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ABSTRACT: An optimal blend of relatively high frequency and effective atmospheric penetration renders the X-band a versatile selection
for a wide range of applications. Hence, metamaterial absorber and frequency selective surface (FSS) as a band-stop filter and shielding
element play a significant role in X-band. This article proposes a cost-effective, wide oblique and polarization-insensitive metamaterial,
whose applications as an absorber and FSS having band-stop characteristics for X-band are explained. The isotropic unit cell of the
proposed metamaterial is designed by an array of two subunit cells, where one is the 90◦ rotated version of the other with diagonal
symmetry. Equivalent circuits of both subunit cells and array structure are systematically designed and analyzed, which provides scope
for future modification according to the required frequencies. The proposed absorber provides three absorption peaks and absorptivity
of more than 90% up to 60◦ oblique incidence angle. A good agreement between experimentally measured and simulated results is
observed. For the use of the structure as FSS, it has been optimized to provide band-stop characteristics precisely for the X-band up to a
wide oblique incidence angle. The proposed design can be used as an absorber, band-stop filter, reflector, and shielding element for the
X-band.

1. INTRODUCTION

The rapid advancement of communication technologies has
invigorated the quest for materials that can revolutionize

signal management and enhance device performance. This has
led to the emergence of metamaterials as absorbers, polarizers,
and filters used alongside communication devices. Also, the
contemporary landscape of warfare systems places an escalat-
ing emphasis on low-observable technologies, particularly in
the realm of stealth. Metamaterial absorbers are engineered to
dissipate incident electromagnetic waves through a combina-
tion of conductive and dielectric losses, effectively preventing
transmission and reflection [1]. Metamaterial absorbers with
their ultra-thin thickness, streamlined fabrication processes,
compact size relative to thewavelength, and the capacity for tai-
loring electromagnetic properties are in preference in compar-
ison to conventional absorbers. On the other hand, Frequency
Selective Surfaces (FSSs) are emerging as pivotal elements act-
ing as band-stop filters to reduce interference and crosstalk.
Landy et al.’s report in 2008 introduced the first single-band,

polarization-sensitive, and oblique-angle-sensitive metamate-
rial absorber [2]. Subsequent advancements in this field include
the development of single-band and dual-band absorbers featur-
ing petal structures, triple-band absorbers employing a group
of dipole structures, and multi-band structures as documented
in [3–10]. However, existing multi-band absorbers, as previ-
ously reported, exhibit absorption peaks that are widely sepa-
rated across a broad frequency range. This poses a significant
challenge for multi-band operations within a specific frequency
band. Single-layered polarization-sensitive metamaterial ab-
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sorbers and various polarization-independent yet oblique angle-
sensitive metamaterial absorbers are presented in [3, 5, 11–14].
While certain single-layered asymmetric metamaterial struc-
tures demonstrate impressive absorptivity exceeding 90% over
a broad frequency range [15, 16], their utility as metamate-
rial absorbers is constrained by the presence of high cross-
polarization reflection coefficients [16, 17]. Metamaterial ab-
sorbers featuring enhanced performance through the incorpora-
tion of multiple layers of metal and dielectric, as well as com-
binations involving gold, graphene, and lumped elements, can
be found in [18–22]. However, the drawback of such designs
lies in their increased cost and thickness, resulting in intricate
structures and inconvenient, time-consuming fabrication pro-
cesses. In consideration of the need for cost-effectiveness, sim-
plicity, and a convenient fabrication process (one that avoids
the use of lumped components or expensive materials like gold
and graphene, and steers clear of employing multiple layers of
metal and dielectric), this article introduces a single-layered,
both polarization and wide oblique angle insensitive metama-
terial absorber encompassing all three bands within the X-band
frequency range.
The X-band’s optimal blend of relatively high frequency and

effective atmospheric penetration renders it a versatile selection
for a wide array of applications in satellite communication, de-
fense and security, weather monitoring, air traffic control, and
numerous other technological domains. As the X-band con-
tinues to be a focal point for critical applications, the role of
metamaterial absorbers and FSS becomes increasingly signif-
icant in addressing interference challenges and advancing the
capabilities of communication and radar systems.
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In addition to addressing design considerations, the article
also estimates the resonant frequency of a given design and
attempts to establish a relationship between its geometry and
absorptivity. This article seeks to bridge this gap by offering
a thorough exploration of the equivalent circuits for the com-
ponent subunit cells and the array cells of the metamaterial us-
ing a quasi-static approach. This comprehensive approach aims
to enhance the theoretical understanding and practical applica-
tions of metamaterial absorbers.
The versatility of the structure is demonstrated through its

