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Fig. 1. Experiment setup: (a) SEE experiment; (b) TID

experiment.

B A5 AR R I S B A i 43 i) 35
[i] — Lk GaN Systems 2> & 650 V. GS0650111L
AU Transphorm 2% 7 900 V. TP90H180PS % f))
GaN HEMT 4% 5 Fr, 1E B E A E 2 o, 5
SRR R B ANER 1 BT, SRR SE A R A 248
I IE TR 55 A0 3 H D gl 1E % . GaN HEMT H.

L300 R TR e 2K 1 s I S P S R MIIL-
STD-750D FrifE, U 3 Frz, 767 14 U5 s A
U6 i 3 90 388 2o £ IR P, BEL RN O B6K H 25 4% A Keith-
ley2470 1 2450 RY[BIF, HIRALAE 0% I 5 o s
TR 00 s i L O L L PR PR A R 2R S U
fb. GaN HEMT B 2300 5256 i B A% 1R FH G
A E: WWIRHE Vi, i 0650 V(900 V), i
HLIE Vi -5, =3, —1 H1 0 V. BRI 55 50 I
BRI EASMIFS A B, Horp oS
Vas 5 Ve R OV, TFEME: Ve N 2.6V, Vg
H1V.
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Fig. 2. The decapping photograph of GaN device: (a) GSO0-
650111L; (b) TPOOH180PS.
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Table 1.  Parameters of the tested sample.
BiEH SH5EH

e S 4k 5
L2 ﬁi /II*@ E/V Eﬁ/IIIQ EEFJ_ATQT

GS0650111L H&3mm  pMHE 650 150 GaN
Systems

TP90H180PS 5% Cascode 900 205 Transphorm

PR3 BRG] e 8N 92 6 L B
Fig. 3. Schematic diagram of SEE and TID test circuit.

3 LKHER

3.1 BNFHMKIGER

K 4(a) 45 H T GS0650111L Al TP9OH180PS
By AR BE B R 210 MeV 1Y Ge (LET {H M
37 MeV-cm?/mg) FfEHEE N 169 MeV # Ti (LET
B} 22 MeV-cm?/mg) & FH T, SR IEE

116102-2


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. 70, No. 11 (2021) 116102
700 6
(@n . .- . ol®
600 F /'f LET = 37 MeV-cm?/mg 14
8t —e— (80650111 LG
500 F —8— GS0650111L 2 /' o i %
5 LET = 37 MeV-cm?/mg - it 1?7 =
~ L 6
o 400 —e— TPYOH180PS S ! o o o 2
) LET = 22 MeV-cm?/mg S ﬁﬂﬂﬁgﬂﬁgﬁ@@&g&ggﬁﬁgﬁ 103
” E / LET =22 MeV-cm?/mg | _o &
200 B o,L - —=— TPYOH180PSHiHLif =
—o— b 4
100 | -
° ° ° ° 0Fr 28000000000 0000000000000000000
0 . . . . . . . 6
-5 -4 -3 -2 -1 0 0 50 100 150 200 250
GG YAY ) /s

El 4

(a) GS0650111L F1 TPOOH180PS #5147 4 TAE X 8k; (b) ¥ . Mt HbL I it ek ] 14 25 £k

Fig. 4. (a) Safe operating area of GS0650111L and TP90OH180PS; (b) the variations of drain current and gate current with time.
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Fig. 5. The SEB photograph of TP90H180PS: (a) SEB sensi-
tive areas; (b) partial enlargement of SEB sensitive areas.
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6. The variations of drain current with cumulative dose and annealing time: (a) On-state bias; (b) off-state bias.
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Fig. 7. The variations of threshold voltage with cumulative dose and annealing time: (a) On-state bias; (b) off-state bias.
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Fig. 8. The variations of gate/drain current with drain
voltage for Cascode device in off-state mode after heavy ion

irradiation.
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Fig. 9. (a) The circuit schematic diagram of Cascode type GaN HEMT device; (b) the cross-section diagram of the depletion type

