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Abstract  Three multiband microstrip patch antennas (MPAs) to operate at (3.5/5.5 GHz) WiMAX, upper (5.2/5.8 GHz) 

WLAN and C frequency bands are presented in this paper. The proposed antenna structures are mainly constructed from the 

fork-shaped monopole antenna. These three antennas (Ant.1-3) are namely mender fork-shaped antenna (MFA), spiral 

fork-shaped antenna (SFA) and double SFA (DSFA). All antennas are fed by coplanar waveguide (CPW) structure and 

printed on the front side of FR substrate with surface area of          . A new approach is presented for designing the 

proposed antennas to resonate at the specified operating frequency bands. Initially, a conventional MPA fed by 

microstrip-line is designed to operate at 5.8-GHz WLAN band. Then, intermediate antenna prototype structures are obtained 

during the design process until achieving the desired antennas. The Ant.1 and Ant.3 gives dual-band characteristic covering 

5.2/5.8 GHz-WLAN band including 5.150–5.875 GHz and 3.5/5.5 GHz-WiMAX including 3.4–3.7 GHz and 5.25–5.85 GHz, 

respectively. The Ant.2 gives tri-band covering the aforementioned dual-band besides to C-band 7.25 GHz (6.84 – 7.50 GHz). 

An electromagnetic simulator CST MWS ver. 2018 was used to analyze the designed antennas. The simulated results 

demonstrate that a dual- and tri-band operation can be easily provided by these antennas as well they have good dipole-like 

and omnidirectional radiation characteristics, stable gain and high-radiation efficiency indicating that the proposed antennas 

are candidate for WLAN/WiMAX applications. 
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1. Introduction 

In recent years, wireless communication systems such as 

Worldwide Interoperability for Microwave Access 

(WiMAX), wireless local area network (WLAN) and 

C-Band have highly attractive and been widely used. 

Therefore, the demand for low-profile antennas with 

compact size, and multiband operation covering the bands of 

these applications, as well as omnidirectional coverage and 

simple planar structures is in urgent need [1]. The standard 

operational frequency bands of WLAN and WiMAX 

technologies that need to be covered by the antenna are: 

2.4/5.2/5.8-GHz WLAN band (2.4–2.484 GHz, 5.15–5.35 

GHz and 5.725-5.875 GHz) and 2.5/3.5/5.5-GHz WiMAX 

(2.5–2.69 GHz, 3.4–3.7 GHz and 5.25–5.85 GHz) [2]. It is 

well-known that the antenna that meet these requirements is 

the microstrip patch antenna (MPA). However, conventional 

MPA with regular patch shape, rectangular and circular, 

have large physical size, narrow bandwidth and poor 

radiation efficiency  that made it unable to satisfy the main  
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requirements of modern communication systems, 

compactness and multiband characteristic [3]. To overcome 

these drawbacks of conventional MPAs, lots of techniques 

have been carried out by the researchers’ works for 

designing compact and multi-band MPAs [4].  

In the available literature, several techniques have been 

reported for designing compact multiband printed antennas. 

Techniques based on metamaterial aids in creation multiband 

operation and antenna miniaturization [5]. Moreover, 

rectangular MPA loaded with mender lines and using spiral 

strips can lead to antenna having multiband operation with 

more size reduction [6]. In addition, defected ground 

structure with U- and L-strips can contribute to miniaturized 

multiband antenna design due to their ability for impedance 

matching enhancement and improvement in antenna 

radiation’s capacity [7]. Multiband operation and antenna 

size miniaturization could be achieved by utilizing the 

well-known features, self-similarity and space filling, of 

fractal geometry [8, 9].  
Recently, the coplanar waveguide (CPW) feeding 

techniques have been attractive by researchers aiming of 

improving antenna performance and attain the multiband 

characteristics. In literature, antennas fed by CPW structure 

provide many advantages over other feeding, e.g., 

microstrip- and coaxial probe-fed, include: low cost, less 

dispersion, good omnidirectional pattern, minimum surface 

wave and having single-metallic layer made it easily 
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integrated with passive and active elements [10-13]. Because 

of these interesting features, the CPW is preferred to be used 

here for designing the proposed antennas.  

There are many CPW-fed MPAs introduced in recent 

literatures for WLAN/WiMAX applications such as [14-18]. 

