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Abstract: By recording the polarization grating formed by the interference of two polarized lights, polarization holo-
graphy can store the information in polarization sensitive materials. In contrast to traditional holography, polarization
holography owns many unique properties, for instance, utilizing the long-neglected polarization information and in-
creasing storage capacity. This paper first briefly introduced the development of polarization holography, the ten-
sor-based holographic theory and some of its inferences. Then the further applications of polarization holography in
high density data storage are briefly overviewed.
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Dual-channel holographic recording with orthogonal linear polarization holography

Overview: Optical data storage is suitable and economical for a data center and an archive storage system with the ad-
vantages of long lifetime for storing digital data. However, traditional optical data storage methods including CDs,
DVDs, and Blu-ray Discs face technical obstacles in obtaining further large-capacity optical data storage. Holographic
optical data storage is a potential technology in the next generation of optical storage due to its high capacity for data
storage and its high speed of data transmission.

In this paper, the concept of polarization holography is firstly introduced. In contrast to conventional holography
which record the intensity gratings formed by two waves with same polarization, polarization holography records pola-
rization gratings fabricated by waves with mutually orthogonal polarization. The polarization holographic gratings can
diffract laser wave and shift the polarization state of diffraction wave at the same time. With the unique capacity of re-
cording and retrieving intensity, phase and polarization state simultaneously, the polarization holographic gratings are
expected to be applied in high density optical storage. Then, theory of polarization holography is briefly investigated
and some unique properties based on newly developed vector theory are discussed. Compared with conventional holo-
graphy, the reconstruction of polarization holography is more complicated. The Jones matrix has been applied to pola-
rization holography for a long time. However, the calculation of the Jones matrix is commonly limited in paraxial ap-
proximation, as the solution of it would become quite complex without the limitation. In 2011, Kuroda et al. proposed a
new tensor theory that provides a simple solution of polarization holography under non-paraxial approximation. In this
theory, the hologram was divided into intensity and polarization parts and expressed as a tensor product of the interfe-
rence electric field. Therefore, the crossing angle can be arbitrary with any polarized waves. Henceforth, several theoret-
ical and experimental research studies have been proposed based on this new tensor theory.

At last, the further applications of polarization holography in high density data storage are briefly overviewed. Sever
methods of polarization multiplexed holographic recording have been proposed with polarization holography. In
dual-channel holographic recording with orthogonal linear polarization holography, two polarization encoded holo-
grams were recorded in a dual-channel recording system with negligible inter-channel crosstalk. And the two polariza-
tion multiplexed holograms could then be sequentially or simultaneously realized by shifting the polarization state of
reference wave. Further, vector hologram in which the vector beams are recorded and reconstructed has been realized
by polarization holography.

In conclusion, polarization holography is an attractive technique for its unique capacity of recording intensity, phase,
and polarization of a wave simultaneously. With the help of polarization holography, holographic data storage can fur-
ther improve its storage density by fully using of multi-parameter of light wave including intensity, phase and polariza-
tion states.

Citation: Wei R, Zang J L, Liu Y, et al. Review on polarization holography for high density storage[J]. Opto-Electronic
Engineering, 2019, 46(3): 180598
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