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Abstract: In this article, a modi�ed Theta shaped, com-
pact double negative metamaterial structure is designed
and presented for satellite communication. Two oppo-
sitely faced E-shaped resonators are connected with the
substantial Theta to complete the structure. A low pro�le
dielectric substrate FR-4 is used to design the 9 × 9 mm2

unit cell which has a succinct structure where the attain-
ment of the resonator is explored both integrally and ex-
perimentally. The proposed metamaterial has a transmis-
sion coe�cient of 13 GHz (bandwidth) with a 500 MHz
band gap at themiddle. A correlation is made between the
basic unit-cell and array structures, and a comparison is
shown among 1 × 2, 2 × 2, and 4 × 4 array structures with
1 × 2, 2 × 2, and 4 × 4 unit-cell con�gurations to validate
the performance of the proposed metamaterial. It has also
been observed by theNicolson–Ross–Weir approach at the
resonating frequencies. The e�ective electromagnetic pa-
rameters retrieved from the simulation of the S-parameters
imply that the metamaterial structure shows negative re-
fraction bands. The structure shows negative permittivity
at 2.60 to 5.16 GHz, 6.63 to 9.31 GHz and 13.03 to 16.18 GHz
and negative permeability at 7.74 to 13.07 GHz and 13.88
to 16.55 GHz, respectively. It exhibits double-negative phe-
nomena at X andKubandswith a frequency range of about
1.17 GHz (8.14 – 9.31 GHz) and 1.42 GHz (13.80 – 15.22 GHz),
respectively. Having an auspicious design and wide range
double negative characteristics, this structure can be ap-
plied to satellite communication.
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1 Introduction
Metamaterials are the special type of materials that are
usually not available in nature. They are actually engi-
neered materials, which need to embed periodic unit cell
for their formation to create naturally unavailable electro-
magnetic properties. Moreover, these materials have the
power to control the electromagnetic wave beams to show
their unorthodox characteristics. These unusual features
of the metamaterials totally depend on the geometry of
the atomic construction. It has been started from the year
1968, when Veselago et al. [1] observed unique properties
of materials having negative permittivity (ϵ) and perme-
ability (µ). But it was not appreciated until 2000, when
Smith et al. [2] fortunately validated a new kind of a mate-
rial with unconventional properties (both permittivity and
permeability were negative), which is called left-handed
metamaterial. In case of negativity, it has been categorized
as single-negative (either permittivity is negative or perme-
ability is negative), double-negative (both permittivity and
permeability are negative). There is also a termcallednear-
zero refractive index metamaterial (NZRI),where the per-
mittivity and permeability of a material become approx-
imately zero on a particular range of frequency. Having
these captivating electromagnetic phenomena, necessary
applications, like SAR reduction [3, 4], super lenses, an-
tennadesign [5, 6], �lters [7, 8], invisibility cloaking [9, 10],
solar cell [11], electromagnetic absorber, and electromag-
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netic band gaps etc. can be employed by metamaterials.
In some cases, intrinsic negative permittivity is found. But
it is really di�cult to �nd the negative permeability with a
natural medium. Even arti�cial structures can hardly ob-
tain the negative permeability. Concurrently, it is really
di�cult to get the negative refractive indices. Currently,
multi-band metamaterial absorbers have become an aus-
picious application in the detection of explosives, even in
bolometers and thermal detectors. Moreover, a very few
studies have been made in designing this type of materi-
als [12–14].Di�erent alphabetic shapeshavebecomepopu-
lar for particular operations [15]; like, Benosman et al. [16]
introduced a double S-shaped metamaterial that showed
negative values of η from 15.67 to 17.43GHz. Mallik et al.
proposed various U-shaped rectangular array structures
left-handed aspect at approximately 5, 6 and 11GHz. A V-
shapedmetamaterial was presented by Ekmekci et al. - the
architecture showed double-negative characteristic. Zhou
et al. [17] designed an S-shaped 15 × 15 mm2 chiral meta-
material for X- and Ku-band application. Though the EMR
was not higher than 4. For the purpose of application on
S and C bands, Alamet al. [18] design H-shaped DNG for
di�erent unit cells and array sizes.

Ametamaterial unit cell of modi�ed theta-shaped has
been proposed in this paper. The structure covers multi-
ple bands (L, C, X, and Ku) of frequencies for the transmis-
sion coe�cient. And for e�ective parameters, it covers the
X and Ku bands with double negative characteristic.

