1 A DATA STORAGE DEVICE Field Of Invention The present invention relates generally to a data
storage device. In particular, the 5 invention relates to a data storage device that utilizes different
physical properties of a laser beam for providing a multi-level data storage structure capable of multi-
dimensional data storage for achieving a high-density and high data transfer rate optical recording
medium. 10 Background Optical data storage density is typically determined by the diameter of a light
spot formed on a recording surface by irradiation of laser. The diameter d of the light spot is
described as: 2 d (2NA) 15 where 2Ashd ﬁé/@@ﬁ@tﬁ‘%f%vlb%gr and NA is the numerical aperture.
A smaller minimum spot diameter results in higher density data recording and storage. Therefore, in
order to increase the recording density of an optical recording medium, shorter wavelength of laser
and higher nTi¢lgRATBBMHRE (NA) of objective lenses 20 are used. However, there are

disadvantaggadopseierenneritienwargiengihepiiertaaetapnstdrsie aripdhennpanesiaat aperture to
achieve higher recording density. A coma created by a tilted optical disk increases propartionally in

y L ! [
magnitude tRHRTAAREEGEAC A iHarRap Sltvics tHAbHURES AITGEaE ALYSICALRIRSEHRH T Rsults in a
substantially|ssepaliesrmaegirpfeviandlar tit e thepriieal diskgd ilkingcthe optindldisk shahily 25 causes
the laser to create a blurred spot thereon, thereby resulting in higher recording density not being
achievable. HIBSasR0ATIH3H A 805 RBREIGY 'S I@(§19hf3§%5%§'%{jtﬂggnq§ §R8IRY "#Brporation)
has a recordypgishe reibr gihgebéansrihan 23 GB and a data transfer rate as 30 high as 36 MBps.
However, the optical system of the Blu-ray disk uses a laser wavelength of 405 nm and an objective
lens with a numerical aperture of 0.85. As a result, the Blu-ray disk requires a thin light transmission

layer of @bog4lgrvurie
Optical data storage density is typically determined by the diameter of a light spot
formed on a recording surface by irradiation of laser. The diameter d of the light spot

is described as:

15
where A is the wavelength of the laser and NA is the numerical aperture. A smaller
minimum spot diameter results in higher density data recording and storage.
Therefore, in order to increase the recording density of an optical recording medium,
shorter wavelength of laser and higher numerical aperture (NA) of objective lenses

20  are used. However, there are disadvantages to shortening the wavelength of the laser
and increasing the numerical aperture to achieve higher recording density. A coma
created by a tilted optical disk increases proportionally in magnitude to the cube of the
numerical aperture. Therefore, a larger numerical aperture results in a substantially
smaller margin for angular tilt of the optical disk. Tilting the optical disk slightly

25  causes the laser to create a blurred spot thereon, thereby resulting in higher recording
density not being achievable.

It is known in the art that a Blu-ray disk (Blu-ray being a trademark of Sony
Corporation) has a recording density of not less than 23 GB and a data transfer rate as
30 high as 36 MBps. However, the optical system of the Blu-ray disk uses a laser
wavelength of 405 nm and an objective lens with a numerical aperture of 0.85. As a

result, the Blu-ray disk requires a thin light transmission layer of about 0.1 mm to



2 achieve a sufficient tilt margin. Unfortunately, such a thin light-transmission layer cannot be
produced by conventional injection molding machines. Furthermore, its strict thickness variation within
a tolerance of 0.2 m results in relatively higher production cost when compared with conventional
optical disks. Additionally, a 5 shorter working distance of approximately 0.3mm limited by use of the
high numerical aperture objective lens leads to a higher risk of collision between the optical disk and
the lens. Use of multiple recording layers is also knodn in the art for achieving high recording 10

density. For 8tHpYBI&, sHEIRRMAYEE SFaIgH r&LURIHGA S SHE VA HESEY 3SR [@ible the

recording de@igiRobYd a5 iBeH OBy \WenRRERIGHAD et oRdldiasamenside. rlifiRGiRlte Hyvever, itis a
technical challenge to achieve large transmittance for the first layer of the dual layers as a material,

for example $"HialbdcknessguarialieRalithit gnialeiarcerin8aent s Seinvilatiebaddd thickness. 15
PCT PublicaionNaoR 28&3RARA opehl AipiP 88 R SEOREP HRic oV BisMING dhRiJAEeR/em that during

the reading process, each layer interferes optically with the other layers. Arieli describes an optical
data storageSaeiifte WOkl ABARIpH reRRHBaRlYe S HRA ol FdigdingysyseeRfidhfodigthg laser

onto the intefglagrr@qosdielIaYSH;iREie TerdingdbatetomytdpwrKess theinasH iriacuping the laser
for the different recording layers in Arieli results in a slower rate of data retrieval. Furthermore, the

recording de?RiiGAbfisk NFdLdIEMg layer is dependent on the accuracy of the focusing system. 25 US
Patent No. 5,838,653 (Fan) discloses an optical information storage system comprising multiple
information storagfe Iaﬁers. Each storage layer or portion thereof is wavelength-specific and

polarization-SiS8&fiE1YHIBIRTEEBH BNV healsadirn & Bis-acuiar asblayjeddyeh Krartieer beam with

a specifiy W%@WW@QW!@G@%-Iﬁ?éf%ﬁ%ﬁ%gdwg%%itﬁﬁwﬁég% asbaeRAWrasraspectrum of
lasers catering to the 30 range of wavelengths and polarizations required. The use of a modulator for

varying the dRuRfeihgtFeERTET BB IdFRsktcRY JP aCsHHI A AU e ERIMDR PG SiBdthsdafeSHtEdata

retrieval.  of the disk. However, it is a technical challenge to achieve large transmittance for the
first layer of the dual layers as a material, for example a phase change material,
becomes less transparent to laser with increased thickness.
15
PCT Publication No. 02/063620 A2 (Arieli) discloses a solution for overcoming the
problem that during the reading process, each layer interferes optically with the other
layers. Arieli describes an optical data storage device comprising multiple recording
layers and a focusing system for focusing laser onto the intended recording layer for
20  reading therefrom. However, the need for refocusing the laser for the different
recording layers in Arieli results in a slower rate of data retrieval. Furthermore, the
recording density of each recording layer is dependent on the accuracy of the focusing

system.

25 US Patent No. 5,838,653 (Fan) discloses an optical information storage system
comprising multiple information storage layers. Each storage layer or portion thereof
is wavelength-specific and polarization-specific. Information can only be read from a
particular storage layer by a laser beam with a specific wavelength and polarization
corresponding therewith. However, Fan requires a spectrum of lasers catering to the
30 range of wavelengths and polarizations required. The use of a modulator for varying
the wavelength and polarization of a single laser is complex and slows the rate of data

retrieval.



3 Hence, this clearly affirms a need for an improved data storage system with high recording density
and high data transfer rate. 5 Summary A data storage device described hereinafter comprises a
substrate and a recording layer having a phase change layer and a magneto-optical layer formed on
the substrate. The data storage device utilizes two physical properties, namely, amplitude and
polarization level of laser reflected therefrom. Laser directed at the data storage 10 device penetrates
the substrate or the cover layer to heat up said recoraing layer. By adjusting the laser's power, the
phase change layer can be switched between a crystalline state and an amorphous state. The phase

change layerghtiae gRenglieialy .ameiPRowsestate BRoViHReRY aitsctiiigd eletdansatwinigihe phase
change layer in the completely crystalline state provides 100% of reflectance. Discretised variation in
15 the laser EpFREOSRRHE 810 NERAUA 58 EhI& e flectance levels. Therefore, multi- level recording
can be realized in the phase-change recording layer using different levels of reflectance. When the
laser is directed onto said recording layer, the magneto-optical layer is 20 heated up concurrently.
When the te%ﬂ@fﬁﬁﬁé of the magneto-optical layer reaches the Curie temperature, or the

Compensatia) dampesrigecddirRicabsariias Reaeingtier ftelfisisispiemibor\saeyatite Hokadrditign level in
the magneto-optical layer. The polarization of the reflected or transmitted laser or light beam can be

detected thrdfdsh REXEI%e b-BRtREICHARSS IMeEraRce? (MRYRR-LRANCE! alAVR LIRE SR Bk BSlarization 25

level of lasekgfgated frirnadhestntgstiriace HRILESIVE SISFIRH ol Ay idense I aeipmues
multi-dimensional multi-leve re(g)éflig%?;a storage. Therefore, in accord é]é:ﬁ}éw h a first aspect of the
r [

invention, théd ROGLZRIAH'ES e&&ﬁ?@%&%ﬂsih@?% chils 4P ving a first

face and a sgegod feaetatsweisbubsparstgibedst fags, thaditsipeans duaiayer lapingg first
plurality of data stora% lgcations, each of the first Iuralit)Laof data storage I(?Pcag]ti%ns having a first
bhysical proBuvE) BRAReyLasabRe RAIETH S REREnABRSBReEYSF iHithc B P ALEPE B GaLe 4

crystalline state and an amorphous state. The phase change layer in the completely
amorphous state provides 0% of relative reflectance while the phase change layer in
the completely crystalline state provides 100% of reflectance. Discretised variation in
15 the laser’s power provides for different possible reflectance levels. Therefore, multi-
level recording can be realized in the phase-change recording layer using different

levels of reflectance.

When the laser is directed onto said recording layer, the magneto-optical layer is
20  heated up concurrently. When the temperature of the magneto-optical layer reaches
the Curie temperature, or the Compensation temperature, thereof, a bias magnetic
field is applied to vary the polarization level in the magneto-optical layer. The
polarization of the reflected or transmitted laser or light beam can be detected through
magneto-optical effects. Therefore, the reflectance amplitude and the polarization
25 level of laser reflected from the data storage device are combined to provide a

medium for multi-dimensional multi-level recording and storage.

Therefore, in accordance with a first aspect of the invention, there is disclosed a data
storage device comprising:

30 a first recording layer having a first face and a second face outwardly
opposing the first face, the first recording layer having a first plurality of data storage
locations, each of the first plurality of data storage locations having a first physical
property being variable through at least two states for indicating a first data value;



a second recording layer stacked adjacent to the second face of the first recording layer, the second
recording layer having a second plurality of data storage locations, each of the second plurality of data
storage locations having a second physical property being variable through at least two states for
indicating a second 5 data value, the first physical property being distinct from the second physical
property; and a plurality of data axes formed substantially perpendicular to the second face of the first
recording layer, each of the plurality of data axes exténding through a corresponding one of the first

plurality of data stoPa§ePREhEBTRIHAE A2¥BFe@5kRdiAgIEeNHE Jheneeserdidisphifieofitrita storage
locations, wheteihiagRrakesaRAeea RevRiny $hairchaeiFRns Jeeand @uqmr@eaiaafar@ﬁ%?t@d from a
|

laser beam directed towards the first and second recording layers along one of the plurality of data

axes, the lad8F BN 158N Prdtesscandiriiirlly 19t dalp-SKBaRIMFFHIDMANE TR PRIAMY of data
storage locagippsicaithropergf fematvbilpastinsugioieddherans deieemitinadioatiigteaamaroperty, and

subsequently by the corresponding one of the second plurality of data storage locations with one of

the at |ast HA sYAHS 1R e B i cREBRiFAh PIRREERC R B dRHARS pERY (8 fietotith RG] beam

properties oipfapdrtpcarsed beam being respectively indicative of the first and second data values of
the corresponding one of the first plurality of data store;g_e 20 locations and the corresponding one of

the second plurality?dH U, & S8 IBeeRi N EIeohsHRR BRI HYPRR L UG 46 setBkieChvention,

there is disclep etk Figatacstomnas 18pyiceacroprisenplunaitst o8 cridingdaystdranigtariughface and a
second face outwardly. 25 oppasing.the first face, the first recording layer being made from a first
material ancCHEARE S HAPBR PAIGY o ScRMEIMAL RAANETR LRGN ORI Bea. storage

locations hagingot fiistautysiea RIdpetyatiserdgeabdetiiough at least two states for indicating a first

data value; a second recording layer stacked adjacent {o the second fgce of the first 30 recording
ayer. the secona 18Ul TP UEHRY rHEAE 1 BosdU3h AT A RS S pluraity of

data storageplecatizasireach Msdrensecoditdoletliswalidsaie sicagr loaminnrebaving dagesond physical
property bei%?o?]’S‘ r(i)%tglgftt ré) %ﬁnaﬁty of data axes, the laser beam being processed initially by the
corresponding one of the first plurality of data storage locations with one of the at
15 least two states thereof determining the first beam property, and subsequently by the
corresponding one of the second plurality of data storage locations with one of the at
least two states thereof determining the second beam property, the first and second
beam properties of the processed beam being respectively indicative of the first and
second data values of the corresponding one of the first plurality of data storage

20  locations and the corresponding one of the second plurality of data storage locations.

