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Abstract 
This paper proposes the dual-band S-patch antenna with gain enhancement by using the planar array 

configuration and dielectric superstrate. The design of the proposed antenna is focused on the base station antenna 

in the 5G frequency bands n41 (2.6 GHz) and n78 (3.5 GHz). The dual-band S-patch antenna is arranged in the  

2 × 6 elements planar array antenna and the FR4 dielectric superstrate is on the top of the array. The simulated 

results indicated that the operating frequency of 2.55–2.65 GHz and 3.46–3.61 GHz with uni-directional radiation 

pattern. The antenna gain can be improved with 18.70 dBi at 2.6 GHz and 19.30 dBi at 3.5 GHz. The prototype 

antenna is fabricated and the measured results are in good agreement. With the simple design of the proposed 

antenna, it would be useful for the installation of the base station antenna. 

Keywords: Antenna Array, Dual-Band, S-Patch, Superstrate 

1. Introduction 
One of the growing wireless communication 

technologies is mobile telecommunication technology. 

Firstly, the first generation (1G) is an analog system 

capable of voice communication. The second generation 

(2G) was introduced in the late 1990s and it was known 

as the global system for mobile communication (GSM) 

its main advantage was the use of a digital system. The 

third generation (3G) was the beginning of mobile 

broadband telecommunication, where data 

communication was the main focus and led to the rapid 

growth of data services, such as internet, media, voice 

over IP (VoIP), etc. The fourth generation (4G) or long-

term evolution (LTE) results from the development of the 

3G technology. It implemented the carrier aggregation 

and multiple input multiple output (MIMO) techniques to 

enhance the frequency bandwidth, the data throughput, 

and the latency. Nowadays, the fifth generation (5G) is 

published to enhance mobile broadband, ultra-reliable 

and low-latency communication. The application of 5G 

can be observed in various fields, such as in the media 

and entertainment field, the machines are communicated 

in the manufacturing process, and telemedicine is one 

main priority, autonomous vehicles or self-driving cars, 

surveillance as discussed in [1–4] 

As a result, the antenna is one of the important 

parts of 5G technology, especially the base station 

antenna needs to improve for compact size, high gain, 

uni-directional radiation pattern, and multiple 

frequency bands [5]. There are numerous studies on 

the design and development of the base station antenna 

as follows: The use of the metamaterial structure as the 

means to enhance the efficiency of the antenna [6–8], 
The drawbacks are only that the metamaterial is very 

small in size, therefore the fabrication would be 

challenging. Superstrate and electromagnetic band gap 

(EBG) are another technique to reduce the mutual 

coupling and enhance the gain, by placing the 

dielectric material in front of the antenna [9–11], 

which would eventually lead to the new technique 

called partially reflective surface (PRS), using the 

dielectric with the microstrip patch to act as the 

reflective element to further enhance the gain of the 

antenna [11],[12]. Array antenna is one of the 

techniques to increase the gain of the antenna. Having 

the same element placed in order repeatedly, meaning 

the characteristics of each element are relevant to other 

elements, results in enhancement of the characteristics 

of the antenna. However, this enhancement would lead 

to cross-polarization, coupling by the element nearby. 

As can be seen in [13–14]. Therefore, designing the 

antenna as the array is challenging and daring. 

The dual-band S-patch antenna with gain 

enhancement by using the planar array configuration and 

dielectric superstrate is introduced in this paper. It is the 

base station antenna based on the 5G frequency bands 

n41 (2.6 GHz) and n78 (3.5 GHz). The S-patch antenna 

is a single element and arranged in the 2 × 6 elements 

planar array antenna and the FR4 dielectric superstrate 

is on the top of the array. The simulated results indicated 
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that the operating frequency of 2.5–2.6 GHz and 3.4–3.6 

GHz with uni-directional radiation pattern. The rest of 

this paper is in section 2 antenna structure, simulated and 

measured results are discussed in sections 3 and 4, and 

the conclusion is in section 5. 

