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Abstract: This paper presents the single element dual band switched beam textile antenna. The antenna can operate at frequencies of 0.7 and 2.6 GHz using for 5G wireless communication applications. Textile fabric is considered to be used for substrate layer at the parts of a microstrip antenna for wireless body area network. The beam pattern of antenna can be switched into two directions by changing the position of shorted-circuit points at each edge of antenna. The main beam direction is 45°/225° when corner A is shorted while it steers at 135°/315° when corner B is shorted circuit. The advantage of the proposed antenna is the decrease of the problems like interference, light weight, flexibility and ability to switch beam easily. In addition, the results of the fabricated antenna are compared with the simulated ones. Moreover, the antenna is bent with curvature radius of 6 mm in forward direction. The effects of the bent antenna are studied. The results can confirm that radiation patterns of the bending antenna can be pointed into two directions when changing the positions of shorted circuit. Therefore, the proposed antenna can switch beam patterns, it is flexible, and it can operate at dual-band frequency on textile.
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1  Introduction

Wireless Communication is growing fast in the communication field because wireless communication is a part of daily life. In order to manage the problems of the enormous increasing of demand in wireless communications, 5th generation (5G) wireless systems [1–4] are the proposed next wireless communication standards beyond the current 4th generation/International Mobile Telecommunications (4G/IMT)-advanced standards. The aims of 5G are allowing higher density of user, providing higher capacity than current 4G, etc. In 5G technology, the frequency spectrum is classified into several bands. Therefore, 5G antenna has a low complexity of implementation and can support multiband frequencies. In Thailand, The National Broadcasting and Telecommunications Commission has allocated frequency bands for 5G technology into three bands, which are 0.7, 2.6 and 26 GHz.

Antennas are usually designed on a rigid substrate for wireless applications. There are some examples from literature concerning a dual band antenna such as the work presented in [5]. The dual-band microstrip patch antenna with U-shaped slot fed by coaxial feeding technique has been revealed. The antenna can operate at frequencies of 2.4 and 4.6 GHz. In addition, the work presented in [6] has shown a dual band antenna that can operate at frequencies of 2.47 and 5.04 GHz. The antenna is switched beam antenna whose main beam directions can be switched by controlling the positions of shorted circuit at terminal edges. However, flexible material, which is suitable for integration into clothing, is the main requirement for wearable antenna in wireless body area network (WBAN) applications. Textile antennas made from cloth are the focus of several researches such as the work presented in [7], where the enhancing bandwidth of flexible-screen-printed antenna has been presented. The substrate used has been flexible Kapton material. The bandwidth has been increased by employing defected ground structure, which has provided a wideband of 1.77 to 6.95 GHz, working in the sub 7 GHz bands, such as the 5G applications. In addition, textile slot bow-tie antenna made from conductive polyester textile has been revealed in [8], where the antenna can operate in frequency range of 3.025 to 6.193 GHz. The substrate used for the textile antenna in [9] has been a synthetic paper material obtained from Teslin. The antenna has provided multiband, which has been separated into three bands: a low-frequency band for frequency range of 1.83 to 2.9 GHz, a mid-frequency band for frequency range of 3.4 to 3.6 GHz and a high-frequency band for frequency range of 4.6 to 5.8 GHz. Next, the fingernail antennas for 5G applications have been presented in [10]. Two antenna models have been fabricated for employment in two frequency bands, 15 and 28 GHz. Microstrip patch has been created by nanoparticle conductive silver ink. After that, copper layer has been added to the millimeter wave antenna. In addition, a dual-band textile planar inverted-F (PIFA) antenna able to operate in a dual frequency band, 2.4 and 5.2 GHz or 5.8 GHz has been presented in [11]. In addition, wearable dual-band and dual-polarized textile antenna has been proposed in [12]. The antenna has operated at 2.38 GHz for linear polarization for on-body while it has operated at 3.5 GHz for circular polarization for off-body communications. Moreover, the works presented in [13–17] have been focused on dual band textile antenna. In addition, in [18,19], the flexible antennas have been reviewed. Several shapes of antenna, materials and techniques to fabricate the flexible antenna have been presented.

