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CHAPTER i1 

INTRODUCTION 

 

1.1 INTRODUCTION iON iINVERTER 

 

As ia icontinuous igrowth iof ielectrical ienergy idemand ithroughout ithe iworld, iwe ineed 

iadditional isource iof ienergy iwith iless iharmful ieffect ion ienvironment ilike irenewable 

ienergy iso iwe ineed isome ipower ielectronic idevices ithat iconvert irenewable ienergy 

iinto iuseful ielectrical ienergy ilike iMPPTs, iinverters, icyclo-converters 

ielectrochemical iprocesses, iheating iand ilighting icontrol, iwelding, ireactive ipower 

icompensation, iflexible iAC itransmission isystems, iactive ifilters, ienergy istorage, 

imotor idrives, iand ifor iemergency icondition iwe ialways ineed ibackups ilike ibatteries, 

iultra-capacitor ietc. iwhich iis iDC ipower iin ithe iconversion iof iDC ito iAC ipower, 

iinverters iare imost iwidely iemployed iin ithe imodern iset-up iof ielectric ipower 

igeneration, itransmission, idistribution, iutilization, iand iprotection[32-35]. 

1.2 TYPES iOF iINVERTER 

 

The idifferent itypes iof iinverter iare i 

1.2.1 Two ilevel isquare iwave iinverter, i 

1.2.1 Three ilevel isquare iwave iinverter i(simple iPWM iinverter), i 

1.2.2 Sine iwave iPWM iinverter, i 

1.2.3 Multi-level iinverter. i 

As iincreasing ithe iefficiency iof ithe iinverter ifrom i‘1.2.1’ ito i‘1.2.4’ ithe icomplexity 

iand icost iis ialso iincrease ias ithe ipower icircuit i(H-bridge iinverter) iis ialmost iis 

icommon iin itwo ilevel isquare iwave, ithree ilevels isquare iwave, iand iSine iwave iPWM 

iinverter ibut ithe idifference iin ithe icontrolling imethod imake ithe ioverall isystem 

idifferent ias itwo ilevel isquare iwave iinverter iare ithe isimplest ione iin ithe iinverter 

ifamily ibut iit ican iproduce iapproximately i48.3% iTHD iwhich ireduce iefficiency[38-

40], ithe ilife iof ithe iequipment iand iproduce ibuzzing inoise ias icompare ito ithe iThree 

ilevel isquare iwave iinverter iwhich ireduce iTHD iup ito i30% ibut icomplexity iof 

icontrolling icircuit iis imuch imore ithan ithe itwo ilevel isquare iwave iinverter ibut isine 

iwave iPWM iinverter iuse ihigh ifrequency iswitches imuch imore icomplex icontrolling 

isystem ibut iTHD ireduce ito i20% iwith iinductive ifilter iand ineed ihigh idV/dt iprotection 

ias ifrequency iis iincrease. iIn ithe iabove itopologies ifilters iis ialways irequired, ithe isize 
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iof ifilter iis idirectly iproportional ito ivalue iof iTHD igenerate iin ioutput ivoltage ior 

icurrent. iPassive ifilter iare itwo itypes iInductor, icapacitor ifor ilow ipass ifilter icapacitor 

ishould ibe iconnected iin iparallel ito ioutput ivoltage iand iinductor ishould iconnected iin 

iseries iof icurrent ioutput ibecause icapacitor ishows ihigher iimpedance ifor ilow 

ifrequencies iharmonics iand ibypass ithe ihigh ifrequencies iharmonics ias i𝑋𝐶 ∝ 1/𝑓, 

iwhile ithe iinductor ishows ihigher iimpedance ito ihigh ifrequencies iand ilow iimpedance 

ito ilow ifrequencies ias i𝑋𝐿 ∝ 𝑓. iBut ithe imulti-level iinverter iis icompletely idifferent 

ifrom iabove iinverter ias itheir ipower icircuit ias iwell ias icontrol icircuit iare icompletely 

idifferent iand imore icomplex ithan iabove iinverter, iit irequired ismaller ivalue iof ifilter 

ior isome itime ionly iload iimpedance iis isufficient[41]. 

 

 

Fig. i1.1- iTwo iLevel isquare iwave ioutput iTHD 
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Fig. i1.2- iThree iLevel isquare iwave ioutput iTHD 

 

 

Fig. i1.3- iSine iWave iPWM ioutput icurrent iTHD 
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1.3 INTRODUCTION iON iMULTI-LEVEL iINVERTER 

Recently iexpansions iin ithe ipower ielectronic idevices iprovide ipossibility iof 

idesigning iand iimplementing iof inovel ipower ielectronic iconverters. iVoltage iSource 

iMultilevel iInverter i(MLI) iis ivery isuitable itopology iin ihigh ivoltage irange 

iapplications isuch ias ipower idistribution, imotor idrive isystems, ipower iquality iand 

ipower iconditioning iapplications. 

Motivated iby ithe iimpetus ito ireduce ithe iuse iof ielectrical ienergy iproduced ifrom ifossil 

ifuel iresources iand ithe icontinued iincreased iin ielectric ipowered iequipment, ihas iled 

ito ithe iincreased ideployment iof ialternative ienergy iresources. iA ipower iconverter iis 

ioften irequired ito iensure iits ienergy iis isupplied ito ithe iload iin ithe imost iefficient 

imanner. iA iMLI iis iable ito iproduce ioutput iwaveforms ifeaturing ia imuch ilower 

iharmonic idistortion icompared itoBthe itypical i2 ilevel iconverter. iIn ia iMLI ilower 

idistortion iis iachieved iby ireducing ithe ivoltage istep-size ithat ioccurs iduring ia 

icommutation ievent, isome iadvantages iof imultilevel iinverters ias icompare ito ithe 

ithree-level ivoltage iinverter ican ibe ilisted ias ifollow: iSmaller ioutput ivoltage isteps, 

iharmonic icomponents iare ilower, ioperating ithe iMLI iatBhigh ifrequency, ienables ithe 

ireduction iof ifilter isize, inevertheless, ithisBleads ito ihigher iswitching ilosses ireducing 

ioverall iconverter iefficiency, ielectromagnetic icompatibility iare ibetter iin imultilevel 

iinverters. iAlso, iby iincreasing ithe inumber iof ilevels iin ithe iconverter, ithe ioutput 

ivoltage ihas imore isteps igenerating ia istaircase iwaveform iwhich ireduce ithe iTotal 

iharmonic idistortion. iSome idisadvantages iof imultilevel iconverters iare: inumber iof 

ipower ielectronic iswitches iis iincreased, icontrol ischeme iis icomplex, iand itend ito 

ireduce ithe ioverall ireliability iand istability[10]. 

1.4 TYPES iOF iMULTI-LEVEL iINVERTER 

1.4.1 Diode-clamped imultilevel iinverter i(DCMLI), i 

1.4.2 Flying icapacitor-clamped imultilevel iinverter i(FCMLI), iand i 

1.4.3 Cascaded iH-bridge imultilevel iinverter i(CHB). 

These iare ithe imain ifundamental imultilevel itopologies. iThere iare isome icertain 

idifferences ibetween isingle-DC-source iand imultiple-DC isource iMLI itopologies 

iwhich ilimit ithe iapplication iof imultiple-DC-source iones iin ipower isystems. iSuch 

ilimitations iare idiscussed ibased ion ithe itopology iand iassociated controller iapproach, 

iseparately. iSaying ifrom itopology ipoint iof iview, imultiple-DC-source iinverters ineed 

imore ithan ione iisolated iDC isupplies. iTherefore, ithey iwill inot ibe icost-effective iand 
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ismall isize ibecause ian iisolated iDC isupply iis imade iup iof ia itransformer iand ia idiode 

ibridge, ior iit icould ibe ia ibattery ior iPV ipanel. iConsequently, imultiple-DC-source 

itopologies ihave iat ileast ione imore isupply ithan ia isingle-DC isource ione, iwhich imeans 

iundesired iadditional isize iand icost. iThe imost ipopular iMLI iwith imultiple-DC-source 

iis ithe iCHB, iwhich iis iused iin ivery ihigh-power imotor idrives icurrently. iThe imain 

iadvantages iof iCHB iare ithe imodularity iand iidentical ivoltage irating iof iswitches idue 

ito iusing iequal iDC isources. iMany iother imultiple-DC-source itopologies ihave ibeen 

ipublished ibut ithey isuffer ifrom iunequal ivoltage irating iof iDC isupplies iand iswitches 

iwhich iis ithe imain ireason iof inot igetting iattraction ifrom iindustries. iA ifair 

icomparison ibetween iCHB iand iall ithose imultiple-DC-source iMLIs iconsidering 

iequal ivoltage irating iof icomponents ireveals ithe ifact ithat iCHB iis istill ithe ibest ione 

iwith ioptimum inumber iof icomponents idue ito iits iidentical ivoltage irating iin ieach icell 

iand imodularity. iA imajor iconcern iwith imultiple-DC-source iconfigurations iis ithe 

ipower isharing iamong ifeeders. iAn iunbalanced ipower isharing icauses iundesirable 

ipower ilosses iand imalfunctioning. iConsidering ithe icontrol ialgorithms, ia icascaded 

icontrol iconsisting iof ia icurrent iand ia ivoltage iloop iis irequired ifor imost iof ithe ipower 

iconverters iapplications. iFocusing ion igrid-connected iones, isuch ias iPV isystems, ithe 

iDC ibus ishould ibe ialso iregulated iby iinjecting ithe ivoltage ierror iinto ithe icurrent 

ireference. iSuch ischeme ias ishown iin iFig. i3, irequires inumerous ivoltage iloops iand 

iconsequently ivoltage iPI iregulators ifor imultiple-DC-source itopologies. iMoreover, 

iimplementing ia ipower ibalancing iunit iis iinevitable ito ishare ithe iappropriate iamount 

iof ipower ibetween isources. iAs iwell, iinjecting iall ivoltage ierrors iinto ionly ione isingle 

icurrent ireference icannot iensure iproper idistributing iof ithe iactive ipower iamong iDC 

ilinks ito ikeep ithe icapacitors ivoltages ifixed. iThis iissue ialso iexists iin isingle-DC-

source iinverters iin iwhich ithere iis ino iredundant iswitching istates ito ibalance ithe 

iauxiliary icapacitors ivoltages. iFor iinstance, ithe itwo iDC icapacitors iin iNeutral-Point 

iClamped i(NPC) ican ibe icontrolled iby iredundant iswitching istates ionly iin i3-phase 

iconfiguration; iotherwise, ithey ihave ito iuse iexternal icontrollers ifor isingle iphase 

iapplications. iThe isame iconcern iexists ifor iActive iNeutral-Point iClamped i(ANPC) 

iand iFlying iCapacitors i(FC) iinverters iexcept itheir iauxiliary icapacitors[11-17]. 

