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1.0  Introduction 

Wireless communication devices have been playing a very 

important part in our daily life, especially for the past ten years. Due 

to this reason, antennas designed for wireless applications have 

attracted much attention from researchers all over the world. The 

antenna is a very essential element of communication as it is used 

for transmitting and receiving electromagnetic waves. Today 

Communication devices such as mobile phones become very 

important and support several applications and higher bandwidths 

where microstrip antennas are the better choice compared to 

conventional antennas [1]. Thus, a dual-band antenna can use both 

frequencies at a time or switch between the two frequencies. Higher 

frequency antennae handle more information at a time while the 

lower frequency allowed the antenna to cover greater distances as 

well as penetrate surfaces more efficiently [2]. 

Multiband antennas are able to provide multiple receptions and 

transmission functionalities. It is therefore much more desirable to 

have a single antenna using a single feed point that covers multiple 

frequency bands. The designed antennas are expected to be compact 

and simple and such as to be integrated well with other 

communication devices [3]. 

The printed antenna is well-known for its compactness, low 

cost, ease of manufacturing and ease of integration with other 

circuits. Today there are a number of land and satellite-based 

systems for wireless communications using a wide range of 

frequency bands [4]. Not only do we see an increase in the number 

of subscribers in the different systems but also a demand for dual or 

multi-band equipment capable of handling two or more frequency 

bands Antenna is an important device in WLAN communication 

system because its performance will directly impact on the quality 

of wireless communications. Moreover, one antenna that can 

operate at all these frequencies is more efficient than several 

antennas for each frequency band.  Therefore dual-band antenna 

which can work at IEEE 2 standards for WLAN is needed. In recent 

years, some dual-band antennas for WLAN applications have been 

proposed. However, this research cannot cover all of the WLAN 

frequencies. Many microstrip-printed antennas have been reported 

for wireless communication applications. The antennas are 

somewhat complicated with many design dimensions [5]. This 

results in a somewhat complicated fabrication procedure, with the 

consequence that even small changes in the dimensions could affect 

the antenna operating frequency. Double-sided antennas are 

proposed to cope with the need for fabrication precision, as both 

sides of the antenna have to be properly aligned. The antenna 

proposed requires careful fabrication as the balun on the other side 

of the antenna is not symmetrical [6]. Nowadays, microstrip–fed 
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ABSTRACT 
Multiband antennas with microstrip patch are designed basically for mobile and aerospace 

applications, the reasons for that is that these antennas have very light weight, low profile and low 

power consumption. These antennas have many shapes to get the bandwidth and the gain required. 

An optimized dual-band rectangular microstrip patch antenna is designed, that resonates at 3.3 

GHz and 5.7 GHz for WIMAX and ISM (Industrial, Scientific, and Medical) applications. The 

antenna consists of two rectangular slots, positioned on the rectangular copper patch of length (L) 

= 42 mm and width (W) = 42 mm, and is mounted on the ground substrate made of FR4 substrate 

of height (h) = 1.6 mm and a relative permittivity ℰr = 4.4 A 50 Ω microstrip transmission line is 

designed with a width of 2.9mm. The transmission line model is used to find the dimensions of the 

patch and positioning of the rectangular slots, the design is optimized and simulated using 

computer simulation software (CST). In optimizing the antenna, it is discovered that the position 

of slot determined the operating frequencies of the antenna. 
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printed monopole antennas play a key role in WLAN applications 

because of their attractive features, such as low profile, low cost, 

lightweight, and suitable for integration with MMICs and active 

devices. The worldwide growth of personal wireless communication 

devices has been tremendous. One of the trends in wireless mobile 

technology in the last decade has been to dramatically decrease the 

size and weight of the handset. With this progress in mobile terminal 

size reduction, the design of antennas is acquiring even greater 

importance. Antennas must be small, and yet achieve specified 

electrical performance, such as wide bandwidth, operation in dual 

or triple frequency bands, diversity, and so forth. Accordingly, 

antenna designers have encountered difficulty in designing antennas 

that can maintain electrical performance characteristics while being 

reduced in size because, in general, efficiency and bandwidth 

degrade with size decrease [7]. 

 

2.0 Antenna Theory and Design 

To design the rectangular patch antenna, the following 

parameters has to be determine: 

ℰreff = Effective dielectric constant 

ℰr = Dielectric constant of substrate 

h = Height of dielectric substrate 

W = Width of the patch 

L = Length of the patch 

 Assume Fig (1), a rectangular microstrip antenna of width W, 

length L resting on the height of a substrate h. The coordinate z-

axis was selected as the height along z-direction, length along x-

direction and width along y-direction [8]. 

