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Abstract- One of the important techniques used for increase the 

channel capacity by increasing the data rate transform and 

reduce probability of error is the multiple-input multiple-output 

(MIMO) antenna systems  at both the transmitter and receiver in 

improving the communication performance by transferring more 

data at the same time has gained tremendous attention. 

          In this paper 4x4 MIMO antenna is designed and analyzed 

for Wi-Fi IEEE 802.11n technologies, which operating at 5.8 

GHz-band frequency. Initially we set our antenna as 1x4 and 

after evaluating the outcomes of antenna features, operation 

frequency, radiation patterns, reflected loss, efficiency and 

antenna gain, The reduction of mutual coupling between the two 

antenna elements is achieved by using a simple defected ground 

structure (DGS) and Parasitic Element Structure. The distance 

between the two antenna elements is only 1.8 mm. The proposed 

structure has a rectangular shape using FR-4 substrate with 

relative permittivity of 4.4. The resulted MIMO antenna is found 

to have a low mutual coupling of about - 31.3 dB. The ECC of the 

two antennas is 0.45 over the entire frequency bands and 

acceptable realized gain of about 6.8 and directivity is 10.83 dB. 

dB. The simulation of the proposed antenna has been carried out 

using Ansoft HFSS and MATLAB software.  

Keywords - Long Term Evolution (LTE), Voltage Standing Wave 

Ratio (VSWR),  Return Loss (S). 

 

I. INTRODUCTION. 
 In the last years, wireless communications grew very 

fast specially for WLAN communications, due to the different 

techniques which have been used to increase the channel 

capacity by increasing the data rate transform and reduce 

probability of error [1]. IEEE 802 refers to a family of IEEE 

standards dealing with Local Area Networks and Metropolitan 

Area Networks. The IEEE 802 family of standards is 

maintained by the IEEE 802 LAN/MAN Standards Committee 

(LMSC). An individual Working Group provides the focus for 

each area. IEEE 802.11 is a set of medium access control 

(MAC) and physical layer (PHY) specifications for 

implementing Wireless Local Area Network (WLAN) 

communication. The 802.11 family is a series of over-the-air 

modulation techniques. These standards provide the basis for 

wireless network products using the Wi-Fi brand. The segment 

of the radio frequency spectrum used by 802.11 varies between 

countries. The 802.11n amendment includes many 

enhancements that improve WLAN range, reliability, and 

throughput. At the physical (PHY) layer, advanced signal 

processing and modulation techniques have been added to 

exploit multiple antennas and wider channels. At the Media 

Access Control (MAC) layer, protocol extensions make more 

efficient use of available bandwidth. Together, these High 

Throughput (HT) enhancements can boost data rates up to 600 

Mbps – more than a ten-fold improvement over 54 Mbps 

802.11a/g. 802.11n operates on both the 2.4 GHz and the 5 

GHz bands [2]. 

 One of the important techniques used for this purpose 

is the multiple-input multiple- output (MIMO) antenna systems 

as shown “Fig. 1”, which utilize the advantages of multiplexing 

gain and diversity gain [2]. MIMO technology has attracted 

attention in modern wireless communication systems. A 

significant increase in channel capacity is achieved without 

the need of additional bandwidth or transmits power by 

deploying multiple antennas for transmission to achieve an 

array gain and diversity gain, thereby improving the spectral 

efficiency and reliability.  

 
Fig. 1. Block diagram of MIMO wireless system. 

 

 MIMO antenna systems require high decoupling 

between antenna ports and a compact size for application in 

portable devices technologies. They can also increase capacity 

by using Spatial Multiplexing (SM). The MIMO method has 

some clear advantages over Single-input Single-output (SISO) 

methods. The fading is greatly eliminated by spatial diversity; 

low power is required compared to other techniques in MIMO. 

