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The main objective of our work is to design simple, low-profile and relatively high gain 

antenna topologies with ultra-wide Band operation. For this reason, we went to use the 

printed resonator antennas. They have been the subject of several researches and have 

acquired a great interest of the academic and industrial world. The printed antennas, by 

their simple and various geometries, can be fed by various usual techniques. In addition, 

their sizes may be smaller than their counter parts conventional antennas. The proposed 

antenna is designed to cover the Federal Communication Commission (FCC) bandwidth 

for UWB applications (3.1-15.5 GHz). Several results of the simulations of the antennas 

on commercial softwareHFSS, very used to the field of electromagnetism, this software 

is based on the method of the fine elements, and it to offer high precise calculations. 

Finally, all the simulation and results of VSWR are found in good agreement. 
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1. INTRODUCTION

The 2002 release of the Federal Communications 

Commission (FCC) for Ultra-Wide-Band (UWB) 

transmission systems use in the United States [1], has created 

countless support unities and challenges for antenna designers. 

Patch antennas are desirable components for the use in 

developing ultra-wide band due to their characteristics such as 

low-cost manufacturing, small profile and conformability, 

small volume, reasonable gain, easy integration with 

microwave circuitry and active devices [2]. Now days, the 

researches of UWB printed antenna have been on the subject 

of various applications such as: radars, telecommunications 

applications …etc., as well as in biomedical telemetry services. 

This diversity has seen a gradual progress corresponding to the 

increasing needs of users, which requires the development of 

high-performance communication systems, as well as their 

adaptation to specific needs. All of these requirements need a 

wide bandwidth, which considered one of the limitations of the 

micro strip antennas [3]. To overcome the problem of narrow 

bandwidth and reduce the size of micro strip antennas different 

shapes of slots in ground and patch are used [4-8]. 

Several studies have been reported on planar antennas using 

different shapes of patch like: square, circular, ring, elliptical, 

pentagonal, hexagonal [9-16]. There have been relatively less 

reports in the literature of elliptical ring antenna antennas for 

UWB applications compared to the rest of the configurations. 

The objective of this work is to study, design, and 

characterize elliptical ring planar antenna used for Ultra-Wide-

Band communications. The computer-aided design tool used 

to perform this task is HFSS © -2009 (High-Frequency 

Structure Simulator, version 13) chosen for its convenience 

and its wealth of solver modules. The UWB antennas should 

have good performance in terms of impedance bandwidth, 

stable gain and radiation patterns [17-23]. 

The layout of the paper is as follow. Section 2 presents the 

geometry, the antenna model and the parametric study of 

various antenna dimensions; Section 3 discusses the simulated 

results performed and Section 4 is summarized the final 

conclusions of this study. 

2. PARAMETRIC STUDY

The dimensions of the proposed microstrip antenna are: the 

size patch (R1 and R2 and inner radii (R3 and R4), located above 

a substrate of height h and permittivity r, and a mass plane of 

width 𝐿sub and 𝑊sub, respectively. This structure fed by a 

characteristic impedance transmission line equals to 50Ω (see 

Figure 1). 

Figure 1. Geometry of the proposed UWB antenna 

Subsequently, a parametric study of the UWB antenna is 

carried out, in order to better analyze the influence of different 

geometrical parameters of the antenna such as the position and 
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the shape and the width of the ground plane, the thickness of 

the substrate. on the performance of the antenna and in 

particular on the VSWR. 

In the simulations, with the exception of the parameter of 

interest, the other parameters are kept constant. 

The parametric simulation is carried out with HFSS in 

which the numerical analysis is based on the Finite Element 

Method (FEM). The parametric study helps to optimize the 

antenna performance before the antenna is manufactured and 

tested experimentally. The antenna is then fabricated on FR4 

substrate Printed Circuit Board (PCB) based on the simulation 

specification with dielectric constant (εr), loss tangent (tan δ) 

and substrate thickness (h). The resonant frequency of the 

annular ring printed antenna can be given by Bedra et al. [15]: 
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where, υ0 is the velocity of light in free space, k=2n/(R2-R1) is 

the wave number, and the integer n denotes the azimuthal 

variation. 

