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Abstract: With the rapid development of Big Data and artificial intelligence, emerging information technology com-
pels dramatically increasing demands on data information storage. At present, conventional magnetization-based
information storage methods generally suffer from technique challenges raised by short lifetime and high energy
consumption. Optical data storage technology, in comparison, is well known for its advantages of low energy con-
sumption and high security. However, the disc capacity of optical data storage technology inevitably gets stuck in the
physical fundamental barrier-optical diffraction limit. How to break optical diffraction barrier and improve the resolu-
tion of optical storage system, thereby increasing the data storage capacity of the optical storage system is the key to
incorporating optical storage technology with information technology trend such as big data and cloud computing. In
this review, we present the principle of optical storage techniques beyond diffraction-limited and recent progress in
high capacity optical data storage, including far field super-resolution three dimensional optical (3D) storage tech-
niques (such as two-photon absorption-based process and saturation stimulated emission depletion fluores-
cence-inspired approaches) and near field super-resolution two dimensional (2D) optical storage techniques (such
as near field scanning probe methods, solid immersion lens approaches, and super-resolution near-field structure
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methods). Eventually, the here-and-now problems confronted by the super-resolution optical data storage and future
development of optical storage technology towards ultra-high capacity optical disc based on optical super-resolution
techniques are discussed.

Keywords: optical data storage technology; optical super-resolution technology; ultra-high capacity optical data
storage

Citation: Jiang M L, Zhang M S, Li X P, et al. Research progress of super-resolution optical data storage[J]. Op-
to-Electronic Engineering, 2019, 46(3): 180649

[2-4]

1 g I FH TB[S-G]

GB
TB PB
(International Data Corporation
IDC) 2017 2025
163 ZB(1 ZB=10* EB=10° PB=10°
TB)
10% [7-8] [9-10]
[11-12] [13-15] [16-17]
(hard disk drive HDD)
10 TB(10* GB)
900 ( 1
)
PB
(optical data storage ODS)
20 80
(digital versatile disk DVD) (two-photon absorption TPA)
(stimulated emission depletion
STED)
GBM 100 GB (scanning probe microscopy SPM)

(solid immersion lens SIL)
(super-resolution near-field structure
super-RENS) 1 (

180649-2



DOI: 10.12086/0ee.2019.180649

TPA SPM SIL Super-RENS STED

E—

<

(18]

1989

1996 1 1999 2000 2015

TPA 1989 10" bits/cm’( 0.1 GB/in®)  P. M. Rentzepis, et al.["®

SPM 1992 5.6 GB/in? E. Betzig, et al.!"”

SIL 1994 5 GB/in? B. D. Terris, et al.®

Super-RENS 1998 10 GB/in? J. Tominaga, et al. 2"

STED 2011 1 TB/disc( 2 GB/in?) S. W. Hell, et al. 2
1in=2.54 cm

B R EAMBARE

Fig. 1 Progress of super resolution optical data storage techniques

)

2 BiHmigB e F 0T E RS " (TPA)
NS ZELFME 2) (STED)

2.1 MAFRB =4S F0E

405 nm 0.85
Mayer
1931

180649-3



DOI: 10.12086/0ee.2019.180649

3(b)
X-Z
1 um(
)
(single-photon absorption SPA) 1998
(28]
12005 Zhou
2 (301 PMMA
1989 Rentzepis 4 pm
9 um 2015 Cai
11
18] 10*2 bits/cm?® 2 um
1999 Pudavar 14 pmBY
3
[29]
10 um 10"
bits/cm? 3(a)
@) St (b)
I\
(BN BN B Y4
* s s 0 .
” S B [ BT I B B ]
[ B I B B s
e s 0 o o|"
s o8 y
So ’/( z
SPA TPA 4 »X

B2 (a) ERFFObTFRAEAZ 54 L RFRE A (D) SR ML F B4 = S RSB AT
Fig. 2 (a) Energy diagram for single-photon and two-photon absorption; (b) Schematic drawing of 3-dimensional optical
memory using two-photon absorption

180649-4



DOI: 10.12086/0ee.2019.180649

@ Two photon read back of written layers ()
120
- . . . .
= sl W/\,\/V\J\/\/\/‘M/"\/fj
8
i ; 2 60 A
Single photon read back of written layers @
(V]
€ 40 {
20 1
0

0 5 10 15 20 25 30 35
Distance/um
B 3 (a) FATERMAB AT RTINS $ 2413 B e9af1k; (b) MEREIMENE

L E X-Z 1a4h 3@ 6 3 kg P

Fig. 3 (a) Two-photon and single-photon read back of multiple layers information recording written at an even
spacing of 6 um apart; (b) Fluorescence intensity measured using X-Z scan profile of a written spot using confocal
microscope, plotted against depth (up) in two-photon read back and (down) in single-photon read back!?
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Progress of super resolution optical data storage techniques

Overview: With the rapid development of Big Data and artificial intelligence, emerging information technologies such
as Smartphone, Internet of Things, Biogenetic Data, Atmosphere, and Geographic Information compel dramatically
increasing demands on extremely high information storage capacity and speed. At present, data storage and archiving
methods mainly rely on conventional magnetization-based information storage method which generally suffers from
technique challenges raised by short lifetime and high energy consumption. Optical data storage technology, in com-
parison, is well known for its advantages of high storage capacity, low energy consumption, and high security. However,
the disc capacity of optical data storage technology inevitably gets stuck in the physical fundamental barrier-optical dif-
fraction limit. The diffraction limit of light is substantially introduced by the lack of spatial frequencies higher than that
can be supported by certain light wave and optical system. As a consequence, light spot cannot be infinitely squeezed
down to a mathematically ideal point, giving rise to limited density and capacity of optical data storage. How to crash
through optical diffraction barrier and improve resolution of optical storage system, thereby increasing the data storage
capacity of the optical storage system is the key to incorporating optical storage technology with information technology
trend such as big data and cloud computing. In this review, we have introduced the principle of contemporary optical
storage techniques capable of storing and retrieving data in a manner of being beyond the diffraction-limit and recent
progress in ultra-high capacity optical data storage techniques, including far field super-resolution three dimensional
(3D) optical storage techniques and near field super-resolution two dimensional (2D) optical storage techniques. The
far field super-resolution is the technique can reduce the full width at half maximum (FWHM) of the intensity distribu-
tion of the focused spot in the far field. The main techniques of far field super-resolution optical storage are based on
nonlinear interaction between light and recording medium, such as two-photon absorption-based process and satura-
tion stimulated emission depletion fluorescence-inspired approaches. The near field super-resolution is the technique
that mainly utilize the evanescent wave within the sub-wavelength distance between the light source and the recording
medium. The main techniques of near field super-resolution optical storage involve near field scanning probe methods,
solid immersion lens approaches, and super-resolution near-field structure methods. Eventually, the here-and-now
problems confronted by the super-resolution optical data storage and future development of optical storage technology
towards ultra-high capacity optical disc based on optical super-resolution techniques are discussed.
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