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Abstract—In this work, an integrated design with multiple 

input multiple-output (MIMO) antenna system for 4G-

LTE applications is presented. A four-port shared radiator 

is proposed for 2.1 GHz using multiple-cut rectangular 

geometry and partially stepped ground the proposed 

design contains a 2- element slot in each port. The 4- port 

MIMO antenna system elements on a single low-cost FR4 

substrate and is fed by a 50 Ω microstrip. also, a critical 

aspect in the design of compact MIMO antennas for 

communications is providing sufficiently good antenna 

isolation. The results illustrate that the antenna has at 2.1 

GHz with return loss better than 10 dB. As a new 

approach, the reduction of mutual coupling depends on 

current cancellation between any each of antennas. The 

proposed antenna is achieved better than from -20.18 dB 

to -33.02 dB isolation between the two inputs.  In addition 

to, the small spacing between antenna elements leads the 

proposed antenna has compact size reduction of 

approximately 60% compared to conventional patch 

antennas operating at the same frequency.   
Index Terms- multiple-input multiple-output antenna (MIMO), 

Return Loss (S11). 

I. INTRODUCTION 

        Multiple-input multiple-output (MIMO) system that 

utilizes multiple antennas to increase channel capacity without 

sacrificing additional spectrum or transmitted power has 

received a growing amount of interest in recent years. MIMO 

antenna technology can provide higher receiver gain, in- 

creased data rates, larger network throughput, and improved 

reliability through antenna diversity. However, to achieve these 

advantages, the MIMO antenna is required to have low mutual 

coupling between closely packed antenna elements, which is 

quite difficult to realize using the limited spaces of the 

handsets. Recently, there have been efforts on research in 

attempts to reduce the mutual coupling between elements in 

MIMO antennas. The design MIMO antenna using microstrip 

antenna because microstrip patch antenna is one of the most 

preferred antennas due to its low cost, light weight, simple 

implementation process and conformability. The microstrip 

patch antennas radiate primarily because of the fringing fields 

between the patch edge and the ground plane. However, the 

general microstrip antennas suffer from narrow bandwidth,   

 

 

one of application of microstrip antenna for MIMO wireless 

application [1]. 

          A major challenge in designing a MIMO antenna is the 

mutual coupling. Mutual coupling is the electromagnetic 

interaction between antenna elements due to the small space of 

the antenna element. The performance of the MIMO antenna 

system such as lower correlation coefficient and higher antenna 

efficiencies are often influenced by low mutual coupling. 

         In MIMO applications, the signals transmitted by 

multiple antenna elements are generally considered to be 

independent or uncorrelated. However, in reality the current 

induced on one antenna produces a voltage at the terminals of 

nearby elements that is characterized as mutual coupling [2]. 

The port to port isolation defined as the transmission power 

between two of the input ports of the multiport antenna under 

test. It is characterized by |S21| parameter. MIMO system 

requires the |S21| to be minimized as low as possible, as 

isolation is directly related to the antenna efficiency. 
 

                           Isolation = -10 log10 |S21|²                           (6) 
 Several works have been conducted to reduce the 

mutual coupling effect between antenna elements in MIMO 

systems such as using electromagnetic band gap (EBG) 

structures. For example, EBG structures with insertion of vias 

have been applied to reduce the mutual coupling of the 

microstrip phased array antennas [3]. These structures are 

complex to be designed as well as they occupy a comparatively 

large area. Defected ground structures (DGSs) are implemented 

by etching slots of different shapes in the ground plane, which 

exhibit miniature size compared to EBGs.  A successful 

example is a design of two patch antennas with separation 

distance between the centers of these patches equal to 𝞴0 /2 

was presented [4] .The reduction of mutual coupling was 

achieved by using defected ground structure which achieved 

low mutual coupling; up to -37dB. However, the size of such 

techniques is still very large, especially for compact antenna 

applications.  

          In this paper, a 4 port MIMO antenna with small size and 

high isolation is presented for wireless application (4G-LTE 
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applications), The proposed of each port of MIMO antenna has 

a two element with small size and very low mutual coupling, 

each of which consists of microstrip located at a FR4 substrate 

with the dielectric constant of 4.4. The MIMO antenna covers 

the bandwidths of 2.1 GHz. The designed results have been 

validated using the electromagnetic full wave simulations 

HFSS. 

