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SiC MOSFET W& =N A AT M TN EAR T RIRE

1 #k

1.1 SiC MOSFET IhZ &4

1.1.1 SiC MOSFET IhZ 54 = mu ik

DGR BT HORIZ L, BB FHOREAE @A, & D% B R R 77 1A B9y s &
KEEMMAE. HAT, fEsilicon, SHEFRIERECL T/ mE, £ 600V LARKINA, Si EE&H ¥
R AR (Metal-Oxide-Semiconductor Field Effect Transistor, MOSFET) (545 50, 1 Si JeitB gk 45 2 E A
7 2 XU B f 4K (Insulator Gate Bipolar Transistor, IGBT)I 57T 0.6~6.5kV K BN ATz, R
Eant, ZIRTEEM B RE], SRR CAENER. i1, HEr Si % IGBT i ik
B 6.5kV, TAEREMRT 175°C, Hil TR M FEs, SR, BRE| T HAE S A
HRHE .

i 20 24K, BrikAE(Silicon Carbide, SiC)FEJy—Fhe 254 Thaedifh, 2RI AT Z 1567
SEEAALE, BRCEERARZ AL, Wl BRACEERZRT 56 BETE R, IXAF AR AL IR 38 4 40 A TR AR I I I 2
HE TARREE, YRR ISR wbeEm Rl 2 2 i) 10 5, Bk, HESFrr it ¥ e
(135 J IR BE I A A JEE B, 5 ) P PR S 2 R Th R 28 AR LG, 0@ R B BE A Bl LR AT sl
TRAEFERRE, AR T DA B PO R, Bt iR B i 3 3 G B T4
RGMERTRETE . RACEESIF B, S, W mER . PO . PR ICE e, i 7
ARG RN ) 22 % P G B v () 7 [ gk

SiC MOSFET & —fl LA LG M &b M AR PEas fF, RWnd FEAAEAE B R i, PR T G HiRE,
BETTIRINECR R AR AR IF B IFOCH R, JFOBR G, A TN A e g v B A B S R AR AR, 42
BN REE, AR EEN RGRA . A2 FOEM A S 25 N ERE, 5] EmE S
AR, FEOAE R, Hxriastm, Eir EAZ BIBE 20 241N Al 34T 7 KSR,
2000 4 Chung 55 ARk 1E 135 — S AL BU(INOYIR K I T7 2ORHA T A% 3 4 vy 2 #53L 20cm?/V « s T %,
M AT S RO SR A B T 2R 2] T 32Tt BB M T2 H 25, 2010 4ES %A W A4k
HEH SiC MOSFET 7= i,

223t 10 REHIKIE, SIC MOSFET SRR, NHEN KT HITIT 7 KT

1.1.2 SiC MOSFET Ih&# 4% Rias
(1) SHREHTERRL

P IS AR 4544, SIC MOSFET L2 #8440 1) 73 4 T [ U 4544 . VA RE AR MR 254, an ] 1-1 B
s P SIC MOSFET BEARAHXS s, &R 7 2N, HE-FIiMA MOSFET i 1EIT#% 21K,
HSEHBAECR, AR T HFHE4m/NUEL, RELRE. WIS MOSFET FEESMEE F 2
MR, (EVRRER ST E A B A E, VRS R AT DA IR e B, %A JFET &8, AR HATE
N, RO, JFOCIREAE R T H, kIR A E VA T DA R AR T (A, AT DASE B
BT R, R SE M. F7E SiC MOSFET (R EidfEd, ARbrmisskik, T 20K

1
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P MR AT EEZE A, AL AR TR B T 0 SR S R R A IR R, ST A Y i AR Y el
gERINE 1-2 s, B e RE A FE SiC MOSFET & SiC #34 K B N4 2 1% .

wpy R HIR B
Ny HhiE Ny Sh3E
N N
Ea ] S8
- -~ (a) Cree CIMOSFET 454  (b) Rohm XU/4##  (c) Infineon
TR M b VMY R S 7 [ a) Cree ULV it oA
(a) ¥ [f(b&h%&lﬂf_# i (b) J?\(‘HT_L\%QBIL___BG)J T P MOSFET 4: TMOSFET 4:#4
1-1 SiC MOSFET FHEEMAE R MR AR EE 1-2 REI{EAl SiC MOSFET safE Bl R E R

MR, EEr EZFRAeWE LI SIC MOSFET 28 4F w4k, I 3 4 i H v il 74 Sic
MOSFET #54%. 1 [E A )SIC MOSFET 2 1 3EAK A~ HMMOSFET 4544, #EARFEANEE, T2
FEAR A 2 5 23 1T S5 2 (B N SIC MOSFET 234 (1) 32 22 1]

(2) ERTEEESEEENHEMRNSEHRITRARS

BT O IR0 2 15 FHSIC 2847 R F AL G Sigs At 108 26 77 30, 1A% Gedt 2 1R B A T Ab 2
RIS T I A — RO B R

PR ERS AR 2 A T /N, MG, DRI, RO BERR R, ORI R i dv/dt Fdifdt 2404
EIREF I RAAE B PR AIC, (AL Gt e h O RIRSHEROR, Es 1 dildt 2377 A BRI L it
WA R, SRR U N 7« HRFE AR 0 DA A R AR I R . FEAH R B AE LR, B Y
dv/dt s 3GINILRE IR . BEXF R I8, B AR E AT TR T — RGBT R L i, TN e
BSH, Rl PR A R

BRIT I H A, BACRE R TAE IR rIiA 2(300°C LA b ML & F T RESRA 1AL Gt 261
B S5 — M CAEFELIS0C LR, 7R T il BRI rI St SR R B, BB TOVE IR IBAT . MR iX — a8
SRERAE T4 & B il AR EEAA R, ICReHE R AR B S ERE . th4h, ZIhReAE R A
DA% e idt AR AR S TH Tl 28 2% B 45 U THI B e 45 OGS E T

F1-1 B T A BRACRE S B B 45 M), SRR, YR SRS 4TI LA 08/ A B LA,
Ha HOR/MEHITESNH LLF .

F1-1 Wb RERR B BT R 454

B SR L RET7 R i 74 ZR &R nH il
H TO247. TO220. TO263 %% 650V~1700V/5A~100A 10~20 Wolfspeed. Rohm. Infineon %
AR
x G R 650V~1200V/15A~35A <5 RiT 5 €K 2
T 1200V~1700V/20A~500A 20~30 Wolfspeed. Rohm. Infineon %%
N DBC+PCB i &% 1200V~1700V/20A~100A <5 CPES, #R1%
SKiN 1200V/400A <15 Semikron
ThEEMiE DLB. Cu-Clip. SiPLIT 650V~1200V/100A~300A <5 Silicon Power, IR, Siemens
7 B R H2 (e ) 650V~10kV/50A~300A <5 M seab e, RERCHEA. KEEKY . CPES %%
e 1200V/100A~200A <10 TR B R BREER S
= = 1200V/80A <1 & BIEATT /R -] R BT K 2
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(3) SiC MOSFET ThE g5 4 B BY e B N Wi d FF & K2 A

SiC MOSFET ##/:H10.65~1.7kV HIESEHR K&t & milik, HTSiC MOSFETRENS N & 4t ()T
KA, A DL TCIR A AR, RN SICH) SRR, HEBRRMAETIRE, SFEGOHTE
NG, BPIENAREAE . RIJ K AR .

AL SIC MOSFET#HF XTSI 4RI B, ok T A AR BRI DA S D38 % FE R4 i, & & L3l
RESEN RGHRR S EEBURMPM G . BN KIISIC MOSFET #44 A i gkidid nf FEveAa e, If
R RINREMN EWRENT AL FRABSE by ARESSRFERINE, SrEENNHET R, ##F
EAEAESR T 23 ] 6

TE SEBRB AR B BB E S A A, AR AR IR S - A A 0.6~1. 2k V/S0A #14,
AT EEERATAEAS B ERE LT Rm-HR AR SRR RGH, Se Ry 2 i F
0.6~1.2kV/ 20AI #4511, 2~3.3kVHL R 55 2, LMK T-20A B4 Sk a6
T #23.3~6.5kV LRSS, WK T100AM#4F: Ef BN G, FE6.5kVHESH H 3l
HLL AN T-100A 281

H AT SR, e RIE AR S . KR EAI% 5 (# FISIC MOSFET/R B kI 2% 4 14T 8%
PERTEEME DL R R In) B, ek DA R B A A TR B AT SEME I 5, SIC SRR AERE— B A &
123 [

1.2 SiC MOSFET IhE&SHZ 4 I BV RARME =

WAESITI R AR AR E TR R 2 AT LA TESIC b, (AR ITE: (1D MEEA
G RHBAWREIEER . & meth. PUPERERIAER S (20 TR A A MOSE £
G FABE A FE RS SRR e s (3D MORLAR B KON A —— Wi % (B Zgamiit) —
— I ZHIR10fE i s AT Hidg, AKX R E A aiIsem: (4 mEis T (Vps>1000V) 5k
TR (>50V/ns) AHZL & HIHTHg AT B,

SiC MOSFET &8 -FE 4= b S F A B 55/l , 6 1) B il B O i Dy 23R 8 B2 DL B v A
RGN FH A I, R RS2 T R A LR, SR S R, SRR OCE B, TR R Y R
I, TR AR 2, MHAEGEK (5-30 4) , TIEREEEES, ElERENRE 3%
JESD 47 Stress-Test-Driven Qualification of Integrated Circuits 1C £/, HL 4 N A7 4%, 00 B 189 n v
JERE 8 L S A () AT SE PRI IE G . VRAEMN AT, —MREARAE T AR . ST B AC/IDC AS it
VLA & DC/IDC AsHedis . HzhBh e mp iy i 58, HAEA SRR st ™z, w7
A ERAT 15 45, ppb HMFREE AR (80 OEM AREFATAT—AF= k0 , FEaE RN yiim,
SLAEN AEC Q101 ZE 143 3 - SR T A 12 T R O LER 9 B MRE8E , AU AQG 324 K3
A T H e M 2R B T D R N B0, R, BN SE BR H ART SRS E

5 SiMHE, SiC MOSFET AJEEME 1T = 2L Ilm LA N BORAESE -

(1 BMEBEEEERHE: WA INMESS, SiC/SiO2 F A7 E K & SR e 7 ok 15 18 F 1 1)
R, IR MR AR 1) S AP Roson 3GK, HORESARH SIBAAE: BE AAES 2 FEE R
BT, SiC MOSFET [P G R, — HOIRIT@l, mRES FECEA RGUHH:

(2) FFERAE TEZRERM: SiC MOSFET RIBIRA T, SiC &k FAAEREKEAE (BPD)
fil AR AR . TEXURIZAT A, TSNS A TR ReE R EHESZ 45 7E BPD b & 4L,

3
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— HEGERE /R, PP RN ZRE SN, TETH, FUIS A8 RX 4N

(3) AR R R R AR T SE VRSO . AR A B R B R A SR B M Re A it — B W U0 s T vy
T =S IARE IEIK REUTEC R R B R AR, e IR I B A AR L 78 A e B R AR
DBC (E#M&HR DBA. iHME&EEE AMB) & RIS AR g 5 SiC MOSFET £ J&
FE—HRHY SiC I HETh AL IPM () 7] 55 75 280 22 (AT S5 30 1E

(4) EE A RIS AR T s dv/dt « & difdt (R 7. ThEFF B 4E TARRE T o A IR A
KPKA . JFRIHE: SiC MOSFET & s K R I LAERs 20, AR NP SR, s e 5 oK s
1023 28 T 7= A (R R ] vy D 28 i SR B BV s AR AE 3 RSP S AR ST (RSB )4, 7K 52 et
SNSRI IVEAR o

(5) I TOL RS, S RERZ /). BT RSN, 2F T TR
SRR TOUH L (A) Fil%: SiC MOSFET HEFEM ik AR AT BRI, FEEE Rl et Tl R . FIRR
SRR, FRAERERT BRI, 2SBEERSRE LA, WA R CEi S SEER A EEURSG B) F
s N R B SRR A B R T R SRR R 2 R S T A A B R R, R AR S
ZFASZIGEN S . R RE EMIRE V) (C) IRIM: HERTARTTRE, BRI RAREAN D KHBE,
AR IR AR SZ BRI, K FEE, AT 3 B AR IR AL B IR b e IR O 2844 P 7R 52 R B 25 Y T e

7530

[1] L, ARUR, TRIAE, BRACEEDIR SRR SRE, PHEE TR, %40 %5 5 6 1 2020
3 H 20 H.

[2] EOL, FEHEBL FFRE BRACTE DR ST B RO BOR SRR K B R E L TR A, 2639 % 2R
19 112019 % 10 A 5 H.

[38] (o DRI A RAESE T SiC ) ZhR - ARSI EETED, H R4S, 2020 4E 7 H.

[4] D. Sadik, H. Nee, F. Giezendanner, and P. Ranstad, "Humidity testing of SiC power MOSFETs." pp. 3131-
3136.
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2 SiC MOSFET it i 5 & A A IGAY 0] =14 [a) /2

2.1 SiC it/ xEHE T Zh a4 e/

2.1.1 SiC SR ERE

SiC Ah AR A 2 M K2 B 28 B AR 1 R 26 B Bm b, RS #8401 B 10 350 A ik P — P A 13 31
THEBEER, $&E SiC AR & R 7T 2T E O RS B0 AT g AT SRS ) A
G 7R . Hod, B 6 S5 n B SiC A JIRTHUE % B (MP)<0.1 Mem?, -1 [ {37 £ %5 [ (BPD)
N 500 Nem?, BEALETEE(TSD) A 200 ANem?, 5 E<40um; == 6 J~tF-414% SiC 4 KT
REEE S5 E Y 600 AN /em?, BRATESEE A 250 ANem?. BN ALRE BRI 4 9o, BB EF 6
vk, HEPREH AP — 8 28 .

WAHE AN JE B S 4 IR KIS B O, AN 2 BRI A R IEE BRGSO BRGS0,
HRMEIGR A E AL MG GRS FAEERD, WIt. =MIEHME. By, HRH i
BB BRI BISNE R . Tl AL USRS B S AN E 5] N IR SR A 5 B A Tk 1D A S5 )
B

WK 2-1 fiis, fEAMEA KRG, #HETH TSD 4 98%44k A TSD, HA#EHA Frank 244
(SF) ; TED Nl| 100%%%4t.y TED; BPD 2 95%%%4t. 4 TED, /b&E4iF BPD. [ 2-2 4 BPD bR
B, fERRHAELER BPD BRIE, 755 ESR [ 1) 22 4 B ™ E IR

TSD—TSD | | TSD — Frank SFs | | BPD —BPD || BPD —TED
(> 99 %) (< 1%) (<5 %) (> 95 %)

\ N\ 7

epitaxial
layer
substrate
0\ 7
TED —TED
{0001} basal plane (~ 100 %)
[E2-1 SICHRIME < [B) i & ERBRRI L 1425
Top View PL . . —
Active layer /
TED /
TED P BPD
C -secti
1RO Buffer Layer 10 BPD EPD /BPD
BFD T BPD “BPD “ BPD
(I (I (I {Iv)
SiC Substrate

[&]2-2 SiCHfJESMNE z [B]BPDERFEAYEE 14124
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TSD #1 TED JEAANGELM i 2 RIS F HOTERE, 11 BPD =5 A FYERERIIR 1L, R AATTXE
BPD [RRIEE LR . HELRRAE, W% Do, =MBokiE, mUEmAEsiE, BT RTREE, B
HMEESE L, XA RTh R & IS, SR R,

Fromh B IR RS (TSD) 2B F ik, [FFfE 4H-SiC #JKH ) TSD b 51 BISMER
t, AERREHE AR AR R A [ TSD 3 AT R 2 3 EUAME Z i dn = A BBk IE AT 1 SR &
XHaAEYERER B MR SREE . TED ALA X XK TR aeAF I RERC AR R BN, AR FE Ve B .
4H-SiC #MEZ 1 i) TED frfi 325K B T4 Ji& TED A4S 7ESME AR IR ) SME 2 1 5 %7

SiC # Ak EAFER LR IALES (BPD) 2 SRR . EXAZAT ], 552 RME
B IR IR e B SO R HE BPD AbESE ., ZMELY R R S A AR, R E IR, W
K 2-3 fis, AT RIHES R A f X, Ca ik i S, S A A o IR ke, i
43 MOSFET HIzh&- @ H Ros on 2K, R ZHER Vep 2K, HAEASE dnbzr sk, If
FATNIEM R AT FARK AN . 8L BPD I, KA EAEXURGR A RN,

Top view Cross section

stacking fault

drift zone

FE12-3 SICER ¢ oh B R Il

7225 BPD AR A A, — A i T R R AR RN T, 53— AR A AL 1) 1
PRSI . Jish, ARERER T ZMATE LU AMES A 2= T2 BPD A% K77 E . 4H-SiC 4R K
# 7> BPD LA fEAME RE th 2 40y TED f4h, X 4" fifMdE, HAREERL 9% U L, HA 1%k
A1) BPD 2 5% BIAME R IF A B SME Z R -

JERIAMETZ . B IR TSR A5 2 W BEN S i oy 5 M I A 2808 S KRR AINE F Tl
IR, W UK SR E R R R

2.1.2 SiC MOSFET BF7EN . Zih. RRaEHAL

MR ZAE 1800°C AN, SiC APkbh 2% B 5 (BR IR TR BOR BARH A, HY U E0y 100
10Bem?s e A T IRIGHE Y B S FHE 2000°C U R EEE . Rk, RAEE R R
M #O7  SiC MR TIE X 528, B2 HATSEBl SiC IE X B4 — 7730, JFaeidE it f
BPEANNRESFELIEY .. MEMRBEEB RS M. B2, mieEmfENS FEARIER
SiC AEH™ HE (1 ddg 105, F3 SiC MEHAERL, mIRBGRR KT REEE . Bk, A TPiIEET
HENFE S SiC MR EAESL, B RE SRR B TN TR miR T, RG] —MAE 500~1000C .