2 Cell design
The diagram of the prospective modi�ed Theta-shaped
unit cell composition is itemized in Figure 1. Each unit
cell comprises with 9mm in length and 9 mm in width.
All elements have the thickness of 0.35 mm. Each Theta-
shaped split resonator has thewidth of 0.5mmwith a same
split gap. The outer length of the resonator is 9mm where
the split of each of the resonators is 0.5mm. The entire
patch (made of copper) is developed on a substrate called
FR-4. It has a dielectric constant of ϵr = 4.3, a dielectric
loss-tangent of tanδϵ = 0.025. Sides of the substrate are
L = W = 9 mm and the thickness is t = 1.6 mm. Designed
parameters of the proposed metamaterial are enlisted in
Table 1.

A prototype array and a unit cell are fabricated for
the purpose of measurement. The area of the array is 36
× 36 mm2. Two waveguide ports are used to propagate the
electromagnetic waves to excite the con�guration on two
opposite direction of Z-axis. PEC and PMCwere used along

Figure 1: Metamaterial Unit cell: (a) Proposed geometry; (b) Fabri-
cated geometry; (c) Prototype

the vertical direction of x and y axis, respectively. And for
the free-space simulation purposes, a frequency domain
solver was utilized. Moreover, for the analysis purpose of
these con�gurations, a tetrahedral mesh was used with a
�exible mesh. The normalized impedance was 377 Ohms
and the system was performed from 1 to 18 GHz.

Table 1: Parameters of the unit cell

Parameters Dimensions (mm)
L 9
W 9
a 0.5
g 0.3
b 0.3

The area of the prototype was 9 × 9 mm2, which was
fabricated for the purpose of measurements. By settling
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Figure 2: (a) Simulation set up for measuring S parameter; (b) Exper-
imental set up for measuring S parameter; (c) Current distribution of
the unit cell at various frequencies

the perspective unit cell in between, the waveguides as
per the Figure 2 to actuate the parameters accurately of
the metamaterial unit cell. To determine the parameters,
we used a vector analyzer commonly known as Agilent
N5227A. To calibrate perfectly, an Agilent N4694-60001
wasutilized. Figures 2(a) and 2(b) show the simulation and
experimental set up of the proposedmetamaterial, respec-
tively.

The equation for this type of passive LC circuits of
metamaterial structure is

f = 1
2π

√
LCo

(1)

Where L represents cumulative inductance and C repre-
sents cumulative capacitance. Here Co represents the ca-

pacitance required that forms in two adjacent unit cells.
Here, metal loops create inductance and splits create
capacitance. When the electromagnetic waves applied
through the structure, two types of coupling occurred.
Electric resonances are produced due to the formation of
coupling between gaps and electric �eld. Magnetic reso-
nances are formed because of loops and magnetic �eld.
Commonly, the total capacitance formed between the gaps
is:

C = ϵ0ϵr
A
d (F) (2)

whereϵ0is free space permittivity and ϵr is relative permit-
tivity. A infers the cross-sectional area of the gap and d
refers to the gap length. Hence, the total inductance can
be estimated from [19] as:

L1 = µ0

 2c
2w + h +

√
(2w + h)2 + l2

c

 t (3)

Therefore, the equivalent capacitancewill be apparent
as:

Co ≈ ϵ0
(2w + h)

π ln
(

2c
a − l

)
(4)

Where µ0 is 4π × 10−7 H/m, ϵ0 is 8.854 × 10−12 F/m, width
w, height hand length l. The resonances of the proposed
structure are formed because of several series and parallel
inductances and capacitances. Splits maintained the ca-
pacitive e�ect and metal �llets are pledged to the e�ect of
inductance.

3 Results and discussions
There are plenty of ways to �nd out the e�ective parame-
ters of a unit cell like NRW method, DRI, etc. This paper
highlights the electromagnetic properties using the real
values of ϵ, µ, and η using S11 and S21.

3.1 Analysis of the unit cell

As the unit cell is fabricated on a Fr-4, which has an area of
81 mm2, it has beenmeasured within a frequency range of
1 to 18GHz. The simulationwas done in the CSTmicrowave
studio and the result is compared with the measured one
after the fabrication to measure the transmission coe�-
cient (S21). Themeasured result follows the similar pattern
as there is a bit shitting of frequencies in the C-band. The
transmission coe�cient exhibits awide bandwith a cover-
age of L, C, X, and Ku-band. The �rst resonance is found in
the L-band at frequency 1.63 GHz. Then a wide band from
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4.68 GHz to 17.18 GHz with a little band gap of 500 MHz.
The shifting is occurring due to fabrication error and the
free space measurement process.

