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Abstract 

     Antenna selection is a decision-making problem involving multiple factors, 
some of which may be at odds. This study aimed to develop a model for optimizing 
the design process for GSM mobile phone antennas. A 3.5GHz and 5.5GHz on-
chip circularly polarized (C.P.) artificial magnetic conductor (AMC) based V-
shaped stepped multiband 25x25mm2 antenna has been designed and fabricated. 
The proposed antenna's profile height is much lower than antennas supported by 
traditional perfect electric conductor (PEC) ground planes due to careful tuning 
of the AMC reflector's reflection properties through optimization technique. 
According to simulated and observed data, the antenna presented in the proposal 
has the potential to achieve an impedance bandwidth of more than 45% (VSWR 
less than 1.8) while maintaining consistent radiation patterns across the frequency 
ranges 3.4 GHz to 5.86 GHz, 10.28 GHz to 11.86 GHz, and 13.69 GHz to 14.69 
GHz. Measured analysis includes gain, radiation pattern, Axial Ratio, and return 
loss(S11). The proposed antenna can be recommended for use in micro base station 
systems is suitable for this application because it possesses a low profile structure, 
an advantageously broad bandwidth, and the ease with which it can be 
manufactured. 
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1     Introduction 
The swift evolution of integrated and versatile wireless communication systems has 
increased the need for multiband antennas, which can simultaneously cover multiple 
frequency bands. There is the possibility of using triple bands or dual bands [1], four sites 
[2], or penta bands [3-6]. In addition, methods that are plausible and suitable for the 
situation have been created. Techniques such as these slots [7], monopole arms [8], 
defective ground structure (DGS) [9, 10], engraved flaps [11], L-shaped slots [12], 
parasitic characteristics [13], and rectangular slots [14] are a few examples of the 
techniques that have been primarily identified in a study that has been published on this 
topic. Other examples include etching slits [11], rectangular slots [14], monopole arms [7], 
and slots [7, 8]. 

A frequency-based representation of anything and everything can be generated by 
applying many approaches, including complex permittivity and permeability. These 
qualities will determine how the material will behave when subjected to an electromagnetic 
environment. Left-handed or L.H. materials are a subtype of metamaterials characterized 
by negative permittivity and permeability. Left-handed materials are also generally 
referred to as L.H. materials. Occasionally, left-handed materials will be referred to as L.H. 
materials instead of left-handed ones. Some researchers working in the field of 
electromagnetics (E.M.) have modified the properties of lesser (L.H.) materials to acquire 
the suitable E.M. properties that are required for a variety of applications [15–16]. These 
metamaterials (MTM) have electromagnetic (E.M.) qualities that are unmatched by 
anything found in nature, and it is practically likely that nature will never produce them. 
Metamaterials[MTM] [17-24] offer increased versatility for constructing a wide variety of 
E.M. occurrences and direct the creation of structures composed of one or more unit cells. 
Providing a wide range of advantages is one way to accomplish this. 

The antennas use one antenna or a considerable metallic ground, increasing their 
profile height—visible configuration. Low-profile antennas with good radiation 
performance have been designed using Artificial Magnetic Conductors (AMC) reflectors 
[17]. In [18], an antenna that is horizontally omnidirectional has a ground that is EBG and 
a profile height of 0.1 is described. Yet, the bandwidth is only 5.2% of the total. The 
research publication [19] describes a monopole antenna with an inkjet-printed AMC 
reflector. This antenna can attain a profile height of 0.0252.4 GHz throughout a 2.4–2.5 
GHz frequency range. 

This paper proposes an AMC-reflector-supported wideband, low-profile, dual-
polarized, omnidirectional antenna. The antenna is described as having omni-
directionality. An AMC reflector is included in the construction of the proposed antenna, 
in addition to a very high-performance monopole antenna and a high-performance loop 
antenna. The H.P. and V.P. omnidirectional antennas can be connected to generate a dual-
polarized antenna if the AMC reflector's phase of reflection and other reflection properties 
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are precisely designed. This antenna is capable of simultaneously receiving signals coming 
from both directions. 
 
2    Antenna Design 

The design comprises two components: an antenna and an AMC. The design 
process is broken down into sections below, examining both parts of the whole. 
Copper is employed in this device for both the patch elements and the FR4, which 
requires the usage of a substrate. 
 
