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1. Abstract : 

Thel workl presentedl inl thisl thesisl channell 

throughl thel developmentl ofl novell microwavel 

structuresl andl techniquesl forl realizingl compactl 

planarl antennasl forl LTE-bandl operation.l Thel 

preliminaryl antennal designsl werel investigatedl 

byl modellingl microwavel patchl antennal andl 

loadingl metamateriall  complementaryl splitl ringl 

structures.l Thel singlel andl dual-bandl resonantl ofl 

thel antennal confirml thel advantagel ofl thel 

metamaterial-basedl antennal forl multi-bandl 

operationl andl compact.l Subsequently,l defectivel 

groundingl techniquel wasl analysedl andl modeledl 

inl thel antennal designl forl obtainingl al narrowl 

andl selectivel frequencyl band. 

Further,l thel designl ofl al miniaturizedl dual-bandl 

planarl antennal forl LTEl applicationl andl thel 

generationl ofl narrowl triplel bandsl usingl thel 

stackingl conceptl ofl dielectricl resonatorl andl 

metamateriall unit-celll werel developed.l Inil theil 

basicil antennail design,il splitil ringil resonatoril 

wasil loadedil inil theil radiatingil planeil ofil theil 

patchil andil frequencyil ofil resonanceil wasil 

furtheril modifiedil withil theil helpil ofil E-shapedil  

 

 

 

stub.il Theil antennail hasil beenil fabricatedil 

usingil FR-4il substrateil andil theil measuredil 

dualil bandsil atil 2.11il GHz,il andil 2.665il GHzil 

areil foundil inil ail closeil matchi l  withi l  thei l  

simulatedi l  data.i l  Byi l  placingi l  ai l  thini l  

dielectrici l  resonatori l  ofi l  permittivityi l  εri l  

=10.2il andil thicknessil ofil 1.27il mm,il theil 

separationil betweenil theil bandsil isil reduced,il 

andil twoil closelyil spacedil narrowil bandsil areil 

obtainedil atil 2.217il GHzil andil 2.28il GHz.il Ail 

novelil metamaterialil unit-cellil havingil near-

zeroil refractiveil indexil isil designedil andil 

mountedil aboveil theil dielectricil resonator.il Thisil 

stackil configurationil generatesil tripleil narrowil 

frequencyil bandil inil theil LTEil 2il GHzil spectrumil 

range.il Theil overallil sizeil ofil theil proposedil 

antennail isil 20il ×il 25il mm2l andl foundl suitablel 

forl narrowbandl communicationl inl thel LTEl 

spectrum. 

Inil theil finalil stage,il ail compactil antennail 

designil withil wideil spectralil frequencyil 

diversityil inil ail wirelessil systemil wasil     

implemented.il Planaril antennail usingil 
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defectiveil groundil andil coarseil frequencyil 

switchingil withil connectedil split-ringil 

resonatoril throughil PINil diodesil areil presented.il 

Theil antennail designil isil basedil onil connectedil 

radialil stubsil whichil formil ail patch.il Slotsil inil 

theil bottomil planeil createil ail corrugation-likeil 

structure.il Thisil resultsil inil theil defectiveil 

ground,il whichil contributesil toil theil localizationil 

ofil electricil fluxil atil theil differentil areasil inil theil 

antennail planeil foril multibandil operation.il Theil 

antennail wasil simulatedil andil fabricatedil onil ail 

1.6il mmil thickil FR-4il substrate.il Theil coarseil 

tuningi l  ofil il theil frequencyi l  bandil isil testedil 

andil comparedil withi l  the simulationil data.il 

Theil measuredil resultsil depictil broadsideil 

radiationil patternil atil differentil frequencyil 

bandsil (likeil 0.96il GHz,il 2.63il GHz,il 3.22il 

GHz)il andil withil ail peakil gainil ofil 3.72il 

dBi.il Theil compactil sizeil (45il ×il 45il mm2)il 

andil diversityil frequencyil resonanceil upil toil 

pentabandil inil theil antennail makesil itil 

suitableil foril LTEil andil WLAN/WiMAXil 

applicationil systems. Froml thel proposedl 

antennal designingl techniquesl andl theirl  

practicall implementation,l itl isl observedl thatl 

modifyingl thel antennal topologyl usingl 

metamaterial,l dielectricl resonator,l defectl 

groundl andl meteringl stubsl isl provenl asl al  

goal-orientedl approachl forl planarl LTEl bandl 

microstripl antennas.                                                                     