 However, these systems have some disadvantages, 

especially the high mutual coupling that presents between the 

MIMO elements. The mutual coupling can be attributed to two 

reasons; the electromagnetic interaction of the elements or the 

surface current flowing from one element to the other or both. 
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Mutual coupling affects the MIMO antennas characteristics by 

degrading the impedance matching, reducing the efficiency, 

decreasing the capacity of the channel, increasing the 

correlation, increasing the coupling power and reducing the 

radiated power [3].   

 Recently, microstrip antennas have been one of the 

most innovative topics in antenna theory and design and are 

increasingly finding application in a wide range of modern 

microwave systems [4]. This paper presents an overview of the 

basic characteristics of microstrip antennas in the array and 

MIMO forms. In addition, a new antenna configuration for 

improved performance is also discussed. 

 A microstrip antenna is a metallic patch printed on a 

thin, grounded dielectric substrate. The patch is generally 

made of conducting material such as copper or gold and can 

take any possible shape. The microstrip antenna radiates 

relatively broad beam broad side to the plane of the substrate 

as shown “Fig. 2”. Thus the microstrip antenna has a very lone 

profile and can be fabricated using printed circuit or 

photolithography technique. Other advantage include 

fabrication into linear or planner arrays and easy integration 

with microwave integrated circuit. To a large extent the 

development of a microstrip antenna have been driven by 

system requirement for antennas with low weight, low cost, 

last integeablitiy into array or with microwave integrated 

circuits for polarization diversity. Among the several 

configurations, there are four basic forms which are widely 

used in microwave integrated circuits. There are (Strip line, 

Slot line, Co-planar wave guide, microstrip line). In these 

forms the microstrip line is widely used. 

 
Fig. 2. A Typical Microstrip Patch Antenna 

 

       In this paper, we  presents the basic characteristics and 

structure of a microstrip antenna, modeling and analyzing the 

behavior of a four elements rectangular microstrip patch 

antenna array then using to construction of MIMO antenna for 

IEEE-802.11n. Configurations of a symmetrical 1×4 patch 

array have been analyzed and an optimum frequency range of 

the patch antenna array has been arrived. The antenna provides 

frequency close to the designed operating frequency with an 

acceptable directivity and gain. When antenna structure is 

closely spaced, the return loss improves. It has been shown that 

with the increasing array spacing, the gain of the antenna gets 

reduced significantly. 

 

II.  MICROSTRIP ANTENNA ANALYSIS 

        The most popular models for the analysis of Microstrip 

patch antennas are the transmission line model, cavity model, 

and full wave model [5] (which include primarily integral 

equations/Moment Method). The transmission line model is 

the simplest of all and it gives good physical insight but it is 

less accurate. The cavity model is more accurate and gives 

good physical insight but is complex in nature. The full wave 

models are extremely accurate, versatile and can treat single 

elements, finite and infinite arrays, stacked elements, arbitrary 

shaped elements and coupling. These give less insight as 

compared to the two models mentioned above and are far 

more complex in nature. 

 This model represents the microstrip antenna by two 

slots of width W and height h , separated by a transmission 

line of length L. The microstrip is essentially a non-

homogeneous line of two dielectrics, typically the substrate 

and air. 

        By looking to the distribution of electric field lines in a 

transmission line mode, as shown in “Fig. 4”, which has 

thickness of t, it is led to the fact that transmission line cannot 

support transfer-electric-magnetic TEM, where TEM refers to 

direct transfer of electric field lines to the dielectric. As seen 

in the “Fig. 4”, this cannot be approved because some of the 

electric field lines are going into the air before entering the 

dielectric substrate[4, 5].  

 
Fig. 4. Electric field lines in a transmission line. 

 
       Related to this problem of transferring field lines into air 

before it enters the dielectric, relative permittivity 𝜀𝑟will be 

replaced with𝜀𝑟𝑒𝑓𝑓, which is somewhat less than 𝜀𝑟  and it is 

given as [5]. 

                     𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

2√1+
12ℎ

𝑊

      W/h>1                     (1) 

Where 𝜀𝑟 h, w, are the substrate dielectric constant, the 

dielectric substrate height and the patch width respectively. 

The affective dielectric constant is also a function of resonant 

frequency fr equation (2). 

