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Abstract: This paper discusses about the performance of a novel-shaped multi-input multi-output antenna (MIMO) which
exhibits high-performance gain and low mutual coupling. The proposed design of the antenna is the introduction of radiating
elements in the ground plane of the design, these radiating elements in turn help in producing high isolation between the MIMO
antenna. The mentioned design of the antenna has a high diversity gain (DG>9.7) a very low mutual coupling (S21 < -60) an
envelope correlation coefficient (ECC<0.07) and over the entire UWB frequencies high peak gains can be observed.
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L. INTRODUCTION

In April 2002, the FCC approved ultra-wideband (UWB) that lies within 3.1 to 10.6GHz for commercial use [1]. Ultra Wideband
(UWB) technology has gained much importance in the recent times because of its ability to use a very low energy level for short-
range, high-bandwidth communications over the radio spectrum high data rate and its low cost of fabrication made it as a useful
application in mobile and wireless communication. Therefore, in order to improve the capacity of the system, the UWB MIMO
antenna has been developed for commercial systems. UWB MIMO antenna with high isolation has application in short-range high-
data-rate, transmission automotive communications, and radar imaging systems [2,3]. A MIMO antenna consists of at least two
radiating elements, placed at a certain distance to have high isolation between them, but the available space is very limited in the
modern portable wireless front-ends. Various techniques have been proposed for UWB-MIMO antenna for diversity application
[4]-[8].

The main advantage of employing MIMO antenna in UWB is its ability to increase transmission quality and to reduce multipath
fading in a communication system. Certain techniques are also reported to improve isolation. Methods include using simple and
fractal-based DGS [9], EBG [10], soft surface structures [11], and Metamaterial-Inspired Isolation in between the antenna elements
[12].

1. PROPOSED METHODOLOGY
The proposed Planar Patch antenna was designed using Computer Simulated Technology (CST) Software. CST is used for the
simulation of electromagnetic designs that comprises of various modules, we make use of CST MICROWAVE STUDIO which is
used to enable the analysis of antennas, filters, couplers, planar and multi-layer structures, Sl and electromagnetic compatibility
(EMC) effects. The design procedure is comprised of 7 steps.
Initially, the general form of MIMO antennas results in high mutual coupling and low isolation between them. So, we modify the
tree-shaped MIMO antenna to obtain S21 parameters of value less than -60dB we achieve this by modifying the ground plane to
insert F-shaped stubs between the antennas.
For the design of the antenna, Flame Retardant (FR)-4 Lossy type material has dielectric constant (er) of value 4.4, is used as the
substrate as it has high mechanical strength and Electrical insulating qualities in both dry and humid conditions. The antenna
dimensions of the design are 60 x30 x1.52mm3. The substrate is used as base material for the antenna fabrication. The patch is laid
on the substrate and ground materials.
The patch is then modified to required shape of the antenna. The width of the feed line for both monopoles is chosen as 3 mm to
have a line characteristic impedance of 50 ohms. Initially, a stepped cut rectangular shape UWB patch radiator was designed [13],
then it is modified to triangular shape with two-step cut in the lower edge of the radiator to achieve a wide-band matching. The
proposed design is somewhat similar to [14].F-Shaped stub is inserted on the ground plane for reduction of mutual coupling and to
increases the isolation between the antenna elements. The design of the proposed antenna and the design parameters are shown in
Figure.1 and the antenna dimensions are mentioned in Table 1.
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Figure 1. Design of proposed antenna.

Table 1. Parameters of proposed antenna.
Parameter L B Lp Bp Lf A B C G D

Dimensions (mm) 60 30 20 20 3.6 4 2.45 8.35 13.28 11

1. RESULTS DISCUSSION
A. Return Loss
Fig. 2 shows the simulated and measured S-Parameters for the designed UWB-MIMO antenna. The S-Parameters of the fabricated
antenna (Fig. 2) is measured and results are matched well with the simulated results. The designed antenna covers 2 GHz to 10 GHz
bandwidth with S11/S22 < —15 dB and S21/S12 < —60 dB. One resonance in the S11 curve is due to the main radiator and the
second resonance is achieved by the introduction of the F-shaped stubs.

