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Abstract

The paper presents a new simple and ultra thin (5.6% A,) wide/ multi bands metamaterial radar absorber. The
new metamaterial absorber is based on the use of fan shaped split ring resonator. The theoretical concepts have
been validated using the electromagnetic full save simulations. The results illustrate that the proposed metamate-
rial absorber can achieve dual band of radar absorption. Both bands have wider bandwidth compared to conven-
tional rectangular split ring resonator (four times wider in one band and eight times wider in the second band).
Also, the proposed metamaterial absorber can achieve almost -20 dB reflection coefficient for both the cases of
co polarized and cross polarized incidence fields at the center frequency.

1. Introduction

Since the first decade of 21* century, special interest has been focused by electromagnetic community
on metamaterials. Owing to metamaterial unique electromagnetic features, they have been employed
to solve many problems beyond conventional technological limitations. The need for electromagnetic
absorption in many applications requires the radar absorbing materials (RAM) to be simple, thin, and
wide band. Thanks to the unique metamaterials properties, they have been employed in designing ra-
dar absorber with properties beyond conventional physical limitations [1]. The simplest metamaterial
radar absorber is an analogue to Salisbury screen and it is based on loading a lossy thin substrate with
periodic split ring resonators (SRRs). This type of resonant type metamaterial absorber can be of ultra
thin structure, but it suffers from narrow operating bandwidth.

The possibility of achieving wide band RAM is based on using multi-layered structure; first attempt
was Jaumann absorber [2]. However, this technique results in thicker structure which may be not suit-
able for many applications. Since the properties of a metamaterial are usually determined from its
geometrical structure and parameters, hence, the need for wide band absorber can be achieved by us-
ing non traditional SRRs geometries [3,4].

In this paper, we introduce the use of novel type of SRR configuration, named as a fan shaped SRR for
achieving wide band metamaterial absorber. Comparison between the performances of the metamate-
rial absorber based on conventional rectangular SRR versus the proposed one are introduced. The re-
sults illustrate that the proposed absorber can achieve wide and multi bands. Both bands are wider in
operation bandwidth compared to the conventional one.

2. RAM Structure:

Salisbury screen RAM is designed using a resistive absorber layer loading a (M4) grounded transmis-
sion line. This structure can achieve high impedance, an open circuit, for an incident electromagnetic
wave. Metamaterials have been employed in designing ultra thin absorbers, lessA/10 at the operating
frequency, using different geometries of the periodic array unit cell and the design approach [5]. The
common idea between the different approaches is to construct a high impedance ground plane by aid
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of a periodic metal pattern surfaces. From circuit point of view, this is an equivalent to a tank circuit
formed by an inductive load, the equivalent of the short circuited transmission line, and the capacitive
load, equivalent to the resistive screen layer [6] as shown in Fig. 1 (a). An ultra thin transmission line
metamaterial absorber has been achieved by using high capacitive metamaterial screen [6]. The simple
capacitive load metamaterial absorber is based on the use of split ring resonator (SRR). In general
SRRs may have different configurations whose equivalent circuits are mainly similar as shown in Fig.
1 (b) [7]. The simplest metamaterial absorber employs rectangular shaped SRR shown in Fig. 2 (a).
However, this RAM structure is narrow band. The idea of increasing bandwidth of the resonator RAM
is based on using SRR geometry that can enhance the parasitic effect so that the whole metamaterial
RAM can resonate at different frequencies. Hence, wide/multi band absorber may be achieved. This
concept can be fulfilled by proposing new resonator geometry, a fan shaped SRR shown in Fig. 2 (b).

L=]

L,
o7 ;

Shunt Resistive Thin short VVYy

Capatitive Screen circuited TL Rr

T

(a) (b) (a) (b)

Fig.1:(a) An equivalent circuit of the metamaterial Fig.2 ) A unit cell geometry of (a) a rectangular SRR
transmission line RAM. (b) A SRR equivalent circuit. (b) a fan shaped SRR

3. Results and Discussions

The performance of the fan shaped SRR was compared versus the conventional rectangular SRR. Both
radar absorbers were designed on a lossy FR4 substrate whose relative dielectric constant &= 4.4, a
dielectric loss tangent, tan 6 = (.02, and thickness, h = 1.6 mm. For both cases, the periodicity was set
as Smm. In both cases, the structure dimensions were selected to achieve radar absorption at X band.
The results in all cases were obtained using the commercial full wave electromagnetic simulator (An-
soft-HFSS). The simulated conventional rectangular SRR has the following dimensions: an inner rec-
tangular has an inner diameter (2a=1mm), the two rings separation is (d=0.3 mm), all the lines thick-
nesses are equal (w=0.25 mm), and the gap in both inner and outer ring is (g= 0.5 mm). The fan
shaped SRR has an outer radius of 2.15 mm. All the lines thicknes and gaps are equal to 0.15 mm.
Also, the U section length is 0.5 mm.

The simulated reflection coefficient for normal incidence of electromagnetic waves upon the metama-
terial absorber implemented using rectangular SRR versus the fan shaped SRR are shown in Fig. 3 for
the case of co polarized wave. As illustrated in the figure, the conventional rectangular SRR RAM can
satisfy electromagnetic wave absorption at approximately 9.5 GHz with close to -15 dB reflection co-
efficient over a narrow bandwidth (10 dB fractional bandwidth is only 1%). On the other hand, the fan
shaped SRR can demonstrate electromagnetic wave absorption centred at the same frequency 9.5 GHz
with fractional 10 dB bandwidth of approximately 4.5%. Moreover, the fan shaped SRR absorber can
demonstrate a second absorption band at approximately 11.7 GHz. The second band has better than -
20 dB reflection coefficient over approximately 8 % bandwidth. This means that the fan shaped SRR
metamaterial absorber can increase the bandwidth up to eight times compared to conventional SRR
absorber.
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Fig.3 The simulated reflection coefficient of rectangu-  Fig.4 The simulated reflection coefficient of rectangu-
lar SRR and fan shaped SRR metamaterial absorber lar SRR and fan shaped SRR metamaterial absorber
for co-polarized wave. for cross-polarized wave.

Another advantage of the fan shaped is it can satisfy the electromagnetic absorption for either co po-
larized and cross polarized wave. For confirming of this point, the simulated reflection coefficients of
both aforementioned absorbers assuming a cross polarized incident wave are shown in Figure 4. As
shown in the figure, the fan shaped metamaterial absorber can demonstrate almost the same absorption
for the two possible cases of co polarized and cross polarized electric field incidence. On contrast to
fan shaped case, the conventional rectangular SRR failed to demonstrate any small reflection coeffi-
cient over the frequency band of interest as it is nearly O dB.

4. Conclusion

A new wide and multi band metamaterial radar absorber material using new type of split ring resona-
tor, called fan shaped SRR, has been proposed. The performance of the proposed absorber was inves-
tigated and compared versus the conventional rectangular SRR absorber. The results confirm that the
proposed new metamaterial absorber can introduce wide and multiple bands compared to rectangular
SRR. The increase in the bandwidth reaches almost eight times the rectangular SRR absorber. Also,
the proposed fan shaped absorber can sustain its performance for both co polarized and cross polarized
waves. The absorber have achieved almost -20 dB reflection coefficient at center frequency.
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