
150 

Jordanian Journal of Computers and Information Technology (JJCIT), Vol. 04, No. 03, December 2018. 

 

 
Y. S. Al-Faouri1, N. M. Awad2 and M. K. Abdelazeez3 are with Electrical Engineering Department, The University of Jordan, Amman, Jordan. 

Emails: 1y.faouri@ju.edu.jo, 2n.awad@ju.edu.jo and 3abdelazeez@ieee.org. 

ENHANCED ULTRA-WIDE BAND HEXAGONAL PATCH 

ANTENNA 

Yanal S. Al-Faouri, Noor M. Awad and Mohamed K. Abdelazeez 

 (Received: 14-Aug.-2018, Revised: 17-Sep.-2018, Accepted: 24-Sep.-2018) 

ABSTRACT 

An enhanced hexagonal shaped planar antenna is presented for ultra-wideband (UWB) applications. In this paper, 

a hexagonal patch with six circular cuts at its vertices is designed on FR4-substrate with 50 Ω microstrip 

triangular tapered feed line and a bevelled partial ground plane with five half circular sleeves. The design is 

investigated using the high-frequency structure simulator (HFSS). The simulated and measured scattering 

parameter S11 (Reflection Coefficient) results show good impedance matching in the frequency range (3 - 27.57 

GHz) satisfying return loss (RL = |S11|) ≥ 10 dB with a percentage bandwidth (PBW) of 160.75%. High gain and 

efficiency, radiation pattern similar to the electric dipole in E-plane and good omnidirectionality in the H-plane 

are achieved. 
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1. INTRODUCTION 

The most important requirements in modern communication systems are to provide a wide frequency 

range with very low power consumption. The UWB wireless technology is launched in 2002 by the 

Federal Communication Commission (FCC) which authorizes the unlicensed use of the frequency band 

3.1 to 10.6 GHz with PBW (PBW = 100% ∗ bandwidth/center frequency) of 91.33% and -41.3 

dBm/MHz maximally allowed radiated power [1]. Nowadays, the new wireless communication systems 

in military and civilian applications are searching for an enhanced wideband that covers both the short 

and long frequency ranges. 

Different techniques have been proposed by different researchers to enhance the antenna bandwidth 

with a low profile and compact size. Rectangular patch with one round cut in its four corners with one 

ground groove that has a shape composed of triangle and rectangle to get 8.28 GHz bandwidth (3.42 - 

11.7 GHz) with a PBW equal to 109.52% is presented in [2]. Three ground plane modifications 

consisting of two rectangular sleeves, two rectangular slots and one rectangular groove are introduced 

in [3] to achieve a bandwidth of 19 GHz (3.4 - 22.4 GHz) with a PBW equal to 147.29%. Two 

trapezoidal patches are etched on both sides of the substrate with a microstrip feed line to increase the 

PBW to 114.28% [4]. Adding three steps in the lower patch corners of rectangular shape patch and using 

microstrip feed line are proposed in [5] to increase the bandwidth to (2.33 - 12.4 GHz) with a PBW 

equal to 136.73%. Adding a rectangular slit and attaching L- and T- shaped stubs on the radiating 

circular patch with an offset feed achieve a PBW of 127.87% (3.08 to over 14 GHz) [6]. Cutting a bevel 

in the rectangular patch and etching two rounded inverted L-shaped slots with an open end in the square 

ground plane achieve a PBW of 129.18% (2.7 - 12.55 GHz) [7]. A triangular patch with one rectangular 

slot and two slits fed by coplanar feed line with the defected ground are used to increase the PBW to 

112.5% (2.8 - 10 GHz) [8].  

