,e3eQ QL 6 Tr Z 1 A DATA STORAGE DEVICE Field O Invention The present
invention relates generally to a data storage device. In p mmmmmmnwmr 5
invention relates to a data storage device that utilizes di i cal
properties of a laser beamfor providing a nufti-level data sta[age
structure capable of nultidinmensional data storage for achieving a

hi gh-density and hi gh data transfer ratle optical recording |

Background Optical data st orABATASEORAGEDEYMCEa| |y detern‘mﬂﬂm’mgwmmmmm
dianeter of a |ight spot formed on a recording surface by i

| aser. The dianeter d of the light spot is described as: d ~2NAPFMPE wher e
~, Is the vEsdlOfIgivdntioh t he | aser and NA is the nunerical aperture. A

smal | er m ni,num spot di amet resul.ts.in hi d it . egar di ng and
storage. Th é?r?ﬁegt IWVW“SPJgnﬁ{eP c?e??{?;ﬁ el d%#ﬁgeéposg eo(?e&?cﬁgyndg%éﬁ%r’ g% an
optical ¥ ecavdtiogremtetitoadata IREdge devieadhtanitjizds differtra pbysi@hpropértibseof anuner i cal

aperture (NA) qf objective |enses.?20 are used. However er
di sadvant ag@§rt a8 h Ft%ﬁ‘f‘ﬁ‘&gt%ém\?\tﬁég?leﬂ%? ﬁ%&get %tg’lvéﬁ esec?paté)ﬂedofr@tgasi ng the

nunerical aRREAstnl Hfa AMRVRr htlibehg bergh-dinsigy dad sighydatd temsfer mteeat ed by a
tilted optical disk increases proportionally in magnitude to the cube of
the numeri coptical peserdipgemedi¥ier of ore, a larger nunerical 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 t h&} eoBackgrpamdby resulting in higher recording density not being

achi evabl e. ' Idendi i iBdivy e dhmkel 8 aipRyspbei ng a

t rademar k o?ﬂ)tggin%t%:ogfra%?gﬁ%tﬂ)qs E’%’técagp?gtgg?%&n }Fdensi ty of no_tg Igss t han 23
GB and a dafosmed eirsteeordingsurfags bydrradiagion o5 lasw. Nbpdiameshd € fhe lighesPabt i cal
syst em of ti@‘ﬁes@hh"d;]a@y di sk uses a | aser wavel ength of 405 nm and an

obj ective lens Wih a nunerical aperture of 0.85. As a result, the Blu-ray
disk requires a thin light transm ssi an | dyer of about 0.1 nmmto 2
achieve a sufficient tilt margin. Unfort ely, such a thin

| ight-transm ssion | ayer cannot be produced by conventional injection

nol di ngl¥rachi nes. Furthernore, its strict thickness variation within a

tolerance of ., 0.2 pmresults,i e [ [ g ' C en
conpar ed wi FRCR n\%l}ﬁ W%Vr?gqng%lp?r}it{é%ia%d ia\séglgA %dtgiptﬁ ?rgﬁﬁé«ﬁf%} a&g Asﬁlg%nte%w: wor ki ng
di stance of mappumxispoat dhiietdr Jesltd iim higlbr bdensise dofa tdeerdiiggland ustreagec al
aperture obj ec%tj ve, | eas | eads tg a hicﬁhe r. skf of 18a|11|riecsoirﬁﬂ Q}ggﬁ en t he
optical di skheEHgre HeOtierte NRagse Be ToRoFPRe P u s e APRE™ eV eT &8 "'§¥ A" 0 known
in the art §iRkteRhidetghOofniagh ah® Gipheli manctidaldpemine YNAF @I objeetins lenses
dual -1 ayer optical_recording rrediélm was gro osed in or er ntQ dqusl:élre t he
recor di RY dalspedy HYVevet e o dSADERIBETIR SRS e BTSSR EL A IFd A% e si de
of the di skyndDWRYEEg thetnuindrical apsihié eAdchiehahlgatigRcdrdingalonsitye A asge
transmttance for the first |ayer of the dualg Ia%ers (?s ahma%ergtgl, for
exanpl e a phusted briatilied epticediskjincrepsesgieroriiorady i MIEIRUGeiR G YOf QK8F  wi t h
| ncr eased tphrﬁé&%ﬁ%eﬁ%ﬁ. Pkrdtote! 4 Gadd: QimblGeal BpdrRE3RMsAR a Mbitaitia)ly di scl oses
a solution for overcomng the tiEprObl em that during the regﬂhg&li}gﬁ}gcess, each
t

| ayer int er bmeltes negugindan anguler ti oftfbe eptifal disky dildng e entic % an
optical ,datg ﬁ%gsot?\@ga@ 46 ¥heafe SATRLd s%bf‘tﬂet@bﬂ,ttﬁd?éb? rERGRIdh Rphbeedrdingnd a
focusi ng sys%em or Focus ng laser onto the infended recording |ayer for 20
r eadi ng t hededsitpnot Heimgevkicyabldhe need for refocusing the laser for the
different recording layers in Arieli results in a slower rate of data
retrieval. Furthernore, the recording density of each recording layer is
dependent ot ishincaac i #eyarofthat e Bluowsdisky (Bipgae being 5 tgdqmzared Jayy

5,838, 6S3 (Fan iscloses an opticalcsin [ r npri si ng
nmul tiple i n&%’?’&?ﬁ%%#‘?t%?%’é‘g% gvlgﬁ%?f@éiegg @F%?gggs g)?glrg%o@x%gﬁg}egdg t her eof
i s wavelngthiphspess MBpsanHopelear thz apiich sgypeuiofite Blnfayrdisk besa acheronl y be

read froma particul ar storage |ayer a ..aser bhea i eqitic
wavel engt h %elﬁ‘éﬁﬂéf’fiﬁ%{?‘ﬁﬁng@? P@gﬁgﬁg%(rﬁd” lt}haerrluen\}\?rfcﬁmp\é%%m%vogro;s&%hgr equi res
a spectrum QfsultamerBiu-eat @isk Rguires 4 kten Jghtr teang@issibn Wyeebbalgpuh 8. lama to

pol ari zations required. The use of a nodulator for varying the wavel ength
and pol arization of a single laser is conplex and slows the rate of data




retrieval . 3 Hence, this clearly affirns a need for an inproved data
storage systemw th high recording density and high data transfer rate. 5
Summary A data storage device described hereinafter conprises a substrate
and a recording |ayer having a phase change |ayer and a magneto-opti cal

| ayer fornmed on the substrate. The data storage device utilizes two

physi cal properties, nanely, anplitudeZand polarization |evel of |aser
reflected talsieef a owlficients it netirgincUnfortanatelpesughy @ hin lighiansngssipn, oy
penetrates fhe. sy %({ gk bg coﬁ%‘ﬁu&%‘{‘? edti%ﬁ%ol{l]?l rﬁ%ﬁm@@ F‘t@t'h%ﬁo%;qsd' ng

| ayer. By a ]UStI fie" raser Wer ase change | ayer can be

swi t ched be;trmema&xessr yartasibh lvsnthusaableraaa:adofm 2amrrpshlrlt§|sn selatively Hgherphase

change |l ayer |n.the conpletel nmor.phous st eI at| ve

ref | ect anc @ gHcian £oft ﬁscé’chﬁrgﬁg‘@]fég}B’Fntfoﬁa]t ﬂ%tpcépﬁﬁget és't%él t@%ﬂ‘}é’t alline
state provigeger! MR drsatttee@taa@p@xmata@roezmlaeﬁmmr ibgt a@nof nhel highhe | aser' s
power provides for different possible ref cta Ther ef.or e,

mul til evel TEwHealiameries PoRstiye lans Jeadsitp e cﬁ‘gﬁ & PeSTHiey | ayer

usi ng di ff ef,eph disR¥RY theUns! ef | ect ance. V\hen the | aser is directed onto said
recording |ayer, the magneto-optical layer is 20 heated up concurrently.
When the tenperature of the magneto-optical |ayer reaches the Curie

tenmper at ur y.Qff gtd"lgpl%%ﬂ%% Jelis hRORBEA! #/tRe art R aEAEvin@hilh aorm@EGNet i C
fieldis appsile var e ‘pol arization |l evel in the magneto-opti cal

| ayer. Whe {eobitr Fszlaﬁtxamn eof dudidayegiticeltreqprding WP@H@M%StPé‘d’OP"a‘slBPrdﬁF 9 i ght beam
can be dete rag[gsﬂg donesideef | ect ance
anpl i tude aﬁég@ ﬂte%o FPZat %95(%%1“&3{% n ! rlgéa)rggrrl 1-rggftjlé?f(c:’tﬂlretget§rom t he data

st orage devofdbe disle Idomebaenelds a@cbmgahcbhéleagmtedphmeflaﬁge fransmittaiceriidhconal
mufti-|evel ord| a efqr a first
aspect of tﬂéte ‘\a’/re(r)t &Sn&gt Eg%q‘gea Qﬂ 1ofsf(gd&g g%t ﬁ(ﬁgﬁ%%gg%g% deg%‘/t%{:]aé

conpri si ng: be3bmes léssrtmhspamnbtodasegwtthtymrea*td\thldgle% first face and a second
face ouﬁ%var dly opposing the first face, the first recording |ayer having a
first pfurality of data storage |ocations, each of the first plurality of
dat a st or agecT @gplidatiors NoAY2/068 620 fNZr(s\tnehh&lsdlmt; a[solopet foy olvaicmgingahd abl e

t hrough at IeasmSLElV\/o states for indi cat a second

recordi ng | BipRlemdhatduape the;reading progsss i gg’(% H’derfeacse(’pg?a ]P'hvel tl%? gther ecor di ng

llayer, the fe&oNdrieRa6dcEbéithnl chyied dﬁﬁ\étdﬂ@e&leﬁleéi@oftﬁiprtsﬁngrtﬁhltlbly relfordi@ a storage
| ocati ons, each of the second IuraI ity of data.sto havi ng a
second physl%%ﬁ apst & fROpBIpE BYsioRy 1QF a?qué‘l‘igias‘?rh?rﬁ% “atFm{ gggc[orcf% Y 2‘?’%5 f or

i ndi cat bfpg ?ea&ﬁ%%’éiieﬁorﬁiatﬁowajeﬂethe thB&l Fdrr Btocidiys lt&alasd@rmpelﬂd yhffé&mng
distinct fromthe second physical, property; nd a fallf‘ }% dta axes
formed substeaprding) lpxersor Ariglresylisdn arslpwen e @ Q)aﬁ‘dr UTPTEnQTe, 18§

recordi ng | ayeinQReR %Qﬁ'eﬁdﬁ%&h‘d‘lﬁ@iayérﬁs @Jpeﬂﬁh@orﬁtlﬁ@ﬁccﬁi@é?ﬁﬂlh@@odlﬁﬁgugh a
correspondi ng ong F first plurality of data storage |ocations and a
correspondi sgtel® one of the second plurality of data storage |ocations,
wherein a processed beam having first and second beam properties is
processed froma | aser beamdirected towards the first and second recordi ng
| ayers abongSoRsterdf No.n6,8p8.65%IFany disclogest an prien] infeematipseyionenfY¥dt ng
processed initiall 0 r y of data
Ot or age. | ocavTBRL S Pl ol RkoR SRR oI P ol e E boftio ydok

det er ni ni ng1§\hﬂefmgthtspmwmmt}qn-sandﬁ@dtsfgenm@ntchlyoﬁy be figadde¥ 2spondi ng
one of the se it at.a st ora t he at

| east two stp?ﬁ&@ %rla%a*a ?J‘yttya}%snlbﬁa'%t‘%h g 6 avt)devgf%ﬁ%lﬁnc?%&; ?féﬁza?iﬁlé first
and second @fd@rtgemeneeah 0Hobvheerp]Fanaeq;Bed a bp@numecofdgserseweng tostk y

