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Abstract-A small dual band-notched two port multiple input and multiple output antenna with low mutual coupling for ultra-wide band 

systems is the subject of this planned research study. The two identical monopole elements are fed by two 50Ω coplanar waveguide lines, 

making the total antenna dimensions of 18 X 29.5 X 1.6 mm³. Manufactured side by side on the upper surface of FR-4 ground plane 

substrates.A T-shaped stub was substituted for the rectangular stub in order to lessen the mutual coupling between the parts. The 

suggested antenna covers the UWB spectrum and records a wide resistance bandwidth at each port between 2.3 and 12GHz. This antenna 

has a modest size and design. The element's mutual coupling is less than -20 dB. Efficiency is 85% and the envelope correlation 

coefficient is less than 0.04. Evaluation of antenna parameters is done in terms of return loss, gain, DC, and ECC. 
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1. Introduction 

The authorized and unlicensed frequency range of 3.1 to 

10.6 GHz was assigned by the Federal Communication 

Commission (FCC) [1]. Since then, UWB technology 

has been developed, providing a number of advantages 

such as low power spectra density, high precision range, 

and high data rate transmission. and more has attracted a 

lot of attention. Multiple input multiple output (MIMO) 

technology and UWB technology work together to solve 

multipath fading and boost UWB system capacity 

without requiring an extra frequency rangeSince MIMO 

technology demands MIMO antennas with small mutual 

coupling, particularly for portable devices with limited 

space, many techniques are utilized to lower the overall 

dimensions and mutual coupling between the elements of 

these antennas. For example, high isolation of more than 

20 dB is produced by adding two modified T-shape [5], 

These UWB MIMO antennas incorporate two F-shape 

[4], two inverted L-shape [3], and two stubs into the 

shared ground plane. To reduce the mutual coupling to 

less than -16 dB, a tree-like structure is also inserted in 

[6] between two UWB MIMO antenna elements. The 

two MIMO antenna elements are positioned 

perpendicular to one another in order to minimize mutual 

coupling as stated in [7] and [8]. In both cases, mutual 

coupling of less than -15 and -20 dB is obtained 

throughout the entire UWB spectrum.  

Additionally, an electromagnetic band gap (EBG) 

structure has been added between the two in order to 

lessen the mutual coupling between [9] and [10]. 

elements and, via the UWB spectrum, an isolation of 

more than 20 and 25 dB, respectively. Subsequent 

integrated waveguide (SIW) constructions have been 

employed in [11–13] to decrease the mutual coupling of 

a 34 × 34 array antenna, a 4-element antenna, and a 2-

element antenna down to -15, -20, and -25 dB, in that 

order. Furthermore, to reduce the mutual coupling of the 

MIMO antenna's component parts to less than -20 dB, a 

metamaterial structure is suggested in [14]. Other 

methods for reducing mutual coupling include the use of 

radial stub loaded resonator (RSLR) or wideband 

neutralization line, which are studied in [15] and [16], 

respectively. Over the working bandwidth, an isolation of 

greater than 22 and 25 dB is established in each case. 

The interference between UWB signals has drawn a lot 

of attention to UWB antennas with band-notched 

features. range (3.1 – 10.6 GHz) and some other 

frequency bands, such as 3.3 – 3.7 GHz for Worldwide 

Interoperability for Microwave Access (WiMAX), 5.15 – 

5.825 GHz for Wireless Local Area Network (WLAN), 

3.7 – 4.2 GHz for C-band, and 7.7 – 8.5 GHz for X-band 

satellite communication. Many design configurations and 

techniques have been investigated to reduce these 

interferences. For example, in order to achieve dual 

band-notched features, two open ended inverted L-

shaped slots are introduced on the radiating patch of a 

small tapered fed MIMO antenna described in [17]. 

