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Abstract: The single event effect on SiC MOSFET was studied for space applications.
1 200 V SiC MOSFET from four manufactures was irradiated with heavy ions. The ions
of carbon (C), germanium (Ge), tantalum (Ta), bismuth (Bi), and uranium (U) were
used. The linear energy transfer (LET) of ions was 0. 26-118 MeV « cm”/mg. The stat-
ic drain-source bias voltage of 50-600 V was applied on the devices under test and the

electrical characteristics were measured during irradiation. The post irradiation gate
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stress (PIGS) test was performed. The experiment results show that single event
transient current (SETC) is induced by heavy ions at 50-100 V bias voltage, single event
leakage current (SELC) is induced by heavy ions at 200 V bias voltage, and single event
burnout is induced by heavy ions at 200-600 V bias voltage. The experiment results
confirm that the gate oxide of SiC MOSFET is the most sensitive to single event effect.
Biased at about 5% of the rated breakdown voltage, the latent gate oxide damage may
be induced by heavy ions. The latent gate oxide damage may further degrade to lead the
gate failure during PIGS test. The latent gate oxide damage is the function of incident
ion LET and bias voltage, as well as ion fluence, which is a cumulative effect. Depend-
ent on the severity of latent gate oxide damage. the gate stress time to trigger gate fail-
ure may exceed 300 s. The mechanism of accumulate charge damage was proposed. The
electric field in the gate oxide layer increases due to charges generated by the incident
ions at different locations. The accumulate damage of gate oxide is caused. It is
necessary to evaluate the effect of latent gate oxide damage induced by heavy ions in SiC
MOSFETs for single event effect test for space application, the ion fluence used should
be calculated based on the orbit and mission period, and the appropriate gate stress time
should be evaluated for PIGS test.
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Table 1 Test result of 1 200 V SiC MOSFET under heavy ion irradiation at 50 V and 100 V bias voltages

B LET/

Al FE Vis/V R /em ? i P 3 5 2R
(MeV + cm?/mg)

A A-1 97.5 50 10° T A R AR B R 2 A
A-2 97.5 50 10° T A R AR b B R 2 H A

A-172 97.5 100 10° T A R AR b BRI 2 H A

A-176 97.5 100 10° U 10 0 A ARt I 25 H R

B B-6 97.5 100 10° T A R AR b B R 2 A
B-11 97.5 100 10° U A0 AR B 2 T

B-12 97.5 100 10° T A I AR b B 2 L AL

C C-5 97.5 50 10° T A R AR b B B 2 AL
Cc-8 97.5 100 10° U B0 0 A ARt I 2 H R

R R-1 97.5 100 10° T A R B 2
R-2 97.5 100 10° T A R L R B 2

or 250

wn
T

I55/1071°A
W
T
Iss/1078A

2.0F
4}
1.5F
1.0F
2+
OJ\’J\ 0.0 K/\ 1 1 /\_A
380 400

300 320 300 320 340 360 380 400
HT]’ Iﬁl/ S EI

I = A176f100 VWEEEVT Bi 2 748 IR o 1 I A oL i

Fig.1 Transient current measured for device A-176 during Bi ion irradiation at 100 V bias voltage
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Fig. 2 Leakage current measured for device A-178 during Bi ion irradiation at 200 V bias voltage
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Table 2 Test result of SiC MOSFET SEB induced by heavy ions
B - iJr‘liﬂ_{Z% BT LE?/ Voo/V ?I’i‘/ "iﬁi H’E"LP
Ay (MeV « cm?/mg) cm? PIIRRWEAEES
A-T-W C SESRI 0.26 500 106 K k&4 SEB
A-8-W C SESRI 0. 26 600 106 & &4 SEB
A-2 Ge HI-13 37 400 108 k4 SEB
A-5-B Ge HI-13 37 600 5X103 K4 SEB
A-2-B Ta HIRFL 75.4 290 10° k4 SEB
A-3-B Ta HIRFL 75.4 340 10° K4 SEB
A-101 Bi SESRI 97.5 500 10° k4 SEB
A-10 Bi SESRI 97.5 350 10 k4 SEB
A-10-W Bi SESRI 99. 8 300 106 %4 SEB
A-9-W Bi SESRI 99. 8 200 106 K4 SEB
A-163 U SESRI 118 300 108 &4 SEB
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Table 3 PIGS test result for device with SETC
B¥ LET/
i Vis/V H/em™? PIGS i 25 R
(MeV + cm?/mg)
A-1 97.5 50 10° PIGS ] 338 1o
A-2 97.5 50 10° PIGS i) 358 3ok
A-172 97.5 100 10° Tos#ad 100 nA LM%
A-176 97.5 100 10° Ios#fiid 100 nA LM%k
B-6 97.5 100 10° Tos#Bad 100 nA LM%
B-11 97.5 100 10° Ios#Bid 100 nA LM%
B-12 97.5 100 10° Tosifish 100 nAL B4R %L
C-8 97.5 100 10° Igs#fiid 100 nA LM%k
R-1 97.5 100 10° Ios 3T 100 nAL MR 2K
R-2 97.5 100 10° Iosiiad 100 nA LIS 3L
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Fig. 3 Change of gate leakage current with gate
bias voltage during PIGS test for device A-172

