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Abstract

:

A multi-input multi-output (MIMO) antenna for wireless local area network (WLAN) applications operating in 2.4 GHz and 5.8 GHz frequency bands is proposed in this paper. The proposed dual-band MIMO antenna is composed of two symmetrical radiation elements, and the isolation performance is improved by adopting parasitic elements and a defective ground plane. The measured reflection coefficients are less than −10 dB in the bandwidth range of 2.12–2.8 GHz and 4.95–6.65 GHz, respectively. The measurements show excellent isolation of −21 dB and −15 dB in both desired frequency bands, respectively. The total peak gain is greater than 4.8 dBi. The calculated envelope correlation coefficients (ECC), based on the measured S-parameters, are smaller than 0.01 and 0.024 in the lower and higher frequency bands, respectively. The dimension of the presented antenna occupies 50 × 40 × 1.59 mm3. It is suitable for IEEE 802.11 a/b/g/n (2.4–2.4835 GHz, 5.15–5.35 GHz and 5.725–5.85 GHz) WLAN applications.
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1. Introduction


In recent years, the available wireless communication spectrum has faced a high degree of traffic limitation due to rapid growth in the number of subscribers, and the need for a higher data transmission rate, better reliability and spectrum allocation efficiency has stimulated considerable research on multiple-input multiple-output technology [1,2,3]. In addition, in order to enable modern mobile devices to operate at multiple frequencies, miniaturized multi-band antennas are required.



It is challenging work to improve the isolation of a MIMO antenna, and so various methods have been proposed [1,2,3,4,5,6,7,8,9,10,11]. Several decoupling technologies, such as a neutralization line (NL) [2,3], parasitic elements [4,5] and a defected ground structure (DGS) [6,7,8], have been presented. However, decoupling technology requires a certain amount of space to increase isolation, which limits the miniaturization of the antenna. In addition, some shapes of isolation elements have also been used to improve MIMO performance, such as quasi-loops on the outermost ground planes [9], a T-shaped slot on the ground plane [10] and four identical octagonal-shaped radiating elements [11]. Recently, metamaterials [12] have been applied to various mobile terminals, such as artificial magnetic conductor (AMC) [13], also called meta-surface or reactive impedance surface (RIS) [14]. Nevertheless, a method of designing antennas with miniaturized, excellent isolation and low correlation is still a challenge [15,16].



In this work, a dual-band high-gain MIMO antenna, which occupies an area of 50 × 40 mm, is presented. The antenna element is composed of two semicircular annulars with rectangular microstrips. The two elements of the antenna are placed symmetrically, and a pair of h-shaped slots are etched on the ground plane. The defects on the ground affect the current distribution, reduce the coupling between ports and increase the isolation to improve the antenna radiation efficiency. The polarization of the proposed antenna is linear polarization. It shows excellent antenna performance at 2.4 GHz and 5.8 GHz, especially in terms of gain better than 4.8 dBi and isolation better than 15 dB, respectively.




2. Antenna Design


Table 1 shows some performance requirements of the MIMO antenna design process. The simulation software of this antenna design is high-frequency structure simulation (HFSS).



Figure 1 shows the geometry of the proposed dual-band MIMO antenna. The antenna was fabricated on a FR4 substrate with εr of 4.4, tan δ of 0.02 and a thickness of 1.59 mm. The proposed antenna radiation element consists of a pair of symmetrical semicircular annular microstrip lines and zigzag rectangular microstrip lines, which cleverly allocates higher and lower frequencies to different locations on the top view of the substrate. The feed lines with a width of 3 mm are used for better impedance matching. On the bottom view of the substrate, the methods of isolation are to etch two symmetrical h-shaped slots on the ground plane and to form a fork-shaped microstrip line.



As shown in Figure 2, the evolution of the designed antenna structure and simulated S11 and S22 are listed. The introduction of the zigzag rectangular microstrip lines in Ant. 2 can tune both the S11 and the S22 of Ant. 1 to the higher frequencies in the higher frequency band, while those in the lower frequency band remain almost unchanged. The introduction of the fork-shaped microstrip line in Ant. 3 can used to improve the isolation S21 of the Ant. 2. However, the S11 of Ant. 3 in the lower-frequency band deteriorates to a certain extent. Finally, the two symmetrical h-shaped slots on the ground plane reduce the influence of the neutralization current on the S11, so that the S11 parameter in the lower-frequency band is significantly improved.