For instance, a CPW-fed antenna [14] consists of an 

asymmetric ring, an inverted L-strip, and a straight strip to 

obtain tri-band covers the WLAN (2.4/5.2/5.8 GHz) and 

WiMAX (3.5/5.5 GHz) bands. In [15] a planar monopole 

antenna fed by CPW with stop band characteristic was 

proposed by adding at the edge of ground one pair of 

open-circuited stubs. The antenna has compact size of 

          with notch band of 1.4 GHz (3.84-5.25 GHz), 

covering the entire WiMAX (3.05-3.84 GHz) and WLAN 

(5.24-7.54 GHz). Tri-band metamaterial inspired open split 

ring resonator antenna, covering 2.4/5.2/5.8 GHz (Wireless 

LAN), 5.5 GHz (WiMAX) and 7.4 GHz (C-band) 

applications was presented in [16]. In [17], a new approach 

for designing miniaturized multiband patch antennas was 

introduced. Antenna miniaturization is achieved by shorting 

one edge of the patch whereas multiband operation is 

obtained by insertion inverted multiple U-shapes. Another 

technique for antenna miniaturization with independently 

controllable frequency bands is based on loading an antenna 

with three uncoupled resonators [18]. The designed antenna 

can operate at 2.6, 3.35, 5.15, and 6.1 GHz. Although, the 

aforementioned design techniques have successively 

attained antennas with compact size and multiband operation 

but most of these designed antennas having additional 

structure or being complex to be fabricated.  

In this work a new design approach is introduced for 

achieving dual- and tri-band MPAs suitable for 

WiMAX/WLAN and C-band applications. Three compact 

MPAs have been successively designed to cover the 

frequency bands of these applications. The design of these 

antennas are mainly based on the fork-shaped monopole 

antenna and are namely mender fork-shaped antenna (MFA), 

spiral fork-shaped antenna (SFA) and double SFA (DSFA). 

All antennas are printed on FR4 substrate and they are 

modeled and analyzed by using CST MWS simulator tool. 

The CST simulated result reveals that the proposed designed 

antennas promise good performance results in terms of 

operating frequency bands and omnidirectional patterns as 

well as stable gains and radiations efficiencies. 

The remaining of this paper is organized as follows. In 

Section 2, the proposed antenna configurations and the 

design approach for designing these antennas is presented 

and discussed in details. Section 3 reviews the performance 

and discussion of the simulated results along with the 

features of the designed antennas, with conclusions is drawn 

in Section 4. 

2. Antenna Design and Configuration 

This section describes and investigates in detail the 

geometrical configuration and a procedure for designing 

three compact dual- and tri-band antennas for 

WiMAX/WLAN and C-band applications. The concept of 

designing these three antennas are based on the fork-shaped 

monopole antenna structure. An intermediate design steps 

were conducted until achieving the final proposed antennas.  

2.1. Antenna Configuration 

The 3D simulation models of the final proposed designed 

antenna structures are shown in figure 1. These antennas are 

called, meandered fork-shaped antenna (MFA), spiral 

fork-shaped antenna (SFA), and double spiral fork-shaped 

antenna (DSFA), figure 1(a-c), respectively. All antennas are 

printed on the front side of FR4 substrate with thickness 

     of 1.6 mm and relative permittivity       . The total 

substrate footprint             of all antennas is 
           . Each patch structure of these antennas 

are constructed as a radiating strips of width     which are 

placed within an occupied dimension, patch length (     

patch width      of            . The coplanar 

waveguide (CPW) structure, characterized by ground length 

     and gap distance     between feeding strip length and 

width      and     , respectively, was used for feeding 

these antennas through sub-miniature-A (SMA) connector. 

The optimized values of antenna parameters are listed in 

Table 1.  

Table 1.  Antenna design parameters for the proposed antennas 

parameter Value (mm) parameter Value (mm) 

                 

                 

               

              

               

2.2. Design Procedure 

Figures 2-4 display the design evolution process for each 

one of the three designed antenna, MFA, SFA, and DSFA, 

respectively. Initially, the design procedure begins by using 

the standard equations of transmission line model as a 

guideline for designing a conventional microstrip patch 

antenna (MPA) fed by microstrip line from which its 

counterpart MPA fed by CPW feeing structure is obtained. 

