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First Principles Calculations on Interfacial Properties of
Ti-Doped AIN(0001)/Mg(0001) Interface

WU Zhichen, YAO Junping, LI Qin, ZHOU Lanmin
(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract; In this study, the stability of different terminal AIN(0001)/Mg(0001) interface models and the effects of Ti
addition on the bonding strength and electronic structure at the AIN(0001)/Mg(0001) interface are investigated based on
the first-principles calculations. The calculation results show that the N terminated FCC site interface structure is the most
stable interface model, with a work of adhesion as high as 10. 72 J/m”, and the N-terminated AIN/Mg interface is more sta-
ble compared to the Al-terminated AIN/Mg interface. The bonding strength of the N-terminated FCC site structure of the
AIN(0001)/Mg(0001) interface is significantly enhanced with the addition of Ti. The charge transfer between atoms at the
interface is enhanced with the introduction of Ti atoms, resulting in the formation of strong Ti—N covalent bonds between the
N atoms and Ti atoms at the interface. Consequently, the bonding strength and stability of the interface are improved.
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Table 1 Lattice constants of bulk AIN and Mg

Method a/A /A a b%

GGA-PBE ( this work)  3.217  5.101 90° 120°

Mg GGA-PBE!"! 3.159  5.073  90° 120°
Expl ' 3.210 5171 90° 120°
GGA-PBE(this work)  3.135  5.028  90° 120°

AIN GGA-PBE!"™! 3.125  5.008  90° 120°
Exp'®! 3.110  4.978  90° 120°

3.2 FREERBEIMWEIL

T S Sy SRR Y 2 R B E T e R, —
PB4 T A e MG A0 2 T B A O R R O R T, AR
SCXF Mg f AR LA T b T 45 M 4 25 1 REHEAT T
M, HBLEESE T Mg db iR A AR R Mg (0001) i
Mg(1010) i, Mg( 1011) WAl Mg( 1122) THI%I FK T fE
E, R ()™,

N,
slab
E slab ( N E bulk
bulk

E = 1
. o (1)

A, E, 90 RN %S 2K R TR 5 B A RE
Ny, FIN, 7353012675 ZR TSRS % v i i 5~
Ey o HIEMIRERE, A R THAAL R AR
TER A REEATIEENE , T4t 7 200 iR
A TRIAETS, HREARINE 2 Pos, mRITHmED
FI Y % W AE K/ HEFE N Mg (0001) < Mg (1010) <
Mg(1011)<Mg ( 1122), [ A< SC % £ 75 10 B 5 11K 19
Mg(0001) TI{E 454 M, TEZEHE AIN RIH A 45 5 T,
FETHI N BIRESE B 2% S8 B S B AR IO B2 AR, A e+
He AIN(0001) T 255 T, Mg F1 AIN F S A% FE L w
A (2) T
20
we! Angiooo) A cooon) )
P, Ay oy T Ay oo, 78 51 AR Mg (0001) 1 AIN
(0001) KA R, 2 F7R PR HEE S5 R TH R,
x2 ER Mg REREHRENRERE
Table 2 Surface energies for low-index surfaces of Mg crystal

Model Mg(0001)  Mg(1010)  Mg(1011) Mg(1122)

E../(J/m®)  0.559 0.572 0.718 0.719
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Table 3 Surface energy of Mg(0001) and AIN(0001) with differ-

ent layers
Layers EMg(OOOZI)/ Eivconony / (J/m?)
(J/m™) Al-terminated  N-terminated

3 0.57

5 0.56 7.19 4.80
7 0.56 7.24 4.93
9 0.56 7.27 5.01
11 7.30 5.04
13 7.30 5.05
15 7.31 5.06
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Fig. 1 Six possible stacking sites for the AIN(0001)/Mg(0001) inter-
faces, (a~c) for N-terminated interfaces, and (d~f) for Al-ter-

minated; (a, d) OT-site, (b, e) HCP-site, (c, f) FCC-site
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Fig.2 UBER curves for the six AIN(0001)/Mg(0001) interface
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Table 4 Work of adhesion, interface energy and interfacial dis-
tance for the six AIN(0001)/Mg (0001 ) interface struc-

tures before and after relaxation

Unrelaxed Relaxed
AIN(0001)/ Stacking
Mg(0001)  sites dy/A Wudg dy/A Wad; Yim/z
(J/m*) (J/m*) (J/m")

oT 2.75 0.34 2.31 1.36 4.24
Al-terminated HCP 2.5 1.81 2.51 1.96 3.64

FCC 2.25 1.34 2.23 1.52 4.08

oT 2.5 2.93 2.05 4.10 3.76
N-terminated HCP 2.25 2.68 2.04 3.97 3.89

FCC 1.0 8.84 0.62 10.72  -2.86
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Fig. 3 Doping site of AIN/Mg-Ti interface after super cell
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Table 5 The substitution formation energies for different substitu- L | . ‘
tion sites
Substitution site a b c
S“bs“;z:r"g';/fg“ati‘m ~2.14  0.26 0.73
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15 T, 400002
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N T RN Ti TCR A AIN/Mg 11 45 4 50 8 B2 i, 500062
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Mg (0001 ) F1f 22 73 HL A 285 B2 (8] (18] 4a) W7, FHIEIAL Mg
JEF1 N R A T U8 A58, &S 8HE Mg
JEF-BRESIE T AR for FE L IX, XU A 3 =22 ) mT e A
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fap iR AR s | IS A ok A B

J TR RS AR, IR T T B4
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b, XA RE SRR T 22 8 B A BRI TR, BeAh, AimAb
Mg 1) 2p i 5 N 19 2p BB fEE — LG (H 2L 4k (0 M
-4 V), XRWPCLILRL T ILMEE, Fmkk Mg J5Fid 17
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iy 2 BE 1A

Fig.4 Charge density of the undoped (a) and Ti-doped (b) AIN(0001)/
Mg(0001) interface
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Fig. 5 Projected density of states( PDOS) of the undoped (a) and Ti-doped (b) AIN(0001)/Mg(0001) interface
F6 TiBZEHEREAMN Mulliken BREHENESE
Table 6 Mulliken charge population and bond population at the interfece beore and after Ti-doping
Atoms s p d Charge Bond Population
N 1.75 4.47 -1.22 Al—N 0.47
AIN/Mg Al 0. 64 0.96 1.40 Mg—N 0.45
Mg 2.44 6.67 0.89
N 1.70 4.34 -1.05 Al—N 0.48
Al 0.63 1.04 1.34 Mg—N 0.59
AIN/Mg-Ti
Mg 2.36 6.78 0.86 Ti—N 0.78
Ti 2.19 6.37 2.49 0.95
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S, MR R 1 AL I A5 A i B AR E
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