Figure 2(b) shows the current distribution of the unit
cell at 6.50 GHz and 13.5 GHz. In the proposed formation,
inductances are formed by the metal strip and the capaci-
tances are formed by the splits. A homogeneouswavewith
polarization is an incident in the y-axis and propagation in
the x-axis to the structure. Additionally, dimensional scat-
tering consequence, the electric �eld in the x-direction in-
duces a magnetic dipole in the y-direction, and the mag-
netic �eld in the y-direction induces an electric dipole in
the x-direction [20]. Due to the antithetical geometry of the
structure, a reverse current �ow is noticed in the metal �l-
let of the con�guration. Moreover, opposite current �ows
through the inner and outer surfaces of the resonator cre-
ates the stop band at this frequency [21].

Figure 3(a) shows the magnitude of the transmission
coe�cient (S21). By using S21and S11 parameters, the ef-
fective parameters, i.e., e�ective permeability and e�ective
permittivity can be obtained [22]. Figure 3(b) and (c) show
the result of e�ective permittivity and e�ective permeabil-
ity respectively.

To di�erentiate the e�ective permittivity (ϵr) and per-
meability (µr) with S11 and S21, the NRW method is ap-
plied.

ϵr =
c

jπfd × (1 − V1)
(1 + V1)

(5)

µr =
c

jπfd × 1 − V2
(1 + V2)

(6)

The e�ective refractive index (ηr) can also be calculated
from S21 and S11 [2]:

ηr =
c

jπfd ×

√
(S21 − 1)2 − S211
(S21 + 1)2 − S211

(7)

The magnetic dipole moment, which is created be-
cause the electric �eld is subjected to generate an arti-
�cial magnetism of the resonator. Eventually, that turns
out to be an e�ective negative permeability. On the other
hand, the magnetic resonance is superimposed to the cor-
responding electric resonance, which correlates to the ef-
fective negative permittivity. This overlapping turns out to
be the e�ective negative refractive index of the composite
medium.

Figure 3(b) shows negative permittivity at resonating
points. It shows negativity at 2.60 to 5.16 GHz, 6.63 to 9.31
GHz and 13.03 to 16.18 GHz. Figure 3 (c) exhibits the nega-
tive permeability at 7.74 to 13.07GHz and 13.88 to 16.55GHz.
At lower frequencies, the current �owmatches the applied

Figure 3: (a) Measured and simulated results of S21 ;Real and imagi-
nary values of (b) e�ective permittivity (ϵ) vs frequency; (c) e�ective
permeability (µ) vs frequency; (d) refractive index (η) vs frequency

�eld. But in the case of higher frequencies, it is not possi-
ble for the current to cope up with the applied �eld when
the permeability becomes negative. In the gap, there is a
charge produced of a SRR, which is regulated to a �uctuat-
ing magnetic �eld. Both current and applied �eld remain
in samephase at lower frequencies, but it fails to remain in
phase in higher frequencies and as a result, negative per-
meability is produced.

In Figure 3(d), real and imaginary parts of η are plot-
ted as a function of frequency. The curve shows negativ-
ity at 8.13 to 12.14 GHz, 13.01 to 15.22 GHz and 16.73 to
16.95 GHz. Table 2 shows the frequency range of refrac-
tive indices with e�ective parameters of the unit cell at
di�erent resonating frequency bands. The refractive index
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Figure 4: Unit structure (a) Di�erent array formation; (b) S21 vs fre-
quency; (c) E�ective parameters vs frequency for the 1 × 2, 2 × 2,
4 × 4 array.

shows negativity when the permittivity and permeability
both become negative. Here η shows certain negativity at
di�erent bands of frequencies. Hence, the designed unit
cell has signi�cant portions, where all the three e�ective
parameters becomenegative. Therefore, this con�guration
can be considered as a double-negative metamaterial as
it has negative peaks at 8.14 GHz and 14.01 GHz in all the

Figure 5: (a) Di�erent array formation; (b) S21 vs frequency; (c) Ef-
fective parameters vs frequency for the 1 × 2, 2 × 2, 4 × 4 array of the
unit cell structure.

three e�ective parameters, which is shown in Table 2 with
bandwidths.

