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 ABSTRACT 

Modern world many types of Antenna’s are used to cover the application from commercial to military. 
The proposed design and implementation of Compact Microstrip with an arrays for producing high gain 
enhancement. The recommended design is having four elements of patch antenna in rectangular shape 
which associated with compact array pattern. The design of 2x1 and 2x2 Rectangular Patch array antenna 
was designed and implemented  from the designed of Single Rectangular Microstrip Antenna as the 
common developing element. The antenna using FR-4 Epoxy as a substrate and the thickness should be 
multiple of 1.6mm. The simulated antennas resonated exactly at 5.8GHZ frequency with reflection 
coefficient below -10dB which explain the compact patch antenna will compared between both 2x1 and 
2x2 designs in terms of axial ratio, reflection coefficient gain. This paper show the designed compact 
microstrip rectangular array antenna has an improved gain performance over the single patch antenna. 

1. INTRODUCTION   
In wireless system, An antenna are used to transmitting the electromagnetic waves and receiving it. 
Antennas are in different shapes and sizes like straight wire (Dipole), Loop and Helix[1]. There are so 
many types of Antenna, microstrip patch antenna is also one of the type. 

In microstrip patch antenna, there is small metallic patch, ground layer large metallic, dielectric[2]. The 
small metallic patch placed in top of the large metallic ground layer[3]. It widely used in military 
applications because it is small in size, weightless, inexpensive[4]. It doesn’t need any large space. It is 
constructed easily[5]. 

There are three layers in Microstrip patch antenna: Substrate layer, metallic patch and metallic ground[6]. 
The patch are come in different shapes like rectangular, circular, square, triangular, elliptical, etc.,[7] In 
microstrip patch antenna, the patches are mostly common in rectangular and square shapes because 
simple design[8]. 

In this paper, the microstrip patch antenna uses FR-4 Epoxy material as a substrate because it is low in 
price, flame and water resistant, excellent mechanical properties[9]. This FR-4  substrate used in antenna 
for it gives mechanical strength to the microstrip patch antenna[10]. 
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2.PROPOSED DESIGN PARAMETERS FOR     PATCH ANTENNA 
The most important three parameters for constructing a microstrip patch antenna are: 

• Frequency of operation (f0) : The antenna has been designed between the range of 2-4GHZ is the 
default resonant frequency exclusive for this research arrangement. 

• Dielectric constant of the substrate: dielectric constant is one of the most important parameters in 
the microstrip antenna and substrate is used that is FR-4 substrate, but it only supports the 2-
4GHZ range. 

• FR-4 PCB is also not capable of handling high power at microwave frequencies. its permittivity is 
4.3 

• Height of the dielectric substrate (h): Antennas used in phones are expected to be light in weight 
and small in size, which restricts their height. 
 

 

The rectangular patch array element is designed for 5 GHz WLAN frequency band. The method of 
analysis used to analyze the patch elements and the entire array is the transmission line model due to its 
simplicity. 

The design equations of the rectangular patch are given below. The width of the patch (w) is computed 
by, 
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 Where the speed of light, resonant frequency and dielectric constant of the substrate, respectively. 
Considering the fringing effect, the effective dielectric constant and the actual length of the patch (L) are 
computed by , 

 

 

In the 2x1 array design, firstly the feeding network is designed and optimized. The designed feeding 
network is used to feed the patches. Here matching of individual patches to 100 Ω is done, since the T-
junction (Z1 = Z2 + Z3 = 2 ∗ Z2 = 2 ∗ Z3 ,where Z1 is the stem of the junction) is employed so that the 
entire array can be easily matched to 50 Ω . The designed 2x1 array is optimized to meet the 
specifications. 

 

The 2x1 array design concept is extended to design 4x1 array. In this design, the feed network of 2x1 
patch antenna array is first appended by the quarter wavelength section to convert 50 Ω of the 2x1 array 
input strip line to 100 Ω and dimensions are optimized. 

Gain increases with the decrease in the side lobe level of the patch antenna, the decrease in side lobe level 
is achieved by using the two techniques as explained here. The circular slots in the middle of the patches 
on the ground plane are inserted and the effect of the radius on the gain and resonant frequency is 
analyzed. The variation of gain and resonant frequency with the radius of slots is shown in Fig. 1. From 
Fig. 1, it is observed that the gain and resonant frequency increase upon increasing the radius of the slot. 
Considering the resonant frequency for 5.15 GHz, the maximum possible radius for maximum gain is 2 
mm. 
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Figure 1: Variation of gain and resonant frequency with radius of slot. 

Spacers used in simulation are the FR-4 spacers. The effect of the spacers length on the gain and resonant 
frequency is analyzed. The variation of the gain and resonant frequency with spacers length is shown in 
Fig. 2. 

