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Fig. 1. Structure diagram of SiC power MOSFET device (not to scale): (a) VDMOSFET; (b) TGMOSFET.
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Fig. 2. Technical evolution diagram of
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Fig. 4. Damage mechanism diagram of power MOSFET"’s total ionization dose, displacement damage and single event effect.
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ET K A 7E 5 B T8 IR A4 19 SEB 1B b #L
i, & B SiC MOSFET K —# % #5141 SEB %
MR, 7F 600 VIR E F ¥ & 4ET SEB, &4
SEB FYHLEA 5T 50% FOAE TAEH . 2 HrA
RE BT SiC a1 T AP B EREE R Y
P, & T SIC TR A% SEB s A = 1
FEF . 2023 4F, ZHAT A SO I 1200 V SiC
MOSFET JJ& T 5 & ¥ R i = AL v 72 9
Bitth5E, KITE 50—100 V ff B HLE R 4 & A=A
AL WV AE B, T AR 0 T R R R A
200 V i & B T 8 &2 E A TR E 80 ; 178
200—600 V fi B R T #5448 &4 SEBL. 38 i 52
51 TCAD {5 B4 HT S H B A G5 A ik
YIRS 5 0 B L L AT T LET il i 4%
BOEARDE. AT s — DR B - T )2 R
JEE XA ST AR AT B ], 2025 4F, Zhao 55 0 F
FHAE RN 1712.6 MeV M5 (Kr) B T 58 B 5
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F# 1 P SiC MOSFET HURL 24 i 7 i
Table 1.  Summary of research on single event effect of planar SiC MOSFET.

Farany [iEre sl LET/(MeV-cm*mg ') Vags/V SCHk
[1200 V] VDMOSFET Experiment 35.8 350 [6]
[1200 V] VDMOSFET Experiment 7.7—49.1 580—700 [46]
[1200 V] VDMOSFET Experiment 0.26—118 200—600 [49]
[1200 V] VDMOSFET Experiment 70.2 800 [51]
[1200 V] VDMOSFET Experiment 10—65 500—600 [52]
[1200 V] VDMOSFET Experiment 81.3 400 [53]
[1200 V] VDMOSFET Experiment 38.85 400 [54]

FUZEEE (t,,) H40 nm F160 nm [PFER] SiC MOS-

FET, Jf 4748 UG A R 1 (PIGS) M, W&
R IR 5 R A MO SRR bE. PIGS MRSE R Wow, 18
Vps = 200 V F1 250 V iR T, ¢, = 40 nm
(a3 TR IR T ¢, = 60 nm (2R HL R,
F IR )2 5 B X o B 1175 R Vs e 0 1)
WS EEAER. HIHHEFRIENMEZHE
TR A H 37 0 B, A AP A 2 1 KU . F T A
SiC MOSFET HURi—FRUn A5 S8 T3 1.

M %T SiC VDMOSFET, SiC TGMOSFET
JR I LR H AR TEARCR R T RGN
4B, SiC TGMOSFET #4346 At Sic
VDMOSFET i A i SiC ¥1% MOSFET #§14:.
ST, FFRE SiC TGMOSFET Huki 450w HF 5%
X FIEMHT RS RIS | HEShan T ST A
B EETRME.

2019 4, Zhou 5P F|Ff TCAD WH5E T 650 V
X5 SiC MOSFET (double-trench MOSFET,
DTMOSFET) #% {4 5br - o F 4, KBS &
BT LET K F 0.03 pC/pm B} (7£ SiC #1 K &%
fEpi b, LET A58 5C R 4 1.0 pC/um =
151 MeV-cm?mg 1), SEB B{H L EFEE LET 134
TR, Fzdia T m, 24 LET 4 1.0 pC/pum
ff, &4 SEB WE{EHE N 70 V, &4 SEGR 1Y
B L R h 20 'V, 255 3R B SiC DTMOSFET #%
PER PR ST PERE R 2. 2 )5, Wang 45 06 34t
SiC DTMOSFET J¥J& T 2005 MeV K4 (Ta) &
TR S R iR SiC DTMOSFET SEB
{560 (/] Pl AN R LA T AR F R 1Y) 42%, ™ F 5
HAEZS ] ()% 45551 T

2020 4, SZHERKEE P78 Je )5 FIH TCAD #4858
T SiC DTMOSFET ##{4 19 SEGR % #il SEB
SN SRR AP, & B SiC DTMOSFET

i SEGR R0 328 5 H B IR S e R
0 Z I RE D fA AL P HERRA G, 1 SiC DTMOSFET
arfhry) SEB & E 2 5 8 A A AR BJT &
W ANE R AL E DA G, Z )5, A E R A ) )
JH TCAD #F5 T AG G Fp IRl | RO FE AR X R4
FZEH) SiC MOSFET #8424 oy i o 43Pk, 5%
SEHLOR, SRS MOSFET 2544 i T8 SR I 5
WRIRFEZEAE, A B T PR I S Bk Rl o A A
PRI T, DT R i 2 SR AR
AL R G H Al P R 45 44 BB AL 51 SEB
B R AL, H SEB [/ i 5 .

2023 4F, Martinella 45 69 F]FH 200 MeV & RE
JOT X6 - 18T 7R XoF R Y R R S X R YA A R
1200 V F&H SiC P8 MOSFET i##47 SEB 325, %
Y T LA S, SRR Veps 2 600—
650 V (50.0%—54.1% Vy), XIFRIGHERIZER Vipn
1 900—940 V (75.0%—78.3% V), FEXTFRE FE A1
BER Vigp N 650—700 V (54.1%—58.3% V), Af
FRYAAE B ZR 230 B S Y SEB i 5z M. LAY
WY T R T AR 48 AR (A ANAE 2 AT DS 3 B 2%
{4+ SEB H{H, k45155 Ball 45 61 fF5EAHAF. BRI
EZETT (JREERAHBAY) Z A0, iR & BLas R 424
BRG] FE Al & 5200 SEB R i G HE P 2. 2024
4F, Martinella 5§ 02 3R H 5 gk (Fe), B (Ni),
% (Kr), i (Xe) BT MG ES (Ca) B F X 1
ZEFIY SiC D)% MOSFET #1748 MBS, % PAE
IRAY Vg BRI ARG 0 2810 25 24 STV ) {1 s R 37 34
XS Hh I A A R SRR AR 5 RS A R
B S, AR Vg 4G I0 31) BUkE i U e,
it (single event leakage current, SELC), It A #i}
WAL RO 2 i o AR T SR R AR
WA L5 % SEGR 840 . 5B 7 300 45 5 A
g5 L3k 2.
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R OEB TSRS (W)

Table 2.  Summary of heavy-ion-induced effects
(threshold values)!62.
BT LET Microdose SELC SEGR
/(MeV-cm?*mg 1) /v /v /v
Xe 62.5 40 70 120
Kr 32.4 70 120 400
Ni 20.4 90 120 —
Fe 14.53 430 450 500
Ca 13.5 520 530 550

2024 4F, ZEPEINAE 53 SR 208 MeV Y% (Ge)
B X} SiC DTMOSFET #E47 TR Vg I & H
JET SEB HLHIFRTY. SEInai AN, AT s
FgAE, TERR IR Vg ImE ALK, SiC DTMOS-
FET A 00 it v il i, Y Vg Miad 200 V

/K
318.0
316.1
314.3
312.5
310.7
308.9
307.1
305.3
303.5
301.7
299.9

/K

225

A, % 25 S 03It P I S22 B MR U A A R AIE, 4
S A - A R B - VR AR [0 TR i X 3 s ¢ A2
it TCAD fjj BRI, ZEARR R &0 N e fL)2
Pifaab fy L D, O 2 400, iU F Y
K; FERRET, 8B RE v N AME 2 N4 i
SEFAL A ) R AR B K, 175 R ™ EE A G 4R P S
R, 7 A AR ik T s SRR K sh R SR
TR Y AR IR RS I SiC A RME 5 (3000 K) B,
PEER N 5 R A &4 SEB. HE T
NS J5 AN R Z0 3 A2 P 38 1 s T B 7 L4
AN 7 FR. YRR SiC MOSFET Sk 1340
WIS F 4% 3.

H#ij, Infineon, ROHM 284l & #i H 4 58 5
SiC MOSFET j= iy, If-7Efi R G S 3 H 3 98

/K
632.0
598.7
565.4
532.1
498.8
465.5
432.2
398.9
365.6
332.3
299.9

/K
3400
3085
2770
2455
2140
1825
1510
1195
880
565
250

B 7 WETAL (a)1ps, (b) 10 ps, (c) 100 ps F (d) 1 ns 5 #1538 b AR 1 23 A5 2] 631
Fig. 7. Distribution of lattice temperature in device after heavy ion incident of (a) 1 ps, (b) 10 ps, (c) 100 ps, and (d) 1 ns/®.

