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1 A DATA STORAGE MEDI A AND A METHOD FOR FORM NG
THEREOF Field O Invention The present invention

rel ates generally to a data storage nedia andumwmwmmmmmmw
for 5 formng thereof. In particular, the in

relates to a nethod for formng a data storage nedee*
that utilizes different physical properties of a |aser

b& A TASTOTNGEIMEDEA AND AIMEEVEID HORFQRYHAGEeTHEREOF
structure capable of multi-di nensional data storage

for achieving a high-density and high data transfer
Fathbhukmmhnrecording medi um 10 Background Cpticm

‘flﬁe H%eﬁe rn? g%(gjqen sy %egglia 1§/ £, A ré g}/ s’c((:)lr(%xtgée 4 ned d 3’ merhod for
&mmﬁ@qlaerb(yf. 1 Tn r;ﬁdrcatar ahe Givertaeaelated eea dreﬂmeltfef foﬁimﬁfg d feea
light spot is.described as: d= (2 5 ere 1, i
oGt R g iy Sk dySrl aitpeliRe pls Brvs Sty plagicing
ﬁhlaﬂf feVid] €dat\ seofdtle| Qfuctufd RAFIUIY &P @lultdiiddeasienal r &% stofagk Nfor
gher density data recordln% and staorage. Therefore,
F

P%ledr%é’rhlgkbd?‘ﬁ‘&r el dpdn trans H‘lterfg’“(i@r‘i%‘iof%}“%)’fne%ihm
optical recording nedium shorter wavel ength of | aser
and hi gher numerical aperture (NA) of objective |lenses
Backgraungsed. However, there are di sadvantages to

; Ef?éa'i QM Nebrk ede‘ﬁ@i@ﬂs%&ﬁlyocfetehﬂﬁeh %§%e dﬁﬂlgte\r BFEQ&%{ St

e nunerical aperture to achieve high record

fremsd oy a refordangesurfagedat inadiponzpf fdser élaledmnreéﬁld o |ﬂ@khght spot

kQﬁ&ﬁ@éfi proportionally in magnitude to the cube of
nunmeri cal aperture. Therefore, a larger nunerica

aperture results in a substantially smaller margin

for angular tilt of the opticglygdi sk. Tilting the

optical disk slightly 25 causes the |aser to create a

bl urred spot thereon, thereby resulting in higher

r cor.di densi gy t  bei i ng h

e T I S e R N
Qﬁmﬂl@ﬁ] ks sdinmaiar 2rgsult§5|3naﬁh@hét daisdy tdaansdcordiigta@d agorage.
hi gh_as 36 Mops. However, é opticp stem of, the
Therefore, in order to increase the recording density of an o }}{wal recording medlum
shorter wavelength of laser and higher numerical aperture (NA) of objective lenses
are used. However, there are disadvantages to shortening the wavelength of the laser
and increasing the numerical aperture to achieve higher recording density. A coma
created by a tilted optical disk increases proportionally in magnitude to the cube of the
numerical aperture. Therefore, a larger numerical aperture results in a substantially
smaller margin for angular tilt of the optical disk. Tilting the optical disk slightly

causes the laser to create a blurred spot thereon, thereby resulting in higher recording

density not being achievable.

It is known in the art that a Blu-ray disk has a recording density of not less than 23
GB and a data transfer rate as high as 36 Mbps. However, the optical system of the
Blu-ray disk uses a laser wavelength of 405 nm and an objective lens with a
numerical aperture of 0.85. As a result, the Blu-ray disk requires a thin light

transmission layer of about 0.1 mm to achieve a sufficient tilt margin. Unfortunately,
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30 Blu-ray disk uses a | aser wavel ength of 405 nm and
an objective lens wiwth a nunerical aperture of 0.85.
As a result, the Blu-ray disk requires a thin |ight
transm ssion | ayer of about 0.1 mmto achieve a
sufficient tilt margin. Unfortunately, 2 such a thin
Ii%ht transmi ssi on |ayer canhot be produced b
Vel Salitrangipission dayer aaingi bey predesrdnias corrgntignal gackon

@B@ll&txﬁécﬂne% muﬁh&%&ﬁ YtQEt'n@ﬁt thfaﬁn @%geﬂiaﬂmﬁ Etﬂlh%rtgﬁ&ﬁc@éf 0.2

. mresults in relative I gher pro ducti‘on cost
winereswdenpackedvely thighenpmémttloo reabt whgt ¢canalaradi wils .conventional

Addi ti,onal |y, .. ort wor Ki.n i stance of .

