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Design of Wideband, High Gain Base Station Array Antenna               for 5G sub-6 GHz communication system
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Abstract – In this paper, a wideband, high gain base station array antenna is proposed for 5G sub-6 GHz communication system. The proposed antenna is a modified magneto-electric (ME) dipole, which consists of four metallic plates, grounded vias, an L-shaped probe, a ground plane, and a microstrip line feed. A single-element with an overall size of 11 × 11 × 1.04 mm3 (~1.03λo × 1.03λo × 0.1λo at 28 GHz) exhibits an impedance matching of 23.6% (25.4–32.2 GHz) for |S11| < –10 dB and a broadside gain of 8.3–8.7 dB. Due to the presence of the ME dipole, a good mutual coupling of the antenna in an array environment is demonstrated; with a center-to-center spacing of 5.6 mm (0.52λo at 28 GHz), the array along y-axis yields a mutual coupling < –16 dB, whereas the value for the array along x-axis is < –15 dB. The usefulness of the antenna as beamforming radiator is demonstrated by a 1 × 8 elements linear array. Also, a new trapezoidal excitation is proposed for the linear ME dipole array to reduce the side-lobe level; the simulation results in a scan angle up to 40º, a side-lobe level better than –20 dB, and a gain of 13 dBi. 
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I. Introduction
Nowadays, the fourth generation (4G) Long Tem Evolution (LTE) of cellular communication have been commercially successfully implemented in many countries and areas on the world. With a carrier frequency spectrum ranging from 700 MHz to 2.6 GHz, the today’s cellular providers attempt to deliver high quality, low latency video and multimedia applications for wireless devices. However, the rapid increase of mobile data growth and the use of smartphone are creasing unprecedented challenges for wireless service providers to overcome a global bandwidth shortage. To address this challenge, there has been growing interest in cellular systems for the so-called millimeter-wave (mmW) bands, between 30 and 300 GHz, where the available bandwidths are much wider than today’s cellular [1]. Next generation of wireless cellular networks, which are known as fifth generation (5G), will make better use of the mmW bands. Despite the absence of official standard for the 5G, antennas for 5G cellular wireless networks have been received much attention from the research community.

It is well known that the path loss at the mmW bands is significant as compared to microwave bands due to the higher frequencies of mmW transmissions and the atmospheric absorption at the mmW frequency ranges. To mitigate the path loss at the mmW frequency ranges, beamforming has been proposed as an enabling technology for the 5G cellular wireless networks [2, 3]. In general, an antenna for beamforming must be small, pure polarization, high radiation efficiency, lightweight, low-cost, low-mutual-coupling in array environment, and easy to fabricate. Microstrip patch antennas [2] and dense dielectric patch antennas operating at 28 GHz [4] have been arrayed as the first candidates for 5G cellular networks. However, the beamforming features of these antennas were not characterized.

On the other hand, magneto-electric (ME) dipole antennas, exhibiting wide impedance bandwidth and stable gain, have been presented for base station in mobile communications [5] [5.1]. The basic design of the ME dipole consists a magnetic dipole and an electric dipole, which are excited simultaneously to achieve a radiation having equal E- and H-plane patterns and low back-radiation. Recently, the ME dipole antennas [6]–[8] have been scaled for 60 GHz mm-wave communications. The mm-wave ME dipole antennas were easily realized by using printed circuit board (PCB) technology. However, these antennas were not characterized in an array environment. In addition, their magnetic dipoles were performed by two vertical quarter-wavelength shorted patch antenna, thus, the antenna height is large.

