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Abstract- A simple E-shaped microstrip patch antenna model for multiband/wideband operation is 
proposed to be used in modern wireless communications. The antenna is fed by a microstrip line. By 
modifying the antenna parameters, the proposed antenna provides three operating bands covering all the 
desired operation intervals for WLAN/ WiMAX devices. Also the model can be developed to increase the 
bandwidth of a rectangular microstrip patch antenna. Extensive simulation are done using WIPL-D 
software package and results of the return loss, VSWR and radiation pattern of the proposed antennas are 
presented. The WIPL-D software package is based on method of moment solution and the obtained 
results show the capability of WIPL-D package in designing microstrip patch antennas.  
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1. Introduction 

   The microstrip patch antennas are  widely used  in modern wireless communication systems and 
airborne applications due to their compact size, ease of fabrication, conformal properties, light weight, 
precise reproduction through photolithographic techniques, and low cost. Therefore they are preferred and 
have great potential for usage in the aforementioned type of applications [1, 2]. The inherently narrow 
impedance bandwidth is the major disadvantage of microstrip antennas for applications in wireless 
communications. Moreover in many of these mentioned applications, quite a number of systems require 
multi-frequency operation. So, the enhancement of the bandwidth and the achievement of multi-frequency 
operation ability caused considerable research activity for the antenna designer and many techniques have 
been investigated in past decades for this purpose [2-6]. 
Internal wireless local area network (WLAN) antennas operating in the 2.4/5.2/5.8 GHz bands have 
become a standard embedded element in the laptop computers for wireless internet access. The IEEE 
802.16 working group has established WiMAX (worldwide interoperability for microwave access) 
standard which can cover a much wider range than the WLAN system does, which is limited to be about 
100 meters. The covering range of WiMAX is the bands (2500–2700/3300–3800/5250–5850 MHz)[3,7]. 
WIMAX theoretically can have coverage up to 50 km radius [8]. In this paper considering the 
WLAN/WiMAX operation range, we present a simple E-shaped MPA. The antenna parameters have been 
investigated and parameters giving the best possible width and length of the slots are searched in order to 
achieve best antenna performance. The simulation results obtained at the end of this extensive search is 
reported in this study and these results show that the E-shaped microstrip patch antennas can be used in 
WLAN/WiMAX range. In order to obtain results, WIPL-D software package is used. 
 

2.  Multiband Antenna Design and Modeling 

  The proposed MPA geometry is shown in Figure 1. The patch size is characterized by patch width W2 
and patch length L2, and it is fed by a microstrip line, that is connected to the microstrip and has a width 
W1 and length L3. Two parallel slots with slot width W3 and slot length L1 are inserted into this patch and 
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placed symmetrically with respect to the microstrip line feed point. The parameter W4 in this model 
identified as W4= (W2-2W3-W1)/2. Due to the shape structure of the patch the geometry resembles the 
letter “E,”, and is called E-shaped MPA. The slot length L1 and width W3 are important parameters in 
adjusting resonant frequencies and controlling the bandwidth of the E-shaped MPA. The model has a 
finite substrate and it is over finite ground plane. The dielectric material selected for this design is a 60 
mil RO4003 substrate from Rogers-Corp with dielectric constant of 3.4 and loss tangent of 0.002. WIPL-
D Model of E-shaped MPA is shown in Fig. 2. 
  
   We analyzed E-shaped MPA using WIPL-D software   package [9]. The electromagnetic computation 
application WIPL-D (Wires, Plates, and Dielectrics) is a  commercially  available analysis tool based on 
the method of moment ( MoM), which is faster and more accurate method for electromagnetic computat-
ion than other existing methods. Its most outstanding advantage is reducing the computation time [9-11]. 
For each simulation 21 different data points are considered. 

 
 

Fig. 1. The geometry of  E-shaped MPA. 
 
 

 
 
 

Fig. 2. WIPL-D Model of E-shaped MPA. 
 

