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Abstract: In this paper, the effect of an Artificial Magnetic Conductor (AMC) on various antenna feeding techniques, namely;
inset feed, Coplanar waveguide (CPW) feed, and aperture-coupled feed has been demonstrated over the ISM band (2.4GHz-
2.5GHz). The paper deals with the effect of Jerusalem Cross AMC (JC-AMC) structure on the mentioned feeding techniques.
Qualitative parametric analysis concerning distance between the AMC structure and the antenna is also done using ANSYS
High Frequency Simulation Software (HFSS).
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I. INTRODUCTION

The innovation of metamaterials has revolutionized the field of antenna designing, allowing engineers to cross various constraints
and thresholds. AMC form one category of metamaterials which significantly help reduce the antenna profile while suppressing
surface waves which cause radiation losses. However, their usage is limited because of bandwidth constraints. Many studies have
been performed to modify the AMC structure for wideband applications such as those presented in [1]. Despite the plethora of study
on the AMC itself, very little research is available on the comparison of its effects across antenna systems.

In antenna systems, feeding mechanisms comprise one of the most crucial structural characteristics as they are highly dependent on
the system requirement; electrical, as well as mechanical. They mainly comprise of line feed, coaxial feed, proximity coupled feed
and aperture coupled feed [2]. The feed for a particular antenna is decided based on various factors such as conformability, spatial
dynamics, etc. When AMC sheet is used along the antennas, the type of feed has an impact on the performance of the antenna.
These feeding mechanisms are taken as the factor for comparing the effect of the AMC on different antenna systems operating in
the same ISM Band (2.4GHz- 3.5GHz)

I1l. DESIGN
A. AMC Structure
As per the description given in [3], Planar periodic metallic arrays act as AMC when they are placed on a grounded dielectric
substrate while introducing a zero degrees reflection.
Through an extensive literature survey, various AMC structures following different symmetries, such as those used in [4]-[7], can
be observed. For this study, the AMC structure has been inspired by the Jerusalem Cross (JC) structure which many have modified
to suit their requirement such as that in [8] and [9].
The AMC structure used for the following experiments and simulation, is adapted from [10], where the author has modified a
simple JC (Jerusalem Cross) AMC to a miniaturized slotted JC structure, resonating to cover the 2.45GHz ISM Band. The AMC
unit cell is supported by a Roger 3003 substrate having a height of 1.6mm. The AMC obtains a phase reflection of O degrees at
2.45GHz and can thus be used along with antenna systems operating in the ISM band.

Fig. 1 AMC JC Cross Structure
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TABLE |
DIMENSION FOR AMC STRUCTURE
a 23mm | b 10.5mm | ¢ 9.3mm | d 12mm
E 53mm | f 35mm |g 3.5mm | h 1.1mm

A 3x3 array is constructed using the unit AMC cell depicted in fig 1. having dimensions as stated in table I, and is used as a reflector
placed under antennas having different feeding mechanisms.

B. Feeding Mechanism

1) Simple Inset Feed Antennas: Inset feed antennas are known for their sleek profile and easy integration. However, the antenna is
known to have a lot of spurious radiation. A simple inset fed antenna, inspired by [10], operating at 2.45GHz, is designed on a
FR4 epoxy substrate having 1.6mm height. The structure is depicted in figure 2 and its dimensions are given in table Il
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Fig. 2. Geometrical Representation of the Structure of Inset Feed Patch Antenna

TABLE Il
DIMENSIONS FOR INSET-FED ANTENNA
| 72.8mm | pl 28.8mm | fl 31mm | cl 9mm
w 100mm | pw 38.01mm | fw 3mm | cw 4.6mm

2) Aperture Coupled Antennas: The aperture coupled antenna is known for its wide bandwidth and significant gain compared to
most microstrip patch antenna [11]. Though it does not have a light profile, it is possible to integrate the antenna in most
applications. Each FR4 substrate layer separating thee two planes as shown in figure 3 measures 1.6mm in thickness.
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Fig. 3. Geometrical Representation of the Structure of the Aperture Coupled Antenna

TABLE I
DIMENSIONS FOR APERTURE COUPLED ANTENNA
| 100mm | PI 53.2mm | fl 4.7mm | cl 6.4mm
w 100mm | pw 61.6mm | fw 70mm | cw 14.5mm

The aperture coupled antenna that is designed with dimensions as those in table 111 and resonates at 2.4GHz.

3) Coplanar Waveguide Fed Antennas: The coplanar waveguide has a simple realisation owing to one sided etching. Coupled with
low dispersion, this feeding method is often considered when integrating the antenna with an RF system where waveguide
communication is dominant. However, relatively think substrate requirement and unintended spurious radiation hinders its
usage. A CPW-fed antenna with a standard substrate thickness (1.6mm), adapted from [12], has been designed for the ISM
band and the effect of the AMC has been investigated.
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Fig. 4. Geometrical Representation of the Structure of the Coplanar Waveguide Fed Antenna

TABLE IVV
DIMENSION FOR COPLANAR WAVEGUIDE FED ANTENNA
| 95.4mm | pl 2imm | f 3mm
w 80mm pw 38mm |r 26mm

HLSIMULATIONS AND RESULTS
The 3x3 AMC array is positioned below each of the antennas to observe. It should be noted that there is an increase in mutual
coupling when the proximity between the AMC and the antenna is increased. A non-uniform near field wave can be introduced by
the mutual coupling that can shift the operation frequencies of antenna [13].