#£ 3 WA SiC MOSFET SuUbi FRU A5 A

Table 3. Summary of research on single event effect of trench SiC MOSFET.
et el LET/(MeV-cm*mg ) Vaen/V SCHik
(650 V] DTMOSFET Simulation 151 70 [55]
[1200 V] DTMOSFET Experiment 81.3 <504 [56]
[1512 V] DTMOSFET Simulation 15.1 597 [58]
(900 V] TB-QVDMOSFET Simulation 75.5 478 [64]
[1260 V] CoolSiC Trench MOSFET Simulation 67.95 600 (65]
[1200 V] TGMOSFET Experiment 75 500 [66]
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NASA | BKkil# 7.0y (CERN) 35 T £ SiC
RS ROV S, T E N X SiC MOSFET (1)
Bk TR £ LIE T MOSFET 4 3, i Al 41
MOSFET Al A 5838 Z 4K fi TCAD {5 5. LAk,
A 200 2 B A T4 E R T A S BE B YL, =
Vit Al VL PR ) R GE A 9 A B v T o e S AR iy T
BT PRI, SE S, T SiC g E W H Tk
Ky (WK A E). Ak “PLHE-T.
2RIT-R G SR E R AH, ZA RS A
Yk, #E3h SiC PyZRAR AR R 2000 ST ) 52
FHALZE M.

3.2  SiC I MOSFET £ i F 357 k3%
HLH 53> ¥

T Si £ MOSFET SEB fit & WL #9522
A A, A SRR ELF Y 2 B e R
HE A4 BJT S8 J& L SEB fil & 1 5 2L
il 6700 AH GRS S T B e AT R RIFHRA
Sz . SR AE SiC MOSFET HY SEB #fF 5% 45
1, SiC TGMOSFET [ #H JE A 58 A1 &b F 8 % B
B%, LIEXF SiC MOSFET SEB 4G HLiil E #e4-HF
FUK— EHAFES L.

2006 4, Zhang™ {j F4E /R T SiC MOSFET
55 Si MOSFET 7& SEB J8HL_E A4 P9 7E— 2o,
Bl & BBk 7 A SiC MOSFET #$14:0), 23 7E 281
PRI R R ) L -2 O, X SE B  T AR SR
YIRS T 7 A 3, T S et 2o DX Bl 2
VSR P 2 ) FL A GE, IR IE S SiC MOSFET
(@ v e ol S I S AR o L e R C S e 2
BJT 38 951 & 1 Bt L i 3 s AL, S 30me s
FEL VO 2R I L, Bl S AS IR Sl R 5 | R 2514
TSR T, e 2 R I 2 AR 1 A AT AR B
#2011 4F, %74 BJT 42 SiC MOSFET SEB
fil AL FE— BB S (1. 2016 4F, Tkpe 55 [
INNZFA: BIT ££ SiC MOSFET SEB 7 2E i F
FrifE BN, Esie 5 DA A AT, HI
A SidE MOSFET, SiC MOSFET 75 % ¥ 15
BB A RETF RS 274E BJT. 2019 4F, Johnson 4 (73]
Xf SiC MOSFET 78 B FHaa i e, M7 SiC
MOSFET {5 E A A it il s g it BpfiZiA4: BJT
BTG, AR WEER] SEB 4. ik MAL A A=
BJT A4 LA R AS 2 LA R 2 1R B IR, 3%
B 24 BJT S ALH & SEB fil & /9 3 Z ML ifi

e —HL, PTBEAAAE DS Sb—FhkhFEHLH]. Witulski
G2 AT T AR ZS I, IR4h R F R R BIT
S8 WG A AL, (HIF R AP A LT X SEB
BN, T, Shoji 5 M i@ B FR SiC MOS-
FET #1/# N+EM, BF5 SEB #Usk % 2 75 7 5
RN, & BE SEB HL I A i A A TRLEE & AR TN
H)A5 4k, SEB [ {E FL M 3% A B B 3 71, B SiC
MOSFET H %34 BJT *F SEB A9 57 ik A1 X 452 /).
SRIM, Wang %5 7 H) & BUFE A [F) et B i 6 A0 2 7
LET(Vpg = 400 V, LET = 0.1 pC/pm) F, HAH
N-+iE ) SiC VDMOSFET #3#4%& E SEB, %A
N+ g8k ok & 4 SEB. %A N+ G N+
i PN R FL R I B A3 AT LA TE] 8(a) TR,
1 30 ps B, PR FZ 0] 0 FL L U 2% AR 258
K. SR, 78 100 ps B, HA NG p 480 N+
8 DXl L AL I N, SR A BT B
W3, N-UR DX ) AL DXy AT HL e, 7 AR
Wi KR . £ A BIT A B T8 i 5
SiC MOSFET k4 SEB. 2020 4F, McPherson 47
X} SiC MOSFET #A7TH & F4a IR 5 B, 4 TR
JEEFTHL I A (R AR S B 4R T — b ) A S
FARF=AEMLS], aE 8(b) i, HaA W K a1
B RS RIS, 78 N/N+ X BOHT g
fH LY, 51 hlETE f B S S 153, R 2k
TR G | A B T R, I8 R A A
B, HERE] SiC MBI SR, & E SEB.
B4, Ball 55 B2 i 48 7 — P s ik o g 2 25 3L
i, HOA W E BT AS SiC o S8l 5 i
) e I A FELJE A P D R 5 LR [ A7 A o it R
DIFE, b B Ik op AW 2, B 2R SiC Mgt
AR B, & AN R R B 405 56k H A 5, WFoE
AR HEIIARIA SiC MOSFET SEB 484 AL il J2&
EALIX (N= drift) /4K (N+ sub) mREEAL N =
St 7= A A Rl F 2 DA K AR BT 3 SR AL
il, I HAbfE i B 2 ge 1 A& 2k SEB BN CHER 52
M A 2%

% SEB R0 2 Ak, B 4 47t 02 i -4 AR
1 D)% MOSFET #5445 47 i s 2R B, LG 3%
HLHS SEB AS[A]. MR A5 40 T LA 43 A v M A0
P W F AT SEGR, i Bt 8 b kA = P AR
4) P AR s FEL R AR R 3 I, - SESOBAR T R T 35 K
JLAF5 R R R A S S BOR A AR A 2 450K BT,
— BN M TE SiC VDMOSFET H, Hib 8 AL JZ i)
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(a)

Without N+ source With N+ source

30 ps

100 ps

ns

F 8

2.056 x 10°
F1.400x10-1 5
F9.655x10-8 =

. X g

4.534x10~14
r3.107x1018
F2.129x10-22

1 l 1.459x 1026
1.000 X 10~

3.000 x 107

e Current densi

—~
&

(b)

Electron

® Hole Metal (source)

Oxide

P-body P-body

Depth

N-drift region

Drain

(a) £ LET = 0.1 pC/pm, Vpg = 400 V 551 T, J& N+ AA N+ LS E7E 30, 100 ps F1 1 ns B B T8 5 5 09 HL 7 L 3%

43 A [ (b) ST N W3 XY H2) 2% MOSFET #8 41 T (1) — 4 b 3 B 2 5 7 43 A7 170
Fig. 8. (a) Electron current density distribution at 30, 100 ps, and 1 ns after the ion strike for device without N+ source and with
N+ source (LET = 0.1 pC/pm, Vpg = 400 V) [P (b) vertical N-channel double-diffused power MOSFET under radiation strike

with 1D electric field distribution and carrier mapping(™l.

K — M BE B T i L i s Sic
VDMOSFET AAlf{)42, SiC TGMOSFET fix KHi,
Yy i & A R f Ak 778 Sic TGMOSFET
i SEGR R0 9 =5 2 A A al AR ks 24 T
WA SiC TGMOSFET J&, 165 B 7 A S %42 5
Rl A K () F -3 O], 3 BB HL T 5 B 2 A
EA%i g, Hl o N s ikl Iz 81, 259X
1% Si0,-SiC S, T TR M 25 F R
TG A AL ) AR TN R 2SO 25 ) TR AR
FEICAL, 25 7 CHED AR b ) SRR DL AR AR iR
Tl L fof S TE E AL b A — AW, S
588 5 JEA 1) L e B AE DI T AR 2 1 s
0k, WA LER T 2E, KA SEGR &0

4 SiC 71 % MOSFET #i 2 4 F #n E
AR

H 1986 4F Waskiewicz %™ %}2Z% MOSFET
A TR S L R I HRGE SEB RN LIk,
173 MOSFET a4 Ht Sk i [ H R i k58
FRARPEE . KaEAfgE BosxtFHH 1200 V 1Y SiC
MOSFET, 244 k¥ LET {5 KT 10 MeV-cm?
mg ! i}, #RPEEH E 500—550 V &4 SEB, K4
RHBUEHRIE Vi 19 40%, B 535 2 HAE BB 46
I Ty 2 s 1 Y BRAE U (Vigp/ Ve =1.0)1243:80],
(K, JFJR SiC MOSFET Ay BAkL - in [ 2 4k 45
HCAE 25 8] 4 5 PR v TE O T OGS 55 AR

JE . 1% SiH: MOSFET it SEB 1 [ 42 A
RZ LA N X 2% vh)Z R BEAL N/N-+[F 2540
WA AP P 375, 3k B B v 10 kil g L R Y. ARk
TE N+ AT N AMEJZ 2 8] 5] A% vh 2 455 T
SiC MOSFET #1431 SEB B4 0Pk & 9 K256
TR 1082 {E RN 9 22 vh 2 AE B TSR 1 SEB 1A 7]
Ik 23 14 R L 3 LB AEL (R, p)s Ron, s 22 IR
TALATE I8 TAER D3R e ny s 2Rt HAL
HAK, #RFrERER2E. I, 51 A A—ZZ nh) 25T
SiC MOSFET i 5 f-EHAEAGHT SEB & 7=t it
J&, —SeiffsE it il 5 AZAE 2 s A &
BRI SiC MOSFET #3441t SEB MEfE.

