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TEREIT- 2GR, @MYL a T o EEE BIFICNT VATE, N7 RAEEOBERIC L D HEOEIMIAE RN & &2k
BTz, FTo, NI RAEKEEGLEHBEROBRIEER L, 99.2%DZE MRz FEH Uiz, T A0 2% L2 NPC-MMC O =
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A modular multi-level converter which uses a 100 V class low-voltage MOSFET was
studied for a low-voltage grid-connected converter. Since the low-voltage MOSFET is
inexpensive and has ultralow on-resistance, it is expected that the AC filter and the
conversion loss can be small while minimizing the increase of a cost due to the increase in the
number of devices. In addition, the MMC can easily increase the number of the voltage
levels. In the case of 200 V ac grid application, a 7-level converter with a 100V MOSFET can
significantly reduce the output harmonics and the switching loss compared to a conventional
two-level converter. However, the MMC requires a large cell capacitor in principle and many
control interfaces such as gate signal lines (PWM output) and voltage sensors.

In this study, at first, a detailed analysis in the required energy of the capacitors, which is
an essential issue of the MMC, revealed that the total capacitor energy of an NPC-MMC
(Neutral-point-clamped MMC) can be reduced to half of that of the conventional MMC.
Next, a new balancing circuit and modulation method were proposed to reduce the number of
voltage sensors and PWM channels, which is the unique problem in applying the MMC to
low voltage applications. These methods can also realize lower loss compared to the
conventional method that causes an increase in loss. The experimental circuit demonstrated
the high efficiency of over 99% and verified the theoretical analysis and the effect of the
proposed method. These research findings showed that the MMC with the low-voltage
MOSFET can reduce the size of cell capacitors and the number of control interfaces, that
leading to expand the possibility of applying for a low-voltage application.
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