In accordance with a second aspect of the invention, there is disclosed a data storage
device comprising:
a first recording layer having a first face and a second face outwardly
25  opposing the first face, the first recording layer being made from a first material and
having a first plurality of data storage locations, each of the first plurality of data
storage locations having a first physical property being variable through at least two
states for indicating a first data value;
a second recording layer stacked adjacent to the second face of the first
30  recording layer, the second recording layer being made from a second material and
having a second plurality of data storage locations, each of the second plurality of
data storage locations having a second physical property being variable through at
least two states for indicating a second data value, the first physical property being



least two states for indicating a second data value, the first physical property being 5 distinct from the
second physical property, wherein the first physical property is reflectance and the second physical
property is optical polarization with one of the at least two states of each of the first plurality of data
storage locations corresponding with reflectance level thereof and one of the at least two states of
each of the second 5 plurality of data storage locations corresponding with optical polarization level
thereof, the first material being a phase change matetial with the at least two states thereof being at

least two cry&sliRRkyMeveibetreqne SBYeica! RARRREY baTRE &I Nilg H&E-BhYeioahBIRPRIWIt the at
least two stategetgicobhgitte stdensiiNyidaplndpahN StMes Yithiidat chUiaitoaé datmaxes formed

substantially perpendicular to the second face of the first recording layer, each of the plurality of data

axes extendIRgStHWRI GRS rRISP iRy TSk RIHFAKLY:Rf ARIRIR WelAcRU RGN TBRAISIR%aNd a

correspondingtipreriet tHir S esanthleerlgPbakatF seradedacaiisatasharestradtroresseddeam
having first and second beam properties is 15 processed from a laser beam directed towards the first

and second PRSI Plaflle SRYAgeNERIORE SRIVARRP 1A A%e Ok aBRlaHEaHh B brocessed

initially by thgheggsregRofieinenatReifIf sbmdratoplhya@ihanhsatatsirlagaioeatiansitienaaéshe at least
two states thereof determinin[%the first beam ﬁ;l? erty, and subsequently by the  corresponding one of

the second pF&RE BH18%AS{5ASH MO ARHRIWMRY ol &lF 1 B8 1seranth resrad ReithRdetermining
the second hegnapsanRItl thedrsiiandtisesent: heammoneities mbther rorrsseddeamoeing

respectively indicative of the first and second data values of the corresponding one of the first plurality
of data storaftfFEHEAS4 AL corresponding one of the second plurality of data storage locations.

25 In apgordance wgtplaréinirg espsat et inweniiginidhestyspdipelatied s dathstetang fdeyice
comprising: a first recording layer having g first face and.a second face outwayrdly opposing the first
ot the <01 RG (B E R ot A CLAAIGH AT SRR Poen e A ARG of et
storage locatomnssppaelingfdhe &fsheltiralinnuelitgtafhsictaggdacatinnshndngcarfesiatiaical property

being varabl epy e 2L eg

lE\rAéﬁty of data storage locations,
wherein a processed beam having first and second beam properties is
15  processed from a laser beam directed towards the first and second recording layers
along one of the plurality of data axes, the laser beam being processed initially by the
corresponding one of the first plurality of data storage locations with one of the at
least two states thereof determining the first beam property, and subsequently by the
corresponding one of the second plurality of data storage locations with one of the at
20  least two states thereof determining the second beam property, the first and second
beam properties of the processed beam being respectively indicative of the first and
second data values of the corresponding one of the first plurality of data storage

locations and the corresponding one of the second plurality of data storage locations.

25 In accordance with a third aspect of the invention, there is disclosed a data storage
device comprising:

a first recording layer having a first face and a second face outwardly
opposing the first face, the first recording layer being made from a first material and
having a first plurality of data storage locations, each of the first plurality of data

30 storage locations having a first physical property being variable through at least two
states for indicating a first data value;

a second recording layer stacked adjacent to the second face of the first
recording layer, the second recording layer being made from a second material and



states for indicating a first data value; a second recording layer stacked adjacent to the second face of
the first recording layer, the second recording layer being made from a second material and 6 having
a second plurality of data storage locations, each of the second plurality of data storage locations
having a second physical property being variable through at least two states for indicating a second
data value, the first physical property being distinct from the second physical property, wherein the
first physical property is 5 optical I|c_)olarization and thésecond physical property is reflectance with one

of the at lealRY09 & 36587t B4HRAIBY(AE #% pioradRyI0ralianss afideaserdortuEithdihg with
optical polarizatiafoye! iheiesisans mie Lsbenat ﬂﬁ@@tdé[l’cf)ﬁiﬁé?@ Hepagvaidbr areoge plurality of

data storage locations correspgnding with reflectance level thereof, the first material being a

magneto-optRat MEReHaiERtAr o eangs frire Vidrdaitnwaliss 1tedlisigPhy Rl RIPO BB 380n states
and the secenéliftaterna haingeRippayEangsopagriansitiiheatipesiiysasliaipsibiejerf being at

least two crystallinity levels; and a 5Iurality of data axes formed substantially ﬁerpendicular to the

second Pace WHFR ARLATZRBPHIARAA0R SESaRM RIYRISab BrARtIS At EREeciance WEA BHE A BEGH a
correspondinensingvefdaedirst pharalitytnd dinte slorang Fcadiansonst asatiespendirgoddimne of the

second plurality of data storage locations, wherein a @rocessed beam having first and second beam

properties is" eatcalprlanzatigadpyal dhegrta rHE SR WP LD Al PAiRG layers

along one ofstaerlwiaktyigf sldaiaxesaieadesrikednmdopondintosansed dottindy levdh@eretesponding
one of the first F%J_urality of, a};cg storage locations ¥lith one of the %t 20 |east two states thereof

determining the i 'BRSHADRS IS S NS08 FRRESIAIMI TR ShteabisAs A D RBTES tHEecond
pluralityeof dpsingtatagsstoerlipasaridtionsaidhart tirasiduwve staterdherae] deihaseininghiee second

indicative of BRHIRKAHE (e UMD SLNFSC L GRS AR Ao AL lor TG of e
storage 25 locationg phdality ofrdespatdifg@ee aitibarsrtiynpepiaralitylaf datastecage facations. Brief
Description Of e RIpHAnS R T RS AmSalk S e BeiS oY Sate ssb ket er gy eference o
the
corresponding one of the first plurality of data storage locations and a corresponding
15  one of the second plurality of data storage locations,
wherein a processed beam having first and second beam properties is
processed from a laser beam directed towards the first and second recording layers
along one of the plurality of data axes, the laser beam being processed initially by the
corresponding one of the first plurality of data storage locations with one of the at
20  least two states thereof determining the first beam property, and subsequently by the
corresponding one of the second plurality of data storage locations with one of the at
least two states thereof determining the second beam property, the first and second
beam properties of the processed beam being respectively indicative of the first and
second data values of the corresponding one of the first plurality of data storage

25 locations and the corresponding one of the second plurality of data storage locations.

Brief Description Of The Drawings
Embodiments of the invention are described hereinafter with reference to the
following drawings, in which:

30
FIG. 1 shows a partial front sectional elevation of a data storage device with a first
recording layer and a second recording layer formed on a substrate according to a first

embodiment of the invention;



following drawings, in which: 30 FIG. 1 shows a partial front sectional elevation of a data storage
device with a first recording layer and a second recording layer formed on a substrate according to a
first embodiment of the invention; 7 FIG. 2 shows a patrtial front sectional elevation of the data
storage device of FIG. 1 with a reflective layer formed on the second recording layer according to a
second embodiment of the invention; 5 FIG. 3 shows a partial front sectional elevation of the data
storage device of FIG. 2 with a first protective layer dnd a second protective layer formed therein
according to a third embodiment of the invention; 10 FIG. 4 shows a patrtial front sectional elevation of

the data storage devirsnefdheatidl Wihtaeditpdper\ayeh formrcibatuerpyshgiirst traording layer and
the second recordin? Iaﬁer according to a fourth embodiment of the invention; FIG. 5 shows a partial

front sectiond &/ SIFBYEHBYEALPETRA S0 BRI ECOsdNY VSRR HSRGMEplaced by a
cover layer ainshBenseisoraie peisgiigimed over the reflective layer according to a fifth embodiment of
the invention; and FIG. 6 shows a partial front sectional elevation of the data storage device of FIG. 4
with theXsubstrate being replaced by a cover layer and the substrate being formed over 20 the

reflective layeraceerdng toparifih eonpeeita eidbsiinyentiae dagtsittddoepsiition Aidata storage
device is described hereinafter for addressing the foregoing problems. 25 A first embodiment of the
invention, a HAIR S GUCIERIE IRy T HR S 60NN S AVE P HTET TR ACSHENR dbartial front
sectional eleygiianphiogiaria starraaveldee 20. As shown in FIG. 1, the data storage device 20
comprises a substrate 22 and a storage 30 layer 24 stacked adjacent to the substrate 22. The
substrate 22 and the storage layer 24 are shaped and dimensioned to provide the data storage device

20 withi preferablyi ahdiss ghpapgal front sectional elevation of the data storage device of FIG. 3
with an interface layer formed between the first recording layer and the second
recording layer according to a fourth embodiment of the invention;

FIG. 5 shows a partial front sectional elevation of the data storage device of FIG. 3
15  with the substrate being replaced by a cover layer and the substrate being formed over
the reflective layer according to a fifth embodiment of the invention; and

FIG. 6 shows a partial front sectional elevation of the data storage device of FIG. 4
with the substrate being replaced by a cover layer and the substrate being formed over

20  the reflective layer according to a fifth embodiment of the invention.

Detailed Description

A data storage device is described hereinafter for addressing the foregoing problems.

25 A first embodiment of the invention, a data storage device 20, is described with
reference to FIG. 1, which shows a partial front sectional elevation of the data storage

device 20.

As shown in FIG. 1, the data storage device 20 comprises a substrate 22 and a storage
30 layer 24 stacked adjacent to the substrate 22. The substrate 22 and the storage layer
24 are shaped and dimensioned to provide the data storage device 20 with preferably a

disc shape.