 

Introduction : 

Thel planarl antennail hasl alwaysl beenl al 

necessaryl elementl inl thel evolutionl ofl 

sophisticatedl wirelessl communicationl 

systems,l andl itl providesl anl effectivel meansl 

forl free-l spacel communicationl throughl 

electromagneticl waves.l Recentl advancementsl 

inl  thel wirelessl standardsl havel increasedil 

theil demandil foril multibandil antennasl thatl 

canl operatel onl multipleil frequenciesil withil 

desiredl bandwidthi.l Theil needl forl higherl 

bandwidthl orl multiplel narrowbandl resonancesl 

inl thel antennal carterl essentiall functionsl suchl 

asl spectruml sensing,l smartl allocationl ofl datal 

onl multiplel frequencyl channelsl andl selectivel 

communicationl forl variousl applicationsl 

relatedl tol thel industrial,l defence,l andl 

biomedical. 

Keywords: single-feed; circularly polarized 

microstrip patch antenna; periodic structure 

2. Antenna design 

 

Al circularl microstripl patchl antennal andl 

withl al circularlyl periodicl EBGl structurel 

wasl designedl usingl CSTl Microwavel 

Studiol software.l Thel EBGl structurel andl 

thel threel layers,l includingl thel airl layer,l 

werel designedl tol increasel thel gainl ofl 

thel patchl antennal atl itsl operatingl 

frequency,l whichl wasl arbitrarilyl selectedl 

tol bel 3.08GHz.l Fig.l 1l showsl al 

conventionall CPAl forl comparisonl withl 

thel antennasl developedl inl thisl study.l 

Thel radiusl ofl thel patchl wasl 17.5mm,l itsl 

thicknessl wasl 0.508mm,l andl thel 

permittivityl ofl thel substratel wasl 2.5l atl 

3.08GHz.l Thel patchl wasl fedl byl al coaxiall 
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linel 5mml froml itsl center.l Thel returnl lossl 

andl gainl ofl thisl antennal arel shownl inl 

Fig.l 2.l Thel feedl locationl wasl optimizedl 

tol providel goodl impedancel matching.l 

Thel substratel dimensionsl werel 180l ×l 

180l mm.l Thel maximuml gainl ofl thel 

patchl antennal wasl approximatelyl 5dB,l 

andl thel inputl impedancel bandwidthl wasl 

aboutl 22.6MHz,l orl 0.7%l ofl thel 3.08GHzl 

operatingl frequency.l Fig.l 3l showsl thel 

antennal configurationl withl anl airl 

substratel betweenl twol dielectricl 

substrates;l eachl dielectricl substratel isl 

thel samel asl thatl shownl inl Fig.l 1.l Thel 

dielectricl constantsl andl thicknessesl ofl 

thel firstl andl thirdl substratesl werel 2.5l 

andl hdl .l Basedl onl al three-layeredl cavityl 

model. 

 

 

 

 

 

 

 

 

3. Model Validation:  

Thel validityl ofl thel modall approachl forl 

thel designl ofl al patchl antennal withl anl 

EBGl surfacel underneathl isl furtherl 

investigatedl throughl al full-wavel 3-Dl 

numericall simulationl ofl anl EBGl loadedl 
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patchl antenna.l Thel EBGl parametersl usedl 

