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Figure 1 (Color online) Supercell structures of LiMgN with 48 atoms. (a) LiMgN; (b) Li;.,(Mg.9375Cug,0625)N
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F 1 LSDA 1 GGA #fifk LiMgN J5 By @A% #40. HERA1E 6k
Table 1 The calculated lattice constants, band gaps, and total energies of LiMgN with LSDA and GGA

LiMgN a(nm) b(nm) c(nm) WL Ey(eV) HABEeV) (BETH)
SERGR{EE 0.4955 0.4955 0.4955 3.23 -
LSDA 818 0.4913 0.4913 0.4913 2.47 —22960.54882
GGA &4 0.5043 0.5043 0.5043 2.18 —22989.45695
WIEN2K 358! 0.5010 0.5010 0.5010 2.28 -
6+ />\ (a) 5] /1\/2\ Li 25 (b)
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) Mg VP (c)
0 T 1 T 1 i v.\-l-
/1\2V’2\ N (d)
2s
=) £~ (e)
/ T F=---
T T T T
0 2 4 6
BEE (eV)

Bl 2 (MEZhU f)LIMgN SRR BE 454 1K (a), 73 IS EE IR Li (b), Mg (¢), N ()RS EEI# (e)
Figure 2 (Color online) The band structure (a), part density of states Li (b), Mg (c), N (d), and total density of states (e) of LiMgN supercell
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(R REAT S X FR, IR R TCH G A

2.2 Lig,(Mg;.,Cu )N R HL 1854
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EHEBEAER T TR, RETUFL, Cus
LiMgNJ& & & St 5 5 A 98N, Ha, b, cHEAR—3,
11 24 LiAE f b 5 — 7 1] 25 057 sl SR B sl 00 6] 7 ) 9%
7 ) A RO DB/ INER . EVRE R, AE i
I LiZs 5 AL 45 48 35 SR T b A o 7 1) 9 3 1377
B, PR AR SR EGX 2R 25 44 40 M Cuds 2% I Lind & A
LiA 2 i

30 CutB 22 LiMgN DL K2 AH 7 B Li%s {37 ATLiSEL R
() H e AL RERT . B3 (a), (b)PIHl, Cuis
LiMgNJ5 & R BAK SR AA 76, HAKSR by B 7 B 2
Sk, ST A AR AR T A EL K DX B s X AR S G
JEAb, HEBE R2.42 eV(F3), HLAELiMgNBS/N, 3
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Table 2 The lattice constants and total energies of Li; - ,(Mgo.0375Cuo.0625)N with different positions, excess and deficient of Li

EETTRT
A Liy., (Mg, Cu)N Gy %f*(“m) KbEEV) (3%
a c

Li(Mgo.9375Cuo,0625)N 0.4901 0.4900 0.4900 -23333.56127
Lig.9375(Mg0.9375Cu0,0625)N-1 0.4893 0.4885 0.4901 —23143.49328
Lio.9375(Mg0.9375Cu0,0625)N -2 0.4885 0.4893 0.4900 —23143.56364
Lig.9375(Mg0.9375Cu0,0625)N -3 0.4905 0.4886 0.4885 —23144.25349
Li1 0625(Mg0.0375Cu0.0625)N -1 0.5061 0.4910 0.4918 -23518.18573
Li1 0625(Mg0.9375Cu0.0625)N -2 0.4910 0.5061 0.4917 -23518.23385
Li; 0625(Mg0.0375Cu0,0625)N -3 0.4937 0.4937 0.4976 —23518.57858
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Figure 3  (Color online) The spin polarized band structures. (a), (b) Li(Mgoo375Cu0625)N; (c), (d) Ligosz75(Mgo0375Cu00625)N; (€), ()

