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Abstract-

Microstripantennaarraysarewidelyusedinwir

elesscommunicationsystemsduetotheirlowpr

ofile,lightweight,andeasyintegrationwithplan

arcircuits.Multiple-InputMultiple-

Output(MIMO)technologyisalsoanimportant

techniquetoimprovewirelesscommunications

ystemcapacityandreliability. In this project, 

we aim to designand evaluate the 

performance of microstripantenna arrays for 

MIMO applications.Theproposed antenna 

array consists of 

multiplemicrostripantennaelements,whichar

earrangedinaregulargridpattern.Eachelement 

is designed to operate at the 

desiredfrequency range,andthe 

spacingbetweentheelementsisoptimizedtomi

nimizemutual coupling between them. The 

antennaarray is then fed by a feed network, 

whichappliesappropriateamplitudeandphase

weightstoeachelement,toachieveadesiredradi

ationpatternandtomaximize 

the array gain.To evaluate the 

performanceoftheantennaarray,wewillcondu

ctaseriesofsimulationsusingcommercialelectr

omagneticsimulationsoftware.Thesimulation

s will include the analysis of 

theradiationpattern,gain,efficiency,andimped

ancematchingof the antenna 

array.Wewillalsoinvestigatetheimpactofmut

ual coupling on the performance of 

theantennaarray,andexploretechniquestomiti

gate the coupling effects.Finally, we 

willassesstheperformanceofthemicrostripant

enna array for MIMO applications. Wewill 

analyze the capacity and diversity 

gainoftheantennaarray,andcomparetheperfor

mance of the MIMO system with 

andwithout 

theantennaarray.Thesimulationresults will 

provide insights into the 

designandperformanceofmicrostripantennaar

raysforMIMOapplications,anddemonstrateth

eirpotentialforimproving 
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thecapacityandreliabilityofwirelesscommuni

cationsystems. 
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I. Introduction 

Antennaisoneofthemostimportantcomponent

sofanywirelesssystem.Anantenna is an 

electronic device that transmitsand (or) 

receives electromagnetic waves. Inmost 

cases, it operates as a resonant devicethat 

efficiently operate in a relatively 

narrowfrequency band [1]. For the antenna 

to workefficiently,its frequency mustbe 

tuned tothefrequencybandof 

thecommunicationsystem to which it is 

connected, otherwise,the signal transmission 

will be impaired 

[2].Thereceivingantennaisresponsibleforturn

ing the electrical signal into its 

originalform.In recentyears, 

thedevelopmentincommunicationsystemsnec

essitatestherequirementoflowcost,minimalw

eight,low power, and low profile antennas 

that arecapable of maintaininghigh 

efficiency overa wide band of frequencies 

[3]. A microstrippatch antenna is a single 

layer design that 

inmostcasescontainsfourmainpartsthepatch,t

hegroundplane,thesubstrateinbetween patch 

and ground, and the 

feedingport.Thedesignandconstructionoftheante

nnaareverysimpleusingthe 

conventionalmicrostripfeedlinemethod.Thepatch

canbedesignedinanyshapealthoughinmostcasesre

ctangularandcircularconfigurationsshapesaremor

eprominent][7].Thegroundplanecanbefiniteorinfi

nitedependingonthemodel(transmission line 

model, cavity model, full-wavemodel or method 

of moments)usedfortheanalysisofdimensions[1]–

[8].Relative permittivity (Єr) and height (h) 

arethetwomostimportantcharacteristicsconsidere

dforanyantennatype.Thesubstrate, as well as the 

feeding port, can 

bemicrostripline,coaxialprobe,aperturecoupled 

or proximity coupled Feed [5]–[7].Single 

microstrip patch antenna presents 

theadvantagesoflowcost,lightweight,conformala

ndlowprofile[9].Thedrawbacks are very little 

which are low gain,low directivity, low 

efficiency, and narrowbandwidth[10]. 

II. ANTENNA DESIGN

ANDSIMULATION 

Theantennaarraywasdesignedandsimulatedu

singcomputersimulationtechnology(CST)Stu

dioSuitSoftware.CST is a 3D full-wave 

electromagnetic fieldsimulator; it uses the 

finite element methodtogether with adaptive 

meshing to solve 

thewaveequation.Ifa3Dmodelhasbeenmade,

CSTsetsupthemeshautomatically. 
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TheCSTcomputesS-

parameterscanbecalculated and plotboth the 

near andfar-field radiation. It also computes 

importantparameterssuchasgainandradiation

efficiency. This software was used to 

varythesizesof 

patches,microstripfeedline,andgroundplanet

ocomeupwiththedesiredresults. 

