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 @boB4ERgmtirie 2
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



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 known i the art for achievin high recording 10 density.

For example?RigVaIa3pEFeisHE diFeBaraiRg i tmaiehs SHSPoRRIM el S MiRsHE d8¥efecording

density by rec@rin®©pRYMRCEs BYliberkRIsHEPEtiGAMRRING AfdORrliskritawarere,tis a technical
challenge to achieve large transmittance for the first layer of the dual layers as a material, for example

a phase chafstniBIEMEss DECEHRY WlRIR i &arantadfalel with treiéadedelabnabsigspcT
Publication Ne, RRAHE3888: AhenriedhaiRelPSeita SANAIRTLIRT QRICAMRRAstheaRRRéRAN I af during the

reading process, each layer interferes optically with the other layers. Arieli describes an optical data

storage HevitROEEmYYRIHG I dIBI51REPe O rdipRy OrdpRAS XN §-die b est ¥nissr RictingiBlker onto the

intended recqifiBgdaYghdrLRO seREtRR thareliams pwevghdheinesd tnsfasusingcie fser for the
different recordm% Ia%/iers in Arieli results in a slower rate of data retrieval. Furthermore, the recording

density of eRiHifabeitkigddPerls8ependent 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 ¢4i% ShIPWERIRIPERING IRRHICIRAISSERaYE MY Eiedr al pAeP s (AR ESpyeiinge

wave_leﬂgth aBes Rl bratiamte EESRANE e 66@6%%3@_0%%%@_64 ITAWERPHIBSBERESIIMES lasers _
catering to the 30 range of wavelengths and polarizations required. The use of a modulator for varying

the wavelengvblsdnsdieszRehdsnelimy EeRENE 8B NdRERdIRIIRCIR PRty SHD8 S8kieval. 3
Hence, this glegdyopflirmproadred{® aiEmRnaYentaiysteradaer@ar Withshigtunce 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.



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 recording 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 layer in the completely amorphous state provides 0% of relative reflectance while

the phase chagiie layRr iedite sFnpletelyeety srllipeirtpiovRiPvite SERENe of sefleciacridgRiscretised
variation in 15 the laser's power provides for different possible reflectance levels. Therefore, multi-
level recordi@@&'ﬁﬁ@?@ﬁl’%é‘ﬂqﬁtﬂ%%%Er@ﬂ?ﬁ%{r@@fecording 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
tempera'iure,SHF’[H@@'ompensation temperature, thereof, a bias magnetic field is applied to vary the

polarization jevgdt st dpadeeice antieabay terdinaftbplesizption of tipseliectad ar teapsmitied laser or
light beam can be detected through magneto-optical effects. Therefore, the reflectance amplitude and

the polarizatlB¥Fo5 KB of 128855 e HRATEG 1AYST tRBL A ABRAIRARLGRle 'AVE SRR PR Biovide a

medium for uétreigIenséomab sotidevelrecatming aned phyaan pfhgiriesndmeascarigieaevith a first
aspect of the invention, there is disclosed data tor?e device c&_mprising: BOqa first recording layer
having a firsPRAROMHFH4128 6Hel fjc BatTHrSK 6%5@ ARG thkasRS FLEEeHha /R Pako IFYSayer having

a first gloraligegicdgenstefiegehdatmitnn eatte ebilee Mt rrityupf dida sioréiag lagatioBy having a
first physicalﬁézro erty bei; variable through at least two ﬁéates for indicating a first data value; 4 a
second recorIHG B ePErAEIE JPAGEnHHS PePSE ORIYEcE Y ofah 2t oW ¥Ehdsecond

recording layeydtaving fase aatdplunaiyholisatatstoragepiasaiihasgeasfeofithiesesnpikrlyrality of data
storage locations having[ a secon&l . . :
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;



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 extending through a corresponding one of the first plurality of data storage locations and
a corresponding 10 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 1&/&PSCRfbAEFBFHENSF {AXERISIaaNGDh AEiREEAX &S, e $8eihEatR BEiMY pftlessed
initially by the:cepdiggRenrdingne eidhedoieh muralty Vil serase praalignsmdtiaonsraidhe at 15

least two states thereof determining the first beam property, and subsequently by the corresponding

one of the seeEHIPHuRARY Of dAEx SERAY P8RS N VAR oPRT888N ORI ANS S PRNAT S 1188t e of

determining gagsseAopdmesmeipeiiabhe trstghdsecendyvbetaeprparRsahte psesassed beam
being respectively indicative of the first and second data values of the corresponding one of the first

pluralityof d48estéise 91 ISLatY IR (RECPSFREsPOIRirSHRE of B BB osREUITr Ayt ata storage

locations. Ipassetgdagee with a second aspect of the invention, there is disclosed a data storage
device comprising: a first r_ecordfi%? layer having a first face and a second face outwardlf/ 25 opposing

the first face, the firdtHES IR %@?@fﬂﬂﬁaé%m%ﬂgt%%ﬂmﬁa P NERGSPRRsTaSRirality of
data storagegipgafiting, raebddidhayiistdshadittief gaimiBioEogatacatianeimding ahitsigahysical
property being variable through at least tV\‘O Iate? for indicatin? a first data value; a second recording
Jayer stackeUSEGSRAIRG 1 QIDR dTFSRl ey RltRoSIaiagRI MGG b S ERISHPPBEBiing layer

being made Hipnoftisesssvnhdaigsinyestcdi@viotgeecaishplurality of data storage locations, each of
the second plurality of data stor@?e Io&a ions I'ﬁ/ingga second ph siggl ro erB/ bein%variable
through at least twiS5Hs forAFRFESEAg U8 SRY ! B VI AN Eh 6P pﬁf}g aPFBpeley Haing 5
distinct frompgh@gearfeophysicsdrosenarirsetuer ebweiesfitsé physioal peopsityeicordifigatares and the
d physical [ tical izati ith fth
secondp ysallf& ch%geor]%lleS: r?ﬁrlgl?t))o é)#aal%aa allggs,\/\tlhe I%Qeer Beamebaetlng 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 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
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; and 10 a plurality of data axes formed substantially perpendicular to the second

face of the FHSHRSEJFMgtheyepceaLPBY 8| RIFRRENOF WEBE Bk dBe h RYSIRRb RGPS ¥olfesponding
one of the firglRitEAY HlodRtasEtYRDBHPGBAHR BE1E A COFIRSPPBRINga I WHihenseFand alurality of

