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Abstract. The simulation of planar periodic leaky-wave antenna for ultra-wideband application 

is introduced here. The antenna proposed here comprises 15 matched unit cells with high 

directivity which provides a backward to forward beam scanning range of 80° with frequency 

from 24.4GHz to 27.5GHz and has filtering capability making the design simpler. The calculated 

efficiency is 90% which is the gain to the directivity ratio of the designed antenna. The bandwidth 

range is between 24.4 GHz to 27.5GHz. The work is outlined and assembled on Roger's substrate 

(particularly good for 5G applications) and has a gain of 13.92dB which represents an excellent 

choice for communication systems. 

Keywords—LWA (Leaky wave antenna), PLWA (Periodic LWA), SIW (Substrate integrated 

waveguide), OSB (Open Stop Band), UC (Unit Cell). 

 

1. Introduction 

Among the advancements in the growth of 5G, which are currently undergoing, the demand for a high-

gain antenna is increasing. Furthermore, the antennas which work in the millimeter-wave region will 

play a pivotal function in the future of communication systems [1]-[4]. A very compact size, low loss 

leaky-wave antenna with a very wide bandwidth has been presented in [5], which has a direct relation 

with planar circuits. The planar 2-D LWA which have high transmission at the main side has been 

proposed, had a circular Substrate Waveguide (SW) feed and segmented ring-shaped strip, a partially 

reflected surface (PRS) line can also be realized, the auxiliary openings of the given SWL source of data 

help in obtaining propagation of unilateral SW, yet at the expense of radiation in the far-field which is 

cross-pol, thus it had some drawbacks such as different radiation patterns. A new method to suppress 

OSB is presented in [6], in which an open stub that is radiating is used to give UC having distinct 

impedance, the structure is very simple, low profile, and compact, thus making it a proper contender for 

high-frequency purposes, however, the given antenna has a very low scanning range. 

Planar antennas are one of the most important antennas because of their ease of realization, 

integrability with active circuits, low profile, and cost-effectiveness [7][8]. One of the most prominent 

features of LWAs is their frequency scanning. These types of antennas can be used as a lucrative solution 

for 5G communication and also suppress unwanted signals [9]. The main advantages of 5G are more 

improved latency, high resolution, and bi-directional large bandwidth shaping, greater capacity of 

remote execution, a larger number of connected devices, providing more adjusted connectivity to 

essential needs [10][11]. That's why a substantial amount of work was done in the previous years for the 

development of 5G systems for commercial applications. In our work, we improved the previously 

proposed LWA, which has high gain, planar-structure, and simple-feeding LWAs are made by cascading 
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unit cells (UCs). A very low-loss periodic antenna is proposed in which shows good results in the band 

38-41GHz and also has high efficiency of 90%, but it has a low beam scanning range. 

The increase in remote (data)information usage as of now is currently restricted by the present 

remote network organizations [12]. They are low profile, are compact in size and their radiation scanning 

can be driven just by varying the input signal frequency. The designed antenna is a PLWA antenna 

containing fifteen UCs. Adding all UCs makes it a periodic antenna and uniform. Each UC is composed 

of a circular ring in the center with a characteristic impedance of Z0. A ring-shaped design is cut in the 

center of the substrate, which helps in increasing the gain of LWA from 9.89 dB to 13.92 dB. The 

substrate is made up of Roger's Material RO3006(lossy) because of its durability, low-cost, 

performance, and electrical properties. The design is very detailed and efficient, and the array of UCs is 

composed of two ports. Our proposed antenna also provides high directivity which gives high backward 

to forward beam scanning of 80 degrees. 

2. Antenna Structure 

Fig. 1 shows the proposed 5G antenna. The antenna contains fifteen sections, in which every section 

consists of a square patch that has two concentric rings cut inside. The input of the antenna is given by 

a microstrip line configuration. Two waveguide ports are connected on either side of the antenna. These 

unit cells are connected uniformly to get high directivity and contain a periodic recurrence towards the 

propagation direction. This array method helps each unit cell in representing that element of the array 

that has high impedance matching and radiation patterns. The 5G array is outlined on the RO3006(lossy) 

having Ɛr=6.15, height= 0.250mm. Rogers RO3006 provides circuit materials a stable dielectric constant 

(Dk). These are intended to use in commercial microwave and RF applications. The width and length of 

the proposed antenna are 15.0 mm and 89.0 mm respectively. 

 
Figure 1. Presented PLWA (measurements: millimetre) 

3. Unit Cell Characteristics and Dispersion Diagram 

As shown in the Fig.1, the antenna is realized by cascading 15 unit cells in the direction of propagation. 

Compared to the structure proposed in [11], this UC has concentric rings made in the center of the UC. 

Distinct Parameters of the UC will have various impacts on the dispersion properties. Fig.2 shows a Unit 

Cell (UC) of the designed antenna whose dimensions are mentioned in Table 1. It has 3 layers Ground, 

Substrate, and Patch. Their dimensions are shown in Table 2. The array is provided with feed at both 

ends. 