Hexagonal patch antennas are studied by different researchers and achieve good PBW. Folded hexagon 

UWB patch antenna with an offset feed at one of its vertices achieves a PBW of 144.33% (2.796 - 

17.296 GHz) [9]. Hexagonal patch antenna with two symmetrical slots is etched at the center of the 

patch with a microstrip feed line to achieve a PBW of 109.09% (2 - 6.8 GHz) [10]. A spanner shape 

hexagonal patch antenna is designed by defecting the patch with a rectangular shape slot to achieve a 

PBW of 118.79% (2.95 - 11.58 GHz) [11]. A coplanar waveguide (CPW)-fed hexagonal patch antenna 
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with six small hexagonal elements (fractal elements) is added to its corners to achieve a PBW of 93.33% 

(4 - 11 GHz) [12]. Different configurations of hexagonal shape patch antennas are introduced in [13] 

with defected ground planes to reduce the antenna size without affecting the bandwidth. One is 

composed of the hexagonal patch with L-shape and bevel slots and four rectangular slots in the ground 

plane to achieve a PBW of 120.43% (2.98 - 12 GHz). While the other consists of the hexagonal patch 

with one horizontal rectangular slot and bevel slots, one circular slot on the feed line and four rectangular 

slots in the ground plane to achieve a PBW of 135.2% (2.9 - 15 GHz). A new hexagonal patch antenna 

is proposed in [14] which consists of small five trapezoidal elements which are added to the center of 

the patch edges, small six hexagonal slots on each of its corners and another hexagonal slot added at the 

patch center to achieve a PBW of 126.06% (3.1 - 13.67 GHz). Two hexagonal patch antennas are 

proposed in [15], one of them achieves the UWB with PBW of 129.55% (3.1 - 14.5 GHz) by etching a 

rectangular groove and cross slot in the ground plane. The other is designed for the super-wideband 

antenna (SWB) to achieve a PBW of 154.61% (3.2 - 25 GHz) by adding a deep groove that divides the 

ground plane into two strips laid symmetrically around the feed and triangular slots at the upper corners 

of the ground plane. 

In this paper, a new enhanced hexagonal UWB microstrip antenna design is proposed and investigated. 

The antenna shape and dimensions are outlined in Section 2. The proposed antenna consists of a 

triangular tapered microstrip feed line, a hexagonal radiation patch with six circular cuts at the patch 

vertices and a bevelled partial ground plane with five half circular sleeves. The simulation results and 

discussions are presented in Section 3. The experimental verifications are outlined in Section 4. Finally, 

the conclusion is given in Section 5. 

2. ANTENNA STRUCTURE 

The proposed antenna with the geometrical parameters is shown in Figure 1, where all dimensions are 

obtained carefully by parametric analysis (explained in Section 3) in order to achieve the desired 

bandwidth over the needed frequency range. The antenna dimensions (in mm) are: the substrate is FR4 

- epoxy with a thickness h = 1.6, tanδ = 0.02, εr = 4.4, width WS = 36 and length LS = 36.  A triangular 

tapered feed line is designed using the equations given in [16] and the length of the triangular tapered 

feed line is chosen approximately equal to the guided wavelength with Lf = 9, Wf =3 and Wf1 = 1.5. The 

distance between the hexagonal patch and the circular cut edges at the patch middle is a = 18 and six 

circular cuts at the vertices with a radius b = 2. The partial ground plane length Lg = 8 and width Wg= 

31. The ground bevel has a length s = 7 and is located at a distance p = 3.5 from the lower substrate 

edge. In order to enhance the design, five half circular sleeves are attached to the ground plane in the 

bottom layer with a radius rs = 0.5. 

 
  

Figure 1. The hexagonal antenna structure; (a) the basic model, (b) the proposed antenna top layer and 

(c) the proposed antenna bottom layer. 

3. DISCUSSION AND PARAMETRIC STUDY 

The design started with the basic model which consists of a simple hexagonal patch fed by a rectangular 

microstrip feed line with a partial ground plane as shown in Figure 1. 

 

( a ) 

 

( b ) 

 

( c ) 
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(a) (where Lgb = 11 mm, Wgb = 40 mm, Lfb = 12 mm, Wfb = 3 mm and ab = 18 mm). The achieved 

PBW for this design is very low with bad impedance matching. The enhancement of the bandwidth is 

achieved using different means, including changing the length and width of the ground plane, adding 

sleeves to the partial ground plane, changing the length of the tilted ground plane edge, adding patch 

circular cuts and adjusting the microstrip feed line shape. The effect of each parameter on the bandwidth 