GaN HEMT.
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Fig. 10. The cross-section diagram of the p-type gate GaN HEMT.
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THJ I J2 Ak 7 A A4 A SR A A T R B L, TR
MRS S DIRE Y. T GaN HEMT
S R B H S B B H AT 3 A 2R AR AR, R
Hi O TR S S K S T B E e 1 B R
YERTER, X T RESE p AUMHEEHS GaN HEMT X &L
Rl RS AU EZREA . BLAh, TR
N BRI v, SR R S TR ) SR T B A E
AR AT GRS AR S | 171738 B A T B P
i ),

5 p B GaN HEMT £ i 77 F2 58 55w )i
FEAEAH 2, Cascode %514 () TPOOH180PS % GaN
HEMT 7£ - 85 F 5w B 45T, PI3R80H % 2
TN AR, FETF A B AR T, 2
FlE ZFRE] 200 krad (Si) I, #1460 TR H 7 R0 99 1
F R BB S 3 s A OGS B AR, S T
L e BRIl 500 krad (Si) BF w210, #844
iRE LS4 . J0r TPOOH180PS % GaN HEMT

) P FEL B 5 R T R T PR U R L
KA e S 804 2 i NMOSFET [ 52 ).
AP, B Si NMOSFET X s 50 JE &
BHURK, S A B4 U PR DA R (59 P A
]l B (200, 3 1] G2 6 7] 1 8N 5 B0 TPIOH180-
PS A GaN £ 14 T FL I 3 fin R 5 {8 L 1 0 ) A B
) EE A,

5 # %

AR SCF FH EE B TN 2 A S0C o y B4R L6 0
B, A IR R T p BUMEA Cascode 4 #4) 44 5% Y
GaN HEMT {14 B 15507 1 751 58 500 55 56 F
58, WFFE AR5 T A FZ5H GaN HEMT (5 74%
O SO AR S s T AR X, 3845 T AR TR TAERE
T, RSG5 GaN HEMT [ a5 30 2B E
SR (RN, 5Tk p BIMESH GaN
HEMT HA 58 40 ok F FUE R R AE 17, H2
Cascode Z5 4 ] GaN HEMT X} Bf 7 T35 v A 5
F RN AR BUR. LI FT /s T Bk 4 G
PEFERA GaN HEMT M 14 ki 22 kA
TB% % 0l fig J& §: 3% Cascode 45%9 GaN HEMT
P SEB N TEHLE, LA K Si NMOSFET J& §: %
Cascode Z5# GaN HEMT X &7 & &% v B
A RESRIA.
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Abstract

The single event effect (SEE) and the total ionizing dose (TID) effect of a commercial enhancement mode
gallium nitride (GaN) high electron nobility transistor (HEMT) with p-type gate structure and cascode
structure are studied by using the radiation of heavy ions and °Co gamma in this paper. The safe operating
areas of SEE, the sensitive parameters degradation of TID effect and the SEE and TID characteristics of GaN
HEMT device are respectively presented. The experimental results show that the SEE and TID effect have less
influence on the p-type gate GaN device. The linear energy transfer (LET) threshold of the single event
Burnout effect (SEB) is higher than 37 MeV-cm?/mg and the failure threshold of TID effect is above 1M rad
(Si) for p-type gate GaN device. However, the GaN HEMT device with cascode structure is much more sensitive
to SEE and TID effect than p-type gate GaN device. Under heavy ions at LET of 22 MeV-cm?/mg and a
cumulative dose of 200 krad (Si), the SEB phenomenon and parameters-degradation of cascode-type GalN
HEMT are respectively observed. Besides, the circuit structure of the cascode-type GaN HEMT device is
analyzed by using metallographic microscope imaging and focused ions beam technology. It reveals the possible
reason why it is sensitive to SEB and TID for cascode-type GaN HEMT. These results show that the extra
carriers caused by heavy ion radiation can tunnel the Schottky barrier formed by gate metal and AlGaN layer,
leading to a large source-drain current in GaN HEMT device. Meanwhile, it is shown that the metal oxide
semiconductor field-effect transistor in cascode circuit for TP9OH180PS GaN HEMT may be the main reason
why the cascode-type GaN HEMT is sensitive to TID.

Keywords: single event burnout effect, total dose effect, heavy ion, gallium nitride high electron mobility

transistor
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