A dispersion diagram shown in Fig. 3 is a plot of propagation constant(β) versus frequency(f). This 

diagram tells you how much phase shift a material has given at a given frequency. β(beta) shows the 

phase constant which gives the amplitude/phase of the sinusoidal signal along a transmission line, at a 

constant time. Its units are radians/meter and degrees/meter.  
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Figure 2. Unit Cell Structure 

 

Table 1. Proposed Antenna Dimensions (Unit: mm) 

Parameter L Lm  Wm Wh Wsh Ls Lu Wu X Y 

Value 3.8 1.6 0.8 1.0 0.4 2.0 1.5 0.3 89.0 15.0 

 

Table 2. Unit Cell properties (Unit: mm) 

Parameter Material Used Dimensions(L*W*H)  

Ground PEC 5.8*3.8*0.035 

Patch PEC 5.8*3.8*0.035 

Substrate Rogers(RO3006 Lossy) 5.8*3.8*0.25 

Holes Nickel 0.4*0.3 
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Figure 3. Dispersion diagram (center frequency at 25 GHz) 

4. Result and discussion 
In Fig 4. the S parameter portrays the information yield connection between the two ports. Subscripts 

describe the responding and incident ports respectively. Thus, S21 signifies the reply at port 2 because 

of the port 1 signal. The antenna proposed here is a 2 port network. An antenna’s bandwidth shows the 

frequency range over which the antenna can operate correctly. The best frequency range of the given 

antenna is between 24.4 GHz to 27.5 GHz. 

 

Gain graph shows the strength of a signal that an antenna can send/receive in a particular direction. 

Higher gain signifies that the signal gets focused over a smaller beamwidth. This is suitable for linear 

applications that need isolating a specific signal to prevent external signals from interfering. From Fig. 

5 it can be observed that the antenna’s maximum gain is 13.92 decibel at 25.5 Gigahertz. Gain to the 

directivity ratio of the antenna is called efficiency. It shows the conversion of power of given accepted 

radio frequency signals into radiated signals. The efficiency of the antenna proposed here is 90%. Fig. 

6 shows the total efficiency presented in the designed antenna. 

 

Given antenna’s Beam steering or beam scanning is shown in Fig. 7,8,9,10,11,12,13. The diagram 

clearly shows that the principle main lobe direction of the antenna shifts persistently back and forward 

with dynamic frequency. Beam steering is seen at different continuous frequencies and can be noticed 

that the standardized example of the radiation of far-field directivity at 24.5 GHz, 25 GHz, 25.5GHz, 

26GHz, 26.5 GHz, 27GHz, 27.5GHz is sequential and therefore the antenna is radiating backward to 

forward. The designed antenna shows that the main lobe direction at 24.5 GHz is -26 degrees, at 25 GHz 

is 0 degrees, at 25.5 GHz is 22 degrees, at 26 GHz is 27 degrees, at 26.5 GHz is 32 degrees, at 27.5 GHz 

is 54 degrees so the total beam scanning range is 80 degrees. 

 

Table 3 shows the comparison between the proposed antenna and the recently reported work on 

LWAs in [6] and [11]. 
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Figure 4. S Parameter of the Antenna 

 

 

Figure 5. Maximum Gain Graph 

 

 

Figure 6. Total Efficiency of the antenna 



ICASSCT 2021
Journal of Physics: Conference Series 1921 (2021) 012026

IOP Publishing
doi:10.1088/1742-6596/1921/1/012026

6

 
 
 
 
 
 

 

Figure 7. Far-field directivity at frequency 24.5 GHz is -26 degrees 

 

 

Figure 8. Far-field directivity at frequency 25 GHz is 0 degree 
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Figure 9. Far-field directivity at frequency 25.5 GHz is 22 degree 

 

Figure 10. Far-field directivity at frequency 26 GHz is 27 degree 
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Figure 11. Far-field directivity at frequency 26.5 GHz is 32 degree 

 

Figure 12. Far-field directivity at frequency 27 GHz is 40 degree 
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Figure 13. Far-field directivity at frequency 27.5 GHz is 54 degree 

 

Table 3. Proposed Antenna and recent reported works on LWAs comparison table 

Property Ref. [6] Ref. [11] Proposed Antenna 

Number of 

unit cell 

structure 

 

16 

 

16 

 

15 

Bandwidth 

range 

63GHz to 75GHz 38GHz to 41GHz 24.4 GHz to 27.5Ghz 

Beam Scanning 38 Degrees 18 Degrees 80 Degrees 

Gain 11.2 dB 15.6 dB 13.92 dB 

Efficiency 90% 90% 90% 

5. Conclusion 
The paper presents a high-gain periodic leaky-wave antenna with better beam-steering and a wide 

scanning range of 80°. The Gain and efficiency of the proposed PLWA are improved by making a 

winding ring in the substrate and impedance was expanded by lessening the size of the port connection 

on the sides of the substrate. The proposed antenna has a 90% efficiency from 24.4GHz to 27.5GHz 

with a complete gain of 13.92 dBi. The uncomplicated antenna structure makes it good for the use in 

applications of high-frequency and radars. 
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