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Table 1. Comparison of theoretical and experimental
values of InP’s elastic properties calculated by different

methods.
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Fig. 1. Stable structures of different intrinsic point defects in InP (red balls denote In atoms, gray balls denote P atoms, and dark
blue balls denote In/P interstitial atoms): (a) V,; (b) Vp; (c) Ing; (d) P

¥4 B8 Schultz 5 von Lilienfeld 76 5. 811 DFT
5T 2 By 24 B T A 44, Hob ) S —ER 4
R SHEXTRRYE, B WA s H U 7 1) L LTy
HE B TR )t A T

ARG BIARE Vi, B Vp BESSH 3R E 1(a)
FIE 1(b) Fis. T2 (i gsAh i i sk, H -G —
P ol ZEXHAA 1 ) 2s LA TR AR i FE v, &k
B T2 B BE B S LA, ] B2 [ el DX d
. DR T YA B B, B SR 2
TS, R T 98INS5
] i DX 3RS By, A e 57 T A

AL JE HIAAE In; F2ELEINIA 1(c) Frn.
W Iny (T In) 4548 g & de X, M ARAE Ing 19 LS 45
¥, FERCEE A, In (B] R0 F PO JE ] In JR
A8 ) Y T AR b, TR B R T B S A LY In
JEF20 2.9 A, AN, Ing 8] BRAA A6 1A T 85—
Fofr D T A 55 A, 2% 435 # v T [ B D47 T R L
P A8 B DY T rcs () B DR T B LY
In JEF 2.7 AL BT LA AP DU T AR Z5 44, In (8] PR
JRF iR 25 55 — R 78 W 4% Y (R B B S 2

In;(100-split[In-P]) Z544, HZ5HH In MR 5
P JEF7E [100] J5 )8 B —1~ WIE4S AU ] B, 32 ] B
In F1 P WJETREE A 2.4 A A, Ing 8] B4 {0 5]
TS — RS R B, In PR F 2 5 05—
A In JFEFAE [100] J7 [ BL— > WA B[R B, 7 D
TR A 3.8 A.

e J5 W AAE Py AR e 454 T & 1(d) Fiios .
Pi(D,,001P) Z5 14 g it fe I, W AAE Py 1Y HE AR 45
1. Pi(Cy, h) L5, PLALRTH I 1B P AR 5
T T IR B i 1 =AS In JBE I LY T 0
[] 037 T 35 B8 il () = A PRI A S 1w vp
Loy (HEEDUAL)E P B 5 =4 In A9 M55
A 119.5°, 124.9°F1 115.5°, A7 T In JAFFH P,
=AY P RIS 121.6°, 115.4°, 115.9°,
WA AT A —F i, B In J5 X5 P [#] i+
SN R. Py( Cyy,p001In) £, P a] B 57
TFTHAEER 2.3 Ay P JEFHE], 5T HH In J&
FHEESN 2.4 AL Py(Dy,001P) 54, P JE 5
AHSRAY PRI B T WA BY R B, PR B S
2.1 A.

183101-3


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 18 (2024) 183101

W XT L InP 5 GaAs H10] PRSI FE A9 AR AE 55
SREEZER, PTHIE 1(c) Brnit) InP A In; R 4544
5 GaAs ' Gay Fa 8 L5 AHAL B2, X FARAE Py £
FELE S AAE As; RS 45 BT L ) HOR A 14
In; 5 Ga; ABFEAHRL. X2 T GaAs 5 InP B4R
HA ML ARG, HRFERF RS 2% 1 In
JEFE PR K, X8R R 22 5% 33 In (7]
BUFN Ga 8] BRAE il A% T A 7 B AR, 1 P[] B AN
As [B]BEUTE A% AL B BT AN

R T L A B A ER T, TR
S5, nge 2 g, T HOB s RE IS SCk(E
117 BT, THRER T In 1 P fh2E34 51
H-2.71 eV F1-5.63 eV, ARG 45 F 0T 50, 1T
A 5 SCRRE =2 8] B — BB, e KR 22 AN
it 3%. X FRIA SR il B S50 B R IE
HhY.

2 ORIFAAE ST SRR E 45 H 1A 3R e 4t B BT B A
LR

Table 2. Summary table of energy and formation energy
for different intrinsic point defect stable structural sys-

tems.
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Fig. 2. Stable structures of different charged point defects in InP (red balls denote In atoms, gray balls denote P atoms, and dark

blue balls denote In/P interstitial atoms): (a) V-2 ; (b) Vl'," ; () Pi+ ; (d) In
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Fig. 3. Migration energy barrier diagram for different In vacancy defects in InP (red balls denote In atoms, gray balls denote P
atoms, the yellow ball denote the migrating In atom and the green ball is the migrating P atom): (a) Vy,; (b) VI;?’ .
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Fig. 4. Migration energy barrier diagram for different P vacancy defects in InP (red balls denote In atoms, gray balls denote P

atoms and the green ball is the migrating P atom): (a) Vp; (b) V;— .
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Fig. 5. In{*‘3 point defect migration energy barrier diagram in InP (red balls denote In atoms, gray balls denote P atoms, and dark

blue balls denote In interstitial atoms): (a) Migration energy barrier diagram; (b) relative positions of structures in energy barrier

diagram.
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Fig. 6. IniJr point defect migration energy barrier diagram in InP (red balls denote In atoms, gray balls denote P atoms, and dark

blue balls denote In interstitial atoms): (a) Migration energy barrier diagram; (b) relative positions of structures in energy barrier

diagram.

Energy/eV

Distance/A

Bl 7 InP PP ILASRE AR (LLEN InJFF, KEN P T, WEEN P RIBET)  (a) TRAELRE; (b) iTH AR IE XS 1 454

Fig. 7. Migration energy barrier diagram for Pi+3 point defect in InP (red balls denote In atoms, gray balls denote P atoms, and

dark blue balls denote P interstitial atoms): (a) Migration energy barrier diagram; (b) peak corresponding structures.
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Abstract

As an important second-generation semiconductor material, indium phosphide (InP) possesses excellent
advantages such as a wide bandgap, high electron mobility, high photoelectric conversion efficiency, and strong
radiation resistance. It is considered an excellent material for electronic devices in aerospace applications.
However, point defects generated by space radiation particles in InP electronic devices can cause their electrical
performance to degrade severely. In this study, first-principles calculations are employed to investigate the
stable structures of point defects in InP and calculate the migration energy values of nearest-neighbor defects.
Four stable structures of In vacancies and three stable structures of P vacancies are identified by constructing
the stable structures of point defects in different charge states. The migration process of vacancy defects is
studied, revealing that the migration energy of P vacancies is higher than that of In vacancies. Moreover,
charged vacancy defects exhibit higher migration energy values than neutral vacancies. Regarding the migration
process of interstitial defects, it is found that the migration energy of interstitial defects is smaller than that of
vacancy defects. In the calculation of In interstitial migration process with different charge states, two different
migration processes are found. Besides, during the migration calculations of P interstitial, a special intermediate
state is discovered, resulting in multiple paths migrating to the nearest-neighbor position in the migration
energy barrier diagram. The research results are helpful to understand the formation mechanism and migration
behavior of defects in InP materials, and are important in designing and manufacturing InP devices with long-

term stable operation in space environment.
Keywords: InP, first principles, point defects, migration
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