2019 4, £ 5% BB TCAD &£ 48 TG-
MOSFET 15| AW )22 vp )2 4655 — N-ZZ vh )2
Hg | AR RS 1 N8 22 vh J2 44 1o 8 SiC i
HEHF MOSFET(NITG-MOSFET), %7 i 45 k4 n]
RN T NERS X /N+2% op 2 = I A ik
AW P FEL 37 0 00 3 3 b, 37 DX 3l P Sk i
) Al P 5 B 35 A RSO, DA T 2R AT I 2 L i 2
FEBIER ) B kg BRI AR, $E BT SEB
fES). FEEER BN, 76 LET = 0.1 pC/pm 04T,
f£4: TG-MOSFET #1 NITG-MOSFET /) SEB [
{HHLES 38 450 V F1660 V, N+ 22251 A
f#i TG-MOSFET ) SEB BIHIER T 47%. Z )5
1% N+ 22 o 2030 SEB KEES B TIAL, Kk
IAE N+ EmSE (B 0.5 pm, S8R 0.8 pm,
W T EB R E N 5.0%10' em 3) T, NITG-
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MOSFET #t SEB fg e, 5 ELE R K 9 Frw.

720
(a) —e— Thickness of N+ island: Ly

700 [ Nni=3%10'7 cm =3, Wy = 0.8 pm
Npz =5%10'" cm~3, Lgy = 1.0 pm

680 | Ez B2 1

Width of N-buffer2 = 4.2 ym

660
640
620
600
580
560
540

SEB threshold Vpg/V

0 0.2 0.4 0.6 0.8 1.0
The thickness of N+ island/pm

740

720

(b) mmm Width of N+ island: Wy

700 [Ny =3x10'7 cm~3, Ly = 0.5 pm
Nps = 5X106 cm=3, Ly = 1.0 pm|

680 [ Width of N-buffer? — 4.2 pm

660 | ;
640 050
640 | 630

625
620 | 610

SEB threshold Vps/V

580 | 580

0 0.2 04 06 08 10 1.2 14
The width of N+ island/pm

680
(C) N+ island dopant concentration (Nyi) = 3X 1017 ¢cm~3
Thickness of N+ island (Lyp) = 0.5 pm
670 | Width of N+ island (Wy;) = 0.8 um
%
§ 660 /
= 650
o
<
w0
© 640+ /
<
=
M 630 o .
% ./ \
620 o__o
610 . L . . L
0 2 4 6 8 10

N-buffer 2 dopant concentration/(10'6 cm=3)

Bl 9 NITG-MOSFET Uk ¥ he 585 25 5 N+ b 2 8
BIFE (a) JREE; (b) FEBE; (o) B G 2B ek i
Fig. 9. SEB results of NITG-MOSFET and optimized
B33 (a) Thickness; (b) width;
(c) N-buffer 2 dopant concentration.

2020 4F, Jiang 55 B 3@ o £ H A R H 2 2%
M Z S5 AT DL — 2P 1958 SiC MOSFET $it SEB
PERE. (B4R R, 2 LET = 1.0 pC/pum A+
RS, 75X vh 2 = G2 02 N EREE ST T Bk e
YA, IIEE 3 MV /em B3] 2.2 MV /cm,
{55 7 I 25 L PG R ) o AR G A 2 B
il SRR T s . FE SRR, 75 LET i
T 28 02 LIS SEB %4 TAEIX
(safe operating area, SOA) A o 2 HL K. 2024

design parameters of N+ island

4E, Wang 55 P2 T — MR T ek Z b2 5
M BN B T2 M4 A1 4H-SiC VDMOSFET
(SBL-MOSFET) #s {45 ¥4, I 1§ By TCAD 5 1%
4t VDMOSFET. = 7 22 v )2 MOSFET (GBL-
MOSFET) FIXZE 2 MOSFET(DBL-MOSFET)
HEAT VARG B i ESR BR, 78 LET =
0.1 pC/pm, Vpg = 650 V BT EZMA T, VDMOS-
FET,GBL-MOSFET,DBL-MOSFET FISBL-MO-
SFET (¥ SEB B{& 43514 400, 620, 630 F1 670 V.
B AL i N L AR R JAn A 10
fli7n, X3 SBL-MOSFET 5 VDMOSFET #H I,
HLIZIE(E M 2.55 MV /em [EKE] 1.83 MV /cm, %
B R 2% w2 S5 44 T LU G s L 7 0 A, [
fIChii e 5%, 1 48 SEB {E HLE.
#H BT ASF SiC MOSFET #3145, ER X/

Fol JFC = AU 35 Ak 1 il i P 5 LA R 24 BIT 1 S 2
FEER A SEB MR R R, L, BRT 5
N G712 R e AT A R P 25 3 T A e 1 o A AR
BJT 558 #4215 SiC MOSFET #y#t SEB fiE /7.
2020 4, #8565 SiC UMOSFET f) P+ IX —
BRATIA T AR E P-body HLIX, $2H T —F P+JHIX
PR AR B I E k. ik TCAD i B A, 4
LET = 0.1 pC/pum B}, P+JHXYJE SiC UMOSFET
i) SEB H{E M 360 V, %154 SiC UMOSFET 42
140 V. S HTI B 2R B B S Y PR X
A3 FIEAH Z P-body KX I, FEAIK T 274 BJT 3
DX P HL B, o7 B S P i i 2 2E BIT SR XY
R/, IF HY A PR IXTE B T 5E 01 57 14
WGE T, 300 N PR DX 38 1 4 DR W, D
TR E A BIT SURIXIS A 22 780 H , A 39
254 BJT S8 /E . 2024 4E, Liao 1 Liuld %
AR P+HEX Y JRE AR, X SEB BIE 1) 3%
FAEE, TR PHEXY BEAR S ZZE N &
] PR 2% vh 2 AHEE Aok SiC MOSFET fbt SEB

e T EERER, £ LET = 0.5 pC/pm KT
WRJE, (R PR XY R/ & 14+ SEB
HIEE T 16%; [{CRHZZE N B2 b2 145
1 SEB BIE R T 29%; £5A FIH P+-U8 42 fih 17
B L2 N R E] A2 2 ek SEB AR
BT 33%. SrHrIAh PR Ml ALY AR Y T E
BJT 9% $% 34— ~HaBH, i‘?ﬁ%ﬁﬁfiu, 45
ik BJT M4 AL, 2528 BIT B9 3 25
BB, Fm E5I AR 22 N BB R 2E
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K 10 FELET = 0.1 pC/pm, Vpg = 650 V 5544 F, B FELEHET O ME R Z/E ™ (a) VDMOSFET; (b) DBL-MOSFET;

(¢) GBL-MOSFET; (d) SBL-MOSFET

Fig. 10. The variation of internal electric field at the device center after the ion strike (LET = 0.1 pC/pm, Vpg = 650 V) [P
(a) VDMOSFET; (b) DBL-MOSFET; (¢) GBL-MOSFET; (d) SBL-MOSFET.

SCH R AR R R N N RYEERS /4 I () o 25 5
R B G2 ph) 2R, BEE R, KKEEF SiC
MOSFET #i SEB £ /1. PHEX P R 5 £L)2 N Y
] B 22 2 AHAS A 1 SiC MOSFET #8445 n &
EE 11 frs.

