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Smart Gate Driver IC for Next-Generation Power Semiconductors Delivering Miniaturization, High Efficiency,
and High Reliability
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Next-generation power semiconductors capable of performing high-speed switching thanks to performance improvements are driving demand
for power converters which offer miniaturization capabilities and high efficiency. However, noise generated by high-speed switching operations
poses a serious obstacle to developing sufficiently efficient and reliable power converters.

To rectify this situation, Toshiba Corporation has developed a digital active gate driving (AGD) circuit that can perform low-loss, high-speed
operations by controlling power semiconductors in accordance with changing conditions. Furthermore, we have developed a smart gate driver
integrated circuit (IC) combining the digital AGD circuit with a digital overcurrent protection circuit capable of automatically adjusting its param-
etersin a single package. Experiments on a prototype chip have verified that switching loss is reduced by 27% and shutdown time is 2.35 ps when
overcurrentis applied.
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Block diagram of smart gate driver IC
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Processes to optimize AGD waveform using template
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Block diagram of digital overcurrent protection circuit and method
to determine overcurrent

y taank DTN EREDIRHE Vi DR BREDIRYIE
ds

Fault

Vs, Fault

P 5
(@) Vas& Fault DB RER

Vs, Fault

4

Vis\, @taaniiCR DRHIEL I MBI NDET, VeI K
Qﬂ\

diic!

it

I Vds\®tBLANKtvm&%d\t:wz»rxy;»w*sﬁ%ﬁim

Vs, Fault

¥

VN, @taanktCE DIRHIEHHE T 2E TlaawE K
Fault

P 5

Vs, Fault

(o) XTA—4 —BEEFRETO— DR

4. BEREEORIETERRUVRHEEERTS/INTA—
2—BEERETO—

BRNIERDK T A=y =1L, Zhb%2ZSEED Faultf55 024l
ICHEDWTC, WA OBHEMER MR EICEBRECE S,

Flow of processes to automatically adjust parameters of overcurrent
protection circuit for preventing malfunctions
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Comparison of drain current (/) waveforms using AGD waveforms

generated by conventional and new circuits to control power
semiconductors
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Results of surge current (lsurge) and switching loss reductions achieved
by digital AGD circuit
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Transient response waveforms using overcurrent protection circuit
at time of overcurrent detection
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Prototype smart gate driver IC
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