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ABSTRACT 

In this paper, a single layer multi-resonating frequency two-element Pharaonic Ankh-Key array antenna with  length of  35 

mm, width of 18.5 mm and  height of 0.787mm Rogers/Duroid RT 5880 (   = 2.2 and tanδ = 0.0009) fed with one port is 

proposed. The two elements are fed with a feeding network which is connected with a 50 Ω line of width 2.21 mm and length 

8.8 mm. This antenna operates in all bands between 23.2 GHz to beyond 140 GHz with a band notch between 27.9 GHz to 30.4 

GHz. It supports many bands such as 24 GHz, 28 GHz, 37 GHz, 39 GHz, 47 GHz, E-band, W-band, and D-band enhancing the 

use of 5G and advanced technologies applications. The antenna has a maximum gain between 8 dBi and 15.5 dBi along the 

operating spectrum. For performance verification, it has been simulated using three different simulators (HFSS, CST, and IE3D) 

each with a different simulation technique (FEM, FIT, and MOM, respectively). The fabrication of the proposed antenna was 

done at a very low cost compared to the existing ones and the measuring results were compared to the simulated results showing 

a very good agreement. 
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I. INTRODUCTION 

Wireless technologies are booming now a days 

challenging researchers to find advanced solutions that cope 

with the developed technologies. Millimeter-wave 

applications are getting more used these days due its large 

bandwidth that extends from 30 – 300 GHz and its high data 

rate of transfer for short-range applications. 5G and 6G 

technologies are also spreading in this era and Federal 

Communications Commission (FCC) encourages engineers 

to search more in this area by expanding the use of more 

spectrum each year. In October 2015, FCC agreed for using 

24 GHz, 28 GHz, 37 GHz, 39 GHz, 47 GHz, and 64-71 GHz 

bands for wireless broadband applications (FCC 15-138), 

and the auction was completed in March 2020 [1]. Then it 

allowed the use of 21.2 GHz of the Spectrum Horizons 

bands that extends from 95 GHz to 3 THz (or Terahertz 

Spectrum) for unlicensed devices using: the 116-123 GHz 

band, the 174.8-182 GHz band, the 185-190 GHz band, and 

244-246 GHz band in March 2019 (FCC 19-44) [2]. And it 

decided to free up 2.75 GHz of the 5G spectrum in 26 GHz 

and 42 GHz bands and began to add more millimeter band 

spectrum in 70/80/90 GHz band for use in 5G applications in 

February 2021 [1]. 

In this article, a two-element Pharaonic Ankh-Key array 

antenna fed with one port is proposed enhancing the use of 

different types of applications in 5G, 6G and beyond 

technologies. The two radiating elements are separated with 

distances between, D1 and D2, which were designed and 

optimized to be between λ/4 and λ/2 to achieve the best 
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 antenna performance for wide bandwidth and S12 below -20 

dB all over the operating bandwidth [3].  The main radiating 

Pharaonic Ankh-Key antenna was designed to achieve a 

huge bandwidth with many resonating frequencies using 

many microstrip antenna characteristics such as; sharp edges, 

bow-tie, tapering, and round slots [11,12].   The proposed 

antenna is designed from the Pharaonic Ankh-Key with the 

large bow-tie as it has better gain and more resonating 

frequencies all over the desired bandwidth [11].   The 

proposed antenna’s overall dimensions are length, L, 35 mm, 

and width, W, 18.5 mm of copper and dielectric substrate of 

height 0.787 mm Rogers/Duroid RT5880 with 𝜀𝑟 = 2.2 and 

tanδ = 0.0009 between the patch and the ground. The 

antenna can operate within a huge bandwidth extending from 

below 23.2 GHz to beyond 140 GHz with a band notches 

between 27.9 GHz and 30.4 GHz band having a peak gain 

between 8 dBi and 15.5 dBi along the operating spectrum. 

Each Ankh-Key element has an overall dimensions of length 

16.8 mm and width 5.7 mm. The two elements are fed with a 

feeding network that is connected to a 50Ω microstrip line of 

width 2.21 mm. Due to the large bandwidth and irregular 

antenna geometry, most of the antenna parameters are 

conducted using optimization techniques and many trials to 

obtain the desired frequency range.  As the operating 

bandwidth is very large, the antenna was simulated using 

three different simulators with different techniques to 

validate their results; Ansys HFSS (FEM technique), CST 

Microwave Suite (FIT technique), and IE3D Mentor 

Graphics (MOM technique), and then fabricated using the 

Photolithographic technique showing a very good agreement 

between the simulated and the measured results. The new 

design supports very large bandwidth and very high peak 

gain enhancing the use of many wireless applications. The 

mailto:noha-moustafa@live.com


                                           Vol.43, No.1. January 2024 

144 

 

following section discusses the newly proposed design and 

all its related results. 

