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Development of Two-dimensional uniform light film of holographic

Polymer-dispersed liquid crystal based on Five-wave interference
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(Shanghai Key Lab of Modern Optical System, School of Optical -electrical and Computer Engineering, University of
Shanghai Science and Technology, Shanghai 200093, China)

Abstract: Two-dimensional diffraction gratings are widely used in applications such as uniform illumination and optical
field modulation. However, their performance is largely constrained by the rationality of structural design and the efficiency of
fabrication processes. Based on the five-beam interference theory, this study designs a pyramidal prism beam-splitting device
and successfully fabricates a 50 mm X 50 mm holographic polymer-dispersed liquid crystal (H-PDLC) two-dimensional grating
film via a single-exposure process. At a reconstruction wavelength of 532 nm, effective control over the intensity distribution of
nine diffracted beams is achieved under three different interference angles. The first-order diffraction efficiency reaches 91% ,
with a diffraction ratio of 3:1. The angular control precision of the gratings fabricated by the pyramidal prism method is within
40.5°. Furthermore, a thickness-controllable two-dimensional uniform illumination grating film is successfully prepared on a
triacetate cellulose (TAC) substrate. Experimental results indicate that an optimal thickness of 40 pum maintains a high dif-
fraction efficiency of over 86 % across the 450~630nm wavelength range, demonstrating excellent broadband uniform illumina-
tion performance. The approach features a simple optical path structure and highly controllable fabrication processes, signifi-
cantly enhancing the stability of grating preparation while achieving excellent light homogenization. It provides an efficient and
feasible technical approach for broadband homogeneous illumination displays and high-performance optical modulation devices.
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