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ABSTRACT A quad-element super-wideband (2-20GHz) MIMO antenna including dual notched-band 
response at WiMAX (3.30-3.70GHz) and satellite-band (6.99-8.09GHz) is designed on RO3035 with total 
dimension of 118mm×86mm×1.67mm. Unique decoupling structure has been deployed to enhance the 
isolation (˃20dB) between two antenna elements. The fundamental properties of MIMO antennas like 
bandwidth ratio (10:1), isolation (>18dB), gain (4.14dB), Envelop Correlation-Coefficient (<0.0065), Total 
Active Reflection-Coefficient (< 0dB), Channel Capacity Loss (<0.25bps/Hz) and radiation patterns are also 
investigated in order to determine their practicality. Measurement and simulation results of the proposed SWB-
MIMO antenna from 2 to 20GHz indicate that it will be the suitable candidate for wireless and biomedical 
applications. 

INDEX TERMS Multiple-Input-Multiple-Output (MIMO), Super-Wideband (SWB), Defected Ground Structure 
(DGS), Metasurface (MS). 

I. INTRODUCTION 
UPER-wideband antenna technology is increasingly being 
used in wireless communication applications to cover both 

short and long range transmission. Significant benefits given by 
SWB technology, particularly in terms of larger channel 
capacity and enhanced timing precision, have made the 
technology more appealing and necessary for a wide range of 
possible wireless communication. Higher bit-rate over the 
wideband is achieved by designing SWB MIMO antennas. 
Moreover, in today's era, many individuals die as a result of 
cancer illnesses, and in the majority of cases, the main cause of 
death is a late and ineffective diagnosis. Ahmed B.T. et al [1], 
proposed super wideband MIMO antenna with triple-band 
notch characteristics for avoiding the interference between near 
field devices. Elhabchi, M [2] suggest a novel U-shaped SWB 
MIMO antenna by using monopole antenna technique to reduce 
the loading Q of the antenna and enhance the bandwidth. 
Chaudhari, A.D. et.al. [3] designed and developed quasi-Yagi 
type MIMO antenna for high precision sensing application for 
accurate diagnosis of these cancer tissues. Super wideband 
MIMO antenna [4-8] with dual and triple-band notched 
characteristics has been discussed by using CSRR/SRR and 
band stop filter structure imposed on patch and ground. 
Ramanujam, P et.al.[9] suggest miniaturized monopole based 

SWB MIMO antenna to cover the 0.7-18.5GHz bandwidth to 
cover L-Ku microwave band. Kumar, P et.al. [10] designed and 
discussed about SWB MIMO antenna for IoT application with 
improved isolation by using decoupling structure on the ground 
which prevent current from energized antenna to 50Ω 
terminated antenna. Ullah, H., Rahman et.al. [11] and Singhal, 
S [12] proposed a new model of wide band and super wideband 
MIMO antenna with improved diversity performance with 
respect of ECC, DG, TARC and CCL for practical wireless 4G 
LTE advanced and high channel capacity wireless applications. 
In [13]-[20] to mitigate band interference, an antenna with 
multiple band-notch capability must be designed with bandstop 
filters. The need for a MIMO antenna comes from the fact that 
multiple antennas may enhance the data-rate of an operational 
band by N-folds, where N is the number of antennas on the 
corresponding MIMO antenna. Using diverse decoupling 
structures to enhance the isolation between elements and also 
improves the diversity performance in the real environment. 
Awan, W.A et.al. [21] suggest SWB antenna with notched 
characteristics by using genetic algorithm which is useful to 
improve the antenna parameters. In [22-23] Hussain, M. et.al. 
designed frequency reconfigurable dual-band CPW based 
wideband and conformal antenna for Wi-Max and WLAN 
application having militarized size. This antenna also used in 

S 



 G. Saxena et al. 

 VOL. 12, NO. 3, AUGUST 2023 

          
 

55 

portable devices like mobile phone, tablet and laptops.   
Khurshid, A et.al.[24] designed and discuss MIMO antenna 
having exotic diversity performance with high isolation for 
enhancing channel capacity and data speed. In this article, a 
dual notched single element SWB antenna is designed initially, 
then by the design of novel decoupling structure with common 
ground to turn the antenna into a MIMO. Section-2 of this 
article is presenting the design procedure of the proposed 
antenna. Section-3 have all simulated and measured results 
related to the antennas. Section-4 concludes the findings of the 
design.  

II. ANTENNA DESIGN AND RESULT ANALYSIS 

Rogers RO3035 with a dielectric constant of 3.6, loss tangent 
of 0.0015, and thickness of 1.6mm is used to make the proposed 
SWB antenna.  

