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Fig. 1. AlGaN/GaN HEMT devices’ cross-section.
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Table 1. The biases set of AlGaN/GaN HEMT

device irradiation experiment.
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Fig. 2. AlGaN/GaN HEMT devices’ low frequency noise

measurement system.

3 LI E R
3.1 AlGaN/GaN HEMT =54 B4R 0B &L
BB

XoF T i T e RS 0 L S AT
rFTxt b, KBRS AU B R a0 iR L.

078501-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 69, No. 7 (2020)

078501

8 BT S Z R 25 T 9% AlGaN/GaN HEMT #%
Er % R AL R 2 n &) 3 .

10

@ gy rad(Si)

® 1 Mrad(Si)

Ves= -3~ 05V
Step=0.5 V

0.6 ) ] 1.6

= 0 rad(Si)

| e 200 krad(Si)
A 500 krad(Si)
v 1 Mrad(Si)

0.

N

IDS/A

Vas/V

E 3  EfWT AlGaN/GaN HEMT #4508 11y J5 i 454
ek (a) SHBREZ (b)

Fig. 3. The output characteristic curve (a) and transfer
characteristic curve (b) of the AlGaN/GaN HEMT device

before and after irradiation under the zero-bias.
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Table 2.
maximum transconductance before and after irradi-
ation in AlGaN/GaNHEMT devices with different

Variation of saturation drain current and

biases.

KA (OFF) I (SEMI-ON) Ak (zero-bias)
Alpse/%  ~26.00 ~31.42 ~36.28
Agumax/ % —22.86 ~34.58 ~52.94
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Fig. 4. Charge distribution patterns of AlGaN/GaN HEMT

devices: (a) The off and semi-on states; (b) zero-bias.
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Fig. 5. Normalized channel current noise power spectral density in the AlGaN/GaN HEMT devices before and after irradiation:

(a) OFF state; (b) SEMI-ON state; (c) zero-bias.

# 3  AREWET AlCaN/GaN HEMT #3445 I
G Al B HE MRS Dl B (B V2 Hz Y)

Table 3. Flat-band voltage noise power spectral
density in the AlGaN/GaN HEMT devices before

and after irradiation under different biases (in
V2Hz ).

* 4 AFMWEF AlGaN/GaN HEMT #4818
A BRI AL (B7: cm 3-eV 1)

Table 4. The defect density in the AlGaN/GaN
HEMT devices before and after irradiation under dif-

ferent biases (in cm *eV ).

(OFF) (SEMI-ON)  (zero-bias)
0 rad(Si) 3.20 x 1014 2.65 x 10 3.18 x 10
1 Mrad(Si) 4.21 x 104 3.85 x 10 516 x 1014

K& I eS|
(OFF) (SEMI-ON)  (zero-bias)
Orad(Si) 4.106 x 10"  3.400 x 10'7 4.080 x 107
1 Mrad(Si) 5.402 x 107 4.940 x 107 6.621 x 10'7
AN/% 31.56 45.29 62.28
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(b) SEMI-ON state; (c) zero-bias (dot: measured value; con-

tinuous line: fitted value).
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ured value; continuous line: fitted value).
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Ionizing radiation damage mechanism and biases correlation
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Dong Shi-Jian?  Guo Hong-Xia V23t  Ma Wu-Ying?  Lv Ling?
Pan Xiao-Yu?®  Lei Zhi-Feng?  Yue Shao-Zhong?  Hao Rui-JingV
Ju An-Anb  Zhong Xiang-Li?  Ouyang Xiao-Ping Y%

1) (School of Materials Science and Engineering, Xiangtan University, Xiangtan 411105, China)
2) (State Key Laboratory of Science and Technology on Reliability Physics and Application of
Electronic Component, CEPREI, Guangzhou 510610, China)

3) (Northwest Institute of Nuclear Technology, Xi’an 710024, China)

4) (Key Laboratory of Wide Bandgap Semiconductor Materials and Devices, Ministry of Education,

School of Microelectronics, Xidian University, Xi’an 710071, China)
( Received 12 October 2019; revised manuscript received 7 January 2020 )

Abstract

In this paper, the total dose effect on AlGaN/GaN high-electron-mobility transistor (HEMT) devices after
0Co ~-ray irradiation with a total dose of 1 Mrad(Si) was investigated at different biases (Vog = -3 V, Vpg =
05V; Vagg=-19V, Vpg=05V; Vgg =0V, Vpg = 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 V-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 AlIGaN/GaN HEMT devices increased from 4.080 x 10'7 cm 3-eV ! to 6.621 x 10'7
cm 3.V ! under the condition of zero bias, and the result was in good agreement with test results of the direct
currentelectrical 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
AlGaN/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 devices irradiation.

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