Thus, this represent the first step in the procedure for 

designing the proposed antennas and as a result, a reference 

antenna (RA) is obtained and this is shown in figures 2(a), 

3(a) and 4(a). In the next section, a design of strip-fed MPA 

and RA and their performance results are discussed in 

details. 

The second design step is to form MPA that based on 

fork-shaped radiating patch that evolved from RA. This 

designed antenna, as figure 2(b), 3(b) and 4(b) show, is 

namely fork-shaped antenna (FA). The first and second 

design steps are common to be performed for designing the 

three proposed antennas.  
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(a)                                (b)                               (c) 

Figure 1.  Configuration of the proposed antenna structures. (a) Meandered fork-shaped antenna (MFA). (b) Spiral fork-shaped antenna (SFA), and (c) 

Double spiral fork-shaped antenna (DSFA) 

 

(a)                      (b)                    (c)                     (d) 

Figure 2.  Investigated design evolution process of meandered fork-shaped antenna (MFA). (a) Reference antenna, RA. (b) Fork-shaped antenna, FA. (c) 

MFA1, 1-turn. (c) MFA2, 2-turn (the proposed Ant.1) 

 

(a)                     (b)                     (c)                      (d) 

Figure 3.  Investigated design evolution process of spiral fork-shaped antenna (SFA). (a) RA. (b) FA. (c) SFA1, 1-turn. (c) SFA2, 2-turn. (the proposed 

Ant.2) 

 

(a)                     (b)                     (c)                     (d) 

Figure 4.  Investigated design evolution process of double spiral fork-shaped antenna (DSFA). (a) RA. (b) FA. (c) DFA. (c) DSFA1. (the proposed Ant.3) 
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An additional two design steps were added in the design 

evolution process for each one of the three types of antenna, 

MFA, SFA, and DSFA. As shown in figure 2(c) and (d), we 

have obtained a simple antenna structure, MFA, after 

generation 1-turn (MFA1) and 2-turn (MFA2), respectively. 

In the same manner, SFA has achieved when performing 

1-turn (SFA1) and 2-turn (SFA2) as depicted respectively in 

figure 3(c) and (d). Finally, DSFA is designed after 1-turn of 

iteration is applied to double FA and as a result we have 

obtained a third type of the proposed antenna (DSFA1), see 

figure 4(c) and (d), respectively. 

2.3. Design Guideline for Conventional MPA 

According to the transmission line model, the following 

Eqns. (1)-(5), [19] can be used as a five guideline design 

equations for calculating the geometrical parameters, patch 

width (  ) and patch length (  ) of the conventional MPA 

(as in figure 5) by assuming the resonant frequency      the 

relative permittivity and the height of the substrate      and 

       are given. In summary, the guidelines for designing 

the conventional MPA are outlined as follows: 

i)  Firstly, for a good patch radiator,    that leads to 

efficient radiation is determined using (1) 

   
 

   
 

 

    
                  (1) 

where   is the speed of light in free space. 

ii)  Determine the substrate’s effective permittivity (    ) by 

applying (2) 

     
    

 
 

    

 
 

 

             
         (2) 

iii)  Calculate the extension of the patch length     using 

(3). 

              
            

            

 
  

     
       

 
  
     

       
   (3) 

iv)  Finally,    can be found after substituting (4), the 

effective patch length      , in (5) 

     
 

        
                  (4) 

                           (5) 

Now, we begin to design a conventional MPA which 

considered as the first step for designing the proposed 

antennas. Firstly, by substituting all specified parametric 

values,                   , and            , the 

center frequency of 5.8-GHz WLAN band (5.725 – 5.875 

GHz), in Eqns. (1)-(5), the patch antenna length and width 

are calculated to be             and            , 

respectively. Then, a full wave electromagnetic CST MWS 

simulator is used to analyze and simulate the designed 

antenna by fine-tuning the antennas’ geometrical parameters 

and the optimized values of these parameters are listed in 

Table 2. The obtained CST simulated return loss result for 

the designed antenna as figure 6 shows, an antenna is 

resonating at            with -10dB S11 bandwidth of 

        ranging from    -        and the total radiation 

is in the front direction of antenna. This antenna having patch 

dimensions         of               and the total 

substrate footprint dimension occupied by antenna       
      is              . 