II. Antenna Geometry 

The proposed array antenna is designed to operate in large 

bandwidth with high gain compared to the existing antennas 

in the market. The new antenna can operate in all bands 

between 23.2 GHz and beyond 140 GHz with one band 

notch between 27.9 – 30.4 GHz. The antenna is a single 

layer two-element array with overall dimensions of  35 mm x 

18.5 mm and a height of 0.787 mm of dielectric substrate 

material Rogers/Duroid RT5880 with of  𝜀  = 2.2 and tanδ = 

0.0009. The two elements are connected with one 50Ω 

microstrip line by a feeding network with optimized 

dimensions to achieve the best performance and gain of a 

one-port-fed antenna supporting its related applications in 

5G and advanced millimeter-wave technologies. Figure 1 

below shows the antenna geometry of the proposed design. 

 
                           (a)                                                       (b) 

 Proposed two-element array antenna; (a) Ground Plane and (b) Figure 1.

Radiating Element. 

The top part of the antenna, the main two elements, has the 

same structure each with overall dimensions of 16.8 mm x 

5.7 mm.  The two elements are designed and optimized with 

separating distances, D1 and D2, between λ/4 and λ/2 

achieving the best performance where S12 is below -20 dB all 

over the operating bandwidth as shown in figure 2 below. 

The figure shows the simulated S11 and S12 when each 

element is separately fed. The simulations were done using 

FIT and FEM techniques where the results showed good 

agreement as the bandwidth extends from 24 GHz to beyond 

140 GHz with two band notches between 33.5 GHz to 36 

GHz and 39.3 GHz to 42.8 GHz achieving S12 below -20 dB 

along the operating spectrum. The other part is considered as 

a feeding network to the two-element arrays enhancing the 

antenna to be fed with one port instead of two ports 

permitting the use of different wireless applications.  

  
 Simulated S11 and S12 of the separately fed two-element array Figure 2.

antenna. 

Table I below shows the dimensions of the proposed 

structure. 

  

The dimensions of the feeding network and its feeding line 

are optimized to reach the best performance achieving wider 

bandwidth and higher gain compared to the separately fed 

two-element array antenna. The simulated and measured 

results are discussed in the next section. 

III. Simulation and Fabrication Results 

The array antenna was simulated using three different 

simulators each with a different solving technique; Ansys 

HFSS (FEM technique), CST Microwave Suite (FIT 

technique), and IE3D Mentor Graphics (MOM technique) 

and their results showed very good agreement. Then the 

antenna is fabricated using Photolithographic technique and 

connected to an SMA connector with a maximum frequency 

of 40 GHz. The return loss was then measured using ZVA 67 

Vector Network Analyzer of range from 10 MHz to 67 GHz 

at the Electronics Research Institute (ERI), Cairo, Egypt. 

a. S-Parameters 

Figure 3 shows a comparison result between the return 

losses (S11) of the three simulators and the measured results.  

    
(a) 

TABLE I. Dimensions of the new proposed two-element ankh-key 

array antenna 

Parameter l1 l2 l3 l4 l5 r1 r2 

Dimension 

(mm) 

8.8 6.95 7.01 17.34 12.22 1.04 1.73 

Parameter w1 w2 w3 w4 w5 w6 w7 

Dimension 

(mm) 

2.21 1.61 14.15 4.75 2.39 0.89 1.91 
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(b) 

 Simulated and Measured S11; (a) Frequency range 20 – 70 GHz, Figure 3.

(b) ) Frequency range 70 – 140 GHz. 