8 The storage layer 24 comprises a first recording layer 26 and a second recording layer 28. The first
recording layer 26 has a first face 30a and a second face 30b outwardly opposing the first face 30a.
The second recording layer 28 is stacked adjacent to the second face 30b of the first recording layer
26 with the substrate 22 opposing the first 5 face 30a of the first recording layer 26. The substrate 22
is for structurally supporting the first recording layer 26 and the second recording layer 28. The
substrate 22_is preferably made from one of polycargonate, polymethyl methacrylate (IPMMA),

amorphous JOXSIefRIedaysmmé Sompiisetastrst Heraltiag daxehedehR R tRRIABSLIR®Rin a range
of 0.1mm to Ag2mmp ARd ebpMRieaRh Jor IRXaTRE facdStrNiaY $2dunifathedh YuivreEWNNg layer 26

comprises a first plurality of data storage locations 32a and the second recording layer 28 comprises

a second pliBReyBY ARt Leh a6 398 |JgisRrOb FoPFUNng JaYBESRiIRGIRAEH SIRCERLIR TOm a first
material withseagfl padhadis sty @it rlcdaimgiRirgoRAHORE JARPAYING GplitsliRhiscRsproperty

being variable through at least two states for indicating a first data value. The second recording layer
28 is made fFoth 308U SRR rslEssr din® '8%8ha8F the second plurality of data storage locations 32b

having a second physical property and being variable 20 through at least two states for indicating a
second data_value. The first material and the second material are geferablggiﬁerent with the first

physical prop&fty BeHA e rSh iUt Y RHFR D SHRRAEIE JBR TSPy GEA BRI Atenthtifely, the first

material andstierzeenstdajerigeareghe sameubdiierstoong opeetapliirshaoatgrihangeths second
material is process-treatable to therepy differentiate the first physical property from the second
| | o Al

physical proP8RFRREAIS P MAEYEa Heo BMN A RIEQERNIYS PLVeESIRITHG layer 26
and the@ecand grreording dayaras peepdianipleatar whidrresiiatingriaediigs physiaahpooperiynfrom the

second physical property. 30 The data storage device 20 further comprises data axes 46 formed
substantialIﬁ'@?&éﬁa@gfﬁf?éqﬁ@(@%ﬁcﬁég@%\g t recording layer 26. Each data axis 46

extends correspondingly through one of the first plurality of data storage locations 32a
The first recording layer 26 comprises a first plurality of data storage locations 32a
and the second recording layer 28 comprises a second plurality of data storage
15  locations 32b. The first recording layer 26 is made from a first material with each of
the first plurality of data storage locations 32a having a first physical property being
variable through at least two states for indicating a first data value. The second
recording layer 28 is made from a second material with each of the second plurality of
data storage locations 32b having a second physical property and being variable

20  through at least two states for indicating a second data value.

The first material and the second material are preferably different with the first
physical property being different and distinct from the second physical property.
Alternatively, the first material and the second material are the same. At least one of
25  the first material and the second material is process-treatable to thereby differentiate
the first physical property from the second physical property. Alternatively, the
fabrication process of at least one of the first recording layer 26 and the second
recording layer 28 is alterable for differentiating the first physical property from the
second physical property.
30
The data storage device 20 further comprises data axes 46 formed substantially
perpendicular to the second face 30b of the first recording layer 26. Each data axis 46
extends correspondingly through one of the first plurality of data storage locations 32a



9 or one of the second plurality of data storage locations 32b. A laser beam 48 is directable towards
the first recording layer 26 and the second recording layer 28 along one of the data axes 46 to obtain
a processed beam 50 therefrom. The laser beam 48 is directed through the substrate 20 which is
preferably light transmissible. The 5 processed beam has a first beam property and a second beam
property. The laser beam 48 coincides with each of the first recording layer 26 and the second
recording layer 28 for forming a mark on each of the Birst recording layer 26 and the second recording

layer 28, witA i8Sk hsh SeaRRcRLYEY M JRGImiRiasR AR GPR0 the 188t MeRRitolSdata
storage locagipBétaiie pieeerafifing &%@@mgﬁlweﬁ%qr@&m Slesagec@satinryetosegpagtively and

being representative of data. When the laser beam 48 is directed towards the first face 30a of the first

recording 1298 96 BfotRIARRESHEO 0P (PRIHAA RIReessR raThsO BYEHOAL id P das e ity by 15
the correspoRdiingQee erbigfirgiaokiigdibdtef ZRtatsaragepleeatipns R WitAgpRiestiltne Fhieast two

states thereof determining the first beam property, and subsequently by the corresponding one of the
second PlurdligFeradeam e BElhsAD B50PRiR 2BAE BRI DERTN A AR Mates thereof determining

the second beam property. The determined first beam property and second beam property of the
processed beam 50 20 indicates the first data value and second data value of the corresponding one

of the first phIalRye5MEaMR toraleRisiiseadh YridaHl LIRUHBILIAYEDAE BREHESSRNNY plurality of
data S(tjorarllge(&reﬁladiﬂgaa@%b 2253§1ﬂe¢6¥4ﬂi}¢iaglﬁﬁméhl5bﬁféﬁ%ﬁ®|fpmw@vﬁﬁf@f?dmw(ﬂg&ﬁdﬂlﬁ@ and the |
secon sical property. 25 is prefer optical polarization. However, the first physical property an
tho second FPAAFHIES PR EE HOLT i TaRk e TR0 LR R AU TSR] ot Iimited
to refleptanceafitisoplisralinp b tratiatoraded ofatisneBEAsh dvpstHteR cbearhpri- e, figsdatarality of
data storage |ocations 32a corresponds with reflectance leve| thereof and one of the at least two
states of ea@l’io&‘glﬁéogété%?ﬁj%hFﬁ%‘?ﬁ%\‘vgja)fa%g g8 TSRy FSRABUNE SfRtbrresponds with optical

polarization level thereof. The first material is preferably made from a combination of one or more
elements. Tl REATR Tasar BEaTCRR Sirecta Sowaras Tt Frral FheeSon o the f B Setaing e ected 10
layer 26 along the one of the data axes 46, the laser beam 48 is processed initially by
15 the corresponding one of the first plurality of data storage locations 32a with one of
the at least two states thereof determining the first beam property, and subsequently
by the corresponding one of the second plurality of data storage locations 32b with
one of the at least two states thereof determining the second beam property. The
determined first beam property and second beam property of the processed beam 50
20 indicates the first data value and second data value of the corresponding one of the
first plurality of data storage locations 32a and the corresponding one of the second

plurality of data storage locations 32b respectively.

The first physical property is preferably reflectance and the second physical property
25 is preferably optical polarization. However, the first physical property and the second
physical property of the invention, the data storage device 20, are respectively not
limited to reflectance and optical polarisation. One of the at least two states of each
of the first plurality of data storage locations 32a corresponds with reflectance level
thereof and one of the at least two states of each of the second plurality of data storage

30 locations 32b corresponds with optical polarization level thereof.

The first material is preferably made from a combination of one or more elements, for

example, chalcogenide elements. The one or more elements are preferably selected



from Te, Ge, Sb, Te, Bi, Pd, Sn, As, Ag, In, Se, S, Si, P and organic recording materials. The first
material enables the first recording layer 26 to function as a phase change material with the at least
two states thereof being at least two crystallinity levels. The first physical property is variable between
a substantially crystalline state 5 and a substantially amorphous state with the at least two crystallinity
levels extending and forming graduations therebetween. Therefore, varying a portion of the first
recording layer 26 between the substantially crystallﬂfﬂe state and the substantially amorphous state

varies at lea809hd 6f fflectant® &Hd EdnshittihcB bt theorfior bfPt38%iIGRIG ERAY ¥R 26. 10

The first physisiRIoPemry Afdhediesianaigsiat by aiaieMaihe RS BasTuARiBaWae padgagnitude
which corresponds with the at least two crystallinity levels. When the corres;é,(\)/nding one of the first

plurality of dSE"9BrABETRl ARSI 45 d6A0E W8 StsepILRRTIGoL RBipshahideastvva sRSEH KMy low
reflectance ifeelsievad.fingrempinal prepeptaliaiast hewesres Bansing ARecH)shlistterality of

data storage locations 32a results in an increase of the reflectance thereof. When the corresponding

one of the S A SHRRG B apsPhgus SEe ¥ 4s 3L Irast Bympstiallipiysiayirhexisnding
substantiallyahgoefirefanedustreRiatetbetvEbe seanerorateria)isgoreissaiiy opdecfmp a

combination of one or more of Fe, Co and Ni and one or more of Th, Cr, Gd, Mn, Pt, Pd, Al, An, Ag,

Cu, Mg. The'SEUGHY 1RYEEZR DREHRER 198 SHRSRAtRING elvrialng, %@o@%éﬂ%ﬁ%@t&qﬂéﬁ}ﬁeto-optical

material withatherpiidaastdiwa sitrieat thaseohbein Ak tearictwinplasinatats'eitese porigdh second
physical property of the second material is variable between two optical polarization levels with the at

least two polRhZ4bIFSHEYdNERdfhg and forming graduations therebetween. Therefore, varying the
second physical property of a portion of the second recording layer 28 between the two optical

larization level ies the at least t larizati tates of th ti f th d di
layer 30 2. e X QNG FELBIORREN. eS8 FYGTEREIR) LBIG A (RS RR AR with the

second materiahfaving Wpiticobesiperioseeistiehenditeass maloigsaidingdatelbits to be

When the corresponding one of the first plurality of data storage locations 32a is in a
15  completely amorphous state, a substantially low reflectance is achieved. Increasing
the crystallinity of the corresponding one of the first plurality of data storage locations
32a results in an increase of the reflectance thereof. When the corresponding one of
the first plurality of data storage locations 32a is in a completely crystalline state, a
substantially high reflectance is achieved.
20
The second material is preferably made from a combination of one or more of Fe, Co
and Ni and one or more of Th, Cr, Gd, Mn, Pt, Pd, Al, Au, Ag, Cu, Mg. The second
material enables the second recording layer 28 to function as a magneto-optical
material with the at least two states thereof being at least two polarization states. The
25 second physical property of the second material is variable between two optical
polarization levels with the at least two polarization states extending and forming
graduations therebetween. Therefore, varying the second physical property of a
portion of the second recording layer 28 between the two optical polarization levels
varies the at least two polarization states of the portion of the second recording layer
30 28

The second recording layer 28 preferably has substantial magnetic anisotropy with the
second material having high cohesive forces to enable small recording data bits to be



11 formed, thereby increasing the quantity of the second plurality of data storage locations 32b on the
second recording layer 28. The second physical property of the second material is variable by heat
generated by 5 the laser beam 48 on the portion of the second material to achieve the Curie
temperature, or the compensation temperature, thereof and a field direction of a magnetic field
applied thereto. The magnetic field is generated by one of a permanent magnet and an
electromagnet. 10 Each of the first recording layer 26land the second recording layer 28 is formed by

deposition of PHBELriBEEEN ARG BINGT the fradtHibteRbltin ek ahatafidlasy YREGE vacuum

deposition, qleeiiBAsLERdY BsERHE PeSIHGRgIRY&aBng, chemical vapor deposition, plasma CVD,
laser deposition, spinning coating, molecular beam epitaxy and sputtering methods. 15 Preferably, the

first recording layer 26 and the second recording layer 28 are being doped by further sputtering of a

mixture COMPHgiBGAYPRRRARHISES P aE Pk diraenantaOxyarmblesited0gvirgniéudsy ranges and

level raréges are preferably pre-defined to facilitate use of the data storage device 20. The magnitude
r

ranges are d58ol3SREPRARA 4%irSPpHiraIRYTHPN AlidBE SRTONLiHYAIsEaldPaathiouRudler i & el ranges

are associateshyyéifatarseennthepbidialishsdticussrperariisingdhesesand diala \@leetiad dhe first beam
property and the secand beam properg of the processed beam 50 are resgeeé:tteivel magnitude and
t

optical polarP88Br Vel dReRiisd 185 o rENGERATRIE Selthis AROGFAIEADAA [e"8tarization
level of the prpgassastikeasRStbar@nidentifying one of the magnitude ranges and one of the level
ranges corresponding therewith enables the corresponding one of the plurality of first values and the
30 corresponding one of the plurality of second values to be identified. Therefore, the first data value

and the zecenditlataivalfigerecstaieg RPdiesperiively taofidstceaitinpyayesa6 furthgacogecond

recordng eyer 28,100 gl e BB o132 SPIRSITRSEISeRI NS TR e g Saeh e

one of vacuum deposition, electron beam vacuum deposition, ion plating, chemical
vapor deposition, plasma CVD, laser deposition, spinning coating, molecular beam
epitaxy and sputtering methods.

15
Preferably, the first recording layer 26 and the second recording layer 28 are being
doped by further sputtering of a mixture comprising Argon and at least one of

Nitrogen and Oxygen thereto.

20  Magnitude ranges and level ranges are preferably pre-defined to facilitate use of the
data storage device 20. The magnitude ranges are associated with a first plurality of
values comprising the first data value. The level ranges are associated with a second

plurality of values comprising the second data value.

25  The first beam property and the second beam property of the processed beam 50 are
respectively magnitude and optical polarization level thereof. Therefore, detection of
the magnitude and the optical polarization level of the processed beam 50 and
identifying one of the magnitude ranges and one of the level ranges corresponding
therewith enables the corresponding one of the plurality of first values and the

30  corresponding one of the plurality of second values to be identified.