As ia iconclusion, ia isingle-DC-source iinverter iis idesired iin iwhich ithe iauxiliary 

capacitors iare icontrolled ithrough iswitching istates iwithout iadding iextra 

ilinear/nonlinear iregulators iand icomplexity ito ithe isystem. iSuch itopology ican ibe 

iinstalled iin iall ipower isystem iapplications iwhere ithe i2-level iones iare ialready 
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ioperating. iTherefore, ithe iinput iDC iside iand ioutput iAC iside ido inot irequire ito ibe 

imodified. iMoreover, ithe icontroller iremains ithe isame isince ionly ia isingle iDC ilink 

ishould ibe iregulated iand ithe ierror isignal igoes iinto ithe ireference icurrent. iHowever, 

ithe imodulation iblock ishould ibe ireplaced iby ia imultilevel iswitching itechnique iwith 

iintegrated ivoltage ibalancing iusing iredundant iswitching istates[18]. 

 

Fig. i1.4- iControlling iScheme ifor in iDC ibuses  
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1.4.1 DIODE iCLAMPED iMULTI-LEVEL iINVERTER i 

This iis ialso iknown ias iNeutral iPoint iclamped i(NPC) iinverter, iin i1981 iNabae, 

iTakahashi, iand iAkagi iproposed ineutral-point iconverter iasBa ithree-level idiode-

clamped iinverter. iIn ilater iyears, ifurther idevelopments iseveral iresearch iarticles 

ipublished iwith iexperimental iresults ifor ifive, iand ihigher ilevel idiode-clamped 

iinverters, iin iparticular iapplicable itowards iSVC ifor ivariable ispeed imotor idrives, 

iand ihigh-voltage isystem iinterconnections iit iconsists iof itwo iparallel ipair iof iseries 

iconnected ifour iswitches i(i.e. iseries iconnected itwo ipair iof iswitches ileg) iin iparallel 

iwith itwo icapacitor iconnected iin iseries ifor idividing iDC ivoltage iinto itwo iequal ipart, 

ithe idiodes iare iconnected iin isuch ia iway ithat ithe icharge iacross ithe icapacitors ishould 

ibe imaintained, ias ishown iin iFig.1.5. iThe imidpoint iof ithe icapacitors itake ias izero 

ipotential i(ground ireference) ithan iupper icapacitor icharge iwith i+
1

2
Vdc iand ilower 

ione iwith i−
1

2
Vdc. iTherefore, ilevels iin ioutput ivoltage iis i−Vdc, i−

1

2
Vdc, i0, i+

1

2
Vdc, iand 

i+Vdc, iIt iis idifficult ito icontrol, ireal ipower iflow iin icase iof isingle iinverter ibecause iit 

irequires ia ivery iprecise imonitoring iand icontrol ifor iintermediate iDC ilevels, iwhich 

itends ito iover icharges ior idischarge. iPractically, imultilevel idiode-clamped iinverter 

ifound iapplication ias ian iinterface ibetween ihigh-voltage idc itransmission iline iand iac 

itransmission iline inumber iof iclamping idiodes irequired. iCapacitors irequirement iis 

iminimized, isince iall ithe iphases ishares ithe isame idc isource. iFor ithis ireasons idiode-

clamped imultilevel iconverters iused ias ia iback-to-back iconverter iand ipractically 

iapplicable ito ihigh-voltage iback-to-back iinter-connection iand iadjustable ispeed 

idrives, iefficiency iis ihigh iwith ifundamental ifrequency iswitching ibut iit iis idifficult ito 

icontrol, ireal ipower iflow iin icase iof isingle iinverter ibecause iit irequires ia ivery iprecise 

imonitoring iand icontrol ifor iintermediate idc ilevels, iwhich itends ito iover icharges ior 

idischarge, ifundamental ifrequency iswitching iwill icause ian iincrement ion ivoltage 

iand icurrent iTHD, iwhile iincreased inumber iof iclamping idiode imakes ithe 

iconfiguration ibulky[19]. i 
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Fig. i1.5- iDiode iClamped iFive-Level iInverter 
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1.4.2 FLYING iCAPACITOR-CLAMPED iMULTILEVEL iINVERTER i 

In i1992 iMeynard, iand iFoch, iproposed ia imultilevel iinverter istructure iwhich iis 

isimilar ito idiode-clamped imultilevel iinverter, idifferences iinstead iof iusing 

iclamping idiodes, ireplaced iby icapacitors. iThis itopology ihas ia istepping istool 

structure iof iDC iside icapacitors. iThe ivoltage ion ievery icapacitor ivaries ifrom ithat iof 

ithe ifollowing icapacitor. iThe ivoltage iincrease ibetween itwo inearby icapacitor ilegs 

igives ithe imeasure iof ithe ivoltage iventures iin ithe iyield iwaveform. iOne ifavorable 

iposition iof ithe iflying icapacitor ibased iinverter iis ithat iit ihas iredundancies ifor iinward 

ivoltage ilevels. iNot iat iall ilike ithe idiode ibraced iinverter, ithe iflying icapacitor iinverter 

idoes inot irequire ithe igreater ipart iof ithe iswitches ithat iare iON i(leading) iin ia 

icontinuous iarrangement. iIn iaddition, ithe iflying icapacitor iinverter ihas istage 

iredundancies, ithough ithe idiode icinched iinverter ihas ijust iline-line iredundancies. 

iThese iredundancies ipermit ia idecision iof icharging iand ireleasing iparticular 

icapacitors iand ican ibe ifused iin ithe icontrol iframework ifor iadjusting ithe ivoltages 

iover ithe idifferent ilevels. iSimilar ito ineutral ipoint iclamped iinverter, ithe icapacitor 

iclamped iinverter irequires ia ilarge inumber iof ibulk icapacitors iof ivoltage iclamping ias 

ishown iin iFig.1.6. iThe ivoltage irating iof ieach icapacitor iused iwill ibe ithe isame ias ithat 

iof ithe imain ipower iswitch, itherefore, ian iN-level iconverter iwill irequire ia itotal iof I      

(N i- i1)(N i- i2) i/2 iclamping icapacitors iper iphase ileg iin iaddition ito i(N i- i1) imain iDC-

bus icapacitors. iThe imail ifeature iis ito iprovide iswitch icombination iredundancy ifor 

ibalancing idifferent ivoltage ilevels. iReal iand ireactive ipower iflow ican ibe icontrolled. 

iThe ilarge inumber iof icapacitors ienables ithe iinverter ito iride ithrough ishort iduration 

ioutages iand ideep ivoltage isags, ibut icontrol iis icomplicated ito itrack ithe ivoltage 

ilevels iof iall ithe icapacitors, ipre-charging iof iall ithe icapacitors ito ithe isame ivoltage 

ilevel iand istartup iare icomplex, iswitching iutilization iand iefficiency iare ipoor ifor ireal 

ipower itransmission, iand ithe ilarge inumbers iof icapacitors iare iboth imore iexpensive 

iand ibulky ithan iclamping idiodes iin imultilevel idiode iclamped iconverters[20]. 
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Fig. i1.6- iFlying iCapacitor-Clamped iFive ilevel iInverter 
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1.4.3 CASCADED iH-BRIDGE iMULTILEVEL iINVERTER i 

To isynthesize ia imultilevel iwaveform, ithe iAC ioutput iof ieach iof ithe idifferent ilevel 

iH-bridge icells iare iconnected iin iseries. iThe icascaded ivoltage iwaveform iis ithe isum 

iof ithe iinverter ioutputs. iA isingle-phase iconfiguration iof ia i5-level iH-bridge 

icascaded iinverter iis idepicted iin iFig. i5. iEach iseparate idc isource iis iconnected ito ia 

isingle-phase ifull-bridge/or iH-bridge, iinverter. iEach iinverter ican igenerate ithree 

idifferent ivoltage ilevel ioutputs, i+Vdc, i0, iand i–Vdc iby iconnecting ithe idc isource ito ithe 

iac ioutput iby idifferent icombinations iof ithe ifour iswitches, iS1, iS2, iS3, iand iS4. iTo 

iobtain ivoltage ilevel i+Vdc, iswitches iS11, iS21 iand iS14 iturned ion, iwhereas ifor 

ivoltage ilevel i–Vdc iswitches iS12, iS22 iand iS13 iturned ion. iSimilarly, ifor i+2Vdc, 

iswitches iS11 iand iS24 iturned ion, iwhereas ifor ivoltage ilevel i–2Vdc iswitches iS12 iand 

iS23 iturned ion. iZero ilevel ivoltage ican iobtained iby iturning ion iswitches iS1 iand iS2 ior 

iS3, iand iS4. iAC ioutputs iof ieach isynthesized idifferent ifull-bridge iinverter ilevels iare 

iconnected iin iseries ifor isumming iup ito igenerate imultilevel ivoltage iwaveform. iThe 

inumber iof ioutput isingle iphase ivoltage in-levels iin ia icascade iinverter idefined iby 

i𝑛 𝑖 =  𝑖2 ∗ 𝑠 + 1, iwhere i′𝑠′ iis ithe inumber iof iseparate idc isources. iAs iexample iphase 

ivoltage iwaveform ifor in-level icascaded iH-bridge iinverter iwith i(n-1)/2 iseparate idc 

isources iand i(n-1)/2 ifull ibridges. iAs imentioned iin ihigh ivoltage iapplications ithe 

icascaded iH-bridge i(CHB) itopology iis ia igood ichoice ibecause ithis iconverter iis ithe 

imodular iand ithe icontrol iof iit iis ieasy. iBut inumber iof irequired iseparated ivoltage 

isources ito isupply ieach icell iis ihigh [21-25]. 
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Fig. i1.7- iFive iLevel iCascaded iH-Bridge iInverter 
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CHAPTER a2 

LITERATURE aREVIEW 

2.1  aINTRODUCTION aON aNEW aMLI aTOPOLOGIES 

As adiscussed apreviously, awith athe aemergence aof aMLIs, athe aso-called aclassical 

atopologies aattracted amaximum aattention aboth afrom aacademia aand aindustry. aStill, ano 

aspecific atopology acan abe asaid ato abe aabsolutely aadvantageous, abecause amultilevel 

asolutions aare aheavily adependent aon aapplication aand acost aconsiderations. aA agiven 

atopology acan abe avery awell aadapted ain asome acases aand atotally aunsuitable ain aothers. 

aTherefore, athe aoptimal asolution ais aoften arecommended aon aa acase-by-case abasis. 

aHence, aalong awith athe aclassical atopologies, aresearchers acontinued a(and astill acontinue) 

ato aevolve anewer atopologies awith aan aapplication-oriented aapproach. aSome aof athese 

acontributions aare abriefly asummarized abelow. aThe aaim ais ato aenable athe areader ato 

aappreciate athat atopological ainnovations aare ataking aplace ain anumerous aways aand 

acontinue ato abe aa ahot atrend. 

