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 This paper aims to investigate and design a Yagi disc antenna with a variable 

number of director elements for Band 3 in fourth-generation long term 

evolution (4G LTE) mobile applications. The array technique was 

introduced by increasing the number of director elements to achieve superior 

results and better performance, such as higher gain and lower return loss. 

Initially, the simulated results of return loss and gain with one director 

element were -19.02 dB and 8.51 dBi, respectively. Then, by increasing the 

number of directors to three and five elements, the antenna’s performance 

improved significantly from -32.44 to -42.68 dB for return loss and from 

8.51 to 11.17 dBi for gain, respectively. The simulated circular Yagi disc 

antenna provided a response in the range of 1.78 to 1.82 GHz. Therefore, a 

model was fabricated and tested to validate the antenna design. The 

measured results matched well with the simulated ones. By increasing the 

number of director elements, the measurement results of gain and return loss 

at a frequency of 1.8 GHz also showed improvement from 7.70 to 11.09 dBi 

and from -27.31 to -32.91 dB, respectively. Meanwhile, the measured 

antenna provided a wider bandwidth in the range of 1.72-1.82 GHz. 
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1. INTRODUCTION 

The circular Yagi disc antenna design was introduced and integrated as an external antenna to boost 

the quality and connectivity for the fourth-generation long term evolution (4G LTE) mobile communication 

system. 4G LTE allows us to use and experience the internet more quickly and richly [1]. Additionally, the 

LTE standard offers a solution to address issues in cellular networks by enabling faster data rates, increased 

capacity, and reduced latency, as supported by various studies [2]–[5]. The wireless broadband industry has 

shown significant interest in LTE 1,800 technology due to its compatibility with the existing global system 

for mobile communications (GSM) 1,800 band. The efficient repurposing of the spectrum from GSM 1,800 

to LTE 1,800 has proven to be highly advantageous [6], [7]. Consequently, the advancement and fine-tuning 

of LTE 1,800 antennas play a crucial role in meeting the evolving requirements of contemporary wireless 

technologies [8]. A Yagi antenna is a type of antenna that has a high gain of the receiving signal and a low 
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return loss value [9]. This kind of antenna is very suitable for 4G LTE mobile communication systems. Based 

on some research, there are several things that need to be taken care of during the designing of a directional 

antenna for a 4G LTE mobile communication system. In this study, a directional antenna will radiate and 

receive more significant power in specific directions (base transceiver station), allowing increased 

performance and reducing interferences from unwanted sources [10]. A directional antenna performs better 

than omnidirectional antennas in terms of gain and directivity [11]. 

Recently, several works with different methods have been designed to obtain high gain of the 

antenna. In [12], the developing of a circular patch antenna with a 2×2 array technique for a 1.8 GHz long 

term evolution (LTE) application with 6.36 dBi of realized gain is proposed. The array technique will affect 

the antenna gain. The higher the number of arrays, the higher the antenna gain value. The authors in [13] 

designed a microstrip Yagi antenna appropriate for wireless fidelity (Wi-Fi) applications. The authors focus 

on developing the antenna by enhancing the gain using the array method with two branch elements. As a 

result, the gain has increased from one branch element and two branch elements which is 6.36 to 9.58 dB 

respectively. The proposed antenna was designed by using the 1x2 array method with two branch elements 

increased the antenna gain by 2.61 from 6.89 dB of one branch of the antenna. In addition, adding parasitic 

patch elements is one of the best ways to enhance the gain. In [14], substantial gains of 5 and 1.5 dBi were 

obtained in the 4G and 2G frequency bands, respectively, by inserting a three-element folded slot-loop patch 

element. In this case, increasing the parasitic patch also broadened the frequency bandwidth from 0.78 up to 

2.7 GHz. However, the gain variations induced by the triangle structure are slightly larger. 

In this paper, the influence of the number of director elements on antenna performance at a 

frequency of 1.8 GHz will be analyzed. The results will then be compared between simulation and 

measurement for discussion purposes. Finally, a conclusion will be drawn from this investigation to explain 

the findings and provide suggestions for future study. 

 

 

2. ANTENNA DESIGN  

To simplify the process of designing antenna, the systematic metrics should be specified in the form 

of a flowchart, as shown in Figure 1. The circular Yagi disc antenna with aluminum material was proposed in 

order to design an external antenna for the band 3 LTE mobile application. They selected aluminum material 

because it is much cheaper compared to copper. This protective aluminum oxide coating protects the metal’s 

surface against corrosion and conducts heat and electricity excellently [15]. 

