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Full Digital Short Circuit Protection for Advanced IGBTs

Takuya Tanimura®, Kazufumi Yuasa, Ichiro Omura (Kyushu Institute of Technology)

A full digital short circuit protection method for advanced IGBTs has been proposed and experimentally

demonstrated for the first time. The method employs combination of digital circuit, the gate charge sense instead

of the conventional sense IGBT and analog circuit configuration. Digital protection scheme has significant

advantages in the protection speed and flexibility.
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Fig. 1. Relationship between N-base thickness and

the short circuit.
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under normal condition and short circuit condition.
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Fig. 3. (a)Conventional method.

(b)proposed method (analog).
(c).proposed method (digital).
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Mechanism of the reduction of gate charge (b).
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Fig. 5. Configuration of gate charge sense.
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Fig. 6. Mechanism of functions in digital circuit.
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Fig. 7. (2)Block diagram for the demonstrated
protection circuit.
(b)photograph of the FPGA board used in
the experiment.
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Fig. 8. (a) Protection waveform under normal
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(b) Protection waveform under the short
circuit condition .

(c) photograph for experimental setup.
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Table 1. Protection system detail.
FPGA board

Device

XILINX Spartan XC3S400-4
Clock 32 MHz

Number of Gate 400kgates Max
AD Converter (8-Bit)

Device Analog Devices AD9283
Clock 60MHz

DA Converter (8-Bit out of 10-Bit)
Device Analog Devices AD9760
Clock 125MHz

Gate drive and gate charge sense

Op-amp National Semiconductor LM7171
NPN Bip Tr Toshiba 2SC1815 x 3
PNP Bip Tr Toshiba 2SA1015 x 3
IGBT Toshiba GT10J303
Rg=27Q
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