data storage locations, wherein a processed beam having first and second beam properties is 15

processed AT SFARSA BRELRIRE st 8 lal s PLAAR SLYREE dREAUIANG RATEPHIBIY one of the

plurality of dafaraxgRrctafciafRicpeifedeARd BreCSSERMGINEIRINY sheeLofresPonring saeref the first
plurality of data storage locations with one of the at least two states thereof determining the first beam
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with one of the@bROheaftstiaaséaiasHIRES pHaterchiiine MaationierRndIRREYo thatlsst and
second beam properties of the processed beam being respectively indicative of the first and second

data values Bti§81c8609p8hdRgt oMo F IR P BuleWRlP o POd AR di AR R Dsithé

correspondingagh@@bpir deannetplukaltty efcdatalsieragn|ctationperinnaiRpraanegwiiva third
aspect of the invention, there is aisclosed a data storage device comprising: a first recording layer

having a firsPRA¥AZAHANS @RS A% ace outwardly opposing the first face, the first recording layer being

made from a first majsiialapof kavirees fishridralityiaiiain stosagsidorationsesacbnaf the first
plurality of data 30 storage locations having a_first physical property being varjable through at least two
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the first recestiagpl@ysingtoasetand fietqingtayedaeingrageséottaiors sadancomedssialiagd 6 having
A SO Pl e chcond Fstalhy of da Sorage lorstions, o pluraiity of

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



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 polarization and the second physical 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 storaae locations corresponcﬁng with reflectance level thereof, the first

material beifdd"8 &y FRA88 pilesa ihahidrRigiofRe el 0edtie tv s h85 thesssPid BRI Y Rast two

polarization giaesiragethecafennthauRigriaboaing physrae slpeas HerignakAbR thrdigleast two states
thereof being at least two crystallinity levels; and a plurality of data axes formed substantially

perpendiculdfs P sLREAd TR BIRAIROMATELAUUH ARG MRIEE, LiISE PR PIRALREPRG HaRS B0es
extending thapphafroniresoeREing PrgHédhe isirBluralisrahdaw Srerags sneatisnpand B

corresponding 15 one of the second plurality of data storagle locations, wherein a processed beam

having fist AiRiISH JAHa BaHAD GRS g seCRNhPhYalcal ATRBRRN I Sl astalce i i B TVERR the first and

second recofghingtiay etateal on@neoditHacripb alita ol data aesothse | asetibA RO RepB iTReessed
initially by the corre_spondin!g'l one of the first pIuraIita of data sto%ge locations with one of the at 20

least two stafddABYSak AR ane! firerast and Apatdneatdedih s siateR HyPaeR Aldhsponding

one of the sggensh Pliality of data Stvsge edasrRiR MtpOaref With abfleashte retatesrtgreof
determining the second be roperty, the first and second beam properties of the processed beam
Lhingc s 1 aid%

being respediGdNStHARAE G RS H APSPARE- Qe R a) Aitks ASHE SR S 6FROof the first

pluralityoof datingtarages2 bwegasiarsatiod tigeprrespansiogndneabitiae seiagnd husalibapheata storage
locations. Brief Description Of The Drawin%mb%gi?ments of the inventiﬁml are described hereinafter
with referendB{5A Wf@ll WAk SRR RS RREER TR PR leastdWa st MO IRVELE fOfal elevation

of a data storage deviteralith 6ffirsta eseortiingedgabanstialBepern@giolding iyeaktomigdoen a
substrate ach rtﬂiengi;gt a}ef(i:rosrtdiﬁan zg/%irmggéhog}ht%eizng urr]gil?tryl/; gf data axes extending through a
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;



FIG. 2 shows a partial 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 and a second protective layer formed therein according to a third embodiment of the
invention; 10 FIG. 4 shows a partial front sectional elevation of the data storage device of FIG. 3 with
an interface layer formed between the first recording?ayer 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 devigqof Fl§poks Eopaithtiroat Bsitriga P eibgatRpl af ey cRyRigRYeVieadtirgsupstrate being
formed over the reflective layer according to a fifth embodiment of the invention; and FIG. 6 shows a

partial front Y4 GhEAMAERibVER IRERS DR H1e §ECARYiCRCOFHE 1Ay ifs (P B9 A BRg replaced
by a cover laygpaiighéResTuhstiaienpieing formed over 20 the reflective layer according to a fifth
embodiment of the invention. Detailed Description A data storage device is described hereinafter for
addressli_’ng the foregoing problems. 25 A first embodiment of the invention, a data storage device 20,

is described myth FefRiRDCEpEtCHrdntvebitibalions atipariditioahsesiean etsvation pfghe data
storage device 20. As shown in FIG. 1, the data storage device 20 comprises a substrate 22 and a

storage 30 MUBrOUStRRIGG NG AR A ASSANCHRIBSH Ve v el Fumad BSr e PacerdiBrle layer 24

are shaped anpigirensiinratofrevidgttiotata 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 seppnd Fecolisiplay arpadiisl Stankeectidiatanéatibe osaseditaswAgh e HisErecading layer
26 with the supstrate, 22 0 i%t?e first 5 face 3Otfg0f'the first raacor ing layer 26. The sdubstrate 22
is for structuY‘Qﬁ@ Ap PBS G E YR PUOG PLing&Gar B dHateigeording fayer and the secon

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.



second recording layer 28. The substrate 22 is preferably made from one of polycarbonate,
polymethyl methacrylate (PMMA), amorphous polyolefin, ceramic 10 and glass. The substrate
preferably has a thickness within a range of 0.1mm to 1.2mm and a diameter of, for example,
substantially 120mm. 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 mateflal with each of the first plurality of data storage

locations 323 MaShHGYE AREDRS SRAPBIRSS S il BidiFre T IRIGBNE 19 Bitfh 2920 (RO &S indicating a

first data valyg. TitR seaoReorFRrHpe 2yeRs8 fHrinade Boamadsssetshinpiarisdmvdtngaenof the
second plurality of data s_torjge ocations 32b having a second physical pl{%gert_y and being variable
bt zf%/w'é st