(with the scattering parameter S11≤ - 10 dB) was performed and optimized to reach the final design. The 

parametric results in the paper are generated from the final design by varying one parameter at a time 

and keeping all other parameters constant as listed in Section 2 to show the effect of each parameter 

alone. The bandwidth enhancement process is as follows: 

3.1 Ground Plane Modifications 

The ground plane dimensions are important parameters in the design of the UWB antennas since the 

bandwidth depends strongly on them [17]. The simulation results for the scattering parameters S11using 

HFSS simulator for Lgequal to 7, 8 and 9 mm are shown in Figure 2. High values of Lg cause narrowband 

with a lot of rejection bands, while decreasing Lg leads to high bandwidth with lower starting operating 

frequency. Choosing Lg = 8 mm achieves higher bandwidth, but it still needs to adjust the impedance 

matching over the different frequency ranges.  

 

Figure 2. The reflection coefficient when varying the ground length (Lg). 

A parametric study is also conducted on the ground plane width (Wg) between (29 - 33) mm, where 

better impedance matching is achieved with lower starting operating frequency when Wg = 31 mm. The 

presence of sleeves in the ground plane increases the inductive part of the input impedance and generates 

additional resonant mode to improve the overall bandwidth [3, 18].  Parametric analysis is performed 

on the half circular sleeves’ parameters to investigate their influence on the antenna performance. The 

sleeve parameters are the sleeve numbers (N) and their radii (rs), where rs is varied between (0 - 1) mm, 

while N is between (3 - 7). The simulated reflection coefficient for the sleeve number (N) variation 

shows that using N = 5 achieves lower starting operating point, wider bandwidth and better impedance 

matching. The reflection coefficient for the sleeve radius variations is shown in Figure 3, where it can 

be noticed that varying rswill affect mainly the impedance matching and consequently the covered 

bandwidth. The optimum value to use for the proposed antenna is rs = 0.5 mm and N = 5. 

Bevelling the ground top corners with symmetrical tilted cuts generate more resonant frequencies and 

adjust the input impedance imaginary part which leads to wider impedance bandwidth [19]-[20]. 

Parametric analysis is conducted on the ground cut length (s) between (5 - 9) mm, where the optimum 

value for s is 7 mm, since below and beyond this value, the impedance matching degrades at different 

frequency bands.  

3.2 Using Triangular Tapered Feed Line 

The use of a triangular tapered feed line will enhance the matching between the feeding point and the 

hexagonal patch to smooth the current path and reduce the incident wave reflection, which achieves 
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wider bandwidth [16]. The reflection coefficient comparison when using rectangular and triangular 

tapered feed lines and by keeping all dimensions as in Section 2 is shown in Figure 4. It can be observed 

that higher bandwidth and better impedance matching are obtained when using a triangular tapered feed 

line. 

 

Figure 3. The reflection coefficient when varying the sleeves radius (rs) using five sleeves. 

 

Figure 4. The reflection coefficient to compare between the rectangular and triangular tapered feed 

lines. 

3.3 Incorporating Symmetrical Circular Cuts at the Hexagonal Patch Vertices 

Adding cuts in the hexagonal patch leads to perturb the surface current path length which will generate 

more than one resonant frequency and increase the bandwidth. Parametric analysis is conducted to 

examine the effect of the circular cuts’ parameters on the bandwidth. The important parameters to study 

are the number of the circular cuts (M) and their radius (b), where M is varied between (0 - 6) and b 

between (1 - 3) mm. The location of the cuts is varied such as for M = 2 the cuts are on the middle 

corners and for M = 4 the cuts are in the upper and the lower corners, while for M = 6 the cuts are on 

every corner. The simulated results for varying the cuts’ number M are shown in Figure 5, which 

confirms that increasing the number of cuts will enhance the impedance matching and the covered 

bandwidth. The simulated reflection coefficient for radius variation is shown in Figure 6. Varying the 

cut radius b, the lower operating frequency changes, because the current path on the patch is perturbed. 

The main noticeable effect of the patch cuts’ radius b is at the impedance matching. It is concluded that 

the optimum value for M=6 and for b = 2 mm. The proposed antenna reflection coefficient versus 

frequency using HFSS software tool before and after all modifications is compared in Figure 7. The 

achieved bandwidth when RL ≥ 10 dB ranges from 3 till 27.57 GHz with a PBW equal to 160.75% with 

better impedance matching. 
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Figure 5. The reflection coefficient when varying the patch circular cut number (M). 

