[image: image1]A Dual-Polarized Horn Antenna Covering Full Ka-Band Using Turnstile OMT

		ORIGINAL RESEARCH
published: 05 April 2022
doi: 10.3389/fphy.2022.880606


[image: image2]
A Dual-Polarized Horn Antenna Covering Full Ka-Band Using Turnstile OMT
Jun Xiao1, Geer Teni2, Hongmei Li3*, Tongyu Ding1 and Qiubo Ye1*
1School of Ocean Information Engineering, JiMei University, Xiamen, China
2Beijing Xibao Electronic Technology Co. Ltd., Beijing, China
3Harbin Institute of Technology, Harbin, China
Edited by:
Kai-Da Xu, Xi’an Jiaotong University, China
Reviewed by:
Jianjia Yi, Xi’an Jiaotong University, China
Zihang Qi, Beijing University of Posts and Telecommunications (BUPT), China
* Correspondence: Hongmei Li, lihongmei@hit.edu.cn; Qiubo Ye, qbye@jmu.edu.cn
Specialty section: This article was submitted to Optics and Photonics, a section of the journal Frontiers in Physics
Received: 21 February 2022
Accepted: 10 March 2022
Published: 05 April 2022
Citation: Xiao J, Teni G, Li H, Ding T and Ye Q (2022) A Dual-Polarized Horn Antenna Covering Full Ka-Band Using Turnstile OMT. Front. Phys. 10:880606. doi: 10.3389/fphy.2022.880606

This article presents a dual-polarized corrugated horn antenna incorporated a turnstile orthomode transducer (OMT) covering the full Ka-band (26.5–40 GHz). A three-stepped cylindrical tuning stub scattering element is designed in the turnstile junction to combine/split the two linearly polarized waves with high isolation. The proposed turnstile OMT shows a good simulated return loss better than 20 dB and a high isolation higher than 57 dB within the whole Ka-band. Then, a corrugated horn antenna with five-stage choke rings is designed. Finally, the proposed horn antenna incorporated in the turnstile OMT is fabricated and measured. The measured impedance bandwidth for |S11/22|≤ −15 dB is 50.7% from 25 to 42 GHz. The measured peak gain is 11.9 dBi. The proposed antenna system is a promising candidate for the 5G millimeter-wave applications.
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INTRODUCTION
Recently, millimeter-wave (MMW) devices such as antennas [1], filters [2], etc., have attracted much attention from researchers. Reflector antennas have been widely utilized in many fields such as radar, radio astronomy, satellite communications due to the advantages of high gain. As a kind of feed source of the MMW reflector antennas, MMW horn antennas have been widely studied [3–5]. Corrugated horn antennas are one of the most popular feed antennas due to their advantages such as low cross-polarization, symmetrical radiation patterns in two orthogonal planes, and low sidelobe level [6–10]. On the other hand, we are faced with challenges in channel capacity limitations in communication systems. Orbital angular momentum (OAM) [11, 12] and dual-polarization [13] technologies have been proposed to increase the communication capacity. To realize dual-polarized horn antennas, dual-polarized quad-ridged horn antennas or linearly polarized horn antennas integrated with an orthomode transducer (OMT) have been reported. However, the quad-ridged horn antennas have the disadvantages such as high cross-polarization levels and unsymmetrical radiation patterns [14–16]. The OMT can combine or split the waves with two orthogonal polarizations simultaneously. In general, a three-port OMT is made up of a common port and two independent ports with high isolation between each other. Boifot OMT [17–20] and turnstile junction OMT [21–25] are the two kinds of widely used OMTs with wideband characteristics. Compared with the Boifot OMTs, the turnstile junction OMTs can achieve wide impedance bandwidth without pins or septums.
In this article, a dual-polarized corrugated horn antenna using turnstile OMT operating within 24–42 GHz is presented. The turnstile OMT can realize dual-linear polarization and provide high isolation. A corrugated horn antenna with five-stage choke rings is designed as the radiator. The fabricated horn antenna incorporated a turnstile OMT exhibits a 50.7% measured −15 dB impedance bandwidth and an 11.9 dBi measured maximum gain. The measured isolations between the two orthogonal polarizations are lower than -40 dB within the bandwidth.