20 through RABSENEVHSTHRL icatitfySaconddRaidiao/aNRE fi aingeahPHE second
material are &fgiaabe dbketrhaviisthectrging e 26niareiy Disgatiffereppasidfirtinrsfrom the

second ghysical roperty. Alternatively, the first material and the second material are the same. At
least one of PE&RO%iRl ASHEAPSHAEIRR AR 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 record_ing layer 26 and the second recording Iag_er 28 is alterable for

differentiating the e PhySfcAl PPopE HEYTEPRRIHI Ry YU, 136 TAR 8afatforage

device 20 fusdengorspsisasgdaipenxes 46Temedsstapstantiallypreripendimdas tedhe sasop face 30b
of the first recordin%él)géer 26. Each 1ata Xis 46 extends corres Ondingl@% ugh one of the first

plurality of dBEVSRRYE o RUNREEYS §168 B¢ tRMMOhadFRIRH B adé&"Mt4tions 32b. A

laser beam 48dsylekEccrableuttvarsiprierdiss) raserdinghayenahiand ihgessiapnehreeedimgniayer 28
along one of tae aata axes 46 to obtaip?a processed beam 50 therefrom. The laser beam 48 is
directed thr %t @@Gﬁgtp& %5 §RHIR 'iéLﬁ)r%‘f’élrI ¥ ﬁaﬂmnsmissible. The 5 processed beam has a

first be_am property and a second beam prpperty. The laser begm 48 coincides with each.of the first.
ayer O O S Yecording Tayer 56 Comprisey & firet plusalt O data storage locaions ada '<c0ring
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



second recording layer 28, with the mark on each thereof being coincident with one of 10 the first
plurality of data storage locations 32a and one of the second plurality of data storage locations 32b
respectively and being representative of data. When the laser beam 48 is directed towards the first
face 30a of the first recording 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 progerty, and subsequently by the

correspondii®y 8@ Bf ihe seen pIRliRY F data SRfaeseRsefsR 300 Witlrssh&ethatiSeast two

states thereefi deigpmiiariRareaenddearThgaparts dnetdeiaisnnatdidingaaerrerrsity and second
beam property of the processed beam 50 20 indicates the first data value and second data value of

the correspdtltfirf] Bife 8iaaesing 9 R 8riQrasSes- 5- Mo A8 TEYY: ahhe S ioPRaE8hARding one of

the second pluirbityeal frtugiotRgelBsaiRNIBANIESAS Phepdyatipaliliat phvsieRbipIepertyds preferably
reflectance and the second physical property 25 is preferably optical polarization. However, the first

physicaPproPE?6$Ssati RS BasAdIr ELPFRRL¢ 3 9raSECRRE RERSA RItP&i¢a storage device 20, are

respectively not limited to reflectance and optical polarisation. One of the at least two states of each
of the first pIuraIité%t data storage locations 32a corresponds with reflectance level thereof and one of

the at least thF JESRELEDAth X RFIMeSWIRLEART QB Sk AeSRIFR® [T R fiBh i85 ¥ esponds
with 0ptic?l p@éar'tmfagqay@rvgatlftﬁrimrmeaﬂgﬁrmlaﬁeéa@hi%pﬂfaéeﬁa@Imm@mgrfuyeammﬂimﬁéi?n o;‘) Ione
or more elements, for example, chalca enide elements, The o or more elements are prereraply
eiaston 10 FOMUHECETEGHAYE 25, St G RCAY RO GO D RGAEIDS HARNEIERR mratorials.
The firgpmatgedienphiegithe fisatd sentdintoarpng 82a frdainncisir pbasel sheaay ofaieral with the
at least two states thereof bei?r[}ﬁ at least gig) crystallinity levels, The first physical property is variable

between a stiSEHRAARIIOR P AESRESHY & PP E ISERTESSR 3G 4 state with the at least two

crystlallinity Ieve;ls extending and forming graduat.ions thereb_etween. Therefore, varying a portion of
e o T B R R R T o AR ol o
recording layeys?®6 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



10 The first physical property of the first material is variable by the laser beam 48 having a magnitude
which corresponds with the at least two crystallinity levels. When the corresponding one of the first
plurality of data storage locations 32ais 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 3280s in a com letely crystalline state, a

substantiallyFigh T&fiéea iadpietdd. o e R8cdhd Fhaterialid p@@%%ﬂ%ﬁéa@f%ﬂg a
combinationpheAgIor Mreief frRtdrial anghié aRdrpaeaioramg Rid265H forchitn &3t Beashl, An, Ag,

Cu, Mg. The second material enables the second recording layer 28 to function as a magneto-optical

material withFH38%%: Bl P4ia e Ak IedT PR 5198 4BeHEH0 BBIAY A ERSEINYaCYREIYBBEcond
physical propssd)s ofthe BeEPRYBaPre)dry HioR RINIeeerBivS RPteakiAfjadivaiamiexats with the at

least two polarization states extending and forming graduations therebetween. Therefore, varying the
second phy<BdIPHpRIARHBHY BRI 6F %F%E%EBEB%@E%%EEJV%{}@@%' R ASXRISEX DG BB tical

polarization lgxelpridrgsgiag atieasthee nalaszatiorstater o HigiRgrtoposfishedtegrn@irgcording
layer 30 28. The second recording layer 28 preferably has suhstantial magnetic anisotropy with the

second matéRSRAEN YR H e MVERN e istantaiy Shysirties g axfalBrs TR Ha M Yormed,

thereby increasinshtie ataentityied Higeascons ol veplibtaicd alsdisteraesttoratimsS3braoriig second
recording Iayergg& The sgecorlgj)&h%sical property of the second material is variable by heat generated

by 5 the lasHIEd¥shies8 8t fn of the second material to achieve the Curie temperature, or the
compepngation temperature, thereof and a field direction of a magnetic field applied thereto. The

magnetic field is generated py one of g permanent magnet a n electromagnet. 10 Each of the first
eoorting I A0 SRR GRS R B B Y R SR AP 8 BV Edponding
one of the firshmgittias anddinecsrepoddaitieddat least two crystallinity levels.

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



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 withla first plurality of values comprising the first

data value. TRENeSetPaFRyYs iHrEeasuicitlie AWAMIY seEdha erafinPYiraleslcdalprigdde second

data value. 38cktientirs2heandseRfdénfiding $8rpI® 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 qmg eédbelevobiangrspepyesnediad i eieeiif enalirs e CRER JABEIRA Bpe of the

plurality of first values and the 30 corresponding one of the Elurality of second values to he identified.

