incident wave, on the other hand, would have a magnetic
field that is directed along its path and an electric field on the x-z plane. In both the x and y directions, periodic
boundary conditions are applied.

(b)

Fig. 1. (a) Top view and (b) side view of a unit cell of the T-shaped metamaterial absorber

III. RESULTS AND DISCUSSION

The absorption (A) is estimated by using A=1-|S;,|>, where |S| is the reflection coefficient. Here, the absorption
depends only on the reflection coefficient because the thickness of the metallic strip is much greater than the skin depth
in the infrared region. Figs. 2(a) and 2(b) show the absorption spectra of the T-shaped structure with various incidence
angles (0) for both the TE and TM waves.
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Fig.2 Absorption spectra of single T-shaped metamaterial with different incident angles for (a) TE configuration and
(b) TM configuration,

Two absorption peaks are observed for TE waves for various incidence angles. It is seen that the increase in incidence
angle increases the absorption. The perfect absorption of 99.79% is achieved at a wavelength of 6.56 um. The second
absorption peak is obtained at a wavelength of 4.76 pm and the highest absorption is 89.35% at the incidence angle of
40°. The second absorption peak is more influenced by the angle of incidence than the first peak. Similarly, there are
two or more absorption peaks observed for TM waves. The highest absorption (97.18%) is observed at wavelength 6.56
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um for the angle of incidence 30°. It is observed that an increase in the angle of incidence reduces the number of peaks
and absorption.

The electric field distribution of the TE mode at resonant wavelengths A; = 6.56 um and A, = 4.76 um on the
rectangular strips and bottom metal layer are shown in Fig. 3 and Fig. 4, respectively, for an incidence angle of 40°. Tt
is observed in Fig. 3(a) that the electric field distribute mainly at the bottom region of vertical strip and a weak field is
found at bottom of the horizontal strip at wavelength A1 = 6.56 um . The electric field distribution on the bottom metal
layer at the same resonant wavelength is shown in Fig. 3(b). These fields are just opposite in sign compared with those
on the metal strips. This field distribution indicates that one induced current loop around the SiC dielectric is formed.
This feature of the distribution of the electric field shows that magnetic resonances are produced in T-shaped metal
strips by the excitation of magnetic polaritons.

(a) ‘ o)

| 1 "
- i

&

Fig. 3 The z component of electric field distribution at resonant wavelength A; = 6.56 um on (a) top of perpendicular
strips and (b) bottom metal layer in TE incidence under the incident angle of 6 = 40°.

In the same way, we investigative the Z- component of electric field at resonant wavelength A1 = 4.76 um. Fig. 4(a)
shows that the electric field is concentrated at bottom of the horizontal metal strip. In Fig. 4(b), we can see that the
electric field distribution at the same resonant wavelength on the bottom metal layer is opposite when compared with
that on the metal strips. This means that one induced current loop around the SiC dielectric is formed. This indicates

that different magnetic polariton modes are excited at the different resonant wavelengths, which generate absorption
bands.
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Fig. 4 The z component of electric field distribution at resonant wavelength A, = 4.76 um on (a) top of perpendicular
strips and (b) bottom metal layer in TE incidence under the incident angle of 6 = 40°.
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The stability of absorption bands has been further investigated for the TE and TM waves, at ¢ = 0°, with incidence
angle 0 ranging from 0° to 40° (shown in figure 2). When 6 changes from 0° to 40° in TE waves, a dual band
absorption up to 99.79% is accomplished and the maximum absorption is attained at 8 = 40° for wavelength A1 = 6.56
pm. In TM mode, triple absorption peaks are observed when 0 varying from 0° to 40°. The maximum absorption
95.52% at wavelength A1 = 6.56 um is observed for 6 = 40°. The reduction of absorption intensity observed for the
lower wavelengths. With the incident angle larger than 30°, different absorption peaks at lower wavelengths merge into
one.

IV. CONCLUSION

The absorption characteristics of T-shaped metamaterial absorber in the mid infrared region have been investigated
numerically. This metamaterial consists of a SiC dielectric layer sandwiched between T-shaped rectangular gold strips
and a gold ground plate. Two distinct absorption peaks are observed at an incident angle of 6 = 40°. Analysis of the z
component of the electric field profile within the absorber reveals that the perfect absorptions arise from magnetic
polariton modes formed at different resonant wavelengths. Moreover, the absorber demonstrates stability across a range
of incident angles for both transverse electric (TE) and transverse magnetic (TM) wave incidences. This dual-band
infrared absorber holds promise for applications in thermal detectors and infrared imaging.
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