 

Front view           Side view           Back view 

Figure 5.  Conventional microstrip-fed MPA 

Table 2.  Conventional microstrip-fed patch antenna design parameters 
[unit: mm] 

parameter Value 

          

          

         

        

        

       

       

 

Figure 6.  S11 plot and radiation pattern for the conventional strip-fed MPA 

2.4. Design of A Reference Antenna 

Having successively conventional MPA was designed 

based on the design equations (1)-(5) for resonating at the 

desired resonance frequency,           . A reference 

antenna (RA) fed by CPW is required to be resonated at 

          , the center frequency of 3.5 GHz-WiMAX 

band (3.40–3.70 GHz) and 5.80 GHz-WLAN band 

      –             i.e.,                      

          . To do that, initially, a previously MPA is 

redesigned with the same geometrical parameters except of 

using a partial ground of length    at the back side of the 

substrate, see figure 7(a). Later on, a MPA with strip feed is 

replaced with a counterpart CPW feed to produce the desired 

reference antenna (RA) as shown in figure 7(b). Figure 8 
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shows the return loss S11 plot for applying both the 

microstrip feeding and CPW feed to the designed antennas. 

Table 3 summarizes the main performance parameters of 

these antennas, resonance frequency   , lower and higher 

   -       frequencies,    and   , bandwidth    
     , gain   and radiation efficiency     at   . It is 

demonstrated from observation figure 8 and Table 3 that RA 

with CPW feeding technique has wider impedance 

bandwidth of 2.53 GHz as well as microstrip-fed MPA with 

partial ground has             while conventional 

MPA has a narrow BW of        . Furthermore, RA with 

CPW is more efficient in terms of radiation efficiency, 

greater than 97%, compared with the other two antennas. 

Figure 9 depicts the simulated far-field realized gain 

radiation pattern of the RA at both 3D and 2D ( - and 

 -plane) plots at         . It is observed from this figure 

that the RA has an omnidirectional pattern suitable for 

wireless communication application compared with the 

conventional microstrip-fed MPA which has a boresight 

directional radiation pattern.  

 

(a) 

 

Front view           Side view          Back view 

(b) 

Figure 7.  (a) Microstrip-fed MPA with partial ground. (b) CPW-fed MPA, 

the reference antenna (RA) 

Table 3.  Comparison of conventional MPAs performance parameters 

Parameter 

Strip-fed with 

full ground 

plane 

Strip-fed with 

partial ground 

plane 

CPW-fed 

         5.80 4.80 4.96 

         5.70 3.80 3.73 

         5.90 6.28 6.26 

         0.20 2.48 2.53 

       3.31 2.93 2.61 

        49.70 95.12 95.70 

 

Figure 8.  CST simulated return loss curves of various antennas 

 

(a) 

 

(b) 

Figure 9.  Far-field realized gain radiation pattern of RA at 5.0 GHz. (a) 

3D. (b) 2D in yz- and xz-plane 

3. Numerical Results and Discussion 

After that the procedure for antenna structures in the 

previous section is suggested for the designed antennas for 

operating in the standard WiMAX (3.3 – 3.7 GHz), WLAN 

(5.15 – 5.875 GHz) and C-band frequency ranges. The return 

loss, surface current distribution as well as the radiation 

pattern, gain and efficiency are the main performance 

parameter results that will be deduced her to validate the 

design concept. All computational models of the proposed 

antenna structures are implemented in the electromagnetic 

software CST Microwave Studio ver. 2018 and its 

time-domain solver is used to obtain these results. To 

improve the accuracy of the numerical results, SMA 

connectors were incorporated in the implemented models.  
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3.1. Return Loss  

In this subsection a return loss, S11 for the proposed 

antennas Ant. 1 (MFA), Ant. 2 (SFA) and Ant. 3 (DSFA) is 

discussed and investigated in details. Figure 10(a-c) shows 

the S11 plot for intermediate antennas that belong to each 

type of the three designed antennas, MFA, SFA and DSFA, 

respectively. The return loss and VSWR results of the 

finalized prototype antenna structures have been 

summarized in figure 11 and their quantitative analysis in 

terms of   ,    and    are listed in Table 4. It can be 

observed that the MFA and DSFA gives dual-band (Band 1 

and 2) whereas SFA gives tri-band characteristic (Band 1 - 3). 