i ndi catiyve of th rst .and con ata .v e g one of
the firsP p|rg}g5|0?‘yv9ve6 ngfhsand ??‘8?%%‘58“%‘1‘?1{? at 8H§e (attn gz{térot??gﬁgﬁgdl ng one
of the secomg Wdwdleakthlaiid pélagiation 6f Osigglelabe ¢odongibes. anursloatsahﬁmruféam th a
second aspect of the invention, there is disclosed a data storage device
conpri si ng; rgfrieyal-st recor di ng Iayer having a first face and a second face
outwardly 25 opposing the first face, the first recording | ayer being nade
froma first material and having a first plurality of data storage

| ocati ons, each of the first plurality of data storage |ocations having a
first physical property being variable through at |east tw states for
indicating a first data val ue; a second recording | ayer stacked adjacent to
the second face of the first 30 recording |ayer, the second recording |ayer
bei ng made from a second material and having a second plurality of data
storage | ocations, each of the second plurality of data storage |ocations
havi ng a second physical property being variable through at |east two

stat es for |nd| cat| ng a second data vaI ue, the first physical property




wherein a processed beam having first and second beam properties is 15
processed froma | aser beamdirected towards the first and second recording
| ayers al ong one of the plurality of data axes, the |aser beam bei ng
processed initially by the corresponding one of the first plurality of data
storage | ocations with one of the at | east two states thereof determ ning
the first beam property, and subsequentyy by the correspondi ng one of the
second plurality of data storage |ocations with one of the at 20 | east two
states thereof ferm.ni he C r t [ d second
beam pr oper ?ng%qglf ctler?gypa?%éﬁess@sg feag%nge ngp({r g@gé‘?ﬁ‘ e stellfnn\g?lﬁ:gfglﬂve of the
first and seeediflg daisay aal higisdatd transfer cata. r espondi ng one of the first
plurality of data storage |ocations and the correspondi ng one of the second
plurality of data storage |ocations. 25 In accordance with a third aspect
of the igwvediim@iyy there is disclosed a data storage device conprising: a
first recordi n% |'ayer havin a[ifi rst face and a segsgnfj fn%cgr%gt \{\r/{ardl y
opposi ng t b defar derage; deyvice drsorted Herqinaligh eRIIsPS & SPOSA A R HE ¥ Bm a fi r st
material angydpapsividg @ phhdeSthapbeinalet tayid of nfdghcdo-sptivandeyet demtedoms theeach of
the first plurality of data 30 storage | ogat.iqns havin first physical
property befuh#raiearihginie stosass sighicapiilizEs Bo RuygC tpé‘{péglef’dﬁ%miea]r}(d?reélw(%g a first
data val ue; 5 J)%Fa?igﬂﬁ)nrl%@@liaﬁ@ rbRNRN tSdeedee dLad dieRnd dt tetie s@sgnd face of
the first recording layer, the second recordi ng% | ayer bej,ng, nmade from a
second Hht edevige pameirates ghersabstinte of theeyguilapere ety sgif rerording {aﬁ?rak’

| ocati ons, f it t He@ QRtw @RS havi ng a
second phys?@gspn%rt%e:)zh%r;segg\?%gmé/egp?dgtlc}e{aﬁrlg%%ﬂcagt% g‘gg“i two states for

i ndi cati ng aysdlionstatdand awamewhoushsate.i The phasy shange 1en pethe yowalekY di sti nct
fromthe secon hysical .oroper i i cal erty is 5
optical pol %lnrl(i’rg% uls)é%keaﬁ Vl? %Se@gé’%er%%fwgﬁé@%"%ﬁf%@p@? w&%&%&%&%llz}g gﬁce wth
one of the @t complstlytonstaltinet stte povidec WOYS oftrpfdectanes t Dig¢retisgl ivenation ijat a
storage,locations correspondi W q i i ‘her eof and
one of ﬁ#e kfsgrag’sPo‘YWr‘g‘?é;Se@g% e%g'thgog%#ﬂ%?’ %1%%%%%%%%@%@? %?F‘?%[’;h W data

st or age | ocrbélaBsording rcas ponehlingl ini thh phaskicbatgane®rding ddyet hangdifferenhe fir st
mat eri al beiﬁng a rrﬁgneto-optical material with the at |east two states
thereof 10 58RO SIS HSGet two pol arization states and the second materi al
bei ng a phase change material with the at |east two states thereof being at
| east two crystallinity Jevels; and a plurality. of data axe 1formed

subst ant i al IKhepdhe, laser i8 fligrted gntoniaid e Higfa‘ﬁ%f‘é’ B¢ If‘?'%le}%ﬂpé’fa r &0l ng
layer, egchpQfiedtiifconbutfantiyt WWith tH@tetpanase 6Xhe niighgobptial Biyerreadies espondi ng
one of the first plurality of data storage |ocatiops correspondi ng 15

d.a
one of the $ecoHls SMPRIANTE ot dhe @8%3@9‘69"&65‘13?@%?’itgﬁg?af{]@wpé?se‘in?\g‘ﬁagr ocessed

beam havi ngﬁglhrﬁtapgﬂai SERROHBERMrRARPeTVEeRm the PEPeRSHAiGaIl lagen dhé aser beam
directed towards the f

Is irst "and second recordj ngt&I ayerg SI on‘? tﬁne of the
plurality opolaizationatibe refleated geiansmitizdlases o dighrtramsan e fetpivdibravely ¢ he
correspondi g Bftedid. Merdpbrtl! @k bNecincd 3hBliGlOAYEnd pElatitEBs W th one
of the at Zgg eas?ﬁzcﬁz) s%at es %herr eof deqt errcn'.nfnﬁé the fi rst9 beam property,
and subgéquéavel gf kagent teflected feosp Sieddaty storage ofevich &are sewhpiged t PEvidey 2 of data
storage | 0catl0nse it i Snfhnd Afieiud EASKIMRSloRlgeS L her eof deter i ni ng
the second Beam proper%y, the 1irst and second beam properties of the
processed beam bei ng respectively indicative of the first and second data
val ues of t correspondi ng one fichSt. lddrY i Ofis St Ra §h@r age 25
| ocations a erf’ﬁ’ e’&‘bgcrc gdﬁ%%d‘?' 'y gl%ség%&ttoﬁgﬁ slggégﬁéleﬁl éﬁgloclfl%cy o‘?agata st or age
| ocati ons. Biloragk dBEScdomplising: OF The Drawi ngs Enbodi nents of the invention

i ch 90 FI G 1eiBa gl s FPREA Gabfisle 1 Aol pAgY, 1

storage devioggosigttie firsf fakstthe Renrechrdigg lagyehavingd firstspunlig of deterstdragg | ayer

f or med hstrat di ng t. i rst di ment .of the jnveption;
FIa 2 Showdoe FieRio fHaFE SR PoRLALRepRt RO erge afts wONEl . "Tey i oo

of FIG 1 Wigkdpery bathg estableanioaptest 1daon i dtaas férlindiceiagadirst datovaueg | ayer
according to a second enbodi rent of the invention; 5 FIG 3 shows a parti al
front sectional elevation of the data storage device of FIG 2 with a first
protective | ayer and a second protective layer fornmed therein according to
a third enbodi ment of the invention; 10 FIG 4 shows a partial front
sectional elevation of the data storage device of FIG 3 with an interface
| ayer forned between the first recording |ayer and the second recording

| ayer according to a fourth enbodi nent 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

r o, M I



20 the reflective layer according to a fifth enbodi nent of the invention.
‘Detai | ed Description A data storage device is described hereinafter for
addressing the foregoing problens. 25 A first enbodi nent 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 | , the data storage devide 20 conprises a substrate 22 and a
st orage 30 | ayer @domt ectdingaldyacysrked odiperat sultka pegprd face ofhbe fiifistrate 22
and the star 4 ']ﬁedps%'&{aeﬁ i e data

st or age devrf(%’gﬁﬂé)%gé rtll%ps're gtgn?rrg%%@ﬁg 1@?@(’:&5 apel.c Bu%'ﬁtgng?\éiraggoéa%éayer 24
conpri ses dofdtived, eaetc of tienspcomly pluradiey ahdata stoszasnigcationd haying al gpend 28. The

ot ver di v JBSBGTEOERS intaprrub e Ahsr R AREs RRACRRE PR, |

st acked sd] dagc @tlue,t thet fist phgoatl prapeety Stingotistile from sthe rsecanddphygicklayer 26
with the substrate 22 opposing the first 5 face 30a of the first recording
| ayer 26. THEPLYL¥rate 22 is for structurally supporting the first
recording | ayer a26u@ng dffietasRenanéEabsditaly paypendidifar tdhie soubsitfiat e 22 is
Bimor phous. pBl (PoIfERTHEoREF HFE <345 aie graaLy TRotBL AR MD PSS bl y has a
thi ckness Wdrigdndinf 3RE6f BE fidtlpliRLtp of ddisforRel Iratiingnkd e conésporidiig exanpl e,
substantially 120mm The first recording |ayer 26 conprises a first

€ Tl
pl ural i 1§ ofredthe seqand pljwalitpebdatatiaragslacadifes t he second recording | ayer 28

conprises a secqlgh W Frddeise®@ bed@l Ravite TRACankd sécofidibe@RS prdghitiesThe T 1 st
recording layer 26 1s nade froma first material wth each of the first
plurality opfockssed fsamadessr beradiresied myards4hs At and secerd FROCMEAPYSS operty

bei ng var i A, Sl r@{a%eo?aatatam il &sEboh Albell BrscRlskthiflly Ity the dat a

val ue. The se ayer 28 1s roma second material with
each of thecamsmmdingane aifithefitsf phizlity off datmrgferage daspiionssvigppnael thagt a second

physi cal . pr rt d bej 1 abl g]?mgt s for
i ndi cat b%g %ngé‘g% ﬁ%{éaél%egeo\?gf%%ﬁlhﬁgé&f 1?‘rgtsl%emrirﬁit‘le I Iaﬂéﬁﬁﬁ%eﬁ{é&@g?gﬁg@ mat eri al
are pref er abinesgbinfifngroaabf thietshcont luiralits bf dHty sorege lopativpe mith opeohthedt f f er ent

and distinct fromithe sec hysi cal property. Alter i first
mat eri al anffasttﬁgo §%‘&eﬁﬁﬁerf"fg{}%}"‘%§%l @e tsﬁcém&é)gerfaetg pﬁe@é@?kksﬁ%h%? ecgﬁﬁat he first
mat eri al  angednhpropadenst tmpicesdéd banpbaneespectiedy aidicatiteoot the figlh pnd

differentiate t first physical prqperty from.the,secon i

property. AF?"@’?‘EEW \)’éf"ﬁ? 0? ﬁlbe ?%Fﬁoélgﬁgo p(?fotgeégl §sqcﬂ‘l urglt%yloce}a%?ay gt{ﬁ%g%)f t he
first regor gichghnk atEihe 26iredpshdinpeons o dvdecord pludiinygpfldayatorB lowtiadst er abl e f or
differentiating the first physical property fromthe second physi cal

property. 30 The data storage device 20 further conprises data axes 46
formed subsifpib@bhcs VAR PEREATHDES of thelid@nti&s ditee fsakiselosélba adta tbrgé i r st
recording | ayer 26. Each data axis 46 extends correspondi ngly through one
of the firsHesanorPrisPeof data storage |ocations 32a 9 or one of the

second plurality, gfgdatedtzOhgdehdfahi S8 fi2dind e 586008 faeaBuAGrdlp
di rectabl e tovvarz(ijs r'? he fi Fcnrsgt a?gcordi ng |l ayer 26 and the_second recording