 
FIGURE 1. Geometry of the designed single element SWB antenna. 

As far as antenna design is concerned, the dimensions of 
radiating element including feed line are generally calculated at 
minimum operational frequency and the radiating element can 
take many different forms, including circular, semi-circular, 
rectangular, heptagonal, hexagonal, and fractal shapes. Input 
impedance of these radiating elements is usually higher than 
100 ohms. Thus, to match the 50 ohms impedance in wide-
bandwidth, a taper microstrip line is required between the 
radiating device and the antenna connector.  

The geometry of the single element antenna without any filter 
is shown in Figure 1, with working frequency range of 2-20 
GHz. The radiating element has semi-circular shape embedded 
with a triangle on top of it. To match the input impedance of the 
radiating element, a trapezoidal taper 50 ohms feeding line with 
a length of 6mm is employed. Copper laminates with a 
thickness of 0.035 mm is used to make the radiation patch and 
the ground plane. All the simulated s-parameter results are 
hereby shown in the current section for proposed design using 
CST studio suite. The antenna is designed with a defected 
ground structure (DGS) to enhance the bandwidth as well.  

TABLE I. Dimensions of single element SWB antenna with dual notch 

Parameter Value (mm) Parameter Value(mm) 
L 49.00 L1 9.06 
Lg 21.00 L2 10.80 
La 16.00 L3 6.90 
Lb 6.00 L4 1.80 
SL 18.38 W1 0.30 
D 26.00 W2 0.80 
W 35.00   
Wa 1.50   
Wb 3.40   

All of the dimensional parameters of the proposed design are 
listed in Table I. The proposed structure has a tiny area of 
49×35mm2, which is significantly less than competing 
structures with similar bands and geometries. For the proposed 
band of 2-20GHz, simulation results for the single element 
SWB antenna are considerably below -10dB as shown in Figure 
2.  

 
FIGURE 2. Simulated results of single element SWB antenna. 

This SWB bandwidth makes the antenna susceptible to 
interference from other widely deployed systems near to it. 
Thus, the next step is to introduce notch filters that work at two 
frequency bands, namely, 3.5 GHz for WiMAX and 7.5 GHz 
for X-band downlink satellite. The 3.5 GHz filter is a half-
wavelength U-shaped slot within the radiating patch. Finally, 
the 7.5 GHz filter is a half-wavelength U-shaped slot within the 
feeding line to mitigate the interference as illustrated in Figure 
3. U-shaped slots length of filter 1 and 2 is calculated by 
equation (1)  

L = #
$×&×√ℇ)

                             (1) 

where, f = frequency c = speed of light L = Length of notch εr 
= Dielectric constant 
Figure 3 shows the simulated and prototype geometry of dual 
band-notched SWB antenna and Figure 4 depicts the 
corresponding simulated & measured S11 parameter of the 
antenna. The first filter operates in the 3.19–3.81 GHz range, 
whereas the second filter operates in the 6.99–8.07 GHz band, 
according to the results. 



 

VOL. 12, NO. 3, AUGUST 2023 56 

   
FIGURE 3. Simulated geometry and prototype of dual band-notched SWB single 
element antenna. 

 
FIGURE 4. Simulated and measured s-parameters for dual band-notched SWB 
antenna. 
In today's world, significant channel capacity and SWB 
bandwidth to handle the large data are necessary, which a single 
element cannot provide. As a result, the suggested antenna is 
turned into a quad-elements MIMO antenna using an 
appropriate isolation technique which is very essential to 
enhance the diversity performance of MIMO. The proposed 
MIMO antenna is fabricated on Rogers RO3035 (lossy) 
substrate and measured by using Agilent Technologies N5247A 
vector network analyser to validate the simulation results. 
Photograph of a fabricated single element antenna shown in 
Figure 14. Figure 16 (a) and (b) is the photograph of a fabricated 
four element SWB MIMO antenna.  

III. MIMO ANTENNA DESIGN AND DISCUSSION OF 
RESULTS  
To construct SWB two-element MIMO antenna, a pair of the 
previously designed dual band-notched SWB antenna is used. 
The spacing between the two elements of the MIMO antenna is 
chosen in such a way to have isolation between them higher 
than 15dB [16]. A diamond-shaped geometrical conducting 
barrier between the gaps of radiating elements to promote 
isolation, and a decoupling structure at ground is also designed 
for additional isolation, as shown in Figure 5. Table II shows 
the physical dimensions of the final band-notched two-element 
SWB-MIMO antenna. Simulated S12 and S22 results of the 
band-notched two-element SWB-MIMO antenna are presented 
in Figure 6. From the results, the return loss is less than -10dB 
except the band-notched at 3.19–3.81 GHz, and 6.99–8.08 
GHz. 