 

Figure 6. The reflection coefficient when varying the circular patch cut radius (b). 

 

Figure 7. The simulated reflection coefficient for the antenna before and after modifications. 

The simulated radiation patterns for the E and H planes at various frequencies 4, 6, 15 and 20 GHz are 

shown in Figure 8, where the E and H planes are the yz- plane (φ = 90˚ and 0˚ < θ < 180˚) and the xz-

plane (φ = 0˚ and 0˚ < θ < 180˚), respectively. In the E-plane, the antenna exhibits a dipole shape at low-

frequency range, but because of the existence of higher-order modes, the number of lobes rises with the 

increase of frequency. The H-plane shows good omnidirectionality at low-frequency range and becomes 

less omnidirectional with an increase in frequency. Figure 9 shows the simulated peak realized gain, 

where the gain has a low value at the start of the desired band and increases as a function of the frequency 
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band and ranges between 5 and greater than 7 dB. The radiation efficiency for the proposed antenna is 

shown in Figure 10, where it starts at98% and ends with 80%. 

 
 

 

 

 
 
 

Figure 8. The radiation patterns at:(a) 4 GHz, (b) 6 GHz, (c) 15 GHz and(d) 20 GHz (E--- &H __). 

 

Figure 9. The proposed antenna peak realized gain. 

Comparison between different published works and the proposed antenna are shown in Table 1. The 

proposed antenna achieves a wide impedance bandwidth with simple design compared to other works 

in [9]-[15]. Although the proposed antenna has a larger substrate area than those in [9], [12]-[13] and 

[15], the achieved impedance bandwidth is larger. 

(a) (b) 

 (c) (d) 



156 

Jordanian Journal of Computers and Information Technology (JJCIT), Vol. 04, No. 03, December 2018. 

 

 

Figure 10. The proposed antenna radiation efficiency. 

Table 1. Comparison between the proposed antenna and antennas presented in other published 

works.  

Reference  

                  Parameter  

Antenna substrate 

area (mm2) 

Impedance 

bandwidth (GHz) 

Percentage 

Bandwidth (PB) 

[9] 27 x 24 2.8 - 17.3 144.33 % 

[10] 54 x 49 2 - 6.8 109.09% 

[11] 31 x 52 2.95 - 11.58 118.79% 

[12] 25 x 25 4 - 11 93.33% 

[13] 13 x 46.5 2.9 - 15 135.2% 

[14] 39 x 36.5 3.1 - 13.67 126.06% 

[15] 35.5 x 30.35 
(UWB) 3.1 – 14.5  

(SWB) 3.2 - 25 

(UWB) 129.55% 

(SWB) 154.61% 

 

Proposed Antenna 

 

36 x 36 3 - 27.57 160.57% 

4. EXPERIMENTAL VERIFICATION 

The designed antenna is fabricated on an FR4 substrate with a dielectric constant εr = 4.4 and a 

height h = 1.6 mm as shown in Figure 11. The facilities at King Abdullah Design and Development 

Bureau (KADDB) were utilized to test the fabricated antenna. The reflection coefficient is measured 

using Agilent N5242A vector network analyzer. The simulated and measured reflection coefficient 

results for the proposed antenna are shown in Figure 12 and they compare favourably. The difference 

between the measured and the simulated results are due to different factors which are not considered 

through the simulation process, such as the accuracy and precision of fabrication techniques used, the 

SMA connector welding and its effect in the frequency range beyond 18 GHz, as well as the non-

homogeneous behaviour of the FR4 substrate with frequency variations. 

5. CONCLUSION  

A new planar enhanced UWB antenna is designed for UWB applications. The proposed antenna consists 

of a hexagonal radiation patch with six circular cuts at its vertices, a triangular tapered microstrip feed 

line and a bevelled partial ground plane with the addition of five half circular sleeves. The design is 

investigated using electromagnetic simulators HFSS. The simulation results show good impedance 

matching over (3 - 27.57) GHz for a return loss (RL) ≥ 10 dB. Results of the measurements and 

simulation compare favourably. Higher gain and efficiency, as well as dipole shape radiation patterns 

in the E-plane and omni directionality in the H-plane, are obtained. 
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Figure 11. The fabricated proposed antenna: (a) patch antenna and (b) ground plane. 

