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Abstract – A novel antipodal Vivaldi antenna (AVA) array is 

proposed for 5G mm Wave applications. The proposed AVA 

array consists of 1x4 antenna elements and with dimensions 

55.3x26.6x0.79mm3.  The antenna is designed using Rogers 

RT/duroid 5880 material having dielectric constant 2.2 and 

presented material have low dielectric losses and is suitable for 

high frequencies.  Rhombus parasitic patches, triangular 

corrugations at edges, and air vias are used in antenna feed line 

design for improvement of gain, bandwidth, and low radiation 

losses. The proposed antenna is operating from 25 GHz- 32 GHz 

frequency range and antenna is resonating at 28.56 GHz. Gain is 

varying from 9.45 to 14.88 dBi and 95% radiation efficiency is 

obtained in specified frequency band. At resonant frequency 

28.56 GHz front to back ratio (FBR) is 34.47dB is obtained. The 

proposed antenna is designed using ansys HFSS tool. 

Keywords – AVA, corrugations, parasitic patches, air via, FBR 

(Front to back ratio). 

I. INTRODUCTION 

In fifth generation (5G) frequency range2 (24.25 GHz-  

71.0 GHz) communication systems to reduce propagation 

losses, there is need of wide bandwidth and high gain 

antennas [1]. In recent times printed Vivaldi antennas are also 

frequently used in 5G applications [2]. Antipodal Vivaldi 

antennas (AVA) are suitable to provide wide bandwidth and 

high gain because of the tapered curve.  Different methods 

like arrays, corrugations, parasitic patches, metamaterials and 

SIWs are also added to AVA antenna to obtain wide 

bandwidth and high gain [3]. These Vivaldi antennas are 

firstly designed by P.J Gibson in year 1979 [4], Later E. Gazit 

modified Vivaldi antenna to antipodal Vivaldi antenna (AVA) 

in the year 1988 [5].  

SIW is used in microstrip transition structure of AVA 1x4 

array to obtain better bandwidth and return loss for X-band 

applications [6]. To change the frequency response of 

antenna, corrugations are added to the antipodal Vivaldi 1x4 

antenna array for 5G communication applications [7]. 

Coupling reduced antenna is introduced with 1x8 AVA 

elements, and here return loss is also enhanced for 5G mm 

Wave applications [8]. An isotropic Meta surface cells are 

added in between left and right arms of AVA to enhance gain 

for future 5G mm Wave applications [9]. To improve antenna, 

gain and better frequency response dielectric lens and 

corrugations are used in AVA antenna design for 5G devices 

[10]. To reduce side lobe level and for gain improvement 

pencil type slots are introduced to AVA array for 5G mobile 

communication [11]. Corrugated edges and triangular metal 

directors are applied to AVA array to improve gain [12]. A 

wide bandwidth AVA 1x8 array is proposed for 5G mm-wave 

applications [14]. A 1x4 highly compact AVA array for 5G 

mm-wave applications here corrugations inserted to antenna 

to get better FBR (Front To Back Ratio) [15]. To improve the 

directional characteristics of AVA, parasitic patches are 

introduced for UWB imaging applications [16]. A 1x4 AVA 

antenna proposed with parasitic patches and corrugations to 

improve gain and bandwidth [17]. 

The proposed AVA array consists of four elements. 

Various methods are applied to obtained bandwidth, return 

loss, FBR and gain. Antenna design analysis is explained in 

section II. Results and discussions are seen in section III. In 

section IV conclusion is given. 

II. ANTENNA GEOMETRY 

The proposed antipodal Vivaldi antenna consists of left and 

right arms asymmetrically. One arm is on front side and 

another one is back side on the antenna. The left arm consists 

microstrip feed line and it maintains the 50Ω characteristic 

impedance. Antipodal Vivaldi antenna is designed using 

exponential tapered curve is expressed as [12] 
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Here a1, a2, a3, b1, b2, and b3 are constants and these may be 

positive or negative values depending on Cartesian co-

ordinate system. The proposed AVA array antenna consists of 

1x4 antenna elements and it has dimensions 

55.3x26.6x0.79mm
3
 as shown in fig 1(b). Antenna designed 

on Rogers RT/duroid 5880 material having 2.2 dielectric 

constant and 0.0009 dielectric loss tangent. 