are:l UCl 10l mml 10l mm,l EBGl patchl 8.5l 

mml 8.5l mm,l viasl radiusl 0.2l mm,l 

substratel thicknessl 1.5748l mml (EBGl 

surfacel inl thel middle),l andl alll dielectricl 

layersl arel FR-4l materials.l Conventionall 

rectangularl microstripl patchl antennasl 

operatel atl thel fundamentall TMl mode.l Asl 

wasl discussedl inl Sectionl II,l thisl alsol 

seemsl tol bel thel casel forl al patchl 

antennal overl anl EBGl substrate,l exceptl 

withl al reducedl wavelengthl asl observedl 

inl thel dispersionl diagram.l Inl thisl section,l 

thel resonantl frequencyl ofl al rectangularl 

patchl antennal onl topl ofl anl EBGl 

(mushroom)l structurel isl investigatedl 

throughl thel usel ofl thel Zelandl IE3Dl full-

wavel solverl (momentl methodl code).l Anl 

open-circuitl microstripl linel atl thel EBGl 

surfacel isl proximity-coupledl tol thel 

radiatingl patch.l Resonantl frequenciesl forl 

al setl ofl squarel radiationl patchl lengthsl 

(10,l 20,l 30,l 40,l 50,l andl 60l mm)l arel 

foundl froml thel returnl lossl dipl underl al 

frequencyl sweep.l Sincel thel fundamentall 

patchl resonantl frequencyl dependsl mostlyl 

onl thel propagationl wavelengthl ofl thel 

substrate,l thel correspondingl linearl 

dimensionl ofl patchl antennal isl closel tol 

half-wavelength.l Bothl thel UCl andl FCS-EMl 

analysesl arel usedl tol producel thel 

antennal resonantl lengthl basedl onl al half-

wavelengthl approximation.l Thel resultsl 

arel shownl inl Fig.l 3.l Thel FCS-EMl analysisl 

isl foundl inl veryl goodl agreementl withl 

thel 3-Dl antennal simulation.l Itl confirmsl 

thel validityl ofl thel half-wavelengthl 

transmissionl linel approachl andl thel 

accuracyl ofl thel modall analysis.l Al 

discrepancyl isl observedl forl thel UC-EMl 

analysisl whenl thel patchl widthl becomesl 

narrowl comparedl tol anl EBGl UCl length. 

Asl anl example,l forl al patchl sizel ofl 10l 

mml 10l mm,l bothl full-wavel 3-Dl 

simulationl andl FCS-EMl modall analysisl 

showl thatl thel patchl resonantl frequencyl 

isl aboutl 2.92l GHzl (wayl intol thel parallel-

platel bandgapl zone),l whilel thel UCl modell 

showsl thatl thel EBGl patchl antennal 

frequencyl isl 2.41l GHzl (forl al wavelengthl 

ofl 20l mm).l Thisl discrepancyl impliesl thatl 

thel UCl parallel-platel Asl anl example,l forl 

al patchl sizel ofl 10l mml 10l mm,l bothl full-

wavel 3-Dl simulationl andl FCS-EMl modall 

analysisl showl thatl thel patchl resonantl 

frequencyl isl aboutl 2.92l GHzl (wayl intol 

thel parallel-platel bandgapl zone),l whilel 

thel UCl modell showsl thatl thel EBGl patchl 

antennal frequencyl isl 2.41l GHzl (forl al 

wavelengthl ofl 20l mm).l Thisl discrepancyl 

impliesl thatl thel UCl parallel-platel . 
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casel ofl al patch),l itsl widthl andl thel 

locationl ofl thel stripl relativel tol thel EBGl 

surfacel profilesl arel insignificantl tol thel 

phasel constantl (patchl antennal length)l 

andl thel UC-EMl cavityl modell worksl welll 

evenl withl anl EBGl surfacel insertion.l Itl isl 

observedl froml Fig.l 4l thatl thel FCS-EMl 

modall analysisl canl alsol bel usedl tol 

designl al half-wavelengthl thinl dipolel 

antennal abovel anl EBGl surface. 