An antenna based on Yagi is a directional antenna consisting of two elements: a driven element and 

a parasitic element that comprises a reflector and directors. The Yagi antenna typically has one reflector 

because additional reflectors have little impact. The reflector is located behind the main driving element. The 

driven element is the parasitic element to which power is applied. It is generally a half-wave dipole or 

commonly, a folded dipole. A folded dipole element is typically used because the proximity of the other 

parasitic elements causes the feed impedance of the dipole to decrease. Using a folded dipole brings the feed 

impedance back to a value that provides a better match to the feeder-employed field [16], [17]. The director 

or directors are located in front of the driven component that produces the necessary current required to 

radiate electromagnetic radiation into the space field [18]–[21]. 

Generally, the driven element’s length is slightly shorter than λ/2, ranging from 0.45λ to 0.49λ. The 

length of the reflector element is usually 5% larger compared to the driven element, and the directors are 

generally shorter by 5% than the driven element. The spacing of the reflector from the driven element is 

about 0.1λ to 0.25λ. The spacing also depends on bandwidth, gain, F/B ratio and sidelobe pattern 

specifications [22], [23]. The Yagi Disc antenna is fed by an RG58 50 Ω coaxial cable. The simulations 

utilized by computer simulation technology (CST) for this proposed design correspond to the detailed 

antenna dimensions listed in Tables 1 and 2. The proposed design with the dimension of the circular Yagi 

disc antenna, consisting of a dipole and several parasitic elements are shown in Figure 2. 

Figure 3 illustrates the proposed antenna design process by varying the number of director’s 

elements. The first iteration with a single director element is shown in Figure 3(a), Figure 3(b) presents the 

second iteration with three arrays of director’s elements, and the suggested antenna with five arrays of 

director’s elements which provides a high gain and efficiency of the antenna is in Figure 3(c). 

Figure 4 depicts a parametric study of the proposed antenna, mainly created inside a single director 

element of the design process. The proposed antenna’s resonant frequency was determined by the structure’s 

parameter, which corresponded to λo at the center frequency of 1.796 GHz, as shown in Figure 4(a). Two 

director elements were added and attached to the next existing element after the existing antenna director 

elements for the purpose of studying the effect on antenna performance. Increasing the number of arrays 

helped to improve the gain [24]–[28]. In our case, increasing the number of director elements will enhance 

the gain and return loss of the antenna for the frequency of 1.8 GHz, as shown in Figure 4(b), so that the 

antenna with three elements of director gets a low return loss value which is -32.44 dB at frequency of 
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1.8 GHz compared than an antenna with single director element, -19.02 dB. In conclusion, a configuration 

consisting of five director elements of equal dimensions was combined in the antenna design. The simulated 

outcomes clearly demonstrated that the proposed antenna effectively exhibited stopband characteristics 

across the frequency range of 1.8 GHz, with the minimum return loss value recorded at -42.68 dB. 

Additionally, the antenna’s bandwidth extended from 1.78 to 1.82 GHz, maintaining a return loss lower than 

-10 dB as shown in Figure 4(c). Furthermore, increasing the number of director elements enhances the 

antenna’s performance in terms of return loss specifically at 1.8 GHz. 

 

 

 
 

Figure 1. Methodology flowchart of the antenna design 

 

 

Table 1. Disc diameter dimensions 
Parameter Value (mm) Parameter Value (mm) Parameter Value (mm) 

𝐷ref 140 𝐷dir2 57 𝐷dir5 57 

𝐷dri 93.4 𝐷dir3 57   

𝐷dir1 80 𝐷dir4 57   

 

 

Table 2. Distance between each element dimensions 
Parameter Value (mm) Parameter Value (mm) Parameter Value (mm) 

Sref-dri 14.9 Sdir2-dir3 38 Sfeedpoint-

diskedge 

13.5 

Sdri-dir1 16.3 Sdir3-dir4 38   

Sdir1-dir2 43.5 Sdir4-dir5 38   
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The gain of the antenna is referred to as how much power is transmitted from an isotropic source in 

the direction of peak radiation. Figure 4 shows the gain that radiates from the proposed antenna. At the first 

proposed antenna, the gain of the antenna with a single director element is 8.51 dBi at 1.8 GHz, as shown in 

Figure 5(a). Then, Figure 5(b) displays the gain of the antenna increases to 9.79 dBi after the elements of 

directors are added to two more director elements which makes three director elements in total. To provide 

good antenna performance that functions as an external antenna of a 4G LTE router, the antenna gain must be 

enhanced further to improve the signal between the transmitter and receiver. Therefore, the number of 

directors needs to increase to five directors in order to have a good effect on the antenna gain. The maximum 

gain of the antenna with five element directors is 11.17 dBi at 1.8 GHz, as shown in Figure 5(c). 

