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Abstract 
 
Modeling and optimization of environmentally safe electromagnetic wave 
radiators are essential trends in modern green engineering, especially in 
green communication. UWB and SWB antennas introduce promising 
innovations for medical applications, such as UWB radars used in human 
tissues diagnosis and early discovery of cancer.  In this paper, we discuss 
different techniques that can be applied to maximize the frequency coverage 
of a planar octagonal monopole antenna and extend it from UWB to SWB. A 
SWB antenna is well matched along a frequency range starting from fmin up 
to 20fmin. Different values of each antenna design parameter are compared to 
show how that parameter affects the antenna frequency coverage. Many 
simulation runs have been done to get insight into the effects of different 
design parameters. Some additional parameters are subject to optimization 
with the maximum frequency as an optimization goal. A design optimization 
problem has been formulated and solved to get a SWB planar octagonal 
monopole antenna with the widest possible bandwidth. The optimized  
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antenna performance has been calculated by simulation. Finally, a sample of 
the SWB antenna has been implemented and its frequency response has been 
measured. 
 

Keywords: Frequency band, Printed octagonal monopole antenna, RES, 

SWB antenna, Return loss, UWB antenna 

 

1 Introduction 
 

With the increase of Renewable Energy Resources of different sizes and 
types, the need for continuous remote monitoring and control of those 
resources increases [1]. One of the best techniques to monitor and control 
such renewable energy sources (RES) is wireless data transmission. It is 
more flexible, versatile and economic compared to wired techniques. 
Different resources can connect to a wireless network through time domain 
multiple access TDMA, code domain multiple access CDMA or frequency 
domain multiple access FDMA. The second technique is limited by the 
limited number of possible orthogonal codes. The first imposes a limitation 
on the communication time duty ratio; since a given resource will not be 
permitted to transmit its data before all the other resources have already 
done. Otherwise, complex priority algorithms are applied to give different 
resources different transmission rights according to their relative priorities. 

The third technique is entirely hardware dependent. Its success is subject 
to the possibility to get different distant frequencies to transmit different data. 
Every RES can transmit its data continuously without interruption. No 
waiting or complex priority algorithms are required. This is possible with 
wideband wireless networks. The wider the network BW the more resources 
can easily be monitored and controlled.  

The figure 1 shows a proposed N: 1 wireless monitoring network 
applicable to RES systems, where N different Renewable Energy Resources 
can be monitored by a single receiver. Since each RES uses a different 
frequency, the central monitor has to use an ultra wideband UWB antenna. 

UWB technology is becoming more and more important to many 
potential applications due to larger channel capacity and higher time 
precision etc. [2]. Moreover; increasing data rates needs more bandwidth. It 
is safe to state that the demand for wideband antennas increases in response 
to wireless communication applications requiring more and more bandwidth. 
The problem of using multiple antennas for a number of applications 
operating in handheld devices can be solved by employing SWB monopole 
structures in which a single antenna can cover the entire operating 
bandwidth; as a result, the size of the device will become miniaturized. Both 
long-range and short-range communications including the ultra-wideband 
(UWB) range are covered by SWB antennas. A single SWB antenna can be 
used to cover simultaneously many communication bands such as  
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GSM/UMTS (800/850/900/950/1800/1900/2100 MHz), GPS 
(1227.60/1575.42 MHz), ISM (2.4/24.25 GHz), WLAN / Wi-Fi 
(3.6/4.9/5/5.9 GHz), radio determination applications (4.5–7 GHz, 13.4-14 
GHz), UWB communication (3.1–10.6 GHz), and radio astronomy (22.5 
GHz, 24.05–27 GHz)[3-4]. Another important advantage of using a wide 
antenna bandwidth is a high resilience to fading [5]. 

 
 
 

 
 

Figure 1. Proposed RES data monitoring network diagram 
 
A PCB antenna has a low profile, low manufacturing costs and can easily 

be integrated with other parts of Monolithic Microwave Integrate Circuits 
(MMIC). This allows a compact module design [6]. The main drawback is its 
limited bandwidth. Planar monopole antenna has the same merits of planar 
structure, compact size and consistent radiation characteristics. At the same 
time, its bandwidth can be significantly increased. Therefore, it has become 
one of the most attractive candidates for wide band antennas [7], [8]. The 
state of the art SWB antenna focuses mainly on planar monopole microstrip 
antennas that can be directly printed onto printed circuit boards (PCBs) and 
have wide bandwidths that can be further extended as we are going to show 
in this letter. 
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2 Previous Work Survey 

