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Microwaveandmillimeter-wave(mm-wave)circuitsandsystemshavebeenwidelyemployedinvarious
emergingtechnologiessuchas5Gandbeyondwirelessmobilecommunicationsystems,autonomous
driving,electronicwarfare,andradarsystems.Tobetterunderstandthebenefits,challenges,andop-
portunitiesofthistechnology,furtherstudyisrequired.

TheHandbook of Research on Emerging Designs and Applications for Microwave and Millimeter 
Wave Circuitsdescribesthelatestadvancesinmicrowaveandmm-waveapplicationsandprovidesstate-
of-the-art researchin thedomainofmicrowave,mm-wave,andTHzdevicesandsystems.Covering
keytopicssuchasantennas,circuits,propagation,andenergyharvesting,thismajorreferenceworkis
idealforcomputerscientists,industryprofessionals,researchers,academicians,practitioners,scholars,
instructors,andstudents.
Adescriptionofthechaptersfollows.

Chapter 1: MIMO Hybrid Beamforming Performance 
Assessment in Macrocells and HetNets

Thischapterpresentssolutiontotheproblemofreducingthenumberofradiofrequency(RF)chainsby
partitioningbeamformingoperationsbetweenthedigitalandRFdomains,knownashybridbeamform-
ing(HBF),whilestillachievingthenear-optimalperformanceofthefully-digitalbeamformingsystems
withmuch-reducedhardwarecomplexity.ThisChapterreviewsdifferentHBFtechniquesformassive
MIMOin5Gandradarsystems.ThebasicHBFstructuresandtheiralgorithmdesignispresentedin
thecontextofapoint-to-pointMIMOhybridbeamformingsystem.Then,somerecentlyproposedHBF
techniquesfor5G&beyondnetworksisinvestigated,followedbyadiscussionaboutthebenefitofHBF
inMIMOradarsystems.

Low-complexityhybridbeamformingschemeswereinvestigatedformmWavemacrocellsandHet-
Nets,wherethemacrobasestation,thesmallbasestations,therelaystations,andthemobilestations
areallequippedwithmassivehybridantennaarrays.Formultiusermacrocells,alow-complexityHBF
algorithmbasedonmaximizingtheergodicuplinkcapacityoftheeffectivechannelwaspresented,and
itsperformancewascomparedtothepopularJSDM-basedHBFfordownlinkchannels.Itwasshownthat
bothtechniquescouldachievenear-optimalperformancewithonly4RFchains.Relay-assistedmultiuser
massiveMIMOsystemswerealsoinvestigated.Twotypesofrelaysystemswereconsidered,namely
theclassicalandRIS-basedrelays.TheclassicalrelaystationsweredeployedinHetNetstoassistthe
SBSs-MBSbackhaullinks.Theanalogbeamformerswerebasedoncreatingthebest-fixedmulti-beams
byeigendecompositionoftheuplinkchannels.
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Chapter 2: Metamaterial-Based Electrically Small Antennas 
(ESAs) – A Review of Antennas and Propagation

Sincelastdecademetamaterialbasedelectricallysmallantennas(ESAs)aregainingpopularityinRF
communicationdevicesandsystemsduetotheirappealingfeatures.ThisChapterattemptstopresent
acompendiousandtimelyreviewonmetamaterial-basedESAs.Themetamaterialhasbeenprogres-
sivelyincorporatedindifferentstage-of-arttechniquestodesignmorecompactantennastoagreater
extentkeepingtheirradiationQ-factor,bandwidth,andradiationefficiencyinacceptablelimits.Planar
metamaterialloadinghasshownsimplicity,goodperformance,andmoreflexibilityindesigningESAs
fordifferentRFandmobilecommunicationapplications.Differenttypesofplanarmetamaterialsplit
ringresonatorshavebeenusedtoloadthemicrostrippatchantennas.InthisBookChapter,basicsof
metamaterialandextensivereviewofmetamaterialbasedelectricallysmallantennashavebeenpresented.

