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BBNIOF R s A A9t B R FGa,03 MOSFET
AT koY x#BEY £ &Y %

D(ERirb R FERBIKER FRE 400065)

Qe F(ER)ARAT  FR 400030

7 OE. AR T MRS PRI TR (Single-Event Burnout, SEB)&EJIIIE & XARMME L5 AR & JE A
W S AR 3 R (Comb-Shaped Gate Metal-Oxide-Semiconductor Field-Effect Transistor, CSG-MOS-
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A FE 2R (294.8 e V) S | I A 7 g
(£18 MV /em) 55 s A BHEFYE, ALK (Gay05)
& &AM SR AN R E (MOSFET) © A
R MRS TR 6 4525 (8] D) 2 v B Hh 4% 32 8
H B0 281, S22 B2 AR R s b 7
FERBEE . T RFHIL, WAESEN
TS & BR300 (Single-Event Effect, SEE). X
MU FEAF AR SRR, EZ ARG K
AN I R T B8 58 (Single-Event Burnout,
SEB), JZHFIZ) T Ga,O5 ) F M EPUIEAT 1A 5
PERSL R, RAERGay,03 MOSFETHISEBY)
FHLIR IR ERAT A BN &k 7, Sy
) H 23 [A) N R ) S B AR 2 )

AT, &% GayOqas B ik 4 I 1) it 55 1
AbT RSB B, AR BRAIL 1) 07 B s 5 SEER I
T RA R, B EE, GayOsM BHIALE R
Pt — 2 T podE R E R Bk . — 5T
Ga, O I KA SR FHEE T FHE AR S
HPHE LA RO, W5 72 R T U R, i1
M # HFE R R N A 5 KA S 15 k%
SRSl S — 5T, Ga,OME LLSEIL & 2. F e 1
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PRSI, XEEMRE] %545 & i & (Junc-
tion Termination Extension, JTE). %%k 2555 A4
PURIRBORMIBAE SR, SECE R ARl 3
TT WK G AE 0 G A U X R R AR TS, B
A ISEBINE Jr % 2 R IR 1% SR 45 i AL e
ABE TR, WMARTERAGER. REIIA
PRUEACY) (WINO) ¥ il o 45 2 A IE I 2 7 ik
Ga, 038 Z PRIB IR A R te, (BN T 91
R DN [ U I AT A R . I, R IRER
1RG5 K LR RE 17 Gay O3 MOSFET B4 SR T
PEREM o

ET ERPUR, A ERR L 7 — RS
SR 455 SO MR B A A5 RN BT EORL T A A
(Comb-Shaped Gate Metal-Oxide-Semiconductor
Field-Effect Transistor, CSG-MOSFET), FH{&B)
TCADA; HAF G % H Il 27 R 5 ISEBHL L E
71T R T SRR, MBS (Con-
ventional-MOSFET, C-MOSFET), FrH
CSG-MOSFETAXAE 7 % L[k (Breakdown
Voltage, BV) FERAMNH, HLLI 7SEBEIH
(SEB Threshold Voltage, Vipp)IKIGEKTF. AHF
FEN Gao O3 T 3R A L SR PR 5T N B0 iyl S 1k 45
MRTHRHE 7 A H B KHE S R IEAE .

2 JELERSNIE

K1 (a) 8" T C-MOSFET {4 8 1 45 #4 7 &
B, B Rl ERKESE: Ga,054f K. NEIGa,0;
WIERE . NYEUBEEBRIERIX . Si0/r#E H
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1 Incidence position

