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Abstract: Linearly scaling the absorption frequency by changing its physical
parameters is an important advance of an absorptive material for many
applications. In this report, we numerically and experimentally investigate a simple
but perfect absorber using metamaterials that allows a linear geometry-frequency
scalability in a wide range of the frequency regime. Samples are fabricated by the
standard photolithography and characterized by free-space vector network analyzer
in the frequency band of 8-12 GHz for demonstration. Finite integration simulations
are performed to support the experiments.
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1. INTRODUCTION

Absorption is one of the most important optical properties of materials since it can find
applicability in many aspects of life, for example, electromagnetic filter, optical and
thermal detector, light shield, or energy storage [1]. Nevertheless, controlling the
absorption frequency is not always simple since it rigorously depends on intrinsic
properties of materials and formation conditions as well. In 2000, a new class of artificial
materials, the so-called metamaterials, was introduced to tailor electromagnetic properties
for novel applications without changing material constitutes [2]. For example, light not
only transmits and reflects but also can negatively refract in metamaterials [3]. Specific
metamaterials can be designed as invisible cloaks, where light can be bent around an
object as nothing was there [4]. In 2008, a new concept of ultrathin highly-absorptive
media using metal resonator-dielectric-metal mirror metamaterials was reported [5]. This
work has been followed by many other scientists, and the research of metamaterial
absorbers has been extensively developed [6-9].

Recently, we have investigated a metamaterial absorber composed of periodically
arranged sub-wavelength unit cells. Each of unit cells contains a dielectric spacer
sandwiched by a resonator and a metallic mirror [10]. The fabricated metamaterial
absorber can exhibit a high absorption peak in microwave frequencies that would benefit
for radar stealth applications [11]. The absorption mechanism can be explained using the
equivalent circuit model, where the absorption is attributed to the magnetic resonant loss.
In this report, we show that the proposed metamaterial absorber can provide not only a
high absorptivity but also a selected absorption frequency using the geometry scalability.
Both numerical simulations and experiments are carried out to elaborate our idea.

2. SIMULATION AND EXPERIMENTAL SETUP

In order to confirm the validity of our equivalent circuit model presented in the
previous study [9,10], we design two geometrically-different metamaterial absorber
samples that have an identical resonant frequency. The first one marked as S1 consists of a
dielectric spacer in between a split-ring resonator and a metallic mirror while the second
one labeled as S2 is the same as S1 except that a simple cut-wire resonator is used for the
split-ring one. A series of simulations and experiments will be carried for both samples S1
and S2 to show that their absorption frequency can be tuned simply by scaling their
geometrical parameters.

Tap chi Nghién citu KH&CN qudn sw, Sé 49, 06 - 2017 161



Vit Iy

]

@ __(b)

Figure 1. Computational unit cell of metamaterial absorbers and corresponding photos of
their actual samples for (a) S1 and (b) S2. The metallic patterns and mirror are indicated
by yellow while the dielectric material is blue. The geometrical parameters of fabricated
samples are as follow: for S1, w= 1 mm, ¢ = 3 mm, g = 2mm, b = 8 mm, and a = 12mm;

for 82, w=1mm, [ = 8.5 mm, and a = 12 mm.

Figure 1 illustrates the schematic drawing of S1 and S2 with polarization and geometric
parameters. The incident wave is normal to the structure plane while the electric and the
magnetic directions are defined to be parallel to y-axis and x-axis respectively. In both
experiments and simulations, the metal is chosen as copper while FR-4 is selected for
dielectric material. The thicknesses of copper and dielectric components are 7,=0.036 mm
and 7~0.4 mm, respectively. The electromagnetic simulations are performed by CST
software using the finite-integration-simulation technique [12]. The unit cell is placed
between two waveguide ports, which act like transmitter and also receiver antennas.

For experiments, the metamaterial samples are fabricated using commercial FR4
printed circuit board (PCB) following unit-cell parameters aforementioned. Undergoing
photo-lithography and chemical etching steps, the metamaterial perfect absorber is formed.
During measurements, the samples are distanced between two horn antennas in a
reflection mode and held by a homemade plastic sample holder. The reflection signal is
recorded by a Vector Network Analyzer MS2028B. Since the transmission is prohibited
by the metallic mirror, the absorption intensity is obtained via the corresponding
reflection.

3. RESULTS AND DISCUSSIONS

It has been agreed that the origin of metamaterial absorption associated with a magnetic
resonance and its corresponding antiparallel current distribution [9]. The magnetic
resonant frequency can be described by a LC equivalent circuit model f=1/[2n.sqrt(LC)],
where C is the induced capacitance between two metallic layers, and L is the induced
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inductance of metallic resonators. In general, for each shape of the front resonator, i.e.
split-ring [5], disk [13], ring, or cut-wire [14], the approximate values of C and L can be
calculated from their geometrical parameters.
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Figure 2. Absorption spectra of (a) sample SI and (b) S2.

