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This dissertation discusses power—loss evaluation and reduction of a high—power bidirectional isolated
dual-active-bridge (DAB) dc—to—dc converters using SiC-MOSFET modules, especially under light load and
buck and/or boost mode conditions. Although the overall converter power losses can easily and accurately
be measured under the same input and output voltage condition, it is unable to measure it under different
voltage conditions. In such the case, it is possible to measure the power loss from the product of the
drain—source voltage and drain current of an MOSFET. This measurement is however very sensitive to the
delay in the current sensor in case of fast—switching SiC-MOSFETs. This dissertation proposes a simple
and practical method for measuring the switching losses applicable in buck or boost mode. The theoretical
and experimental results clarify that the switching loss strongly depends on the instantaneous drain
current at the turn—off of the corresponding MOSFET, and is almost independent of the input and output
voltage in ZVS operation. Based on this fact, the proposed method evaluates the switching loss only from
the measured instantaneous drain current. It is also confirmed that its accuracy is the same level as
an indirect loss measurement using calorimeters

The DAB converter cannot achieve ZVS under light load conditions, thus resulting in a large switching
or snubber power loss. To reduce the loss, a simple algorism, called “intermittent operation,” which
controls the ratio of a nonpower—transfer period to a power—transfer period to adjust the average output
power. However, MOSFETs cannot achieve ZVS operation at the start and end of each power—transfer interval
in the conventional intermittent operation. This dissertation proposes a new intermittent operation which
intentionally maintains a circulating current even in the nonpower-transfer interval to enable ZVS
operation. The 850-V 100-kW 16-kHz DAB converter using SiC-MOSFET modules verify that the proposed method
can reduce the overall loss by a half in a light load range from 10 to 34%.

The switching power loss increases in the high—voltage—side bridge under buck and boost mode operation
because it has to turn a larger current off than the low-voltage—-side one. This dissertation proposes
a simple dual-phase-shift control method to a higher-voltage bridge, paying attention to loss reduction
around the rated power. Experimental results verify the conversion efficiency was improved from 98. 80%
in a conventional control to 98.96% in proposed one under a boost mode condition with the input voltage
of 750 V and the output voltage of 850 V.
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