3.  Multiband Antenna Simulation Results 

   The simulation process started with the MPA model shown in Fig 2. The dimensions of the MPA model 
are W2 = 67.1 mm and length L2 = 63.1 mm. A microstrip line feed is connected to the microstrip and has 
a width W1 and length L3 with W1 =2.75 mm, W3=2.75 mm, L1 =50 mm, L3 = 49 mm, εr = 3.4, 
hsub=1.524mm and W4= (W2-2 W3- W1)/2.  The resonances of the antenna occur at three different 
frequencies 2.4GHz, 2.58GHz and 3.79GHz. The first and second cover 2.4 GHz WLAN and 2.5 GHz 
WiMAX operation range, respectively. The third one covers 3.8 GHz WiMAX operation range. All these 
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are in the expected range and seem to be suitable for the envisaged applications, as can be followed in 
Fig.3.  
 
   The proposed antenna structure can be easily constructed on any other band by choosing the appropriate 
width and length of the slots. For example we proposed the second MPA with dimension of W1 =2.99 
mm, W2=50.25mm, W3=3.95mm, L1 =35.75 mm, L2 = 45 mm, L3 = 42.51 mm, W4= (W2-2W3-W1)/2 and 
 εr = 3.4 and hsub=1.524mm. Fig.4 shows simulated return loss for the second proposed MPA. The 
resonances of the antenna occur at three different frequencies 3.7GHz, 4GHz and5.3GHz. Finally the 
third MPA with dimension of W1 =2.75 mm, W2=60mm, W3=1.99 mm, L1 =24.9 mm, L2 = 50 mm, W4= 
(W2-2W3-W1)/2, L3 = 20.01 mm , εr = 3.4 and hsub=1.524mm is presented. Fig. 5 shows simulated return 
loss for the third proposed MPA with resonances 2.7GHz, 3.2/3.5GHz and 5.3GHz. The all bands 
satisfied the bandwidth of the WiMAX technology. All the impedance matching of the frequencies over 
the operating bands is better than 10-dB return loss, which result is in good agreement with U-slots patch 
antenna reported in [7].  
 

      
                                
Fig 3. Magnitude of S11 of the first proposed MPA   Fig 4. Magnitude of S11 of the second proposed MPA 
                                                                              

                                                               

 
 

Fig. 5. Magnitude of S11 of the third proposed MPA. 
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4.  Wideband Antenna Simulation Results 

  In order to investigate, the wideband application of patch antenna, it is implemented on microwave 
substrate (εr= 3.4, h = 1.524 mm, tan σ = 0.002) and suspended above the ground plane using a foam 
substrate (εr= 1, h = 5.5 mm, tan σ = 0.0002) [12].  The E-shaped microstrip patch antenna model is 
reconsidered for this application with following dimensions: W2 = 40 mm and length L2 =30 mm. A 
microstrip line feed which has a width W1 and length L3, with following parameter values: W1 =5 mm, 
W3=5 mm, L1 =25 mm, L3 = 19.75 mm, h=hsub+ hfoam, hsub= 1.524, εr sub= 3.4, hfoam=5.5 mm, εr foam ≈ 1, W4= 
(W2-2 W3- W1)/2 is connected to the microstrip and the return loss of this MPA is given in Fig.6. The 
simulation results of E-shaped MPA for a VSWR (voltage standing wave ratio) is shown in Fig.7, and as 
it can be followed from the figure it has a VSWR= 1.009 at the resonant frequency f = 5.232 GHz. This 
antenna is applicable at modern wireless communication frequencies of 4.352 to 5.510 GHz. The 
impedance bandwidth, defined from a 10-dB return loss, is 1158 MHz or about 24.8% with respect to the 
center frequency at 4.931 MHz. This center frequency corresponds to the average of the lower and higher 
frequencies with a 10-dB return loss. The radiation characteristics for this antenna are shown in Fig. 8 
illustrating 7.69 dB gain at 5.232 GHz. 
 

             

Fig. 6. Magnitude of S11 of the fourth proposed MPA.         Fig. 7. VSWR of the fourth proposed MPA. 
 