e
| ayer 285al oprpsvgdhafirst free,db Brshseaerding layst bﬁﬂ&queaffﬁ?‘&c%%‘@ﬂ%ﬁéﬁg 50
therefrom —Hagnd 3565 AEAMAG difa Ghi6e iRMidkr OHa R iRensH BRkaR} 8f Al whi ch i's
g smssSible. Th

preferably tra e 5 processed beamhas a first beam
property andtosgs dwetichsieaing prigpenhyyical Prepefta deing yarigblulreugh gt lsd¥<wei t h each
of the first, recaordi. t he second recording | ayer 28 for
formng a nﬁ?&sgoﬁllgdé%n%?)ﬁﬁ%gg@i@g’ recording layer 26 and the second

recording | ayer 28&econidtdecdriiegrimyek stkalediacehieteetife gsepndgfacpioicheldisgt wi t h one
of 10 t first.plural ity of ta.. I . i 3 t he
second gﬁur 375t %té}'fgakhg SS‘E%‘F%%%" ﬁhgé gaty?lgﬁes“ké%g&ér fe}g%eact%??/e {l}atgﬁﬂ agiteii ng

repr esent at invein@h sdaind. plitakty dfhiatal acrege beasiong &atls ofitheesetad flowatydd t he

first face %gt?l s(t)c]:ragtehl%cgt{ornss tha\l;iggc grsgclzorr]lg physical property being variable through at

least two states for indicating a second data value, the first physical property being



| ayer 26 along the one of the data axes 46, the |aser beam 48 is processed
initially by 15 the corresponding one of the first plurality of data
storage |l ocations 32a with one of the at |east two states thereof
determning the first beam property, and subsequently by the correspondi ng
one of the second plurality of data storage |ocations 32b with one of the
at |l east two states thereof determning the second beam property, The

det er ni ned ditinst fromatie peegrdr physigadrrepssyn vheeinihsr Bisepxpicat PioRehisocessed
beam 50 20 j Rdi ' tge @f the

cor respondirrelggéct)aﬁfggg dlithﬁgecl{o}]é g%“%%ﬁ'ﬁ?. yQS@%E@%&gﬁggﬁFgﬁgu ons 32a and
t he cor r esplemditwag statee od fachhnd theefishpluplitr ofl datastorpgel lcations epaeseondingat i ons 32b
respectively.. The first i (o] £yl YR e and the
second phys%gléfe ?%%Cgﬁ%‘ﬂ/ei)%%iog%ﬁlr%{ﬁeagg%%l%gttti%gsFa‘?%o g%{?hz(git%lﬁg%@r%v\ever,
the firsg pplysligabf geapsotye dodtiodsecarspmdinghy8h cepticglr ppaizatorofevehe

i nvention, the ta.sfora device 20.. are res. | viel jmied to
refl ect ancetthgﬁ ’ ﬁirétafna&gﬂﬁabreﬂga? ?‘baﬁ? change gp %? lﬁg&g% Y}%e%é}%gt tv‘\“}o(J %%tgsfes of
each of t hembiebsbeif Wit dAbdst fwof croadlinist tvelgealdodrt scoosd 3teriabbriagponds wi t h

refl ectance | evel thereof .and.one of .the, at ast t st at f each of the
second pl ur‘QPW‘%“C@a{nﬁteE‘?]oW&getﬁ%Gt Il??étafvi’(bﬁ%’?ﬁzthers(\éfpeé%gﬁ}sa%\m % opti cal
pol ari zati Opolh@MBén dthted;e@Rf . The first material is preferably nade froma
conbi nati on of one or. nore el errg}r;és for eﬁag{y e, .ct]al cogeni ded | enent s.
The onel®r nore ePlrift o difacaxss Lrmed pybstantially femghdiculey to g yopend age™ o 1
Bi, Pd, Sn,  Ake e re&d?dinﬁ%%e_% castt of BieqGtaliyOFtata HRS Rk@hdifg b @l S. The

e

first material enables t irst recording layer 26 to function as a phase
change nat eedregspanding onpef fhe firatplyrakity@f dta sloree fesatiens agdidrgrePording: two
crystal l'ini & fith PR YSEERLatRhQPErty is variabl e between a
subst anti al %e (%:ﬁesétegﬁdyrl}gas?aot ea 5 an% a asubst antially anorphous state with
the at |east twowhargistaldrpasssed beawe haviek tfesidpily seqead f RFem REPPETISHUAL i ons

t her ebet, g\ﬁglro]r'soﬁ -I;g ed; ﬁ{nﬁgell’a§/e\f %reéjn rhgrle o VfvakRMthO fﬁrsté Qit??] ddoRd rdcBRMClafigs | ayer 26

bet ween crystallTrne state and the substanti alyﬁg anor phous
stat e vari esloag oheafdbe plnmlityf ofrdefal ases, thedesenbrdmt heinzampeessed dritidly tyH8e porti on
of the first recording | ayer .26. . T l.cal t he
First mat er PSPy e AR AP Rl 9F ofh 5hos LGS wBE BREEE el 1P
cor r esponds lagitttivo tstaees alieréof alsterrhining ahey Ststibdammpropertye vl subsagaenilyt yethe
correspondi ng one of the first pluralit f data,storage.l I 32a is
ina 15 conf ‘E?B?‘V‘Wﬁ’ﬁgﬁsseg@gtpi‘f&gy é’ﬁgés%? %ﬂ?igahci‘/“‘iné% ithe gjgkhgpld?:e i's

achi evedo | nestedsi sidest theresfr Jadrmliding)ihe Weahd theam pospeagpibadirngndsecood t he
first plurality of data_ storage |locatjans 32a.results..in increase of the
refl ect anceb?%PE’BFr.tleil\ﬂ%ﬁletpﬁ‘lfgﬁ)‘& g‘zeaé‘bhﬂ% Ff’dpetfﬂ%ﬁ%fndﬁ?gv ?f@‘f lf)%%lﬁlp lity of
da}3 a stor a??edoﬁ& @%ﬂa%ﬁe@%ﬂ thé céﬁbsﬁorﬁlﬁ@élﬁé & mg (frr%tsliladaliiyng wakterag?
substantially high reflectance is achi eved. .The, secon terial is
preferably Msddomsaghig CE’S?FBP‘P%‘?H‘BWng‘eéﬁ"é’nﬁP%%%Ofcfgtalﬁg",m%gg?ﬁanﬁ\ﬁ and one
or nore of Th, Cr, &d, Wh, Pt, Pd, A, Au, Ag, Cu, My. The second materi al
enabl es the second recording layer 28 to function as a magget o- opti cal

mat er i al25wi di agaqedange With gtthirduaspsetafdhe imentions theis 1p gisglosqdeh dita siggiee

pol ari zati on.Stadd isi'v[\;ge 25 second physical property of the second materi al
is variable between t optical polarization levels with the at | east two
pol ari zati on st aeefirstexacerditigntpyemdavies i figgt drcadtslh p oieondnBre KBTYEEN,
Therefore, Vo?éé’sﬁr%%h%ﬂﬁ;t %a%&%ﬁ ARPYRbGfg 18 B@iﬁ% ¥naBE £BmPPLikst AteRll e second
recordi ng | ayer etween the two optical polarization levels varies the
at | east twhapiog arfirsaplinditysofadats stofage hesapienst pash affthe Hest by of datdr di ng

| ayer 3Q,,28., The ,secon or di r i al

magnet i %Oanisgo&%c (%%Cf Wt aaﬁ‘%ea @ég%fé@@r%‘%ﬁéﬁ’eﬁg%ﬁg‘h%f}gﬂ&g?ﬁ%?i&ﬁ%f orces to
enabl e snal Istated d@riddiceging atfastidata yalue; be 11 formed, thereby increasing the
quantity of the secon lurality of data,sto I i t he
second recor di ngaIS§§/‘§':a %ﬁ‘.’rdl}qﬁelageéc%ar? e%ﬁ@%?egg?(gg}eo%gﬁdy?%g oiiﬁége gg%:tond
materi al i s ry@kdiadlagehyheheadndgenrdiag éayebleibg triade Framer sdsemirmdBridnandhe
portion of the second material to achieve the Curie tenperature, or the
conpensation tenperature, thereof and a field direction of a



magnetic field applied thereto. The magnetic field is generated by one of a
per manent nmagnet and an el ectronmagnet. 10 Each of the first recording | ayer
26 and the second recording |layer 28 is 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, chem cal
vapor deposition, plasma CVD, |aser depbsi tion, spinning coating, nolecular
beam epi t axiavingch ssound phurality eddiostoragd SocRtiarfseeaghof the srsond plyralipeelor di ng

| ayer 26 and the se cordin 9:98@1@ Hht her
sputtering %"1‘ orﬁ‘ﬁ?(t?otf?{gonéglawng5|%C&?Ig{dm%%nﬁggetr@%e one op%l\%trogen and
Oxygen t herlefsp tw@ @tafda@m 1hdndamgaangaemdadmia vave Ither ﬁrsgpm'sa‘«abplpp%'f}'eb@nﬁ y
pre-defined to f tate of thedta st orage gni t ude
ranges are %E%%E? Wit i yS iRk PROP R AV vg ié}%gcgn%mlpg?}ﬁéﬁ?he first
data val sie. opthél dodi¢ehtidnamgele REedamysicdl @t@drty\nstrbﬂatamec:wutd op¢ of the |at y of

val ues conprising the st beam ty and the
second beaniept Sperelps @ e‘l‘q(ﬂ‘e&dg%%@%B@E?T‘We%ﬁ‘?%g%aée oegtboélétcpgg ni t ude
and optical waRb dallﬁélar%udnﬂéeél thd@rand oncldtaneftasast twdﬁatee&stdf@ncmdf thdhe

magni tude and t optical polarization Ievel of the %éoce eld beam 50 and
i denti fyi ngsesens Ri‘ﬂra ity o H8fg Slorage o cAtNs SATeSRRNdGge iy reflpriance lrxp tP%{FPgm

correspondi fg fﬁii%a%éﬁai Deift @ lRtlagRetd- bﬁu&%ﬁt@ﬁﬂ%di A6 aOREst o bthes etebpll i ty of
first values and the 30 corresponding one of the plurality of second val ues

to be i d@nt bdingar leash dve pelewzation stafes rag@ t*zfa&teaowawelaé hengHePhast EHA8Hat a val ue
are stored &Qteﬁﬁ%@%é YAkt %esteftésrtﬁérecff%eﬁﬁ gi IQzQ;t {v@d/ ﬁglstaﬁnlmgvélsh andecond

recordi ng | ayer at one of plurality o data storage_| ocations
32a/ 32b of each ethlaramyrofm@r@res @nmﬁeub@taa@aé@s@web@aws@ thesqcemq Beted to
obtain the ¢ I t I ek Skted@hb SSodunda t he
correspondi ng{hgﬁggorfqg(i ﬁ%gq{;&% {ad%e?(t) @{ggg{Kd&fv%Eaueg © egong@%‘f the first
plurality o’éorchapmldstgmnag»é thed'uattplumhtysnidatarstd)r&tghéOQah@llScﬂﬂldtaW@TfS@@tmdg plurality
of data tora ocat i .ons each of the data axes 46 collectively
store al1 Ie8§ 6&) W‘?%é?“’ﬁ?%t%g}g‘?g% WO combi nat i on. However, it is
possi bl e to achi ekeeih oarprodesded noairs ﬂm‘bhg fattateb seondt beamf ipropertighyisi cal 10

property, for ex | e four distjnct |evels.of. reflect d di stinct
states for PIFESSS H‘B apﬁffg beap ’F%‘B‘m Rl ) ﬁrStalﬂplseecoﬁglgerrcﬁ%r lag%?l

