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IGBTs and IEGTs to Achieve Energy Saving in Various Applications from Home Appliances to Power Transmission
and Distribution Equipment
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Insulated gate bipolar transistors (IGBTs) are widely used in various applications ranging from home appliances including motor drive units for
air conditioners, microwave ovens, and induction heating (IH) cookers to equipment for electric power transmission and distribution systems.
Moreover, due to the expansion of renewable energy systems, attention is being focused on injection-enhanced gate transistors (IEGTs), which can
play a key role in energy saving for high-voltage DC (HVDC) power transmission systems due to their lower power loss.

In response to these diverse needs, Toshiba Electronic Devices & Storage Corporation has developed the following products by optimizing the
structures of the respective devices: (1) voltage-resonant type IGBTs that can operate at switching frequencies of several tens of kHz for equipment
such ashome appliances, and (2) press-pack IEGTs with a high breakdown voltage and reduced conduction loss. The newly developed voltage-reso-
nant type IGBTs achieve a 26% reduction in switching loss while also reducing noise compared with our previous products. Inverter systems using

the newly developed press-pack IEGTs achieve a 31% reduction in loss compared with systems using our previous press-pack IEGTs.
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Design parameters to improve characteristics of IGBT and IEGT
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Example of voltage-resonant circuit using IGBT and its operating
waveform
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Loss simulation and turn-off waveform of voltage-resonant circuits
using previous IGBT products



E—EE LI EETL, F—1IEREV,M15VO
90 %127 > TH 5 [ A —Z7MED 90 % 127 5 £ ORI
FAETDAA v F IR (Eg) &, ZDHBI—v47T5%
TOMBDIEE (B ) E2HEET2E, Eg8RENIED
Db, ZIT, RyZEBL THHE /A X HBNTH S
Tk, RUOEGRERT 22 ED 20273412,
MOS it % Fesfl L7z,

23 gt/ A XDIER

E51k, —o0Ri2MOSHEE (Fv 794X, Hifikk
W, FyTRIEA—) o4 REEICB TS, ETEELOR
Eovial—varfERkchsd, y147A1K, Y17BLD
[ERAZEETZETRADI YU T —REZELLTE
b, HEEBEEOBETIEENLTYS,

K6, RO FIIHFAMER, ALy A TA
LIATBOETZIEHL, RIFEDIT62 QELT, M
JAREZMELAERTH D, ¥4 7 Bid, 30 MHzTHY
5dBuV/m bl E s/ 4 X2 MG TE 5 L8005,
IGBTTl&, ®— V&ML sy —Eils 5 — EmA

Vee 0 15V
3 ;

#

1

H

o — mTEE

% TATA o ErmE

N — BFRE

2 178 EnmE

_\,\,.
EW(TIyy—f) FEW QLo y—fa)

BRI LIRS

K5. Zal—2avicEd T REDF )7 —2%
ZoDRBLZMOSHED, AVIREBICBI2ETLIELOREDY 2
L—yaviERERT, YATADHPEIMOX v I 7 —REZE G
TWa7cd, EHBEEI/NED,

Simulated on-state carrier distribution
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Comparison of radiated noise using two different surface structures
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Comparison of simulated turn-off waveforms with and without
gate-collector capacity reduction
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Comparison of turn-off loss and radiated noise of previous and
newly developed IGBTs
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Structure of pressure-contact type IEGT
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Simulated vertical carrier distribution in on-state
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Turn-off waveform of ST3000GXH31A (double rated collector current)

1.00

N7

JEEH/ ULRIEE R
EREE : 2,260V

Ic : 3,600 Arms GB&T )
Fv U7 —REIKRE : 200 Hz
HAREKRE  50Hz

7% 0.85

O %5—vAvicksiak
B 7—>ATIcLBiB%k
O E@EEk

TR A D DIBR* (BLHE)

U=} ug=I

f % Al 5]=]
ST3000GXH24A  ST3000GXH31A
HEEBBDEBROGE 2 1 EUTREL

13. EREL S ST3000GXH3TA EDIBKLEE

Fridah ST3000GXH31A I, FERBEMNCIIL T, 2Lb Ay —8—
D= VAEEH 3] BRI N7z,

Comparison of loss of previous product and ST3000GXH31A
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