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(No. 161) 3m, XFRIEAN CS, =5 Fh &R, S8
k& 3 BN a = b=0.51483 nm, ¢=1.38631 nm,
a=pB=90° v=120°V = 318.21 x 1073 nm?,
AR P R T AR bR g 1 g 11O

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

Atom Oxide X Y A
Li 1 0 0 0.2802
Nb 5 0 0 0
(0] -2 0.0477 0.3435 0.0633

AW LLLN SR 2 x 1 x 1385 604
JRF, Hp 124 LiJE 7, 12 Nb JEFF1 36 4~ O &
T U AR T J5 1 @& 2 BB 3% 2 B
H, 5SRI G S8 /N T 1.7%, R IER
FH 3R B R R 5 VR A B

2 LN RIS SH
Table 2. Lattice parameters of LN crystal.

i S H
a/nm b/nm ¢/nm V /nm3
WA 1.02966 0.51483  1.38631  0.63643

MAbEE R 1.04504  0.52255  1.40873  0.66519

AR T LN A AR AR S e 1 B Ao A 7Y
(Vi)™ [ R A A s 2 8 1 o 6 SR SR B 45 A4
WEJEE S B2 Co, Zn B FEEL L2 E
TEAE SR, 58 4R Ll A2 199, Zn BB E
/T 6 mol % (BRI ) FEKE 5 35 Li Bz, P54 Nbit,
FoKe FLHE ] IEH AR, B BN A3 B Zn
B IS B BIE R, FF A6 &5 88 IEH M Nb Az 2 R
[F) A FE () B 6 4 A8 B - ] Rl AN [ o5 467 52 i
A4 N HL 40 AT T B e L AT RS, ACHIE AT i X
T Zn @RI A S AL Zn R Li A0 B A
Zn W N T RAEAR A Zn A &5 Li A7 81 Nb A7 %F
R Zn K FEIE B A RS, ELbris b AT
AT @ G, Co B T IKE — M4 0.01 mol%—
0.1 mol%, Co 7 Lifir '3 A 0% FH % o 47 15 L.

DAAE 4K 27 oF & EE LN fi i oy B fll, AR SCg@ a7 =
Fi45 2 BB Co:LN, H4f 42 T 208 Coff -V
Zn 3 TR FEAR T BA 1) Co:Zn(L):LN, Hi fif #h sz
RN Cof-Znf-2Vy,; Zn 85 7 ¥R FE 5 31 1 1 1)
Co:Zn(E):LN, HfftMEE RN Cof-Zns, -2Zn;.
2.2 HWEFE

SR FH B 1 T V7 R B 11 28— i i LS T
39k, 1E CASTEP 84 P 58 Bt il e 45 24
JUAT AR AR AN 5 DA A b B H 7 2 T 38 4 DR Bk
REAE FH IR 25 18 21 129 1~ Jmy dsi itk A v fr 2 2 AR 351 5
RUNE, A8 4 - R R I SRR T SURR FE AL o i)
PWO1iZ 5 (CGA-PWO1), %45 5 L R i 1l
T AR A 15,

o FH B O S o B 1 S S A L T 2 TRD A L
VB Bk ek K, W] BLIgC/D P R R, R 1A =
B A A4 B ECR: Li 2st, O 2s22p*, Nb 4d*5s?,
Co 3d74s?, Zn 3d'%4s?, Ji 7 H AL 2 HT1EN
O LT b3 O] fESBRIF R ERER T, N
PRAE LN & AR 225 RE WS I 22 /0 HL vk S0 B 4R,
SF- T 39k 8K T e % B O 340 oV 1T 5 RE B B Uk
IO AT SR R P, IR AR SO R R B A
2 x 107% eV/atom, &6 x 6 x 2 Monkhorst-
Park ik K 0644 BN XOR AN, 1HE 15 5
2 AT L U SRR, B TR T
JIAKRT 0.5 eV/nm, W FJAKT 0.1 GPa.

3 X5t
3.1 #4ELN S@&IRIE FLEHl

4 LN @R 1R g5 M 1 (a) B, A7 1]
BN 3.48 eV, /NTSREE 3.78 eV, X W TRA T
T SORR FE AT B, (EL 12 25 SR AN M 5o s B A g
P EERI X Ee it i 8L S R i SR 4l 15
1Ef.

L7 % B 0] DU s T ERIE S R U AR
VEF Re it . B 1 (b) Som: S AL 7 43 )
FEH Nb 4d F1O 2p FIETTHR; PIALIETE —4.26—
—0.41 eV X3R4 1k, KB Nb F1 O Z [8]G 34
BEIE R 3.88 eV Ab IS % B 06 3 B il Nb 4d #LiE
DUk, O 2p B A > & Tk, H b S A0 A,
HIETAEE, RFPIE JHIRVEIR 58, 57 (A DL ¥
S A7 A 119,
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Fig. 1. Band structure and density of states of LN crystals: (a) Band structure; (b) density of states.
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Band structure and density of states: (a) Co:LN crystal; (b) Co:Zn(L):LN crystal; (¢) Co:Zn(E):LN crystal.
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K2 4 Co, Zn 2% LN SR BT 45 F RIS 235
JE. B8 B AR AR o0 Li Az, I
1E S VE T WS R Lifz. 5 LN AR b, &
)\ T A2 PR B A5 058 R AR 28 5o R 2 IR AT, i 0% T o
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Co?T {1 3d ML 7457 R 3d7, £ MRS B R, Co
3d 38 73 L RS B AN A (1) e 38 A o HLIE 21
Sy RBGE AR I RE T (LI 2) BE 547 R 2
2179 0.50 eV F11.79 eV.

