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Table.1 Structure parameters of the INP HEMT

Layer Material Doping  Thickness(nm)
Cap layer 1 INo.65Gag.3sAS N+ 10

Cap layer 2 INo53Gag.47AS N+ 15

Cap layer 3 INo.52Al0.48AS N+ 15
Etch-stopper InP Un 4
Barrier layer INo.52Al0.48AS Un 8
d-doping Si 3x10'?2 cm2~6x10*2 cm

Spacer layer

INo.52Al0 48AS

Un

hw



Channel InkGai-xASs Un tw
Buffer layer INo.52Al0.48AS Un 300
S.L.InP sub
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Table. 2 Hall data of the InP HEMT structures before irradiation

RT 77K
Sample N, L N, L
No. 102cm?  cm*(Vs)'!  10%cm? cm?(V s)-1
Al 1.851 8,010 1.858 17,100
A2 2.201 7,920 2.205 16,500
A3 2.394 7,810 2.402 15,900
Al 2.695 7,530 2.700 14/800
Bl 2.557 7,870 2.557 15,100
B2 2.394 7,810 2.402 15,900
B3 2.272 7,980 2.270 16,700
B4 2.105 8,110 2:085 17,600
C1 2.408 8,310 2.410 18,400
C2 2.420 8,960 2421 22,600
C3 2.431 9,510 2.430 26,200
C4a 2.444 10,500 2.445 32,100
D1 2.387 7,780 2.357 15,600
D2 2.394 7,810, 2.402 15,900
D3 2.398 7,820 2.404 16,000
D4 2.340 7,810 2.405 16,100

InGaAs

InAiAs

InP
InAlAs

Iny;Gag sAs

InAlAs

K2 InP HEMTZ M #4 BI TEM 43 #7
Fig. 2 TEM analysis diagram of InP HEMT structural material
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Fig. 7 schematic diagram of epitaxial growth and relaxation of InGaAs/InAlAs
strained heterojunction

M IS T LA 5% 214 38 InZH 73 BRI InP HEMTAME AT RE — 48 FL 1A% 8 45




AR /N SRR T BT, 78 AR S TE (7438 InGawxAs/ INAIAS T FBF, i
& RN PR BT AR 2 ) 51 N R AEAR AN, AIME JE A 0] A 1 4 N AR A e i 8
At JECUTHL, R b 5 BOTE P AT T 575 425 1 1D AR T A 7 T R SRR 406 /I8, 52 380 30U Bl
JERLFT, [RIF R R A5k N AR, 4 P 7(a) A17 (b) InGaAs/ INAIAS M A% 57 7 45 1K)
HMEA KRB B TR TEXU RN AR E R, 1§ SR 2 .
AE=—qa-£>0,

a AIEBHART0, SMEHTIEREEG G o REME/NTET0. W EmA
TP LA H Bl T N AR 15 R S ot &5 1 R s B R 2 B 18K, TR NAR IR T 2%, 1
) BR AL S 2 BRAE W K. BEAE Indl 0 RO OR, e REARHE K VARE SR 45 57 i 5
BFARER, BT = 4E i U B B EC IR, B IE A R PRI, (R F B Tt
FERF BT HEAGHEBRE T, SRR RAOREHERAG R, k2
HCLFE MR R, L FEAMER)E, Wi RS FEar s, &
RECNAZ TR, 5 B0ATE InkGal«AsN AR 2 1 ks 4 o i InP i % 7 0 i AH
&, AR B EKE I AE S o 4 SR B AR SR A TR TS R, an 7 () .
A1 S 4 S5 5 B 4 £ 3 BV InZEL 7 w5 (Y IRB/HEMT 411 48 &5 ) v 17 A8 1 Bk it
TEE TR, FEE TP RRK, BRSBTS A b AR A R 2 1 A
JREU S 158, SEGATE INGLS S (InP HEMTAMNEZS MR — gl 73T
FARMBL TR, i RIS 2 8 8O TE INZH /R AR BN InP HEMT 4k H
FA T IE R RBGARRIAS, [F0F, V418 57 5 45 SR 5 75 S 6B 7 3R R
J5 2 BB I e A 9 R B S P Y, (SR RE T R R RIS, =M
BIFAR R, 18 R 2 F SO B R B PR AR TR, [ R AR i T4 S 2 5 B0 B
2 — 2 PRI O B 4 F RO B IR R BRI, BRI, B S InZH 503
PN DY S 6 N R e 7 I P (EP L R =Y S VAT b dEE = P s e
FL AR BV BE K. T DAVAIE InZH 43 AR InP HEMT 4 FE S f) 4 A6 4 45
BAGEUN, B IR IR A ).