Therefore, the first data value and the second data value are stored on respectively the
first recording layer 26 and the second recording layer 28 at one of the plurality of



reflected to obtain the corresponding one of the plurality of first values and the corresponding one of
the plurality of second values. 5 The one of the first plurality of data storage locations 32a and the one
of the second plurality of data storage locations 32b along each of the data axes 46 collectively store
at least two numerical bits of data in combination. However, it is possible to achieve four
distinguishable states for the first physical 10 property, for example four distinct levels of reflectance,
and two distinct states for the second %;wsical propé , for example two polarization levels.

Therefore, tHRBROGAIIOFRUP PR PG AL LA JRERPTOMAR LT B8 YRS Si9bs R e Ldeond
plurality of detpesi@iagedpemtions 23RaienaRRCHIR breHatplaxarytocanstolactyeliachieve a

combined 8 levels of recording translating to 3 binary bits of data storage thereat. The 15 first
recording IaﬁQFrQ@OQHG'W&Q%@éﬁ'&er@%‘?‘mﬁﬂaﬁ?@%ﬁ‘ﬁmﬁde a multi-level recording structure to the
data storage device 20. The variable first physical property of each of the first plurality to data storage
locations 32a and the variable second physical property of each of the second plurality of data storage

locations 328 R&R1eT ihe FrshlralRsIata SRS JRRMIPRE 4BiRRAINE 495 Of thE FFSPREcording
layer 26 20 gingkahe,/sacritslsteeaelintalayies 24 dibpiiace dhestatagrdadeRéfivasfionady achieves

a multi-dimensjonal multi-level gptical recording medium. Additionally, one of an AND operator, an OR
operator, a ARSI SWO-AHRENE! P NIRIFBPEBMRIZ Ik able to the obtained first data value and

second data value to obtain 25 further data therefrom. A second embodiment of the invention, a data

storage device 70 as shown in FIG. 2, comprises tywo main elements: a substrate 22 and a storage
ayor o4 hav BTG TS CTERID e SEEHE D RO RA RS2 18, TR ERSoNAIEAS I relation

to the 30 stryegipertycaofiguksatine souir ansdipesidianabraiaisuiaiip sapatweedistiacsubstwater 27e.and the

storage layer 24 and the first plurality of data storage locations 32a and_the second plurality of data
Storage IovadiO S PN BE Mo RN L AN HE Aol 983 B 16 DEGHE cording

layer 28 withiefiirensiartgithefikitenbedinesitidis| SRalaatetineprpofatetkbsrednp llRgigesd storage
device 70 fur z?tgrs(t:grrarl] eri oec:%t?oﬁgﬂs’ezck;[i\é?olr%/ ggcazosft%wcek%lgtg d.aeqse&] tc?an collectively achieve a
combined 8 levels of recording translating to 3 binary bits of data storage thereat. The
15  first recording layer 26 and the second recording layer 28 provide a multi-level
recording structure to the data storage device 20. The variable first physical property
of each of the first plurality to data storage locations 32a and the variable second
physical property of each of the second plurality of data storage locations 32b cater to
the multi-dimensional data recording capability of each of the first recording layer 26
20  and the second recording layer 28. Therefore, the storage device 20 functionally

achieves a multi-dimensional multi-level optical recording medium.

Additionally, one of an AND operator, an OR operator, a NAND operator and a NOR
operator is applicable to the obtained first data value and second data value to obtain
25  further data therefrom.

A second embodiment of the invention, a data storage device 70 as shown in FIG. 2,
comprises two main elements: a substrate 22 and a storage layer 24 having a first
recording layer 26 and a second recording layer 28. The descriptions in relation to the
30  structural configurations of and positional relationships between the substrate 22 and
the storage layer 24 and the first plurality of data storage locations 32a and the second

plurality of data storage locations 32b corresponding with the first recording layer 26



5 a face of the second recording layer 28 which faces away from the first recording layer 26. The
reflective layer 72 is for dissipating excessive heat accumulated during data read/write processes
wherein heat is generated by the laser beam 48 upon its application to the second recording layer 28.
The reflective layer 72 is made from at least one of An, Al, Ag, Ti, Cr, Cu, Pd, W and Pt. 10 A third
embodiment of the invention, a data storage device 80 as shown in FIG. 3, comprises three main
elements: a substrate 22, a storage layer 24 havin Brirst recording layer 26 and a second recording

layer 28, and™¥iEfeef0RddperrdBarRYeRA Vit er iR bR HsHembpdineal ebhtgutaiens of and

positional relptigishiRsdlieRaiween the substrate 22, the storage layer 24 and the reflective layer 72
and the first plurality of data storage locations 32a and the second plurality of data storage locations
32b corresponding with the first recording layer 26 and the second recording layer 28 with reference

to FIG. 2 areTiRg gepseirsh A aEsite 20 Thendpta sigrissedeyieaito fyjtnencamoresagjactistiprotective
layer 82 and a _second protective layer 84. The first protective layer 82 is stacked adjacent to the first

face 302 of kG R dBDRATRY A0S WohlRY Ehe SBIH Sr6te ABY AyRMates LRl el Utacent to the

second recorsljap d8yerSemstinetgeingtieroefitfssipatiny ek ane htae aecendateserting layer 28.
The first recording layer 26 and second recordigg 25 Ia%/?r 28 are disli)osed between and interfacing

the first proteHREAI S BIRFARRES SMRBHSH oREREdieE BV B3 G 43 ¢R¥L A1 protective

layers 82/844gphaaten§tothalsieantiaacording Ryéle28 Nithidesfrefiddaageniieicianietofviaride and
carbide of a metal. 30 1‘Aliglern tively, each of the first and second protective layers 82/84 is a dielectric
r rﬁj

layer preferii5i5F ANG t fethst o G151t V6784 Rt 203, Ge02, In203, Te02, TiO2, Ta205,
Mo00O3,1¢¥/03, Si3N4, AN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF2, SiC and mixtures thereof. The

first protective layer 82 and the second protective layer 84 14 are to prevent the first recaording layer
26 and the SAcKN rRIOBRRNEFIE 2} B8 HORMH LA ASRHENED S MR kSien, & data

storage devigen@ftiassstoveniminl Glefnents: a substrate 22, a storage layer 24 having a first
recording layer 26 and a second recording layer 28, and a reflective layer 72. The

descriptions in relation to the structural configurations of and positional relationships

15  between the substrate 22, the storage layer 24 and the reflective layer 72 and the first
plurality of data storage locations 32a and the second plurality of data storage

locations 32b corresponding with the first recording layer 26 and the second recording

layer 28 with reference to FIG. 2 are incorporated herein.

20  The data storage device 80 further comprises a first protective layer 82 and a second
protective layer 84. The first protective layer 82 is stacked adjacent to the first face
30a of the first recording layer 26 while the second protective layer 84 is stacked
adjacent to the second recording layer 28 and interfacing the reflective layer 72 and
the second recording layer 28. The first recording layer 26 and second recording

25 layer 28 are disposed between and interfacing the first protective layer 82 and the
second protective layer 84. Each of the first and second protective layers 82/84 is
made from at least one of an oxide, a nitride, a chalcogenide element, fluoride and

carbide of a metal.

30  Alternatively, each of the first and second protective layers 82/84 is a dielectric layer
preferably made from at least one of SiO,, SiO, Al,03, GeO,, In,03, TeO,, TiO,,
Ta,0s5, M0O3, WO3, SisNg4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC
and mixtures thereof. The first protective layer 82 and the second protective layer 84



5 comprises five main elements: a substrate 22, a storage layer 24 having a first recording layer 26
and a second recording layer 28, a reflective layer 72, a first protective layer 82 and a second
protective layer 84. The descriptions in relation to the structural configurations of and positional
relationships between the substrate 22, the storage layer 24, the reflective layer 72, the first protective
layer 82 and the 10 second protective layer 84 and the first plurality of data storage locations 32a and
the second plurality of data stgrage locations 32b céﬁesponding with the first recording layer 26 and
the second ré€olRIiREFY&PEDR Tiith RORERBJa%eha% AR dRSHRsERAE TEERrding. Yse R BATdrated
herein. 15 TRgrrsaragle layer 24 of the data storage device 90 further comprises an interface layer 92
stacked between the first recording layer 26 and the second recording layer 28. Preferably, the
interface layer 92 is optically transparent to the laser beam 48 directed therethrough. The interface

layer 92 is pefryaitycmpeeifient enmeimditlestricdamatesiabariéadnombic materin PRIgIONe of
magnetic and non-ma%netic. The 20 interface layer 92 enables improved :ﬁgulation and control of the

second Pecof@MBIESy el ¥aeMHBrAIETENeft PSS Bdard 28100 MG HorBty88rihd SHata

recording pieessfinghRifA 26NV SESDRERICHRI MRS Iy Qe 2B antainestiDy neat geneiatget by the
laser beam 48. 25 A fifth embodiment of the invention, a data storaﬁg device 100 as shown in FIG. 5,

comprises filEOMRSIY %R RE. NS Gt and PHOELNSR AGEelalr JAREGRGRIANS: INdERUMY Payer 26 and
a second regpecingdaysr AhryueltesiverlanenogitiitEte RIRASHYS iRes? MadusesenEbprotective

layer 84. The descrlé)tio s in relation to_the strvctural config%rations of and §8§itional relationships

between thelGforiyadayidydoZh, He TRHREKe BXREr 2, e HFSt BFOTRTNR IaYRy 85 ard {F\% second
protective layegoifdt proteitiedirsdgadity ehdfitet griade/lecatenscidgeandativhsacang@tueality of data

storage locations 32b carresponding with the first recording layer 26 and the second 15 recording
yor 26 it TERL ARSI B BB EHIED SOH O8I HB AlLh refih F4 iBetate 22 of
the third emipgginzsniraf the soasittidsdiepl&sed 2gtvianceverrizdapand Risfaokastragacent to the first

face 30a of the first recording layer 26, In the
PIG. ?are ?ncorp ratg/cﬂ]erem.

15  The storage layer 24 of the data storage device 90 further comprises an interface layer
92 stacked between the first recording layer 26 and the second recording layer 28.
Preferably, the interface layer 92 is optically transparent to the laser beam 48 directed
therethrough. The interface layer 92 is preferably made from one of a dielectric
material and a metallic material being one of magnetic and non-magnetic. The

20 interface layer 92 enables improved regulation and control of the second recording
layer’s temperature when the laser beam 48 is applied thereto during a data recording
process where a minimum temperature has to be maintained by heat generated by the

laser beam 48.