Agelidis-et-al. a[37] apresented aa asingle-phase avoltage-source aMLI atopology afor 

aphotovoltaic aapplications, awhich autilizes aa acombination aof aunidirectional aand 

abidirectional aswitches aof adifferent aratings aalong awith athe ause aof aa aphase aopposition 

acarrier adisposition amulticarrier apulse-width amodulation a(PWM) aswitching atechnique. 

A ahybrid aMLI abased aon aCHB atopology ais apresented afor aa a500-HP, a4.5-kV 

ainduction amotor adrive awith ainvestigations ainto adesign aoptimization, acapacitor avoltage 

abalancing, aand aharmonic aprofile aof athe aoutput awaveform aby aManjrekar aand aLipo 

a[38]. 

Xiaoming aand aBarbi a[39] apresented aa amodified adiode-clamped atopology ato asolve 

athe aproblem aof aseries-connected adiodes ain aa aclassical adiode-clamped ainverter. aIn athis 

astructure, aapart afrom athe aclamping aof athe amain aswitches awith aclamping adiodes, athere 

ais amutual aclamping aamongst athe aclamping adiodes. 

A ageneralized aMLI awas aproposed aby aF.Z. aPeng a[40] awith athe aprimary aobjective 

aof aself-voltage-balancing, aa acapability awhich athe aclassical ainverters ado anot ahave. 

aAlthough athis atopology aneeds amany aclamping aswitches, adiodes, aand acapacitors, ait 

apresents aa alarge anumber aof aredundant astates aand anew atopologies athat acan abe afurther 

aderived afrom ait. 
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Cheng aand aCrow a[41] ahave aemployed aan aadditional acircuitry aintegrated awith athe 

adiode-clamped atopology afor aimplementing aa astatic acompensator awith aa abattery 

aenergy astorage asystem a(STATCOM/BESS). aThis aadditional acircuitry ahelps ain 

aeffective abalancing aof athe aDC alink acapacitors. 

A atopology ais aproposed aby aMariethoz aand aRufer a[42] aby aseries acombination aof aa 

athree-phase asix-switch avoltage asource ainverter awith asingle-phase aHbridges aresulting 

ain abetter awaveform aresolution aand aimproved aefficiency. aThis aapproach areduces athe 

anumber aof aDC—DC aconverters asupplying athe acells aof areversible amultilevel 

aconverters. 

A atopology ais aproposed aby aVeenstra aand aRufer a[43] ain awhich aa athree aphase athree-

level aintegrated agate-commutated athyristors ainverter a(as athe amain ainverter) ais 

aconnected ain aseries awith aa atwo-level aIGBT aH-bridge a(as athe asub ainverter). 

aAsymmetric asource aconfiguration ais aused ato aobtain aa anine-level awaveform afor 

amedium-voltage adrive aapplications. 

To aobtain aa amultilevel avoltage awaveform ain athe aevent aof apartial afailure(s) ain athe 

apower acircuit, aa afault-tolerant atopology awas aproposed aby aChen aet aal. a[44], awhich 

amaintains athe anumber aof alevels ain athe aoutput avoltage awaveform awith apost-fault 

amodification ain athe acontrol asignal, aalong awith aredundancy aoffered aby amulti aswitching 

astates. 

Chen aand aHe a[45] ahave aproposed aa aconcept aof ausing aa amix aof aclamping adiodes, 

apower aswitches, aand acapacitors afor aa amultilevel atopology awith aself-voltage-balancing 

aof athe aDC alink acapacitors afor areal aand areactive apower adelivery. 

To areduce athe anumber aof acapacitors afor aa agiven anumber aof alevels, aan aapproach 

ausing apartial acharging aof acapacitors awas apresented aby aChan aand aChau a[46] aby ameans 

aof aa anew atopology awhich aalso aenables avoltage aboosting. 

For athe agrid aconnection aof atwo aisolated aphotovoltaic agenerators awith amedium aand 

ahigh apower aranges, aa atopology awas aproposed aby aGrandi aet aal. a[47] ausing aa adual atwo-

level avoltage asource ainverter aso aas ato aobtain aa amultilevel awaveform. aThe aapproach 

areduces agrid acurrent aharmonics. 

Lezana aet aal. a[48] ahave aproposed aan aenhancement ain athe aclassical aCHB 

atopology awith aan aactive afront aend awith athe aobjective aof aa abetter aregenerative amode aof 

aoperation afor aloads awhich ademand aregenerative acapability a(such aas alaminators aand 

adownhill aconveyors). aThis awork ademonstrates aeffective acontrol aof athe ainput acurrent 

aand aoutput avoltage awaveforms. 
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For astandalone aapplications arequiring aa afew akilowatts aof apower awith aa asingle 

abattery astorage, aa atopological asolution ahas abeen apresented aby aDaher aet aal. a[49] awith 

aan aMLI awhich auses aa amulti-winding atransformer awith aappropriate aturn aratios aand aan 

aarray aof abidirectional apower aswitches. 

A adiode-clamped abased astructure awith aa alower anumber aof aactive adevices awas 

aproposed aby aGonzalez aet aal. a[50] ato aeliminate athe atransformer afrom agrid aconnected 

aphotovoltaic apower ageneration. aVery ainterestingly, athis atopology asimultaneously 

aaddresses aconsequent aissues asuch aas agalvanic aisolation asafety arequirements, aleakage 

acurrents, aand ainjection aof aDC ainto athe agrid. 

For aa atransformer aless amultilevel astructure, aa atopology awas apresented aby aWang aet 

aal. a[51], awith afloating acapacitors aforming aseries-connected aindependent acells awith aa 

alarge anumber aof aredundant astates aso aas ato aachieve aactive avoltage abalancing awithout 

aany aauxiliary acircuits. 

Du-et-al. a[52] ahave ashown aimplementation aof aa acascaded amultilevel aboost 

ainverter afor aelectric avehicle aand ahybrid aelectric avehicle aapplications awithout athe ause 

aof ainductors. 

Ewanchuk-et-al. a[53] ahave aproposed aincorporation aof acoupled areactors ain aeach 

aleg aof athe aNPC atopology, afor alow-voltage ahigh-speed amotor aapplications, aoffering aan 

aincreased anumber aof aoutput avoltage alevels, ahigher afrequency awaveforms, areduced 

adead-time aeffects, aand aa asignificant areduction ain aharmonics. 

On athe abasis aof athe aabove aglimpse ainto athe aevolution aof atopologies, ait acan abe aseen 

athat, aapart afrom aexclusive aand aextensive astudies ainto avarious aaspects aof athe aclassical 

atopologies, aresearchers acontinue ato acontribute atowards anew amultilevel astructures afor 

adifferent aapplications. aMoreover, awith athe agrowing arealization aof athe aadvantages aand 

aviability aof aMLIs, athey aare aalso abeing aemployed ain alow-power aapplications a[54—

57]. aHence, aMLIs aare areceiving amuch amore aand awider aattention, aboth ain aterms aof 

atopologies aand acontrol aschemes. aAs adiscussed apreviously, amultilevel atopologies ahave 

aan aimportant alimitation: athey aneed aa alarge anumber aof apower asemiconductor aswitches, 

awhich aincreases athe acost aand acontrol acomplexity aand atends ato areduce atheir aoverall 

areliability aand aefficiency. aAlthough alow-voltage-rated aswitches acan abe autilized ain aa 

amultilevel aconverter, aeach aswitch arequires aa agate adriver aand aprotection acircuit. aThis 

amakes athe aoverall asystem amore aexpensive aand acomplex. aConsequently, afor athe alast 

afew ayears, aefforts ahave abeen adirected ato areducing athe adevice acount ain aMLIs a[58-76]. 

aThe afocus aof athis achapter ais aon amultilevel atopologies awith aa areduction ain athe anumber 
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aof asemiconductor adevices. aIn athe anext asection, aa areview aof atopologies ais apresented, 

aintroduced aby atheir arespective aauthors, awith athe asole aobjective aof areducing athe 

acomponent acount. 