Therefore, tHBei'aslaREdREPaRD 40 RUHRE HltdNFaRREAE atedebieapue tel)anttifst recording

layer 26 andigheheeeard teceidlipenprsatidationpobiie PtHeadity ahdZ2a dRiR sip@gRtoeatipns 32a/32b
of each thereof wherefrom the processed_beam 50 is reflected to obtain the corresponding one of the

plurality of fifSRYAHEd ISP CCINIERON I AR BHGAE 91T SRRPEHSE LY IS QL ARREE AR bne of the

first plurality phglatpasiprngdeaeatanseB2a 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) forExsneplentofirstirdiartinyaty/of peflasianesscanadtva shistiaclasiates fierfdrenssespnd physical
property, for gexam le two polarization FJevels. Thferefo e, the one of &éirst luralit ta storage
i

of
locations 324%RREH28 GGt tRESSBABANDIBPEIRY Hie dUph QAL 7983 n%e%%ld J'8aM of the data
axes 46 cangllectivelyuachieyssiaionpribinen Hanelsofiiacaepogdiioansatipiting kinjchits of data
storage thereat. The . . . I .
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



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 recofding medium. Additionally, one of an AND

operator, anBR HPEIEIORUPRN B BT ea5n {RIEHR VHISEr NS pYRCSBIE% HIAR Bdined first
data value apgiseean@ daivatke ©aeRthARWHeest#a hereffombrAfecoar&mbrdiment of the

invention, a data storage device 70 as shown in FIG. 2, comprises two main elements: a substrate 22
and a storag®THERACHATNORRCh FisPIHEIRGRI 598 ¥8lUSd 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 plurAify ek G dish B1HELB6AE $¥B HOrASEISRRRGwird (G PRERbiIG #558°%6 13 and

the second reeeaflymiales S8 reigiencetpdion disstr mbedinenhrisGed lacavilgetprrated
herein. The data storage device 70 further comprises a reflective layer 72 stacked adjacent to 5 a face

of the secon@f 1EXBOJ IDEH S Bifsiah $atel QMY AFHAThe 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
o 7215 AT Eh o RSP U AGTak AR A G BRlevR R B 08 AN BRI dment o

the inveptiorpradata sipraaengrvioarafistacheveniofrifedancempases Wi cnainaleonends: a
substrate 22, a st ra]g;w%Jagler 24 havrifng a first recording layer 26 and a_second recording Iflyer 28, and
GRPA L : i

a reflective I& 4 LR RSB AL X RTRRIS T (AR VoRPYBlSHgLPSHEAS o e B HLitional
relationshipsHébfiretywhenl iyeosusiraier &R, IteastoragEalaye iZet aedothirdeleshive lapgity 2fand the first

Pluralty o A0S |oCaoe 35 aTony ‘Baeh o1 e Bath it a6 26 SetiedRiely 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



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 detond recording 25 layer 28 are disposed

between andMtEIFREFR] thie R BadaNE S 148 raterengerR the-UEt STPPOIEIRA R84, dt8ich of the

first and secpn@dmpintesdyerapers 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 SiO2, SiO, A1203,

Ge02, In203;hkafida Ti6dge tRYRR, MaGitheNEn Srighid AlleiNe TaherZiSstbeted Gdj@ntle, AgF,
PdF2, SiC and mixtures thereof. The first Irotective layer 82 and the second %rotective layer 84 14
r

are to prevefit 1 RELRB RN 1B dAvErn&Ss Wity Taces vy 1 ATRP J8ertirst EBSP6HI%. A fourth

embodiment gf¢hganveidieflcatlalfagte 2D e devifiesAmsysheesie ikt 4econtgarpdisasifye main
elements: a substrate 22, a storage layer 24 havin_g a first recording Ia%%er 26 and a second recording

layer 28, a r@AECHRAMPER PIOCERTEE WRSIELIIEThyR 98DeAMAth Ne din RFTb RGN Ry H0B4The

descriptions dppedation to theesionatvsabenndigayations ThanerleosiiongkreiationsiipSlatyeen the
substrate 22, the stor %elal?r/‘er 24, the reflective layer 72, the first protective layer 82 and the 10
'I'%}gr ’

second proté?ﬁﬁ}é’ d’%ﬂekrflrsqrpﬂ‘hlm’ @ Forage locations 32a and the second plurality

of datajgtorage locations 32b corresponding with the first recording layer 26 and the second recording
layer 28 with reference to the thifrﬁl t%%lbodim_ent of FIG. 3 are incqrparated herein, 15 The storage
e

layer 24 of the rpadiaay YRR B0 FRCeY UAIRERIACR P AT YOIk E between the
first recordingolapeisett tarst theseemerecordnpdanes 28, Leieagblyayjbe Matarianelayeirdl2 is
optically uansparcnt 9 e Inser beam 48 drected, Merethigugh, The fuisriag Jaysho2 g preferanly
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



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 re%rding layer 28, a reflective layer 72, a first
protective la§& 52 RYERISEEHEFFBEREIHAS IYEF 85, Atk e SR T8GR ANl §b %ﬁérgfﬂj ctural
configurationg@bding.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 laye g @nshihedseennefline cerding lavat2dorbe reierange i tnewmh ¢mbogliment of

FIG. 3 are incorporated. herein. The substrate 22 of the third embodiment of the inventign is replaced

with a cBver C8TRYEFS 05/8: 284 SlelfRidt b SHESHRE f4ce 30 BRYeIAVET rétohaiHBAS ik In the

fifth embodimeat@htheaiprersiamadthe sball @ gdingsiipenzspatiadiialivtethoand 7dispaned over a
face of the reflective layer 72 outwardly opposing the second protective layer 84. The reflective layer

72 is therefoPEPREUNBAYERIEAtHR SECOHPTBIREKR BVl BT 84 B HPRIBHBRE HI'Y3MD Bhe data

storage devigf tttdtuthiectfifil grbiodimgning posiesablydpiiarshass hsavetanathsiaseraighpsource, for
example 405 nm violet-blue laser diode, is used for nﬁ{?atﬁ&the laser beam 48. In the fifth
e

| e
embodimentthStage Ja¥H tAntiRitERled Ve, ﬁygofggé PERSEHYE Ve 08 18Rr 102. The
cover lager k92owsdldrqieetpraidyansdent aidenst ploeanfypofyeastnnaim keluese3rneatateand

polydicyclopendadiene, (methy|)methacrylate, and (methyl)propylacrylate and_formed hy one of
Dot caer OB DA AR i OGNSR PO Fa AT L, AL BV iy er 102 i
further formaljerneane wicpioctoataortiigwsdr 28 Wilitrsfaemeddaminatidrethbotgheappfication of a

ressure-sensitive adhesive .
P rﬁé %are incorporated herein.

