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Bl 1 (lﬁ]é%ﬁ)i%éE)Liliy(cal—anx)NEgﬁEaﬂﬂﬂéﬁ*@- (a) LiCaN; (b) Li(Cagg;sMng 155)N; (c) Liggrs(CaggrsMng 55)N; (d) Liy s

(Cayg7sMny 1,5)N

Figure 1 (Color online) Supercell structures of Lij.(Ca;_,Mn)N. (a) LiCaN; (b) Li(Cayg;sMng»5)N; (¢) Liggr5(CaggsMng 125)N; (d) Liy a5

(Cap z7sMng 15)N.
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2), HKacimiZs NS5 (2.294 eV)IE K, Xt
A ST R F T 5 5 7 VR D) SE T AT . i 2
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Table 1 The lattice constants, total energies and formation energies of Li;,,(Ca; Mn,)N

Ak H A (nm)

fm Mt HEE (eV) TEHRE (eV)
a=b
LiCaN 0.5402 0.5402 —11701.3556 -
Li(Cagg7sMng 15)N 0.5321 0.5331 —11345.1675 —4.032
Lig g75(Cag g7sMng ,5)N 0.5304 0.5285 —11159.0801 -3.831
Li; 155(Cagg7sMnyg, 155)N 0.5321 0.5717 —11533.3558 -6.335
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Figure 2 (Color online) The band structure (a), and partial density of states Li (b), Ca (c), N (d), and total density of states (¢) of LiCaN.

F 2 Li(Ca, Mn )N, 005 6 A1 42 JB AR

Table 2 The band gaps, impurity band widths and half-metallic gaps of Li,.,(Ca,_Mn)N

w fi WHRE, (eV) IR RSE (eV) LB (eV)
LiCaN 2.440 - _
Li(Cay5sMny, 155N 2.461 0.742 0.411
Lig g75(Cagg7sMng 125)N 2.112 0.974 0.769
Li; 125(CaggrsMng 125)N 1.802 1.168 0.071
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Bl 3 (W]é’%ﬁ}jféﬁ@) Lilty(cal—anx)Ngjj}%*&/f'tﬁé% K. (@), (b) Li(Cagg7sMng155)N; (c), (d) Liggrs(CaggrsMng 125)N; (€), () Liy s

(Cay37sMng 155)N

Figure 3 (Color online) The spin polarized band structures. (a), (b) Li(Cayg,sMny 1,5)N; (¢), (d) Ligg75(Cagg7sMng 155)N; (e), () Li; 155(Cag g75Mng 05)N.
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Figure 4 (Color online) The partial density of states. (a) Li(Cagg75Mng 155)N, (b) Lijg75(Cag57sMng 155)N, (€) Li; 155(Cag g7sMng 125)N; (d) total density of
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F 3 Li(Ca,_ Mn )Nk R & FE RIS RIE

Table 3 The atomic magnetic and total magnetic moments of of Li,.(Ca;,Mn,)N systems

Ry o) Ll (us) CaldidE (us) NHGFE (us) MnfliH (ug) RHEE (1)
LiCaN 0.00 0.00 0.00 0.00 0.00
Li(Cag g7sMng 12N 0.28 0.72 0.64 332 4.96
Liosr5(Cag g7sMig 129N 0.16 0.46 0.48 2.84 3.94
Li, 125(Cag g7sMng 1o5)N 0.14 0.28 0.32 2.94 3.68
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Figure 5 (Color online) The imaginary part of dielectric function (a) and complex refractive index function (b) of Li,,(Ca,;_Mn,)N.
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Figure 6 (Color online) Optical absorption spectra (a) and energy loss spectra (b) of Li;.,(Ca;_Mn,)N.

057502-7



MRS, R EEE MBS J)0E R3O0 2018 48 SH 48 % S M

4
— LiCaN
T 77 Li(Cay g7sMng 6N
\ —_ .

3k ; \\ Lig g7s(Ca,675MNg 45N
= 'I' oo L, 155(C85575MNg 156N
2 -
z
S
g 2f
=1
=]
c
S
o

1k

7. ,/,/ \
12 D
ol 7 S
0 5 10

Energy (eV)

Bl 7 (M40 E)L,L,(Ca,_ Mn )N L5 5 R B R 30
Figure 7 (Color online) The imaginary part of photoconductivity of
Li;,,(Ca;_,MnyN.