application as a band-stop filter. A metamaterial band-stop fil-
ter operates by selectively impeding specific frequencies while
allowing others to pass through. These resonant frequencies of
themetamaterial correspond to the frequencies targeted for sup-
pression. The band-stop functionality of metamaterials is cru-
cial in scenarios where interference or undesired signals within
a specific frequency range need to be mitigated. The proposed
design serves as a FSS designed to suppress frequencies within
the X-band range.

2. STRUCTURAL DESIGN AND EQUIVALENT CIRCUIT

2.1. Structural Design
Figures 1(a) and 1(b) show the front view of two dual-band
metamaterial absorbers, where one is the 90◦ rotated version of
other. They are referred to as subunit cell1 and subunit cell2.
Each subunit cell consists of an embedded structure of two sets
of rings and split rings and a rod at the center. The objective
is to include more resonating elements in a single unit in or-

(a) (b)

(c)

FIGURE 1. Front view of (a) subunit cell1, (b) subunit cell2, (c) pro-
posed super unit cell with geometrical dimension (in mm): w = 7.2,
r = 2.89, t = 0.2, g = 0.4, m = 0.14, d = 1.42. The design in the
dotted line represents the front view of two element unit cell.

der to get more absorption peaks. The outer ring and outer split
ring form one resonating structure, whereas the second resonat-
ing structure is made up of the inner ring, inner split ring, and
a centre rod. Both the resonating structures are connected to
each other through four metal strips. As lossy substrates are
preferred for absorber design, an FR4 substrate of thickness (h)
1mm, dielectric constant (ϵr) of 4, and loss tangent (tan δ) of
0.02 is chosen as the dielectric layer. The top and bottom metal
surfaces are made up of copper having a thickness of 0.035mm
and conductivity of 5.8 × 107 S/m. For practical applications,
both metamaterial absorber and FSS as a filter should be insen-
sitive to polarization and oblique incidence. In order to make
isotropic structure, the subunit cells are arranged in an array
with diagonal symmetry to form a superunit cell. The front
view of the proposed superunit cell is shown in Fig. 1(c), where
2w×2w is the total size. The proposed structure is simulated as
an absorber and as FSS using electromagnetic (EM) simulation
Computer Simulation Technology (CST) software.

2.2. Equivalent Circuit
For the estimation of resonant frequencies and to get a good
perspective of the physics behind the absorptivity related to ge-
ometry, the mathematical equivalent circuits are obtained by
applying the quasi-static approach. Fig. 2(a) shows equivalent
circuits of the subunit cells. The dielectric substrate, separating
the top layer and ground plane, is modeled as a section of the
transmission line of characteristics impedance ZT and length
h [23, 24]. ZT = Z0√

ϵr
, where Z0 is the free space impedance,

and ϵr is the relative dielectric constant of the substrate. The
ground plane is treated as a short circuit as it is completely cov-
ered with copper.
In the equivalent circuit,Lo is the self-inductance of the outer

ring, and Co is the mutual capacitor between the outer ring and
the outer split ring. The outer split ring and inner split ring
are represented as a series combination of inductor and capaci-
tance. Los, Lis are the inductances of each outer and inner split
rings, respectively, and Cg is the capacitance generated due to
the splits in the rings.
The inner ring is modeled as series combination of its self-

inductance and the mutual capacitance with the outer split ring.
To make the equivalent circuit more representable, the inner
ring is presented in four parts, i.e., four combinations of Lin

(where n = 1 for subunit cell1 and n = 2 subunit cell2, respec-
tively) and Ci. The resistances in the equivalent circuit imply
the ohmic and other losses related to the surface resistivity of
metallization and its surface current density [24–26]. It can be
tuned to obtain the absorption level [25]. R1 andR2 are the re-
sistances due to the ohmic and other losses in the outer resonat-
ing and inner resonating structures, respectively. The outer split
ring is connected with the inner ring through four metal strips,
which are represented as four short circuits between them in the
equivalent circuit.
The lumped elements are calculated by using the standard

formulae given below [24, 27–31].