T B FIEAN—J7 20 SiC ARE AR di i 3 B — & RO, 55— D7 THRFB /- N PR 1% I 5 10
Yo ib T IRIBRALE, ok RPN 2 EMEM . BIlt, BN G 5 AT s iR oS 1B K LUE & s
i, (RIS R TR B AL B 1 2% R B 188 & W i MR R sl S 0, TS R B 1. N TR R i1z 5
FEMEEEEE, SRR JOREH KT 1600°C, X4t SiC MR E 7T MM S5 Sic
REHREEER N, AF]F SiC MOSFET #FfiliE. Fit, siEugiB o fE e SiC R 1H 7 a5 ik

6
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HE LB AR S (T e R P RO N, 2l R T T A B, BRR SRR RE A AR E M. N
B SIC R i AR Hefih 42 J8 1) D) IR BUNAIR T 4eV, P AL SIC BRABHEAGELAR ) D) s S 5 T TeVe
b, HBEHREV DB LR L2 5 S G E R . IhAh, &JR-SIC M#2m R K B 2% B S I RS,
Xt TR SIC Wb R MERE . SR B2 %8 1 (55510 em2) [ SiC 5 Ni fil# N & SiC Wi
e, RAFE B Al B (=1>102cm3) 1) SiC 5 Ni il % P 2 SiC BRI & 2 N T SiC Th%
e ol g i,

2.1.3 SiC MOSFET #t& R &

R SiC MOSFET 7= s A A BN R, (HBF 75 %) SiC MOSFET #8544 Fi TR L BE S5 Af R i
KB, IV AT SR R TS I 2 SiC MOSFET HIF 50 45U 6 1 A

SiC MOSFET & /- Hit S I Ab 34 22 s FE S AIG R0 P A 2 v 2 A VA T HR AR BRI T BE 28 ) 5 I 3
2RFNEWZ T, M ENERRE. B0, SICIEANEFE iR RE R A ICTu RS
SiC/SiOf ST Aty KA i (1 S A B B o w5 2% B2 (W LT AS 22 52 M SiC MOSFET 2344 (R PE Re AN AT S
FRTHT A ) P A e B A A7 R L AR BOR T RE, Ed PEAR BUN PR IR R T %, 2miSiC
MOSFET I FELILRE /AP ARt s S T2 P Ay e B E 2 A2 JE R D IR P a2 A SR AR TR e 1
f8115.SiC MOSFET (1 B B Ha R R AR V3« WA A 2 A S THT 245 FELAAT FFA B8 K SIC MOSFETZE i HiL) 1 (1%
U, BRIRHI. i FEMEN RS SRR,

FIFH Jedt S B BOR,  H ATSIC/SiO2 S IHIH 1) S HI 7S % B Dis 1] LLIX 3] 101-10%cm eV, i %f
T 30T (K Si/SiO2 ST Hh ) T T 25 25 15 Dies 8 5 J9109-10%cm eV, HESi 241 w3 2 2-3 N 4B 2. i TSiC
S TARR R s T Sigsff, PRIkt REAL R (1 SIC/SiOo St THI Xt 28 14 1) iy il il S Pk £ o0 F 2L

HAr, FERAMINEAEMEIRA EHHMSTE. AN T2)E, SZHTEGRH iR
K, FTCARR A AR E . AAEATEL T 2RI ENO. N2O%5 & &1 SRR ST iR -k
BUEARIENO. NoO Wil T L2, W LIARPECA IS, SR E. RIS A RE TN
AL MOSFET H R (i IE A i Al 5 e #H1(0001). (1120)5 IRk /En;, RANGREML T E
AT LA s 326 FH SiC(000L) i T EAT vl T4 S8 TT ARG 0 AR S 1 ¢ B 30 F S T A 140

XFF SiC MOSFET, SiC-SiO, FHHAFE R IHRE, 2 2 EEMRiE N o & 2 )5 3 808 5 2 8] 1)
FECAE I SZ 252, AT A R PR R VSRS, R PR 1 V2% 2 i 8844 1) 538 FELPEL Ros om 36K, 38
KRR SE e A 5 A 2 PRI AT 208,  SiC MOSFET MG EETR, — BiRITIE,
WRES SBUEAN RS T A R E RS 2 SiC MOSFET HY T SEtE SR (A% O FE bR 2 — .

H AR 8 B DU R P X B 49K, SiC MOSFET 75 Z AT Si MOSFET H 3 [ i 8 AL 4
(Si02) |2, A REIRIFE I BH i AIEs FAH . 7ERIN 20V A4 (MK i B B )5, SiC MOSFET
(1) SiO2 JZ M AAE IR EE 5153 5 MV/em. AT, FEFSE&AM R, SiEESAFRALERY R 3 MV/em.
Rlitt, SiC MOSFET 7EACHHM Al BARA T H 45 5 K AL &7 % (time-dependent dielectric Breakdown,
TDDB). Jrif TDDB, #RHI/2 SiO:2 /=4 M — @ BMK T AMEd 7 s e k0, hkA 7TE% .
XAE Tt N A RE A, Si0, J2EH BB W R S i, 58 Si0, JZH S BT % . SiC/Sio, )
BRIEHARACE 2.7eV, 1] SU/SiO: (IBFIEHA 2N 4.5¢V. SiC M SiO, Z [ HEET ImALm C T Si #eft, f#
BH T RS M SIC BT F] SiOy. 7 SiC MOSFET LAEMIA], BEA EWRT A8 & 1) i 12 3 MF-U5 A%
Whnid)E, e SiC AP RHERIFEML (Si0) 4b. UbAh, 7ERFHI% (High B-field, HEF). iRkt
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T/CASAS/TR 002—202X ({E3R 2= R #5)

N, Fowler - Nordheim (F-N) [# % A AAZER, HEFHMIR Si-O BIFr= AL Hf. XLt
FHEFIE — L fS, AEMRFIEAR 2 A WL T — %88 1E, S EUMRItE Rt g in, ™ E 2 35
SiO; JEFEAx i % o TESFRWRAS WA,  H RURIRAR FELHE 3 F 1) vy T P 3 T DL g IE T o [ e,
TR T SR AR AL s A Tl A R R AT Re R AR B 45 i ds, X G RTE Si0, S Ab Rt )
Wigd, PEIRTEANT] SiOr HMAEIR . X R T (hot carrier Injection, HCD) AKX,
1 SiC MOSFET 7E il 37 2 fF s e, b4 A 9 A0 RL 2 R - 23 O], Ry FEL AR 7 5 B e
R B TFEAMEE, Huk RTE SiO v FET IR 1) S o M AT FE M 1) 2> 51 & SiC MOSFET
SiO; Zi % . JEFT/SIOy FHHIGRIE . VATEBRIASER AL, BETE setis i (IGSS) BTt

i 2-4 () fizw, SiC/SiO FHHIFERE . FAIRaRE. BEmar. a1 AlF Sio, 7
Fea B 55 00O A 07 PR 3% AR 2> i B SiC MOSFET W RIE LR (V) ER 8. £ SR T, SiC
MOSFET ) Vi 75 TAF AT AN Wri A2 B30 S AR fi B il B2 AN E 1 (bias temperature instability, BTD.
%F SiC MOSFET [MHR i I fm B H £ (IE. Fufm) B, SiC ARk R HLF/25 /X4 1h] SiO, J2 Fi 1 [ B
AT o SRR 2 B R 5 TAR IR SR . A6 IR R R0, Si0o F 14 i R 2 508 5 1 75 F i B
Ko SiC ERE R Si0 2. sl AL E R iGN T S apcE, XERmEHTeSsS
AR SRR, B 2-4 (b) JBIRT SiC MOSFET Vi B g LIS il MBI DR H: fEEE%
K, SiCMOSFET Vi B S IER [EEF; BN AR, SiC MOSFET 146 Ve N, FFHBEE S
T[] 3G AR SR I s TREERR S, Ve R AR . SiC MOSFET Vi, 1F [ (1 471 [ 552 73 Jill 22 5 51
A1 Roson MG 1N Inss 38 1

110 250 (°C)

_x%— 1.00 ey 200 °C o
N 7|
" RiERH o SiOl ?Mt);:’i o Na‘ E s 150 -
G N N + £ o080 -
s Na ° o = o }#,ﬁ,‘,
N E o s ° E o °c g © IE _— et 50
Na ®[Zh& ¥ ° ° o e | | 0TV — WX
Sic #JE o3 0 8 16 24 32 40 48 56 o4 72D
(a) (b) BT 7 (/1NN

[&] 2-4 SiC MOSFET Vi, ;Z# 80 (a) M A BREZF(b) I %R
2.2 SiC MOSFET ith i £% AT Sg 14 o) &3t

2.2.1 BRI ARI & R R AT S Bk

SR BIR ] AR S 250 G ) B S P N, R BRI ER, BRI AT ARVEAE . B
IR AT UM . B T4 Lm R AR Z LWgRF (FLR). R(FP). 454y EJTE). M RAR 5K
(VLD) FORETE 20555 .

(1) IEFF (FLR) #AR

7 BR ¥R (field limiting ring, FLR)F A H T VDMOS 281453 51 i i) — Fh4 KooK, AR
RIX % (%) &b, @y 507 A hn—25 p 45 EMEEI(FLR), TEA 345 Rt I 2 (RN
i3 PR3 (field limiting ring, FLR)FZ AE H BT VDMOS #8442 3 1 F (1) — P45 &R, HAES G IR
Xl (5% kb, B BOs 3G —2L p 251045 H(FLR), 7E#52F 32 45 F0 40 2 8] & AR

R, ESERFZ 2 FAMIY e, HUtAeRZY R FLR IV, X Hprin s Bkt i FLR 7345, (Rl
8



T/CASAS/TR 002—202X ({E3R &= M #5)

FLR 7] LR B R g hn = S5 R IX A i 20245, oo sR i radg il e, AT K o 28 fLMR
(2) iR
R IR HIRR IR, M BT DL & BRI BR AR, 3% M mT o A RBR . 22
g . dEid R A 2 S BRI R B VE S BROAS S AR i AR g B b, (AR AR S G i R A R I i
(3) pmEEHAR
nl 2-5 fios, EHARRELAGRABA FAER P IN— piREmFEIX, &% R RMFE

JE AT g
ZmtEie  #4 n' k1L
AR A M

oy PR F [ 75 4 A A

R I
n RS LR n FARAE
n FIHHRE n B

& 2-5 p RBIHARREE [& 2-6 VLD )~ =&

(4) MimZHBS (VLD)

i 2-6 iR, % VLD BEAGEIETE R 4245 4 DX Sl ) R T AR — B PR B9 8 A0 45 2 SR BRI 2R T H
Y1, MU mES, A VLD &FFER, BT pn SRR EHMSWE R SE/MIT B, N
TR i e v o 27 L

(5) &%y EBHA UTE)

W 2-7 FiR, SRR RS B EB R0, RS A ngs A s ) v, i
R BS IR SRR, LAk SIS A 28 1] BT 75 B 1 FEL e

£ Witk n Rk

n BAME R
n BFE
[& 2-7 JITE &t~ EE [& 2-8 RESURF £&#)~ =&

(6) RESURF (REduced SURfsce Field , F#XEMm ) A

W 2-8 Fis, AR RTE p BRI EB S pr/n+AH I PR IER G . ZH AR AT PS8
Py, X BT B (AL IR A A BRI, AITTORHR PRI R r e, $20 1 2RIt R 1tk 5e, mT B
A R 2ty X THIAR I AN SRR VI AR v 5N 2 1) ST PR I B 1R 55 0 R SR AL 11 )

2.2.2 3FERY SiC MOSFET M4 R R Al S M Pkax
AR 233 AR AW i B8 ey D 4R 8 BT . W vy iR B DA R i AR A% %6 7 M K J€, SiC MOSFET A

9



T/CASAS/TR 002—202X (fE3R = 0 %2)

Armf g BE, FCREMRGER, HHFEEHEMR. XD RRERE, 2200 BA KRBT

A SRS . P SiC MOSFET i ARMX A, C435RkME 7 Z A, (A MOSFET 4
BT R, HSEMMEEK, ARTHFHREm/NMEL, BEMKE. W MOSFET 7 ZAE4ME
JZ L ZIE AR, ARV RS R T I A Y AL, VRS Ss R T DU R e R, E JFET L
B, FFAEHATE/N, FEOCHEEN, FOCHUFEARREAC: M H, IR A IS VT S T DA S AR A T R 4
M, FTCASEEUR AR EE R, RS EE . (H7E SiC MOSFET KR B2, AWl Hk
0%, a0 T 27K P RO T SEME SR 1 8, 7R SR W ] R AR T R AR S AR e 1 R, R
T E A REVA RS SiC MOSFET J2 SiC #F R R 2 2 B .

(1) Rohm X4 F# 45 1)

Rohm A J{E 2011 £EF2H 7 XA SiC MOSFET 458 (A 2-9 Fizs), FH4E 2015 LBl &/~ .
it PEARSS R VAR R, SO IR PR RSB P B RE S PR [R] I 8 s V) e M R L g 0 AT
S AR, HB MR A SRR, RIHABK . MRS Z 7 =0 PAX T,
N P-URDXCRIVARE BT 1) N-IXVER 2 1) PN 45, JERGFERZ, a2 2=l ffx, @il 1
A DU 2 EE A R AR Y R S S SR 2 P T AR s B, JF HLiZ 45 MM EE Rohm _E—487=
T RS T 70%.

mE =

Source Gate

Ot

- L
e ————] fo—— i——]
D PETLY
a % g ok L
| | .
a -3 & Drain
[&] 2-9 Rohm JA#ER! SiC MOSFET 4544 2-10 Infineon EA#E A SiC MOSFET 4544

5—#% 8345 MOSFET ittt

(2) Infineon FLy4 Fli 45 K4

Infineon A F7E 2017 4 29 Ji IEEE ISPSD £ E#2H T 1200V/45m Q [AEXT FRVAFE S5 R SiC
MOSFET, Wi 2-10 Fi~. FIA 4H-SiC iLFE 2T K (1120) sh ] 1 28 R 1200V, i@ HpH
45mQ FIThZediE, MHRIE RS A Z S PR M R, AR X, T P-&X
FAVAFE SR N-IXERS 210 PN &4, TERGFERZ o %5 MITE Sl /NS A TR A [ A 8 7 6 ] Sk
R AR 25 52 1 25 244 PR R 1R e

(3) &K% Integral Oxide Protection £ & AL PR3 4514

WK J. AL Cooper BB IT T P U BE i [X 58 4 GLEEMHE 174 A5 2 SiC Th% MOSFET, JR45& 45
K R AR B I T AR, W 2-11 B iZEE M =4 BRI A A
RESE, BAERCEAEE, KB AEE N SiC, EMREILZRETT; Mgk FEs, mahn—

Z P+ SiC; PARX AT NIER ZE 2 W38 IN— 2 &5 N+ SiCe g8 4b T M mE R, WA N
10



T/CASAS/TR 002—202X ({E3R &= M #5)

Wi PN SR AT X, R iR, WU AL R R R Bk R A, R AR A
KRR PN 45, B/MIGELZ NI TR Y, SR iEHELZE b B 0, A R R
B Z e T AT RENE . MR MM B 2R 2% N- SiC, T LAR#AIR SiC-Si0 Fr A5x4 18 i
THUER, #REbrTBs, BRI SEmE. S mn, PARXH N-E# R M &3 A
N+RJZ, (gt TE 53 NI R SLEY i, B P F R iE H

__J :
10" em’
3::"
W= 1 S0pum
N-Drift region
4.8x10%em? 100 pm

N+ Substrate

Drain Contact

l\hnu..,.......,.w

I TR

{
E
_§
E
4
—p

[&] 2-11 4H-SiC UMOSFET £&4&i [&] 2-12 Mitsubishi Y& 454

(4) Mitsubishi V4 fi& 1)

KA AR BRVARE LR, AARVA RS X 3 3 N5 JICHD Pz RS54, O HEHh Fa 37 BR ) 2
CE 2-12 IR ES 22 P XD SR N+HB 28 FHIX (& 2-12 TP il EAA I N+IXD o Ml VA R
B P+ALIZ PR A SE RN N-EERS 2T PN &5, PN Z5[RERZ . it e s X, B e dis a4k
JZ 1) HL 37 5 PR AR 81 0~ TR 5 A PR KT, O b FR 37 R o S0 v R 2 e 42 BV AR, T ql 4z
SLHLEEIT . MRS S, BRI L8 S 1) 58 F R

(5) HAMEK

nE 2-13 s, 2014 FH AR Keiji Wada 55 NF TR 25K (0338) di A 1 o 28 HUE
1700V FHIEFIEHPH 3.5mQ-em2 (1) V BUREM S5 R, WHREHE 0 PARX S T8, ST mE A P
TEVATE I EAZSMNMAE X s, T8 P+IXARRIARARTE, A B AR VA A I S A JZ AR X 38, kR
FEH P+ X AR Y Rl JES BRI () N-EEAS 2R PN 45, PN Z5UFERE, FRACHIR AR 2L 2 A
IR BR A, JARER V B4 . RS X 5N P AUHEZ 0] DI ROtk 048 Fdg N VA5 £ s (i
BN PN &S, SRR, 2015 4F H A3 K Kosuke Uchida 55 A7E IR 25 H 64t F, InjE v
RS ST VR B VA R AN PRl X AL s 27 FU 1200V FFAE- S8 FLFH 2mQ-em? 1) 4H-SiC
V By58 MOSFET. #R1f1(0338)aaHAMELLF-4K, s L2 HWRE Ik, X EEEE A% Ot 2 E MR A 1 i
T B AR VA R R B A DX Ak, 360 P AL, TR RGRE R Z BRI XD, AT, SR v A 0 A4
AW, MR RFER)ZE T, RS R .

