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Abstract-The Ultra wideband (UWB) communications are different from other techniques of 
communication. They use particularly narrow RF (radio frequency) pulses to communicate 
between transmitters and receivers. The UWB systems cause interferences to the wireless 
communications systems. In this paper, we propose an UWB Antenna for wireless communication 

systems. This antenna of size 30 mm × 35 mm with the rejection of two bands 3.4 / 5.5GHz is 
designed and fabricated for the elimination of WiMAX and Hiperlan/2 interference phenomena. 
For this purpose, we have used a microstrip of FR4 substrate with permittivity of 4.3. The 
parameters of the antenna such as VSWR, return loss and gain are presented. The obtained results 
are very interesting. 

Keywords: UWB Antenna, Patch antenna, Bands rejected, VWSR, return loss, wireless 

communication systems. 

 

1. INTRODUCTION 

THE TELECOMMUNICATIONS systems are very important in recent life. The antennas 

are one of among concerns of these systems. These are mandatory elements to ensure an 

operation of emission or reception of electromagnetic waves in the space. They are present 

in all wireless communication systems. In order to answer the current needs of the 

telecommunications field, microwave designers have to develop devices based on planar 

antennas. These antennas have very advantageous characteristics (wide frequency band, 

security and high speed) to satisfy these parameters requires the design of an UWB antenna 

that operates in the band of UWB systems [3.1-10.6GHz] authorized by the FCC (Federal 

Communications Commission) in 2002 [1-3]. 

UWB systems interfere with existing wireless communication systems such as WIMAX 

and HIPERLAN / 2. The aim of this work is to propose a structure witch eliminate the 

interference phenomena. The coexistence of UWB with other communication systems has 

been an important subject. Thus the UWB antenna should be designed to filter the 

frequency bands (3.3-3.6GHz) and (5-5.8GHz) which correspond respectively to WIMAX 

and HIPERLAN / 2 in order to avoid interference with other neighboring communication 

systems [4-6]. 

For the WiFi, it is a set of wireless communication protocols governed by the standards of 

the IEEE 802.11 group. Grace to WiFi standards, it is possible to create high-speed wireless 

local area networks. In practice, WiFi allows to connect laptops, desktops, Personal Digital 

Assistants (PDAs) or even devices to a high-speed connection (from 11 Mbit/s theoretical 
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or 6 Mbit/s real in 802.11b at 54 Mbit/s theoretical or about 25 Mbit/s real in 802.11a or 

802.11g within a range of several tens of meters indoors (generally between 20 and 50 

meters). The Hyperlan/2 is a European standard, operating in 5–6 GHz band [1]. At the 

base, it offers a rate of 20Mbits/s, but the Hiperlan2 version allows reaching 54Mbits/s on a 

radius of action identical to that of WiFi. This solution exploits the frequency range of 

5GHz while WiFi uses 2.4GHz. This permits its exploitation for local use, under certain 

conditions which concern in particular the power of the transmitters. It should be noted that 

this solution loses on ground to the benefit of WiFi. 

Ultra wideband (UWB) communications are different from other techniques of 

communication because they use particularly narrow RF pulses to communicate between 

transmitters and receivers. The use of short-term pulses as a communications module 

directly produces a very large bandwidth and offers several advantages, such as high 

throughput, security, robustness to interference and coexistence with usual radio services. 

The characteristics of the ultra wideband technique (UWB) differ widely from those of 

conventional techniques. Indeed, this technique transmits and receives waveforms based on 

pulses of very short durations (1ns) whereas conventional techniques send and receive 

time-spreading sinusoidal waveforms having a spectral density of power much narrower 

than that of UWB signals. Since the Federal Communication Commission (FCC) released 

the commercial operation of UWB within the range 3.1–10.6 GHz, the design of UWB 

antenna has attracted large importance in researcher and wireless industry community. 

Several narrow band for other communication systems over the designated frequency band 

exist, such as, the WLAN for IEEE 802.11a operating at 5.15–5.35 GHz and 5.725– 5.825 

GHz and IEEE 802.16 WiMAX system operating at 3.3–3.6 GHz [2, 7]. 

The spectral power mask of the UWB is defined to allow a very low power spectral density 

(maximum PSD: - 41.3 dBm/MHz) over the entire frequency band of the UWB. These 

features have presented a multitude of challenges to designers in a wide variety of fields 

including circuit and RF system design as well as antenna design. Recently, various UWB 

antennas have been proposed [2-9]. 

In this paper, a UWB patch antenna of size 30 mm × 35 mm with two bands rejected 3.4 

/5.5GHz to eliminate the phenomena of interference is proposed. The main contents in this 

paper are presented as follows: firstly, we give the antenna design in section 2. Secondly, 

results and discussion of the obtained results are given in section 3. Finally, in section 4, we 

give a general conclusion. 

2. ANTENNA DESIGN 

In this part, we will see the design and simulation n of the UWB printed antenna by 

inserting two slots (U and inverted U slots) on the radiating element using CST Microwave 

Studio. The basic structure of a printed antenna is given in Fig.1. 
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Figure 1 Presentation of a printed antenna (front and back view)  

L: Length of the patch; T: thickness of the patch. 