Prototype Of A Patch Antenna Above An 

Ebg Surface 

Al prototypel ofl linear-polarizedl microstripl 

antennal onl al mushroom-likel EBGl substratel 

isl fabricatedl andl tested.l Antennal returnl 

lossl andl radiationl patternl arel investigatedl 

andl comparedl tol thosel ofl al conventionall 

microstripl patchl antenna.l Thel 

configurationl ofl al microstripl antennal withl 

anl EBGl substratel isl depictedl inl Fig.l 8.l Thel 

antennal structurel includesl twol 0.7874-mm-

thickl (31l mil),l 70-mm-long,l andl 85-mm-

widel dielectricl FR4-epoxyl layers,l withl 

parametersl andl lossl tangentl 0.01.l Thel EBGl 

patchl arraysl withl 6l 8l mushroom-likel UCsl 

arel inl thel middlel ofl thel cavity.l Thel 

rectanglel radiationl patchl isl etchedl abovel 

thel topl FR4l substrate,l withl dimensionl 

22.14l mml andl 31.59l mm.l Thel EBGl UCl sizel 

isl 7l mm,l EBGl patchl dimensionl isl 4.5l mml 

4.5l mm,l andl groundingl viasl radiusl 0.2l mm.l 

Dispersionl diagraml obtainedl froml thel 

modall analysisl isl alreadyl shownl inl Fig.l 2.l Itl 

predictsl thatl thel wavelengthl isl aboutl 42l 

mml (l 21l mm)l atl 2.5l GHzl andl servesl asl thel 

initiall design.l Alll thel EBGl planarl texturel 

andl verticall viasl arel designedl andl 

fabricatedl inl thel bottoml FR4l substrate.l Inl 

addition,l al 50l open-circuitedl microstripl 

linel (1.2l mml inl width)l isl alsol printedl onl 

thel samel surfacel asl thel EBGl patches,l andl 

proximity-coupledl tol thel upperl radiationl 

patch.l Twol dielectricl substratel layersl arel 

finallyl laminatedl togetherl byl multilayerl 

PCBl techniquel tol forml al low-profilel planarl 

antenna.l Thel 3-Dl full-wavel IE3Dl simulationl 

isl usedl tol fine-tunel thel patchl length.l Thel 

simulatedl andl measuredl resultsl ofl thel 
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returnl lossl arel givenl inl Fig.l 9.l Al 