11



T/CASAS/TR 002—202X ({E3R 2= R #5)

Source

LOETHR  E n BILEF
\T/ L \]
o attee | e p' SR
n- drift fayer n{¥ ﬂﬂ"z;
—
& 2-13 BAR{F R OEEN & 2-14 IABRIFFHA

2.2.3 SiC MOSFET X ## it e & B At i R FIER
1. BhESS &

SiC MOSFET #8FE SR A SN E, ST a8 rnr s, R b e 2 A HEE L.
SiC MOSFET #fF sl & S8 - 20 SIS 7 K Veros)s ISR RV Tos HIHAR B{E
HLE Vasany ~ MR Iosss FIHHEPH Rps o ~ R HE SIEERE Viss. BT 2SR TS
SR AIRAFAE AN, UL S S SHI N B EAETRE 45 R Tvi M. FEIR, A7 40m
VPl S AR SIRE IR R, KBS E, FEAANFLGR FEK. SiC MOSFET ##f
A ZH I E 5 R A th NI & 4 S I AR e . RN, SRS S EN ARt 2 S
LA VLR RT SE PR A ) B E AR AR TR AR -

SiC MOSFET fEN M, FETAEAETF BT . M TS, RS R AR R,
FERPFETAL, FHPEREELF. SiC MOSFET Mz MR E S5 - 2046 MR ABAT Qo MIANHE
Ciss. Hith LAY Cossy LA Crssy HIBMA] (taon)s tr, ton); SCWIHTIE (taom, tfy toff); JFiEAE
& Eon 5 RWIRER Eors HATREEMIA Eas %o BT 2RSSR S HS S8R 45 IR AR R AH G 1,
SR ZAERE S50 Tvi T e [N, Oy 7 2mrEh et sh SRt SIRER R R, LSS H
&, FREAEARSE R T 56 .

2. FERHMBEX
(1) MHEATEEME 2R 2K

SiC/SiO, Fi i &2 MR SiC A KAEMRMERE) £ E RIS 2 —, B T 202 B T
WEMHE, (HET SiC #HFRIEEMN S Si 23 AR, SiC/SiO FHH AR KR M B, 15
FEREN LR A R B fE. ERERIANEI R RS MIERAT: (o) FA3IE T (b)
i SE AT (o) AP fsT: (4 FHASHEA . T SiC MEIFRTE, Efl& A Zn <
AR R TR TR AS F A, X TS R ar A B B P AT () A A s AE A AR I il 3R VA 38 T i A, PRI
EITRR, HEEAWHROME, S EER LR

(2) BEREIER R

VRERY SiC MOSFET LAET- SRS T 3 BOM R % 7 i P S AR 2 TRl D4, (RIS el A
S ) TR 2 HL AT B BE IR A I e, I [R] M . ) 5 BB P s 7 AR RS, SRV TE LR, 33K
RIS FER A . ISR SiC MOSFET — #2322l il R A B (HTRB) 711 =i
B (HTGB) N JJHISEM, a5 e BN g 2 A8 a1 (1) BB [ 707 R ER A%, 3 B A AE SC IR A7) 47
FEECR AR L, ISR PR IR A s v T O B2 7 T 3 SR8 A 1) R 1) TR A, Sl 24P e L LY
K. THFEHE K.

12



T/CASAS/TR 002—202X ({E3R &= M #5)

(3) M ZREIRIE

FEIRIM RN 2R, K 0 A I 8] Y IE ()9 N AR s (R AR AL PEFE 26 (UIS) W
A E 3 S N NS o S 1 e [ e NG & = L i D e ) =1 NS 1 e = 5 T S e e
KEMARE, FEEMFR AR RUEE B XN #R0T A 1T S = A2 T ) -

B 7 UL BBk, VMR SiC MOSFET 38 75 B AE 5L b S 35t v RG] 22 748 (1) 4 018 L LA R IR 2%
BIUNTFIRRL )« FLBE L J 58, e 5 R A v R RS 0 A 2 1 AR b iR R v, E v 1 S e i B L I
T, AN B R S AT . JARESE ) SiC MOSFET HIH AR 7 M), e R AR AL i P 45 440,
PNV TR A2 TAR IR .

(4) & dv/dt = di/de 7RI 2k

£ SiC #8FiEFtH, SiC MOSFET & H i e, fEH o124 USRS 2R N Rl
bk. SiC MOSFET EAMN ik il FFOCEFEP . HUEE J19m. FOCIAE/NERE s I AR T SiC
MOSFET AR 28 v £ i TAERER, /b HAERITE#E: RS s, oof it it Moy, i
WA AR BUNEIASAT, SRS TIREE ., HE, DRI ISEE 1S SiC MOSFET HICHE] [17 HL
JEAZ AL 2R (dv/dt) B LR AR A0 2R (di/de) K Mg R, 1% dv/dt RS2 R ™ 2, s ok — R 51 il

FR LA U B P ) DL R, M AN TS SRR, B E R R BRI AR . HAMNE
(B 205 2 BH T B R AR Ak 200 i 2R R Bl = AR — AN DD L o 22 BN U T e 3G 0 T 3k B U ELAE 3K
B RIS RS BIE I, IS A BTSRRI @IS, IS EE AR 2B s R 1] 96k
NIRE) HE . EAS IR AN R AR T 38 i KR A KB B, TR 28 RIS AR 0t S 1 i 2, d RS AR %
o

BAETF R WR], S AR R R B S . R SRS s R s R SR, 48
WA R NIRRT . SR, A BB N B K B3, IR R K Rk . defF
FRR, AR SFEBERIEN, S REKBRIRG . PR NS EEF TAER 24 XK ZR,
FEE N 2 PR R A P i N AR S R O

RIS IR T A8 EaifERT, mEBRAAR L, TP SHAE Z S5
FLZS B KA S L . A5 MU S AH I, T84 A0 8 F U (SR ik b ik N 28 L X, AT ) 1) 5
AR AL, SR BT, 2SI ANLRE R B8 KR, F AR R S T P 2 TP
T Ao BRILZAh, B AR R AR E R 77 2 o) A7 i de A 49, St R L e e R R i R YR IR 5 55
FRPEFF TR BT, FRT A 1) R

EFXT T dv/dt BORI IR, H AT E2A =FJ70: B SiC MOSFET B IARIRAN . 38 Ik ik #5 A A
I REIAR

2.2.4 SiC MOSFET ith i B9 R HA L ik

N TARIE SiC MOSFET #4F nl SE 1, 5 BEHE ATkt A Bhis . 728 H A SME SRR R 2844,
P ILTRE H 2. SiC MOSFET (PR iT SE 1 & I R a8 AF itk — 0 M R IR TH I i . —, AT R I 2R 2
i g ANH BT g LB B B B S R AT S 2, B NS AN B AR R SR AN
BREEIZRAE, B IR i 2 AT SR, 8 P 00 D7 2 X A AL it O AR ] (1 v A A
JE 8277 Bk A A T i 10

AR AT B WA SR GROE B B 2 . AR R 4 SR I R T,

13



T/CASAS/TR 002—202X ({E3R 2= R #5)

I RS, AR OEEAT R U AR, AN 3 a0 th AR BB A 2R R A AT AL (1
SR ATHE AR IR R ALK, SRR T i R A, B R ORI . ik 2-15 O SiC
5 Si SR AT L, wTRUE H SIC aefF IR IR X BAR R B R R AR, (AR AR
RAXIFEA YR TE S, KRB I R F Iz K. X1 SiC S8Rk, 2k
TIEAEYERIEREE, BR 1R B AR e, 8T RE H B el T RN e i R
ES QR TE RSV IIRS S i BENIERE FE AR 38

Infant Random Wearout

- - — Typical Si failures

——  SiC failures '

Failure rate

[ 2-15 SiC 5 Si Al & 4% 22 AR 2kt (&1

Pk, e fife 2k ik, HTERBEES SiC A fF IR IR AR IL, &8s F T SRR
TR o 9 T BERT FEM TN 3 AF 72 IR W IS AT 00 T AR ZBOEAS, b ZBUT Je 2 7R B8 R 4R 78 3 B 1F
HH R PR A R IO . iR £ 5 %F (TDDBD k562 H AT 2 B I T S vEaEe, 2 e AN [ R
THER N it @ 18 R AR R R s 3816 i L 7 2% A LU T4 S T FR /Nt 2 A (10 2 RO 5
BEAT AT, I BIR A R T BRI W R R . SRR, Oy 1Rt B AN 7y
T REIT R T S Riha B 7RIS AR B e 2D 1 ke, e, Sy b 2 ik X 22 AL b 5 72
T, 7RI A AR DUGRIE K, an I SIC 5 Si IR 2R LR, XRG4 B
F PR IR R IR, AT — s RERE EIEK T AME R A MR 03t 1 B X 73 1 AN TR I <5 4%
BEAT R R, AR B8 B T SR ha ke, H A R,

-5, . . .
10 1t0f:20nn1 R [_
I Age=1.5%10" cm? |

1 n-Si Substrate |
|

\

|

breakdown

_,
o
&

| positive gate bias
MM

600 1200 1800 2400 3000
Time [s]

2-16 S LE TDDB Mixk A 7Bt B8] ph £ 8]

Current [A]

=)
4
o
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Xt iz M TDDB A Glid R DA SR BEAR (5 5, 3 i 7 LA o R i N — 5 I PR IS . 7
BRI AT, [ IS EEL A A o ) P A B R R EAT AR, ELA TR S, SR AR A
KAETHFEIG T G (], g AR R, % TDDB MNAAE mid FEtT, JFH
TNER ) FL R B e TR A I AR IR g o ] 2-16 S WL 40 2 TDDB Wl ) FL - (] T 2181

IR B SRR S AT IR DO T TDDB, 5 @ i 45 8 AT B 4 R e oz T i i
AT 5 RS T S0 T Z AL S5 AT S BIX TR Y O R SRBEAT o Z AT SR 2 2 A 5 0 — A 2,
PR, SR AARE R R S REIT R T MR TR R A, KT 2 At
JRAE— NP RL, RV 2 BRI — DRI L, FR 2 B AR R TR0 — AR B, R (R
IBATZANA, AR R AR T 1 RRE A R A R A AR Rl AL ] 2-17 SREAEA A A RIS Bk
B BE . =4I A SiC VRS0 MOSFET A dhdEAT iR Sy 4 A B e - SRATH I R O (1 341 73
Ei<ip

1.0E-01
1.0E-02
1.0E-03

10E04 +

-In{1-F)

1.0E-05

1.0E-06

1.0E-07

1.0E-08 f T
1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09

BtiEl ¢ F

& 2-17 SRR AR 58 I R B 1A 57 &
2.3 SiC MOSFET £ 2545 n] Z2 14 o) &t

2.3.1 SiC MOSFET $#f 5K
1. L85

SiC MOSFET [{H3 F 8RB LU R/ER: (1) SeBUG A MEER:,; (2) WS EHGEE; (3)
TR . RIUFMBEEZIRIE SiC MOSFET 5 Mg a0 KIEM 8. H BT KM ERFE A Sic
MOSFET iR FfE 41 Si asfF i3 mal, HEARBEEZAHM: (1D DIFEAEEIE (transistor
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I
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BiE&E
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[&] 2-18 SiC MOSFET BLRIRE 2 4E4): () 3288; (b)ThERIERR
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R (mm) 155%143*29  63*34*16 63*57*12 55*31*15 80*42*30 63*34*16

5P 4
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| S | HPD | 62mm (1) 62mm (2) _m
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o i 57
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SiC MPEHH AR Si MM HLZAIEEPERE, SiC MOSFET O A @ R . & LARIRE
re e o U SRR (] 91 R DLRR B AR SR R D7 I B AL SiC MOSFET (i |y (IR K . %4t
BEEPES I R AR AR GEF>10nH). TP GEEEDR, SiC MOSFET fEH XA
) disdt (B SEOR, i i A A A FURR S PR AR I b L iR, T SRS TN T A #A
JS2 734 VA S TSR ) . BT SiC MOSFET Pl 3y AE R HIA7AE, K di/dt S AR ™ A HUE
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*If not specified, number unit: mm

& 2-22 IREERE P NEHAFLEEE: (FBE; OEEE; oFmEN
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TR PR R AUl
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MR BR8], Horh, B8 FSRIGHT IR 7. AERHIR TR, 48 FEE B o] ARG R it &
SRR . ATIREE R A LG, R PET MR IC/E R R B B 45/, R PEEK e ]
SEB AR, EFXF SiC MOSFET, K H 25 47 (4T SE AR 3%
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' SiC diode !

(3
Al heatsink

- Gate SiC MOSFET-
L[ []]

(b)
2-31 =RAAETERY SiC IhERIEHR : (2)SiC ZHRELEH; (b)SiC MOSFET #5421
2-32 (a) F1 (b) SR THTHBEEE SiC TR B BRI, 8 R AR
GRS HAR, HPERIRIRBISI AR, (2) AJE DBC EAR 1 SiC DI, NEMRIE Rl IR 5
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R
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5| LRHER
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CEE 2
EMC
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“ SiC MOS
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[ 2-32 BT HBEE SiC RIERWEMAGHRERE: (FIRER; (b)AHE DBC ERAI%E

RN IR SRR IR
S K% () Sayan Seal 25 NP R T —FERUIE S 2% SiC MOSFET TSR A6, &l 2-33 fiT
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(ITF Rl B . DSBS 4%, AT — F 635 um JE (1) AIN P &5 Je e et Ao gs 2 18] . @it i
PEREVPA R BL: 7 24 Vins RWHEE T, BHEL AT 5%.
R IR

e Lk

AR SiC MOSFET

AINF
%?ﬁ‘&bﬁ .