Rt 2z Ab, 3 A AR 22 oAt fin 1B B R T 42 T
SiC MOSFET #it SEB fig /1, g H SiC *f#
25 VDMOSFETUT788] &3 10 S VARSI HER N+
U5 T I P-well f5U8% X S0k 9 i1 75 4 BJT JF )i B9
DL B Jmy 38 75 A P I HOR DO B 22 v 2
T 7 =B REAA R AR T NS X /N 4] JFE A
T AL 19 15 L, (ELXT T 4E0UZ PO R L A T A
INESL AR AR R 52 B M R AR e MR B I
PR 7 e ANPEBE. JEF SEGR & #1455 AL mT
A, A N AEMHRZ T T R R T AT AR
3 SiC MOSFET #i SEGR fig

2023 4F, A4 P B —Fh A s o CHIGE TE Y
SiC MOSFET(HEC-MOSFET), HEC-MOSFET
fE JFET X HagER T — MR BB P+250X
IS, IFaE o 24 Y XS B IR A TR

TE R fi, A& 12(a) B, 5154 MOSFET
gh KA e, HPt SEGR fE A7 FrdE T+, HIA T
P75 7 ERUES F4 RE E J6 R[] Pt v RE R 5 LAY
K2z Az R IR S HE 980 T 28 e
AUZ T REE. [R4E, Wang %5 92 FE4L 45 1 1
SiC MOSFET 4544 3 fith 1 %% b 2058 N BiF X
(BNW) ., P U EE[X (SW) Fll P P~ 2 (EL) K
$2 ¥4t SEGR fig /1, BSE-MOSFET #§ 445 4 1n
K 12(b) Bz, Hirh ) BNW RS bk & 1k )2 Fi
73 7RI Z A RS, A3 85008/ INMER I FL 3, T SW
I EL i THBAaRER G, 7T LR IRz /Rl
FEAR AL B, A R R, REE A
S5 R i BRSSO A G R, [ A A Ak
FI R IR, DFEEE SR, Y Veg =0V, Vg =
28 V & T, B 5 igil 45t ek & £ SEGR
RO, TG BSE-MOSFET #47E Vgs =0V,
Vps = 60 V &4 MR k4= SEGR 240, SEGR
fih 22 115 S P PR AL B Y R S5 AR R = T 114%.
2024 4F, Sun % % 7F SiC DTMOSFET
P AL 2% wh 2 (P-SBL) MIZ 2% ik )2 (MBLs)
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10 pm/5.0 X 10'° cm—3
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WirET -

P-well R e E— P-well
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Poly gate,
Schottky

WireT
P-well > P-well

CSL

4H-SiC N-drift
10 pm/5.0 X 10'® cm—3

Buffer 2
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N+ substrate

11 1200 V SiC MOSFET Z5# 75 G 159 (a) 40 M5 46 0 1 5 3 2 — 0 (SBD) 4544 (b) ¥ R B P+IREAMZS A (c) £
2 N BRI 2% wh R 45K (d) 3R B PR EE il 5 £ )2 N BLH] B9 22 vh 2 09 52 45 4

Fig. 11. Schematic diagram of 1200 V SiC MOSFET®: (a) With split gate and SBD embedded; (b) with expansion of P+ source
contact; (¢) with multi-layer N-type interval buffer layer; (d) with expansion of P+ source contact and multi-layer N-type interval

buffer layer.

(2)

N+ P+ N+
CSL1 CSL1
P-shielding

P-shielding

N-drift

N+ substrate

N+ substrate

Multi buffer

layers (MBLs
yers ( ) Nedrift

A

N-+ substrate

K 12 ¥i SEGR () SiC MOSFET #8FmE S5 /R %K (a) HEC-MOSFETPY; (b) BSE-MOSFET®; (c) IM-DTMOSFET!!
Fig. 12. Hardening structure diagram of SiC MOSFET device against SEGR: (a) HEC-MOSFET?!; (b) BSE-MOSFET"?; (c) IM-

DTMOSFETP3,

SEFTE BT R XA SiC MOSFET(IM-DTMOS-
FET), [0SR A& K WA B bk (ALOs, HEO,)
LG Si0,, HIR BRI AL)Z N By i R
Yyl (i EAER R, 2604 LET = 0.1 pC/pm AL
TG, AL O3 Fl HfO, #1£Hf IM-DTMOSFET
WAL 2 rb i f K L 37 5 BE 43 I BRI T 34.0% AN
56.3%, WA BA R HLH B8R, BT SEGR R

# i %, IM-DTMOSFET 28 F 45 I 12(c) fr
7~. Ranjan 4§ 9499 [a#E & BR FH SigN,, HfO, 5 K
M 5 AT LA e 25 B2 SiC MOSFET 4t SEGR fig
7. BRILZ A6, S AEUZRERE D067 W AU o 106]
PASIN 58 53 240 07 A5 302 42 = bt SEGR fig s
AT 350 2. 3 4 LA T TSR LR R SiC
MOSFET i 4500 i # i k.
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F 4 JURERY SiC MOSFET Hubi—FR00 i s L A
Table 4. Summary of several mainstream hardening design of SiC MOSFET single event effect.

L Esit T 75 i

LR SCHK

MBLsH] LAREEN-ERS J2 -5 N P8 7 b A s B L 3738

NITG-MOSFET Z 2% /2 (MBLs) A — v 5. 83]
. pRIERR 2% )2 (P-SBL) Ml P-SBLAIMBLsHI LAZE % i BE T 2 11 v 5 R A ok
IM-DTMOSFET SOMEMBLy) SRR R T, 193]
STGMOSFET TREARAEP+ BRI CH TR AP+ R X TR 27 AR BIT S, KA bl (98]
i FIKA B RH(HEO,) AT AR A2 Y R K B SR
HECMOSFET JFETHa] X 5P+ P-+HRELBRIFET X8R A B 2 445 7, CSLAf LAYk 199]
i FEAEGY BUZ(CSL)  AEREI R AL R Vgl B T 4244 I Je R
DGF-UMOSFET Bet 7R 25 p- 1 -2 AT 5 BRI S P 5 T R A T A ) s B P T EE [100]

DT-HJDUMOSFET SRS TS WS (HID)
VIR 2 b i/

SH-MOSFET WALHE S

HLIDZE IR 255 BT S8 9 FL 2 12 7L

AT AT RO, SR SEBRERE.

PEH L3 poly-Si B B 7 242 7L B, FEIE L2
TR RN SR, HARSEGRHIBL, i BB AR [102]
2/EBITHIHL RS, OHSEBTERE.

[101]

5 k5 EZ

SiC Jj#& MOSFET LAl & D)% | s &0% ik
FFE R B SRR U SL D % MOSFET
R A R FLUR R GE RO e, BRI, T R T
li1) 5% [B] 46 S BR8E B HEY SiC TR MOSFET Huki
T35 P AL ] 5 R S R R A 5 2 G
B GG ENIMIER IR, I B SRAEAE )
ROk = BARBIAE LU =N 1.

1) B RN SE G T SEBR R, SicC 3
# MOSFET fEfA T2 W & ST, s
HLE  CHLI L A0 DA B e R A A R 5 T B T Am A
PR EIVE T, (H B R T e 2 R RZ A TR A ok
TR SIS AT R, LHEEAR T
YEFAMRIE R AT, BTz . 250
R 55 ks B AR B F AR A0 0 5 0 — 5 5 |
HI, £X) SiC FLU R 448 & MOSFET 454337 2%
PRI R0 SE RIS 8 22, T R R AR A
78, FF XTSRS (insulated gate bipo-
lar transistor, IGBT). [']#% 7] & W & [ 4 (gate
turn-off thyristor, GTO) &A1) SiC TR &R
BT AEON, B S ST AT D AR T SiC
1% 58 R e g A A N P B LA R B
7 X

2) Uk Fhe S AL T H AT, SiC T
MOSFET ¢ {4 SEB 1 fiih & #L 2 3= 240 15 77 4=
BJT S@ ML . BJIT-HlE 5 HL 25 S0 & HLH L 5 g
Ok o R BT ) A B v ) 45 B 4 7™ A ML 4, %
F SiC PR MOSFET ##4 SEB [ fil & AILBE 1) 53

Mt AT B G —, I H. SEB &0 H i e 25 1
R AR 5E 3. Iboh, BUA B5 B RLR Y
AR —E R R, 7205 5 SEB RN I, W RS
TR i 2 T B LA R S 45 SR 22 A
K, BRIV SR FH I B A Sk 040 o B A 5B e 45 2L
K RE, DA A ST SRS B 1 0 LR AL SiC TR
MOSFET S48 S 20n AL Al L.

3) PO S B AR Ty T R 3 A
FERE R TR RN B8 1 10 [RIRSE, SEBTRS 14 () oAt
PERE, IS A RH L P OCEREE | DhRESE. HETEA 1Y
Pt SEGR ME H A F2 2150 o Ja B A A 2 R 5%
FHEAN Bob ok}, (R R e s e 2
ZEY 0 5 A R T SR (R P JE R eAk, A A
BJT S50 i Akt 3 5 DL g 128 190 1 v TR A
FEME B TT A A AR, ME LS 2 B AR R
k. BT, YA SRR N [ R S i
TCAD {5 EHGHIE, St = 55 758 L 50 5s fk
Wim AL RS, SRR 5 T
SEBRAEAENR Y.

