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Abstract: In this articlea band notched 

multiple-input-multiple-output (MIMO) antenna with improved 

isolation is presented. The proposed antenna consists of a semi 

square split ring resonator (SRR) which is slotted on the two flag 

shaped patches. Two inverted semi square SRR are placed in the 

patch to get notch at WIMAX band (3.3GHz-3.8GHz) throughout 

the band the isolation is above 11db is observed and it is achieved 

with the placement of T-shaped stub on the ground plane. 

Proposed antenna is fabricated on FR4 epoxy substrate and 

simulated and measured results have been verified. The proposed 

antenna works at WLAN band (at 5.64GHz) and satellite 

communication (at 7.42GHz). In respect to this the envelope 

correlation coefficient (ECC), diversity gain (DG) and radiation 

patterns are discussed. 

Index Terms: Semi square split ring resonator (SRR), 

multiple-input-multiple-output (MIMO), ultra-wideband (UWB), 

envelope correlation coefficient (ECC), and diversity gain (DG).  

I. INTRODUCTION 

As the back bone of 4G and 5G wireless communications, 

multiple-input-multiple-output(MIMO) technology has 

immensely drawn attention in recent years due to its salient 

features such as high data rate and ability to mitigate 

multipath fading without sacrificing transmitted power. Semi 

square split ring resonator structure has been used in this 

paper to achieve notch band as well as high isolation after the 

notch band.Ultra-wideband technology is the technique 

predominantly used in wireless communication because of its 

high data rate, immunity to multipath interference and low 

power consumption.  

 

 
 

Revised Manuscript Received on 30 May 2019. 
* Correspondence Author 

   B.Priyadharshini*, Assistant professor at K L University. 

  B.T.P Madhav, Professor and Communication Systems research Head 
in the Electronics and Communication Engineering . 

  M.Hema Sasank, pursuing his Bachelor of Technology in the 

department of Electronics and communication Engineering at K L 
University. 

  M Venkateswara Rao, pursuing his Ph.D. in Metamaterial Antennas 

from Antennas and Liquid Crystals Research Centre of ECE department, K L 
Deemed to be University. 

  P Vamsi Krishna, pursuing bachelor of technology in the 

department of electronics and communication engineering at K L 

University. 

  J.J.S.N.S.K kavya, pursuing bachelor of technology in the department 
of electronics and communication engineering at KL University. 

  K.Abhinav Narayana, pursuing bachelor of technology in the 

department of electronics and communication engineering at KL University. 
 

© The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the 

CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

 

It is best suited for short range communication and its 

bandwidth requirement is equitable i.e. in terms of GHz 

[1-2]. Introducing one or more notch bands enhance the 

isolation of MIMO[3].The Coplanar Waveguide (CPW) fed 

radiating elements are separated by a metal strip which acts 

as a reflector of EM waves and decreases mutual coupling. 

The dual band notched antenna has a square split ring 

resonator(S-SRR) which increases isolation between the 

resonating frequencies. The SRR reduces the radiation effect 

of one element on the other [4]. 