M6 T] DA %% 21 74 16 5 FE 5 B 1 InP HEMT AME R RF — 4 B 1/ 48 BR 45145
AR N, BT InP HEMT AP E £5 /4 R R — 4 i 7SR FE AT R T B8 R Bl 1y
T8 JE AR AN 2, IR 2R, (EAH F)fR BN B 5 1 T, FESNE SRR R 5N
(2 B 0 R P A R AR — B, SR R A T 4 IR NN H



SEAME, JHIEEEEXTINP HEMT 4k L7/ SIR BEFR ST B A je i se /N, T LA 22066
Ath B, AR IBTE R BRI SN SR IR BOR, I AR S Sk
B SRAE S ST, BT BRVA S SR, R P PR R B T e e,
TR g PR B G BUN R, S E0ATE R InP HEMT 4k 8
TR BGARR R, B S 2 380818 5 EEBE M InP HEMT 4t
T T IR AR AR B,

&

AT I SRR E, TR T A FESMES N ZE WP HEMT FhE
SERGRARL AR S SRR B 7. BRI AT InP HEMT AhAE 250 b4 Rl — 4k e
TR 5ANE SIS E (BN Si-6 B 24IKE . InGaAs Wil J5 & FIVAIE In
Hor UL RS R R LSS ZHD MBS R, S5 YAEIMES: ) InPHEMT
MR 2 S — IR A D R B A NES AR . (AR
52, AR S BRIKEEBRR, &R )= EEENE/ InGaAs VI EEECR, 118
In 253 BARPIAZ /N InP HEMT Ak SE &AL b 4k BT SRR S 45 40 FE R LA
HAHRMBREEE 7). K00 HEE LN D B S5k R Rk R
feid, PEAER B AR ERERE, HAEAGR MEMT 418 InGaAs/InAlAs 53 i 45 [ i/
DX ek = A S5 I, R A SR B, A R B X S R A T AR SR
SEERBARESL, HKE A AR, UM R S B T ARUT R R R, [T,
VE) T S5 T 45 S R A 5 SRR M A SR IR 5 2 HH OB I e AT 0 55 SR o T A
ML, (SR e MR A, =AU B IR
PRAR. 2) mrdAE Sixd A ARG B9 A R TR s 1 4l OR B, PRI
Y TR B AR R IR, 3) T In ALy RIARVATEAT R TR e kS,
LA 2 BRI S B 25 B A% ot OB TR A8 BE B e o 465 R TR A AL B Bk, 3
WA TR R EE T, HAMNAR G RE o FN S8R TP 22 K,
B IR D PR

5

SR
[1] Cha E, Wadefalk N, Moschetti G, Pourkabirian A, Stenarson J, Grahn J 2020 IEEE Electron

Device Lett. 41 1005
[2] Hamada H, Tsutsumi T, Matsuzaki H, Fujimura T, Abdo I, Shirane A, Okada K, Itami G, Song
H J, Sugiyama H, Nosaka H 2020 IEEE J. Solid-State Circuits 55 2316



[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

Sato M, Niida Y, Suzuki T, Nakasha Y, Kawano Y, Iwai T, Hara N, Joshin K 2017 IEICE Trans.
Electron. E100C 417

Tang J J, Liu G P, Zhao G J, Xing S, Malik S A 2020 J. Vac. Sci. Technol. B 38 023202

Tang J J, Liu G P, Song J Y, Zhao G J, Yang J H 2021 Chin. Phys. B 30 027303

Gu W, Zhang J, Wang C, Feng Q, Ma X-H, Hao Y 2009 Acta Phys. Sin. 58 1161

Ives N E, Chen J, Witulski A F, Schrimpf R D, Fleetwood D M, Bruce R W, McCurdy M W,
Zhang E X, Massengill L W 2015 IEEE Trans. Nucl. Sci. 62 2417

