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Tunable Wideband Absorber with Ferrite Metamaterial
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We proposed a new absorber based on Crescent Split Ring Resonators (CSRRs) that shows wideband
absorption. This absorber is made of biased ferrite slab by embedding CSRRs. Simulation and analysis is
carried out by FDTD method. The results show that the corresponding high absorption mainly originates from
the CSRR’s geometry. This structure can be tuned by external magnetic field.
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1. INTRODUCTION

Since 2001 which Pendry and Smith
constructed a composite by arranging a
periodic array of small metallic wires and
Split Ring Resonators (SRRs), this kind of
composite that usually are called
metamaterials  have  attracted  increasing
attention [1]. So far, many researches have
been done such as [1-5] in order to achieve
a perfect absorber according to
electromagnetic resonance and Left Handed
(LH) properties in metamaterials. However
the majority of those schemes are
narrowband which may impede their using
in some applications such as electromagnetic
shielding, wireless communication, satellite
television  systems, radar and  military
applications, etc. As a result, designing an
absorber with wide operating bandwidth is
very important in microwave engineering.
The idea which is supported in this paper is to
minimize the transmission and reflectivity
coefficient simultaneously, then achieve to
the maximum absorbance. By applying the
effective  medium theory, the effective
permittivity and  permeability, can be
extracted by the design of the unit cell of
the structure. Therefore, by designing of
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unit cell of absorber, it is possible to
achieve unusual characteristics such as
negative  permittivity and  permeability
which is known as LH property. According
to this theory the absorption of the structure
can be tuned by the design of the unit cell of
the absorber. In this paper a new absorber
based on Crescent Split Ring Resonators
(CSRRs) is proposed, that shows wide band
absorption. This absorber is made of biased
ferrite slab by  embedding CSRRs.
Simulation and analysis is carried out by
FDTD method. The corresponding high
absorption mainly  originates from the
CSRR’s geometry. In fact, by surface
current analysis, as it will be shown later,
there will be an  enhancement in
electromagnetic resonance. This is obtained
by replacing SRR with CSRR. This
electromagnetic enhancement increases the
bandwidth of the absorber. Moreover, by
increasing in external magnetic field the
bandwidth of the absorber will shift to
higher frequencies, which is similar to the
results in [7, 11].
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2. THEORY

Fig.1 shows a single Crescent ring of CSRR
with its parameters, which are:

R: Radius of the outer circle, r: radius of the
inner circle, d: distance along y-axis between
the centers, g: gap distance. The Main
difference between CSRR absorber and SRR
is due to its Crescent geometry. When an

electromagnetic wave incident to it, as
mentioned in [7,8] inductive circular currents
will appear and this element can be
considered as a current source. Because of
unsymmetrical thickness, this surface
currents density is bigger than surface

currents density in an SRR and so there will
be a better interaction between -electric and
magnetic fields.
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Fig .1 Crescent ring and its parameters

Resonance enhancement in this metamaterial
element is mentioned in [9]. According the results
in [9], crescent resonator can cause a strong
resonance enhancement by an increase in
interaction between electric and magnetic fields.
Let assume we have a plane wave with amplitude
V; which have normal incidence on slab with
effective thickness d, which is manifested in Fig.2.
From the microwave aspect as presented in [7] and
[10], S-parameters of the slab are related to
reflected and transmitted coefficients as equations
below:
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In (1), (2) T is reflection coefficient for infinite
slab and can be written as:
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Where Z,is effective wave impedance and is
related to S-parameters as:
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Then refractive index n, has an equation as
follows:
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Fig.2 slab with effective thickness d,which is excited with a
plane wave With normal incidence, where incidence is in X
direction.
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In eq.(5), m is an integer number and related
to branch index of real part of Re(n). There
are several methods to solve these equations
such as an algorithm that proposed in [6] or
in [10].

Finally, with applying an algorithm which is
proposed in [l10], we are able to write
effective  permittivity and permeability as
bellow:

=T 6)
g = Z
Ue =MNZ, (7)

In the next section, it is analyzed proposed structure
from left handed properties aspect.

3. SIMULATION

Proposed unit cell is illustrated in Fig.3.a which
includes three parts. An CSRR is etched on a ferrite
slab (Fig.3.b) which this slab is sandwiched
between two other slabs (Fig.3.c) and the CSRR is
placed in central plane of them. Parameters of each
Crescent ring are the same as in Fig.1 respectively.

