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Abstract 

This article gives the description of design and development of novel heart 
shaped electrically small antenna which is combined with planar artificial-
magnetic-conductor (AMC) on the frequency selective surface(FSS) for 
WiMAX (3.5 GHz) and WLAN (5.8 GHz) applications. A novel heart shaped 
monopole antenna enclosed with heart shaped closed ring resonator (HCRR) 
as shunt inductor with the overall dimension of 0.63λ0×0.63λ0×0.33λ0. The 
monopole antenna initially has gain of 1.8 dBi and 2.21 dB at 3.5 GHz WiMAX 
and 5.8 GHz WLAN application bands. A novel artificial magnetic conductor 
(AMC) is placed at back to the proposed model and a clear reflection of -900 
to +900 has been observed in reflection phase of the AMC structure. The AMC 
is placed exactly at λ0/4 from the monopole antenna. The proposed antenna is 
projected with maximum gain enhancement using 3×3 AMC structure and a 
maximum gain of 5.86 dBi at WiMAX band with increment of 225% and 5.33 
dBi at WLAN band with increment of 141% has been observed. The heart 
shaped antenna simulation and measurement results with and without AMC for 
WiMAX (3.5 GHz) and WLAN bands(5.8 GHz) are analysed and good 
correlation is observed among them. 

Keywords: Artificial magnetic conductor (AMC), Heart shaped monopole antenna, 
High gain, WiMAX, WLAN. 
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1.  Introduction 
The future generation wireless communication systems require higher data rate and 
better quality of service (QoS) along with reduction in the size of devices are in 
great demand. This has established a demand for planar microstrip patch antennas 
which are general model/variety of printed antennas and which occupy a smaller 
volume. They have been used in many applications because of advantages like easy 
to fabricate, low profile and conformability though they have a narrow bandwidth 
and lesser gain. Due to negative permittivity, negative permeability and composite 
right/lefthanded combination (CRLH), metamaterials (MTM) are identified as 
good solution to overcome the limitations of conventional antennas. MTM inspired 
CRLH based structures gives an advantage of broa dBand, improvement in gain 
and multiband operation along with miniaturization.  

Kartal et al. [1] proposed a new technique to achieve triple band operation with 
the help of frequency selective surface (FSS). A novel synthetic resonator is used 
to overcome the problems such as reducing the space between the resonators and 
coupling effects especially with close resonance frequencies and shift in the 
frequency bands. Liu et al. [2] proposed a triple band convoluted design-based 
frequency selective surface (FSS) such that four spiral triangles which are 
connected at centre and achieve band pass characteristics at 3.28 GHZ, 4.2 GHz 
and 5.4 GHz respectively. Segundo et al. [3] proposed a three-layer frequency 
selective surface to achieve ultrawide band stopband response from 2.85-13.95 
GHz. Here in the three-layer FSS, one layer consists of rectangular patches and the 
remaining two layers consists of rectangular patches with notches to improve the 
antenna characteristics and to achieve the required response.  

Baisakhiya et al. [4] designed a novel FSS structure to get wide stopband 
characteristics and the structure of the FSS is like circular in shape, but it is 
convoluted along the circle and resulting in garland structure. The advantage of this 
type of FSS is such that its response is angular and polarization independent. Si et al. 
[5] proposed a dual band antenna fed with co-planar waveguide (CPW), the author 
used metamaterial (MTM) structures which consist of outer side closed ring resonator 
(CRR) and inner side slotted ring resonator (SRR) to achieve dual band resonating 
frequencies. An antenna inspired from composite right/lefthanded (CRLH) 
transmission line (TL) proposed by Alibakhshikenari et al. [6], where it was proposed 
defected ground structure, which is having a U-shaped slot and a spiral inductor for 
bandwidth extension. Zeroth order resonance mode (ZOR) was achieved by using 
circular microstrip antenna by incorporating metamaterial (MTM) structures [7].  

Two different types of composite right/left-handed (CRLH), one with L-shaped 
ground and semi closed ring resonator were analysed, how they are affecting the 
Zeroth order resonance mode (ZOR) [8]. Here the antenna impedance bandwidth 
is 122% and gain of the designed antenna is nearly 7.5 dBi at 3-7 GHz and around 
9 dBi from 7-14 GHZ. A coplanar waveguide (CPW) antenna with metamaterial 
(MTM) structure includes modified slotted ring resonator (SRR) was analysed [9]. 
A compact double band antenna with mushroom shaped transmission line 
metamaterials (TL-MTM) are analysed [10].  