K2 (b) FE 2 (c) 73 3N Zn 5 34 K JEAR T 15
AR LIS . Zn 3d FUIE 145 5 B U AE
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3.3 HXFMK
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AN AEAE, L 2 AT D3 P IR AT W56 S e 0L
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s PR A T DAHE I A AE T RS
Co*T + Zn?t — Co®* + Zn™. (1)

AL 3 B 1.58 F11.10 eV Ab 14 19 I AL U 1) AR 4k,
A LR RN %0 Co?T Al Co3T B 7 71 BRI
3L E S5 5, Hod Co3t FIBRIT R B8 K. 7EFE i
Co:LN H1 45 Co?™, 1% W IEXf B Co? HL - I BRI,
KRR RAE (D) N R, kg
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Fig. 3. Absorption spectra.
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§ = (4)

XH RIEFO6E. &R RC T BB E S
KA DUE BTG M /#, 5P HRE A AR
R RE An € SUAH

1

3
An = —§neff7effEsc,
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Forr, niege & AT 2, o A RUHOEREL, o
vkl CICER 7 M (SR T2/ L T N R S T R 37
FEoo AT LANGE S ATl M /4.

TSI RS 5, Pl T SRk BRI AT 4 2
[P TR AA R, 10 REUER . R 780 nm
PERIESRI G, B0 Zn & FIREE, RBE e PUE XL
SOER GG, BT ERRE R S, B R A& TR
RER AT P Oy, A7 fifg 0o FEL T PR FE 36 o, 2 () L A
Y By W58, BA6, N Zn & T )5, WSGh 2%, 78
BRI B R AT S O 2p BUIE HL 1) Ty
BRIT, B G SE S 5 BRI, B ANE S
WIE PO E T Zo )5, 7 LLSZEl 4 BAEGE A1
KL 25V A7 3 2R A S R O R, $R e
A BAFAE TR

4 % #®

Co:LN #4419 > IR U Ui 2.40 eV AT 1.58 eV
I3 RS L tog FH eq BUTE HLT- 7] 54 BRIT, P X B
HUIE RERAE 5 H AR B 7 B IO 4 B
AR o B 78 TR R RE . 1Z R B AN
PAZ B F Zin TE SCEC B I RIS, X 78 MR g 4
(I8 FE I B TE A AN R R T 78 24 7R RE
(BN, RTAE RS s, 3 T AT S OR E A S
sk, fEFRIH Co & T AEH AL F0 G A7 %
N 8N BMEIR ) Zn 3 T2 5 1.
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Abstract

In this paper, the electronic structures and absorption spectra of Co doped and Co, Zn co-doped LiNbOj3 crystals
are studied by the first-principle using the density functional theory, to explore the characteristics of charge transfer in
Co, Zn co-doped LiNbO3 crystals, and to build the relationship between these characteristics and the holographic storage
quality. The basic model is built as a supercell structure of 2 x 1 X 1 of near-stoichiometric pure LiNbO3 crystal with
60 atoms, including 12 Li atoms, 12 Nb atoms and 36 O atoms. Four models are established as the near-stoichiometric
pure LiNbOg crystal (LiNbO3), the cobalt doped LiNbOgs crystal (Co:LiNbOs3), the zinc and cobalt co-doped LiNbO3
crystal [Co:Zn(L):LiNbOs3] with doping ions at Li sites, and the other zinc and cobalt co-doped LiNbOj crystal [Co:Zn
(E):LiNbOs)] with zinc ions at Li sites and Nb sites. The last two models would represent the concentration of Zn
ions below the threshold (6 mol%) and near the threshold, respectively. The charge compensation forms are taken as
Co;-Vy;, Cofi-Znf -2V, and Coff-Znd, -2Zn;; respectively in doped models. The results show that the conduction
band and valence band of pure LiNbOj3 crystal are mainly composed of O 2p orbit and Nb 4d orbit respectively, and
energy gap is 3.48 eV. The band gap of the doped LiNbO3 crystal is narrower than that of pure LiNbO3s crystal, due to
the Co 3d and Zn 3d orbit energy levels superposed with that of O 2p orbit energy levels, and thus forming the upside of
covalent bond. The band gap of Co:LiNbO3 crystal is 3.32 €V, and that of Co:Zn:LiNbO3 crystals are 2.87 eV and 2.75 eV
respectively for Co:Zn(L):LiNbO3 and Co:Zn(E):LiNbOs model. The Co 3d orbit is split into e orbit and t2e orbit with
different energies. The absorption peak at 2.40 eV appears in the band gap of Co:LiNbOg crystal, which is attributed
to the transfer of the Co 3d splitting orbital tas electrons to conduction band. The absorption peaks of 1.58 eV and
1.10 éV could be taken as the result of e, electron transfers of both Co®>* and Co®" in crystal, especially the latter ion.
These two absorption peaks are obviously enhanced in Co:Zn (E):LiNbO3 crystal compared with in other samples in this
paper. Based on that, it could be proposed that a charge transfer between Zn?* and Co** as Co*T+Zn?*t —Co®T+Zn™
exist in the crystal, which results in the decrease of ez orbital electron number, but hardly affect the tog orbital electron.
The Co ion in crystal could act as the deep-level center (2.40 eV) or the shallow-level center (1.58 eV) with the different
accompanying doped photorefractive ions in the two-light holographic storage applications. In both cases, the choice of
Zn ion concentration near threshold could be helpful for the photo damage resistance and recording light absorption in

storage applications.

Keywords: density functional theory, doped lithium niobate crystal, energy level structure, absorption

spectra
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