 

Figure 12. The simulated and measured reflection coefficient curves for the proposed antenna. 

ACKNOWLEDGEMENTS 

The authors acknowledge the valuable support of the technical staff in the KADDB through the 

performed measurements of the proposed antenna. 

REFERENCES 

[1] ET Docket 98 - 153, Federal Communication Commissions (FCC), "First Report and Order, Revision of 

Part15 of the Commission’s Rules Regarding Ultra-Wideband Transmission Systems," Washington, DC, 

Technical Report, February 14, 2002. 

[2] N. M. Awad and M. K. Abdelazeez, "Multi Slot Microstrip Antenna for Ultra-Wideband Applications," 

Journal of King Saud University – Engineering Sciences, vol. 30, no. 1, pp. 38-45, 2018. 

[3]  N. M. Awad, M. K. Abdelazeez and A. Al-Sharif, "Enhanced UWB Printed Monopole Antenna Based 

on Ground Plane Modifications," Jordanian Journal of Computers and Information Technology (JJCIT), 

vol. 4, no. 1, 2018. 

[4]  Y.S. Hu, M. Li, G. P. Gao, J. S. Zhang and M. K. Yang, "A Double-printed Trapezoidal Patch Dipole 

Antenna for UWB Applications with Band-notched Characteristics," Progress in Electromagnetics 

Research (PIER), vol. 103, pp. 259-269, 2010. 

[5]  Z. Ul Abedin and Z. Ullah, "Design of a Microstrip Patch Antenna with High Bandwidth and High Gain 

for UWB and Different Wireless Applications," International Journal of Advanced Computer Science 

and Applications (IJACSA), vol. 8, no. 10, 2017. 

(a) (b) 



158 

Jordanian Journal of Computers and Information Technology (JJCIT), Vol. 04, No. 03, December 2018. 

 
[6]  V. Sharbati, P. Rezaei and M. M. Fakharian, "Compact Planar UWB Antenna with Enhanced Bandwidth 

and Switchable Band-Notch Function for WLAN and DSRC," IETE Journal of Research, vol. 63, no. 6, 

pp. 805-812, 2017. 

[7]  A. Dastranjand F. Bahmanzadeh, "A Compact UWB Antenna Design Using Rounded Inverted L-Shaped 

Slots and Bevelled Asymmetrical Patch," Progress in Electromag. Research C, vol. 80, pp. 131-140, 2018. 

[8]  R. M. Elsagheer, "Study on Bandwidth Enhancement Techniques of Microstrip Antenna," Journal of 

Electrical Systems and Information Technology, vol. 3, pp. 527-531, 2016. 

[9]  A. A. Deshmukh, A. A. Desai, S. A. Shaikh, K. A. Lele and S. Agrawal, "Formulations for Hexagon-

Shaped Ultra-Wide Band Antennas," International Conference on Communication Technology (ICCT 

2015), New York, USA, 2015. 

[10]  S. Morya, S. Saxena, S. Singh and R. Mohan, "Study and Design of Hexagonal Patch Antenna for UWB 

System," International Research Journal of Engineering and Technology (IRJET), vol. 4, no.4, 2017. 

[11]  T. Mandal and S. Das, "Microstrip Feed Spanner Shape Monopole Antennas for Ultra-Wide Band 

Applications," Journal of Microwaves, Optoelec.and Electromag. App., vol. 12, no. 1, pp. 15-22, 2013. 

[12]  T. Nilakhe and V. V. Patil, "Bandwidth Enhancement through Fractal Nature of Hexagonal Microstrip 

Patch Antenna," International Journal of Science, Engineering and Technology Research (IJSETR), vol. 

5, no. 6, pp. 1936-1940, 2016. 

[13]  B. Premalatha, M. V. S. Prasad and M. B. R. Murthy, "Compact Hexagonal Monopole Antenna," Indian 

Journal of Science and Technology, vol. 10, no. 19, 2017. 