 

2.2 MLI aTOPOLOGIES aWITH aREDUCED aDEVICE aCOUNT 

For athe apast afew ayears, amany aresearchers ahave abeen aworking aon aMLI atopologies 

awith aa asignificant areduction ain acomponent acount aas acompared ato athe aclassical 

atopologies. aJudging aa atopology awithout athe aconsideration aof athe aspecific aapplication 

ais anot aonly adifficult, abut aalso afutile aand aunjustified. aOften ait acan abe aseen athat, awhile aa 

atopology ais anear-perfect afor aone aapplication, ait ais auseless afor aanother. aStill, ain athe 

acontext aof athis abook, athe ageneral acriteria afor aan aoverall aassessment aof aa atopology 

ainclude: 

1. The anumber aof apower aswitches aused; 

2. The atotal ablocking avoltage aof athe aconverter a(which adepends aon athe anumber aof 

a power aswitches aand atheir arespective avoltage aratings); 

3. The aoptimal acontrollability aof athe atopology a(in aterms aof apossibility aof acharge 

balance control aand aswitching aof athe adifferently arated aswitches); aand 

4. Possibility aof aemploying aasymmetric asources/capacitor avoltage aratios. 

While aParameters a(1) aand a(2) adirectly ainfluence athe areliability aof athe ainverter, 

aefficiency ais ainfluenced aby aParameters a(1), a(2), aand a(3) aand aapplication, aperformance 

aand acontrol acomplexity aare agoverned aby aParameter a(3). aThe anumber aof aredundant 

astates aand aconsequently athe aprogrammability aof afault-tolerant aoperation ais adirectly 

ainfluenced aby a(1) aand a(4). aBased aon athese aparameters, atopologies awith areduced 

acomponent acounts aare adiscussed ain athis asection.  
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2.3.1 CASCADED aHALF-BRIDGE-BASED aMULTILEVEL aDC aLINK 

aINVERTER 

Gui-Jia a[12-15] aintroduced aa anew aclass aof aMLIs abased aon aa amultilevel aDC a

link a(MLDCL) aand aa abridge ainverter ato areduce athe adevice acount. aAn aMLDCL, 

aas ashown ain aFig. a2.1, ahas acascaded ahalf-bridge acells awith aeach acell ahaving aits 

aown aDC asource. aA amultilevel avoltage-source ainverter acan abe aformed aby 

aconnecting aone aof athe aMLDCLs awith aa asingle-phase abridge ainverter. aThe a

MLDCL, awhich ais acomprised aof asources aVDC,J a{j a= a1-3} aand apower aswitches 

aSj a{j a= a1-6}, agenerates aa astepped awaveform awith aone apolarity, awith aor 

awithout aPWM, ato athe abridge ainverter, acomprised aof aswitches aQj a{j a= a1-4}, 

awhich ain aturn aalternates athe apolarity ato aproduce aan aalternating avoltage. aFor aan 

aincreased anumber aof alevels aat athe aoutput, athe aMLDCL ainverter acan 

asignificantly areduce athe aswitch acount aas awell aas athe anumber aof agate adrivers aas 

acompared ato athe aCHB atopology a[58]. aIt acan abe aobserved athat, ato aobtain aa 

agiven alevel, athree aswitches aconduct asimultaneously ain athe aMLDCL apart aand 

atwo aswitches aconduct ain athe aH-bridge apart a(Switches aQ1 aand aQ4 afor athe 

apositive ahalf acycle, aQ2 aand aQ3 afor athe anegative ahalf acycle, aand aQ1 aand aQ3 aor 

aQ2 aand aQ4 afor azero alevel). aIt acan abe aobserved afrom athe atopology athat aeach 

apower aswitch aof athe aH-bridge apart amust ahave aa aminimum avoltage-blocking 

acapability aequal ato athe asum aof athe ainput avoltage avalues. aThus, athese aswitches 

aare arated ahigher acompared ato athe aswitches ain athe aMLDCL apart. aHowever, 

asince athe azero alevel acan abe asynthesized ausing aswitches aof athe aMLDCL apart, 

athe ahigher-rated aswitches aQj a{j a= a1—4} acan abe aoperated aat afundamental 

aswitching afrequency. 

For aa asymmetric asource aconfiguration awith aVDC,1 a= aVDC,2 a= aVDC,3 a= aVDC, ait 

acan abe aseen athat athe aswitches aSj a{j a= a1-6} aneed ato ablock aa avoltage aof aVDC aand 

aneed ato aconduct aa acurrent aequal ato athe aload acurrent. aSwitches aQj a{j a= a1-4} 

aneed ato ablock aa avoltage aequal ato a3VDC aand aconduct aa acurrent aequal ato athe 

aload acurrent. aVoltage alevels aVDC, a2VDC, aand a3VDC acan abe asynthesized 

acombining aall athe ainput asources ain agroups aof aone, atwo, aand athree, 

arespectively, aequal aload asharing aamongst athem ais apossible. aThese 

aredundancies aalso aprovide aflexibility ain avoltage abalancing awhen acapacitors 

aare aused. 
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Regarding aasymmetric asource aconfigurations ain aMLDCL atopology, ano 

aanalysis ais aoffered ain aReferences a[18,19]. aSince asubtractive acombinations aof 

athe ainput aDC alevels acannot abe asynthesized, athe atrinary asource aconfiguration a

  (i.e., aVDC, aj a= a3j-l* aVDC) acannot abe aemployed afor athis atopology. 

aA abinary acombination awith aVDC,1 a= aVDC, aVDC,2 a=2VDC aand aVDC,3 a= a4VDC ais 

apossible asince athe avoltage alevels aVDC, a2VDC, a3VDC, a4VDC, a5VDC, a6VDC, aand 

a7VDC acan abe asynthesized. 

 

 

Fig. a2.1- aMulti aLevel aDC alink aInverter  
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2.3.2 T-TYPE aINVERTER 

Gerardo aCeglia aet aal. a[20,22] ahave apresented aa anew aMLI atopology, anamed athe 

aT-type ainverter, acomprising aan aH-bridge aoutput astage aand abidirectional 

aauxiliary aswitches. aIt aoffers aa asignificant areduction ain athe anumber aof apower 

adevices aas acompared ato aconventional atopologies. aA asingle-phase astructure 

awith afour ainput avoltage asources, anamely, aVDC,1, aVDC,2, aVDC,3, aand aVDC,4, aas 

ashown ain aFig. a2.2. aIt acomprises athree aswitches aSj{j=1-3} awhich aare 

abidirectional-blocking-bidirectional-conducting, awhile afour aswitches aQj{j=1-

4} aare aunidirectional-blocking-bidirectional-conducting. a 

Thus, athis atopology ainadvertently arequires aa amix aof aunidirectional aand 

abidirectional apower aswitches. aIt acan abe aseen athat athe ainput aDC avalues aare 

arequired ato abe asymmetric, ai.e., aVDC,1 a= aVDC,2 a= aVDC,3 a= aVDC,4 a= aVDC. aThis ais 

abecause anot aall acombinations aof ainput avoltage alevels acan abe asynthesized aat 

athe aload aterminals. aIn amost acases, aeither aa apositive aor anegative acombination 

acan abe asynthesized, abut anot aboth. 

For aexample, awhile aa avoltage alevel a-VDC,4 acan abe asynthesized aat athe aload 

aterminals, athe alevel a+ aVDC,4 acannot abe asynthesized. aThus, ait ais aessential athat 

athe ainput asources aare asymmetric. aAlso, alack aof asufficient aredundancies agoes 

aagainst aeffective avoltage abalancing. aIt acan abe aalso aobserved athat aequal aload 

asharing aamongst athe ainput avoltage asources ais anot apossible aas athe anumber aof 

avalid astates ais avery alimited. aFor aa agiven astate, aonly atwo aswitches aconduct 

asimultaneously. aThe abidirectional aswitches aare avoltage arated aat adifferent 

avalues. aWhile aS3 ashould abe aminimally arated aat a3VDC, aS2 aand aSl ashould abe 

arated aat a2VDC aeach. aThe aH-bridge aswitches amust aeach ahave aminimum 

ablocking acapability aof a4VDC. aThese ahigher avoltage aswitches, ahowever, acan abe 

aoperated awith afundamental aswitching afrequency. 
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Fig. a2.2- aA aT-Type ainverter awith afour ainput asources  
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2.3.2 SWITCHED aSERIES/PARALLEL aSOURCES—BASED aMLI 

Hinago aand aKoizumi a[23,24] ahave aproposed aan aMLI atopology 

aconsisting aof aan aH-bridge aand aDC asources awhich acan abe aswitched ain aseries 

aand ain aparallel. aThe atopology areduces athe anumber aof agate adriver acircuits, 

athereby areducing athe asize aand apower aconsumption. aThe atopology asynthesizes 

athe asame anumber aof aoutput alevels awith aa alower anumber aof apower aswitches aas 

acompared ato aa aCHB atopology. aAn aimportant asuggested aapplication ais afor 

aelectric avehicular aapplications awhere aa asingle abattery acomposed aof aa anumber 

aof aseries aconnected abattery acells ais aavailable, awhich acan abe arearranged ausing 

athe aswitched asources atopology, ahence areducing athe arequirement afor aswitching 

adevices. aMore aimportantly, athe apossibility aof acombining atwo aor amore asources 

ain aseries aand aparallel agives aenough aflexibility afor ameeting avoltage/power 

arequirements ain athe avehicle adrive asystem. 

A aSwitched aSeries-Parallel aSources aMLI awith athree ainput aDC asources 

ais ashown ain aFig. a2.3. aIt aconsists aof atwo aparts: athe aswitched asources apart awhich 

asynthesizes aa abus avoltage Vbus a(t) aand athe aH-bridge apart awhich asynthesizes 

apositive aand anegative acycles aof avoltage a(t) ato afeed aan aAC aload. aThree asources, 

anamely, aVDC,1, aVDC,2, aand aVDC,3 aand apower aswitches aSj{j a= a1-6} aconstitute 

athe aswitched asources apart. aPower aswitches aQj{j a= a1-4} aconstitute athe aH-

bridge apart. aFor aa asymmetric asource aconfiguration, ai.e., aVDC,1 a= aVDC,2 a= aVDC,3 

a= VDC, athat avoltage alevels aVDC aand a2VDC acan abe asynthesize awith athree astates 

aeach, awhile aone astate ais aavailable afor avoltage alevel a3VDC. aMoreover, athe 

avoltage astress aexperienced aby athe aswitches aSj a{j a= a1-6} awould aeach abe aequal 

ato aVDC. aAn aimportant alimitation aof athis atopology ais athat athe aswitches aQj{j a= 

a1-4} aneed ato ahave aa aminimum ablocking acapability aof asummation aof avoltages 

aof aall avoltage asources. aThus, afor athe asymmetric asource aconfiguration awith 

athree asources, athe aH-bridge aswitches ashould apossess aa avoltage-blocking 

acapability aof a3VDC. aAnother aimportant alimitation ais athat athese aswitches awith 

ahigher ablocking acapability acannot abe aoperated aat afundamental aswitching 

afrequencies abecause athe azero avoltage alevel ais anot asynthesized aby athe aswitched 

asources apart. aIt acan aalso abe ainferred afrom athe atable athat, awith ainput asources aof 

aequal avoltages, aequal aload asharing aamongst athem ais apossible aas athe asources 

acan abe acombined ain aall aadditive aconfigurations. aVarious acombinations acan abe 
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autilized ain adifferent acycles aso aas ato aequate athe aaverage acurrent afrom aeach 

asource, athereby aequalizing athe aaverage apower aamongst athe asources. a 

Although athe atopology aenables athe asynthesis aof aall aadditive 

acombinations aof athe ainput asources, asubtractive acombinations aare anot apossible. 

aHence, atrinary asource aconfiguration ais anot apossible afor athis atopology. aBinary 

asource aconfiguration ais, ahowever, apossible aso aas ato amaximize athe anumber aof 

alevels ain athe aoutput awaveform. aFor aexample, ain aFig. a2.3 afor aVDC,1 a= aVDC, 

aVDC,2 a= a2VDC, aand aVDC,3 a= a4VDC, aall apossible acombinations, anamely, aVDC, 

a2VDC, a3VDC, a4VDC, a5VDC, a6VDC, aand a7VDC aare aobtained aas aVbus(t) aby ausing 

aStates a1, a2, a4, a3, a6, a5, aand a7, aso athat athe aload avoltage awaveform ahas a15 alevels 

ain aequal asteps aof aVDC. aThus, abinary, abut anot atrinary, asource aconfiguration acan 

abe aimplemented ausing athis atopology. 

