AlGaN/GaN S FIIBERMNERGE SRR GIIEAmEHEXE
T R
FEHAS D FerE ) RgE ) B Y BB HEEY EAOBD HEHD

Paaz g D ey D ERHBE DY
1 GHEFERZ MRS TR 2R, WHE 411105
2) CLNAME BB T8 Tt FUAT,  FEF JC AR vy S A B R L P R [ 5K o R e
=, ] 510610)
3) (PUALEECARB T, PiZ 7100 24)
4) (FZHE TR0, T8 E MBS B I RS =, 1%
710071)

WE: A CHH “Co vy $14:, %X AlGaN/GaN =T ks (High Electron Mobility
Transistor, fajF% HEMT) #84F, JFRE T EAN ) i B 2541 o B 4 HEUEL R 2 A% 0 Sk B it 98« R H
1/f M 4G B B AR Y E S B S B 45 R AT I E AT, S R, BRI AR AL
R AT 5 A A IR AR RS A 2] 1 Mrad(SiEF, FWFZAFE T AlGaN/GaN HEMT
AR ES ORI RO, Hod, AR RN 36.28%, EEPE MK 52.94%; T
McWhorter B EL | AlGaN/GaN HEMT #4458 B HT 5 FIS G2 BE, TAmacAF T m B AT 5 6
B3 25 BEARAL R K, 20 98 4.080%10"7 em eV Al 6.621x10'7 em eV 23 Hr AR A% WL 2 2 45
AW 2 P75 A B P B TR AL LT 2S5 {3 AIGaN/GaN HEMT 2% 14 FF- 5 B i M 75 Th 3R 3% 25 FE 1A

X##iA): AlGaN/GaN, @ FIERREAE, BRE, 1/ (K
PACS: 85. 30. Tv, 71.55.Eq, 73.20.-r, 73.40.Qv

ull%

1 5|

T A SRR (GaN) R 4kiE (S FI{LE (GaAs) 2 Jmilul & R 5 =A%
LGSR, WA RIFHEL. AN SRR, AT Si Rl GaAs, GaN HAMGFIIMRE,
BB, B AT . ORI . B I A g I A G R A RS), GaN B
AR AL GaN B o FID R 3 RS B B R AT I bsa fPERE, ) 208 A LE 2% (R PR T B,
{H2 AlGaN/GaN HEMT #5447 52 S 45 I8 5 B T~ B BSOS AE AR 7= AR BRI, RO RS I 24K
IR TAEM R R R, 480 mr S ok i .



f ARSI 7S (flicker noise) 48 (12 - TR B iy 24 11 25 Fo£ [ 414 384 O T 98 /1N FD BB ATL Tk %
WG, FO SRR S 25 B R I BRI RBUR . BN 1925 4F 1/ el IR RS, 1f
Mg 75 002 50— ELAE Dy FL A DA S e AT 75 ) 3 AT 9T B R AR A P U &, ) DK
FTHT AL R B P R B DA S 5 8] 2 A HEAT A A 0100, s S A R AR TE & b A I 254 T R AL AR
ITRAE . T JUVFE BRI R A R IR, P SRR 1/ e R 5 S 00 AT SEMEA 2 1%
Fo B, S B SAREE R 1/ 0 AT DU P SR SR PSR AT B AV A . 1
e 75 AR — P AR M 1 SR SR TSR ERAE T B, A KE M T BIT. MOS. GaN
PAR A AR BO G 28 55 28 AR I o A0 0P A AN it -1

HAT, E AN B 5% AlGaN/GaN HEMT 2847245 IR PR N B 2 S HOR T T
KEHIL SR TT. 2019 4 Zheng 25145 GaN HEMT 284471 7 ©°Co vy Sk 4a ke, 18
I B 20t B R AL R AR SR s 2016 4F Smith ZE ST E T AIGaN/GaN HEMT #4411 ©°Co
y FR BT EAREORK, i 28RS T RIH Ml FasE ks 2018 4F Bhuiyan S5O % DU
WA I I ) MOS-HEMT #5445 & 17 Wi S 9, i HA A A R it v 28 e e 1k
BE. HRZATHEFLE I TAREEE T Al s L2 S50 ST DL R i 1) ) 4 2 12 8 55 5
AlGaN/GaN HEMT #5447 HE 1 BB 5200, H 5G40 i i A1 Angg 7 A 1k A A H B iR T
LT AlGaN/GaN HEMT #5344 0Co .y 5 4% 55 F 4 HE S AR AT 75 A DG ME R ARG L 2. T
YERIFF 9 AlGaN/GaN HEMT #54Rua RN . Jofi 6 VP4 AN IR 8 it 7524k 72