 

 

 
 

Figure 2. The dimensions of the proposed antenna 

 

 

   
(a) (b) (c) 

 

Figure 3. The proposed antenna design (a) first iteration, (b) second iteration, and (c) third iteration 

 

 

   
(a) (b) (c) 

 

Figure 4. Simulated S11 (a) one director element, (b) three director elements, and (c) five director 

elements 
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(a) (b) 

 

 
(c) 

 
Figure 5. Simulated S11 (a) one director element, (b) three director elements, and (c) five director elements 

 

 

3. MEASURED RESULTS AND DISCUSSION 

The antenna was fabricated using aluminum material for each element, as shown in Figure 6. The 

chosen aluminum thickness is 0.3 mm, making this antenna lighter and easier to install. Besides, the antenna 

boom uses steel metal such as bold and hex nuts to join the elements correctly and tightly. 

Taking into account the physical attributes, meticulous efforts have been made to ensure that the 

manufactured antenna possesses identical characteristics to the proposed design. Subsequently, the fabricated 

Yagi disc antenna was subjected to measurements within an anechoic chamber to evaluate its transmission 

properties, as depicted in Figure 7. The measurement process involved placing a horn antenna in front of the 

antenna under test, configuring them as a transmitter and receiver, respectively, to facilitate signal exchange. 

 

 

  

 

Figure 6. Fabricated of circular Yagi disc 

antenna 

 

Figure 7. Measurement setup of circular Yagi 

disc antenna 
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The simulated and measured return loss (S11) results are displayed in Figure 8. It is clear that the 

proposed antenna exhibited a stopband response from 1.78-1.82 GHz for the simulation and 1.62-1.68 GHz, 

1.72-1.82 GHz for the measurement, with almost below -10 dB of return loss performance. Based on the 

measurement, it can also conclude that the increment number of directors’ elements will improve the 

antenna’s efficiency.  

The performance of the fabricated antenna looks better when it has covered a vast amount of 

bandwidth, almost 100 MHz, compared to the simulation result, which is only 40 MHz. For example, the 

measurement results of an antenna with five-element directors have covered the frequency range from 

1.72 to 1.82 GHz. This fabricated antenna can also operate at a frequency of 1.65 GHz in addition to 

1.8 GHz. Meanwhile, the simulated gain and measured gain appear nearly identical, indicating that the 

antenna’s gain performance has not changed significantly since it was fabricated. 

 

 

 
 

Figure 8. S11 comparison of simulation and measurement results 

 

 

The following parameter measured the antenna radiation pattern, as shown in Figures 8 and 9. 

Radiation patterns for all antenna types were measured at phi=0 degrees (H-Field) and phi=90 degrees 

(E-Field). As a result, it is evident that the radiation pattern retains its features and shape, nearly identical to 

the simulated one, as suggested in [25]. Therefore, little change between measured and simulated antenna 

radiation. Parameters such as the main lobe and back lobe are likewise in the simulated position. From the 

radiation pattern illustrated in Figures 9(a)-(c) and Figures 10(a)-(c), it can be seen that as the number of 

director elements increases, the half power beam width (HPBW) angle becomes smaller, and the antenna 

becomes more directive. The observed antenna's HPBW at phi=0 (H-Field) and phi=90 (E-Field) is nearly 

identical to the simulated one, at 57.5 and 73.3 degrees for one director element, 54.2 and 62.3 degrees for 

three director elements, and 48.0 and 52.7 degrees for five director elements respectively. The measured gain 

of the antenna for one, three and five directors are 7.08, 10.08, and 11.09 dBi, correspondingly. Tables 3 and 

4 show the summary results of the simulation and measurement of antenna performance at the resonant 

frequency of 1.8 GHz, respectively, with a different number of antenna’s director elements. 

 

 

   
(a) (b) (c) 

 

Figure 9. Radiation pattern H-field (a) one director element, (b) three director elements, and  

(c) five director elements 
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(a) (b) (c) 

 

Figure 10. Radiation pattern E-Field (a) one director element, (b) three director elements, and  

(c) five director elements 

 

 

Table 3. Simulation of antenna performance at 1.8 GHz 
No. of Director’s element Bandwidth (MHz) Return loss (dB) Gain (dBi) 

1 40 -19.02 8.51 
3 40 -32.44 9.79 

5 40 -42.68 11.17 

 

 

Table 4. Measurement of antenna performance at 1.8 GHz 
No. of Director’s element Bandwidth (MHz) Return loss (dB) Gain (dBi) 

1 100 -27.31 7.70 
3 100 -29.40 10.08 

5 100 -32.91 11.09 

 

 

4. CONCLUSION 

In this paper, a circular Yagi disc antenna is designed and simulated for Band 3 4G LTE mobile 

communication systems. The effect of changing the number of element directors on the antenna’s 

performance is investigated through simulations and measurements. The measurement results show that the 

suggested circular Yagi disc antenna has high gain and good reflection coefficient in the range of the LTE 

1,800 system. Furthermore, the simulation results are highly consistent with the measurement results. As a 

result, the final design of a circular Yagi disc antenna with five director elements has the potential to be used 

as an external antenna for 4G LTE routers to improve antenna gain and directivity. 
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