L =
µN2C1davg

2

[
ln
(
C2

ρ

)
+ C3ρ+ C4ρ

2

]
(1)
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(a)

(b)

FIGURE 2. (a) Equivalent circuit model. (b) EM simulated and circuit simulated reflection coefficient of both subunit cell1 and subunit cell2.

(a)

(b)

FIGURE 3. (a) Equivalent circuit model of an array of two elements for normally incident EM waves. (b) EM (▼) and circuit (•) simulated reflection
coefficient (S11) vs. frequency plots of it.

where

davg =
dout + din

2
, ρ =

dout − din
dout + din

C1 = 1, C2 = 2.46, C3 = 0, C4 = 0.20

Li = 2×10−4l

[
ln
(

l

w+t

)
+1.193 + 0.2235

(
w + t

l

)]
(2)

C = 2πϵ0

[
cosh−1

(
±D2 −R1

2 −R2
2

2R1R2

)]
(3)

Ls = µ0µrh, Cs = ϵ0ϵr
h

2
(4)

Cg =
ϵoϵrA

d
(5)

The lumped parameters are calculated using the above for-
mulae, and the equivalent circuit is designed in AWR soft-
ware. The circuit simulated reflection coefficient plots in AWR
software using the lumped parameters of L0 = 17.21 nH,
C0 = 0.01563 pF, Li1 = 2.945 nH, Li2 = 3.335 nH, Ci =

0.07082 pF, Los = 0.7647 nH, Cg = 0.000155 pF, Lis =
0.48 nH, Cs = 0.0177 pF, Ls = 1.257 nH, R1 = 23.2Ω,
R2 = 29.8Ω closely matches with the EM simulated reflection
coefficients (by using CST software), as shown in Fig. 2(b).
A slight variation is observed due to inconsideration of mutual
capacitance between the inner ring and the inner split ring.
When a metal strip or wire is placed in a time-varying mag-

netic field and has a orthogonal magnetic component, it pro-
duces an electric current, and an inductor is formed [31]. The
distributed current in the metal strip at the resonant frequency
of 10.4GHz generates inductance which shifts the resonating
frequency to a lower value than subunit cell1. The first reso-
nant frequency is the same as that of subunit cell1 because the
outer resonating structure is identical for both.
The mathematical equivalent circuit of an array of two ele-

ments is shown in Fig. 3(a). It consists of equivalent circuits
of subunit cell1 and subunit cell2 connected through coupling
capacitance CP . CP is calculated using coupled line theory
in [32], and its value is 0.1156 pF. The circuit simulated re-
flection coefficient of equivalent circuit (shown in Fig. 3(a))
matches with EM simulated results as shown in Fig. 3(b). The
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(a) (b)

(c)

FIGURE 4. (a) Simulated absorptivity of subunit cell1, subunit cell2, two elements unit cell, four elements super unit cell at normal incidence. (b)
Simulated absorptivity of proposed absorber different polarization angles and (c) at different oblique incident angles.

equivalent circuit of array of four elements can be obtained by
using the same method.

3. METAMATERIAL ABSORBER

3.1. Absorptivity Analysis
Initially, both the subunit cells are designed and simulated using
commercially available frequency simulation software. These
are excited by a linearly polarized EM wave with the help of
periodic boundary condition and Floquet port.
The mathematical formula for the calculation of absorptivity

is
A = 1− |Rxx|2 − |Rxy|2 − |Txx|2 − |Txy|2 (6)

where Rxx, Rxy represent co- and cross-polarized reflection
coefficients, and Txx, Txy represent co- and cross-polarized
transmission coefficients, respectively. The bottom layer of the
proposed design is totally covered with copper, which makes
both co- and cross-components of the transmission coefficients
zero.
The subunit cell1 of the proposed absorber produces two res-

onating peaks at the frequencies of 9.7 and 10.9GHz having the
absorptivities of 91% and 72%, and subunit cell2 generates two
resonating points at 9.7 (same as subunit cell1), and 10.3GHz
with absorptivities of 94% and 92%, respectively, as shown in
Fig. 4(a).
In order to obtain more resonating peaks and an increased

bandwidth, two subunit cells can be combined to form a unit
whose front view is shown in Fig. 1(c) (inside the dotted line).
The absorptivity vs. frequency plot in Fig. 4(a) shows three
absorptivity peaks at 9.7, 10.5, and 11.3GHz having the ab-
sorptivity of 93%, 92%, and 99%, respectively. But because