High isolation S12>20dB is achieved in [5] by placing 

different sized split ring resonators (SRR) between two 

monopole antennas ,one operating  in UWB region and other 

operating with broadband applications. It has very low 

envelope correlation coefficient (ECC) and radiation effect of 

one element of other is reduced.SRR in 4 elements and 8 

element orthogonal structures for resonating at 

WIFI/WIMAX/4G/LTE and 5G applications to provide 

isolation between the lower bands and enhance inter-radiator 

coupling efficiency [6].Due to the advancements regarding 

antenna size, the demand for miniaturized structures 

increased. As an effect of it, MIMO antenna needs to handle 

several problems such as mutual coupling. When the MIMO 

elements are not well spatially diversified then it leads to 

increase in envelope correlation coefficient (ECC), reduced 

gain, increased mutual coupling and increases loss in channel 

capacity. Disparate methods are investigated to isolate and 

decouple the radiating elements. Two bent slits are kept in the 

ground plane structure to enhance impedance bandwidth at 

higher frequencies and to mitigate mutual coupling at lower 

frequencies [7]. The perpendicular geometry of the 

radiating elements of the MIMO and presence of narrow slot 

causes high isolation and reduced of mutual coupling [8]. A 

rotationally symmetrical MIMO antenna with artificial 

magnetic conductor (AMC) ground plane is proposed [9] to 

isolate with higher bandwidth. Metamaterial, neutralization 

line and modified ground structure are some novel methods 

to reduce mutual coupling in MIMO. Introduction of parasitic 

slots in the MIMO antenna shown a further reduction of 

mutual coupling [10]. The distance between radiating 

elements of MIMO must be placed at minimum distance of 

λ/2 and must be diversified spatially. Metamaterial can 

enhance isolation or reduce mutual coupling between 

radiators even though the MIMO radiating elements are 

placed within small distance [11]. 
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In [12], the proposed antenna has substrate with one side 

having microstrip feeding and other side associated by means 

of a short ground strip and two modified U-shape stubs to 

provide isolation and impedance bandwidth. Wireless body 

area network (WBAN) include several applications related to 

medical and military fields which uses the service of on-body 

antennas [13].In such antennas a parameter called specific 

absorption rate (SAR) decides the efficiency of the antenna, 

which is found to be 0.92 W/kg for 1mW input power and 

ECC is found to be below 0.1. A compact printed UWB 

MIMO antenna with high isolation is proposed in [14], which 

has combination of added monopole antenna element and slot 

element that suits portable UWB applications. 

Electromagnetic interference is a serious problem faced in 

UWB communication band i.e. 3.1GHz to 10.6GHz set by 

federal communications commission (FCC) in 2002.Very 

advanced techniques are found to meet our requirement of 

reducing electromagnetic interference. In [15], the four 

element MIMO antenna has resonant stub with U-shaped 

microstrip feedline which are divided by a dash lines placed 

diagonally and orthogonal to each other. It spontaneously 

suppresses CM waves and mitigates electromagnetic 

interference. Highly isolated and decoupled MIMO antenna 

elements are proposed in [16] and [17] where the slots used in 

the same are placed orthogonally to reduce mutual coupling. 

Dual notch bands are achieved in [18] where the proposed 

antenna has a defected ground structure with step shaped slot 

etched to it. The structure also uses orthogonal geometry to 

attain high isolation and polarization diversity. Thanks to the 

Y-shaped defected ground structure with step slots, without 

which mutual coupling reduction is not be possible. 

A quad band circularly polarized antenna with 

metamaterial and complimentary split ring resonator 

(C-SRR) is proposed in [19] to achieve enhanced bandwidth. 

Due to the introduction C-SRR the properties of the 

metamaterial is improved. A Conformal antenna is loaded 

with SRR on one side of the substrate and the other side is 

loaded with C-SRR with defected ground structure to 

enhance notch band characteristics in ultra-wideband 

(UWB)[20].A novel filtenna is achieved by placing SRR in 

ground plane and observed to show metamaterial properties. 

It showed band reject filter characteristics. Thanks to 

SRR,without which improvement of return loss and 

enhancement of bandwidth might not be possible[21].To 

improve gain and bandwidth of the antenna an SRR slot is 

introduced in half mode substrate integrated 

waveguide(SIW) on its top. It achieved a high gain of 22dB 

when compared to micro strip patch antenna[22-38]. 

 In this paper, a compact flag shaped MIMO antenna with 

semi square split ring resonator (SRR) slots is designed to 

operate at ultra-wideband (UWB) frequencies with a notch 

band present in between. The semi square SRR is designed 

with two L-shaped slits and two inverted L-shaped slits to 

provide high isolation between bands by providing notch 

band between them. Due to the semi square structure only 

one notch band is achieved. The flag shaped elements are fed 

by rectangular feedlines.The ground structure has semi 

circular slots etched on it and a T-shaped stub to provide 

enhancement in reduction of mutual coupling. The antenna is 

fabricated on       FR4 epoxy substrate with 0.8mm 

thickness and achieved UWB from 1.96GHz to 8.83GHz 

with a notch band of 2.84GHz to 4.41GHz. 