 

2. Dual-Band S-Patch Antenna Structure 
The S-patch antenna is introduced to a single 

element of a planar array antenna, which consists of a 

radiation patch, dielectric substrate, and ground plane 

as shown in Figure 1. The FR4 is employed as the 

substrate with r equal to 4.3 and thickness = 3.2 mm. 

The radiation patch is the S character with the probe 

feed at the top right corner of the S patch as shown in 

Figure 1. 

Based on the antenna structure illustrated in  

Figure 1, simulations were conducted utilizing the 

CST microwave studio [15]. Upon modifying the 

antenna parameters as specified in Table 1, the results 

indicated that it can be operated in two frequency 

bands. Due to the meander line of S, it can be resonant 

with two frequency bands of 2.55–2.65 GHz and 3.46–

3.61 GHz with a unidirectional radiation pattern. 

Figure 2 shows that the S11 less than -10 dB at 2.55–

2.65 GHz and 3.46–3.61 GHz and the radiation pattern 

at 2.6 GHz and 3.5 GHz are shown in Figures 3–4 

with a gain of 3.98 dBi at 2.6 GHz and 4.1 dBi at 3.5 

GHz. It is noted that the cross-polarization of the 

proposed antenna is lower than -10 dB at 2.6 GHz and 

3.5 GHz. The design of the single element with the 

dimensions of the proposed antenna is shown in 

Figure 1 and Table 1, respectively. Initially, the 

microstrip patch antenna is introduced with the FR4 

as the main material of the substrate. The ground 

plane is located at the back of the microstrip patch. 

To adjust the frequency response, the slits and slots are 

added to the patch, resulting in the “S-Shaped” patch 

[16]. 
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Figure 1 The geometry of dual-band S-patch 

antenna. 

 

Table 1 Parameter of the dual-band S-patch antenna. 

Parameters Physical Size (mm) 

L 43.00 

W 43.00 

l1 38.00 

w1 2.00 
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Figure 2 Simulated S11 of the dual-band S-patch 

antenna. 
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Figure 3 Simulated the radiation pattern at 2.6 GHz. (a) xy plane (b) xz plane. 
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Figure 4 Simulated the radiation pattern at 3.5 GHz. (a) xy plane (b) xz plane. 

 

3. Dual-Band S-Patch Antenna Array 
From Section 2, the dual-band S-patch antenna is 

introduced. The planar array configuration and 

dielectric superstrate are proposed in this section by 

using the array element of the S-patch antenna. 

Antenna array formation is the arrangement of 

multiple antenna elements to control the direction and 

shape of the radiation pattern by the principle of 

pattern multiplication. By adjusting the number of 

elements, array form, spacing, phase, and amplitude of 

signals, the antenna can focus energy in desired 

directions, reduce interference, and improve gain. The 

S-patch antenna is then rearranged in a planar array 

configuration by using 2  6 elements with a distance 

of each element of 87 mm and the dielectric 

superstrate of FR4 with a thickness of 3.2 mm is put 

in front of the array antenna in the distance (D) of  

15 mm as shown in Figure 5. Since the structure is meant 

to be mounted on the base station tower, this layout is 

used to restrict its width, then the total size of the antenna 

array is 132 mm in width and 450 mm in length. 

Based on ray propagation theory, adjusting the cavity 

height that the dielectric superstrate from the antenna 

contributes to improvements in both gain and 

directivity. Eq. (1) provides an estimation of the 

antenna's maximum directivity coefficient [17]. 

 

𝐷 =
𝑐

4𝜋𝑓
+ (𝜑𝑃𝑅𝑆 + 𝜑𝐺𝑁𝐷 − 2𝑁𝜋)  (1) 

 

where D is the gap of the cavity; N is the order of 

the resonance mode (i.e., N = 0, 1, 2,…); f is the 

resonance frequency; c is the speed of light in free 

space; 𝜑𝑃𝑅𝑆 is the reflection phase of the superstrate; 

and 𝜑𝐺𝑁𝐷 is the reflection phase of the ground plane. 

