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ABSTRACT: The design analysis andfabrication of an antenna with improved gain and operational beyond the 
conventional ultra wideband frequency range is presented. The proposed antenna provides extremely wide operating 
frequency bandwidth, from 2.9 GHz till more than 18 GHz, with a maximum gain of 6.8dB, which is appropriate for 
ultra wideband wireless applications. The patch is printed on FR4 substrate with permittivity ofࣕr=4.3 and the antenna 
is simple in design and easy in fabrication. The simulation results and the experimental measurements show that the 
antenna gain is excellent during the operating frequency.  
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I. INTRODUCTION 
 

In the recent years, an enormous need for wireless communications due to the great wireless lifestyle benefits. Because 
the wireless communications services claims, a continuous dramatic increase in the market of wireless systems. Latest 
wireless systems are striving to offer a wide range of different applications such as data and video to maximum number 
of mobile users with high data rates. Though, these systems are limited due to the shortage of resources such as 
frequency spectrum and power. Therefore, new technologies that are able to overcome these limits are needed [1]. 
 
Nowadays, the technology of ultra wide bandwidth is a potential methodology to many wireless communication 
systems. The history of ultra wideband is built on the concept of impulse radio because very high data rates have been 
transmitted using energy pulses rather than a narrowband frequency carrier [2]. Most of the latest research in this area 
is focused on optimizing the antenna performance while maintaining the structure size as small as possible. However, 
some designs characteristics such gain and wide operating frequency have been degradeddue toreducing their physical 
sizes. Thus, it is a challenging issue and motivating for researchersto preserve both size and performance for an UWB 
antenna [3-6]. 
 
Based on the rules of Federal Communications Commission (FCC), Ultra wide band is any system that has a bandwidth 
of 500 MHZ or more or a system that have fractional bandwidth larger than or equal to 0.2 [7,8]. The formula below 
defines fractional bandwidth: 

Fractional BW= 2x(fh-fL)/(fh+fl)                                                                                                           (1) 
Where: fh and fL are the upper limit and the lower limits of the frequency operation  
 
Also, in 2002 federal communications commission (FCC) stated a new regulation for the technology of ultra wide band 
(UWB) by releasing an unlicensed wide frequency band. It is from 3.1 GHz to 10.6 GHz, which is a bandwidth of 7.5 
GHz [9,10]. 
 
Ultra Wide Band Antennas have several great advantages that make them attractive and interesting technology over the 
recent years. They provide extremely high data rates and capacity with low power consumption [8]. In addition, they 
operate over a wide frequency spectrum, which make them useful for many applications [11]. The maximum limit of 
data rate or the ideal capacity is controlled by two main factors. These influences are the channel bandwidth and the 
signal to noise ratio. Based on Shannon’s formula, by maximizing the channel bandwidth (B), the system data rate (R 
or C) increases [12]. From this key principle ultra wide band (UWB) systems support extremely high data rates.  

C  = B log2 (l+S/N)                                                                                                                                  (2) 
Where:  
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         C: the maximum system capacity measured in bits per seconds 
          B: the channel bandwidth in Hz 
          S/N: signal to noise ratio, which is unitless watt/watt 
 

II. STRUCTURE DESIGN 
 

The configuration of the designed antenna is shown in figure 1 and it is labeled with the parameters. The used feeding 
technique is coplanar waveguide (CPW) as illustrated below with 50 ohms characteristics impedance. In general, CPW 
feeding method is more beneficial than many other feeding techniques such as probe or microstrip line [13]. It makes 
the antenna more appropriate for most of compact wireless devices due simplicity in fabrication, and one planar 
structure [14]. The antenna fed using CPW provides mutual coupling between the structure adjacent lines [15, 16].  
 
