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Abstract 

In this paper a novel microstrip stacked patch antenna used for the Wireless LAN and 

Bluetooth applications is proposed. The proposed antenna is excited by using the edge feed 

and double layer dielectric substrate are used for enhancing the bandwidth and also for 

getting high gain of the antenna. The proposed antenna is simulated by using the HFSS 

software. The return loss up to 36.1db and gain 8.6db is obtained in the frequency range from 

2.32GHz-2.38GHz with center frequency of 2.35GHz. The VSWR<1dB at center frequency of 

2.35GHz is obtained. 
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1. Introduction 

Microstrip antenna is one of the most useful antennas for wireless communication 

networks such as wireless LAN and Bluetooth which are operating at microwave frequencies 

(f > 1 GHz) because of its inherent advantages like low profile, light weight and easy 

fabrication. Microstrip antenna consists of a metal “patch” on one side of a dielectric 

substrate and ground plane and on the other side. The patch may be in a variety of shapes 

such as square, rectangular, circular and elliptical, but rectangular and circular are the most 

commonly used shapes [1]. Feeding techniques such as microstrip line feed, Aperture coupled 

feed and Proximity coupled feed are commonly used to feed the microstrip antennas. Narrow 

band width and spurious radiations are the drawbacks of microstrip antennas. These 

drawbacks can be solved by use of thicker substrates and multilayer structure. Different 

methods has been proposed to improve bandwidth, compact with high gain hence high 

transmission efficiency for wireless communication networks such as wireless LAN and 

Bluetooth [2-10].    

A compact microstrip patch antenna in stacked configuration which reduces the patch area 

and at the same time enhances the gain and bandwidth with superstrate loading is proposed in 

[2]. A dual-polarized stacked microstrip antenna with two square patches is presented in [3]. 

In this configuration, one square patch of the microstrip antenna is fed diagonally by a 

microstrip line and another square patch with a superstrate is stacked above the corner-fed 

patch to increase the operating bandwidth. A planar antenna for wireless indoor network 
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applications with radiation pattern diversity is proposed in [4]. This antenna structure is based 

on two tangential annular slot antennas etched on one side of a dielectric substrate and excited 

by electromagnetic coupling to microstrip feeding lines. The two-layer electromagnetically 

coupled rectangular patch antenna is presented in [5]. Two-layer elliptical microstrip stacked 

antenna based on circuit theory with coaxial fed, electromagnetically coupled is proposed in 

[6]. A stacked microstrip antenna with two parasitic elements is investigated experimentally 

for increasing impedance bandwidth and enhancing the gain [8]. Compact Stacked-Patch 

Antennas in LTCC multilayer packaging modules for Wireless Applications [9] and a 

parasitically coupled broadband patch antenna for the broadband wireless LAN application 

systems [10] are presented.  

In this paper a double layer stacked rectangular microstrip patch antenna is proposed for 

wireless communication networks. The proposed antenna is excited by edge feed. Proposed 

antenna gives the good return loss of 36.1dB with improved bandwidth and high gain at 

resonant frequency of 2.35GHz.  

The paper is organized as follows. Section 2 describes the microstrip antenna; simulation 

results and analysis of proposed antenna are given in Section 3. 

 

2. Microstrip Antenna Design 

Microstrip patch antenna consists of very thin metallic strip (patch) which is placed on 

ground plane where the thickness of the metallic strip is restricted by t<< λ0 and the height is 

restricted by 0.0003λ0 ≤ h ≤ .05 λ0 [2, 5]. The microstrip patch is designed in such a way that 

its radiation pattern maximum is normal to the patch. For a rectangular patch, the length L of 

the element is usually λ0/3< L<λ0/2. There are numerous substrates that can be used for the 

design of microstrip antennas and their dielectric constants are usually in the range of 2.2≤ εr 

≤12. To fabricate the microstrip antennas, FR-4 (εr=4.9), Rogers TMM 4(εr=4.5), Taconic 

TLY-5 (εr=2.2), Alumina (96%) (εr=9.4), Teflon (PTFE) (εr=2.08), Arlon AD5 (εr=5.1) 

dielectric materials are used as the substrate. The Performance of the microstrip antenna 

depends on its dimension. Depending on the dimension the operating frequency, radiation 

efficiency, directivity, return loss and other related parameters are also influenced.  

Generally any microstrip patch antenna must have the considerations such as length, width, 

and efficiency. The length of the microstrip patch antenna is generally calculated by using the 

formula given in equation 1 [1].  

 

The width of the microstrip patch antenna is given by the equation 2 [1].  

                                                                    (2) 
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The efficiency microstrip patch antenna is obtained by using equation 3 [1]. 