Moreover, a technique that can improve the performance of 5G wireless communications is smart antenna technique [20,21]. Smart antenna can steer main beam direction to the desire direction while turning null or low side lobe to interference directions. Switched beam or fixed beam antenna is an attractive category of smart antenna due to its simple structure and low complex processing. There are three major parts of switched beam antenna: the (array) antenna, beamforming network and beam selector. The first step, fixed beams are steered to multiple directions and the signal strength of each direction is detected in process of beamforming network. Next, the beam direction that provides the maximum signal strength is selected in beam selector process when the position of the user is fixed while the beam direction is switched when the position of the user is moved. According to this, this system can increase the signal strength and reduce interference signals. Therefore, the performance of 5G wireless communications can be improved. Several researchers have proposed switched beam antenna for 5G wireless communications such as the work presented in [22]. Phase shifters for multi-beam for 5G technology at 26 GHz have been designed. Main beam directions of 0°, 45°, 90°, 135° and 180° can be turned. In addition, the antenna designed for 2.45 GHz, which has single active element at the center that has been surrounded by several symmetrically parasitic elements, has been revealed in [23]. Moreover, the sub array consists of four elements patch antenna then sub arrays are arranged on the sides of an octagonal prism, as revealed in [24]. The antenna can switch in three directions and operate at the frequencies of 28 and 38 GHz, which has been the millimeter-wave. In addition, in the work presented in [25], the antenna can operate in eight resonant frequencies, whose frequency range of 7–15 GHz works in 5G applications. Main beam directions can be switched into two different directions. The structure of multiband antenna has been low complex and simple of beam switching.

There are some examples from literature concerning a dual band textile antenna. Switched beam textile antenna for WBAN applications has been presented in [26]. The antenna can operate at frequency of 2.45 GHz. Main beam is steered in four directions using RF switches. Next, the 77 GHz flexible antenna whose substrate is made from PremixGroup has been revealed in [27]. Three dependent beams can be switched using parasitic elements. However, these textile antennas can support only single frequency band. Therefore, this paper proposes the switched beam textile antenna that can support dual band frequencies using only single element. Moreover, the proposed antenna is flexible and can switch beam easily.

This paper is organized as follows. After a brief introduction, the design of the proposed antenna is discussed in Section 2. The configuration and the simulation results are discussed. Next, experimental results are revealed and analyzed in Section 3. The bending antenna is considered and compared with the results from flat antenna. Finally, Section 4 concludes the paper.

2  Antenna Design

In this section, the antenna is designed and illustrated into two subsections. The antenna designed and the configuration are described in the first subsection. The results in term of S11 and radiation patterns of the antenna without shorted circuit are revealed. Next, the antenna is shorted circuit at terminal edges to switch main beam direction, which is described in the second subsection. The configuration of the antenna with shorted circuit is considered. The simulation results show its beam is switchable in dual band frequencies.

2.1 Configuration of the Antenna

In this paper, the advantages of the antenna from the work presented in [5] are adopted due to its simplicity and its ability to operate on a dual band. However, patch is designed in equal size to substrate and ground plane because of the simple beam switching. The configuration of the antenna is shown in Fig. 1. The width of rectangular microstrip patch (w) can be determined by

w=6h+W(1)

where h is the thickness of substrate and W can be expressed by

W=v02f0εr+12(2)

where v0 is the phase velocity. f0 is the operating in low frequency of the antenna and εr is the dielectric constant of substrate. In this work, the textile antenna is designed on Foam Fabric, whose dielectric constant is 1.52 and thickness (h) is 4 mm. The length of the rectangular microstrip patch (l) can be determined by

l=6h+L(3)

where L can be expressed by

L=Leff−2ΔL(4)

where Leff is the effective length of the rectangular microstrip antenna that can be expressed by

Leff=v02f0εreff(5)

ΔL is the length extension, which is given by

ΔL=0.412h[(εreff+0.3)((wh)+0.264)][(εreff−0.258)((wh)+0.8)](6)

εreff is the effective dielectric constant, which is given by
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Figure 1: Configuration of the antenna

εeff=εr+12+εr−12[1+12hw]−0.5(7)

Next, U-slot is designed for high frequency band. The thickness of the slot (E) and (F) are determined by

E=F=λ060(8)

where λ0 is the wavelength of the antenna. The length C is given by

CW≥0.3(9)

The width D is given by

D=(v0fhεreff)−2(L+2ΔL−E)(10)

where fh is the high frequency of design antenna. The height of the slot (H) with respect to x axis is determined by