Utilizing an FR4 dielectric superstrate with a thickness 

of 3.2 mm, positioned at a distance of 15 mm (D) from 

the antenna element, has been shown to enhance both 

gain and directivity. 
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Figure 5 The geometry of dual-band S-patch 

antenna array of 2  6 elements. 

 

The characteristics of the array antenna are then 

analyzed, where the currents of each element are set to 

be equal but the effect of coupling between the 

elements [18], which occurs when more than two 

antennas are placed close together, is taken into 

account. The Smm of each element is investigated as 

shown in Figure 6 where m = 1, 2, …., 12. Since the 

antenna array structure is symmetrical, only the results 

of elements 1 to 6 are displayed. From the results, it 

was found that the Smm value still resonates at two 

frequency bands, 2.55–2.65 GHz and 3.46–3.61 GHz, 

but it can be seen that the Smm value of each 

component has a slight shift, which is a result of the 

coupling between the array elements. 
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Figure 6 Simulated Smm of dual-band S-patch 

antenna array of 2  6 elements. 

 

Next, the isolation coefficient is considered to 

determine the coupling behavior of the array element 

between the elements arranged along the z-axis, where only 

elements 1 to 6 are considered here due to the symmetrical 

antenna construction. The Smn of each element is 

investigated as shown in Figure 7 where m and n = 1, 2, 

…., 12. In Figure 7, it can be seen that the Smn values of 

all elements are less than -20 dB throughout the frequency 

range, which indicates that each element has a low coupling 

signal and can work separately efficiently. Note that Smn 

levels are strongest when the elements are close together, 

such as m = 1 n = 2, m = 2 n = 3, m = 3 n = 4, m = 4  n = 5 

and m = 5 n = 6, etc. Then there will be a decrease in 

intensity level depending on the distance between the 

elements such as m = 1 and n = 3, 4, 5, and 6, etc. 
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Figure 7 Simulated Smn of dual-band S-patch antenna array of 2  6 elements along the z-axis. (a) S1n (b) S2n 

(c) S3n and (d) S4n and S5n. 

 

In addition, the isolation coefficient between each 

element along the y-axis was considered as shown in 

Figure 8. It was found that the Smn values of all 

elements are less than -20 dB throughout the 

frequency range. Note that Smn levels are strongest 

when the elements are close together, such as m = 1  n 

= 7, m = 2  n = 8, and m = 3  n = 9 etc. Then there will 

be a decrease in intensity level depending on the 

distance between the elements such as m = 1  n = 8, 9, 

10, 11 and 12, etc. 
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Figure 8 Simulated Smn of dual-band S-patch 

antenna array of 2  6 elements along the y-axis.  

(a) S1n (b) S2n and (c) S3n. 

 

There are notable variations when the 2  6 element 

antenna array is taken into account because of the radiating 

elements’ constructive and destructive interference effects. 

The pattern multiplication principle can be used to discuss 

it [18]. The array factor (AF) for a 2  6 element planar 

array antenna with uniform amplitude and spacing can be 

employed as follows Eq. (2): 

 

( 1)( sin cos )( 1)( sin cos )

1 1

( , ) y yx x

M N
j n kdj m kd

m n

m n

AF I e I e
     

− +− +

= =

=    (2) 