2 BUEMENRRL

SZISFE S NFE R T2 AlGaN/GaN HEMT #24F, H4ammE 1.

G
S - D
Oxide
___ AlGaN
2DEG
GaN
Substrate

1 (TR AlGaN/GaN HEMT 28443 i



Fig. 1. AIGaN/GaN HEMT device’s cross-section.
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Table 1. The biases set of AIGaN/GaN HEMT device irradiation experiment.
Vas/V Vps/V
KZ (OFF) -3 0.5
IFE (SEMI-OND -1.9 0.5
EAfw (zero-bias) 0 0
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Fig. 2. AlIGaN/GaN HEMT device’s low frequency noise measurement system.
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Fig. 3. The output characteristic curve(left) and transfer characteristic curve(right) of the AlIGaN/GaN HEMT
device before and after irradiation under the zero-bias.
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Table 2. Variation of saturation drain current and maximum transconductance before and after irradiation in HEMT

devices with different bias.

%74 (OFF) £IF (SEMI-ON) E 1 (zero-bias)
A 1 pgear(%) -26.00 31.42 -36.28
A Qumex  (%0) -22.86 -34.58 -52.94

M2 al %0, WY, &IFE AlGaN/GaN HEMT 28 H AR FL IR | e, A1 i S0 5
O IBTUTEEE IR, 3 HIFEIR T 36.28%Y 52.94%.

ML il 2R RS2 B T AR E T AlGaN/GaN HEMT #8441 [ 48 B i ©°Co v 5
LR RN, 25RRHIESHEITE T AlGaN/GaN HEMT #4118 H s 7E
0Co y B RAEIE AT G S A B, WA N HIL T 1.5%0) 172, 15 BH 4 6] B8 H 1)
MR/, —4EH TS (2-dimensional electron gas, [&FK 2DEG) H [ Hfaf ng 5 BIAE HE &
V,, 2 [B]fr) o £ o408

an, = g Vas —Vin) (D

Hr g AlGaN I3, d & AlGaN/GaN F4 1 AlGaN # &2 R JER, EIEATE
AlGaN/GaN HEMT 2844 f) I H R AR AR /N, 45 ()R AT Hn, JLFASZ OCo v 5 2 5m IR ) 5
)

Gate
A N - - - - - - A4, A
ource é é é T é é é rain
s OX?ZE ? ?E 49 ) 6/? ? ? D
Te AlGaN :>> AL

b+ + + +

Channel 2DEG GaN

/\/

(@)




Gate

=3 1 12 5%0p)

AlGaN = IR T
I e e i o i e e i e e i i e e i e e i e e o s

Channel 2DEG GaN

/\/

(b)
B4 (WAL XSS (@ 5 (b) B AlGaN/GaN HEMT ## {148 I i ) B 47 20 A5 [
Fig. 4. Charge distribution patterns of AlGaN/GaN HEMT devices irradiated under the off and semi-on states (a)
and zero-bias (b).
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Fig. 5. Normalized channel current noise power spectral density in the AlGaN/GaN HEMT devices before and after
irradiation under OFF state(a), SEMI-ON state(b) and zero-bias(c).
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Fig. 6. Normalized channel current noise power spectral density versus overdrive voltage in the AlIGaN/GaN
HEMT devices before and after irradiation under OFF state(a), SEMI-ON state(b) and zero-bias(c)( dot:
measured value; continuous line: fitted value).
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Fig. 7. Normalized channel current noise power spectral density versus channel current in the AIGaN/GaN HEMT
devices before and after irradiation under OFF state(a), SEMI-ON state(b) and zero-bias(c)(f= 25 Hz, dot:
measured value; continuous line: fitted value ).
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Table 3. Flat-band voltage noise power spectral density in the AlIGaN/GaN HEMT devices before and after

irradiation under different biases.