 

2.1 The effect of the structure thickness ‘h’ 

 

The simulation results for the reflection coefficient for 

different height values of the substrate are given in Figure 2. 

This figure illustrates the reflection coefficient of our antenna 

as a function of frequency (in red). This result shows the 

presence of resonances at 4.1 GHz, 8.0 GHz, 11.1 GHz and 

13.4 GHz with S11 levels of -22dB, -41.6dB, -18.4dB and -

15.2dB respectively. The impedance bandwidth, simulated at 

-10 dB, ranges from 3.1 GHz to 15.5 GHz. It has been found 

that the optimum value of the height of the substrate is 

h=1.6mm. 

 

 
 

Figure 2. Variation of the reflection coefficient as a function 

of the frequency taking into account the effect of the height 

of the dielectric substrate; Lgnd= 23 mm 

 

2.2 The effect of the ground plane length ‘Lgnd’ 

 

The variation of the frequency as a function of the length of 

the ground plane is presented in Figure 3. By varying the 

length of 11.5 mm, 23 mm, and 34.5 mm, it is noted that the 

resonance frequency decreases. 

The resonance frequency of the antennas is very sensitive to 

the dimensions of the ground plane. But it helps to find the 

desired frequency since there are several parameters to vary. 

From Figure 3. It is also noted that the optimum value of the 

length Lgnd of the ground plane corresponding to Lgnd=23 mm. 

 
 

Figure 3. Variation of the reflection coefficient as a function 

of frequency taking into account the effect of the ground 

plane length; h=1.6 mm and ɛr=4.4 

 

2.3 The effect of the substrate’s permittivity 'ɛr' 

 

In order to observe the influence of the dielectric constant ɛr 

of the substrate on the adaptation of the antenna, a variation of 

the dielectric constant ɛr was made for a thickness of the 

substrate h=1.6 mm.  
 

 
 

Figure 4. Variation of the reflection coefficient as a function 

of the frequency taking into account the effect of the 

permittivity of the substrate; h=1.6 mm and Lgnd=23 mm 
 

The curve Figure 4 illustrates that an increase in ɛr causes 

the descent of the reflection coefficient of the proposed 

antenna. 
 

Table 1. Optimized parameters for our antenna (Unit: mm) 
 

Antenna parameters Optimal value (mm) 

𝐿sub 47 

Wsub 40 

R1 6.5 

R2 10 

R3 6 

R4 3.9 

h 1.6 

𝐿l 24 

Wl 2.6 

𝐿gnd 23 

Wgnd 26 

 

In this subsection, we present the results of the optimized 

antenna simulation for operation in the [3.1-15.5] GHz band. 

The optimal dimensions for the antenna are detailed in the 

Table 1. These dimensions were obtained by simulation and 

h=2 mm 

h=1.6 mm 

h=0.8 mm 

L
gnd

= 23 

mm 

L
gnd

= 11.5mm 

L
gnd

= 34.5mm 
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use of HFSS © software (Ansoft High Frequency Structure 

Simulator). 

Figure 5 shows the variation of the input impedance of the 

antenna as a function of frequency. We observe a fairly good. 

 

 
 

Figure 5. Real (—) and imaginary parts (----) of the elliptical 

antenna 

 

The impedance matching that varies around 50 Ohm over 

the entire bandwidth between 85 Ohm and 36 Ohm; the 

imaginary part varies between -23.5j and 25.1j in the antenna 

adaptation band. 

It appears that this antenna (elliptical ring) although 

optimized in the direction of a drop-in input impedance, 

displays an impedance varying around 50 Ohms. However, 

these parameters give it good stability around this value, over 

a very wide band of frequencies. This good performance is 

confirmed by calculating the reflection coefficient for a 

characteristic impedance supply line of 50 Ohms. In this case, 

the antenna is well adapted over the entire band with a 

stationary wave ratio of less than 2 (Figure 6). 

 

 
 

Figure 6. Variation of the standing wave ratio as a function 

of frequency 

 

 

3. RESULTS AND DISCUSSION 

 

The antenna geometry is designed and simulated in High 

Frequency Structure Simulator (HFSS). The simulated results 

in terms of voltage standing-wave ratio, and far-field radiation 

patterns with neat sketches are discussed in the following. 