Smyth et al. [11] analysed a dual-band microstrip antenna with metamaterial 
based EBG (MTM – EBG). Antenna size reduction techniques with the help of 
metamaterial inspired ELC resonator and a coplanar ground plane was described in 
[12]. A pair of FSS are kept at an angle of 900 each other and placed as corner reflector 
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to improve the characteristics like bandwidth and gain of the proposed antenna [13]. 
Here the author achieved 24% enhancement in impedance bandwidth.  

A dual layer multioctave Frequency selective surfaces are used as reflectors to 
improve the impedance bandwidth and gain of the antenna [14]. Printed patch 
antennas have limitations of gain at lower frequencies. Reflective surfaces such as 
frequency selective surface (FSS) with a printed antenna is a perfect combination to 
achieve enhancement in gain. A zero-index metamaterial (ZIM) inspired antenna was 
described in [15] to attain betterment in gain, here the author investigated 
metamaterial structures as superstrate and observed 5.87 dB enhancement in gain. A 
coplanar waveguide (CPW) fed dual band rectangular antenna along with artificial 
magnetic conductor (AMC) structure was investigated and analysed for gain 
enhancement [16]. A bow-tie antenna along with artificial magnetic conductor 
(AMC) was described in [17], here the author proposed AMC structure as ground 
plane for gain enhancement compared to conventional antenna.  

A dual polarized (HP/VP) omnidirectional antenna backed with artificial 
metamaterial conductors (AMC) was proposed by Wu et al. [18]. A dual-band 
antenna with dual-mode and dual polarisation was achieved by placing artificial 
magnetic conductor (AMC) as reflector in [19]. In [20] a dual layer FSS cascaded 
consists of 4x4 array of unit cells are placed as substrate to enhance the compact 
umbrella design shaped CPW fed ultrawide band antenna gain nearly by 2-4 dBi 
whole band coverage. Kundu et al. [21] and Pushpakaran [22] proposed a dual layer 
FSS surfaces each having 4x4 array of unit cells is used to enhance the gain 
characteristics of the antenna by 2-4 dBi. A dual-band antenna having artificial-
magnetic-conductor (AMC) for improving the radiation efficiency and an in-phase 
superstrate for achieving betterment in gain was analysed in [23]. An AMC has 
been used to improve the characteristics of dual band and dual polarized antenna. 
In this design we can observe 15.6% impedance bandwidth, 7.2 dBi gain at lower 
band and 9.3% impedance bandwidth, 7.3 dBi gain at higher band [24].  

A dual band Energy Band Gap (EBG) is integrated in a Monopole antenna for 
wearable applications to decrease the effect of radiation on human body and vanish 
the effect of human body in the process of frequency detuning [25]. A metamaterial 
inspired antenna which operated at quad bands having CPW feed is designed, here 
the author achieved a gain of 3.8  dBi by incorporating metamaterial structures in 
antenna geometry [26]. A substrate integrated waveguide operates at dual frequencies 
is placed on an Artificial Magnetic Conductor (AMC). The shape of the AMC unit 
cell consists of a circular slot and crisscross slot into a square patch. Here the AMC 
is used to decrease the back lobes and to increase the directivity of the antenna [27]. 
A dual band and dual polarized antenna is designed and feed with electromagnetic 
coupled feed line, consists of a driven patch and a parasitic patch. A 5x5 AMC array 
is placed behind the antenna to reduce the back lobes and to improve the front to back 
ratio [28]. 

This article describes CRLH-TL based dual heart shaped band antenna is 
modelled, simulated and then fabricated. The designed antenna consists of ‘T' 
shaped driven patch and the heart shaped closed-ring resonator (CRR) and heart 
shaped stub/virtual ground which combinedly forms the parasitic patch. The 
CRLH-TL based designed antenna has scattering parameter (S11) less than -10 dB 
in the band of 3.5-3.8 GHz and operates at 3.7 GHz corresponding to WiMAX 
application and WLAN applications in the band of 5.7-6.0 GHz and operates at 5.8 



Dual Sensed High Gain Heart Shaped Monopole Antenna with . . . . 1955 

 
 
Journal of Engineering Science and Technology              June 2020, Vol. 15(3) 

 

GHZ. A symmetrical low-profile AMC is used as reflector and is placed at 0.25λ0 
to enhance the gain parameter of the antenna. The unicell dimensions of the 
proposed AMC (0.19λ0) are much smaller than the operating wavelength. The 
article is discussed in subsequent sections where section 2 describes the dual band 
antenna design and section 3 describes the design as well as analysis of the AMC 
unit cell, section 4 compares the performance of the antenna without and with 
AMC, section 5 explains the practical measurements of the antenna parameters and 
comparison of the results with previously reported structures. The superiority of 
the proposed work with and without AMC is compared with existing literature.  