The designed transmission feeding line is 8 mm long and 1 mm wide. The printed patch antennas are very attractive in 
ultra wideband UWB systems due to the excellent virtues of light in weight, low cost, and easy in fabrication [17]. 
Thus, the proposed antenna, which is made of copper material, is printed on a substrate of FR4 material with 
permittivity of ߳r=4.3 and los tangent of 0.025. The substrate has a thickness of 2.4 mm, length of 24 mm, and 23 mm 
width. The CPW is feeding the radiating parts, which are composed of one main octagonal element partially containing 
three small octagonal elements. The main element has a radius of 4 mm and each of the other small octagonal parts 
hasa radius of 2 mm. Different views of the designed ultra wideband (UWB) antenna are demonstrated in the figures 
below. Different iterations of the structure widths and heights have been studied to optimize the performance. After 
optimizing the structure results, the design parameters are shown in table 1. The simulations results and experimental 
measurements are shown and discussed in the following section. 
 

Parameter  W L Lg1 
Value (mm) 23 24 7.5 
Parameter  Wg Wf Lg2 
Value (mm) 10 1 2.4 

Table 1: the structure parameters of the designed UWB antenna. 

 
Figure 1: scheme top view of the designed UWB antenna labelled with parameters 

 

 
Figure 2: scheme side view of the structure illustrating the substrate and the radiating elements with total height of 2.4 

mm. 
 

 
Figure 3: a photo of the top view of the fabricated designed antenna  
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III. SIMULATION RESULTS AND ANALYSIS  
  
Since a microstrip antenna typically has only one resonant frequency, its bandwidth is not a wide band generally. 
Therefore, having multiple overlapped resonant frequencies usually leads to an ultra wide band (UWB). Most of ultra 
wide band antennasare based on this principle [6]. 
 
The structure design has been simulated using CST microwave studio simulation software. The antenna performance 
demonstrates that it has extremely wide frequency band (from about 2.9 to more than 18 GHZ), which makes the 
design appropriate especially for ultra wideband applications. Thus, the designed antenna results show good impedance 
matching over its wide bandwidth. The excellent impedance matching translates to high antenna efficiency and power 
transfer [18]. Figure 4 reveals the return loss (S11) plots in dB for different feeding line width (wf) values where the 
optimum value occurs to be at wf=1 mm. It has been noticed that as the feeding width increases the impedance 
matching decreases and the power transfer downgrades as well. Thus, the shortage in S11 values will lower the ultra 
wide bandwidth based on -10 dB criteria, which shows the delivered power amount to the antenna.  Also, for 
optimization purposes, the design has been simulated with different radiuses of the main octagonal radiating element. 
These radiuses are 3.5 mm, 4 mm, 4.5 mm, and 5 mm and the simulation return loss in dB plots are shown in figure 5. 
The graphs show similarity between the four situations in terms of resonant frequencies. However, the plot of r=4 mm 
has the best return loss values (S11) over the widespread bandwidth. Moreover, it has been found that best substrate 
material for this design that provides the prime simulation results is FR4 material with߳r=4.3. The FR4 substrate makes 
the operating frequency wider and maximizes the impedance matching, and the gain values in this design. Also, FR4 
dielectric material is easily found and low cost in manufacturing companies. Different substrate materials such as 
Duroid RT 5880, and Duroid RT 6006 have been tested as illustrated in figure 6.  In terms of the voltage standing wave 
ratio, the plot of VSWR with respect to frequency is shown in figure 8 and the bandwidth is the frequency range over 
which VSWR<2. 
 

 
 

Figure 4: return loss plot in dB with respect to frequency in GHz for different feeding width values (1 mm, 1.2 mm, 1.4 
mm) showing that the optimum width is 1 mm.  

 

 
 

Figure 5: S11 plots from the simulation software for different sizes of the main radiating element (radius of 3.5 mm, 4 
mm, 4.5 mm, and 5 mm  radius). 
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Figure 6: return loss plots in dB with respect to frequency in GHz for different substrates materials (FR4 with ߳r=4.3, 
Duroid RT 5880 with ߳r=2.2, and Duroid RT 6006 with ߳r=6.15). 

