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A compact wide-band planar antenna is proposed using the metamaterial transmission line.
The motivation of this study is to overcome the problem of low bandwidth while designing
a miniaturized antenna. The proposed design consists of a rectangular patch and a square-
shaped split-ring resonator (SSSRR) on the asymmetric ground plane. Strip lines are
provided to connect the right ground plane to obtain the shunt inductances and improve
the bandwidth. This antenna has a miniature physical size of 20>28x1.6 mm?
corresponding to the electrical size of 0.16A0 % 0.23%k0 < 0.013%0, where Ao is the free

space wavelength at the resonant frequency 2.51 GHz. The obtained results show that this
antenna has wide-band from 2.2 GHz to 12.63 GHz, which makes it a good candidate for
cover various standards of WLAN (2.4/5.2/5.8 GHz), WiMAX (2.5/3.5/5.5 GHz), satellite
TV (7.14 GHz), and X-band (10.19/ 12.02 GHz). The proposed antenna simulations and
analyses were performed using the CST simulator.

1. INTRODUCTION

In recent years, wireless transmission systems have evolved
rapidly. The most modern systems of communication have a
miniature size and multi-frequency of operation; consequently,
this leads to demand in designing compact, low-cost, small
antennas with good impedance bandwidth and easily
manufacturing. The patch antennas become common in the
modern wireless applications due to some reasons like
miniature size, low cost, and simple to integrate into wireless
systems [1-5].

Thus, in order to design a multiband and broadband antenna
that suitable the WLAN and WiMAX applications, various
techniques have been proposed in the literature such as fractal
antenna [6] and introducing slots on the radiating element or
the fed line of the antenna [7]. The asymmetric coplanar
waveguide is employed to former the antenna components
because it achieves more design freedom compared with
conventional coplanar waveguide and also helps to improve
the bandwidth of the antenna [8].

Metamaterials (MTMSs) structures have been much used in
antenna design applications due to their unusual characteristics
such as the negative refractive index (n<0), the direction of
group velocity (vg), and phase vector (K) are reverse and zero
propagation constant (=0). Moreover, MTMs have been
widely employed for improvement the antennas performance
such as for obtained wide bandwidth antenna, enhancement
the antenna radiation patterns, and designing the miniaturized
[9-13].

As compared to the traditional half-wavelength antennas,
MTM-based antennas have the ability to achieve a resonant
frequency independent of its physical size, which offers the
possibility for miniaturization [14].
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Metamaterial (MTM) antennas are produced by introducing
the composite right left- handed (CRLH) resonant or the unit
cell approach. In the unit cell approach, multiple uniform cells
are printed and separated with a gap and the total of unit cells
as used affects the resonant frequency of the structure. The
composite right left-handed metamaterial are artificial
materials, which have new electromagnetic properties and the
CRLH approach is able to minimize the number of
components in wireless communication systems [15].

In this paper, we are interested to design a wide-band planar
antenna by using the epsilon negative transmission line
approach this is a better solution to improve the performance
of the antenna in terms of the bandwidth, the impedance
matching and obtain a miniature size. This paper is organized
as follows; Section 2 presents the metamaterial theory. The
geometry and design evolution of the suggested antenna are
introduced in Section 3. A parametric study has been carried
out in Section 4. The current distributions and radiation
patterns of the proposed antenna are given in Section 5, and
then the conclusion is presented in Section 6.

2. THEORETICAL STUDY

The transmission line theory can be used to study both right-
handed and left-handed properties of the CRLH metamaterial
structure, assuming a lossless TL will be examined for
simplicity [16]. The equivalent circuit models of a purely
right-handed (RH), left-handed (LH), and epsilon-negative
(ENG) TL and CRLH lossless TL are shown in Figure 1(a)
and Figure 1(b), Figure 1(c) and Figure 1(d), respectively.
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Figure 1. Equivalent circuit model for, (a) RH TL, (b) LH TL, (¢) ENG TL, RLH TL

In this paper, we interested in epsilon negative transmission
line ENG TL model that consist of series inductance and shunt
inductance that produces a dielectric constant negative in the
frequency band. The proposed antenna geometry and the
equivalent circuit model are presented in Figure 2(a) and
Figure 2(b) respectively. The shunt inductors L't (L7, Ls, Lo,
Lio, Li1, S) have resulted from the current flow through the
split ring resonator with various lengths L'z, L's, L's, L'10, L'11
respectively. Series inductances L'z (L and L;) are formed due
to the current flow on the patch and feed line. The shunt
capacitances C'r (Cr. and Cyp) are created due to the gap
between the ground and feed line. Moreover, L1, L, L3, L4, Ls,
Ls are the inductances achieved on top of the asymmetric
ground plane because SSSRR. The capacitances Ci, Ca, Cs,
and C4 are formed due to gaps in the SSSRR.

