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Abstract—In this article, we present a miniaturized wideband multiple-input multiple-output 
antenna with high isolation for C band use. It consists of 2×1 hexagonal motifs which serves as 
radiating elements. Defected ground structure (DGS) technique is employed to attain an 
efficient isolation between the antenna elements. Two inverted L-shaped stubs are incorporated 
to enhance the isolation and reduce the antenna size enlargement simultaneously, by 
suppressing the surface waves. The overall dimension of the designed MIMO antenna is 30 × 20 
mm2. The proposed DGS structure provides - 40.81 dB of isolation at 7.88 GHz and a gap of 4 
mm between adjacent antenna elements. Envelope correlation coefficient (ECC) is less than 
0.01, diversity gain (DG) greater than 9.95 dB, total active reflection coefficient (TARC) less 
than 0.4, mean effective gain (MEG) less than -3 dB, and channel capacity loss (CCL) less than 
0.4 is achieved. Besides, scattering matrix such as return loss S11 and transmission coefficient S21 

between two elements, radiation pattern, and current distribution was also favorable for C-
band and X-band applications.  
 
Index Terms— DGS, ECC, Isolation, Mutual coupling, MIMO. 

I. INTRODUCTION 

MIMO Antenna can achieve the requirement for high data rate transfer in current and future generations over the 
Communication channels. MIMO antenna is characterized by high channel capacity [1], robustness of the 
communication link [2], high data rate [3], and spectral efficiency [4]. It usually requires a very small distance 
between adjacent antenna elements to achieve compact size. The main challenge to design a MIMO antenna is 
the trade-off between closely packed and isolation between adjacent antennas. MIMO systems are affected by 
high mutual coupling due to the compactness of the terminals. The interference between two antennas is mutual 
coupling, which deteriorates the antenna's radiation characteristics [5], channel capacity, bandwidth, and 
efficiency [6]. Hence, isolation between different antenna elements is the main factor that needs to be taken care 
of and maintained as high as possible. It is possible to improve isolation by increasing separation of antennas by 
a distance more than λ/2. However, achieving such a compact antenna is not feasible.  
There  are several isolation enhancement techniques present in literature to overcome the above problem, such as  
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split ring resonator (SRR) [7], parasitic element [8], decoupling networks [9], electromagnetic band gap structure 
(EBG) [10,11], DGS [12–14] etc. However, EBG structure is complex in design and larger in size due to its 
periodic structure. For all the isolation enhancement techniques listed previously, DGS is the simplest and least 
complex to fabricate. It is executed by etching different types of shapes on the ground, for increasing isolation 
between adjacent antenna [15–21]. 
A DGS is identical to a resonance LC circuit, which behaves like a stopband filter. This stopband filter is used to 
stop the surface wave between different antennas in the desired frequency range, thereby improving isolation 
between antenna elements. 
In this paper, we introduce two closely placed hexagonal shape patch antenna. Two simple inverted L-shaped 
patterns are incised on the bottom to introduce DGS, which acts as a resonant slot and enhances the isolation. 
The gap between the adjacent antennas is significantly reduced by 4 mm. Maximum isolation of -40.81 dB at 
7.88 GHz is achieved. This antenna has a miniaturized size 30 × 20 mm2 and frequency band ranging from 4.33 
to 10.1 GHz, which is applicable for C-band and a few lower X-band applications. 

II. PROPOSED ANTENNA DESIGN 

In this segment, we introduce the layout procedure of the designed MIMO system with the DGS technique. The 
development of the novel MIMO system is completed in two sequential stages as shown in Figure 1. Two 
hexagonal motifs are presented on the substrate in the first step, which serves as radiating elements. In the 
second stage shown in Figure 1(b), two inverted L-shaped stub isolators are incorporated on the ground. This 
stub isolator is proposed after investigating a number of structures available abundantly, which could enhance 
the isolation. The final MIMO antenna is printed on an inexpensive FR-4 lossy substrate with a thickness of 1.6 
mm, dielectric constant (εr) = 4.3, and loss-tangent (ߜ) = 0.025 shown in figure 1 (c). Simulation has been 
achieved with the use of HFSS 19.0. The optimized layout characteristics for the MIMO antenna and inverted L-
shaped stub are  L=30 mm, W=20 mm, SW=1 mm, T=0.4 mm, G=0.5 mm, FL=6 mm ,GW=4 mm, SL=6 mm, 
R=5.73 mm, and FW=1.75 mm. 