conventionall microstripl antennal withl thel 

samel sizel radiationl patchl isl alsol designedl 

andl testedl asl al reference.l Thel simulationl 

predictsl thel resonantl frequencyl atl 3l GHz,l 

whilel thel measurementl showsl thel 

resonancel atl 3.18l GHz,l forl al normall patchl 

antenna.l Inl contrast,l thel resonantl 

frequencyl ofl anl EBGl patchl antennal isl 

predictedl atl 2.48l GHzl byl 3-Dl full-wavel 

IE3Dl simulationsl (withl 2l 2.14l mm)l andl atl 

2.52l GHzl byl measurement.l Bothl thel 

simulationl andl measurementl resultsl showl 

thatl afterl introducingl EBGl patternsl inl thel 

bottoml dielectricl substrate,l thel resonantl 

frequencyl ofl patchl antennal andl thel 

bandwidthl bothl decrease.l Thel 

discrepanciesl betweenl simulationsl andl 

measurementsl arel basicallyl duel tol thel 

tolerancel ofl PCBl fabrication.l Thel decreasel 

inl resonantl frequencyl forl anl EBGl antennal 

isl duel tol thel capacitivel andl inductivel 

loadingsl ofl thel EBGl profilesl underl thel 

patch.l Thel decreasel inl bandwidthl isl 

probablyl duel tol factl thatl thel groundl 

backingl ofl thel patchl antennal isl effectivelyl 

movedl upl tol thel EBGl surfacel andl reducesl 

thel effectivel substratel thickness,l andl thel 

patchl antennal bandwidthl isl roughlyl 

proportionall tol thel substratel thickness.l 

Thel radiationl patternsl ofl anl EBGl patchl 

antennal arel measuredl inl anl anechoicl 

chamberl rooml atl 2.5l GHz.l Bothl simulatedl 

andl measuredl -l andl -planel patternsl arel 

shownl inl Figs.l 10l andl 11,l respectively.l Thel 

mainl beaml directionl atl thel firstl resonantl 

frequencyl 2.5l GHzl isl inl broadsidel directionl 

normall tol antennal surface,l andl thel 

correspondingl antennal gainl isl aboutl 3.75l 

dBi.l Thel backwardl radiationl ofl EBGl patchl 

antennal isl atl aroundl 15l dBi,l whichl isl atl 

aboutl thel samel levell ofl al conventionall 

patchl antenna.l Inl general,l comparisonl 

betweenl simulationl andl measurementl 

showsl veryl goodl agreement.l Thel radiationl 

patternsl forl anl EBGl patchl arel similarl tol 

thosel ofl al normall microstripl patchl antennal 

atl itsl fundamentall mode. 

4. Antenna Geometry 

The geometry of the proposed antenna. It is 

composed of two layers with an air-gap in 

between. A probe-fed circular patch with two 

separated circular slots as a driven patch that 

placed below a stacked layer at distance of hair is 

investigated. The driven patch is designed to 

have a resonant frequency of 2.45 GHz, which its 

dimensions were modified from the design 

presented in Ref. 12. In this case, the antenna 

was designed to realize left-hand circular 

polarization (LHCP). It is etched on an 

inexpensive FR4 substrate with dielectric 

constant of 4.2. A stacked layer consists of 4  4 

square rings joined with diagonal-strips (SQRDS). 

Usually, the conventional.  
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5. Antenna Analysis And Parametric 

Study 

In previous sections, the performance of the CP-

MPA with SPS is presented. To accurately design 

the proposed antenna for practical applications, 

its operating principles should be studied 

carefully. The performance of the proposed 

antenna structure shows greater sensitively to 

variation in some parameters including the height 

of air gap (hair) and array size of SPS. 

First of all, the height (hair) between the driven 

patch and stacked layer is very stringent to 

produce good CP waves for the stacked 

configuration. Since the distance between source 

patch and the SPS is small (k/10), the coupling 

mechanism exists, this configuration is 

categorized as electromagnetically coupled 

technique [13]. The variation of return losses, 

ARs and realized gains are shown in Figure 6. As 

hair increases from 6.5 to 9.0 mm, impedance 

bandwidth becomes narrow with poor matching. 

From the results as shown in Figure 6(a), the 

height of air gap mainly affects the frequency 

corresponding to the lower edge of the 

bandwidth, whereas it has minimal effect on the 

frequency corresponding to the upper edge. 

With increase in the hair, the total height of the 

antenna increases, and the effective dielectric 

constant (eeff) by the SPS reduces its resonant 

frequency. It is also observed that the hair has a 

significant effect on AR bandwidth as observed 

from Figure 6(b). As hair is 8.5 and 9.0 mm, a V-

shaped curve of AR is obtained. For hair ¼ 7.5 and 

8.0 mm, the AR is below the 3-dB yielding a 

bandwidth of 230 and 200 MHz (10 and 9%), 

respectively. This antenna covers the frequency 

band of 2.40–2.48 GHz of the WLAN. When hair 

¼ 7.5 mm, a W-shaped curve of AR is obtained 

which guarantees the maximization of the 3-dB 

AR bandwidth. We achieve the best simulated 

result when hair is 7.5 mm. Therefore, this 

parameter can be used to choose AR bandwidth. 

It is also found that the realized gains are hardly 

affected by the height of air gap as shown in 

Figure 6(c). By increasing hair further, the gain of 

the antenna can be increased from 7.2 to 8.5 dBi 

in operating.  