Atransceiver(atransmissionandreceptiondevi

ce)withamicrostripantennatransmitsandrecei

veselectromagneticwaves(wavesof

 electromagnetic radiation).

 Modernwireless  communication

  systems

 usetransceiverstoconvert

 radiofrequencyfieldsintoinducedcurrent

s,andviceversa.Thus, an  antenna is

 a  conduit 

 fortransmittingsignalsfromonepartofthe

electromagneticspectrumtoanother[1].Anten

nasandotherconversiondevicesareseenschem

aticallyinFigure1.1.Whenawaveisconvertedi

ntoacurrent,thearrowsinthisdiagramdepictele

ctricalfieldsthatbecomefreespace. 

 

 

 
Figure1:Anantenna’sstructuralillustratio

nasatransmissiontechnology. 

Antennaperformanceinawirelessenvironment

isdirectly relatedtoantennadesign [2]. There 

are numerous 

applicationsformicrostripantennas.Mobiletel

ecommunicationantennashaveevolvedoverti

metoincludetheantennaasaninternal feature 

of the phone. Mobile 

devicesmusthaveantennasthataresmallandfle

xible in order to accomplish this goal 

[3].Todate,themostcommonlyusedtinymobil

e terminal antenna types have evolvedfrom 

the simple to the more complex to 

theDielectricResonator(DR).“Microstripante

nnas” are available in a wide range 

offormsandsizestomeettheneedsofanumber 

of wireless applications. The mostcommon 

antennas found in cell phones willbe 

discussedinthispartofthe chapter. 

III. LiteratureSurvey 

Antennasareessentialcomponentsinwirelessc

ommunicationsystemsasthey 
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serveastheinterfacebetweenthetransmitter 

and the surrounding medium. Awide range 

of antennas have been 

developedforvariousapplications,includingm

icrostrip antennas, patch antennas, 

dipoleantennas, and many others. In this 

literaturesurvey, we will review some of the 

recentadvancesinantennatechnology,withafo

cusontheirstructuralillustrationasatransmissi

ontechnology. 

 
1) Microstripantennas(MSAs)havebeco

me popular in recentyears dueto their 

low profile, light weight, andeasy 

integration with planar 

circuits.AcompactMSAwithafractal-

shapedradiatingelementwasproposed

byPandeyetal.(2021),whichoffersimp

rovedimpedancebandwidth 

andradiation efficiency.The fractal-

shaped radiating 

elementisdesignedtogeneratemultiple

resonantmodes,whichprovidesadditio

nalbandwidthandimprovesthe 

radiationefficiency. 

 
2) Patchantennasareanothertypeofmicro

strip antennas, which consist 

ofametalpatchmountedonagroundeds

ubstrate.Acircularlypolarizedpatchan

tennawithan 

invertedL-

shapedfeedlinewaspresented by Liu 

et al. (2020), whichoffers wide 

bandwidth and high axialratio. The 

inverted L-shaped 

feedlineprovidesanadditionalresonan

cemode,whichincreasesthebandwidth

oftheantenna.Theproposed antenna 

was also 

fabricatedandmeasuredtovalidateitsp

erformance. 

 
3) Dipole antennas are widely used 

inmanyapplicationsduetotheirsimples

tructureandhighradiationefficiency.A

compactbroadbanddipoleantennawith

amushroom-

shapedgroundplanewasproposedby 

Lee et al. (2021), which offers awide 

impedance bandwidth and 

highradiation efficiency. The 

mushroom-shaped ground plane is 

designed 

toprovideadditionalcapacitance,whic

h compensates for the 

inherentinductance of the dipole, 

resulting ina widerbandwidth. 

Inadditiontothesetypesofantennas,othernovel

antennastructureshavealsobeenproposedrece

ntly.Forexample,acompactdual-

bandantennawithaU-shaped
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slotwasproposedbyFengetal.(2021),whichoffersa

wideimpedancebandwidthandgoodradiationchar

acteristics.TheU-shaped slot is designed to 

provide 

anadditionalresonantmode,whichincreasestheban

dwidthandimproves the

 radiationcharacteris

tics. 