G 400 nm SiO,

£ Lgs=3 pm Lgp=20 pm D

200 nm N-type Ga,O; channel

200 nm Ga,O, substrate

(a) C-MOSFET

Incidence position

]|

1 pm
Si0, G 2.5 um

S P-NiO D

N-type Ga,O; channel

Ga,O; substrate

(¢) DOSG-MOSFET

llncidence position

SiO, el 1/pm

S * P-NiO D

N-type Ga,O; channel

Ga,O, substrate

(b) SCSG-MOSFET
Incidence position
Si0, @ 1M 9% im
S P-NiO D

N-type Ga,O; channel

Ga,O, substrate

(d) TCSG-MOSFET

B 1 ##Em A, (a) C-MOSFET. (b) SCSG-MOSFET. (c) DCSG-MOSFETH (d)TCSG-MOSFET

TN B R UEIR X 0 A AR . TR &R
TE R A . 1 (b-d) 87 7 BT th i B 5
FEMi#E: (Single Comb-Shaped Gate MOSFET, SC-
SG-MOSFET). M X4+ (Double Comb-
Shaped Gate, DCSG-MOSFET) 5 = X & Mk
(Triple Comb-Shaped Gate, TCSG-MOSFET)%&
B =R . ENGa,0478 18 )2 Ik
WEKBRPRENIOR 5 =3 APANIORE, Him
B E T 5 SCREMHE Y B R B R 2 fish DA £ 7]
SERAER, [FR T P-NiO /N-GayO4 57 i 45 1)
AT M SR T N I L 0 A s e i
IOMAE S & (S SR L pm [BIEER2.5 wm) FEK
PRI AT A A 2%, A R R A IR L
GBI ED RN, BAESHNEL

KR 4 TCAD T AW % Gay,O5 MOS-
FET ) B2 R AT BB T e S8R P o Dy viEmff it A 4%
iz . 2& MEFAT R, PiE 5 A fldmobil
% ZEBM . Shockley Read HallE &8, Auger
G LR RO i R B AR L2081 SEBA H R
Heavylonf& Y, #5748 MK BE N Ak Re
% (Linear Energy Transfer, LET)N85.7
MeV-cm?/mg!, %48 /2 3% H F i 24 R A (Na-
tional Aeronautics and Space Administration,

*1 MARMNEESY

SR Hfl
N Ga,O5/4 TE B A IK L 5x10'7 cm™®
NFX BRI E 1x10" c¢m®
N X &R 50 nm
P-NiOX JE &% 80 nm
P-NiOX K (L) Variable
P-NiOX B 2K (N,) Variable
P X 5 10 nm

P IX B IRIKE 1x10Y cm3

NASA). ExyH 76 )5 (European Space Agency,
ESA) K AH A FH AR e A i 0 SR 08 oAk 2
i, BT ARG R . 752
TRt 2, LETOGRIESRA B8 AT RS Re BT,
MAHRILET N AN R 5 7 2 Z 10 8 505 vl se oA A
[Fi] F 4% 328 &5 A6 FR A% 1m) FRLARFTCAR 3 Al s FETCADY
FLH, X7 S N I R AR A A A =
A SERB, Fi, ASCRAH(Ta) S T1ER
NPk, HZ=73, "RE®ZERFFM R
HEL Af AR AT S AR IR B0 P A R e . A PR AR i
B, HEE W NS I T ARt
4584
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THaE: BATNIOFR 45 R SCHEHIE 1R il A 3R 1 Gay,03 MOSFET 3

3 MEZR57R

3.1 C-MOSFETHJHEZ K SEB4F%
NIEFT@ETCAD B AR KBS B % B
FIHER T, ASCH S0k C-MOSFET (4 4 5
SCHR[16]) - FIEAR AT 10 ARE. anEl2(a) 5 E2(b)
s, AR REGRESSHEHENEES, =
SYUERA T TR AR A . TR R E AN
Vo=5 V. Vp=25 VIt}, A4 BME B (V)
N-20 V, ISR H I (1)1530.335 A/mm. E
RS, NIRAEFTC-MOSFET 1)
SEBAT N, A SCHET 1T WA 70 i 1) 28 A S Rk X
B, EHx=15 pm (RO 37 800 2 40 ) 15 9 N G
&, BIALET=85.7 MeV-cm?/mgll) & & 7t 1748
A, E2(c)@R T C-MOSFETTE XA
(Vas=-25 V)& T, 44+ KESEBHT G ek B
AHTIRNARFE. V240 VI, B 7S5
RIIBRAS IR AE 2 T K I U 5 BR A% 3B T 0, IF
B AR E B ARHER R A R, vt
FA250 VI, JeikERAER T ERERE, KA

FrRavE O R B 721 mA /mm KR % e BE
b, BREEBAERAE T A SRS, Hiknl
FI5E, C-MOSFETH]VigpH240 V.