¥

(& 2-33 —FPEEA TC 512k SiC SRR TN AR IR

2.3.2 SiC MOSFET &M B/ B sE T S 14

B SiC AR IR TA s N, F F 2 i RN S . ARBR AR . Tk
RBEAFEFRESRT . X BAE SR R TR 10 LIRS 79k . 1B N BRI O
W, B m S mA R REN T R M AR . SRR RS ARL ST R O T R AT

B AR A FARLZ ABEE NG (RN 2 2 A5 BHE TR, SR AR E )
MEEESIERE REEE). BRI, R BERZEELS, FOYSFAR K R 508 AN ITRL,
FERARIEIASE N AR A AR FE RO, a2 AR = (R AN ) 2 5 8O L) 2 R O R K

SiC MOSFET 3% iRl T FifE Gedst 2 T sUR R A kL, b KRB 45 7E SiC MOSFET 3f3%
CEMEAL N o RBURIABIGPRGET, AR m R TS M RIR T RS, X (A3 9K URL (1 58 45 L
AR TAR B SIS A, (HIREE G AR B FIE R R AR AR AL R s AP R . DRI LR IR
TZ, @i, W EAREHHRGR, SR, JuUEMME LG MER, BE AN KR
AT ORERUDY 7P

Pl 5 P ) B AR 4 1 5 FEL TG S 7E v T B 6 8 R R T 1T T ) — b 52 65 i P B R AR
MEE AR S S S, SRR . ISR, RN B o &8 1 e 5 PR AR
SFRVEEEERE, JFREZI I SRR, & H IR R T — O T B Y O S bR . HAT,
A =P AR, R AR (ALOY, EAfES (AIN) FEALEE (SiNg) P BB i HEpR .
SiC MOSFET ## FHFRARIFMNG R, 5 SiC MILE WA R5. B mPis e, JFarse
YRR % bR

T EENGIR L [ B I it = AR IR R 4T 6, ATASECS il BE Bl . Th 3 AR R B 4bi 45
MR, TERIP T AR RES O RIS ZHIZIK RECRFE, O H AIZIK RS Ve 58 4 AR
AEIFE . TSR E BRI LB, W, SHIEENE. R R0 UEE 2 83 v] S ik
MRz 0T B, ENRRS AR b 2@ e E 2 2 i I B . R A s (RIRAR IR, EshioR A
AN TR AL 22 16 () 0 TR RO A SE 7, DT A A5 0 8] PR 5l i A Ak 80 92 g f 45 40 38 R B B3R . T SiC
MOSFET K R 4R e 48 A v 1 B P B A A A A ), B AP R SEE,  IT UK 7 75 2R P 7 e
MR, AFEThRIER, ARG EHNRE. 25, FEXRFEETE— 2 By Ul RREe . #46H
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DRSS AR X SRR IS, AT AR Sy BERALL 2% J2 FE I 70 2 R0 B A s PR RE Aty ok
RIS

2.3.3 SiC MOSFET $##5FKRBIER
1. BEEZR
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PSRRI RN . 30 Fr R I S5 R R ARA I R R — e R Jm, E SRl Stk e E .
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ARSI E B BRI R B L. FE SRR AR B A M SR b, TP RBR
T A KPR . 2 R 0T R TR B P v rE AR A A (B di/dt) 587 A R R R A JR
MBI R, I R B O SN ™ 5, X SiC MOSFET 51 A\ R H ) L R B T 7™ 08 3k
filio BELE, 22Hr SiC MOSFET (X155 i 4 PE AR 7= 520 5 i Rp PR A G BE R 3R, 0 HLAR S AN T SE AR AT
PP, 6T b i SRR S A B R T RO

332 LWMiAF &

5 AT EE AR A A A BT S (UIS) MR SeE, HRF EER A RS A E
SELE U, YOGS, SIS H T H R i Y R AN B RAR, G ) R A 2 Il AR AT R
G UIS il 72 o B (A I 38 R RE S K 2 (0 S5 i e &2

SR UIS MR A Bk N ] 3-24 o, fEHUER LN SIS OL T, BRI 28R il T o5
& 3-25 LAY SiC MOSFET 2844 UIS Ml £ 4 .

* Cvps
. L=
fio
D
|_
G [Fe
veo T —l_l—ﬁ. T
ot <
|~ DUT

3-25 BAYEY SiC MOSFET UIS i 2%

K 3-26 JyARBIIATERT ULS M AR HIBIE, Hed Ly & IRIEE, Vec 2 BV HIE, BVpss &
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EHEFRE, tav 25 S F A

A ———
BViss
fA\.-'—; h
/ '\ FOC
e k
/ \ z//
Vps Ve
/ \
AEE—
'!F' f__:\\.r k

& 3-26 UIS MR~ =&

W 1<0 W, SR BT X WA, SURB R A i, R RN, R B R
LA 24 T B0 U Ve

0 =0 I, SRR MK 6 BRI S, SR AT S8 . 7 Oty HINT I
Beh, BT R IG SOl, EL R IAS BT i TR R RS, LR LA N 7
=0 I ZIBAFREIFE T o 75 Oty I FIEESF, 3705k HUBORT SIC MOSFET FOURJEIA) o 7 BRN 175 A 1012 (3.4)
i r:

%fzﬁ%l (3.4)
4 t=t, I, WRIRENES TR, SFPEcln, TR ERRRARERAS, B H R R
REFITAR A B B 4682, H T IR AL ARAROK, 2 AR OK A i A AR — A8 S ) 38, I U
() 1 B S B 22 55 i o % FUS. BVpss, SRR 19 55 3 F AR K T30 FL
B tp<t<tyttaty N, BEIS 3SCFA A B S ) B R OT 4R e MRS vl R P () R URLZ 1k TR B
AR L F SRR i R A A 5 9 o o ) A S X (3.5) s

_ dIDS . ﬂ . BVDSS*VCC
dt — ta L (3-3)

H T S R S RE R AE 55 oy 5 A R AR SRR AR AT R A, BRI R AR AE
b, BT EARLR UIS . Bk ok i 21 55 9 e BT 2 S R AN TR SRR TH 5, RIIRPRE B U
BEATACTRI AT LAG 2] 5 UK. BRBERIR R, WG.6)0:

1 BVbss

1
Eas= Pytav= §BVDSSIAVtAV = §ngvm
D

(3.6)

fh FAEMIR R, B SRR R 0 MR A 2 5, BRI O 7 0 0 T A
SYSRAFIN T R B S, ARG

tay +tp
EAS = / (BVDSsi VCC)'Lpsdt (37)
tp
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LAY UIS Sl e Wil 3-27 Bz, fEMHIH, L=1mH, Vcc=100V, t=180us, Ixw=18A,
BVpss=1640V, HIRXT B HEE Bay 218 172.5mJ.

1640V}

=

& 3-27 #1BYRY UIS SENKE 2

3.3.3 AT MBIV

[ WA £ 5T SiC MOSFET WS B W SEVEIEAT 7RSI AL, E BRI A R Sk ok 55 i B 7)
e TR, I RAEER TGN IR, AQRIERIT USRS R T .

FE LK S B R R T 5T, DT PURSAI AL Fayyaz 58 NS5 1 Uiket UIS B J7% SicC
MOSFET #3/+ 5 Bt & (EAS) A Tj (sgmal2, FESATIRAWITT, KOBEE T B R E:, T
TR A HIATAG I AR AR AR, BT A NI AATE, & R, s R AR, K 3-
28 A T IX it AR

[&] 3-28 REATEIEN, SiC MOSFET &S B EgAHERZHTH PN &k — IR EEB R EL
5 E A3 i M B TR0 M. D. Kelley 28 AVEAIIF 5T 17 ASF Hfik ok UIS B R SiC MOSFET )
EAS fi¢ /1. WER KL, TEARHIRSAMET, SiC MOSFET #3447 LUK 32 5 m I 5 o s, (E 255
i AN, TR e B AR AR Y, REnT DURSZR R S i &, (FORE(E i i A s, Wil 3-29 B
41



T/CASAS/TR 002—202X (fE3R = 0 %2)

e IXFEFUATELRFF HAR AR B OL T, /N S BB A3 55 I I divde JBROK, 4% T 35 3 Y
JIEFIA], PR RE B 52 (5 i Ve IR, (SRR, 35 o o 2 P AR B R T, AT 3R
T EE R, KA ESALRR) Eas BRI i BN — B0 S0 I SiC MOSFET #84] Lyss 75 2 25 R
SLPN ﬁﬁﬁ?ﬂ#’Eaéﬁxm%i?%iu%*&%%#E‘JW&@ELE‘L, ST UIS B /1§ SiC MOSFE (MR AL 2
TR Z51815), SiC MOSFET J &% M B Fi vz il 2k L R I o 8 ] 3-30 s .

14

—O— C2M0080120D - 22 °C

15.8mH —7— C2M0080120D - 125 °C

1.2 7 10.5 mH

1 5.1 mH
1.0+

0.8

06 ] 1.4 mH

Avalanche Energy (J)

0.4
0.2

0.0-

Ty

Drain Current (A)
& 3-29 SiC MOSFET s &Z RIS E SRR RSN EME R AN TLIFR

—— Pre-Failure
—— At Failure
................ Device
Failed

T T L. Y
100 101 102 103 104

. EHT= 5004V Simm-sssr Date :8 Mar 2017 =
Time [ps] WD = 50mm Mag= 199X et
(a) (b)

&l 3-30 SiC MOSFET (a) 7EZ R SZEARMATRIMARERF (b) MRS RR A

WL RS N. Ren 55 AR 7T 1 SiC MOSFET #8441 S bk b 5 A &8, B 500 1 37 4F BIT £E
Tt TSRO, BRI, BEE SRR RRLL, ARIEHT R, FHAHRE P AMAXR
R, $07F T P RIS, 1594 BIT ), mASBURAAZE, SRk RREIR A .
B 3-31 o 1 8 PES I 252 BIT & AR FVBI At J5 ERURT B 37 2 A 75 0 o
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BJT
p+ body
Avalanche current Shallow p+ body has
flows near BJT and max. F at the corner of
induces Vyi across Ry the p+
n- epi

n+ substrate

Drain

(a) (b)
3-31 SiC MOSFET F R E 4% BIT K EFHiIEY (a) REF (b) HRDH

HE PN AT, R KRBT a7 7AES BT, SiC MOSFET (1) JFET [X ¥
AR IERRTEN, XRRA R FE RO, fEAE =N BN, B IE A R T A
IR E . (Cga), ERE T IR HPKEF- &, {145 SiC MOSFET [#)2¢ Wi A RE KI8T, ] 3-32 (a)
R T I I R F I AR R B ) A AT S L, R JFET XA IEHATEN, I Ce AWHE R,
K 3-32 (b) fis. [ 3-33 4 SiC MOSFET /& 32 5 5 55 i B /1 J5 JF 5 1281k

N o
N-Drift region S
3.5%10° - T T T - 10 ks
= o : e = Cgs original
g, ox10°4 \ N Conditions: —— Cgs after 1K eyeles
5 3.0x10 . — - . =l )\ o , e
= 1 fae Lo g5 = | Vg0V
= 2.5x10° h T - , .
3 i <! 2 Vac=25m\
g 2.0x10° : p 107 E ‘E Fre=1MHz
£ \ = ]
2 1.5x10° = =
o A 1 a8 200
= ; ? Fiot 8 ©
- B
=< w10 & e Ecfortds=teauis | % 8
5] I . o
35 5 ot0’ § o —E, for Ids=12A UIS S
g ¢ | —a—LLfor lds=16A UIS| 42 NS
5 00 Jomm £ § | o LL for las=12a US| 3%, 0 ;
— - - — 10
2 3 4 5 6 7 8 L) R d
X(um) V(M)

(a) (b)
& 3-32 (a) SiC MOSFET ZEE fRRL ﬁTﬁﬁiE’]Eﬁiﬁﬂﬁﬂifﬁﬁ%ﬁ?ﬁ (b) FBHHBER
YFMERE S BE N SR BE N AR (L1

600 premp T T . T i
15
= "r 500 | .*"__’l—‘."—"
> —_
z
L -
s Extended ‘f' 100 Corr
E *tiem
3 =
800 6 = t
e
= 300 -
600 H
[ H4
z —— Original — =
L AN — After 1K cycles % |
- After 10K eycles |2 2 A aA A A A —AA
200 + —— After 1M cycles
0 | . . Ty 0 100 - o~ " - -
a 500 1000 1500 2000 10’ 10 10 0’ 10 10° 10
time (ns) Cycles

(a) (b)
%] 3-33 SiC MOSFET AZEEEHN G (a) XEEERM (b) XKERETEAIRLIE
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HL TR K22 K X, Deng 25 AWFAL 1 VAR R SiC MOSFET 8] 76 55 5 55 g AR N 1) 2 LRI,
BEE 5 R R IR N, XOARE SiC MOSFET #8F IR AL Z RS Z 8 by, A RAETIR, B
T AR 2R AR, Wl 3-34 (a) FivR. JEXTARVGHRE SiC MOSFET F4547 Ul & p AR 2R 52
(1, BZIERSHEIIBIR, WK 3-34 (b) fis.

(a)

E 3-34 EEEHNAER (a) B SiC MOSFET RIS HifE, WURE (b) EXTFRAE
¥ SiC MOSFET Bz S R

34 RBUEMMR

34LMIRER

1T FL S R S AR LR MR B AR 700, R R A A 2 R BRI K b o, AT S B A R AR
1, BB PG IR TSR VTl DR 88 F AR 2R K PR I RE 77 YRV FL AL 1 P ER AR
TEE L K IR, B 2 e T R R R S R R s 2 A SRR B D SR k3 B K LA
BRL 6 FH P PE AT BB BT IR R AR A 2 AT, 7% BN B v RS2 I B ORI AL, R BT L S A
AR R AT RE TAETE % 4 X3

3.4.2 WM T &

MR IR R AL F i PR, TR IR F i SR B AR AL, Ay fit e BRI AR R A A

i RE R LR IE T — AN KA ThERE, REIEREE MG, & TR IORIFINR . A8 A 2
BRI, R, AJEE AN KBRS R T S, PR, o igae N s
T M TN, AR ERRENDELS, R ARARITZ PRI, mHwZE—
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SE By P P AR I P B AT Fii . W RAIH] MOSFET B{ IGBT EoR7F 4], 5488
PRERAEIAIR, EERR R IR AR FE . A2 a8 AU B AE T reBR f] 0, (BBt 2
i MR RS

MRV BT B4 15 TR 7T Aoy BB % ) U5 LC IR kL. Her sz PLC.
Fibl. DSP 80 AU K B HEAT 1201, ARXT R, (BT DU e IR K/ LC 4R
PR SO oL PR B R BT ) R A AT IR, SRR, P NIRRT . AL AR
FEF R, S e+ B A — Rk of

N3 S R T3 AT S R TR K S B

ik 3-35 P, /07 & IRIMI R A SR LR, JCT & B LA 4L 0 TS HE L
TR R AL L, A S IR B i o 78 R R PR A R UERT R A A e AT VR IR I T
i B A AT TR, e AR e R R IEAT o R R AR B N A CORT N U L AR
FEAE R A AT A BRI IESZ A, BeERFy SiC MOSFET. JRa) H % 32 B Al 4 il 45
WAFRTERIITIR R AR -

Sl S2

vi@® -LC
G Body Diode
M1
o

& 3-35 F R —HURIBNK R IEE

2 BRI R TR SRS IHRRTSE & ST, Wit 82, M RiEZ R TE .
AFREMG, Wt S2, MG S1, Eid LC ik BB FRAT—AME 7 1 Jik 58 0 1 R0 VR I FL A

RIS T = 2nVIC, IRIEI IR IR AT S CU? = S LI

A FLAS HUBOR /N5, TR I F gt ) B T e, R AR FRJR VL T s

TR R - FEHERIE. B IGBT. mdds. MRSk, E/RBRAARE . g
AU . A& REL IGBT #%i sUR M R AE g, Bl R4 %L E S, Fing] T
VEFESRAMETBOR X (1) IGBT MK, A TIIRASIRIE R, S K AT HEAT IR S00A FTRTE HLR IR . X507
& RN 3-36 Fis.
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S1 ) S3 \___Z‘

) T BT .
EER sy C preovor B I
e - wiEz) |~ ¥
e | | TR HLRL Vos | |
R, e SiC MOSFET |~~~

&l 3-36 73 R Z BYIRIANIX FE B% (R FE B

IGBT #AF fztil ot e, BAMERMARI TG, ATB7 e NS R B A R A% o IR R UL A4 o 30
5 IGBT WM3EH{5 5 A WIMIAE, chah IGBT MIKEN{E 5 A I RI Al VR Fa i i A 0, 5k i IO

APARE R, U AT SO R R A A IR AEL /DS, AT S B TR FL O AT v iR
RN 3-37 JURTHABSE RO R K, R R ANYRIm Iy 28 R AR AL, XONTE T R 4t

ENED

Current Probe

T
Gate I o
Driver
PWM Re
T DUT Coo . =/ Va
Control
Signal
L
SiC IGBT
MOSFET
driver2 Se

Rg Gate
driver3

& 3-37 Hth K BUNRIAMIA 75 SR EE[E]

P 3-38 J& SiC MOSFET 7 52 R i HL it i YR AR A Al 2 TR ) H s B 28 . Visd 7RS¥ T 21 2.7V,
XXFR T SiC MOSFET #& A T Ja s, R RE TR G, BRI S IEZ R,

W HLIE AR A T AR AL o
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S <
i 2
w =

0 : 0
0.00 0.01 0.02

IFa] (s)
3-38 SiC MOSFET 3R @R 2

3.4.3 ATEMNIEM IR

XF T SiC MOSFET Ry MERERIWE AU HIANK:, EH 2016 4F, 45 = HIFUAHFFT SiC MOSFE iR
TEPERE, AHSCHT R AL . FEE G K P Hofstetter BF 4T T ANEIMEE T SiC MOSFET i 52 VR i
TIIRE ST, &5 R P28 1R VA T8 FE VR IR 2 15 51 T 282 IRV AT SE M J L3 e ma 200, 53 4%,
SCH R AT AN R Ak AR R TR L, MR R R O SRR TR iR S B S R AR A L, AT
SO 4 B R AR 4

WYL K241 Zhengyun Zhu 58 T 7 F] SiC MOSFET 28476 52 IRV M. /7 F B AL R 21, BEE IR
TREIIG N, BRI AR R PEIS N, S Ak S kD, T AR F R TC B AR, ] 3-39 TR
FEL 7B SiC MOSFET #3073 FRLBH 1948 4k, 453t A AR B U IR A 2 32 BB UL