Li1 0625(Mg0.9375Cuo.0625)N. Inset: Enlarged view near the Fermi level

W Cu 48 A WA B IR LiMgN L f& |- iy 2 S K 1
ARSI T 5Cufl R 2. EH PRy
Ze A tesc, Hoh FE R _EAT A iER R 4345, HiE
i) - B R 25 R AT SR 2 B0 A 2k SRR R, T E 1)
THIREHZEA R, 22 B A FORRER, R —E
4 JE M, DI AR R REAR BRI T & E
PO el E PR RE BRI & A e B, iR R
PR ATEREAT P IS, NI A e R kg . k4
& BEBR AT LAE s (0 134 2 4 8 R m iR i O 45 R EE T,
1A 2 I 2K 4 TR BEBR M 0.09 eV(F3), R EKI A
HBEHE A, 2% 0 E 2 A 800 A% T 7 A2 100%
) A TEM AL 2 T AL E3(c), (d)FCuiBZRLiMgN
JELiA B R 458, AW 45 5 Cuts 2
LiMgNAIL, TR R AR A 224 @R, A
[F] F) 2 2 o 1 S R, R & Jm aeBR dag K, 4
JEPERG SR, 3% 5 MniB 22 LiZnAs 5 LiAs & P B AE AL 2.
K3(e), (ALt & B AEETTS5H, 52 a0 R
A, JCie HBEM b A BEm T, 425 % Al
BRI TORRE, R R RIS AR
JF H AR ZR B LA Bk SR AR Sy T Rl Bk S
7, A BRERDN, SHAE IR, RPICuiBLiMgN
T 20 S PR AT R A R L ) 5 R Ol S B R T R
LEPEEES

4R 15 41 3 00 43 0 A5 % B R R B S % R
M E 4T LAE ), CutBZ4LiMeNJG, 7F 3% K A8 9 M
T SRR BE Y T, B ELE A BE M T A Lils,
N2pFICu3dA& L F. X LRI 246 LiMgN 9 45 %% 2 5] ]
PLEIL, HTFCuliB A, TEMHFLI2s, N2phy A%

JEEUEE URI2I] b i/, JFAE 2K BE GBI 1 30T 1 0 3
LHCu3dSH FAKBIE3EH S, RML2sE, N2pASHl
CuldZAH FHUE kA TiFM A b /EH, IE 22X F
sp-dZ8 HLAEH, AR RBEH A AEBFSL, A BEm T /Y
Cud& T 2 i, RE R HE B TR KRB Z I,
A R, XHSBUAR Aem FH
TR Z T HBEm T R i 4, iR & 7= 4 i
RERE. M4 SSRET LIE I, Algn EMA
JE [0 14 785 85 FE 7E 9 K BB 9 M I & A= B 34, X 3ok
RE LA N ) i 4 A SR T B AL, 19 B R 9 1
BE M 1.04u,(F23). K4(b)y Cus 24 LiMgNJ5 LiAs & Bif
W AR, aTLUE H, YL 2R, Bl b
Li2s, N2pXf Ly (01, 23k — DU 55, i3 inss,
H 85 3 2 oK BE G 19 52 LIS R, R WILIs A &
sp-dZ LI, W, RE AR S AE TR AR LT i, R
AW H T o 48 09 10, BB AR R A H LA L 5 90,
AT R TR 2R 28 & s BE B A . K1 4(c) i Cu
£ 24 LiMgN 5 Lisd & i 1Y 75 i % 8 &, Y Lid &
BF, #ray HLi2s, N2pxd R i1, WE27F Cuts A Y 3k
filt 34385, N 7E 2 OK BE SBT3 T . HL
Cu3d L T2 % B 1, W20 17 1Y e, FE 4 11 10 i 22 11)
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Figure 4 (Color online) The part density of states. (a) Li(Mgo.0375Ct0.0625)N; (b) Lig.9375(Mg0.9375CU0,0625)N; (€) Li} 0625(Mg0.9375CU0.0625)N; (d) total den-

sity of states

F3 CuBZ LiMgN R Li B Li B REF Lii. (Mgoos7sCuooss)N BIFFR . ZEHRE. RERBER. BEMERE
Table 3 The band gaps, impurity energy bands, half-metallic energy gaps, magnetic moments, and formation energies of
Li; . y(Mgo.0375Cu0.0625)N with excess and deficient of Li

il Liy., (Mg, Cu)N B Ey(eV) Fe I FEE (e V) 4R AER (V) T (us) JE R REEV)
Li(Mg.9375Cug0625)N 2.41 0.18 0.09 1.04 2.23