Ideally, an UWB antenna ought to have a sufficiently wide bandwidth so 
as to cover the entire UWB spectral bandwidth. As demonstrated in [4], this  
is not an easy task to achieve. A lot of articles have been presented by several 
researchers across the globe related to SWB antennas. The major concern in 
SWB wireless handheld terminals is the design of the antenna; compact size 
with good radiation capability [9].To satisfy such requirements, various types 
of planar antennas have been developed and several bandwidth enhancement 
techniques have been released such as making slots in ground plane and 
patch, patch tapering, reducing ground plane and defecting it [10].A variation 
of the novel technique called defected microstrip structure (DMS) was 
employed by Peyrot-Solis et-al to enlarge the bandwidth of a planarized 
ultra-wide band (UWB) monopole. It was demonstrated that introducing a 
defect in the feeding microstrip line, the lower bandwidth limit is lowered 
without affecting the antenna gain and radiation pattern. The bevel technique 
in the ground plane near to the feeding point was used to increase the highest 
bandwidth limit [11].Monopole antennas with defected ground plane are also 
very popular for achieving (UWB) and super wideband (SWB) [9].  

 

3 Proposed Antenna Design 
 

In this paper we demonstrate our design approach and the main 
transmission line principles to design and implement a SWB antenna. We 
present the design techniques to spread the BW from UWB to SWB thereby 
enhancing the main antenna parameters for indoor applications. 

The proposed antenna covers the bandwidth allocated for SWB wireless 
communications (2.18 GHz-44.5 GHz) which makes it appropriate for many 
wireless communication systems, medical applications, electronic warfare 
systems and SWB radar systems. 

We have designed and implemented the proposed antenna on a Taconic 
TLY-5 laminate. The Taconic laminate has a low dielectric constant 
(DK=2.17), low loss tangent (DF=0.0009) and the substrate thickness is (t 
=1.52mm). The proposed antenna was successfully implemented on this 
material and the simulated results show reasonable correlation with the 
measured results. A 2.18 to 45 GHz frequency range was intended in this 
design with S11 <-10 dB and VSWR< 2 in the simulation results. Finally, the 
measured S11 performance of the antenna is presented. 
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4 Design Approach  
 

The idea of our design approach depends on three key Transmission Line 
principles, namely:- 

 
4.1 Increasing the Bandwidth of the Antenna by Decreasing the 

Quality Factor (Q) 
 

An effective way to increase the antenna’s impedance bandwidth is by 
decreasing the quality factor of the microstrip antenna [12]. Quality factor 
hinges on the reflection coefficient because a lower Quality factor means 
lower reflection back into the UWB monopole's "neck" towards the source. 
When the radiating element is made to be very wide, the Q factor at the 
lowest operating frequency becomes low [13]. 
 

4.2 Smooth Impedance Transition (No Step Impedance) 
 
Impedance transitions should be smoothed wherever they occur (i.e. they 

should change steadily with distance along the wave propagation path). The 
point where the patch starts and the angle between the lower edges and the 
ground plane are critical, as the wave should not experience step impedance 
transitions here. A steady change from the microstrip transmission line 
impedance to the input impedance of the patch is expected [13-14]. 

 

4.3 A Large Part of the Current Wave Flows along the Edges of 
the Patch 
 

When the current wave in the feed line approaches the entrance of the 
patch; it splits. A large part of the current wave will flow along the edges 
(with certain angle θ) instead of the middle. We observed this during the 
simulation where we manually changed the meshing at the edges, close to the 
underlying ground plane to help the simulator.  This current wave will 
experience increasing characteristic impedance when traveling sideways, as 
the distance between the patch edge and ground plane increases. 
Characteristic impedance of the patch edges increases as the distance 
between the patch edges and the underlying ground plane increases [13-14]. 
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5 Different Techniques to Spread the Frequency Coverage 

5.1 Changing the Dielectric Constant ( r ) 
 

Since the substrate dielectric constant has a large effect on the input 
impedance of any printed antenna [15, 16] the UWB antenna bandwidth 
should change with different dielectric constant values. Figure 2 shows the 
simulated frequency responses of an octagonal monopole antenna on 

different substrates with r = 2.2, 6.2 and 10.2. 
 