II. ANTENNA DESIGN 

The design of proposed antenna is shown in Figure 1. The 

2×2 MIMO antenna is fabricated on a FR4 epoxy substrate of 

dimensions 26×28×0.8 mm3, with dielectric loss tangent of 

0.02 and relative permittivity 4.4 as shown in Figure 2. The 

antenna has two flag shaped patches which are etched with 

semi square split ring resonators (SRR) slots on it. The semi 

square SRR slot on the radiating elements is a combination of 

two L-shaped slots and two inverted L-shaped slots placed 

adjacent to each other. The two patches are fed by two 

microstrip rectangular feedlines which are used to provide 

good impedance matching. These two feedlines are 

connected to two ports using two trapezoidal structures. The 

ground structure has semi circular cuts at even intervals and a 

rectangular T-stub is placed in between the semi circular slots. 

The optimized values of the antenna parameters are shown in 

Table 1.The optimized values are derived from parametric 

analysis of the antenna parameters of the proposed antenna 

designed in ANSYS HFSS 19.0. 

 
Figure 1: Geometry of proposed antennna. 

 

 

 
                         (a )           (b )  

Figure 2:Geometry of fabricated antennna (a) Front view (b) 

Top view. 

 

The evolution of the proposed antenna is shown in Figure 

3.First, the flag shaped patches are fed by rectangular 

microstrip feedlines (Antenna-1) with normal ground 

structure (Figure 3 (a)) and a narrow bandwidth [8.72GHz to 

9.36GHz] has been attained, with operating frequency 

9GHz.Later, semi circular slots are introduced in the ground 

structure (Antenna-2) to expand the impedance bandwidth. A 

rectangular T-shaped stub is introduced to the previous 

iteration to attain high isolation at low frequencies and to 

enhance the impedance bandwidth (Figure 3 (b)).A 

ultra-wideband is achieved [2.02GHz to 9.59GHz] covering 

entire S-band and C-band.  
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Finally, the proposed antenna is evolved from Antenna-1 and 

Antenna- 2, in which semi square SRR slot is introduced to 

get a ultra-wideband (UWB) from 1.98GHz to 8.83GHz with 

a notch band of 2.84GHz to 4.41GHz.The simulated 

S-parameters are shown in Figure 4. 

 

Parameter Value Parameter Value 

W 28 L5 3.6 

L 26 W6 5.5 

W1 7.45 L6 4.7 

L1 9 W7 2 

W2 1.9 W8 2 

W3 3.3 L7 4 

L3 2.6 L8 10 

W4 2 L9 15 

L4 1.7 R 2 

W5 4.5   

 

Table 1 : optimised values of proposed antenna. 

 
      (a)             (b) 

 

 
 

(c) 

Figure 3: Evolution of proposed antenna. (a) Antenna 1 with 

normal ground and without Semi square SRR. (b) Antenna 2 

with defected ground and without semi square SRR. (c) 

Proposed antenna. 

 

Antenna-1 do not have any slots on the patch and has normal 

ground due to which a narrow band existed.In Antenna-2,due 

to its ground geometry,the impedance bandwidth has been 

improved which led to ultra-wideband(UWB).The proposed 

antenna , which has semi square SRR slots in it has an 

ultra-wideband with a notch band in the impedance 

bandwidth.The notch band in a result of placing the semi 

square split ring resonator(SRR) from 2.84GHz to 4.41GHz. 

 

 
(a) 

 
(b) 

Figure 4: S parameters. (a) Reflection Coefficient S11 of 

Antenna 1, Antenna 2 and proposed antenna. (b) Mutual 

Coupling S12 of antenna 1, antenna 2 and proposed antenna. 

