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Efficiency Evaluation of an Single-phase to Three-phase Indirect Matrix Converter for High-frequency
Applications

Yuki Nakata, Student Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

This paper discusses the PDM (Pulse Density Modulation) control methods for a single-phase to three-phase indirect matrix
converter (IMC) in the high-frequency application. The proposed circuit is used as an interface converter for a wireless power
transfer system. This converter can input a several hundred kHz frequency and outputting a low frequency, i.e. 50 Hz, for
commercial power grid. The proposed circuit achieves zero voltage switching (ZVS) operation by using the PDM control method
and obtains high efficiency. In this paper, the PDM control strategies are using delta-sigma conversion and improving the PDM
control method based on Space Vector Modulation (SVM), which is proposed. Also, the experimental results of the proposed
system will be demonstrated and discussed. As a result, the maximum efficiency with delta-sigma conversion and PDM control
based on SVM are 93.4 % and 97.3 % respectively. Validity of PDM control based on SVM has been confirmed for reduction of

switching loss.
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Fig. 1. Single-phase to three-phase indirect matrix
converter.
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Table 1. Experimental parameters.

Input voltage 200 [V]
Input frequency 100 [kHz]
Output line-to-line voltage 100 [V]
Output frequency 50 [Hz]
R 100 [Q]
Load L |10 [mH]
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Fig. 4. Operation waveforms of the proposed circuit in the
experiment with PDM using delta-sigma conversion.
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(a) Harmonics analysis of output voltage.
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(b) Harmonics analysis of input current.
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Fig. 5. Harmonics analysis of output voltage and input
current with PDM control using delta-sigma conversion.
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Fig. 6. Operation waveforms of the proposed circuit in the

experiment with PDM control based on SVM.
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Fig. 7. Harmonics analysis of output voltage and input
current with PDM control based on SVM.
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Fig. 8. Characteristic of the proposed circuit’s efficiency.
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