25 A fifth embodiment of the invention, a data storage device 100 as shown in FIG. 5,
comprises five main elements: a substrate 22, a storage layer 24 having a first
recording layer 26 and a second recording layer 28, a reflective layer 72, a first
protective layer 82 and a second protective layer 84. The descriptions in relation to
the structural configurations of and positional relationships between the storage layer

30 24, the reflective layer 72, the first protective layer 82 and the second protective layer
84 and the first plurality of data storage locations 32a and the second plurality of data

storage locations 32b corresponding with the first recording layer 26 and the second



fifth embodiment of the invention, the substrate 22 has been spatially altered and disposed over a
face of the reflective layer 72 outwardly opposing the second protective layer 84. The reflective layer
72 is therefore stacked between the second protective layer 84 and the substrate 22. 10 The data
storage device 100 in the fifth embodiment is preferably for a short wavelength laser light source, for
example 405 nm violet-blue laser diode, is used for generating the laser beam 48. In the fifth
embodiment, the laser beam transmits into data stotdge device 100 through the cover layer 102. The
cover layer 16201818 e AShith Aelersnes oa8e ShELFHBRAUTEY Rt Ceh bt dntriretaidand
polydicyclopggdasliene, (methyl)methacrylate, and (methyl)propylacrylate and formed by one of
solvent casting, polymerization-casting and die-coating methods. Additionally, the cover layer 102 is
further formable by one of spin-coating followed by UV curing and lamination through application of a

pressure-sensitiviiadhesive Ghaveird biskbesaeat bretsevavdaMen 1926@&&&1%@%%@0@ than 3
m. A sixth embodiment of the invention, a data storage device 120 as shown in FIG. 6, comprises

seven ntain B%Fhe0ts SR RIRHIRSEDS 19 bR FU Gk REFer 040h DAl fiSPTALRG IaWey EyelBiend a

second recofifthgelayetidfert FleRlive/BitRIn/ 2he fibtitad miasly edayahadalfyseeaiad Rretective layer
84 and interface layer 92. The descriptions. in relation to the structural configurations of and positional

relationship< BRAGEe A\l 3td75R Plals JATIBGLVRABYATE Ryt dlye ARRATIE IFePe§9Nthe first

protective lagest@diandaife saconrepiTiestive layar BAiancerer fiy stalkéaltytaldntmesiocage locations
32a and the second plurality of daﬁl stopragae locations 32b 30 corresponding with the first recording

layer 26 andIPLeSHYR Y FEES NG HPSRRE- reference to the fourth embodiment of FIG. 4 are
incorpa@ted herein. 16 The substrate 22 of the fourth embodiment of the invention is replaced with a

cmbodimen B IVGRTN, G/ Cendiieh2 e CREER) oh 8 B0 i< By 5 face o

embodiment
the reflectiveyaysien@rolassaiiltcppasintthasapubb protdelbelaydnd4 didie reflessiveolayer 72 is

therefore Staé:eme(e?a%%bwt%gr]atsheer ngr%nf& In the fifth embodiment, the laser beam transmits into
data storage device 100 through the cover layer 102. The cover layer 102 is

15  preferably made of at least one of polycarbonate, cellulose triacetate and
polydicyclopendadiene, (methyl)methacrylate, and (methyl)propylacrylate and

formed by one of solvent casting, polymerization-casting and die-coating methods.
Additionally, the cover layer 102 is further formable by one of spin-coating followed

by UV curing and lamination through application of a pressure-sensitive adhesive

20  layer. Thickness of the cover layer 102 is preferably not more than 3 um.

A sixth embodiment of the invention, a data storage device 120 as shown in FIG. 6,
comprises seven main elements: a substrate 22, a storage layer 24 having a first
recording layer 26 and a second recording layer 28, a reflective layer 72, a first
25  protective layer 82, a second protective layer 84 and interface layer 92. The
descriptions in relation to the structural configurations of and positional relationships
between the storage layer 24, the reflective layer 72, the interface layer 92, the first
protective layer 82 and the second protective layer 84 and the first plurality of data
storage locations 32a and the second plurality of data storage locations 32b
30  corresponding with the first recording layer 26 and the second recording layer 28 with

reference to the fourth embodiment of FIG. 4 are incorporated herein.



protective layer 84 and the substrate 22. Similar to the data storage device 120 in the fifth
embodiment, the data storage device 120 in the sixth embodiment is preferably also for a short
wavelength laser light 10 source, for example 405 nm violet-blue laser diode, is used as the laser
beam 48. In the sixth embodiment, the laser beam transmits into data storage device 120 through the
cover layer 112. The cover layer 112 is preferably made of at least one of polycarbonate, cellulose
triacetate and polydicyclopendadiene, methyl)methé@rylate, and (methyl)propylacrylate and formed

by one of solVéhs R, s Eherebedinagt A1 dNsdVsatAY I ERkE8d AR SIS the cover
layer 112 is fuyier] Sosmadale 4bj4eemt @ SRENfeaking Sokayrancdnirst YeeurargdarEnatiomdhrough

application of a pressure-sensitive adhesive Iaﬁ. Thickness of the cover layer 112 is preferably not

more than 3SR ERPAMER JYitBEnBYRHIEION HR-SURSHRR daIRe Reqi SRRV AR % six
embodimentgjgfd&el invventiprides afdiessieBedir éolggaindisadsaiaasmpedirkpnvendieoatidata

storage devices. Although only six embodiments of_the invention are disclosed, it will be apparent to

one skilked iRPEGSHRXENWRAT tHiBsSHRIIR YAl fihidhsTR Aot BRied REERTL IR S56BRCcan be

made withoysrggieaingfsp sy theisrerebstmene spirit of the invention. 30 17 Claims 1. A data storage
device comprising: a first recording layer having a first face and a second face outwardly opposing the

first face, the first recording layer having a first plurality of data 5 storage locations, each of the first

plurality of dgigmAter@aAdeRaicnsdga\dae e izl phireiatpconsstirmeinahadabladhiguasaieeast two
states for indicating  a first data value; a second recording layer stacked adjacent to the second face of
: feinalngd ey deaer 1

the first recdrdint]l IS SME9AEMNOKIRE SBRE MravarR) B dats" 18%torage
locations, eagiuek!fersecensl®uoslinhofidricbstierigerlanaiions aving thedepnbahysiealiproperty

being Variab{ﬁetgfgt%gehmagg Fr%rptl,v?hgt éseesr 0eram transmits into data storage device 120 through
the cover layer 112. The cover layer 112 is preferably made of at least one of
polycarbonate, cellulose triacetate and polydicyclopendadiene, (methyl)methacrylate,

and (methyl)propylacrylate and formed by one of solvent casting, polymerization-

15 casting and die-coating methods. Additionally, the cover layer 112 is further
formable by one of spin-coating followed by UV curing and lamination through

application of a pressure-sensitive adhesive layer. Thickness of the cover layer 112 is

preferably not more than 3 um.

20 In the foregoing manner, a data storage device is described according to six
embodiments of the invention for addressing the foregoing disadvantages of
conventional data storage devices. Although only six embodiments of the invention
are disclosed, it will be apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the scope

25  and spirit of the invention.

30



indicating a second data value, the first physical property being distinct from the second physical
property; and a plurality of data axes formed substantially perpendicular to the 15 second face of the
first recording layer, each of the plurality of data axes extending through a corresponding one of the
first plurality of data storage locations and a corresponding one of the second plurality of data storage
locations, wherein a processed beam having first and second beam properties is 20 processed from a
laser beam directed towards the first and second reé'grding layers along one of the plurality of data
axes, the ladelH&8Sm being processed initially by the corresponding one of the first plurality of data

storage locations vathgaasrhiiedatieassivprisiajes thereof determining the first beam property, and
subsequently by the corresponding one of the second plurality of data 25 storage locations with one of

the at least two states thefeBfUEREATINAJARE vdBad bestiasrast§ sasant 85Hawesild beam

properties of the preggssiag theaimiriRg fesaesthéebrdnjdaiiveraling Amiamlsaagns data values of
the corresponding one of the first plurality of data storage locations and the corresponding one of the

second Plurality of ¥R dPLEHABLARIAL T30S THigh @ Weali ¥ OF LA RI0TR8eOFAHITRNAY I SFirst

physical property beiyeg prslreianepandisiageaans omsiee aroestivheitacrdeaharaliation, 18
wherein one of the at least two states of each of the first plurality of data storage locations corresponds
with reflectance leveftiSeFa ¥t one of the at least two states of each of the second plurality of data

storage locations correspgiglsowditieeiitad palarizatioslevplereteahes&ohaebatarsiw fige device as
in claim 1 or 2, the laser bea[‘:r;(ybein directaple initjally towz}rds_ the first rr(}aé/:ordin layer and
i

subsequently towarGSHHEGelRYRl TEERERAY FEGRIMMSNPBY Ik HRSAD BHH%%;Ya 4%y
subsequently obtaiingghRoecessedibepmetbaseitbplurality of data storage locations having

a second physical property being variable through at least two states for
indicating a second data value, the first physical property being distinct from
the second physical property; and
a plurality of data axes formed substantially perpendicular to the
15 second face of the first recording layer, each of the plurality of data axes
extending through a corresponding one of the first plurality of data storage
locations and a corresponding one of the second plurality of data storage
locations,
wherein a processed beam having first and second beam properties is
20 processed from a laser beam directed towards the first and second recording
layers along one of the plurality of data axes, the laser beam being processed
initially by the corresponding one of the first plurality of data storage locations
with one of the at least two states thereof determining the first beam property,
and subsequently by the corresponding one of the second plurality of data
25 storage locations with one of the at least two states thereof determining the
second beam property, the first and second beam properties of the processed
beam being respectively indicative of the first and second data values of the
corresponding one of the first plurality of data storage locations and the
corresponding one of the second plurality of data storage locations.
30
2. The data storage device as in claim 1, the first physical property being

reflectance and the second physical property being optical polarization,



10 4. The data storage device as in any one of claims 1 to 3, the first recording layer being made from
a first material and the second recording layer being made from a second material, the first material
being one of different from and the same as the second material. 15 5. The data storage device as in
claim 4, the first material being a phase change material with the at least two states thereof being at
least two crystallinity levels, and the second material being a magneto-optical material with the at
least two states thereof being at least two polarizatici'r?states. 20 6. The data storage device as in

claim 5, the first physical pYop&ity 31 firerahistshiVpeiates AR ¥tiectirst aliystipriaiy
crystalline state angfa SthiapNbtiamehespaRtmthdnecaihear e rEMsplityiRvets extending

and forming graduations therebetween, 25 wherein varying a portion of the first material between the

substantially crystalifésteast Aa ries Rstartti oty et BAD Rty 94 dak sforaded et T eflectance

and transmittance ebeRMEONdh BRitasboIateEabn leVélattatafstorage device as in claim 5 or 6, the
first physical property of the 30 first material being variable by the laser beam having a magnitude, the

magnitude of the laser beam corresponding to the at least two crystallinity levels. 19 8. The data

storage devige as iT@yaaeefgaims kdmd ithelgacandrphysicabssppesiy dkihg geeengd|material
being variable between two optical polarization levels with the at least two polarization states

extending and forn'fiAYVARIRTER & EFEbERRELRY SaXHeARISYEGAG THY Vs ey Seibroperty of a

portion of the secorddnateridretwReQ tbatve emdioaupdlayizstigatie wrls visiesutitedlelafst two
polarization states of the portion of the second material. 9. The data storage device as in any one of
claims 5 to 8, the s8 %@Eﬁ%&ipcessed beam therefrom.

10
4. The data storage device as in any one of claims 1 to 3, the first recording layer
being made from a first material and the second recording layer being made
from a second material, the first material being one of different from and the
same as the second material.
15
5. The data storage device as in claim 4, the first material being a phase change
material with the at least two states thereof being at least two crystallinity
levels, and the second material being a magneto-optical material with the at
least two states thereof being at least two polarization states.
20
6. The data storage device as in claim 5, the first physical property of the first
material being variable between a substantially crystalline state and a
substantially amorphous state with the at least two crystallinity levels
extending and forming graduations therebetween,
25 wherein varying a portion of the first material between the
substantially crystalline state and the substantially amorphous state varies at

least one of reflectance and transmittance of the portion of the first material.

7. The data storage device as in claim 5 or 6, the first physical property of the
30 first material being variable by the laser beam having a magnitude, the
magnitude of the laser beam corresponding to the at least two crystallinity

levels.