3.2 Array analysis

Figure 4 describes the array formation of the unit structure
and unit cell structure, which are placed horizontally for 1
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Table 2: Parameters of the unit cell

E�ective parameters Frequency Range (GHz) Covered Bands Values at 8.14 and 14.01 GHz
Permittivity (ϵ) 2.60 to 5.16, 6.63 to 9.31 & 13.03 to 16.18 GHz S, C, X & Ku -0.56 & -1.15
Permeability (µ) 7.74 to 13.07 & 13.88 to 16.55 GHz C, X & Ku -292.49 & -26.21

Refractive Index (η) 8.13 to 12.14, 13.01 to 15.22 & 16.73 to 16.95GHz X & Ku -18.32 &-6.99

× 2 array and both vertically and horizontally on the basic
unit structure for higher degrees of arrays on the same Fr-4
substrate. The array structure is measured within the fre-
quency range of 1 to 18 GHz. For unit structure, both the
patches are placed 0.5mm apart from each other on the
substrate. On the other hand, in the case of unit cell struc-
ture, the gap between the patches is 1 mm and the similar
approach was used to assess the attainment of the array.

3.2.1 Unit structure analysis

Figure 4(a) shows array formation and (b) shows the trans-
mission coe�cient of the array structures. It is apparent
that the resonances of the frequencies are found at the
same points as the unit cell, but having higher negative
magnitudes.

The S21 improves a bit as there is no band gap in be-
tween 4.68 to 17.18 GHz in case of 1 × 2 array. But it shows
a little gap of about 100 MHz for 2 × 2 and 4 × 4 array. Fig-
ure 4(c) shows the real values of the permittivity, perme-
ability and refractive index as a function of frequency of
array structures.

From Figure 4(c), it is observed that the negative val-
ues for the single unit cell and the array structures are
quite similar. The di�erences among them are the am-
plitudes or magnitudes and the resonating points shifted
a bit to lower frequencies. The negative magnitude de-
creases in cases of permittivity. But in case of permeabil-
ity, the negativemagnitude increases at resonating points.
In case of the refractive index, only the negative qualities
are counted. The results of the array structures show sim-
ilarity with the unit structure. All the e�ective parameters
of these array structures are summarized in Table 3. All
the arrays showdouble negative characteristics at 8.14 and
14.0 GHz.

3.2.2 Unit cell structure analysis

Figure 5 shows the design of unit cell structures of 1 × 2,
2 × 2 and 4 × 4 array. Here, the total unit cell is arranged
horizontally for 1 × 2 array and for higher formations, the

unit cells are placed 0.5mm apart both vertically and hori-
zontally, based on their degree. And the structures are op-
erated at the frequency range of 1 to 18 GHz. The same
procedure is followed to evaluate the unit cell and results,
whichare compared with the array structures.

The array formations, e�ective parameters and the
transmission coe�cient of the unit cell structures are
shown in Figure 5. Array formations are shown in Fig-
ure 5(a), S-parameter is shown in Figure 5(b) and Fig-
ure 5(c) contains the real values of e�ective parameters.

The demonstrationwas done between two square unit
cells. They are actually two di�erent working cells, but the
output was quite identical to the single unit cell structure.
And the same procedure is repeated for a higher degree
of array formations. It is evident from the �gure, at lower
frequencies, there is a slight deviation in the e�ective pa-
rameters including transmission coe�cient. The resonat-
ing points shifts a bit from the basic structure. In case of
S21, the e�ect is a bit higher. There is no resonance in the L-
band except 2 × 2 formation with a negligible spike. More-
over, instead of getting thedouble negative at 8.14GHz, the
point shifts to 7.94 GHz to show the characteristic. But with
the increase of frequencies, the unit cell structures showed
good commitment to the basic unit cell. However, the unit
cell still carries the double-negative characteristic at some
extent.

The transmission coe�cient of 13 GHzwith a 500MHz
band gap in the middle is demonstrated for all of these
con�gurations. The e�ective parameters of the resonators
cover C, X, and Ku-band independently with double nega-
tive phenomena at X and Ku-band, which is similar to ba-
sic unit cell. All the e�ective parameters of these unit cell
structures are summarized in Table 4.