According to Bloch and Floquet theory, the propagation
constant (Sgn¢ 7 (w)) is calculated as follows of Epsilon
Negative TL [16, 17].

1 Zgne (W) + Yeng (@
:BENG,TL((U) = —Cos‘l {1 + ENG( ) ENG( )} (1)
P 2
For the proposed antenna,
Yoe (@) = Gt + 500 @

oL,

where, the parameters p, ZENG and YENG are representing
the total length of resonator, series impedance and shunt
admittance respectively. The resonance condition of the
suggested antenna achieved when [18]:
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In whichn=0, 1, 3, ...., (N-1) is the number of the unit cell
and I and N are the length and number of the unit cells.

Lf Lp

SNYV\_/VV r
s o ZENG i Vi
| s IRIRE ’
| | o sl |
: : . nloc 3 @ !
1615 ::C4L4 8L | i = QL1 T 912 L3
i el L1l i [cf2 i
. | : 19 4 |
g i YENG i Lmii i
| LS |
i ""I - I " :

(a)

I

(b)

Figure 2. Equivalent (a) Antenna geometry, (b) circuit



The condition B = 0 indicates zeroth-order resonance (ZOR)
mode for n = 0, this resonance mode is independent of the
physical size of the antenna. The antenna structure follows the
open-ended boundary condition state and in this case the input
impedance is calculated as follows [18]:

. p=0 1
Zin = —jZycot fl = NY “)

where, Zin and Z0 are the input impedance and characteristic
impedance line respectively. The condition =0 indicates ZOR
mode for n=0 as given in (3). The ZOR frequency of the
suggested antenna is calculated as follows:

1
Wzpop = —FT7/——
L, c; )

The resonate frequency can be controlled through using the
capacitance Cj and inductance L}, of the antenna.

3. ANTENNA DESIGN AND ANALYSIS
3.1 Antenna geometry

The suggested and miniaturized multi-band CPW antenna
is designed on an FR4 epoxy substrate having the thickness of
1.6 mm and the dielectric constant of er=4.3. This antenna has
the overall size of 20x28x1.6 mm?® and fed by a coplanar
waveguide as shown in Figure 3(a). This structure is a
combination of a rectangular square-shaped complementary
concentric closed ring resonator in forme of asymmetric CPW
ground plane. The right-hand ground plane is connected with
the radiator rectangular and a stub by the thin strip-line. The
parameters of the proposed antenna are analyzed using the
CST microwave studio simulator and the dimensions of
antenna are summarized in Table 1.

Figure 3(b) presents the simulated reflection coefficient S11
of the suggested antenna. For -10 dB reflection coefficient this
antenna has the wide band of operating from 2.2 GHz to 12.63
GHz with eight resonant frequencies of 2.32, 3.59, 4.9, 5.80,
7.14, 8.96, 10.19, and 12.02 GHz. The proposed antenna
covers the requirements of the wireless systems with multi-
standard, the 2.4, 5.2, and 5.8 GHz for WLAN and 2.6, 3.5,
5.5 GHz for WiMAX, 7.14 GHz for (satellite TV) and 10.19,
12.02 for GHz (X-band).

Table 1. Dimensions of the proposed antenna

Parameters Values (mm) Parameters  Values (mm)

Wsub 20 J2 1.2
Lsub 28 P1 0.5
Wp 9 P2 1.2

Lp 7 Lol 6

L1 13 Lg2 15
L2 11 Wif 2.7

g 0.4 Lf 20

J1 0.7 Wg 8

3.2 Antenna design

The evolution of the proposed MTMA and reflection
coefficient S11 results are shown in Figure 4 and Figure 5,
respectively. The proposed MTMA has been designed after

three steps. Firstly, Antenna 1 in Figure 4(a) represents a
conventional antenna, which composes of a rectangular patch
and feed by a CPW. As shown in Figure 5, it is clear that this
antenna has a bandwidth from 6 GHz to 13 GHz and a resonant
frequency of 6.6 GHz. For enhancement the bandwidth, the
ground plane has been designed with asymmetric form
(antenna 2) for improve the capacitive part of the antenna as
present in Figure 4(b). We note that the antenna 2 has two
bandwidths are 3.5-6 GHz and 7.35-13 GHz. Moreover, the
antenna bandwidths are poor with low impedance matching.

The thin strip inductive is archived for balancing the
capacitive part as shown in Figure 4(c) (Antenna 3). It can be
observed from Figure 5 that the impedance bandwidth of the
antenna is ranging from 3.5 GHz to 12.63 GHz with four
resonant frequencies.

Antenna 4 has been created by using one more strip line
which coupling the rectangular patch with the first strip and
complementary concentric closed ring resonator split
(CCCRRs) on the ground plane has been added. Hence, the
current distributions have to vary with more trajectory, which
generates the other resonant frequencies at 2.32 GHz and at
3.59 GHz.