of asymmetric nature of the structure, the proposed unit cell is
polarization sensitive.
In order to make the design polarization insensitive, a su-

perunit is formed taking the combination of subunit cell1 and
subunit cell2 with diagonal symmetry as shown in Fig. 1(c).
It produces three absorption peaks at frequencies of 9.7, 10.6,
and 11.4GHz with absorptivities of 93%, 92%, and 98%, re-
spectively, as observed from Fig. 4(a). The proposed superunit
cell provides a bandwidth of 1.5GHz from 9.4 to 10.91GHz
and of 0.5GHz from 11.1 to 11.6GHz w.r.t full-width at half-
maximum (FWHM) value.
To infer the absorptivity w.r.t polarization angles, the de-

signed absorber is simulated by varying polarization angles,
and it is observed that the absorptivity of the structure remains
unchanged with the variation of polarization angle as shown in
Fig. 4(b). Fig. 4(c) presents the absorptivity of the proposed
metamaterial with the variation of incident angle, and it is ob-
served that the absorptivities are more than 90% at resonant
frequencies and in the same operating band up to 60◦ oblique
incidences.
The influence of geometric parameters such as the width of

splits in the rings (g), the radius of the ring (r), and the width of
the substrate (w) on the absorptivity of the proposed absorber is
investigated. From Fig. 5(a), it can be seen that the resonant fre-
quencies shift towards higher value with increasing ‘g’. ‘g’ is
related to the capacitance generated due to splits in the ring, and
split capacitance decreases with the increase of width of splits.
The inductance value depends on the total current flow path.
Hence, the increase of ‘r’ will increase the current flowing path,
which will increase the inductance values and decrease the res-
onant frequencies as observed from Fig. 5(b). The absorptiv-
ity value increases with the increase of ‘w’ as observed from
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FIGURE 5. (a) Absorptivity plots of proposed absorber with variation of ‘g’, (b) ‘r’, (c) ‘w’.

Fig. 5(c). Considering both the size of the proposed structure
and absorptivity value, the design’s width is considered 7.2mm.

3.2. Absorption Mechanism
Metamaterial absorbers can provide minimum reflection and
maximum absorption if their impedance is matched with the
free space impedance. To demonstrate the absorption mech-
anism of a metamaterial by using impedance matching theory,
the normalized input impedance of the structure w.r.t free space
is calculated using (7)

Z =

√
(1 + S11)

2 − S2
21

(1− S11)
2 − S2

21

(7)

where S11 and S21 are extracted from CST. The normal-
ized impedances at the resonant frequencies of 9.7, 10.6, and
11.4GHz are calculated as follows Z = 0.7 + ı0.1, Z =
0.7+ı0.1,Z = 1.1+ı0.3 (Fig. 6). The real and imaginary parts
of normalized impedance values are close to 1 and 0, which in-
dicates impedance matching with free space.
The absorption mechanism is also explained by using sur-

face current density plots shown in Fig. 7. From these plots, it
is inferred that at the first resonating frequency, the maximum
current flows in the outer resonating element of both subcells
(Fig. 7(a)). Subunit cell1 is the main contributor to the reso-
nant frequency of 10.6GHz (Fig. 7(b)), and subunit cell2 is for
resonating frequency of 11.4GHz (Fig. 7(c)).

3.3. Fabrication and Experimental Results
In order to evaluate the performance of the proposed triple-
band absorber, the structure is fabricated, and its absorptivity

FIGURE 6. Normalised impedance vs. frequency plot showing both
real and imaginary part.

is measured under different conditions. A prototype of size
230.4mm × 230.4mm is fabricated on a planer sheet of FR4
substrate (thickness 1mm) using standard printed circuit board
(PCB) technology. The whole structure with its enlarged por-
tion is shown in Fig. 8(a). The experimental setup shown in
Fig. 8(b) consists of a Rhode and Schwarz ZVA 24 vector net-
work analyzer with a frequency range of 10MHz to 24GHz.
Two linearly polarized horn antennas ofmodel UWB-5148with
dimensions 27.9 × 31 × 22.7 cm3 operating between 0.8 and
18GHz with a minimum gain of 7 dBi and a maximum gain
of 14 dBi are used as transmitting and receiving antennas. The
fabricated prototype is kept at a distance of 3m in front of the
antennas to satisfy the far-field conditions.
Initially, the reflection coefficient of the fabricated absorber

is measured. Then, it is replaced with a copper plate of the
same dimension, and again, the reflection coefficient is mea-
sured. The difference between the reflection coefficient of the
fabricated absorber and the copper plate is the actual reflection
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(a) (b) (c) (d)

FIGURE 7. Surface current density in the top layer at frequencies of (a) 9.7GHz, (b) 10.6GHz, (c) 11.4GHz.