4 Comparative analysis of the
con�gurations

In this paper, total observation is made on S-parameter,
e�ective permittivity, e�ective permeability, and refractive
index. In the proposed formation, inductances are formed
by the metal strip and the capacitances are formed by the
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Table 3: Frequency range of e�ective parameters of array structures

E�ective parameters Array Structures Frequency Range (GHz) Covered Bands

Permittivity (ϵ)
1 × 2 1.83 – 4.76, 6.55 – 9.19 & 13.92 – 16.45

L, S, C, X & Ku2 × 2 1.78 – 4.61, 6.44 – 9.19 & 12.96 – 16.27
4 × 4 1.19 – 4.22, 6.27 – 9.12 & 12.98 – 16.20

Permeability (µ)
1 × 2 7.71 – 13.01 & 13.92 – 16.57

C, X & Ku2 × 2 7.71 – 13.01 & 13.85 – 16.58
4 × 4 7.69 – 13.03 & 13.87 – 16.55

Refractive Index (η)
1 × 2 7.92 – 12.32, 12.98 – 15.56 & 16.63 – 17.18

C, X & Ku2 × 2 8.10 – 11.98, 12.94 – 15.24 & 16.73 – 17.11
4 × 4 2.48 – 3.76, 8.06 – 12.03, 12.96 – 15.24 & 16.73 – 16.96

Table 4: Frequency range of e�ective parameters for unit cell array structures

E�ective parameters Array Structures Frequency Range (GHz) Covered Bands

Permittivity (ϵ)
1 × 2 2.56 – 5.15, 6.59 – 9.28 & 13.05 – 16.41

S, C, X & Ku2 × 2 2.55 – 5.15, 6.60 – 9.27 & 13.06 – 16.16
4 × 4 2.51 – 5.13, 6.57 – 9.26 & 13.10 – 16.09

Permeability (µ)
1 × 2 7.73 – 13.06 & 13.92 – 16.55

C, X & Ku2 × 2 7.73 – 13.01 & 13.92 – 16.54
4 × 4 7.72 – 13.14 & 13.96 – 16.52

Refractive Index (η)
1 × 2 7.94 – 12.46, 13.01 – 15.58 & 16.61 – 17.12

C, X & Ku2 × 2 8.13 – 12.17, 13.07 – 15.25 & 16.77 – 16.86
4 × 4 8.12 – 12.21 & 13.07 – 15.28

Table 5: Covered area and relative bandwidths by refractive index of di�erent con�gurations for double negative characteristic

Structure Frequency range (GHz) Band width Covered Bands Type of Metamaterial
Unit Cell 8.14 – 9.31 13.80 – 15.22 1.17 1.42 X & Ku DNG

1 × 2 Structure 7.92 – 9.19 13.92 – 15.56 1.27 1.64 X & Ku DNG
1 × 2 Unit cell Structure 7.94 – 9.27 13.92 – 15.58 1.33 1.66 X & Ku DNG

2 × 2 Structure 8.10 – 9.19 13.85 – 15.24 1.09 1.39 X & Ku DNG
2 × 2 Unit cell Structure 8.13 – 9.27 13.92 – 15.25 1.14 1.33 X & Ku DNG

4 × 4 Structure 8.06 – 9.12 13.87 – 15.24 1.06 1.37 X & Ku DNG
4 × 4 Unit Cell Structure 8.12 – 9.26 13.96 – 15.27 1.14 1.31 X & Ku DNG

Table 6: Comparison the proposed unit cell with the previous unit cell

Previous Work Dimensions (mm2) Resonance Frequency E�ective Medium Ratio
10×10 X-Band 3.58

Benosman et al., 2012 [16] 3×3 Ku and K-Band 6.39
Zhou et al., 2015 [17] 15×15 X and Ku-Band 2.10
Rizwan et al., 2014 [24] 2×2 K and Ka-Band 6.30
Malik et al., 2013 [25] 25×25 C and X-Band 2.10
Proposed Metamaterial 9×9 X and Ku-Band 10.19

splits. Electric resonances are produced by coupling be-
tween the gaps and electric �elds, when the applied elec-
tromagnetic wave propagates along the structure. More-

over, magnetic resonances are formed by the coupling be-
tween the magnetic �elds and loops [21]. The splits of the
proposed metamaterial structure as capacitor as they will
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be storing energy in terms of an electric �eld. Due to elec-
tric resonance and in fact this possesses a dielectric re-
sponse that provides a permittivity. The following circular
structure to store its energy primarily as a magnetic �eld.
So it has a magnetic resonance that gives rise to perme-
ability. The magnetic dipole moment, which is created be-
cause the electric �eld is subjected to generate an arti�-
cial magnetic �eld of the resonator. And eventually that
turns out to be an e�ective negative permeability. On other
the hand, the magnetic resonance is superimposed to the
corresponding electric resonance, which is correlated to
e�ective negative permittivity. This overlapping turns out
to be e�ective negative refractive index of the composite
medium. The negative properties of the permittivity and
permeability has altered a little bit due to the polarization
e�ect on the interior construction of the interconnected ar-
ray structures [23]. Di�erent array structures with di�erent
formations vary the capacitance which has a succinct im-
pact on the coupling of the overall circuit and the change
in polarization. As a result, the variation points out to the
e�ective parameters by changing their negative properties
a bit.