K35 K45 5~ T C-MOSFETEH & T A
S E B AS A SO AR I R . fEt=5x10 12 sfi
diBE ], NSRRI -2 R
o BEJE, TEIRMIREINE) T, BF5270 Rl
TR AR PR . W5 (a) iR, WA LA
Bahol kT RENBES RGN, FEESEES
FERBFAEMR E T 77 SNSRI R L, A 5 15 Ok ok
FIMSE i . E5(b—e) FRlEE B B R gk — 25
WESE TiX —id 2 B, Al i s IR 12
BT s (HBEE R FEMR T AR, R
HLIA M — DR ROR, 5 B B R R X
ol IE SRR AL B 28 51 R M VA8 i 2 2 S, (S
T A LRI R 42 TR RF SR I 1 mA /mm 1) %2 42 )
B, prEFRFRAESEBRI.
3.2 SCSG-MOSFETHIEH 3 K& SEB4H 14

N RC-MOSFETHISEBRE IR L, A

0.35 10° 102
r Incidence position=15 pm
050 107 10° X "
0.95 b R C-MOSFET _
g 0.20 g b
< 015 < 100 1
- 0.10 -] 1078 1078
0.05 107 | 10°®
g . . : 10712 . : : 1070 - : - - —
0 10 20 30 40 -30 —20 -10 0 10 102 10" 107 10° 10® 107 10°®
Vo (V) Ve (V) t(s)
Ref.[16] 4 Simulation — Ref.[16] —— Simulation ——V,=240V  ——V;=250V
(a) ARHE SCHR[16] 1005 (b) HRHESCHR[16] A (c) C-MOSFET#:fF KA SEBF] i
RS R 2k i E R A 2 5% S A HEL AR B 2%

Kl 2 C-MOSFET 5 3CHk[16] 1L &

ilncidence osition

Vp=240V
t=be—12's

Electron conc (cm?)
1.99x1019
1.32x1017
8.79%1014

. 5.83x1012
@ Iﬂ3487>< 1010
2.57x108

1.71x106
1.13x104
7.53x10
0.00

Vp=250 V_
t=le-T s

(e) ®
K 3 C-MOSFET A ASEBHI & AR 21 ) #7270 A7 P

(8) (b)
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Incidence position

V \UJ Vp=240 V
I

[
| ==

Vp=250 V
M\ t=1e-9 s

(f)

Hole conc (cm?)
2.50%x10"
1.62x 107
1.05x10%

+6.79%x 10"

E 4.40%x10"

2.85%108

1.84x108

1.19x10*
7.72x10
0

Vp=240 V
t=1le—4 s

Vp=250 V Vp=250 V
t=le-T7 s t=le-4 s

Bl 4 C-MOSFET & 4:SEBHT f5 AN I ZI R (178 7GR 40 A7 B

1E+6
C-MOSFET

3E+6

2E+6 | |

1E+6 ¢

Electric feild (V/cm)

0E-+0

0 5 10 15 20 25
z Positions (pum)
t=be-12 s t=1e-9s
o t=leTs «t=le4ds

(a) Vp=250 VI AR Z N (1 L o0 A ith 2k

Incidence position
impact gen rate
(cm?® s)
1.43%x10%
7.61x10*
4.06x10%
2.17x10%
E 1.16x10'
- 6.17x1012
3.29%10°
1.76x10°

9.37x10?
0

(b) Vp=250 V, t=5e-12 sl LA o

(c) Vp=250 V, t=1e-9 sHHAUREAERE  (d) V=250 V, t=le-7 sif (IREREERLE (o) Vp=250 V, t=le—4 s [RLRE R

5 C-MOSFETYEV,=250 VIS [F] i %1 (¥ ¥ 37 4347 1 2 S5l A il

e T EL(b) R SCSG-MOSFET . %4544
FIFIP-NiO /N-Gay O3 57 Jii 5 11 F faf #ME 28,
BARA T VTE A AT . ik, ASON EEA T
TNIOKE(L=6, 8, 10 pm)XT #1451k i 5 mi o
thid R, P-NiOWI#B AR BE N, € AR
8el7 cm ®, HEWIEH IR EE— N ELT,
W G 8l — AR P-NiOH i35 443 B, AT
AW E LR . FI6 I EE RS S5 4 AR R
BEENIOKEERG I, 5700 45 %] Jo 2 V) 38 (R FE A F
g, SEU,EE TR, KPR T SCSG-

MOSFETTE RS %M T (Vg=-25 V), Vp=2000 V
ISfAS [5] LAB R 2842 P9 358 B 3 0 AR B . 6 L3
K, B B AR IR M e A — RS Bh . 7E LSy
HAN6 pms 8 pmAN10 pmht, XF A5 KBV
439193000 V. 3300 VAI2500 V, AHETHE5C-
MOSFETH12000 V737l & 7 50% 65%F125% .
MLEINAE10 pmb, BV B R R KA T
W37 SR I IR, 5 BRI AR X I
AN, NITTEIES T 28RN R RE /T . FREFIL=10 pm
1 i) 538 R 1 1 S 2 B A DA R R 1 R 1 R B