It can be observed that the resonant frequency is independent from spacers length and the optimum value 
of spacers length for maximum gain is 7.98 mm 

 

Figure 2: Variation of gain and resonant frequency with spacers length (radius of slot =2 mm) 

For the optimum value of the spacers length, the effect of the radius of the slots upon the reflection 
coefficient is studied and shown in Fig. 3. It can be observed that the resonant frequency decreases upon 
increasing the radius of slots. The resonant frequency of the array is 5.3 GHz, 5.25 GHz, 5.2 GHz, 5.13 
GHz and 5.06 GHz for the slot radius 1 mm, 1.5 mm, 2 mm, 2.5 mm and 3 mm, respectively. 
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Figure 3: Reflection coefficient of the array for various radius of slots. 

The effect of slot radius upon gain at various frequencies are investigated and presented in Fig. 6. From 
Fig. 6, it is observed that the gain increases with increase in radius of slot significantly for lower 
frequencies, however there is small decrease in the gain for some part of higher frequency range. So, 
considering the resonant frequency shifting and gain variation with radius of slots the optimum value for 
radius of slot for the specified frequency range is 2 mm. However, the gain of the array can be increased 
further for lower frequency design. 

 

 

Figure 4: Variation of gain and resonant frequency with spacers length. 

 

PARAMETER VALUE UNIT 
Resonant frequency 2.946 GHz 

Substrate width 61.38 mm 
Substrate length 47.36 mm 

Patch width 30.69 mm 
Patch length 23.68 mm 
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Length of the inset 7.53 mm 
Length of the microstrip transmission line 12.056 mm 

Dielectric constant of substrate 4.3 mm 
The height of the dielectric substrate 1.6 mm 

The height of the conductor 0.035 mm 
The width of the microstrip line 3.137 mm 

The gap between the patch and the inset fed 0.512 mm 
 

The dimensions of the patch antenna used in this work are shown in the TABLE 1. 

3.PATCH ANTENNA DESIGN 
The proposed circular microstrip patch antenna is designed using CST studio suite 2015 software. Once 
the design is completed, the antenna can be simulated in the software to estimate its real performance. For 
the patch antenna design, it is assumed that the dielectric constant of the FR-4 substrate, the resonant 
frequency, and the height of the FR-4 substrate are known. It is used for calculating design parameters of 
compact microstrip patch array antenna as follows: 

Radius of the rectangular patch is given by: 

 

A microstrip feed line with dimensions 6mmx2mm is used with the circular patch to achieve the 
impedance matching  50ohm between the rectangular patch antenna and the transmission line. The 
detailed dimensions of the proposed antenna are shown in TABLE 2: 

Parameter Length (mm) Width (mm) Height (mm) Material 

Ground 30 30 0.035 Copper 
Substrate 30 30 1.4 FR-4 

Microstrip line feed 6 2 0.035 Copper 

4.RESULT SIMULATION AND DISCUSSION 
The proposed rectangular microstrip patch antenna is designed and simulated using CST simulation 
software. An optimization between size   reduction and performance enhancement is maintained in this 
work until satisfactory results were obtained. 
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Better results can be achieved using  FR-4 materials. As FR-4 substrate is  widely used for frequencies 
<1GHZ. Reason behind this is the permittivity of the substrate is almost constant for these frequencies. 

FR-4 material is available in different thickness values than other  ones which gives more design 
flexibility. 

As frequency is increased, the permittivity of FR-4 varies and loss in the substrate increases. But, if 
system is not very sensitive to losses and efficiency is not major factor then FR-4 is used till almost 
3GHZ. 

Figure 1 shows the polar plot of the 2x1 antenna and it shows 3D plot of the radiation pattern of that 2x1 
antenna. 

 

Figure 2 shows the polar plot of the 1x2 antenna. It shows 3D plot of the radiation pattern of 1x2 antenna. 

 

The result in Figure 3 shows the polar plot of the 2x1 antenna and depicted the 3D plot of the radiation 
pattern of the 2x1 antenna. 

 

Figure shows the polar plot of the 2x2 antenna and it shows the 3D plot of the radiation pattern of the 2x2 
antenna 
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TABLE 3: REFLECTION COEFFICIENT ANALYSIS RESULTS 

Element Gain (dB) Band width (%) Radiated efficiency (%) Total efficiency (%) 

1x1 3.8 2.75 65 49 

1x2 5.9 2.77 63 48 

1x4 8.5 2.55 51 47 

2x2 7.2 1.89 58 58 

 

5.CONCLUSIONS 
A microstrip patch array antenna of a rectangular shaped radiating element was successfully designed and 
simulated using CST-STUDIO SUIT software and FR4 substrate. We have proposed a compact 
microstrip patch antenna for WLAN applications which covers the band 5.15 to 5.825GHZ. 

The simulated and measured results are presented.  The comparison between measured and simulated 
results show good agreement with little deviation. In future work, we will focus on the fabrication and 
testing of the proposed antenna and performance comparison of the simulated and fabricated antenna. The 
performance of this antenna can be further improved by cutting modified slots on the patch and ground 
plane, using FR-4 substrate material. 

During the simulation we observed that, the array antenna work in the 2.4GHZ ISM band by having a 
resonant frequency of 2.4GHz and has a fraction bandwidth of 4.12%. Based on the results obtained, it 
was also observed that the gain and directivity increase with the increase in spacing of the antenna.  
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