(a) 

(b) 

FIGURE 5. Geometrical view of two-element SWB MIMO antenna with (a) a 
diamond-shaped geometrical conducting barrier (b) a decoupling structure at 
ground. 

TABLE II. Dimensions of decoupling structure available at top and ground of 
Figure 5 

Parameter Value(mm) Parameter Value(mm) 
L-gap 16.00 H1 49.00 
L_b 7.50 H2 24.50 
Rin 4.50 W1 86.00 

Rout 5.50 W2 4.00 
L_d1 7.00   
L_d2 10.00   
L_d3 13.00   
W_d 1.00   

 
FIGURE 6. Simulated S11 and S12 results of the two-element SWB-MIMO antenna. 
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(a)                                      (b) 

FIGURE 7. The proposed quad-element SWB-MIMO antenna simulated and 
prototype (a) Front view (b) Back view. 

Isolation is also noticed more than 20dB for intended band of 
frequency from 2–20 GHz. Moreover, to add more similar 
elements in the aforementioned design to further enhance the 
channel capacity of the MIMO system. A quad-element MIMO 
antenna is designed with almost similar results as shown in 
Figure 7.  
TABLE III. Dimensions of proposed four-element SWB MIMO antenna 

Parameter Value(mm) Parameter Value 

(mm) 

L 118.00 L_g 76.00 

L_c1 37.00 R_c1 4.00 

L_c2 53.00 R_c2 5.00 

R_c 5.00   

W 86.00   

W_r 1.00   

Figure 7 shows the quad-element SWB-MIMO antenna with 
up-down parallel feed configuration. To improve isolation 
between quad-element a four sword-shaped structure attached 
with a circular ring between the elements and a common ground 
is designed as shown in Figure 7 (b). Table III gives the 

geometrical dimensions of the final quad-element SWB-MIMO 
antenna. 

 
FIGURE 8. Simulated results (S11, S12, S13, and S14) of quad-element SWB-MIMO 
antenna. 

SWB-MIMO antenna (a) S11, (b) S12, (c) S13, and (d) S14. 
Figure 8 and Figure 9 show the measured & simulated s-
parameter results of the designed MIMO antenna. It can be 
noticed that, the refection parameter S11 is lower than -10dB 
except the notched-bands for intended bandwidth, and isolation 
(S12, S13, and S14) between the elements is higher than 20dB. 
Figure 10 shows the gain of the proposed design which is in the 
range of 4.53 to 6.96dB in the intended bandwidth and Figure 
11 shows the omini-directional type radiation patterns. 

 
(a)                                            (b) 

 
(c)                                           (d) 

FIGURE 9. Measured and simulated results of the quad-element.  
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FIGURE 10. Simulated antenna gain of the proposed design. 

  
     (a)                             (b)                            (c) 

FIGURE 11. Simulated far-field radiation patterns at (a) 2.0GHz (b) 11GHz (c) 
20GHz. 

SPECIFIC ABSORPTION RATE 

 The penetration of electric field intensity in the human brain 
tissue near-field environment yields the SAR value of that 
electronic equipment [14]-[15] as shown in Figure 12. SAR is 
frequently averaged over a small sample volume (typically 1g 
to 10g of tissue) or the full body. SAR estimation of the head is 
done for 2.4 and 5.5 GHz frequency. The values of radius 
of skin, bone, and brain are 79.324, 75, and 65 mm, 
respectively, for this SAR estimate. The estimated value of 
SAR is less than 1.6 W/kg for the proposed antenna as shown 
in Table IV, for all parameters listed in Table V. This SAR 
performance is investigated without any plastic jacket or cover 
[14]-[15]-[27]. 

 
FIGURE 12. Simulated SAR setup of the SWB-MIMO antenna. 

TABLE IV. Parameters of the human head used for calculation of specific 
absorption rate by the proposed antenna at constant permeability 

Type Bio-tissue 
skin 

Bio-tissue 
bone 

Bio-tissue 
Brain 

Density(ρ), 
kg/m3 

1100 1850 1030 

Thermal 
Conductivity(σ) 

0.293 0.41 1.13 

Heat capacity, 
kJ/K/kg 

3.5 1.3 3.675 

Blood flow, 
W/K/m3 

9100 3400 40,000 

Metabolism rate, 
W/m3 

1620 610 7100 

TABLE V. SAR values near the human head at the different resonant frequencies 
when the distance between the human head and MIMO antenna is 15mm 

Specific Absorption Rate, W/kg 
2.4GHz 5.5GHz 

1(g) 10(g) 1(g) 10(g) 
0.048 0.026 0.053 0.032 

where (r) is the model's thermal conductivity in S/m, Erms (r) 
is the rms electric field in V/m, ρ(r) is the sample density in 
kg/m3, and V is the sample volume in m3. SAR is a function of 
input power, with a calculating power of 100 mW. 