6. Evolutionl ofl LTEl 

Communicationil Technologyi 

Thel Long-Termil Evolutionil (LTE)l 

technologyl isl al hugel stepl inl 

communicationl technology.l Thel 

continuousl expansionl ofl LTEl intol thel 

upcomingl systemsl isl duel tol thel growingl 

demandl forl high-speedl packetl andl needl 
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forl largel channell capacity.l Thel evolutionl 

ofl LTEl isl illustratedl inl Fig.l 1.1l [1].l Thel 

advancementl inl wirelessil communicationil 

technologyil canil beil categorizedil intoil 

differentil generationsil inil whichil eachil 

precedingil generationil hasil overcomeil 

theil limitationsil ofil theil previous.il Theil 

firstil generationil (1G)il mobileil 

communicationil devicesil consistedil ofil 

analogil systems.il Theil 1Gil technologyil 

supportedil voice-il onlyil servicesil andil 

noil roaming.il Thisil technologyil featuredil 

frequencyil modulationil (FM),il frequencyil 

divisionil duplexingil (FDD),il andil 

Frequencyil divisionil multipleil accessil 

(FDMA)il methods. Mainlyil monopoleil typeil 

antennasil wereil usedil foril single-bandil 

communication.il First-il generationil wirelessil 

systemsil wereil havingil severalil limitationsil 

suchil asil lowil capacity,il inconsistentil voiceil 

quality,il cross-talkil betweenil users,il andil 

bulkyil equipmentil [3].Theil 2Gil systemsil 

wereil mainlyil dependentil onil digitalil signalil 

modulationil toil provideil ail muchil higheril 

bandwidthil capacityil asil wellil asil digitalil 

encryptionil [4].il Theil combinationil ofil 

consistentil voiceil qualityil alongil withil 

relativelyil small-sizedil devicesil attractedil ail 

wideil varietyil ofil applications.il Time-

divisionil multipleil accessil methodsil 

(TDMA)il wasil oneil ofil theil prominentil 

channelil accessil methodsil inil theil 2Gil 

wirelessil systems.il GSMil (Globalil Systemil 

foril Mobile)il andil PDCil (Personalil Digitalil 

Cellular)il wereil someil ofil theil 2Gil standardsil 

basedil onil thisil time-divisionil methodi. 

7. LTEl Frequencyl Bands 
 

LTEl technologyl offersl notl onlyl higherl 

performancel butl alsol reducedl capitall andl 

operatingl costs.l Thel primaryl goall ofl 

LTEl wasl tol evolvel withinl thel existingl 

infrastructure.l Thus,l severall existingl 

frequencyl bandsl ofl differentl wirelessl 

standardsl werel adoptedl forl thel allocationl 

ofl thel LTEil frequencyil band.l Theil LTEil 

spectrumil canil beil splitil intoil twoil mainil 

categoriesil basedil onil theil duplexingil 

methodsl i.ei.,l Frequencyil Divisionil 

Duplexingil (FDD)l il andl Timeil Divisionil 

Duplexingil (TDD).l Inl Tablel 1.1l andil 

Tablel 1.2,l theil allocationl ofl uplinkl andl 

downlinkl frequencyl bandsl arel mentioned. 
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2.1.1 Frequencyl Reconfigurablel Antenna 

Frequencyl reconfigurabilityl allowsl 

manyl differentl antennal designl 

implementationsl usingl stubs,l slots,l andl 

resonators.l Byl usingl activel elementsl likel 

PINl diodel orl varactorl diode,l coarsel tuningl 

orl fine-tuningl ofl frequencyl bandsl isl 

achieved.l Thel PINl  diodel connectsl partl ofl 

thel antennal tol eitherl al resonatorl orl al 

meteringl stub.l Thisl changesl thel totall 

electricall lengthl ofl thel antennal andl properl 

frequencyl diversityl isl obtained.l Onl thel 

otherl hand,l byl usingl  varactorl diode,l thel  

reversel junctionl capacitancel ofl  thel diodel  

contributesl  tol al minorl orl majorl changel inl 

electricalil lengthil ofil theil antennail 

dependingl uponl itsl ipositionl withil respectil 

toil theil feedil pointl S.l Daneshl etil ali.l [i48],l 

reportedl al compactl frequencyi-

reconfigurableil antennail usingl fouril 

resonators,l eachl loadedl withl al dielectricl 

materiall andl PINl diodel wasl connectedl 

betweenl thel twol elements.l Thel antennal 

schematicl isil shownil inil Fig.l 2.13.l Theil 

totall dimensionil ofil thel antennail isil 20×36l 

imm2
l andl fabricatedl usingl al low-lossl 

materiall substratel (Taconic)l ofl relativel  

permittivityl  3.2.l  Thel  dielectricl  

resonatorsl  ofl  dielectricl  constantl  10l  

excited. 