 

where M and N are the numbers of elements, 𝐼𝑚 and 𝐼𝑛 are 

the amplitude of the element along the x- and y-axis, 𝛽𝑥 

and 𝛽𝑦 are the phase of the element along the x- and y-axis, 

and dx and dy are the distance between elements of the 

array. The planar array geometry is shown in Figure 9. 
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From the simulated results in Figures 10–11, 

antenna arrays can produce much narrower beams by 

combining the radiation of multiple elements with 

specific phase and amplitude settings. It has 

significant side lobes of -8.00 dB and -9.00 dB at 2.6 

GHz and 3.5 GHz, respectively due to the interference 

between radiating elements. The side lobes are 

undesirable in applications like communication 

systems because they can cause interference or loss of 

energy. However, it achieves a much higher gain 

16.07 dBi and 15.90 dBi at 2.6 GHz and 3.5 GHz, 

respectively. The gain of an array increases with the 

number of elements, as the radiated power is 

concentrated in a narrower beam. It is noted that the 

cross-polarization of the proposed antenna is lower 

than -10 dB at 2.6 GHz and 3.5 GHz. Furthermore, as 

Table 2 illustrates, the FR4 superstrate can increase 

the antenna array gain in two frequency bands while 

maintaining a high antenna efficiency. However, there 

are efficiencies of less than 60% and the primary 

sources of efficiency degradation in the proposed 

antennas include dielectric and conductor losses, and 

surface wave generation, all of which contribute to 

reduced radiated power and overall efficiency. 
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(a) xy plane. 
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(b) xz plane. 

Figure 10 Simulated the radiation pattern of dual-

band S-patch antenna array of 2  6 elements at 2.6 

GHz. 
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Figure 11 Simulated the radiation pattern of dual-

band S-patch antenna array of 2  6 elements at 3.5 

GHz. 

 

Table 2 Comparison of gain and efficiency dual-band 

S-patch antenna array of 2  6 elements at 2.6 GHz 

and 3.5 GHz with and without superstrate. 

Antenna Array 

Gain (dBi) Efficiency (%) 

2.6 

GHz 

3.5 

GHz 

2.6 

GHz 

3.5 

GHz 

With Superstrate 16.07 15.9 53.77 49.78 

Without Superstrate 15.14 15.49 45.58 42.79 

 

4. Measurement 
Based on the simulation results presented in the 

previous section, a prototype antenna was fabricated 

using a substrate of FR4 material with a thickness of 

3.2 mm. The dielectric superstrate is fabricated from 

FR4 material with a thickness of 3.2 mm. Figure 12 

illustrates the prototype of the dual-band S-patch 

antenna array consisting of 2 × 6 elements operating. 

After that, The antenna is fed to each element with 

equal signal amplitude and phase using a 1:16 

Wilkinson power divider. The prototype antenna was 

carried out in an anechoic chamber using the vector 

network analyzer (VNA) (Keysight FieldFox Series) 

to obtain accurate S-parameters and radiation patterns 

across the target frequency range. A standard horn 

antenna served as a reference for gain comparison, 

with all measurements conducted under far-field 

conditions. The S-parameters of the prototype antenna 

are analyzed to evaluate the impedance matching and 

isolation coefficient. The Smm of each element is 

investigated as shown in Figure 13 where m = 1, 2, 

…., 12. Since the antenna array structure is 

symmetrical, only the results of elements 1 to 6 are 

displayed. From the results, it was found that the Smm 

value still resonates at two frequency bands, 2.55–2.65 

GHz and 3.46-3.61 GHz, but it can be seen that the 

Smm value of each component has a slight shift, which 

is a result of the coupling between the array elements. 

 

   
Figure 12 Prototype of dual-band S-patch antenna 

array of 2  6 elements. 
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Figure 13 Measured Smm of dual-band S-patch 

antenna array of 2  6 elements. 