I. BASIC SINGLE PATCH MICROSTRIP ANTENNA FOR  2.1 GHZ 

BAND (4G-LTE APPLICATIONS) 

         Three essential parameters for operation of microstrip 

patch antenna are frequency of operation (resonance 

frequency), relative permittivity (dielectric constant) of 

substrate, height of substrate (h). after these three parameters 

length, width, input impedance of the patch and fed dimensions 

are evaluated. Then performance of antenna i.e. Radiation 

pattern, S parameter, Efficiency and gain are obtained.  

The 4G-LTE microstrip patch antennas is designed 

using HFFS software. The antenna is designed to operate in 2.1 

GHz, the antennas shape was chosen to be a square patch 

antenna with the dimension W × L and FR4 substrate with the 

dielectric constant of 4.4 and its height is equal to 1.6 mm. The 

feeding technique is microstrip transmission line. The 

dimension of microstrip feed line for matching was calculated 

with microstrip calculation website, this is so simple and 

helpful. 

The antenna is shown in “Fig. 1”, whose dimensions 

were calculated according to the transmission line model 

equations [5]. After simulation using HFFS Software, the final 

dimensions are shown in the “Fig. 1”. 

 
Fig. 1. Front View of 2.1 GHz -Band Microstrip Antenna, Dimensions in 

(mm). 

The following Table 1 gives us the design parameter 

specifications of the 2.1 GHz microstrip antenna.  

 
Table  1. Design Parameter Specifications of the 2.1 GHz Microstrip 

Antenna 

 

Parameter Value  

Operating frequency  2.1 GHz 

Dielectric Constant of the substrate  4.4 (FR4) 

Height of the substrate  1.6 mm 

Width of the patch (W) 42.46mm 

length of the patch (L) 32.93mm 

Width of the ground (Wg) 100mm 

length of the ground (Lg) 95mm 

Z0 50 

Feeding method  Microstrip Line Feed  

 

     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 designing and simulation are used which is very 

popular for antenna designing. Various simulated graphs such 

as return loss, VSWR, total directivity, antenna gain and 

current distribution (mapped 2D and 3D view) are generated 

shown in figures. This has been checked by using 

electromagnetic full wave simulation (HFSS).  
 

A- Antenna Return Loss 

 In “Fig. 2”. the return loss in dB for 2.1 GHz 

microstrip antenna, the operating band is centered at 2.1 GHz 

(under -10 dB) with -12 dB, it is quite clear that this operating 

band meet the design requirements of 4 G-LTE standard 

operating frequency.  

 
Fig. 2. Microstrip antenna return loss at 2.1 GHz 

 

B- Voltage Standing Wave Ratio VSWR 

 “Fig. 3” shows the VSWR (dimensionless) for 

microstrip antenna with good values, we had 1.67 at 2.1 GHz. 

 
Fig. 3. Microstrip antenna VSWR at 2.1 GHz. 

 

 From designed and simulation results the 

performance and advantages of microstrip patch antennas such 

as low weight, low profile, and low cost made them the perfect 

choice for communication systems engineers. but it has little 

drawbacks like low gain, low efficiency, and narrow 

bandwidth (3-6%) of the central frequency, its bandwidth is 

limited to a few percent which is not enough for most of the 

wireless communication systems nowadays. One of major 

challenges in antenna design for modern wireless 

communication system is to reduction size for using various 

wireless equipments, including antennas as an essential part of 

wireless communication systems, is greatly accelerated. 
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However, there are more challenges in designing the radiation 

properties over the entire frequency range are also necessary 

to be satisfactory. 

Antenna gain is usually defined as the ratio of the 

power produced by the antenna from a far-field source on the 

antenna's beam axis to the power produced by a hypothetical 

lossless isotropic antenna, which is equally sensitive to signals 

from all directions. Usually this ratio is expressed in decibels. 

Microstrip antennas are famous for their poor gain, this is 

because antenna gain is affected by substrate thickness and 

relative dielectric constant. Gain and directivity are inversely 

proportional to 𝜀𝑟 and directly proportional to substrate 

thickness. Many ways are used to enhance antenna gain, like 

Left-Handed Material (LHM) and array antenna or MIMO [6]. 