          𝑓𝑟 =
𝑣0

2√𝜀𝑒𝑓𝑓(𝐿+2∆𝐿𝑒𝑓𝑓)
                       (2) 

       Working in high frequencies makes the microstrip line 

behave more homogeneous line as it is only one dielectric one 

substrate under and above the transmission line ), and the 

effective dielectric constant is closer to the actual dielectric 

constant. 

       In the design, the length of the patch will be extended on 

both sides due to the move of electric field lines through the 

air as illustrated in “Fig. 5”. According to “Fig. 5”, the electric 

field lines on both edges of the width are in opposite ways for 

vertical polarization (Ev). Actually, they eliminate each other 

due to the out-of-phase condition. On the other hand, the 

horizontal polarization (Eh) are in phase. This results in 

maximum radiated field by merging the resulting fields. It 
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seems logical to say that the two slots of Microstrip Patch 

Antenna are responsible for antenna radiation. 

 
Fig. 5. The Electric Field lines on both edges of microstrip antenna. 

 

 The calculation of the extension of the length ΔL is 

given by a very popular relation for the normalized extension 

of the length is [4, 5]: 

                   ∆𝐿 = 0.412ℎ
(𝜀𝑟𝑒𝑓𝑓+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑟𝑒𝑓𝑓−0.258)(
𝑊

ℎ
+0.8)

               (3) 

The characteristic impedance of the microstrip line can be 

written as:  

                         𝑍𝑜 =
120𝜋

√𝜀𝑟𝑒𝑓𝑓(1.393+
𝑊

ℎ
+

2

3
𝑙𝑛(

𝑊

ℎ
+1.444))

               (4) 

 

      As the width is too extended, calculating the width 

extension is not worthy, because of the cancelation between 

the electric fields. Now, antenna length, width and ground 

planes will be described. 

 

Antenna Width  

The following equation is used to calculate the width w [5]:  

                                        𝑊 =
𝐶

2𝑓𝑐√
𝜀𝑟+1

2

                                  (5) 

Where, c is the speed of light, 𝑓𝑐and 𝜀𝑟 are respectably the 

resonance frequency and the dielectric constant of the 

substrate. 

 

Antenna Length 

The effective length 𝐿𝑒𝑓𝑓 can be calculated by the following 

equation [4]: 

                                    𝐿𝑒𝑓𝑓 =
𝐶

2𝑓√𝜀𝑟𝑒𝑓𝑓
                                  (6) 

Then the actual length of the patch is given by the following 

equation [4]: 

                                      𝐿 = (𝐿𝑒𝑓𝑓 − 2∆𝐿)                            (7) 

Ground Planes  

      Essentially, the transmission line model is applicable to an 

infinite ground plane only. However, it has been shown that a 

finite ground plane can also be used, if the ground plane is six 

times larger than the height of the dielectric substrate, plus the 

used length or width. The ground plane width and length can 

now be calculated respectively as [4]: 

                              𝑊𝑔 = 6. ℎ + 𝑊                                         (8) 

                             𝐿𝑔 = 6. ℎ + 𝐿                                           (9) 
 

III. ANTENNA FOR IEEE-208.11N APPLICATIONS (5.8 GHZ) 

         As discussed microstrip antenna analysis for calculation 

dimensions in prevision section, we microstrip patch antennas 

have been used for IEEE8.2/11a technology applications 

despite their general limitations such as the narrow bandwidth, 

and poor polarization. A preliminary model based on this type 

of antennas was proposed. This patch was designed on a 

stacked layer of FR4 material and fed by a microstrip line. The 

operating frequency of the IEEE802.11n band is 5.8 GHz. 

This section discusses such geometry and establishes some of 

the design parameters that directly apply to the final model. 

The patch is printed on top of the first FR4 substrate layer 

(εr=4.4, thickness=1.6mm). 