Ao aRRa: A Bndions Sortihobity PRLE BF hacimeigly 0mm
NEd b ade GRS high Queblie@L hporRrd st e RS 1dads @ dhigherisk of
risk of «col]ision between the opt|cal di sk and the
plfsion pytgesgitheppticpl gk al\gg&}l?r'ﬁ}sng | ayers is al so known

in the art for achieving high recording density. For
exa dual -1 ayer optical recording nedi um was
Hﬁ%%%lap ferecording laygs w@d@ew in the aﬁé%roaﬁmewgg Qighdpgopding

G%Srtﬁq:%f %ﬂ&l@a dhm £ 6Pl ReorlRAY Sledivkd @5@ $tBSosS@Forder to
sid wever, It iS a technica

é%&ﬂq téﬁ g@@omgabnwé/\m mw@ég en frpsierardiagdayersdron fig same side
[)f ﬁ1§ﬁ1si( aﬁgsvﬁ\q:fr it Bed tgéﬁﬁlcall L%Xﬁéngf ﬁ)sacgie{)@fﬁggre'tﬁlnsmiftt%ce for the
, econes | ess

exa ase change nmate
firsa ﬂ@pa oé rtite dw! lgsoraswi hiutdriat rfea eedhpld b ghpsschandd mREHial,

Eeﬁ%mtes Ptss &?ansparent Qo ése?%@t% %creasédbf{ub nesg di scl oses a

em'that during the
readi ng process, each Iayer |nterferes optically with

e A N S R R

prodlen fhercdising thesigsdivnproadss, feadiiayddgnterdsey oiolly whiethe other

nt en ecordin er for rea therefr
S et e, AP o Y i, Shrae SO bt Pyl pgoording
(liiyfalfs Qhe ﬁtfoc%@lng Qe if R Fob1RIR N Ssct ﬁnté\ﬁlieelhtendﬁst‘é&dr&ng My8r for
slower rate of data retrieval Furt her nore

Fegpedhergiremnspyevst: Badised é%rofeéqCHang de }aS?rsfoa éb% e Egnt

AR ot 1@%&&' fl@RMeIPf'eSLtllﬁein 0GR Rte 0B Wsth SRiedD FatiRRhordothe
5, 838,65 Fan) discloses an optical information

sqceidatgéiegwt@ ﬁflChZSC%@ﬁ&) Fayeri indepgdent ¢l ke pepuerciaf thg focusing
§§Spern@ge | ayers. Each storage |ayer or portion thereof
iI's wavel engt h-specific and pol ari zati on-specifi c.
Information can only be read froma particular

%fSO 53?191% Nﬁygr%?)ﬁf éﬂgeﬁi ecﬁsc'%%@smalw &)Bca‘? iR ?rﬁéltfoln stora% ts%s.tem

wavel ength” and ation cor espon I'ng there
lowgnisarg, mtﬂapleneﬁqunartes seragp dayersuadf stbagelagercaipertion gherepf

1;1sIﬂ]\(*s;’/‘avelength-spccific and polarization-specific. Information can only be read from a
particular storage layer by a laser beam with a specific wavelength and polarization
corresponding therewith. However, Fan requires a spectrum of lasers catering to the
range of wavelengths and polarizations required. The use of a modulator for varying
the wavelength and polarization of a single laser is complex and slows the rate of data