2.  Antenna Design and Modelling (Iterations) 
The heart shaped monopole antenna is explained in subsequent sections. The 
designed antenna and its functioning depends on the open-ended boundary 
conditions. Two operating bands such as WiMAX (3.5 GHz) and WLAN (5.8 GHz) 
are concentrated in this article. A heart shaped antenna model is designed and 
performance characteristics such as gain and efficiency are enhanced in the 
required bands (WiMAX & WLAN) with placement of antenna above a 3x3 AMC 
structure. The dual band heart shaped antenna design modelling and its analysis is 
explained in following sections. 

2.1.  Heart shaped antenna geometry 
The layout of the dual band heart like monopole antenna is presented in Fig. 2. The 
proposed heart shape antenna includes a driven patch and rooted with a parasitic 
patch to get the desired dual band characteristics. The evolution of the proposed 
heart shaped antenna is carried out iteration wise as shown in Fig. 1. Here the first 
iteration consists of a driven element and in the second iteration the driven element 
is separated with a gap capacitance of ‘s’ (0.005λ0). These two iterations are not 
resonating in any operating band and later in third iteration a heart shaped patch is 
attached to a rectangular parasitic patch to obtain a single resonance covering the 
frequency band between 3.8-4.4 GHz To obtain desired resonance and 
characteristics at WiMAX and WLAN bands, the heart shaped patch is modified 
into a small heart shaped stub located within the closed ring resonator as presented 
in iteration 4. The detailed geometrical parameters of the proposed antenna can be 
observed in Table 1. 

    
(a)                           (b)                            (c)                            (d) 

Fig. 1. (a) Iteration 1, (b) Iteration 2,  
(c) Iteration 3 and (d)Proposed antenna. 
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2.2.  Proposed Antenna Structure 
The configuration of the heart shape like dual band antenna is presented in Fig. 2. 
The geometry of the proposed heart shaped antenna is tabulated in Table 1 according 
to guided wavelength given in the form of λ0. The dimensions of the monopole 
antenna are 0.29λ0×0.20λ0. A rectangular patch of size 0.035λ0×0.105λ0 with a 
separation ‘S’ is fed by feed line of dimensions 0.116λ0×0.023λ0 to form the driven 
patch. The parasitic patch is formed by heart shaped closed ring resonator (CRR) of 
length 0.099λ0 and width 0.099λ0 respectively and thickness of 0.005λ0. This CRR is 
connected to heart shaped patch of length 0.040λ0 and width 0.043λ0 respectively. In 
the proposed antenna design a partial ground structure is taken, and the length of the 
partial ground is 0.070λ0. The proposed heart shape like dual band antenna is 
designed, simulated and fabricated on FR4 epoxy substrate with a thickness of 
0.018λ0, εr of 4.4 and loss tangent tan δ is 0.02. By using the equations Effective 
dielectric constant is calculated (1)– (3). 

𝜀𝜀𝑟𝑟𝑟𝑟 = 𝜀𝜀𝑟𝑟+1
2
�tanh �0.775 𝑙𝑙𝑙𝑙 �ℎ

𝑆𝑆
� + 1.75� + 𝑘𝑘𝑆𝑆

ℎ
[0.04 − 0.7𝑘𝑘 + 0.01(1 −

0.1𝜀𝜀𝑟𝑟)(0.25 + 𝑘𝑘)]�   (1) 

𝑘𝑘 = 𝑊𝑊𝑓𝑓
𝑊𝑊𝑓𝑓+2𝑔𝑔

                                                                                                                            (2) 

𝑊𝑊𝑓𝑓 = 1
2𝑓𝑓𝑟𝑟�𝜀𝜀0𝜇𝜇0

� 2
𝜀𝜀𝑟𝑟+1

                                                                                                          (3) 

where ‘εr’ is dielectric permittivity of the substrate material, ‘h’ is thickness of the 
substrate, ‘S’ is the gap between the driven patch and parasitic patch, ‘Wf’ is the 
width of the feed line and ‘g’ is the length of the ground. 

 
Fig. 2. Layout of the heart shape antenna. 