          The antenna is shown in “Fig. 6”, whose dimensions 

were calculated according to the transmission line model 

equations as mentioned in above section and By using 

MATLAB for patch dimensions calculation. The antenna is 

designed on a low-cost FR4 substrate with εr =4.4. It was fed 

by a microstrip-line, which can be easily integrated on the 

same substrate, the dimension of the single patch has been 

designed, the dimensions of shape are, length (L=15.73 mm), 

width (W= x11.75 mm). The antenna can be easily fabricated 

at a very low cost. The simulated antenna model using HFSS 

software. 

 
Fig. 6. Geometry of a 5.8 GHz microstrip antenna. 

 

The published structure is carried out in HFSS. The 

necessary simulations are carried out to obtain the scattering 

parameters. The obtained results matched the published results 

which completes the antenna validation. 

         Simulation results for return loss S11 values and 3D gain 

and directivity pattern are illustrated in “Fig. 7”, and Figure 5, 

respectively. The geometry of antenna designed simulation is 

performed. At  the resonant frequency of 5.8 GHz the design is 

simulated in the frequency range of 5.69 to 5.83 GHz (under -10 

dB) with -11 dB, as shown “Fig. 7”, it is quite clear that this 

operating band meet the design requirements of IEEE802.11n 

standard operating frequency.  
 

 
Fig. 7. Return loss Vs. Frequency plot of microstrip patch antenna. 
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 A single element microstrip patch antenna is a 

structure usually designed for low power applications. It also 

has the limitation of low gain, narrow bandwidth and loss 

directive as shown simulation results. For applications where 

the requirements are high gain and high directivity in compact 

and conformal devices, to increase the bandwidth, directivity 

and gain, the most common method is using multi-elements 

which are known as array. Cost is one of the key factors in 

choosing microstrip patch antenna as the array element, 

because it is cheap and easily available. Microstrip patch 

antenna arrays are highly popular for their significance in 

beam scanning and radiation field focusing. this antenna are 

designed, discussed and analysis in the next section. 

 

IV.  MICROSTRIP ANTENNA ARRAY  IEEE-208.11N 

APPLICATIONS (5.8 GHZ) 

 The 4x1 rectangular microstrip patch antenna array is 

designed using HFSS by placing same microstrip antenna in 

linear configuration. The designed four element array consists 

of four shaped patches configured in the form of an array. The 

same feeding technique of corporate feed with transformers 

for impedance matching. The power divider technique for 

feeding is used in 4x1 antenna array. Using this technique the 

power goes to equal in every antenna element.  

 

A- Design Principles 

 The configuration of the proposed antenna is shown 

in “Fig. 8”. The feeding network of all the designed arrays 

consists of corporate feeding technique with transformers and 

the patch used in building arrays has the same dimensions as 

that of a single shaped patch antenna The antenna is designed 

on a FR with ɛ=4.4substrate, which can be easily integrated on 

the same substrate, the dimension of the 4x1 patch has same 

single antenna, The proposed antenna above a ground plane of 

size 90.7 ×118.5 mm. The distance between the every two 

elements has been achieved to be only 0.4λ. The patches with 

the purpose of enhancing the gain, return loss directivity. The 

proposed can be easily fabricated at a very low cost. “Fig. 8”. 

illustrates the geometry of the array with all dimensions used 

and the discontinuities in feed network. 

 
Fig. 8. Proposed 4x1 array geometry microstrip antenna. 

 

B- The feed network 

             The feed network of the array was designed for the 

signal can reach the antennas in a same way. For the 

distribution of the equalized signal to both elements of the 

array, some discontinuities have been incorporated in feed 

lines that make up the network. The discontinuity with the 

number (1) is called T-junction and it is, perhaps, one of the 

most important discontinuities of devices used in microstrip. 

The T-junction is designed to divide equally the signal to both 

elements of the array. The (2) known as impedance 

transformer is intended to obtain an impedance matching of 

the microstrip lines with different impedances, [5]. 

 
Table 2. Dimensions parameters of designed fed network 

Connection Parameters Value Parameters Value 

(1) impedance 50Ω 13.85x3.11mm 

(2) impedance 100Ω 1x0.7 mm 

(3) impedance 70Ω 7.13x1.67 

            

 Finally, the discontinuity (3) called bend is used to 

introduce flexibility in the layout design of the feed network. 