retrieval.
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range of wavel engths and pol ari zations required. The
use of a nodul ator for varying 30 the wavel ength and
pol ari zation of a single laser is conplex and sl ows
the rate of data retrieval. 3 Hence, this clearly
affirnms a need for a nethod for formng an inproved
data storage nedia with hi f recordjng density and
Hewgl: @Gistcdeatly affgmse need for aSEP%??Qrf r fogming @ iapoyest drstorage
R i@ hq'eég?ﬁlhg gerfsf:t’ﬁ; alfdemgﬁ & e Rrck hgg eof i's
descri bed hereinafter” for overcom ng the foregoing
probl ens arising from conventional data storage nedia
gﬁ&u& res. An object of the invention is to provide a
ata storage nmedia that has a high recording 10
dedasar storagendedaa idghmethod fopffabaigationrtherenfds dagealred hdweinafter for

ov (fro%gng%‘ih oresggen rrgi)lel)ﬁs &rlplgg qr%‘ﬁ?cé&v%t?%ﬁ Eﬁg s?orage media

memaﬁdlng | ayers berng abIe to record and reproduce
data and information through the utilization of at

| east two physical properties thereof. Each of the at
haasfect mrmhyein@ahs tp pepeetal cﬁﬁa dihddgn@liethatdfas a hl gh recording

ref| ect rizatio , frequency

AFRHBROET PR e SBRHC dreor " 10 s BT R o . thaats
ktofagél indlii pebfaiisly hef thveatedihg RRrk %h&l\@cwb&@d&dih@&yers being
| ayers. The fornmed data storage nmedi a_conprises

3ip e reserd and demsoduse dr@iang "rfa%rtwﬁ P t!ae ufitizpgign eﬁ alngest
hay Sifys R r@peﬁ?eg AR ORYdNGR khe! a@lé%t t\(f@[}l‘f%gzapﬁ’roﬁe!?@es being one

subst’r at The dat a storage media u i zes
phyedleatarice ppadasise tions dimen &pmlepcy, arap¢lenati andaglectronic spin of light

8[1@51%63&? 4 C(fatg‘rg alu? Y ?llectgci erﬁ%l%rmfoqgéo%%fﬂyérp erefrom

‘he data st orage nedi a” penetrates
the substrate or the cover | ayer to heat up said

rl"ﬁc ?orrmleﬂ gata s olra£§§: rr%él ?Esésnag%uﬁoﬁ?aée %n%sae f:ecgrd&%\%a‘}re’r h!i\ngg a
rphe}ss tchdrige ﬂa‘;yes bt e na’rgdeto—&ptlcamﬁyphﬁmweds tnattl@ su'llikt&itep hakedata

SPRU Suse™ et nt e SnFGP PR S, MARRDY SEPIEIF ARt anlareation
Wl o 1ideereflbasethefRange llasoreliredted dthke &fa tomapée EIeéﬂa)penetrates
cry sgallrne state provides subséantrall

maxjmal.,
st el B e rsouer By srladrea i p resirge Png | BYdpiuging he
RRYEY pdWedMhélFigast Bliangé fal p@rc@ﬂbe pOEGehbeweal 4 egt@amae state and
| evel s. Therefore, ti-level recording can be

PR AMosRleUs atehe Thh QE@ec‘r‘?éﬁ*&jelaY“éc‘BrtB? ﬁ@mplagrér ama@ml& state
%ld(vfd%E SMstah@MB! finPhal F4tlve G4rRBGERoe wallle\Mieshabd@hah@SIBYer fitSthe

directed onto 'said recording |layer, the
ﬁgrgﬁ]g[eb/ @mt@lbgﬁ stptg»@rpwqi@ substantially maximal reflectance. Discretised

variation in the laser’s power provides for different possible reflectance levels.
Therefore, multi-level recording can be realized in the phase-change recording layer

using different levels of reflectance.

