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 This paper designed circular ring microstrip patch antenna using aperture 
coupling feeding techniques with rectangular slots on the patch for LTE.  
The use of aperture coupling feeding techniques were expected to optimize 

antenna parameters performance. The addition of rectangular slots on the 
patch produced multi resonant frequencies than the original characteristics. 

The simulated optimized design generated 1.8 GHz, 2.1 GHz, and 2.72 GHz 
with Return Loss value -22.3683 dB, -18.8133 dB, -24.3451 dB and VSWR 
value 1.1648, 1.259, 1.1291. Meanwhile, the measurement results of 
fabricated antenna showed the frequency produced by the antenna was 1.8 
GHz with value of Return Loss and VSWR -18.257 dB and 1.278 in a 
reference value of VSWR < 2 and Return Loss < -10 dB. 

Keywords: 

Aperture coupling 

Circular ring 

LTE 
Microstrip patch antenna 

Rectangular slot Copyright © 2019 Institute of Advanced Engineering and Science.  

All rights reserved. 

Corresponding Author: 

Abil Fathir Majid, 
Universitas Gunadarma,  

Margonda Raya 100, Depok 16424, Indonesia. 

Email: abilfm@student.gunadarma.ac.id 

 

 

1. INTRODUCTION  
Microstrip antenna is one type of antenna whose development began in the 1970s and is still a kind 

of antenna that is being developed. Microstrip antenna technology for wireless applications is currently 

growing rapidly. This is because the microstrip has the characteristics of low profile, lightweight and easy to 

integrate with other devices [1-2]. The reason in the selection of this microstrip antenna in various 

applications is the material that is simple and inexpensive but capable of delivering quite good performance 

even for standard wireless communication network nowadays. 

LTE is a standard wireless communication network based on GSM/EDGE and UMTS/HSDPA for 

high speed data access using mobile phones or other mobile devices. The development of LTE technology in 

Indonesia is expected to improve the technology that already exists. The application of LTE technology in 
Indonesia uses a frequency band of 800 MHz, 900 MHz, 1800 MHz, 2100 MHz and 2300 MHz [3]. With the 

characteristics of microstrip antenna that are small, light and easy to fabricate, it is suitable to support LTE 

technology [4-6]. To support LTE performance, many techniques can improve the quality of its antenna 

performance, one of which is using aperture coupling technique [7, 8]. However, microstrip antenna has a 

narrow bandwidth characteristic [7]. In order to enhance bandwidth of the antenna and helping microstrip 

antenna resonates multiple frequency bands, one of the method is to provide slots on the patch of microstrip 

antenna [9-11]. 

Antenna designed in this paper will combine the above research and latest author’s research [12] to 

develop the previous microstrip antenna design in the form of circular ring microstrip patch antenna with the 

addition of rectangular slots on its patch using aperture coupling technique, so the LTE operating frequency 

criteria that has been established by Regulation No. 27 by Ministry of Communication and Informatics of 
Indonesia in 2015 [3] can be fulfilled. Ansoft HFSS Ver. 15.0.2 is used to design the microstrip antenna. 
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Through the software design guidelines, it will be obtained an antenna that is ready to fabricate to then 

measure the antenna parameters. 

 

 

2. RESEARCH METHOD 
To simplify the process of designing the antenna, should be determined the systematic measures in 

the form of a flowchart described in Figure 1. The patch that is used in this paper is circular ring showed in 

Figure 2 which is a development of circular patch that is known to be good for enhancing the bandwidth [13] 
and multi-resonating frequencies application [14], where the radius dimension of radiating element can be 

calculated by the [15]. 

 

 

 
 

Figure 1. Flowchart of antenna design 
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Figure 2. Geometric shape of circular ring radiating element 

 

 𝑓𝑟 = 𝑐𝜋𝑟2√1+ 𝜀𝑟2𝜀𝑟  

 

fr = resonant frequency (Hz) 

r2 = outer radius (m) 

c = speed of light (3x108 m/s) 

ɛr = dielectric constant (F/m) 

The minimum dimensions required by the ground plane of microstrip antenna can be searched  

by the [2]: 

 𝐿𝑔 = 6ℎ + 2𝑟2  𝑊𝑔 = 6ℎ + 𝜋2 𝑟2  

 

Lg = minimum length of ground plane (m). 

Wg = minimum width of ground plane (m). 

r2 = outer radius of circular ring patch (m). 

h = substrate thickness (m). 

To bring an enhancement for the antenna, there will be using one of the popular method in 

modifying the coupling level of antenna by applying aperture coupled feeding technique. The aperture can be 

configured in variety of shapes with general configuration that is found as shown in Figure 3. 

 
 

 
 

Figure 3. Geometric shape of aperture coupled circular ring microstrip patch antenna 
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The critical concern of parameters in aperture coupled feeding technique is the size of its aperture. 

When referring to the configuration of aperture couple microstrip patch in Figure 3, the influence of width 

and length of aperture is not the same. The major advantages of aperture coupling feed technique is that it 

allows an independent optimization for both radiating patch and feed line of microstrip antenna [16, 17].  