 
4) recentadvancesinantennatechnologyh

aveledtothedevelopmentofvariousno

velantennastructureswithimprovedpe

rformance and functionality. 

Theseadvancements have not only 

enabledthedevelopmentofmoreefficie

ntand reliable wireless 

communicationsystems but have also 

expanded 

therangeofpotentialapplicationsforant

enna technology. 

 
IV. ProposedMethodology 

 
 

PatchAntennasareillustratedinthefollowing 

diagram and comprise of a 

metalpartattachedtoasubstrateandagroundpla

ne. 

 

 

 
(a) 

 

 
(b) 

 
Figure2:Adiagrammatic“microstrippatc

hantenna”:(a)3-

Dimensionalpicture;and(b)Adjacentlook 

The length and width of a Microstrip 

PatchAntennacanbecalculatedusingthefollow

ingformulas: 

1 

 

 

 
 

2 

Where,( )

 isthefreespacewavelengthato

perationfrequency(f). 

 

W=widthofthepatchantenna 

L =lengthofthe patchantenna 
 

=dielectricconstant

ForW/h≥ 1: 
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3 

 

 

4 

 

Where, Zc= characteristics impedance ofthe 

patch antenna, =120π Ω is the 

waveimpedanceinfreespace.Theactualrangeo

f 

parameters for a patch is usually such 

that0.25≤W/h≤2.75;and2.5≤≤ 25. 

Thepatchantennacanbepoweredbycoaxialcab

leormicrostripcable,asillustratedinthefollowi

ngdiagram[2]. 

 

 

 

 

 

 

Figure 3: Techniques of 

feedingMonopoliesAntennas 

 
A “quarter-wave monopole” antenna is 

oneof 

thesimplestandthemostfundamentalphoneant

ennas[4],asillustratedinthefollowingdiagram. 

 

 
Figure 4: ¼ wavelength

 monopoleantenna 

 

Althoughthemonopole'scentreconductsthemo

stcurrent,theantenna'sterminalcasedistributes

significantlymorecurrentsthanthemonopole's

centre[2].Therefore,thefeedpointbetween 

themonopole 

andthemonopolehasaverylowcurrententering

theterminalhousing.Whenaquarter-

wavelengthmonopoleisused,amassiveamount

ofcurrentispumpedintotheterminalhousing. 

 
PlanarInverted-FAntennas(PIFAs) 

 
PIFAs have become increasingly popular 

asantennas for mobile phones because of 

theirlow-

profile,lightweightconstruction,omnidirectio

nalpattern,highradiationefficiency,andeaseof

integrationandmanufacture [2]. PIFAs might 

be seen as astep up from IFAs in this regard. 

Instead ofthe IFA's horizontal radiating 

strip, use a flatplate parallel to the ground 

plane, as showninFigure1.7. 
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5 

 

 

6 

 

 
 

Figure5:DevelopmentofaPIFAfromamon

opoleantenna 

APIFAtypicallyincludesashort-

circuitingplateorpin,afeedingmechanism,and

arectangularplanarcomponent[6]. 

 

 
Figure6:Fundamentalstructure 

 
The monopole's center conducts the 

greatestcurrent,yettheantenna'sterminalcased

istributes substantially more currents thanthe 

monopole's center does. To put it in 

adifferentmanner,thereisrelativelylittlecurren

tflowingthroughthisfeedpointbetweentwooft

hemonopoles.Terminalhousingsaresubjected

totremendouscurrentwhenaquarter-

wavelengthmonopoleisutilized: 

Where, L, W and H are the length, 

widthandheightofthePIFAradiator,respective

ly. Wsis the width of the short-circuitstrip. 

Inthecase ofW= Ws. 

 
 

 

7 

In the case of Ws≈ 0, this means replacingthe 

shorting plate with a shorting pin as astep to 

reduce the size of the antenna and 

theestimatedresonantfrequencycanbedetermi

nedby: 

 
 

 

8 

Antennaperformanceisaffectedbydifferentva

riablessuchastheantenna'simpedance, 

frequency range and 

bandwidth,feedpointpositiononthedielectrics

ubstrate, and the radiator size,shape 

andheight above the ground plane. Below is 

asummaryoftheconsequencesofseveralPIFA 

parameters e.g., device's dimensions,feeding 

position,andshorted pins[7]. 
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Table Error! No text of specified style 

indocument..1ParametersofPIFAandtheir

effects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

UsingPIFAscomeswithseveraladvantages.Be

causeit'ssolittle,unlikeother antennas like the 

rod, whip, or 

helix,thisonemaybeusedwithphonesthatalrea

dyhave cases on them.As a 

secondpoint,theverticalandhorizontalpolariza

tion advantages are enormous. 