Metamaterialsareartificiallyrealizedmaterialsthatpossessesnegativevaluesofmagneticperme-
abilityand/orelectricpermittivityrespectively.Thenegativepermeabilityisachievedthroughsplitring
resonatorsandthinwiresrevealsnegativepermittivity.Thecharacteristicsofmetamaterialisfoundtobe
suitableindifferentapplicationssuchasmicrostrippatchantennas,waveguides,microwavefiltersetc.By
usingmetamaterials,theperformanceparametersofmicrostrippatchantennassuchasgain,bandwidth,
directivitycanbeimproved.Anotherimportantusageofmetamaterialistogeneratethesub-wavelength
resonancesbyminiaturizingthesizeofmicrostripantennas.InthisChapter,anextensiveliteraturereview
onmetamaterial-basedESAispresentedwhichfurnishaninsightvisiontodesignplanarmetamaterial
loadedmicrostripantennasforvariousapplications.IntheESAconfigurationspresentedinthisChapter,
theloadingdistancebetweenantennaandtheresonatorelementvariesthemagneticcouplingtochange
theresonantfrequencyandotherparameters.

Chapter 3: Wavelets in Boundary Integral Equation 
– Applications in Radiation Problems

Wavelettransformsandwaveletbasesarewidelyusedforanalyzingandsolvingproblemsrelatedto
scienceandengineeringtechniques.Thisgrowthismainlyduetospeciðcpropertiesthatresultfrom
decompositionsonwaveletbases.Inthischaptertheelectromagneticmodelingofwireantennasbytwo
differentmethodswaspresented:themethodofmoment’sprocedurematchingpointandthemoments-
waveletsmethod,forsolvingtheintegralequationandmodelingthecharacteristicsofeachstructure.

Thefirstpartofthisworkisdevotedtothemathematicaltoolsnecessaryforsolvingtheintegral
equationbythemethodofmomentsandwavelets.Adetailedreminderonwavelettheory:definition,
multi-resolutionanalysis,differentfamilies,waveletpropertiesanduseofwaveletbasesinthemethod
ofmoments.Inthesecondpart,thedipoleantenna,loopantennaandhelixantennaareexaminedin
ordertodemonstratetheadvantagesofMoM-waveletscomparedtothemethodofmomentswiththe
traditionalbases.Orthogonalwaveletswithcompact supportbasesgivea sparsematrixand reduce
computationtimethanthatobtainedbyconventionalorthogonalbases.Todemonstratetheeffective-
nessandaccuracyoftheproposedtechnique,numericalresultsforerrorrelativefordifferentwavelet
familiesarepresented.Itisfoundthatwaveletswithlargernumberofvanishingmomentsandcompact
supportgenerallygivehigheraccuracy.

ThemethodMoMandwaveletiscomputationallyattractiveandapplicationsaredemonstratedby
threeillustrativeexamplesandpresented,goodaccordancewithothersproposedintheliterature.
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Chapter 4: Compact Printed Antenna With Loaded and Etched 
Bandstop Resonators – Applications in UWB Spectrum

Thisbookchaptermainlyfocusesonbandstopembeddedstructuresusinghalf-wavelengthcircularand
quarterwavelengthopen-endedstraightopenslotsandSplitRingResonators.Simulationandmeasured
resultsofsomepracticalapplicationsintheUWBspectrumreportedintheliteraturearediscussedproving
theirradiationcharacteristicsefficiency.Thisworkwasstartedbypresentingtheresearchresultsdealing
withasystemicdesignofembeddedslotsusedtoinhibitinterferencesintheUWBspectrumwithnarrow
bandsystems.Then,anoverviewofbandstop/bandpassstructuresusingSRRscoupledtoacoplanar
waveguideloadednearthefeedlineandslottedonthepatchantennawaspresented.Systemicdesigns
reportedintheliteraturefollowedbythemainresultsprovingtheefficiencyofthesestructureshave
beenpresentedanddiscussed.Asresults,practicalapplicationinUWBspectrumfollowedbyradiation
characteristicsarepresentedandshowtheirefficiency.Thesestructuresareconsistingofhalf-guided
wavelengthcircularslots,quarter-wavelengthstraightopen-endedslotsetched

ontheradiatingpatchoronthegroundplane.Inadditiontothat,aUWBantennawithswitchable
andtunablebandnotcheswaspresentedbyusingSRR.Indeed,theSRRstructurescanbeloadednear
thetransmissionlineorprintedonbacksideoftheantennaandcoupledtoaCPW.