 
 

       Figure 2. Effect of Dielectric Constant on S11 of Octagonal Antenna 

 

It is evident that the smaller the dielectric constant; the lower S11. We 

shall use r = 2.2 for all next designs of octagonal monopole antenna. In this 
paper, we use copper clad laminates with the smallest available dielectric 
constant. All the printed monopole antenna models that have been simulated, 
implemented and measured in this paper have been designed for the Taconic 

TLY-5 with relative permittivity r = 2.2. 

                  5.2 Increasing the Substrate Thickness (t) 
 
Increasing the substrate thickness (t) increases the antenna bandwidth. 

Figure 3 shows the simulated frequency responses of an octagonal monopole 
antenna on a 0.78 mm TLY-5 substrate and of the same antenna on a 
1.52mm substrate of the same material. 
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Figure 3. Effect of Substrate Thickness (t) 

 

It is clear that increasing the substrate thickness (t) enhances the return 
loss and consequently increases the upper limit of the antenna frequency 
range. The 1.52 mm TLY-5 substrate is used in all next stages of this design. 

 
5.3 Changing the Octagon Width (a) 

 

Changing the octagon width (a) changes the input complex impedance of 
the octagon and consequently changes the frequency response of the 
monopole antenna. Figure 4a shows the octagonal monopole antenna with 
25, 35 and 40 mm widths, while Figure 4b shows the simulated frequency 
responses of the octagonal monopole antenna with those widths. We cannot 
say that the return loss increases monotonically with octagon width. But 
surely there must be some optimal value of octagon width for which S11 < -
10 dB and for frequency range as wide as possible. We should search for that 
optimal value.  
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Figure 4a. Octagonal Monopole Antenna with Different Width  

 
 

Figure 4b. Effect of changing the octagon width 

 

5.4 Changing the Octagon Height (b) 

 

Changing the octagon height (b) changes the center frequency of the 
octagonal antenna and changes the maximum frequency at which S11 <-10 
dB.Figure5 shows the simulated frequency responses of an octagonal 
monopole antenna with 22, 30 and 35 mm heights.  
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Figure 5a. Different Octagon Heights  

 

 

 
 

Figure 5b. Effect of changing octagon height 

 

We cannot yet deduce an empirical relation between the BW and octagon 
height. As mentioned previously, surely there must be some optimal value of 
octagon height for which S11 < -10 dB and for frequency range as wide as 

possible. 

                 5.5 Optimizing the Feed TL Width (w) 
 
For a certain substrate thickness and material, there is an optimal value of 

microstrip TL width (w) for 50 [ ] matching. Since the octagon input 
impedance is not purely resistive and since its real and imaginary parts  
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change with frequency; there should be an optimal value of the TL width that 
retains the antenna matching for the highest possible frequency.  

Different empirical formulas can be found for optimal microstrip TL 

width for 50 [ ] matches and are offered through several references, such as 
[17] and [18]. We shall not repeat those equations here. However, we are 
going to discuss varying the TL width on the matched BW of our antenna. 

Figure 6 shows the S11ofmicrostrip transmission lines with different 
widths on the 1.52mm TLY-5 substrate. 

 

 
 

Figure 6. S11 of MSTL with different widths on the 1.52mm TLY-5 substrate 

 

It can be noted that although all those widths between 3 and 6 mm give 
acceptable 50 [ ] match; the MSTL resonates at a certain frequency that 
increases with increasing its width (5.354 GHz for 4.7 width and 33 GHz for 
6mm width).  

Let us see how the input impedance of the octagonal antenna behaves 
when fed by different TL widths. Figure 7 shows the S11 of the monopole 
antenna fed by TL of different widths: 3, 4.7 and 6 mm. It is evident that the 
3 mm wide TL gives the best performance and the widest bandwidth. 
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Figure 7. S11 with different TL widths 

 

 5.6 Optimizing the Angle of Departure (ѳ) 

 

To get a smooth gradual transition from the feeding TL to the octagonal 

antenna, the octagon departure angle (ѳ) should be optimized. Figure 8 
shows the frequency response of an octagonal monopole antenna with 
optimized departure angle.  
 

 
 

Figure 8. Octagonal monopole antenna with optimized departure angle 

 

 

 

Ѳ 



                                                                                                                  
 

 

 

 

 

 

551   M. Y. Elhefnawy et al  

 

5.7 Changing the Ground Plane Shape 

 

It has been found that a slope or curvature in the ground plane edge 
enhances the frequency coverage of the monopole printed antenna. Figure 9a 
shows an optimized octagonal monopole antenna with sloped ground 
boundary, while Figure 9b shows the simulated frequency response of the 
optimized antenna. 
 

