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Abstract: In this paper, a study of new design of pentagonal microstrip patch antenna for wireless communications 

applications. The proposed antenna has regular pentagonal patch (provide dual bands (2.6-7.5) GHz, (8.7-20) GHz) which is 

modified to irregular shape with the same area to obtain better characteristics from bandwidth and gain point of view and offer 

gain vary from -3dBi to 3dBi. It is noted that the final pass band (i.e. S11≤-10dB) is (2.6-20) GHz. The gain is improved by 

making slots in the irregular pentagonal patch to be in the range between (-0.95dBi - 4.4dBi). Both the irregular pentagonal 

antenna without slots and with slots are fabricated and tested practically using vector network analyzer (VNA) for the 

reflection coefficients (S11), voltage standing wave ratio (VSWR) and input impedance. Each of these antennas regular 

pentagonal patch, irregular pentagonal patch without slots and with slots are printed on FR4 having relative dielectric constant 

εr=4.3, and loss tangent (tanδ) of 0.02. It is printed on (33 x 30 x 1.6) mm
3
 substrate. It is found that the simulation results and 

the measured results agree mostly, the small error is attributed to the fabrication error. It is concluded that the irregular 

pentagonal antenna with slots provide better characteristics. 
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1. Introduction 

The rapid development of wireless communication systems 

increased the demand for compact microstrip antennas used 

with wideband operating frequencies and high gain. Microstrip 

patch antenna has many advantages such as: conformal, low 

profile light weight, simple realization process and low 

fabrication cost [1, 2]. However, the general microstrip patch 

antennas have some disadvantages such as narrow bandwidth, 

low gain with lower power handling capability and surface 

wave excitation [3]. Enhancement of the performance to cover 

the demanding bandwidth is necessary. There are several 

techniques to feed microstrip antenna. These techniques are 

divided into two groups these are contacting and non-

contacting. When the power transfers from the feeder to patch 

through the connect element, this method is called contacting 

feed technique such as coaxial cable and microstrip line. When 

the power transfer electromagnetic magnetic coupling from the 

feeder to the patch, this method is called non-contacting 

technique such as proximity coupling and aperture coupling 

[4]. The UWB technology opens new door for wireless 

communication systems, since the current wireless system 

increasing exponentially. In 2002, Federal Communication 

Commission (FCC) authorized unlicensed use of UWB 

ranging from 3.1 GHz to 10.6 GHz [5]. The UWB spectrum 

available for commercial applications has offered us an 

opportunity to achieve high-speed wireless communications 

and high-accuracy location applications [6]. UWB technology 

with an extremely wide frequency range has been proposed for 

imaging radar, communications, and localized applications. 

The broadband antenna has become an attractive and 

challenging area in the research of the system design. In 

general the antenna for UWB system should have sufficiently 

operating bandwidth for impedance matching and high-gain 

radiation in the desired directions [7, 8]. However, many 

researches where carried in the field of microstrip antenna at 

the present time. Most of these researches focus on improving 

the bandwidth of the antenna such as [9, 10, 11]. The 

improvement achieved was at different levels according to the 

ante nna shape and characteristics. However, in this paper the 

widest band is achieved as compared with other researches. 

The patch length, the effective patch length, the effective 

relative dielectric constant and the characteristics can be 

expressed. [4] 
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where 

w is patch width 

( r is substrate dielectric constant 

L is patch length 

h is the height of the substrate 

Leff is the patch length effect 

fr is the resonance frequency 

( reff is effective dielectric constant 

The characteristic impedance can be written as [8] 

Zc =
	��)

����#*� �	.�+���.��,-.�*� �	.����&                 (6) 

wf  is the feeder width 

2. The Proposed Regular Pentagonal 

Antenna 

The initial designed patch antenna is shown in fig 1, 

consists of regular shaped pentagon with side length 11.8mm 

that printed on FR-4 with relative dielectric constant of 4.3 

and The loss tangent (tanδ) of 0.02, substrate of thickness (h) 

of 1.6mm, and copper foil thickness (t) of 35µm. 

Now let us study the effect of various parameters on the 

characteristics of the antenna such as x, Lf, Wf, Lg and Wg. 

 

Fig. 1. Proposed antenna with initial parameters. 