(a) (b)

FIGURE 8. (a) Experimental prototype with its enlarged view of the unit cell, (b) experimental set up for measurement.

coefficient for the measurement of the absorptivity. During the
measurement, environmental imperfections such as diffraction
loss, scattering loss, and other signals will be canceled out as
the fabricated absorber and copper plate are illuminated in iden-
tical surroundings.
Figure 9(a) shows a comparison of experimentally measured

and simulated absorptivity plots. It shows three resonating
peaks at the frequencies of 9.7, 10.5, and 11.4GHz with the ab-
sorptivities of 98%, 97%, and 96%, respectively and also pro-
vides a bandwidth same as simulated one. In order to inspect
the polarization behavior of the proposed absorber in real-world
environment, the absorptivity of the proposed design is mea-
sured w.r.t the polarization angle. The position and orientation
of both the transmitting and receiving antennas are kept con-
stant, and the fabricated structure is rotated from 0◦ to 45◦. The
same procedures of measurement of absorptivity at normal in-
cidence are repeated. The measured absorptivity vs. frequency
plot for different polarization angles (Fig. 9(b)) depicts similar
behavior, demonstrating polarization-insensitive nature of the
absorber.
Next, the absorber is kept in a fixed position while both the

transmitting and receiving antennas are rotated through a com-
mon angle for the analysis of absorptivity at varying of oblique
angles. The absorptivity vs. frequency plots at different oblique
angles (Fig. 4(a) and Fig. 9(c)) show a good agreement between
the measured and simulated results.

3.4. Comparison Table

Table 1 presents a comparative analysis of the performance of
the proposed structure as an absorber in comparison to themeta-
material absorbers already documented in the literature.
The determination of the number of bands is based on the

identification of absorption peaks that have an absorptivity
above 90%. The stability of an oblique angle is determined
by the angle up to which the absorptivity exceeds 90% at the
resonant frequencies.
The comparison table shows that the proposed absorber pro-

vides all three absorption peaks in the X band with 60◦ oblique
angle stability. An equivalent circuit is modeled in order to get
an idea for future modifications according to required frequen-
cies.

4. FILTER USING FSS
Frequency selective surfaces are the periodic arrangement of
similar elements having a wide range of applications, such as
spatial filters, antenna reflectors, electromagnetic band gap ma-
terials, and absorbers. FSS as filters are the appropriate re-
placement for conventional filters because of their smaller size,
easy fabrication process, flexible and multipurpose functional-
ity [36]. For the application of the structure (Fig. 1) as a band-
stop filter, the ground plane of the design is removed, and the
geometrical parameters are optimized to w = 7.22, r = 3.6,
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TABLE 1. Comparison of the proposed absorber with previously presented absorbers.

Ref. No of bands Frequency bands Oblique angle stability Equivalent circuit analysis
[33] 2 X 30◦ No
[4] 2 K 60◦ No
[29] 3 C, X 45◦ Yes
[34] 3 X, Ku, K X Yes
[35] 4 S, X, Ku 45◦ No
[10] 3 C, X, Ku 60◦ Yes

This work 3 X 60◦ Yes

(a) (b)

(c)

FIGURE 9. Measured absorptivity of proposed absorber at (a) normal incidence, (b) different polarization angles, (c) different oblique incident angles.

t = 0.2, g = 0.4,m = 1, d = 0.04 (mm). S-parameters of the
subunit cells and quadrature unit cell are plotted as a function
of frequency at normal incidence for both TE and TM polar-
ized EM waves in Figs. 10(a) and 10(b), respectively. Subunit
cell1 and subunit cell2 shown in Figs. 1(a) and 1(b) provide two
resonant frequencies for both TE and TM modes as they con-
tain two resonating structures (Fig. 10(a)). Their responses are
different w.r.t TE and TM modes, making the structures polar-
ization sensitive, as shown in Fig. 10(a).
The proposed FSS (Fig. 1(c)) is mainly designed for X-band

application, which suppresses the frequency precisely from 8
to 12GHz with a minimum −10 dB insertion loss (Fig. 10(b)).
Within this frequency range, the reflection coefficient remains
close to 0 dB, as depicted in Fig. 10(b). The frequency re-
sponses are similar for both TE and TM modes. The transmis-
sion coefficient of the proposed FSS is plotted w.r.t polarization
angles for both TE and TMmodes in Figs. 11(a) and 11(b). The
response is consistent across all the polarization angles, demon-
strating the polarization-insensitive behavior.

