Opto-Electronic Engineering

Review
20194 ,5546% , 53 H

¥ ¢ x 4

DOI: 10.12086/0ee.2019.180584

ETXFeMNRERENSHENERFHE

BRPEAE L, & U, 4RI, WHEFZ, HUE3, g2, £ HS3
' 510632

2 510632
} 510631

THE: MAZLHKRGER, BANRGEZTHETREAMBARARET 5E. GBI HHEREEZR. ¥
P LR A A H XL B R, @A ATRA QK. MELLB LA KRB Rk LR, LTEMmEK
Vb it BMAM ARG LGB RTERE, EABEESAAEGRGEHLEESHLILAER, KALFLELE4
ITIEE M e 04 F ok S Ik B s R 38 4 5 64 R Fm % SR A A VA B S AT N M) 89 A R R LR PR . KX
EHE S — TR ZERAEE TN T E, IR RGRRL R T QAT RE.

X oA ok oAt S A

FE &S 0436.3; 0438.1 XHEREE: A

SIAHER: BRfa, B, R4BH, F. A TAFEARERDN S HAE EAMHJ]. e 14, 2019, 46(3): 180584

Encoding disorder gold nanorods for
multi-dimensional optical data storage

Ouyang Xul, Xu Yi'*, Xian Mingcong?, Cao Yaoyu?, Dai Qiaofeng3,
Li Xiangping?, Lan Sheng3

"Department of Electronic Engineering, College of Information Science and Technology, Jinan University, Guangzhou,
Guangdong 510632, China;

*Guangdong Provincial Key Laboratory of Optical Fiber Sensing and Communications, Institute of Photonics Technology,
Jinan University, Guangzhou, Guangdong 510632, China;

*Guangdong Provincial Key Laboratory of Nanophotonic Functional Materials and Devices, School of Information and

Optoelectronic Science and Engineering, South China Normal University, Guangzhou, Guangdong 510631, China

Abstract: The digital data created by human being grows exponentially in time. Conventional magnetic storage
technologies are difficult to meet this challenge. It means that new storage technologies with higher capacity, higher
security and longer storage time should be developed to meet the challenge in information age. With the invention of
lasers and the rapid development of nanotechnology, multidimensional optical data storage based on the polariza-
tion and wavelength dependent responses of gold nanorods was demonstrated to be capable of meeting these re-
quirements. We will review the recent progresses about five-dimensional optical data storage and multilevel storage
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utilizing disorder gold nanorod from the structured matter point of view and super resolution storage from the struc-
tured light point of view, respectively. We also provide outlooks for how to further increase the capacity of the five
dimensional optical data storage and our future prospective of this technology.
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Fig. 2 Optical properties of gold nanorods. (a) Scattering spectrum of gold nanorods; (b) Typical physical processes involved in the
interaction during laser irradiation. LA: Linear absorption; NLA: Nonlinear absorption; LS: Linear scattering; NLS: Nonlinear scattering
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Fig. 3 Five-dimensional optical data storage based on coding gold nanorod. (a) Schematic diagram of the physical
mechanism; (b) Experimental results of five-dimensional optical data storage, the arrow represents the polarization direc-
tion of the incident light, the image size is 100 umx100 pm, and the pixel point is 75x75!'¥
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Fig. 4 Three-dimensional polarization encoding. (a)~(d) Schematic diagram of electric vectors specified by angles 6 and 8 at
the focus spot and the corresponding retrieved information multiplexed in same area. The pixels of all images are 75x75, and
the size of single pixel is 550 nmx 550 nm. The scale bar is 10 ym!'®
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Fig. 5 The effect of GNR coupling strength on single photon absorption (SPA) and two-photon absorption (TPA). (a) Sin-
gle-layer randomly coupled GNR model; (b) Three-layer randomly coupled GNR model; (c) and (d) are the normalized SPA and
TPA spectra of the models shown in (a) and (b), respectively. S is the lattice constant of the square lattice, A is the length of the
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Fig. 6 Encoding random hot spots generated by the coupling of gold nanorods. (a), (b) The results of polarization multiplexing.
The image is decoded using different polarizations. The wavelength of excitation light is 750 nm and the red arrows in the figure
represent the polarization directions of the incident light; (c)~(f) is the experimental results of multilayer storage. The interval
between two adjacent layers is 4 ym and the size of a single information unit is 650 nmx650 nm. R: Contrast; C: Correlation
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Fig. 7 Erasable optical storage technology. The figure shows the theoretical calculation of the 10x10 GNR array. The TPL
intensity distribution of each GNR is arranged in a descending manner. The wavelength of excitation light is 1000 nm. The GNRs
are divided into 4 groups, which are represented by different colors, respectively. The first erasing process melts the first group
of GNRs in red. The GNRs in purple can be used for the second write-in. The experimental results are presented in the inset.
The size of a single information unit is 650 nm x 650 nm!'®!
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(a) Schematics showing hot spots created in disorder gold nanorods; (b), (c) Five-level data multiplexing optical data storage