(<)

Fig.3 (a): proposed cell, (b): CSRR etched on a ferrite slab,
(¢): side view of proposed cell.

The Ferrite slabs are square with the area of a* and
the thickness of the cell is assumed to be d,. For
simulation, it is assumed that vertically polarized
transverse electromagnetic (TEM) wave is incident
normally in X direction on the right side of the cell
(port 1) which is shown in Fig.3.a, and suitable
boundary conditions which are: Perfect electric
conductors (PEC) on top of waveguide,
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perfect magnetic conductor (PMC) on the sides of
waveguide and two other sides in X direction, are
defined as waveguide ports. Meanwhile magnetic
bias assumed to be in Y direction. Optimized cell,
which is simulated in this paper has a =
1.9mm and d, = 0.6mm (t = 0.2mm) , and
outer CSRR ring parameters are R = 1.6mm, r =
1.4mm and d = 0.2mm, while inner CSRR ring
has R =0.8mm,r =0.7mm,d =0.1 . And
CSRRs which are made from copper with thickness
0.017mm placed in the center of ferrite slabs.
Ferrite slabs which are used in simulation are TT1-
390 ( 4mMg = 2150 G and
resonance beam width 648 Oe, €, 12.7) [11]

4. RESULTS

With utilizing CST microwave studio suit
software, proposed cell is simulated. Fig4
shows surface currents in a period of wave at
(f=9.86 GHz),

resonance frequency

respectively.

Fig.4 surface current density on CSRRs; (a):@ = 0°, (b): @
60° (c): @ = 120°, (d) : @ = 180°, (¢) : @ = 240°, (f): @
300°
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Fig.5 shows magnetic field in a period of wave, 5 ;
respectively. In this figure the resonance Re(eq)
enhancement is illustrated (=9.86 Ghz). 4r — Imfe, ) ]

9 95 10 10I.5 " 1.5 12
Frequency GHz

Fig.6. effective permittivity when magnetic
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bias is 37000e.
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Fig.5 magnetic field in a period of wave;(a) @ = 0°, (b) @ =
60°(c) @ = 120°, (d) @ = 180°, (¢) @ = 240°, () = 300°

From Fig.5, a strong resonance in a period of wave
can be seen clearly. This is mainly originates from
crescent resonators. In other words, as mentioned
in [9] crescent resonators can cause a more
effective resonance. Fig.4 represents that
enhancement in inductive surface currents on the

resonators is a good description of this

phenomenon.  Effective  permittivity  and

5 | 1 1 1

permeability in Eq.(6), Eq.(7) is illustrated in Fig.6 8 85 ¢ 95 0 05 W nE 1
and Fig.7, when magnetic bias is 37000e. FreqUEHGy GHz
Fig.7. effective permeability when magnetic
bias is 37000e.

From Fig.6 and Fig.7 it is inferred that
proposed cell has a strong resonance at 9.86
GHz and LH properties can be concluded from
Figs. [6,7]. Meanwhile, power flow and power
loss of the proposed cell is plotted in Fig.8 and
Fig.9. From these figures it is inferred that CSRR
rings act as a filter and the part of the power of wave
which arrives at port 2 is negligible. In fact, Fig.8
and Fig.9 are representing the result of increase in
interaction between electric and magnetic fields.
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Fig.9 power loss in propos;:d cell, right is port 1 and left is
port 2.

Finally absorption is given by:

A(w) =1~ 1S]11° = IS],°
(8)

And is plotted in Fig.10. The design aim which is
simultaneously minimizing the transmission and
reflectivity has been achieved.
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Fig.10 transmission, reflectivity and absorption of proposed
cell

Fig.10 approves that proposed structure yield
maximum absorption 98%. Proposed cell in
comparison with other proposed schemes
such as [I11, 12] has more bandwidth. With
this novel design bandwidth of the absorber
which the absorptivity is more than 90% is
about 2.5 GHz. In Fig.ll absorptivity is
plotted as a function of magnetic bias, this is
compatible with the results which is obtained
in[l1].
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Fig.11 absorptivity as a function of magnetic bias.
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5. CONCLUSION

In this paper we present a novel absorber.
Proposed absorber is based on Crescent Split
Ring Resonators (CSRRs) and ferrite slabs
that shows wide band absorption. Simulation
and analysis is carried out by FDTD method
and bandwidth of proposed absorber which
absorptivity is more than 90% is about 2.5
GHz. The corresponding high absorption
mainly originates from  the CSRR’s
geometry. This structure can be tuned by
external magnetic field.
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