Chapter 5: Phased Millimeter-Wave Antenna Array for 5G Handled Devices

Thischapterprovidesaninsightviewoffundamentaltheorybehindmicrostripantennaarraydesignand
beamforming.Thus,designandsimulationoflowprofilemicrostripphasedarraysfor5Gapplications
willbediscussed.Itwillbeorganizedasfollows:firstly,the5Gmobilenetworkfrequencyspectrums
willbediscussed,secondlytherecenttrendsanddevelopmentsonthemainusedtechniquesinsystemic
designsoflow-profileantennaarrayswasexplored.Next,fundamentaltheorybehindphasedantenna
array,followedbysomesimulationresults,willbepresented,anddiscussed.Inthischapter,thefunda-
mentaltheoryoftheantennaconceptanddesignwaspresentedfollowedbysomeexamplesofhowto
designanantennaarrayandstateofartofthetheoryofdesignofabeamswitchingantennabasedon
Butlermatrix.

Chapter 6: Microwave and Millimeter-Wave Pyramidal 
Horn Arrays Design Using Analytical Techniques

Thisbookchapterdescribesthedesignandmodelingofhorn-basedphased-arrayantennasusinganalyti-
calapproaches.Phased-arrayantennasareimportantdevicesfor5Gwirelesstechnologiessincetheir
radiationpatternscanbereinforcedinthedesireddirectionandprovidedhighdirectivitywhichcan
besuppressedintheundesireddirectioninordertoovercomelossesduringtransmission,especiallyat
millimeter-wavefrequencies.Inthischapter,analyticalanalysishasbeenusedforsinglehornelement
design.Variousanalyticalformulationsproposedbypreviousresearcherswerecomprehensivelyreviewed.

Thischapterpresentsanalyticalsolutionsforthedesignofmicrowaveandmillimeter-wavephased
arrayhornantennasthatareasimple,fast,andcost-effectivealternativetonumericalsolutions.Before
designingaphasedarray,asingleelementofpyramidalhornneedstobeproperlydesignedusingan
analyticalsolution.Afterthesinglehornelementisdesigned,theelementsarearrangedintheformofan
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arraysothatthedirectionofthebeamformingarraycanbecontrolledbyadjustingthephaseofthefeed
signal.Furthermore,thedirectivityandgainofthearrayareusuallyhigherthanitssingle-elementhorn.

Chapter 7: Reconfigurable Low-Profile Antenna-Based 
Metamaterial for On/Off Body Communications

Thischapterproposesanovelmethodtoreducethespecificabsorptionrate(SAR)ofacompactCPW
antenna.Acombinationofthreeefficienttechniquesisemployedtodevelopadual-bandBowtiemeta-
materialantennawithsaferSARs.Followingthisapproach,inthischapterwewillhavethedescriptionof
anantennadesignwithalow-profilehavingafootprintofonly0.074λ02andlowbackwardradiation.A
compactsizeanddual-bandoperationwereattainedbyloadingtheBowtie-shapedintotheCPWantenna.

Thisbookchapterproposeamicrostripantennastructurebasedonmetamaterialsmeetingtherequire-
mentsofreconfigurabilityandminiaturizationforbodyareacommunications.Tothisend,thechapteris
organizedintothreemaintopics.Thefirstsectiondefinesthereconfigurableantennasandthenfocuses
onthereconfigurableantennaonfrequency.Moreover,thisstudypresentstheantennareconfigurabil-
itytechniquesandacomparisontablethatstatesofeveryapproach.Thesecondintroducedtheconcept
ofWBANantennaswithdesignrequirementsandcriticaldesignissuesofBCWCantennas.Next,the
phantomsusedtomimicthehumanbodytissueandtheSAR,whichevaluatesthehumanbody’santenna
safety,arediscussed.