All the results have shown unique, but not contradic-
tory information throughout the methodology. Based on
the comparison of 1 × 2, 2 × 2, 4 × 4 arrays and 1 × 2, 2 × 2, 4
× 4 unit structure, it is found that the metamaterial shows
double negativity at X and Ku-bands. It has covered 8.13 to
9.31 GHz (bandwidth of 1.18GHz) and 13.88 to 15.22 (band-
width of 1.34 GHz) in basic unit structure. Among these set
of results, 8.14 and 14.01 GHz is the two frequencies where
the double negative character of all sorts of con�gurations
is found. Table 5 shows the covered area and relative band-
widths by the refractive index of di�erent con�gurations
for double negative characteristic.

From the Table 5, it is evident that all the con�gura-
tions show similar double negative characteristic of the
respective frequency range. But more stability is found
amongbasic unit cell, 1 × 2, 2 × 2 and 4 × 4 arraywith higher
bandwidths. Besides 1 × 2, 2 × 2 and 4 × 4 unit cell struc-
tures shown �uctuating results with less bandwidth with
respect to other con�gurations.

In case of array analysis, all the unit structures show
similar results, where unit cell structures show similar-
ity among themselves. The reason behind the analysis of
unit cell structures was to validate the metamaterial qual-
ity with the increase in gaps among themselves, as they
have to be periodic in case of application. The overall in-
ductance in a particular unit cell was �xed. The only scope
was the gap that could change the potential values of the
capacitances. The impact of coupling in the structure is
shown due to di�erent array formation. Although, all the

formations follow the basic metamaterial characteristics
and show similar results in every e�ective parameters.

Table 6 illustrates the comparisons of the frequency
bands and the e�ective medium ratio of proposed design
with previous work. The proposed structure demonstrates
the e�ective medium ratio, which is more than 10 and is
applicable for X- andKu-band applications. Islam et al. [9],
proposed a unit cell with a dimension of 10 × 10 mm2, ap-
plied for invisibility cloaking but the EMR is < 4. Benosman
and Hacene [16] and Rizwan et al. [24] both introduced
metamaterial structures of 3 and 2 mm, respectively. Both
of them have a common working range of frequency (K-
band in common) with an EMR of around 6.30. Moreover,
Mallik et al. [25] proposedmeta-structures of 25 mm, Zhou
and Yang [17] of 15mm. All thementioned studies with dif-
ferent dimensions are having di�erent ranges of frequen-
cies. But none of these researches have exceeded the EMR
of the proposed metamaterial. However, this 9 mm Meta
structure has a band coverage of X and Ku bands with an
EMR of 10.19.

5 Conclusions
This paper presents the framework of the modi�ed Theta
shaped unit cell and a correlation is contrived on a trans-
mission coe�cient, relative permeability, permittivity and
refractive index. The analyses and the comparisons are
made on unit cell, 1 × 2, 2 × 2 and 4 × 4 array structures
with 1 × 2, 2 × 2 and 4 × 4 unit cell structures. The transmis-
sion coe�cient (S21) is calculated and compared with dif-
ferent array formations. The transmission coe�cient cov-
ered L, C, X and Ku bands for all the con�gurations. Neg-
ative e�ective parameters are also found in all the struc-
tures. However, unit cell, 1 × 2, 2 × 2 and 4 × 4 array struc-
tures shown good agreement to the e�ective parameters.
Even the negative values of each of the e�ective parame-
ters are found on the X and Ku bands at 8.14 and 14.01 GHz
with a bandwidth of more than 1.20 and 1.32 GHz, respec-
tively. It certainly represents the dual band double nega-
tive characteristic of the proposed compact design. Thus,
these structures are valid for the application of dual bands
and satellite communication. It can also be a promising
choice for double negativity. The modi�ed Theta shaped
structure can be an auspicious alternative to newmetama-
terials, especially in utilizations where metamaterials are
the only requirement.
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