ANTENNA DESIGN
Orthomode Transducer Design
As a key component of the turnstile OMT, the turnstile junction is designed first. The internal view of the proposed turnstile junction is shown in Figure 1. The turnstile junction is made up of a circular waveguide (port 1), a three-stepped cylindrical tuning stub, and four rectangular waveguide outputs (ports 2–5). The input waves with two orthogonal polarization directions from port 1 can be separated into two linearly polarized waves. The design of the scattering element is critical to the overall performance of the turnstile junction. A four-stepped cylindrical tuning stub has been designed in a turnstile junction achieving 40% bandwidth (10–15 GHz) [21]. According to [21], the impedance bandwidth of a turnstile junction can be increased by increasing the number of steps of the multi-stepped cylindrical scattering element. However, the larger the number of steps, the larger the volume of the turnstile OMT. Moreover, the top metallic cylinder tends to be thinner when the number of steps increases, which may cause larger mechanical errors, especially at millimeter-wave frequency bands. Then, a tradeoff is made between the impedance bandwidth and the number of the steps: a three-stepped cylindrical tuning stub is adopted as the scattering element. Four rectangular stubs are placed in the four corners to improve impedance matching. The detailed dimensions of the three-stepped cylindrical tuning stub are as follows (in mm): D1 = 0.73, D2 = 2.5, D3 = 6.2, h1 = 3.9, h2 = 2.1, h3 = 0.65.
[image: Figure 1]FIGURE 1 | Geometry of turnstile junction. (A) Internal view. (B) Three-stepped cylindrical scattering element.
The simulated results of the turnstile junction are shown in Figure 2. The two |S11| curves related to two orthogonal polarization directions are almost the same with each other. They are both almost lower than −20 dB within the bandwidth from 24 to 42 GHz. As shown in Figure 2B, the E-field distributions simulated results indicate that good isolation has been achieved between two input waves with two orthogonal directions, respectively. Figure 2C shows how the TE11 mode input wave in the circular waveguide is converted to two ways of TE10 mode wave.
[image: Figure 2]FIGURE 2 | Simulated results of the proposed turnstile junction. (A) Reflection coefficient. (B) E-field distribution in the turnstile junction at 35 GHz. (C) Section view of the E-field distribution (35 GHz) inside the turnstile junction.
Based on the above design, a turnstile OMT is designed, as shown in Figure 3. The proposed turnstile OMT includes a turnstile junction, two Y-shaped junctions, a common circular waveguide port (port 3), and two rectangular waveguide ports (port 1 and port 2, respectively). Thanks to the scattering element of turnstile junction, or the three-stepped cylindrical tuning stub, the wave from port 3 with two orthogonal polarization directions can be separated into two linearly polarized waves, which are sent to port 1 and port 2, respectively. Waves separated by the turnstile junction will be routed through 180° E-plane two-stepped bends. Then, power combinations will be carried out through the Y-shaped junctions. The simulated results of the proposed OMT are shown in Figure 3B. The simulated |S11| and |S22| are both lower than −20 dB within the bandwidth from 24 to 41.6 GHz. The proposed design shows high isolation between ports 1 and 2. The simulated |S21| is lower than −57 dB within the bandwidth from 24 to 42 GHz.
[image: Figure 3]FIGURE 3 | (A) Internal view of the turnstile OMT. (B) Simulated results of the turnstile OMT.
Corrugated Horn Design
The proposed choke ring horn antenna is shown in Figure 4. The five-stage choke rings are fed by a circular waveguide which is excited by dominant TE11 mode waves. According to the waveguide theory, TEmn and TMmn mode waves will be excited in the choke rings. The depth of each choke should be λ/4 to λ/2 to get equal beam widths, low cross-polarization levels, and low back radiation. To attain broadband impedance and radiation pattern bandwidths covering 26–40 GHz, the five chokes are designed and optimized as different depths. The detailed dimensions of the choke ring horn antenna are as follows (in mm): h1 = 4.97, h2 = 5.59, h3 = 2.87, h4 = 3.26, h5 = 2.61, h6 = 2.61, h7 = 3.95, h8 = 3.2, h9 = 2.71, h10 = 2.84. W1 = 1.87, W2 = 2.14, W3 = 2.26, W4 = 2.18, W5 = 1, W6 = 8.6, W7 = 9.6.