Lig.9375(Mg0.9375Cu0.0625)N 245 0.24 0.14 1.76 1.50

Li10625(Mg0.9375Cu0.0625)N 2.13 - - 0.66 2.80
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Figure 5 (Color online) The imaginary part of dielectric function (a)

and the complex refractive index function (b) of LiMgN before and after
doped
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Electronic structures and optical properties of new diluted magnetic
semiconductor Cu-doped LiMgN

DENG JunQuan, WU ZhiMin, YANG WuQing, CUI YuTing, HU AiYuan, ZHAO RuoYu &
WANG MinDi

Chongqing Key Laboratory of Photoelectric Functional Materials, College of Physics and Electronic Engineering, Chongqing Normal University,
Chongqing 401331, China

Using first-principles density functional theory based on the full potential linearized augmented plane wave method and the local spin
density approximation (LSDA), the geometric structures of pure LiMgN, Cu-doped LiMgN, and Cu-doped LiMgN with either excess
Li or Li deficiency are optimized, and their electronic structures, half-metallic properties, formation energies and optical properties are
calculated. The results indicate that Cu doping makes the Cu3d states hybridize with the Li2s and N2p states simultaneously, and this
leads to sp-d orbital hybridization. The resulting system produces spin polarization impurity bands, displays half-metallic behavior and
has a net magnetic moment. Li(Mg.9375Cug 0625)N is still a direct band gap semiconductor like LiMgN. The bottom of its conduction
band and the top of its valance band are both at the G point in the Brillouin zone. The band gap of the material is 2.41 eV, which is
slightly narrower than the value of 2.47 eV for LiMgN. There are a total of six impurity bands in the band gap. Three of these bands
are in the spin-up band, and the other three are in the spin-down band. In the spin-down band, the Fermi level goes through the
impurity bands, and thus the material shows half-metallic properties. The half-metallic energy gap is 0.09 eV. The strong sp-d orbital
hybridization causes the energy level to split, and the t2g energy level of the Cu3d state electrons in the spin-down band is pushed
above the Fermi level, which leads to half-filled states. The number of spin-up electrons is slightly more than that of the spin-down
electrons, and the Li(Mggg375Cuo625)N system has a 1.04u, net magnetic moment. The properties of the Li-deficient or Li-excess
systems are affected by the stoichiometric number of Li in each case. In the Li-deficient compounds, the Li vacancies strengthen the
sp-d orbital hybridization, and make the impurity band width, the half-metallic properties, the net magnetic moment, and the Curie
temperature increase, while the formation energy decreases from 2.23 to 1.50 eV. In contrast, the half-metallic behavior of the
Li-excess Cu-doped LiMgN vanishes, and the system becomes an indirect band gap semiconductor, although its band gap narrows to
2.13 eV, and its conductive properties become stronger. These results show that the LiMgN semiconductor is a realistic candidate
diluted magnetic semiconductor material with decoupled charge and spin doping, in which the charge and the spin can be injected
separately via Li off-stoichiometry and Cu isovalent doping. The calculated dielectric function indicates that these Cu-doped systems
have a new dielectric peak in the low-energy region. The Li deficiency enhances both the dielectric peak and the absorption of
low-frequency electromagnetic waves, while there is an obvious change in the complex refractive index function.

Cu-doped LiMgN, electronic structures, optical properties, first-principles calculations
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