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Fig. 1. V90 gas source molecular beam epitaxy growth sys-

tem.

%1 InP HEMT JMEZ5FIFE (S.LInP sub, 245

% InP #i%)
Table 1. Structure parameters of the InP HEMT

(S.IInP sub, semi-insulating InP substrate).

Layer Material Doping  Thickness/nm
Cap layer 1 Ing 65Gayg 35As nt 10
Cap layer 2 Ing 53Gag 47As nt 15
Cap layer 3 Ing 50Aly 45As nt 15
Etch-stopper InP un
Barrier layer  IngzAlg43As un
6-doping Si (3—6)x 10" ¢cm 2
Spacer layer Ing 50Al) 4sAs un hy
Channel In,Ga, ,As un te
Buffer layer Ing 50Al) 4sAs un 300
S.LInP sub

# 2 InP HEMT ZMES5HIRE b R B AT 2R i ik
Hdi

Table 2. Hall data of the InP HEMT structures
before irradiation.

Sample RT K
No. n/ u/ n/ u/
(102 cm?) (cm?Vist) (102cm?) (em?Vist)

Al 1.851 8010 1.858 17100
A2 2.201 7920 2.205 16500
A3 2.394 7810 2.402 15900
A4 2.695 7530 2.700 14800
B1 2.557 7870 2.557 15100
B2 2.394 7810 2.402 15900
B3 2.272 7980 2.270 16700
B4 2.105 8110 2.085 17600
C1 2.408 8310 2.410 18400
C2 2.420 8960 2.421 22600
C3 2.431 9510 2.430 26200
C4 2.444 10500 2.445 32100
D1 2.387 7780 2.357 15600
D2 2.394 7810 2.402 15900
D3 2.398 7820 2.404 16000
D4 2.340 7810 2.405 16100

FEAARIEET R (RT) AMIKIR 77 K 2B /RMLE
k2 ). K2 45t T HIE In 508 0.7 HiA
THJEREE N 12 nm # InP HEMT 548 TEM 43
Bl 21,

InGaAs
InAlAs

InP
InAlAs

Ing ;G

20 nm

Bl 2 InP HEMT 454445 K TEM 4347
Fig. 2. TEM analysis diagram of InP HEMT structural ma-

terial.
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037202-3


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 Z 3R Acta Phys. Sin. Vol. 71, No. 3 (2022) 037202
0.68 0.95 0.60 0.95
(a) (b)

2 2z 2
‘S 0.64f g g =
= 10.94 = 7 055 B
0 4 = 0.90 £
< 060} gL <
=) =} g =1
2 / {o.0s g osol / e
I - @ < // 5
S 056 5 5 n N
3 —m— uwRT R e 0.85 €
£ —ao— nRT | E £ —a— w77 K g
o 0.92 = 5 0.45 =
o 0.52 = =1 —A— n-T7T K =
3 X IS 3 IS

0.48 . L . . 0.91 0.40 L L L L 0.80

3 4 5 6 3 4 5 6

Doping density /(102 cm~2)

B 3 HTARIBXT AR § 24 B InP HEMT 4 i 7 B A i T3 B R0 0 — 1k 52 1

Doping density /(102 cm~2)

(a) ifit; (b) 77K

Fig. 3. Normalized 2DEG density (n) and electron mobility (u) versus 6-doping density measured at (a) room-temperature and

(b) 77 K irradiated by electron beam.
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Fig. 4. Normalized 2DEG density (n) and electron mobility (u) versus spacer layer thickness measured at (a) room-temperature and

(b) 77 K irradiated by electron beam.
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Fig. 5. Normalized 2DEG density (n) and electron mobility (u) versus channel In content measured at (a) room-temperature and

(b) 77 K irradiated by electron beam.
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Fig. 6. Normalized 2DEG density (n) and electron mobility (u) versus channel thickness measured at (a) room-temperature and

(b) 77 K irradiated by electron beam.
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Fig. 7. Schematic diagram of epitaxial growth and relaxation of InGaAs/InAlAs strained heterojunction: (a) Epitaxial layers with

different lattice constants; (b) strained heterojunction; (c) relaxation heterojunction.
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Structure parameters design of InP based high electron
mobility transistor epitaxial materials to improve
radiation-resistance ability”

Zhou Shu-Xing Yt  Fang Ren-Feng?  Wei Yan-Feng!?  Chen Chuan-Liang!
Cao Wen-Yu!  Zhang Xin? Ai Li-Kun?»  Li Yu-Dong?®  Guo Qi?
1) (Hubei Key Laboratory of Low Dimensional Optoelectronic Materials and Devices,
School of Physics and Electronic Engineering, Hubei University of Arts and Science, Xiangyang 441053, China)
2) (State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsystem and
Information Technology, Chinese Academy of Sciences, Shanghai 200050, China)
3) (CAS Key Laboratory of Functional Materials and Devices for Special Environments, Xinjiang Technical Institute of Physics and
Chemistry, Chinese Academy of Sciences, Urumqi 830011, China)

( Received 7 July 2021; revised manuscript received 7 October 2021 )

Abstract

In order to improve the radiation-resistance ability of the InP based high electron mobility transistor (InP
HEMT) by optimizing the epitaxial structure design, a series of InP HEMT epitaxial structure materials with
different structure parameters is grown by gas source molecular beam epitaxy. These samples are irradiated at
room temperature by a 1.5-MeV electron beam at the same irradiation fluence of 2 x 10'® ecm 2. The electrical
properties of the two-dimensional electron gas (2DEG) for InP HEMT epitaxial materials before and after
irradiation are measured by Hall measurements to obtain the changes of the normalized 2DEG density and
electron mobility along with the epitaxial structure parameters. The relation between 2DEG radiation damage
and epitaxial structure parameters (such as Si-6-doping density, spacer thickness, channel thickness and channel
In content) of InP HEMT epitaxial structure materials is analyzed. The results show that the 2DEG of the InP
HEMT epitaxial structure material with higher Si-8-doping density, thinner spacer thickness, thicker channel
thickness and lower channel In content has lower radiation damage, which possesses the stronger radiation-
resistance ability.

Keywords: InP based high electron mobility transistor, two-dimensional electron gas, electron beam

irradiation, radiation-resistance
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