When the laser is directed onto said recording layer, the magneto-optical layer is
heated up concurrently. When the temperature of the magneto-optical layer reaches
the Curie temperature, or the Compensation temperature, thereof, a bias magnetic

field is applied to vary the polarization level in the magneto-optical layer. The
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heated up concurrently. Wen the tenperature of the
magnet o-opti cal |ayer reaches the Curie tenperature,
or the Conpensation tenperature, thereof, a bias
magnetic field is applied to vary the polarization
| evel in the magneto-optical |ayer. The 4
pol ari zation of the reflectefi or transnmitted | aser or
bolgfatipeahthe mﬂetted detrassmigd laserou dight heagyven be deedtasiahrough
%aéne?ot gpt c-e[lhgtrf re‘fc?g, t'hgfr!:ﬁe%{a Cgmgma{\ié tal%j? B%alrlﬂﬁon
t°F on | aser re rom-t
Ewdrod@semﬂhcmdatrcen the ribta rs'embge (mepracava chenteneded promidefaoredium
glult]; gmﬁ:%&%nacf g%:ucl:tlo-:ljrgel rgcou?m% %nd S?(%S(i) reglt ngsggg t Sg?r ta%: 5
invention, there is disclosed a data storage nedia

B e PO S P SR L PP oo

mbﬁg@hﬁd@b@mgn§m§ mounting face; 10 a first recordlng
| ayer havi ng a first face _and a second face outward

opposfr FPStHe hRYIPG £ RQEENS fage e PEETRIE OIS PN aY & hast

%Btgveath&élh%tong kitérAduntivg Rike;data storage | ocations,
eac first plural |ty ‘of data storage Iocatlons

havi ndy fstf feeerdinghlps¢rcbdvingp  ofet fage e ngy seeond afgee outwardly
Bwogfﬁg I?hea{tirsd ﬁ@es hel R rééo%]ﬁ@ lagr&r ha'vﬁ\g 'aqﬁ'gt'p‘ﬂgalﬂy 193 He?t!a storage

dat a val ue, a second record ng ayer adj acent
{dsetionecesall of d@eﬁr@tf plufabtyf afrdgta &t@em lgraigns having gy st pfﬂhsecal

%fo%g'xlty lge%; \;aql g tﬁr@y Fat gétQ\go Sth@€ h)? gndpcgtlégga? ﬁ&sf’]g‘ﬁa value; and

strat the secon recordi ng | e secon
recorﬁmﬂgndaymnhManmgmhmsemmmmepﬁwndﬁwmwﬁdmedhﬂaﬁun&ng
gugg ?l%ffg r L gegonidép f%/eorﬁbs?u asge?crl](gcp get%’vggnoﬁlla BL a?e, andythe second
wcomafgt Wyddeihegecoad rabidéng By llhghn@h st@ad tplLtrMny sf azttesmrage

i ndi cat a se ond ..data, value, the first.
RoRrSn B rOF 5B TG St s SPEBT PO ERyig @ second
I@h%%ag_ﬁﬂopell%ﬂb@ﬁ@pﬁgdb}ehthvdmgh at ([jbaﬂ&(i/b sgﬁestfﬁfi‘ ifdidatifig a second
recordin and the second recordin
Ji alugy dhg %guﬂy@wel Brop§rtt REing S oy o é%feﬁ‘? rhysical
efty,r st recording layer and the second recording

'ayer being stacked over and opposing the nountjng
face WhereReeack gbsher Hisk recamdinelyapad dht segopd %@@é%layer is

REAMIRY bpJodtdd B tlé%qbéx%fé%‘éi Ry 8f ﬁl@lﬁrﬂrr@&ﬁdlh% %ei gnd the
processed froma | aser beam directed towards first

aerond gecorsing @E@rl@ﬁnrggsmcé@@pger and opposing the mounting face of the

substrate, and

wherein a processed beam having first and second physical properties is
processed from a laser beam directed towards the first and second recording layers,
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 physical property, and subsequently by the corresponding one of the second
plurality of data storage locations with one of the at least two states thereof
determining the second physical property, the first and second physical properties of

the processed beam being respectively indicative of the first and second data values of
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the | aser beam being processed initially by the

corresponding one of the first plurality of data

storage locations with one of the at |east two states

t hereof determning the first physical property, and

subsequently by the correspondi ng one of the second 30

plurality of data storage |otations with one of the at

theaetrrespopd B aeies of Hbt disst pliestir of riateg storige leeadigs and the

si cal

B P o B o o e Dt vel

i ndicative of the first and second data val ues of 5

E?gccgr%l;uq %9 L&gnc? ng c?fofttlna nt'én'ﬁ%rtl tﬂé grsaélgélé{sea) r?ﬁlt\d’%] for
orage | oca I ons an orresﬁon I'ng one of