Figure 3 (a) and (b) show the simulated and measured S11 

results for the proposed antenna where figure 3(a) shows the 

frequency range between 20 – 70 GHz and figure 3(b) shows 

the frequency range between 70 – 140 GHz. As shown in 

figure 3(a), the antenna is simulated using IE3D Mentor 

Graphics (MOM technique) until 55 GHz as this solver 

shows better results in the low frequencies than in high 

frequencies. This technique showed that the antenna can 

operate in the ranges of; 26.8 – 28.3 GHz, 31.4 – 38 GHz, 

39.9 – 41.9 GHz, and 42.3 – 55 GHz. Whereas CST 

Microwave Studio (FIT technique) and Ansys HFSS (FEM 

technique) showed the same operating bandwidth ranges and 

almost the same resonating frequencies where the antenna 

can operate in all the ranges between 26.4 GHz to beyond 

140 GHz with a band notch between 27.9 GHz to 30.4 GHz. 

All the simulated and measured results showed convenient 

agreement with measured results which showed that antenna 

can operate in the ranges of; 23.2 – 25.2 GHz, 26.8 – 27.9 

GHz, 29.4 – 31.1 GHz, 32.8 – 38.6 GHz, 40 – 42.7 GHz, 

45.8 – 59.7 GHz, and 61.4 – 68.4 GHz with multi-resonating 

frequencies supporting all applications that work in ranges 

between 23.2 GHz to beyond 140 GHz. 

b. Peak Gain  

Figure 4 (a) and (b) below show the simulated peak gain 

for the three simulators used where figure 4 (a) shows 

frequency range of 20 – 70 GHz and figure 4 (b) shows 

frequency range of 70 – 140 GHz. The MOM technique 

showed a peak gain between 6 dBi and 15.5 dBi, the FIT 

technique showed a peak gain between 8 – 12 dBi in the low 

frequencies, and about 13.2 dBi in the high frequencies, and 

FEM technique showed peak gain 8.8 – 11.9 dBi all over the 

operating spectrum which is comparatively higher than the 

previously proposed two-element array antenna. 

  
(a) 

  
(b) 

 Simulated Peak Gain. Figure 4.

c. VSWR  

Figure 5 below shows simulated VSWR for the three 

simulators. As observed, the FIT and FEM techniques 

showed almost the same VSWR where the antenna operates 

in all frequency range between 26.5 GHz to beyond 140 

GHz with band notch between 27.9 GHz to 30.4 GHz. 

Whereas the MOM technique showed that the antenna can 

operate in almost the same ranges but with more band 

notches which are between 28.3 – 31.4 GHz, 38 – 39.9 GHz, 

and 41.9 – 42.3 GHz.  

 
 Simulated VSWR. Figure 5.

d. Radiation Pattern 

Figure 6 below shows the simulated radiation pattern in E-

plane and H-plane compared to the 3D pattern at different 

frequencies. For each mentioned frequency, a polar plot 

figure (on the left) with E-plane compared to H-plane and a 

3D figure (on the right) for the 3D-radiation pattern are 

presented. The difference in the radiation pattern is due to 

the change in wave-lengths along the operating spectrum and 

this is clear according to the following fundamental equation 

of the directivity gain is; 

 (   )     
   (   )

   
                          [16] 

Where  (   ) is the antenna Effective aperture and   is 

the wave-length. It can be observed from the equation that 

the directivity gain changes when the frequency changes and 

thus the radiation pattern. The figures show high gain and 

directed patterns at the 5G frequencies and omnidirectional 

patterns in most of the frequency bands Most of these 

radiation patterns are at resonating frequencies.  
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 Simulated Radiation Pattern (E-Plane and H-Plane) verses 3D Figure 6.

Pattern at different frequencies. 

e. Radiation Efficiency 

Figure 7 below shows a simulated radiation efficiency 

between 97.5 % and 100% along the operating spectrum and 

these results were obtained from the CST simulator.  The 

radiation efficiency (    ) can be calculated using the 

following formula: 

       
    

                
                             [16]  

where       is the total power radiated by the antenna and 

       is the total power dissipated by the antenna in the 

form of ohmic losses. So it can be calculated from figure 7 

and the above equation that the ohmic losses in the proposed 

is less than 2.5% of the radiated power showing that the 

proposed antenna is very effective along the operating 

spectrum. 

 

 Simulated Radiation Efficiency. Figure 7.

f. Fabrication 

Figure 8 below shows the fabricated array antenna, using 

Photolithographic technique, connected to an SMA 

connector with a maximum frequency of 40 GHz as the 

measuring process was carried out to 67 GHz. The fabricated 

antenna in the figure is connected to a two-cent coin to show 

its real dimensions. 

 

 Fabricated Array Antenna. Figure 8.