Creating distinct shaped etchings on the feed-line [18], 

radiating patch [19], or ground plane Other examples of 

these techniques to obtain UWB antennas with single or 

multiple band-notched characteristics include placing 

different strips near the feed-line [23] or near the ground 

plane [24], and using parasitic elements like bended dual 

L-shaped branches [25] and an open ended F-shape stub 
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[26]. Additionally, [27] demonstrates a compact, triple 

band notched UWB MIMO antenna with two circular 

split rings of the single slot kind of 30 × 60 × 1 mm3 with 

a wide impedance bandwidth of roughly 118%. two C-

shaped strips next to the feed line and a resonator in the 

radiator, respectively, to lessen interference from X-band, 

WLAN, and  WiMAX. An MIMO dual band-notched 

UWB antenna measuring 26 x 26 x 0.76 mm³ is 

displayed in [28]. To filter WLAN and X-band 

interference, four rectangular strips are printed near the 

feed line. , and a T-shaped groove is etched out of the 

ground plane to lessen mutual coupling between 

elements. Based on a basic dual band-notched UWB 

MIMO antenna with low mutual coupling (|S12| less than 

-20 dB) and a tiny dimension of 18 × 35 × 1.6 mm3, the 

designed and simulated technique is relatively compact 

in comparison to most earlier works [29]. With a total 

size of 18 × 18 × 1.6 mm3, The two monopoles that 

make up the suggested antenna are identical. A tiny 

single input single output (SISO) is what each monopole 

is dual band-notched UWB antenna that is supplied by a 

50 Ω coplanar waveguide. The suggested MIMO antenna 

is achieved by aligning two elements next to one another 

and inserting a T-shaped stub into the shared ground 

plane between them. A T-shaped stub that has been 

etched with a long, vertical, rectangular slot results in 

isolation that is greater than 20 dB over the whole 

frequency range. This technique also allows us to create 

a very small and compact antenna with a wide 

impedance bandwidth for both ports from 2.3 to 12 GHz 

of about 135% (|S11| less than -10dB). Subsequently, 

using the built-in two-port MIMO antenna, a four 

element UWB antenna measuring 35 × 37 × 1.6 mm3 is 

provided, and the S-parameters are examined. To 

produce notch bands around the WiMAX and WLAN 

bands, two half-wavelength rectangular single 

complementary split-ring resonators (RSCSRRs) of 

different lengths were etched out of the radiating patch. 

This antenna provides nearly omnidirectional radiation 

pattern, high radiation efficiency, acceptable gain, and a 

minimal envelope correlation coefficient (ECC) of about 

0.04. It is also incredibly small in size. Its isolation 

between two ports is likewise very great. An FR-4 

substrate was used to build the recommended antenna, 

and it was examined experimentally. Following the 

presentation and discussion of the measured results, a 

good agreement between the simulated and measured 

outcomes was observed. 

2. Design Of Antennas 

2.1. Design of RSCSRRs and Antenna Configuration 

The MIMO antenna's construction on a 18 × 29.5 × 1.6 

mm2 substrate is illustrated in Figure 1. The planned 

antenna is built on a FR4 substrate with a dielectric 

constant of εr = 4.4 and a loss tangent of 0.02. The 

antenna is made up of two right triangle radiating 

elements connected by a 50 Ω microstrip line.  

 

Fig 1(a). The figure structure of the planned antenna 

Figure 1(b) shows the placement and geometry of 

RSCSRRs inside the radiating region. 

The MIMO antenna's final optimization was performed 

at a reasonable cost for FR4 substrate. Its dimensions are 

18 x 29.5 x 1.6 mm2 with a dielectric constant.  

𝜀𝑟 = 4.4 and thickness is h=1.6mm to achieve 50Ω 

impedance for the mutual coupling between the two port 

and T-shaped stub to shared rectangular and ground 

plane between the two elements. The interference of 

WLAN from 5.15 to 5.825GHz and   WiMAX from 3.3 

to 3.7GHz. 

The correct length of two slots can be obtain for the filter 

mentioned band following design equation.𝐿𝑛 =

2𝑥(𝑊𝑠𝑛 + 𝐿𝑠𝑛) − (𝑔𝑛) 

𝐿𝑛 =
𝐶

2𝑓𝑁𝑜𝑡𝑐ℎ√𝐸𝑒𝑓𝑓
=

𝜆𝑔

2
                          (1)   

The WiMAX band rejection is obtained for the WLAN 

band filter and for  n=2 The length and width of RSCRRs 

and the defined small gap are denoted by.Lsn  and Wsn is 

the length and width of RSCRRs and small gap defined 

as gn.C is the speed of light, and fNotch is the central 

frequency for the notched  and εefffor the effective 
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dielectric constant of the substrate that can be obtain for 

the following equation  

𝜖𝑒𝑓𝑓 =
𝜖𝑟+1

2
+

𝜖𝑟−1

2
(1 +

12ℎ

𝑤𝑓
)

−
1

2
              (2)  

Wherever wf is the substrate's thickness, and h is the 

feed line's width.. When fNotch for the ideal proportions 

of  S1 andS2  for the WLAN is 5.3GHz and WiMAX is 

3.4GHz respectively. 

