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Table 1.  Coordinates of atoms within LT crystal.

Atom Oxidation state X/nm  Y/nm  Z/nm

Li 1 0 0 0.2821
Ta 5 0 0 0
O -2 0.0534 0.3396  0.0695
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Fig. 1. Structures of crystals: (a) LT; (b) Fe:Mg:LT.
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Table 2.

ment values of LT crystal.

Geometry optimization result and experi-

Lattice parameter a/nm b/nm ¢/nm V/nm?

Experimental value 1.0308 0.5154 1.3863 637.83 x 10°*

Optimization result 1.0521 0.5260 1.4127 677.19 x 103
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Fig. 3. Band structures of (a) LT; (b) Fe:LT; (c) Fe:Mg:LT;
(d) Fe:Mg(E):LT.
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Kl 4 R 25 1R R A% BT LA N Fe:Mg:LT 1y
SAEERE, Erh B i E2 b O 2p FuEAH i,
S EELH Ta 5d PUBELLAL, O 2p Ml Ta 5d #il
EMA AR ZW LS, TR WM 368
Fe:LT @RI i 22 B RE R T2 22 h Fe 19 3d HiH
Ak, 35 O M 2p Pl A —E MM EAEH. Wi
FESLTE—42 eV BT B A% BRI IR 4, & Mg
) 2p BLETTER, JRBRIEARSR, B Mg 176 ik

40F qim m )
20 . //\ . WA

0
ML, o d
TP ok

0 b— : NI S
BETe SRRt
- rl \, :

0 L 1 IPNAY 1 Sy
36T o o
18 r W E

PDOS/eV-1

O .
8T Fe N
é: . L . L . L . L -
0
5
0

1 fMg:'\:'

50 —40 -—-30 —-20 -—10 0 10
Energy/eV

(a) LT K ARl#E Mg ¥R B 1) Fe:Mg:LT Sk A% B & (b) FerMg:LT fit ik 43 25 % & 14

Fig. 4. Density of states of crystals: (a) Density of states of LT and Fe:Mg:LT crystals; (b) partial density of states of Fe:Mg:LT

crystals.
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Fig. 6. Absorption spectra of LT, Fe:LT and Fe:Mg:LT
crystals, insert (a), (b): absorption spectra of Fe:Mg:LT

crystals in experiment!!3.
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R, RAT LAARAS A7 it 205 R v £ Mg L 1090 RAg
JEYWE Ties . 454 (8) :NahASuRnT Fos A B

TetANL
M/# =
/ A cosf’ (9)
SR R SR BY
dyi/dte,
S=—— (10)

Horp TR e sk B P it 28 Ak An 5 25 (8] H faf
GG Z R 119

kal
od+ oph’

(11)
Ho reg A RBICREL, no e AT, jon Ot
KA, kRBES WA, 1R, o RS
R, o GHLER.
TEIC R F P T O R AR An 2 BER ]2 1k
[, AT AR O 27
An (t) = Ang[1 —exp (—Ka,, I,t)],  (12)

Hor o, L, e OGRS RERDEER, Ang T
SR AIE, K N S5FR AT & 558 56
B

Xof e SR ' R MAT 4 ik 53 T LA P B B A A
TSRS B I TR] A B 3 S R U TR AE A
WABFE 43 5 B 745 F1 457 nm WS I I
WA, AT RTE RO, A AR e sk, 2
FEZ IR IRIT LA, 76 R TR IRLT AR e %
36, LA 633 nm FOEHH, E Fe:Mg:LT Fl Fe:Mg(E):
LT &R o iz e 2 80 o 23 51 o 10.802 x 103 Al
5.265 x 103 cm ' (WL 6), 7Ei HAS AL A
PE AT 1T DA, PSR AR A An e T —Fh i ik
A2 G E W 245 (W (11) X)), 7T 380
n WIRIEE I 445, (A% R RDE i S i K TRy H
S, OB 2 E T IRCGR B B, IRl R 5
XA SRR AR AME A SRR AR N . PRl St
H An eI R, FIAT (12) 5K (8) =UFN (10) =X,
REG G, iR R S B o L, BRI
. A LALCHE B RIE 3G, Fe 5 Li (7 5504
B, RIXE I S G AT 5 ) I, kR T
Fe BN E S HFE (29 6 mol%), 458 LPr
N7 FH RS AR Z H BR AN 5 ) Fe 5 i 257 S5H006H AR

