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Abstract: As an electromagnetic wave, optical field can be described by using parameters of amplitude,
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phase and polarization. Spatial optical field modulation technology enables to generate novel spatially
structured optical field by modulating these parameters. Compared with other types of modulation devices,
the liquid crystal spatial light modulator has the advantages of high diffraction efficiency, millions of
modulated pixels, and real-time dynamic modulation. It has become the mainstream device for spatial
optical field modulation. In this paper, we first give an introduction to the principles and algorithms of
optical field modulation technology, including single-parameter modulation, complex amplitude
modulation, and multi-parameter modulation by using the liquid crystal spatial light modulators. Some
applications of these optical modulation technologies in holographic optical tweezers, optical microscopy,
optical information storage, optical micromachining, imaging behind scattering media, and optical
communication are exampled. Then we discuss the problems to be resolved, the development trends and
the development prospects of the technology. The purpose of this paper is to help researchers systematically
understand the principle, the latest research progress and the potential application of the optical field
modulation technology based on the liquid crystal spatial light modulators, and provide some references for
research in this field.

Key words: Liquid crystal spatial light modulators; Optical field modulation; Computer generated
hologram; Fourier hologram; Optical field modulation in the spatial domain; Optical field modulation in
the spatial frequency domain
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Fig. 1 Comparison between the optical field modulation in the spatial domain™*” and the spatial frequency domain"*"
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Fig. 6 Intensity distribution of the axial plane optical points array generated by using the multi-plane 3D GS algorithm and the
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(b) Optical vortex traps shaped in Viviani’s curve. The particles are trapped 10 pm in deep into the sample, black arrows
indicate particles in free diffusion at the chamber bottom
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Fig. 15 Schematic of the optical field modulater based on the TCPI"
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Fig. 16  Schematic of the optical field modulater based on the cascade QLM method . SF: Spatial Filters
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Fig. 17 Schematic of the compact optical field modulater for the generation of arbitrary vector vortex beam'*
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LS: Laser; CA: Circular aperture; RGGD: Rotating ground-glass disk; GAF: Gaussian amplitude filter; BS: Beam splitter;
CC: Coincidence circuit; BPA: Beam profile analyzer; D: Single photon dector; PC: Personal computer
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Fig. 18 Experiment setup for the generation and measurement of the complex degree of coherence of the

partially coherent beams'"'*!
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Fig. 19 Schematic for the calculation of the incident field based on the antenna pattern synthesis method"*”
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Fig. 21 Flow chart for iteratively searching for the optimal amplitude, phase, and polarization distribution of incident beam'""'
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