The dimensions of the feed network were calculated from 

formulas found in traditional literature. The power divider of 

4x1 microstrip patch antenna designed are given in table 2. 

     After simulation and optimization using HFFS 

Software, the final dimensions are shown in the “Fig. 9”,.  

 
Fig. 9. View of microstrip antenna array 1x2, dimensions (mm). 

    

V. 4X4 MIMO MICROSTRIP ANTENNA FOR IEEE802.11N WIFI 

APPLICATION 

 a 4x1 array microstrip antenna at last section is 

introduced in a four- element MIMO antenna system. The 

geometry of the MIMO antenna system is shown in “Fig. 10”. 

The antenna system consists of four radiating elements of 

similar geometry elements and parameters in last subsection, 

The two element MIMO antenna system with the proposed 

defected ground structures (DGS) structures.  

 In this proposed, a design of parasitic element is used 

which has a rectangular shape with square slots as shown in 

“Fig. 10”. 

 
Fig. 10. Geometric shape of the parasitic element [6]. 

 

 The parasitic element is inserted between elements 

waveguide as shown in “Fig. 11”. The spacing between the 

planner waveguide and the closely side of the parasitic 

element is adjusted and optimized by the HFSS software. 
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 The figure structure is carried out in HFSS. The 

necessary simulations are carried out to obtain the scattering 

parameters.  

 
Fig. 11. Geometry of 4x4 MIMO microstrip antenna at 5.8 GHz. 

 

VI.  SIMULATION RESULTS OF THE 4X4 MIMO MICROSTRIP 

ANTENNA 

 For designing and simulation are used which is very 

popular for antenna designing. Various simulated graphs such 

as return loss, VSWR, total directivity, and current distribution 

and radiation patterns are generated shown in figures. This has 

been checked by using electromagnetic full wave simulation 

(HFSS). 

 

A-  Antenna Return Loss and mutual coupling  

 A final result of 4x4 MIMO microstrip antenna has 

been optimized for return loss. From “Fig. 12”, and Figure 

(5.11), it can be observed that return loss (S11) value has met 

the desired value less than -10 dB, Which is centered at 5.8 

GHz with -12.05 dB, it is quite clear that this operating band 

meet the design requirements of IEEE802.11n Wi-Fi and 

WLAN applications standard operating frequency. The mutual 

coupling (S12) has a high value of -31.3 dB at 5.8 GHz as 

shown “Fig. 13”. 

 
Fig. 12.Return loss (S11) of 4x4MIMO microstrip antenna at 5.8 GHz. 

 

 The improvement process can be done by creating 

several square slots in the parasitic element. A parametric 

study has to be conducted on the parasitic element, and the 

key parameters in this study are length, as shown “Fig. 14”. 

 
Fig. 13. Return loss and mutual coupling (S11-S21) of 4x4MIMO 

microstrip antenna at 5.8 GHz. 
 

 Additionally, from “Fig. 14”, it can be observed that 

return loss (S22) at second antenna value has met the desired 

value less than -10 dB which is centered at 5.8 GHz with -

12.04 dB, it is quite clear that this operating band meet the 

design requirements of IEEE802.11n Wi-Fi and WLAN 

applications standard operating frequency. 

 
Fig. 14. Return loss S(22)  of 4x4 MIMO microstrip antenna at 5.8 GHz. 

 

B- Voltage Standing Wave Ratio (VSWR) 

“Fig. 17”, show the VSWR for IEEE802.11n Wi-Fi 

applications 4x4 MIMO microstrip antenna array. With good 

values, we had 1.6 at 5.8 GHz, this means good received 

signals. 

 
Fig. 17.  VSWR of the 4x4 MIMO microstrip antenna at 5.8 GHz. 