[14]  D. Aissaoui, L. M. Abdelghani, N. Boukli-Hacenand T. A. Denidni, "CPW-Fed UWB Hexagonal-Shaped 

Antenna with Additional Fractal Elements," Microwave and Optical Technology Letters, vol. 58, no. 10, 

pp. 2370-2374, 2016. 

[15] G. Al-Jaafreh, Hexagonal Printed Circuit Antenna for Wireless Communication, M. Sc. Thesis, Electrical 

Engineering Department, The University of Jordan, April 2018. 

[16]  D. M. Pozar, Microwave Engineering, Third Edition, New York, Wiley, 2005. 

[17]  N. Chattoraj, "Effect of Ground Plane on a Tapered U Slot Ultra-Wideband Antenna," International 

Journal of Computer Applications (IJCA), Foundation of Computer Science (FCS), no. 2, pp. 8-11, 2013. 

[18]  C.- C. Lin, K.-Y. Kan and H.-R. Chauang, "A 3-8 GHz Broadband Planar Triangular Sleeves Monopole 

Antenna for UWB Communication," IEEE Antenna and Propagation Society Inter. Sym., USA, 2007. 

[19]  M. J. Amman, "Control of the Impedance Bandwidth of Wideband Planar Monopole Antennas Using a 

Bevelling Technique," Microwave and Optical Technology Letters, vol. 30, no. 4, pp. 229-232, 2001. 

[20]  S. Jacob and P. Mohanan, Design and Analysis of Printed UWB Antenna with Dual Band-notched 

Characteristics, Doctoral (PhD) Thesis, Cochin University of Science and Technology, 2015. 

 ملخص البحث:

فييييي الييييي، اُقدم ييييي اساح ميييييدااليييييدُم اأجييييييقاأ جييييي ا دُ ييييي اُق ييييي  اأييييي ا  ييييي ا ي  مييييي  اُق يييييي  ا

ا  يييييدُ ااُمفحييييي ا  يييييدام   ييييي  ا مييييي ا ييييي ة ُقتيييييفااقافييييي متاُقصميييييدة ا ييييي ا ِيييييو  ام صييييي ا دُا ييييي  ا ج 

ا مييييي ا ييييي  ا يييييفحلا يييييم فاFR4أييييي اسا  ييييي  اأييييي ا يييييد ا ساأيييييتاذيييييلا م،حييييي اأشميييييطاأجيييييتد ة

اأ ييييييد ا  ا50أم  أتييييي ا واح تيييييدقا مييييي اذوجييييي ا  وييييي اا  اسا أيييييتا ييييييقا مشييييي اأجيييييتد  م ييييي 

ا   يييييدقاقمتيييييفااُ ا  ِيييييرااُمفحييييي     يييييدا ييييي اُ تمِييييي راُقتِيييييو  اُقومتيييييفلا   يييييت دُااأ  ييييي   

اأص أيييييي اُقت ييييييت ا اS11ُقص ق ييييي أاهرا ا ييييييف اُق تيييييي مكاُقوتصمميييييي ا  قو   يييييي سا ُقم يييييي  اف ويييييي اح يييييي ة

  جيييييي ل ف  ساا57 27-3)أص أيييييي اُ( ص يييييي  ةاأدُرأيييييي ا  ييييييدساقمو  صيييييي افيييييي اُق ييييييي  اُقتييييييفااقا

احجيييييييي   اأييييييييتا ييييييييي  ا ييييييييفااقا جيييييييي ت اا10مميييييييي افمييييييييدام ييييييييد احجيييييييي  قا  اح حييييييييدا ميييييييي اأ 

ا فص ق ييييي ا  ق ييييي ساهشييييي ف اُقييييي ا ويييييلاه يييييص  اأو  ييييي اقييييي ولا75 160 % ا  يييييدا  ميييييتا جيييييعا ييييي ا 

ساأيييييتاه يييييص  افييييي ا و يييييتاُ( ج لييييي  افيييييي اEه يييييص  اليييييدُم ا  ييييي م اُى يييييي  افييييي اُقوجييييييتد ا

  Hُقوجتد ا

This article is an open access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