2.1. The Effect of Varying the Length of Rhombic Side (x) 

The effect of varying (x) is shown in Fig 2, with the values 

of other parameters, Lf=10.3mm, Wf=2.2mm, Lg=12mm and 

Wg=30mm. It can be observed that better result when 

x=12.8mm. It gives triple band (3.8-4.5) GHz, (6-7.6) GHz 

and (12.5-14) GHz. Which give S11 less than -10dB. 

2.2. The Effect of Varying the Feeder Length (Lf) 

The effect of varying feeder length (Lf) is shown in fig 3, 

with the values of other parameters, x=12.8mm, Wf=2.2mm, 

Lg=12mm and Wg=30mm. From curve the feeder length at 

Lf= 11.3mm give better result. It gives triple band (3.17-7.5) 

GHz, (11.9-14.25) GHz and (17.6-19.6) GHz. 

 
Fig. 2. Comparison of reflection coefficient versus frequency for different values of side length (x). 

 

Fig. 3. Comparison of reflection coefficient for different values of feeder length (Lf). 
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2.3. The Effect of Varying the Width of Feeder (Wf) 

The effect of varying the feeder width is shown in Fig 4, with values the other parameters, X=12.8mm, Lf=11.3mm, 

Lg=12mm and Wg=30mm. It can be noted that the better result at Wf=2.7mm. Which give triple band (3-7.4) GHz, (11.6-14.2) 

GHz and (17-19.7) GHz, in which the reflection coefficient is less than -10dB. 

 

Fig. 4. Comparison of reflection coefficient versus frequency for different values of feeder width (Wf). 

2.4. The Effect of Varying the Length of Ground Plane (Lg) 

The effect varying the ground plane length (Lg) shown in Fig 5, with the values of other parameters, x=12.8mm, Lf=11.3mm, 

Wf=2.7mm and Wg=30mm. from curve the antenna give good result at Lg=11mm. Triple band (2.8-6.8) GHz, (10.9-13.6) GHz 

and (16-20) GHz can be obtained. 

 
Fig. 5. Comparison of reflection coefficient for different values of (Lg). 

2.5. The Effect of Varying the Width of Ground Plane (Wg) 

The effect of varying the ground plane width is shown in fig 6, with the values of other parameters, x=12.8mm, Lf=11.3mm, 

Wf=2.7mm and Lg=11mm. It can noted from curve the better bandwidth results at Wg=20mm. Which give triple band (2.65-7) 

GHz, (11-14) GHz and (17.3-20) GHz. 

 
Fig. 6. Comparison of reflection coefficients versus frequency for different values of (Wg). 
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2.6. The Effect of Etching Slot in the Ground Plane 

Making a square slot to the ground plane will effect to the pass band as shown in fig 7. The characteristics give dual 

bandwidth (2.73-7.5) GHz and (8.7-20) GHz, in which the reflection coefficient S11 is less than -10dB. However figure 7 

compares the final response (i.e. S11 versus frequency) of the antenna with square slot and the antenna without slot. 

 
Fig. 7. The effect of adding square slot to the ground plane on S11. 

The parameters of the proposed antenna that give good 

frequency response are illustrated tab 1. 

Tab. 1. The parameters of the proposed regular pentagon antenna. 

Parameter Description Value 

Ls Substrate length 33mm 

Ws Substrate width 30mm 

Lf Feeder length 11.3mm 

Wf Feeder width 2.7mm 

Lg Ground plane length 11mm 

Wg Ground plane width 20mm 

X Length side of regular pentagonal patch 12.8mm 

X1 
Length side of regular pentagonal patch 

that  outside transmission line 
11.13mm 

X2 
Length side of regular pentagonal patch 

that  inside transmission line 
1.67mm 

The pass bandwidth and gain can be improved by using 

pentagonal antenna with irregular shape having the same area 

of the regular pentagonal shape. Fig 8 shows the two design 

antennas with regular pentagonal patch and irregular 

pentagonal patch. 

3. Irregular Pentagon Antenna 

 
Fig. 8. Two proposed antenna with optimize parameter for: (a) regular 

pentagonal patch and (b) irregular pentagonal patch. 

The mathematical analysis can be done as follows. 
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Fig. 9. Final proposed irregular pentagonal patch antenna. 