ThelastsectionproposedthedesignofasmallreconfigurableantennabasedonmetamaterialforON
andOFFbodycommunicationapplications.Next,thePINdiodeisusedasaswitchtoallowfrequency
reconfigurability.Finally,theproposedantennaismountedonahumanbodyphantomtoevaluatethe
antenna’sperformanceinthevicinityofthehumanbodyandstudythesafetyoftheantennaonthehu-
mancorp.Theproposedantennaexhibitsadual-frequencybandcoveragewithgainvaluesof2.73and
4.3dB.TheanalyzedSARvaluesprovethattheantennaissafeforuseinthevicinityofthehumanbody.

Chapter 8: Antenna Array for Reconfigurations

ThischapterdealswithastudyonAntennaArrayforreconfigurations.areconfigurableantennaisan
antennahavingacapabilitytomodifyitspropertiesdynamically,inacontrolledandreversiblemanner
.Theneedformultifunctional,highperformanceandcosteffectivedeviceswithinaconfinedvolume
placeagreaterburdenontoday’stransmittingandreceivingsystems.So,areconfigurableantennais
achievedthroughdeliberatelychangingitsfrequency,polarization,orradiationcharacteristics.Many
techniquesaretoachievethischangebyredistributingantennacurrentsandthusalteringtheelectro-
magneticfieldsoftheantenna’seffectiveaperturetherebyadaptingtochangesinsystemrequirements.
Thisconceptcansignificantlyreducethenumberofcomponents,hardwarecomplexityandcostofthe
systems.Theproposedchapterrepresentsadvancementonmultipurposeantennashavingdifferentap-
plicationsincommunication,broadbanding,detectionetc.

Reconfigurableantennaisveryusefulit’sapplicableinmanyapplicationslikesatellitecommunica-
tion,biomedicalapplications,radarsystems,smartnewgenerationsystemslike5G/6Gandbeyond.
Differenttechniqueslikeelectrical,optical,mechanicalandphysicalmethodshavebeenwidelyusedbut
smartmaterialtechniquesisthemostdesiredtechniquesnowadayinwhichGraphenecomparatively
verynewmaterialasperdesignofantennainterahertzregimeisthemostrequiredwondermaterialfor
reconfigurablearrayantennaandforGHzfrequencyliquidcrystal,metamaterial/metasurfacesevenfor
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terahertzalsoarebeingused.Inalltheoptions,thematerialbasedreconfigurableantennasarethesimplest
oneswithexcellentperformance,whereliquidcrystalisprovedtobesuitablecandidateinmicrowave
frequencyrange,the2DmateriallikegrapheneisprovedtobearealgeminTHzfrequencyrange.

Chapter 9: Millimeter Wave Microstrip Antennas 
for Radar Applications in the Ka-Band

Thepresentchapterstartswithageneraldefinitionofantennasandtheirnecessaryparameters,which
allowtostudyalltypesofantennas.Thisfocusesontheprintedantennawhichiswell-knownbyits
privilegesofmanyapplicationsofRFsystem.Thenextpartdiscussionisaboutthemicrostripantenna
ofthedoublebandinordertogetanantennathatcandobothreceptionandemissionaswellasde-
velopingtheazimuthandangularresolution.Additionally,theresearchintroducesaradarantennathat
effectivelydividesthefeedingpartfromtheradiatingpart,allowingtoenhancethecapabilitiesofthe
radarantenna,andtoavoidspurioussignals.Besides,thecoverageoftheradarsystemisguaranteedby
themechanicalrelationshipoftheantenna.Anotherworkpresentstheuseofelectronicscanninginorder
tobenefitfromtheefficiencyandspeedofcoverage.ThisleadstousetheButlermatrixtoeliminatethe
mechanicalrotations.Ontheotherhand,theincreaseinantennarangeisrelatedtotheincreaseofthe
gain.Amicrostripantennaarrayisdevelopedtoimprovetheangularresolutionthroughwideningthe
bandwidthbyDGS(Defectedgroundstructure)technique.Amongthebiggestproblemsisthesurface
wavesandmutualcouplingthatpresentssignificantchallengestothedesignerbecauseoftheirgradu-
ationoftheantennaperformanceespeciallyintheradarsystem.

