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Abstract 

In this paper, we have presented a new design of a multi resonance patch antenna 

with multiple slits. Slits are located on the three sides of the designed antenna. It 

is simulated in a planar 3D electromagnetic simulation program, called Sonnet 

Software, designed on the Aluminum (96%) substrate and operates at three 

frequencies with reflection coefficient (S11) values lower than -10 dB. Values for 

the operating frequencies are 4.14, 5.52, 9.24 GHz. Electric field theta polarized 

gains for these three frequencies are; 8.09, 8.35, and 8.39 dBs respectively. Cross 

polarization levels are well below -10 dB. A parametric study was conducted by 

changing the gap size and the dielectric thickness. As a result of the parametric 

study, it is seen that fabrication tolerances of the antenna are good enough. 
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1. Introduction 

Rapid growth in mobile communication systems requires use of low profile, light weight, simple design and 

low-cost antennas in order to get efficient results. Those systems that transmit antennas in their free space can 

tie-up mobility, accessibility and can have sufficient range without amplification. Microstrip antenna was not 

developed until 1970 when the revolution in electronic circuit miniaturization started [1]. Choosing the proper 

antenna is based upon the requirements of the application regarding frequency band, gain, cost, coverage, 

weight, etc.[2]. Microstrip patch antennas are being used for a long time due to satisfying those requirements. 

But, still, they have disadvantages such as narrow frequency band and low gain, which could be modified and 

increased with many proposed methods in the literature [3]. Low gain microstrip antenna is consisted of 

conducting patch and ground separated by dielectric substrate.   

There are many methods of designing the antenna regarding the requirements of the application. Many studies 

showed the wideband microstrip patch antennas for wireless communication [4] [5]. The authors of [6] used 

the concept of complementary antennas where the planar antenna is presented with U-shaped metal reflector 

in order to achieve unidirectional propagation. The antenna was low profile, high frequency band and high 

gain over the operational frequency range. In [7] wideband slot antenna was designed proposing the multiple 

metal back reflector. Interest in multi-band antenna is increasing to reduce the number of antennas used while 

combining multiple applications. In order to increase bandwidth multiple techniques are used, such as: using 

Frequency Selective Surface, using thicker profile for folded shorted patch antennas, use of slots, use of 

thicker substrate, E-shaped patch antenna, etc. [2].  

Constantly trying to increase bandwidth, the researchers came up to an idea of using multiple slits which 

enhanced bandwidth to the level that they could cover multiple bands in the same time, which made usage 

much cheaper. There are reporting that those antennas have much less radiation loss [8]. Researches also 

reported that combining a various slot types in single layer single patch antenna is the best way to increase 

bandwidth and get the moest efficient antenna propagation [9]. 

https://creativecommons.org/licenses/by/4.0/
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The most popular patch shape is rectangular which can be easily analyzed and modified in order to get desired 

results, but here we will propose different design which has been simulated and reflects the design of multi 

slot patch antenna which is going to ensure improving the multiband frequency operating range.   

2. Design methodology 

Multi slit patch antenna designs have been proposed in many literatures, and most used designs were offering 

E-, U- and V-shaped designs of mentioned antennas [10] [11] [12]. Through researching it is proved that E-

shaped antenna has much better response and increased bandwidth due to current flow in two different paths 

generating two resonant frequencies which are coupling each other and improving the bandwidth compared to 

rectangular patch antennas [13]. 

In our design we have increased the number of slits in three sides and is simulated in Simulink. The size of the 

antenna is 75×84 mm. The antenna is designed on an Aluminum (96%) dielectric substrate whose thickness 

and permittivity are 1.6 mm and 3.2, respectively.  

The design of the top view of the antenna and current dissipation through it can be seen in Fig. 1. The current 

dissipation is taken for 9.94 frequency, where we can see its best performance. 

3. Simulation results and parametric study 

In this section, simulation results of the antenna and related parametric study of the gap size and the dielectric 

thickness is introduced.  