The rectangular patch and feed in the antenna act as series inductance and the 
gap etched from the rectangular patch acts as series capacitance. The heart shaped 
CRR in the parasitic patch acts as shunt inductance and the heart shaped patch in 
the parasitic patch acts as shunt capacitance. The microstrip feed and partial ground 
combinedly forms the shunt capacitance. 
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Table 1. Parameters of proposed heart shaped antenna. 
Parameters Unit (mm) Parameters Unit (mm) 

L 0.29 λ0 Lf 0.116 λ0 
W 0.20 λ0 Wf 0.023 λ0 
LP 0.035 λ0 a  0.040 λ0 
WP 0.105 λ0 b 0.043 λ0 
L1 0.099 λ0 g 0.070 λ0 
L2 0.099 λ0 s 0.005 λ0 
t 0.005 λ0 h 0.018 λ0 

Figure 3 presents the S11 of all iterations and the final proposed antenna. In the 
first iteration, the microstrip feed line is connected to rectangular radiating patch. 
A gap namely ‘s’ separates the rectangular patch in the second. In the second 
iteration the rectangular radiating patch is separated by etching a gap of ‘s’. In the 
first two iterations the antenna shows poor reflection coefficient response below -
10 dB. In the third iteration a heart shaped radiating patch is connected to upper 
part of the rectangular patch. Here in the third iteration the antenna shows reflection 
coefficient response below -10  dB from 3.8 GHZ to 4.4 GHz, resonates at 4.2 GHz. 
In the fourth iteration, the heart shaped radiating patch is modified to heart shaped 
closed ring resonator (HCRR) and in addition to this a heart shaped stub is also 
connected to HCRR. Here in the fourth iteration, the antenna shows good reflection 
coefficient response below -10 dB at dual band frequencies and are from 3.5-3.8 
GHz, and from 5.7-6 GHz.  

 
Fig. 3. Iteration wise reflection coefficient  

comparison of heart shaped dual band antenna. 

The proposed antenna resonance frequency can be calculated using Eq. (4) 

𝑓𝑓 = 𝑐𝑐
𝜆𝜆

= 1.265∗4𝜋𝜋∗[𝐿𝐿+𝑎𝑎]𝑘𝑘
𝑡𝑡+𝑎𝑎

                                                                 (4) 
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where ‘c’ represents the speed of light i.e., 3×108 m/s, ‘λ’ is guided wavelength, 
‘L’ is length of substrate, ‘a’ is length of heart shaped stub, ‘t’ is thickness of heart 
shaped closed ring resonator (CRR) and ‘k’ is a constant defined as k = 2π / λ. 

The proposed heart shaped dual band antenna works at two frequencies such as 
3.6 GHz and 5.8 GHz as shown in Fig. 3. Here at first, the width of the rectangular 
patch ‘WP’ is varied and shown in the Fig. 4. The gap between the parasitic patch 
and driven patch is varied and shown in the Fig. 5. The optimization of the 
parameters is noticed and the heart shaped antenna working at the frequencies 3.6 
GHz and 5.7 GHz. This is mainly because when ‘WP’ is varied, it alters the value 
of shunt inductance, which leading to shifting of the lower frequency band towards 
left as presented in Fig. 4. In similar way while varying the gap ‘S’ between the 
parasitic patch and driven patch, we noticed that the second resonance frequency 
remains unchanged and the first resonance frequency varied accordingly. The 
fabricated front view and back view of the proposed heart shaped dual band antenna 
is presented in Fig. 6. 

 
Fig. 4. Effect of ‘Wp’ variation on reflection coefficient. 

 
Fig. 5. Effect of ‘S’ variation on reflection coefficient. 
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Fig. 6. Fabricated antenna front view and rare view. 

2.3.  Principle of heart shaped antenna 
In general, the principle of antenna lies between the gap and the microstrip feed 
line and the patch is known as series capacitor. The resonant frequencies of the 
proposed monopole antenna depend on the series capacitor (gap ‘s’). In the 
proposed model, a heart shaped shunt inductor is again connected with a heart 
shaped virtual ground which acts as radiating stub. The principle of antenna can be 
explained in detail through equivalent circuit diagram. 

Figure 7 presents the equivalent circuit diagram of proposed heart shaped 
antenna. Here the patch and microstrip feed of the proposed heart shaped antenna 
forms a series inductor (LR) and the gap between them referred as the series 
capacitor (CL). The inductor LHCRR and the capacitor CHCRR are aligned in a parallel 
combination in the derived equivalent circuit. The capacitance effect between the 
ground and microstrip feed in addition between the patch and the ground plane is 
represented as CC. LL, CR. The shunt inductor and shunt capacitor of the proposed 
model where LL is accounted for LHCRR and CR is accounted for parallel 
combination of CHCRR and CC. The dispersion relation is obtained by using Bloch 
theory from the literature [29, 30]. 