Inthischapter,differentexperiencesconcerningthedesignofprintedantennainthemillimeterband
ispresented.Theresearchonmultiplebeamnetworkantennasfeedsgivesusahighconcentrationtouse
fortheradarsystemandalsousesthescanningelectronictechnique.Animportantworkhasbeendone
oninter-elementcouplingandcorrelationeffectsinthemillimeterband.Thatrepresentsanecessary
solutionforallcloseantennasinalloftheirapplications.

Chapter 10: MIMO Radar Systems – Deep Learning vs. Traditional Approaches

ThisChapterconsistsofpresentingtheperformanceofMIMOradarsystemsinaclutteredenvironment
usingbothconventionalandDLtechniques.Unliketraditionalphased-arrayradarsthatneedsuccessive
scanstocovertheentirefieldofview,MIMOradartransmitsorthogonalwaveformsfromeachantenna
elementsimultaneously,allowingtheilluminationofalltargetsatonce.Also,betterdetectionperformance
andahighspatialresolutioncanbeobtainedusingallthecomponentsextractedbythematchedfilters.
MIMOradarsystemscandetecttherange,angle,anddopplerofthetargets,usingtraditionaltechniques
suchastheFastFourierTransform(FFT),theMultipleSignalClassifier(MUSIC),andtheMinimum
VarianceDistortionlessResponse(MVDR).Ontheotherhand,deeplearning(DL)techniqueshave
beenproposedforMIMOradarsystemsasanalternativetotraditionaltechniquesthatarecomputation-
allyexpensiveandverysensitivetocluttersandinterferences.MIMOradarhigh-Resolutionalgorithms
suchasMVDRorMUSICarecomputationallyexpensiveandverysensitivetoarraygeometryerrorand
clutter/interference.Becauseofthis,alternativetechniques,suchasDLtechniques,wereinvestigatedin
thisChapter.Twotechniqueswereproposed:thesupportvectormachine(SVM)andtheSqueezeNet.
TheSVMwasusedtoclassifythetargets,andtheSqueezeNetwasproposedforrange,angle,andspeed
estimationsbytreatingtheseparametersasamultilabelclassificationproblem.Thetrainingofboth
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techniqueswasbasedonthelow-resolution2DFFTrange-angleandrange-Dopplerplots.Itwasshown
that,unlikethehigh-Resolutionalgorithms,bothtechniquesperformwellinthepresenceofclutterand
jammers.Accelerationofradarsignalprocessingandincorporationofhybridbeamformingwasalso
discussedasawaytoincreasetheresolutionandtherefreshrateoftheMIMOradar.

Chapter 11: RFID Technology and Challenges in Designing – 
Miniaturization of Passive TAGs for UHF Applications

ThischapterprovidesasurveyonRadioFrequencyIdentificationtechnology(RFID),especiallypas-
siveRFIDtechnologywhichisveryrecommendedandhighlyusedinindustrialenvironmentduetoits
advantagessuchaslowestcostofmanufacturingandhighreadrange.Thechapterreviewsthehistoric
ofRFIDtechnology,includingfrequencybandsallowed,modeofcommunicationsanddifferenttypes
ofRFIDTAGs.Then,descriptionofthemethodologyofpassiveRFIDTAGdesign,methodsusedto
matchinputimpedanceandminiaturization.Finally,anewcontributioninpassiveRFIDTAGsdesignis
presentedusingminiaturizationmethodssuchasintegrationofsplitringresonatortheoryandmeander
technique.Relatetotechnologicalevolution,theincreasingdemandforlowcost,flexible,reliable,low
powerconsumption,anddurabletechnologies,theRFIDtechnologyisoneofthecomplianttechnologies
forallapplicationsrequirements.