      The proposed antenna is redesigned to investigate the 

effect on gain parametric studies of the proposed antenna are 

presented to provide more detailed information about the 

antenna design and optimization. The parameters under study 

include reduction size antenna and adding slot. To better 

understand the influence of the parameters on the performance 

of the antenna. 

 

II. OPTIMAZATION OF CONVENTIAL MICROSTRIP 

ANTENNA FOR 4G-LTE APPLICATIONS 

      The simulated antenna model shown in prevision section 

showed an acceptable return loss and VSWR  for the entire 

antenna band but a low radiation pattern and band small. In 

this section, a new design technique for enhancing bandwidth 

and radiation pattern that improves the performance of a 

conventional microstrip patch antenna is proposed. This a 

novel slotted microstrip patch antenna. The design adopts 

contemporary techniques; microstrip line feeding, patch 

structure and slotted patch. The composite effect of integrating 

these techniques and by introducing the proposed patch, offer 

a low profile, broadband, high gain, and reduction size. The 

theoretical simulations are performed using HFSS software. 

 The configuration of the proposed antenna is shown 

in “Fig. 5”. 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 with shaped slot of the 

rectangular patch on, the dimensions of shape are: W = 14.7 

mm, L = 12 mm, a = 4 mm b = 10 mm c = 3x2 mm. The feed 

is obtained through a microstrip line with 11.5 mm x 3.11 mm. 

The proposed antenna which is suspended 1.6 mm above a 

ground plane of size 20.3 mm × 17.4 mm. The proposed patch 

antenna reduction size about 50%. The proposed can be easily 

fabricated at a very low cost.  

 
Fig. 5. Patch geometry used in the MIMO. 

 

 The simulated antenna model using HFSS software is 

shown in “Fig. 6”. 

 
 

Fig. 6.  Geometry of Proposed microstrip antenna at 2.1 GHz in (mm). 

 

The design of the proposed antenna has been done by 

the proper selection of the loading left-handed elements. This 

has been checked by using electromagnetic full wave 

simulation (HFSS).  

 The simulated reflection coefficient of the proposed 

antenna is shown in “Fig. 7”. It is obvious that the reported 

antenna can operate in 2.1 GHz band. The operating band is 

centered at 2.1 GHz (under -10 dB) with -18.49 dB, the 

bandwidth which extends from 1.94 GHz to 2.23 GHz, (FBW 

13.8%). So, it is quite clear that this operating band meet the 

design requirements of 4 G-LTE standard operating 

frequency. 

 
Fig. 7.  The return loss of the proposed microstrip antenna at 2.1 GHz. 

 

 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. 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. A 

microstrip patch antenna array is used because of the ease of 

fabrication and the configurability with Microwave 

Monolithic Integrated Circuits (MMIC) technology. Cost is 

one of the key factors in choosing microstrip patch antenna as 

the array element, because it is cheap and easily available.

 The objective of this paper is to obtained high 

directive gain by array method to microstrip antenna for band 

2.1 GHz application. Initially we set our antenna as a single 

element microstrip patch antenna and after evaluating the 

outcomes of antenna features, operation frequency, radiation 

patterns, reflected loss, efficiency and antenna gain, we 

transformed it to a 4 pot each port consists 2x2 array antenna   

has improved results over single antenna both gain and 

directivity for the rectangular microstrip shape is increasing as 

the number of elements is increased. in the next section, we 

design and analyzed the 4x1 linear antenna arrays to increase 
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and more directivity, gain, and efficiency and have better 

radiation patterns.  

 

III. DESIGN AND AND IMPLEMENTATION OF 4-PORT MIMO 

ANTENNA WITH ISOLATION ENHANCEMENT  

 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.  

 

4.3.1 Design Principles 

       The configuration of the proposed antenna is shown in 

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

consists of microstrip 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 FR4 with 𝜀𝑟= 4.4 substrate, which can be easily 

integrated on the same substrate, the dimension of the 4 PORT 

MIMO has length (L=110 mm), width (W=93 mm). 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 MIMO with 

all dimensions used and the discontinuities in feed network. 

 In this proposed, a design of parasitic network 

element is used and the four port elements MIMO antenna 

system with the proposed defected ground structures (DGS) 

structures. 