𝛽𝛽 = 1
𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐−1 �1 + 𝑍𝑍𝑍𝑍

2
�                                                                             (5) 

𝛽𝛽 = 1
𝑝𝑝
𝑐𝑐𝑐𝑐𝑐𝑐−1 �1 − 1

2
� 𝜔𝜔2

𝜔𝜔𝑆𝑆ℎ2
+ 𝜔𝜔𝑆𝑆ℎ2

𝜔𝜔2 − 𝜔𝜔𝑆𝑆ℎ2

𝜔𝜔𝑆𝑆𝑆𝑆2
− 𝜔𝜔𝑆𝑆𝑆𝑆2

𝜔𝜔𝑆𝑆ℎ2
��                                               (6) 

where 𝑍𝑍 = 𝑗𝑗𝑗𝑗 �𝐿𝐿𝑅𝑅 −
1

𝜔𝜔𝐶𝐶𝑅𝑅
�, 𝑌𝑌 = 𝑗𝑗𝑗𝑗 �𝐶𝐶𝐿𝐿 −

1
𝜔𝜔𝐿𝐿𝐿𝐿

�,𝑗𝑗𝑆𝑆𝑟𝑟 = 1
�𝐿𝐿𝑅𝑅𝐶𝐶𝐿𝐿

, 𝑗𝑗𝑆𝑆ℎ = 1
�𝐿𝐿𝐿𝐿𝐶𝐶𝑅𝑅

, 

𝐶𝐶𝑅𝑅 = 𝐶𝐶𝑅𝑅𝑅𝑅 + 𝐶𝐶𝐶𝐶 

‘β’and ‘p’ are the phase constant and the length, and ‘Z’, ‘Y’, ‘LR‘, ‘CL‘, ‘LL‘ 
and ‘CR‘ represents series-impedance, shunt-admittance, series-inductance, series-
capacitance, shunt- inductance and shunt-capacitance of the unit cell. 
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Fig. 7. Equivalent circuit of proposed antenna. 

Table 2. Comparison of performance characteristics  
of dual band heart shaped antenna without influence  

of AMC with some of the existing literature 
Serial 
Ref. 
No. 

Working 
Bands 

Frequency 
(GHz) 

Overall Size 
(mm2) 

Electrical Size 
with respect to 

(λ03) 

Imp. 
BW% 

Broadside 
Gain ( 
dBi) 

Efficiency 
(%) 

Application 
band 

[5] 2 2.6 31.7×27×1.6 0.27×0.23×0.013 2.27 1.411 79.3 2.595 2.654 
3.6 29.44 1.983 95.6 3.185 4.245 

[6] 1 6.6 20×20×0.8 0.44×0.44×0.17 23 4.8 78 5.8 – 7.3 
[7] 1 5.83 72×50×1.5 1.4×0.97×0.29 NA 5.06 59.7 5.83 

[8] 2 1.8 30×40×1.6 0.18×0.24×0.009 2.2 -1.5 40 GSM 
5.2 13 4 65 WLAN 

[9] 2 3.17 20×25.5×1.6 0.23×0.21×0.016 3.71 0.71 66 S-band 
5.39 3.71 1.89 85 Wi-Max 

[10] 2 2.76 36×36×3 0.33×0.33×0.027 1.44 1.02 79.4 - 
5.23 3.05 6.8 90.8 - 

[11] 2 2.4 28.2×21×1.5
24 0.22×0.16×0.012 1.9 2.6 - - 

5.2 3.6 6.6 - - 

[12] 2 1.89 50×12×1.6 0.31×0.07×0.01 3.7 -0.67 44.6 - 
3.2 46.3 2.3 98.2 - 

NO-
AMC 2 3.7 30×17.58×1 0.31×0.22×0.02 8.10 1.80 92.31 Wi-Max 

5.8 5.26 2.21 84.55 WLAN 

3.  Development of Proposed AMC Structure on Proposed Antenna 
To enhance the gain characteristics of the designed antenna, we have placed 
AMC along with the antenna structure in this work. AMC act alike a type of 
metamaterial behaviour of perfect magnetic conductor and enhance the 
performance characteristics of the antenna. AMC are made of an array of 
periodic microstrip patches of different shapes and sizes that lead to different 
frequency responses. These responses vary depending upon many factors such 
as geometry of the unit cell element, angle of incidence, polarization and 
dielectric substrate. Table 2 shows the performance comparison of the heart 
shape antenna before placing AMC with available models in the literature. 