Last but not least, from all the obtained results we can say 

that the proposed antenna is very efficient with large 

bandwidth and high gain. Table 2 shows a comparison 

between the performance of the proposed antenna and some 

related recent researches. It is observed that the proposed 

antenna has many pros compared to other antennas that work 

in similar bands or with the same design technology. The 

proposed antenna has a simple and small structure with a 

very large bandwidth and high gain with the best radiation 

efficiency compared to the other antennas making it a very 

good candidate for 5G and advanced technology wireless 

applications. 
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IV.  Conclusion 

In this paper, a two-element Pharaonic Ankh-Key array 

antenna with single port is designed, simulated, and 

fabricated to meet the requirements of 5G and beyond 

technologies applications with promising peak gain and 

radiation pattern as it is a very good candidate to work in all 

bands from 23.2 GHz to beyond 140 GHz with a band notch 

between 27.9 GHz to 30.4 having peak gain between 8 dBi 

to 15.5 dBi all over the operating bandwidth with radiation 

efficiency reaching 100%. The two-element array is fed with 

a feeding network, thus the number of elements can be 

increased, in future work, using the same technique to 

achieve higher gain and better performance. 

 

REFERENCES 

 
[1] America's 5G Future, Federal Communications Commission, 

https://www.fcc.gov/5G. 

[2] FCC Opens Spectrum Horizons for New Services & 
Technologies, Federal Communications Commission, 
https://www.fcc.gov/document/fcc-opens-spectrum-horizons-
new-services-technologies. 

[3] N. M. Rashad, A. I. Hussein, and A. A. M. Khalaf, "Two-
Element Pharaonic Ankh-Key Array Antenna Design, 
Simulation, and Fabrication for 5G and Millimeter-Wave 

Broadband Applications," in IEEE Access, vol. 10, pp. 15175-
15182, 2022, DOI: 10.1109/ACCESS.2022.3148589. 

[4] N. A. Eltresy, A. E. M. A. Elhamid, D. M. Elsheakh, H. M. 
Elhennawy, and E. A. Abdallah, "Silver Sandwiched ITO 
Based Transparent Antenna Array for RF Energy Harvesting 
in 5G Mid-Range of Frequencies," in IEEE Access, vol. 9, pp. 
49476-49486, 2021, DOI: 10.1109/ACCESS.2021.3069409. 

[5] Y. Zhang and Y. Li, "Four-Beam Antenna Array with 
Integrated Butler Matrix Feeding Network," 2020 9th Asia-
Pacific Conference on Antennas and Propagation (APCAP), 
2020, pp. 1-2, DOI: 10.1109/APCAP50217.2020.9246145. 

[6] P. Liu, G. F. Pedersen and S. Zhang, "Wideband Low Sidelobe 
Slot Array Antenna with Compact Tapering Feeding Network 
for E-Band Wireless Communications," in IEEE Transactions 
on Antennas and Propagation, doi: 
10.1109/TAP.2021.3119030. 

[7] Fanqi Sun, Yujian Li, Junhong Wang, et al., "A Millimeter-
Wave Wideband Dual-Polarized Antenna Array With 3-D-
Printed Air-Filled Differential Feeding Cavities," in IEEE 
Transactions on Antennas and Propagation, vol. 70, no. 2, pp. 
1020-1032, Feb. 2022, DOI: 10.1109/TAP.2021.3111502. 

[8] Ikhlas Ahmad, Haris Dildar, Wasi Ur Rehman Khan, et al, 
“Frequency Reconfigurable Antenna For Multi Standard 
Wireless and Mobile Communication Systems,” Computers, 
Materials & Continua, CMC-Tech Science Press, vol. 68, no. 
2, pp. 2563-2578, April, 2021. 

[9] Muhammad Waqas, Mohammad Zahid, Mohammad Jaafer 
Riaz, et al. “4x4 Massive MIMO Antennas for 39 GHz 
Millimeter-Wave Applications,” 6th International Conference 
on UK-China Emerging Technologies (UCET 2021), 

TABLE II. Performance Comparison between the Proposed array antenna and the related work. 