10 property of the second material being variable by heat generated by the laser beam on the portion
of the second material and a field direction of a magnetic field applied thereto. 10. The data storage
device as in claim 9, the magnetic field being generated by 15 one of a permanent magnet and an
electromagnet. it. The data storage device as in any one of claims 4 to 10, the first material being
made from at least one element selected from at least one of Te, Ge, Sb, Te, Bi, Pd, Sn, As, Ag, In,
Se, S, Si, P and organic recording materials. 20 12. e data storai&device as in any one of claims 4

to 11, the seBond nfAteFa MM AW PR Mt RYSPBRETLFIRENTD Uhd N sECaPfeREYIR of Tb, Cr,

Gd, Mn, Pt, Pd, Alpfapeftg. GF anel Metoda 1ihaldiidateintpraaapeyiagatclh anw@nemicalaims 4 to
12, each of the first recording layer and the second recording layer being formed by deposition of the

corresponding one RN niEYelTaV Ay e YeliiiTh RPAMIKAHAR SFRGSCENIRT BRI 0N, electron

beam vacuum depgsitigiRgigradiatiogs aiespiaalesi@por deposition, plasma CVD, laser deposition,
coating, molecular, 30 beam epitaxy and sputtering. 20 14. The data storage device as in

spinnin ) C
any ongof claims 4 to 13,"43R'R1B1 W3V HG: HieiRhifRCi R/ #Taresho iR 180dP®eing doped

by sputtering of a RHxEAE BT HeaVAsEQReaItbasJaadt sularabidiaeeaangiexarges teaseto. 5 15.
The data storage device as jn any one of claims 1 to 14, further com%ri_sing: a substrate for structurally

supporting the first we&@ﬂézi’éﬁpé‘r%ﬂﬁstﬂfaﬂ?e%‘afﬁ'&'?é’éémiﬁ%c%mat L3kst recording layer being
stacked adjacent to the substrate with the first face thereof opposing the substrate. 10 16. The data

storage device as in claim 15, the sybstrate being made from one of polycarbonate, polymethyl
methacrylatS(PMMAE SABAIRESE F6K)65eh INCAAATE AP RARS 5110 b Ses b g tialice as in

any onggof claims Iptepkfyfaithies catondisiagsri Besntstiatd kobpindat b songrting lkeerfirst
recording layer an%the . . . L i
eam on the portion of the second material and a field direction of a magnetic

field applied thereto.

10.  The data storage device as in claim 9, the magnetic field being generated by

15 one of a permanent magnet and an electromagnet.

11. The data storage device as in any one of claims 4 to 10, the first material
being made from at least one element selected from at least one of Te, Ge, Sb,
Te, Bi, Pd, Sn, As, Ag, In, Se, S, Si, P and organic recording materials.
20
12.  The data storage device as in any one of claims 4 to 11, the second material
being made from at least one of Fe, Co and Ni and at least one of Tb, Cr, Gd,
Mn, Pt, Pd, Al, Au, Ag, Cu and Mg.

25 13.  The data storage device as in any one of claims 4 to 12, each of the first
recording layer and the second recording layer being formed by deposition of
the corresponding one of the first material and the second material by one of
vacuum deposition, electron beam vacuum deposition, ion plating, chemical
vapor deposition, plasma CVD, laser deposition, spinning coating, molecular

30 beam epitaxy and sputtering.



second recording layer, the second recording layer being stacked adjacent to the substrate and
spatially disposed between the substrate and the first recording layer; and a cover layer being stacked
adjacent to the first recording layer with 20 the first face thereof opposing the cover layer, wherein the
substrate is made from one of polycarbonate, polymethyl methacrylate (PMMA), amorphous
polyolefin, ceramic and glass, and the cover layer is made from at least one of polycarbonate,

cellulose triacetate and polydicyclopendadiene, (mé"tﬂyl)methacrylate and (methprrop lacrylate. 25
18. The datalétoragt8eiAle HeIa PR 87 dARY 216 oF dakiefclphiSag af ﬁ'ﬁ'ﬁe#éite layer

stacked between theddigli ﬁqq@{/@mwﬁr e iecBEANg 1596 NG MR thedhiatiass dyer being

optically transparent to the laser _heam directed therethrough. 30 19. The data storage device as in
claim 18, the interfABE RSP RN REOEIRB AN b SPLoaR I KE HERATS QYIS EHR: material being
one of magnetic and non-magnetic. 21 20. The data storage device as in any one of claims 1 to 19,
further comprising: a first protective layer stacked adjacent to the first face of the first recording layer;

and 5 aSecdnd proldeiRriasiRpLeAaAee 45;Kcamy R9¢rd claddnd faddhdindeayemMRASIARt and second

recording layers being dispaseetheiveesraot ragckashbeimeenr hefirstarmiechiyerayartaad the
second protective Ia%er, wherein each of the first and second protective layers is made from at least

one of an oxide, a SRFRYY ECHMGyEN e BrcHEhtesRIgHY LAY CaMFRIasKePPIASERL (O e The data
storage device as isuplatae2WitiuihReirsoR isingofosiiettyerayesstarked adjacent to a face of the

second protective layer outwardly opposing the second recording layer, the reflective layer for
10 16.  The data storage device as in claim 15, the substrate being made from one of
polycarbonate, polymethyl methacrylate (PMMA), amorphous polyolefin,

ceramic and glass.

17.  The data storage device as in any one of claims 1 to 14, further comprising:

15 a substrate for structurally supporting the first recording layer and the
second recording layer, the second recording layer being stacked adjacent to
the substrate and spatially disposed between the substrate and the first
recording layer; and

a cover layer being stacked adjacent to the first recording layer with

20 the first face thereof opposing the cover layer,

wherein the substrate is made from one of polycarbonate, polymethyl
methacrylate (PMMA), amorphous polyolefin, ceramic and glass, and the
cover layer is made from at least one of polycarbonate, cellulose triacetate and

polydicyclopendadiene, (methyl)methacrylate and (methyl)propylacrylate.

25
18.  The data storage device as in any one of claims 1 to 17, further comprising an
interface layer stacked between the first recording layer and the second
recording layer, the interface layer being optically transparent to the laser
beam directed therethrough.
30

19.  The data storage device as in claim 18, the interface layer being made from
one of a dielectric material and a metallic material being one of magnetic and

non-magnetic.



15 dissipating excessive heat accumulation wherein heat is generated by the laser beam during
application thereof to the second recording layer. 22. The data storage device as in any one of claims
1 to 19, further comprising: a first dielectric layer stacked adjacent to the first face of the first 20
recording layer; and a second dielectric layer stacked adjacent to the second recording layer, the first
and second recording layers being disposed between and stacked between the first dielectric layer
and the second dielectric layer, wherein each of the fitst and second dielectric layers is made from at
25 least one of SiO2, SiO, A1203, GeO2, In203, Te02, TiO2, Ta205, MoO3, W03, Si3N4, AN, BN,

TiN, ZnS, Cgg, CdFae 4athetdiale Rdficd Bifn ang cnbiaaitkered 2 3urthe datdrignrgge device as in

claim 22, further comprising: 30 a reflective layer stacked adjacent to a face of the second dielectric
layer outwardly opposing th&'SEJSRIEFHYE RN 18iaeKkethadiertive Iagelir faresiiadifgRtessive heat
accumulation wheredgdiginigisageneraied by the laser beam during application thereof to the second
recording layer 22 24. The data storage device as in any one of claims 1 to 19, further comprising: a

reflective layer stacked adiatef¥d BrEteeHYE iy 8k SHItH G2 AT I dPo ERARY BrB0WRg the first

recording layer, thelggélecthee fayerafr Secinainatibarxcaspiye bemgaarptidatipswerareindneat is
generated by the laser beam duringﬁipgflication thereof to the second recording layer. 25. The data
storage device as iNHFORENPELIRGS b5t PrteityS lave ARgrBR FECONMRICIEEHYAE from at least

one of An, Al, Ag, Ti, Cr, GhdPéln\bbemdRhelfirdbanthsxctaia protedr e exjers as iaaeyrontaef claims 1
to 25, the first recordin Ia;gg and tHe seconf%stora e bein storing at leaStpHVO numer]jcal bits of

fo
data. 15 27. The ddRALBPEQE Yritlead MY @r@%f;%g& £lRsB LI HAAAL BRGFAEREE Qlplurality of
magnitugle ranges, haepdurality of magnitude ranges

21.  The data storage device as in claim 20, further comprising:
a reflective layer stacked adjacent to a face of the second protective
layer outwardly opposing the second recording layer, the reflective layer for
15 dissipating excessive heat accumulation wherein heat is generated by the laser
beam during application thereof to the second recording layer.

22.  The data storage device as in any one of claims 1 to 19, further comprising:
a first dielectric layer stacked adjacent to the first face of the first
20 recording layer; and
a second dielectric layer stacked adjacent to the second recording
layer, the first and second recording layers being disposed between and
stacked between the first dielectric layer and the second dielectric layer,
wherein each of the first and second dielectric layers is made from at
25 least one of SiOy, SiO, Al,03, GeO,, In,03, TeO,, TiO,, Ta,0s, M0O3, WO,
SisN4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC and mixtures

thereof.

23.  The data storage device as in claim 22, further comprising:

30 a reflective layer stacked adjacent to a face of the second dielectric
layer outwardly opposing the second recording layer, the reflective layer for
dissipating excessive heat accumulation wherein heat is generated by the laser
beam during application thereof to the second recording layer



being pre-defined and being associated with a first plurality of values comprising the first data value;
and a plurality of level ranges, the plurality of level ranges being pre- 20 defined and being associated
with a second plurality of values comprising the second data value, the first and the second beam
properties of the processed beam being respectively magnitude and optical polarization level thereof,
whereby detecting the magnitude and the optical polarization level of the processed beam and
identifying one of the plurality of magnitude ranges 33 and one of the plurality of level ranges
corresponding therewith enables the corresponding one of the plurality of first values and the

corresponding one phethaPlespdtiy @iesasthvalendepaddnstfied.ovhgiesn cbmprsispta value and
the second data value stored gn respectively the first recording layer and the second recording layer

at one of 30 the plurality &f EBECUMS AR ToRaRIRTE YHRSRT {RAJBFHAEBR TN BP6REUBEd beam is

reflected is obtaineghjiympiRFaIyespOeg waerivéthiedshdiabtiefirgie adaretard ityecasresponding
one of the plurality of second values. 23 28. The data storage device as in any one of claims 1 to 27,

data stofed in the dHESRASIAYEXGERIRE Daft Gyt ISERAhEEBhES SFAHAMDLIE M8 an OR

operator, a NAND openatlr vachppoNERopRAEAOT to thesebiatheddlihgngygecond data values. 5 29. A
data storage device comprising: a first recording layer having a first face and a second face outwardly

opposing the first face, the first recording layer being made from a first material and having a first

lolrl]JralityI of daga stgrﬁ@edmaéigr{a@ehemncffd@lmfﬁﬁy Whobraldngf zio%ta:&mf@ga,lmfﬂmlhwing a firS(t]I
physical property being variable throu t least twq states for indicating a first data value; a secon
Tt e gpacle A G AR 9RE £ LAY P 89t i LELond recording

recording layer stack
layer bging made from a second material and having a second plurality of data storage locations,

each of the second . . . . .
26. The data storage device as in any one of claims 1 to 25, the first recording

layer and the second storage being for storing at least two numerical bits of
data.

15 27.  The data storage device as in any one of claims 1 to 26, further comprising:

a plurality of magnitude ranges, the plurality of magnitude ranges
being pre-defined and being associated with a first plurality of values
comprising the first data value; and

a plurality of level ranges, the plurality of level ranges being pre-

20 defined and being associated with a second plurality of values comprising the
second data value, the first and the second beam properties of the processed
beam being respectively magnitude and optical polarization level thereof,

whereby detecting the magnitude and the optical polarization level of
the processed beam and identifying one of the plurality of magnitude ranges

25 and one of the plurality of level ranges corresponding therewith enables the
corresponding one of the plurality of first values and the corresponding one of
the plurality of second values to be identified,

wherein the first data value and the second data value stored on
respectively the first recording layer and the second recording layer at one of

30 the plurality of data storage locations of each thereof wherefrom the processed
beam is reflected is obtained from the corresponding one of the plurality of

first values and the corresponding one of the plurality of second values.



