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Abstract— The Multiple-InputMultiple-Output (MIMO) 

technology plays a crucial role by improving the data rate and 

wide coverage. With MIMO technology the number of 

antennas increases, as the number increases the placement of 

antennas in a stipulated space with shared ground plane leads 

to increase of mutual coupling. As the spacing between two 

antennas is highly reduced, it causes mutual coupling and 

fluctuates the desired result. Therefore, degrades the 

performance of MIMO antenna. To maintain isolation 

between the antennas is a challenge for WLAN applications. 

The design and simulation work are carried under AWR 

software. Patch design is made on Rogers 6035 substrate with 

3.5 dielectric constant and 0.51 thickness. The overall 

dimension of the proposed 2X2 WLAN MIMO antennas are 

16 x 38 x 0.51 mm³. The measured bandwidth of 540MHz 

(4.71-5.25GHz) with better return loss of –40 dB and 

isolation of -40dB for 2X2 antennas are achieved. The 

measured bandwidth, realized gain and radiation efficiency, 

envelope correlation coefficient for 2X2 MIMO antenna is 

analysed and achieved at 5GHz frequency. The results show 

that it could be a decent choice for the WLAN applications. 
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I. INTRODUCTION 

In the recent years there has been a problem with coverage 

and speed of communication. As sending data through one 

antenna is difficult especially in urban areas due to large 

buildings therefore, more than one antenna is utilized in 

equally at transmitter & receiver so that if one antenna fails 

to propagate than other can reach destination. This increases 

the speed of transmission in video streaming and handles 

large data.  Now a days, MIMO precisely sends and receives 

same data over more than one antenna instantaneously over 

radio channel with the support of multipath propagation. 

MIMO is dissimilar from smart antennas as this enhance only 

one data performance for example diversity and beam 

forming. MIMO method has been standardized for Wireless 

Line Area Network (WLAN), 3G mobile phone networks, 

and 4G mobile phone networks and is nowadays in extensive 

commercial usage. Because of the significant advantages 

MIMO provides over Single Input Single Output (SISO), 

several current telecommunications (TC) standards mainly in 

the customer space, have accepted MIMO concept. A 

microstrip patch antenna at 2.4 GHz was considered in [1]. It 

was made-up on FR4 substrate for WLAN application as Fr4 

substrate was effortlessly accessible to fabricate and cost 

effective. It displayed good matching results for WLAN 

applications such as 802.11b/g/n. Return loss (S11) less than 

-39dB and gain of 4.6dBi and directivity of 6.28dBi were 

attained in this exertion. Dual band four port MIMO antenna 

was designed for wireless local area network application in 

[2]. In order to have compact antenna the spacing between 

antennas was kept 0.076mm which gave isolation of 15dB. 

Multipath fading problem can be evaded by incorporating this 

into 802.11n/ac standards that chains in mobile stations. Four 

port antennas were utilized that was positioned orthogonally 

to each other [3]. In order to avoid mutual coupling split ring 

resonator were used. This strategy used for quad band 

operation. The simulated results achieve all the parameters 

such as return loss less than -10dB, decreased mutual 

coupling, Voltage Standing Wave Ratio (VSWR), gain & 

Envelope Correlation Coefficient (ECC). It was suitably 

matched for entire frequency range from 4GHz to 10GHz.   

II. ANTENNA DESIGN AND GEOMETRY 

The substrate used is Rogers 6035 having dielectric constant 

of 3.5 and thickness 0.51mm a patch antenna and feed are 

matched to 50 Ω impedance, according to the theoretical 

calculations, the length and width obtained is 19.91mm and 

20mm respectively. For practical implementation at 5GHz, 

the length and width vary as 15.65mm and 20.5mm. The 

right-side fig shows the patch placed in air box which is 10 

times the height of substrate that ensures proper 

measurements. Here in this a good return loss at 5GHz is 

obtained as shown in fig 1. Any antenna with return loss less 

than -10dB is assumed to be suitable for application. 

 
Fig. 1: Conventional Antenna 

 Decreasing the size of antenna or compactness of 

antenna is one of the major parameters everyone demands 

these days. By cutting the slots from edges or by etching the 

ground plane i.e. defective ground plane are considered to 

reduce the size of actual antenna. 

 It is also necessary to match the impedance and give 

feeding to the proper place on patch. Fig 2 shows square 

shaped patch with slots on each side which effectively 

reduces the size of the antenna and rectangular shaped 

defective ground surface is used which reduces almost 75% 

size compared to the conventional size and is more efficient 

than before. The length and width of the design is 9mm and 

15.85mm respectively. 
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(a)    (b) 

Fig. 2: Compact single patch antenna (a) 2D view (b) 3D 

view 

 2X2 MIMO antenna Mutual coupling is a serious 

problem in the design of MIMO antennas since it worsens the 

performance of MIMO systems, which not only disturbs the 

antenna efficiency but also effects the correlation. 

Conventionally, the distance between two antennas must be 

λ\2. In this case, at 5GHz the distance is 30mm as shown in 

fig 3. 