6 4 %

T X A% BEFNUR 2 BRI L AR O TIVAR % e, 4% AR
1B BEETE SiC B % MOSFET #% 44 5 4508 5
BHEAR B R RE. SiC VRS AR RS T
HAAARF IR ATEE 1, 4811 SiC T MOSFET
WHAAL 2 BN MESS, Nz Al er) 274 BIT 2544,
S 8Pt SEE fE S i ik T RIS W, JLH SEB Al
SEGR S K AP ™ E i 25 SiC D)3 MOS-
FET 7ML Kt 28 G i R RN B . A8 ST SiC
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1% MOSFET 454k & Je i L AT, B4 177
i SiC Zj% MOSFET 5% SiC MOSFET
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WEFE . BAEHLAR] AT LA B E AR =407 m RGe
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TR EERS DX b IR AR s A A L . E T,
SiC Tj% MOSFET $t 5+ fin [ B AR R N
B HUSE (IS DR A FGUK), B MEAEXTAE
D HAR AT H BT ES B hUR S oas i, B EN
P SiC TR P ERL T E AR A5 5 7=l
AR AR I S DR A B A RE 22 T H I 23R EI TR A%
HLUR RS [ By 2 4% 5 AR S 1) A T HE R T,
S SR A BT TARAE H M e,

S 0k

[1] Winokur P S, Schwank J R, McWhorter P J, Dressendorfer
PV, Turpin D C 1984 IEEE Trans. Nucl. Sci. 31 1453

[2] Frisina F, Gombia E, Chirco P, Tavolo N, Mosca R, Fuochi
P G 1990 Radiat. Phys. Chem. 35 500

[3] Hazdra P, Vobecky J, Brand K 2002 Nucl. Instrum. Methods
Res. , Sect. B 186 414

[4] Meng X, Yang H, Kang G, Wang J, Jia H, Chen P, Tsien P
2003 J. Mater. Sci. Mater. Electron. 14 199

(5] Muthuseenu K, Barnaby H J, Galloway K F, Koziukov A E,
Maksimenko T A, Vyrostkov M Y Khasan K B, Kalashnikova
A A, Privat A 2021 IEEFE Trans. Nucl. Sci. 68 611

6] Yu Q K, Cao S, Zhang H W, Mei B, Sun Y, Wang H, Li X
L, Li H, Li P W, Tang M 2019 At. Energy Sci. Technol. 53
2114 (in Chinese) [F K2, W, skitfh, #id, shgk, F31,
ARG, B, ZEMSH, FERS 2019 JRTRERAHIAR 53 2114]

[7] Asai H, Nashiyama I, Sugimoto K, Shiba K, Sakaide Y,
Ishimaru Y 2014 IEEFE Trans. Nucl. Sci. 61 3109

[8] Niskanen K, Germanicus R C, Michez A, Wrobel F, Boch J,
Saigné F 2021 IEEE Trans. Nucl. Sci. 68 1623

(9] Baliga B J 1989 IEEE Electron Device Lett. 10 455

[10] She X, Huang A Q, Lucfa 6, Ozpineci B 2017 IEEE Trans.

Ind. Electron. 64 8193

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21]

22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

136103-15

Palmour J W 2014 Proceedings of 201/ IEEE International
Electron Devices Meeting San Francisco, CA, USA,
December 1-17, 2014 pl

Saks N S, Mani S S, Agarwal A K 2000 Appl. Phys. Lett. 76
2250

Williams R K, Darwish M N, Blanchard R A, Siemieniec R,
Rutter P, Kawaguchi Y 2017 IEEE Trans. Electron Devices
64 674

Zhu S, Shi L, Jin M, Qian J, Bhattacharya M, Maddi H L R
2023 Proceedings of 2023 IEEE International Reliability
Physics Symposium (IRPS) Monterey, CA, USA, March
26-30, 2023 ppl-5

Rohm https://techweb.rohm.com/product/power-device/sic/
6574 [2025-02-25]

Rohm  https://www.rohm.com/news-detail?’news-title =
new-4th-gen-sic-mosfets&defaultGroupld = false [2025-02-25]
Sun P Y, Sun L J, Xue Z, She X L, Han R L, Wu Y W,
Wang L L, Zhang F 2023 Electron. Packag. 23 010111 (in
Chinese) [FMFHIC, I, BEVT, RIGESE, W& BE, RTH, £
A, TR 2023 HLT5EHE 23 010111]

Infineon Technologies AG https://www.signalintegrityjour-
nal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-
the-next-generation-of-silicon-carbide-technology-for-high-
performance-systems-that-drive-decarbonization [2025-02-25]
Lay L https://www.st.com/content/dam/is20/document/
PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_app-
lication_Industrial _summit_ Version2 EN.pdf [2025-02-25]
Onsemi https://www.onsemi.cn/company /news-media/pre-
ss-announcements/en/next-generation-onsemi-1200-v-elitesic-
m3s-devices-enhance-efficiency-of-electric-vehicles-and-
energy-infrastructure-applications [2025-02-25]

Huang R H, Tao Y H, Bai S, Chen G, Wang L, Liu A, Wei
N, Li Y, Zhao Z F 2014 Res. Prog. Solid State Electron. 34
510 (in Chinese) [FEilE4E, Mk, Fts, BN, FE2, X8, T
fil, 20, WA K 2014 BRHE 45T S5k 34 510

Yuan J, Wang K, Guo F, Xu S D, Cheng Z J, Chen W, Wu
Y Y,Peng RS, Zhu L Y, Li M Z Compound Semiconductor
[2025-02-25] (in Chinese) [ &, L9, T &, R, MER,
WRit, SRBHBH, 2450, RIGFH, 203 L5k [2025-
02-25]]

Yuan J 2021 CN11390801B (in Chinese) [Zf&Z 2021 CN1139
0801B]

Chen W, Guo F, Cheng Z J, Wang K, Wu Y Y, Yuan J
2024 CN119133246A (in Chinese) [#f, 3K, MEA, £,
SLPHBH, 2R 2024 CN119133246A]

Liu Q J, Song G, Luo Y H, He Q M, Wang Y F, Yao Y, Li
C Z, Xiao Q, Luo H H 2024 CN119050156A (in Chinese) [X]
JHZE, REE, BIHE, TN, FK, P38, Z500E, Mo, &
TEHE 2024 CN119050156A]

Wang Y F, Chen X M, Li C Z, Luo H H 2020
CN111933685B (in Chinese) [T K, Fi-0H, ZEikhE, B
2020 CN111933685B|

Tanaka S, Rajanna K, Abe T, Esashi M 2001 J. Vae. Sci.
Technol., B19 2173

Palmour J W, Edmond J A, Kong H S, Jr C 1993
Proceedings of Silicon Carbide and Related Materials: Fifth
International Conference on SiC  Carbide and Related
Materials (ICSCRM’93), Washington, DC, USA, November
1-3, 1993 pp499-502

Tan J, Cooper J A, Melloch M R 1998 IEEE Electron
Device Lett. 19 487

Shen Z, Zhang F, Yan G, Wen Z, Zhao W, Wang L 2020
IEEE Trans. Electron. Devices 67 4046