Thel differentl switchingl conditionsl ofl thel PINl 

didoesl resultsl inl fourl differentl resonantl 

frequenciesl atil 1.89l GHzi,l i2.14l iGHz,l i2.53l 

GHz,l iandl 2.77l GHzi,l asil shownil inil Figi.l 

2.14.l Also,l thel partiall groundl planel helpsl inl 

obtainingl anl eight-shapedl radiationl pattern,l 

whichl isl broadsidel inl nature.l Suchl techniquesl 

arel usefull forl designingl al compactl andl 

performancel orientedl antennal forl variousl 

LTEl bandl applications. 

 

 

2.2 Research Gap and Motivation 
 

Theil antennasil foril fourthil generationil (4G)il 

long-termil evolutionil (LTE)il areil underil 

continuousil developmentil foril achievingil ail 

compactil designil withil multipleil frequencyil 

bands.il Inil recentil years,il ail highil datail rateil 

inil LTEil technologyil hasil attractedil manyil 

personalil wirelessil applicationsil foril 

industrialil andil scientificil areas,il especiallyil 

inil theil LTE-Ail bandil (2il GHz)il [52].il Toil 

supportil theil channelil capacityil inil theil 

operatingil frequenciesil ofil LTEil system,il 

electricallyil smallil antennasil areil neededil inil 

theil customeril premisesil equipmentil (CPE)il 

andil handheldil receivers.il Toil meetil theil 

emergingil requirementsil ofil LTEil 

communication,il variousil microwaveil 

techniques,il alongil withil multiple-inputil 

multiple-outputil (MIMO)il modeil areil 
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reported.il I.il Dioumil etil al.il [53],il 