5.8 Changing the Distance between the Octagon and the Ground 

Plane(S) 

 

The distance (s) between the octagon and the ground plane edge is one of 
the design parameters to be optimized for best performance. 
  

5.9 Using Slots 

One of the most commonly used design techniques to increase the upper 
frequency limit of UWB antennas is to insert slots [19].The SWB antenna 
bandwidth can achieved by introducing slots in the ground plane and the 
radiating patch of the antenna [20].This is not required in this case because 
we have already fulfilled our goal without it.  

 

6. Formulation of the Design Optimization Problem 

 

The following is the canonical formulation of our optimization problem 
according to operation research rules. 

Maximize fmax (a, b, w, ѳ, s), subject to 

r = 2.17 
t = 1.58 mm,  
where 
fmax= maximum frequency where S11 < -10 dB 
a = octagon width [mm]  
b = octagon height [mm] 
w = TL width [mm]       

ѳ = departure angle [  ] 
 

7  Design Simulation Results 

Electromagnetic simulation with Zeland IE3D software was used to 
optimize the design. The main reason for choosing Zeland IE3D is that it is 
based on the method of moments (MOM) which suits planner structures very  
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well. In indoor applications the antenna is omnidirectional with multipath 
propagation.  

 
 

Figure 9a. Optimized Octagonal Monopole Antenna with sloped ground boundary  

 

 

 
 

Figure 9b. S11 of Optimized Octagonal Monopole Antenna with sloped ground 

boundary 

From these results, it can be observed that the bandwidth from 
2.18:45GHz (the entire band below -10dB and continuing after 45GHz) has 
been achieved with the Octagonal SWB proposed antenna on the TLY-5 
laminate. A good agreement is evident between experimental results and 
simulated ones as presented below.  
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8   Experimental Measurement Results 

A sample of the optimized octagonal antenna has been implemented and 
measured. The dimensions of the proposed antenna substrate are 38mm × 
38mm × 1.5mm (Figure 10) and the bandwidth is more than 42.82 GHz 
starting from 2.18 GHz to 45 GHz with return loss more than 10 dB (S11 < -
10 dB) as shown in Figure 11.  

Figure 11 shows the reading of the ROHDE & SCHWARZ ZAV-67 
Vector Network Analyzer at the Electronics Research Institute in Cairo, 
Egypt as measured on September 19

th
 2019. S11 is in dB and frequency in 

GHz. 
 

 

 
Figure 10. Photographs (radiating element and ground) of the TLY-5 Octagonal 

SWB Monopole Antenna 
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Figure11.  S11 of the Optimized Octagonal Monopole Antenna, 

measured by the network analyser 

 

9  Comparison of Results 

 

A comparison between the proposed SWB antenna and other recently 
designed SWB antennas (references [4], [9] and [19]) is done in terms of 
shape, geometry, dimensions, bandwidth, ratio BW and percentage 
bandwidth. The comparison results are presented in Table1. It can be 
observed that the proposed antenna has the widest B.W. and heights B.W. %. 
The overall dimensions are comparable to or smaller than the other antennas. 
Moreover, it is simpler to design and easier to implement. 

 
Table1. Comparison of the proposed antenna with other SWB antennas  

Item 

Proposed Antenna [4] [9] [19] 

Geometry Shaped Octagonal Bevelled Circular Octagonal 

Fmin : Fmax [GHz] 2.18 : 44.5 0.3 : 20 3 : 30 13.05 : 23.52 

Bandwidth [GHz] 42.32 19.7 27 10.47 

Ratio B.W. 20.4 : 1 66.6 : 1 10 : 1 1.8 : 1 

Band width %  220% 194% 163% 58% 

Dimensions [mm] 38*38 80*80 36*27 40*40 
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10 Conclusion 

Different design parameters for a SWB planar octagonal antenna have 
been studied. A SWB planar monopole octagonal antenna has been designed 
and optimized for maximum frequency coverage. The return loss of a SWB 
antenna is > 10 dB between fmin and 20fmin. Our antenna covers the frequency 
range 2.1 GHz < f < 45 GHz and more where S11 < -10 dB. A sample of the 
optimized antenna has been implemented and measured. 
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