F4& (OFF) EHE (SEMI-OND ZEfw (zero-bias)
0 rad(Si) 3.20x10° 4 V2-Hz! 2.65x10 14 V2-Hz! 3.18x1014 y2-Hz!
1 Mrad(Si) 421104 V2-Hz! 3.85x1014 V2-Hz! 5.16x1014 V2-Hz!
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Table 4. The defect density in the AlGaN/GaN HEMT devices before and after irradiation under different biases.

K7 (OFF) P (SEMI-ON) Ef (zero-bias)
0 rad(Si) 4.106x10'7 cm3-eV-! 3.400x10'7 cm3-eV-! 4.080x10' cm3-eV-!
1 Mrad(Si) 5.402x10'7 cm3-eV-! 4.940x10'7 cm3-eV-! 6.621x10'7 cm3-eV-!
AN, (%) 31.56 45.29 62.28
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Fig. 8. Extracted spatial distribution of trapped charges in the AlIGaN/GaN HEMT devices’ barrier layer under OFF
state(a), SEMI-ON state(b) and zero-bias(c).
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Study on AlGaN/GaN High Electron Mobility Transistor
devices ionizing radiation damage mechanism and bias
correlation
Dong Shi-Jian" Guo Hong-XiaD?®" Ma Wu-Ying® Lv Ling® Pan Xiao-Yu® Lei Zhi-Feng? Yue Shao-Zhong"
Hao Rui-Jing" Ju An-An" Zhong Xiang-Li" Ouyang Xiao-Ping!?
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2)(Science and Technology on Reliability Physics and Application of Electronic Component Laboratory, CEPREI,
Guangzhou 510610, China)
3)(Northwest Institute of Nuclear Technology, Xi’an 710024, China)
4)(Key Lab of Wide Bandgap Semiconductor Materials and Devices, School of Microelectronics, Xidian University,
Xi’an 710071, China)

Abstract: In this paper, the total dose effect on AIGaN/GaN high-electron-mobility
transistor (HEMT) devices after *°Co y-ray irradiation with a total dose of 1 Mrad(Si)
was investigated at different biases (Vos=-3V, Vps=0.5V; Ves=-19V, Vps=0.5V;
Ves =0V, Vps =0 V). The experimental results were analyzed using 1/f low-frequency
noise and direct current electrical characteristics. The electrical parameters degraded
mostly under zero bias condition because of the radiation-induced defect charge of the
oxide layer and the interface state. Wherein, the saturation drain current was reduced by
36.28%, and the maximum transconductance was reduced by 52.94%. The reason was

that the oxide dielectric layer of AlGaN/GaN HEMT devices generated electron-hole



pairs under y-ray irradiation, and most of the electrons were quickly swept out of the
oxide region corresponding to the gate-source and gate-drain spacer regions, and most
of the holes remained in the oxide. Under the action of the built-in electric field, holes
slowly moved towards the interface between the oxide and AlGaN, which depleted the
two-dimensional electron gas of the channel. According to the McWhorter model, the
low-frequency noise in the AlGaN/GaN HEMT devices results from random
fluctuations of carriers, which are caused by the capture and release processes of carriers
by traps and defect states in the barrier layer. . The extracted defect densities in
AlGaN/GaN HEMT devices increased from 4.080x10" cm3-eV! to 6.621x10" cm
3-eV°! under the condition of zero bias, and the result was in good agreement with test
results of the direct current electrical characteristics. The damage mechanism was the
radiation-induced defect ‘charge in the oxide layer and the interface state, which
increased the flat-band voltage noise power spectral density of the AlIGaN/GaN HEMT
devices. According to the charge tunneling mechanism, the spatial distribution of defect
in the barrier layer was extracted, and the result also proved that the densities of
radiation-induced defect charges under zero bias were more than the other biases. The
experimental results showed that zero bias was the worst bias for AlGaN/GaN HEMT

device irradiation.

Keywords: AlGaN/GaN, high electron mobility transistors, total dose, 1/flow frequency noise
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