FRAMAETRRITILE, HESRERARAILHET
R NI AT BT R, XS R RO B, sk T
Jer FRIE LI, RS BeE SRR AR
TR T, BRI TGRS BUA R T R
K.

4 Eig

RSO T B R BRAR (5 — PR SR R R T

SE

%, XIMniB 24 LiCaN M Honk B LA B AL &4k &
HATE AL, THRIE TR RIIREAT S TERRE
FE2EE R4S, 45 LW LiCaN2 G4k m] LUl it Mn™
BHCa” Bz HILi S, Sl E e BarEANL
B, Mnff3B AN EE M Cads, N2pllKMn 3dEs
HLF K Aesp-dBiE 44k, (FREHTES R, 75T KRed B
BRIV, 1R 4960, 1R RRIN 14 R B iE Tk,
TELIAS I -4 SR/ Pk fe o, 1 AR D/ 3,940, TELI
HEER, -2 RN TR R AR, 8 AT T
K, IRRRINEF LB, BiERE— DU/ N3.68us,
{HIE CREREAR, R R e, LiA ML & E iR
AR T R Mty A it s, HLud &0 e, i
XTHOESAEFUR L, MnB N JR, TENHREUET. &
Prate ek . R, 6 TR R ORI AR X
YA EAR, HAELIAN MLt 2 B0, K
TR AT LR I, 4B A R R I T R Y
VA TR, X SRR O B, TR SR
MITERHLEL. R R RIEE T, TTUE HB Rk R
FIlg R R T WAL, 2O B R RHE, I
HB 30k R 8 R G IEE G Frig R, X RS Ak
RAE T AR B R % B FARRER. Lif
5Lt AN T HiBMnRE &3 R TG frig ok, X
Y iZ B 2k RAELIA 2 5 Liid & 58 %55 1
PRARS G L

1 Zhao J H, Deng J J, Zheng H Z. Research progress of diluted magnetic semiconductors (in Chinese). Prog Phys, 2007, 2: 109-150 [i{X#4E, X5

T, FRJERE. M SRR A R LA 2007, 2: 109-150]

2 Dietl T. A ten-year perspective on dilute magnetic semiconductors and oxides. Nat Mater, 2010, 9: 965-974, arXiv: 1108.2582

Zuti¢ 1, Fabian J, Das Sarma S. Spintronics: Fundamentals and applications. Rev Mod Phys, 2004, 76: 323-410

4 Kaczkowski J, Jezierski A. Ab initio calculations of magnetic properties of wurtzite Al 375TMg 65N (TM =V, Cr, Mn, Fe, Co, Ni). Acta Phys Pol

A, 2009, 115: 275-277

5 LiuJR, Zhang J F. Electronic structure and ferromagnetic properties of V-doped AIN (in Chinese). J Southwest Normal Univ: Nat Sci Ed, 2010,
35: 17-21 [XIRER, TRARIE. VIBARAINK BTG5 R A BRI T SRE 7L, PRI R 22224 B AARLEEAR, 2010, 35: 17-21]

6 Ohno H. Making nonmagnetic semiconductors ferromagnetic. Science, 1998, 281: 951-956

7 Potashnik S J, Ku K C, Chun S H, et al. Effects of annealing time on defect-controlled ferromagnetism in Ga,_Mn,As. Appl Phys Lett, 2001, 79:

1495-1497

8 Masek J, Kudmovsky J, Maca F, et al. Dilute moment n-type ferromagnetic semiconductor Li(Zn,Mn)As. Phys Rev Lett, 2007, 98: 067202

9 Jungwirth T, Novak V, Marti X, et al. Demonstration of molecular beam epitaxy and a semiconducting band structure for I-Mn-V compounds.

Phys Rev B, 2011, 83: 035321

10 Jin C Q, Wang X C, Liu Q Q, et al. New quantum matters: Build up versus high pressure tuning. Sci China-Phys Mech Astron, 2013, 56: 2337—

057502-8


https://doi.org/10.1038/nmat2898
http://arxiv.org/abs/1108.2582
https://doi.org/10.1103/RevModPhys.76.323
https://doi.org/10.12693/APhysPolA.115.275
https://doi.org/10.12693/APhysPolA.115.275
https://doi.org/10.1126/science.281.5379.951
https://doi.org/10.1063/1.1398619
https://doi.org/10.1103/PhysRevLett.98.067202
https://doi.org/10.1103/PhysRevB.83.035321
https://doi.org/10.1007/s11433-013-5356-2