 

3.1 Radiation characteristic 

 

Radiation diagram 2d. The simulated 2d radiation patterns 

expressed in db (gain) in the two planes e (xoz) and h (yoz) of 

the proposed antenna at the frequencies 4.1 ghz, 8 ghz, 11.1 

ghz and 13.4 ghz. Note that this diagram is stable over the 

entire band. Moreover, the radiation patterns are symmetrical 

because the patch has a symmetrical shape around the z axis 

(see Figure 7). 

 

 
 

Figure 7. Radiation diagrams in E (A) and H (B) planes, at 

frequencies: 4.1, 8, 11.1, and 13.4GHz 

 

Radiation diagram 3d. To characterize the behaviors of 

the proposed antenna radiation at resonance frequencies and to 

ensure that they are bipolarized over the entire UWB band, the 

three-dimensional radiation patterns obtained by HFSS 

simulation are shown in Figure 8a and 8b. 

 

 
(a) 

 
(b) 

 

Figure 8. a) Evolution of Simulated gain in 3 dimensions, at 

the frequencies: 4.1, 8 GHz; b) Evolution of Simulated gain 

in 3 dimensions, at the frequencies: 11.1, 13.4 GHz 

 

We can observe different forms of radiation patterns due to 

the distribution of surface currents in a different way on the 

elliptical antenna. 

 

(A)                                                                (B) 
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3.2 Field mapping 

 

The distribution of the electric field at resonant frequencies 

is shown in Figure 9. We see that the field is almost uniformly 

distributed over the elliptical patch. 

The Figure 10 shows the distribution of the magnetic field 

at resonant frequencies. The electric field is confined below 

the metal plate and the magnetic field rotates around the 

radiating plate. This field distribution is compatible with a 

transmission line that has a maximum magnetic field 

distribution at the line level. 

The study of the current distribution on the antenna is then 

necessary, in order to visualize the impact of the ground plane 

and the transmission line on the current paths. This work was 

done at the frequency of 4GHz. Figure 11. indicates the current 

distribution in the case of a ring elliptical antenna. It may be 

noted that the currents concentrate first along the line before 

reaching the elliptical radiating element at its end (Figure 11 

(A)). 

 

 
 

Figure 9. Distribution of the E field on the radiating element 

at 4GHz 

 

 
 

Figure 10. Distribution of the H field on the radiating 

element at 4GHz 

 

In these points, the ground plane is truncated, but the 

currents continue to propagate along the ground plane and the 

edges of the elliptical patch. This confirms the presence of a 

progressive wave which continues its propagation after the end 

of the line. 

However, it should be noted in this case the appearance of 

current arriving in the opposite direction along the end of the 

ground plane (Figure 11 (B)), from the antenna feed point. 

This has the effect of creating a standing wave at the corners 

of these ground planes with a high current intensity at these 

points, which limits the adaptation of the antenna by 

preventing the good propagation of the field lines. 

 

 
(a) 

 
(b) 

 

Figure 11. a) Surface distribution of currents on the radiating 

element, upper face at 4GHz; b) Surface distribution of 

currents on the radiating element, lower face at 4GHz 

 

 

4. CONCLUSION 

 

For a given application, the choice of the antenna depends 

on a certain number of criteria among which we emphasize the 

width of the bandwidth. In recent years several scenarios have 

been suggested not only to develop the antennas but also to 

achieve a bandwidth more and more wide than that of 

conventional antennas [4]. Some applications of antennas 

require that they be adapted to curved surfaces. In this 

perspective, the goal of this thesis was the modeling, design 

and realization of new planar antennas for Ultra-Wide Band 

(UWB) communications. The UWB can reach speeds of 

several hundred megabits per second, while maintaining 

complexity and therefore limited costs. Its large bandwidth 

also gives it good resistance to interference and multiple paths. 

Conversely, its low spectral power density allows it to coexist 

by introducing little interference to surrounding systems [5, 6]. 

Compared with other kinds of UWB antennas, the size is 

significantly reduced and the radiation pattern is unidirectional 

and symmetrical. It is in this context that our work is written. 

It involves designing and studying planar antennas adapted to 

the Ultra-Wide Band system. 
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