3.1. Proposed AMC unit cell geometry 
The Hexagonal AMC unit cell is represented in Fig. 8. Here FR4 epoxy material 
is selected as substrate material with equal dimensions of La×La with a thickness 
of 1.6 mm. The radius and radius between the substrate and the patch are given 
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by ‘ga’, ‘Ra’. which is equally etched from the patch to produce aperture type 
hexagonal patch. A metallic plane is backed to the FR4 substrate with the 
dimensions La×La. The AMC unit cell is further extended to 3x3 AMC surface 
which is shown in Fig. 8 

3.2. AMC unit cell analysis 
This section describes the design and implementation of an AMC suitable for the 
gain enhancement for 3.5 GHz (Wi-MAX) and 5.8 GHz (Wireless LAN) 
applications. The geometry of the proposed reflective AMC unit cell is illustrated 
in the Fig. 8(a) and (b). The reflective AMC layer is formed on dual side copper 
cladded FR4 material of height 1.6 mm, dielectric permittivity 4.4 as well as loss 
tangent of 0.02. The reflective AMC layer was formed by an array of 3x3-unit 
cells as shown in the Fig. 8(c) and (d) which are simulated and fabricated 
respectively. The front side of the AMC unit cell contains rectangular patch with 
hexagonal aperture at the centre of the patch. The backside of the AMC unit cell 
is completely copper coated with no aperture on it. It implies that the structure 
behaves like distributed LC-Network at one or more resonance frequencies. The 
dimensions of proposed AMC are presented in Table 3. 

Using floquet mode of analysis by taking master-slave boundary condition the 
proposed unit cell is designed as presented in Fig. 8(c). ANSYS Electronic Desktop 
software is used for the simulation process. 

The In-phase reflection of the proposed AMC undergoes two different steps. 
At first a PEC surface which is levelled at the periodic surface will be used as 
reference and at the periodic surface the observation plane will be characterized 
as reflection for the PEC reflection. By using the floquet port analysis in ANSYS 
Electronic desktop-18, two different simulations have been performed. Firstly, 
with the help of floquet port analysis reflected phase ΦAMC is performed and after 
that ΦPEC is performed. 

To know the reflected phase of the proposed periodic surface the equation (7) 
is used. 

𝜙𝜙 = 𝜙𝜙𝐴𝐴𝐴𝐴𝐶𝐶 − 𝜙𝜙𝑃𝑃𝑃𝑃𝐶𝐶 + 1800                                                                                       (7) 

In other words, the phase which is propagated for the distance between the 
periodic surface and the observation plane is normalized by cancelling one from 
the PEC. 1800 phase is added to the PEC reflection phase and the phase of the 
reflection coefficient in the PMC plane must exhibits a change of 1800 compare to 
the PEC plane. 

Figure 9 shows the frequency vs reflection phase of the AMC. In AMC plane 
the reflection phase varies between -1800 to 1800 and becomes 00 at the operating 
frequency. The AMC bandwidth is defined between the range of -900 to +900. The 
AMC bandwidth percentage is calculated with the help of equation (8). The 
simulated bandwidth of AMC is 1.72%. 

𝐵𝐵𝑊𝑊𝐴𝐴𝐴𝐴𝐶𝐶 = �(𝑓𝑓2−𝑓𝑓1)
𝑓𝑓𝐶𝐶

� × 100%                                                                                        (8) 

where f2, f1 is the reflection phase frequency which is equals -900, +900 and fc is the 
centre frequency at which reflection phase equals 00. 
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(a)                                                  (b) 

      
                                   (c)                                                    (d) 

 
                                                             (e) 

Fig. 8. (a) Front view of AMC unit cell, (b) AMC unit cell back view, (c) 
Geometry of the AMC, (d) Fabricated AMC surface, (e) Prospective view. 

Table 3. Dimensions of AMC 
Parameters Units in (mm) 

Ra 0.087 λ0 
L1 0.087 λ0 
L2 0.198 λ0 
L3 0.630 λ0 
g 0.011 λ0 
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Fig. 9. In phase reflection. 

4.  Implementation of AMC on Heart Shaped dual Band Antenna 
The described Monopole antenna is stacked over 3x3 AMC surface structure using 
foam material of height H =25 mm. The top view diagram is shown in Fig. 10(a). 
The image of the top view of the prototyped antenna is given in Fig. 10(b). 

      
Fig. 10. (a) View of the proposed antenna with AMC  

from top, (b) Top view of the fabricated antenna with AMC 

4.1.  Input Reflection Coefficient(S11) 
The simulated input reflection coefficient (S11) of the dual band heart shaped antenna 
which is stacked with and without AMC is shown in Fig. 11. Without AMC, the antenna 
resonates at band ranges from 3.5-3.8 GHz and 5.7-6.0 GHz. In the case of AMC 
antenna, the first resonance band ranges from 3.3-3.8 GHz and the second band 
resonance from 5.7-5.9 GHz. there is small deviation in center frequency at the lower 
band from 3.7-3.5 GHz and at the higher band from 5.7-5.8 GHz. 
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Fig. 11. Monopole antenna reflection coefficient with and without AMC. 