   
(a)                                                               (b)                                                            (c) 

Figure 1: Simulated (a) top view, (b) bottom view, and (c) the proposed MIMO antenna 

III. SIMULATION AND PERFORMANCE ANALYSIS 

The overall performance of the designed MIMO antenna is analysed by evaluating S-parameter, radiation 
pattern, and diversity performance consisting of MEG, ECC, DG, TARC, and CCL are also presented in this 
section.  
Figure 2 shows simulated reflection (S11) and transmission (S12) coefficients of a designed MIMO antenna with 
and without stubs. Across the entire bandwidth, the S11 and S12 are less than -10 dB, and -15 dB, respectively, 
and are less than -10 dB, and respectively, without stubs. The peak isolation is -40.81 dB at 7.88 GHz. The 
enhanced isolation achieved with an inverted L-shaped stub is 29.31 dB at 7.88 GHz. The peak value of S12 
with and without inverted L-shaped stub is -40.81 dB at 7.88 GHz and        -26.83 dB at 5.0 GHz respectively. 
The desired impedance bandwidth of 5.77 GHz with a range of 4.33 to 10.1 GHz is achieved. Figure 2 illustrates 
that an isolator reduces bandwidth while increasing isolation between adjacent antennas. 
Figure 3 represents 2D radiation pattern of the designed two port MIMO antenna at 5.3  GHz and it is noticed 
that at ϕ = 0°, pattern is similar to a dipole and omnidirectional at ϕ = 90°.  
Diversity characteristics such as ECC, DG, MEG, TARC, and CCL are considered to verify the designed MIMO 
antenna’s performance and capability. 
Mutual coupling and correlation between two radiators are calculated using ECC. It can be calculated using 
equation (1) [22] which is only valid for lossless equally transmitted energy through antennas. Therefore, it 
produces  a  fictitious  result  that  is  different from the actual result. The value of ECC is therefore computed by  
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Figure 2: S-parameter characteristics  Figure 3: 2-D radiation pattern 

equation (2) based on the radiated fields. Equation (2) can be used for calculating the real diversity performance 
of ECC. 

ܥܥܧ = |ௌభభ∗ ௌభమାௌమభ∗ ௌమమ|మ

(ଵି|ௌభభ|మି|ௌమభ|మ)(ଵି|ௌమమ|మି|ௌభమ|మ)
                                               (1) 

 
As shown in Figure 4, the ECC of the proposed MIMO antenna is less than 0.01. The ECC should ideally be 
zero, but in practice less than 0.5 is acceptable. The real diversity performance of ECC can be calculated using 
equation (2). 

ܥܥܧ =
|∬ ோభ∗(ఏ,஦	).ோమ

.
రಘ	 (ఏ,஦	)ௗΩ|మ

∬ |ோభ(ఏ,஦	)|మ.
రಘ	 ௗΩ×∬ |ோమ(ఏ,஦	)|మ.

రಘ	 ௗΩ
                                            (2) 

 
where R1 and R2 are the radiated fields of antenna elements 1 & 2, ϕ, θ and Ω are the azimuthal, elevation and 
solid angles respectively. 
In a MIMO system, DG can also be used to measure the reduction in transmission power due to DGS. The DG 
can be calculated by equation (3) [23]. 

ܩܦ = ඥ1−  ଶ                                                                       (3)(ܥܥܧ)
 

Figure 4 shows that the DG of the design MIMO system is greater than 9.95 dB. This value approaches the ideal 
value (≈10 dB) suggesting that diversity performance is good. 

 
Figure 4: ECC and DG of the design antenna 

During the simultaneous operation of two antenna elements, contiguous antennas are in direct contact. As a 
result, the overall gain, bandwidth, and efficiency are affected. Due to this issue, S-parameters alone cannot 
predict the performance of the MIMO antenna, so the TARC must be taken into account for this effect. 

 

ܥܴܣܶ =
ට∑ |௕೔|మ೙

೔సభ

ට∑ |௔೔|మ೙
೔సభ

                                                                           (4) 

where a݅ and b݅ are incident and reflected power respectively. 
S-parameter is also used to calculate the TARC value of the dual-port antenna (5) [24]. 



 
309 

ܥܴܣܶ = ට(ௌభభାௌభమ)మା(ௌమభାௌమమ)మ

ଶ
                                                                   (5) 

The real value of TARC varies between 0 to 1. In case the value of TARC is zero, all power will be transmitted, 
while when TARC is one, all the power will be bounced back or transferred to nearby ports. The value of TARC 
is less than 0.4 in the operating band as shown in Figure 5. 

