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Multigate Control Techniques to Drastically Reduce Switching Losses of IGBTs
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In recent years, insulated gate bipolar transistors (IGBTs) have become widely used in a variety of products ranging from home appliances to
power conversion equipment as high-voltage and low-loss power devices.

In order to achieve a carbon neutral society, Toshiba Electronic Devices & Storage Corporation has been developing multigate control techniques
for IGBTs with the aim of further reducing their total power loss. Multigate control makes it possible to drastically reduce switching losses while
keeping conduction losses low. From the results of experiments using prototype devices, we have confirmed that multigate control achieves reduc-
tions in turn-off loss (Eox) and turn-on loss (Eon) by 27% and 50%, respectively, in the case of 1 200 V-class IGBTs, as well as reductions in Eog, Eon, and
reverse recovery loss (Ex) by 24%, 18%, and 32%, respectively, in the case of 4 500 V-class reverse-conducting injection-enhanced gate transistors

(RC-IEGTs), compared with the conventional single-gate controlled devices of each type.
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Trends in structure of IGBTs
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Cross-sectional structures of 1 200 V-class double-gate and triple-gate
IGBTs

HHEOHIINZTTS, CGIcaBEEMMTsZET, CGT
DEFIEADIEY, HICCGDRE DI p B E DT K
SN TEfLoFk uRLEh, T AFhOEF, ELD
EREENMENT S (K2(), nickd, ZoHIZMGIC
BEFEZHMLTY = A 7EEP IR E - 728D, kA
DYy VT —=FIGBTICK LTy — A7 oE#l, K&
QE DIEIEA I REE 72 B

®4iz, 1,200 VIFES 704 — FIGBTIZEF % Ey®
i R AR T, K@, 7 —MEH (R,) 3.9 Q&L
TG B0y—v A7 BRE, Y- A TROIIyI— -1
Loy —HEEZE (dV/dt) @, DTa#kEFTH 5,
DTy S¥EIN$ 2L dV/dei3IEML, ZnictEoTy—vF

NILF T — MR IC £ B IGBT DX A v F > VIBLDIER

H—>AT
S 15
< 0 » fFfE
ANy < -15
[ 600V < 15
) > 157
$ 15 - -
575" —NGBT DTor
(a) 20w F> o SHihE12& (o) #—>A 78D — NIENES
AL —EfR Ve BEBE  VueMGAHEE Voo CGANBE

3. 1,200 VIHES 7)1V — M IGBT DR Ay F 27 514 STfIE] B8
ER—VA TR —MEIEMES
MG & CG&fEZICHIIL, #—>A47HEMGIZfZ>TCCEAT T2,

Equivalent circuit of 1 200 V-class double-gate IGBT and gate control
signal waveforms at time of turn-off switching
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Results of measurements of dV//dt and Eo of 1 200 V-class double-gate
IGBT at time of turn-off switching
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Gate control signal waveforms of 1200 V-class triple-gate IGBT at time
of turn-on switching
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Cross-sectional structure of 4 500 V-class double-gate RC-IEGT
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Gate control signal waveforms of 4 500 V-class double-gate RC-IGBT
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Comparison of measured switching loss ratios of single-gate and
double-gate RC-IEGTs
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