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Abstract. In this paper a compact multilayer stacked patch antenna with high gain 
is proposed. The structure is composed of stacked patches with U slots and 
shorting pins. The proposed antenna is capable for resonating at the center 
frequency of 2.25 GHz. The performance of the antenna is characterized by the 
simulated result of bandwidth, gain and reflection coefficient. The antenna has 
reflection coefficient of less than -10 dB with a maximum gain of 7.07 dBi. The 
proposed antenna has bandwidth of nearly 400MHz and has less size with an 
overall height of 10.3 mm.The designed frequency range occupies S band which is 
used for various applications like weather radar, surface ship radar, Bluetooth and 
ZigBee. 
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1. Introduction 

Modern wireless communication systems such as cognitive radios, MIMO and 5G 

applications requires high bandwidth operating devices in order to provide service to 

the users. Broadband antenna serves this purpose and can be used in many wireless 

communication devices. Recently, several investigations have been focused on the 

design of compact wide band high gain microstrippatch antenna. Though patch antenna 

is light weighted and easily fabricated using photolithographic technique, narrow 

bandwidth is the major disadvantage in practical applications. Further trade off exists 

between gain and bandwidth of the patch antenna. Several gain and bandwidth 

enhancement or broad banding techniques has been reported in the literature, such as 

multilayer patches [1], coplanar directly gap-coupled patches [2], proximity coupling 

[3], defected ground structures [4], loading of shorting pins in the radiating patch[5] 

and EBG structures [6,7].  

This paper focus on the design, implementation and parametric analysis of 

high gain multi layer stacked patch antenna with two U slots and shorting pins. Section 

2 describes the design procedure of stacked patch antenna. The implementation of the 

proposed antenna is described in section 3. The performance of the proposed structure 

is described by analyzing various parameters such as gain, directivity, bandwidth, far 

field pattern etc. in section 4. 
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2. Design Procedure 

The proposed antenna is designed at an operating frequency of 2.25 GHz using Rogers 

RT5880 substrate with dielectric constant 2.2. The mathematical design procedure of 

the proposed structure is described in this section. 

 

Step 1: Calculation of width (W) of the patch 
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Step 2: Calculation of effective dielectric constant. 
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Step 3: Calculation of effective length  
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Step 4: Calculation of length extension  
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Step 5: Calculation of actual length of the patch  
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Step 6: Calculation of the ground length and width  
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Step 7: Calculation of wavelength 
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Step 8: Calculation of slot length  

 

Total length of the slot = mm3
2



 

The dimensions of the proposed structure are optimized for 50 Ω impedance 

and are summarized in Table 1. 
 

Table 1.  Dimensions of the proposed structure 

 

Parameters W ����� ���� Δ� � �� �� 	 

Values in mm 49 2.1 43 0.82 41.35 50.77 58.42 86 

 

3. Implementation 

A high gain multilayer stacked patch antenna is implemented to achieve high 

bandwidth. Though an antenna array can be implemented to provide high gain, a 

stacked patch is preferred to achieve compactness. In the proposed structure, there are 

two layers separated by the air gap. The bottom layer consists of ground layer, lower 

substrate and lower patch. The ground and lower patch is made up of copper(annealed) 

material which acts as the radiating metallic plates. The top layer is made up of upper 

substrate and upper patch. The upper patch by default is made up of copper(annealed) 

material. Both upper and lower substrate is employed using Rogers RT5880.  

The lower patch is slotted to widen the bandwidth. The U slot is employed as 

it shows better performance. Two U slots are connected together at the lower edge to 

increase the current distribution. The bandwidth and efficiency are further enhanced by 

using shorting pins at high current density areas. Three shorting pins with same 

dimensions are employed at three different locations. By incorporating the parasitic 

patch, mutual coupling is resulted which is eliminated by increasing the distance 

between the patches. As the air gap increases there is an increase in the value of gain 

while the value of bandwidth and return loss decreases. Thus, an optimal value of the 

gap is employed to produce the desired results. The coaxial feeding method is 

employed at the lower patch. The lower patch is fed so that broadband response is 

obtained while feeding the upper patch provides multiband response. The upper patch 

is excited by the mutual coupling between both the upper patch and the lower patch. 

The asymmetric type of feed is employed so as to produce better polarization. (Figure. 

1) shows the schematic view of top layer, bottom layer and overall structure of the 

proposed antenna. 
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(a)                                                    (b) 

 

 
                     (c)     

  
Figure 1. Schematic view of the proposed antenna (a) Overall structure (b) Top layer 

c) bottom layer 

 

4.  Parametric analysis of the proposed antenna 

4.1 S-Parameter 

 

The simulated S parameter plot in Fig. 2 shows that the antenna has operating 

frequency ranging from 2.06 GHz to 2.47 GHz with a bandwidth of nearly 400MHz 

which make it suitable for wideband applications.The reflection coefficient is less than 

-10 dB in the entire pass band. 

 

 

 
 

Figure 2. Reflection coefficient vs. frequency 
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4.2 Realized Gain  

 

The simulated realized gain vs. frequency plot in Fig.3 shows that the antenna has a 

maximum gain of 7.07 dBi at the frequency of 2.25 GHz and has the average gain of 

5.27 dBi over the entire bandwidth. 

 

4.3 Farfield Pattern 

 

(Figure 4) shows the farfield pattern with realized gain output of the proposed antenna. 

The antenna has maximum realized gain of 7.07dBi.The maximum directivity achieved 

by the proposed antenna is 7.51dBi. 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  Realized gain vs frequency 

 

 
 

Figure 4. Far field pattern 

 

 

At the frequency of 2.25GHz, the main lobe magnitude is  4.13dBW/m2 with 

the angular 3dB width of 83.6°. It has been observed that the proposed antenna has 

high gain of 7.07 dBi at 2.25 GHz with bandwidth of nearly 400MHz.  

 

4.4 E-Field Pattern and H field pattern 

 

The E-field pattern of the proposed antenna. At the frequency of 2.25GHz, the main 

lobe magnitude is 21.6 dBV/m2 with the angular 3dB width of 82.5°. Fig.5b shows the 

H-field pattern of the proposed antenna. At the frequency of 2.25GHz, the main lobe 

magnitude is -29.9 dBV/m2 with angular 3dB width of 82.5°.  

The proposed multilayer antenna is compared with other designs in Table 2. It is shown 

in the table that the proposed compact antenna provides high gain and high bandwidth. 
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Table 2. Comparison of the proposed structure with other designs 

 

 
 

5.  Conclusion 

 

A high gain multilayer stacked patch antenna with combined double U slots and 

shorting pins has been implemented for wide band applications. The antenna has 

reflection coefficient of less than -10 dB in the entire pass band. The impedance 

bandwidth of 400MHzand directivity of 7.51 dBiis achieved through the stacked patch. 

The incorporation of shorting pins away from the coaxial feed has contributed to wide 

bandwidth and increase in gain up to 7.07 dBi. Hence the proposed compact antenna 

can be used in S band applications such as Bluetooth, Zigbee etc.  
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