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Fig. 1 5D optical storage of nanogratings™". (a) Data recording setup; (b) Arrhenius plot of nanograting decay rate; (c) data readout
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Fig. 2 Type X structures with high transmittance'. (a) Transmission spectra and photographs of birefringent structures of Type II

(dotted line/left) and Type X (solid lme/rlght)- (b) scanning electron microscope (SEM) images of nanostructures under different

pulse numbers; retardance and transmission images of birefringence structure under different (c) pulse densities and (d) pulse

durations
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Fig. 3

100-layer error-free 5D optical data storage'”. (a) Illustration of data encoding and decoding; (b) birefringent images of data

voxels on different layers; (c) birefringent images after removing background of Fig. 3(b); (d) polar diagrams of measured

retardance and azimuth for all voxels in Fig. 3(c)
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Fig. 4 High-density 5D optical storage based on SNS structure™. (a) Birefringent distribution; (b) slow axis orientation distribution;

(¢) SEM image; (d) schematic of decoding process
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Fig. 5 High-density 5D optical storage based on Type S structure””. (a) Simulated temperature versus time at focus center;

(b)-(d) SEM images; (e) pulse energy modulation comparison
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Fig. 14 5D optical storage based on LiGa;Oy: Mn®" nanocrystals”™”. (a) Site variation of Mn”" after glass crystallization induces

multicolour emission; (b) demonstration experiment for optical storage with 3D space/wavelength/intensity multiplexing
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Abstract

Significance Information storage is an important means of human civilization inheritance and a necessary link for social and
economic development. With the advent of the era of big data, the amount of data generated by various industries is increasing
explosively, presenting mankind with an unprecedented flood of data. According to International Data Corporation (IDC), the global
data volume will reach 175 ZB by 2025. Therefore, achieving low energy consumption and long-term secure data storage is an urgent
task for the construction of digital society. At present, widely used data storage devices, such as magnetic tapes, hard disks, and
solid-state drives, generally face the problems of high energy consumption and short life. In contrast, although optical storage has
slow read-write speed and small capacity, it has unique advantages in terms of cost, energy consumption, reliability, and service life,
and 1s considered likely to be one of the most important directions of development in the field of information storage in the future. As
an ideal optical storage medium, glass has excellent thermal, optical, and chemical stability, and its data storage life can even reach
hundreds of millions of years. Therefore, new optical storage technology using glass as the storage medium provides an effective
solution for the permanent storage of large-scale warm and cold data, which is of great significance for alleviating the pressure of big
data storage and ensuring the safe and efficient development of China’s digital economy.

In recent decades, researchers have continuously explored the relevant mechanisms and technical means for optical storage in
glass , making significant progress. However, from the perspective of practical application and industrialization, glass optical storage
still faces certain challenges. Therefore, a summary and prospect of current research are of important reference value for the future

development of this field, which is also necessary.

Progress We review the research progress and dimension multiplexing of glass optical storage in recent years. First, we introduce

femtosecond laser-induced multi-dimensional optical storage technologies based on refractive index change, anisotropic periodic
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nanostructure formation, ion valence change, metal nanocluster/particle formation, and quantum dot/nanocrystal precipitation,
including their formation mechanism and performance parameters, such as storage density and storage life. We then discuss some
challenges in the field and analyze the potential of light field modulation technology and deep learning technology to improve the

performance of optical storage.

Conclusions and Prospects Glass optical storage technology provides an effective solution for the permanent storage of
information in the big data era. In summary, current glass optical storage technology is developing toward ultra-high density, multi-
dimensional multiplexing, ultra-fast reading and writing, erasable rewriting, and ultra-long life. Its practicality and industrialization
merit further exploration. We firmly believe that in the near future, the realization of glass optical storage technology with large
storage capacity, ultra-fast reading and writing speed, and ultra-high reading and writing precision will open new opportunities for the

innovation of data storage systems.

Key words holography; laser material processing; optical storage; glass; multi-dimension multiplexing; light field modulation; deep

learning
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