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Abstract We investigate systematically two-color holographic recording properties such as the saturated diffraction
efficiency and recording sensitivity in the near-stoichiometric LiNbO; crystals with different dopants and oxidation-
reduction (O-R) states. In the two-color recording experiment, the volume holographic gratings is recorded by red
light, simultaneously sensitized by violet light. The results show that the saturated diffraction efficiency increases
and later decreases with the increase of the ratio of recording light intensity to sensitizing beam intensity, but the
sensitivity decreases gradually. Higher Th-doping density makes higher diffraction efficiency but lower sensitivity
when the Mn-doping density keeps the same. Crystal doping with Mn makes higher sensitivity but lower diffraction
efficiency when the Th-doping density keeps the same. The saturated diffraction efficiency and recording sensitivity
of the reduction crystal are higher than those of the oxidation crystal. The saturated diffraction efficiency and
sensitivity depend on the ratio of recording light intensity to sensitizing beam intensity, the doping concentration and
the O-R state. An optimization may be obtained by further modifying these conditions appropriately.
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Table 1 Basic parameters of crystals

Doping
Crystal d /mm O/R
concentration /107°
SLLN1 Mn50 2.00 As-grown
SLLN2 Tb100,Mn50 2.00 As-grown
SLLN3 Thb200,Mn50 2.00 As-grown
SLLN4 Th100 3.18 As-grown
SLN5 Th200 4.15 Oxidized
SLLN6 Th200 4.20 Reduced
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Fig. 1 Schematic of the experimental arrangement
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Fig. 2 (a) Saturated diffraction efficiency 5'”* and (b) sensitivity versus ratio of recording intensity to sensitivity

intensity for the same Mn-doping density and different Th-doping densities
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Fig. 3 (a) Saturated diffraction efficiency ql “ and (b) sensitivity versus ratio of recording intensity to sensitivity

intensity for the same Tbh-doping density and different Mn-doping densities
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Fig. 4 (a) Saturated diffraction efficiency 7'

“ and (b) sensitivity of the oxidation/reduction crystals

versus the ratio of recording intensity to sensitivity intensity

4 %k e

WEIE T fb 24 He LiNDO; ff 44 iy 3 e 42 58
SRAEPE R AT AR IR RMES L./
LU RAL IR RS Z R L R, LIRS
SRR R R R AT S AR B O 5 58 AP B e
LA 100 5 386 0 S5 U/ T3 SR R RE AS TR

AR R, T 55 62 6 g 199 &l oA G4 AR AT 559 3%
R T 9 R OIS, Th & & A W,
Mn FEAS & Mn ) &b A 19 1 FAT S 300324 (H I SR
TR T D A P AR R S R R S R A
RN AT NI T NG EE? RS RN A ]
F 11 » PR AE A 9048 2% d AR 1) 0L 42 B0 S st AT A
P15 2 vk 538 2 S I AL FOIR S R o L

RO R, A4 5] it #E 20 ny HLig 4y

BT » T B o ) o it K 11 S B0 i st T4 25 R B0
o i 35 1o AR

\cn N ?&

& F X
1 D. Psaltis, F. Mok. Holographic memories [ J]. Scientific
American, 1995, 273(5);: 52~58
2 J. J. Amodei, D. L. Staebler. Holographic pattern fixing in
electro-optic crystals [J]. Appl. Phys. Lett., 1971, 18(12).
540~542

3 F. Micheron, G. Bismuth. Electrical control of fixation and

erasure of holographic patterns in ferroelectric materials [ J].
Appl. Phys. Lett., 1972, 20(2): 79~381

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

5 M. Lee, S. Takekawa, Y. Furukawa et al..
color holographic recording in Th-doped LiNbO; [J]. Appl.
Phys. Lett., 2000, 76(13): 1653~1655

6 M. Lee, S. Takekawa, Y. Furukawa et al.. Angle-multiplexed
hologram storage in LiNbOj : Tb, Fe [J]. Opt. Lett., 2000,
25(18): 1337~1339

7S. M. Lee, J. W. Shur, T. 1. Shin & al..
investigations of stoichiometric LiNbQj; single crystal fiber co-
doped with Tb and Mn [ J]. Materials Science Forum, 2004,
449(4) . 985~988

8 H. J. Lee, T. 1. Shin, S. M. Lee & al.. Hologram characteristics
of Mn, Tb co-doped stoichiometric LiNbO; single crystals [J].
Crystal Research and Technology, 2005, 40(4-5) . 477~481

9 K. Polgar. Growth of stoichiometric LiNbOj single crystals by

Nonvolatile two-

Characteristic

top seeded solution growth method [J]. Cryst. Growth, 1997,
177(3-4): 211~216

10 L. Hesselink, S. S. Orlov, A. Liu e al..
materials for nonvolatile volume holographic data storage [J].
Science , 1998, 282(5391): 1089~1094

11 Y. W. Liu, K. Kitamura, S. Takekawa et al. .

absorption and its relaxation under illumination of continuous

Photorefractive

Light-induced

wave ultraviolet light in Mn-doped near-stoichiometric LiNbO;
[J1. J. Appl. Phys., 2005, 97(7): 073515

12 H. Guenther, R. Macfarlane, Y. Furukawa et al..
holography in reduced near-stoichiometric lithium niobate []J].

Appl. Opt., 1998, 37(32); 7611~7623

Two-color

EE®E:S

0219003-4