H=L−E+2ΔL−E−H−1εreff(pp)[v0fh−(2C+D)](11)

where the effective permittivity (εreff(pp)) and the effective length extension (ΔL−E−H) of the pseudo-patch of the second resonance with effective patch width as D−2F can be estimated by

εreff(pp)=εr+12+εr−12[1+12hD−2F](12)

2ΔL−E−H=0.824h(εreff(pp)+0.3)(D−2Fh+0.262)(εreff(pp)−0.258)(D−2Fh+0.813)(13)

In this work, feeding point is considered at the patch center, which is symmetrically positioned along the E-plane. Therefore, the parameters of the antenna are adjusted to operate at frequencies of 0.7 and 2.6 GHz. The antenna configuration of the completed design using CST Microwave Studio is shown in Fig. 2. The antenna can operate in dual band frequencies, 0.7314 and 2.6892 GHz as shown in Fig. 3. The radiation pattern at frequency of 0.7 GHz is depicted in Fig. 4a while beam pattern at 2.6 GHz is interpreted in Fig. 4b.
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Figure 2: The structure of the antenna from simulation
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Figure 3: S11 of the antenna from simulation
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Figure 4: Radiation pattern of the antenna without shorted circuit at (a) 0.7 GHz and (b) 2.6 GHz

2.2 Switched Beam Antenna Design

In order to switch beam pattern, each edge of the antenna has a shorted circuit. There are two cases of shorted circuit, i.e. case A and case B as shown in Figs. 5a and 5b, respectively. In case A, corners A, which are the top-left and bottom-right of the antenna, are shorted circuit while corners B, the top-right and bottom-left, are shorted circuit as considered in case B. At the top of antenna, fifteen shorted positions of each edge are 2.5 mm apart which Fig. 6a is illustrated shorted positions of corner A, top-left of the patch are shorted circuit to beam steerable. At the bottom of antenna, nine shorted positions of each edge are 5 mm apart which Fig. 6b is illustrated shorted positions of corner A, bottom-right of the patch are shorted circuit to beam steerable. It should be noted that the number of short circuit points and spacing between each shorting point of top-antenna and bottom-antenna is not equal because the structure of the U-slot is not symmetrical. The result in term of S11 is shown in Fig. 7, which can confirm that the proposed switched beam antenna can operate in dual band frequencies. S11 of case A and case B have the same result due to the symmetry structure of the switched beam antenna. Moreover, radiation patterns in the E-plane of two cases are revealed in Figs. 8a and 8b at frequencies of 0.7 and 2.6 GHz, respectively. As can be seen, when the edges, which have a low current distribution of the antenna, are shorted circuit, the beam pattern is switched in different directions of shorted positions. In addition, radiation patterns of case A and case B are similar. This is because the configuration of the antenna is symmetrical. Therefore, beam pattern of the proposed antenna can be switched in two different directions. The directions of case A are 28°/218° at 0.7 GHz and 32°/227° at 2.6 GHz while the directions of case B are 160°/332° at 0.7 GHz and 145°/325° at 2.6 GHz.
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Figure 5: The switched beam antenna (a) case A and (b) case B
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Figure 6: The shorted circuit positions of corner A at (a) top-left and (b) bottom-right

[image: images]

Figure 7: S11 of the switched beam antenna from simulation
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Figure 8: Radiation pattern of the switched beam antenna at (a) 0.7 GHz and (b) 2.6 GHz

3  Fabrication and Measurement

In this section, the proposed antenna is constructed and tested to demonstrate its beam steering capability. The results in terms of S11 and radiation patterns of flat antennas are considered. Moreover, the bending effects on the performances of the antenna are studied.

3.1 Flat Antenna

The designed antenna is fabricated using foam fabric substrate with a dielectric constant of 1.52. Patch and ground are constructed from annealed copper as the structure shows in Fig. 9. The parameters of the designed and the fabricated antenna are shown in Tab. 1. The SMA connector is attached from one side through another side at the patch center. S11 and radiation patterns are measured using a network analyzer. S11 of the antenna without shorted circuit from measurement is shown in Fig. 10. It is −11.271 and −13.713 dB at 0.7 and 2.636 GHz, respectively. The radiation patterns are measured in anechoic chamber room as shown in Fig. 11 and the radiation patterns at 0.7 and 2.636 GHz are shown in Figs. 12a and 12b, respectively. Next, the antenna is shorted circuit to beam switching.