The transmission responses of the quadrature FSS at differ-
ent oblique incidence angles for both TE and TM modes are
shown in Figs. 12(a) and 12(b). In TE mode, the resonance fre-
quency in the X-band shifts slightly, and the bandwidth w.r.t
−10 dB increases as the oblique angle increases. However, in
TMmode, the bandwidth and resonant frequency in the X-band
remain constant up to an oblique incidence angle of 45◦ with
only slight changes at 60◦.

4.1. Parametric Analysis

In Fig. 13, the transmission coefficient of the proposed design
is plotted at different loss tangent values, and it is observed
that for lossless substrate, the design provides two passbands at
frequencies of 6.1 and 12GHz with a transmission coefficient
close to 0 dB. For this lossless condition, the transmission co-
efficient values at resonant frequencies are minimal, and these
increase with the increased loss without affecting bandwidth.
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(a) (b)

FIGURE 10. (a) Plot of S parameters at normal incidence for TE and TM modes of subunit cells where 1 denotes subunit cell1 and 2 subunit cell2.
(b) Plot of S parameters at normal incidence for TE and TM modse of proposed FSS.

(a) (b)

FIGURE 11. Transmission coefficient vs. frequency plot of proposed FSS at different polarization angles for (a) TE mode, (b) TM modes.

(a) (b)

FIGURE 12. Transmission coefficient vs. frequency plot of proposed FSS at different oblique angles for (a) TE mode, (b) TM modes.

FIGURE 13. Transmission coefficient vs. frequency plot of proposed FSS at different substrate loss (tan δ) with the enlarged view of response for
lossless condition.
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(a) (b)

FIGURE 14. Transmission coefficient vs. frequency plot of proposed FSS at different value of (a) ‘r’, i.e., the radious of outer ring, (b) ‘m’, i.e., the
separation between outer and inner resonating structure.

(a) (b)

FIGURE 15. Transmission coefficient vs. frequency plot of proposed FSS at different value of (a) ‘w’, i.e., 2 × w is the width of the substrate, (b)
‘h’, i.e., the thickness of the substrate.

The transmission coefficient is plotted at different ‘r’ and
‘m’ values in Figs. 14(a) and 14(b), where ‘r’ is the radius of
the outer ring, and ‘m’ is the separation between the outer and
inner resonating structures. The variation in ‘r’ changes the
size of all resonating elements, while the variation in ‘m’ only
changes the size of the inner resonating structure, keeping the
size of the outer resonating structure constant. From Fig. 14(a),
it is seen that the resonating points shift to a lower value with an
increase of ‘r’, and at ‘r’ = 3.6, it suppresses the exact X-band
frequency. The rise in ‘m’ moves the second resonating point
to a higher frequency, keeping the first resonating point almost
constant; as a result, bandwidth increases with the increase of
‘m’, as shown in Fig. 14(b).
The coupling between the elements decreases with the in-

crease of ‘w’ (2× w is the width of the substrate ); as a result,
bandwidth decreases, as depicted in Fig. 15(a). The bandwidth
is almost constant with the variation of the thickness of the sub-
strate ‘h’ (Fig. 15(b)), and the resonant frequency in the X-band
shifts slightly to a lower value with an increase of ‘h’.

5. CONCLUSION
A cost-effective, wide oblique and polarization angle insensi-
tive metamaterial absorber having all three bands in the X-band
frequency range is proposed in this article. The equivalent cir-
cuits are modeled for both subunit cells and an array of two
element unit cell, which gives an idea for future modifications
according to the required frequency. The proposed design is

fabricated using a low-cost FR4 substrate through an inexpen-
sive PCB fabrication process, and a good agreement between
the measured and simulated results is obtained. Further, the
design with optimized dimension can be used as a filter which
suppresses the X-band frequency range to reduce the interfer-
ence. The FSS provides an insensitive band-stop response to
both TE and TM modes and a stable response for wide oblique
incidence angle in the X-band. The structure can also be used
as a reflector and shielding element.
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