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Shrinkage of Photopolymer for Holographic Recording Materials

ZHUO Du-hua', TAO Shi-quan', SHI Meng-quan?®,
XUE Jian-giang?, ZHAO Yu-xia*, WU Fei-peng®
Y'College of Applied Science . Beijing University of Technology, Beijing 100022, China
(2 Technical Institute of Physics and Chemistry, The Chinese Academy of Sciences, Beijing 100080, China>

Abstract An explicit relation between the Bragg shift of the grating readout angle and the shrinkage of
photopolymer samples is presented based on the changes in amplitude and direction of the grating vector, caused by
lateral shrinkage and thickness shrinkage of photopolymer after exposure. A two-step experimental method to
measure the Bragg shift of the unslanted grating and slant grating in photo polymer separately is designed and
implemented with blue light readin and red light readout. The lateral shrinkage and thickness shrinkage of two self-
made blue-light photopolymer samples are calculated respectively, and their volume shrinkage are obtained. The
results show that the volume shrinkage of the sample with modified composition is less than 0. 5%. This study also
shows that the lateral shrinkage of photopolymer is generally not negligible. By using this method, it is easier to

measure the shrinkage of a large amount of photopolymer samples, and find the relation between shrinkage and

compositions of photopolymer.
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Fig.1 Variations of direction and spacing of grating

fringes caused by material shrinkage
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Fig. 3 Experimental setup
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Table 1 Parameters of two-step experimental method (°)

Unslanted grating Slant grating

Signal beam angle (external) 15.0 0.0
Recording (457 nm) Reference beam angle (external) 15.0 30.0
Slant angle §, (internal) 0.0 9.4
Reference beam angle 6, (external) 21.0 36.4
Reconstruction (632, 8 nm) Reference beam angle §, (internal) 13.3 22.4
Bragg angle §; (internal) 13.3 13.0
%2 WEMERHHER
Table 2 Measurement data and results
Samples Sample 1 Sample 2
Monomers 27% 28.9%
Components Curing agent 13.5% 28.8%
Epoxy resin 44, 9% 34.0%
Bragg shift Ad,, (external) 0.02° 0.06°
Unslanted grating Bragg shift A, (internal) —0.023° 0.002°
Lateral shrinkage o/ —0.09% —0.27%
Bragg shift g, (external) 0.12° 0. 80°
Slant grating Bragg shift A¢’;, (internal) —0.006° 0.388°
Thickness shrinkage | —0.30% —4.03%
Volume shrinkage a —0.48% —4.55%
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