4.2. Current and electric field distributions 
The current densities of proposed heart shaped dual band antenna with AMC at the 
resonance frequencies of 3.5 GHz and 5.8 GHz are illustrated in Figs. 12(a) and (b) 
respectively. In Fig. 12, it can be stated that in the lower band resonance frequency 
centered at 3.5 GHz, it is evident that the mostly current density located on the heart 
shaped closed ring resonator (HCRR). Thus, HCRR is the main radiating element 
in the first resonance band. In the higher band resonance frequency centered at 5.8 
GHz, surface current density locates on the connection between HCRR and heart 
shaped stub. Similarly, electric field distribution results at the frequencies of 3.5 
GHz and 5.8 GHz are presented in Figs. 13(a) and (b). 

    
(a)                                            (b) 
Fig. 12. Surface current densities of the proposed  
antenna with AMC(a) at 3.5 GHz, (b) at 5.8 GHz 
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(a)                                              (b) 
Fig. 13. Electric field distributions of the designed  
antenna with AMC (a) at 3.5 GHz, (b) at 5.8 GHz. 

4.3. Gain and radiation efficiency 
Figure 14 represents the simulated gain and percentage radiation efficiency of the 
heart shaped dual band sensed antenna with and without AMC adjusted at a 
distance H=25mm. It has been observed that in the first and second resonating 
bands gain improves from 1.8 to 6.19 dBi ,2.21 to 5.6 dBi and this is because of the 
reflector provides in-phase reflections. Here the reflector is placed at 4.83λ0 
distance behind the antenna. 

 
Fig. 14. Simulated gain and efficiency with AMC and without AMC. 

5.  Experimental Result Analysis 
As to check correlation between both simulated and measured results, practical 
measurements were done using Anritsu VNA which is presented in Fig. 16. The 
Reflection coefficient of heart shaped antenna with AMC and without the presence 
of AMC are presented in Fig. 15. It is noted that  with the absence of AMC, the 
measured first resonance band ranging from 3.66-3.87 GHz with the centre frequency 
3.78 GHz having -10 dB bandwidth 5.55% and the second resonance band ranging 
from 5.54-5.88 GHz with the centre frequency 5.70 GHz impedance bandwidth of 
5.96%. In the presence of AMC, the measured first resonance band ranging from 
3.28-3.64 GHz with centre frequency 3.46 GHz having impedance bandwidth of 
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10.40% and the second resonance band ranging from 5.31-5.81 GHz with centre 
frequency 5.75 GHz having -10 dB bandwidth of 8.69%. We can observe a good 
relation between measured and simulated reflection coefficient and can propose the 
designed antenna for the wireless application such as WiMAX and WLAN. 

In Fig. 17, the gain and efficiency of the proposed heart shaped antenna with 
AMC and without the presence of AMC are presented. The measured average gain 
of the proposed antenna in the absence of AMC at the first and second resonance 
band is 1.50 dB and 1.93 dB respectively. Whereas measured average gain of the 
proposed antenna with AMC at the first resonance band is 5.86 dBi and at the second 
resonance band is 5.33 dBi respectively. The average value of the simulated radiation 
efficiency of the proposed heart shaped antenna in the presence of AMC and without 
the presence of AMC is almost lies similarly. Figure 18 gives the radiation 
measurement setup to collect the radiation patterns in the anechoic chamber. In Table 
4. We can observe that the gain of the antenna without AMC and with AMC are 1.80  
dBi and 5.86 dBi respectively at lower band. The difference between the gain in both 
cases at lower band is 4.06 dBi which is 225% of the gain value of the antenna without 
AMC. In the same way we can observe that the there is an 141% increment in the 
gain value after inclusion of AMC structure. 

 
Fig. 15. reflection coefficient of the designed antenna  

with and without AMC (Simulated as well as measured). 

 
Fig. 16. Practical measurement of S11. 
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Fig. 17. Gain and radiation efficiency of the dual band  
heart shaped antenna with amc & without AMC. 

The radiation pattern of the heart shaped antenna in the presence and absence 
of AMC at 3.7 GHZ and 5.8 GHz can be observed in Figs. 19 (a) and (b) 
respectively. From the figures we can observe the radiation patterns in bidirectional 
patterns. The radiation pattern of the proposed heart shaped antenna with AMC at 
3.5 GHz and 5.8 GHz are shown in Figs. 19 (a) and (b) respectively. The radiation 
pattern at 3.5 GHz is unidirectional pattern and at 5.8 GHz it is like a butterfly 
shape. The 2D radiation characteristics of antenna with AMC and absence of AMC 
are compared with existing literature in Table. 4. 