2.1   AMC Design and Characterization 
 

An AMC of periodic star unit cells that are eight by eight in size is utilized in this 
inquiry as a metallic reflector for rerouting radiations in the direction of a boresight for a 
monopole antenna. According to the design that has been proposed, there should be a 
grounded substrate that can hold a periodic lattice that has a periodicity of 10.8mm, as 
shown in Fig. 1c. This AMC does not contain any pins, eliminating the possibility of a 
short circuit between the ground plane and the patches. Low-cost FR-4 is utilized as the 

substrate, with a dielectric loss tangent (tanδ ) of 0.025, permittivity( rε ) of 4.3, and a 
thickness of 1.6 millimeters. An equivalent L.C. model, found in [11], is required to 
compute the unit cell proportions, as shown in Fig. 1 

The floquet port excitation and unit cell boundary conditions were used to run the 
simulation. The AMC reflection phase diagram is depicted for your perusal in Figure 2, 
which may be found here. One of the many beneficial characteristics of this AMC is its 
capacity to provide zero reflection phase at a resonant frequency of 3.9 GHz. This AMC 
has a usable bandwidth that ranges between 2.1 and 4.8 GHz and is often contained within 
an area of 90 degrees on either side of the center frequency. AMC behaves like a perfect 
electric conductor (PEC) within the remaining frequency band. Consequently, the 
optimization strategies can be used to their full potential to acquire the desired operating 
band. 

Ansys's built-in genetic Algorithm (G.A.) was utilized to fine-tune the unit cell's 
settings. Ansys employs in-built MATLAB control tools to determine the best possible 
unit cell dimensions. These GA-based optimizers are well-known for their sturdiness and 
their use of evolutionary principles [35]. Figure 3 is a flowchart taken from [36] that 
illustrates the steps taken by the suggested optimization technique. The AMC patch size 
(Wamc) and gap (g) have been defined as having ranges of  8 mm to 14 mm and 0.45 mm 
to 1.12 mm, respectively, as input variables. 
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Figure 1 Analysis of AMC unit cell Characteristics (a) AMC unit cell; (b) side view of 
AMC unit cell; (c) Equivalent circuit of  unit cell; 
 

The AMC's relative permittivity and dimensions have been maintained at their 
original values. Eq. (1) [37] demonstrates how to define the fitness function for the target 
outcome. Fig. 1(c) shows the AMC's circuit model schematic. The formula for the overall 
surface impedance is calculated with respect to the equivalent circuit of unit cell in 
particular, shunt inductance connected directly across the terminals of the inductance and 
series capacitance as represented in equation (1): 
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where, dielectric slab inductance (Ld), Grid inductance (Lg), and grid capacitance (Cg) are 
their corresponding electrical quantities. The grounded dielectric slab (Zd) impedance is 
the inverse of the FSS grid impedance (Zg). The formula makes it possible to calculate the 
resonance frequency of the structure. As the equivalent circuit parameters are calculated 
based on the desired frequency of resonance. The resonant frequency, circuit parameters 
are related using the expression (2). It is important to acknowledge that the validity of (1) 
and its related circuit model is contingent upon the isolation of from . In reference [7], it is 
demonstrated that the mushroom-like AMC [1] exhibits sufficient isolation when the cell 
size is not significantly larger than a general guideline. 
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The model employed in this study is characterized by its simplicity, which unfortunately 
limits its ability to accurately forecast the impact of placing a PEC plane beneath the slab. 
Nevertheless, the advantage of the current model in comparison to its competitor’s lies in 
its ability to incorporate the influence of the ground plane spacing on the variable d. In the 
subsequent section, we will elucidate the methodologies employed to get the AMC cell 
dimensions, specifically focusing on the dielectric slab inductance (Ld), grid inductance 
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(Lg), and grid capacitance (Cg). Two parallel patches placed on a dielectric slab of 

dielectric constant ( effε ) and their grid capacitance, determined  by 
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         where W is the edge width, 'g' is the distance between two parallel structures, ‘a’ 
and ‘g’ represents broader dimensions of AMC, and gap ‘g’ between AMC elements.  
 

