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Polarization holography has the unique capacity to record and retrieve the amplitude, phase, and polarization of

light simultaneously in a polarization-sensitive recording material and has attracted widespread attention.

Polarization holography is a noteworthy technology with potential applications in the fields of high-capacity data

storage, polarization-controlled optical elements, and other related fields.
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1. Introduction 

Improvements in the capacity and reliability of data storage systems are urgently needed. One potential optical

information storage technology uses a holographic approach in which recorded data are distributed throughout the

volume of a thick medium with high density. Optical holographic recording technology can record information in a

three-dimensional space versus traditional two-dimensional storage methods and offers a small volume, large

capacity, and high density. In 1994, Heanue et al. first used holographic recording technology to realize the storage

of digital images and compressed video data . This high-density and large-capacity storage technology has

attracted widespread attention.

In holographic data recording, the entire information contained in the light is stored at once as an optical

interference pattern within a photosensitive optical material. Holographic storage technology usually uses the

interference of light to record the interference fringes and uses the diffraction of light to reproduce the information

of the recorded light. Holographic storage recording is achieved through the interference of two coherent laser

beams irradiated at the same position in the photosensitive material. Figure 1 shows that the light emitted by the

laser is divided into two beams: One beam carries data information through the spatial light modulator as

information light, and the other beam is used as the reference light. When the information needs to be read, the

hologram is irradiated with the same beam as the reference light to cause diffraction. The information can be

reconstructed, and the initial image of the information can be read through the diffracted light . As a recording

medium, photosensitive materials greatly affect the holographic recording ability. Traditional holographic storage

technology, however, considers only the phase and intensity information of light and ignores the polarization

information. Polarization holography can employ waves with two different polarizations to record polarization states

on the polarization-sensitive materials.
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Figure 1. Principle of the holographic recording and reading process: (a) holographic recording process; (b)

holographic reconstruction process, SLM, spatial light modulation.

2. Polarization Holography

The polarization properties of light and its anisotropy process in propagation increase as the degree of freedom,

which can be controlled; this is called the polarization state. In 1965, Lohmann first proposed a method to record

the polarization state of light with two orthogonal polarized beams . In 1968, Foumey et al. described an

experimental method to record and reproduce the polarization state of light, which verified Lohmann’s theory .

Holography that can record the polarization information of light is called polarization holography. Polarized

holography is different from traditional holography, which can modulate the recording and reproduction of

information using the polarization state. As presented in Figure 2, two orthogonally polarized waves interfere,

forming an interference field with the periodic change of the polarization states.

Figure 2. Interference field with the periodic change of the polarization states caused by two orthogonally linear

polarized waves or two orthogonally circularly polarized waves.

Since the concept of polarization holography was proposed, in 1974, Kakichashvili first gave a theoretical proof

using the photoinduced anisotropy of polarization-sensitive materials for polarization holographic recording . This

was the first time the holographic method that uses the Weigert effect (photoinduced birefringence) to record the

polarization state of the light field in a photosensitive material was presented. The interaction of the polarized light

field with the photo-anisotropic material records the polarization state of the light field. Ordinary holographic

recording materials cannot meet the requirements of polarized holography. This discovery caught the attention of
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researchers from polarization holographic recording to choose appropriate polarization-sensitive material. In 2009,

Nikolova et al. adopted the Jones matrix to describe the recording and reproduction process of polarization

holography, but the theory was established under the condition that two polarization interference lights were

approximately parallel, which limited the development of this theory . Because of recording condition restrictions,

polarization holographic recording has not been widely studied and applied. In 2011, Kuroda et al. proposed a

tensor-based polarization holographic theoretical model, which is applicable when two polarization interference

lights are at any angle, which has wide universality . Polarization holography technology is used mostly in

polarization multichannel multiplexing, vector beam storage, polarization modulation and encoding, and optical

component production. It has broad application prospects. For holographic data storage, polarization multichannel

multiplexing will increase the one-dimensional polarization variable, as depicted in Figure 3. This means that

holographic three-dimensional storage can be upgraded to four-dimensional systems, which effectively improves

the storage density. With the development of polarization holography, polarization holography materials have also

been continuously developed and optimized. To realize the real practical application of polarization holography

theory, excellent polarization-sensitive materials are indispensable.

