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This study proposes a quad-element MIMO antenna for ultra-wide band applications. Design evolutions have 

been carried out in order to achieve large impedance bandwidth and good positive gain across the operating 

frequency range. In MIMO antenna construction, the best-performing antenna design is used as a basic radiator 

element. S-parameters, radiation patterns, and diversity performance findings are thus used to investigate MIMO 

antenna designs with various layouts.As a result, a quad-element MIMO antenna with orthogonal radiators 

orientation that operates in the frequency range of 3.5-11.2 GHz with >-20dB isolation in the majority of the 

operating band is proposed. The ECC and DG values are less than 0.006 and greater than 9.9, respectively, 

while the MEG and CCL are within acceptable ranges. The simulated findings agree well with the measured 

results. 

 

Keywords—Mutual couling,Envelope correlation coefficient (ECC), Diversity gain (DG), Mean effective gain 

(MEG), Channel capacity loss (CLL). 

 

I.  INTRODUCTION  

In modern wireless devices, because of their many advantages, microstrip antennas are the most 

popular antenna type. Microstrip antennas are low-profile, light-weight, simple to manufacture, and 

adaptable to mounting hosts, with a portable conducting patch printed on a grounded substrate. 

However, they naturally have a narrow bandwidth, and bandwidth improvement is usually required for 

many purposes. Besides, the requirements of ultra-wideband patch antennas in recent days are 

alarmingly increasing because of their wide frequency impedance bandwidth and solve the limitations 

of narrowband antennas. Ultra-wideband antennas are promising candidates for applications in UWB 

communications, like biomedical, military and commercial applications in general. According to the U.S 

FCC regulations, the spectrum of UWB covers a 3.1 to 10.6 GHz frequency bandwidth, which is 

intended for high-speed short-range communication [1]. 

 

Conventional microstrip patch antennas have some limitations, like narrow bandwidth, low gain and 

large size. Several methods of enhancing the performance of microstrip antennas have been reported 

in many literatures. Patch antennas with partial ground plane [1], [2], patch antenna with defected 

ground structure (DGS) that can be used for UWB application was proposed in [3]. The DGS 

significantly controls the impedance bandwidth and improves the radiation characteristics of monopole 

antennas by suppressing the higher modes of harmonics and reduce mutual coupling between 

adjacent elements[4], [5]. In, creating different-shaped slots in the ground plane can modify surface 
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current distribution, resulting in a change in the impedance bandwidth of a monopole, and this structure 

is called a defected ground structure (DGS). Using such structures, circular polarization can be 

achieved, multiband effect and improved radiation properties [6], [7]. On the other hand, due to the 

nature of forming periodic structures to possess band gap for surface wave propagation, 

Electromagnetic band gap structures (EBG) are also used[8], met-materials or photonic band gaps are 

also crucial for the impedance bandwidth and gain enhancements [9]. In a single physical package, two 

or more antennas can be designed for both transmission and reception applications in wireless 

technology. This kind of technology is known as Multiple-Input Multiple-Output (MIMO) antennas. By 

exploiting multiple antennas, the amount of data and range are improved compared to a single antenna 

using the same radio transmit power. Moreover, MIMO antennas boost link reliability and experience 

less fading than a single antenna system. In general, using MIMO technology, wireless capacity grows 

and numerous consumers can access various services at the same time too. Integration of UWB 

technology with MIMO techniques has become a solution to the short-range communications constraint 

[10], [11] which necessitates devices transmitting very small power.  

Up to now, several research papers on MIMO antennas for UWB applications have been reported. 

Different techniques are proposed for good isolation for the reduction of mutual coupling and, as a 

result, to enhance the performance characteristics. In [12], a two-element UWB-MIMO antenna with 

>20 dB isolation over the band of 3 to 10.9GHz with a total size of 30×50×167mm
3
 is proposed, to 

increase impedance bandwidth and improve isolation at the lower band, L-shaped open-slots are 

introduced in the common ground, along with a decoupling network comprised of a narrow slot and a 

fork-shaped slot. Additionally, a dual polarized slot antenna for ultra wideband applications with a size 

of 66.2 ×66.2 ×1.6 mm
3
 is proposed in [13]. Better isolation > 20dB and good impedance matching are 

achieved by shaping the slot arms and feed section suitably and inserting narrow metallic stubs. In 