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



20 layer. Thickness of the cover layer 102 is preferably not more than 3 m. 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 interfacé%yer 92, the first protective layer 82 and the
second prot&ERAEIRY daVES 23Ut rﬁf%ﬁ%ﬁﬁéﬂt&%ﬁ@é@a?@%@@%&itﬂl& 3PREAIRGAROGRDNd plurality
of data storaggdpcations 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. 16 The
substrate 22 of the fourth embodiment of the invention is replaced with a cover layer 112 stacked

adjacent to tpdisabiacee30a 6 the thisd raRBEdME:RYST #e. iy EMtioRixEramredimRAttEBriNVention,

the substrate 22 has been spatially altered and disposed over a face of the reflective layer 72

outwardly o BYRinG4rLesked Adiach b Aot |5y dA%A3am T LRI d 950 Ng Iy Br e e Bfacked

between theffgieanehdipiesti e mBdrans theessilisinate 22. Gisndasicpagdpiaptpsaggdevice 120
in the fifth embodiment, the data storage device 120 in the sixth embodiment is referab{li%also for a

short waveldHFRATEE MR 18 oRhcEerdFUSEHNBIdNEE Am UBIATEIMeIBRH o iS2G8EY as the

laser beam %ﬁoﬂeﬂ:m@ W@? embmﬁm@ﬂbdﬁk@mg@rr oo thevassnéts tiiced alen i g devigrl 120
through the cover Jayer 112. The cover layer 112 is preferably made of at least one of polycarbonate,
o N PV e s st hyhmetha ylat

cellulose tridAERShBIEia) A5é2(methyl)methacrylate, and (methyl)propylacrylate and
formediby 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 UY cyring and lamination
through appH B PP AU O e U0 BRI S R Bt yaPdi 2
preferably neiavsleaghramsinmigh douiice, fyiegaing lmaohemay ibie Isia ageogvigs is destcrired

e o B e R B e
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.



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 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 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 HUROSHRE RePERe feraeeBPadimpat QhEY dGNHY B ISHRPasednHiHe CotaKsy layer
having a seqapsl pivralite ddaimcd Rt SEPTRIE IQcRB BRIt OfifRe reesIfyPaliDe of |datp storage

locations having a second physical property being variable through at least two states for indicating a

second dataSV4fl EMRANRENBIRLTDS BGLI bt g\ etAt: fromasRee saAteHMy i e D AKtry: and a
plurality of dafgpas&s tuened mdestemtiadlyremsppnditylar tothrinkaraRedphdarg) ahthedistdecording

layer, each of the {:_)Iurality of data axes extending through a corresponding one of the first plurality of
I

data storage” IFESHYRIARE 3 cols FIREIG JAKCDT this JoeEsHarpRIRSEA JIaNEe R dhese W ations,

wherein a proggssak baamdaaioghrsistceesond 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 wiglirang @ the @tieastdyeodstates teneaicdeteraninogdithenfirsicheanpragedyviand

the at loast A SEAE (oL HERREN S R SN SRl o Gy A KA oA boam
propertigs okthgce!d6esxempheans beingioksrsiatveteniicrtive @hthesfits ardrageandglaia values of
the 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)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



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, 18
wherein one of the at least two states of each of the first plurality of data storage locations corresponds
with reflectance level thereof and one of the at least two states of each of the second plurality of data
storage locations corresponds with optical polarizati]Jn level thereof. 5 3. The data storage device as
in claim 1 or(él,at'lﬁ%slaser beam being directable initially towards the first recording layer and

subsequently towarggiiesteregadelecordingrisivy along one of the plurality of data axes for
subsequently obtaining theénrocessed beam therefrom. 10 4. The data stora?e device as in any one

of claims 1 to 3, the first récBFEiTECREIIHRYSE MauLns RdHsLIArS 3R @ rsranthTace Sur¥Hd ecording
layer being made fsgpbarkearndrooadesahdr@ dirrdnatiagabpaimaang ofiitferen fpor aad the same

as the second material. 15 5. The data storage device as in claim 4, the first material being a phase

change °material wiiPHRE 40FaLP#nR 25 e EHSHPBERIEYAPTeal? fARSads dRSatiRRs PAYMNY And the
second material befiygthys@aropRhgAbeN eaapisriRf.gh dedsistincttes thereideing at least

two polarization states. 20 6. The data storage device as in claim 5, the first physical property of the
first material beingdAFiAMBE WEen a substantially crystalline state and a substantially amorphous

state with the at least two gresiltinézdruals | xiensirecaraleimtoaar ssivadonsdae b eimeen, 25
wherein varying a portion of the first materi%l between Ehe sHbs_tantiaIIe}(/: cryst?lline staje and the

substantially amorﬂﬁ%@%t e rithe second recording layer having a second plurality of data
10 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; 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,



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. 19 8. The data storage device as in any one of claims 5 to 7, the second physical
property of the second material being variable between two optical polarization levels with the at least
two polarization states extending and forminggre%%addﬁions therebetween, 5 wherein varying the

second physical property $&T8BHRSIE O tHie Sl RSP RSO Eewl BtlesalBYi&fization

levels varies the at igasktén e drEFaHO RGPS RIS hAROR IR Rhteelspqomdravdtandlofe e data
storage device as in any one of claims 5 to 8, the second physical 10 property of the second material

being variable by hE% Jerathied BipignChedsh BE4Ms 8raRd phrrbtyoridalestyaaeRiiiI%Nd a field

direction of a magngdi¢ediriddanmliedptiesppoiddzalion ket sieage 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 frorp, at leagiong®kiragecdeDive BS,iBicRin InoAS, M8, lsebBesm Heinoitaaric 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 ALY gV HsHHa NiSLARFYGIR%HAH PHOBAUE!Y NAVasts B HCHIY, Ag, Cu

and Mg. 25 13. ThedtatdisprRgerdersg andn@Enhensl @hiigines 44t laeeafdr outhrdlishtkecording

layer and the second recording layer being formed by deposition of the corresponding one of the first

material and the se R%H“Iﬁ%@%éﬂ%?ﬁ%?’? rh?%mﬁﬁ?f')é@position, electron beam vacuum deposition, ion

platingighemical vapor deposition, plasma CVD, laser deposition, spinning coating, molecular 30

beam epitaxxl and S'Phuett(%{g]%torage 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.