 
Figure 2: Representation of the Reflection phase for AMC unit cell 

 
2.2 Implementation of AMC with Antenna Geometry and its 
parametrical study 
 

The design model is depicted in Figure 4. The patch size, 19 mm by 9.5 mm, 
features a triangle carved into its center. It is fed via a coplanar waveguide and a microstrip 
line 8.8 millimeters in width and 3 millimeters in thickness. The dimensions of the object 
are 25 millimeters on each side. Creating the type requires utilizing an FR4 substrate with 
a value of 4.4. The thickness of the substrate is 1.6 millimeters, and its tan is 0.02. The 
ground must be close to the antenna's various components for a coplanar waveguide feed. 
The feed-to-ground spacing (often referred to as Sfg) is 0.4 millimeters. The geometrical 
dimensions of the proposed antenna are summarized in Table 1. Coplanar waveguide feed 
is used in the design process of antennas. The length and height of the wave port are taken 
into consideration while designing the port of wave on the antenna. 
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                 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ = 2(2 ∗ 𝑆𝑆𝑓𝑓𝑓𝑓 + 𝑊𝑊𝑓𝑓) .                                                      (4) 
 

where, Wf ground plane width, the objective is to cover a spectrum that may be 
used between 3 and 8.5 GHz and some area in the X-band. The proposed antenna frequency 
ranges from 3.4 GHz to 5.86 GHz, 10.28 GHz to 11.86 GHz, and 13.69 GHz to 14.28 GHz. 
Its resonance frequency is 4.6/11/13.9 GHz. 

Since the only strict condition is the resonance frequency, the geometries naturally 
resemble the reference one and other well-known designs. The fitness function is 
straightforward here, with a single goal: to steer evolution toward a structure with the 
required resonant frequency. Finally, we might introduce an additional penalty coefficient 
to increase the bandwidth—an overlapping secondary objective. As predicted, smaller 
discretization step sizes increase the possibility that fitness generates local 
minima/maxima, which delays evolution. 
 
   

 
 

TABLE 1. Parametrical dimension of the proposed antenna (in mm) 

Parameters 
Dimension 

values 
Parameters 

Dimension 
values 

Parameters 
Dimension 

values 
Parameters 

Dimension 
values 

R 4.5 Wc 10 Wf 3 S 13.3 
R1 4 Wuc 4.5 Lg1 8.8 Ls 50 
Lc 10 Wgg 4 Lg2 10.8 Ws 50 
Lg 8 Wp1 10 Lg3 13.3   
Luc 4.5 Wp2 15 Lp4 5   
La 25 Wp3 19 G 1   
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Fig. 3 Flowchart for the optimization of AMC unit cell through Genetic Algorithm  

 
3      Results and Discussion  
 
3.1  Circular Polarization 

It is crucial first to describe the different ways that C.P. radiations can be formed 
before analyzing the C.P. process as it pertains to the current configuration of a monopole 
antenna. When it comes to C.P. radiation, a current distribution that results in the formation 
of a loop produces CP [33]. The CP mode is generated via a left-side coplanar ground plane 
that contains a quasi-loop formed by a rectangular etched slot. This plane also has a left-
side coplanar ground plane. This channel makes it possible for the surface current to flow, 
and the direction of its arrows indicates that C.P. radiation is being produced. As a result, 
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it has right-hand circular polarization (RHCP) in the +z order, which is one of the senses 
associated with the C.P. modes. 
 
3.2   Analysis of Parameters 
                 In this part, we investigate how the performance of a monopole antenna varies 
depending on the length of the monopole (lm) and the coplanar gap (x). Monopole 
antennas' impedance matching and C.P. behavior are directly influenced by the optimal 
values chosen for their two most important parameters. While keeping all of the other 
parameters the same, the |S11| plots that correlate to the different changes in patch structure 
are displayed in Figure 5. Figure 5 shows that the |S11| is extremely sensitive to the shift in 
lm in the top band, but its sensitivity declines in the lower band. The higher band in the 
A.R. plot in Figure 6 significantly depends on lm, whereas the lower band is only very 
slightly affected by it. In contrast, the lower band is highly dependent on the upper band.  