                                                       (3) 

Where, λ is the wave length, fr (in Hz) is the resonant frequency; L and W are the length 

and width of the patch element, in cm, respectively and  is the relative dielectric constant.  

The proposed structure of the antenna is shown in Figure 1. The antenna is simulated on 

two FR-4 substrates with a dielectric constant of 4.4 and a loss tangent of 0.02. The thickness 

of the substrate is 0.7 cm. The size of the antenna is 4.94x4.19 cm
2 

 

 

Figure 1. Proposed microstrip patch antenna design 
 

The patch can be fed with edge feeding to the patch of the antenna directly. The 

dimensions of stacked patch shown in Figure 1 are L=4.94cm, W=4.19cm which are designed 

at operating frequency 2.4 GHz. 

 

3. Results and Analysis 

The proposed antenna is simulated using HFSS software. The analysis on results obtained 

for different parameters of proposed antenna is as follows: 

 

3.1. Return loss 

 Return loss is a measure of the effectiveness of power delivery from a transmission line to 

a load such as an antenna.  It is a logarithmic ratio measured in dB that compares the reflected 

power by the antenna to the power fed into the antenna from the transmission line. Return 

loss commonly expressed as a negative number.  The smaller the return loss, the lesser energy 

is reflected. The proposed antenna is simulated using HFSS software. Return loss curve of 

proposed antenna is shown in Figure 2. The return loss of 36.1dB is obtained at center 

frequency of 2.35GHz which is used for wireless LAN, Bluetooth applications.  
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Figure 2. Return loss curve of proposed antenna 
 

3.2. Gain 

Antenna gain is the ratio of radiation intensity of a practical antenna in a given direction to 

the radiation intensity that would be produced by an isotropic antenna. It describes the 

amount of power transmitted (radiated) in the given direction to that of an isotropic antenna. 

In this design the gain up to 8.6db is obtained. That means proposed antenna radiates more 

amount of power in desired direction. For any micro strip patch antenna 6db above gain is 

acceptable. The 2D and 3D gain plots of proposed antenna are shown in below Figure 3 and 

Figure 4. 

 

Figure 3. The 2D gain plot of proposed antenna 
 

http://www.wikipedia.org/wiki/Antenna_(radio)
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Figure 4. The 3D gain plot of proposed antenna 
 

3.3. VSWR 

The VSWR is a measure of the impedance mismatch between the antenna and the 

transmission line connected to it. The higher the VSWR, the greater is the mismatch and 

hence more power is reflected back to the source. The VSWR of unity means that no power is 

being reflected back to the source. A VSWR of 2dB is considered excellent in most practical 

applications. The VSWR for the proposed antenna is less than the 1dB. The Figure 5 shows 

the VSWR curve of proposed antenna.  

 

 

Figure 5. VSWR curve of proposed antenna 
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3.4. Radiation pattern 

Radiation pattern is a graphical representation of the antenna radiation properties as a 

function of spherical coordinates in desired direction. The proposed antenna is simulated for 

obtaining three different types of radiation patterns such as gain at total, gain at theta and gain 

at pi. The Figure 6, 7, and 8 shows the radiation pattern for gain at total, gain at pi, and gain at 

theta respectively.  

 

 

Figure 6. Gain at total 

 

 

Figure 7. Gain at pi 
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Figure 8. Gain at theta 
 

3.5. E-field pattern  

An electric field can be visualized by drawing field lines, which indicate both magnitude 

and direction of the field. Field lines start on positive charge and end on negative charge. The 

direction of the field line at a point is the direction of the field at that point. The relative 

magnitude of the electric field is proportional to the density of the field lines. The E-field 

pattern of proposed antenna is shown in Figure 9. 

 

 

Figure 9. E-field pattern of proposed antenna 
 

3.6. H-field Pattern:   

In the case of the same linearly polarized antenna, this is the plane containing the magnetic 

field vector and the direction of maximum radiation. The magnetic field or "H" plane lies at a 

right angle to the "E" plane. For a vertically-polarized antenna, the H-plane usually coincides 
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with the horizontal/azimuth plane. For a horizontally-polarized antenna, the H-plane usually 

coincides with the vertical/elevation plane. The H-field pattern of proposed antenna is shown 

in Figure 10. 

 

 

Figure 10. H-field pattern of proposed antenna 
 

4. Conclusion 

In this paper a novel double layer microstrip stacked patch antenna with edge feed is 

proposed and investigated. The simulation results for return loss, gain, input impedance, 

radiation pattern and VSWR, axial ratio is presented. Better results can be obtained by 

increasing the number of substrates between the radiating elements. Proposed antenna is more 

suitable for wireless LAN and Bluetooth applications.  
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