The final proposed irregular pentagonal patch antenna 

design is shown in fig 9. The return loss of the two antennas 

(S11 versus frequency) are compared as shown in fig 10, it is 

clear that the irregular shape give better frequency response 

(i.e single pass band) so that S11 is less than -10dB in the 

range (2.6-20)GHz whereas the regular shape provide a dual 

bands (2.6-7.5)GHz, (8.7-20)GHz. Also the gain is improved 

when making irregular shape which varies from -3dBi to 

3dBi as shown in fig 11. The optimum irregular pentagonal 

antenna is shown in tab 2. 

 

 

Tab. 2. The parameters of the proposed irregular pentagon antenna. 

Parameter Description Value 

Ls Substrate length 33mm 

Ws Substrate width 30mm 

Lf Feeder length 11.3mm 

Wf Feeder width 2.7mm 

Lg Ground plane length 11mm 

Wg Ground plane width 20mm 

Z Length side of irregular pentagonal patch 15mm 

Z1 
Length side of irregular pentagonal patch 

that outside transmission line 
13.2mm 

Z2 
Length side of regular pentagonal patch that 

inside transmission line 
1.8mm 

 

Fig. 10. Comparison the return losses between the pentagonal patch regular and irregular. 

 
Fig. 11. Comparison the gain between the pentagonal patch regular and irregular. 
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The modified antenna is fabricated as shown in fig 12 and 

tested practically the simulation results and practical results 

are shown in fig 13. It can be noticed that the measured 

results agrees (mostly) with the simulation results. 

Comparison between the measured and simulated value of 

the voltage standing wave ratio (VSWR) is also done as 

shown in fig 14. The VSWR is the ratio of maximum voltage 

or current to the minimum voltage or current at any point, it 

can be consider as a measure for the mismatch between the 

line and the load. It is a function to the reflection coefficient 

SWR=/1 " |Γ| 1 2 |Γ|⁄ 4) =�5678 569:⁄ � = (;678 ;69:⁄ ) 

Where Γ is the reflection coefficient = 
<=>?=@A=B CD?A=E=
9:@9B=:A CD?A7E=  = 

FG�FH
FG�FH , where (ZR) is the load impedance and (Z0) is the 

characteristic impedance 

 
Fig. 12. Photograph of the fabricated proposed antenna. (a) Top view, (b) 

Bottom view. 

 

Fig. 13. Simulated and measured S11 versus frequency for the proposed design antenna. 

 

Fig. 14. Simulated and measured VSWR versus frequency for the antenna. 
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4. Modified Irregular Pentagonal Antenna 

To improve the gain characteristics many slots are made in the patch as shown in fig 15. Eching slots in the patch will 

increase slightly the bandwidth as shown in fig 16. But the gain will be improved considarably as shown in fig 17. 

 

Fig. 15. Optimal proposed antenna design with slots. 

 
Fig. 16. Simulated S-Parameter of the antenna with slots and without slots. 

Which compares the gain characteristics of the irregular antenna with slots and the irregular antenna without slots. It can be 

observed that adding the slots leads to gain improvement that vary in the range from -0.95dBi at 8.3GHz to 4.4dBi at 18.2GHz.

  

Fig. 17. Simulated gain of optimal proposed antennas with slots and without slots. 

The optimal proposed antenna with slots is also fabricated as shown in fig 18. The fabricated antenna is tested using vector 

network analyzer (VNA) to measure S11 and VSWR as shown in fig 19, 20 respectively. 
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Fig. 18. Photograph of the fabricated antenna. (a) Top view, (b) Bottom view. 

 
Fig. 19. Simulation and measurement S-Parameter of the optimal proposed antenna design with slots. 

 
Fig. 20. Simulated and measured VSWR of the optimal proposed antenna design with slots. 
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The input impedance of the antenna is shown in fig 21. It is noted from the figure that the real part of the impedance for, 

simulation results vary from 30Ω to 83Ω and the measured results vary from 30Ω to 79Ω. The imaginary part of the 

impedance for simulation results varies from -21Ω to 35Ω and the measured results vary from -27Ω to 25Ω. 

 
Fig. 21. Simulation and measured results of the input impedance for real part and imaginary part. 