| evel s. Theaph@bss ofttheplangityodf datacaxtd, mtlaqaf buaal being p)bcedﬁ:ﬂamsalbfrlaghe | oc ations
32a and the one of the sec %Esg r @ tg of data st %% ocatgﬁllrés 32b al ong
each of t he “eFEsBRONdingsonpeotthe Tiesd Pfsality Qb Aef2 SoHes Joca o b 9848 del s of
][_ec 0{ di ng tgan&w?tstam tgégeo? dgteftﬁﬁ%ghhé ﬁas@ﬁeaﬁﬁﬁtgpﬁfyoaﬁg@bﬁéméﬁ@tby t]iéle 15

irst recording |ayer an e second _recordin

mufti-| evel C?‘&?B‘PQS‘%‘( ngtof e sgpendipdurpliy of 431, siopage gfﬁénqvi’é\)’\”%e “g(?? var| abl e
first physiggly tWood?ﬁést the@bf EaGHhiMAg tHQeddnt YearR | proRity! the tiRstdhall ecwhr age

| ocations 32a and the variabl e second physical, property of a},ch of the
second pl ur &pdm propertignehithspercasped bersmbeiph sespestively frdicatiye phthe first and

mufti - di man%éc%ﬁ@'d daduek %‘?QHéj'c&gesﬁﬁﬂﬁ'%‘ ot ¥t @BF Bachu@fityt beddt kitagt ecor di ng
| ayer 26 20 an hé second recor ayer 28. Therefore, the storage

devi ce 28 f levetionsiad thyg causpendieg @perﬁ%melse%nﬁrémh&n‘aﬂ data stqrpes lecaiPnsopt i cal
recordi ng nmedium Additionally, one of an AND operator, an OR operator, a
NAND operator and a NOR operator is applicable to the obt ai ned first data
val ue and s@rifi®estatpsionQfihetRraptingsi n 25 further data therefrom A second
enbodi nent veptd o i i pFI G 2,
conpri ses t\(/\gﬁbrrgl%engsl §§éfﬁ gnvegmgﬁbget ?E%H&gg %lhg&sﬁpggfaé a}f/\gro glfl havi ng a
first recor dolhgvihgyrawings, immdlich: second recordl ng | ayer 28. The descriptions
inrelatjon to the 30 structural configurations of and positional

rel ati ordhi ps between the substrate 22 and the storage |ayer 24 and the
first pluralgiGy! @ﬁovdaazt parﬁiloﬂtcageedneﬁ&lteie@almnBQaa Mmlstbtage sedonditiphirstl i ty of
data storage I ons 8 2b correst% ? bsgrrtgg Lek ortglar}gstl ayer 26
13 and the s“é“t? XESPAR AFFOPdirsPTing Ffmf“% %?%?1 1B %REME P& enbodi ment
of FIG 1 areglbbaﬁ@hpartﬁgﬁdeﬂﬂ@ﬁel n. The data storage device 70 further
conprises a reflective |ayer 72 stacked adjacent to 5 a face of the second
recordi ng | ayer 28 which faces away fromthe first recording | ayer 26. The
reflective layer 72 is for dissipating excessive heat accurul ated during
data read/wite processes wherein heat is generated by the | aser beam 48
upon its application to the second recording |ayer 28. The reflective |ayer
72 is made from at | east one of Au, A, Ag, Ti, C, Cu, Pd, Wand Pt. 10 A
third enbodi nent of the invention, a data storage device 80 as shown in
FIG 3, conprises three nmain elenents: a substrate 22, a storage |ayer 24
haV|ng a flrst recordlng Iayer 26 and a second recordlng Iayer 28 and a

o, M e




25 layer 28 are disposed between and interfacing the first protective |ayer
82 and the second protective |ayer 84. Each of the first and second
protective layers 82/84 is nade fromat |east one of an oxide, a nitride, a
chal cogeni de el enent, fluoride and carbide of a netal. 30 Alternatively,
each of the first and second protective layers 82/84 is a dielectric |ayer
preferably made fromat |east one of Si02, SiO A1203, Ge02, 1nz03, Te02,
Ti 02, Ta205, M03, W3, Si3N4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF,
PdF2, SiC a ] ¥t ures i [ t he
cecond prot 6 T fdph S FoRypodiHS fblofbn B G inde Cloe BEFRRTL  Maver 26
and t he secwiidarreftwtict lnged foyreed @8 ther sernd oreoading dpyenadcowdinehtoentsseidrent  of
the inventi onl?%ga d?tfathgtl Qrage. device 90 as shown in FIG 4, 5 conprises
five main efRMEAPE! OQEUBSE At e 22, a storage layer 24 having a first
recording |layer 26 and a second recording |ayer 28, a reflective |layer 72,

a first pro tiye | ayer, nd a secon rotective | ayer.

descripti onéla'ﬁ %gwg@ipgﬁlaﬁ%o? I‘FS“W?IUCETVGE%IPO@%‘ﬁ%F lf?oé?%eoc%gwgéf gir??{%posi ti onal
rel ati onshi pgh b@i&é‘b’%&ﬂedﬁh@ lay et lagknd protédiiee Biyar fageed thgrein a2dording &
reflective layer 72, the first protective |ayer 82 and the 10 second
protective Fﬁ‘}‘éﬁ“‘@ﬂdlgﬁﬂtqfﬁ}éew PMplurality of data storage | ocations 32a
and the second plurality of data storage |ocations 32b corresponding with
the first recording layer 26 and the second_ recording |ayer ifh

ref er end@ t BIG: Heshowp pPagieh Hantsssi{onak elpjagion Sfﬁ'Pélafarf&Sg%‘fo‘f%lC@d’%%é&e:{ n. 15 The
storage | aygkn2g fferfable 148 fortk@RBR AN ERst Fcording NBjer GAIMRE S&8n@N
interface |ayer 92 stacked between the first recording |ayer 26 and the
second r ecoredpdingllaygepccoglingtp afeurismpodimeat oftheinyediany ayer 92 is optically
transparent to the | aser beam 48 directed therethrough. The interface |ayer
92 is preferably made fromone of a dielectric material and a netallic
materi al beFKy Soshewsfa paetiph Sontcseatihahelevatiag pé thedatatsierageodavise f F4eée3 | ayer 92
enabl es .Lnproved r I t i yer's

t enper atlﬁr ew\}\% Y Stuﬁ%}é}eggseén%qﬁég%dﬁ qicé%éé i %@%ﬁ%ﬁg‘% %ﬁfél)f;?ghglg%dgtaa

recordi ng precefkstivdileye acconding toLenfiftheenmiedanant ef thamvensiopeandai nt ai ned by heat
generated by the | aser beam 48. 25 A fifth enbodi nent of the invention, a
data storage device 100 as shown in FIG 5, conprises flue main el enents: a
substrate 2RIG.3% siooksagartiafent @4tidral tlagatian fof tstdateestomgh dayideanfdiiG26 and a
second recor i | ayer 28, a reflective. .l ayer, 72 flyst pro ive | ayer
82 and a se(‘?’é‘hglgepﬁ”g%/t@&li’% replgesd bﬁf.coﬁéayﬁgg@rtg%ﬂb%ﬁaste ?eﬁn gqrrg%(f%?lert o the
struct ungl eRfdauiakia@nscadingich Misédbodiadnt bethainvemihi ps bet ween t he
storage layer 30 24, the reflective |layer 72, the first protective |ayer 82
and the second protective layer 84 and the first plurality of data storage
| ocations 33n¢daKRd Deb@iptRaond plurality of data storage |ocations 32b
corresponding with the first recording I%yer 26 . an ?he Seco 15

recordi ng | dydata ggagg deyice d desathed hergmpfiRg fonaddgssina e fomesqnedioRses: 3 are

i ncor porated herein. The substrate 22 of the third enbodi nent of the
invention is replaced with a cover 5 |layer 102 stacked adjacent to the
first fafe 0&irpfembpdinient of thecinventippg? 9akp estorags. dqvire; b 1§ IPCHOEWYRI nent  of
the inventiqgy, reﬁc%eto %ﬁ?.slt, YWlich s%ﬁv@@?a&ﬁ?fbn?&%ﬁérﬁl Li¥vatibh BF @€ daadiorigg POS ed
over a face oF the reflective layer 72 outwardly opposing the second
protective ldayies2B4. The reflective layer 72 is therefore stacked between
the second protective layer 84 and the substrate 22. 10 The data storage
device 100 in the fifth enbodinment is preferably for a short wavel ength

| aser |ight Aschoeein FIG: 1 sthadph etorh@s demicod0ionrpritds asubsigter22dind dstorage used f or

generating the ser, heam 4 n iht i t e eam
transni t@ i h?yc?r zlgtg%d??é@%&een te@’?é‘éﬁﬁﬁ% 2{zh:’rgg’g§ﬁ% ?r h{g‘%g(?\?cel?ﬁ% %{)/eé 102. The
cover |ayer 24Qg shapcimng disfiensiahddyto pe@ledhie data dteragt deyive 20 fwithgirgferabliyanat e,
cellulose trjacetate and pol ydi cycl opendadi ene, (nethyl)nethacrylate, and
(nethyl)proﬁ@?éﬁ%?late and forned by one of solvent casting,

pol yneri zati on-casting and die-coating nethods. Additionally, the cover

| ayer 102 is further formable by one of spin-coating followed by UV curing
and | am nation through application of a pressure-sensitive adhesive 20

| ayer. Thickness of the cover layer 102 is preferably not nore than 3 p, m
A sixth enbodi nent of the invention, a data storage device 120 as shown in
FIG 6, conprises seven main elenents: a substrate 22, a storage |ayer 24
having a first recording |layer 26 and a second recording | ayer 28, a
reflective layer 72, a first 25 protective |layer 82, a second protective

| ayer 84 and interface |layer 92. The descriptions in relation to the
structural configurations of and positional relationships between the

.




16 The substrate 22 of the fourth enbodi nent of the invention is replaced
with a cover layer 112 stacked adjacent to the first face 30a of the first
recording layer 26. In the sixth enbodi ment of the invention, the substrate
22 has been spatially altered and di sposed over a face of the reflective

| ayer 72 outwardly opposing the second 5 protective |ayer 84. The
reflective layer 72 is therefore stacke8l between the second protective

| ayer 84 anthd fieragailopdr 2dtcemB@ses Sifinst reprding layee 26l anda sacondugeordmgilayer 120 i n
the fifth egbodi nent, the dat ar evy ' ' odi nment
is prefer ab?%/) ﬁl?esémffS?orgmgﬂaa’F?%\sA/féa\?é egltgt? Y 40323?%8?0'8&% Mf’g 32%@?@31,% f or

exanpl e 405opposivp tHeefirstfaceeldaaskhe sebioad escordinguisyed 283s stinked adjacenbiddhe 48. | n

t he sixth enbodj gren the Laser beamtransm s i.nto ta stor evice 120
t hr ough theseGB‘?ﬁeg‘gq %@’e theybyrst rfﬁ(gglgg\ﬁ}‘]g?r %QV@ E‘Ff‘ébsﬁéteg 8?%?Sé‘}%t§gﬁaf§ge of at

| east ong ofacpbysTardBaterdiagldyed 2se triacetate and pol ydi cycl opendadi ene,
(met hyl ) met hacryl ate, and (nethyl) propyl acryl ate and fornmed by one of

sol vent casting, polynerization 15 casting and di e-coating mnet hods.

