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Abstract: This paper proposes a stable gain and a compact Antipodal Vivaldi Antenna (AVA) for a 38 GHz band of 5G communication. A novel compact AVA is designed to provide constant gain, high front to back ratio (FBR), and very high efficiency. The performance of the proposed AVA is enhanced with the help of a dielectric lens (DL) and corrugations. A rectangular-shaped DL is incorporated in conventional AVA (CAVA) to enhance its gain up to 1 dBi and the bandwidth by 1.8 GHz. Next, the rectangular corrugations are implemented in CAVA with lens (CAVA-L) to further improve the gain and bandwidth. The proposed AVA with lens and corrugations (AVA-LC) gives a constant and high gain of 8.2 to 9 dBi. The designed AVA-LC operates from 34 to 45 GHz frequency which covers 38 GHz (37.5 to 43.5 GHz) band of 5G applications. Further, the presented AVA-LC mitigates the back lobe and sidelobe levels, resulting in FBR and efficiency improvement. The FBR is in the range of 12.2  to 22 dB, and efficiency is 99%, almost constant. The AVA-LC is fabricated on Roger’s RT/duroid 5880 substrate, and it is tested to verify the simulated results. The proposed compact AVA-LC with high gain, an improved FBR, excellent efficiency, and stable radiation patterns is suitable for the 38 GHz band of 5G devices.
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1  Introduction

Moving towards the next generation 5G communications, we require devices compatible with that. Most of the operating range of 5G communication lies above 24 GHz (25–29.5, 37.5–43.5 GHz), and with this higher frequency, 5G Communication requires an antenna with higher gain to compensate propagation losses [1,2]. Also, the antenna must operate with a minimum requirement of 5G communication bandwidth of 6–7 GHz [3,4]. Also, 5G communications device must operate with stable and constant gain with a unidirectional radiation pattern. With this set of parameters of the 5G communication device, choosing an antenna type that satisfies all these parameters becomes essential. As per the literature survey, various researchers have designed different antennas for 5G applications. In [5,6], two port multiple input multiple output (MIMO) microstrip patch antennas are designed for 5G devices. Next, planar helical antenna is designed in [7] for 28 GHz band of 5G applications. Further, T-shaped fractal antenna is designed in [8] for 5G Ka-band applications. Out of various reported antennas, antipodal Vivaldi antenna (AVA) with its known characteristics of broader bandwidth, higher efficiency, and higher gain helps to achieve the required parameters of 5G communications [9]. In 1979 Dr. Gibson introduced the concept of Vivaldi antenna [10] which was later on altered to Antipodal Vivaldi Antenna (AVA) by Dr. Gazit in 1988 [11]. Not only 5G communications AVA is employed in several other applications like ultra-wideband communication (UWB) [12], medical antennas [13,14], radar [15], civil engineering [16] and other mm-Wave and microwave applications [17].

As found in the literature, AVA is extensively employed in 5G communication devices [18,19]. As the 5G device size keeps on reducing, it becomes difficult to use AVA because of its larger size. So size reduction with keeping antenna 5G parameters intact becomes the most challenging part, motivating several researchers to do the same. Several techniques can be found in literature with options like dielectric lens [20], choice of substrate [21], metamaterial [22,23], parasitic patch [24], corrugation [25,26], and slots [27]. Moreover, the AVA array is also employed in several antenna designs where high gain is required but with the increased antenna size [28–30]. Multiple input multiple output (MIMO) antenna design is complex and it requires more size [31,32]. Next, the design and placement of the metamaterial unit cells are daunting tasks [33,34]. A small-sized parasitic patch gives a minimal increment in the gain, whereas the larger size of the parasitic patch increases the antenna size. The dielectric lens also increases the antenna size, but it gives more gain enhancement as compared to the parasitic patch [35,36].