III. RESULTS AND DISUSSION 

A. Scattering parameters 

S-parameters is define relation between two or more ports 

in two port system. The antenna proposed has the 

s-parameters as shown in Figure 5.. The band below 

S11=-10dB or the impedance bandwidth from 1.96GHz to 

8.83 GHz with a notch band from 2.84GHz to 4.41GHz 

which is includes IEEE S-band frequency range. The 

isolation or mutualcoupling is less than-11dB.

 
                                      (a) 
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          (b) 

Figure 5: S-parameters (a) measured and simulated 

reflection coefficient S11. (b)Measured and simulated 

reflection coefficient S12 

The S-parameters are analyzed by varying different antenna 

parameters such as port width (W2), ground length (L8) and 

width of rectangular T-stub (W7). The parametric analysis 

for variable port width from 1.3mm to 2.2 mm is done and the 

reflection coefficient and mutual coupling of each iteration is 

shown in Figure 6.For port width of 1.3mm the impedance 

bandwidth is 5.94GHz (i.e. 1.92GHz-7.87GHz) and notch 

band is 3.01GHz-4.44GHz. 

 

For port width of 1.6mm the impedance band width is 

6.18GHz (i.e. 1.95GHz-8.13GHz) and notch band is 

2.96GHz-4.46GHz.For port width of 1.9mm the impedance 

band width is 6.89GHz (i.e. 1.96GHz-8.85GHz) and notch 

band is 2.71GHz-4.41GHz. 

 

For port width of 2.2mm the impedance band width is 

7.14GHz (i.e. 2GHz-9.14GHz) and notch band is 

2.72GHz-4.35GHz.The mutual coupling between two ports 

is more than -10dB.The reflection coefficient and mutual 

coupling for variable port width is shown in Figure 5. 

 

 The reflection coefficient and mutual coupling of each 

iteration for the parametric analysis of variable length of 

rectangular part of ground from 6mm to 14mm is done and is 

shown in Figure 6. 

 

The impedance bandwidth is very narrow bandwidth of 

430MHz (i.e. 1.67GHz-2.10GHz) for length of 6mm.At 

length of 8mm; there are 3 bands at 2.06GHz with impedance 

bandwidth of 580MHz, at 4.5GHz with impedance 

bandwidth of 290 MHz and at 5.68GHz with impedance 

bandwidthof 510 MHz. 

 

At the optimum ground length (i.e. 10mm) ultra-wideband 

with impedance bandwidth 6.89GHz (i.e. 

1.96GHz-8.85GHz) and notch band 2.71GHz-4.41GHz is 

achieved. 

 
.            (a) 

 
           (b) 

Figure 6: S parameters of the proposed antenna when port 

width is varied. (a) Reflection Coefficient S11. (b) mutual 

Coupling  S12. 

 

For ground length of 12mm there are dual bands, one at 

2.74GHz with impedance band width of 1.44GHz and 

another at 8.48GHz with impedance bandwidth of 1.62GHz. 

The reflection coefficient and mutual coupling for variable 

length of ground is shown in Figure 7. 

 
           (a) 
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              (b) 

 

Figure 7: S parameters of the proposed antenna when ground 

length varied. (a) Reflection Coefficient S11. (b) Mutual 

Coupling S12. 

 

 

Similarly, the width of the rectangular T-shaped stub is also 

varied from 1mm to 3mm and the corresponding reflection 

coefficient and mutual coupling are shown in Figure 8. 

The impedance bandwidth and notch bands are 

approximately same and all of them have an ultra-high 

bandwidth, but the reflection coefficient and mutual coupling 

are found to be very low when the width of the T-shaped stub 

is more.  

As the length of the stub is more, then the coupling effect 

of the radiating elements on the stub is observed to be less. 

Similarly when the width of the stub is decreased, then the 

coupling effect of the radiating elements is more on the stub.  

 

High reflection coefficient is observed at 5.68GHz and 

7.76GHz is less than -35dB and -45dB respectively at 3mm 

width. 