5 x T AT NIO SR BT 45 A SR M U 1 470 k7 Ga,,O3 MOSFET 5

0.20
0.15
g
£ 010
=
= 0.05
. ) ) —— L=6 pm 07 ) ) ) ) )
-30 -20 -10 0 10 L=8 pm 0 10 20 30 40
Ve (V) — I=10 pm Vs (V)

(a) AFRINIOK S LT i Rk th 26

(b) AFINIOKSEE LT i 45 1 h 2k

Kl 6 SCSG-MOSFET AN A L () i e ik

3 500
g 3 000 f
z
~
[8s}
2 500
2 000 L :
6 8 10
L (pm)
—— BV

(a) AFRINIOKEEL T B BV LE

L=8 ym
Vp=2 000 V

(c) KAE T L=8 pm, Vp=2 000 VI ] H15 55 1

=

1]
|

L=6 pm \y
Vp=2 000 V l

(b) KA T L=6 pm, V,=2 000 VI KI5 4

(d) K& F L=10 pm, V,=2 000 VT ¥ #8355 1

Kl 7 KA LIEX SCSG-MOSFET BV J& B3 43 Aii 5 Wl

Ja 8ESEBH#F 7L L=6 pmML=8 pmpFh X,
DL s 1 I or v RE . S (a) VAN T ANRIN L
BT Vg, ESD)S5KE8(c)mHEBRT ARES
KRASEBHIBRAS B . 45 R TR, WFR 2%
P ) B R S A Frxe=15 o (B 3807 398 A 41
Mihs). wm%, KH6 pm NiOK & Vipp N
1600 Vi HNiO#ES pmhf, Vippitk—H T2
2080 V, JEILH I 1P O ROR .

K95 K10 R T SCSG-MOSFET K “ESEBH
Ja AN F I Z R B B0 T B A, AT BLR BLP-
NiOZEX T 5 Ga, OB i T 2 3 MFE R i)
& B G A X FE R X (3 s gz ], S RAERES IS

FERE RN T RS, SREIERT, BTS
23 7RG T ) U AR RN A R RS, A A5 AR SR 4
X RIE J8E RS A R AN NIO B 26 X R 7, i
TREE B B R T SR g
(A ZERLE] . P-N1O 5 N-GayO4la] ) # 7 #M 2 2L
Vo SR AEE AR A ER, AR T R
C-MOSFET Mt il i (1) s 37 4 455, KR Bir i
Yy e {8 H BB g 35 51U R AR ARG R, AT S 35 1 5
TR PISEBE B . HA B EBV. Vippgh'S
WG RBEIR IR, A SCERIZE G PERER L8 pm
NIOZE R J& 5 IR N 5L o

e sMKEE, A3Cidt—HX L=8 pmif



T 5 5 B % # x
1 10 ition=15
2 800 | ncidaence position= um
10°
2400 |} z 10?
Z E
< 104k
fn 2000 = 10
w2 106
1600 | !
10°®
1 200 10710 Bttt 100 e
14 16 18 20 22 24 102 10 10°  10° 10 102 100 10%  10°  10°

t(s)
~Vy=1600V ——Vp=1610V

(b) L=6 pmit K A=SEBHI G
M 2 U A5 LG 2

8 SCSG-MOSFET 1 Vg B X Lt 5 Ik A5 U Bl H v i 22

z Positions (pm)
——L=6 pm ——L[=8 pm
(a) RAINIOKELF I VSEBIE X L

Incidence position

t(s)
—~Vp=2080 V. ——Vp=2090V

(c) L=8 pm} K A=SEBTHI 5 [
2SS LV GV o

p=2 080 V|
t=le—4 s

Electron conc (cm?)