Withamovableantenna'sposition,wirelessco

mmunicationscantakeadvantageofawiderang

eofreflectionsfromdifferentcorners of the 

surroundings [6]. Third, 

theSAR(SpecificAbsorptionRate)isdecrease

d,whichincreasesantennaperformanceandred

ucesbackwardradiation.Thenarrow-

bandpropertyofPIFAsisakeylimitation for 

commercialuse 

in wireless

 telecommunicationenvironments. 

V. SIMULATION RESULTS

ANDANALYSES 

 
Theantennaresponseswereplottedusingsigma

plotandthefollowingresultsareobtained. 

 

 

Fig1:TotalEfficiency 

Figure 1 shows the S11 parametric 

responseof the configured antenna of 

different arraydesigns which is the 

frequency response 

oftheantennaatthegivingfrequencyof2.4GHz.

InFigure2theantennaarrayradiationefficiency

isshown.Itindicatedthat antenna 1x1 has the 

highestradiationefficiencythantheother. 

 

Parameters Effect 

Height ControlsBW 

Width Controls impeding 

matching 

Length Determines resonance 

frequency 

Widthofshort strip Effectontheresonance 

andincreasesBW 

Feedposition  from 

shortstrip 

Effectontheresonance 

frequencyandBW 
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Fig.2.RadiatedEfficiency 
 

 

Fig.3.MaximumGain 

 
 

The result in Figure 3 shows the 

maximumgain of the antenna, which 

indicate that 

theantenna1x4hasamaximumgain.Thisimplie

s that it will cover a higher distance 

ofreceiving and transmitting signals 

followedby2x2then1x2andlastly 1x1. 
 

 

Fig.4.E-plane 

Theresultin Figure4shows theE-planeresult 

of the antenna and the antenna radiateonly in 

one direction towards the main lobes(uni-

directional radiationpattern).,TheH-

planeresultoftheanennaisshownandthe 

antennaradiatesintwodirection(inbothtwo 

main lobesthatisbi-directional). 

 

Fig.5.DPolarplot of1X1 array 

 
 

Figure5shows thepolarplotof the1x1antenna 

and it shows 3D plot of the 

radiationpatternofthat1x1antenna. 

 

Fig. 6. D Polar plot of micro strip 1X2 

arrayFigure6shows thepolarplotof 

the1x2antenna. It shows 3D plot of the 

radiationpatternof1x2antennas. 

 

Fig.7.DPolarplot of2X2 array 

Figure 7 shows the polar plot of the 

1x24antennaanditshowsthe3Dplotoftheradiat

ionpatternofthe1x4antenna.
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     CONCLUSIONS 

Inthisproject,wehavedesignedandevaluatedth

eperformanceofmicrostripantenna arrays for 

MIMO applications. Wehaveproposedan 

antennaarray 

consistingofmultiplemicrostripantennaeleme

nts,which are arranged in a regular grid 

patternandfedbyafeednetworktoachieveadesi

red radiation pattern and maximize 

thearraygain.Throughsimulationsusingcomm

ercialelectromagneticsimulationsoftware, we 

have analyzed the performanceof the 

antenna array, including the 

radiationpattern,gain,efficiency,andimpedan

cematching.Wehavealsoinvestigatedtheimpa

ctofmutualcouplingbetweentheantenna 

elements and explored techniques 

tomitigateitseffects.Oursimulationshavesho

wn that the proposed micro strip 

antennaarray can significantly enhance the 

capacityand diversity gain of the MIMO 

system. Thesimulations have also 

demonstrated that 

theproposedantennaarraycanachievehighgain

,lowcross-

polarization,andgoodimpedancematchingcha

racteristics.Inconclusion,thedesignandperfor

manceevaluation of micro strip antenna 

arrays 

forMIMOapplicationsarecrucialforimprovin

gthecapacityandreliabilityofwirelesscommun

icationsystems.The 

proposedantennaarrayhasshownpromisingresults

,andfurtherresearchisrequired to explore its 

potential for practicalapplications. 
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