W: Width of the patch; H: thickness of the substrate. 

Lg: ground plane length; K: length of the slot of ground plane. 

It consists of a metal conductor of arbitrary shape, deposited on a dielectric substrate above 

a ground plane. To increase the power radiated by the antenna, it is necessary to: Reduce 

the losses by the joule effect; improve the antenna bandwidth; the lower face is completely 

metalized to achieve a ground plane. The patch must be connected to the rest of the circuit 

using a microstrip transmission line. This line will also make it possible to adapt the 

impedance of the antenna to the rest of the circuit to avoid a phenomenon of reflection. The 

shape of the conductive patch can be varied, but it influences the modes that are likely to be 

excited in the antenna and therefore the nature of the radiation. In practice, there are 

essentially rectangles, discs, and more rarely rings or triangles. Their dimensions are small 

(of the order of λ / 2 to λ). Among the forms of the radiating elements, the rectangle is the 

easiest to understand for the understanding of the radiation mechanisms of microstrip 

antennas. 

The width of the patch has a minor effect on the resonant frequencies and on the antenna 

radiation pattern. On the other hand, it plays a role for the input impedance (on the edge) of 

the antenna (equation 1) and the bandwidth at its resonances: 

     (1) 

To achieve good antenna performance, a practical W width is: 

         (2) 

Where: f01 represents the fundamental resonance frequency of the antenna. 

On the other hand, the radiation pattern is slightly degraded because there are several 

secondary lobes with: c the speed of light (c = 3 × 108 m/s). 

The length of the patch determines the resonant frequencies of the antenna. We must not 

forget to subtract twice the length ∆L which corresponds to the overflow of the fields. 

  (3) 

The length L must be slightly less than the wavelength in the dielectric. At this operating 

frequency¸ λ depends on the effective dielectric constant (εeff). 

The overflow effect of the field makes electrically, the patch seems larger than its physical 

dimension. There is therefore an increase of L (eq.4) on each side of the patch. 

      (4) 

So the actual dimension of the patch will be: 

Leff = L + 2 ∆L                    (5) 
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2.1 Basis antenna 

Firstly, we chose a printed antenna of square shape powered by microstrip. The geometry 

of this antenna is given in Fig. 2. The antenna consists of a rectangular patch, printed on the 

top face of a FR4 type substrate of relative permittivity εr = 4.3, loss tangent tan δ = 0.02 

and thickness h = 1.6mm. The ground plane is a partial plane printed on the bottom surface 

of the substrate. The patch is powered in the center by a microstrip line. 

 

Figure 2 Geometry of basis antenna 

To show the effect of the dimension Lg (ground plane length) on the parameters of the 

antenna, we have varied the value of Lg. The different dimensions of the (Lg) are given in 

the following table: 

Table 1 Different dimension of Lg 

Lg Lg1  Lg2  Lg3  Lg4  

Lg length (mm) 12 12.5 13 13.5 

The simulation results of the return loss and VSWR are shown in the Fig. 3. 

 
Figure 3 Simulated return loss and VSWR for different value of Lg 

From the results obtained, we note that the best length to improve the desired frequency 

band is Lg = 12.5mm. 

2.2 UWB antenna 

The distribution of the surface current is concentrated on the corners of the radiating 

element and also at the edge of the ground plane. To widen the bandwidth we will change 

the shape of the antenna where the distribution of the surface current is concentrated. The 

UWB printed antenna chosen is of modified square shape fed by a microstrip line (Fig. 4). 
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Figure 4 Geometry of UWB antenna 

A modification was made to the radiating element by creating a stair-shaped symmetry on 

the two lower sides and adding a slot on the ground plane to widen the bandwidth. 

To show the effect of the dimension (K) (length of the slot of ground plane) on the 

parameters of the antenna, we have varied the value of (K). The different dimensions of the 

(K) are given in the following table: 

Table 2 Different dimension of K 

K K1  K2  K3  K4  

K length (mm) 1.5 2 2.5 3 

 

The corresponding results of the return loss and VSWR are shown in the Fig. 5. 

 

Figure 5 Simulated return loss and VSWR for different value of K 

From the results obtained, we note that the best length to obtain the desired frequency band 

is k = 2.5mm. 

2.3 UWB antenna with U slot 

The frequency band for UWB systems [3.1, 10.6GHz] cause interference to existing radio 

communication systems, such as the Hyperplan / 2 band [5 to 5.8GHz]. However, in order 

to avoid these interferences, modifications can be made on the previous antenna to perform 

the stop-band function. Thus a U-shaped slot is introduced into the radiating element to 

reject the Hyperplan / 2 band. The geometry of the antenna obtained is shown in Fig. 6. 
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Figure 6 Geometry of UWB antenna with U slot 

It is obvious from obtained results of return loss and VSWR that the antenna is well suited 

for (S11≤-10dB, or VSWR≤2) in the band [2.8, 14GHz], except in the band [5- 5.8 GHz] 

with a VSWR = 4.88 is obtained at 5.5 GHz. 