https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/10.1109/TNS.1984.4333529
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/org/10.1016/1359-0197(90)90259-K
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1016/S0168-583X(01)00898-9
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1023/A:1022977828563
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.1109/TNS.2021.3053168
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.7538/yzk.2019.53.10.2114
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2014.2371892
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/TNS.2021.3077733
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/55.43098
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/TIE.2017.2652401
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1109/IEDM.2014.7046960
https://doi.org/10.1063/1.126311
https://doi.org/10.1063/1.126311
https://doi.org/10.1063/1.126311
https://doi.org/10.1063/1.126311
https://doi.org/10.1063/1.126311
https://doi.org/10.1063/1.126311
https://doi.org/10.1109/TED.2017.2653239
https://doi.org/10.1109/TED.2017.2653239
https://doi.org/10.1109/TED.2017.2653239
https://doi.org/10.1109/TED.2017.2653239
https://doi.org/10.1109/TED.2017.2653239
https://doi.org/10.1109/TED.2017.2653239
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://doi.org/10.1109/IRPS48203.2023.10118276
https://techweb.rohm.com/product/power-device/sic/6574
https://techweb.rohm.com/product/power-device/sic/6574
https://techweb.rohm.com/product/power-device/sic/6574
https://techweb.rohm.com/product/power-device/sic/6574
https://www.rohm.com/news-detail?news-title
https://www.rohm.com/news-detail?news-title
https://www.rohm.com/news-detail?news-title
https://www.rohm.com/news-detail?news-title
https://www.rohm.com/news-detail?news-title
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://doi.org/10.16257/j.cnki.1681-1070.2023.0049
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.signalintegrityjournal.com/articles/3493-infineon-introduces-coolsic-mosfet-g2-the-next-generation-of-silicon-carbide-technology-for-high-performance-systems-that-drive-decarbonization
https://www.st.com/content/dam/is20/document/PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_application_Industrial_summit_Version2_EN.pdf
https://www.st.com/content/dam/is20/document/PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_application_Industrial_summit_Version2_EN.pdf
https://www.st.com/content/dam/is20/document/PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_application_Industrial_summit_Version2_EN.pdf
https://www.st.com/content/dam/is20/document/PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_application_Industrial_summit_Version2_EN.pdf
https://www.st.com/content/dam/is20/document/PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_application_Industrial_summit_Version2_EN.pdf
https://www.st.com/content/dam/is20/document/PE3-2_Lay_Lv_ST_SIC_Mosfet_Diode_product_and_application_Industrial_summit_Version2_EN.pdf
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://www.onsemi.cn/company/news-media/press-announcements/en/next-generation-onsemi-1200-v-elitesic-m3s-devices-enhance-efficiency-of-electric-vehicles-and-energy-infrastructure-applications
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://doi.org/CNKI:SUN:GTDZ.0.2014-05-021
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.compoundsemiconductorchina.net/features.asp?id=5323
https://www.patentguru.com/cn/search?q=CN202111363556.3
https://www.patentguru.com/cn/search?q=CN202111363556.3
https://www.patentguru.com/cn/search?q=CN202111363556.3
https://www.patentguru.com/cn/search?q=CN202411262429.8
https://www.patentguru.com/cn/search?q=CN202411262429.8
https://www.patentguru.com/cn/search?q=CN202411278696.4
https://www.patentguru.com/cn/search?q=CN202411278696.4
https://www.patentguru.com/cn/search?q=CN202010591568.0
https://www.patentguru.com/cn/search?q=CN202010591568.0
https://www.patentguru.com/cn/search?q=CN202010591568.0
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1116/1.1418401
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/DRC.1993.1009604
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/55.735755
https://doi.org/10.1109/TED.2020.3005899
https://doi.org/10.1109/TED.2020.3005899
https://doi.org/10.1109/TED.2020.3005899
https://doi.org/10.1109/TED.2020.3005899
https://doi.org/10.1109/TED.2020.3005899
https://doi.org/10.1109/TED.2020.3005899
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025)

136103

(31]

(32]

33]

(34]

35]

(36]
37]
38]

[30]
j40]
ja1]
j42]

(43]
44]

(45]

[46]

([47]

(48]

[49]

[50]

[51]

[52]

Nakamura T, Nakano Y, Aketa M, Nakamura R, Mitani S,
H, Yototsuji Y 2011 of 2011
International Electron Devices Meeting, Washington, DC,
USA, December 05-07, 2011 pp26.5.1-26.5.3

Harada S, Kobayashi Y, Kinoshita A, Ohse N, Kojima T,
lwaya M, Shiomi H, Kitai H, Kyogoku S, Ariyoshi K, Onishi
Y, Kimura H 2016 Proceedings of 2016 FEuropean
Conference on Silicon Carbide & Related Materials
(ECSCRM), Halkidiki, Greece, September 25-29, 2016 pl
Kim W, Lichtenwalner D J, Ryu S H, Islam N 2022 US
2022/0157959A1

Zhang Y, Zhang T, Huang R, Bo S 2022 Electron. Compon.
Mater. 41 376 (in Chinese) [3KEK, 7515, SEiE4E, ks 2022
FICl SRR 41 376]

Saitoh Y, Masuda T, Tamaso H, Notsu H, Michikoshi H,
Hiratsuka K, Harada S, Mikamura Y 2016 Proceedings of
2016 European Conference on Silicon Carbide & Related
Materials (ECSCRM), Halkidiki, Greece, September 25-29,
2016 pl

Uchida K, Hiyoshi T, Saito Y, Tsuno T 2020 Mater. Sci.
Forum 1004 776

Rycroft M J 1995 J. Atmos. Terr. Phys. 57 1672

Niskanen K, Touboul A D, Germanicus R C, Michez A,
Javanainen A, Wrobel F 2020 IEEE Trans. Nucl. Sci. 67
1365

Liang X, Zhao J, Zheng Q, Cui J, Yang S, Wang B, Zhang
D, Yu X, Guo Q 2021 Radiat. Eff. Defects Solids. 176 1038
Mcpherson J A, Hitchcock C W, Chow T P, Ji W,
Woodworth A A 2021 IEEE Trans. Nucl. Sci. 68 651

Mizuta E, Kuboyama S, Abe H, Iwata Y, Tamura T 2014
IEEFE Trans. Nucl. Sci. 61 1924

Witulski A F, Ball D R, Galloway K F, Javanainen A,
Lauenstein J M 2018 IEEE Trans. Nucl. Sci. 65 1951

Oberg D L, Wert J L 1987 IEEE Trans. Nucl. Sci. 34 1736
Martinella C, Ziemann T, Stark R, Tsibizov A, Voss K O,
Alia R G 2020 IEEE Trans. Nucl. Sci. 67 1381

Lauenstein J, Casey M, Ladbury R, Kim H, Phan A, Topper
A 2021 Proceedings of 2021 IEEE International Reliability
Physics Symposium (IRPS), Monterey, CA, USA, March
21-25, 2021 ppl-8

Martinella C, Natzk P, Alia R G, Kadi Y, Niskanen K, Rossi
M, Jaatinen J, Kettunen H, Tsibizov A, Grossner U,
Javanainen A 2022 Microelectron. Reliab. 128 114423

Wang J X, Wu H, Wang Y W, Li Y P, Wang Y, Yang F
2016 Smart Grid 4 1078 (in Chinese) [E#4TF, 25, Tk,
ZEKkF, £5, 5 2016 FHEH M 4 1078]

LiuZY, Cai L, Liu X Q, Liu B J, Cui H Q, Yang X K 2017
Micronanoelectron. Technol. 54 80 (in Chinese) [XI| M7k, %%
BX/NGR, XV ZE, I, IR 2017 GAN TR 54
80]

Yu Q K, Cao S, Zhang S R, Sun Y, Mei B, Wang Q Y,
Wang H, Wei Z C, Zhang H W, Zhang T, Bai S 2023 At.
Energy Sci. Technol. 57 2254 (in Chinese) [T, ¥, ik
BAF, IhE, I, ERpon, 8, BUAOE, TR, R, M
2023 JETRERHEHOR 57 2254]

Zhao S, Liu Y, Yan X, Hu P, Li X, Chen Q, Zhai P, Zhang
T, Jiao Y, Sun Y, Liu J 2025 Microelectron. Reliab. 167
115663

Zhang H, Guo H X, Lei Z F, Peng C, Zhang Z A, Chen Z
W, Sun C H, He Y J, Zhang F Q, Pan X Y, Zhong X L,
Ouyang X P 2023 Chin. Phys. B 32 028504

Ball D R, Galloway K F, Johnson R A, Alles M L, Sternberg
A L, Sierawski B D, Witulski A F 2020 IEEE Trans. Nucl.

Sakairi Proceedings

[59]

[60]

[61]

(62]

(63]

[64]
[65]
(66]
(67]
(68]

[69]
[70]

[71]

[72]

(73]
[74]
[75]
[76]
(7]

[78]

136103-16

Sci. 67 22

Peng C, Lei Z, Chen Z, Yue S, Zhang Z, He Y, Huang Y
2021 IET Power Electron. 14 1700

Wu L, Dong S, Xu X, Wei Y, Liu Z, Li W, Yang J, Li X
2024 IEEFE Trans. Nucl. Sci. 71 1978

Zhou X T, Tang Y, Jia Y P, Hu D Q, Wu Y, Xia T, Gong
H, Pang H 2019 IEEE Trans. Nucl. Sci. 66 2312

Wang L, Jia Y, Zhou X, Zhao Y, Wang L, Li T, Hu D, Wu
Y, Deng 7 2022 Microelectron. Reliab. 137 114770

Peng J Q 2020 M. S. Thesis (Lanzhou: Lanzhou University)
(in Chinese) [E288Fk 2020 AL~ 083C (22M: 22 K2)]
Peng J Q, Zhang X, Wu K, Liu X Y, Yang X, Bai X H, Wei
Z,Yao Z E, Wang J R, Jiang T Z, Bao C, Lu J W, Zhang Y
2023 Nucl. Phys. Rev. 40 459 (in Chinese) [Z#k, 51T, %=
JBE, XUX4F, 0, FBEE, g, Wi, 4R, %R, 1
#, SRS, TR 2023 JEFIZFLITE 40 459)