In a radiation unit, the value of width, W5, can be used to adjust the bandwidth of the resonant frequencies. Figure 3a shows the simulated reflection coefficients of the proposed antenna with different values of W5. It can be seen that the −10 dB bandwidth fully meets the required frequency band at 2.4–2.4835 GHz when the W5 is 2 mm. Figure 3b shows the isolation S21 is less than −15 dB at all required bands.



Adjusting the frequency of the higher-frequency band, as shown in Figure 4a, can be achieved by optimizing the value of R1, while the lower frequency band is unchanged. After optimization, the optimal size of the parameter R is 8.8 mm. The −10 dB impedance bandwidth can meet the requirements of band coverage. Figure 4b shows the isolation S21 is less than −15 dB at all required bands as well.



Figure 5 shows the simulated current distribution of the antenna. When the antenna functions at 2.4 GHz, the current is mainly concentrated on the entire semicircular annular. When the frequency rises to 5.5 GHz, the current is concentrated on the rectangular rod.



The optimized antenna dimensions (in millimeters) are shown in Table 2.



Figure 6 shows the actual shape of the proposed antenna.




3. Results and Discussion


The S-parameters of the antenna port are measured by the PNA N5224A network analyzer. The measurement results are compared with the simulation results. Figure 7 shows the simulated and measured reflection coefficients S11 of the proposed antenna. The measured −10 dB impedance bandwidths are 680 MHz (2.12–2.8 GHz) and 1700 MHz (4.95–6.65 GHz) in the desired frequency bands, respectively. When the reflection coefficient of the port is tested, the measured results have a shift of the resonant frequencies compared with the simulation. The S11 is less than −10 dB, which meets the requirements in both bands of interest.



As shown in Figure 8, the isolation of the antenna can be evaluated by S21. The measured S21 at the operating frequency bands (2.4–2.4835 GHz and 5.15–5.85 GHz) are less than −15 dB.



Figure 9 shows the measurement results of the peak gain and efficiency of the proposed antenna. It can be seen that the peak gain and radiation efficiency have the same trend. The measured peak gains are about 6.4 dBi and 4.8 dBi in the frequency band required, and the radiation efficiencies at this time are 68.26% (65.03~75%) and 51.36% (48.60~52.28%), respectively.



The proposed antenna test environment is carried out in a microwave anechoic chamber. Since the two antenna elements have the same structure and size, one port is excited, and the other port is connected by a 50 Ω load terminal. Figure 10 shows the normalized radiation polarization of the antenna operating at 2.4 GHz and 5.5 GHz. Co-polarization and cross-polarization are demonstrated by a black solid line and a red dashed line, respectively. It can be observed that the antenna presents a half-end fire radiation pattern on the E plane and a quasi-omnidirectional radiation pattern on the h plane. The welding effect of the SMA connector may cause the deterioration of the high-frequency radiation pattern.



The envelope correlation coefficient (ECC) is a significant parameter used to describe the degree of correlation between communication channels. Taking the proposed dual-element MIMO antenna as an example, its ECC value can be expressed as:


   ρ e  =      |   S  11  *   S  12  ′  +  S  21  *   S  22  ′   |   2     (  1 −  (     |   S  11    |   2  +    |   S  21    |   2   )   )   (  1 −  (     |   S  22    |   2  +    |   S  12    |   2   )   )     



(1)




where    S  11  *    and    S  21  *    are the imaginary parts of S11 and S21 parameters, respectively.    S  12  ′    and    S  22  ′    are the real parts of S12 and S22 parameters, respectively.



In general, an ECC value of less than 0.3 is within the limits [17,18]. For a wireless communication system, the lower envelope coefficient can obtain the larger channel capacity. Figure 11 shows the calculated ECC values of the fabricated antenna, which are smaller than 0.01 and 0.024 at 2.4 GHz and 5.5 GHz, respectively.