 The feed network of the array was designed for the 

signal can reach the antennas in a same way. The use of 2-port 

power divider is especially important for every port of array 

system that utilizes a power network. After simulation and 

optimization using HFFS Software, the final dimensions are 

shown in the “Fig. 8”. 

 
Fig. 8. View of 4-Port MIMO microstrip antenna, dimensions (mm). 

 

IV. SIMULATION RESULTS OF MIMO ANTENNA 

The design of the 4-port MIMO microstrip antenna 

has been done. This has been checked by using 

electromagnetic full wave simulation (HFSS). 

 

A- Antenna Return Loss and Coupling Between Ports. 

           A final result of microstrip patch antenna has been 

optimized for return loss, and, gain. From “Fig. 9”, it can be 

observed that return loss (S11), value has met the desired 

value (<10dB) which is centered at 2.1 GHz with -14.11 dB 

and increase band width, this means the antenna operating at 

4G-LTE band. However, the mutual coupling (S12) has a 

value of -20.18 dB at 2.1GHz, also from “Fig. 9”, it can be 

observed that the mutual coupling (S31) and (S14) has a high 

value of -31.1 dB and -33 dB at 2.1GHz,  which good isolation 

with using DGS and by parasitic network structure technique. 

 

 
Figure 9. The return loss (S) and coupling of 4-port MIMO 

antenna at 2.1 GHz. 

 

 

 

C- Radiation Pattern 

 “Fig. 10”, shows the simulated of 2D and 3D 

radiation pattern, xz-plane and yz-plane radiation pattern of 

the proposed antenna at 2.1GHz. As shown in “Fig. 10”, the 

designed antenna displays good broadside radiation patterns in 

the xz-plane and yz-plane. the designed antenna radiates in 

Omni-directional, the radiation characteristics of the proposed 

antenna are better to those of the conventional patch antenna. 

The designed antenna radiates in broadside direction 

with gain of 5.78 dB and the directivity of 9.01 dB. Gain and 

Directivity 3D far field plots are given below in “Fig. 10”. The 

antenna is good gain and directivity. Using of parasitic 

element network and DGS has increased the gain and 

directivity.  
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Fig. 10. 2D and 3D Radiation pattern, Gain and Directivity of the 

proposed 4-port MIMO antenna at 2.1 GHz. 

 

D- surface current distribution 

         “Fig. 11” show the surface current distribution at 2.1 

GHz if Port 1 is excited and Port 2 is terminated with matched 

load of 50 Ω, which thereby significantly reduce the mutual 

coupling between the two ports by parasitic network element 

and defected ground structures (DGS), which means the 

mutual coupling between them is increased , there is some 

amount of surface current present at port 1 through the 

common the radiator and the ground plane. 

 

 

Fig. 11.  Current distripution on 4-Port MIMO microstrip antenna. 

IV. CONCLUSION 

   This paper presents a 4-port MIMO antenna that can 

be used for wireless communication technologies such as 4G-

LTE. A low profile meander line antenna with L strip has been 

used as a radiating element. In order to achieve a band 

operation was successfully simulated. The proposed design is 

low profile, compact and simple (consisting of a single 

substrate) and provides 2- element MIMO system for each 

four ports. The integrated antenna system is covered 2.1 GHz. 

The results confirm a good compromise between reflection 

coefficient and radiation pattern produced frequency band 

from approximately 2.1 GHz with good matching 

characteristics. A 4-port MIMO an antenna system with high 

isolation has been proposed and investigated. good isolation 

performance was achieved through the proposed shaped 

structure and parasitic network element is used also the four 

port elements MIMO antenna system posed defected ground 

structures (DGS). The return loss S11 is -14.11 dB this mean 

good receiving signal and directional radiation pattern. 

 The proposed antenna has the advantages of 

compactness (its size is only 110 X 93 mm) which represents 

almost 50% size reduction. Also, the designed antenna has 

better than from 20.18 dB to -33.02 dB isolation coupling 

between the two ports at the operating frequencies. the mutual 

coupling between antennas with which good isolation with 

using any structure as DGS and parasitic elements. Moreover, 

presented antenna is very compact, low cost, conformal and 

very simple to design that shows very good radiation 

characteristics over its operating frequency band and can be a 

good candidate for 4G-LTE of wireless communication 

equipment. 

. 
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