This paper proposes a low-profile ME dipole antenna for using 28 GHz future 5G cellular wireless networks. The antenna is fed by an L-shaped probe, which ensures for the excitation of the ME dipole antenna and achieve the low-profile. The proposed antenna is characterized in an array environment with a good mutual coupling. A 1 × 8 elements linear array is characterized for beamforming. Also, with novel trapezoidal excitations, the arrays yielded a scan angle up to 400 and side-lobe level better than –20 dB.
II. Single Element Design
II.1. Antenna Geometry

Figure 1 shows the geometry of the antenna. The ME dipole antenna was designed on a substrate #1, which is a WGND × WGND RT/Duroid 5880 sheet with a relative permittivity of 2.2, a loss tangent of 0.0009, a thickness of 0.7874 mm (31 mil), and copper thickness of 17 μm (0.5oz). The antenna consists of four metallic plates, four metallic posts, an L-shaped probe, and a ground plane. The metallic posts with diameter of 0.3 mm were realized by using plated through-hole technology. The vertical portion of the L-shaped probe with 0.3 mm diameter was passed through the ground plane and connected to a 50 Ω microstrip line. The feeding line was built on the substrate #2 that is a RT/Duroid 5880 sheet with thickness of 0.254 mm (10-mil). The design parameters of the antenna were as follows: Wd = 5.6 mm, Ld = 5.2 mm, Wms = 0.74 mm, g1 = 0.3 mm, Ls = 1.8 mm, Ws = 0.4 mm, g2 = 0.5 mm, Lf = 0.3 mm, and Sp = 0.2 mm.
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	Fig.1. Geometry of the proposed antenna (a) perspective view (b) cross-sectional view (c) top view.


II.2. The ME Dipole Antenna Operation

In order to realize an ME dipole antenna, the electric dipole and magnetic dipole should be excited simultaneously [5]. The metallic plates acted as the half-wavelength electric dipole antennas (Ld ~ λ/2). In general, the magnetic dipoles are performed by two vertical quarter-wavelength shorted patch antenna [6]–[8]. In particular, due to the presence of the L-shaped probe, the magnetic dipoles are mainly performed by the slot edges of the shorted patch antenna. Therefore, the excitation of the ME dipole antenna can be obtained with a lower antenna height. This is demonstrated by the proposed antenna, which has a 0.7874 mm distance (~0.1λeff at 28 GHz) from the metallic plates to the ground plane. The ME dipole antenna operation can be observed in Fig. 2, which shows current distribution on the proposed antenna at 28 GHz for different phase angles. At the phase angle of 0º, the currents on the planar electric dipoles attain maximum strength, which means that the electric dipoles are excited. At the phase angle of 90º, the currents on the radiating slot edges of the shorted microstrip patches attain maximum strength, which means that the magnetic dipoles are excited. At the phase angle of 180º, the electric dipoles are excited again with opposite direction to the currents at the phase angle of 0º. At the phase angle of 270º, the magnetic dipoles are excited again with opposite direction to the currents at the phase angle of 90º. These indicate that the electric and magnetic dipoles are excited simultaneously, and consequently, the antenna obtains good broadside pattern and low back radiation [9].
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	Fig. 2. Current distribution on the ME dipole antenna at 28 GHz for different phase angles.


II.3. Ground Plane Sizes

To achieve a low cost in fabrication, the proposed antenna was designed on conventional dielectric substrates and can be easily realized by using printed circuit board techniques. However, surface waves can be strongly excited in the thick antenna substrate and degrade the antenna performances; such as radiation pattern and gain. In general, the ground plane size is a crucial factor to diminish the surface wave effects. This is proved in Fig. 3, which shows the broadside antenna gain at 28 GHz as a function of the ground plane size. As WGND was increased, the broadside gain raised and a stable value of >8.5 dBi was obtained with WGND in 10–12 mm range. When WGND was further increased, the gain deteriorated drastically. In order to achieve the maximum broadside gain at 28 GHz, WGND = 11 mm was chosen for the final design.
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	Fig. 3. Broadside gain at 28 GHz as a function of the ground plane size.