Cheng G D, Lu J, Zhai L Q, Bai Y, Tian X L, Zuo X X,
Yang C Y, Tang Y D, Chen H, Liu X Y 2022
Microelectronics 52 466 [WEHE, BT, BEE, Hz, B,
FERRAR, i, geft, MR, X 2022 flH 5 52 466])
Martinella C, Race S, Stark R, Alia R G, Javanainen A,
Grossner U 2023 IEEE Trans. Nucl. Sci. 70 1844

Ball D R, Galloway K F, Johnson R A, Alles M L, Sternberg
A L, Witulski A F, Reed R A, Schrimpf R D, Hutson J M,
Lauenstein J M 2021 IEEE Trans. Nucl. Sci. 68 1430
Martinella C, Race S, Fiir N, Goncalves de Medeiros H,
Zhou H, Grossner U 2024 IEEE Trans. Nucl. Sci. 71 1440
LiY F, Guo H X, Zhang H, Bai R X, Zhang F Q, Ma W Y,
Zhong X L, Li J F, Lu X J 2024 Acta Phys. Sin. 73 026103
(in Chinese) [Z=VEMN, FPLLEE, Tk, FUNE, SKRAB, DR,
BRITR, ZEVFTF, A/NAS 2024 PIFEAAIR 73 026103]

Shi J, Wang Y, Fei X, Sun B, Song Y, Liu Y, Zhang W
2024 IEEFE Access 13 5023

Yu C, Bao M, Wang Y, Guo H, Han Y, Hu H 2022 [FEE
Trans. Device Mater. Reliab. 22 469

Wang Y, Zhou J, Lin M, Li X, Yang J, Cao F 2022 [EFEE
Trans. Electron Devices 10 373

Hohl J H, Johnnson G H 1989 IEEE Trans. Nucl. Sci. 36
2260

Kuboyama S, Matsuda S, Kanno T, Ishii T 1992 IEEE
Trans. Nucl. Sci. 39 1698

Titus J L 2013 IEEE Trans. Nucl. Sci. 60 1912

Zhang X 2006 Ph. D. Dissertation (MD, USA: University of
Maryland, College Park)

Griffoni A, Duivenbode J v, Linten D, Simoen E, Rech P,
Dilillo L 2011 of 2011 12th
Conference on Radiation and Its Effects on Components and
Systems, Sevilla, Spain, September 19-23, 2011 pp226-231
Tkpe S A, Lauenstein J M, Carr G A, Hunter D, Ludwing L
L, Wood W 2016 Proceedings of 2016 IEEE International
Reliability Physics Symposium (IRPS) Pasadena, CA, USA,
April 17-21, 2016 pl

Johnson R A, Witulski A F, Ball D R, Galloway K F,
Sternberg A L 2019 IEEE Trans. Nucl. Sci. 66 1694
Shoji T, Nishida S, Hamada K, Tadano
Microelectron. Reliab. 55 1517

Wang H, Gu J, Huang X, Zhang J, Jing Y 2024 Microelectron.
Reliab. 154 115344

McPherson J A, Hitchcock C W, Chow T P, Ji W 2020
Mater. Sci. Forum. 1004 889

Zhang Z, Yuan H, Liu K, Zhang Y, Liu Y, Han C 2024
IEEFE Electron Device Lett. 45 2495

Zhang N, Tang X, Song Q, Liu K, Zhang Z, Yuan H 2023

Proceedings European

H 2015


https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.1109/IEDM.2011.6131619
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.4028/www.scientific.net/MSF.897.497
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.14106/j.cnki.1001-2028.2022.0020
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.897.505
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/10.4028/www.scientific.net/MSF.1004.776
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/org/10.1016/0021-9169(95)90044-6
https://doi.org/10.1109/TNS.2020.2983599
https://doi.org/10.1109/TNS.2020.2983599
https://doi.org/10.1109/TNS.2020.2983599
https://doi.org/10.1109/TNS.2020.2983599
https://doi.org/10.1109/TNS.2020.2983599
https://doi.org/10.1109/TNS.2020.2983599
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1080/10420150.2021.1999239
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2021.3068196
https://doi.org/10.1109/TNS.2014.2336911
https://doi.org/10.1109/TNS.2014.2336911
https://doi.org/10.1109/TNS.2014.2336911
https://doi.org/10.1109/TNS.2014.2336911
https://doi.org/10.1109/TNS.2014.2336911
https://doi.org/10.1109/TNS.2014.2336911
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.2018.2849405
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.1987.4337546
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/TNS.2020.3002729
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1109/IRPS46558.2021.9405180
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.1016/j.microrel.2021.114423
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.14171/j.2095-5944.sg.2016.11.004
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.13250/j.cnki.wndz.2017.02.002
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.7538/yzk.2023.youxian.0576
https://doi.org/10.1016/j.microrel.2025.115663
https://doi.org/10.1016/j.microrel.2025.115663
https://doi.org/10.1016/j.microrel.2025.115663
https://doi.org/10.1016/j.microrel.2025.115663
https://doi.org/10.1016/j.microrel.2025.115663
https://doi.org/10.1016/j.microrel.2025.115663
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1088/1674-1056/ac8cda
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1109/TNS.2019.2955922
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1049/pel2.12147
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2024.3429172
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1109/TNS.2019.2944944
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.1016/j.microrel.2022.114770
https://doi.org/10.27204/d.cnki.glzhu.2023.001405
https://doi.org/10.27204/d.cnki.glzhu.2023.001405
https://doi.org/10.27204/d.cnki.glzhu.2023.001405
https://doi.org/10.27204/d.cnki.glzhu.2023.001405
https://doi.org/10.27204/d.cnki.glzhu.2023.001405
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.11804/NuclPhysRev.40.2022106
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.13911/j.cnki.1004-3365.210313
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2023.3267144
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2021.3079846
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.1109/TNS.2024.3379458
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/11.10.1109/ACCESS.2024.3524391
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/TDMR.2022.3194706
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/JEDS.2022.3158810
https://doi.org/10.1109/23.45433
https://doi.org/10.1109/23.45433
https://doi.org/10.1109/23.45433
https://doi.org/10.1109/23.45433
https://doi.org/10.1109/23.45433
https://doi.org/10.1109/23.45433
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/23.211356
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/TNS.2013.2252194
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/RADECS.2011.6131395
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/IRPS.2016.7574610
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1109/TNS.2019.2922883
https://doi.org/10.1016/j.microrel.2015.06.081
https://doi.org/10.1016/j.microrel.2015.06.081
https://doi.org/10.1016/j.microrel.2015.06.081
https://doi.org/10.1016/j.microrel.2015.06.081
https://doi.org/10.1016/j.microrel.2015.06.081
https://doi.org/10.1016/j.microrel.2015.06.081
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.1016/j.microrel.2024.115344
https://doi.org/10.4028/www.scientific.net/MSF.1004.889
https://doi.org/10.4028/www.scientific.net/MSF.1004.889
https://doi.org/10.4028/www.scientific.net/MSF.1004.889
https://doi.org/10.4028/www.scientific.net/MSF.1004.889
https://doi.org/10.4028/www.scientific.net/MSF.1004.889
https://doi.org/10.4028/www.scientific.net/MSF.1004.889
https://doi.org/10.1109/LED.2024.3477741
https://doi.org/10.1109/LED.2024.3477741
https://doi.org/10.1109/LED.2024.3477741
https://doi.org/10.1109/LED.2024.3477741
https://doi.org/10.1109/LED.2024.3477741
https://doi.org/10.1109/LED.2024.3477741
https://doi.org/10.1109/ICREED59404.2023.10390901
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025)

136103

(79]

(80]

(81]
(82]
(83]
(84]
(85]
(86]
(87]
(88
(89]
(90]
[91]

(92]

of 2023 5th International
Radiation  Effects of Electronic Devices
Kunming, China, May 24-27, 2023 ppl-3
Waskiewicz A E, Groninger J W, Strahan V H, Long D M
1986 IEEE Trans. Nucl. Sci. 33 1710

Lauenstein J M, Casey M, Topper A, Wilcox E, Phan A,
Tkpe S, LaBel K 2015 Proceedings of 2015 IEEE Nuclear and
Space  Radiation Effects Conference (NSREC) Boston,
Massachusetts, July 16, 2015 pl

Liu S, Titus J L, Boden M 2007 IEEE Trans. Nucl. Sci. 54
2554

Zhou X, Jia Y, Hu D, Wu Y 2019 [EEE Trans. Electron
Devices 66 2551

Wang Y, Lin M, Li X, Wu X, Yang J, Bao M 2019 IEEE
Trans. Electron Devices 66 4264

Jiang L, Liu J, Tian X, Chen H, Tang Y, Bai Y 2020 /EEE
Trans. Electron Devices 67 3698