10 14+
10.0
S ;‘jV 12f
_ 8f_ i 10k
< <
$ 7% 1 - 8} from 0 to 500 pulses
E 6 §9-5 ," 5 6k
@ 510 -
= e ‘ 5 4t Reverse recovery
3 4re i /,,o,,,m o 2l charge(Qrr)
e 3 L11]1] 00 puises k|| B 4
‘® 2| 985 56 57 58 59 60 © 0
_E ™ source-drain voltage(V) S 2F
0 : : from 0 to 500 pulses 4r ; ; ; {
0 1 2 3 4 5 6 7 1196 1198 12.00 12.02 12.04
source-drain voltage (V) Time (us)
(a) (b)
10% - -
MOSFET r=. Body diode —=—resistance of body diode
Passi- g Res< —»—resistance of MOSFET@Vgs=16V
it SR Source 8% [—a—resistance of MOSFET@Vgs=12V
- Ry: L
M- A AN+ P+ k3 @
R Pwell R L © 6% A
$ 7 @
Ro # . Ro % £ 4%
N-Drift layer ‘=
2% e
LIP3 N+ substrate L3 i ; ) . . .
Diiin Reo 0 100 200 300 400 500
R Number of pulses
(e) (d

& 3-39 AEEREXRE T SiC MOSFET (a) AZRESFMM (b) REREFF RIS
(¢) SiC MOSFET &[XisE AR ; (d) A _REBREBESRBIBNXR.
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MR RS Xi Jiang £ B RIRIMSCIS T HRIE 15 M AR, AT TR B A A58 e A TR
AR R AR, TBE R AR AR IR, B 3-40 Bram. RV I RE o B v E -
5V AI-10V I, BRAE R 7050 FEAR T 8% A 17.8%. AATTIANEE N BIAIE AT JFET X M AL = 2 2
SiC MOSFET EZ[IRBALHLE . (i B HUIS 51 & I s M A0 = LS AR e R ) e Tl 6 45 23 N B3
TEAJFET XA AALE T, R 283 BURE RS A IR,

180

1400

——V

<
<
{
|

_gs_re/f= » ‘resh device f=1MHz
= [ ——V, =0V V. = /
170 b Vs o =-3V / 1300 P 'f,u,ﬂ 0“' V,. =25mV
—a— =_ L . Xl
= 3~V op=-5V /, 1200 \ = ,],=-<\‘
_ gsofy =3
E 160 F—o—V,, ,p=-10V — &= 100} \ = / :
2 / ] & \ A = 7
£ r— ik % 1000 \{ 1
S 150 F o o v '
N ";——/——‘:Jél/ 900 | R g
< CI q\ ositive shift
140 800 | - %‘
700
130 1 L L L " 1 P71 1 PR TP TR HEPUA PO SRR TP MUY SRR SO
0 20 40 60 80 100 120 9 8 -7 6 -5-4-3-2-101 2
Surge Current (A) Ves (V)
(a) (b)

& 3-40 AEMMRE RET, £ 100 XRBERIEIFG SiC MOSFET / (a) HMEREEF
(b) Ce-Ves BT

35 RIBAEMMR

RSB RITR G R RG RS R REEMIEM . 5= St T I A8 5 ik
GRS R Ry, U@ B S . @i s mPuEat aE A . ML SiCAME,
TAEM BHE & T 277 HRRE R, P8 T 808 i A4 600V LA by D #2841 . B & ik L i SBD
CHYHFEE — M) JFET (S574I7 %008 % ). MOSFET (&)@ S8 ALWin R R ) 25 8RR i
B, ZE M EASE R BREIRIR A BRI SURPURIBIE, M E TSR,
K YR S AT S BN, A AR ZE T A DN FH SiC MOSFET 284 8 3, LAZb & [ISBD S IJFET#:4F N
.

SiCY)#EMOSFET & —Ff AR 2 e 4% il 3545, ML Dy 38 G 1r 2 MR Re. H—, Ih%
MOSFET [ FF G B LU SidE SR B 240 (WIGBT) 152, WmTHANZ 78, BARER, T
FE/AN, AHTEARAEE], HIF RIS [ — By U 2L AN &, MIGBTAEMPP 4. K=, BT
SiCH)%MOSFETZ # AL R385k, HXF T [FARHSIC JFET#4F, fABAbUS, G, W)
hEe/N, HIRENfH, H=, BAMERE R, BA S UGEF RN, e TIEXS, #FeE e,
R iz 4 Ml R 2 T eI . HEl, SiCHFCOTEFNUR TR EE /K Bt Th 2 4 21 B e (1 TS
HTE DR A e I E RIS . MR AR, Bl TR 400V BEZR MR R MABAIERE N S FR
ISP B, v s D 2 A A 1D 75 SR U BE B

SR, TRYERENASA. EANHLR ZGEY T O T AP T Fa S iR ae 25 8, AT FH SiC
AR IEAN R FNTER,  ToVIm 2 T B K

B AL R I AN R S, BRI 2 (R ALY ARSI B RO T Mg . Horpr, ThERE
AR IR RGO IuiRtE, HAAEFH TP EMRT &1 S8 Z T RS &80V LA mE £
R—HEZ 22 W . T H B 2808 T 3 R IR R 20 B HE R R, SR RN T RAK
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A REVEF, P E A R BT R A

DSIC # IR

TER AR J7 T, SiC MOSFET & SBD#: 75 2090 A st W4k, H A HSBDERME AN
JBS/MPS5#4, MOSFETH) it () B QFE P T HoR S HOR, Horp [ Br B B 2 s Ak 1 SicC
MOSFETH] A @] EZEH Cree. Rohm. ST. InfineonZs. H A, CREE. STEZEAF FE XA FHE A,

SERIIMIMOSFET 28 4 H I8 A R BLEERE R B 2SR, AR A FIMHE AR KL .

FERTSEVEARTL TR, DA B A RIAE O R A i R S A 7 2, AR T S AU AN A
BB AP RE. BT, BRiX ERJLEBEHE SRS, Aefethm S SiCa 4 A 7 4%, Cissoid.
Genesic. GlobalPOWER%. 1, Cissoida Al i 451200V MOSFET#:F £ 1200V SBD#+F, H il
LV R T ER s R T FE A, Gene SICAF], HARHIKEEMOSFET « SBDUAKJIFET#4F, {HI
Al A B ] S S A FEIFET A SBDA 14, HL R IR #5600V LA R o T 1 24 oK WL 7 FH bt 4 RESBD J¢
MOSFET# £ 1) 1] tH

MAEE P, SICEAFRIR G 5 T B BRKF, {XSIC SBD#SFAE| T —E MEME~HH, &l
FEATIB ALK 73 Tolk 22 SBD XMOSFET™ fit F T/t S il i S B B, & S = i = A ik R4

>

Ly

\\

@SICE RS HAR

FESICHAF R It , —BA “SiICafFRAETURMT " B¥iik. X3 ERETSICHfF £ vidtd
PP, R T AR o, PHE DLRR SHBOR 7 AR T SO B A SR . AA20134F S,
NASA Goddard Space Flight Centerff]Megan Casey B [R5 504 /£ — e A2 FUER T iX— . —J7 1,
SICEAFRA S HA RIRECR BT BRI RE ST, X2 PR g 5 5 B S ) S e ol 5 R AR AR AL = Rk
HF@AmLe, FECETFZ 5080 EEKEREY, HTCOIFAR TR AN, sy
BT EESiE 2 8 A BE v RS E MR A S B, 0 20 T AR AR S B8 0 EE & W BLIA $1100~300K rad
(S HF—J71H, &7 FREAEER R H 75— A SICHBATHIFARA RAKILER T RS, B
I 7 2 R PT SE H R AN AR PR LR I — 2 X2 PR W] i B T R 25 8 T UK Be B BB I 32 T
1M 720 | SICERF I BRI REm . BT FORL 1 RN & 2 S i m oy, =3 — @R LEs) [
MHEARIEIER, HE RS T8RN NSICEREGIN TR RS, i N B R fERR TR, &
TEE— DB E RS SEEG I, RHEE AKX, RZHCCIRIN Y, ZIX 802 H w5 N RBE
25 SR I R AR ) JR R b T L AR

' '
E 1 X Region 3
(4

...............................................

Region 1

Collected
Charge

& 3-41 SiC SN Fifa~EE
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H 4 A SLALEE 0 AR AT W GRS R S PG R B AR AT W e —, Rl A
W SR S KA, EIFARESE B %I, [R5 AR ) L2, MR & TR
77 b I

351 HIRER

B B NRSE . BEARTHFE P SRS EE T BUR. BRI E 2 AU TR H a8 3K, Hyihs
U6 7558 B R TR E R T AR SR AR AU ) T SV bR . — . BEER T . TR
T AR N IR SR A SR P BERL T B A 2 3 AN P 44 £ OOME I OB, X R 2
BAE R TRN, (SEE) HFIERN. (TID) BLEAIZIRGZM (DDD). 4R#E IEEE NSREC 4t it4h
TR, PRAR S 51 R AR B R A b sl e R R A 45%,  HG o BRORE AR  BR BR o B vk
86%, ] WKL RN L4 BN RS M AT R 4 LAE A3 i) LRI 3R 1230

FORE RN 22 R AR T RS T IR AL A% ST b A% S R HE N AR I E e S IR B b s, 284 v]
RE A 1 BE B B R IR N SR T AR a8 FE S P2 AR - O, AR RL - AL B AR, w] Re R AR 284
I ERL R (SEGR) 8™ AL RS HL IR - B R R AR Ok 1- 5% (SEB).

— kU, KR B T AR T S R S A LB A BB AR, ARESRUSIAT 408 SEE. TID LA
J DDD. HH1, SEE ;2484 BAERek - AN B RS 5, BT B ae R UTRNIER, fEa
R i R K& WO, R HL 2 O B USRS TR Uk i R, AT S B A TARIRAS R AR
B ) — AR

MR RN A 2 B AT, SEE X A] 73 A KL F#il 7% (Single Event Upset, SEU). R B
(Single Event Transient, SET). H¥iFIhfg-H Wi (Single Event Function Interruption, SEFT) Z53E#fy
MR, DLERRI T 181 (Single Event Latch up, SEL). HR F##2¢ (Single Event Gate Rupture,
SEGR). R T8 (Single Event Burn out, SEB) “&EArPEAEEE 1%

VEREE =AM B, SIC 2875 e Si %, H SiC AkF o Re LA SR 185 o AR T
Si Mk, IR BIGREARITE AT 75 25 R SE NI, DRI ER S AN SiC DR a8 R AE L Sids i B AT S 1)
PRSI e 1. (HH T SiC MEHRISHEA, 24 L2, SiC MOSFET £ SRR N H 27w H X 48 o
P BURIE . BEFTR I, ERORT 5] B I 2 B4k R A, SiC MOSFET B4 5 K 4E SEB
SEGR, M H A [E A 4k SiC MOSFET Hit4E St 5T 5 S i LAt SR AR AE X AN R |

3.5.2 MK [R3E

RSN RERL AR A, T AT e BRI AR 6 B R A HR R RE R, IR B T IRER
FELERF RS b, B i S5 A R ER A AR IR TN 52 68 70, R R B B i M 2 il e )
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FIM R 5 HAR R (0 BE B AR A T S B -5 O, DRI LET {f ] DASRAE SAA R 35 NSk 1
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LET (EAEMBHRIEANEE, T2 — DR RIR AL s E, W 3-43, BT LET B4
A — IR, FONATRIRG I, BEE IR R, ERRATHRIERT, LET Ea AWK, ik s
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AN, — I B 2 AEMEAE N 2 M, M-I AR RGO, AR AL (A7 1) FL
SRR AR Yy, S E AL %, B SEGR.

N T REANFEZRAE S SiC MOSFET & “E SEE N N & B2 S 8003 A DL ACR RO AT B, wT DUl I 57
{1 BTN R P O 25 8 o #ir o B TCAD 3R AR BUE A r 7 B, i FH I EUE 15
HRHA Silvaco A ] [ Athena Fl Atlas, Synopsys /A ][] Tsuprem4 1 Medici, Crosslight Software 2
FH Csuprem Fl APSYS LA ISE AF [ Dios fl Dessis. IAh, maek T 58 B8PS AT DLk 48
CERN JFA ) Geantd BN . 07 BIRAE EZ - N TR, Rl SRk . MPEHME YRR . e+
BAETE L. KRR, &R 0.

3.5.3 AT MM BRI

FRLTRE 8 5 R R RN B 40 Sl 1986 4RI 1987 4E7E Si BEaE WY B & B e i S
WIHRBE (VDMOS) HIBFFL R 25201, Uit asfF i) SEB 48 T i i il R AMEJZ IS . 24
FL B A AR AR (BIT) #0308, TEAME/#T AT AL 338 N, X — Mg 155 7 filff
BHEN: Rz, HTEHETHESBORRARRE, By B ok qeRkF . [FI R r &
¥ S8 S RAER, JreE A TR RREKE, (ERA-IEAR R SR TR, Bk — ik
%, BRAFEEE KA SEB. A R E R T mIE TARIRES TRSM4E, S8Ry SEB K4
JRIR 2 Z A BIT Sl 5| i — Ik 5

lon Device | Rated Max Vg Onset Vpg: I, Ig Degradation Min Vpg
Voltage| No Damage Ig=lp Ip > g Sudden SEE
1110 Mev| M1 1200 | 50 <V,g<75 (200 = Vg < 225|350 < V5 <400 | 500 < SEB < 600
Ag M6 1200 | 25< V<50 | 50 <V, <100 not found SEE 2600 (see Xe)
M1 1200 | 50 <V,5<75 (200 <Vpg < 300|400 <V,g <425| 450 < SEB £ 500
M2A | 1200 | 40<V,5<50 <182 *400 < V5 < 500| 600 < SEB <700
996 Mev | M2B | 1200 | 50 <V, <60 <182 300 < Vpg <400 | not found (> 500)
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Mé 1200 not found not found not found (= 500) (SEE >500 (see Ag)
SGGcIl\JﬁeV M5 1200 | 70 < Vg <80 (200 < Vpg < 400 | not found (> 400) | 400 < SEB < 600
*Onset > 400 V based on 4 samples irradiated to low, 1x10% cm2 fluence
Latent gate damage only; during beam exposure, all events resulted in I > |

& 3-45 VGS=0V B}, SiC MOSFET B Hi F3 RN 45 58
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FHRGTRT T A SiC MOSFET #3520, Wil 3-45 MlALE R s, ST HAUE R 10%5 5]
RE R AR AU, TR T HAUE R 60%H J1 T4 R A= 5okl 730 . BF 45 SRR, B SiC
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2018 4F, Tkpe %5 N8R E] T i Mo A% 1) SiC MOSFET #E4T T B &7 LET {iXF SEB [H S0} 7%,
N 3-48 fivn. GEREWHLETE KR T —EH5, HabER-TEHE Vs RE K AVERAL.
MR FE A7 =T TR0 PO 2 SRR A . V-V ROV R 8 3 IR Ak A R 4 1) SEB R A 72
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T [E] A AN 2 PRl AR A MOSFET S5 AR P2 AE AN F 5 5. BT B8 1175 5 10 )R S A ee = Ak b 1
HME/AT B T THT AR I i 37 o, S 3 1t 1 A PR S, etV B 8 B 4R I MOSFET A AR R
T2 SEBIBLEL S, FIFETSIA T BIT 7F SiC MOSFET SEB 5 & HF HISCHEAEH

ik H A& B f % SiC MOSFET SEE ML IR FCIN &, FEARSHE & TR 7 AS 5 S8
WA UL R B 7Rl FE RS X5 &% SEB DTk, {H5 Si & MOSFET &‘E SEB #Liil - BIT fF FH 4775 B
S, AR TR B A AR B ER AR, AERLFXT SiC MOSFET HURE 248 (8] ) 553
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— R FH AR AR BT CMTI(Common mode transient immunity) KR A6 A P dv/dt THLRE /1171,

K 4-1 B4 7 = 2RRB RS A CMTI Kb, AT LLE BIRRARIRREORAE CMTI HAI0H, X
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R, & 4-13() AT BKRE AL BOR,  BIFESET MR AL AR IN— AN/ NI 8 Sa, {E SiC MOSFET Xt} ,
JFil Sa, HRILHAM Sa &1, WT Sa D, B TBOKMHERE, 28 16 ERIT SIiC
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TO247-4 ME 4 = 5| il TO247 £ AT RAFE, Kl 4-15, TRAETFMIE £ KMri5i4E, KA Kelvin iE
FEI TO247-4 HREMAsE, B RE DN TAEGESRE.
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I LR O E0 F SAE R T % Th AR . IR VR HL B ) AR R B 4 4-19 FioR, SiC MOSFET JFdff, —
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4-19 B 3B EFOR I ER BRI
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SFF IR, WAL G A VI 10 f5, HAWRI E B YILEE 5 £

AEC Q101 & — N PR 4 e iR g britk , o nT SEME R0 R B 7 2 AR VR ZE L 1) ST 5535 THD
SE, HATRS I A A Ay R TAER A A ENHLEF LI ] . S AR [ A0 R LS sk 5o
o MBS, AEC Q01 BN B A FAFENE, wf DL AR T R LL 7= 5 A5 A VR 2 H - I B
FHEER, R NIATTF S .