A. Simple Inset Feed Antenna

The simple inset-fed antenna yields reflection coefficient as plotted in figure 6 shows the antenna operating at a frequency of
2.45GHz with S11= -255dB at the resonant frequency. The radiation plot as observed in figure 5a has a gain of 2.5dB in the x-z
plane.

(a)Without AMC (b)with AMC
Fig. 5. Radiation Plot for Inset Feed Antenna

Now, the AMC sheet is placed 10mm below the inset-fed antenna. Firstly, on observing the S11 plot as shown in figure 6, it is
noticed that the antenna resonates at the same frequency despite the presence of the AMC sheet. However, the radiation plot in
figure 5b is observed to have a gain of 3.2dB in the x-z plane which is more than that observed without the AMC. A significant
back-lobe reduction is also observed pushing the front to back ratio from 33 to 240. Thus, the overall the performance of the inset
feed antenna is improved without any changes in the resonant frequency or the bandwidth.
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Inset-feed patch antenna: S Parameter Plot
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Fig. 6. S-parameter Plot for Inset Feed Antenna

We can contemplate that the AMC sheet helps in improving the front to back ratio by reflecting the backward radiation.

B. Aperture Coupled Feed Antenna
The Aperture Coupled Antenna resonates at 2.45GHz, with a return loss of -24dB at the resonant frequency. It has a gain of 7.7dB
in the broadside direction.
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(a)Without AMC (b)with AMC
Fig. 7. Radiation Plot for Aperture Coupled Antenna

After placing the AMC antenna under it at a distance of 10 mm, we observed that the antenna gain is almost unaffected as in figures
7aand 7b, but the antenna develops a new resonant frequency shows shift in resonance frequency. To find a connection between
the proximity of the AMC sheet to the antenna, the distance between the same is varied and its effect is as shown in figure 8. On
varying the distance of the AMC reflector from the antenna, a second resonance is observed at different frequencies depending on
distance, thereby making the antenna function as a dual band.

Aperture Antenna: AMC Proximity Variation
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Fig. 8. S-parameter Plot for Aperture Coupled Antenna simulated with AMC

The behaviour of the Aperture Coupled Patch Antenna suggests that the AMC sheet causes some impedance matching at the
complementary frequency. This behaviour can be potentially be understood further after mathematical modelling of the AMC sheet
and understanding its interaction with the multiple layers of the Aperture Coupled patch antenna.
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C. Coplanar Waveguide Feed Antenna: The CPW-Fed Patch Antenna resonates at 2.45GHz, with a return loss of -25dB at the
resonant frequency. It has a gain of 3.4dB is as shown in figure 9a.
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(a)Without AMC (b)with AMC
Fig. 9. Radiation Plot for Aperture Coupled Antenna

When the AMC sheet is placed at the standard distance of 10mm below the antenna, a complete change in the resonant frequency is
observed. The radiation plot is also skewed from the assumed resonant frequency of 2.45 GHz suggesting that the antenna does not
have a significant resonance in the ISM band; the same is plotted in figure 9b.

CPW-Fed Patch Antenna: AMC Proximity Variation
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Fig.10. S-parameter Plot for Coplanar Waveguide fed Antenna simulated with AMC

To understand the relation between the proximity of the AMC sheet and the skewed nature of the S parameter plot, the distance of
the AMC sheet is varied as before and is depicted in figure 10. It is observed that when the AMC is sufficiently far from the antenna,
in this case 25mm; the antenna resonates at about 2.9 GHz. As the distance is reduced, the resonance frequency moves further away
however, a second resonance starts developing around 2GHz. It can also be noted that with increase in proximity, the bandwidth is
significantly affected.

IV.SUMMARY
The variation in performance parameters is observed as the AMC sheet is placed below each of the considered microstrip patch
antennas. The inset-feed antenna exhibits some considerable increase in gain at the same resonant frequency.
The AMC sheet does have an impact on the s parameter but does not considerably affect the radiation pattern and the gain of the
antenna. On varying the distance of the AMC array from the antennas, a significant change is observed in the return loss at the
resonant frequency with the introduction of a second resonance at varying frequencies.
The CPW-fed patch antenna originally has radiation in the backward direction as well. After implementation of AMC the backward
radiation begins to subside. However, the resonant frequency is observed to shift as the distance of the AMC sheet is varied, i.e. the
resonant frequency increases as the distance is decreased. As the distance is decreased, another resonant frequency is also
introduced.

V. CONCLUSIONS
The effect of AMC varies with each feeding mechanism. While it results in an increase in gain for inset-feed antenna, it does not
better the performance of the aperture coupled antenna but does develop a second resonance making it a dual band antenna. The
introduction of AMC under a CPW-fed antenna completely changes its frequency of resonance, further displaying characteristics of
a dual band. Each case study; Aperture Coupled Patch Antenna and CPW-fed Patch Antenna, hold promising future scope in
understanding the interaction with the AMC to develop newer resonance frequencies.
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