 

C- Radiation Pattern 

 “Fig. 15”, shows the simulated xz-plane and yz-plane 

radiation pattern of the proposed antenna at 5.8 GHz. The 

designed antenna radiates relatively to directional pattern, this 

designed antenna displays good directional radiation patterns 

in the xz-plane and yz-plane. 
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Fig. 15. 2D and 3D  radiation pattern of the 4x4 MIMO microstrip antenna at 

5.8 GHz. 

 

D- Gain and directivity of the 4x4 MIMO antenna  

 The designed antenna radiates in broadside direction 

with gain of 6.8 dB and the directivity of 10.83 dB. Gain and 

Directivity 3D far field plots are given below in  “Fig. 16”. 

The antenna is good gain and directivity. Using of parasitic 

element has increased the gain and directivity.  

 

 
Fig. 16.2D and 3D Gain and directivity of the 4x4 MIMO microstrip antenna 

at 5.8 GHz. 

 

 

E. Current Distribution and E-field on the 4x4 MIMO Antenna 

The Current distribution is described as field 

distribution between the patches and the ground plane, which 

is used as the indicator of the radiation from microstrip 

patches. “Fig. 18”, shows the current distribution pattern at 5.8 

GHz. Maximum current in the patch antenna is 3.64 (A/m). 

The surface current distribution with adding DGS and of 

parasitic element isolation techniques are shown in “Fig. 18”. 

It is clear that low surface current and is flowing between 

MIMO elements. 

 
Fig . 18. Current distribution on 4x4 MIMO microstrip antenna at 5.8 GHz. 

 

F- Envelope Correlation Coefficient (ECC) 

 Generally, the envelope correlation coefficient (ECC) 

is used to evaluate the diversity capability of a multi-antenna 

system. Under the assumption that the MIMO system operates 

in an uniform multipath environment, the ECC of two 

antennas is given by [7]: 

                 𝜌12 =
|𝑆11

∗ 𝑆12+𝑆12
∗ 𝑆22|2

(1−|𝑆11|2−|𝑆21|2)(1−|𝑆22|2−|𝑆12|2)
               (10) 

 The ECCs of the proposed antenna using equation 

(10) are illustrated, the ECC of the two antennas is 0.45 over 

the entire frequency bands of interest. The proposed antenna 

can be a good candidate for Wi-Fi IEE802.11n of wireless 

communication equipment. 

 

 

VII. CONCLUSION 

          Microstrip Patch antenna configured in 4x4 MIMO has 

been analyzed for IEEE802.11n applications in this paper. The 

designed antennas are very simple, cost effective and good 

efficiency for the 5.8 GHz frequency band, return loss The 

operating band is centered at 5.8 GHz (under -10 dB) has been 

achieved by 4x4 MIMO antenna. Improved bandwidth, and 

radiated power is also improved by implementing more 

number of patch elements in the arrays and Parasitic Element 

Structure between them..  

          To both gain and directivity are increasing as the 

number of elements is increased. The return loss was -12.03 

dB at with 5.8 GHz and FBW 6 %,. The VSWR better  is 1.6. 

The field gain of the antenna for single to 4 element 

demonstrates almost typical directional  radiation pattern at 

the operating frequencies with better, gain is 6.8 dB and the 

directivity is directional with 10.81 dB.  

 On the other hand has been presented. A  rectangular 

parasitic elements structure with (7) square slots and defected 

ground structures are proposed to reduce the mutual coupling 

to about -31.3 dB at 5.8 GHz. Other parameters such as total 

efficiency, gain and bandwidth are all enhanced with the 

adding of the proposed parasitic element also the ECC of the 

two antennas is 0.45 over the entire frequency bands of 

interest. Due to its small size, light weight and conformal 

properties, the proposed antennas it can be easily fabricated at 

a very low cost. The antennas is thin and compact with the use 

of low dielectric constant substrate material. these analyzed 

microstrip patch antenna arrays are useful for Wi-Fi 

IEE802.11n of wireless communication equipment, all 
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simulations in this work have been carried out by using the 

electromagnetic software Ansoft HFSS and MTLAB. 
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