1 Jph
_ 3 _ 3. Jph
An = —-no°rerlisc = — N0 et &
2 2 o

B (I Mg) 148, YOI R & B WA HIRE
FORME, SRR LT Fe {5 i Li iz, 28R IF A2
WA o A AT ], RS R 2 S EOME L
N ity A PR T ek 80 285 T A

4 % b

ASCHET LT, Fe:LT LA I AR Mg He Y
Fe:Mg:LT @R i B 245285 B o0 A AT O . 18
B LT fARZE P 22 BT RE R Fe 1) 3d FI1 O 1Y
2p BB LR AL, 7R R B BOGE B
417 nm (2.97 V) AbFI1 745 nm (1.66 eV) &b
VR H T Fe B 4r 2LIE R i 1B, 7228
PR 20T FE S T RE M. A SNy, A7
B, ASHIES Fe:Mg: LT fMATE 2.97 eV
H . B T Fe 8, Mg i34 A B, n]f#
Fe B 48 Ta fi, MFEH Fer, B4 1.66 eV
W BRI TG B .
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First-principles study of Fe:Mg:LiTaO; crystals’
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Abstract

The electronic structures and absorption spectra of LiTaO; (LT) crystal and Fe:Mg:LiTaO3 crystal with
different Mg concentrations are investigated by first-principles through using the density functional theory. The
supercell crystal structures are established with 60 atoms with four models: the near-stoichiometric pure LiTaO4
crystal (LT); the iron doped LiTaOj; crystal (Fe:LT), with the charge compensation model expressed as Fep;2*-
2V}, ; the iron and magnesium co-doped LiTaOj crystal (Fe:Mg:LT), with the charge compensation model taken
as Fep#"-Mgp; -3V, ; the other iron and magnesium co-doped LiTaOj crystal (Fe:Mg(E):LT), with Mg ion
concentration near threshold value (slightly less than 6 mol%) and taking the charge compensation model as
2Mg;;*-Fer,2". The geometry optimization results show that the total energy values of all models can achieve
certain stable values, which means that the models used in this paper are very close to the actual crystal
structures. In the electronic structures, the extrinsic defect energy levels in the forbidden band of Fe:L'T crystal
are mainly contributed from the Fe 3d orbital, and the band gap of Fe:L'T about 3.05 eV is narrower than that
of LT, the band gap of Fe:Mg:LT and Fe:Mg(E):LT sample are 2.72 eV and 2.45 eV respectively. The results
show that the orbit of Fe 3d, Ta 5d and O 2p are superposed with each other, forming covalent bonds, which
results in conduction band and valence band shifting toward low energy in iron doped LiTaOj crystal. The Fe
3d orbit is split into E, orbit and Ty, orbit under the influence of the crystal field. There are two absorption
peaks at 417 nm (2.97 eV) and 745 nm (1.66 e€V) in the Fe:LiTaO; crystal. The first one is attributed to the
transfer of the Ty, orbital electron to conduction band. The last one can be taken as the result of E, electron
transfer of Fe?* in crystal. The intensities and positions of these peaks vary with the concentration of Mg ion.
Specially, with the concentration of Mg ion attaining the threshold value, the peak at 745 nm disappears, and
the other peak moves slightly to 457 nm (2.71 eV). With the Mg ion concentration at the threshold value, the
Fe ions can occupy Ta positions. This occupying condition makes the E, orbital energy change greatly
compared with the scenario in the Fep; condition, and it affects hardly the Ty, orbital energy. So, if the
absorption nearby 745 nm waveband can be taken as the useful process in holographic storage application, it is
better to take smaller concentration of Mg ions (less than threshold value). On the other hand, nearby 457 nm

waveband, concentration of Mg ions can be chosen as a large value.

Keywords: LiTaO; crystal, Fe and Mg co-doped, electronic structure, absorption spectrum, first-principles
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