introducedil ail novelil compactil designil ofil 

3Dil inverted-F-antennail (IFA)il withil MIMOil 

foril dual-bandil ofil LTEil 700il andil LTEil 

2.5-2.7il GHz.il Generally,il singleil resonanceil 

isil obtainedil inil suchil designs,il andil moreil 

thanil oneil frequencyil bandil isil generatedil 

withil theil helpil ofil parasiticil elementsil 

[54].il Theil designil ofil theil MIMOil antennail 

withil ail shapedi l  dielectricil resonatoril 

(DR)il solvesil theil problemil ofil achievingil ail 

low-frequencyil bandil ofil LTEil bandil 12il 

andil 17il [55].il Inil suchil ail design,il ail 

coaxialil probeil andil microstripil lineil areil 

employedil simultaneouslyil andil placedil inil 

theil closeil vicinityil ofil theil DRil [56-58].il 

Inil additionil toil this,il differentil shapesil likeil 

C-shapeil [59],il F-shapeil [60],il sectoredil 

conicalil [61]il andil tetraskelionil [62]il areil 

eitheril coupled 

withil theil feedil lineil oril placedil aboveil theil 

slottedil patchil foril widebandil applications.il 

Recently,il dual-bandil antennasil integratedil 

intoil theil lastil stageil ofil theil filteril areil beingil 

proposedil foril LTEil systemsi l  [63,i l  64].i l  

However,i l  ini l  thesei l  filteringi l  antennas,i l  

thei l  insertioni l  lossi l  isi l  higheri l  duei l  toil thei l  

presencei l  ofi l  thei l  filteri l  circuit.i l  X.i l  Y.i l  

Zhangi l  [45]i l  developedi l  ai l  dual-bandi l  

filteringi l  patchil foril MIMOil LTEil inil whichil 

twoil U-shapedil slotsil wereil incorporatedil 

intoil theil patchil andil ail multiil stubil feedil 

lineil wasil usedil toil exciteil resonantil modesil 

foril B39-il andil B38-band.l Anotheril  

concepti l  ofi l  providingil  ai l  separatei l  singleil  

pathi l  toi l  ail  ringi l resonatoril isi l  reportedil byl 

Y.il Zhangil [65],il whereinil goodil isolationil 

betweenil theil antennasil isil achieved.il D.il 

Sarkaril andil coauthoril presentedil ail splitil 

ringil resonatoril (SRR)il loadedil fouril 

invertedil L-monopoleil printedil antennasil 

havingil 4Gil LTEil bandil (3.4-3.6il GHz)il 

withil anil omnidirectionalil radiationil patternil 

andil isolationil (>il 14il dB)il amongstil theil 

radiatorsil [47].il Besidesil theil MIMOil 

configurations,il LTEil tabletil computeril 

antennail andil smartphoneil antennail inil 

PIFAil technologyil areil widelyil utilized.il 

Theil antennail developedi l  byil K.il –L.il 

Wongil andil co-authorsil exploreil variousil 

designsil ofil theil LTEil antennail [66-68].il 

Theseil involveil coupledil fedil striplineil 

antennail withil inductiveil couplingil throughil 

microstripil andil lumpedil elements,il twoil 

antennasil mountedil onil theil edgeil ofil theil 

metalil plate,il andil dualil feedil U-shapedil 

openil slotil antennail atil theil topil andil bottomil 

sideil ofil theil groundil plane.il Theil 

microwaveil techniqueil comprisingil ofil theil 

stackedil dielectricil resonatoril ofil differentil 

permittivityil isil foundil toil improveil theil 

qualityil factoril (Q)il ofil theil antenna,il whichil 

contributesil toil theil narrowbandil 

resonance.il A.il Kil Jyaniil [69]il realizedil 

suchil anil antennail usingil ail coaxialil probeil 

andil twoil oril moreil DR‟s. 
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Conclusion : 

In this work, the rectangular microstrip 

patch antenna is designed using the 

artificial neural network modeling 

procedure. Here synthesis refers to forward 

side and analysis refers to reverse side of 

the problem. Therefore in synthesis 

problem, the geometric dimensions such as 

length and the width of antenna are 

obtained with more accuracy in less time as 

compared to simulation software while 

providing resonant frequency, thickness, 

and dielectric constant at the input side of 

the ANN model. In the analysis problem of 

patch antenna, resonant frequency or both 

upper and lower cutoff frequencies of patch 

antenna are obtained at the output side of 

the ANN model while providing the 

dimensions of patch (W, L) and other 

parameters at the input side of the ANN 

model with much accuracy in less time. 

Now the future work in this work includes 

trying more topologies to obtain more 

compact patch antennas, filters, and many 

other microwave/RF modeling design using 

artificial neural network for different band 

of applications such as ultra-wideband 

(UWB), Global System for Mobile 

communications (GSM), and WiMAX 

applications. 

Thel gainl ofl al CPAl wasl improvedl usingl 

anl EBGl structurel withl anl airl layer.l Thel 

antennal wasl composedl ofl al periodicl 

structurel ofl circularl metallicl ringsl 

aroundl thel circularl microstripl patchl inl 

thel upperl layer,l anl airl layerl inl thel 

middle,l andl al dielectricl substratel onl thel 

bottoml groundl layer.l Thel parametersl ofl 

thel EBGl structurel (spacing,l widthl ofl 

thel EBGl elements,l andl numberl ofl EBGl 

elements)l andl thel thicknessl ofl thel airl 

layerl werel optimizedl usingl CSTl 

Microwavel Studiol tol obtainl thel 

maximuml gain.l Whilel thel EBGl 

structurel reducedl thel surfacel wave,l thel 

gainl enhancementl wasl duel mainlyl tol 

thel couplingl betweenl thel patchl andl thel 

EBGl structure.l Thel airl layerl inl thel 

middlel providedl al substratel withl al 

lowerl effectivel permittivityl andl 

increasedl thicknessl forl thel higherl gainl 

antenna.l Thel experimentall resultsl 

showedl thatl thel gainl ofl CPAEBGl Airl 

layerl wasl 11.9dB,l anl improvementl ofl 

6.5dBl overl thatl ofl thel CPA 
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