1.99%x 10

1.32x 107
8.79x 101

Vp=2 090 V
t=1e-T7s

5.83x10"
3.87x10%
2.57x108
1.71x 108

1.13x10*
7.53x10

0

Vp=2 090 V
t=le—4 s

|
E

9 SCSG-MOSFET KA SEB1 J& A~ Rl %I ' 14 FL 79 5 43 A7

Incidence position
Vp=2 080 V
t=1e—7s
| Al

|

Vp=2 080 V
t=1e—-9 s

Vp=2 080 V
t=be—12 s

Vp=2 090 V
t=1e-9 s

(0

V=2 080 V
t=1le—4 s

r ! Hole conc (cm?®)
2.50x 10
1.62x10Y
1.05x 10
6.79% 101
4.40x 10"
2.85x108
1.84x10°
1.19x10*
7.72x10
0

Vp=2 090 V
t=le—4 s

|
al

f

10 SCSG-MOSFET & 4:SEBH G AN A Z1 K 925 7 43 i

NP REARAL o T 57 o3 438 ik F Ay 2 1 A B
W, N RIS R IR Z AR R X 98 L 5 LT

=

fiysmfE. 125 K130 MR T ANFKREE T SCSG-

MOSFET I H i f 5 HiSEBRE ixf bl 4R &
7~y BEE NAM8X10' e K E1x 10" em 3, #5fF
PV M—16.5 VA REFEE-20 V, IpA0.141 A/mm



% x m TS BAANIO SR IS5 A X F e AL A S BT S0 T Gay03 MOSFET 7
ilncidence position
. 1E+7 Impact gen rate (cm? s)
g SCSG-MOSFET V,—2 090 V 1.43%10%
S 8E+6 | t=be-12's 7.61x10%
= 4.06x10%
i 2.17x10%
9 L V=209V - I:- 1.16x10%
£ 6 ’ y 6.17x10
o) ' 3.20%10°
S 0E+o [ 176x10°
0 5 10 15 20 25 3-37X 107

z Positions (pm)

t=He-12 s t=1e-9s
o t=le7s  t=le4ds

(a) Vp=2090 VAR [F I %I f6 6837550 A 1 2%

Vp=2090 V
t=1e9s

. |

111
(c) Vp=2090 V, t=le-9 s[4 k2%
Pl 11 SCSG-MOSFETYEVy,=2090 VS A [F RS %1 T 1) .47 4347 ih 28 5l 48 A= ple %

(d) Vp=2 090 V, t=le-7 st FRIREEA: R

(b) Vp=2 090 V, t=5e-12 s FRIREEA: sl

Vp=2 090 V Vp=2 090 V
t=le-7s t=le4s

(e) Vp=2 090 V, t=le-4 s [FIREE A4 R 3

10° 0.20
102
0.15
7 10¢ V=25 V T V=5V
£ g 0.10
~ 1076 e .
< <
£ 10 =~ 0.05
10*10
1012 . ) ) —— N,=8el7 cm™ 0 . ) ) ‘ )
~30 920 10 0 10 N,=1el7 cm™ 0 10 20 30 40
Ve (V) —— N,=lel6 cm? b (V)

(a) AEINIOKEE N, G R Rp 1 2%

(b) AFEINIOMEE N, T %t 54k th 28

Kl 12 SCSG-MOSFET A AN, N i Sl 51

#%0.181 A/mm. [N, #1FHKBVA3300 Vg
F#23200 V, BURAIE (x=15 pm) b Vg E
1970 Vo XF R Al IHHE T BAKKIP-
NiOW TS T X N BRI RERH, #R5H
PR TE, T T i R O T BV, R
VENGTLES P s R TR N = v A S B P 2 E A 7
SIS BT R B, 5 30 S e R PE AR
BUNIES T . BT S8 S BN/ PriR R R 4 S
BT, RSO AIRIUN, H1x10" cm ®. L=8 pm
IS4, FHLATT & S 8 3F DU T & J5 8D CS G-
MOSFET 5 TCSG-MOSFET P f 45 ¥4 () 5% LI 7T
3.3 DCSG-MOSFET5TCSG-MOSFETHIE 5 &

SEB4514

it — 4 R C-MOSFET i #2383 2 1) v,

B RNL, AR SO SCHE M AR A S AT TR
b, it T a1 (c) FIDCSG-MOSFET 5 E1(d) i
TCSG-MOSFET&5 1. 145 K151 B 2240 K
B ASSEBIA R R B, MHAE I 5] NAE4E RS 1F A
Vo St IR Z AT i N, SEMET N
R E I E . [, 2R 5 R
VA N EMASAR D 2k 1 4 B R e, A 0
B 7 REEREES, ME16HTR. (HHEERE
7, DCOSG-MOSFET () H 37 W68 5 %5 1 U S F
B 28 58 MARAE A ML 2% (x=18.5 pm), TR
BV Vappr BIiE #3500 V F12280 V. SR, X
FTCSG-MOSFET, HU&{H il 8 2 i A4l
NiOW % (x=22 pm), HHETZMEL TR
W, SENGE R R A ROEAS XK RIRAR 8, )