2.3 SEUMBERGEEFIENXR

H ARSI R A A 1 5 s i R R
FLHEAT TSR i R . JBURE 7 0 e
SESRI |'H Bi & FHE . B FHE= 1 200 MeV,
R LET S 97.5 MeV » ecm®/mg, {E = FR N
5X10° em™* » s, £E 50 V g IR W B HE T 4
e B R & 10°,10° #1107 em * 7R AR R

R T 200 AT PIGS Ik, Mk &5 R 41
F SR BTSN 10° cm 26F, PIGS Wl i Ht
T r 3 JC W S A8 Ak 4 B R AR RO 10° em
B, PIGS P s F 8 385 00 Tos DN p A S G0 3
g 50 nA; fE R BEE N 107 em B,
PIGS Pl A W Tos 35 K30 1 p AL HIFR 2K
MR S5 SRR W] B 5 0 A ALY 7E 105 5
TFHERA L, B BB .
2.4 SHYBERGESEF LETHXER

N BRI B Z B T LET 1y
R BURE SR CLGe Bl & 750 IR, 45 B P
SRR DB AR F Tos P Tos o 8 B A R A 0 501
SEB #l SEGR %k, &M )5 PIGS K45 R 5
T 6. WA REW, A B 7 LET 8m,
PIGS PaCAS 8 3k 1) 7T REE 3 0 » Bk T k)
WIEM R EHARE 5 AN EF LET HA1E
HHICAE
2.5 iz ) B B B9 B2

WRE A AE HI-3 53 50 i i i 5 B A Ge
BB S R FRE LET 24 37 MeV « cm’®/
mg, & FTEE G 30 pm, R AN 2 X
10 em * » s "VERMEERE N 107 em Y R I
BHER 200~300 V., &5 #E17 PIGS
MRS R TR 7. ME 7O FEH A 200 V
i i P T i RO A Sl i B R 0 A
Ny I (B A 300 s5 78 250 Vi T i AR
P 2 A ik 2 O 285 S B B R g B ) S 12~

F 4 SiC MOSFET EAE{RERERF PIGS MiX &R
Table 4 PIGS test result for SiC MOSFET irradiated at various bias voltages

FE & Vps/V A/ em? 4 &t R

A-143 i BT Ios=25 pA

A-143 50 10° Ios =26 pA, S4RIAT L, AR K
A-143 75 10° Tos =380 pA, 54 BEHT L, 35 m 1 D EE &
A-143 100 10° Tos#iad 100 nALGRE] 2 A BRIFE(E . 2R3

&S5 1200 VSIiC MOSFETiE R AE EFiE =7 PIGS MK E R
Table 5 PIGS test result for SiC MOSFET irradiated at various fluences

BT LET/
B i ‘ Vps/V Hh/em™? PIGS i 25 1
(MeV « cm? /mg)
AL-3 97.5 50 10° Tos TG .28 1k
AL-3 97.5 50 108 Ios N pA T ZIGNF| 50 nA
AL-3 97.5 50 107 TosHIRF 1 p AR
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Table 6 PIGS test result with various LETs

BT BT LET/(MeV + cm?/mg) FE/em™? Vis/V PIGS i 4% S
C 0. 26 10° 500 i3
Ge 37.3 4108 100 biifus
Ge 37.3 10° 200 AN id i
Bi 97.5 10° 100 AN 38 3
=7 MR A iE B 4 R
Table 7 Test result of gate stress time
BT LET/
i ) Vis/V R /em? 38 45 21
(MeV + cm? /mg)
A-Z-1 37 200 10 W 20 VAT B 300 s AR R AR E] 50 nA
A-T-9 37 250 10° W I 20 VA B E 12 s, B2k Rk
A-131 37 250 10° Tt 20 Vbl L L 69 s B R K
AR 57 300 10° M 10 VG B L 1 s B
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M 2R 55k 75 L g W R S IR 1 s, A AT A
PR NS R A R 7 Tl O
2 MR g B ) G R L A5 PIGS R R
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Fig. 4 Current path induced
by heavy ions in SiC MOSFET
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Table 8 Main parameter for TCAD simulation

SR HfH

AR IR B AW om™? 1101

WG NT B ¥ ,om 2 1X 10"

Vi P52 i, om 2 21017
R AL 2R s nm 50
TR IR, pm 15
WK pm 0.8
JFET XK . pm 2
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—AS T EE T EESHI TR .

*9 HEEANBTFSH
Table 9 Main characteristic

of heavy ions used in simulation

it/ BT LET/ HHEE/
BT ‘
MeV (MeV + cm?/mg) pm
C 960 0. 26 299
Ge 208 37.3 30. 3

B R AR IE W] DA 2 R A A Y
FIX (>15 pm) o i o0 A 423 425 0. 05 pm,
EEFM LET &% K 0.25 pC/em F1 0. 02 pC/
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Fig. 5 Electric field distribution in gate region
of SiC MOSFET with Vp,s=100 V and

Ge ion incidence time t=4 ps
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