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Study on Characteristics of Thermal Fixing of Holograms in
Photorefractive Crystals

JIANG Zhu-qing SONG Xue-hua TAO Shi-quan
£ Applied Physics Department£-~Beijing Polytechnic UniversityE-Beijing 10002£0

Abstract In this paperE-the factors of affecting thermal fixing efficiencyE-and lifetimes of fixed gratings under both illumination
and dark conditions are analyzed theoretically. The characteristics of fixed reflection gratings in Fe: LiNbO; and Ce: Fe: LiNbO,
crystals recorded using red wavelength have been extensively studied. The experimental results show that development of ionic
gratings in crystals with high concentration and deep reduction is not available. For lightly doped unreduced crystalsE-the thermal
fixing efficiency up to 50% has been achieved. The lifetime of the ionic grating under continuous illumination is up to 300 hoursE-
which is one hundred times more than that of the electronic grating. The dark storage time can reach 4 monthsE-ten times more

than the lifetime of the electronic grating. The experimental results demonstrate that the conditions required for increasing thermal-

fixing efficiency will decrease the lifetime of ionic gratingsEus predicted by theory.

Key words holographic storageE-photorefractive crystalE—thermal fixing efficiencyEifetimes
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Fig.1 Optical set-up of postfixing of single grating
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Table 1 Thermal fixing efficiency in Fe:LiNbO; and Ce:Fe:LiNbO; crystals

No. of Doping Oxidation/ reduction Diffraction efficiency of Thermal fixing
crystals concentration/ % state electronic gratings/ % efficiency/ %
D2A Fe:0.03£€e:0.05 500°C reduction 3.2 nothing
D2B Fe:0.03£€e:0.05 Non-reduction 4.1 53.6
D3B Fe:0.07£€e:0.20 Non-reduction 11.9 9.6
No8 Fe:0.08 1050°C£20 h oxidation 7.9 5.6
Ce2 Fe:0.03£€e:0.05 500°CE£-50 h reduction 76.6 nothing
Ce3 Fe:0.07£€e:0.20 500°C£-60 h reduction 26.7 nothing
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Table 2 Lifetimes of electronic gratings and ionic gratings for different crystal samples

No. of Lifetimes of electronic gratings Lifetimes of ionic gratings

crystals Optical erasure/h Dark-decay/day Optical erasure/h Dark-decay/ day
D2B 2.95 3.70 357.14 34.25
D3B 0.53 0.83 24.63 65.36
No8 1.29 10.35 23.64 112.36
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Table 3 Thermal fixing efficiency and the dark-decay time constant depending on the grating spacing

No. of experiments No. one No. two No. three
Angles between a reference/object beam and crystal surface 35° | 29° 49° 41° 61° 67°
Grating spacing/pm 0.160 0.152 0.145
External selecting angle/deg 0.110° 0.133° 0.219°
Thermal fixing efficiency/ % 5.9 11.8 15.2
Dark-decay time constant/day 80.65 65.36 59.73
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