(c) Ny=1el7 cm I R A=SEBHIJE %A I A% FRL AT i 2k

I (A/mm)

(a) NFEINIOWREE N, T Vg5 BVIEXT L

102
Incidence position=15 pm
10° N,=1lel7 cm™® _
SEB
102
10
10
108
NO SEB
10’10 L L L L
102 10*° 10% 10°% 10

t(s)
—~— Vy=1980V ——Vp=1990 V

(b) Ny=1e16 cm™ K A=SEBHI J5 I A5 B F 7t il 22

102
10°
102

10

I, (A/mm)

10

1078

1010 il

Incidence position=15 pm

N,=8el7 cm™
SEB

% NO SEB

1012 10 10° 10° 10
t(s)
—~Vy=2080V  ——Vp=2090V

(d) Ny=8el7 em B AR AESEBHTJE (B & B e 1 2

Bl 13 SCSG-MOSFET 1 Vg e % bt -5 k25 U A L i 28

100 |
102 |
. i { V=25V
=1 !
2 10t
= 1
S qoe}
8 ,
10 F
100
30 -20  -10 0 10
Ve (V)
— SCSG-MOSFET
(a) AR FRMHAEANECT P B R i 48
2 500 .
2000} e—
=
2 1500
NG —
1000
500
0 . . " .
14 16 18 20 22

z Positions (um)

I, (A/mm)

DCSG-MOSFET

3

BV (V)

2

2

—— SCSG-MOSFET ——DCSG-MOSFET

—— TCSG-MOSFET
(c) IR SAEHIE BT B Vg X EL

0.20
0.15
V=5V
0.10
0.05
0 L
0 10 2 30 40
Vo (V)

TCSG-MOSFET
(b) AN IR SCHR MM AN BT O H R 12 1 2

500
000 -
500 -
000 — : .
1 2 3
Number of gate columns
- BV

(d) AR AR BT B BVIEAS L

P 14 AR DR HE AN BUT A 22 5 Vo fELX EE

B 5 fF B ¥ M FxH
10?
2100 | — » 800 Incidence position=15 pm
1 SEB
N,=1lel6 cm™® &
N 3 000 = 7 1072 \
> 2050 > E o
@ N =
SL"]: 2 700 I~ =
2000 | = 10°
2 400 1078
1 950 s . : 10710 Pl =
1E16 1E17 8E17 10" 10" 108 10°% 10"
N, (em™) t(s)
< Vegg =BV —~—Vp=1970 V. ——Vp=1980V
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S5 HANIO R T 45 A1 AR HIHEE R 1 i 978 5K T Gan,O3 MOSFET 9

1M 51 k5 i R PR AR . Ik, DCSG-
MOSFETSEHL 1 B3 70 A SR RE R AL 47 o
R T T S AT B O H 2 5 LR B 1

ZH. TESNERY, HERTAESKHC-MOSFET,
A LI DCSG-MOSFET J& J H 58 1 25
AR . — T, HBVE Vg WLl T

llncidence position

= LE+T Impact gen rate (cm? s)
V=2 290 V 1.43x10%
S 12B+46 | : 7.61x10%
; t=5e-12 s 4.06% 102
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Abstract:
Objective
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Gallium Oxide Metal-Oxide-Semiconductor Field-Effect Transistor (Ga,O3 MOSFET) is considered

a promising power device for high-voltage applications, particularly in space power systems such as aerospace

and satellite platforms, owing to its ultra-wide bandgap and high critical breakdown field. However, the
Conventional Ga,O3 MOSFET (C-MOSFET) exhibits significant drawbacks when operating in space radiation

environments. Under off-state conditions, the electric field distribution within the channel region is highly

concentrated, particularly at the gate edge, where localized strong electric fields form. When a high-energy

heavy ion strikes the device, a large number of electron-hole pairs are generated along the ion track. Under the