[14], The use of two element MIMO for UWB with reduced mutual coupling is proposed, and the middle 

portion of the ground structure is expanded outward to provide better isolation of > 20dB over the entire 

UWB with a size of 40801.6mm
3
. An UWB semi-ring MIMO antenna with a size of 50×90×1.52mm

3
 

and isolation > 10dB on the entire band is indicated in [10]. In [15], A compact two-element UWB-

MIMO is reported. Without decoupling structure, high isolation is obtained between two antenna 

elements <−18 dB from 3.1–3.4 GHz and the overall size is 25×35×1.6mm
3
. In [16], a triple notched 

UWB MIMO antenna with a size of 58×45×1.6mm
3
is proposed. The structure uses a defected ground 

plane for the compactness and decoupling strips and a slotted ground plane for enhancing isolation 

which is  > 15dB. Four-element MIMO antenna with a size of 80×80×1.52mm
3
 is proposed in[17]. To 

improve the impedance bandwidth, it uses U-stab loaded on the radiator and defected ground plane, 

and by placing the elements orthogonally, isolation is improved to >15dB at the majority of the UWB. In 

[18], four-element MIMO consists of two alike slot dipoles and two alike planar monopoles with a total 

size of 70×41×0.8mm
3
 which covers the whole UWB (3.1-10.6GHz) was developed with an isolation of  

>17dB . [11]reveals a 60×41×1mm
3
 size compact MIMO antenna for UWB applications that achieves 

high isolation  >20dB at the majority of the operating band due to the monopoles’ complementary and 

asymmetrical structures, except > 10dB for 2.86–3.28 GHz . UWB MIMO antenna with double band 

rejection that has a size of 56×56×0.8mm
3
 is depicted in [19]. The structure used rectangular and 

staircase-shaped stubs to obtain good isolation which is > 20dB at the majority of the band. On the 

other hand, in [20], The proposed compact four-element UWB-MIMO array was made up of four QSCA 

elements that are arranged anticlockwise to produce good impedance matching and 15 dB port-to-port 

isolation. Without employing any other decoupling techniques, the isolation is achieved. The total size 

is 40401.6mm
3
 .Recent MIMO antenna researches have mostly focused on the mutual coupling 

effect and studying several efficient strategies for reducing it. Surface current distribution is one of the 

critical factors in deciding the amount of mutual coupling between the antennas. In this work, a simple 

low-cost DGS based monopole patch antenna with triangular slot inside for UWB application is 

designed first, and then MIMO structures, which are two and four-element MIMO structures with 

different placements, are designed to come up with the desired MIMO antenna structure that has  

improved mutual coupling, better ECC and diversity gain. In the design, it is observed that mutual 

http://www.l-com.com/wireless-antenna-mimo-80211n-antennas?cmp=121112Wireless
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coupling is reduced by the adjustment of the radiator element’s orientation (placement). The 

development of the monopole antenna and simulation results are discussed in section 2, while MIMO 

antenna structures design, result analysis and evaluation are discussed in sections 3 and 4. All the 

simulations are done using CST software. Finally, in section 4.3, the suggested Quad-element MIMO 

antenna's simulated and measured results are discussed. 

II. BASIC ANTENNA CONFIGURATION AND RESULT ANALYSIS 

The UWB single-element antenna is derived from the design evolution of a full-ground-based 

rectangular monopole antenna fed by a 50 Ω microstrip line. Fig.1 (A-C) illustrates three different 

antenna designs in progress, from a simple patch to a DGS based patch with a triangular slot 

inside. The scaling or dimensions of an UWB antenna element for step-3 is indicated in Fig.2, and 

the parameters of the proposed UWB antenna are given in Table1.In the design ,FR-4 material with 

a dielectric constant (o) of 4.3 and 1.6mm thickness is used as a substrate. In step-1, a simple 

rectangular microstrip element with a microstrip-line feeding technique is designed, while in step-2, 

a partial ground plane with two slots at /2 distance is designed, and in step-3, a triangular slot is 

introduced in the rectangular patch to achieve miniaturization and to cover the required ultra-

wideband frequency. Since the key objective of the work is to propose a Quad-element UWB MIMO 

antenna with improved isolation, the design evolution of the three single-element antennas is 

evaluated according to their results.Fig.3 (a-d) presents the simulation results of the three antenna 

geometries to identify and select the desired antenna element. 