 

 

Fig. a2.3- aA aSwitched aSeries a/ aParallel aSource aMLI 
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2.4 CONCLUSION 

Form aall athe aabove adiscuss atopology arequired aeither amultiple aDC asource aor 

asingle ahigh avoltage aDC asource acoupled awith aseries aconnected aDC alink 

acapacitors afor adividing athe aDC avoltage ainto asmaller aone afor ageneration aof asteps 

ain aoutput avoltage. aThe acomplexity aof athe apower acircuit aand atheir acontroller ais 

avery ahigh. aThe anumber aof afloating aground aconnected aswitches ais amuch ahigher 

athan aconvention acircuit atherefore aisolated aDC asupply arequirement ais ahigh 

awhich aincrease athe acost aof athe amulti-level ainverter. aFor ageneration aof a5 alevel 

aoutput aminimum aeight aswitches arequired.  
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CHAPTER 3 

PROPOSED TOPOLOGY 

 

3.1  INTRODUCTION 

In this proposed work, a novel topology for multilevel inverter has been 

presented through which higher number of levels in output voltage may be achieved 

using multi-tapping transformer with single low voltage DC source and reduce switch 

counts respect to conventional multilevel inverters. In the suggested inverter only two 

switches will be turn on in each interval and so the conduction losses of converter will 

decrease. The selective harmonic elimination (SHE) method is used to generate gate 

pulses. Hence the loss of the converter includes switching losses and the operation of 

the loss decreases, and therefore the efficiency of the inverter increases. Design 

process of transformer turn ratio has been presented. Recommended topology is 

proposed as a suitable alternative to low voltage sources such as applications like Fuel 

Cell, PV, etc. In this topology we use transformer having ‘𝑁’ number of tapping, single 

low voltage DC source and ‘𝑁 + 4’ number of unidirectional switches to generate ‘2 ∗

𝑁 + 3’ levels in output voltage as shown in Fig. 1. Presented simulations results show 

the validity and effectiveness of the proposed topology. Fig. 1 presents a schematic 

illustration of an inverter circuit according to the present invention. The inverter circuit 

is coupled to an external single level of low voltage DC source. This circuit contain 

𝑁 + 4 switches for generation of 2 ∗ 𝑁 + 3 levels in output voltage as shown in Fig. 

3.1. It is unidirectional single stage converter which convert low voltage DC to 

required voltage AC. 
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S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Fig. 3.1- Proposed Topology 

Where,  

𝑁 is number of primary winding tapping(𝑇[𝑖]) with different number of turns per 

tapped winding (𝐵[𝑖]) in the transformer will be energized different primary tapped 

winding using unidirectional switches (𝑆[𝑖]) and single DC input voltage source(𝑉𝑖𝑛). 

The output voltage (𝑉𝑜𝑢𝑡) is directly proportional to DC voltage magnitude 𝑉𝑖𝑛 and 

the ratio of number of secondary turns (𝐴) and number of energized primary turns 

∑ 𝐵(𝑖) i.e.

 𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

∑ 𝐵(𝑖)
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3.2  Level Generation 

3.2.1 Generate Positive level 1 For generation of level 1 in positive half cycle, need 

to energize all the primary turns falling between 𝐵(1) 𝑡𝑜 𝐵(𝑁 + 1) by turning 

on switches 𝑆(1) & 𝑆(2) and remaining switches are turned off. This 

configuration help to flow the current in a particular direction (let say forward 

direction) energized ∑ 𝐵(𝑖)𝑁+1
𝑖=1  numbers of turns as shown in Fig. 3.2, therefore 

output voltage will be,

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

∑ 𝐵(𝑖)𝑁+1
𝑖=1

     ⋯ 𝑝(1) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.2- Generate Positive Level 1  
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3.2.2 Generate Negative Level 1 For generation of level 1 in negative half cycle, 

need to energize all the primary turns falling between 𝐵(𝑁 + 1) 𝑡𝑜 𝐵(1) by 

turning on switches 𝑆(𝑁 + 4) & 𝑆(𝑁 + 3) and remaining switches are turned 

off. This configuration help to flow the current in the opposite direction 

energized ∑ 𝐵(𝑖)𝑁+1
𝑖=1  numbers of turns as shown in Fig. 3.3, therefore output 

voltage will be 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

∑ 𝐵(𝑖)𝑁+1
𝑖=1

     ⋯ 𝑛(1) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.3- Generate Negative Level 1 
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3.2.3 Generate Positive level 2 For generation of level 2 in positive half cycle, need 

to energize all the primary turns falling between 𝐵(1) 𝑡𝑜 𝐵(𝑁) by turning on 

switches 𝑆(1) & 𝑆(3) and remaining switches are turned off. This 

configuration help to flow the current in the forward direction energized 

∑ 𝐵(𝑖)𝑁
𝑖=1  numbers of turns as shown in Fig. 3.4, therefore output voltage will 

be,

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

∑ 𝐵(𝑖)𝑁
𝑖=1

     ⋯ 𝑝(2) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.4- Generate Positive Level 2 
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3.2.4 Generate Negative Level 2 For generation of level 2 in negative half cycle, 

need to energize all the primary turns falling between 𝐵(𝑁 + 1) 𝑡𝑜 𝐵(2) by 

turning on switches 𝑆(𝑁 + 4) & 𝑆(𝑁 + 2) and remaining switches are turned 

off. This configuration help to flow the current in the opposite direction 

energized ∑ 𝐵(𝑖)𝑁+1
𝑖=2  numbers of turns as shown in Fig. 3.5, therefore output 

voltage will be, 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

∑ 𝐵(𝑖)𝑁+1
𝑖=2

     ⋯ 𝑛(2) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.5- Generate Negative Level 2  
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3.2.5 Generate Positive level 3 For generation of level 3 in positive half cycle, need 

to energize all the primary turns falling between 𝐵(1) 𝑡𝑜 𝐵(𝑁 − 1) by turning 

on switches 𝑆(1) & 𝑆(4) and remaining switches are turned off. This 

configuration help to flow the current in the forward direction energized 

∑ 𝐵(𝑖)𝑁−1
𝑖=1  numbers of turns as shown in Fig. 3.6, therefore output voltage will 

be,

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

∑ 𝐵(𝑖)𝑁−1
𝑖=1

     ⋯ 𝑝(3) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.6- Generate Positive Level 3  
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3.2.6 Generate Negative Level 3 For generation of level 3 in negative half cycle, 

need to energize all the primary turns falling between 𝐵(𝑁 + 1) 𝑡𝑜 𝐵(3) by 

turning on switches 𝑆(𝑁 + 4) & 𝑆(𝑁 + 1) and remaining switches are turned 

off. This configuration help to flow the current in the opposite direction 

energized ∑ 𝐵(𝑖)𝑁+1
𝑖=3  numbers of turns as shown in Fig. 3.7, therefore output 

voltage will be, 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

∑ 𝐵(𝑖)𝑁+1
𝑖=3

     ⋯ 𝑛(3) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.7- Generate Negative Level 3 
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3.2.7 Generate Positive level 4 For generation of level 4 in positive half cycle, need 

to energize all the primary turns falling between 𝐵(1) 𝑡𝑜 𝐵(𝑁 − 2) by turning 

on switches 𝑆(1) & 𝑆(5) and remaining switches are turned off. This 

configuration help to flow the current in the forward direction energized 

∑ 𝐵(𝑖)𝑁−2
𝑖=1  numbers of turns as shown in Fig. 3.8, therefore output voltage will 

be,

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

∑ 𝐵(𝑖)𝑁−2
𝑖=1

     ⋯ 𝑝(4) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.8- Generate Positive Level 4 
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3.2.8 Generate Negative Level 4 For generation of level 4 in negative half cycle, 

need to energize all the primary turns falling between 𝐵(𝑁 + 1) 𝑡𝑜 𝐵(3) by 

turning on switches 𝑆(𝑁 + 4) & 𝑆(𝑁 + 1) and remaining switches are turned 

off. This configuration help to flow the current in the opposite direction 

energized ∑ 𝐵(𝑖)𝑁+1
𝑖=3  numbers of turns as shown in Fig. 3.9, therefore output 

voltage will be, 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

∑ 𝐵(𝑖)𝑁+1
𝑖=3

     ⋯ 𝑛(4) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.9- Generate Negative Level 4 
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3.2.9 Generate Positive level N-1 For generation of level 𝑁 − 1 in positive half 

cycle, need to energize all the primary turns falling between 𝐵(1) 𝑡𝑜 𝐵(3) by 

turning on switches 𝑆(1) & 𝑆(𝑁) and remaining switches are turned off. This 

configuration help to flow the current in the forward direction energized 

∑ 𝐵(𝑖)3
𝑖=1  numbers of turns as shown in Fig. 3.10, therefore output voltage will 

be,

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

𝐵(1) + 𝐵(2) + 𝐵(3)
     ⋯ 𝑝(𝑁 − 1) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.10- Generate Positive Level N-1 
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3.2.10 Generate Negative Level N-1 For generation of level 𝑁 − 1 in negative half 

cycle, need to energize all the primary turns falling between 𝐵(𝑁 +

1) 𝑡𝑜 𝐵(𝑁 − 1) by turning on switches 𝑆(𝑁 + 4) & 𝑆(5) and remaining 

switches are turned off. This configuration help to flow the current in the 

opposite direction energized ∑ 𝐵(𝑖)𝑁+1
𝑖=𝑁−1  numbers of turns as shown in Fig. 