Improved gain, FBR and bandwidth are observed by adding 

triangular corrugations and rhombus parasitic patches to AVA 

array. By using SIWs in microstrip feed structure better return 

loss is obtained. 

The proposed antenna dimensions are L=55.3mm, 

W=26.6mm L1=29.4mm, L2=15.1mm, L3=3.2mm, L4=1.8mm, 

L5=2.4mm, L6=8mm, W1=2mm, W2=0.2mm, W3=0.8mm, 

W4=1.6mm, P=2.5mm, P1=2mm, d=10.8mm and SIW 

(substrate integrated waveguide) or Via’s are inserted feed 

line structure with radius r=0.16mm and h=0.79mm. SIW is in 

cylindrical shape and  spacing between SIWs is 0.6mm. The 

proposed AVA 1x4 array is fabricated on rogers Rt/duroid 

5880 material using pcb semi automatic machine and it is 
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shown in Fig.1(c). Here SIW (substrate integrated waveguide) 

or cylindrical vias are made by hand using needle. 

 
(a) 

 
(b) 

                                    Air Via 

            

(c) 

Fig. 1. Presented AVA 1x4 Array: (a) AVA array, (b) AVA with 

corrugations, parasitic patches and air via, (c) Fabricated model front 

view and back view 

III. RESULTS AND DISCUSSIONS 

A. Simulation and Measured Results of Proposed Antenna 

The proposed antenna is designed using ansys HFSS tool 

and simulation and measured results are presented below.  

From Fig. 2 observe the S11 or reflection coefficient of 

proposed antenna. Here without triangular corrugations and 

rhombus parasitic patches bandwidth (26.9-29.6 GHz) of 

proposed AVA antenna is reduced and without SIWs 

(Substrate integrated waveguides) return loss is -24.97dB at 

resonant frequency 28.56 GHz, by adding SIWs in micro strip 

feed line structure return loss is improved to -37.32dB at 

resonant frequency. Similarly, can observe the measured 

return loss is -10 dB below from 25 GHz to 32 GHz and it can 

see in Fig.3 

By adding triangular corrugations to AVA array antenna 

Front to Back Ratio (FBR) will increase and that can be 

observed in Fig.4. FBR should be high for long range.  

 

Fig. 2. S11 of proposed AVA array 

 

Fig. 3. Measured S11 of proposed AVA array 

 

Fig. 4. Frequency (Vs) Front to Back Ratio (FBR) 

directional antennas and it is described as a ratio that 

compares the highest azimuth gain with the gain in a direction 

that is 180
0
 from the given azimuth. From Fig.4 observe that 

at resonant frequency without corrugations FBR is 32.33 dB 

and with corrugations the FBR value is 34.47 dB, can see that 

their improvement in FBR ratio. 

By inserting parasitic patches directional characteristics like 

gain and directivity can be improved. From Fig.6 can observe 

gain of the antenna is increased with parasitic patches. 
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Fig.5. Isolation between antenna elements of proposed after 

removing 1x4 power divider antenna. 

 
Fig.6. Gain of proposed AVA array 

After removing 1x4 power divider, observe the isolation 

between antenna elements is below -26.08 dB for specified 

frequency band and is shown in Fig.5. 

By applying different techniques like triangular 

corrugations, parasitic patches and SIWs to the AVA 1x4 

array gain is improved and it varies from 9.45 to 14.88 dBi in 

specified frequency band as shown in Fig.6. Measured gain is 

varying from 8.43 to 12.86 dBi in mentioned frequency band. 