ﬁ&mmgda qatawtcahgetnyecbaf couhatlamgttlwrme of:ocations. In

accor danc ) ent i.on

£ her eorg g SRR Rl el boe e g it a

&hamaggmﬂeﬂmaeﬁnmﬁ@nﬁimgmﬁhgﬂ&beps of: formng a

substgate having a., ntin t he substr

F or mekiire Hit TCioRlG Mo gig G dHERa A SRR ot AaMatly

oPoRink g firecCRce, HIRITkNGeoddihg Ta§ér HaGmQ rad‘irﬂ@hlralytsz lof BAY kR ge
a first face and a second, face out war dl y posi ng.the

chf‘%‘t“sff ek of fhﬁeﬁrfﬁ E‘g&ahwe%fcﬂa& ﬁﬁ@awa&?éarﬂora%lw‘ﬂ@g 3 firgt m&wwal

P{fdﬂ&%‘ bditg QhiabidtiBosdhl RIS twd Kol R IHIRAGNg £AGHIL Vztll!'kﬁa and
i rst plurallty of data storgge | ocati ons having a

fi r st fopRipgi & s¢copd dprerding kerhadigspi olhe seppndufyre &F the first
c%@r%ﬁx}g[l\c’i‘%r Shatine récgfdlﬁmﬂl&%'éinggta@ fedd He?vt/eeg Qﬁ@su%%dﬂ@and the

ormng a second Tetord |'ayer adj acent to
swowhtbcprdo layert the sfdond tecoudetgdax:hr hegvihgy eecond péurglity gf data
[ l&a e

SRA AN LR DELCRRAERLNbRED bl TTbE AR ing »
lsa'y)ad phwiahgrogersiebongl nghalbteaﬂhrctugh @f ledsittero Shatest for aglecating a
STOPLgEe ToRGTTOnS! RAORAGTI Y SRk G pysica
hbeipagy,var i abl e through at | east tmo states for

i ndi cati n at a val ue, Si. C .
o opeRt By ShI Titecorti kves ol dunatopn BietRraer s
REQBEETY suppbddebntRaghst@fe dndeadl 6Sthe IFRGAEEHrdiIgg 13¥EHNd the
and the second recording |layer is 20 structural

STFIPOFEcat Ty 1y HePeing¥iakad 8Veinand SR8 tiehBOpRtagyfale of the
Lessekeidng | ayer and the second recording |ayer being
st acked over and opposi ng the_nounting face of the
subst PASTEIN aiioagrred dicpm diayingc s eyl eaRd IPRVSIFY ArpRegios is

@méess;&: f08 PV edh dHCOBEIIWES ths firPhRE 82/A rdbRMgAayers,
[ aser beamdirected towards the first and second

iteclaser bergn Peayprecessed 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 physical property, and subsequently by the corresponding one of the second
plurality of data storage locations with one of the at least two states thereof
determining the second physical property, the first and second physical 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.
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25 the | aser beam being processed initially by the
corresponding one of the first plurality of data
storage locations with one of the at |east two states
t hereof determning the first physical property, and
subsequently by the correspondi ng one of the second
plurality of data storage |ofations with one of the at
| east two states thereof deternmining the second

VS : ] irst and second physi cal
g?%g%%?bggsggﬁg%¥Pﬁégg¥gcessed beam bei ng respectively
Embodaeity eofothet heertions tre adrdcrshed ohadeivaftea wish uelsrenfe to Hbe

r .0g: 0 f the first plurality of data
gﬁgﬁgéggﬁggggpbﬂﬁcgnd the correspondi ng one of the
second plurality of data storage |ocations. 6 Brief

cription O The, Draw ngs..Enbodi nent f .t .