3.11, therefore output voltage will be, 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

𝐵(𝑁 + 1) + 𝐵(𝑁) + 𝐵(𝑁 − 1)
     ⋯ 𝑛(𝑁 − 1) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.11- Generate Negative Level N-1 
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3.2.11 Generate Positive level N For generation of level 𝑁 in positive half cycle, 

need to energize all the primary turns of 𝐵(1) & 𝐵(2) by turning on switches 

𝑆(1) & 𝑆(𝑁 + 1) and remaining switches are turned off. This configuration 

help to flow the current in the forward direction energized ∑ 𝐵(𝑖)2
𝑖=1  numbers 

of turns as shown in Fig. 3.12, therefore output voltage will be,

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

𝐵(1) + 𝐵(2)
     ⋯ 𝑝(𝑁) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

Fig. 3.12- Generate Positive Level N 
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3.2.12 Generate Negative Level N For generation of level 𝑁 in negative half cycle, 

need to energize all the primary turns of 𝐵(𝑁 + 1) & 𝐵(𝑁) by turning on 

switches 𝑆(𝑁 + 4) & 𝑆(4) and remaining switches are turned off. This 

configuration help to flow the current in the opposite direction energized 

∑ 𝐵(𝑖)𝑁+1
𝑖=𝑁  numbers of turns as shown in Fig. 3.13, therefore output voltage 

will be, 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

𝐵(𝑁 + 1) + 𝐵(𝑁)
     ⋯ 𝑛(𝑁) 

 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

 

Fig. 3.13- Generate Negative Level N 
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3.2.13 Generate Positive level N+1 For generation of level 𝑁 + 1 in positive half 

cycle, need to energize all the primary turns of 𝐵(1) by turning on switches 

𝑆(1) & 𝑆(𝑁 + 2) and remaining switches are turned off. This configuration 

help to flow the current in the forward direction energized 𝐵(1) numbers of 

turns as shown in Fig. 3.14, therefore output voltage will be, 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
𝐴

𝐵(1)
     ⋯ 𝑝(𝑁 + 1) 

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

 

Fig. 3.14- Generate Positive Level N+1
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3.2.14 Generate Negative Level N+1 For generation of level 𝑁 in negative half 

cycle, need to energize all the primary turns of  𝐵(𝑁 + 1) by turning on 

switches 𝑆(𝑁 + 4) & 𝑆(3) and remaining switches are turned off. This 

configuration help to flow the current in the opposite direction energized 

𝐵(𝑁 + 1) numbers of turns as shown in Fig. 3.15, therefore output voltage will 

be,  

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛
−𝐴

𝐵(𝑁 + 1)
     ⋯ 𝑛(𝑁 + 1) 

4  

S (N+3) S (N+2) S (N+1) S (N) S (5) S (4) S (3) S (2)S (1) S (N+4)

T(1) T(2) T(3) T(N-2) T(N-1) T(N)

A

B(N+1)B(N)B(N-1)B(1) B(2) B(3) B(4)

Vin

Vout

Direction of current

Direction of current

 

Fig. 3.15- Generate Negative Level N+1 
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3.3   WORKING  

For reduction in THD the power electronic switches should be turned on and off 

in particular pattern. 

 

3.3.1 INCREASING POSITIVE HALF WAVE for starting of positive 

half wave the switches S(1) & S(2) must be turned on and after 

particular time S(1) & S(3) and so on up to switches S(1) & S(N+2) are 

turned on. This make an increasing stair like structure with different 

voltage level according to equations 𝑝(1) 𝑡𝑜 𝑝(𝑁 + 1) as shown in 

Fig.3.16 for 𝑁 = 9. From the equation 𝑝(1), Vout is minimum because 

number of energized primary turn are maximum, while from equation 

𝑝(𝑁 + 1) Vout is maximum because energized primary turn are 

minimum. 

 

3.3.2 DECREASING POSITIVE HALF WAVE for reaching ground the 

reverse path must follow i.e. S(1) & S(N+2) after particular time 

S(N+2) must switch of and S(N+1) turn on up to S(2), so that 

decreasing stair like structure with different voltage level according to 

equations  𝑝(𝑁 + 1) 𝑡𝑜 𝑝(1) as shown in Fig.3.16 for 𝑁 = 9 but 

similar to increasing positive half wave for the symmetry of wave. 

Fig 3.16 Positive half wave for N = 9 
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3.3.3 INCREASING NEGATIVE HALF WAVE similar to increasing 

positive half wave but switches S(N+4) & S(N+3) to S(3) must turn on 

and off according to particular pattern time to mate the output voltage 

like decreasing stair like structure according to equations 

𝑛(1) 𝑡𝑜 𝑛(𝑁 + 1) as shown in Fig.3.17 for 𝑁 = 9. 

 

3.3.4 DECREASING NEGATIVE HALF WAVE again reaching to 

ground the reverse path of increasing negative half wave must follow 

i.e. S(N+4) & S(3) to S(N+3) must turn on and off according to 

particular pattern time to mate the output voltage like decreasing stair 

like structure according to equations  𝑛(𝑁 + 1) 𝑡𝑜 𝑛(1) as shown in 

Fig.3.17 for 𝑁 = 9. 

Fig. 3.17 Negative half wave for N = 9 

 

The difference in voltage level is due to difference in number of energized primary 

turns, and the output voltage is inversely proportional to percentage of energized 

primary winding and the direction of current in primary winding. 
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3.4  SIMULATION & RESULT 

The simulation is done for both 𝑁 = 1 and 𝑁 = 9, as single phase and three phase 

inverter without any filter, where N is number tapping in primary winding of the 

transformer. 

3.4.1 FOR 𝑁 = 1 SINGLE PHASE INVERTER  

The number of switches used is 𝑁 + 4 = 5,  

The number of levels in output voltage is 2 ∗ 𝑁 + 3 = 5, 

The simulated model is shown in Fig 3.18. The voltage waveform of 

pure resistive is shown in Fig 3.19. And the output voltage THD is 

shown in Fig. 3.20.  

 

 

Fig. 3.18 Simulated Model for N=1 single phase inverter 
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Fig. 3.19 Voltage Waveform for N=1 single phase inverter 

 

 

Fig. 3.20 THD in Voltage for N=1 single phase inverter  
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3.4.2 FOR 𝑁 = 1 THREE PHASE STAR CONNECTED INVERTER  

The number of switches used is 3 ∗ (𝑁 + 4) = 15,  

The number of levels in output voltage is 4 ∗ 𝑁 + 3 = 7, 

The simulated model is shown in Fig 3.21. The voltage waveform of 

pure resistive is shown in Fig 3.22. And the output voltage THD is 

shown in Fig. 3.23.  

 

 

Fig. 3.21 Simulated Model for N=1 Three phase inverter 

 

 

Fig. 3.22 Voltage Waveform for N=1 Three phase inverter 
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Fig. 3.23 THD in Voltage for N=1 Three phase inverter  
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3.4.3 FOR 𝑁 = 9 SINGLE PHASE INVERTER  

The number of switches used is 𝑁 + 4 = 13,  

The number of levels in output voltage is 2 ∗ 𝑁 + 3 = 21, 

The simulated model is shown in Fig 3.24. The voltage waveform of 

pure resistive is shown in Fig 3.25. And the output voltage THD is 

shown in Fig. 3.26.  

 

 

Fig. 3.24 Simulated Model for N=9 single phase inverter 

 

 

Fig. 3.25 Voltage Waveform for N=9 single phase inverter 
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Fig. 3.26 THD in Voltage for N=9 single phase inverter  
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3.4.4 FOR 𝑁 = 9 THREE PHASE STAR CONNECTED INVERTER  

The number of switches used is 3 ∗ (𝑁 + 4) = 39,  

The number of levels in output voltage is 4 ∗ 𝑁 + 3 = 39, 

The simulated model is shown in Fig 3.29. The voltage waveform of 

pure resistive is shown in Fig 3.28. And the output voltage THD is 

shown in Fig. 3.29.  

 

 

Fig. 3.27 Simulated Model for N=9 Three phase inverter 
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Fig. 3.28 Voltage Waveform for N=9 Three phase inverter 

 

 

Fig. 3.29 THD in Voltage for N=9 Three phase inverter  
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3.5  HARDWARE IMPLEMENTATION AND EXPERIMENTAL 

RESULTS 

Hardware implementation of single phase inverter for N=1 as shown in fig. 

3.24 & fig. 3.25. 

12 V single DC supply, one 12-0-12 transformer, Five IGBTs, four power 

diodes, one microcontroller AtMega-328p and some basic components are 

used to fabricate the hardware of 5 level single phase inverter. AtMega-328p 

microcontroller is used to control switching time period of the IGBTs. The 

output AC voltage waveform is shown in Fig. 3.26 and 3.27 while the output 

AC current waveform is shown in Fig. 3.29. The THD in output voltage is 

15.8% as shown in Fig. 3.28 while the output power THD is 2.5% of 

fundamental as shown in Fig. 3.30. 

 

 

Fig. 3.30 Top View of 5 Level Single Phase Inverter 

 

 



 

51 Shivam Sundram [2019] 

 

 

Fig. 3.31 Lateral View of 5 Level Single Phase Inverter 

 

 

 

Fig. 3.32 Output Voltage Waveform in Oscilloscope 
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Fig. 3.33 Output Voltage Waveform in Fluke Scope meter 

 

 

Fig. 3.34 Output Voltage THD in Fluke Scope meter 

 



 

53 Shivam Sundram [2019] 

 

 

Fig. 3.35 Output Current waveform in Fluke Scope meter 

 

 

Fig. 3.36 Output power THD in Fluke Scope meter 

 



 

54 Shivam Sundram [2019] 

 

REFRENCES 

[1] K. iK. iGupta, iA. iRanjan, iP. iBhatnagar, iL. iK. iSahu, iand iS. iJain, i“Multilevel 

iinverter itopologies iwith ireduced idevice icount: iA ireview,” iIEEE iTrans. iPower 

iElectronics, ivol. i31, ino. i1, ipp. i135–151, iJan. i2016 

[2] E. iSamadaei, iS. iA. iGholamian, iA. iSheikholeslami, iand iJ. iAdabi, i“An ienvelope 

itype i(E-type) imodule: iAsymmetric imultilevel iinverters iwith ireduced 

icomponents,” iIEEE iTrans. iInd. iElectron., ivol. i63, ino. i11,pp. i7148–7156, iNov. 

i2016. 