Addi tional | ¥ne tlRu#eVOris Ifay ffucthiadlyl Siphotihd e firel ARBEREONyeR D6 4l the
spin-coating followed by UV curing and | am natign through _application of a

pressur e- sepsprq yecortinge d3yge 28ay dhe sypitigiendd ds @Feffrﬁlé‘yclﬁ frotpy gpe 9ho g
preferably g&gca@%'ngte:[ 81%@&‘{1 e tAOrylafe tnli?@aflqu,r @ﬂ@l‘pﬁ?ﬂ?ﬁcﬂ?&éﬁn, efhdli@ storage
s e

device is desCribed according to six enbodi nents o i nvention for

addr essilfig eikglfssr hosubstrale pigfevabh ag eshignessonithime raga el Qhng 8 dMigye

devices. Al | eRtanohoklle 1 nvention are disclosed, it
will be appg%%%%%g%%féﬁgé¥a%§g?ﬁr§ﬁt e};ejllrt In view of this disclosure that
numer ous changes and/or nodification can be made w thout departing fromthe
scope 25 ang,spirit of 1 v 1N, g ! rnage device
conpri si ng: C}ge ?1 |rS|; ﬁcordé%frag?rn% %’?fgg&haaégﬁglugﬂl i rfgétiaq%S %@é‘ggi‘gaﬁ&gég@nd face
out war dl y opmbstenggcoink rdcording fayere 28 tchmpfises st second piraligy |dydsta btatagng a fir st

plurality of data,b stpr | ocat i;ons,.each, of th irst. ity of data
st or age 1¥oci(icf‘tﬂﬂ%’§ 3ﬁ%v§rﬁf‘gﬁ§?’fﬁ°?f§t“gdw& P4, 1 miadle gf)oéﬁr t ?flr ; é‘}aﬁ%‘a%ﬁ g%bé% t hr ough

at | east twehesfirad @erafigrofidatli sediderigeasiofs 32athadiaga firstl phgsica psapedantieingcor di ng

| ayer stacked, adjacent tqQ the second fage of t first recqrding layer, the
second reco?’ﬁﬁ‘%@ ﬁﬁ%ﬁ‘ *}‘ij?ﬁshﬁ"‘ésgﬁﬁg?fd‘“gicﬁtﬂ“&l ??@Sto‘#{adﬁﬁhée' 18{1"3?8‘2’3 e

| ocations, eaehliflafdnes sOaaRdrdah aE@bhd Matefial hithaaslt e thgecombaiiabiyafhavi ng a
second physical property bei ng vari abl e throu r at Ieasé two states for

i ndi cating 42@cEUpas E&‘Etéi’n%@lz aving A FGCPY P{WﬂFg BEPCISY 4P #ng@flg@edi sti nct
from t hegseqgpehniRkaiiGRb s@feenﬁﬁﬁadaﬁag;siss%om diftadalley of data axes forned
substantially perpendicular to the 15 second face of the first recording

| ayer, each of the plurality of data axes extending through a corresponding
one of the fripk SrsPhbtell ind 8F dadm RhefiAGRe lpPGabbIONEIfaRA Fith Qhd Eeondi ng
one of the second plurality of data storage |ocations, wherein a processed
beam havi ng physical pzapdrty detpgodiffergnt prdogistincf depm ghe 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



20 processed froma | aser beamdirected towards the first and second
recording |layers along one of the plurality of data axes, the |aser beam
bei ng processed initially by the corresponding one of the first plurality
of data storage locations with one of the at |east two states thereof
determning the first beam property, and subsequently by the corresponding
one of the second plurality of data 25 torage locations with one of the at
| east two stratresoft the sewhd péraityriofiidaty stéregesiocdions Beamplasprebaain 48 e fir st
and second bhea r ! LOG; 1 y

i ndi cative ‘?}fec{gh% t‘?‘?ar%csi{ ihgﬁig?gegé%ﬁ]&ﬁ %b%? géga ng&g*&gh%}eggga}ggf%%@ng one of
the first ponsreflthe datzodxesld6 & elitain ageodessedibéaom0 thatfrome Therlaseshrandi®rg one of
the second plurality of data.storage .l.qcati 113 ) . a rage
devi ce as iﬁ Cﬁ‘ieg'ie?int r,ou%}hgwf TP %tfa?ep gs"?'hé% lspé%%garb %yyg%lﬁi t}rf;g:lj:llgllr%lesgs pfeCi:t gfﬁege and the
second physproddssqdrepahhya fist Bgmapopettglandpobapndisdamgmopertyl8 wher ei n one of
the at least two states of each of the first plurality of data storage

| ocations corresponds with refl ectance | evel thereof and one of the at

| east two stT®d RSerObareadg RomEidédwitls et tl fitstakédrding layeie? Garklt the sgend ocat i ons

corresponds with optical polarization |eyel thereof. 5 3. T, a storage
devi ce as i oo diver &8 for formpug p mak oneag OBQG%StdF“rOé@P%g’IYEr é}ﬁ‘f'{aﬁg"r ly

tovards t hegdbddlecd@ng e 18, Withelie B of SRMmARIETeg CoMaidels ithensetond
recording | ayer al ong one of the plurality of data axes for sutbgegquently

obt ai ni AY t e fisst pbealie af danmrraelosMioRs 22 drdpne phieggiond pw iy et M%i ce as in
any one of %Bﬁ%érﬁbcétio§193§o rebfR€tifely fd vefig U HiiBRtativ@)tdateel Ng made froma first
material and the second recording |ayer being nade froma second material,
the first material being one of different fromand the same as the second
material . L dtfsd dedin 69 QPR B il BLBOA B b MRsilrbdoRdingmal 1 al
bei ng a phase change material wth the at |east two states thereof being at
| east two claysit26l dlong thy ohesfhe dataaxks hethe eargameB ds prapespas intjialy by

magnet o- opt i,cal mater.ial W iAg at

| east t p CariZat ?cglﬁgg?%@fte@? k%p@&al#ﬁ?%ﬂﬁ %B?g%?"tég‘z"“gggf‘ ggﬁlaoggiog claimb5,
the first phesidabt tocyest theredf debeeminingsthe fiedt dednalprdpeityand snbsaguestlhet ween a

subst anti al crystalline sta and ubst ant.i al amr phous,,s e wth
the at | eask’yf%‘}g&ﬁﬂ’@gﬂngioﬂf P%/S\eesﬁ%qng pi%‘ étﬁdﬁ?ﬁataask%ag‘eof)?faﬁﬁgs gzrba‘gfﬁ%ti ons

t her ebet weepne 35 thshariedsn twa sytes ghateqiadetenainingf the ecdnd riebmn@rbpariyaThédet ween
the substantially crystalline state and.the substaptially amorphous state
varies at |gg§1[xn%qﬁieﬁ%tquaglfprggeg’grp@g S&WBQPF%QMPF‘?%RQ@WP%??S p%q?n% ?gn of the
first maper imlicated thelfiSt 64 falsé afidAgeonle¥its ealas of the cbaespoiding o oftthe fi r st
physi cal praoperty of %he 30 first ,matﬁri a+ bei ng V}aﬁq'i abl e tg%n t he (Iiaser beam
havi ng a nadFt PRIy Phdathaigraee (efatigy A and Je&rBPonRipg PPeehiRdri8%t o the at
| east two Chedid) bft dataforh@MBEaSions 32bFesBectilBlg. dat a storage device as in any
one of clainms 5to 7, the second physical property of the second materi al
bei ng vari abl e between two optical polarization |levels with the at |east

two polari zagjh @t Eﬁﬁcﬁ?p&ﬁé% ipRGer@§ rdfRE@hRGNA HRA4BENIIS sibdl Prfery ween, 5

wher ei n varying t%e second physical property of a portion of the second

mat er i al25betssefarablyeoption) pelstiratign. Pewavarzhe fitshphysical noresiyioad thejecond | east
two pol ari za| t thOBatRlstokbE REEORY, FRUBHEAlvelynot The data
st or age dev?k%sq)éaa}sﬁllto Eﬁgpghﬁéggefnag{’alhrysz%st o&g, t he seconrd plSh]Siycé 10
property of lintied serfiacarcatasd opticabpolatsatier. | @pt ef thy ahleast tye pleeapberchy t he

| aser beam t I t er | h il dnd £&Gtion of a
magnetic fi %?8’ e?%f) rl’q{é: ht?’hnoef?%%aog?&i%%%gnggitaawgfa’%)'}oggsceiw ev%' Ce as 1| nclaim?9,
t he magnet i ¢hekdofbntl drei of thegpe teestatwe statey oflG@clpofthe fecandplnmtityafdatrstgrage and an
el ectromggnet. .11...The data storage I i one of clains 4 to 10,
the fir gt% ni?ch?n5I32P)8?rﬁe§p?Pgdaév ngro ﬁ%aé &gﬂé%gl?ﬁ%ﬁéel%ﬁ@%&ﬁent sel ected from at

| east one of Te, Ge, Sh, Te, Bi, Pd, Sn, As, Ag, In, Se, S, Si, P and

organic recqrdi.ng materials. 20 12. .The data storage device as.iRp _any one
of clainms 4 05 ,mafer‘i‘é{ﬁé’ﬁ%‘ﬁﬁb%}”rﬁ’ta § frgp atf@]nﬁ?ﬁlaﬁ%%ta‘gf SHTSEe §'Eays: gorrle of Fe,
Co and N argaraple| dakbgadnR dmchks, The, orfedhr mdie elenentPdre pibferably, sekgtedCu and
My. 25 13. The data storage device as in any one of clainms 4 to 12, each of
the first recording |ayer and the second recording | ayer being fornmed by
deposition of the corresponding one of the first nmaterial and the second
mat eri al by one of vacuum deposition, electron beam vacuum deposition, ion
pl ati ng, chem cal vapor deposition, plasnma CVD, |aser deposition, spinning
coating, nol ecular



30 beam epitaxy and sputtering. 20 14. The data storage device as in any
one of clains 4 to 13, each of the first recording |layer and the second
recordi ng | ayer being doped by sputtering of a m xture conprising Argon and
at | east one of Nitrogen and Oxygen thereto. 5 15. The data storage device
as in any one of clains 1 to 14, further conprising: a substrate for
structurally supporting the first recorldi ng | ayer and the second recording

| ayer, the frbmsTe,r(tfc&bdffﬁgBl,d&ﬂersnbéis,ngg,skna%kea, Qg jPasshergagic rerorditgst r at e
with the T hakilRcyd e aRkrflRRARLNG flEHBRE IALE2 ddurkop H1Ppildd a St orage
device as in clarm , e substrate belng nade fromone of polycarbonate,
pol ymet hy| clengmonierial with FMdVIK) leashtwo plates shepesif \beingfat deastc Broaerysfallindy gl ass.

17. The dat to vice as in. ; [ o) . er

conpri si ng: %Xés'a&%ﬂﬁg& e EHFOrPS rlsﬁg lﬁglgﬁ)fetyegﬁég%ﬂg?‘?%%fytchr%s@%lée;%&$ecor di ng

| ayer angl t el sebsmddialle amodihogs dtay eith tiehe leegawn drysebinitglavglsleagrdingei ng

stacked adj nt.to the subgtrate and at.ially .di sposed t he
substrate a?fgl‘:?%"ﬁ ?r§fluartlgﬁsoﬁ’(§fe§§we%'§lerl;%gréeno&e’av covert 1?°ar§%“r ggtet%g&gt acked
adj acent t ordebi@inlgi lagdr J6ebaweinte | salyseantinllyt bry2@llinbiatafd arsit the asnbstarttielle of

opposi ng the cover |ayer, wherein the_substrate is.nade om one of

pol ycar bonaf®@orp %S)ﬁ‘f’é‘%’ﬁ%ﬂes %F%SP?PQ?QG%W‘)‘% tr%fﬁﬂ‘rltffﬂ%gtf %8!"9%931"% ceramc
and gl ass, aRdirith&otiyEChydrager is nade fromat |east one of polycarbonate,
cellulose triacetate and pol ydi cycl opendadi ene, (nethyl)nethacryl ate and
(met hyl }Bropyl acryl ate. 25 18. The data storage device as in any one of

claims 1 toThd first s8I pr Iolf e THstAhtdrial BVhBdEe b2ne laselireked hiahyeen t he
first recording layer and the second recording | ayer, the interface |ayer

bei ng opt i camagnitydg wdishrcarrespopdswith theatdeashlamaiystallai®derelsher et hr ough. 30 19.
The data storage device as in claim 18, the interface | ayer being nade from
one of a dielectric material and a netallic material being one of nmagnetic
and non- magigiendhe corrzgpopding Phe ofithe &irss phradigeoldald deragesloraioany2aidn df cl ai ns

1 to 19, fur 0, [0 FRRF- T - [ sdvag K hacent to
the fir s}ts fﬁé‘g&%ﬁp&t ﬁ&tﬂ?drug?’ taFeéggPlgl nSQlF}ggogf{ehgﬁ#chﬁgcsh ecoridmf%gﬂégti ve

| ayer st acké cagalloetytof the dotresperdingoherof thwr fitstpdurhlity of data pteragé fosatioapd second

recordi ng | gyers .bei ng.di spos t . fier st
protective ?%%/reeFulgsnla aﬁ ﬁnecresagecg n@e g%?%@% t@%g?fzﬁqu%ﬁe[ﬂ gﬁ‘%@ﬁﬁig&@h&%&o 'ft he first
and second peofireiciilinabityl afydatasstorsgeniaciaions d2n @tin heaspletahe ciybtalline otafede, a

nitride, a chalco i.de el ement, fluaride and carbide of 10 a netal. 21.
The data stSﬁtkﬁbétl%ﬁ’o]l&breﬁg&ﬂ‘febslaﬁf“ﬁY 0, further conprising:
20
The second material is preferably made from a combination of one or more of Fe, Co
and Ni and one or more of Tb, 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



a reflective |ayer stacked adjacent to a face of the second protective

| ayer outwardly opposing the second recording |ayer, the reflective |ayer
for 15 dissipating excessive heat accumul ati on wherein heat is generated by
the Iaser beam during application thereof to the second recording |ayer.