RS ook 20erat domh B RET AR Phre tefied of dFaniue o oo
tdoerdidg@lel iosvhaegrditigatata Figs embodiidnt@if theSnfehfton; 1 shows a
process flow diagramillustrating a nmethod for formng
a data recording device according to a first
BTt diHeRBta Wirtidl FRnt Beé@sHal ORyatioh Gf aZiafhawagamRdia twidd a first
front sectional elevatign of a data storage nedia with
gecprdpngtlayey gng @ sggoaf! derordiigelryriarmedsuich sitpsirde ar@rdipg to the
LRawed of pigred on a substrate according to the nethod
of FIG 1; FIG 3 shows a process flow di agram
illustrating a method for form ng a data recording
#RY1 $QpAeCar dollds dyA 1REGRNDuSRRY! MBkincl fof NBrming o data
invention; 15 FIG 4 shows a partiral front sectioha
edeending dgmice fecoriengia aaecond pabedimentio thefinen@®n; 2 with a
reflective layer formed on the second recording |ayer
according to the nethod of FIG 3; 20 FIG 5 shows a
b ces®wi|aowuriiil dgnasactiddalisievaion g tie dast ftoclgé ordhaf hlGg2

a.data. r.ecordi devi ce accordi to a third

30 PosshE B R E PORSP Pt Bl Slfhip proos
bf Blidt 3secti onal el evation of the data storage nedi a of
FIG 4 wth a first protective |ayer and a second
protective |ayer forned therein according to 25 the

TS hodhows fal frocds flowGdiagrash @nstratingr © eesisodl fopWotthiagraatata
illustratjng a pethod for formn
record?ng daev1jce gCCOT(HI?g toa thirdo embodgment gf tﬁe g]%Eﬁl?tion;

FIG. 6 shows a partial front sectional elevation of the data storage media of FIG. 4

with a first protective layer and a second protective layer formed therein according to

the method of FIG. 5;

FIG. 7 shows a process flow diagram illustrating a method for forming a data

recording device according to a fourth embodiment of the invention;

FIG. 8 shows a partial front sectional elevation of the data storage media of FIG. 6
with an interface layer formed between the first recording layer and the second

recording layer according the method of FIG. 7;
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recordi ng device according to a fourth enbodi nent of

the invention; 30 FIG 8 shows a partial front

sectional elevation of the data storage nmedia of FIG

6 wth an interface |ayer fornmed between the first

recording | ayer and the second recording |ayer

according the method of FIG77; 7 FIG 9 shows a

Bl ockskowy averesesydlam fliagrasy Hastratige 22 msthed dfor dernting 4 daga
- i i 0r di t: Jifth

BB R e R Bl O BRI Y b

front sectional elevation of the data storage nedia of

i t [ r
PP 08 VRt B8 ST So AL 0 B od v
with tlectibsstel l@yngrredacd by ia rgver tayehandribd dubeiradd beig3orBed over
| Gy 1 hows a process flo aggamillustrating a
lrfr]gtr?}ﬂc? 8&¥e§? Y 8F i Cﬁlég té\)%(sﬁﬁarf‘ghoar/v%f?&radlé’n g devi ce according
to a sixth enbodi nent of the invention; 10 FIG 12

artial front sectiopal elevatio f fhe dat
BEr D R Bsersioy G RRRSS Bfth Br gt ¥ e
Fe@Pldageidviby ao@Meab alsAULEmIBAdnR6f he RsthtRhe bei ng

formed over the reflective |ayer according to the
method of FIG 11; 15 FIG 13 shows a process flow

dicaaramid b Yatinekbi SedioMReNReidnost hOHM BBrade dRUA of FIG. 6
recordi ng device according to a seventh enbodi nent of

tiE therfybyiicdivingrriiaeed by S 170 lay cpaidtihasubsiraghbeiagsormeshaier
ﬁle%’f?&ﬁ%a%r a&&?diﬁié‘foaﬂlec'ﬁugﬂlé‘(g@f fedig of FIG 8 with

the substrate being replaced by a cover |ayer and the
substrate being forned over 20 the reflective |ayer

oy di t 0 F . F SpaQN
R R N e R
sanpling dédvisk accholinged assventh enfredmtenuditthr mveoftiokl G 8 and
the nethod of FIG 7 when a | aser beam at wavel engths
of 780, 650 and 405 nm are applied theretothereto; 25