 

Fig. 8. Radiation pattern of the fourth proposed MPA. 
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5.  Conclusions 

   In this paper a simple multiband/wideband E-shaped MPA model is designed for possible use in 
modern wireless communications systems. This structure is easily constructed on WLAN/ WiMAX bands 
by choosing the appropriate width and length of the slots. Also the multiband/wideband characteristic of 
microstrip patch antenna with E-shaped has been illustrated. The simulation results show that the 
bandwidth of microstrip patch antenna increased significantly and well enhanced from narrow band to 
wideband. Good radiation characteristics and return loss for frequencies over the operating bands have 
been achieved. With the achieved results, the proposed E-shaped MPA is adequate for practical 
WLAN/WiMAX operations in the wireless devices. 
 

Acknowledgements 
 

   This work was funded by University of Guilan in IRAN under project No. 495-27/2011. The author 
gratefully acknowledges technical discussions with Assoc. Prof .Dr Ahmet Serdar Türk from Yıldız 
Technical University and Assoc. Prof .Dr. Neslihan-S. Şengör from Istanbul Technical University, 
Istanbul. The author would like to thank WIPL-D technical support teams especially Mr. Milos Pavlovic 
for assisting and providing endless technical support while using WIPL-D Lite Version.  
 

References 

[1] N. Kinayman,  M.I. Aksun  “ Modern   Microwave Circuits ”. Norwood MA: Artech House , 2005. 
[2] K. Siakavara, “Methods to Design Microstrip Antennas for Modern Applications ”, chapter 9, Micro- 
    strip Antennas, 2010 . 
 [3] C. T. Lee and K.L Wong, “Uniplanar printed coupled-fed PIFA with a band-notching slit for WLAN/ 
     WiMAX operation in the laptop   computer”, IEEE APS, vol. 57, pp.  1252-1258, April 2009. 
[4] C.Y Pan, T. S Horng, W. S Chen and C.H Huang, “ Dual wideband Printed Monopole Antenna for 
     WLAN/ WiMax Applications”, IEEE Antenna and Wireless Propagation letters, vol 6, pp 149-151, 
     2007. 
 [5] A.Khare , R. Nema , P. Gour, “ New Multiband E-Shape Microstrip Patch Antenna on RT DUROID 
    5880 Substrate and RO4003 Substrate for Pervasive Wireless Communication” , International Journal 
    of  Computer Applications  , 2010., Volume 9– No.8, November 2010 . 
[6] J.S. Row, “ A Triple-Band Microstrip Patch Antenna”, Microwave And Optical Technology Letters / 
     Vol. 38, No. 2, July 20 2003. 
[7] H. F. AbuTarboush, H. S. Al-Raweshidy, “Connected U-Slots Patch Antenna for WiMax application”, 
     International Journal of  RF & Microwave , 2010.  
[8] Tlili Boutheina,”Design of C-Slot Microstrip Patch Antenna for WiMax application”, in Proc. LAPC 
     2009, pp 521-524. 
[9] Branko. M. Kolundzija, Jovan. S. Ognjanovic, T. K. Sarkar,“WIPL-D Microwave: Circuit and 3D EM 
     Simulation for RF & Microwave Applications - Software and User's Manual,” Norwood MA:  Artech 
     House, 2005. 
[10] R. W. McMillan and J. H. Kirkland , “Comparison of WIPL-D to other EM Computation Methods” ,  
       20th Annual Review of Progress in Applied Computational Electromagnetics, April 19-23, 2004. 
[11] Mohamed.H.Al Sharkawy, Atef.A. Eldek, A.Z. Elsherbeni and Charles.E. Smith,“ Design of Wide 
       band Printed Monopole Antenna Using WIPL-D ”, 20th  Annual  Review of Progress  in Applied 
       Computational Electromagnetics, April 19-23, 2004. 
[12] Amit A. Deshmukh, M. Parulekar, S.  Kadam and Ameya  Kadam, K. P. Ray “Broadband Proximity  
        Fed Modified E-Shaped Microstrip Antenna” , NCC, January 28-30  2011. 
 

28th Annual Review of Progress in Applied Computational Electromagnetics April 10-14, 2012 - Columbus, Ohio  ©2012 ACES

962


	Main Menu
	Conference Agenda
	Welcome Message
	Conference Sponsors
	Conference Exhibitors

	--------------------------
	Previous Document
	Help
	Search
	Print

