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Abstract: This paper present a compact MIMO antenna for Wi-Fi/WiMAX application. The antenna consists of two 

crescents shaped Radiators placed symmetrically along the ground and are connected by the neutralization line to 

achieve good impedance matching and low mutual coupling. The compact antenna with a size of 40mm×90mm is 

proposed. The antenna works in two operating i.e. lower band range from 3.01 GHz to 3.55 GHz while upper band 

range from 5.55 GHz to 6.54 GHz. The reflection coefficient in both band is achieved below -10dB. Besides, port 

isolation, envelope correlation coefficient and radiation characteristics are also investigated.  
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I. INTRODUCTION 
 

During the last few years, the growing demand for high-

speed wireless data access has promoted the development 

of broadband wireless access techniques such as Wireless 

fidelity (Wi-Fi) and World interoperability for microwave 

access (WiMAX). Multiple-input multiple-output (MIMO) 

technology implements multiple antenna elements on the 

transmitting and receiving ends of the MIMO system to 

achieve maximum channel capacity for delivering high 

data rate traffic even in a scattering environment. Elements 

with compact size and wideband characteristics have been 

proposed, and low-mutual coupling is achieved with 

various methods, like parasitic element. Theoretical and 

experimental published research articles [3], [4] confirm 

the data rate enhancement, multipath fading reduction and 

co-channel interference suppression capabilities [1], 

[2]when deploying MIMO technology. 

Single element antenna is easy to implement but provide 

low data rate. In order to improve data rate MIMO antenna 

techniques are used. But in MIMO technique the small 

spacing between antenna elements introduces mutual 

coupling effect, which affect various parameters such as 

overall gain of antenna , isolation etc. Significant efforts is 

required, to reduce the mutual coupling or achieve good 

isolation between closely placed antenna elements have 

been made [2]. The neutralization technique is 

implemented by physically connecting the multiple 

antenna elements with a transmission line. All these 

methods offers narrow band isolation and very few of 

these offers wideband isolation. This paper introduces a 

isolation technique with two closely spaced monopole 

antennas. A Zigzag pattern neutralization line is used to 

connect two antennas together to improve isolation and 

reduces mutual coupling between the antenna elements.  
 

II. ANTENNA DESIGN AND SIMULATION 
 

A. MIMO Antenna without Neutralization Line 

The proposed MIMO antenna with crescent shape is 

printed on the FR4 substrate having thickness of 1.6 mm. 

Figure 1 shows the front and the bottom view of the  

 

 
 

antenna. On bottom side a defect is provided by inserting 

rectangular slit in ground plane. The radiator is fed by a 

14x1mm Microstrip line which improves impedance 

matching. The radiators are printed on the upper side of 

FR4 substrate. The total size of the antenna is 40 mm× 90 

mm×1.6 mm. 
 

 
  (a)Front view  (b) Bottom View 

 

Figure 1: Geometry of the proposed antenna 
 

    

Figure.2 Simulated S-parameter 
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After simulation, the two frequency bands are observed, 

one from 4.18-5.55 GHz with resonant frequency 

5.07GHz and other from 7.18-8.45 GHz with resonant 

frequency 7.95 GHz. the lower band is useful for WLAN 

and W-Max. The reflection coefficients (S11&S22) 

observed at 5.07GHz is at -35.77dB and with isolation up 

to -13.08 dB as shown in Figure 2. 
 

B. MIMO Antenna with slots in the Crescent 

As the isolation between elements is less and need to 

improve. So, to improve the mutual coupling by reducing 

spurious radiation, a Circular cutting slot of different 

radius are introduced into the radiators. These Slots are 

used to reduce the coupling effect caused by ground 

surface. The antenna with slots in the radiators is as shown 

in the Figure3. 
 

 
 

Figure3.Geometry of antenna with slots 
 

 
 

Figure4. Simulated S-Parameter 
 

Due to insertion of Circular slots frequency band achieved 

by antenna is range from 4.27 to 5.42 GHz with the 

resonant frequency of 5.11GHz. The reflection coefficient 

(S11, S22) is observed at 5.11GHz is -18.37 dB is shown 

in Fig.4. we got the value transmission coefficient (S12 & 

S21) below -14 dB, which indicate the isolation is 

improved. The VSWR for both elements are found around 

1.27 at resonance frequency 5.11GHz.  
 

C. MIMO Antenna with Neutralization Line 
To achieve sufficient isolation between the two identical 

elements and to maintain a good impedance matching over 

the desired frequency band, a new neutralization lines 

structure is introduced between the two radiators. The 

radiators are separated by 20 mm. In general, the 

neutralization lines transfer some currents from the first 

antenna and re-inject it in the second antenna with a 

suitable magnitude and phase to cancel out the existing 

coupling current between two antenna elements. This 

current path contributes to enhance isolation at the highest 

edge of the frequency band. The additional network does 

not remove the inherent coupling between the antennas, 

but enhances the inter port isolation. The coupling network 

does not have attributes of a filter or resonator, and most 

resembles a branch line coupler introducing several paths 

between its nodes. The antenna with neutralization lines is 

as shown in the Figure 5. 
 

 
 

Figure5. Geometry of antenna with neutralization 
 

The Neutralization line shifts the operating frequency band 

in between 4.41 to 5.81 GHz with the resonant frequency 

at 5.31GHz. The reflection coefficients (S11& S22) are 

down up to -21.94 dB at resonance frequency 5.31 GHz as 

shown in Fig.6. But the isolation between elements is 

spoiled. The VSWR is found 1.17. While the gain of 

antenna is increased up to 4.22 dB. 
 