The bandwidth of linearly polarized antenna is widened by selection of substrates and combination of two 

resonances. One resonance is due to the patch and the other resonance results from the slot and its 

combination with the patch. Therefore, in order to obtain other resonance results, in this paper, we are going 

to design aperture couple microstrip patch antenna with best configuration of width and length of its aperture. 
a) Position of The Coupling Aperture 

For maximum coupling, the slot is placed below the patch center. Where the magnetic field is 

maximum. The feed line is positioned at right angle to the center of the slot [18]. 

b) Aperture Length 

The aperture length affects the coupling level and the back radiation level. Based on the results in 

[18], the slot length should be chosen to be about. 

 𝐿𝑎~(0.1 − 0.2)𝜆0 
 

c) Aperture Width 

It is chosen as tenth of the aperture length [18]. 
 𝑊𝑎 = 0.1𝐿𝑎 
 

d) Effective Stub Length 

The stub length LS is adjusted until the input impedance at the design frequency becomes purely  

real [18]. 

 𝑍𝑖𝑛 = 𝑅𝑖𝑛 + 𝑗𝑋𝑖𝑛 = 𝑅 + 𝑗𝑋 − 𝑗𝑍0 cot (2𝜋𝐿𝑆𝑒𝑓𝑓𝜆𝑓 ) 

 

Where R is the real part, and X is the imaginary part of the input impedance without stub. 

The effective stub length can be defined by Zin for Xin = 0 [18]. 

 𝐿𝑆𝑒𝑓𝑓 = 𝜆02𝜋√𝜀𝑟𝑒𝑓𝑓(𝑓) tan−1 ( 𝑋𝑍0) 
 

e) Stub Length 

The stub length is given by [18]. 

 𝐿𝑆 = 𝐿𝑆𝑒𝑓𝑓 − ∆𝐿𝑆 

 

Where the fringing stub length can be calculated by the following expressions [18]. 

 ∆𝐿𝑆 = ℎ𝑓 𝑔1 𝑔2 𝑔3 𝑔5𝑔4  

 

𝑔1 = 0.434907 [𝜀𝑟𝑒𝑓𝑓(𝑓)]0.81 + 0.26[𝜀𝑟𝑒𝑓𝑓(𝑓)]0.81 − 0.189( 
 (𝑊𝑓ℎ𝑓 )0.8544 + 0.236(𝑊𝑓ℎ𝑓 )0.8544 − 0.87 ) 

 
 

 

𝑔2 = 1 + (𝑊𝑓ℎ𝑓 )0.3712.358𝜀𝑟𝑓 + 1 
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𝑔3 = 1 + 0.5274 tan−1 [0.084 (
𝑊𝑓ℎ𝑓 )1.9413𝑔2 ]

[𝜀𝑟𝑒𝑓𝑓(𝑓)]0.9236  

 𝑔4 = 1 + 0.0377 tan−1 [0.0670.084(𝑊𝑓ℎ𝑓 )1.456] {6 − 5𝑒[0.036(1−𝜀𝑟𝑓)]} 
 𝑔5 = 1 − 0.218 𝑒[−7.5(𝑊𝑓ℎ𝑓 )] 
 

Meanwhile, the development of slot that is used on the planar antenna with rectangular slots to have 

this following form as shown in Figure 4. 

 

 

 
 

Figure 4. Geometric shape of rectangular slots on patch 

 

 

The critical concern of parameters in adding slots on the patch is a resonant frequency. When 

referring to the configuration of rectangular slots above, the influence of width and length of the slot is not 

the same. With rectangular slot configuration in Figure 4, the slot length settings can produce an effect of the 

change in resonant frequency is not uniform. While, at the same time, setting width of the slot is able to take 
effect of frequency shifting that is no less powerful than the existing length adjustment slot. The effects that 

are not uniform will have impact on antenna performance due to frequency generated at each setting width 

and length of the slot is not the same. Therefore, in order to obtain an antenna design with multi resonant 

frequency, this paper are designing rectangular slots on the patch with best configuration of width and length 

that can produce another desired working frequency [19, 20]. 

 

 

3. RESULTS AND DISCUSSION 
After going through several design optimization, each parameters that is used in last optimization is 

re-used in Ansoft HFSS simulator antenna for final simulation. Layout of the patch and aperture were still in 

the middle of substrate and lower middle of the ground plane. Dimension of substrate was equal to 130x130 
mm with the change in size and dimensions of the aperture. To be clear, the design of desired antenna design 

can be seen in Figure 5. 