Table 4. Comparative performance analysis of proposed  
heart shaped antenna having AMC with existing literature. 

Ref.  
No. 

Working 
Bands 

Resonant 
frequencies 

(GHz) 

Total Antenna Size 
(In terms of λ03) 

Impedance  
BW (%) 

Gain 
( 

dBi) 

Radiation 
Efficiency 

(%) 
[15] 1 0.52 h = 0.86 λ0 - 3.97 - 
[16] 1 4.36 1.3×1.3×0.4 9.17 >10 - 
[17] 1 1.64 0.41×0.62×0.15 16.7 6.5 - 
[18] 1 2.2 1.46×1.46×0.224 45.45 5.4 70 
[19] 1 1.57 0.64×0.64×0.05 1 7 - 
[22] 1 3.12 2.14×1.66×0.15 3.52 10 - 

[23] 2 5.2 0.626×0.802×0.078 31.53 3.95 75.99 5.8 5.61 

[24] 2 2.56 0.88×0.88×0.09 15.6 7.2 - 
5.37 9.3 7.3 - 

[25] 2 1.8 0.90×0.90×0.12 10.92 - - 
2.45 5.08 - - 

Without 
AMC 2 3.7 0.31×0.22×0.02 8.10 1.80 92.31 

5.7 5.26 2.21 84.55 
Antenna 

with 
AMC 

2 
3.5 0.63×0.63×0.33 

(54×54×28.2 mm3) 

14.28 5.86 93.91 

5.8 3.44 5.33 85.5 



1968        G. B. G Tilak et al. 

 
 
Journal of Engineering Science and Technology              June 2020, Vol. 15(3) 

 

 
Fig. 18. Radiation pattern measurement setup. 

 
Fig. 19. Radiation pattern characteristics of antenna without AMC and 

radiation pattern of antenna with AMC at (a) 3.7 GHz and (b) 5.8 GHz. 

6.  Conclusion 
A high gain heart shaped antenna enclosed with a 3x3 Artificial-Magnetic-
Conductor(AMC) ground plane is designed and demonstrated in this article. The 
antenna is having compact size of 0.29λ0x0.20λ0 and which works at the bands of 3.5 
GHz (WiMAX) and 5.8 GHz (WLAN) having considerably moderate gain. As to 
improve the radiation characteristics of the proposed heart shaped antenna, a 3x3 
AMC ground plane having PEC reflector is placed at a height of 0.29λ0 (WiMAX) 
and around 0.48λ0 (WLAN) respectively. We obtained an enhancement in both the 
gain and radiation efficiency with desired radiation characteristics and directional 
patterns in the proposed dual band applications. The perfect correlation in the 
simulation and the measured results providing full-fledged confidence on the 
proposed model to use at 3.5 GHz Wi-MAX and 5.8 GHz Wireless LAN applications. 
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Nomenclatures 
 
a Length of heart shaped stub 
B.WAMC Bandwidth of AMC 
c Speed of light, m/s 
CL Series capacitance 
CR Shunt capacitance 
f1 Reflection phase which is equal to -900 

f2 Reflection phase which is equal to +900 
fc Centre frequency where reflection coefficient equals to 00 
g Length of the ground, mm 
h Thickness of the substrate, mm 
L  Length of the substrate, mm 
LL Shunt inductance 
LR Series inductance 
S Gap between the driven patch and parasitic patch, mm 
t Thickness of heart shaped closed ring resonator (CRR) 
Wf Width of the feed line, mm 
Y Shunt admittance 
Z Series impedance 
 
Greek Symbols 
β Phase constant 
εr Relative permittivity 
εre  Effective relative permittivity 
λ Guided wavelength, mm 
Φ Reflection phase 
ΦAMC Reflection phase of AMC 
ΦPEC Reflection phase of PEC 
 
Abbreviations 

AMC Artificial Magnetic Conductor 
CPW Co-planar WaveguideZeroth Order Resonance Mode 
CRR Closed Ring Resonator 
FSS Frequency Selective Surface 
HCRR Heart Shaped Closed Ring Resonator 
MTM MetamaterialsZeroth Order Resonance Mode 
PEC Perfect Electric Conductor 
PMC Perfect Magnetic Conductor 
SRR Slotted Ring Resonator 
TL Transmission Line 
ZOR Zeroth Order Resonance Mode 
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