15 plurality of data storage locations having a second physical property being variable through at least
two states for indicating a second data value, the first physical property being distinct from the second
physical property, wherein the first physical property is reflectance and the second physical property is
optical polarization with one of the at least two states of each of the first 20 plurality of data storage

locations corresponding with reflectance level thereof and one of the at least two states of each of the
second pluraggl of data storage locations cc_)rrespon?cﬁn with oiticalﬁpolarization level thereof, the first

material bein€a ph&8e ¢4ia SHEagmaeNiaReH DL PNS2E GlgH Tt dQ 2R e et SR e &idwo
crystallinity levels, angldite &N BRI )2 PpIYIAGNSIO GIPEG A NBLeHalaEh dheor least two

states thereof being at least two polarization states; and a plurality of data axes formed substantially

perpendicular to th@PSEEBh AFAMNPHRSHUPFM dinl) R PR dPihRepAMaIRG b tiska%kes

extending through acsegr@apendin@gLne of the first plurality of data storage 30 locations and a
corresponding one of the second plurality of data storage locations, wherein a processed beam
having first and second beam properties is processed from a laser beam directed towards the first and

second recopding 24 daieseigngeone ebthsrislHiality of data axes, the laser beam being processed
initially by the correspondi%%one of the first pIuraligg;)f data storage locations_with one of the at least
i ?tﬂﬁil%

two states thereof determfittHECAFINSRPHAGNG 2 U taeh Re5PBY TRee AWM ding one of
the second pluralityhppekity Jtsdofrge fiarativasfivih reoer Gihthaagele psiiyvenatrieBdhe e afreietermining

rospectively incicalIBB1AhA T CEAY Sciohih ALY AT B2 I SRR F trst pluraiy
of datajgtorage localignsigndftheitgoiisragendagions Rhvhe sechand phifstitl gfrdpéaptoeage locations.
10 30, e et St N Gugh At IGaat o Stalss for RGN ating B fRC ddta vale: ="

a second recording layer stacked adjacent to the second face of the first
recording layer, the second recording layer being made from a second material
and having a second plurality of data storage locations, each of the second

15 plurality of data storage locations having a second physical property being
variable through at least two states for indicating a second data value, the first
physical property being distinct from the second physical property, wherein
the first physical property is reflectance and the second physical property is
optical polarization with one of the at least two states of each of the first

20 plurality of data storage locations corresponding with reflectance level thereof
and one of the at least two states of each of the second plurality of data storage
locations corresponding with optical polarization level thereof, the first
material being a phase change material with the at least two states thereof
being at least two crystallinity levels, and the second material being a

25 magneto-optical material with the at least two states thereof being at least two
polarization states; and

a plurality of data axes formed substantially perpendicular to the
second face of the first recording layer, each of the plurality of data axes
extending through a corresponding one of the first plurality of data storage

30 locations and a corresponding one of the second plurality of data storage
locations,

wherein a processed beam having first and second beam properties is
processed from a laser beam directed towards the first and second recording



material being variable between a substantially crystalline state and a substantially amorphous state
with the at least two crystallinity levels extending and forming graduations therebetween, 15 wherein
varying a portion of the first material between the substantially crystalline state and the substantially
amorphous state varies at least one of reflectance and transmittance of the portion of the first
material, whereby the first physical property of the first material is variable by the laser beam having
an magnitude, the magnitude of the laser beam 20 6rrespondin?ﬂt§o the at least two crystallinity

levels. 31. The datd®¥e5daeonsCidhp BIHIAlIDOXI8E B8Ss i ISP HRAELPRINLBIRFEFEthe second
material being variahigangtyie et buerepiealRPHEZEIeR fRe|suviiin/ beRlieasitrqRalesization states

extending and formin_ﬁagraduations 25 therebetween, wherein varying the second physical property of

a portion of the sed¥HH MG AFHLRRL MRS RiRS SprET Foiarurian jas LISt AeRas BrePstieast two

polarization states gh¢ghsuBssaenell/the seearreapsatinlgWherebtibesarrngiphyricaindarerty of the
second material is varied 30 by heat generated by the laser beam on the portion of the second

materiaPand a fiel 'R RFFATAARE R depplileth oM S8 FErededBIRENMrJE%evice as in

claim 31, the magngiiwfi¢Bbringqrig atedfirytane cbeonemeanchiopatesbetian wirekamagnet. 33.
The data storage device as in any one of claims 29 to 32, the first material 5 being made from at least

one element selectBePLRTIAEIESREGHYELY Hdiestve gl g TRt s SRCQNd daja weldes & &E p and

ST R o v g e
and at least one of Tb, Cr, Gd, Mn, Pt, Pd, Al, An, Ag, Cu, Mg. 10 -3-334. The data storage device as
in any one of claim§oi'§?§8°§§i,"%%eﬂed?}t ﬁ%?'ﬁ@&[%“ﬁ’l%’\é Qﬁﬁ)fﬁ%ejgﬁ%tﬁfa’?ecording layer being

formedi by deposition of the corresponding one of the first material and the second material by one of
vacuum depg&itionﬁlee%g%nsttgﬁ%g \ég\(/:ilcj:lérgsdlﬁpc 5’5%05'9,ict’ﬂep#ﬁgt”‘p’hfs'??a ipcr%lperty of the first
material being variable between a substantially crystalline state and a
substantially amorphous state with the at least two crystallinity levels
extending and forming graduations therebetween,
15 wherein varying a portion of the first material between the
substantially crystalline state and the substantially amorphous state varies at
least one of reflectance and transmittance of the portion of the first material,
whereby the first physical property of the first material is variable by
the laser beam having an magnitude, the magnitude of the laser beam

20 corresponding to the at least two crystallinity levels.

31.  The data storage device as in claim 29 or 30, the second physical property of
the second material being variable between two optical polarization levels
with the at least two polarization states extending and forming graduations

25 therebetween,
wherein varying the second physical property of a portion of the
second material between the two optical polarization levels varies the at least
two polarization states of the portion of the second material,
whereby the second physical property of the second material is varied
30 by heat generated by the laser beam on the portion of the second material and

a field direction of a magnetic field applied thereto.



vapor deposition, plasma CVD, laser deposition, spinning coating, molecular 15 beam epitaxy and
sputtering. 35. The data storage device as in any one of claims 29 to 34, each of the first recording
layer and the second recording layer being doped by sputtering of a mixture comprising Argon and at
least one of Nitrogen and Oxygen thereto. 20 36. The data storage device as in any one of claims 29
to 35, further comprising: a substrate for structurally supporting the first recording layer and the
second recording Iaﬁ/er, the first recording layer beinfpPstacked adjacent to the substrate with the first

face thereof ¥pposihBetHalai¥asReleyics 2s 1in&laiRadidig@aiie Heldhosing Grassrtediis 29 to 36,

the substrate beinggeage B@mm@ﬁ&@{g@@r%r@é@trgm;@\@fhyl methacrylate (PMMA), amorphous
polyolefin, ceramic and glass. 30 38. The data storage device as in any one of claims 29 to 37, further

comprising: a reflective layer stacked adjacent to a face of the second recording layer outwardly

opposing theafirst regpeciach lairagthgeiabieclivia laxpioler b cRissipaging excessiiishratarguMulation
wherein heat is generated by the laser beam during application thereof to the second recording layer,

whereinhe reflecti98! N9/BRHE Arapak 5 Lene £lemRet of IRFeA Ty atreast opg obhe\PamPpt. 5 39.

The data storage degiaei asdnsanAONREl€l3ENs 28] tp 3% BiHARE easbiiist wate et preiessive layer
stacked adjacent to the first face of the first recording layer, the first Erotective Iager stacked between

the substrate and tiE"HL{MaESKIiRG g /BRdsHEoThal Eashame odrechosig &Y pdtRb3¥ent to the

second recording lgy#h, IO st emdmerandresardiggdayeigeing disposed between and stacked
between the first protective layer and the second protective layer; a reflective layer stacked adjacent to
a face of the second protective

10 33 34. The data storage device as in any one of claims 29 to 33, each of the first
recording layer and the second recording layer being formed by deposition of
the corresponding one of the first material and the second material by one of
vacuum deposition, electron beam vacuum deposition, ion plating, chemical
vapor deposition, plasma CVD, laser deposition, spinning coating, molecular

15 beam epitaxy and sputtering.

35.  The data storage device as in any one of claims 29 to 34, each of the first
recording layer and the second recording layer being doped by sputtering of a

mixture comprising Argon and at least one of Nitrogen and Oxygen thereto.

20
36.  The data storage device as in any one of claims 29 to 35, further comprising:

a substrate for structurally supporting the first recording layer and the
second recording layer, the first recording layer being stacked adjacent to the
substrate with the first face thereof opposing the substrate.

25

37.  The data storage device as in any one of claims 29 to 36, the substrate being
made from one of polycarbonate, polymethyl methacrylate (PMMA),
amorphous polyolefin, ceramic and glass.

30 38. The data storage device as in any one of claims 29 to 37, further comprising:
a reflective layer stacked adjacent to a face of the second recording

layer outwardly opposing the first recording layer, the reflective layer for



layer outwardly opposing the second recording layer, the reflective layer for 15 dissipating excessive
heat accumulation wherein heat is generated by the laser beam during application thereof to the
second recording layer, wherein each of the first and second protective layers is made from at least
one of an oxide, a nitride, a chalcogenide element, fluoride or carbide of a metal, and the reflective
layer is made from at least one of An, Al, Ag, Ti, 20 Cr, Cu, Pd, W and Pt. 40. The data storage device
as in any one of claims 29 to 38, further comprisin?:%@first dielectric layer stacked adjacent to the first

face of the first recHiRIRBIAYEX GRS HPRGHACTHDETRIRL WhEERELNSatIRe erales By tRRdAsHd the 25
first recording layerpesegamsydisiticdifolryrisinekack adiapabiardiagreend recording layer, the first

and second recording layer being disposed between_ and stacked between the first dielectric layer and
the second dielectric laye™8FEA BALEHEELNG PER KPR HeBhAtdeasheRe? i sétortP dielectric 30

layer outwardly oppgsiog the paecandn@eerding layer, the reflective layer for dissipating excessive heat
accumulation wherein heat is generated by the laser beam during application thereof to the second
recordir% layer, 27 wherein each of the first and second dielectric layers is made from at least one of

Si02, SiO, A#R03, BRQRIRERIERAZTHOR, hg 2R, OVIoRIRY9% RMANANoRMSHY: ZnS, CdS,
CdSe, ZnTe, AgF, PdF2, SiC and mixtures  thereof, and the reflective layer is made from at least one

of An, Al, Ag, Ti, 5 Cr, Cu? PYSWPTRIREBE 43YeFrlaghes AIAEERIIME 24ShTaRs Bhd6r Uisims 29 to

40, further comprisiRgadingtagiacenayies Jasked befyaaidediriveenrtdingpsesaaddieesecond
recording layer, the jnterface layer being optically transparent to the laser 10 beam directed

therethrough. 42. THEWSEOY dedlt® as in any one of claims 29 to 41, the interface layer being
made frgm one of a dielecirisetaateprbaiath\& Maiallistaviégrialjaedng enenokssapaaiedtihg

non-magnetic. layer, the first and second recording layer being disposed between and stacked
between the first protective layer and the second protective layer;

a reflective layer stacked adjacent to a face of the second protective
layer outwardly opposing the second recording layer, the reflective layer for
15 dissipating excessive heat accumulation wherein heat is generated by the laser

beam during application thereof to the second recording layer,

wherein each of the first and second protective layers is made from at
least one of an oxide, a nitride, a chalcogenide element, fluoride or carbide of
a metal, and the reflective layer is made from at least one of Au, Al, Ag, Ti,

20 Cr, Cu, Pd, W and Pt.

40.  The data storage device as in any one of claims 29 to 38, further comprising:

a first dielectric layer stacked adjacent to the first face of the first

recording layer, the first protective layer stacked between the substrate and the
25 first recording layer;

a second dielectric layer stacked adjacent to the second recording
layer, the first and second recording layer being disposed between and stacked
between the first dielectric layer and the second dielectric layer; and

a reflective layer stacked adjacent to a face of the second dielectric

30 layer outwardly opposing the second recording layer, the reflective layer for
dissipating excessive heat accumulation wherein heat is generated by the laser

beam during application thereof to the second recording layer,



15 43. The data storage device as in claim 29, further comprising: a first dielectric layer stacked
adjacent to the first face of the first recording layer, the first protective layer stacked between the
substrate and the first recording layer; 20 a second dielectric layer stacked adjacent to the second
recording layer, the first and second recording layer being disposed between and stacked between
the first dielectric layer and the second dielectric layer; a reflective layer stacked adjacent to a face of
the second dielectric layer outwardly opposing the s?ejcond recording layer, the reflective layer for 25

dissipating excessive heal4teEei 6RO e FER R SRSQheielrcy 15y ersaisenase dhodiaing
application thereof [gathe seepRIGEININg layetdasousdayesdeirgstarkssl adiacenivohe first

dielectric layer with the first dielectric layer stacked between the cover layer. and the first recording

layer; and 30 a subst?hte fINstRIuFANy €0BpGdmgGHesidl fée il d My iRt ME_ESR recording
layer, the reflectivetlpyresfusHietheeaismestrekry @didaeitetfroheasUast aie atdastapied petween the

second dielectric layer and the substrate, 28 wherein each of the first and second dielectric layers is
made from at least Bhé-8f B0% #l6Ph1203, Ge02, In203, Te02, TiO2, Ta205, MoO3, W03, Si3N4,
AN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF2, SiC and mixtures thereof, the reflective layer is
made from at least one of An, Al, Ag, Ti, Cr, 5 Cu, Pd, W and Pt, the supstrate being made from one of

polycarbonaft: pol et SHIAISIOMEE B Y CaRplads %%f?o‘f@fiergéer%ﬁqm%ﬂﬁir@ﬁQs, and the

cover layer is madg ft@fact IRget angcréPUyeabeN@E fMetlulesedingcriaie ang the second

polydicyclopendadiene, (methyl)methacrylate and (methyl)propylacrylate. 10 44. The data storage
Cevice ao 1 any onEH IR Es. (s MGTAES (OVApGHG, SPRRATorSPlGH SR TEGRE, the

pluralityoof magnitugearam@ested therethrough.