BB 5 = A PARBR I KR 2, BL SiC MOSFET AAREMH 77, HK AT S rE3ks 7 8
FhEE, AEC Q101 FrfilsE i 43156 v LASE F 37 S5 e AT SR A 2 PR 6 S ) A AR A ARDRS B A%, AN [
J R AFRBS R SiC MOSFET 72 & # REFR P T8 I X SR8 125 4%, 1T A Btk — 20 20 W th R e 7= oy mp
SEMETEAR . DML, XL BHAEAUK SiC MOSFET 72 fiifi &, it AEC Q101 % dEw 2, Hik
i B A R i — DB A A AT SE M ST B RR T

5.1.2 AQG 324 fgj4r

ECPE 88 AQG 324 Qualification of Power Modules for Use in Power Electronics Converter Units in
Motor Vehicles HL&/ % D) 28 B e a4 5.0 S T B D) 3R BEER A RTEAE 2021 SEHEHBT — R, JRHEm 1
XFT SiC 7 Bk N A, IRAEZR TR 5-2 P

AQG-324 AR QM &Rz
RS
TERTHRRR
{EFNEBE
XEi%%5. SAM/SAT QC/QE/QLiXIEHIE,
IPI/VI. OMA 1T HITQMIME
’ ' TNERGEIR "(PCseC)

QcC QE " ' QL | YEfER (PCmin)
‘ ; A3 SHimfFE

AQG324

5-2 AQG 324 IAEMR IR B
AHEE T L RTFOAE S AR UE, AQG 324 (2021 fR) A =ANRHEFr S, —7ETRMEHSE FE S GET
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SiC-MOSFET, —fEilIRIi H FARRAI R T D3 PEIARES, =0l 25 S ) Wl AR
THEEMER, HLARIF S AR AN H 1.

AQG 324 % SiC J: &, 4552 SiIC-MOSFET [ Al ZEME RIS I H 34T 75 1 13E,  Jorpse
RS PRI F A F FOB e, 2 e e 2R rh e 8 G an kv Ve e b,
TR e — DR E W E (HTFB) MEW R, BA %S HEEIRE &M, 830 2 4 TimEAK
TRICAAR FGE RS 2, HR 5 DURS h &L 1 TS 1 SiC Dy #gidl, K32 SiC-MOSFET )
FHOGIAES | RE P IR BRI SR RCHIE R B IR, A8 AR A 0 1 T
Horp — B9 OR TR S DR B R, R 45-5 SiC-MOSFET DR B RR st R 2%
. EREFDEEHAT T LT MEY, R0 R T SiC-MOSFET J)Z AL i 4% 1) B 2 AT

AQG 324 Fr 59 T ThRGIF R, 7EHEA SiC-MOSFET A ik B SN, TIRIEH R
REF R E T, o3 B R R I ARG RIS U H 2 A A, D2 PR e 44 R U8 B AT DA
Ir NFS T ZAE IR 3 B e TR AR IR, AT IR i o — FROKE R0 ZR0 2 G AR R — /R 38 T00 H ) e
AFIFHRIE 4, 1 AQG 324 AP L TG AN P R TR AEIAHE A T AR RGN , Xk
FOM T S Bk T DR AEFRIGAE SIC-MOSFET 7 iy 255006 351 H o (i 8 AL .

D2 G50 52 21) B A0 1Y) A 3 8 Ji DALt R DR FL A B S WA R B0 S TARRZS R IR ), R 52 3k
KHEZ AT, 54k, BAAREFF Al N RSB AR, AQG 324 FriilE 77 frilie—
FRCHISAE e I BB A H R /R B R IR O tH & Fh 24 8, D3RRI TR R HIL =& ], R
SRIFIN B 1 SR AN B 2SI AN e 1 B R BOBOR S 7T, A HG T oAt 77 i il e BT A3

AQG 324 it ise R0 2618 I RIFE RIS, WEIAE Jpde s TR R, o —
AR A IR IR T Bk . AQG 324 BE 1 F ik 46 AR tH BRESIE A HR 1) 5 A iR g H I, ot
AR, 55 AEC QI01E (2021 4E 3 A ). IEC 60749-34:2011 2, HSAUH & K5 5E 3@ i 56 4%
PF, A AR B E N H 1. AR H S50 AQG 324 7EHH R AR ER 10T H 7 358 2% 141
vt B TARKZE R, X E A AQG 324 156 S A SR a1 e - EE R A

I R N2, X AR, DA IEFMRIE ), 45 1R T 2 e 24
I T bR v — AR 75 0 2 IR T 264 N PR, 1 AEC Q101 #LE N 100°CEL 125°C, IEC 60749-
34:2011 ME N 60°C 2 95°C, MR R IEFEIL AP — %A 1T AQG 324 MIFLE £/ HEAT 2 DA
A 2RI T o T RS, B siR s s iR A 2 & 40%, HH M FERN TR G 1E IR
(IR%,  DAMATE T BSR4 75 i AL B B I A

S E P RAGIEEA A ) IS [N T 5s, ZpBh RGP BN TR T 15s, 00E i i T ok
PRI BRI 10>0.85%Ion, AR, IR E RIR A AN iR 264, SRR A BRI T 100°C
B 125°C, RSB ORI RIS A I R J) . BOREE PRt T R . S Ah, SEif
M JE 5 IR B B A B A R WSS (DRB), iZR5 ZER X SiC-MOSFET il /il /& H K i /2 Vps=
0.8Vpsmaxs SIC-MOSFET 1] Vs max AL BIE H BECTIR, FINIFH0% £=25kHz,  [F) A58 i R A2 4L
# dVps/dt BUE N 50V/ns, A2/ 1000 /N, IXECKAFERERER, (LS00 W& HE AT IEIEAT IR
R, X RIS & TR 4R TR MK

5.2 AT M R F At i

7 i RS AT S A e s o A X UG HEAT B AL S, AR R N 75 30 RS AN, SiC
72



T/CASAS/TR 002—202X ({E3R &= M #5)

MOSFET [ drifiaid & 7 2 A0H, R AR ARAE I HUIRAS T AR SZ IR BE R ) 1R R
i AR E SRR RGBSR T H AR DR EIA . iSO e T A A v I e
Ffiss o HrpD)ZE L SiC MOSFET FEIR4E ML 1N FH IR fe ik Al . e BB AR i ik, 1T € iR
L E N A AR G 5 ARG TR AE AEC Q101 362 AQG 324 T ARAENE 1, — Tk
ZERN SiC MOSFET 77 a5 8 1 /& ph D 2 A P56 45 tH (1)

5.2.1 ThE{EIL PC

DIZAEIR (Power cycling, FHR PC) ik 454k I 85 L5 Jta JinAH S 14 7 28 LA 7528 4R 45 T At ik 2]
o g, ARG VI S B dnt s LRI, ot S B IR A PR IR I R DU B s R 2 AL I H I, AR N
FRFEPEIAN TR E IR, 7E D) BRI e 0 s 2O R, SR IA B
SE U B I WO H A S e I B AR IR, SE R IR RE . S R, S HREa 2 h. B S
DCB 2 [l $£% DCB A5 4B 2 [H#AETE AR 7o D2 AR RIS AR, T 254 AE LB TAE I 2
HR G DL, P DRSS D AR AR 2 R OB B o AR R RE T

DI AEH 510 FEE IR AR S I 5 ar il AA e — R R, EXHREXA, DRIEH5IEEIEHT
o= R AR, FXAAE T, ThENEERIS 3 AR ] AR IR BERR L, TR PG A — A o
PRSI AR BE A3 A 2 A, DhERIE R SRS IdE 4 ar ik i 20 2 P AR iR FERE R, FLIX RIAE T Th 280G 3
(1 i PS5 s B2 E B ) o AR A, T AR S D0 2 i i i PR A B R B AR E S 1Y) o D2 3R AR R T 1
AN F GRS, — 72N PR A, 55— 5T W2 S FE i 20 51 2 IR
FEAAL . HUEFRZ AR EENEFR, 2 AFTCUR,  INFIER F RS, DRI 234 P 30 % 2L 6 7 1) B 1Y)
T BE A A & 35 53 ¥ ELBE A (] FRR BE e B CB A B R A R J5 & IR RR 2 o “Th2eger”, &
Fe RAR, It H ARG T R R B R s, PRIk LA I R A R, FE A1) IR 4y
ATANIESY, I LI B 18] Fr 0 e sh A A AN ]

F 3 3 A AR A 7 A R N g AR IS TR (8] A B ANIE], 7 T PR B — s i) 2
RS IR EIEIRIG A D R EIRRE, Wik 5-3 Fron. EEMEPRRIG B E RO B, KRR S
(Devices Under Test, DUT) JRE{EMEEMEEH CUEEAEF), FHZSRE DUT Z BRI R A0
FRAFHEAT INFAN A A, dl I v B A R IR A P R e IR L SRR R IR AR A R R i I () S
A S8 RIS SR A e, SURLIR BEIB PSS IR A2 10~40°C/min. i BEIBFAALS - B H AL 4%
AT AW PR A58 1L B 1) 7R 52 6 7 DA B PR SR T P AR A KT 2R AR P SR B R s e . R SRR 5 SRR,
BENERRIG T, ERE MRS, IR RIS &2, htal DA HiREIER
B IFARRE e A R R B E T8 A, RGN AQG324 ArifE b th I R 2 MR R ARG ({H7E AEC
Q101 H[F) i L HE IR FEAE A A D) 2 G ) . M2, DG E a0 D) et 4 50 Fo 0 n A4t 00 25 5
HAR T s BB 45 iR, VIW B i 5 FERE B I 28 AR b A7 BRI P AR IR BV 3, A AR
“E B EEI
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FRDEH o
R AL Tvjmax(Temax)

{EIA )1 30)
Leycle=lon | loff
Temin) L

0 IR W on % LI W roy tls

(a) R TRIRALE

IGBTA Y

A H AR

|
RG/RR — } DRCCE@IH  Tyjmin
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B Tymax
153K FE 1
teycle=ton+off

AR : Aigggi}nmxﬁﬁﬁ)‘ _
Tyjmin}f eeemeeeeees

¥ B Q| ol

0 IR E fon i )z s

(b) THER{BIFAL
& 5-3 im BRI RBERALFHABEEEUTEE

FARMIR T 20t LR REDEER, FETRAGIA MR AR S d i ik ¥ SR 1 B il AT s E
Bemn BARIREE, SRJEORWTRLIAL, #F M F2hA A BIRACEE . EERI AR, IR0 () 32 2R 560
AL S, O E DCB 2 MERE . AR, BT EERR, HkSEHs
MIERBE AR5 DCB AHE 2 2 k.

1T D3RG IR0 5 S T LN, R A IS OL 38 AR 6 K AR AR SZ 3 g, AN
FRATF TR H7 I 2 ARG 2 1F T S 00 2071k, RIS 2 AT 384 R SO LR 23 AT R0 27 i PPAG 1)
AMFB5]. HlER I RIEARI FE 8 TR Fimpat, K Sk e L 45 R 8. 16
HEHTHR N, MOFET BN TARRIRZHE, HIRMEH A V2 AR5, B AQG 324 4h,
R PAT AR E LA Bz, IR X T ST BR A, AN IR B T RGP RS T 1k n] R i L1 B
(1) SR LR LA S 28 55 i A7 A 22 S0,

(1) FEARRS %1

D28 P50 (1) 3 B A A0 45 45 TR iR T (A I R RUE SRR T s s A it hn 77 0. Sl /o8
WA TR PR AL, SR KA B IE SRS A EI 4 GARIKAIN DR R AR ). o 2405 ThaR ikl
SEIRIRTH BRI, FEEZS A SEA RS S DCB AR AT S, A HlE AT
TR TR, 625 1% DCB ARG FAR 2 (8] e vy S, I T — MR 408 2 SRS LT v 1 12 FH 3 &1 0
WHRE, W AQG 324, ERFMSEIETE, FANE HAE I B0 A M, 1 e SR r A
NEAR

SHFRIEARLE, BRI ATy RIS 4R Tima 2 WA H RIS A4, B R4
M7 A ai R e Timax B EBONR RAHE, 2 ATy BETRZ )G, BT RS PERER AT se 3L,
BIAnfE KA RS el LA EKIREE (FZ7F0 s8unE TR, WA R o] LU XU
FIRGEED ., AT) (i BN % B O, AT (RS2 2 S0 450RE R J@ IR (8] (R 520, 1T Th i S 2 22
ZAAEHG L (FEEFZ MR EE Vee CHTROMD BIg2m, Kkl DU o 108 Ve LK ton 5
ZARIR M RERE bR AT BE . AIABIFEFEMSIRIET, AT LN /AN, ] DU
JER I, 3K PR 0 X Th SRR [ N /TR ZE AR K e LS AN [ A 10 I8 FF 3 45 s L A 1) e 370t
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Jie ARG MIL-STD-750 lislhxiE, X SiC &3 RN FEAF N 2AT,;=100°C I, Hridg
PEET ton/torr=2min, FEHRECA: 60000/ (tonttorr), ton/tor<2min, JEAREIMEN 15000 ¥K; HAT, ;=
125°CHY, HAREIA T ton/torr=2min, JEIRXEA: 30000/ (tonttosr), ton/torr<2min, JEIMIKEHFLE N 7500
o B M ERFRRIGSAE AT LA E Hbr ATy R Timax, (RIS AT LARE R 500 38 1F 0 2 280t 50 R
HUEE,  PASEELAS R RGIIR T REAT F IR, DL AR A SORT DA AN [RI R T 3 A 3 R o
(2) BPRINZHEI 5 7B BT AR

IR RIEA ) 73 F2 H2 IR 0 AR 5 0 B DG, AR =) LD 2+ LRI
PORAEIR, BRI N 2 Bh AR o D AR KT, BRI TR0, xR G
EJRREAERINE L R AR P, SRR AFRE T “HEIFIEA " (AU
B, ARV D), BRI A E I A A TR I N — NI TR (D 20) B In Ak 8T 273 A
T DhAR RPN ) TARRES TGO, EEE G 2 50 R 5k, b7 D il
IR ZER, IS RECTIE -k, EERA G R & 2 B B e . il 85RIR T 60T,
REGEAFHELL 150C, 055 <RGN E] <5s. FIAME BRI FREHRIE, 15006 It T — A I (]
GERI BP0 BBk, A S K AR AR BEAROF BIR AR . 250 AU Th SR T A
RE TGO, T BT 5 LS AR S R (MM & 22 5 8 ORI P SE e, ARGE2h
R R A ER, WIS BN 1 IR, BRI RS T SRR DU S R AR 2
R R LR o Hrh PR B R 5 R ARG i ZOR T VIR, AN IR R it R PR PR B AN R (2L
Ko

NI IR S0 S A A I [, B (] £ 25 B U g A B SR AL (R P
XETAR/NEG SE I ], R P AR R D AR R 2 SR R T AR AR AL, BEE IR (] K
HERTENFFRRRE L, A28 NS AL 2 B RCR R RSN . AQG 324 FHEIAR
38 3 30 T B R T AN 2 A I A HEAT 22K, A NP T R Al PCsec (ton<bs) A1) 4
(ton>158) TR IEIREE PCmin, PHHEXTHLAIE 5-4 FRPl. RERIIZE, AFEFMETRSFHAEA A
TR ERBAEIR IR AR EA TS B, X T A bR AT RS RS R YU

VA tER AR, R IRIEA 5 BRI R AR S RAWE R AR, £ AQG 324
TSR A A B T H o fE AQG324 H, FPLIEH RIS BhAERS, KR @M A ton AR
b, HRUENE EXHEZA LT =5 27 RBHLEA R, PCsec EEH L F I8 52k
AU R 2 AT 5EdE, 0 PCmin REE A28 1 B RO B A oML R SORT AZB A 15 5 A 1
RGFRE: RPN B R LL GRS R 2 1 00, TR ZAm3A AT Rt i s == 7%
b 0 PR SR ST 6 00 ) S AR IR P BSOS . A (ATl BRI T, MR gAY R
RESRAVIETE . HAh S TR IR . 060 BRI SR A DL S S I e KB )
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TA - . TA e o »
—_— tor > | R
T ax e AT Tojmax i
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Team e SEes . T ' R l
| |
I [
- t
i > i »
(a) FPRINZIEIR PCsec (b) 73 LR THZRAEIR PChin

& 5-4 BRI RBINALE P RF RSB E T EhZE

(3) DC WIHEEH AC TjREEFA

PRAE I AR 24 1) FIEIRAS, DIRIEIRIRIE T4 MBI (Direct Current, DC) IhZAEH AL
=T (Alternating Current, AC) IIFIEIARLE. HM DC THRMEIARE f i F B A 5-5 s,
/2 IEC60747. AQG324 Z5hrifk b4 i MR LS L% . DUT FIUMMR it e 2 (O FEL R, JEH N 15V 1588
PEUGA TAREMIRIE R, B P oeia i 7 gk IR e AR SC T 96 A, A RREAN DUT, H
O 85I A R IFE M RR ST &, B BT B 45 5 7 b m s SR T KT IF, DUT #E4MTHL
PAEF T G AR AR, IR BT BRI, DA — MR R . W R — B4
DUT #4E—ANEU/INTE E HLI, MR/ BRI N A 9% (Ve(T)1E) [A)4E& DUT 4R, Mg
TR /NI H B IR 171000010, RF DAZEAS 51 k2 B I B #0219 (R ORASER s IR D 2k P o )
EAGARLE P (0 45 B BTV E G HARES RN E T, Bl TEC60747 HhidHE 75 48 F s (i H
R, AHR V(TR BN Z M4BT, T AC R HarRO8R A, Bikn 2k
2R — AT N4

_—
Si

€
_1( (v) S
e G Wit
WE L E5|ZI E

[ 5-5 EH; DC ThEBIMN I B IR R IR ]

(4) 45T 7 1 SR

FE Dy A8 0 BT 391 AT DB 1 55 A A A0 li6 26 1 LLIA B ARG IR sh Al e 46 0 AR TR 1k
R EAT, SRS REURRE KA, 2580 DRI R AL, I R A RN 4 R B
AN PRI, SR T Dh ARG P 96 1 2 o 75 N AZ 0 B2 6 26 A HEAT 20| LR FRIEE , 7728 T AN
7 ) 42 ) SR

1) EE T R 8, RIMESE ton M1 T

X s i o e, BRI DRI A T, ARl 25 AT TR, B Oy b
IR FERXAEHIRNE T, SRR S L Z S SRS RGN, EREZ S FEEAER
SEhN, W T B R A IR AN SE IR S T, AR AR I S AR R N, D
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IR BRI, RS F5 3 22 W00 1388 25 1 B A BH R IR BB R R

2) fEEFRES), HMEE ATe

TR i) SR W SR AE T 2808 PRS0 R v SRR B B IR RRIE T, S R B A A T IR
I N SRR ANA A IR R BB IO R, USSR AR G R iR R AR, R AT A EIA R
(iR B SR AR e IR B I IE T o AR, IR 7 2 — A FH IAMERCR, SCER[1A 50
gh RR WX A7 30T A R LR PRI V25 A (1 150%.