influence of the strong electric field, these carriers undergo multiplication effects, causing the drain current to
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surge dramatically and fail to recover, ultimately leading to irreversible Single-Event Burnout (SEB) even at
relatively low drain biases. This phenomenon represents one of the primary failure modes for power devices in
space applications, severely limiting the reliable deployment of Ga,O3 MOSFETSs in harsh radiation
environments. Furthermore, the difficulty in achieving reliable and efficient P-type doping in Ga,0O3 inherently
limits the application of conventional radiation-hardening techniques such as junction termination extensions
and junction isolation in Ga,Os devices. The difficulty in achieving reliable and efficient P-type doping in
Gay03 makes ionized charges more prone to accumulation in sensitive regions, further exacerbating the device’s
susceptibility to Single-Event Effects (SEE). Meanwhile, the extremely low thermal conductivity of Ga,Os
causes Joule heat generated by transient currents to accumulate locally without effective dissipation. Within an
extremely short time after heavy-ion incidence, heat concentrates in a microscopic region, forming localized hot
spots that significantly increase the risk of thermal-induced burnout. To address these issues, existing hardening
approaches such as field plates and dielectric layer optimization provide certain improvements in device
robustness, yet research on the application of heterojunction structures for radiation hardening in Ga,Oj4
MOSFETS remains relatively limited, and systematic hardening solutions have yet to be established. While field
plates can alleviate the peak electric field at the gate edge, their capability to dissipate transient carriers
generated by heavy-ion incidence is limited. Dielectric layer optimization primarily improves the reliability of
the gate dielectric but offers weak modulation of the internal electric field within the channel. To address these
issues, this paper proposes a radiation-hardened Ga,O; MOSFET featuring a NiO heterojunction and Comb-
Shaped Gate (CSG) column structure, which optimizes the electric field distribution within the channel region,
alleviates the electric field crowding effect at the conventional gate edge, and significantly enhances the device’s
SEB robustness, providing an effective solution for Ga,O3; power devices in harsh radiation environments.
Methods TCAD simulations are employed to evaluate the electrical characteristics and SEB performance of
the proposed CSG-MOSFET, in comparison with the C-MOSFET. A range of physical models is incorporated
in the simulations, including high-field mobility saturation, Shockley-Read-Hall and Auger recombination,
impact ionization, and heavy-ion incidence. Based on the charge compensation mechanism in the space charge
region of a PN junction, the proposed heterojunction structure leverages the depletion region formed between
the P-type NiO layer and the N-type Gay,O3 channel to achieve effective modulation of the electric field
distribution. The heterojunction utilizes the extension of the depletion region at the interface to create a barrier
area within the channel, thereby optimizing the internal field profile and enhancing the device’s robustness
against SEB. Furthermore, the CSG columns, in conjunction with the extended gate field plate, reconfigure the
location of the peak electric field away from the conventional gate edge, alleviating local field concentration and
improving device reliability under high-voltage and radiation-hard environments.

Results and Discussions Simulation results show that compared to the C-MOSFET, the proposed CSG-
MOSFET significantly enhances SEB tolerance. The SEB threshold voltage (Vsgg) increases from 240 V to 2280
V, and the Breakdown Voltage (BV) improves from 2000 V to 3500 V, while the specific on-resistance is
reduced. Consequently, the Baliga figure of merit and the SEB-based figure of merit are dramatically improved.
The NiO heterojunction and CSG columns effectively modulate the electric field distribution, relocating the
peak field from the gate edge to the gate column edge and alleviating local field concentration, thereby
significantly improving radiation hardness.

Conclusions In this paper, a novel radiation-hardened Ga,O3 MOSFET design featuring a NiO heterojunction
and CSG column structure is proposed through TCAD simulation. The proposed structure significantly
enhances SEB tolerance. The Vggp and BV are substantially increased compared to the C-MOSFET,
demonstrating superior blocking capability. Due to the charge compensation effect between the P-type NiO
layer and the N-type GayO; channel, the heterojunction forms an extended depletion region that effectively
modulates the electric field distribution within the channel. This modulation alleviates the electric field
crowding effect at the conventional gate edge. Furthermore, the CSG columns, in conjunction with the
extended gate field plate, actively relocate the peak electric field from the gate edge to the outermost gate
column edge. This electric field reconfiguration reduces carrier multiplication effects upon heavy-ion incidence,
thereby effectively suppressing SEB. The specific on-resistance is also reduced, leading to improved Baliga
figure of merit and SEB-based figure of merit. These advantages make the proposed CSG-MOSFET a promising
candidate for power electronics applications in harsh radiation environments such as aerospace and satellite
platforms.

Key words: Ga,0O3 MOSFET; radiation hardening; comb-shaped gate pillar
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