The frequency bands satisfied by the proposed antennas can 

be summarized as follows: 

  Ant. 1 or MFA: WiMAX band 3.55 GHz (3.36 – 3.69 

GHz) and WLAN band 4.80 GHz (4.35 – 6.00 GHz). 

  Ant. 2 or SFA: WiMAX band 3.55 GHz (3.33 – 3.78 

GHz), WLAN band 5.40 GHz (4.96 – 6.20 GHz) and 

C-band 7.25 GHz (6.84 – 7.50 GHz). 

  Ant. 3 or DSFA: WiMAX band 3.62 GHz (3.27 – 3.94 

GHz) and WLAN band 5.10/ 5.69 GHz (4.74 – 5.99 

GHz). 

Thus, these compact antenna structures cover the useful 

frequency bands that need for wireless communication 

systems such as 3.5-GHz WiMAX (3.3-3.7 GHz) band, 

WLAN (5.150 – 5.875) band and C band.  

 

(a) 

 

(b) 

Figure 10.  Simulated return losses S11 curves for the various design 

evolution process for each one of the three proposed antennas. (a) MFA, 

mender fork-shaped antenna. (b) SFA, spiral fork-shaped antenna. (c) DSFA, 

double spiral fork-shaped antenna 

 

(c) 

Figure 10.  Continued 

 

(a) 

 

(b) 

Figure 11.  Simulated S11 (a) and VSWR (b) for the proposed antennas 

Table 4.  Comparison of the proposed antenna -10 dB bandwidth,      

   ,    (in GHz) 

Antenna Band 1 Band 2 Band 3 

RA 
(3.73-6.26), 

4.96 
  

MFA 
(3.36-3.69), 

3.55 

(4.35-6.00), 

4.80 
 

SFA 
(3.33-3.78), 

3.55 

(4.96-6.20), 

5.40 

(6.84-7.50), 

7.25 

DSFA 
(3.27-3.94), 

3.62 

(4.74-5.99), 

5.10, 5.69 
 

Legend: RA: Reference Antenna, MFA: Mender Fork-shaped Antenna, SFA: 

Spiral Fork-shaped Antenna, DSFA: Double Spiral Fork-shaped Antenna.   : 
Lower frequency,   : Higher frequency,   : resonance frequency.  

3.2. Surface Current Distribution 

In order to clarify the return loss performance for the 
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proposed antenna structures, figure 12(a-c) depicts the 

current distribution plots on the antenna surface (Ant. 1-3), 

respectively at the specified frequency in each band, 3.5 GHz 

(Band 1), 5.8 GHz (Band 2) and 7.25 GHz (Band 3). It is 

observed that the intensity of radiation current at 3.5 GHz, 

the left-hand side of figure 12(a-c), for each antenna is more 

concentrated in the inner strips, along the CPW feeding line 

and at edges of the ground plane than that in the outer strips. 

Similarly, at 5.8 GHz, the surface current is flowing at 

perimeter of the outer patch strips of antennas. This agrees 

well with the fundamental concept of antenna theory that the 

surface current at lower frequency (larger wavelength) is 

flowing in more paths than that at higher frequency (shorter 

wavelength). As a result, the antenna is more efficient in 

terms of radiation efficiency and gain at upper frequency 

band than that at lower frequency band and this will be 

proved in the next section.  

 

(a) 

 

(b) 

 

(c) 

3.5 GHz             5.8 GHz              7.25 GHz 

Figure 12.  Simulated results of the surface current distributions for the 

proposed antennas. (a) MFA. (b) SFA. (c) DSFA 

3.3. Realized Gain and Efficiency 
The realized gain and efficiency against frequency for the 

proposed antennas at operating frequency bands are shown 

in figure 13(a) and (b), respectively. It is observed that the 

gain and efficiency of DSFA at lower frequency band is the 

lowest one whereas it is the highest one in the middle band 

compared with the other two antennas. On the other hand, the 

gain and efficiency of MFA and SFA are nearly coincide 

with each other for frequencies within lower and upper bands. 