[3] H. iAkagi, i“Multilevel iconverters: iFundamental icircuits iand isystems,” iProc. 

iIEEE, ivol. i105, ino. i11, ipp. i2048–2065, iNov. i2017 

[4] B.K. iBose, iGlobal ienergy iscenario iand iimpact iof ipower ielectronics iin i21st 

icentury, iIEEE iTrans. iInd. iElectron. i60 i(7) i(2013) i2638-2651. 

[5] E. iSamadaei, iA. iSheikholeslami, iS.-A. iGholamian, iand iJ. iAdabi, i“A isquare iT-

type i(ST-type) imodule ifor iasymmetrical imultilevel iinverters,” iIEEE iTrans. 

iPower iElectron., ivol. i33, ino. i2, ipp. i987–996, iFeb. i2018. 

[6] J. iLiu, iJ. iWu, iJ. iZeng, iand iH. iGuo, i“A inovel inine-level iinverter iemploying ione 

ivoltage isource iand ireduced icomponents ias ihigh-frequency iac ipower isource,” 

iIEEE iTrans. iPower iElectron., ivol. i32, ino. i4, ipp. i2939–2947,Apr. i2017 

[7] A. iS. iAlishah, iS. iH. iHosseini, iE. iBabaei, iand iM. iSabahi, i“Optimal idesign iof 

inew icascaded iswitch-ladder imultilevel iinverter istructure,” iIEEE iTrans. iInd. 

iElectron., ivol. i64, ino. i3, ipp. i2072–2080, iMar. i2017. 

[8] R. iS. iAlishah, iS. iH. iHosseini, iE. iBabaei, iand iM. iSabahi, i“Optimization 

iassessment iof ia inew iextended imultilevel iconverter itopology,” iIEEE iTrans. iInd. 

iElectron., ivol. i64, ino. i6, ipp. i4530–4538, iJun. i2017. 

[9] J.D. ivan iWyk, iF.C. iLee, ion ia ifuture ifor ipower ielectronics, iIEEE iJ. iEmerg. iSel. 

iTop. iPower iElectron i1 i(2) i(2013) i59—72. 

[10] M.A.J. iSathik, iS.H.E.A. iAleem, iR. iKannan, iA.F. iZobaa, iA inew iswitched iDC-

Iink icapacitor-based imulti-level iconverter i(SDC2MLC), iElectr. iPower 

iCompon. iSyst. i45 i(9) i(2017) i1001-1015 

[11] A. iNabae, iI. iTakahashi, iH. iAkagi, iA ineutral-point-clamped iPWM iinverter, iin: 

iConference iRecord iIEEE iIAS iAnnual iMeeting, iCincinnati, iOH, ivol. i3, ipp. 

i761—766, iSeptember i28-October i3, i1980. 

[12] Y. iShi iand iH. iLi, i“Isolated imodular imultilevel iDC–DC iconverter iwith iDC ifault 

icurrent icontrol icapability ibased ion icurrent-fed idual iactive ibridge ifor iMVDC 

iapplication,” iIEEE iTrans. iPower iElectron., ivol. i33, ino. i3,pp. i2145–2161, iMar. 

i2018 

[13] J.A. iBarrena, iL. iMarroyo, iM.A.R. iVidal, iJ.R.T iApraiz, iIndividual ivoltage 

ibalancing istrategy ifor iPWM icascaded iH-bridge iconverter-based iSTATCOM, 

iIEEE iTrans. iIndustrial iElectron. i55 i(1) i(2008) i21-29. 

[14] D. iThong, iL.M. iTolbert, iB. iOzpineci, iJ.N. iChiasson, iFundamental ifrequency 

iswitching istrategies iof ia iseven-level ihybrid icascaded iH-bridge imultilevel 

iinverter, iIEEE iTrans. iPow. iElectron. i24 i(1) i(2009) i25-33. 



 

55 Shivam Sundram [2019] 

 

[15] R. iTeodorescu, iF. iBlaabjerg, iJ.K. iPedersen, iE. iCengelci, iP.N. iEnjeti, 

iMultilevel iinverter i iby icascading iindustrial iVSI, iIEEE iTrans. iIndustrial 

iElectron. i49 i(4) i(2002) i832—838. 

[16] M.A. iPerez, iP. iCortes, iJ. iRodriguez, iPredictive icontrol ialgorithm itechnique ifor 

imultilevel iasymmetric icascaded iH-bridge iinverters, iIEEE iTrans. iIndustrial 

iElectron. i55 i(12) i(2008) i4354-4361. 

[17] A.K. iGupta, iA.M. iKhambadkone, iA ispace ivector imodulation ischeme ito ireduce 

icommon imode ivoltage ifor icascaded imultilevel iinverters, iIEEE iTrans. iPOW. 

iElectron. i22 i(5) i(2007) i1672-1681. 

[18] S. iVazquez, iJ.I. iLeon, iJ.M. iCarrasco, iL.G. iFranquelo, iE. iGalvan, iM. iReyes, 

iJ.A. iSanchez, iE. iDominguez, iAnalysis iof ithe ipower ibalance iin ithe icells iof ia 

imultilevel icascaded iHbridge iconverter, iIEEE iTrans. iIndustrial iElectron. i57 i(7) 

i(2010) i2287-2296. 

[19] P. iBarriuso, iJ. iDixon, iP. iFlores, iL. iMoran, iFault-tolerant ireconfiguration 

isystem ifor iasymmetric imultilevel iconverters iusing ibidirectional ipower 

iswitches, iIEEE iTrans. iIndustrial iElectron. i56 i(4) i(2009) i1300-1306. 

[20] Y. iLi, iB. iWu, iA inovel iDC ivoltage idetection itechnique iin ithe iCHB iinverter-

based iSTATCOM, iIEEE iTrans. iPow. iDeliv. i23 i(3) i(2008) i1613-1619. 

[21] P. iSamuel, iR. iGupta, iD. iChandra, iGrid iinterface iof iwind ipower iwith ilarge 

isplit-winding ialternator iusing icascaded imultilevel iinverter, iIEEE iTrans. 

iEnergy iConv. i26 i(1) i(2011) i299-309. 

[22] M.M. iRenge, iH.M. iSuryawanshi, iFive- ilevel idiode iclamped iinverter ito 

ieliminate icommon i imode ivoltage iand ireduce idv/dt iin imedium ivoltage irating 

iinduction imotor idrives, iIEEE iTrans. iPow. iElectron. i23 i1598—1607. 

[23] J. iPereda, iJ. iDixon, iHigh- ifrequency ilink: ia isolution ifor iusing ionly ione iDC 

isource iin iasymmetric icascaded imultilevel iinverters, iIEEE iTrans. iIndustrial 

iElectron. i58 i(9) i(2011) i3884-3892. 

[24] R. iRabinovici, iD. iBaimel, iJ. iTomasik, iA. iZuckerberger, iSeries ispace ivector 

imodulation ifor imulti-level icascaded iH-bridge iinverters, iIET iPower iElectron. i3 

i(6) i(2010) i843—857. 

[25] J. iKumar, iB. iDas, iP. iAgarwal, iOptimized iswitching ischeme iof ia icascade imulti-

level iInverter, iElectr. iPOW. iCompo. iSys. i38 i(4) i(2010) i445—464. 

[26] M. iMarchesoni, iP. iTenca, iDiode-clamped imultilevel iconverters: ia ipracticable 

iway ito ibalance iDC-Iink ivoltages, iIEEE iTrans. iIndustrial iElectron. i49 i(4) 

i(2002) i752-765. 

[27] J. iKumar, iP. iAgarwal, iImplementation iof icascade imultilevel iinverter-based 

iSTATCOM, iIETE iJ. iRes. i56 i(2) i(2010) i119—128. 

[28] J. iPou, iR. iPindado, iD. iBoroyevich, iVoltage-balance ilimits iin ifour-level idiode-

clamped iconverters iwith ipassive ifront iends, iIEEE iTrans. iIndustrial iElectron. i52 

i(l) i(2005) i190-196. 

[29] A. iYazdani, iR. iIravani, iA ineutral-point iclamped iconverter isystem ifor idirect-

drive ivariable-speed iwind ipower iunit, iIEEE iTrans. iEnergy iConv. i21 i(2) i(2006) 

i596—607. 

[30] P. iZhiguo, iF.Z. iPeng, iK.A. iCorzine, iV.R. iStefanovic, iJ.M. iLeuthen, iS. iGataric, 

iVoltage i ibalancing icontrol iof idiode-clamped imultilevel irectifier/inverter 

isystems, iIEEE iTrans. iIndustrial iElectron. i41 i(6) i(2005) i1698-1706. 



 

56 Shivam Sundram [2019] 

 

[31] B.R. iAndersen, iL. iXu, iP.J. iHorton, iP. iCartwright, iTopologies ifor iVSC 

itransmission, iPower iEng. iJ. i16 i(3) i(2002) i142-150. 

[32] H. iAkagi, iT. iHatada, iVoltage ibalancing icontrol ifor ia ithree-level idiode-

clamped iconverter i iin ia imedium-voltage itransformerless ihybrid iactive ifilter, 

iIEEE iTrans. iPOW. iElectron. i24 i(3) i(2009) i571-579. 

[33] A. iYazdani, iR. iIravani, iDynamic imodel iand icontrol iof ithe iNPC-based iback-to-

back i iHVDC isystem, iIEEE iTrans. iPow. iDeliv. i21 i(1) i(2006) i414-424. 

[34] P. iChaturvedi, iS. iJain, iP. iAgarwal, iCarrier ibased ineutral ipoint ipotential 

iregulator iwith ireduced iswitching ilosses ifor ithree-level idiode iclamped iinverter, 

iIEEE iTrans. iIndustrial iElectron. i61 i(2) i(2014) i613-624. 

[35] A. iBendre, iS. iKrstic, iJ. iVander iMeer, iG. iVenkataramanan, iComparative 

ievaluation iof imodulation ialgorithms ifor ineutral-point-clamped iconverters, 

iIEEE iTrans. iIndustry iAppl. i41 i(2) i(2005) i634-643. 

[36] M.M. iRenge, iH.M. iSuryawanshi, iThree-dimensional ispace-vector imodulation 

ito ireduce icommon-mode ivoltage ifor imultilevel iinverter, iIEEE iTrans. iIndustrial 

iElectron. i57 i(7) i(2010) i2324-2331. 