 
(a) 

 
(b) 

 
(c) 

  

(d) 

Fig.7. Radiation patterns of proposed AVA array at: 

(a) 28 GHz, (b) 28.56GHz, (c) 29 GHz,  

(d) by measuring using anechoic chamber 

E and H plane patterns of proposed antenna are taken at 28 

GHz, at resonant frequency 28.56 GHz and 29 GHz as seen in 

Fig .7(a) to 7(c). From Fig. 7(d) observed measured radiation 

patterns using anechoic chamber. 

 
Fig.8. Radiation efficiency (vs) Frequency plot 
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Fig.9. Surface current distribution of proposed AVA array. 

Radiation efficiency is defined as the percentage of 

antenna’s overall output power to its total input power from 

its generator. From Fig.6 seen that for specified operating 

frequency band above 95% radiation efficiency is obtained. 

Surface current distribution is taken at resonant frequency at 

28.56 GHz as shown in Fig.9.  

Comparision table of existing antennas with proposed 

antenna is shown in Table 1. 

TABLE 1 

COMPARISION TABLE OF EXISTING ANTENNAS 

Ref.No Size(mm3) 
B.W 

(GHz) 
Gain(dBi) 

No of 

elements 

[8] 
28.823x60x

0.787 
4 5.3-8.5 1x8 

[11] 
54.4x28.2x

0.508 
2.75 12.3-12.9 1x8 

[14] 
21.45x52.3

5x0.787 
4 13.36 1x8 

[15] 
24x28.8x0.

254 

4.96 & 

10.22 
8-13.2 1x4 

Proposed 
55.3x26.6x

0.79 
7 9.45-14.88 1x4 

B.W-Bandwidth, No of ele- Number of antenna elements 

IV. CONCLUSION 

Antipodal vivaldi antenna (AVA) 1x4 array is presented for 

5G mmWave applications. For improvement of bandwidth, 

returnloss and gain various techniques like triangular 

corrugations, rhombus parasitic patches and air vias are added 

to the AVA array. The proposed antenna is fabricated on 

rogers Rt/duroid 5880 material with dimensions 

55.3x26.6x0.79mm
3
. The return loss is -10 dB below from 25 

GHz to 32 GHz. Gain varies from 9.45 to 14.44 dBi and 

above 95% of radiation efficiency is obtained in operating 

frequency band. Future this proposed AVA 1x4 array will 

arrange in MIMO to provide high efficiency, more bandwidth 

and better channel capacity. 

REFERENCES 

[1] L. Wei, R. Q. Hu, Y. Qian and G. Wu, "Key Elements To 

Enable Millimeter Wave Communications for 5G Wireless 

Systems", IEEE Wireless Communications, vol. 21, no. 6, 

pp. 136-143, December 2014, 

DOI: 10.1109/MWC.2014.7000981 

[2] L. C. Paul, and M. M. Islam, "A Super Wideband Directional 

Compact Vivaldi Antenna for Lower 5G and Satellite 

Applications", International Journal of Antennas and 

Propagation, pp. 1-12, 2021, DOI:10.1155/2021/8933103 

[3] A. S. Dixit and S. Kumar, "A Survey of Performance 

Enhancement Techniques of Antipodal Vivaldi Antenna," IEEE 

Access, vol. 8, pp. 45774-45796, 2020, 

DOI: 10.1109/ACCESS.2020.2977167 

[4] P. J. Gibson, "The Vivaldi Aerial," 1979 9th European 

Microwave Conference, Brighton, UK, 1979, pp. 101-105, 

DOI: 10.1109/EUMA.1979.332681 

[5] E. Gazit, "Improved Design of the Vivaldi Antenna," IEE 

Proceedings H Microwaves, Antennas and Propagation, 

vol. 135, no. 2. IET Digital Library, 1988, DOI: 10.1049/ip-h-

2.1988.0020 

[6] Y. Suo, L. Wei, and J. Chen, "A SIW Antipodal Vivaldi Array 

Antenna Design," International Journal of Antennas and 

Propagation, 2016, DOI: 10.1155/2016/9280234 

[7] A. S. Dixit and S. Kumar, "A Miniaturized Antipodal Vivaldi 

Antenna for 5G Communication Applications," 2020 7th 

International Conference on Signal Processing and Integrated 

Networks (SPIN), Noida, India, 2020, pp. 800-803, 

DOI: 10.1109/SPIN48934.2020.9071075. 