Wsub

Lsub

Reflection Coefficient (dB)
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6
Frequency (GHz)
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Figure 3. (a) The proposed antenna structure, (b) Simulated
reflection coefficient Sy;
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Figure 4. Design evolution of the proposed antenna, (a)
Antenna 1, (b) Antenna 2, (c) Antenna 3, (d) Antenna 4
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Figure 5. Reflection coefficient of the antenna evolution
procedure

4. PARAMETRIC STUDY

The proposed MTMA characterizes by the wide band of
operating from 2.2 GHz to 12.63 GHz. a parametric study has
bend used for understanding the effects of the antenna
parameters on the performance result.

The Lgl parameter is changed from 13 mm to 16 mm and
the Figure 6(a) display the variation of Si; parameter with the
respected values of Lgl and keeping all other dimensions
unchangeable. The variation of Lgl has a good effect on
controlling the impedance matching of the bandwidth. When
the parameter Lg2 has a variation from 5 mm to 8 mm with a
step of 1 mm, the resonate frequencies fr2, fr6, fr7, fr8 are
affected as shown in Figure 6(b).
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The parameter Lf is the length of the fed line and it is
significant to study its effect on the bandwidth and the
resonant frequencies as it drives the series inductance. When
the Lf increases, the series inductance increases consequently
the impedance matching of the antenna can be improved and
contorted using the Lf. This effect can be noticed in Figure
7(a). It is observed that the antenna has a good bandwidth
when Lf =17 mm. The optimal value of the Lf is found to be
17 mm for which proposed antenna covers a bandwidth of

extremely wide frequency ranging from 2.2 GHz to 12.63 GHz.

In addition, Figure 7(b) shows the variation of the reflection
coefficient S11 with a change in the width of shunt inductance
(P1). it can be seen that the S11 of the antenna is affected by
the resonant frequencies fr2 and fr5 by the shunt inductance of
the stripline.

5. CURRENT DISTRIBUTIONS AND RADIATION
PATTERNS OF THE PROPOSED ANTENNA

5.1 Current distributions results

In order to understand and analyze the different resonant
frequencies of the proposed antenna. The current distribution
of operating frequencies is presented in this section as given in
Figure 8 and Figure 9.
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Figure 8. Simulated surface current distributions of the
proposed MTMA at (a) 2.32 GHz, (b) 3.59 GHz and (c) 4.9
GHz

The contribution of the thin stripline in which coupling
paths and the right ground plane is the effect on the resonant
frequencies. As can be observed from the surface current

distribution, the high current intensity is concentrated on
stripline. Furthermore, strip lines occupy the large area
consequently extending the electrical length of the suggested
structure and give the ability for miniaturization.

In addition, high current strength can be observed on
complementary concentric closed ring resonator split
(CCCRRs) of the ground plane, the gap between the fed line
and left-right ground planes.

Figure 9. Simulated surface current distributions of the
proposed MTMA at (a) 5.8 GHz, (b) 7.14 GHz, (c) 8.96
GHz, (d) 10.19 and (e) 12.02 GHz

5.2 Radiation patterns

Figure 10 and Figure 11 demonstrate the obtained 2D
radiation patterns of the proposed MTMA at different resonant
frequencies in H-plane and E-plane. This antenna has
asymmetric radiation patterns due to its asymmetric structure.

Table 2 compares the proposed antenna performance with
the reference work in literature.
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Figure 10. 2D radiation patterns at resonant frequencies, (a) 2.32 GHz, (b) 3.59 GHz, (¢) 4.9 GHz and (c¢) 5.8 GHz
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Figure 11. 2D radiation patterns at resonant frequencies, (a) 7.14 GHz, (b) 8.96 GHz, (c) 10.19 GHz, (d) 12.02 GHz
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Table 2. Comparison of the proposed antenna with other

work
Resonant Impedance Dimension
Antenna Frequencies Bandwidth, (mmd)
(GHz) (%)
1.81 331
[19] 3.10 49.03 35>38x1
5.81 2.06
2.08 5.76
[20] 431 0.46 45>40x1.6
5.50 2
1.16 8.54
[17] 2.32 1025 394’%0
3.58 35.75 '
Proposed 2.1,3.59,4.9,528,
7.14,8.96, 10.19, 90 20>28x1.6
Antenna 12 02

6. CONCLUSIONS

In this paper, a compact wideband MTM inspired antenna
with a coplanar waveguide feed has been proposed and their
equivalent circuit model. The antenna is designed based on
ENG-TL, so that the bandwidth characteristic is studied as per
the ENG-TL approach. The CCCRRs are specially used for
improving the impedance matching. In addition, the proposed
MTM antenna has a compact size (0.16ko x 0.23A0 % 0.013%0)
with a simple structure, and covers a bandwidth of extremely
wide frequency ranging from 2.2 GHz to 12.63 GHz which
suitable for WLAN, WiMAX, Satellite TV, and X-band. The
obtained results make this antenna acceptable for wide-band
application.
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