 
Figure 5: TARC of the design antenna 

Another diversity parameter is TARC, which describes how antennas impact channel budgets. In a hazing 
climate, MEG݅ is determined by equations (6) and (7) [24].  

 
௜ܩܧܯ = 0.5[1−∑ | ௜ܵ௝|ଶ] < ேܤ݀	3−

௝ୀଵ                                                               (6) 
 

௝ܩܧܯ = 0.5[1−∑ | ௝ܵ௜|ଶ] < ேܤ݀	3−
௜ୀଵ                                                     (7) 

 
௜ܩܧܯ| |௝ܩܧܯ− <  (8)                                                       ܤ݀	3

 
|௝ܩܧܯ/௜ܩܧܯ| =  (9)                                                      ܤ݀	±3

where i, j serves as antenna 1 and 2 individually. Figure 10 illustrate the MEG݅, which is less than -3 dB for the 
desired frequency range. Hence, the design antenna performs well in terms of diversity. 

 
Figure 6: MEG of the deigned antenna 

The performance of the MIMO antenna is decisive by its channel capacity. As the number of antenna increases, 
MIMO antenna capacity increases. However, as the correlation factor between antennas increases, channel 
capacity loss (CCL) also increases. CCL can be calculate with the help of of Equation (10). 

ܮܥܥ =  (10)                                                     [ଶߚ]	ଶdet݃݋݈−
Where, 

[ଶߚ] = ൤
௜௜ߚ ௜௝ߚ
௝௜ߚ ௝௝ߚ

൨                                                             (11) 

௜௜ߚ = 1− (∑ | ௜ܵ௝|ଶே
௝ୀଵ )                                                    (12) 
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௜௝ߚ = 1− ( ௜ܵ௜
∗

௜ܵ௝ + ௝ܵ௜
∗
௝ܵ௝)                                                (13) 

Figure 7 shows that the value of CCL is less than 0.3 bit/s/Hz. Which is less than the ideal value (0.4 bit/s/Hz) 
exhibiting good diversity performance. 

 
Figure 7: CCL of the designed antenna 

Table I compares the designed work with related works that have recently been published, and the results are 
summarized. The size of this designed antenna is 30×20 mm2, making it more compact than all others. However, 
the ECC of [9,19,25,26,27] is larger and isolation is weaker compared to this work except [25,30]. [25,30] has a 
larger distance between adjacent antenna’s edges and higher isolation than the proposed work. The proposed 
work is more isolated than any of the other antennas reported in Table 1. Larger bandwidth is claimed in [19] but 
at the cost of poor isolation and high ECC value. [29,30] has low ECC, large dimension. Hence, the proposed 
inverted L-shaped stub-based DGS technique can be seen as a useful commercially usable tool to achieve 
efficient isolation in a MIMO antenna. It does not disturb the primary radiation mode. It can be preferably 
applicable for C-band applications such as developing new generation air-borne and space-borne radars. 

TABLE I. COMPARISON OF THE PROPOSED WITH RECENT WORKS 

Ref. Dimension (mm2) Bandwidth (GHz) Edge to edge gap 
(mm) 

Max. Isolation (dB) ECC 

[9] 78×40  2.4-6.55  10  -35  0.1 
[19] 32×32  3.1-10.6  - -30 0.02 
[25] 50×30  2.5–14.5 - -50  0.04 
[26] 75×150 3.3-5.0 10 -40 0.05 
[27] 80×80 5.71-8.2 23.29 -25 0.05 
[28] 66×66 1.8-2.6 31.84 -40 0.01 
[29] 50×22.5 5.23-6.42 12.2 -40 0.001 
[30] 97×27.69 5.4–6.0 13.75 -43 0.005 
This 
work 

30×20 4.33-10.1 4 -40.81 0.01 

IV. CONCLUSION 

The designed MIMO antenna with two inverted L-shaped Stub is small, inexpensive, and easy to construct. 
There is a small gap of 4 mm between the edges of the antenna, providing the required frequency range from 
4.33 to 10.1 GHz. Two simple L-shaped stubs have been included to achieve high isolation in desired frequency 
band. Maximum isolation is -40.81 dB at 7.88 GHz without deteriorating the bandwidth. This antenna exhibits 
good performance parameters within the desired frequency range and therefore its application in C band can be 
envisaged. 
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