 

 

Figure 1.Monopole antenna designs: (A) Rectangular patch with full ground plane, (B) DGS based rectangular patch,(C) DGS 

based rectangular patch with triangular slot inside. 

 
Figure 2.Scaling of UWB antenna :(A) Patch side, (B) Ground side. 
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TABLE 1. UWB MONOPOLE ANTENNA DIMENSIONS 

Design specifications type  Dimensions  Design specifications type  Dimensions  

substrate size(𝑾𝒔 × 𝑳𝒔 ×𝑯𝒔) 24×24×1.6mm3 Patch Slot width(𝑾𝒕) 15.2mm 

Full Ground size (𝑾𝒈 × 𝑳𝒇𝒈) 24×24mm2 Ground slot length(𝑳𝒔𝒍) 3mm 

Ground height (HG) 0.035mm Ground slot width (𝑾𝒔𝒍) 1.2mm 

Partial ground plane size(𝑾𝒈 × 𝑳𝒈) 24×10.33mm2 Feed length (𝑳𝒇) 10.33mm 

Rectangular patch size(𝑾𝒑 × 𝑳𝒑) 16.6×11.33mm2 Feed width (𝑾𝒇) 2.9mm 

Patch Slot length(𝑳𝒕) 9.5mm Gap between ground slot(𝑺𝒍𝒈) 15.2mm 

 

 

(A) (B) 

 

(C)                                                                             (D) 

Figure.3. Simulation plots :(A) Reflection coefficient plot,(B) VSWR plot, (C) Gain plot,(D)Impedance plot. 

As indicated in the plots, Step one antenna has an impedance bandwidth of 7.94-8.28GHz (4.1%) at 

(|S11|< -10dB ) with VSWR = 1.17 at a resonant frequency of 8.07 GHz, which is a narrow band. The 

second antenna has an impedance bandwidth of 4.55-9.29 GHz (68.49%) at (|S11| <-10dB), 

VSWR=1.04 at resonant frequency of 8.616 GHz, which indicates a broadband antenna. The 

broadband condition is happening because of the introduction of a defected ground plane, which 

completely altered the current distribution. The step-3 design provides an impedance bandwidth of 

3.644-11.237GHz (101%) at (|S11|<-10dB) with VSWR =1.1 at the resonant frequency. From the Gain 

Vs frequency plot, the peak gain in the operating band is 3.4dB. This is obtained from the third 
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antenna, while 3.03dB for the second antenna and 3dB for the first antenna. Fig. 3 (D) shows the 

impedance Vs. frequency plot, where the third antenna’s curve nearly falls around the standard 

impedance value, which is 50 ohm (proper impedance matching effect). Therefore, from step by step 

geometric studies, step-3 monopole antenna design is preferable for the construction of MIMO 

antennas because of its ultra-wideband effect. Further, the proposed single element antenna was 

fabricated and tested using vector network analyzer. Fig.4.illustrates the simulation VS measurement 

result. Where it’s|S11| measured values are almost similar to its simulation values. 

 

Figure 4. Measurement VS simulated result 

 

III. MIMO ANTENNA DESIGN AND CONFIGURATION 

 

For the two and four-element MIMO antenna structures, different antenna radiator orientations 

(placement) are presented in Fig. 5 (A-D). The proposed adjustments are according to the individual 

antenna elements’ placement or layout. Fig. 5 (A) shows a two-element MIMO antenna-1.The radiators 

are placed on the same plane side by side with a gap of ~0.2 (7.4mm) and Fig. 5 (B) shows a two-

element antenna-2. Here elements are oriented 180 degrees to each other with an inter-element gap of 

