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Introduction 

ɆHalf-bridge (two-level) 

−Basic topology 

−Two output levels + filter 

−Dc-dc & dc-ac conversion 
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Multilevel concepts 

ɆHalf-bridge (two-level) 

−Large filter required 

−Full bus voltage across switches 
 

ɆMultilevel power conversion 

−Advantages 
−Reduce component stress 

−Reduce filtering 

−Current concepts 
−Linear increase in levels vs switches 

− Isolated sources 

−Dc-ac only 
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Extended commutation cell 
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ɆExtended commutation cell 

−Four-switch four-port cell 

−Unidirectional switches 

−Two means of energy transport 

−Direct 

−Indirect 

 



Extended commutation cell 

ɆDirect input-to-output connection 

−Direct energy transport 
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Extended commutation cell 

ɆBuck-boost operation 

−Indirect energy transport 
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Extended commutation cell 

ɆOperation modes are decoupled 
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Multilevel converter 

ɆFour-level converter 

−Single ECC + half bridge 

−Active control of capacitor voltage 
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Multilevel converter 

ɆEight-level dc-ac converter 

−Two ECCs + half bridge 

−Only four extra switches 
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Multilevel converter 

ɆECC advantages 

−Less switches compared to other multilevel topologies 

−Suitable for ac and dc 

−Naturally bidirectional 
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Multilevel converter 

ɆSeries cells for more levels 

ɆParallel cells  

−Current sharing/interleaving 

−Fault-tolerance 
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Experimental results 

ɆEight-level dc-ac converter 

−Input voltage   ±150 V 

−Output voltage   -ΩΫΦ 6 ȣ ϽΩΫΦ 6 

−Cap. voltages (UC1, UC2)  100 V 

−Switching frequency  10 kHz 
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Experimental results 

ɆComponent parameters 

−IGBT modules   5x SKM100GB12T4 (IGBT4, 1200V, 100A) 

−Capacitor (C1, C2)   1000 µF 

−Inductor (L1, L2)   210 µH, 140 µH 
−Load    11.7 ɱ, 150 µH 
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Multilevel converter 

ɆSimulated waveforms 

−Resistive load, 4.4 kW 
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Experimental results 

ɆOperating at 4.4 kW 

−50 Hz Sine wave 

−Output 230 V, 19 A  
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uout 200 V/div 

iout 20 A/div 

uC1 10 V/div (AC) 

uC2 10 V/div (AC) 
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Experimental results 

ɆRobust start-up 

−Full load (4.4 kW) 

−Start with ucx=0 V 
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Waveform synthesis 

ɆMaking variable levels 

−Perfect reconstruction of low frequency signals 
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Waveform synthesis 

ɆOperating at 3.7 kW 

−5 Hz Sine wave 

−Output 230 V, 16 A 

−M=0.72  
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Waveform synthesis 

ɆOperating at 3.7 kW 

−5 Hz Sine wave 
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Conclusion 

ɆExtended commutation cell 

−High number of output levels 

−Parallel cells for fault-tolerance 

−Suitable for ac and dc 

−Variable levels 

−High flexibility in power conversion! 

 

ɆConcept experimentally verified 

−Agrees with theoretical results 
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