2.2 The Process of Antenna Design 

Four distinct T-shaped ground stubs are utilized to 

identify the radiator of the RSCSRRs, which has a 

rectangular cut on it. Figures 2(a) through (b) depict the 

process of creating the final MIMO antenna parameters 

for each evolutionary design stage in the model. Figure 

2(a) displays the two matching CPW-fed for the antenna 

of the elements that are still positioned at a length of 

d=11 mm. The resistance antenna bandwidth, which is 

about 7 GHz from 5 to 12 GHz for each port, is shown in 

Figure 3. The first stage is displayed in Figure 3.They 

can't cover the UWB spectrum as a result, and the 

operating bandwidth provides very little isolation. The 

vertical rectangular stub of the second antenna is at the 

center. For (|S12|), the antenna exhibits mutual coupling. 

Consequently, by outweighing the interferences from 

WLAN and WiMAX separately, the mutual coupling 

lessens. The impacts of the vertical cut at lesser 

frequencies are being felt. This has an isolation of less 

than -20dB throughout the whole operational bandwidth 

and spans from 2.3 to 12GHz at the twin notch bands. 

Equations (1) and (2) provide the ideal positions for 

them. WiMAX interferences peak at 3.7GHz with 

VSWR=113 and extend from 3.1GHz to 4.8GHz in 

frequency. lower RSCSRR consumption The total length 

is 16 mm, providing additional frequency notch band for 

filtering. About 1.2 GHz is covered by the 5.1 to 6.3 GHz 

WLAN band, with combined ports at 5.3 GHz having the 

greatest VSWR of 31. Table 1 displays the final, 

presumed optimal dimension. The earth's plane is 

shifting. It not only improves the antenna's impedance 

matching at 53% but also lowers the mutual coupling to 

less than -20dB. The ground T-shaped stub is positioned 

to provide impedance matching. 

 

                                            (a) 

 

(b) 

 

                       (c )

 

(d)   

    

Fig 2. Four design antenna repetitions 

With the exception of the two notch bandsmostly affects 

lower frequencies and enhances impedance matching; as 

a result, the vertical cut produces an isolation of less than 

-20 dB over the whole operating spectrum and a relative 

impedance bandwidth of 135% from 2.3 to 12 GHz. 

Equations (1) and (2) can be used to calculate the proper 

size of the two RSCSRRs. and their locations have been 

optimized. The second frequency notch band to filter the 

WLAN spectrum from 5.1 to 6.3 GHz, encompassing 

roughly 1.2 GHz, with peak VSWR=113 at 3.7 GHz, is 

provided by the smaller RSCSRR, which has a total 

length of 17 mm. With a total length of 25.2 mm, the 

bigger RSCSRR lessens WiMAX spectrum interference 

from 3.1 to 4.8 GHz, which covers 1.7 GHz. 

Table 1. Optimized values for dimensions of UWB 

MIMO antenna. 

Parameters  Dimensions 

(mm) 

Parameters  Dimensions 

(mm) 

L 18 XF 3 

W 29.5 SL 11 
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L1 9.1 SW 4.5 

W1 4.9 SW1 2 

L2 3.6 SL1 1 

W2 4.9 SL2 1 

G 4.47 SL3 1 

 

ANALYSIS BAND NOTCHED 

Plotting and analysis are done to determine how the 

dimensions of the RSCSRRs affect the notched 

performance and impedance bandwidth for different 

W_s1 and W_s2 sizes.  The core frequency of WLAN 

rises from 4.9GHz to 5.6GHz, while the central 

frequency of WiMAX climbs from 3.4GHz to 4.2GHz. 

Both the high and center frequencies of the WLAN 

frequency band remain fixed.    While port 2 is 

equivalent to a 6GHz and 50Ω load, port 1's current 

distribution is depicted in Figure 3. In Figure 5, the 

surface current is greater than the WiMAX notched band. 

3. Simulated and Results 

A dual band-notched MIMO antenna validates the 

accuracy of the simulated results.It is installed on a FR4 

substrate and gauges the created object's overall form.  

