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DC-DC Converter IC with Star-Delta Switching Topology to Achieve Large Voltage Step-Down Ratio, High Power
Conversion Efficiency, and High Current Density
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Thereisagrowing need for large voltage step-down DC-DC converters with 48 Vinputand 1V output to reduce conduction losses in power supply
system due to rapid rises in load currents at data centers. However, this poses issues such as an insufficient voltage step-down ratio and poor conversion
efficiency using conventional Buck topology. Isolated topologies that use transformers can solve such issues, but require a larger mounting volume.

Toshiba Electronic Devices & Storage Corporation has developed a proprietary star-delta switching topology for DC-DC converters to achieve
a large voltage step-down ratio and high conversion efficiency without using any transformers. The new topology reduces switching losses by
expanding switching-on times fivefold compared with the Buck topology. We have also developed a bootstrap topology for downsizing integrated
circuits (ICs) by lowering the capacitance of capacitorsin ICs, thereby reducing the layout area by up to 61%. The mounting volume has been shrunk
by approximately one tenth by replacing an external transformer with three flying capacitors. Experiments on a prototype IC using the new topology
have confirmed basic performance, including a maximum conversion efficiency of up to 88% equivalent to that of conventional ICs using an external

transformer and the industry's highest current density of 790 mA/mm?2.
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Current and next-generation power supply system and outline of Buck
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Switching layer comparison between conventional hybrid topology
and star-delta switching topology
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Configurations of inductors and capacitors in each switching state
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Developed star-delta switching topology and operational details
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Developed bootstrap circuit with size reduction
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Results of transient response tests on prototype IC
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Results of DC measurement tests on prototype IC
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