 
 

Figure6. Simulated S-parameters 
 

D. MIMO Antenna with Zigzag pattern   

Neutralization Line 

The simple neutralization line inserting between patch 

does not give isolation up to the mark. so to improve 

isolation additional structure is inserted. A neutralization 

line with zigzag pattern is introduced to achieve sufficient 

bandwidth and good impedance matching. The design of 

the proposed antenna with zigzag pattern neutralization 

line is as shown in the figure 7.  
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Resonant modes can be established by the simulation 

characteristics of the proposed single element antenna 

obtained by manipulating the circles which constitutes of 

the radiators.  When these two suitable modes are 

constructively merged, the desired impedance bandwidth 

can be obtained. Neutralization line is introduced between 

the two radiators to achieve sufficient isolation between 

the two identical elements to maintain a good impedance 

matching over the desired frequency band. Its function is 

to eliminate the original coupling current by providing an 

anti-phase coupling current. Hence, the coupling between 

two antenna elements can be weakened. Some currents 

from the first antenna is transferred due to the 

neutralization line  and is injected  in the second antenna 

with a suitable magnitude and phase to cancel out the  

coupling current between two antenna elements. The 

zigzag pattern neutralization line enhances port isolation. 

With insertion of zigzag pattern neutralization line, two 

frequency band are observed as shown in figure 8. The 

lower frequency band range in between frequencies 3.07 

GHz to 3.55 GHz with resonance frequency of 3.28 GHz, 

while upper frequency band range from 5.55 GHz to 6.54 

GHz with resonance frequency of 5.92 GHz. The 

reflection  coefficient (S11 and S22) are observed below -

22 dB at lower band and -27dB at upper band respectively. 

While the transmission coefficient (S12 and S21) are 

found around -10 db for lower ban and -15 dB for upper 

band. Now this antenna structure become multiband 

Antenna with two operating bands. 
 

 
 

Figure7. Geometry of antenna with zigzag pattern 

neutralization line 
 

 
 

Figure8. Simulated S-parameters 

III. RESULTS AND DISCUSSION 
 

The simulated results are plotted in Fig. 8 to 12.  As we 

can be seen, the impedance bandwidth of the antenna 

encompasses the operating frequency spectra from 3.07 

GHz to 3.55 GHz for a reflection coefficient below -10 dB 

with the centre frequency of 3.28 GHz, also from 5.55 

GHz to 6.54 GHz with centre frequency of  5.92 GHz. The 

bandwidth achieved in both band fully covers the 

requirements of WiMAX / Wi-Fi.  
 

 
 

Fig. 9 (a) VSWR for frequency 3.28 GHz 
 

 
 

Fig. 9 (b) VSWR for frequency 5.92 GHz 
 

The VSWR is about 1.18 at lower band and 1.09 at upper 

band as shown in figure 9. 
 

The 3D radiation pattern of antenna shown in figure 10. 

The gain achieved by antenna with neutralization line 

good enough in both bands. In lower band the value of 

gain is found 3.72 dBi with    directivity of 4.01 dBi, while 

the gain at upper band is found 3.99 dBi with directivity of 

4.55 dBi . 
 

The 2D radiation pattern of antennas is shown in figure 11 

and 12. The vertical and horizontal far field shows the 

direction of propagation of the signal. For diversity and 

MIMO application, the correlation coefficient between the 

two antenna patterns is another paramount factor in the 

usefulness of this antenna, since it is directly connected 

with the loss of spectral efficiency and degradation of 

performance of a MIMO system. In general, the envelope 

correlation coefficient of an antenna array can be 

computed by using either the far-field radiation pattern or 

scattering parameters from the antenna system.  
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The correlation coefficient between antenna elements is 

found below 0.005.The maximum total radiation 

efficiency achieve up to 85 %. 
 

 
 

Figure 10 a) Gain at 3.28 GHz 
 

 
 

Figure 10 b) Gain at 5.92 GHz 

 

 
(a)  Vertical far field gain      (b) Horizontal far field gain 

 

Fig.11  2D gain at frequency 3.28 GHz 
 

  
(a)  Vertical far field gain          (b) Horizontal far 

field gain 
 

Fig.12  2D gain at frequency 5.92 GHz 
 

By inserting the lines, it can be noticed that the surface 

currents on both radiators are transferred to the 

neutralization lines and a current of similar magnitude in 

the top of the neutralization line is clearly seen to cancel 

this feed line current. This tends to decouple the currents 

on the port 2 radiator and hence it enhances the isolation 

between the two radiator elements efficiently. 
 

 
 

Figure 13 Current density 
 

IV. CONCLUSION 
 

A compact MIMO crescent-shaped diversity monopole 

antenna with dimensions of 40 mm x 90 mm x 1.6 mm is 

proposed. By implementing the neutralization lines, the 

performance of MIMO antenna can be enhanced 

significantly over both frequency bands from 3.07 GHz to 

3.55 GHz, and 5.55 GHz to 6.54 GHz which would offer 

reliable wireless connectivity with a high data throughput 

in the expanding Wi-Fi/WiMAX service applications. The 

isolation of antenna is improved by inserting neutralization 

line between antenna elements. The maximum efficiency 

achieved by  antenna is 85 % with correlation coefficient 

below 0.005. 
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