Figures 2(a) and 2(b) present the simulated absorption spectra of samples S1 and S2.
With the given set of parameters, the working frequency of metamaterial absorbers is
about 8-12 GHz. In particular, an absorption peak of more than 97% appears at 10.5 GHz
in both spectra. Their high absorption is in line with previous results [10,11], validating
the magnetic origin of their absorptivity. Despite their geometrical difference, the
absorption behavior is very similar to each other as expected, confirming the effectiveness
of the equivalent circuit model. Nevertheless, not only the absorption intensity but also the
information about their frequency scalability is important for practical applications. The
geometry-frequency scalability refers to the behavior of metamaterial absorption
frequency once we shrink down/up all geometrical parameters of the original design. For
this purpose, the absorption behavior of selected counterparts of the proposed S1 and S2
absorbers, which operate at different frequency regime, are numerically examined
according to different scaling factors relative to the sizes defined in Figs. 2(a) and 2(b).
The results are presented in Fig. 3, where all the geometrical parameters are scaled down
simultaneously by a factor s of 1, 0.1, 0.01, and 0.001. For the sake of simplicity, the
dielectric constant of the substrate is assumed as 4+i0.008 during the simulation. It is
obvious that for both S1 and S2 the ratio between the original absorption frequency (fy =
10.5 GHz at s = 1) and scaled absorption frequency f decreases linearly with the decrease
of scaling factor from 1 to 0.001. It means that geometrically scaling down a metamaterial
absorber will scale up its operating frequency proportionally GHz to THz. Meanwhile, the
high absorption intensity of metamaterial absorbers remains unchanged up to few tens
THz (not shown here). It is even more optimistic for higher-frequency absorbers since the
optical loss is more significant with used dielectric materials.

Two series of differently-scaled samples correponding to S1 and S2 are fabricated to
elaborate the linear geometry-frequency of metamaterial absorbers. For demonstration, the
absorber samples S1 and S2 operating at 10.5 GHz are chosen as the original one with s
=1. Due to the limitation of measured frequency range, other samples correspond to
s=1.1 (f=9.5 GHz) and 5=0.9 (f= 11.5 GHz) are prepared and characterized as shown in
Fig. 4. It can be seen that for both series of the samples the absorption frequency shifts
linearly with the scaling factor s, in a good agreement with the prediction in Fig. 3. In
particular, the absorption frequencies (and the bandwidth) of S1 are /=9.6 (+0.4), 10.4

Tap chi Nghién citu KH&CN qudn sw, Sé 49, 06 - 2017 163



Vit Iy

(£0.5), and 11.4 (+0.3) GHz for s = 1.1, 1.0, and 0.9, respectively. For the sample S2, the
absorption frequencies (and the bandwidth) are /=9.5 (£0.4), 10.5 (£0.4), and 11.4 (£0.4)
GHz for s = 1.1, 1.0, and 0.9, correspondingly.
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Figure 4. Experimental and simulated absorption spectra of sample SI and §2
according to s= 0.9, 1.0, and 1.1.
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The experimental geometry-frequency scalability of sample S1 and S2 for s = 0.9, 1.0,
and 1.1 is plotted in Fig. 5 for comparison. The error bars indicate the corresponding
fractional bandwidth of each sample. Within the examined frequency range (8-12 GHz),
both S1 and S2 exhibit their linearity in geometry-frequency dependence. A small
discrepancy at s = 0.9 and 1.1 could be caused by the fabrication imperfectness.
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Figure 5. Geometry - frequency dependence of sample SI and S2.
4. CONCLUSIONS

In this report, we presented a study on the geometry-frequency scalability of
metamaterial absorbers. The results show that i) the absorption frequency can be precisely
designed using the equivalent circuit structure, ii) the absorption frequency can be linearly
scaled by geometrically shrinking up/down the metamaterial structure, and iii) the linearity
of geometry-frequency scalability in metamaterial structure is experimentally examined in
the range of 8-12 GHz. It is believed that the linear geometry-frequency scalability of
proposed metamaterial absorbers would be useful for advanced electromagnetic probing
applications.
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TOM TAT

TUONG THiCH HiNH HOC - TAN SO TUYEN TiNH
CUA VAT LIEU HAP THU MEATMATERIALS

Twong thich tuyén tinh ciia tan s6 véi s thay doi ciia cac théng sé vat Iy la mot
wu diém quan trong ciia vit liéu hap thu trong nhiéu img dung. T rong bao cdo nay,
chung toi nghién curu kha nang hap thu don gian nhung hiéu suat cao cua siéu vt
liéu metamaterials, cho phép bién doi twong cdu triic - tan sé mot cach tuyén tinh
trong dai tan $6 réng. Mau vat liéu hdp thu dwoc ché tao bang phwong phap quang
khdc truyén thong, sau dé, dic trung hdp thu dwoc kiém tra bang phwong phdp
phan tich mang vector trong gidi tan 8-12 GHz. Ky thudt mé phong tich phan hitu
han ciing dvwoc ap dung de khcfng dinh cdc gia tri do thuc nghiém.

Tir khéa: Siéu vat liéu hép thy; Vat liéu hip thu; Tan sé microwave.
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