Figure 5 Comparative analysis of S11 of the antenna evolution 
 
3.3      Return Loss 

Using the HFSS tool Ansoft developed, the entire building was modeled and 
simulated. An Agilent E5071C network analyzer is utilized to measure the reflection 
coefficient. The findings from simulations have a high degree of concordance with the 
results from measurements. The impedance band measured at -10 dB extends from 2.1 to 
2.87 Gigahertz (770 MHz) and 4.86 to 5.97 Gigahertz (1110 MHz) for the bottom and top 
bands. As a consequence of this, the antenna with an AMC structure that was 
recommended functions correctly across the entirety of the 2.4–2.5 GHz range. 
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Fig.6 Comparative Analysis of Axial Ratio for proposed antenna structures 
The completed model can operate in three distinct frequency bands, including the 

operating frequency that is being utilized at present. While the other two are cultivated as 
an outcome of ground connection and feeding.  
 
3.4    Peak Gain 

This antenna model can cover the frequency ranges of 3.4-5.86 GHz, 10.28-11.86 
GHz, and 13.69 -14.28 GHz, thanks to its ability to operate simultaneously on three 
separate bands. Fig. 7 shows Gain variation without AMC. Between 2.8 GHz and 15 GHz, 
the antenna's gain is consistently positive over the whole frequency range. 
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Figure 7 Gain plot Vs. Frequency (NO AMC) 

  

 
Figure 8 S11 plot AMC Vs. No AMC. 

 
Figure 8 compares the Input reflection coefficient(S11) for systems that do and do 

not use an artificial magnetic conductor (AMC). The red line represents systems lacking 
AMC, and the blue line represents systems with AMC. The ability to create an intense 
nulling level is a significant differentiator between this antenna and the ones discussed in 
[5-8, 10]. We switched the G.A. program's target value downward at regular intervals. 
Figure 9 depicts the actual nulling mode radiation patterns. To make things easier to see, 
we've transformed the -axis from 0 degrees to 360 degrees to 180 degrees and used 
Cartesian coordinates. The nulling levels are below 30 dBi at the ideal 0° and can rise as 
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high as 56.41 dBi at 2.7 GHz. These findings validate the proposed antenna's noise 
suppression and angular determination feasibility. 

 
Figure 9. 4 Gain (NO AMC) @ 3.5 and 5.5 GHz 
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Figure 10 Gain (AMC) @ 3.5 and 5.5 GHz 

 
Figures 9 and 10 show that the gain rises for both of the frequencies that were plotted and 
when one looks at the gain plot, one can see that the primary lobe is increasing while the 
lobe at the back is diminishing. As a result of the location of the AMC, the size of the back 
lobe has been minimized. 
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4  Conclusion 
With the addition of CSRR and SRR structures, it is possible to set up a four-band 
arrangement that increases both gain and bandwidth, in addition to polarizing each of the 
four bands individually. The results of the measured tests and the simulated performance 
for the prototyped antenna agree reasonably well. PCS, GPS, DCS, Bluetooth/WLAN, 
UMTS, WiFi, and V2X are the four separate frequency bands an AMC-CPW multiband 
integrated antenna can service for usage with Bluetooth at 2.4 GHz, 5.8 GHz, and 3.35 
GHz, WLAN and ISM compatibility with WiMAX, the application bands. WiMAX is one 
of the approved application bands. WiMAX also supports application bands located 
anywhere on the spectrum between 8 and 8.5 GHz. As the antenna, we utilized a wideband 
monopole configuration. 
The AMC uses a star-shaped element, then topped by a wideband printed monopole spaced 
3 millimeters above it. Altering the AMC's inner or outer square dimensions allows for 
independent tuning of the two AMC working frequency bands. The anechoic chamber 
radiation patterns resembled AMC antennas in the E and H planes. These patterns have 
higher forward gain and lower back radiation. Boresight gain rose to 1.1–7.9 dBi. A 
platform-tolerant multiband antenna system works well for vehicles, body-worn systems, 
and other applications. The extension of our paper could use advanced tools [20, 21, 22] 
to improve the work studied in the paper. Researchers could also apply this approach to 
investigate other areas, for example, economics and finance [23, 24, 25], decision sciences 
[26, 27, 28, 29], etc.  
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