References 
Dimensions 

(mm) 

# of 
Antenna 
Elements 

Frequencies 

(GHz) 

Bandwidth 

(GHz) 

Maximum 
Gain 

(dBi) 

Efficiency 

 

N.M. Rashad et al., 
(2022) [3] 

 

18.7 x 18.5  

x 0.787 
2 

All bands between  

23 - 140 

23.2 - 33.5 / 36 - 39.3 
/ 42.8 - 140 

7.8 - 12.3 98% 

N.A. Eltersy et al., 
(2021) [4] 

 

21.5 x 21.5 

x 0.8 

2 

 

5.8 

 

4.8 – 6.8 

 

5 

 

70.8 

 

Y. Zhang et al., (2020) 
[5] 

 

1 x 470 

x 104 

 

16 

 

2.6 

 

N/A 

 

13 

 

N/A 

 

P. Liu et al., (2021) [6] 
32 x 32 

x 7 
64 N/A 71 – 86 22.1 70% 

F. Sun et al., (2021) [7] 

 

76 x 76 

x 23 

64 37 30% 28.5 90% 

Ikhlas Ahmad et al., 
(2021) [8] 

30 x 20  

x 1.6 
1 

4.5/4.8/5.5 or 

3.5 or 

2.6 /6.2 or 

2.1/5/6.5 

3.51 - 8.51 or 3.1 -
4.11 or 2.41 - 2.81 / 
5.47 - 7.18 or 2.03 - 

2.27 / 4.61 -5.35 / 5.87 
- 7.22 

2.5 or 

1.95 or 

1.54 or 

1.64 

84% or 

82% or 

83% or 

80% 

Mohammad Wagas et 
al., (2021) [9] 

 

35.2 x 73  

x 0.508 
16 39 1.01 5.002 92% 

Mohammad Zahid et 
al., (2020) [10] 

 

16.5 x 10  

x 0.787 
N/A 15.6 / 24.7 / 41.4 3.1 / 1.1 / 31.7 

4.6 / 6.95 / 
7.77 

95.5% 

Proposed Antenna 
35 x 18.5 

x 0.787 
2 

All bands between 
23.2 - 140 

23.2 – 27.9 / 

30.4 – 140 
8 – 15.5 100% 

 

https://www.fcc.gov/5G
https://www.fcc.gov/5G
https://www.fcc.gov/document/fcc-opens-spectrum-horizons-new-services-technologies
https://www.fcc.gov/document/fcc-opens-spectrum-horizons-new-services-technologies


                                           Vol.43, No.1. January 2024 

149 

 

University of Electronic Science and Technology of China, 
November, 2021. 

[10] Muhammad Zahid, Sultan Shoaib, Yasar Amin, et al. “Ultra 
Wideband Antenna For Future 5G,”IEEE Conference of 
Russian Young Researchers in Electrical and Electronic 
Engineering (ElConRus), Moscow, pp. 2280-2283, March, 
2020. 

[11] N.M. Rashad, Ashraf A.M. Khalaf, “Design and Simulation of 
Millimeter-Wave Broadband Modified Ankh-Key Antenna for 
5G and Beyond Technologies Applications”, Procedia 
Computer Science, Volume 182, 2021, Pages 21-27, ISSN 
1877-0509, https://doi.org/10.1016/j.procs.2021.02.004. 
(https://www.sciencedirect.com/science/article/pii/S18770509
21004683). 

[12] N. M. Rashad and Ashraf A. M. Khalaf, "Modified Design and 
Fabrication of a broadband Millimeter-Wave Ankh-Key 
Antenna for 5G and Next Generations Applications," 2020 
International Conference on Innovative Trends in 
Communication and Computer Engineering (ITCE), Aswan, 
Egypt, February 2020, pp. 322-325. 
doi: 10.1109/ITCE48509.2020.9047793 
keywords: {5G;6G;7G;Microstrip;Antenna;Millimeter 
wave;Multi-band;HFSS;CST}, 
URL: http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumb
er=9047793&isnumber=9047749. 

[13] Amjad Omar, Mousa Hussein, Indu J. Rajmohan, et al. “Dual-
band MIMO coplanar waveguide-fed-slot antenna for 5G 
communications”, Heliyon, Volume 7, Issue 4, 2021, e06779, 
ISSN 2405-8440, 
https://doi.org/10.1016/j.heliyon.2021.e06779, 
(https://www.sciencedirect.com/science/article/pii/S24058440
21008823). 

[14] Heba Aboelleil, Ahmed A. Ibrahim and Ashraf A. M. Khalaf, 
"UWB MIMO High Diversity Antenna of  Four Radiators  
with Single-Band-Rejection for Wireless  Applications," 
Journal of Advanced Engineering Trends, Volume 41 (Issue 
1), pages 32-40, January 2022. 

[15] Eman Yahya Elnady, Kamel Hussein Rahoumaorcid and 
Hanafy M. Ali, "Design and Simulation of Non-Invasive  
Microwave Antenna for Hyperthermia Lipolysis Scheme," 
Journal of Advanced Engineering Trends, Volume 41 (Issue 
1), pages 41-53, January 2022. 