The extraordinarily good agreement measurements and 

simulated findings are shown in Figure 5. It is possible to 

operate the antenna in the impedance band width.The 

band width for 2.3 to 12 GHz is wider than that of 9 

GHz.For the mutual coupling of the antenna, which is 

less than -20 dB, WiMAX and WLAN employ the two 

notched bands at (|S11|, |S22|<-10 dB). (S12, S21)<- 20 

dB In Figure 6. The frequencies of the two sharp 

decreases at the antenna's notches, which give it its 

signal rejection capability. This measure is significant 

since it illustrates the antenna element's diversity 

performance. 

ECC =
|S∗

11S12 + S∗
21S22|

(1 − |S11|2 − |S21|2) (1 − |S22|2 − |S12|2
     (3) 

Efficiency gains from two-port MIMO antennas are a 

crucial additional factor in defining the diversity 

presentation. It can be computed using the formula that 

follows. 

𝜂𝑚𝑎𝑥 = √𝜂1𝜂2(1 − |𝑟|2)                                       (4) 

Figure 7 shows the total efficiencies of ports 1 and 2, for 

the e η1 and η2, respectively, and how close they are to 

the ECC for the |r|2— the complex correlation magnitude 

between the two MIMO antenna elements squared. 

For the working bandwidth, its ECC is less than 

0.04.Both of its components have independent emission 

patterns and are designed antennas 

 

   (a) 

                                                  (b) 

S-parameters of the proposed antenna are shown in 

Figure 3. (a) |S11| and (b) |S21|. 

 

 

Fig 4: Distribution of the band-notched MIMO antenna's 

current surface at 6GHz 
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   (a) 

 

(b)     

Fig 5. Simulated and measured S-parameters 

(a) |S11|   (b) |S21|. 

 

Fig 6. The four-element antenna's virtual S-parameters 

for element 1 

 

Fig 7 Efficiency and ECC versus frequency 

MIMO antennas are based on two components, 

following the four parts of UWB. Figure 12 shows the 

wide resistance bandwidth, which allows WiMAX parts 

to function between 2.3 and 12GHz using two WLAN 

notched bands. Ports 1 and 2 have excellent isolation. 

The T-shaped stub is altered by the ground plane, and for 

S21, its value is less than -20dB. Space separation 

technique with value less than -20dB for S31 may 

understand ports 1 and 3. For the simulated radiation 

patterns, the isolation and operational bandwidth for 

ports 1 and 4 are less than -15dB.              

Table 2. Comparison of the proposed antenna with 

antennas in literature. 

Ref. 

# 

Size 

(mm2) 

Bandwid

th 

(GHz) 

Isolat

ion 

(dB) 

Gain 

(dBi) 

ECC 

9  

38.5×38.

5 

3.1–10.6 -15 1.4–3.6  0.02 

10 40 × 80 4.5–8 -25 2–4 0.002 

11 68 × 35 3.1–10.6 -20 1.7–4.2 0.002 

12 40 × 20 3-11 -15 2–5  0.3 

13 50 × 30 2.5–14.5 -20 0.3–4.3 0.04 

14 45 × 25 3.1-12 -15 4.5  0.2 

15 36 × 45 3.01-12 -20 4-8.24 0.025 

16 24 × 32 3.1–12.5 −16 1-4.8 0.0

5 

17 26 × 28 2.9–10.8  -15 1-4 0.5 

18 40 × 40 3.1–11 -20 3.28 0.002 

19 16 × 35 3.1-5 -22 1-4 NA 

Propo

sed 

18× 

29.5 

3.1-10.6 -20 4-6 >0.04  

 

4. Conclusions 

The goal of this research is to create a rejection MIMO 

antenna for UWB applications with a reduced mutual 

coupling. The dual band with a single layer is fairly 

small. In total, the antenna measures 18 x 29.5 x 1.6 

mm3. It covers 9.7 GHz impedance bandwidth from 2.3 

GHz to 12 GHz for mutually ports-shaped stubs and has 

a mutual coupling of less than -20dB. 

 and rectangular slots onto common ground planes. In the 

event of a rejection, the WLAN and WiMAX bands, 
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which span 3.1 to 4.8GHz and 5.1 to 6.3GHz, 

respectively, are carved out of the RSCSRRs' radiating 

path. In the far field, the intended antenna's omni-

directional antenna behaves well. The recommended 

antenna has an ECC of less than 0.04 and an efficiency 

of 85%. The results of the models 
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