In this work, AVA is designed with Rogers RT/duroid 5880 because of its low dielectric constant and low loss tangent; it is more suitable for the 5G application frequency range. Out of the various enhancement techniques proposed in the literature, dielectric lens and corrugation techniques have been employed in this work to make it more compact and to enhance its gain. The use of DL and corrugations effectively to give excellent efficiency and a constant gain are the novelties of the proposed design. The proposed AVA provides very high and constant efficiency of 99% which is not reported in earlier AVA designs. Also, the proposed AVA gives a constant gain of 8.6 ± 0.4 dBi and such gain stability is not reported in the literature. The paper is divided into 4 sections, where Section 1 is an introduction. In Section 2, the AVA-LC design is presented. Section 3 is the results and discussion where simulation and measured results are presented to compare AVA-LC with the other related antenna proposed in the literature. Finally, Section 4 concludes the work.

2  Antenna Design and Parametric Study

2.1 Conventional AVA Design

Fig. 1a represents the elementary structure of the conventional AVA (CAVA) of dimensions 20 mm × 6 mm designed using Rogers RT/duroid 5880 substrate with a height of 0.5 mm and dielectric constant of 2.2 [37]. The substrate’s loss tangent value is 0.009. Both the bottom and top patches are a mirror image of each other. The bottom and top patches act as ground and radiators, respectively. The impedance matching is done via the 50 Ω microstrip transmission line.
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Figure 1: Proposed antenna designs

The Equations of the curves are given by

Y=±(R1erx+R2)(1)

where R1 and R2 are given by,

R1=y2−y1erx2−erx1(2)

R2=erx2y1−erx1y2erx2−erx1(3)

Here,

R1 and R2 = constants,

x1,y1,x2 and y2 = start and end points of exponential curve,

r = rate of increase of exponential curve

The antenna parameters optimum values are obtained using High-Frequency Structure Simulator (HFSS), version 2020. The parameters of AVA are listed in Tab. 1.
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2.2 Lens and Corrugation Design

As per the literature survey done on AVA with dielectric lens, it is found that dielectric lens is of various shapes like rectangular, circular, elliptical, square, and trapezoidal. Authors have designed the AVA with different shapes of a dielectric lens to finalize the shape. Figs. 2a and 2b shows the reflection coefficients and directivity graphs of AVA with different DL shapes, respectively. Fig. 2a shows that circular shaped DL has a poor frequency response as compared to the other DL shapes. Next, there are no significant bandwidth variations for trapezoidal, ellipse, and square-shaped DL. Out of these DL shapes, rectangular-shaped DL provides better frequency response with −8 dB impedance bandwidth of 10.4 GHz. Further, Fig. 2b proves the contribution of rectangular-shaped DL in the directivity enhancement. The circular-shaped DL gives the least directivity as compared to other DL shapes. The ellipse-shaped DL provides moderate directivity. Both Figs. 2a and 2b prove that the rectangular-shaped DL is an appropriate choice.
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Figure 2: Results of AVA with different shapes of DL

Fig. 3 depict the reflection coefficients of AVA-L for various lengths of the rectangular lens. It can be seen from the Fig. 3 that as the lens length increase, the S11 also improves. The best return loss is obtained for L3 = 5 mm and hence considered for the final design which is shown in the Fig. 1b.
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Figure 3: S11 for different lengths of DL

Next, to further enhance the parameters of AVA-L, corrugations are added in the AVA top and bottom patches as shown in the Fig. 1c. The parametric analysis for corrugation length is shown in the Fig. 4. In this Fig. 4, as corrugation length increases, the resonance frequency is shifted towards the low-frequency side. The better frequency responses are obtained at 37.2 and 43.6 GHz for L4 = 0.7 mm, but it has not included the required band from 38.9 to 42.2 GHz. This parametric analysis proves that the −10 dB wide bandwidth is provided by L4= 1.3 mm, from 37.5 GHz to above 45 GHz. Similarly, the corrugation’s width (L5) is optimized, and its optimum value is 0.2 mm.
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Figure 4: Effect of corrugations length

The corrugations are important for gain enhancement which is proved in Fig. 5. Figs. 5a and 5b are the electric field distribution at 38 GHz of AVA-L and AVA-LC respectively. It can be seen that in AVA-L, a more electric field is present at the exponential curve. In contrast, in AVA-LC, the electric field intensity is greater at exponential curves and at the corrugations. This increase in the e-field intensity of AVA-LC directs most of the radiations in the aperture direction resulting in the gain enhancement. Also, the proposed AVA-LC provides an improved electric field in the range of kV/m.
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Figure 5: Electric field distribution at 38 GHz