[8] S. Zhu, H. Liu, Z. Chen and P. Wen, "A Compact Gain-

Enhanced Vivaldi Antenna Array with Suppressed Mutual 

Coupling for 5G mmWave Application", IEEE Antennas and 

Wireless Propagation Letters, vol. 17, no. 5, pp. 776-779, May 

2018, DOI: 10.1109/LAWP.2018.2816038 

[9] S. Zhu, H. Liu and P. Wen, "A New Method for Achieving 

Miniaturization and Gain Enhancement of Vivaldi Antenna 

Array Based on Anisotropic Metasurface", IEEE Transactions 

on Antennas and Propagation, vol. 67, no. 3, pp. 1952-1956, 

March 2019, DOI: 10.1109/TAP.2019.2891220 

[10] S. Kumar and A. S. Dixit, "Antipodal Vivaldi Antenna for 5G 

Devices", 2022 IEEE Wireless Antenna and Microwave 

Symposium (WAMS), Rourkela, India, 2022, pp. 1-4, DOI:  

10.1109/WAMS54719.2022.9848001 

[11] J. H. Qiu, Z. C. Yao, S. Qiu and N. N. Wang, "Research on an 

Antipodal Vivaldi Antenna Array for 5G Mobile 

Communication", 2019 International Symposium on Antennas 

and Propagation (ISAP), Xi'an, China, pp. 1-3, 2019 

[12] H. Liu, W. Yang, A. Zhang, S. Zhu, Z. Wang and T. Huang, "A 

Miniaturized Gain-Enhanced Antipodal Vivaldi Antenna and 

Its Array for 5G Communication Applications", IEEE Access, 

vol. 6, pp. 76282-76288, 2018, 

DOI: 10.1109/ACCESS.2018.2882914 

[13] M. M. Honari, M. S. Ghaffarian, and R. Mirzavand, 

"Miniaturized Antipodal Vivaldi Antenna with Improved 

Bandwidth Using Exponential Strip Arms", Electronics 2021, 

DOI: 10.3390/electronics10010083 

[14] P. Ramanujam, M. Ponnusamy, and K. Ramanujam. "A 

Compact Wide-Bandwidth Antipodal Vivaldi Antenna Array 

with Suppressed Mutual Coupling for 5G Mm-Wave 

Applications", AEU-International Journal of Electronics and 

Communications, vol.133, no.4, 2021, 

DOI: 10.1016/j.aeue.2021.153668 

[15] A. S. Dixit, et al. "A Highly Compact Antipodal Vivaldi 

Antenna Array for 5G Millimeter Wave Applications," Sensors, 

vol. 21, no. 7, 2021, DOI:  /10.3390/s21072360 

[16] A. Birwal, K. Patel, and S. Singh. "A directional Wide-Band 

Antipodal Vivaldi Antenna for Imaging 

Applications", Progress In Electromagnetics Research C, 

vol. 127, pp. 227-237, 2022, DOI: 10.2528/PIERC22102201 

[17] R. Golla and S. Nelaturi, "Antipodal Vivaldi Antenna Array for 

5G mmWave Applications at 28 GHz", 2024 IEEE Wireless 

Antenna and Microwave Symposium (WAMS), Visakhapatnam, 

India, 2024, pp. 1-4, 

DOI: 10.1109/WAMS59642.2024.10528081 

http://dx.doi.org/10.3390/electronics10010083
https://doi.org/10.3390/s21072360
http://dx.doi.org/10.2528/PIERC22102201

