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Optimal Dopant Composition Ratio during Nonvolatile Holographic
Recording in LiNbQ;: Cu:Ce Crystals
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(Shanghai Institute of Optics and Fine Mechanics, The Chinese Academy of Sciences, Shanghai 201800, China)

Abstract The effect of dopant composition ratio on nonvolatile holographic recording in LiNbOj; : Cu: Ce crystals has
been investigated experimentally, The results show that the dopant composition ratio affects the performance of
nonvolatile holographic recording by altering the ultraviolet light absorption characteristics of the crystals,
Increasing the dopant composition ratio of Cu and Ce leads to an increase in the absorption of ultraviolet light and
further to an increase in the recording sensitivity and the fixed diffraction efficiency. The maximum values of the

fixed diffraction efficiency 5, = 32% and the recording sensitivity S = 0. 022 cm/] are measured from a weakly

oxidized LiNbQ; : Ce: Cu crystal doped with 0. 085% CuO and 0.011% Ce,O;.
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Table 1 Notation, dopant composition ratio, and annealing

condition of the specimens investigated

Notation Dopant composition  Annealing condition
ratio (at 650°C in air)
LN1 w(Ce; O3)=0. 085 %, 24 h
w(Cu0)=0.011% (Weakly oxidized)
LN2 w(Ce, 03)=0.085%, 79 h
w(CuQ)=0.011% (Strongly oxidized)
LN3 w(Ce, O3)=0. 045%, 24 h
w(CuOQ)=0. 045% (Weakly oxidized)
LN4 w(Ce, 03) =0, 045%, 79 h
w(CuQ)=0. 045% (Strongly oxidized)
LN5 w(Ce; 03)=0.011%, 24 h
w(Cu0)=0.085% (Weakly oxidized)
LN6 w(Ce, 03)=0,011%, 79 h

w(Cu0)=0.085% (Strongly oxidized)
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Fig. 1 Transmission spectra of the specimens

LN2, LN4 and LN6 before UV exposure
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Fig. 2 Transmission spectra of the three groups of specimens LN1&LN2 (a), LN3&LN4 (b), and
LN5&LN6 (c) before and after UV exposure, respectively
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Fig. 3 Schematic diagram of the experimental setup

for two center nonvolatile holographic recording
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Fig. 4 Recording and readout curves for the three groups of specimens LN1&LN2 (a),
LN3&LN4 (b), and LN5&LN6 (¢)
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Table 2 Recording sensitivity of samples before (in bracket) and after (out bracket) UV exposure.
§ is recording sensitivity, 7, is fixed diffraction efficiency
Notation LN1 LN2 LN3 LN4 LN5 LN6
S/(X107% em/]) 3.7 (3.4 3.3C2.7) 4,3 (3.2) 3.9 (2.8 22.2 (10.7) 10.1 (4.
75 /% 12.5 11.5 14.9 12.4 32.3 22.2
Q:I!': i/a characteristics of scattering noise in photorefractive holographic

BRAM LE AT LiNDO, : Ce: Cu fh A £
SRR, BT e T H AR R 2 Bl R IERR .
B2 20 HE AR TR, U] 5 R Xof 48 A1 ' 1 R A AR B 5 B %
BRI EENHRBEML R R BERRE., EEH
S FRBA CuO F1 Ce,O; MR & B0 51N
0. 085 % #1 0. 011 % ¥ LiNbO; : Ce: Cu Sh{& 75 3]
THRENEEMHRE ¢ =320 LR REE S
=0. 022 cm/J,

RERWBRAR LA TLARERIEELR
ERIEF, HEEFNRRBRHN LB HE 1
MR B2 0y th o — xE BR BE B, ¥R j B vh o0
14 2% BB R /N T A B4R At 2 8 K I 2 TR 2R AT A 0
B Fac e, A AR A R EE E 2 Bl %,

2 % X W

1 Dong Liangwei, Yan Xiaona, Shi Kaiyuan e al.. Theory of
electric field-controlled 2 X 2 photorefractive switch [J]. Acta
Optica Sinica, 2003, 23(7) :787~792
HRE, F B, BIFR S R IR S Ok O
SEI 2X2 EFFRMIEH[T]. R F FHm, 2003, 23(7):787~792

2 Wan Yuhong, Yuan Wei, Liu Guoqing & al.. Study on the

storage [J1. Chinese J. Lasers, 2003, 30(6):529~532
FEL,ZE #HANER % LIFEREEBFERE S RE R
HRIBFSEI]. Bk, 2003, 30(6) :529~532

K. Buse, A. Adibi, D. Psaltis. Non-volatile holographic storage
in doubly doped lithium niobate crystals [J]. Nature, 1998, 393
(6686) :665~668

Liu De”’ an, Liu Liren, Liu Youwen et al.. Experimental study
on self-diffraction effect during photochromic nonvolatile
holographic storage in (Fe, Mn) : LiNbO; crystals [J]. Acta
Optica Sinica, 2001, 21(10) :1190~1193

XN, RSN XIR I %, B (Fe, Mn): LINDO; & R 3E
BRELEEMT AR MERFEI]. ¥ F®, 2001,
21(10):1190~1193

Youwen Liu, Liren Liu, Changhe Zhou e al.. Nonvolatile
photorefractive holograms in LiNbQOj3 : Cut Ce crystals [J]. Opz.
Lett. , 2000, 25(12) :908~910

De’an Liu, Liren Liu, Changhe Zhou et al.. Nonvolatile
holograms in LiNbQj:Fe:Cu by use of the bleaching effect [J].
Appl. Opt. » 2002, 41(32) :6809~6811

X. Yue, A. Adibi, T. Hudson e al.. Role of cerium in lithium
niobate for holographic recording [J]. J. Appl. Phys., 2000,
87(9) :4051~4055

Youwen Liu, Liren Liu, De’an Liu & al.. Intensity dependence
of two-center nonvolatile holographic recording in LiNbQs : Ce*
Cu crystals [J]. Opt. Commun. , 2001, 190:339~343

Lirong Ren, Liren Liu, De”’ an Liu e al.. Optimal switching
from recording to fixing for high difgraction efficiency from a LN
:Cu: Ce photorefractive nonvolatile hologram [J]. Opt. Lett. ,
2004, 29(2).186~188