Lin M 2020 M. S. Thesis (Hangzhou: Hangzhou Dianzi
University) (in Chinese) [#ff% 2020 A=A f038 3 (biH: bt
M FRHERE)]

Liao Q, Liu H 2024 Micromachines 15 642

Huang S, Amaratunga A J, Udrea F 2000 IEEE Trans.
Nucl. Sci. 47 2640

Zerarka M, Austin P, Morancho F, Isoird K, Arbess H,
Tasselli J 2014 IET Circuits Devices Syst. 8 197

Lu J, Liu H, Cai X, Luo J, Li B, Li B, Wang L, Han Z 2018
J. Semicond. 39 034003

Yu C, Wang Y, Cao F, Huang L, Wang Y 2015 [EEE
Trans. Electron Devices 62 143

Yang Y 2023 M. S. Thesis (Hunan: Hunan University) (in
Chinese) [B4% 2023 fil-1-2400i83C (WIRE: WIRE R )]

Wang Y, Liu T, Qian L, Wu H, Yu Y, Tao J, Cheng Z, Hu

Conference on
(ICREED),

Proceedings

(93]

[94]

[95]

[96]

[97]

(98]
[99]
[100]
[101]

[102]

136103-17

S 2023 Micromachines 14 688

Sun S, Chen F, Sun Y, Li Y, Yang K, Tang X 2024
Microelectron. Reliab. 164 115569

Ranjan S, Majumder S, Naugarhiya A 2020 Proceedings of
2020 International Conference on Power Electronics & IoT
Applications in Renewable Energy and its Control (PARC),
Mathura, India, February 28-29, 2020 pp272-275

Amjath M, Ranjan S, Naugarhiya A 2022 Proceedings of
2022 Second International
Electrical, Computing, Communication and Sustainable
Technologies (ICAECT) Bhiai, India, April 21-22, 2022
ppl-5

Darwish M, Yue C, Lui K H, Giles F, Chan B, Chen K I,
Pattanayak D, Chen Q, Terrill K, Owyang K 2003
Proceedings of the ISPSD ‘03, 2003 IEEE 15th International
Symposium on  Power Semiconductor Devices and ICs,
Cambridge, UK, April 14-17 2003 pp24-27

Lu J, Liu H, Luo J, Wang L, Li B, Li B, Zhang G, Han Z
2016 Proceedings of 2016 16th FEuropean Conference on
Radiation and Its Effects on Components and Systems
(RADECS) Bremen, Germany, September 19-23, 2016
ppl-5

Liu Y, Wang Y, Yu C H, Luo X, Cao F 2018 Superlattices
Microstruct. 122 165

Liang S, Yang Y, Chen J, Shu L, Wang L, Wang J 2024
IEEE Trans. Device Mater. Reliab. 24 507

Shen P, Wang Y, Li X J, Yang J, Zheng L 2023
Microelectron. Reliab. 142 114931

Kim J, Kim K 2022 IEEE Trans. Device Mater. Reliab. 22
164

Yu Q, Chen W, Huang J, Shen Z, Lin Z, Peng H, Shu H, Li
J 2025 Micro Nanostruct. 198 208064

Conference on Advances in


https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/ICREED59404.2023.10390901
https://doi.org/10.1109/TNS.1986.4334670
https://doi.org/10.1109/TNS.1986.4334670
https://doi.org/10.1109/TNS.1986.4334670
https://doi.org/10.1109/TNS.1986.4334670
https://doi.org/10.1109/TNS.1986.4334670
https://doi.org/10.1109/TNS.1986.4334670
https://doi.org/10.1109/TNS.1986.4334670
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://ntrs.nasa.gov/api/citations/20150020905/downloads/20150020905.pdf
https://doi.org/10.1109/TNS.2007.910869
https://doi.org/10.1109/TNS.2007.910869
https://doi.org/10.1109/TNS.2007.910869
https://doi.org/10.1109/TNS.2007.910869
https://doi.org/10.1109/TNS.2007.910869
https://doi.org/10.1109/TNS.2007.910869
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2908970
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2019.2933026
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.1109/TED.2020.3008398
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.27075/d.cnki.ghzdc.2020.000661
https://doi.org/10.3390/mi15050642
https://doi.org/10.3390/mi15050642
https://doi.org/10.3390/mi15050642
https://doi.org/10.3390/mi15050642
https://doi.org/10.3390/mi15050642
https://doi.org/10.3390/mi15050642
https://doi.org/10.3390/mi15050642
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1109/23.903820
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1049/iet-cds.2013.0211
https://doi.org/10.1088/1674-4926/39/3/034003
https://doi.org/10.1088/1674-4926/39/3/034003
https://doi.org/10.1088/1674-4926/39/3/034003
https://doi.org/10.1088/1674-4926/39/3/034003
https://doi.org/10.1088/1674-4926/39/3/034003
https://doi.org/10.1088/1674-4926/39/3/034003
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.1109/TED.2014.2365817
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.27135/d.cnki.ghudu.2023.000904
https://doi.org/10.3390/mi14030688
https://doi.org/10.3390/mi14030688
https://doi.org/10.3390/mi14030688
https://doi.org/10.3390/mi14030688
https://doi.org/10.3390/mi14030688
https://doi.org/10.3390/mi14030688
https://doi.org/10.3390/mi14030688
https://doi.org/org/10.1016/j.microrel.2024.115569
https://doi.org/org/10.1016/j.microrel.2024.115569
https://doi.org/org/10.1016/j.microrel.2024.115569
https://doi.org/org/10.1016/j.microrel.2024.115569
https://doi.org/org/10.1016/j.microrel.2024.115569
https://doi.org/org/10.1016/j.microrel.2024.115569
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/PARC49193.2020.236606
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ICAECT54875.2022.9808021
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/ISPSD.2003.1225222
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1109/RADECS.2016.8093147
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1016/j.spmi.2018.08.011
https://doi.org/10.1109/TDMR.2024.3463698
https://doi.org/10.1109/TDMR.2024.3463698
https://doi.org/10.1109/TDMR.2024.3463698
https://doi.org/10.1109/TDMR.2024.3463698
https://doi.org/10.1109/TDMR.2024.3463698
https://doi.org/10.1109/TDMR.2024.3463698
https://doi.org/10.1016/j.microrel.2023.114931
https://doi.org/10.1016/j.microrel.2023.114931
https://doi.org/10.1016/j.microrel.2023.114931
https://doi.org/10.1016/j.microrel.2023.114931
https://doi.org/10.1016/j.microrel.2023.114931
https://doi.org/10.1016/j.microrel.2023.114931
https://doi.org/10.1109/TDMR.2022.3151704
https://doi.org/10.1109/TDMR.2022.3151704
https://doi.org/10.1109/TDMR.2022.3151704
https://doi.org/10.1109/TDMR.2022.3151704
https://doi.org/10.1109/TDMR.2022.3151704
https://doi.org/10.1109/TDMR.2022.3151704
https://doi.org/10.1016/j.micrna.2024.208064
https://doi.org/10.1016/j.micrna.2024.208064
https://doi.org/10.1016/j.micrna.2024.208064
https://doi.org/10.1016/j.micrna.2024.208064
https://doi.org/10.1016/j.micrna.2024.208064
https://doi.org/10.1016/j.micrna.2024.208064
https://doi.org/10.1016/j.micrna.2024.208064
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 136103

REVIEW

Research progress of single event effect and reinforcement
technology of SiC power metal-oxide-semiconductor
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Abstract

In extreme radiation environments, such as space nuclear reactor systems, deep-space probe power modules,
and launch vehicle propulsion systems, high-voltage and high-power devices demonstrate significant practical
value. Silicon carbide (SiC) metal-oxide-semiconductor field-effect transistors (MOSFETS) possess advantages
including high breakdown voltage, thermal stability, and low on-state resistance, enabling further improvements
in aerospace power supply efficiency. Therefore, research on radiation effects and radiation-hardening techniques
for SiC power MOSFETSs has rapidly emerged as a critical focus in the industry. Firstly, this paper reviews the
developmental evolution of SiC power MOSFETSs, analyzes the necessity of transitioning from planar gate to
trench-gate architectures, and provides future prospects for advanced SiC power MOSFET technologies.
Secondly, it systematically compiles current research achievements in single event burnout (SEB) and single
event gate rupture (SEGR) caused by heavy ion irradiation in SiC power MOSFETs. Finally, based on a
mechanistic analysis of radiation-induced single event damage in SiC power MOSFETS, this study summarizes
recent progress of radiation-hardening technologies, aiming to provide valuable ideas for understanding

radiation induced failure mechanisms and enhancing the radiation tolerance of SiC power MOSFETsS.

Keywords: SiC power metal-oxide-semiconductor field-effect transistors, single event burnout, single event

gate rupture, radiation damage mechanism, radiation hardening
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