~0.2 (7.4 mm). Besides, the four-element MIMO antenna-1 and MIMO antenna-2 structures are 

presented in Fig. 5 (C) and (D), where, in the first MIMO, two antenna elements are placed in the same 

orientation with an inter-element gap of ~0.2 (7.4 mm) to each other, and the remaining two elements 

are placed on the opposite side, oriented 180 degrees from the first two elements with an inter-element 

gap of ~0.12 (4.67 mm). On the other hand, the second MIMO structure organizes two adjacent 

radiators orthogonal to each other where a single element has an inter-element gap of ~0.16 

(6.03mm) and ~0.13 (5.03mm) to the two neighboring elements as indicated in the figure. The total 

sizes of the two-element MIMO antenna structures are 24mm×48mm×1.6mm each, while the four-

element MIMO structures have a size of 48mm×48mm×1.6mm each. 
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Figure 5. MIMO antennas top and bottom view: (A), (B) Two-element MIMO antenna   orientaion-1& orientation-2, (C),(D) Four-

element MIMO antenna orientaion-1& orientation-2. 

 

IV. RESULT DISCUSSION 

In this section, the simulation findings of the designed MIMO antennas, as well as the measurement 

results of the suggested four-element MIMO UWB antenna are discussed. The outcomes discussed 

include return loss, mutual coupling effect and diversity performance. 

 

A. S-parameter 

In this section, the return loss plot and isolation values are presented. The design geometries of both 

layouts are indicated in the previous section. Here, the comparative studies for both configurations 

based on their S-parameter results are discussed. Fig. 6 (A), shows the S-parameter simulation plot of 

the two-element MIMO antenna-1. Thus, the impedance bandwidth of this two-element MIMO antenna 

in this configuration is 3.47-11.00 GHz, and the majority of the band has < -12 dB mutual coupling 

effect. For the two-element MIMO antenna-2, when elements are oriented 1800 to each other, the S-

parameter plot is revealed in Fig.6 (B) and the impedance bandwidth is 3.41 -11.09 GHz with the 

majority of its operating band has < -15 dB mutual coupling effect. In this way, the second MIMO 

configuration has slightly better bandwidth with enhanced isolation. Likewise, the four-element MIMO 

antenna simulation results are illustrated in Fig. 7 (A) and (B). The four-element MIMO antenna-1 

return loss values are identical for all ports, which are 3.45-11.00 GHz with majority of its operating 

band’s mutual coupling is < -15dB, while the four-element MIMO antenna-2 has a 3.60-11.42 GHz 
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impedance bandwidth and more than -20dB isolation for the majority of the operating band 

respectively. 

 

B. Diversity performance  

This study took into account the diversity performance of the designed configurations in order to 

properly evaluate the MIMO antenna. Thus, the envelope correlation coefficient (ECC) and diversity 

gain (DG) of all structures are compared, and the suggested quad-element antenna is also assessed 

against acceptable MEG and CCL criteria. 

 

 
(A)                                                                           (B) 

Figure 6. Two element MIMO antenna S-parameter plots.(A)orientation-1,(B) orientation-2. 

 

 

Figure 7. Four-element MIMO antenna S-parameter plots.(A) orientation-1,(B) orientation-2. 

 

 

ECC is a measure of isolation between antenna elements that describes how two antenna elements' 

radiation patterns are independent. The signal to noise ratio of a MIMO antenna system, on the other 

hand, is assessed by diversity gain. In theory, it should be ten times that of the envelope correlation 

coefficient, but more than 9.5 is acceptable in practice. In general, maximum diversity gain is only 

attained when the envelope correlation coefficient is zero. The ECC is calculated using the S-

parameter and the radiation pattern in Equations (1,2 and 3).[21]–[23]. 
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Where,𝐹𝑥 𝜃,∅  is the field radiation pattern when port 𝑥 is excited. 

 

Any MIMO antenna system's spectral efficiency is degraded by a larger value of the envelope 

correlation coefficient (). As a result, achieving the lowest possible correlation coefficient is 

preferable. When the value of “” approaches zero, a MIMO antenna system achieves near-perfect 

performance.  

 

 2
110 ECCDG  [3] 

 

 
(A)                                                                             (B) 

 

Figure 8. (A) ECC of two-element MIMO antenna orientation-1& -2, (B) DG of two-element MIMO antenna orientation-1& -2. 

