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Abstract: Lithium niobate (LiNbOs;, LN) is an artificial crystal with excellent physical properties, such as
acousto-optic, electro-optic, piezoelectric, and photorefractive performance. It is not only seen as "optical silicon", but
also suggests that humans are entering the era of "Lithium Niobate Valley". Its excellent optoelectronic properties have
a wide potential application in emerging fields, such as artificial intelligence and photoelectric hybrid module.
Photorefraction was found and proved to be an important property of LN crystal. With development of optoelectronic
devices based on LN to micro- and nano-scale, photorefractive effect has gradually appeared. Single crystal LN is the

basic material for preparing various devices taking advantage of lithium niobate on insulator (LNOI). The
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photorefractive properties can be adjusted by doping appropriate impurity ions. Compared with normal ions (valence <
+5 (valence of niobium ions)), incorporation of high-valence ions (valence = +5) can be more beneficial to improve
photorefractive performances of LN crystals in recent years. This paper summarizes research progress of high-valence
ion-doped LN crystals of which doping with V, Mo, U, and Bi ions can effectively adjust their photorefractive
properties, suitable for designing micro-ring resonators, optically programmable photonic components, nonlinear
photonic devices, and other micro- and nano-scale devices. Finally, based on above advances in high-valence ion
doped LN, further research may achieve unprecedented improvements in four aspects: high-quality and big-size crystal

growth, photorefractive mechanism, ion doping with lone-pair electrons, and novel optoelectronic devices.

K ey words: lithium niobate crystal; high valence ion; photorefractive performance; review
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(a) Diffraction efficiency; (b) Response time
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(a) OH™ absorption spectra; (b) Light energy transfer curves
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Fig. 12 Local lattice distortion of (a) pristine and (b) Moxy", (¢) Moy?, (d) Moy, ™~ point defects
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Fig. 13 Photorefractive properties of LN:Mo, Mg and LN:Mo,
Zr with different concentrations from UV to the visible bands®”

(a) Diffraction efficiency; (b) Response time; (c¢) Refractive index
change; (d) Sensitivity

0 2 345867
Doping cencentration (mol%)

E M B AN A 400 mW-em 2, 06 Bt KN
488 nm KM T WARKIRE A 17.72% 77 5 R A
3.57 s MR ] . Zn*" 5 Mg* #i[F, 18 Zn® %%
RIS NIREE, Xk ST AR 4 R K
R RAEAN S A K. Zhu GBNERBEAE K T
] i 23 A0 BH X045 48 B2 48 (LN:Mo, In) i1k, FF 78
1150 C N3 HBEATHAL(30 mA, 15 min). ZHF 7K
PLAHE: T LN:Mo, Zn, LN:Mo, In ' In*" i [{E 5 2%
BTG 2435 NBER D 3% In* I, ke
MU NGRS 800 mWom 2, OGBS KA 442 nm
%A FHA 735 em T (R, R RREE

0.61 s [P N o B fHFE = 2, MXT LN:Mo, Zn,
LN:Mo, In 7E[H%ZE5 M 488 nm 24 FRIFEIIA
0.76 s [RIPRIAR o BEAN, 24 In’* 5 449K B N BE IR 49 1
1%}, SR 61.75% 1) BT 80% . Priei 2w
THFLB I LN:Mo X T Zn. In 258 FRIH H
ST A RS . Zhu I TR Rk, D
[Li]/[Nb]=48.38/51.62 (1] LL 7l 4 K 1 4 4H XU45 8 R
(LN:Mo, HO)f &, F£7E 1150 ‘CFH 30 mA 1IH
AL 15 mine %R TR I 24 HE 95 240K N BE IR
S8 3.5%0F, SRPRTE RS A6 800 mW-cm *.
1 442 nm LEFERET (A 0.9 s, 7SRRI R
FE 43 58 46.07%H1 6.28 cm-J ™o FARTE B A OG5
800 mW-cm >, HOE B I K 532 nm 1EH T 63545
L BHL LG B 45 2% LN:Mo éi A 3 N 2, X mf DL
RN HTFEmE o aik. & 1 AARFENB
LN:Mo (14 8 1 gl 5050,

B 7R AR, BA+6 B EREE BT
#4% p B LN, Tian PSR BEE KT — &
HILN:Mo gnfk, HAZS AT HRAN 70 mA, B
4 30 min FIARAL, BCIDASH AR TR B LA R X,
il H p B4 LN @ik, fRAESCATIIAT AL, LN AN
n Y A ZRIE Fe A8 T LN % p-n 45 BN T RE,
XA B TR LR LN SR T A PSS 1E
M, RNSEHLE IR A RS S O, HE LN 4
ST T R L A 3 B TR,

LN:Mo i PR 7E 58 40 21 7 WLk B 35 Al kg 47 4%
) AT A o R i SN N
LN:V iR s BRILDAAN, 15T 530 Pieir s
THBEYTIRTF LN SERyoemitige %), &
XPTAR% LN M2 S SRR A — e i . EHS
HEERZ, LN:Mo kMM ESRAERZ, Hitt
HEABEERM G AR R Re LB, XEA IR
NHIHEF

®1 EBTERAATEFIE LN BRI TN

Table1l Photorefractive properties of Mo ions and photorefraction resistant ions co-doped LN crystal

S[77' 80-83]

Doping element/%

Crystal Diffraction efficiency/%  Response time/s Ref.
Mo,O; MgO ZnO  In,O3 ZrO, HfO,

LN:Mo 0.5 - - - - - 28.50 5.50 [77]
LN:Mo, Mg 0.5 6.5 - - - - 60.00 0.35 [80]
LN:Mo, Zn 0.5 - 7.2 - - - 17.72 0.65 [81]
LN:Mo, In 0.5 - - 3 - - 28.90 0.76 [82]
LN:Mo, Zr 0.5 - - - 2.5 - 20.80 15.00 [80]
LN:Mo, Hf 0.5 - - - - 3.5 46.07 0.90 [83]
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Fig. 15 XPS spectra of LN:Uj ¢ and the fitting peaks[93]
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Fig. 16 Photorefractive properties of LN:U with different concentrations in the visible band®"

(a) Diffraction efficiency; (b) Refractive index change; (c) Response time; (d) Sensitivity
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(a) Diffraction efficiency; (b) Response time; (c) Refractive index change; (d) Sensitivity
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Fig. 18 Photorefractive properties of LN:U, Mg with different concentrations

[96]

(a) Diffraction efficiency and sensitivity; (b) Response time and refractive index modulation
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