Figure 3. Polarization multichannel multiplexing device: S, HWP, PBS, SLM, and COMS are the shutter, half-wave

plate, polarization beam splitter, spatial light modulation, and complementary metal oxide semiconductor sensor,

respectively.

3. Polarization-Sensitive Material

In the development of polarization holographic storage technology, the most vital thing is to find suitable

polarization-sensitive materials. Polarization-sensitive materials include organic materials and inorganic materials.

Inorganic materials, such as photorefractive crystals, have a high diffraction efficiency and a short response time.

These materials have harsh production conditions and high costs, however, which limits their marketability. They

are not suitable for permanent storage of information because they can be erased . Recently, metasurfaces

also showed their superior capability in controlling the phase, amplitude, and polarization states of light .

Metasurfaces, which consist of an array of function-driven artificial meta-atoms, can be designed to exhibit highly

anisotropic responses such that their interaction with electromagnetic fields is strongly polarization sensitive 

. Although they have not been used in the study of polarization holography, some other materials have been

found to be sensitive to polarization. Some special nanostructures with large field enhancements exhibit obvious

polarization dependence, such as nanoscale gaps and nano-gold dimers . The structural chirality of
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molecules gives rise to optical chirality. Ali Rafiei Miandashti et al. experimentally and theoretically observed

photothermal chirality in gold nanoparticle helicoids . In colloidally prepared gold helicoids, a polarization

dependence was found in circular differential absorption and the maximum temperature of a small cluster of helical

nanoparticles. There are many types of organic materials, and more attention has been given to photorefractive

polymer materials, azopolymer materials, photochromic materials, and photopolymer materials.

An excellent volume holographic recording material needs to have the following characteristics: (i) The material

should have sufficient optical quality to ensure that the loss of the beam during reading and writing is extremely

small, and the surface of the material should have optical flatness to avoid distortion during the imaging process.

The scattering rate of the material is extremely low, and for holographic storage, it needs to have sufficient

thickness to achieve a high storage density. (ii) The recording wavelength of the material should match the

wavelength of the laser, and it should be sensitive to light waves in the wavelength range. (iii) The material should

be processed without traditional holographic processing, such as heat treatment or solvent processing, to reduce

costs. (iv) For long-term recording, the material must be nonvolatile, that is subsequent holographic recording and

reading will not destroy the recorded hologram. (v) The material must be able to maintain long-term stability within

a certain temperature and humidity range to achieve sufficient storage life.

4. Conclusions

We report on the basic optical design of polarization holographic recording, as well as corresponding system

demonstrations. Polarization holographic recording offers the best prospect for holographic data storage, including

the fabrication of artificial anisotropic elements and polarization control. This includes the physical principles and

high performance of polarization-sensitive media.

We present an overview of reported work on the polarization-sensitive materials and discuss three types of typical

polarization-sensitive material in detail. We examine the key contributions of each work, and many of these

suggestions have improved the different polarization-sensitive materials discussed in this work. Clearly, many

materials have provided promising polarization-sensitive capacities and are being developed for polarization

holographic application. We emphasize photopolymers in this review, as they offer many advantages and are

widely used as holographic data storage media. In particular, we discuss the polarization-sensitive mechanism of

the PQ/PMMA material, which offers an in-depth understanding of comprehensive improvements in different

photopolymers.

Various approaches are summarized to improve performance in the field of polarization-sensitive holographic

recording materials. Such improvements include (i) the introduction of the liquid crystal structure that betters the

manipulated material polarization-sensitive properties; (ii) the introduction of nanoparticles that increase the

absorption and promote effective photoconversion of photosensitive molecules; (iii) optimization of the

photosensitizer composition structure and polymer composite substrate that improves the photoinduced

birefringence of polarization-sensitive materials. The development of polarization holographic recording in optical

holographic storage, optical element production, and other related fields needs continuous improvements. 
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