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Abstract By considering the limitations of material selection and shielding effect associated with the manufacturing
of diffractive optical elements, this study introduces the fabrication of diffractive optical elements based on the rapid
prototyping technology of the ultraviolet (UV )-cured organic-inorganic nanocomposites. Thus, we can obtain
diffractive optical elements exhibiting a high refractive index and a high dispersion. Further, a composite
formulation suitable for manufacturing diffractive optical elements is obtained based on an experiment on the
organic-inorganic nanocomposite preparation. The formulation contains aliphatic polyurethane acrylate (2PUA) with
mass fraction of 57.97%, pentaerythritol triacrylate (PETA) with mass fraction of 38.64%, photoinitiator 184
(Irgacure 184) with mass fraction of 1.45%, dispersant 163 (Disperbyk 163) with mass fraction of 1.93%, and
ITO nanoparticles with controllable mass fraction. Diffractive optical elements are fabricated using this method.
The average microstructural height of the mold-core surface of the diffractive optical elements measured using the
step instrument is 13.26 pm. Subsequently, we fabricate the UV-cured diffractive optical elements. Further, the
average surface microstructural height of the diffraction optical elements using UV-cured organic-inorganic
nanocomposites is 12.58 pm. The relative error between the diffraction optical elements and the mold-core
microstructures fabricated by the UV-cured organic-inorganic nanocomposites is 5.141%. The manufacturing
technology of diffractive optical elements for the UV-cured organic-inorganic nanocomposites overcomes the
limitation of material selection and reduces the occlusion error, making it considerably significant for the rapid
prototyping of the refractive-diffractive hybrid optical systems in a wide band.
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of content of ITO
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Fig. 2 Flow chart of UV curing experiment. 1: substrate that transmits UV light; 2: UV-cured organic-inorganic

nanocomposites; 3: metal mold-core; 4: shim that can adjust thickness of UV-cured layer
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Table 1 Organic components of UV-cured materials for debugging experiments

Number 1 2 3 4 5 6 7 8 9 10

2PUA /g 10 9 8 7 6 5 4 3 2 1

PETA /g 0 1 2 3 4 ) 6 7 8 9
Irgacure 184 /g 0.24 0.23 0.26 0.23 0.25 0.27 0.24 0.25 0.25 0.26
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Table 2 Experimental table of organic-inorganic nanocomposites

2PUA /g PETA /g Irgacure 184 /g  Irgacure 1173 /g  Irgacure 819 /g 1TO /g Content of ITO /%
6 4 0.14 0 0 0.22 2.1
6 4 0 0.15 0 1.06 10.5
6 4 0 0 0.15 5.04 33.5
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Fig. 3 1TO nanoparticles with same mold core and different mass fractions. (a) 2.1%; (b) 10.5%; (b) 33.5%
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Fig. 4 Diffractive optical elements with 16 mm diameter. (a) Mold core; (b) pre-molding; (c¢) post-molding
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Table 3 Microstructure heights of mold core of diffraction optical elements and UV-cured

elements multi-measured by step instrument

Number 1 2 3 4 5 Average value Relative error Percent /%
Height of mold /pm 13.05 13.29 13.38 13.42 13.17 13.26

Height of element /pm 13.00 12.56 12.54 12.41 12.40 12.58 —0.68 5.141
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Fig. 5 Roughness R, of mold core and UV-cured elements

measured by white-light interferometer
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