[16] Constantine A. Balanis, “Antenna Theory: Analysis and 
Design,” fourth edition, Wiley. 

[17] Kifayat Ullah, Shakir Ullah, Iftikhar ud Din, et al. “Design and 
Analysis of Compact Dual-Band Patch Antenna for 5G mmW 
Applications,” 2020 14th International Conference on Open 
Source Systems and Technologies (ICOSST), December, 
2020. 

[18] Li, Jianxing, and Zhang, et al. “Dual-Band Eight-Antenna 
Array Design for MIMO Applications on 5G Mobile 
Terminals,” IEEE Access, vol. 7, pp. 71636-71644, 2019, 
DOI: 10.1109/ACCESS.2019.2908969. 

[19] B. V. Naik, Debojyoti Nath, and Rina Sharma, “Design and 
Analysis of Rectangular Slot Microstrip Patch Antenna for 
Millimeter-Wave Communication and Its SAR Evaluation,” 
International Journal of Antennas (JANT), vol.7, no. 1, pp. 15-
23, January, 2021. 

[20] Naser Ojaroudi Parchin, Yasir I. A. al-Yasir, and Raed A. 
Abd-Alhameed, “A Compact 5G Antenna Array with Ultra-
Wide Bandwidth for MM-Wave Smartphone Applications,” 
2021 15th European Conference on Antennas and Propagation 
(EuCAP), 2021, pp. 1-4, DOI: 
10.23919/EuCAP51087.2021.9411343. 

[21] G. Kim and S. Kim, "Design and Analysis of Dual Polarized 
Broadband Microstrip Patch Antenna for 5G mmWave 
Antenna Module on FR4 Substrate," in IEEE Access, vol. 9, 
pp. 64306-64316, 2021, DOI: 
10.1109/ACCESS.2021.3075495. 

[22] K. Trzebiatowski, M. Rzymowski, and L. Kulas, et al. "Simple 
60 GHz Switched Beam Antenna for 5G Millimeter-Wave 
Applications," in IEEE Antennas and Wireless Propagation 
Letters, vol. 20, no. 1, pp. 38-42, Jan. 2021, DOI: 
10.1109/LAWP.2020.3038260. 

[23] N. M. Rashad, W. Swelam, M. H. Abd ElAzeem, “Pharaonic 
Ankh-Key Millimeter Wave Broadband Antenna Design and 

Fabrication for 5G Applications,” IEEE AP-S Symposium on 
Antennas and Propagation and USNC-URSI Radio Science 
Meeting, San Diego, California, USA, July 9–14, 2017. 

[24] N. M. Rashad, W. Swelam, M. H. Abd ElAzeem, “Ankh Key 
Broadband Array Antenna for 5G Applications,” 19th 
International Conference on Applications of Wireless and 
Optical Communication (ICAWOC 2017), Berlin, Germany, 
May 21-22, 2017. 

[25] N. M. Rashad, W. Swelam, M. H. Abd ElAzeem, “Ankh Key 
Broadband Array Antenna for 5G Applications,” World 
Academy of Science, Engineering and Technology 
International Journal of Electronics and Communication 
Engineering, Vol: 4, No: 5, 2017, waset.org/abstracts/65647/. 

[26] D. H. Nguyen, J. Ala-Laurinaho, J. Moll, et al. "Improved 
Sidelobe-Suppression Microstrip Patch Antenna Array by 
Uniform Feeding Networks," in IEEE Transactions on 
Antennas and Propagation, vol. 68, no. 11, pp. 7339-7347, 
Nov. 2020, DOI: 10.1109/TAP.2020.2995416. 

[27] Y. -H. Ke, L. -L. Yang and J. -X. Chen, "Design of Switchable 
Dual-Balun Feeding Structure for Pattern-Reconfigurable 
Endfire Antenna," in IEEE Antennas and Wireless Propagation 
Letters, vol. 20, no. 8, pp. 1463-1467, Aug. 2021, DOI: 
10.1109/LAWP.2021.3087479. 

 

https://www.sciencedirect.com/science/article/pii/S1877050921004683
https://www.sciencedirect.com/science/article/pii/S1877050921004683
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9047793&isnumber=9047749
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9047793&isnumber=9047749
https://doi.org/10.1016/j.heliyon.2021.e06779
https://www.sciencedirect.com/science/article/pii/S2405844021008823
https://www.sciencedirect.com/science/article/pii/S2405844021008823