In Table 3, the operating frequency band, minimum isolation, peak gain and size of the proposed antenna are compared with some recently reported dual-band MIMO antennas. The results show that the proposed design exhibits good performance in peak gain.




4. Conclusions


A novel dual-band MIMO antenna is presented in this paper. The antenna uses a pair of symmetrical antenna elements to radiate the frequency band of interest, and the parasitic elements and defective ground form an outstanding isolation of better than 15 dB, which improves the radiation efficiency of the proposed antenna. The measured−10 dB impedance bandwidth can cover the 2.4 GHz and 5.5 GHz WLAN frequency band. The ECC, calculated based on measured S-parameters, is within the acceptable threshold. The comparison between measurement results and simulation results is relatively successful. The proposed antenna has excellent characteristics for WLAN applications
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Figure 1. Geometry of the proposed antenna. (a) Top view; (b) bottom view. 
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Figure 2. Evolution of the proposed antenna. (a) Structure of antenna 1, 2 and 3 and proposed; (b) simulated S11; (c) simulated S21. 
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Figure 3. Simulated parameters with different values of W5. (a) Reflection coefficients; (b) isolation. 
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Figure 4. Simulated parameters with different values of R1. (a) Reflection coefficients; (b) isolation. 
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Figure 5. Simulated current distribution at two frequencies. (a) 2.4 GHz; (b) 5.5 GHz. 
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Figure 6. The actual picture of the antenna. (a) Top view; (b) bottom view. 






Figure 6. The actual picture of the antenna. (a) Top view; (b) bottom view.



[image: Electronics 10 01659 g006]







[image: Electronics 10 01659 g007 550] 





Figure 7. Simulated and measured reflection coefficients of the proposed antenna. 
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Figure 8. Simulated and measured isolation of the proposed antenna. 
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Figure 9. Measured peak gain and radiation efficiency. 
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Figure 10. Radiation polarization of the proposed antenna. (a) 2.4 GHz E-plane; (b) 2.4 GHz H-plane; (c) 5.5 GHz E-plane; (d) 5.5 GHz H-plane. 
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Figure 11. Calculated ECC of the MIMO antenna system. 
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Table 1. Some performance requirements of the antenna.
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	Types of Antenna
	WLAN MIMO Antenna





	Frequency
	2.4–2.4385 GHz and 5.725–5.8 GHz



	Isolation (dB)
	>15 dB



	ECC
	<0.3
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Table 2. Parameters of the proposed antenna (unit: mm).
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	Parameters
	Value
	Parameters
	Value
	Parameters
	Value





	W1
	23
	W2
	0.5
	W3
	2



	W4
	2.5
	W5
	2
	W6
	3



	W7
	10.5
	W8
	23
	W9
	3



	W10
	0.4
	W11
	9.5
	W12
	1.4



	W13
	0.5
	W14
	1.3
	W15
	0.8



	L1
	2
	L2
	1
	L3
	4.4



	L4
	11
	L5
	10.6
	L6
	5



	L7
	0.5
	L8
	15
	L9
	21



	L10
	5.7
	L11
	9.5
	L12
	



	R1
	8.8
	R2
	5.8
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Table 3. Performance comparison with recently published work.
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Reference

	
Operating Frequency Bands (GHz)

	
Minimum Isolation (dB)

	
Peak Gain (dBi)

	
Size (mm3)






	
[4]

	
2.2–3.8

	
>15

	
2.8

	
30 × 26 × 1.6




	
5.7–6.2




	
[6]

	
1.73–2.28

	
>10

	
2.33

	
50 × 110 × 1.56




	
2.45




	
[10]

	
2.9–5.3

	
>14

	
4

	
26 × 26 × 0.762




	
5.3–5.8




	
[16]

	
2.25–3.15

	
>15

	
5.59

	
50 × 50 × 1.59




	
4.89–5.95

	
5.63




	
This work

	
2.12–2.8

	
>15

	
6.4

	
50 × 40 × 1.59




	
4.95–6.65
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