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Abstract- A new type of metamaterial-inspired
monopole antenna  designed for satellite
transmission communication systems has been
elucidated. By adding a ‘C’ Shaped Pair (CSP)
metamaterial into the near field of monopole
antenna resonating at 7.5 GHz, a secondary
resonance has been created in C-Band which is
lower than the monopole’s ones. At this new
resonance, the directivity of the structure was
enhanced and its profile was reduced. Next, the
tunability of the structure was observed with
respect to the coupling distance between the
monopole antenna and the CSP. The directivity of
the structure has also been enhanced.

Index Terms -Antenna, metamaterial, HFSS, negative
refraction, C-Band.

[. INTRODUCTION

‘Metamaterials’ (MTMs) are engineered to
modify the bulk permeability and/or permittivity
of the medium. It is realized by placing
periodically, structures that alter the material
parameters, with elements of size less than the
wavelength of the incoming electromagnetic
wave. It results in “meta” i.e. “altered” behavior
or behavior unattainable by natural materials.
Slight changes to a repeated unit cell can be used
to tune the effective bulk material properties of a
MTM, replacing the need to discover suitable
materials for an application with the ability to
design a structure for the desired -effect.
Examples of MTMs are single negative materials
(SNG) like & negative (ENG) which have
effective negative permittivity and p negative
(MNG) which have effective negative

permeability, and double negative materials
(DNG).

A fresh approach to microwave and optical
devices presented itself with the interesting
breakthrough in the area of MTMs at high
frequencies. The need of hour is to optimize the
antenna  parameters (gain, bandwidth
directivity) without altering its dimensions i.e.
external control over antenna parameters using
MTM . The software tool HFSS is used because
it is a high performance full wave
electromagnetic (EM) field simulator for
arbitrary 3D volumetric passive device modeling.
It integrates simulation, visualization, solid
modeling, and automation in an easy to learn
environment where solutions to 3D EM problems
are quickly and accurately obtained [1].

Section 2 abridges the design of ‘C’ shaped Pair
with resonant frequency 55GHz having
FR4 epoxy (g~4.4) as substrate material. Section
3 gives the mathematical proof of the designed
MTM. Design of monopole antenna resonating at
7.5GHz has been done in section 4.Section 5
shows the parasitic resonance obtained in
monopole antenna by insertion of CSP. Section 6
studies the tunability with respect to the coupling
distance between the antenna and the CSP.
Section 7 concludes the paper.

II. PROPOSED ‘C’ SHAPED PAIR MTM

A ‘C’ shaped Pair (CSP) metamaterial has been
proposed having negative refractive index [2]. It
behaves as DNG i.e. Double Negative Group.
Such materials have negative permeability and
negative permittivity over same frequency region
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[3],[4]. The parameter retrieval i.e. parameter
extraction using S parameters has been followed
using NRW approach to observe the negative
permeability region of SRR metamaterial. The
constructional details along with the curve are as
under.

0 1 2 (mm)

‘C’ Shaped Pair metamaterial consists of FR4

epoxy as substrate with er=4.4 [5]. It is designed Figure 2:Unit cell for simulation boundary

in such a way that the inclusions are much _

smaller than the operating wavelength. Such It can be observed as in figure 3(a) and (b) that
structures can be denoted by quasi-static negative refraction region exists. Hence this
equivalent LC circuit [6],[7]. MTM is a DNG metamaterial.