22. The data storage device as in any one of clainms 1 to 19, further
conprising: a first dielectric |ayer stlhcked adjacent to the first face of
the first 2ormekchaeyyilcspsing theduantise obrible deewnd lviality| efy data siteregeed

adj acent to th 0 ' : the first and second recording

| ayers bei2B°a.2pgééﬁﬂ%%§§§gﬂk§%%hg%ﬁ%ﬁ?e between the first dielectric

| ayer and the second dielectric |ayer, wherein each of the first and second

dielectric layers .is made from 25 | east . P ' , 02,
m203, Te02, t | %%?“dfbﬂ%a? pﬁﬁ?ﬁ%’,’ ° ,Se"'§|n§ ﬁ'ﬁ,erﬁ%,"%ﬁ% %?Rfa%%?f S cdse,
ZnTe, Ag¥, MReHAaser Dehin a4t ofrl thié otiont bk theofecoRi3 matehiel tanehisteothag@uritevi ce as
inclaim?22, further conprising. 30 a reflective |la tacked adjacent to
a face of tﬁ@m@EWH%d“&B%Wg@PWP%KPaVEWmﬁﬁ%ﬁéﬁaﬁnggp%?%HgdF%@O%égé%d

recordi ng | ay@iktic HNG apsicd adréty eThen@neliOficldiisSsgeh@rated by onxefesmimameheat
accunul ati on wherein heat is generated by the | aser beam during application
thereof to Wﬁ@wég@ﬁﬁ&kFgﬁﬁ?%Wﬁg | ayer 22 24. The data storage device as
in any one of clains 1 to 19, further conprising: a reflective |ayer

stacked adjacent to a face of the second recording |ayer outwardly opposing
the firQ rBechrofithyfisshieserdingayer 26)apd the sscond rgrordipg layer 28 & ‘%HP drk?yexcessi ve
heat aCC.urm!ie?Jroéiﬁ&l YOGE @bRedpBitling SneISNRE fif thal¥ial 4R théS@ond @AWY NY
application thereof to the second recording |ayer. 25. The data, storage
devi ce as i pneaofyvagwim gepasitipnnelegion beam ey denogision.cipn patingechemicdl  bei ng
made from at, | Ug ; PR : 26. The
data stor aggapggg%gﬁglg, @%S@ngvghéaségdegggﬁl% S?letq(r)lg fgglﬁg\é\g%w lrﬂ?; b‘?aég ordi ng

| ayer and t tptaseasirpuddrmganpghddei ng for storing at |east two nunerical bits
of data,. 15 27. The data storage device as in any one of clains 1 to 26,
further "Conprising: a plurality of magnitude ranges, the plurality of

magni t ude r Bre@esblpaha frspreodiafy lapa 2nmidbké ssgomb sooidangdayen28 rabding st

plurality of val.ue onprisi.n he first dat.a value: a al pty of
| evel r angeg?pe? HY ﬁ‘lr{fi'?% ﬁ"ﬁ?“‘%&q o%é"vlélfx%rgncﬁg?n?}g% %rg%t} émgg’t g%agll ﬁéed 0gnd bei ng
associ at ed WitidgemasB00/pen fetetal i ty of val ues conprising the second data
value, the first and the second beam properties of the processed beam bei ng
respectively nmagnitude and optical polarization |evel thereof, whereby
get ect | gg g thﬁwf 6ir&ﬂ@@a@"?vélE@lg@f)hieqii\éfeﬂabﬂy?fré-aﬁlﬂedﬁk()j Failizdte ofe dfhthe p(rj ocesse]g
eam and identifying one_of the plurality of magnifu r s .25 and one o
the plurali 3 étPrqg%gé‘fwer Zhglle @6@?@@%@?1 SR Tsﬁ‘écgaé?ﬂt Y’Hﬁé ﬁﬁ%ﬁ’i‘galﬁﬁé??
correspondi RYuNRBnptisih erePirbt ALl Fa¥ueO fThE l¢vaL rak@ds WeSasadtihtédwitle @ ksoeapondi ng
one of the plurality of second values to be identified, wherein the first
dat a val ue ahElithel vebesermprising thesecrnddeBrialieon respectively the first
recordi ng |l ayer and the second recording |ayer at one of 30 the plurality

of data storage |ocations of each thereof wherefromthe processed beamis
reflect @8 i ThoBrsabenseipfopert endethe srcord pestpraBeryf thy Propwssst Repa 30tafe of £ r st

values and tf ec‘t:i%lg gﬁgﬁ’iﬂgﬂe R84 BhRalholdr e lggeq kilekebrO fI’l:I1_<='§rt@l‘('c;)’ﬁe'1 get&ﬁioH ®$- 23

28. The data Stora evice as I n any one clains 27, data stored in
the data st @ragezneds ced Bhé mytictralanietiopylexg pHytha gpregeasedf beam 2\Bndper at or ,
an CR oper afpp, f AnkhieoonRlRhiigg first
and second %%Elgfy\{’/}lg:\!ﬁ’g?fqu? Frﬁhﬂfud@‘@glg@s N RS e Uve nE oo Q

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



29. A data storage device conprising: a first recording |ayer having a
first face and a second face outwardly opposing the first face, the first
recordi ng |layer being nade froma first material and having a first
plurality of data storage |ocations, each of the first 10 plurality of data
storage |l ocations having a first physical property being variable through
at least two states for indicating a fi‘fst data val ue; a second recording

| ayer stackdath stetaae boqatians 32#a2tseloensly thesgod wherefam the puacessed Beah AY ™S ayer, the
second 1 ecOLHL g | AYGhinPRL r&grr?gﬁqilflé 8RR 3f IRCHNALRRLE kR variedl ahd Ny @
second plurality of data storage |ocations, each of the second 15 plurality
of data st oromgepohdingbioefshhplviahty of secosdraugshysi cal property being variabl e
through at least two states for indicating a second data value, the first
physi cal property being distinct fromthe second physi cal fpr operty, wherein
the firss phiyséorealf tigr figeplusalitysofrdatal ssaragerioentiangd3arpad deonedofghg/ssicendl  property
is optical polarization wth one h t : h of the
first 20 pl ﬁf‘%ﬁ{yt@%@? S@éatggtl%ctag?ngég{’ f‘%"ég?ﬁ%& r?g%g?ﬁtra Egg%o%&?ﬂg&vmg ksl%?egf | ect ance
| evel t her egfleasndoanmeriéal bheofalatal i aghbihationst at es of each of the second
plurality of data storage |ocations corresponding with optical polarization
| evel thereof, the first material being a phase change material with the at
| east two stigivewr,!ibey pakibReionghitve lfaasdistipaistablesdtatd fonithey fitsepbysical and t he

second material being a 2 gneto-opti.cal material wth t t Jeast two
states ther BOPerRefGEAPlP Zoé‘gﬁlsfl%?‘i%ﬁéff fe?lﬁ?t%’ﬁ’ "é’fiz?@\g?saﬁﬁ&gges g?ftﬂ’%l ity of
data axes f%c&%ﬂﬁxlﬁr@@ﬁtlﬁéﬁénﬁl foY eRREDERA solrahtidroleldle Tegeo, fhaore of t he
first recordin ayer, eac

r of the plurality of data axes extendi pg through
a corres pon&’@erﬂg“cﬁl@a]ﬁy of Hata pofage l?ﬂaﬁ?‘%ﬁlﬁz_ﬂ ?“%fhed’é%? 8% gi"é?%?@‘g pé‘ﬁﬁl%é’_gt i ons and
a correspongip SoPi3e 156028 SERB Labt b Bk v aRds ARLA USRI dchieat 4 ons,
wherein a processed beam having first and second beam properties is

processed frombined &lewels efaaearding tansiaging iwhbigary PHeokdatasyioragrtheedto 1Be r ecor di ng
24 layens a @l i frecddadi S 28 t6vidaa ehulRaeyd bei ng

pr ocesség i ﬁﬁ??gﬁgfbﬁngggayt%ﬂg(s%g?rtgésps)%ar%?ﬁa&orﬁg of the I{‘?i rlst pl ]il,ll‘ ality of data
st or age | ocarcpuing sicthredn dhegdata steyaget devisa 20, Tho vasiahlediysthusiend Propetter mi ni ng
the first beam pr . Vi Y: coly i of the
second pl ur 3 1) SRRG s sG] 0960 Rk ieno¥ob T Bld BERANNIOSARE O Lo
st at es t her ebfsicdefrepariyrifegcht dfehsecandpliralityopdaspetptage lociions P2Rlseateriel second

beam properties of..the. progcessed,beam bei res I Iandi hye of the
first and sg'tedwﬂu“(ﬁig?%{‘s\?ﬁ?ldféga IS?Or?IH%C 3$1r1 spéjﬁ |%§ﬁ%ﬁ}e/s?%)e¥04dﬁg @lg% g?
pl ural iy ofndl@icasesémlr Re@dingdayer @8s Trdefodag the cxtorespdevilien2y) Gmetioklly he second

plurality of data storage l.ocations. 10.30. The data storage device as in
claim?29, t ﬁ%hl?‘ie?%f““ﬁh%%ﬂ?“%%ﬁé@?‘i} og?ca?f'?éor fiedicdlui-o i al bei ng vari abl e
between a substantially crystalline state and a substantially anorphous
state with the at |east two crystallini | evel s ndi and m ng

gr aduat i ons AHitiay t%ee?f,anﬁ&]{mg‘?r%tf’ﬁ a@ﬁ)ﬁ%‘?pﬁ&\&ﬁ’ %IBI%ﬁDg?Pqu‘Q taﬁlg afl\lf(?%t

mat eri al bebp&asdr ishppsdibRritafie dtdivedflritdatl yalueans baord dal vilne tsethah ant i al |y
anor phous state varies at |east one of reflectance and transmttance of the
portion 26f f#eher datatherefiody j al | whereby the first physical property of the
first mterial is variable by the | aser beam having an magni tude, the

magni tude of the |aser beam 20 corresponding to the_at |east two

crystal | i ni tysecendegrabodinent phthe dueatian, 8 dagestosresiderica 0 phshomdiiit¥e r 30, the
second phys'c&%kri&ﬁ ARG hatn ClendeflS: £ SRRMRAe rﬁ@ta%ﬁ'aaitoﬁgépg?eﬂ/% halmea IRétween two

optical polarization Ievels wth the at |east two polarization states
ext endi ng amebofdingiiayey 2§rendi a seconhiscading fayereet Thealgscripfiensdn felationye H§ t he

second pjlay S isﬁr@(l[turgf 90?1?1%%#@& oF ah® @ggit%ﬂaﬂfeﬁ{i&%hﬁ)ﬁ SO B ]ubsthteDBgEN the

two optical "polariza evel's varies the at least two polarization states
of the port itlastohgd lager 26 eodhthefiegt @hirality ofhata wdrgee lheatioacHacng teseeosd property

of the secon terial s vari - L gkt DYof i @50k beam on
t he portion pg"frﬁ?tﬂé g%%(Sjtrolrc?g?ra%cgt%%gﬁggn((yfrée%&&tdlergﬁﬁg{ @egl?sl on Oo({‘l.'l?ga a%gnet iC
field applied thereto. 25 32. The data storage device as in claim3l, the

magnetic field being generated by one of a permanent nagnet or an
el ectromagnet .