The variation of the dimension of N (Width of U slot Fig. 4) makes it possible to reduce the 

peak to the frequency 5.5GHZ contained in the band [5-5.85 GHz] which corresponds to 

the Hyperplan / 2. 

The different dimensions of the length (N) of slot are represented in the following table: 

Table 3 Different dimension of N 

Dimesion N N 1  N 2  N3 

N length (mm) 5 5.5 6 

The corresponding results of the return loss and VSWR are shown in the Fig. 7. 

 

Figure 7 Simulated return loss and VSWR for different value of N 

According to the results of the simulation we notice that the best chosen length is N = 

5.5mm. 

2.4 Proposed UWB antenna 

In this study step, the two slots (U-shaped and ∩-shaped slots) are inserted into the 

radiating element in order to perform the filtering of two bands, namely the 3.3 to 3.6 GHz 

WiMAX band. Hyperplan / 2 from 5 to 6 GHz, The geometry of the proposed antenna is 

shown in Fig. 8: 
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Figure 8 Geometry of proposed UWB antenna 

The Surface current distribution at radiating patch of the different strictures of the antenna 

are given if the Fig. 9. 

 

Figure 9 Surface current distributions at radiating patch: 

(a) Basic antenna; (b) UWB antenna; (c) Antenna with slot U; (d) Antenna with U and ∩ 

slots. 

According to the Fig. 9 (a), the distribution of the surface current is concentrated on the 

corners of the radiating element and also at the edge of the ground plane. 

3. RESULTS AND DISCUSSION 

This section discusses the different strictures of antenna proposed with variations in its 

design parameters, and the outcomes are obtained by simulating it on CST Microwave 

Studio Tool. Return loss, VSWR and gain are measured by use of analyzer Agilent 

E8363B. After having seen the modification influence provided by the variation of the 

dimensions (Lg) and the modification of the shape of basis antenna and also the variation of 

the dimension (K), in order to improve the frequency bandwidth, the antenna has a good 

adaptation and we will have UWB operation [3.1-10.6GHz].  

 
Figure 10 Return loss and VSWR of basis and UWB antennas 
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Comparison between UWB antenna without and with a U slot is given in following figures: 

 

Figure 11 Simulated return loss and VSWR of three different structures 

The results obtained show that the ULB antenna adapted over the entire studied band; 

however the antenna with a U-shaped slot on the radiating element is not adapted in the 

band [5, 5.85 GHz] corresponding to Hyperplane / 2 car (S11> -10dB, or VSWR> 2) such 

that the adaptation condition is not satisfied. 

The return loss simulation results and VSWR show that the antenna is not adapted for 

(S11> -10dB, or VSWR> 2) in the two rejected bands [3, 3.6 GHz] and [5, 5.85 GHz] 

corresponds to the WIMAX and Hyperplan / 2 respectively, which makes it possible to 

eliminate the interference to the ULB system of the band [3.1, 10.6GHz]. 

 

Figure 12 Simulated gains of three different structures 

The Fig. 12 represents the gain of the antennas. The gain in the proposed antenna is 

negative in the frequencies of 5.5 Ghz and 3.4 Ghz respectively in the rejected bands [3, 

3.6GHz] and [5, 5.85 GHz]. 

A prototype model of the three different structures of ULB patch antennas of size 30 mm 

×35 mm proposed are fabricated and tested. The thickness is 1.6 mm. Its photographs are 

presented in Fig. 13.  
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Figure 13 Photograph of three different structures proposed 

 
Figure 14 Measured and simulated return loss and VSWR of basis UWB antenna 

 
Figure 15 Measured and simulated return loss and VSWR of basis UWB antenna with slot U 

 
Figure 16 Measured and simulated return loss and VSWR of proposed UWB antenna 

According to the obtained results, a mismatch on the two frequency bands [3.3-3.6GHz] 

and [5-5.8GHz] at the central frequency of 3.4GHz and 5.5GHz wich are the filtered bands 
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and correspond respectively to the WIMAX networks and HIPERLAN / 2. 

Also, we observe that the simulation results are in agreement with the results measured 

with a slight variation due to the manufacture and the nature of the material, which verified 

the theoretical study. 

4. CONCLUSION 

The proposed UWB antenna is based on the basis antenna which has a rectangular shape. 

The insertion of a stair-shaped symmetry on the patch and the insertion of a rectangle-

shaped opening on the ground plane to get an UWB antenna with a frequency band of 

[3.23-14GHz] and two (U-inverted U) slots were made to reject the two bands [3.3-3.6 

GHz] and [5-5.85 GHz] which corresponds respectively to the WIMAX and HYPERLAN / 

2 networks. In both rejected bands, the antenna is mismatched because the (VSWR> 2) and 

(S11> -10dB), which eliminates the radiation in these two frequency bands. This UWB 

antenna of size 30 mm × 35 mm with two bands rejected 3.4 /5.5GHz to eliminate the 

phenomena of interference was realized. A comparison study between the three antennas: 

UWB antenna, antenna with slot U and antenna with (U-inverted U) slots is investigated. 

The obtained results are very interesting. 
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