Thisstudyaimstohighlightstwoissuesinthisfieldarematchingimpedanceandminiaturization.A
detailedintroductionaboutRFIDtechnologyandthetheoreticalbackgroundaboutmatchingimpedance
techniquesandminiaturizationmethodsarediscussedinthischapter.Thosetechniquesarecitedinthis
worktodemonstrateastrongpointinreadingrobustnessandminiaturizedsize.

ThreecontributionswerepresentedwhichareconformtoMoroccanstandardUHFband.The1stone
isbasedontheoryofsplitringresonator,itofferssmallsizeouterdiameterof32mmwhichisreduction
of90.7%ofthewavelengthat868MHz.TheproposedRFIDTAGantennaisetchedofFR4substrate
anddemonstratesagoodperformance.The2nddesignisexpandedfrommeandertechnique.Theme-
anderRFIDTAGantennaisprintedonflexiblesubstrateandcanbeusedforapplicationsrequiring
flexibleRFIDantennaswithshriekedlengtharound70mm,whichis79.4%reducedfromthetheorical
wavelengthandanexcellentreadrange.Thelastcontributionisaproofconceptofthecombinationof
thetwotechniquesandtheiradvantagesinminiaturizedsizeandhighperformanceofRFIDTAGat
MoroccanUHFband.

Chapter 12: Design of Compact Planar Filters Miniaturization Challenges

Thefiltersreductioninsizebecomesasignificantdifficultybecauseitfrequentlyhasaconsiderable
impactonthewirelesssystem’soveralldimensions.Thischapter’saimistointroducenewideasthat
havebeenmadetominiaturefilter.Then,avarietyoffilterswhichhavebeencreatedarerevealed.Some
Microstripfiltersareminiaturizedusingcoupledlines,quasilumpedelementsandstubtopology,and
otherstructuresarebasedonresonators.Thestructurespresentedareoptimizedandvalidatedfordif-
ferentfrequencybands.UsingADS,HFSSandCST-MWS,afull-waveelectromagneticanalysishad
beensuccessfulinassessingtheelectricalperformancesofthesuggestedstructures.

Oneofthemostimportantandfundamentalcomponentsofanycommunicationsystem,including
themicrowavesystem,isthefilterstructures.Anycommunicationsystemmustincludefiltersinits
architecture.Thisresearchprovidesanoverviewofthevariousstructuresandtechnologiesusedtoday
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formicrowavefilters,alongwiththeirbenefitsanddrawbacks,inthischapter.Theselectionofatech-
nologyisinfluencedbyanumberofvariables,includingthedemandsforfilterresponse,complexity
andcost,size,powersupplyprocessing,andinsertionlosslevels.Withregardtoplanartechnologies,
thetendencyistowardthecomplexity-drivendownsizingoffilters.Inordertocalculatethecoupling
introducedbythevariousshapesandplacements,electromagneticsimulationshavemostlybeenusedin
thecreationoftheseplanarresonators.Thegoalistoincreasepropagationpropertieswhiledecreasing
theoverallsurfaceareaoccupiedbythefilter.Therefore,thischapterwilldealwithsomecontributions
concerningthedesignofcompactfiltersinplanartechnologyandwilldiscussthedifferenttechniques
andobtainedresults.

Chapter 13: Design of a Waveguide Bandpass Filter for Satellite Applications

Filtersareknownfortheirpossibilityofallowingapplicationstoshareandmakethebestissueofspec-
trumsourceandlimitingtheinterferencesbetweensystemswhileallowingcertainfrequenciestopass
andrejectingothers.Asithasknownanupgrowthinthelastfewdecadesforitssignificantaddition
inmanydistinctmicrowaveapplications,especiallyintheimplementationphaseofRFandmicrowave
filters.Despitethefactthatthistechnologyisnotsuitableforoperationsatlowfrequenciesduetoits
expandeddimensions,alsothatitisnotfittingbyreasonofsize,cost,andflexibility.Inthischapter,a
briefstateofartaboutRFandmicrowavefiltersispresented,consideringthetypes,thecharacteristics
ofthesedevices,andthepresentationofresultsoftwoconceptionsandsimulationsresultsofaband-
passfilterdedicatedforasatelliteapplication,andawaveguidewithresonatorsandtuningscrewsfora
mobilecommunicationapplicationtoshowandpresenttheeffectoftuningscrewsontheresponseof
amicrowavefilter.