33. The data storage device as in any one of clains 29 to 32, the first
‘material 5 being made from at | east one el enent sel ected from at | east 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 nade fromat |east one
of Fe, Co and N and at |east one of Tb, C, Gd, M1, Pt, Pd, A, Au, Ag,
Cu, My. 10 33. The data storage devi celés in any one of clains 29 to 33,
each of t heanflithestecandaerouding)layen28rwitirrdferdnec wdbofingt ereodirain of Figy derepei ng
formed by de OSI %tegﬂergf the correspondi ng one of the first material and the
second mat erl P ofie 'of vacuum deposition, electron beam vacuum

deposi tion, | on pI ating, chem cal vapor deposi tion, plasma CVD, |aser
deposition

nnln | ecul ar ea i ering. 35.
The dat a ot BREE Heca e ™8 Ry GGy ¢ BSATSEH 73X oRUdgBRHL T 00, P2
r ecorsli Ny Izayaaé oamld: :ieb@mﬁﬁ@ﬁrﬁiglgrlefe@lzdlv?gc}i Bxyes][a\ﬁ@f![ﬁgndbqoﬁtbt Igcosing t ﬂ]i ngt of
a m xture conpri si on an eas ne of Nitro den thereto.
20 36. The B¥#0s TB?éFS% %‘@\}Pﬁyg? 0 W? B EXG5Psive g nltat(g% & urt her
conpri si Ng: 4 fdBMH@bRCEREs Wherbiathents! gén&uemaytthmgsérh&aml 48 tporeitor di ng
| ayer and the second recording | ayer, f|r

cor bei ng
st acked adj ap&@%‘fmt“bthﬁﬁécoé‘ﬁlﬁ%cf’wé‘%gelawrtzﬁ ther eFté‘feqPﬁégat‘%é‘?@ﬁorﬁﬁbom ng the
substrate. 1%§st§1?eofWﬁA@%?ﬁt&r@ﬂ@dderﬁ@taS in any one of claims 29 to 36,
t he substrate being made from one of pol ycar bonat e, pol ynet hyl nethacryl ate
(PMR) , 1@nor phous pol yol efin, ceram c and glass. 30 38. The data storage

device as iR @y JB eﬁggdlﬁlfsnt%fathérﬁlv&%oihoa %Zta stordge NeYicE QU sRdwidin B 8f | ective
| ayer stacked adjacent face of the second recordi 22? | ayer out war dl y

opposi ng t heonffirisey W@cmam ﬁgmﬁlayeaf substiete r22f lpeterRgee layely hﬁb‘ﬂg a Bt
di ssi pating, @&&ﬁﬁgﬁ%‘?lﬁ%ﬁ@ 26 Hl{le@otrélgg' 12BE5 € 1aRd rﬂer@ﬁec'tﬁe ?32916723“ ¢ by the

| aser beam ion t ereo e second reco | ayer,
vvher ei n t hedesefiptoas invielatiary @r the structutel donﬁgnrdton‘s ebed posisiond! rﬂgtlonplplps Ag, Ti,

d, ., W and The da tQr \ of clains
29 to Sé? f]Blert‘fVF]eélrth% (s_)l}psgat% 82 the etoriaﬁé ﬁ%’? pirao%g?l%el r\%}géﬁ(f@e ‘?aﬁ'e S‘P ﬁ'@ taéjﬂﬁj acent to
the first fploaliof of ldetaf swmge i@atordi )%+ ] hraiy&re se'c<bm1 f)]uraéllty pf claacstprage | ayer
stacked bet ween substr e fir 0 a
second pr ot gg?tf‘\?% SPaTeSRY™ E‘ﬁgd&‘;lh? géb‘ﬁfor 18g Oiséejacgq}lae Sreée/%ngrra&%n ayer, the
first and segeans vm&f:@fwhnagtdlasaez aleéndogpothitaiiasan bet ween and stacked bet ween
the first protective |layer and the second protective |ayer; a reflective
| ayer stacked adjacent to a face of the second protective |ayer outwardly

opposi ngot hghs 849 Bdraize deviel gfgfukthyt&fomphbta of ikl [Rofettive 1b3&y82 ahdb sécofnd

di ssi pati ng excessive heat accumul ati on wherein %ﬁﬂ} tg F d by the
| aser beam BFSCHYE By 84 athedHstMelrebe 1aysr fhis %"é& JFERGPd ‘hérs ga\?

wher ei n eachopbs €he€ﬁr§tl Je@&rdﬁ?day%@Q@ﬂﬂn]@rtﬁé §&tbhd Prot@yies Saykss smaaakwm at

| east one of an oxide, a ni ,.a chal cogeni de el enent, fluorld

carbi de of adipsenklo, the preondecpdinedayer 28 apd pesriactgfhe eellerty, laver 2 48 one of
Au, Al Ag, thbl 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, ALOs3, GeOz, In;03, TeOy, TiO,,
Ta,0s, MoO;, WOs3, SisN4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC

and mixtures thereof. The first protective layer 82 and the second protective layer 84



20 Cr, Cu, Pd, Wand Pt. 40. The data storage device as in any one of
clainms 29 to 3 8, further conprising: a first dielectric |ayer stacked

adj acent to the first face of the first recording |layer, the first
protective |ayer stacked between the substrate and the 25 first recording

| ayer; a second dielectric |ayer stacked adjacent to the second recording

| ayer, the first and second recordi ng |l4yer being di sposed between and

st acked bet avedn prdventfthe $irstdewirding tayer 2ayed tharrdcandaeensdinadeyst eB dony i ¢ | ayer;
and a reflecotr}o\éle | ayer stacked adjacent to a face of the second dielectric
30 | ayer outWar (ﬂg'y opposi ng the second recording | ayer, the reflective

| ayer for dissipating excessive heat accumul ati on wherein heat is generated
by the | aser, beam duri.ng appli.cati.on thereof t S e ing |ayer,
27 wherein éatlé}‘f%b?m#?#ém%}trog %edﬁ‘éenélg%gn%%d? ée)rf‘%ec ervlgcg‘ egloaa?e\sgéw? in ﬁ‘@{]g, from at

| east ong OfonfirRes fi%e Chai\kRORntsCalRbstraid 32, TeBRageTlapd, 24 420b6g aMiBB, W3,
Si3N4, AN, BN, TiN, S, CdS, Se nTe, AQF, PdF2. S C Xt ures

t her eof , an&c?rﬂ@grléﬁrg& ?r{f]ealsgﬁf’g? ch‘soqu.}%idy]err gg} %f‘glég%vseﬂagﬁ%fa ruS{ A, Ag,
Ti, 5 O, Cyrotddve Mya@sd 4atl.a s¢dond Hictedlbt dayet 84.aFke deviigtidnasn ichatianyo one of
clainms 29 to 40, furtrrll? coqr;r}jgrisi ng an intﬁr.fa e Layer F}tgacﬁﬁd tween the
first recor Hepsgustapbeontigerations of apd pesitoualyelsipnships petveen fig spaidiergee | ayer
bei ng opti calel ¥orkgeANGRAIENhe kbR laf&eT2, Ikt BRRPrdlidive iadr Bhamatihe ough. 42.
The data storage device as in any one of clains 29 to 41, the interface

| ayer béf ngseearrkroestivedarer §ft and Hiedirg Plyrplity Ahdats Fa1aes IgatPnideaid i nat eri al
bei ng one Ogecgﬁtfr)?ﬁ%?iﬁlcmw&&a@%ﬁlzdﬁ 328 eorfe3ponliity With theSirre@RdifleVvi ce as

in claim?29, onpri si ng.: a first dielectric | ayer stacked adjacent
to the firsiayprfeandfthe $peorfd teearding dayer?dyith egferencetip therthipd embpdimentof ve | ayer

st acked bet and the first recording layer; 20 a second
dielectric Pgé;'gratfés]?lgc g%{egzljg%éént to the second recording |ayer, the first

and second recording | ayer being disposed between and stacked between the

first diielectri.c | [ AN he.s i i : iLve | ayer
1% 1S S 4500 AR ASRR Y S chly enedl
opposi ng t he2 seckedcbetvescarthié figst ravpating tape 26edrdetbe isscond agcordifgplay@s28.

di ssi pati ng_excessiyve. heat acc | at.ion wherein. heat i ngY by the
| aser beam gffé?r%y’éﬁepﬁteééf? %ﬁer%? Ajea %“?W%%ar%ngé%ﬁlat]arsgri%egﬁll ng‘ﬁ{egtyg/%r; a
cover | ayer theaitirgugt atle dhtaticadsyet 92ds tpheferibly Ihaddi fedre e iof al diglectrivi t h t he
first dielectric lﬁ%er stﬁ.cked bagtbween t he. cover. | ayer and the first
recordi ng | Sptsrial apty2spetallic fpatpral being gnegpf ﬁ‘@gtlfpﬁlalné OB g ‘C'he first
recordi ng | ay@facandet bE chgtl@nichpieed réfuligioh ay® contiohef Kef deewid reeordiay er
further being stacked adié( ac niﬁto t he subs réalte angl staccl«?d bet ween t he
hep gnﬁ thereto durt a

second di el &YEF$ tempgLpBire sgl fsam 48 s applie ng 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



28 wherein each of the first and second dielectric layers is nmade from at
| east one of SiQz; SiO A1203, Ge02, Inz03, Te02, Ti02, Ta205, M03, W3,

Si 3N4, AIN, BN, Ti N, ZnS, CdS, CdSe, ZnTe, AgF, Psz, SiC and m xtures
thereof, the reflective layer is nade fromat |east one of Au, A, Ag, Ti,
Cr, 5 Cu, Pd, Wand Pt, the substrate being made from one of polycarbonate,
pol ynet hyI nmet hacryl ate (PWWR), anorphdf@is pol yol efin, ceranmic and gl ass,
and t he covecorlliaydayer 28 withl eeférenm tatthd thiad embortimert qﬁ@l@c&ambompamrat@el | ul ose
triacetate and pol ydi cycl opendadi ene, (nethyl)nethacrylate and