Fleetwood D M 2015 IEEE Trans. Nucl. Sci. 62 1462

Sun S X, Ding P, Jin Z, Zhong Y H, Li Y X, Wei Z C 2019 Nanomaterials 9 967

Daoudi M, Kaouach H, Hosni F 2016 Optik 127 7188

Chen R, Liang Y, Han J, Wang X, Yang H, Chen Q, Yuan R, Ma Y, Shangguan S 2021 Acta
Phys. Sin. 70 116102 (in Chinese) [, ZE0As, #hith, LI, MR SR, 5
e, EE W8 2021 ##E47R 70 116102)

Sun S X, Yang B, Zhong Y H, Li Y X, Ding P, Jin Z, Wei Z C 2020/J/Rhys! D: Appl. Phys. 53
175107

Warner J H, McMorrow D, Buchner S, Boos J B, Roche N, Paillet PrGaillardin M, Blackmore
E, Trinczek M, Ramachandran V, Reed R A, Schrimpf R D2013 IEEE Trans. Nucl. Sci. 60 2651
Pearton S J, Ren F, Patrick E, Law M E, Polyakov A Y12016<ECS J. Solid State Sci. Technol. 5
Q35

Lin L, Liao Z, Liu Q, Lu T, Feng X 2002 Surf<Coat. fechnol. 158 737

Lin L, Li Y, Chen W, Jiang J 1995 Journal/of Sichuan University(Natural Science Edition) 32
39 (in Chinese) [FREIM, 2R, MR TLIR, ARG 1995 V7)1 AR F 28 F1AR) 32 39
Jinjin T, Guipeng L, Bangyao M, Salamat' A; Guijuan Z, Jianhong Y 2021 Phys. Lett. A 410
127527

Zhang Z, Cardwell D, Sasikumar A, Kyle E C H, Chen J, Zhang E X, Fleetwood D M, Schrimpf
R D, Speck J S, Arehart AR, Ringel S A 2016 J. Appl. Phys. 119 165704

Smith M D, O'MahonyD,Vitobellp F, Muschitiello M, Costantino A, Barnes AR, Parbrook P
J 2016 Semicond. Scii\ Technel. 31 025008

Zhong Y H, Yang,B, Chang M M, Ding P, Ma L H, Li M K, Duan Z Y, Yang J, Jin Z, Wei Z C
2020 Chin. Phys;"B29-038502

Shu-Xing Z, Ming.QxLi-Kun A, An-Huai X, Li-Dan W, Peng D, Zhi J 2015 Chin. Phys. Lett.
32116

KlaassemD’'B*M 1992 Solid-State Electron. 35 961

Ma'ly/ Li Y, Guo Q, Ai E, Wang H, Zeng J 2015 Acta Phys. Sin. 64 154217 (in Chinese) [* [
W 57, SRE, WURH, T, R, MR 2015 #EF4IR 64 154217)

Anderson N G, Laidig W D, Kolbas R M, Lo Y C 1986 J. Appl. Phys. 60 2361



Structure parameters design of InP HEMT epitaxial materials to
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Abstract

In order to improve the radiation-hardened ability of the InNPAHEMT by optimizing
the epitaxial structure design, a series of InP HEMT epitaxial structure materials with
different structure parameters were grown by gas’'source/molecular beam epitaxy
(GSMBE). These samples are irradiated at room tempeérature by 1.5 MeV electron beam
at the same irradiation fluence of 2x10%em2 The electrical properties of the two-
dimensional electron gas (2DEG) for.lnP 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
relationship between 2DEG vadiation damage and epitaxial structure parameters (such
as Si-6-doping density,/spacer thickness, channel thickness and channel In content) of
InP HEMT epitaxial,structire materials was analyzed. The results show that the 2DEG
of the InP HEMT epitaxial structure material with higher Si-6-doping density, thinner
spacer thickness, thicker channel thickness and lower channel In content has lower

radiation damage, which earned a stronger radiation-hardened ability.

Keywords: InP HEMT; two-dimensional electron gas; electron beam irradiation;
radiation hardening
PACS: 72.80.Ey, 71.10.Ca, 61.82.-d, 61.80.-x
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