 
 

Figure 7: the simulated and experimental measured return loss S11 in dB of the designed structure showing the ultra 
wide Band (UWB) 

 
 

 
 

Figure 8: the VSWR form of the proposed antenna illustrating the ultra wide Band UWB (VSWR<2) 
 

 The maximum limit of power emission for UWB communication systems devices is set by FCC to be -41.3 
dBm/MHz and the limits are set to be very low in order to prevent UWB applications from introducing interference to 
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other wireless applications [7]. This design, which has excellent gain values, can reach the EIRP value with low input 
power. The Effective isotropic radiated power (EIRP) is expressed as below: 

EIRP=PTXGTX                                                                                                                      (3) 
Where: PTX is the transmitted power and GTX is the maximum gain value [18] 

 Thus, according to the previous equation, the proposed UWB antenna, which has excellent gain values, keeps 
battery life longer which is an essential improvement for wireless communication devices. The normalized radiation 
pattern of the designed antenna in E and H planes for different frequencies in the operating wide bandwidth (3.48 GHz, 
4 GHz, and 6.64 GHz) are shown in figure 9 from simulation and fabrication measurements. The E plane has an 
excellent radiation shape of doughnut for the threeresonant frequencies. Regarding H plane, the radiation pattern is 
clearly Omni-directional during the entire bandwidth as illustrated in the figure. Thus, the proposed patch is appropriate 
for ultra wideband systems. Also, the simulated and measured antenna gain over the UWB are plotted in figure 10, 
which shows excellent values with average more than 5 dB. Both results, simulation and experimental measurements, 
show very good agreements with small differences due to the fabrication tolerance and SMA connector soldering.  
 

  

 
 

 

 
Figure 9: the normalized simulated and measured antenna radiation power E (on the left) and H (on the right) planes in 

polar form at the resonant frequencies: 3.48 GHz, 4 GHz, and 6.64 GHz 
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Figure 10: simulated peak gain in dB with respect to frequency in GHz. 

 
 

 It is important to confirm that no distortion happened to the signal while transmitting for UWB antennas 
during their wide bandwidth. Group delay is very helpful parameter can be calculated in order to give an indication that 
no distortion occurred. It can be calculated from the phase of S21 where two identical antennas are placed face-to-face, 
face to side, and side to side inside anechoic chamber [19]. 

τ = − ௗ∅(௪)
ௗ௪

                                                                                             (4) 
 A linear phase is translated to a constant group delay whereas the deviations of the phase represent variations 
in the group delay time. The average transit time through two antennas or ports systems is characterized by the average 
group delay [20].  Thus, an excellent UWB antenna should have stable group delay through the operating frequency. 
Rapid changes or spikes in the group delay signal might cause a distortion in the transmitted signal which could lead to 
inter-symbol interference (ISI). Usually, group delay in the range of few nanoseconds or less and small variations are 
very normal and acceptable.  
 
 The group delay of this designed antenna has been calculated using the previous equation from the phase of 
the S21. For all the three situations, which are face-to-face, side-to-side, and face-to-side. The presented ultra wideband 
antenna shows almost stable delay time of less than 1 nanosecond with small variations during the UWB. The figures 
below (11, 12, and 13) demonstrate the group delay versus frequency.Finally, the main results for different frequencies 
are summarized in the table 2. 

 
Figure 11: group delay of the designed patch antenna in face-to-face alignment 
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Figure 12: group delay of the designed patch antenna in face-to-side alignment. 

 

 
Figure 13: group delay of the designed patch antenna in side-to-side alignment. 

 
# Frequency  S11 VSWR Gain 
1 3.48 GHz -32 dB 1.07 3.2 dB 
2 4 GHz -31.5 dB 1.1 3.62 dB 
3 6 GHz -15 dB 1.42 4.7 dB 
4 6.64 GHz -43 dB 1.04 4.77 dB 
5 8 GHz -13 dB 1.5 6.27 dB 
6 9 GHz -17 dB 1.34.5 6.7 dB 
7 10 GHz -16 dB 1.4 6.83 dB 

 
Table 2: a summary of the results at some frequencies for the compact antenna 

 
IV. CONCLUSION AND FUTURE WORK 

 
In this paper, a new ultra wideband (UWB) antenna has been designed, simulated and fabricated. The structure is 
simple in design, easy in fabrication, and low in cost. The results for both simulation and fabrication show excellent 
performance in terms of matching between the antenna parts and feeding line. Also, the designed antenna has 
extremely wide bandwidth that makes it adequate for UWB wireless communications applications. Furthermore, the 
simulation results of the proposed antenna have excellent gain values over the wide operating frequency that will have 
positive consequence on the battery life of the wireless system. 
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