20 14. The data storage device as in any one of claims 4 to 13, 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. 5 15. The data storage device as in any one of claims 1 to 14, 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. 10 16. The data storage devide as in claim 15, the substrate being made from

one of polyGrbondiBe S8 RINIRIENIBYACE ARtk AMMANA Pl rlmhe ig Bol&rﬁléﬁﬁ?”gel?ﬁ)ﬁ%fﬁ nd glass.

17. The data storaqﬁdiﬁyiye ap ithanyeebrdof Biabnal 1 keidd, WHERSICOPRRKISEAT: the aspthelrate for
structurally supporting the first recordingﬁ{aﬁaer and the second recording layer, the second recording
layer being stacked®dWHEE R0l EWRSsWiLLrEie dhdeashiiwm Pf?éﬂbéaélﬂ)'ﬂ)e%ﬁr@énefﬁ%ngﬂ&tﬁﬁfé and the

first recording layefoaiith@ fiadeadeve tinedbataiagked 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 EIIIR) VAMBIDHIE sSEERASI Y Sieab piePs Ay sy, RASHAR 8 layer is

made from at least ieref paterarrasiencabupsopiree iR AN POy GaRenHadieRast
(methyl)methacrylate and (methyl)propylacrylate. 25 18. The data storage device as in any one of

claims 1 to 17, farth¥PRHapRaHy skt e pLlap SN ERNBBIHRL first recording layer and the

second recording layer, the interface layer being optically transparent to the laser beam directed
therethrough, 30 19. The data stora&e device as in claim 18, the interfacg{ahla er being made from one

of a dielectrid'matefidf SIS HS AR NG Ve X R4YR i Cahd NG ot GG RBYEIC3h

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.

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.



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 a second protective layer stacked
adjacent to the second recording layer, the first and second recording layers being disposed between
and stacked between the first protective layer and the second protective 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 and carbide of 10 a metal. 21. ThetBata storage device as in claim 20, further

comprising: &%eflecti ¥ S ERGR BN BnINRBY L8 G5BT dhiPpdtetaiie Ofalftsr fi[?ﬂNardly
opposing the seconddnepigingdavan the seipeativedayiag Ry Das ipainos eaasivadenh

accumulation wherein heat is generated by the laser beam during application thereof to the second
recording layer. 22 MKBIEEA3RA1310S AEAF8AAL 3h 1575 err MUK REE MRS BIMIRHEE & tprising: 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 befween 478 SASYAIHAREER R HYY ARaSEFIRIRy 4 tFid BEE6ARREIE ric 1ayer,
wherein each of the first and greendfdietaciiarauessiponasts tfiemrat rébolerfy RYeraindi@, Sio,
A1203, GeO2, In203, Te02, TiQ2, Ta205, MoO3, W03, Si3N4, AN, BN, TiN, ZnS, CdS, CdSe, ZnTe,
AgF, PdF2, SiC an&erARELIFEOTH BG83t HY e i i Rh ReN g STRCKRA RT3t R omprising:
30 a reflective layekstagkedadianeirio fadage ebishpesiagdrdisl@etrige 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 22 24. The
data stpgage1@evicerps taanyopage efetiaims Inteldivn fLBIheE copsnsisingir rehaetiveniayes sfacked

adjacent to a face of the second recordin
J potlycarbonate, po?ymet%yl 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.



layer outwardly opposing the first recording layer, the reflective layer for 5 dissipating excessive heat
accumulation wherein heat is generated by the laser beam during application thereof to the second
recording layer. 25. The data storage device as in any one of claims 21, 23 and 24, the reflective layer
being made from at least one of An, Al, Ag, Ti, Cr, Cu, Pd, W and Pt. 10 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 st ]age 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 apd beingeapssiatask \wEbie Hstnrdniabing of ¥RiesS1 tenprisite R Mistigdaa 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 €dthiridiRgGHge éélﬁ?fné@%‘%%%‘i?&?fﬁet(ﬂr@teaﬂéemé@e%gﬁebg% properties

of the processed bgrabdiriRyespagtively magnitude and optical polarization level thereof, whereby
detectin% the magnitude and the optical polarization level of the processed beam and identifying one

of the pRirality of magnitude $66799sPEYeSHYE Y Bt BREIRr P Te R PEn SRRORA rFESYTRANG therewith
enables the correspgpginghengraf thel Ricality afdbishivg Ugranddihg casRsranpéigeneRld the plurality

of second values to be identified, wherein the first data value and the second data value stored on

respectively the firstREKET RN RS AUSHY Leet Kl RYEb IR BSRACAE SHUHIRINE plurality of data

storage locations of each theseah whgrefreme hetRiaressatt hrarris/teligetedsisnabtafnad fom the
corresponding one of the plurality of first values agd the corresponditznﬂ one of thzglur lity of second

values. 23 28. The!GR0f?548 Wedfed ALGIHE R CAL WA REMNL UL AU CPI RO Tata storage
device tgeing obtaineghdylapplying one of an AND operator, an OR operator, a NAND operator and a

NOR operator to the obtained first and second data values.
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



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 plurality of data storage locations, each of the first 10 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 being made from a second material %hd having a second plurality of data storage
locations, each of the second 15 plurality of data storage locations having a second physical property

being varialylg thropph dtdeastaysaistateadon WiGHINS alspeLntotrtafvahe chinpdiisihghysical

property being distinct from the second physical property, wherein the first physical property is

reflectance and the secon®l FHIRGUME JRYpERRKeE AMAFPBIRIAlRGS Ritiheree AL 4O two states
of each of the first 28, plusatifyardidadpsBsirRp ek gadp ReceRting PRPEiNghwitefletiprdangerievel thereof

and one of the at least two states of each of the second plurality of data storage locations

correspanding with BFHRAIPY R5satNA NeGLpAcHrRdRAR W einersreny aegHas e hass5e material
with the at least twosiates ingrasilibaiog aideastdwee camiadirityigvgsaynd 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 layey, eagheiite nbrajiiefidat axepyeatensdinthimorgra aatespemndiet@neof the first
plurality of data sto!l%?e 30 locations and a corresgonding one of the secondéPIurali%of data storage

locations, wherein a%FbOELEEH %??W#@ﬂrgf‘ RGRBOhE Fedin Groptirtids Y 35bBEssed from a
laser be@m directed towards the first and second recording 24 layers along one of the plurality of data
axes, the laser bea g%in% gtrggagsgd _initiall% b% the correspondin oogg, otLghF: first plurality of data

storage Iocaﬁgns T at evice as y one of claims 1 irst recordin
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.