The antenna is fabricated by using photolithography process. A Roger’s substrate 5880 which has 35 μm copper thicknesses on both sides was used for antenna fabrication. At first, the substrate is cleaned using acetone, deionized water, and isopropyl alcohol. Then the substrate was dehydrated and bottom surface was coated with PR SPR220-7. Next, the top patch was etched using ferric chloride solution. After this, the coating of bottom patch was removed and then patterning of bottom patch was done. The top and bottom views of the fabricated antenna are shown in Fig. 6.
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Figure 6: Fabricated proposed antenna

Next, Fig. 7 depict the S11 of CAVA, AVA-L, and AVA-LC. The CAVA has provided the lowest bandwidth. DL’s addition gave a dual-band that does not cover the center frequencies of the 38 GHz band of 5G applications. After incorporating the corrugations, the resistance, capacitance, and inductance values of an antenna change result in the change in return loss. The dimensions of corrugations are optimized such that the designed antenna can cover the entire 38 GHz band. The simulated frequency band is from 35.7 GHz to above 45 GHz.
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Figure 7: Reflection coefficients (S11) of the proposed antenna

The front-to-back ratio (FBR) plot is given in Fig. 8. There is no significant difference between CAVA and AVA-L FBR plots, which is in the range of 4.2  to 15.2 dB. The corrugations alleviate the back lobe level and improve the main lobe level, which improves the FBR. The proposed AVA-LC provides FBR in the range of 12.2 dB to 22 dB. This enhancement in FBR is reflected in the gain improvement as shown in the Fig. 9. As proved in the Fig. 9, the gain of CAVA is the lowest, which is from 5.75 to 6.9 dBi. The CAVA’s gain is improved up to 1 dBi by using DL. The corrugations further enhance the gain, and it is from 8.2 to 9 dBi. Thus the proposed antenna provides a high and constant gain. The increase in antenna’s gain also improves the efficiency as proved in Fig. 10. All the designed antennas provide efficiency higher than 86%. The designed AVA-LC gives high and a constant efficiency of 99%.
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Figure 8: Front to back ratio vs. frequency plot
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Figure 9: Gain vs. frequency plot
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Figure 10: Radiation efficiency vs. frequency plot

3  Results and Discussion

The simulated AVA-LC is fabricated on RT/duroid 5880 substrate, and then it is tested by using a performance network analyzer (PNA) N5224B. Fig. 11a shows the experimental setup and (b) shows the plot of reflection coefficients. Initially, PNA was calibrated from 1 to 43.5 GHz, and then the antenna under test (AUT) was connected to the PNA’s port. The discrepancy between the results is due to the difference between the ideal simulation environment and practical lossy environment. The measured −10 dB impedance bandwidth is 34 GHz to above 43.5 GHz, whereas the simulated bandwidth is 35.7 to 45 GHz.
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Figure 11: (a) Experimental setup to measure S11 (b) Measured and simulated S11

The radiation patterns are plotted in the Fig. 12. Figs. 12a–12c are azimuth planes (H plane), and Figs. 12d–12f are elevation planes (E plane) which are plotted at 37, 39, and 43.77 GHz respectively. These radiations patterns of AVA-LC are stable over the desired frequency band. For AVA-LC, the main lobe is the highest, and the back lobe level is the lowest compared to the other AVA designs. It also shows that the corrugations mitigate the sidelobe levels. In elevation planes, the size of the main lobe level is more at 43.77 GHz, and hence the gain is highest at 43.77 GHz. Moreover, the back lobe level is less at 39 GHz, and hence FBR is highest at 39 GHz.
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Figure 12: Simulated radiation pattern of the proposed antenna designs

