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Abstract: 
 
AC-AC converters are being utilized in an increasing number of applications, such as in electric drives 
where a high power factor mains interface and bi-directional power flow are required. Matrix 
converters are highly attractive for drives applications and have been around now for three decades, 
but are still not widely used despite high power conversion efficiency and power density.  One possible 
reason for their under utilization is their perceived complexity since the matrix converter 
simultaneously performs rectification and inversion and that the modulation cannot be based on a 
constant DC voltage or current level. Therefore, the main objective of this tutorial is to introduce the 
participant to matrix converters in a non-mathematical, easy-to-follow style and to provide a basis for a 
comparative evaluation of the matrix converter concepts against conventional voltage or current DC-
link AC/AC converter topologies. 

In a first step the basic principle of operation and modulation of voltage and current source 
converter systems is reviewed. Then the most basic form of an indirect matrix converter (i.e., a voltage 
DC-link back-to-back converters system with suppressed DC link capacitor) is introduced and 
discussed concerning output voltage formation, output voltage range, and input current behavior. 
Subsequently, the circuit topology is extended into an Indirect Matrix Converter (IMC) where the 
modulation is directly following from the voltage and current source rectifier considerations. Zero 
current and zero voltage commutation of the IMC are discussed and a simplification of the IMC leads 
to the Sparse Matrix Converter (SMC) topology. In a next step, the output voltage and input current 
space vectors available for the direct Matrix Converter (CMC) are compared to those of the IMC, 
which immediately identifies the equivalence of switching states for both systems. This relationship is 
then used to translate the IMC modulation into a CMC switching sequence, which also links the 
knowledge base already established in the literature for both systems. 
 In order to provide a basis for the system dimensioning, the derivation of a low-complexity 
analytical expression for the calculation of the IMC and CMC power semiconductors current stresses 
is presented. Furthermore, the worst-case operating conditions, i.e. providing full torque at standstill or 
operation with an output frequency close to the mains frequency, are analyzed. In addition, the 
optimum partitioning of a given silicon area to the power transistors and power diodes is identified for a 
given operating range in the torque-speed plane. 
 The third part of the tutorial shows the circuit topologies and a classification of all the matrix 
converters presented in literature so far, including the hybrid matrix converter, three-level matrix 
converter and full-bridge matrix converters for supplying machines with an open-end winding. 

Finally, the matrix converter topologies are compared with voltage and current DC link AC-AC 
converter systems concerning the input and output current waveform quality, required input and output 
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EMI filters to meet EMC requirements, efficiency, compactness, control dynamics, the possibilities for 
ride-through operation and the semiconductor utilization assuming equal total silicon area employed in 
the evaluated systems. The theoretical considerations are substantiated by measurement results of 
experimental systems including an All-SiC current source back-to-back converter and IMC, a RB-IGBT 
IMC and an Ultra-Sparse Matrix Converter. This clearly reveals the strengths and the weaknesses of 
the different topologies and leaves the participants with an understanding of the most advantageous 
application areas of the different systems. 

A comprehensive list of references, including the main papers which have been published 
since the introduction of the Matrix Converter concept in the 1970s, will be provided with the Tutorial 
handouts. 
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Intended Audience 
 
Researchers and industry people interested in an easy-to-follow introduction to Matrix Converters and 
a comprehensive understanding of the potential advantages and weaknesses of Matrix Converters 
against conventional AC-AC converter topologies. 
 
Expected knowledge level in the topic:   Basic  
 
Conference Topic Areas:    Power Electronics, 

Electrical Drives,  
Control Systems 
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