 
Fig. 3: 2x2 MIMO antenna with 30mm spacing 

 But having 30mm spacing between the antennas 

results in large size, therefore it becomes necessary to reduce 

the size between antennas. Here in fig 4, the spacing between 

elements is reduced to 0.166 λ/2 i.e. 10mm. 

   
(a)    (b) 

Fig. 4: 2X2 MIMO antenna with 10mm spacing (a) 2D view 

(b) 3D view 

 
Fig. 5: F-shaped DGS parasitic antenna 

 Parasitic element placement is the method most 

commonly used to reduce mutual coupling. It is the method 

of placing any shape and size element on the substrate. By 

placing parasitic element, a double-coupling path is kept and 

it can generate a reverse coupling to decrease mutual 

coupling. A F-shaped DGS like structure shown in fig 5 is 

placed in the bottom of substrate and exactly behind the 

radiating patch.  

III. RESULTS AND DISCUSSION 

A. Return Loss:  

When a signal is transmitted through transmission line, some 

signals get reflected back to source due to discontinuity inside 

the transmission line. This ratio of output signal power to 

input signal power also termed S11 is known as return loss. 

If large amount of signal gets reflected back than it indicates 

poor efficiency. Return loss (RL) is the ratio of the reflected 

power to the incident power, shows return loss formula in 

decibels (dB). 

𝑅𝑒𝑡𝑢𝑟𝑛𝐿𝑜𝑠𝑠 (𝑑𝐵) = 10 log10 𝑃𝑜𝑢𝑡/𝑃𝑖 
 A good return loss at 5GHz is obtained as shown in 

fig 1. Any antenna with return loss less than -10dB is assumed 

to be suitable for application. Here for this design a return loss 

of -26.94 dB is achieved within a bandwidth of 44 MHz (4978 

MHz-5022 MHz). 

 
Fig. 1: Conventional Antenna 

 At 5GHz, the return loss obtained is 38.12dB with a 

bandwidth of 689MHz as shown in fig 2. 

 
Fig. 2: Compact Antenna 

 This design gives good return loss of -27.02 dB and 

isolation of -14.41dB as shown in fig3. 
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Fig. 3: 30mm spacing 

 A return loss of -35.12dB but the isolation (S12) is -

9.853dB as shown in fig 7, which clearly shows poor isolation 

resulting in high mutual coupling. 

 
Fig. 4: 10mm spacing 

The return loss is -40dB and isolation is -40dB. 

 
Fig. 5: F-shaped DGS 

B. Radiation Pattern:  

Radiation design is graphical representation of the 

comparative power level conveyed from or got by the 

reception apparatus. It's estimation of radiation round the 

receiving wire. Receiving wire radiation designs are occupied 

at one recurrence, one polarization and one plane cut. The 

examples Design and Analysis of High Isolation 2X2 MIMO 

Antenna for WLAN Applications Dept. of TCE, RVCE Page 

37 are generally introduced in polar or rectilinear structure 

with a dB quality scale. It's critical to express that a reception 

apparatus emanates vitality on the whole bearings, at least 

somewhat, in this way the receiving wire design is three 

dimensional. It's normal, be that as it may, to clarify this 3D 

design with 2 planar examples, named the chief plane 

examples. These chief plane examples are acquired by 

making two cuts through the 3D design through the most 

estimation of the example or by direct approximation. It's 

these chief plane examples that are normally noted in light of 

the fact that the receiving wire designs. 

 
Fig. 1: Conventional Antenna 

 
Fig. 2: shows radiation pattern of a compact single antenna 

 
Fig. 3: shows radiation pattern of 30mm spacing 
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Fig. 4: shows radiation pattern of 10mm spacing 

 
Fig. 5: shows radiation pattern of parasitic F shaped DGS 

C. Gain: 

For any antenna gain is important and from the designs 

implemented, gain is observed to be greater than 6. Generally, 

an antenna is considered good if it has gain greater than 4dB 

and in this work gain parameter is achieved successfully. Fig 

34 shows the gain patterns of all the designs in 3D plot. In 

order to get high gain a perfect conductor is placed in 

boundary conditions so that antenna can maximally radiate in 

single direction and give good results. 

 
Fig. 1: Conventional Antenna 

 
Fig. 2: Compact Antenna 

 
Fig. 3: 30mm spacing 

 
Fig. 4: 10mm spacing 

 
Fig. 5: F-shaped DGS 

IV. CONCLUSIONS 

It is concluded that, At first conventional antenna was 

designed with all the calculations calculated manually but 

that design consumed lots of space for single antenna. Due to 

the constraint of space compact antenna is designed. In 

compact antenna the size has been reduced by cutting slots on 

the edges and using defective ground surface. By this return 

loss was achieved -38 dB. So, for further designing of MIMO 

antenna this design was considered. To build 2X2 MIMO 

antenna the same is placed 30mm far from it. So that no 

radiations could interfere but this consumed huge space. 

Therefore, 10mm spacing is maintained between them the 

isolation and bandwidth increases with different mutual 

reduction techniques. The F-shaped DGS parasitic element 

has a return loss of -40dB and isolation of -40dB.Mutual 

reduction technique can be extend to 4X4,8X8 and so on 

antennas. These antenna in paper are suitable for WLAN 

applications. 
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