3) fHEDHEMFE, RIEE Py

T T 1) S s SR T R AT A 0 T D SR AR R R E Y, DR BE 2 e A R R AR S R B 3
FVRE R, B ERE X2 Ok m it M SR G5 IR e . DR, SEBLIX — i H br T LUA £ F
PR 7. SCHRT 2] i i S R F s 1) SR S I SE I D 2R 4000, e 2R A i 2 A v e Ty
PRI 220%, 10 SCER[13TI 18 1 R FH R T A AR F R AN A7 8k L o A A 7 S SR s, 45 R B A
T NIRRT, AR RIS ) 112%80 111%.

4) TEE AR, MIEE AT

TR i) SRS R D 2 IR I AR T S5 IR IR B R E e AR, BT S5 IR B 2 5 A i g E
(AR 2R 1, DT o2 1) SR AL A B R I AMEAE T . WRTRTIR, 250 30 & 2252 T 3 40
FNFFIEET (B R0, DRLMAE O E e Th e Bk, (RIFES IR ANE B 2 7 il WX —hl AR &, 7530k
(147 Al 2 36 sk 42 o) FF 38 ik [) AR 5 0 o 1) >R 4 5 18 1) 45 R B0, 25 R 3R IR 5 i A A v 3R 7 T 1)
320%, T SCRA[ISTR A 7 TR Fe e . B R AR @ N 18] = b 7 2RO REAT TR, =R U
F 1 4 R BRUEIR IS TV 123% 127%F1 151%, AN 4 e A8 TF @I 18] T4 2 A0, 336 H s
FAPH Bl i = S5 IR AN R F T IR R 2 ek, SR G — R HE, 59 2 SR8 1 2 R
BHEHAE, FEFARI IR TCEE TR .

i EPNR, B 2-4 P RS AR EE BT 2 A AMEAER], RO A A LA 1 b i SRS T )
Jpm i, IFHIR—fHs T XA ARG, SRR XA 2R, B2 S H
R GHEN P, AFIFEE R ERT . KUk, frdE AQG324 Hoks 55—l i SRmE i i AR
75, RIXEEAGS FEAHATAT A AME A U VE R F A2 i SR
(5) MOSFET #81) TAEAE

Dy #AEH AL 2R MOSFET LARE BT, AR~ R4S, 1Misehr B MOSFET #£%
Pl TAERL T A e 8 7= AR AF S AR ERUE IR T, DL AR A A XA, 2R JBOR XA =0 i
TARER, HRRENE IR N R DY R E AT, JFH S DUT M B, FRICREEAH K .

MOSFET #3140 38 i Hh i 2 1] 5-6 From e il i AR T ERE FL ., MOS VAE#E e, Joig
IEMHE Vos HZ K, WEFEASH TR, A MESIRER, XPRESRRZ A “ IEm b
A7 b s 5 T A L, MOS WWTETE R B Z 2 5, VRTEHR A 2 I 1 TAE R, MR
I 1 7] FEL PR KT R O, AN SZ AR R A R 1), 12 TAR XISk 2 o “Hmnix >, 7= i — i CAEFELL
X3k, FERE AR BT RS IRBACEBUNOEAERE: A0 D S Z P HEmEHFA S —EHE
i Vs WK, wASZRTMKEE, Baas “@aMRE”, S MOSFET #H4 T —A%2 4
2 H R 5 ) (D R, SR IGBT #H TR B A, — ek TAETE LXK, R iZ X I R 2 A2k
PEROR X, R SR R BN B N A BRI A R B
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PFE, AEAFAERUR A Sk i N Ae Se B H AR Sh iRk 3, HR2ArdEh AU T Ve AEe R,
MOSFET 15 2 TAEEWIAIX, 55Pr THLH MOSFET (1) TAE X 3#AH A
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ERAAE NS T R, SR AR AR BN g A7 358, 7% ) i 10 B B e 3 e A P AT
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(6) AQG 324 [k 2

AQG 324 X IhZFPEH AT T VF 2 BAEME, BOHARET S s, Hh e 5 ar
() — 358 R BT X, BT R

TR TR A, e S (RN G WIS [R] CHE PR A R 5 2 D 2 R Lt o,
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B, A RAE OV INVAE 24T IF, @ VU R B, DMV TE e 4000, N i A R R sk
TERR . WA R TEE RS R, W v oy 3, AR MRS R . RIS A M A5 R
DUT AT, B AMIRIE B IR DUT s IR, 4%/ FiE, T LLLLSS R AL
AR bR e, TIAEREE . S SiC MOSFET I Vs F1E5 I TR T LA oAt ¢ 2 Bk Kl i
b, fEREANRIG AR, DAE R NMER MR LS, AN IC . AT LG B I A A EH 24
A DN GE e a4 BB ES . 45 B HIR I AREE,  (EE U B S R AR R B . T R R A 5T
PEHAE IR R, AT DR IR AT P 0 25 5 A PH+ (45 BB A8 B - B0 T 4R i ) 45 21 Bl B 40D
SRS, R R4 B 7 AN SE B EA RS A AL — B

KT LR FA ISR, AQG 324 HsE LA /DA R IR I & A AT IR, HismiR St
RIRTH D8 40%, DMENRSE R e LU T 30IE aT St i 26 Fn G am i . 2 MRS 24 i imt s, 3L
oA HRA — AN T I HE>0.85%1dn, 5 ANEURE A5 AT LA<0.85%Idn, DAMEIRAG A& IR T
.

2 3 TE ZH A B BORE ) AR AE T R, B D[R] — AN 2L A A R AR ) A 2R AN R A R SR
TR —— X R TR, PRUEBIER T 2 S e AR B D AT — VRGBS AN [F) AR IR
] A EAEH . BENUREASTE R 202 K H =ANANF DUT & /D 6 ANTFREEH, DA (R AE R R 1
B8R M R FH AR DG HL R B A7 o

KT ZE AR TTE, AQG 324 Ml N: HidhiT MOSFET KL, ERMIGHN NE
MOSFET & Iafk A mT L@ s, MEABRMI#AT . SR/1, 20k CRANER I 8 AT e Th,
BN T 0.85%[an FFE10 5 o il & A ARG, BEHL R R AR AL B, 2 A HE IR . TR
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IR R AR R IR R, XS FECREA SN, SO R R B 1 AR

AQG 324 H5E LT IR ZCHHE, 40518 VDSon 221k 5% Rth(j-c/j-s/j-H 224k 20%. FE X
MG LLE, A A F AR DGR A DUT MR s R, S s e R B AR, faxt
T3 A M () A IR RN UOE R (BB T,
(7) HET D)2 AF AL 1) 5 i 2

MR D 2GRS L ) A AR RR O “ AR ABEZRY 7, AT B RS o 44 S SRR 2% 18 DUT R RAUEAA )
VIR AR, AR R G AT A A TR AR . T Z G I T AR A — R DL AR B A Ne
AR, HATER AV AR BN AR AT S Tmeo (HEEAER. BB Z 05
BA LU
(1) LESIT 7

LESIT /& F A4 U+ AR ARHI AL 3 L dh AT RO AR A T A 73 i O A B FE T H o 7 22 BRH AT AR 1)
AR IGBT | BB AR AR Vi H AP HE TR . SCRR[37IVEGEA2A T BRI H AR H 0 TR AR Y

N = A-AT;“ -exp[E, /(Kq T, )] (5.1

X (5., Kp NBURZEEHE (1.380x10B1/K), HIEHE E~9.89x1020); &% A=302500K/a,
0=-5.039, Tm N V3L,

(5. 1) T Coffin-Manson EH, RiZKMEAEE NS AT LB, B log(N)5 log(AT)iEALL
etk R . (5. DTE Coffin-Manson SEF I T —A Arrhenius K, ZKEFH — N S5EEHEA T 1215
FEA RKIMFEEOT, KRR PL—EFERE b 5 ik Coffin-Manson & FH ) — 26 s, 52 LESIT B th ER 25 2%
MUEH —E R R, FA AT SBEMRALRKL.

(2) Norris-Landzberg f£7!

Norris-Landzberg 842 7E LESIT AAYIEAS b oSodh i st . fEDh 3P aR50 b, I B8 AR 46 Jo] B %)
IGBT 75 AR, BT AE AL rho I N 54505 K [ 24138, Norris-Landzberg B 41 iy
N

N, =A- £ (aT )" explE, /(k T, )] (52)

Norris-Landzberg A&7 f)ik i = BAE T1 DhZAEIA B 55 M AR DUAE A A 3] — AN b SRR SE
BRI DA, SEIR A BN TR) L AREE_E T TR) DA S ARG A IS ) 0 2 B L REma R 3R . 5 L ) I 3 A
B2 H TR BE PR IR S B MBS B0, B 7E 3mSR IE IR SEI AT AT s A BORIR 2

(3) Bayerer #5/1

DhZAE I I A A RO B B G BB AE TSN A Dh A Al g AR A A TE A il
AE 7] FEIR T TN 8] o ph AR MEAEAH R AR50 25 AF T S AR50, I HL RIS AEAH [R] o A At 18] R
WARMERS I A5 22 AT, LT3R B PR 75 i TR A AR KR IR

Bayerer /£ R BB DR IEIMAILE R, HEFHHH Bayerer B4 A [39]:

N, = K-AT/ -exp(, /Ty, ) tos 17 -V /= - D (5.3)

& (53) 1, K=9.30x10", Bi=-4.416, Br=1285, B=-0.463, Bi=-0.716, Bs=-0.761, fe=-0.5. i%
FERLGLFE NI ] fon, BEA LR DRISHIHIR T CAAL A), #FRHEIEVER (BL0.001V NEAL, A LLx
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WS H R SRR, BEALRER D CAAL um). 7] LLE Y Bayerer AL E S| TIRZ KK, (H
A — L PR
Bayerer £33 A T ALOs AT AIAELEL, A& H T AIN A AISIC A iy DS . st ()
ton WANEIERGL K, BUFE UL, AN RR K 1S, RIS 50E, AR AT #E
ffi. [FIE Bayerer B 1K) &N SECA RAN ALK, AEH T 8 — SUB R SHOm BT 3 dr Tl .
ANFIGERE . ANFEZRTBU 5, @A R RS, S ai B @i 7 — e ik

5.2.2 mim& i HTRB

feritn S (High Temperature Reverse Bias, @#8 HTRB) G E B8 7E =il KR R G i) T
VEIREE, R b A vl S I A REAT I 18] 54, I M0 8 ) ks L A R R s AR UK T e
T BLE A . IXTGREG e 1 a8 E il =y F RS T AR T SEvE, XA TR T B R T R A
R ELA R =

HTRB A I WHR S m i, Oy 1 3kt e R KRS E L. /8 HTRB W5 ]IE], 7EHIT
BAEIR AR LN, O AR S i I, 25 I s — s B I T A (0 BELIB g
REWG 45 7 H AL G AN BEAL AL S M8 S G548 B IR A RN T J 5005 T 8 B M A SR Bk, B4, ik
B3 B R R SN TS BRI, XS QU IR R AR, S BRI R A
TN, ISR R R AR R, AR 0 2 TR DL C Pt R HE X AR T G B4

FEARES I FE S KA 38 A 7 R R P 2% R MR 2 I FE AR, (RIS e 0 5 1 s Dt A 1 v
B, AR AR 2 T St R R o S e BB R R HL AT 0 P S B P T 5-10 s

DUT

Leakage i 28
measurement —— Vds

Stress
connection

IIeak

[&]5-10 HTRBIA B B T = E D

£ HTRB WA, I IR (Tieak) A& TE il X0 B 28 AT IS [ PR U A -V AR -l B S 7 R ) o FL
K F I E A T 5 LR Vs, mave B BVas)f] 80% (AQG 324) BEIE M) Bt e S 1) ELIR FLE. (AEC
Q101), W] ALEMEBR 5 Y5 B A B I i, SRX 55 400 T VA T AN e 58 42 KT, AQG 324 #HLE W] LALE
Vas= “negative gate bias” 251 NEATIRES, BPLA MRt bR 2 1) 67, X2 SiC MOSFET 1fi &, —#
B-5V. HAMNE Vos=0V B TERE ST, AQG 324 /5 W F&— T Vas=V s min KM IIREE, AQG 324
IR FSFAE T R BRI RE oA, PR 9 He sz B i N AR i 1 e A 2 3 A0 SROHI RIS 1 ) 28 o
HAERI ATV EFHE, WRAEEIES Vos=0V 1 Vos=Vas min W 25, 75 B 24 038

WA HEAT
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I, AQG 324 il SiC BLHL AT FefilR A FF Si (R80T DS Wi R s 4k, 5
FOR T s T SRS A S R e L, DR WRRAS AR (1 B ) B

K9 HTRB = EEAZ8 M 455, AQG 324 =B 5 4515 0 50K BRI E I 45 R i KA, TR
BRI FE T DME— 28, XAHEBIN T mEAs B a8 = — @ iR F, o2 i B2 R rE oKt
R E10CUIRN, BNREIAETRE. S4h, AEC Q101 H i S - Hik A “ HL5E 1 8t v I o) ELIA
HUE”, T AQG 324 AEEUCK A T 0.8*BVass RIS S5, IA I x4 i 7= it T S i BT,
(7 BN s FH B el o 2 PR 0 2 A, S 3N S 4 5 BT 4 5 R 2 ) AU

HTRB 5605 (BB & 5 i S IR W T v 205 ) F i — s 3N, K22 8 A s 46 il i o th A
1000 /NI [ el S 00 s PO o 7 el S 1 s B K360 Hh 1 S PO FELURE ) S 0 BT s, 7R R
WiRRAE T 8 G4, SHMEBRVIRRER, (HEKL 200 /M5, JEHEMAGEIMN. 920 /MY, BT
W RIS R IE G, RIS RE O, XA IARIL N R AL, RIS DBk, SRR 2 SLE0 B
K.

6

o

...............................................................................................

IS
N
N
N

Leakage current [mA]
N w
N

0

0 100 200 300 400 500 600 700 800 900 1000
time [h]

[E5-11 =R R R E N A E)IC RARE R

IR (1 R A iR RN 5 G sCHE A, (HEERE, BERIT AR LN A A e
AR R G R D, HREE S REIVEE LR B ROEE, XA EUN
TR LTG5 I RN A BER LA IR, SR b At S 0F 7 1 R 81 SR ) A (i 9 B e

BRIR I A rpr S M R L, FR IR TOE I IR, IR A A LU AR A . B R R AR,
60 O FLUAE -5 T AR IR ARG (B B B0 A5 7 BRSO EREAT UL, AR AT — AN SR AR M 1 R K
BIE AL AR AL AT AL I TUE AR RRAE,  — ELREAT 16 B 3k B2 B R S VRIS HRLAR -

5.2.3 EnmiE HTGB

=M (High Temperature Gate Bias, fAjF#8 HTGB) 365 2K AF M AE i B T m=if s E B 71 R
BEATRIRI A%, A% r N et il i sg e, 3&FH T MOSFET #1 IGBT X FF A M Al 25 1) i e o
HTGB B 7E il ™ R A 2 0t i — > B O B R R S 77, DART I F A B B 5 1 A2 1Y SiC/Si0, ST
MHE S SRS, B TR 5e B M 21 S A 0 R0 52 R AT 8 2 88 115 M
00 A P R AR P E S DR JE A TS PRk . iR /2 SiC MOSFET /] S 4% 4% b A B 2
—, XT AR RS E R R B R .