. . Nme | X | Y XY Plot4 HFSSDesignt &,
The advantage of using C-shaped Pair is that the e P || s

structure is very simple in construction. Unit cell w lsaufom] i
formed in HFSS is shown in figure 1 where ]

thickness ‘t’ of the conducting metallic inclusions
is 0.017mm, height ‘h’ of the substrate is
0.203mm, bulk conductivity is
38000000Siemens/m |=5mm,w=2mm and the
spacing and metallic sheet width is 0.lmm each.
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Figure 3(a) Negative permittivity region
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b)constructional details

. . Figure 3(b) Negative permeability region
Ansoft HFSS has been used to simulate the unit & (b) Neg p v Iee

cell designed in figure 2 having metamaterial on

the dielectric substrate bounded by box having Il . MATHEMATICAL PROOF

air as material and radiation boundary.
CSP MTM has magnetic and electric properties
because of internal inductances and capacitances.
It can be simplified in terms of combinations of
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C and L. Using transmission line theory (quasi-
static regime), we can draw its equivalent circuit
as in figure 4 (a),(b).
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Figure 4:(a),(b)Equivalent LC circuit of CRP

The Lm is the inductance per unit length of the
loop and Cn is the capacitance of the gap, where
mis (1,2,3,4) and n is (2,3,4,5) .
The expressions for L and C are given by
equation 1 and 2 as below:
u Al
L o o)
where p=po is the vacuum permeability and
parameter values can be referred to figure 4(a).
Therefore, the equivalent inductance, Leq, is
given by (L2+L3+L4)11L1.Upon calculation,
Leq is found out to be 9.82X10°H.

weil
C.=¢

2)

where e=4.4¢0, Therefore, the equivalent
capacitance ,Ceq,is given by (C211C311C4)+CS5.
Upon calculation ,Ceq is found out to be
9.35X10-11F.
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Neglecting high frequency losses, magnetic
resonance frequency is given by equation 3.

0 = —_hl

Thus, resonant frequency is found out to be
52.5GHz. However, using simulational study of
CSP in Ansoft HFSS, resonant frequency has
been found out to be 55GHz. The agreement
between simulation and theory is very good, with
errors of less than 4.5 per cent in the resonant
frequency. These errors can be attributed to
simulational inaccuracies in terms of definition of
mesh size and theoretical inaccuracies in terms of
application of Lorentz theory.

IV.ANTENNA DESIGN

Design of monopole antenna has been shown in
figure 5 with FR4 (g~4.4) as substrate material
with thickness of 0.205mm and having length
=7.5 mm and width =0.3mm [8].It has been
mounted perpendicularly on ground plane having
dimension of 20X20mm?®.

¥

MONOPOLE

ANTENNA FR4 SUBSTRATE

GROUND
PLANE
[ 5 10 (mm)

LUMPED
PORT

Figure 5:Monopole Antenna

The monopole antenna has resonant frequency of
f=7.5GHz with resonant length of Smm (Aeff/4)
where Aeff is effective wavelength in  the
propagating medium. The optimization procedure
has been applied on length of the antenna and it
yields optimized length as 7.5mm which
givesS11=-29.5dB as shown in figure 6. The
absolute value of peak realized gain of monopole
antenna is 0.598 as shown in figure 6 (b) and the
absolute value of peak directivity is observed as
0.646.
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Figure 6(a): Return Loss of Monopole Antenna
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Figure 6(b): Peak realized gain of Monopole Antenna

V.PARASITIC RESONANCE FOR ‘C’ BAND
APPLICATIONS

The miniaturization of the antenna structure can
be achieved by placing the ‘C’ shaped Pair
metamaterial in the structure as shown in figure
7.

a 3 6 (mm) v

Figure 7: Miniaturization of Monopole Antenna

By placing the CSP metamaterial in the near field
of monopole antenna , a parasitic resonance has
been obtained at fp=4 GHz as shown in figure
8(a).This frequency corresponds to the IEEE C-
band (4 to 8 GHz), that are used for many
satellite communications transmissions, some
Wi-Fi devices, some cordless telephones, and
some weather radar systems.
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Figure 8 (a): Parasitic resonance in Monopole
Antenna

This parasitic resonance is less than the resonant
frequency of monopole antenna i.e. fp<fr. This
allows for miniaturization of the structure. The
coupling distance has been kept as 0.2mm.
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Figure 8(b): Peak realized gain of Monopole Antenna
with metamaterial

Also, the peak realized gain has been reduced by
5% (0.57) as shown in figure 8(b) and peak
directivity has been improved by 2% (0.657).