Inthiswork,twotypesofdiscontinuitiesaddedtothewaveguidegeometrytooptimizethefrequency
responsewerepresented.Sincefiltersarethekeyissueofallmicrowaveapplicationsitisnecessaryto
improvetheirprincipleofworking.Yetthetuningtaskortheregulationprocessafterfabricationmay
bealittledelicate,thisiswhyitisalwaysdedicatedtoexpertsinthedomain.Especially,sincethistask
istimeandeffort-consuming,consideringmicrowavefiltersanonelinearcomplexsystem.Thisiswhy
manyresearchersorientedtheirworkdevelopintelligenttechniquestocontrolthefrequencyresponse
evenafterthelaststepoffabrication.Forexample,tuningbasedonfuzzylogicisoneofthepowerful
toolsincontrollingcomplexsystems,thiscouldbeeffectuatedbyonlyusingtheexpertiseofmicrowave
expertsasabaseofrules,andduplicationofhumanreasoningintermsoftheserulesiftheformof
IF-Thenrules.

Chapter 14: Survey on RF, Microwave, and Millimeter-Wave Planar 
Passive Components Design Using Analytical Approach

Thischaptercomeupwithacomprehensivereviewofanalyticalanalysisformicrowaveplanarpassive
devices,includingdirectionalcouplers,hybridbranch-linecouplers,phaseshifters,filters,andpower
dividers/combiners.Thepassivedeviceswerefundamentalbuildingcomponentsfordeveloping5Gwire-
lessandIoTsystems.Theperformanceandspecificationsofthedevicesweremainlydeterminedbythe
physicaldimension,size,andstructureofthemicrostriplineonthePCB,inthischapter,theanalytical
analysisfortheplanarpassivedeviceswasmainlyfocusedonwhichthismethodprovidesanexplicit
solutioninthedesignofthedevices.ThepassivedevicescanbeaccuratelymodeledbytheABCDma-
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trix,transmissionlinetheory,steppedimpedancematching,cascadednetworkapproach,andeven-odd
modedecomposition,whichwascapableofprovidinganinitialdesignguide-lineforthedimensionsof
thedevice.Inaddition,thischapterattemptstoprovideaquickguideforthereadertoquicklyandeasily
understandtheprinciplesofpassivecomponents.

Inaddition,thedesignstepsofRF/microwavecircuitsarebrieflyanddetaileddescribed.Besides,a
lotofdesigncoefficientsorfactorsforthoseRF/microwavecircuitshavebeenextractedfromjournals
andlistedtosimplifythecircuitdesignprocess.

Themainpurposeofthischapteristoprovidethereaderwithacomparisonofthesimilaritiesand
differencesofanalyticalsolutionsindifferentpassivecircuitdesigns.

Chapter 15: Design of Efficient VLSI Architecture and Implementation 
of Power Optimized Turbo Decoder for LTE Networks

ThischapterisonthedesignandApplicationSpecificIntegratedCircuit(ASIC)implementationtoopti-
mizeturbodecoderusingstandardcelllibraryofComplementaryMetalOxideSemiconductor(CMOS).
Variousconstraintslikechannelnoise,numberofiterationandframelengthperformanceareanalyzed
andestimatedthroughreferencemodels.RegisterTransferLanguage(RTL)modelforEncoderandDe-
coderaredevelopedsimulatedandsynthesizedbyHardwareDescriptionLanguage(HDL).TheASIC
implementationwithvariousperformanceparameterslikepowerandspeedareconsideredtoevaluate
theproposedalgorithmondecoderblocks.Intheproposedlowpowerturbodecodernoveltechniques
likeclockgatingandadaptable iterationmethodsareused.Thisworkproved theenergyefficiency
througheliminationofunwantediterationandearlystoppingmechanism.Theresultsofproposedwork
arecomparedwithothercompetentresearchanditevidentlyshowsthatpowerdissipationisreducedby
34%withadaptabledataratesforLTEstandardwirelessapplications.
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