II.4. Antenna Performance

The simulated |S11| of final single antenna is shown in Fig. 4. As can be seen in this figure, the antenna exhibits a -10 dB impedance bandwidth spreading from 25.4 GHz to 32.2 GHz (23.6 %). Figure 5 presents the simulated radiation pattern of single antenna in x-z and y-z plane. It is observed that the antenna yielded an omnidirectional with a low cross-polarization level of < -18 dB in in both planes.  Also, the simulated broadside gain for the antenna is illustrated in Fig. 6. It is shown that the antenna yielded a broadside gain ranging from 8.3 dB to 8.7 dB.
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	Fig. 4. Simulated |S11| of single antenna.
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	Fig. 5. Simulated radiation pattern of the ME dipole antenna at 28 GHz.
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	Fig. 6. Simulated broadside gain of the ME dipole antenna.


III. Antenna Array
III.1. Mutual Coupling

The mutual couplings between two ME dipole antennas were studied for different center-to-center spacing using two arrangement layouts, including 1 × 2 array arranged along y-axis [Fig. 7(a)] and 2 × 1 array arranged along x-axis [Fig. 8(a)]. The final design was optimized with rectangular metallic plates (Ld = 5.2 mm and Wd = 5.6 mm), thus the first values of the studied spacing was 5.4 mm and 5.8 mm (0.5λo and 0.54 λo at 28 GHz) for the array along y-axis and x-axis, respectively. As shown in Figs. 7(b) and 8(b), when the spacing was increased, the mutual coupling was improved in both arranges. Due to the presence of L-shaped probe feed, the currents on the edge of the metallic plates are opposite along the x-axis [Fig. 7(a)], whereas they are same direction along the y-axis [Fig. 8(a)]. Therefore, with the same center-to-center spacing, the 1×2 array arranged along y-axis yielded a significantly better mutual coupling as compared to the array arranged along x-axis. For an example, with the center-to-center spacing of 5.8 mm (0.54λo at 28 GHz), the 1 × 2 array yielded a mutual coupling of < – 20-dB, while the 2 × 1 array yielded a mutual coupling of < – 15-dB. With the spacing of 5.4 mm (0.54λo at 28 GHz), the array arranged along y-axis yielded a mutual coupling of < – 15 dB within operation bandwidth. These results indicate that the ME dipole antenna can be linearly arrayed along y-axis with close spacing and low mutual coupling.
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	Fig. 7. (a) Geometry of the 1 × 2 array (b) its mutual couplings for different center-to-center spacing.
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	Fig. 8. (a) Geometry of the 2 × 1 array (b) its mutual couplings for different center-to-center spacing.


III.2. 1 × 8 Elements Linear Array

In this subsection, an 1 × 8 elements linear array along y-axis [Fig. 9] with a center to center spacing of 5.6 mm (0.52λo at 28-GHz) and different fixed scanning angles were characterized via the ANSYS Electronics Desktop simulations. The scanning performance of the 1 × 8 elements linear array with equal-magnitude excitation at all elements is given in Fig. 10(a); without scanning, the array yielded a gain of 16.6 dBi and a side-lobe of -13.2 dB. The 20º scanned array yielded a gain of 16.1 dBi and a side-lobe of -12.5 dB. The 40º scanned array yielded a gain of 14.2 dBi and a side-lobe of -10.8 dB. 
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	Fig. 9. Geometry of 1 × 8 elements linear array along y-axis.


TABLE I

Tapering-Magnitude Excitation For 1 × 8 ME Dipole Array

	Element no.
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8

	Magnitude
	1
	3
	6
	9
	9
	6
	3
	1


	[image: image15.emf]G

a

i

n

 

(

d

B

i

)

Theta (°)

-20

-10

0

10

20

0° scanning

20° scanning

40° scanning

-80 -60 -40 -20 0 20 40 60 80

16.6

16.1

14.2



	(a)

	[image: image16.emf]G

a

i

n

 

(

d

B

i

)

Theta (°)

-20

-10

0

10

20

0° scanning

20° scanning

40° scanning

-80 -60 -40 -20 0 20 40 60 80

15.9

15.5

13.8
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	Fig. 10. Scanning performance of the 1 × 8 elements linear array at 28 GHz (a) uniform excitations (b) tapering-magnitude excitations.