Tab. 2 shows the comparison of the proposed AVA-LC with previously reported AVAs. The comparison is made based on some important parameters like techniques employed for enhancement, relative permittivity (εr), antenna size in terms of guided wavelength, gain in dBi, and frequency range in GHz. Dimensions are calculated by considering the lowest operating frequency. The comparison Tab. 2 shows that the antennas designed by [38–40] are of larger size than the proposed AVA-LC. Next, other AVAs designed by [41–45] are comparatively smaller in size, but their gains are lower than the proposed AVA-LC. Further, the antenna designed in [46] gives less gain and narrower bandwidth. The AVA designed in [47] exhibits very large gain variations of 11.5 dBi which is practically not desirable. Also, the gain variations are more in all the above-reported antennas, whereas the proposed AVA-LC allows only ± 0.4 dBi gain variation. Hence, the proposed AVA-LC is a highly constant gain antenna. So, this Tab. 2 prove that the proposed AVA-LC is suitable for the 38 GHz band of 5G applications.
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4  Conclusions

This paper enhances conventional AVA parameters by employing corrugations and a dielectric lens. The designed antenna has constant gain over the entire operating frequency range. The Experimental results validate the simulated results which are almost the same. The proposed antenna improves conventional AVA peak gain from 6.88 to 9 dBi. Also, it decreases the lower cut-off frequency from 37.07 to 34 GHz, which enhances the overall bandwidth from 5.15 to 11 GHz. Because of the employment of corrugations and dielectric lens in the designed antenna, the front-to-back ratio and efficiency are enhanced by reducing the sidelobe levels. The proposed novel antenna has the advantage of constant gain, high efficiency, and unidirectional radiation pattern over the entire operating frequency. So the designed antenna is one of the ideal candidates for 5G communication devices where constant gain and the stable radiation pattern with high efficiency are the major requirements.
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Table 1: Dimensions of the proposed antenna AVA-LC
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Table 2: Comparison of AVA-LC with previously reported AVA designs

Ref. no.  Techniques & Dimensions (A,’) Gain (dBi) Freq. band
employed (GHz)

[41] Flare shape 4.4 0.7x0.7x0.011 1.5-6.8 1-35

[42] Flare shape 3.2 2.087 x 1.52 x 0.09 4-8.7 1040

[43] Lens, 4.4 1.86 x 1.4 x 0.045 5-8 4-30
corrugations

[38] Parasitic_patch, 2.2 4.51 x2.136x0.033  6.35-8.51 27-31
corrugations

[44] SIW 2.2 0.54 x 1.24 x 0.042 2.15-5.75 11.02-40

[45] Flare shape 4.4 1.2 x0.7x0.0111 —1.87-6.79 1-6

[39] Metamaterial 4.4 6.93 x4.15x0.27 5-9.3 24.8-34.52

[46] Fern shaped 4.4 1.57 x 1.57 x 0.016 6.66-7.7 1.5-3.3
slots

[47] Additional 2.55 0.96 x 0.76 x 0.006 1-12.5 0.72-17
exponential
arm

[40] Rectangular 3.55 5.65x9.28 x 0.033 9.2-12.8 26.5-40
slots

This Lens, 2.2 3.02x 1x0.084 8.2-9 34-45

work corrugations






OEBPS/Images/CMC_27862-fig-12a.png
-180 -180 -180

(a) Azimuth Plane at 37 GHz (b) Azimuth Plane at 39 GHz (c) Azimuth Plane at 43.77 GHz





OEBPS/Images/CMC_27862-fig-3.png
S11 (dB)

-6.00

-8.00

-10.00

-12.00+

-14.00+

-16.00

-18.00

-20.00+

_L3

-22.00
34.00

36.00

38.00 40.00
Freq [GHz]

42.00






OEBPS/Images/copy.png





OEBPS/Images/CMC_27862-fig-10.png
Radiation Efficiency(%)

94.00 417

92.00

90.00

88.00

86.00

— AVA with Corrugation and DL
=== AVA with DL
Conventional AVA

34.00

36.00

38.00

T T T
40.00 42.00 44.00
Freq [GHz]






OEBPS/Images/CMC_27862-fig-8.png
Front to Back Ratio (dB)

22.00

20.00
18.00
16.00
14.00
12.004
10.00 4

8.00 4 vues — AVAwith Corrugation and DL,

6.00 ---- AVA with DL
- Conventional AVA

4.00 T T T T
34.00 36.00 38.00 40.00 42.00

Freq [GHz]