MRS, R EEE MBS J)0E R3O0 2018 48 SH 48 % S M

11

12

14

15

16

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

2350

Deng Z, Zhao K, Jin C Q. New types of diluted magnetic semiconductors with decoupled charge and spin doping (in Chinese). Physics, 2013, 42:
682-688 [XSIE, XM, ¥THH. MLAT A BEE AHUHI 7 B R AR 3 0. WL, 2013, 42: 682-688]

Deng Z, Jin C Q, Liu Q Q, et al. Li(Zn,Mn)As as a new generation ferromagnet based on a I-II-V semiconductor. Nat Commun, 2011, 2: 422
Sato K, Fujimoto S, Fujii H, et al. Computational materials design of filled tetrahedral compound magnetic semiconductors. Physica B, 2012,
407: 2950-2953

Kacimi S, Mehnane H, Zaoui A. I-1I-V and I-III-IV half-Heusler compounds for optoelectronic applications: Comparative ab initio study. J Alloys
Compd, 2014, 587: 451458

Yin LY, Sun M H. Structure and relaxation dynamics of liquid nickel of Earth’s core-mantle by first-principles molecular dynamics (in Chinese).
Chin Sci Bull, 2013, 58: 426-431 [FUN4E, FhESHE. 55— 178 )y 22 T SREA AR F TN SRS )y 2R . A0l ik, 2013,
58: 426-431]

Kieven D, Klenk R, Naghavi S, et al. I-I1I-V half-Heusler compounds for optoelectronics: 4b initio calculations. Phys Rev B, 2010, 81: 075208
Segall M D, Lindan P J D, Probert M J, et al. First-principles simulation: Ideas, illustrations and the CASTEP code. J Phys-Condens Matter, 2002,
14: 27172744

Vanderbilt D. Soft self-consistent pseudopotentials in a generalized eigenvalue formalism. Phys Rev B, 1990, 41: 78927895

Monkhorst H J, Pack J D. Special points for Brillouin-zone integrations. Phys Rev B, 1976, 13: 5188-5192

Fischer T H, Almlof J. General methods for geometry and wave function optimization. J Phys Chem, 1992, 96: 9768-9774

Janotti A, van de Walle C G. Native point defects in ZnO. Phys Rev B, 2007, 76: 165202

Jahn H A, Teller E. Stability of polyatomic molecules in degenerate electronic states. I. Orbital degeneracy. Proc R Soc A-Math Phys Eng Sci,
1937, 161: 220-235

Hu Y X. The first principle calculation on LaMnOs/SrMnOj; superlattice (in Chinese). Dissertation for Master Degree. Lanzhou: Lanzhou
University of Technology, 2013 [# % %. LaMnO,/StMnO,it# & Ff it 55 — 1 JF BRI 7. Wil 2001850, 2200 22 BT K%, 2013]
Dinh V A, Sato K, Katayama-Yoshida H. Enhancement of 7 by a carrier codoping method with size compensation for nitride-based
ferromagnetic dilute magnetic semiconductors. J Phys-Condens Matter, 2004, 16: S5705-S5709

Deng J Q, Wu Z M, Yang W Q. Electronic structures and optical properties of new diluted magnetic semiconductor Cu-doped LiMgN (in
Chinese). Chin Sci Bull, 2015, 60: 830837 [MSZAL, #ER, MK, BrAME - S A CuB I LIMgNAY - T S5 MDA M. Rl 2R,
2015, 60: 830-837]

Xing H'Y, Fan G H, Zhao D G, et al. Electronic structure and optical properties of GaN with Mn-doping (in Chinese). Acta Phys Sin, 2008, 57:
65136519 [FSHgHE, Y6 ik, BENI, . Mni5GaN HL 7 &5 6 2= PR A 78, EE 244, 2008, 57: 6513-6519]

Xing H'Y, Fan G H, Zhang Y, et al. First principle study of Mg, Si and Mn co-doped GaN (in Chinese). Acta Phys Sin, 2009, 58: 450458 [Ji} i
L, YR, B, & S MEFPE M, SIRIMndtiBGaN. #FLEAIR, 2009, 58: 450-458]

Shen X C. Semiconductor Spectra and Optical Properties (in Chinese). 2nd ed. Beijing: Science Press, 1992. 76 [{h=4il. - ARG R 22 14
. 2R, b B H R, 1992, 76]