(met hyl)pro @?lécryl ate. 10 44. The data storage device as in any one of
clains 29 to 43, further conprising: a plurality of nagnitude ranges, the

plurality o nitu ng sbe flne and o) ed with a
Fivst pl ur sl g 27 ob BecBRg ArbrAgrr 51 pOERsR0s R 8l AReE 2
plurality Ofayérel‘0§|stabladdgﬁj?apeﬁth@tﬂa|ﬂt§t&hdet3y0a@f tHe&itﬁIredoﬁdlggmybxeimgnphfedef i ned
and bei ng associ at ed w th a .secqond pluralit al ues .c t he
second dat aftffaembodipgat ?‘ihﬁhe (inveRgon, HE §‘8’56ﬁ‘d%63}fﬁ1 B?rbf)@fl?ii?yngﬂ ?%de
processed bggmsbLiodd & GaRE6E ithee teflebR@Nialdtdr dathaedly | (pPbsilpp tiger lsefcamd on |evel

t her eof V\/nereb%( detecting the magnitude d t he OE calgﬂptklarl zation |evel
of 20 the ppiolselisclaysddm Hsdeilestirg lavsr Hgs efBIIe sfagee dp‘?‘?ﬁ‘f’ § 5GP hagni t ude

ranges and %eecme15}bge8@5ﬁgﬁggﬁagtrggztevel ranges corresponding therew th
enabl es the correspondi ng one of the plurality of first values and the
correspé%dlng one of the plurallty of second values to be identified,

wher ei n t herfl [5f &&5?&3 \ﬂgvﬂ:'ee @@qn tﬂ@ fﬁ@nc@rﬁgodﬂﬂ&ﬁ 1¥3ﬂré't%ra§ty0f&da QRor?S
respectlvely the firs recor | ayer and the second recording | ayer at
one of the phmlmgmlyseohglmtasp@rcstfdre(g@plecﬂ@émnbﬁglebbluwm dioglsr is@pedfaer ef r om
the process 0 ifi9 one of
the plurali gene a?ggmeslfmr ?L%a%hg%&ﬁe ﬁgﬁ %?@g?%%nﬁkgﬁaoﬁﬁﬁg?ﬁ?ﬁggpl urality of
second val uéaata sﬁﬁagéSdede@elQIatlao@othag@vcteW@te1@23 i Theagprenmryenfl0Zliai ms 29 to
44, data_stor d Ln th a t b yi one of
an AND gf)er B‘Ee bl)énmfﬁ 3 %ars{ o ﬁl carb%f]%) %ZlﬁgseNég%&Bgr gt(gr to the
obt ai ned fi pslydxaytﬂbmemmde da(m:thyaa)hmﬂmrylatezg add. (mcttiwmomlwndge dadi ce
conpri si ng: er .havi.n ond face
outwardly ofpB§ M‘@ °t“ﬁé’ Vglﬂg“la?at PRljmeriza ﬁg?“}s&l%%%‘li g ﬁo %r%ﬁ%:&?lg nmade
froma firsidaitioRdle| thalcoedadayaawm fartiet f@malgle by ahé biyspﬂl’f ccdahgxfcﬂlomedige

| ocati ons, each of the fi alltép f dat storage | o atl%s havi ng a

rst plu
first phy5| by U cuing ¢ P?éf% if"‘ioé\@? LPrepRnsEend t8% for
i ndi cat b9 gk fﬁﬁck@l@és%f&élcwer1a%elsﬁm§lﬁkefe%wlwtﬂﬁ>ré @yes uat acked adj acent to
t he second face of the first recording |ayer, the second recording | ayer
bei ng made from a second material 10 and having a second plurality of data
storage | OC%HH&H% bE@EHEnObf th@%véﬂfo‘ﬂ“&‘ dith 'éfo?dgbthwQJ lﬂﬁ&sashéﬁlﬁrlﬁgf(} lgcat i ons
havi ng a secon H1y5| cal property being variable through at |east two
states for comdprisss |S¢|\gnan®ecahmbn€$ataasub€¥ta@e22,tmetofﬁgpslﬂyep??ﬁ‘shadmg pifisherty
bei ng disti 0 y 1 he glfl;ssgt
physi cal prg%érrdﬁr{ mg&hf? ?@%ﬁmcﬁgrég%% on }gﬁ 5 %erefggeaggﬁd%ehzsl ca1
proper t 25i sprcﬁécheetlmce&wat tncgmbpm‘tecmh@ lagter ISéamd inipyface daves Bf é"éeh of the
first pIurallt of dat el al
pol ari zat i orqesic P/tl(fns I%e?aetb%q S%H‘ge}ﬁ’%t &%gurgﬁ&{ gzgﬁ@?%%gma{e{e}g&% lpgach of
t he second [bbuwread itieystavigedagen 241 the aefiectivrlayerdids the antedigqedmdir 93, e st

flect | h f t t | - i cal
et er Lo PR 1S ERua tleond PhutE Tt OB e RrTIARRLY o R 0
pol ﬁr [ ﬁ ati ?@?o&llg@: B‘fatﬁﬁiﬁltiﬂaeaﬁfﬁmféedcﬂi&% qﬂlnahtybef Rigtaa stplaas elocdmngemmz eri al
Wi t the a eas WO e (0] el |
| evel s; 38nd cqrsPeRding ‘f’f}h g’ie%é%hr%?o ‘égslaﬁ'edrzgrgﬁf?&‘ﬁﬁ%"f’ﬁiﬁcgﬁf %’ gé cul>/ar to

the second fréf@ﬁn&fto&lfé&“oﬁﬂtﬁ@rﬁbddﬁﬁaﬂdfng}.haiseeiﬁcor@ﬂstbdnefrelhhe plurality of data
axes



25 extending through a corresponding one of the first plurality of data
'storage | ocations and a correspondi ng one of the second plurality of data
storage | ocations, wherein a processed beam having first and second beam
properties is processed froma |laser beamdirected towards the first and
second recording 30 |ayers along one of the plurality of data axes, the

| aser beam bei gg processed initially byi6t he correspondi ng one of the first
plurality ofhuisbatraie &2 afthelfoutt ¢rbesimgnt i Bednvsntioms replaqeg 24th 2 sRyest at es
thereof det gy f1hR@kdicadidcbit' QPR oS SURSBAUSEE 20/ 1alind N
correspondi ng one o t he geco%gl%% <l% fe Ogglt?’or age | ocations
with one of SlKlﬂieenaltodirmSpf thﬂoms@rélpe,sth@ helvscr@ﬁe ?delnaérbwmlsmwtlh@lt@e@mh beam
property, eg r r fal pLRsess el Ream bei ng
respectivel H%\?JS%J r??/ga%f ?ﬁqfr%gijti‘% i i‘é%?ﬁﬁ%%%lﬁp ' o? toﬁe

cor r espofdi p@teon'ee laf/ert&4e Therrsﬂecpivwaabn 'tZylmlﬁeeralteasta@kQﬁ bﬂgwedndbascicomb and t he
5 correspondl seco urality of data storage |ocations. 47.
The data stBP "gt‘vg%k’/erg“ acgthfﬁ&cﬁgtf%&46 the first physical property of the
first material being variable between two optical polarization |evels with

the at | eas rizatio xt.endi and raon raduati ons

t her ebet vvee%lmll%gt‘ﬁﬁ%a@? ROtR&F ?Vﬁ‘ﬁaﬁzﬁénﬁﬁerﬁg B‘ﬁ@%‘f‘}%‘i *Brd"%e*ﬁ}‘&e VI&® porti on
of the first20mai gkl sitth kabegitent ﬁepr"eibfhb@pﬁlls@@dr ep@ﬁofmr ivaadléngth lagarelight vari es

the at | east two olarlztlon st ates ortl f the first material,
wher eby ! 9he59“i“‘resf°f|§ﬁ§)§1i’1829 afno\aglﬁtvusf asqrygiode; patsechay e fasp beam ‘ES Varied by

heat gener aiRdidl ehb&limaREthe PRBDAM kdMEMROI &ta brabhaefitd BJ0 thRugH i al and a
field 15 direction of a na%netlc field applied thereto. 48. The data

storage devieecoxsr lagerci @ mlhy COY%éa%dﬁ%tlf refrahly paderrf Ydrast 8828 by one of
a_per manent pRaRgiaANcIARse LRELER TIPS dic dﬁgoﬁgdadm@ SR HephagRdevi ce as

in any one of clains 46 t 8, the secon sical property of t he second
mat eri al beamb(m@thylmm/lqg@tl%énd dorengp hyaemei of Jolvepy ¢asting. |nohEnesizaiios- and a

subst antal |y &)hcﬂé@oa?lfggt Kethbdsh tﬁnﬂlt%};&tﬂ \kzatﬁé bV Fd}'éﬁsﬁ 2 lid Bk | evel's

ext endi ng an rm ng gradtiations there wherefn varying a portion
of the secofumatiedwiere bespiresatingcfolevaiuby (A Cchzng ynd lapginationj theough at e and

the subst ani kT PIONS LB EAIRLLERE! ThilRls BFBCL L Bl LEPRAgCE and

transmttanc the Ion o e seco e second
physi cal pr ppéribly oét nidietme8qnd material is variable by the | aser beam
havi ng an magni tude, the magnitude of the | aser 30 beam corresponding to
the at least two crystallinity levels. .A@oA . A A9. A9. A9. A . A% A% A9. A9. A
.A9. A . AB. Aln Ale féregdindAIaBerAh dAD. Mbrags déviceAis 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
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10%070& ()-F 10% & vsl}e}e}m ; proc%ésgd g‘eam avmg( Pirst 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,
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10
4. The data storage device as in any one of claims 1 to 3, the first recording layer
being made from a first material and the second recording layer being made
from a second material, the first material being one of different from and the
same as the second material.
15
5. The data storage device as in claim 4, the first material being a phase change
material with the at least two states thereof being at least two crystallinity
levels, and the second material being a magneto-optical material with the at
least two states thereof being at least two polarization states.
20
6. The data storage device as in claim 5, the first physical property of the first
material being variable between a substantially crystalline state and a
substantially amorphous state with the at least two crystallinity levels
extending and forming graduations therebetween,
25 wherein varying a portion of the first material between the
substantially crystalline state and the substantially amorphous state varies at

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

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

levels.
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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.
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a sué‘strgze-go(i lt;'\u%{u%ﬁly 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.

16.  The data storage device as in claim 15, the substrate being made from one of

polycarbonate, polymethyl methacrylate (PMMA), amorphous polyolefin,

ceramic and glass.

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

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

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.

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.

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.
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21,

22,

23.

a first protective layer stacked adjacent to the first face of the first
recording layer; and

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

a metal.

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
dissipating excessive heat accumulation wherein heat is generated by the laser

beam during application thereof to the second recording layer.

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
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
least one of Si0,, SiO, AL,Os3, GeO,, Iny03, TeO,, TiO;, Ta205, MoQO;, WO,
Si;Ny4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC and mixtures
thereof.

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

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

11 (
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a reflective layer stacked adjacent to a face of the second recording
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 Au, 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 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.
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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
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
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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
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 locations.

10

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.
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33.

33.

35.

36.

37.

38.

one of a permanent magnet or an electromagnet.

The data storage device as in any one of claims 29 to 32, 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, and 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, Mg.

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

beam epitaxy and sputtering.

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.

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.

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.

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
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dissipating excessive heat accumulation wherein heat is generated by the laser

beam during application thereof to the second recording layer,
wherein the reflective layer is made from at least one of Au, Al, Ag,
Ti, Cr, Cu, Pd, W and Pt.

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

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 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,
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least one of Si0,, Si0, Al,03, GeO,, Iny03, TeO,, TiO,, Tay0s, MoO3, WO;,

Si3N4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC and mixtures

thereof, and the reflective layer is made from at least one of Au, Al, Ag, Ti,
5 Cr, Cu, Pd, W and Pt.

41,  The data storage device as in any one of claims 29 to 40, 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

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 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,
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wherein each of the first and second dielectric layers is made from at

least one of Si0s, SiO, Al;0s, GeO,, In;0;, TeO,, TiO;, Ta;0s, MoO;, WOs,
SisNs, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC and mixtures
thereof, the reflective layer is made from at least one of Au, Al, Ag, Ti, Cr,

5 Cu, Pd, W and Pt, the substrate being 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.

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 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.
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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 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 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
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
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
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
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
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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

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

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 the first material and a field

15 direction of a magnetic field applied thereto.

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

one of a permanent magnet and an electromagnet.

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

wherein varying a portion of the second material between the

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

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

30 beam corresponding to the at least two crystallinity levels.