The size specifications of designed antenna can be seen in Table 1. The form of antenna that has 

been fabricated can be seen in Figure 6. 
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Figure 5. Design rectangular slotted circular ring microstrip patch antenna using aperture coupled antenna 

 

 

Table 1. Final Design Specification of Rectangular Slotted Circular Ring Microstrip  

Patch Antenna using Aperture Coupled Antenna 
Parameters Size (mm) 

Length of Substrate 130 

Width of Substrate 130 

Feed Line Width (W) 2.9921 

Feed Line Length (l) 27.5484 

Inner Radius (r1) 26.0848 

Outer Radius (r2) 52.1696 

Length of Ground Plane (Lg) 130 

Width of Ground Plane (Wg) 130 

Length of Aperture (la) 27 

Width of Aperture (wa) 2.7 

Length of Stub (lst) 5.8595 

Length of Slot 1 (ls1) 60 

Width of Slot 1 (ws1) 7 

Length of Slot 2 (ls2) 60 

Width of Slot 2 (ws2) 7 

Length of Slot 3 (ls3) 2 

Width of Slot 3 (ws3) 27.8 

 

 

 
 

Figure 6. Form of fabricated antenna 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Aperture coupling rectangular slotted circular ring microstrip patch antenna (Abil Fathir Majid) 

1425 

3.1.   Discussion of Single Port Antenna Parameters 
After going through various stages of design, single port parameters that are considered of 

preliminary measurements have met the criteria. If the value of measurement results compared with 

simulation results, it can be said that measurement result is worth slightly lower than the results of 

simulation. For more details of Return Loss comparison and VSWR result can be seen in Figure 7 and  

Table 2. 

 

 

 
 

Figure 7. Comparisons of return loss and VSWR (top: simulation results, bottom: measurement results, left 

side: return loss results, right side: VSWR results) 

 

 

Table 2. Comparisons of Return Loss and VSWR  
Resonant 

Frequency 

Return Loss VSWR Bandwidth 

Simulation Measurement Simulation Measurement Simulation Measurement 

1.8 GHz -22.368 dB -18.257 dB 1.1648 1.278 40 MHz 20 MHz 

2.1 GHz -18.813 dB -1.319 dB 1.259 13.196 30 MHz – 

 

 

Keep in mind that the value of good Return Loss as if its value is < -10 dB or VSWR value < 2. So 

the lower the number, the better the performance of an antenna. Based on the Table 4.6, the resonant 

frequency of 1.8 GHz generated a good amount of Return Loss value of -18.257 dB and VSWR value of 

1.278 even there is a slight decrease from simulation results. Different results showed by working frequency 

of 2.1 GHz, the antenna generated the frequency worse than the simulation even value of Return Loss and 

VSWR are not qualified for the specifications. Value from the measurement is lower or even worse from the 

simulation probably because of common errors occured when the measurement is being done. 

Viewed from any parameters, the value of Return Loss and VSWR that has been resulted from the 

antenna that have been measured, there are only significant problems for measurement results of working 
frequency 2.1 GHz that are not in accordance with results that have been previously simulated. For resulting 

bandwidth, the antenna generate very narrow bandwidth both in the measurements results as well as 

simulation results for working frequency of 1.8 GHz. Nevertheless, the overall result is satisfying for 

working frequency of 1.8 GHz and met the desired specification. 

 

3.2.   Discussion of Radiation Pattern Antenna Parameters  
Based on the plot of the H-co radiation pattern in Figure 8, the measured antenna shows radiation 

pattern plot is having one main lobe and back lobe radiating wider than the main one which is caused by the 

radiation feed line. Thus, the radiaton pattern characteristics of the measured antenna can be said pretty much 

identical to simulation results. This means that the antenna is in accordance with its simulation design results. 

As in the measurement of H-co, the radiation pattern plot of E-co shows a plot that is basically similar with 
the simulated one which has wider with the hints of back lobe looks not so visible on measurement result. 

Nevertheless, the measurement result of the radiation pattern has graph results look close to the  

simulation result. 
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Figure 8. Comparisons of radiation pattern results (top: simulation result, bottom: measurement result) 

 

 

4. CONCLUSION 
After going through the process of designing the antenna and measure the fabricated antenna, 

several conclusions with some suggestions and ideas for further research which are drawn in the following: 

1) Rectangular slotted circular ring microstrip patch antenna with aperture coupled feeding technique has 

been successfully designed with value of Return Loss value -22.3683 dB, -18,8133 dB, -24.3451 dB and 

VSWR value 1.1648, 1.259, 1.1291 respectively on working frequency of 1.8 GHz, 2.1 GHz, 2.72 GHz with 

geometry parameters described as this, length and width of substrate are 130 mm, length and width of ground 
plane are 130 mm, feedline width is 2.9921 mm, feedline length is 27.5484 mm, inner radius of patch is 

26.0848 mm, outer radius of patch is 52.1696 mm, length of aperture slot is 27 mm, width of aperture slot is 

2.7 mm, length of stub is 5.8595, length of side rectangular slots are 60 mm, width of side rectangular slots 

are 7 mm, length of upper rectangular slot is 2 and width of upper rectangular slot is 27.8 mm. Meanwhile, 

the measurement results of fabricated antenna show the frequency produced by the antenna is 1.8 GHz with 

value of Return Loss and VSWR -18.257 dB and 1.278 in a reference value of VSWR < 2 and Return Loss < 

-10 dB; 2) The aperture coupled feeding technique could overcome the randomly generated working 

frequency on circular ring microstrip patch single element antenna; 3) The aperture coupled feeding 

technique could not overcome wider bandwidth on circular ring microstrip patch single element antenna; 4) 

The rectangular slots loading on the patch successfully generates multi resonant working frequency in 

accordance with desired specifications. 
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