42.  The data storage device as in any one of claims 29 to 41, the interface layer
being made from one of a dielectric material and a metallic material being one
of magnetic and non-magnetic.

15

43.  The data storage device as in claim 29, further comprising:

a first dielectric layer stacked adjacent to the first face of the first
recording layer, the first protective layer stacked between the substrate and the
first recording layer;

20 a second dielectric layer stacked adjacent to the second recording
layer, the first and second recording layer being disposed between and stacked
between the first dielectric layer and the second dielectric layer;

a reflective layer stacked adjacent to a face of the second dielectric
layer outwardly opposing the second recording layer, the reflective layer for

25 dissipating excessive heat accumulation wherein heat is generated by the laser
beam during application thereof to the second recording layer;

a cover layer being stacked adjacent to the first dielectric layer with the
first dielectric layer stacked between the cover layer and the first recording
layer; and

30 a substrate for structurally supporting the first recording layer and the
second recording layer, the reflective layer further being stacked adjacent to

the substrate and stacked between the second dielectric layer and the substrate,



being pre-defined and being associated with a first plurality of values comprising the first data value;
and 15 a plurality of level ranges, the plurality of level ranges being pre- defined and being associated
with a second plurality of values comprising the second data value, the first and the second beam
properties of the processed beam being respectively magnitude and optical polarization level thereof,
whereby detecting the magnitude and the optical polarization level of 20 the processed beam and
identifying one of the plurality of magnitude ranges 4Rd one of the plurality of level ranges

corresponding therewith eWABTBY (FRENCBF SRR SRe Wi IS ik 5ilst Daffel e dthe

corresponding one fehsthshdlbf dity,obrecanbyates tahpideridiedinheraiothribitst, date,value and
the second data value stored on 25 respectively the first recordér&la er and the second recording

layer at one of the PiNalif)!DF Bhb SbFagBIoCsForfedote4R th&idor MferettoritAdiidESsed beam

is reflected is obtaifgsdee M ecERBIPADRYLING ARRISTEDEM RILTSAEY dife fisin@lugs AgdTthecr,
corresponding one of the plurality of second values. 30 45. The data storage device as in any one of

claims 29 to 44, dafeUstbfed'th 89 BhidNeciRsY HEVRENS SMAdEn @By UlsoRAnBPHHEBPRAAND
operator, an OR  operqedtty INAdHA@pRIBIET M NRBrsRRIaTye 8T ObirinRe diatdns, second

data values. 29 46. A data storage device comprism%: a first recordingI layer havin%ﬁa first face and a

second face outwaRi§ BppRG MEHirS: PRI dhemirat Mead@ny PlyRPlyerReRMee R BIOSS irst 5

material and havingrgaéégit@luradity of desaaieyempdngadiens, eagmefjienisaidelylalily ofghata storage
locations having ar%?téﬁ%sicawgyo&?rtg being variable through at least two states for indicating a first

data value; a seco a1y &Gcked adjacent to the second face of the first recording layer,
the seagnd recording layer being made from a second material 10 and having a second plurality of

data storage locatiqns, gach of the O]second pluralitg of atla_stora e locations havingg_a second physical
property beirAlé' The data storage device as In any one of claims 29to 43, further comprising:

a plurality of magnitude ranges, the plurality of magnitude ranges
being pre-defined and being associated with a first plurality of values
comprising the first data value; and

15 a plurality of level ranges, the plurality of level ranges being pre-
defined and being associated with a second plurality of values comprising the
second data value, the first and the second beam properties of the processed
beam being respectively magnitude and optical polarization level thereof,

whereby detecting the magnitude and the optical polarization level of

20 the processed beam and identifying one of the plurality of magnitude ranges
and one of the plurality of level ranges corresponding therewith enables the
corresponding one of the plurality of first values and the corresponding one of
the plurality of second values to be identified,

wherein the first data value and the second data value stored on

25 respectively the first recording layer and the second recording layer at one of
the plurality of data storage locations of each thereof wherefrom the processed
beam is reflected is obtained from the corresponding one of the plurality of

first values and the corresponding one of the plurality of second values.

30 45. The data storage device as in any one of claims 29 to 44, data stored in the
data storage device is obtained by applying one of an AND operator, an OR
operator, a NAND operator and a NOR operator to the obtained first and
second data values.



variable through at least two states for indicating a second data value, the first physical property being
distinct from the second physical property, wherein the first physical property is optical polarization
and the second physical 15 property is reflectance with one of the at least two states of each of the
first plurality of data storage locations corresponding with optical polarization level thereof and one of
the at least two states of each of the second plurality of data storage locations corresponding with
reflectance level thereof, the first material being a n?‘o?gneto-optical material with the at least two states
thereof 20 being at least two polarization states and the second material being a phase change

material withyt)e atAcashtyrorgiatesibe@pihaingat least two crystallinity levels; and a plurality of data
axes formed substantially perpendicular to the second face of the first recording layer, each of the

plurality of data axes 25 exI¥RHIRENIHBEAJRYA! RV BRI ¥5e2BF thesridbiaraiRy ¥adka storage

locations and a corgpgieeitdingOmRef e seromnsplisabiyial dalrsiesaee agatinom Wherain a
processed beam having first and second beam properties is processed from a laser beam directed

towardsXhe first anB'&EE8haNEB8YiHEg HEtdRlurel oG % MeANRYSo PRERLBIESTITRE laser
beam being procesgrfainiady Bxtthetorigesrrading oreiahthe first phyatisl ¢ropéaptoeags locations

with one of the at least two states thereof determining the_ first beam gro er\%mﬁand subsequently by

the corresponding YA &HRaHER AkIBISHAKY BHESIQT3H015H98 & FHSLABRS @A one of the at least two

states thereof determiningatbgop@aener fiegmpsppatikdhgjttshentkise saihd eam dfroreentias of the
processed beam beinE% é_es ectively indicatjve of Fsge first and second data values é)f the

corresponding one '6f 'ﬁ?@@}ﬁﬁﬁr iR, R SCERE AR RYEL AEHY AR E BB AREPSH BRI Bhe of the

second plurality of gatarsigrape keatansufdity s data siorageldeticasnisitclainthdGetdondirst physical
property of the first material bejng variable between two optical polarization levels with the at least
b polarization StoRL AL AR EPFaR I IO 0 DB BFpicel PrOpert being

variable through at least two states for indicating a second data value, the first
physical property being distinct from the second physical property, wherein
the first physical property is optical polarization and the second physical
15 property is reflectance with one of the at least two states of each of the first
plurality of data storage locations corresponding with optical polarization level
thereof and one of the at least two states of each of the second plurality of data
storage locations corresponding with reflectance level thereof, the first
material being a magneto-optical material with the at least two states thereof
20 being at least two polarization states and the second material being a phase
change material with the at least two states thereof being at least two
crystallinity levels; and
a plurality of data axes formed substantially perpendicular to the
second face of the first recording layer, each of the plurality of data axes
25 extending through a corresponding one of the first plurality of data storage
locations and a corresponding one of the second plurality of data storage
locations,
wherein a processed beam having first and second beam properties is
processed from a laser beam directed towards the first and second recording
30 layers along one of the plurality of data axes, the laser beam being processed
initially by the corresponding one of the first plurality of data storage locations
with one of the at least two states thereof determining the first beam property,
and subsequently by the corresponding one of the second plurality of data



10 wherein varying the first physical property of a portion of the first material between the two optical
polarization levels varies the at least two polarization states of the portion of the first material,
whereby the first physical property of the first material being varied by heat generated by the laser
beam on the portion of the first material and a field 15 direction of a magnetic field applied thereto. 48.
The data storage device as in claim 47, the magnetic field being generated by one of a permanent
magnet and an electroma%get. 20 49, The data stor&ge device as in any one of claims 46 to 48, the

second physical propEads HGrss WY Anstafidhe&his irdm s ias Esres steisranning eystalline
state and a substantiaiiicamRam peoscripienwitidhenat Jeasidweasrysipkinits levels préeadirg and

forming graduations therebetween, wherein varying a portion of the second material between the 25

substantially crystalfif8'spelBhFRSRACHYEISIARRAIY & ol i spdesrandsdataivalies i Bseflectance
and transmittance @bHheRsHdiP Aridepasentrsnalaraiyvbereiy therageondapioysicridotaperty of the

second material is variable by the laser beam having an magnitude, the magnitude of the laser 30
beam cGrrespondine? {5 BRANH NG LNERBIRARECARAIR YRS OB Hala FNage WFBRAGE DEVICE Abstract 5

A data storage device for providing multi-dimensional multi-level recording and storage is described
according to embodiments of the invention. B groviding mu!tti?ple reqordin% layers and

property-varfible dat¥redEreiIGI6 SRV B SBIB A I IR RS RTPRN Y IR imensional

and multi-level recafdiagiAnskFgragealsiee relgvretyd hshicappalaNdteld0eRtians afakie the use of
a single laser beanklo Withou} need for refocusin _betwecreﬁ%recordin layers as dEscribed and

demonstrated by cAYVEMIHRAPHAA Woialss BEGIrua% A HIRBEIFHUARI NRIEBRAGS Yensity and
data trapsfer rate of the daiacstonagergiayiareare signjisiaatpinssrasetalSortion of the first

material between the two optical polarization levels varies the at least two
polarization states of the portion of the first material,

whereby the first physical property of the first material being varied by
heat generated by the laser beam on the portion of the first material and a field

15 direction of a magnetic field applied thereto.

48.  The data storage device as in claim 47, the magnetic field being generated by

one of a permanent magnet and an electromagnet.

20 49, The data storage device as in any one of claims 46 to 48, the second physical
property of the second material being variable between a substantially
crystalline state and a substantially amorphous state with the at least two
crystallinity levels extending and forming graduations therebetween,

wherein varying a portion of the second material between the

25 substantially crystalline state and the substantially amorphous state varies at
least one of reflectance and transmittance of the portion of the second
material,

whereby the second physical property of the second material is
variable by the laser beam having an magnitude, the magnitude of the laser

30 beam corresponding to the at least two crystallinity levels.
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A DATA STORAGE DEVICE

Abstract

A data storage device for providing multi-dimensional multi-level recording and
storage is described according to embodiments of the invention. By providing
multiple recording layers and property-variable data recording locations on each of
the multiple recording layers, multi-dimensional and multi-level recording and storage
are achieved. The property-variable locations enable the use of a single laser beam
without need for refocusing between recording layers as described and demonstrated
by conventional data storage devices and methods. Therefore, recording density and
data transfer rate of the data storage device are significantly increased.

Figure 1
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