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b my & D100 LA A b | VA I SSORS B i B
N2 x 1078 eV, (EHTER —NET LA KT
0.05 eV/ A, R IAKTF 0.1 GPa.

#1 LN AR A bR
Table 1. Coordinate of atoms within LN crystal.

Atom Site Oxide X Y Z
Li 6a 1 0 0 0.2802

Nb 6a 5 0 0 0
O 18b -2 0.0477 0.3435 0.0633

WL MBS RS, PIE DAL B
JeHT AR B, TE b AR P A B R 2, 43 4 16T
9 85 1 14 o 67 S S R A A S R R B AR TR 11
. WA R DO Mn2t FEHEN S J5 o 45 48
i, AT OREFHLARE, RIS E AN L Mt
L AW Wi

Mn?®* 4 2Lip; = (Mnf; — Vi) +2LiT. (1)
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DR 17 A 25 58 o e A 1 o ). 45 B N T R IR
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B (I, In3+ 3 N Nb Az 78 A se AR Ak 5 ke
L2 B P LN 45 M R Y Dy R Ak, R FH B L
RIUSI(VE), LU R SR AL BB ALIE
In:LN, HAMER RN In? -2V ; B AR D
A Mn:LN, B A2 Ry Mo -V 1L fRdt s
FLAA S B/ F BE A A0 A IniMnc LN, - Hi fif F
A N In?f-Mnf -3V M. R SL45 LA & S g K
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IniT'InI%II)_MnEi_VEi‘
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Remr 5 1 (a) BT, im iR R 95 FE N 3.52 eV,
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E1 fedrgME () LN; (b) Mn:LN; (¢) In:Mn:LN; (d) In(E):Mn:LN

Fig. 1. Band structure of (a) LN, (b) Mn:LN, (¢) In:Mn:LN, (d) In(E):Mn:LN.
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Fig. 2. PDOS of (a) Mn:LN, (b) In:LN, (c) In:Mn:LN, (d) In(E):Mn:LN.
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Fig. 3. (color online) DOS of (a) Mn:LN, (b) In:Mn:LN,
(¢) In(E):Mn:LN.
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Fig. 4. (color online) Electron density difference of (a) LN, (b) In:Mn:LN.
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280 Ny B4R 5, X 1.66 eV Ak 196 i i e
DR, AT RLH E IR e S Mot BT AN 4,
BUE 2 M2t 20 RE L M ERAE 51, BE BRRAE
A M2 35 EHMNE 2. EBH, 1.66 eV ib
FEIR SOV P R P T B, B S AIN, A BRI .

20 T
'\ — LN
\ — - — Mn:LN
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- | 1.66 eV
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© -
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2 2
) 2.97 eV : ;
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0 N . - . .
4.0 3.5 3.0 2.5 2.0 1.5 1.0
R /eV

B5 (MFIEMG) WUOEIE LN, Mn:LN, In:Mn:LN,
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Fig. 5.
Mn:LN, In:Mn:LN, In(E):Mn:LN crystals.

(color online) Absorption spectra of LN,
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the absorption spectra of In:Mn:LiNbQOj crystals®

Zhang Yun! Wang Xue-Wei Bai Hong-Mei

(School of Physical Science and Technology, Southwest University, Chongqing 400715, China)

( Received 8 June 2016; revised manuscript received 18 October 2016 )

Abstract

The electronic structures and the absorption spectra of the indium and manganese codoped LiNbOj3 crystals and
their comparative groups are investigated by first-principles based on the density functional theory. The supercell crystal
structures are established with 60 atoms, including four models: the near-stoichiometric pure LiNbOg3 crystal (LN), the
manganese doped LiNbOg3 crystal (Mn:LN, charge compensation model as Mnfi—Vgi), the indium and manganese codoped
LiNbO3 crystal (In:Mn:LN, charge compensation model as Inif—Mnfi—SVii), and the other indium and manganese
codoped LiNbOj3 crystal (In(E):Mn:LN, charge compensation model as In;{-In{-Mn;;-V[,). The results show that the
extrinsic defect levels within the forbidden band of Mn:LN crystal are mainly contributed by Mn 3d orbital electrons,
which also affect the top of the valence band. The band gap of Mn:LN about 3.18 eV is narrower than that of LN;
the band gaps of In:Mn:LN and In(E):Mn:LN sample are 2.82 and 2.93 €V respectively. The electron density of state
(DOS) of manganese codoped LiNbOg crystal shows that the orbits of Mn 3d, Nb 4d and O 2p superpose each other, i.e.,
forming covalent bonds, which result in conduction and valence bands shifting toward low energy. The indium ion does
not contribute the extrinsic energy level within forbidden band, it affects the band gap through changing O?~electron
cloud shape. The band gap narrows down if the indium ions occupy lithium ion positions, and becomes broad if the
indium ions occupy niobium ion positions. It is found that the Mn:LN, In:Mn:LN and In(E):Mn:LN samples display
the absorption peaks at 3.25, 3.11, 2.97, 2.85, 2.13 and 1.66 eV. The last absorption peak is contributed by the electron
transferring from the Mn?" energy level to conduction band, and the doping of indium ions leads to attenuation of
this peak. The peak at 2.13 €V relates to the Mn®*, it is enhanced by the doped indium ions. The indium ions in
crystal would influence the absorption, which relates to manganese ions, by transforming manganese ion valence via
the formula as Mn?* 4+ In3®" — Mn®* 4 In?", that is, with the doping of the indium ions, the photorefractive center
Mn?2" concentration decreases, which is responsible for the absorption peak at 1.66 eV. It must be mentioned that the
Mn?* possesses not only the shallow levels as mentioned previously, but also the deep ones which are responsible for
the absorptions at 2.85 eV and other high energies. For the indium and manganese codoped LiNbOs crystals, if the
recording light is chosen at near 1.66 €V (748 nm), the relatively low concentration of indium ions is proposed to be

chosen to achieve the high recording sensitivity.
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