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 5 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 locatigns. 10 30. Thédata storage device as in claim 29, the first

physical propetty of HclBfaSIRIaes favies 7§ IhARb RS OLFRIMS Libhétasiiastersdiniie &e and a
substantially amorpiieugs@ieiveitheing abigmetiiyp @ﬁwﬂ&?n&méeﬂﬁ axiendpgaand sarorg

graduations therebetween, 15 wherein varying a portion of the first material between the substantially
crystalline state an@RAESib&AMAE ARFBAMofRI AN QR EREL19E8: BisebidRd TisE&%hd

transmittance of thedegHiriwef var égst 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
correspénding to the at least two crystallinity levels. 31. The data storage device as in claim 29 or 30,

the second plyysicahpigiert@fe e isecontprmatgrial being variable between two optical polarization
levels with the at least two Polarizatio_n states extending and forming graduations 25 therebetween,

wherein varying the secorftl il ST PRSHINGT J13Y REriidHBTa%e e orerRNdAcH BEMWRAY the two

optical ;I)olar:izatti)on ?}@p@ﬁngag@hmgtafj@qsméw?ortgﬂgﬁﬁﬁ@dQWSt@f{tgmé?m thefigecond .
material, whereby the second physical property of the second material is varied 3 eat generate
by the taser boar STPIRESLHHLRASTTAG LEe P AR AP Gl RORJOIRLEHFaF AT DT ol

applied thereto. 25 pRZalitye sfaidgasiosrgsydelscaiandntealaing 3L fike magieicielthgingiggnerated by
S O P T 20uigh St J6ast fw States for InGicAtIG B Trel dats valie: - | oY 0N Of claims
29 to 32, the first m4tEAR 9 9
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



5 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, and the second material being made from at least
one of Fe, Co and Ni and at least one of Th, Cr, Gd, Mn, Pt, Pd, Al, An, Ag, Cu, Mg. 10 -3-334. 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, elec 8n beam vacuum deposition, ion plating,

chemical vapor de ¥&fSoHOp#ATLEWD PIHEIIY G SR &SIty LoRRANG DSIBRBIRSFSES beam

epitaxy and SpUttefiﬁﬂiaﬂ?-M&@éﬁ&ﬁéﬂgmgﬁﬁ'@@f&ﬁéﬂiﬁjﬂﬁmfﬁi@f stains #6rigSrbeaashsof the first
recording layer and the second recording layer being doged y sputtering of a mixture comprising

Argon and at least Yl SPRIRFIGE AR OWR A RS RErs O haekys Mg s Hist A5 HBIARE™RS in any one
of claims 29 to 35, fhQIHEeHIBAE) By s ksiatp danFigUsHr AfyERResHECINRfitSt secprding layer

and the second recording layer, the first recording layer being stacked adjacent to the substrate with

the first Jace therect B39 AGHESUAtraRe. 95189 afRadi A RiAkse lRRRGRk AR D HRE of claims 29

to 36, the substratesbging beaAefopeHoNeheffRolytrrBesse. Heahnespytiee tragiy latectddiMA),
amorphous polyolefin, ceramic and %I}ass. 30 38. The data s_tor%%eé device as in any one of claims 29 to

37, further comprisifiia PEHISCIRAPGSYLEIY Lasicativg; oL e st R sseand JaibNalree UG 1ayer
outwardly opposing-the:djsehaaapreirgdees tetrelectiitg layeratar dbradisipatinaLxeassiee heat

accumulation wherein heat is. enerat?ﬂv‘bey theHEser earr%t urin%ap I'}cation thereof to the second
recording layer, Wh%%ﬁ“??ﬂqga’ﬁ@e%ﬁlgl FEORMRI TR 2k FRLPBRIIRAINIS Ag, Ti, Cr, Cu, Pd, W

and Pt16 39. The data storage device as in any one of claims 29 to 38, further comprising:
30.  The data storage device as in claim 29, 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,

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.



a first protective 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; and 10 a second protective layer
stacked adjacent to the second recording 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 dissipatin Lxcessive heat accumulation wherein heat is

generated by4he 1abB¢ 4 ST0GRAMEEHISSIRA b AIMBrabs trtmesRtimbeld g gsaseted R¥rein each of

the first and secong RE@Jeg heenanens isagrreerfpnalaitrisasg e 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

comprising: gdirst digheclita|sxpagiarkatadjagamiontefirdhineerof {0aiirshereicarahagiaier, the first
protective layer stacked between the substrate and the 25 first recording layer; a second dielectric

layer stacked adjadiPe0MAEESERBHY 1830 eRA G BRRET SRIEGHRS: LA SblsRbYd Bl difg8yaPbeing

disposed between Fadmsiiaekesh beiwegnthedirst sietesttioaypicaaeoiamgengrediclawirdayer; and a
reflective layer stacked adjacent to a face of the second dielectric 30 layer outwardly opposing the

0 C
second recording 185EP thEFEIALRRING R0 FroTsafdedii kel s&ne NL DR dtRsh Wherein heat
is generated by thedeser drean daring, Feplaian mgreaf kaghe second recording layer, 27 wherein
each of the first and second dielectric layers is made from at least one of SiO2, SiO, A1203, GeO2,
In203, Te02, TiO2, Ta205, MoO3, W03, Si3N4, AN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF2,
SiC angomixBgea. thrsegdtan@d it refaetve layanis snads tRimatdeast smecathof AheAirsii, S Cr,
Cu, Pd, W and Pt. 41. The data storage device as in ne of claims 29 to 40, further comprising an
! recorgllng ?ayer and the se\élond reclorg‘l% ?ayer E)elnér?ormeé by deéjosﬂ?on 01m prising