The structure of the shorting antenna at point B is shown in Fig. 13. S11 of the antenna with shorted circuit from measurement is shown in Fig. 14. It is −8.671 and −12.594 dB at 0.681 and 2.785 GHz, respectively. The radiation patterns at 0.681 GHz of case A and case B are shown in Fig. 15a. In addition, the radiation patterns at 2.785 GHz of case A and case B are shown in Fig. 15b. Main beam direction can be switched into two directions, about 30°/230° at 0.681 GHz, 45°/195° at 2.785 GHz in case A 140°/310° at 0.681 GHz and 115°/320° at 2.785 GHz in case B. As can be seen, the simulation results have a good agreement with the ones from the measurement. Moreover, S11 is moderately comparable and beam directions are relatively similar. Therefore, the proposed antenna can confirm its beam switching capability.
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Figure 9: The fabricated antenna without shorted circuit

[image: images]

[image: images]

Figure 10: S11 of the fabricated antenna without shorted circuit

[image: images]

Figure 11: Radiation patterns measurement of flat antenna
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Figure 12: Radiation pattern of the fabricated antenna without shorted circuit at (a) 0.7 GHz and (b) 2.636 GHz
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Figure 13: The fabricated antenna with shorted circuit at point B
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Figure 14: S11 of the fabricated antenna with shorted circuit
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Figure 15: Radiation pattern of the fabricated antenna with shorted circuit at (a) 0.681 GHz and (b) 2.785 GHz

3.2 Bending Antenna

In this section, S11 and radiation patterns of the proposed antenna when it is bent in bending curvature radii of R=6 mm are studied. The bending antenna without shorted circuit is shown in Fig. 16. S11 of bending antenna is shown in Fig. 17 and it is −7.104 and −12.341 dB at 0.738 and 2.613 GHz, respectively. As the results show, the antenna cannot operate at 0.7 GHz when the antenna is bent. Radiation patterns of the bending antenna are measured in anechoic chamber room as shown in Fig. 18. Radiation patterns at 0.738 and 2.613 GHz are revealed in Figs. 19a and 19b, respectively.
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Figure 16: The bending antenna without shorted circuit
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Figure 17: S11 of bending antenna without shorted circuit
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Figure 18: Radiation patterns measurement of bending antenna
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Figure 19: Radiation pattern of the bending antenna without shorted circuit at (a) 0.738 GHz and (b) 2.613 GHz

Next, the bending antenna with shorted circuit is considered as the structure with bending curvature radii of R=6 mm shown in Fig. 20. S11 of bending antenna with shorted circuit is shown in Fig. 21 which is −4.734 and −11.098 dB at 0.629 and 2.647 GHz, respectively. As the results show, the antenna cannot operate at 0.7 GHz when it is bent. Radiation patterns at 0.629 and 2.647 GHz are revealed in Figs. 22a and 22b, respectively. Main beam direction can be switched into two directions, about 60°/240° at 0.629 GHz, 290° at 2.647 GHz in case A 150°/340° at 0.629 GHz and 20° at 2.647 GHz in case B. As can be noticed, back lobe level is reduced at 2.647 GHz in two cases. However, the proposed antenna can switch beam pattern although it is bent. The proposed antenna ability is compared with the other textile antennas as shown in Tab. 2, which can confirm the switch ability, the dual frequencies operation, and the flexibility.
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Figure 20: The bending antenna with shorted circuit at point A
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Figure 21: S11 of the bending antenna with shorted circuit
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Figure 22: Radiation pattern of the bending antenna with shorted circuit at (a) 0.629 GHz and (b) 2.647 GHz
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4  Conclusion

This paper has proposed a dual band switched beam antenna for 5G wireless communications. The antenna is designed and fabricated using foam fabric substrate, which is a flexible material. The antenna can operate dual frequency bands, about 0.7 and 2.6 GHz, and it is capable of beam switching for two different directions. Beam pattern can be switched by shorted circuits at edges of the patch (point A and point B). Its beam switching capability has been confirmed through simulation and measurement. Moreover, the antenna is bent with curvature radius of 6 mm in forward direction to study the effect in terms of S11 and radiation patterns. The advantages of the proposed antenna are that it has a simple structure, it is flexible, it is easy to perform beam switching, and it can operate dual band on only a single patch.
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