In order to reduce the side-lobe, a new magnitude distribution of the excitation, which is type trapezoidal distribution, is proposed for the 1 × 8 elements linear arrays. The magnitude for each element is detailed in Table I. The simulated scanning performance of the array with the trapezoidal excitation is given in Fig. 10(b); without scanning, the array yielded a gain of 15.9 dBi and a side-lobe of -28.0 dB. The 20º scanned array yielded a gain of 15.5 dBi and a side-lobe of -25.0 dB. The 40º scanned array yielded a gain of 13.8 dBi and a side-lobe of -22.0 dB. These results indicate that the 1 × 8 elements linear array with the new excitation yields a lightly lower gain, but a significantly lower side-lobe in comparison with the conventional array.
III.3. Feeding Network

To realize the trapezoidal excitation, a feeding network composed of several unequal T-junction power dividers is implemented, as shown in Fig. 11. The feeding network was built on RT/Duroid 5880 sheet with thickness of 0.254 mm (10 mil). The unequal T-junction power dividers were implemented based on microstrip lines with different characteristic impedances. Quart-wavelength transmission lines were used for impedance matching. To avoid the tiny width of microstrip line with high characteristic impedance, each power divider contains a 50 Ohm to 25 Ohm transformer. Fig. 12 shows the geometry of two 1 × 8 elements linear arrays with center-to-center spacing of 5.6 mm fed by an in-phase and equal-magnitude feeding network, and in-phase and tapering-magnitude feeding network.
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	Fig. 11. Feeding network of the trapezoidal excitation.
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	Fig. 12. Geometry of 1 × 8 elements linear array with center-to-center spacing of 5.6 mm fed by (a) an in-phase and equal-magnitude feeding network (b) in-phase and tapering-magnitude feeding network.


	
[image: image20.emf]|

S

1

1

|

 

(

d

B

)

Frequency (GHz) 

22 24 26 28 30 32 34

-40

-30

-20

-10

0

Equal-mag. feeding

Tapering-mag. feeding



	(a)

	
[image: image21.emf]Theta (°)

-40

-30

-20

-10

0

-80 -60 -40 -20 0 20 40 60 80

Equal-mag. feeding

Tapering-mag. feeding

N

o

r

m

a

l

 

g

a

i

n

(

d

B

)



	(b)

	Fig. 13. (a) Simulated |S11| (b) 28 GHz radiation pattern of two arrays in Fig. 12.


Simulated results of |S11| and 28 GHz radiation pattern of two 1 × 8 elements linear arrays shown in Fig. 12 are presented in Fig. 13. As can be observed, the array antenna fed by tapering-magnitude feeding network exhibited a narrower -10 dB bandwidth (25.2 - 30.1 GHz) than that one of the array fed by equal-magnitude feeding network (24.3 - 31 GHz). Nevertheless, this array yielded a lower side-lobe (-23 dB) in comparison with that of the array fed by equal-magnitude feeding network (-13 dB).

IV. Conclusion
We have presented a low-profile broadband antenna for future 5G millimeter-wave cellular wireless networks. The proposed antenna is a modified magneto-electric (ME) dipole, which consists of four metallic plates, grounded vias, an L-shaped probe, a ground plane, and a microstrip line feed. A single-element with an overall size of 11 × 11 × 1.04 mm3 (~1.03λo × 1.03λo × 0.1λo at 28 GHz) exhibits an impedance matching of 23.6% (25.4–32.2 GHz) for |S11| < –10 dB and a broadside gain of 8.3–8.7 dB. Due to the presence of the ME dipole, a good mutual coupling of the antenna in an array environment is demonstrated; with a center-to-center spacing of 5.6 mm (0.52λo at 28 GHz), the array along y-axis yields a mutual coupling < –16 dB, whereas the value for the array along x-axis is < –15 dB. The usefulness of the antenna as beamforming radiator is demonstrated by a 1 × 8 elements linear array. Also, a new trapezoidal excitation is proposed for the linear ME dipole array to reduce the side-lobe level; the simulation results in a scan angle up to 40º, a side-lobe level better than –20 dB, and a gain of 13 dBi.
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