 

 

According to the results obtained in Fig 8 (A) & (B), the ECC and DG of orientation-1 are < 0.015 and 

> 9.91, while the ECC and DG of orientation-2 are < 0.006 and > 9.97 respectively. Fig. 9(a) and (b) 

show the ECC values of four-element MIMO antennas for both configurations, where, orientaion-1 has 

< 0.029 ECC value and orientation-2’s ECC value is <0.006. Moreover, the DG value of the first 

structure is shown in Fig. 10 (A) and has a value of > 9.98 while the second structure has diversity 

gain > 9.99 as depicted in Fig. 10 (B). From the result indicators, the four-element MIMO antenna-2 

has better diversity performance and isolation. That has to be taken to the fabrication of a prototype 

structure for result validation. 
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(A)                                                                               (B) 

 
Figure 9.ECC simulation curves of four-element MIMO antenna:(A)orientation-1,(B)orientation-2. 

 

 

 

 
(A) (B) 

 

Figure 10.DG simulation curves of four-element MIMO antenna:(A)orientation-1,(B)orientation-2 

 

The four-element MIMO antenna-2 is further investigated using the mean effective gain (MEG) and it 

is calculated using equation (4). For good diversity performance, the practical standard followed is 

that MEG should be −3 ≤ 𝑀𝐸𝐺 (𝑑𝐵) <-12 [24]. Thus, as we can observe from MEG plots in Fig.11 (A), 

all are between -3dB and -12dB 

 














 



k
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1
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Farthermore,CLL is another significant diversity performance measure for MIMO antenna analysis. It 

refers to the highest possible information transmission rate at which the signal can be easily conveyed 

without considerable loss. The following equations are used to compute the CCL[22]. 

 

)det(log 2 CCL [5] 
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CCL computed for the four-element MIMO antenna orientation-2 is depected in Fig.11(B). It is 

observed that the CCL is below 0.1 bits/sec/Hz, which is agreed with the standard value of CCL to be 

<0.4 bits/sec/Hz. The capacity of a MIMO antenna increases as the number of antennas grows. 

 

 
 

(A)                       (B) 

 

Figure 11.Simulated results :( a) MEG, (b) CLL 

 

The surface current distribution of the suggested MIMO antenna is revealed in Fig.12. Surface current 

analysis is carried out at 4.38GHz, which is one of the resonant frequencies. Antenna radiator-1 is 

excited at this resonance frequency, and the other radiators are regarded to be suited to the 50 ohm 

impedance. This method is used to look into the antenna parts that affect the MIMO structure's 

radiation characteristics and reveal the amount of coupling between radiator elements. It is clear that 

the surface current density is highest on the triangular slot's edges, around the feed line, and a 

significant amount also appears on the defected ground structure.  

 

 
(A)                                                           (B) 

 

Fig.12. Surface current distribution :( a) patch side, (b) ground side. 
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The comparison table of the designed MIMO antennas is stated in Table 2. From this table, two-

element MIMO antenna-2’s element isolation is better than two-element MIMO antenna-1 by 3 dB. But 

for the four-element MIMO antenna, MIMO antenna-2 isolation is better than MIMO antenna-1by 5 db. 

Therefore, MIMO Antenna-2 is more efficient compared to the MIMO Antenna-1 in both cases. 

 
TABLE 2.SIMULATION RESULT COMPARISONS ON THE DESIGNED MIMO ANTENNA STRUCTURES 

 

MIMO structure type 

MC (on majority 

Of the band) 

Impedance 

Bandwidth 

ECC DG 

Number of 

elements 

Orientation 

2-element MIMO-1 <-12dB 3.47GHz-

11.00GHz 

<0.015 >9.91 

MIMO-2  <-15dB 3.41GHz-

11.09GHz 

<0.006 >9.97 

4-element MIMO-1 <-15dB 3.45GHz-

11.00GHz 

<0.029 >9.80 

MIMO 2 

 

<-20dB 3.60GHz-

11.42GHz 

<0.006 >9.90 

 

C.Measurement and simulation results discussion 

The fabricated prototype of the MIMO antenna-2 is depicted in Fig. 13. The experimental results [25], 

[26]are tested using a vector network analyzer and compared with the simulated results as illustrated 

in the graphs of Fig .15 (A-C). It operates from 3.5 to 11.2GHz and has good element isolation with 

some un-smoothness in the curves and a little deviation from the simulation results. Besides, the 

elements have a less mutual coupling effect, as can be noticed from the curves, with the majority of 

the band falling below <-20dB. Farther more, the measured ECC and DG values almost agree with 

the simulated results. The slight mismatching effect in all curves is due to fabrication imperfection, 

soldering of connectors that produces losses.  