[37] N. iJayaram, iP. iAgarwal, iS. iDas, iA ithree iphase ifive ilevel icascaded iH-Bridge 

irectifier iwith izero icurrent iinjection ischeme, iin: iPower iElectronics, iDrives iand 

iEnergy iSystems i(PEDES), i2012 iIEEE iInternational iConference ion, ipp. i1-7, 

i2012. 

[38] K. iXiaomin, iK.A. iCorzine, iY.L. iFamiliant, iA iunique ifault-tolerant idesign ifor 

iflying icapacitor imultilevel iinverter, iIEEE iTrans. iPOW. iElectron. i19 i(4) i(2004) 

i979—987. 

[39] C. iFeng, iJ. iLiang, iV.G. iAgelidis, iModified iphase-shifted iPWM icontrol ifor 

iflying icapacitor imultilevel iconverters, iIEEE iTrans. iPOW. iElectron. i22 i(1) 

i(2007) i178—185. 

[40] P. iLezana, iR. iAguilera, iDE. iQuevedo, iModel ipredictive icontrol iof ian 

iasymmetric iflying icapacitor iconverter, iIEEE iTrans. iIndustrial iElectron. i56 i(6) 

i(2009) i1839—1846. 

[41] A. iShukla, iA. iGhosh, iA. iJoshi, iImproved imultilevel ihysteresis icurrent 

iregulation iand icapacitor ivoltage ibalancing ischemes ifor iflying icapacitor 

imultilevel iinverter, iIEEE iTrans. iPow. iElectron. i23 i518-529. 

[42] J. iHuang, iK.A. iCorzine, iExtended ioperation iof iflying icapacitor imultilevel 

iinverters, iIEEE iTrans. iPow. iElectron. i21 i(1) i(2006) i140-147. 

[43] M. iKhazraei, iH. iSepahvand, iK.A. iCorzine, iM. iFerdowsi, iActive icapacitor 

ivoltage ibalancing iin isingle-phase iflying-capacitor imultilevel ipower iconverters, 

iIEEE iTrans. iIndustrial iElectron. i59 i(2) i(2012) i769-778. 

[44] V.G. iAgelidis, iD.M. iBaker, iW.B. iLawrance, iC.V. iNayar, iA imultilevel iPWM 

iinverter itopology ifor iphotovoltaic iapplications, iin: iIndustrial iElectronics, 

i1997. iISIE i'97. iProceedings iof ithe iIEEE iInternational iSymposium ion, ivol.2, 

ino., ipp. i589—594, iJuly i7—11, i1997. 

[45] M.D. iManjrekar, iT.A. iLipo, iA ihybrid imultilevel iinverter itopology ifor idrive 

iapplications, iin: iApplied iPower iElectronics iConference iand iExposition, i1998. 

iThirteenth iAnnual, ivol. i2, ino., ipp. i523-529, iFebruary i15-19, i1998. 

[46] Y. iXiaoming, iI. iBarbi, iFundamentals iof ia inew idiode iclamping imultilevel 

iinverter, iIEEE iTrans. iPow. iElectron. i15 i(4) i(2000) i711—718. i[40] iF.Z. iPeng, 



 

57 Shivam Sundram [2019] 

 

iA igeneralized imultilevel iinverter itopology iwith iself ivoltage ibalancing, iIEEE 

iTrans. iIndustry iAppl. i37 i(2) i(2001) i611-618. 

[47] Y. iCheng, iML. iCrow, iA idiode-clamped imulti-level iinverter ifor ithe 

iStatCom/BESS, iin: iPower iEngineering iSociety iWinter iMeeting, i2002. iIEEE, 

ivol. i1, ipp. i470—475, i2002. 

[48] S. iMariethoz, iA. iRufer, iNew iconfigurations ifor ithe ithree-phase iasymmetrical 

imultilevel iinverter, iin: iIndustry iApplications iConference, i2004. i39th iIAS 

iAnnual iMeeting. iConference iRecord iof ithe i2004 iIEEE, ivol. i2, ipp. i828—835, 

iOctober i3—7, i2004. 

[49] M. iVeenstra, iA. iRufer, iControl iof ia ihybrid iasymmetric imultilevel iinverter ifor 

icompetitive imedium-voltage iindustrial idrives, iIEEE iTrans. iIndustry iAppl. i41 

i(2) i(March—April i2005) i655-664. 

[50] A. iChen, iL. iHu, iL. iChen, iY. iDeng, iX. iHe, iA imultilevel iconverter itopology 

iwith ifaulttolerant iability, iIEEE iTrans. iPow. iElectron. i20 i(2) i(2005) i405-415. 

[51] A. iChen, iX. iHe, iResearch ion ihybrid-clamped imultilevel-inverter itopologies, 

iIEEE iTrans. iIndustrial iElectron. i53 i(6) i(2006) i1898-1907. 

[52] M.S. iW. iChan, iK. iT. iChau, iA inew iswitched-capacitor iboost-multilevel 

iinverter iusing ipartial icharging, iIEEE iTrans. iCircuits iSyst iIl: iExpress iBriefs i54 

i(12) i(2007) i1145—1149. 

[53] G. iGrandi, iD. iOstojic, iC. iRossi, iA. iLega, iControl istrategy ifor ia imultilevel 

iinverter iin igrid-connected iphotovoltaic iapplications, iin: iElectrical iMachines 

iand iPower iElectronics, i2007. iACEMP i'07. iInternational iAegean iConference 

ion, ipp. i156—161, iSeptember i10-12, i2007. 

[54] P. iLezana, iJ. iRodriguez, iD.A. iOyarzun, iCascaded imultilevel iinverter iwith 

iregeneration icapability iand ireduced inumber iof iswitches, iIEEE iTrans. 

iIndustrial iElectron. i55 i(3) i(2008) i1059-1066. 

[55] S. iDaher, iJ. iSchmid, iF.L.M. iAntunes, iMultilevel iinverter itopologies ifor istand-

alone iPV isystems, iIEEE iTrans. iIndustrial iElectron. i55 i(7) i(2008) i2703-2712. 

[56] R. iGonzalez, iE. iGubia, iJ. iLopez, iL. iMarroyo, iTransformerless isingle-phase 

imultilevelbased iphotovoltaic iinverter, iIEEE iTrans. iIndustrial iElectron. i55 i(7) 

i(2008) i2694—2702. 

[57] K. iWang, iY. iLi, iZ. iZheng, iA inew itransformerless icascaded imultilevel 

iconverter itopology, iin: iEnergy iConversion iCongress iand iExposition, i2009. 

iECCE i2009. iIEEE, ipp. i3124-3129, iSeptember i20-24, i2009. 

[58] Z. iDu, iB. iOzpineci, iL.M. iTolbert, iJ.N. iChiasson, iDC—AC icascaded iH- ibridge 

imultilevel iboost iinverter iwith ino iinductors ifor ielectric/hybrid ielectric ivehicle 

iapplications, iIEEE iTrans. iIndustry iAppl. i45 i963-970. 

[59] J. iEwanchuk, iJ. iSalmon, iA.M. iKnight, iPerformance iof ia ihigh-speed imotor 

idrive isystem iusing ia inovel imultilevel iinverter itopology, iIEEE iTrans. iIndustry 

iAppl. i45 i(5) i(2009) i1706—1714. 

[60] Y. iLiu, iEL. iLuo, iMultilevel iinverter iwith ithe iability iof iself-voltage ibalancing, 

iElectr. iPow. iAppl. iIEE iProc. i153 i(1) i(2006) i105—115. 

[61] S. iDe, iD. iBanerjee, iK. iSiva iKumar, iK. iGopakumar, iR. iRamchand, iC. iPatel, 

iMultilevel iinverters ifor ilow-power iapplication, iIET iPOW. iElectr. i4 i(4) i(2011) 

i384—392. 

[62] C.-C. iHua, iC.-W. iWu, iC.-W. iChuang, iA inovel iDC ivoltage icharge ibalance 

icontrol ifor icascaded iinverters, iIET iPow. iElectr. i2 i(2) i(2009) i147—155. 



 

58 Shivam Sundram [2019] 

 

[63] A.R. iBeig, iA. iDekka, iExperimental iverification iof imultilevel iinverter-based 

istandalone ipower isupply ifor ilow-voltage iand ilow-power iapplications, iIET 

iPOW. iElectr. i5 i(6) i(2012) i635-643. 

[64] S. iGui-Jia, iMultilevel iDC-Iink iinverter, iIEEE iTrans. iIndustry iAppl. i41 i(3) 

i(2005) i848-854. 

[65] S. iGui-Jia, iMultilevel iDC ilink iinverter, iin: iIndustry iApplications iConference, 

i2004. i39th iIAS iAnnual iMeeting. iConference iRecord iof ithe i2004 iIEEE, ivol. i2, 

ipp. i806—812, iOctober i3-7, i2004 

[66] G. iCeglia, iV. iGuzman, iC. iSanchez, iF. iIbanez, iJ. iWalter, iM.I. iGimenez, iA inew 

isimplified imultilevel iinverter itopology ifor iDC-AC iconversion, iIEEE iTrans. 

iPOW. iElectron. i21 i(5) i(2006) i1311-1319. 

[67] N.A. iRahim, iK. iChaniago, iJ. iSelvaraj, iSingle-phase iseven-level igrid-

connected iinverter ifor iphotovoltaic isystem, iIEEE iTrans. iIndustrial iElectron. i58 

i(6) i(2011) i2435—2444. 

[68] G.M. iMartins, iJ.A. iPomilio, iS. iBuso, iG. iSpiazzi, iThree-phase ilow-frequency 

icommutation iinverter ifor irenewable ienergy isystems, iIEEE iTrans. iIndustrial 

iElectron. i53 i(5) i(2006) i1522—1528. 

[69] Y. iHinago, iH. iKoizumi, iA isingle iphase imultilevel iinverter iusing iswitched 

iseries/parallel iDC ivoltage isources, iin: iEnergy iConversion iCongress iand 

iExposition, i2009. iECCE i2009. iIEEE, ipp. i1962-1967, iSeptember i20-24, i2009. 

[70] Y. iHinago, iH. iKoizumi, iA isingle-phase imultilevel iinverter iusing iswitched 

iseries/parallel iDC ivoltage isources, iIEEE iTrans. iIndustrial iElectron. i57 i(8) 

i(2010) i2643—2650 

 