IV. DIVERSITY PERFORMANCE OF QUAD-ELEMENT MIMO  
In wireless communications systems, diversity techniques are 
employed to increase performance across fading-channels. 
Multiple copies of the same information signal are delivered 
through two or more communication channels to the recipient 
in such a system. There are various results presented here in this 
section in which ECC, diversity gain, channel capacity, etc. The 
Envelope Correlation coefficient is an essential antenna 
parameter for MIMO antennas since it indicates the 
independency of distinct antenna elements' radiation patterns 
[14]-[15]. 

The Envelope Correlation Coefficient for the proposed antenna 
is less than 0.007 shown in Figure 13, which is substantially 
below the desired threshold value (0.5), implying that the 
elements of the presented design are well separated and have 
independent radiation patterns. 

 
  FIGURE 13. Simulated ECC of the designed SWB-MIMO antenna. 

ECC from S-parameter is calculated by equation (2) [14]-[15], 
[25]-[26]. 
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                      (2) 

Where Sii and Sij denotes return loss and insertion loss of ith 
antenna when jth antenna terminated with 50Ω load and ith 
antenna is energized. 

 
FIGURE 14. Simulated diversity gain for the proposed SWB-MIMO antenna. 

Directive Gain (DG) has been calculated with equation (3) [14]-
[15] in terms of ECC. It provides how much SNR benefits of 
MIMO antenna with respect to SISO antenna. For uncorrelated 
ECC = 0 system its ideal value 10dB and practical value 
˃9.5dB. 

                                                           (3) 

Total active reflection coefficient (TARC) is the ratio of total 
reflected power in the MIMO system at all ports to the total 
power incident and it is calculated by equation (4) [14]-[15]. 

                                                                    (4) 

Where bi and ai denotes the reflected and incident power. 
Furthermore, to reduce necessary receive SNR (Signal-to-noise 
ratio) for a given bit-error-rate (BER), averaged across the 
fading is known as diversity gain. This is reduction in fading 
margin that is gained by the antennas to reduce fading.  
In general, greater DG values are thought to signify better 
MIMO antenna performance. In Figure 14, it is seen that the 
diversity gain for the antenna is higher than 9.96 dB, this will 
undoubtedly explain the given antenna's higher signal to 
interference ratio. Hence, the proposed antenna's diversity gain 
also allows it to operate at low transmission power without 
signal loss, making it a very efficient antenna [25-26].

 

 
FIGURE 15. Simulated CCL and TARC of the proposed antenna. 

As demonstrated in Figure 13, the proposed design's TARC and 
CCL have permissible values. TARC denotes the entire MIMO 
antenna elements' return loss.   

TABLE VI. Comparison table of proposed MIMO antenna with existing literature 

Size 

(λo2) 

Bandwidth 

 (GHz) 

Gain 

(dBi) 

Isolation 

(dB) 

ECC Designing 

Approach/ 

Notched Bands 

1.8[3] 1.37-16 5.5 16 <0.01 Quasi Yagi 
Type/2 

2.91[5] 1.21-34 3.5 15 0.25 CPW Line/2 

1.45[8] 1.3-40 5.5 15 0.01 CPW Line/3 

1.4[14] 1.5-40 7.5 20 0.005 Monopole 
with step 

impedance 
feeding/1 

12.84 [16] 0.97-35 5.2 19.8 0.005 Modified 
elliptical self-

complimentary 
based/3 

0.6 

[Proposed] 

2-20 6.2 20 0.006 Monopole 
with 

decoupling/2 

V. CONCLUSION 

A quad-element SWB-MIMO antenna with two band-notches 
has been built, with better agreement between simulated and 
measured results over the desired bandwidth of 2–20GHz. All 
of the parameters of MIMO antennas have been justified in 
order to establish their usefulness, including bandwidth ratio, 
isolation, directive gain, envelope correlation-coefficient, total 
active reflection-coefficient, channel capacity loss, and 
radiation patterns. In TABLE VI, the proposed MIMO antenna 
compared with existing literature and found suitable for wireless 
application with exotic diversity performance. This design has been 
deemed as a good choice for wireless and biological 
applications based on the above results and information. 
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