S-Parameter [Magnitude in dB]

Frequency / GHz
Fig. 2 S-Parameters of the proposed UWB-MIMO antenna

B. Diversity Gain And Envelope Correlation

To study the performance of the designed UWB-MIMO antenna, it is necessary to have low envelop correlation coefficient (ECC).
ECC should have ideally zero value but practical limit for an uncorrelated MIMO antenna is ECC < 0.5. The ECC of the proposed
antenna has ECC less than 0.06. Fig. 3 shows the ECC of the proposed UWB-MIMO antenna. It can be noticed from Fig. 3 that the
proposed antenna has ECC < 0.07 for the entire UWB range. Another important parameter for MIMO antenna performance is its
diversity gain (DG). Where ECC is the envelop correlation coefficient. Fig. 3 shows the DG with varying frequencies. It is noted
that the proposed antenna has diversity gain (DG > 9.5 dB) for the entire UWB range.
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Fig. 3. ECC and Diversity Gain of the proposed antenna

C. Surface Current

A high amount of surface current is seen on the left side of the PSG arm and closest arm of the antenna element and a very low
amount can be seen on the remaining antenna elements due to current coupling. Its effect can be seen on the lower frequency band
on S parameters
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Fig. 4 Surface current distribution
IV. CONCLUSION

A compact two element MIMO antenna with common ground plane for UWB applications has been proposed in this paper. The
proposed antenna has a simple structure and a compact size. High isolation between the MIMO elements is achieved by introducing
F-shaped stub in the ground plane of the MIMO antenna. Simulated results for Envelop Correlation Coefficient (ECC < 0.06),
Diversity gain (DG > 9.4 dB) and Multiplexing efficiency shows that the antenna is a good candidate for UWB-MIMO system.

©IJRASET: All Rights are Reserved 1773




[4]

(5]
[6]

[’
(8]
[9]
[10]
[11]
[12]
[13]

[14]

International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887
Volume 7 Issue 111, Mar 2019- Available at www.ijraset.com

REFERENCES
Wang, S., “A new compact printed triple band-notched UWB antenna,” Progress In Electromagnetics Research Letters, Vol. 58, 67-72, 2016.
Hui, L., J. Xiong, Z. Ying and S. L. He, "Compact and low profile co-located MIMO antenna structure with polarisation diversity and high port isolation,"
Electronics Lett., Vol. 46, 108-110, 2010.
Liu, L., S. Cheung, and T. Yuk, “Compact MIMO antenna for portable devices in UWB applications,” IEEE Trans. Antennas Propag., VVol. 61, 4257-4264,
2013.
J. Ren, W. Hu, Y. Yin, and R. Fan, ““Compact printed MIMO antenna for UWB applications,”” IEEE Antenna Wireless propag. Lett., vol. 13, pp. 1517-1520,
2014.
Y.-F. Liu, P. Wang, and H. Qin, ‘“‘Compact ACS-fed UWB antenna for diversity applications,"IETElectron.Lett.,v0l.50,n0.19,pp.1336-1338, Sep. 2014.
L.Liu, S.W.Cheung,andT.l.Yuk,*‘CompactMIMOantennaforportable devices in UWB applications,”” IEEE Trans. Antennas Propag., vol. 61, no. 8, pp. 4257—
4264, Aug. 2013.
C.-X. Mao and Q.-X. Chu, ““Compact coradiator UWB-MIMO antenna with dual polarization,”” IEEE Trans. Antennas Propag., vol. 62, no. 9, pp. 4474-4480,
Sep. 2014.
P. Gao, S. He, X. Wei, N. Wang, Z. Xu, and Y. Zheng, ‘“Compact printed UWB diversity slot antenna with 5.5-GHz band-notched characteristics,”” IEEE
Antennas Wireless Propag. Lett., vol. 13, pp. 376-379, 2014.
Foudazi, A., A. R. Mallahzadeh, and S. Mohammad-Ali-Nezhad, “A triple-band WLAN/WiMAX printed monopole antenna for MIMO applications,” Microw.
Opt. Technol. Lett., Vol. 54, 1321 1325, 2012.
Yang, X., Y. Liu, Y.-X. Xu and S. Gong, “Isolation enhancement in patch antenna array with fractal UC-EBG structure and cross slot,” IEEE Antennas
Wireless Propag. Lett., Vol. 16, 2175- 2178, 2017.
Rajo-Iglesias, E., O. Quevedo-Teruel, and L. Inclan-Sanchez, “Planar soft surfaces and their application to mutual coupling reduction,” IEEE Trans. Antennas
Propag., Vol. 57, 3852-3859, 2009.
Wang, F., Z. Duan, S. Li, Z.-L. Wang, and Y.-B. Gong, “Compact UWB MIMO antenna with metamaterial-inspired isolator,” Progress In Electromagnetics
Research C, Vol. 84, 61-74,2018. 1
A. Igbal, O. A. Saraereh, and S. K. Jaiswal, ‘‘Maple leaf shaped UWB monopole antenna with dual-band notch functionality," Prog. Electromagn. Res. C, vol.
71, pp. 169-175, Feb. 2017.
M. S. Khan, A.-D. Capobianco, S. M. Asif, D. E. Anagnostou, R. M. Shubair, and B. D. Braaten, ‘‘A compact CSRR-enabled UWB diversity antenna,”” IEEE
Antennas Wireless Propag. Lett., vol. 16, p. 808-812, 2017.

©IJRASET: All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