 

Next, the isolation coefficient is considered to 

determine the coupling behavior of the array element 

between the elements arranged along the z-axis, where 

only elements 1 to 6 are considered here due to the 

symmetrical antenna construction. The Smn of each 

element is investigated as shown in Figure 14 where 

m and n = 1, 2, …., 12. In Figure 14, it can be seen 

that the Smn values of all elements are less than -20 

dB throughout the frequency range, which indicates 

that each element has a low coupling signal and can 

work separately efficiently. Note that Smn levels are 
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strongest when the elements are close together, such 

as m = 1  n = 2, m = 2  n = 3, m = 3  n = 4, m = 4  n = 

5, and m = 5  n = 6, etc. Then there will be a decrease 

in intensity level depending on the distance between 

the elements such as m = 1  n = 3, 4, 5 and 6, etc. 
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Figure 14 Measured Smn of dual-band S-patch 

antenna array of 2  6 elements along the z-axis. 

 

In addition, the isolation coefficient between each 

element along the y-axis was considered as shown in 

Figure 15. It was found that the Smn values of all elements 

are less than -20 dB throughout the frequency range. Note 

that Smn levels are strongest when the elements are close 

together, such as m = 1  n = 7, m = 2  n = 8, and m = 3  n = 

9, etc. Then there will be a decrease in intensity level 

depending on the distance between the elements such as m 

= 1  n = 8, 9, 10, 11 and 12, etc. 
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Figure 15 Measured Smn of dual-band S-patch 

antenna array of 2  6 elements along the y-axis. 

 

From the measured results in Figures 16–17, antenna 

arrays can produce much narrower beams by combining 

the radiation of multiple elements with specific phase and 

amplitude settings. It has significant side lobes of -9.00 

dB and -10.00 dB at 2.6 GHz and 3.5 GHz, respectively 

due to the interference between radiating elements. The 

side lobes are undesirable in applications like 

communication systems because they can cause 

interference or loss of energy. However, it achieves a 
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much higher gain 18.70 dBi and 19.30 dBi at 2.6 GHz 

and 3.5 GHz, respectively. The gain of an array increases 

with the number of elements, as the radiated power is 

concentrated in a narrower beam. It is noted that the 

cross-polarization of the proposed antenna is lower than  

-10 dB at 2.6 GHz and 3.5 GHz. In addition, a 

comparison of the antenna gain, half-power beamwidth 

(HPBW), and side lobe level (SLL) between the 

simulated and measured results is conducted at the 

operating frequency as shown in Table 3. 
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Figure 16 The radiation pattern of dual-band S-patch antenna array of 2  6 elements at 2.6 GHz. 
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Figure 17 The radiation pattern of dual-band S-patch antenna array of 2  6 elements at 3.5 GHz. 

 

Table 3 Antenna gain, HPBW and SLL of dual-band 

S-patch antenna array of 2  6 elements at 2.6 GHz 

and 3.5 GHz. 
 

Results 

Gain  

(dBi) 

HPBW 

(degree) 

SLL  

(dB) 
2.6 

GHz 

3.5 

GHz 

2.6 

GHz 

3.5 

GHz 

2.6 

GHz 

3.5 

GHz 

Simulated 16.07 15.9 16.0 16.5 -8.0 -9.0 

Measured 18.70 19.30 14.0 15.0 -9.0 -10.0 

 

It should be noted that discrepancies between the 

measured and simulated results are primarily 

attributed to mutual coupling effects among the 

antenna elements, nuts, poles, and mounting 

structures. Nevertheless, the results remain acceptable 

within the context of laboratory-scale experiments. To 

ensure suitability for real-world 5G base station 

applications, the prototype antenna must be housed 

within a radome and affixed to a stable structural 

mounting point. 

 

5. Conclusion 
The dual-band S-patch antenna is designed and 

fabricated for 5 G base stations operating in the n41 

(2.6 GHz) and n78 (3.5 GHz) frequency bands. A 2 × 

6  planar array configuration is utilized with an FR4 

dielectric superstrate, the antenna achieves an 
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enhanced gain of 18.70 dBi at 2.6 GHz and 19.30 dBi 

at 3.5 GHz, with a uni-directional radiation pattern. 

Simulated and measured results demonstrate good 

agreement, confirming the antenna’s performance and 

suitability for base station applications due to its 

simple design. 
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