[image: Figure 4]FIGURE 4 | Simulation model of the proposed corrugated horn antenna. (A) 3-D view. (B) Section view.
Under these conditions, the electric fields over the radiation aperture will decay along the radius axial direction. The simulated electric field distributions in yoz-plane at z = 1 mm for different frequencies are shown in Figure 5. It is observed that the E-fields are similar to Gaussian distribution which leads to rotationally symmetric radiation patterns. The simulated results of the proposed choke ring horn antenna are shown in Figures 6, 7. The |S11| is less than −15 dB in 26–40 GHz frequency band. The maximum gain is 12.5 dBi. Good rotationally symmetric radiation patterns have been observed within the bandwidth.
[image: Figure 5]FIGURE 5 | Simulated electric field distributions in yoz-plane at z = 1 mm for different frequencies.
[image: Figure 6]FIGURE 6 | Simulated results of the proposed corrugated horn antenna.
[image: Figure 7]FIGURE 7 | Simulated radiation patterns of the proposed corrugated horn antenna element at (A) 26 GHz. (B) 30 GHz. (C) 35 GHz. (D) 40 GHz.
EXPERIMENTAL VALIDATION AND DISCUSSION
Based on the designs presented above, the co-simulations of the OMT and choke ring horn antenna are carried out. The simulated model is shown in Figure 8A. Then, an OMT and a horn antenna are fabricated separately. The OMT is incorporated into a box-type flange. The fabricated dual-polarized antenna system after assembly is shown in Figure 8C. The measured results of port matching and port isolation are shown in Figure 9. The measured −15 dB impedance bandwidths (|S11/22| ≤ −15 dB) are both 50.7% covering from 25 to 42 GHz at two ports, respectively. The simulated and measured isolations between two ports are larger than 85 and 40 dB within the bandwidth of 25–42 GHz, respectively. The measured maximum gain is 11.9 dBi at 42 GHz while the simulated one is 12.4 dBi at 41 GHz. The measured gains are all larger than 9.9 dBi within the bandwidth. The measured radiation efficiency can be calculated by comparing the simulated directivity and the measured gain. Then the measured radiation efficiency of the horn antenna (with OMT) is 90.2% at 36 GHz. The measured aperture efficiency is 78.6% at 36 GHz. The simulated and measured radiation patterns for port 1 at frequencies of 26, 30, 35, and 40 GHz are presented in Figure 10. Due to the measurement limitation, the measured radiation patterns with low sidelobe levels are presented from −90° to 90°. The simulated and measured results agree well within the bandwidth. Almost equal 3-dB beamwidths have been achieved between two planes within the bandwidth.
[image: Figure 8]FIGURE 8 | Photographs of (A) Co-simulation model of the OMT and horn antenna. (B) Bottom view of the OMT. (C) Fabricated dual polarized horn antenna with OMT.
[image: Figure 9]FIGURE 9 | Simulated and measured results of the dual-polarized corrugated horn antenna with OMT. (A) Reflection coefficient. (B) Isolation. (C) Gain.
[image: Figure 10]FIGURE 10 | Simulated and measured radiation patterns of the dual-polarized horn antenna with OMT at (A) 26 GHz. (B) 30 GHz. (C) 35 GHz. (D) 40 GHz.
CONCLUSION
A broadband dual-polarized corrugated horn antenna incorporated a turnstile orthomode transducer (OMT) has been presented and verified at Ka-band (26.5–40 GHz). A turnstile OMT is designed to achieve dual polarization with high isolation. A broadband linearly polarized corrugated horn antenna is designed with five-stage choke rings achieving stable and symmetric radiation patterns within the bandwidth. The antenna system including the turnstile OMT and corrugated horn antenna shows a 50.7% −15 dB impedance bandwidth at two input ports, respectively. The proposed dual-polarized antenna system is a promising candidate for future 5G applications.
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