Hou Q Y, Zhang Y, Zhang T. Study on first principle of optical property of oxygen vacancy-doped anatase TiO, (in Chinese). Acta Opt Sin, 2008,
28: 1347-1352 [fiE &, oKk, 5Kk, & S AL BRI TiO e A M i A 5 — PR IR ERATE /8. 2243, 2008, 28: 1347-1352]

Yue Y X, Feng Q, Wang Y. Study on the optical and electronic properties of anatase TiO, co-doped with Mn-N, Mn-C and Mn-S (in Chinese). J
Atom Mol Phys, 2013, 30: 479-486 [, ISR, £ 8. Mn53E4&BICHEN, C, SELB BT TiO, B FHE R H R 7T, B+ 5509
F2AAR, 2013, 30: 479-486]

Duan M Y, Xu M, Zhou H P, et al. First-principles study on the electronic structure and optical properties of ZnO doped with transition metal and
N (in Chinese). Acta Phys Sin, 2007, 56: 5359-5365 [Bui#iai, #REH, BT, %5, i 48 5B IS R ZnO M1 5 R RG24 MR R 58— T R
L. H IR, 2007, 56: 5359-5365]

Li X Z, Xie Q, Chen Q, et al. The study on the electronic structure and optical properties of OsSi,. Acta Phys Sin, 2010, 59: 2016—2021 [Z=/HE2,
BHR, BRI, . OsSi, i T4 MRS M i W 7. P3R4, 2010, 59: 2016-2021]

057502-9


https://doi.org/10.1038/ncomms1425
https://doi.org/10.1016/j.physb.2011.09.036
https://doi.org/10.1016/j.jallcom.2013.10.046
https://doi.org/10.1016/j.jallcom.2013.10.046
https://doi.org/10.1360/972012-138
https://doi.org/10.1103/PhysRevB.81.075208
https://doi.org/10.1088/0953-8984/14/11/301
https://doi.org/10.1103/PhysRevB.41.7892
https://doi.org/10.1103/PhysRevB.13.5188
https://doi.org/10.1021/j100203a036
https://doi.org/10.1103/PhysRevB.76.165202
https://doi.org/10.1098/rspa.1937.0142
https://doi.org/10.1088/0953-8984/16/48/032
https://doi.org/10.1360/N972014-00974
https://doi.org/10.3788/AOS20082807.1347

MRS, P EB MY ) RO 2018 4 48 B B 5 M)

Electronic structures and optical properties of Mn-doped
LiCaN new diluted magnetic semiconductors

LIU YangHua, ZENG MengTing, WU TingTing, LIN Fang, YU Xia, DU ChengXu,
DU YingYan, JIA Qian, CHEN Ting, CUI YuTing, XIONG YuanQiang & WU ZhiMin"

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

Using the first-principle density functional theory based on the full potential linearized augmented plane wave method,
the geometric structures of new diluted magnetic semiconductor Li;.(Ca;_ Mn)N (x=0, 0.125; »=0, 0.125) were
optimized. The electronic structures and optical properties were calculated and discussed in detail. The results show that
the magnetic and electrical properties of the doped system can be separately regulated by Mn doping and Li off-
stoichiometry. When Mn doped in the system, the electrons of the Mn 3d split into triply degenerate #,, and double
degenerate e, energy levels. Meanwhile, the Mn 3d states hybridize with Ca 4s and N 2p states, leads to the systems
display half-metallic ferromagnetism. In Li excess and insufficient compounds, the band gaps and magnetic moments
decrease, while the Curie temperature and electrical conductivity increase, and they exhibit 100% spin injection. In
addition, the half-metallicity of Li insufficient system enhances significantly. In Li excess compound, Jahn-Teller effect
leads to the highest Curie temperature and the lowest formation energy. Comparing optical properties indicates that the
imaginary part of dielectric function, complex refractive index function, optical absorption function and the imaginary
part of photoconductivity are all affected by Li stoichiometry. The energy loss functions of the doped systems show
obvious blue-shift effect and much stronger plasma resonant frequency, and the oscillating range of plasma is wider in Li
excess and insufficient compounds.

Mn-doped LiCaN, electronic structures, optical properties, first-principles
PACS: 71.15.Mb, 31.15.A-, 71.15.DX, 85.75.-d
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