The general results were simulated at frequencies between 4 GHz and 10 GHz, with input match shown in 

Fig. 2. In order to get better results, we set the cell size to 1, and since the box size is much bigger than cell's 

size the simulation took a bit more time.  

Fig. 3, 4 and 5 has the electric field theta polarized gain values of the antenna. Gain patterns have three 

directive angles because of the multiple slits located in three sides of the patch antenna. Note that, cross 

polarized (phi) values are below -10 dB in all three graphs. 

 

 
Figure 1. Top view of the antenna with current dissipation shown 
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The multi resonance effect was achieved by playing with some of the parameters and changing them 

accordingly. In the Fig. 2, S11 is plotted against frequency, so there we can see the multi resonance effect.  

 

In the best case we could get three points where the frequencies are intersected with the values of S11 which 

are lower than -10 dB.  

 

 
Figure 2. S11 graph 

 

In the first table we have shown the results with the values that have been simulated for the showed S11 

graph. Results show the value of the gain at the particular frequencies.  

 

Table 1. Values of the gain 

Frequency 

(GHz) 

Gain 

(dB) 

Theta 

(degrees) 

Ephi 

(dB) 

4.14 8.096 0 -7.97 

5.52 8.358 -5 -13.81 

9.24 8.396 55 -11.34 

 

In the figures below, the plot of the gain and theta are shown in correspondence with their frequencies. The 

values are shown in Table 1.  
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Figure 3. Gain value at 4.14 GHz 

 

 
Figure 4. Gain value at 5.52 GHz 

 

 
Figure 5. Gain value at 9.24 GHz 
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Changing the parameters, the number of resonance frequencies variated. The gain values decreased and values 

of the frequencies changed.  

Firstly, we changed the size of the gap on the right handisede of the antenna, and got the results below:  

 

Table 2. Gap Size = 16 

Frequency Gain Theta 

5.5 8.96 -5 

 

Table 3. Gap Size = 8 

Frequency Gain Theta 

5.44 10.65 0 

 

Table 4. Gap Size = 2 

Frequency Gain Theta 

5.5 8.87 0 

9.16 9.45 50 

9.32 7.38 60 

 

From the results that we showed in the tables above, we can see that increasing the gap size decreases the 

number of resonance frequencies but increases the values of the gain.  

Next parameter that we were changing was thickness of the dielectric and got the results shown in tables 

below:  

Table 5. Thickness = 1.4 

Frequency Gain Theta 

4.14 8.87 -65 

5.54 9.45 -5 

9.24 7.38 55 

 

Table 6. Thickness = 1.8 

Frequency Gain Theta 

5.5 8.312 -5 

9.2 7.69 55 

 

Table 7. Thickness = 1 

Frequency Gain Theta 

5.58 8.545 0 

9.26 9.46 -45 

 

Changes in the thickness affected the gain values and number of resonance frequencies, but this case is 

different from the changing the gap size. Here we cannot say exactly how the changes in thickness affect 

frequencies and gain value.  

We also changed the permittivity and got results showed in table below:  
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Table 8. Erel = 2.8 

Frequency Gain Theta 

4.42 7.58 5 

5.88 8.26 -5 

9.82 8.605 50 

 

Table 9. Erel = 3.8 

Frequency Gain Theta 

5.1 8.70 -5 

8.5 6.819 -50 

 

Table 10. Erel = 4.4 

Frequency Gain Theta 

4.74 8.372 -5 

7.92 5.32 70 

 

As it was the case with changes in the thickness, we cannot say how frequency and gain values will change 

during the change of the permittivity.  

4. Conclusion  

In this paper, multi resonance patch antenna with multiple slits is designed and simulated and their operating 

frequencies are 4.41, 5.52. 9.24 GHz. The proposed antennas design consists of rectangular patch structure 

with multiple slits as a novel shape of the patch. The proposed antennas provide useful frequencies and good 

radiation characteristics. The simulation results of the gain for the proposed antenna are 8.096, 8.358 and 

8.396 dB at resonating frequencies 4.41, 5.52. 9.24 GHz, respectively. Next work is fabrication and 

measurement of the antenna in unechoing chamber. 
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