Overview: The digital data created by human being grows exponentially in time. Conventional magnetic storage tech-
nologies are difficult to meet this challenge. It means that new storage technologies with higher capacity, higher security
and longer storage time should be developed to meet such challenge in information era. With the invention of lasers and
the rapid development of nanotechnology, optical data storage technology based on light-matter interaction was shown
to be a potential solution to this end. However, commercial optical data storage technologies are currently difficult to
meet the increasing requirement for big data storage. Researchers are going to explore new means to further increase
storage capacity to meet the growing requirements for massive data storage. For example, the capacities of mul-
ti-dimensional optical data storage, super-resolution optical data storage and multi-level optical data storage technolo-
gies were demonstrated to be much larger than traditional optical storage technologies. Herein, we review the recent
progresses of multi-dimensional optical data storage, super-resolution optical data storage and multi-level optical data
storage technology, with the focus on multi-dimensional optical storage technology. The gold nanorod (GNR) shows
unique properties of a longitudinal surface plasmon resonance. By using the wavelength and polarization dependent
responses of GNRs, five-dimensional (the wavelength and polarization of light and the three spatial dimensions) optical
data storage has been demonstrated with TB scale storage capacity for the same volume of a DVD disc. In order to in-
crease the number of information channels in the focused spot volume for this kind of optical storage technology, the
intuitive approach is to increase the number of GNRs per unit volume, which inevitably increase the coupling strength
among GNRs. Therefore, hot spots will be formed in the small gaps among GNRs. As a result, rather than using the re-
sponse of a single GNR, the polarization and wavelength sensitivity of random hot spots in a volume GNR assembly can
be used to encoded information and realize multi-dimensional data storage. At the same time, the plasmonic coupling
among GNRs can also significantly enhance linear absorption and two-photon induced luminescence of the GNRs. As a
result, five-dimensional optical data storage by encoding random hot spots of a volume GNR can be realized by using an
ultralow energy. This technology improves significantly both the quality and capacity of optical data storage. We also
provide outlooks for how to further increase the capacity of the five dimensional optical data storage and our future
prospective of this technology.

Citation: Ouyang X, Xu Y, Xian M C, et al. Encoding disorder gold nanorods for multi-dimensional optical data storage
[J]. Opto-Electronic Engineering, 2019, 46(3): 180584

Supported by National Key R&D Program of China (YS2018YFB110012), National Natural Science Foundation of China
(NSFC) (11674130, 91750110 and 61522504), Guangdong Provincial Innovation and Entrepreneurship Project
(2016Z2T06D081), the Natural Science Foundation of Guangdong Province, China (2016A030306016 and
2016TQ03X981), and the Pearl River Nova Program of Guangzhou (201806010040)

* E-mail: yi.xu@osamember.org

180584-13




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