As stated in the previous section, figure 13 demonstrate that 

more gain and efficacy can be obtained at higher frequency 

band than at lower frequency band and this is true for the 

antennas, MFA and SFA but in contrast, DSFA is more 

efficient in lower range of frequencies. Thus, at higher 

frequency band, the DSFA is less efficient for radiation in 

comparison with the other two antennas. 

 

(a) 

 

(b) 

Figure 13.  Simulated realized gain (a) and total efficiency (b) for the 

proposed antennas 

3.4. Radiation Pattern  
Figures 14 (a) and (b) show the 2-D radiation pattern in 

terms of  - or   -plane and  - or   -plane at 3.5 GHz, 5.8 

GHz and 7.25 GHz. It is clear from this figure that all 

antennas have nearly an omnidirectional radiation pattern in 

H-plane and approximately radiate in eight shapes (8) in 

E-plane at lower and middle frequency bands but somewhat 

distorted radiation at higher frequency band.  

Table 5 depicts that the proposed antennas have 

advantages, more size reduction and simple antenna 

structures, over the previous reference designs, such as [5], 

[8], [15], [17, 18]. 

4. Conclusions 

This paper presents the design of three compact multiband 

microstrip antennas, Ant.1, Ant.2 and Ant.3. The Ant.1 and 

Ant. 3 are useful for dual-band whereas Ant.2 is useful for 

using as tri-band antenna. These antennas cover the useful 

frequency band of modern communication systems such as 

(3.5/5.5) WiMAX (3.3 – 3.7 GHz / 5.25 – 5.85 GHz) bands, 

(5.2/5.8) WLAN (5.15 – 5.35 GHz / 5.725 – 5.875 GHz) 

bands and C-band. Ant. 1 covers the WiMAX band 3.55 

GHz (3.36 – 3.69 GHz) and WLAN band 4.80 GHz (4.35 – 

6.00 GHz). Ant. 2 covers the WiMAX band 3.55 GHz (3.33 

– 3.78 GHz), WLAN band 5.40 GHz (4.96 – 6.20 GHz) and 

C-band 7.25 GHz (6.84 – 7.50 GHz). While, Ant. 3 covers 

the WiMAX band 3.62 GHz (3.27 – 3.94 GHz) and WLAN 

band 5.10/ 5.69 GHz (4.74 – 5.99 GHz). The designed 

antennas are characterized as simple structures to be 
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manufactured and compact in size (21 × 21 × 1.6 mm3). 

Besides, simulated radiation pattern of these antennas exhibit 

that the designed antennas have omnidirectional radiation 

make them suitable for using in the portable wireless 

devices.  

 

 (a) 

 

 (b) 

Figure 14.  H-plane pattern (a) and (b) E-plane pattern for the proposed antennas. From the left- to right-hand-side plots are for the frequencies of 3.5, 5.8 

and 7.25 GHz, respectively 

Table 5.  A comparison between recent reported multiband antennas and the proposed antenna 

Ref. 

Frequency band or 

center frequency 

(GHz) 

Antenna type/ 

  , 

thickness (mm) 

The Aim 

Antenna 

size 

(   ) 

Total area 

used 

(   ) 

Total area used 

(  
 ) 

at     or     

[5] 

3.0 

5.0 

6.8 

7.5 

8.5 

Stripline-fed fractal antenna, 

parasitic split ring resonators/ 

4.4, 

1.6 

Multi-band       2025 0.2025 

[8] 
3.12 - 3.82 

5.15 - 5.83 

CPW-fed, pentagonal ring 

fractal antenna/ 
Dual-band       484 0.0648 

[15] 
3.05–3.84 

5.24–7.54 
9-point star shape monopole Dual-band       1350 0.1780 

[17] 

3.04 

3.83 

4.83 

5.76 

CPW-fed, shorting radiating 

patch by metallic vias/ 

2.55, 

1.964 

Quad-band       1600 0.1643 

[18] 

2.50-2.70 

3.20–3.55 

4.95–5.35 

5.65–7.2 

CPW-fed,  

Monopole + 3 Resonators/ 

4.4, 

1.6 

Quad-band       1120 0.0841 

This 

work 

3.33-3.78 

4.96-6.20 

6.84-7.50 

CPW-fed, Spiral fork-shaped 

monopole/ 

4.4, 

1.6 

Tri-band       441 0.0619 
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