 

 
(a) 

 
(b) 

Figure 8: S parameters versus of the proposed antenna when 

width of the ground stub is varied. (a) Return loss S11. (b) 

Isolation S12. 

 

B. Radiation patterns: 

The radiation pattern is simulated at 7GHz, 7.3GHz (resonant 

frequency) and 8.8 GHz. The gain are found to be 0.91dB, 

0.40dB and 1.75dB respectively. The radiation patterns at 

7GHz,7.3GHz,8.8GHz are shown in Figure 9. 

 

(a) 

 
(b) 
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(b) 

Figure 9: Radiation patterns (a) 7 GHz (b) 7.3 GHz (c) 8.8 

GHz 

C.Current distributions 

 

 The current distributions at different frequencies are 

shown along with their directions. In Figure 10, the first port 

is excited while the second is kept un operational. The blue 

color in second port indicates that no current flows in second 

port when first port is excited. It indicates that the two 

radiating elements are highly isolated and mutual coupling 

effect is negligible. 

 

 
(a) 

 

 

 

 

 

 
(b) 

 

 

 
(c) 

Figure 10: Current distributions when port-1 is excited (a) 

4.6 GHz (b) 5.6 GHz (c) 7.4 GHz. 

 

As depicted at 4.6GHz currents are distributes across the four 

slits of the semi square SRR in alternating directions. At 

5.6GHz, currents are distributed across slits 3 and 4 which 

indicate that these slits are responsible for resonating at 

5.6GHz.Now at 7.4 GHz currents are distributed across slits 1 

and 2 which indicate that the resonant frequency 7.4GHz is 

dues to these slits  

 

Similarly the current distributions when port 2 is excited are 

shown in the Figure 11. 

 

 
(a) 

 
(b) 
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(c) 

Figure 11: Current distributions when port-2 is excited (a) 

4.6 GHz (b) 5.6 GHz (c) 7.4 GHz. 

 

D. Envelope Correlation Coefficient: 

 

 In higher data rate applications such as WIFI and LTE we 

use MIMO technology. Wheneverthe term MIMO appears 

then there exists envelope correlation coefficient (ECC).It 

correlates the radiating elements or simply says the 

independency of one radiating element on another. 

 The feasible value for ECC is below 0.5.So any value 

below 0.5 is acceptable. Above 0.5 is considered to be bad.  

A value below 0.3 is optimum and best suited for wireless 

applications. High isolation has less ECC value and vice 

versa. Zero ECC mean that both the radiating elements are 

purely independent of each other. The ECC is calculated 

based on the formula shown below. 

 

 
 

The ECC for the proposed antenna is shown in Figure 

12.the ECC of the simulated design is below 0.3 which is 

optimum value and the best value is found to be 0.0001. 

 

 
Figure 12: Envelope correlation coefficient (ECC) of 

proposed antenna. 

 

E.  Diversity Gain: 

 

 Diversity gain is the measure of reduced transmitted power 

while using a diversity scheme in any wireless 

communication. It increases the signal-to-noise ratio (SNR) 

corresponding to the diversity technique used. It is 

calculated mathematically based on the formula shown 

below. 

 
The diversity gain plot versus frequency is shown in Figure 

13. 

 

 
Figure 13: Diversity gain of proposed antenna 

 The diversity gain is found to be above 9.6 in the working 

band from 1.96GHz to 8.83GHz which is very optimal 

value. 

IV. CONCLUSION 

A band notched UWB MIMO antenna is designed and 

implemented in this article. The proposed antenna works 

from 2-9GHz which almost covers all commercial 

applications of UWB technology and notches in the band 

2.84GHz-4.41GHz which include WIMAX band. The 

proposed antenna consists of a compact size of 26×28mm
2
 

which is etched on the FR4 substrate. The antenna has ECC < 

0.3, diversity gain>9.8 with a stable radiation pattern. Thus 

the proposed antenna is a good candidate for UWB and 

MIMO applications. 
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