 

 
(A)                                                 (B) 

 

Figure 13.Prototype. (A) Top view, (B) Bottom view. 

 

Comparisons table i.e. Table 3 summarizes results comparisons among recently proposed MIMO 

antenna systems, and our design has comparatively high isolation, as can be shown, low ECC value 

and nearly 10 diversity gain and is small in size. But, the peak gain is moderate compared to the 

indicated references. Therefore, the proposed structure will be important for UWB MIMO application. 
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(A)                                                                         (B) 

 
(C) 

Figure14. Simulated Vs measured values :(A) S-parameter plot, (B) ECC plot,(C)diversity gain Plot. 

 

The radiation pattern depicts the angular distribution of radiated power density in the far field. 

According to IEEE standards, the E-plane of an antenna is the plane containing the electric field 

vector and the maximum radiation direction or it is kept aligned along the desired orientation[27], while 

the H-plane is the plane containing the magnetic field vector and the maximum radiation direction 

.The simulated and measured E- and H-plane radiation patterns at 4.38, 8.5, and 10.5 GHz are shown 

in Fig.15 (A-C).The measured results are suited with the simulated result except for slight deviation as 

revealed in the radiation plot. 
 

 
(A) 
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(B) 

 

 

 
(C) 

Figure 15. Measured Vs simulated radiation patterns: (A) 4.38 GHz; (B) 8.5 GHz,(C) 10.5 GHz 

 

TABLE 3.COMPARISON OF THE PROPOSED STRUCTURE WITH OTHER ANTENNA 

 
Reference Number 

radiating 

elements 

Impedance 

BW(<10dB) 

 in GHz 

MC( on 

majority 

Of the 

band) 

Size (mm3) ECC D.G. 

[12] 2 3.00-10.90 <-20 30×50×1.6 <0.06 >9.6 

[13] 2 3.00-12.00 <-20dB 66.2×66.2×1.6 <0.005 _ 

[14] 2 3.00-11.00 <-20dB 40×80×1.6 _ _ 

[10] 2 1.85-10.60 <-10dB 50×90×1.52 <0.16 >9.5 

[15] 2 3.10-3.40 <-18dB 25×35×1.6 <0.005 - 

[16] 2 3.10-11.00 <-15dB 58×45×1.6 <0.5 _ 

[17] 2/4 3.18-11.50 <-15dB 80×80×1.52 <0.015 >9.98 

[18] 4 3.10-10.60 <17dB 70×41×0.8 <0.012 >9.95 

[11] 4 3.10-10.60 <-20dB 60×41×1.0 <0.250 - 

[19] 4 3.20-10.70 <-20dB 56×56×1.6 - - 

[20] 4 2.95-12.10 <-15dB 40×40×0.8 <0.04 - 

Proposed 

work  

4 3.20-11.20 <-20dB 48×48×1.6 <0.006 >9.99 
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V. CONCLUSION 

 

In this paper, a quad-element MIMO antenna is proposed for UWB communication. The 

miniaturization and high performance of the basic monopole antenna is achieved by introducing 

defected ground structure and slots on the patch. Different placements (orientations) both for two–

element and four-element MIMOs are analyzed and compared using the results obtained from the 

simulation. The MIMO structures are investigated for best performance in return loss, mutual coupling 

effect, and diversity performance. It has been discovered that the Quad-element MIMO antenna with 

orthogonal placement operates in the UWB range with better element isolation and better diversity 

performance. Except for slight deviations and un-smoothness of the curves, the suggested Quad-

element MIMO antenna's measured and simulated results are in good accord. Consequently, the 

overall dimension of the proposed Quad-element MIMO antenna is 48481.6mm
3
 and it could be a 

good fit for UWB-MIMO wireless communication applications 
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