 

 
Figure 1. Geometry of microstrip antenna 

 

The design calculation were as follows: 

a) Frings factor 

       𝜀𝑟𝑒𝑓𝑓 =  
𝜀𝑟+1

2
+  

𝜀𝑟−1

2
[1 +  

ℎ

𝑊
]−

1
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b) Calculation of length: 

       𝐿 = 𝐿𝑒𝑓𝑓 + 2∆𝐿       (2) 

where 𝐿𝑒𝑓𝑓 =
𝑐

2𝑓0√𝜀𝑟
 , c and fo is the speed of light and resonant 

frequency respectively [9]. 

c) Calculation of width: 

𝑊 =  
𝑐

2𝑓0√
𝜀𝑟+1

2

                                                   (3) 

d) Calculation of height of dielectric substrate (H): 

        𝐻 =  
0.3𝐶

2𝜋𝑓√𝜀𝑟
                                                           (4)  

e) Calculation of the ground plane dimensions, length of ground 

and width of ground (Lg and Wg). 

 

The transmission line model is usable to infinite ground planes 

always [10]. Therefore, for practical purpose, it is important to have 

a finite ground plane. It has been shown that similar results for 

finite and infinite ground plane can be obtained if the size of the 

ground plane is greater than the patch dimensions by approximately 

six times the substrate thickness around the periphery [11]. For this 

design the ground plane dimensions are: 

𝐿𝑔 = 6ℎ + 𝐿     (5) 

𝑊𝑔 = 6ℎ + 𝑊    (6) 

A 50 Ω microstrip line with a width of 2.84 mm and length of 

19.76 mm has been used to feed the radiating patch element (Fig. 1). 

Width of the microstrip feeding line W has also been calculated by 

using the standard equation (7). 

   𝑍𝑐 =  {
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where Zc is the characteristic impedance. The diameter (D) is given 

by: 

    𝐷 = 0.412 ℎ {
(𝐸𝑟𝑒𝑓𝑓 + 0.3) (

𝑤

ℎ
+ 0.264)

(𝐸𝑟𝑒𝑓𝑓 − 0.3) (
𝑤

ℎ
+ 0.8)

}       (8) 

Dimensions of the Antenna is shown in Table 1. The patch size 

was designed in order to make the antenna resonate in the 

fundamental mode [12]. 
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Table 1. Optimized antenna parameters 

Parameters Value 

(mm) 

Parameters Value 

(mm) 

Ls 46 L1 4.5 

Ws 42 W1 21 

Lp 21 L2 11.4 

Wp 23 H 1.6 

 

 
Figure 2. Proposed design of antenna. 

 

 The final optimized design of the antenna is shown in figure 2. 

 

3.0 Discussion of Results 

Figure 3 shows the s- parameter for rectangular patch microstrip 

antenna resonating at 3.3 GHz and 5.7 GHz with a return loss of -

16.290398 dB and -10.996819 respectively. This antenna can 

transmit or receive a signal efficiently at a frequency between 

3.2457 GHz to 3.3412 GHz and 5.6457 GHz to 5.6517 GHz since 

the return loss of these frequencies is below the commercially 

accepted return loss of -9.54 dB [13]. 

  Figure 4 indicates that the antenna is able to direct input power 

into radiations in a given direction more than other directions. The 

microstrip antenna is able to transmit or receive a signal efficiently 

in the direction of lower gain [14]. 

Figure 5 indicates that the antenna is able to direct input power 

into radiations in a given direction more than other directions. The 

microstrip antenna is able to transmit or receive signal efficiently in 

the direction of low gain. All the microstrip antennas radiate low 

towards one direction at angle of Ѳ = 0° which is perpendicular to 

the microstrip antenna. E stands for electric field, H stands for 

magnetic field [14]. 
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Figure 3: The Return loss plot of antenna. 

 
Figure 4. Measured and simulated far-field pattern  

for E and H plane at 3.3 GHz. 
 

 

Figure 5. Measured and simulated far-field pattern for E 

and H plane at 3.3 GHz.  
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Figure 6 shows the measured and simulated far-field pattern for 

E and H plane at 5.7GHz indicates that the antenna is able to direct 

input power into radiations in a given direction more than other 

directions. The microstrip antenna is able to transmit or receive 

signal efficiently in the direction of low gain. All the microstrip 

antennas radiate low towards one direction at angle of Ѳ = 0° which 

is perpendicular to the microstrip antenna [14]. 

Figure 7 shows the measured and simulated 3D Radiation 

Pattern of Rectangular Patch Microstrip Antenna. At the frequency 

of 5.7 GHz the peak gain of the microstrip antenna was 0.907 dB. 

This indicates that the antenna is able to direct input power into 

radiations in a given direction more than other directions. The 

microstrip antenna is able to transmit or receive a signal efficiently 

in the direction of low gain [14]. 

 
Figure 6. Measured and simulated far-field pattern for E and 

H plane at 5.7 GHz. 

 

 
Figure 7. 3D Radiation Pattern of Rectangular Patch  

Microstrip Antenna. 

 

Conclusion 

This paper presents a design of an optimized rectangular dual 

band microstrip antenna. The antenna resonates at 3.3 GHz and 5.7 

GHz which is suitable for WIMAX and ISM (Industrial, Scientific 

and Medical) applications. The antenna can be used for 

connectorized AP radios. The antenna performance was optimized 

by using slot on the patch. The antenna bandwidth also increased. 
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