Fig. 22. compares the gain of the proposed irregular patch antenna with slots and without slots. From curve it can be noted 

that the gain vary from 4.4dBi at 18.2GHz and -1.4dBi at 8.3GHz. 

 

Fig. 22. Simulated gain of proposed antennas with slots and without slots. 

The current distribution of the final proposed antenna is shown in fig 23, the distributed current in structure is not equal. Fig 

23(a), shows the current distribution at frequency 3.7GHz. The maximum current is 66.1 A/m, from figure we can observe that 

the most concentrations current in the feed line and lower edge of patch. Fig 23(b) shows the current distribution at frequency 

12.4 GHz. the maximum current is 64.4 A/m, from the figure it can be observe that the concentrations of current in the lower 

edge and left side of the patch. Fig 23(c), the current distribution at frequency 18.5 GHz, The maximum current is 60 A/m, 

from figure observe that the most concentrations current in the feed line and around slot in the patch. 
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Fig. 23. The current distribution of the proposed antenna with slots, (a) f=3.7GHz, (b) f=12.4GHz and (c) f=18.5GHz. 

The radiation characteristics of the final proposed antenna as a function of space coordinate show in fig 24. For a linearly 

polarized antenna, performance is often described in terms of the E and H plane patterns. The E-plane is the plane that 

containing vector of the electric field and the directions of maximum radiation while the H-plane is the plane that contain the 

magnetic field vector and the direction of maximum radiation [12].  

 
Fig. 24. Radiation pattern of the optimal proposed antenna at, (a) f=3.7GHz, (b) f=12.4GHz and f=18.5GHz. 
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The elevation plane x-z plane with some certain azimuth angle (ϕ) is the principle E-plane while for the azimuth plane x-y 

plane with some certain elevation angle θ is the principle of H-plane [13]. The two dimensional E-plane and H-plane are 

simulated at three frequencies as shown in figure 22. In the E-plane, the value of ϕ is (0°, 45° and 90°) while in H-plane, the 

take value of θ is (0°, 45°and 90°). Three frequencies within pass band that utilized for plot radiation, which are at the lower 

bound 3.7GHz, 12.4GHz at the middle bound and 18.5 GHz at the upper bound. 

The simulation far field 3-D radiation patterns of the optimized antenna at different frequencies 3.7GHz, 12.4GHz and 

18.5GHz is shown in fig 25. These figures show the directivity over the phi and theta angles for the proposed antenna. For the 

frequencies, 3.7GHz the maximum directivity is 2.85dBi, 12.4GHz the maximum directivity is 6.18dBi and 18.5GHz the 

maximum directivity is 6.83dBi. 

 

Fig. 25. Simulated far failed 3-D radiation patterns for the optimal proposed antenna at; (a) f=3.5GHz, (b) f=12.4GHz and (c) f=18.5GHz. 

 

Fig. 26. Group delay of transfer function of the optimized antenna. 

5. Group Delay 

Group delay is an important factor that determines the 

performance of the UWB antenna. The antenna should be able 

to transmit the electrical pulse with minimum distortion. The 

calculated group delay of the proposed antenna is shown in fig 

26. The variation is less than 0.5nsec due the frequency band 

from (2.6 to 20) GHz. It shows that the antenna has low-

impedance distortion and is suitable for UWB applications. 

The group delay curve shows that there is acceptable variation. 

6. Conclusion 

A new pentagonal antenna is designed and tested 

practically. It is found that the regular antenna give dual 

bands (i.e. S11I 210dB) (2.73-7.5) GHz and (8.7-20) GHz. 
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The performance is improved by making the shape irregular 

having the same area. It is found that the irregular antenna 

gives a single band (2.6-20) GHz and gain from -3dBi to 

3dBi. The gain is improved by making slots in the irregular 

shape so that the new gain varies from -0.95dBi to 4.4dBi. 

The irregular antenna without slot and with slots are 

fabricated and tested practically using the vector network 

analyzer (VNA) and the results of S11, VSWR and input 

impedance are compared with the simulation results. It is 

observed that the practical results agrees (mostly) with 

simulation results and the slight difference is attributed to 

fabrication error. This leads to the suitability of the irregular 

pentagonal antenna with slots for the frequency range (2.6-

20) GHz wireless communication applications. 
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