The reduction in gain can be explained as the
resonant frequency is lowered ,so the effective
length of the patch is lowered, thereby lowering
gain.
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VIL.TUNABILITY

Tunability in parasitic resonance has been
observed by following two procedures referring
to figure 9:

1. By moving Ax along the coupling distance
direction

2. By moving Ay perpendicular to the coupling
distance direction

o 3 6 (mm)

Figure 9: Tunability procedure for Monopole Antenna
A. Movement Ax along the coupling distance

The effect in the fp i.e. parasitic resonance has
been observed by moving Ax =0.05mm along the
coupling distance direction. The figure 10 a,b,c,d
shows the return loss curves for incremental Ax .
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Figure 10a,b,c,d: Return loss curve wrt the
incremental movements in x direction

Table 1 tabulates the findings from Figure 10
a,b,c,d. It concludes the relation between the
increments in x direction with the return loss and
the parasitic resonance.
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Table 1: Effects of incrementsin x with fp and S11 e | X | Y XY Plot 1 HFSSDesignt 4,
m2 |8.1000{-15.8340 Curve hfo
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Thus, with the increase in the distance separating ¥ A
the monopole antenna and the resonator (CSP), 11001 !
the structure size can be reduced .Hence; 1
miniaturization can be obtained with increasing 1350
coupling distance. Table 1 shows that at distance ]
=0.2+0.1 i.e. at a distance of 0.3 mm from the T T s 7k Fm.‘[%oH] 1250 1500 1750 2000
. . Tel Z]
monopole antenna ,the best impedance matching !
for the structure can be obtained. Thus, at this (a) Ay =0.1lmm
frequency i.e. fp=4.3GHz, the monopole’s
reactive impedance has been matched with the Nmo | X | Y XY Plot 1 HFSSDesign! 4,
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The figure 11 shows the curve of effects of
increments in x on parasitic resonance and 500
return loss keeping the coupling distance fix
at 0.2mm. 750
%—10.00* Yﬁ
B. Movement Ay perpendicular to the coupling
distance direction 1250
. . .. -15.00
The effect in the fp i.e. parasitic resonance has
been observed by moving Ay =0.Imm A750 ; ‘ ; ‘ ‘ ‘
0.00 2.50 5.00 750 10.00 12.50 15.00 17.50 20.00

perpendicular to the coupling distance direction.
The figure 12 a, b, ¢, d shows the return loss
curves for incremental Ay.
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Figure 12a, b, ¢, d: Return loss curve vs the
incremental movements in y direction

Table 2 tabulates the findings from Figure 12 a,
b, ¢, d. It concludes the relation between the
increments in y direction with the return loss and
the parasitic resonance.

Table 1: Effects of incrementsiny with fp and S11

+Ay(mm) fp(GHz) S11(dB)
0 4 -11.7
0.1 4.4 -10.6
0.2 4.2 -10.8
0.3 4.5 -10.2
0.4 7 94
Thus, with increments in y (0.lmm)

perpendicular to the coupling distance, not much
improvement in impedance matching as well as
miniaturization can be seen from figure 13.
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Figure 13: Return loss curve vs the incremental
movements in y direction

VII.CONCLUSION

In this paper, novel metamaterial ‘C’ shaped pair
has been designed and implemented using Ansoft
HFSS. The mathematical proof of the structure
verifies the FEM resonance .Also, a ‘C’ shaped
pair metamaterial inspired monopole antenna has
been designed with applications in C-band (4 to 8
GHz) .The composite structure has been studied
for tunability by varying the coupling distance
between the antenna and the CSP resonator. The
miniaturization in the structure has been
achieved. The directivity of the structure has
been improved by 2%.
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