H SiC MOSFET FJ/= it PASK,  FRTEEM A 5T — AN 5 o D3 14 Tl gt A i L1 J2 AR e 12
X—J7 i T SiC MOSFET ' SiC/SiO, i 1% 22848 N 2.7eV (1fif SiC/SiO, Fr1HI #2275 3.2eV),
FIT CAVATE T IR 5 2 TS G il 3 22 A A E AT Bl 28 F R R i AL 2 R = . )
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—JiTfiZ M T SiC MOSFET 41 i 3 FiL R 3 ARMK, A T FERAR AR FiE i peH, AR SicC
MOSFET [ 5K 5h o e 415 2 fr) AR R 220 15V (P S B, 10 Si %% VDMOSFET [#) 3R 5 H K 38
#AE 10V, K6 SiC MOSFET KA T =M £ 587y RNy, 4 = 58T SiC/Sio, Fi i i B #
WG AFRETE P T, 3 S SR R R AR,

HTGB fef WAEMs i fe e, BIE F et i) IGBT A1 MOSFET 15K 7t VAl F st FR il
TE+20V, ZHEEHTAEL 100nm ERMHRELS, XG5 BEEMELY FER 2mV/iem FIH
Yo XTRRE R I, MR U B, SR L A A FT LA VRR . BA Si MOSFET A
IGBT TEMMR R 7 I od H AR AR, (EAMHRE A 1 T S — B AE SiC ATEARL Bl MOS 45
IR —ANE KBk . BEE SIC FARMERE, BALEE MOS #31 i [R) fedi ik A i o 2 s MR RS 31 0k
o ORI, BIAEEHATALE, KA AR E(5-50mm?) (A AL T SR A (% B A 2SI AL T AR R R
PEASFE LI BB AR L M . i R AEMMR AL, Ron A7 PR 2 AT BT X SiC SR 6
B . E PR Ron MR EHBGT . SR BEE N Ra HE(GS.4)(G.5) A, mIRR AN
(5.6).

&y * E
Cox = % (5:4)
ox
. L B L 3 1 5.5)
PTTW Q) Wy Copr (Ve —Ve) ™ k- (Vg — Vi) '
L L-d
Rch = (5-6)

Wt Cor Vg —VE) Wit 2o & - (Vg — Vp)

AE ARG A W, KEAL, un AHHBTIIER, Vo AIMMMEE, Vi NBRERE, dox
M EAC SR RS . SIC IVATEIT RS AL SiRAF 2, HH T2 B FEXAE iR md, 5 Si MOSFET
FSiIGBTAHLL, SiC MOSFET A DASZHUK Rens T3 7RI Vo AT BEXT SLIUIE Ren B # B, 2 LA(5.6),
EHARXS I, o2 R SiC ZEMEHE RGN Ve, #B MM E i, 0 AT S R,
Bo DR, AR I T DU 38 B B B B AR SiC MOSFET 7= il 1Ml 5 & — 0 i B4R G 1)
RIGTH o

HTGB i B 7E W I35 AR 75 vl 1 i I ieF (a0 PR AR i 5 R R S AR e FEL A0 o A PP AL )
A ARG FE Bl DA AR (DUT) b 35 B 7R 3 A2 0 il BE (R () B e o it o A0 - A% 9
O AT R BN T, IR AR o WA s 2B P 92 R o P 0 S S 3 Pl ] 5-12 BT

DUT

k3

= Vin =
g5 monitor =

(a) (b)

&5-12 HTGBMK BRI mEE () MiKiZiE (b) HEREMKP
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AEC Q101 ZK it 100%M il L, R IEH T2 HRE. AQG 324 fi t =il i 75 22 Pl b 7,
BR] Ay DAL Ay AL P A B 2 DR R O T B 00, AHOR AN 2 Ak o) o [) B X B A5 B0 AF 75 i J&) 39 R0 25
PRBR,  Hhe I B A 2R 2

RGNV E DUF =Fh: a)myil inis 7 HA B AR OC R E 5, TEM . VR EIE LR
Tt () P2 AR FRBH A, BOMIHR 2 MG FEUR T 5 s D) LA ) S 8Ol 2 IR Ak, B0 T BIE HUR
A o) AN ) SR B 75 YW Re, AT HI A A0 1K 30 A R s R 2% 3 R 28 DL R AR 1 5
e BRI UR

HTGB 356 5 J5 32 B8 9 s F 3G A0 s (8 RIS, Wi 5-13 Bin ik g i 72 i AS [
JE R B R R A R

Vge=+20V Vge=-5V
6 3
5 + # Device_1 25
« Device_5
. ® Device 2 $ -
s . D s * - = | Device_6
%9 . D4 3 : 2 ¥ 4 b
] ! 4 b 3 K Device 3§ ] H * Device_7
3 # Device_4 1.5 | | Device_8
2 T + T 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Stress duration (hours) Stress duration (hours)
V=10V
1
i ADevice_9
2 ! |
< A
2 A A A A ADevice_10
5 N
> 1 1 ! 2 ! Device_11
@ A A A 3
ADevice_12
04 A A A A A_)

0 200 400 600 800 1000 1200
Stress duration (hours)

[E15-13 HTGBIWIX R AR R E N 11 TR ER ERHER

FESSHtR G, 75 S I A T AR R HRR, R A D MRS R F RGN 5 ek
VAR, WIS T C R B E R, IR el ER A IR Ta AR Vosy Ves. 7341, AL
E BN A2 i 38 B o L IR 5 EEK P B BRI 4% 97 L RSB T R

5.2.4 EiEEe/& i H3TRB

R IR W (H3TRBD, A #AR X 85 W5, 322 F T IR IR B X oh 28 KA s
R E R 0.8 5L 2SR FEAE 85% AR LR 85%HIIEE N 1000 /N X F IS4k
SRUE, VR RE 51D A JEE T L A S B UG R AR G O8], 7F 22508 YRR o, KA T RERSIEN
o5, I AR RS BA S, WA T Ih A SRR, ORI X . 2
FRAE IR A E AL, W SR RS R, SRR SIC AR BRI . 5% A Cree T
TRFEXT SiC B4 AR R HEAT T AT SRR 70 5 Si AR ARAH L, SiC A 10 48 i 5 a5 56 s 1Y)
Wz, [FR, BT R RO, 4o 2 BN TR

e I S AR AR R B, A SRS . R BRI R A % B 48, Ko mT A
BEET [ BAEAGS, OB R S L G ISR 2 2 BK s . S Ah, AR R
T mT B K > 56 7%, FEIREE AT EIA/E A 3 02 i i A 3 8500 R o, BOR AR AR R TN
WIS R, SR HRAUE o SR T 2RI R A (UTREPE) 2Bl 5 B

PEP= AR, PR AR TS A RIB 7, HUBON. 7748 B R bR i A= i o
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L R S A TR (1) 7 = ] 5-14 BT o

ENVIRONMENTAL CHAMBER

/\ MODULE

| i@ sov C
R

HEATER

A/

[£5-14 H3TRBMIX R IE R EE

MRS 1000 AN/, HRBEIREE 85°C, AHXTIRSE 85%. FEIX—TURAIH, i iz = 2
Tl SRR B A BRI F 1 IRSN 77, AR T 3 G o A Hh IR O AR 1 I T PR AR R A
SHERE, fmE R N RN 0.8 51 27 R AE (. AEC Q101 FH i i 12 i i i AN BRI 100V,
A REAE RN RSN, il S miB A5 IS S RBOR, BRI AQG 324 H A IXAF 1R
il .

PRI AR R ) S B GRS v U LR BN TR 3, YR REEAE R R SiC MOSFET i i ¥t B IS 1) 3 Jin )
BRI R P &, WA 5-15 Fraah—/ ML & 44 DUT Rl

—_ "
10

§‘1.5x

5 —— Mod 122 High Side pre-test /

E 1L — Mod 122 High Side 280 h

a3 —— Mod 122 High Side 630 h /

2 osl

(]

-

3 o T
3 0 200 400 800 800 1000 1200 1400
Voltage [V]

< x10°

5 —— Mod 122 Low Side pre-test I !

= 1 —— Mod 122 Low Side 280 h

S —— Mod 122 Low Side 630 h

S os

[

-

g 0

S o 200 400 600 800 1000 1200 1400
Voltage [V]

—_ 3

10

§‘1.5x T

5 —— Mod 33 High Side pre-test

= 1H — Mod 33 High Side 280 h f

a —— Mod 33 High Side 630 h

2 osf

(]

-

S o

S o 200 400 600 800 1000 1200 1400
Voltage [V]

—_ 3

10

%1.5’(

5 = Mod 33 Low Side pre-test

£ 44— Mod 33 Low Side 280 h /

3 —— Mod 33 Low Side 630 h | y

S os

[

-

3 o ——

S %o 200 400 600 800 1000 1200 1400
Voltage [V]

&5-15 ;2 E{E A T SiC MOSFET R AT E) gy az {4 ©!
AQG 324 Fui4F7E1E 52 A B &R 77 38 L (R B AN R PO bR v, (H DA ZUTE VA8 SR T R 2614 T 1E4 73R8,
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4R OV M AN RE ¢ 2 BE T U Bt n 74 %

T ITR 0AT SR G 9 1] S HE 210 S R VR 2 A, IR AT C MR BB R s . SRR
e BN 10 £ (AEDNE i Wi 2 RS ARME I 10 5, kSR P e 5 A, V598 5ikge T
GET BLAAS E AN B AT J5 v AVIRS N B ELAL, B Horh 22— 10 f5RIFLN R 2L

5.2.5 iR E AT iR
(1) sh7 W E X% DRB. DGS 5 dyn.H3TRB

5 HTRB. HTGB. H3TRB — Ui & E iR ——X N, AQG 324 ZilE T —Wizh#& k& k%,
BPzha [ fw (DRB, Dynamic reverse bias). Zha#t /) (DGS, Dynamic gate stress) 152 5l =i
S (dyn.H3TRB, Dynamic high-humidity, high-temperature reverse bias). X =I5 BT HE 1 S5 )
Ao, HIRAE S O R i BRI A B SRR, AQG 324 HR LT T 1% L 50 g — M S5 U Ak
Ak, WA, X B HBTE—ERNH.

B2 A AN S AR IR SR AR 280, R o v R AR 56 1 UL P 4 R e 3N A M B PR 2R A
AQG 324 H L X P TG AR AN D6 FF Ji xof I 1) s il 2300 25 i B 065

RN A SRR A% AEC Q101 SEFRER — T Iniakss:, T R R 2 i dv/dt
TS AR PR S B AL, AUENRS T RS I RIAE 0.8 2 0.95 i Vpsmax TWHEIA, Bk
IR, VRO IR RIELE Y 1000 /N, Vps=0.8Vpsmaxs dVps/dt LU 50V/ns, f=25kHz,
RV FEEIEA (DUT WkE SR ED A=t (OME B R D .

BNASHRL KU IR . Re . ICHRBTHSE, B ARG T e i 2, HRA
LSRRI HERR T VDS X VGS BRI, A RER A VDS=0V 5% fF. IR EELE A 1011 A
¥, Vs A Vs mingecom 2 Vesmas dVGS/dt B 1V/ns, £=50kHz.

BN e e = e S A WP FE XN 85 4f A R adhAT, BARIRES S5 R A e, H g Hi H b
IRV B R FER R Vps™0.5Vosmas SN KA T3 R MILA T, $EN dVps/dt>30V/ns,
15kHz<f<<25kHz, F At kb i it i e e AR ol in 6 s DARR (R VA T8 S . 388 5 I PRV 1Y)
FRERSEAN LA R I R A e, 5 0 v i v T S Bl T 5 20 A [

IR B A SR A S B 8 B R

SRR, XL B B B s S R, A S B R BT O 1R R A A B 1 ] S
PE. BIAHSEI I RE 7R BT AR KPR, i e — L6 0 26 A iR S8 A e, K ReaXR 1) B FH 5
Bl AEFE, AP RRETE.

(2) HiREAF HTSARIRE I AE LTS

SiC AMEMHEL T Si 7R mrli B RE R A 2, (HCTRIRMERE T AR b, AL de AR
T SiC MOSFET & RAE—RINSH S, FERIYBMEEE BT, %8 R FRARR 508 B T
&, FIMTRI RS SR RAE —EREN AN, HBEEAS St b, GRZMT TS
FHUWE A7 T a th s BIREE R

SR, SiC MOSFET i A7 SRR ARV T I v Th IR A SR 88 & 0VE . AEC
Q101 IR FAEE B 7058 AN I 2 i i 40 VG 8 S i AR AR A7, AQG 324 H EARHE HL BN
FEamiAIe I H , (H#EAN SiC MOSFET #UEAEMASN A, MRurHIEHZER, ISR 125C.,
1000h, fiKiE-40"C. 1000h. MEL EFRAERIIE KRS, I4HTAT XS SiC MOSFET SRl A7 A ai ik
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BHRFRESR, RIGE SisE/MHIEA .
(3) il IE [k & HTFB

AQG 324 (2021 ffO HARs s iz IUAEe i BAR K F, RO U H S5 XOR AR L, I
R T 0 . L EARR AN e, HaiA HTFB 0K A] B8 H BLAE AR SR RAS o X MR 6 AT
b5 A& 40 1E 1) (i B AR S I 5 e AR AL, (L H B4R 3SR 1 75 i B — 2 tH DD R R0 45
(K1, MRS IR I Ak, FLR SR IE i BRI AE AEC Q101 1A 4 51 A ik 7
AR I H , AR AN AR E R AR AR A i B AR TR S a5 . IR TG R AH O A 2804 5 B 46 47
PR S5 SERCAR (1) R AT

5.3 SiC Al S M K FF ap it 0 h APk ik

Bt P E 1R 77 i a6 2 STt P AT AR A — SRR PRAR, SR 3 ) 20 25 e B X6 B A ey 1) S it
MRS, RTRX—fAFEZ 0. WS EGBEE HFKRE, SiC MOSFET ##F/5H 1) 4 aridie 5
Si EEAM B G RIS A FTIX B, A AT AL, AR I id A i i Y BT A6 JE g 2
WA FIE TR E AR PR 1iR58 T H , 2280 SiC MOSFET 7= fit 1) 25 A A5 284 — e AP Bl 47
BRI G RIGAF BN 0, ATy AT R PRGN E L, T 78 B A S B R Bk, ax e
F R RV T AR HER AT 2% 3K P STt B2 DA B JRy B A
(1) REESE IR ME AR

F B SR PR TEL I . AQG 324 #UUE 1E A7 il B i F2 X GBS B0 AT SERT i, HLEe:
HIARAS BE R EE MREE & BIREN ROk, (HEEbR b — SO ST I AN 5 i, 5O X
DACRUFAR FE o o S 2R (1) 2 D 2R A BA e i 5w 00 A BEL PR Rt M, e o 88 A2 22 A 2 v RS B 2 )
Ak, LEANYR DR WU A AR5 T 7 2 AT Mot DN AR BEL A 900 v St B, L T ) — 2R T 8 S 48] )
HHAREMPNMRE S, TEAHRLIE.

(2) DUT H JFELSR g

F B BNATAFIRLG R, DUT 5 I D6 SRR A2 b v A A DA AE 56 52 B S e 406 29025 HE T
TEMAR S B AT Z AN Rr g8 PRI BRI, AT DA RIS X6 Ak 2 28 AT TR A A MR, 4 5-16(a)FTzm o
X — R SR AE D RIS R, BRI S MR, T EREE R H
TR, HAMRSHHEmEZARRE . Bk, SHFRRSHMEK, FER SR BREKR,
— PP 2 0% SO IR D) ZR G PRI R S AR Y, ] S-16(b)Fa, SR Ek FIRE A R S R gk AT D 4,
— AR A T B RIR A TSN, S — i AR ORI TR, IR AR IR e A HL R IR AP R
NG, RNz R A
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L =5uH

()lhw puTI

& m
& =

..........................................

(a)BELE (b) BB HEXEY
& 5-16 BHEYT REDEFEIMAKL B RIER

(3) KX T 1T 2 AE

AQG 324 XA AR H A3 T R ZESK, MOSDET L2 IGH50A 2 Fiohn fi 7
i, AEC Q101 X HLE S5l 75 /S B 2, A in e y sCEEAT IR, 1 AQG 324 FilE R AfE
BEEAE Sl TAEEMAIB T, B i A ey s PR A9, G SR 468 P 5 e ) 3 i 0 A
JERFEEASFH P IAET, B9 AEC Q101 X hnef 7 sAEH 7 #E,  Homd e 77 SO R n s 55 75
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