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Low-Power-Loss Inverter with SiC Hybrid Pairs
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Silicon carbide (SiC) power devices are a focus of high expectations as next-generation power devices offering low power loss, high-speed
switching, and high-temperature operation compared with conventional silicon (Si) power devices.
Toshiba has demonstrated a reduction of more than 30% in inverter system power loss by the use of SiC hybrid pairs, which comprise originally

developed 1,200 V-class SiC junction barrier controlled Schottky (SiC-JBS) diodes and Si insulated gate bipolar transistors (Si-IGBTs).

SiC hybrid

pairs make it possible to reduce both the power loss and volume of power converter systems.
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Equivalent circuit of three-phase inverter
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Mechanism of reverse recovery current of Si positive-intrinsic-negative
(Si-PIN) diode
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Turn-on current waveforms of Si-IGBT

IBSZHWBZETSI-IGBT D% —> F X HKAHI 60 %A
ENTWab,

3 Si-IGBTO/N—KKZ1 71k

ALY FU T TN A% BEHEIIFTAT ON=FFIFA7)
THILIZKY, Ay F AR HRE TR TE5%, L
2L, SI-PINZ WG4, SiRERRLRBRE LZKkO=
DOMBEIAAEL, N—FFI4 TOELIZHEETH 720
(1) SI-PIN®D#—F7 TAVF—=BINL, FSEEHFF
BiEx B2 %o

(2) MEEDEEL YT AL S>TSI-PINICHEET S
Y=V BIENKEL LD, B/ A AR TS,

(3) Si-PIN® Y —r* 78 (BILEXEIL) ML EEEH
WEEZ, WETIHEDRH 5,

ZHUTHFL, SIC-IBSIEMEER AN 2\, N—F
FIAL T WFHETE S, 2T, Si-IGBTON—FFI47
125175 Si-PIN & SiC-JBS D& — > F 743l L, N—F
FI A4 7LD IO WTHRGET L 720

Si-IGBT ® % —> 7 v di/dt (BHZEALER) 12855, Si-PIN
MOSIC-JBSD ¥ —rF7 TANVT— (Egew) ZR4IT7R T
EERTIE, HIREEZ 600V, BffEREZ10ALLZ,

di/dtiZ, Si-IGBT OAMFIF 7 — MEYUEZ 2L 352 L
WCEDFIEL 720 FEBR T L7 Si-IGBT OREHERY 22 A4 F
A —MEOMHEIZ50 QTHY, ZDEEDdi/dtizd7]l A/ us
Thh, £72, MHFr—MEPAE QL L72N—FFI4T
SMFTodi/deiZ 1,375 A/ usTdh 5o

M 475, Si-PIND Eg [3EEHER T A 7 TI1E220 u], /N—F
FIATTIZ501 u] THY, N—FFFA 7T LY Eqon 1359
22f58 7%, ZAuiE, W 4ETE A R (Y 0] 15 R 5 0D IRR [ FE
Gfil) Ay dizdt & EHISHINT 5720 ThH b, —74, SiC-JBSD

600
@ SiPIN
500 M Sic-JBS *

400 -
300 |-
200 -

100

BAF—RDE—2FT TRIVF— (ud)

0 500 1,000 1,500
SiHIGBT D& —>7 > di/dt (A/us)

®4. Si-IGBTOR—>F> di/dtiCHI2EA1A—RDE—F47T ITx
IF— —SiPINOY =47 TAVF—iddi/dt &L I LA 525 SiC-
IBSTIZ—ETh %,

Dependence of diode turn-off energy on di/dt of Si-IGBT
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Dependence of diode peak turn-off power on di/dt of Si-IGBT
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SiC hybrid-pair inverter
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Output voltage and current waveforms of SiC hybrid-pair inverter
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