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



interface layer stacked between the first recording layer and the second recording layer, the interface
layer being optically transparent to the laser 10 beam directed 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 stackedbetween the substrate and the first recording

layer; 20 a second SiETRAIRASYErSSINE kAt AGRERMIRHPHWREIBBhEERL do sRI TS & he 1888f and second
recording layer beinggisoases fphaaoraindretickade betvwrprdbrifigidietectric layer and the second

dielectric layer; a reflective layer stacked adjacent to a face of the second dielectric layer outwardly
opposing the second recoPdiREF1Ry8F, Rilertivectavandsdnads Banyslpatiye - delinbhédd
accumulation whergin beatis pEengratgcbby 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 tiye first Teeaiginctdengy GAcIss BeagneneepLingsagas teefigflestbemipisingirther being

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

28 wherein each of the firdt 45t ROy i la¥etrilack R Sl g frstdaceet diesis, sio,

A1203, GeO2, In2Qgof€ipg, Iyer? theai?fad phrrdveVi@r StadRid, IRsvddh tHd NubhteGAs thedSe, ZnTe,
AgF, PdF2, SiC an% mixtureé_ thereof, the reflective layer is made from at least one of An, Al, Ag, Ti,

Cr, 5 Cu, Pd, W an"8t"¢R&" ¥t BBthg made from one of polycarbonate, polymethyl
methaaiylate (PMMA), amprplaens pedyedeilia, legeansiacked atissenand the ceveidaenigintpde from at

least one of pOchaliggenrﬁ é?ﬁgy jsl%%esecond 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,



triacetate and polydicyclopendadiene, (methyl)methacrylate and (methyl)propylacrylate. 10 44. The
data storage device as in any one of claims 29 to 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 heam Fﬁ\;\;ﬁogerties of the'processed beam being respectively magnitude

and optical polarization leYEIRFReRICWAeia® i e R4 serand HalRTHiGIEAuPIS 1hensPe AP Pothrization
level of 20 the progesgeshdepsiendsidenaiing cse.of the Pirsaityebmagndu desangegoand one of

the plurality of level ranges corresponding therewith enables the corresponding one of the plurality of

first values and the YeMte DB oHY of tRe pithratilssr £8dEnfohIRY w0 BICidBA IR FRerein the

first data value andiHagesecaitfthatRNadtesiayed iommade rroReatiYely theefisstaacardipg lasier and the
second recording layer at one of the plurality of data storage locations of each thereof wherefrom the

process@d beam iHefittiRd \WHhMed 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, antdR opdara SNAIISSAER Ao 80 GFEBERAS A A EREhBEMRRSI el second

data values. 29 46jfeffate Sty@gstaEGEROMRISING: Aritstdasarfingapenhaving sctitsidface and a

second face outwardl posing the first face, the first recording Jayer being made from a first 5
atorial and having SATEI Ay DRI SR cEHIOH< A 1 TRORCE B A dReEla storage

locationg having a figirplaysisietinheperoiging variable through at least two states for indicating a first
data value;

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,



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 10 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 distinct from the second physical property, wherein the first physical property is optical
polarization and the second physical 15 1property is réftlectance with one of the at least two states of

I

each of the first plurality o¥RRIRINERRT I libHp8 secyshaiRlgHith \BysiciSInRds EeBhakvel thereof
and one of the at leatiwiResirtsio0f Sieshnaldheseoonsjayrliin ofideia THaRIN desANeTs,

corresponding with reflectance level thereof, the first material being a magneto-optical material with

the at least two stata\iefbs FNbel, # 1eaSt TR0 Shigrizafien2%eBHd e 8RR HASerial being a

phase change matggaloritthéhemédaast iyer satemithrirnidegias aneast AyoAtrysiplimitgtevels; and a
plurality of data axes formed substantially perpendicular to the second face of the first recording layer,

each of the plurality-4F deta W Ble,HEnSHRS AR RGNS (BRASs FRIiNg%9E BPIMERFRADHRIrality of
data storage locatigyagyadrsy Coiesraniagranfal)thensesensd poralisfial eatmftosngeieeations,

wherein a processed beam having first and second beam properties is. processed from a laser beam

[
directed towards th&'frdP& i@ RcENE TR JREHR THN3elS2SI oY dte RATYGR BRI CEHALAEE axes, the
laser beam being priggggard initady byptgdceytesnendinenene of thenjisinetrealiyaef datargtorage
locations with one %rﬁ %@t Ieas’ two states thereof determining the first beam property, and
subsequently by th PORMAE YA of the second plurality of data 30 storage locations with one of
the at lggst 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- cortosp@iing D GRUSSTHAR ARG e C P GUABE S Ehd FEPE PRI Bhcing one o

the second plurality of data gliarays/|efatiegaitude 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.



47. The data storage device as in claim 46, the first physical property of the first material being
variable between two optical polarization levels with the at least two polarization states extending and
forming graduations therebetween, 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 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 byeone af gaRestoriedeNadnehpndiag 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 cR/HEEIIFESHRI dnea Qs farR Ahe ssatei R PHIW Y ¥ ast two

crystallinity levels exgpsing aied fiesming:graduaienebRTRIGETHRE HheMiL PtV afMGRD & Aestion of the
second material between the 25 substantially crystalline state and the substantially amorphous state

varies ab least one Bl ARthEaARY & HFRIRIHENIY BF BaSErRas dPtAoss e PhabeHiiStwhereby the
second physical prepa#hitpf gnedaecanstagatesiakisnyariaig by thetlassisikanproguind gingagnitude,

the magnitude of the laser 30 beam corresponding,to the at least two crystallinity levels. 31 A DATA

STORAGE DEVICHARIE Moy 90 ghlepst dra ot feE RS SHNERHY st diahsional multi-level
recording and storage is desethnefeacrrding te aazkedinpitsofd it isa@ndoacByarevinisag multiple

recording layers and property-variable data recording locatjons on each of the multiple recording
ayers, multcimen RN G N SR LGP M B0 0 B AFREL GO APBIE) varicole
locationg enable therigsaaeiysingledasarnnedny b withawrageddautisiocusingopanyerooiggording
layers as described and demonstrated by conventional data storage devijces and methods. Therefore,
recording density aHEII’ahty o? data storagg ?ocatlons having a secon% 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 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



data transfer rate of the data storage device are significantly increased. 15 Figure 1
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30
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.

The data storage device as in claim 46, the first physical property of the first
material being variable between two optical polarization levels with the at
least two polarization states extending and forming graduations therebetween,

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

direction of a magnetic field applied thereto.

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

one of a permanent magnet and an electromagnet.

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
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

beam corresponding to the at least two crystallinity levels.
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