Fl 141hoshewartial fregponbealpiahtiobifaheéda stooige anediaadfifdG. 8

PG VGt Bt e R R T i i o e oG

He@flctivelaptacardifg Rpanstelbdbf MempRnst rati ng that two
| evel s of polarization are obtainable fromthe sanple

Gk X ordpehse Pldigictrdasttitingl efulti-Rvelf refitancd fandid himple disk
%tgh (leg'ng’ 81e%ftruc'::tlur(é;' 0f7FI(\{'\A é anfa thg%%th%g] O%Yg.l ’?Uv%gnh a Haasgrebream at

wavelengths of 780, 650 and 405 nm are applied theretothereto;

FIG. 16 shows a response plot obtained from a static tester when applied to the

sample disk formed using the structure of FIG. 8 and the method of FIG. 7; and

FIG. 17 shows a response plot demonstrating that two levels of polarization are
obtainable from the sample disk formed using the structure of FIG. 8 and the method

of FIG. 7 with a 650 nm wavelength laser beam.
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Det ai |l ed Description A nethod for form ng a data
storage nedia for addressing the foregoing problens is
descri bed hereinafter. 5 A first enbodi nent of the
invention, a nmethod 100 for form ng a data storage
media 20, is described with reference to FIG 1. The
data storage nmedia 20 is des®ribed with reference to
FIG 2, which shows a partial front sectiona

I i he data storage nedia 20. 10 As shown
BREHRLO - Blgh 9

e data storage nedia 20 conprises a
Aubsthodafoe f@thingha ddta steragé orediedol mldeesstge the Fa@goiig probikima is

t or.a a 20 further conprises a storage |ayer 24
“F&%%%SWHmﬁ 'acked adj acent to the substrate 22. The

substrate 22 and the storage |ayer 24 are shaped and

e n 80 i) Ot Pl e G VR o8 RSPy el i

2@ MPddssictsed avifhi ré&tenb@@cmcl NgTheaday stotbpeandli 2GR dodesibed with

cordln | aye The first recordin i S
t%ltceff%?lrﬁs& ¥ wleq%s ARl fraf"ese%?nflw*%lv%ew&fetﬁagatwtpﬁge

hQ@magpond recordi ng |ayer 28 being subsequently
fornmed thereover in a step 114. The 20 first recording
| ayer 26 has a first face 30a and a second face 30b

s&gtsmnﬁi 'uy Ffzgp?%wgata GReagk! rﬁe?itn ﬁ@%&nﬁ%s a SBtRCEN dhich is

record 28 1's stac #acent to the secon
famed BOEbSt@f 11t0h elteidatatstaragsonadiady lughescop@risds aistoraas layer 24

?&R%éi 1% gtai?l%doagﬁgé tqg éﬁe bgtjraﬁ %2, f Fhe SLéB%QQte Q? aInIaeché Et()tsatge

recor d I ng e su strate
Styeuet @rqabliaye@ appdimdnsignedhe prioride thedon ditarggel my@la 2p6with

recordi ng |layer 28. The substrate 22
?Qﬁn&ﬂfad%i%&@%ﬁde fromone of polycarbonate,

polynethyl nethacrylate (PNW%) annrphous pol yol ef i n,

et al The, subst
TR Bl oy A ol R A e B pf A BORE 708 RO TG
Z%nggeﬁ_ﬁr&ﬂf@ﬂa@ér I is fits® gorﬁﬁxcaﬂwr he sGbdateatin aklely 112 with
mm e 1 rsS recordln ayer nmpri ses
1ersg<t°ns FeFPEnE ‘9“‘6@% éraw&su;%}ug@t@ ‘T% E%ﬁz ﬁ%fﬁ%veéé’af‘ St"é’nﬁ 4t fae
$ie6 adrdiaRy b qaad AHRI fa283 MR aiss®%d #acs 80P Bﬁjtwféfdé‘y Shpokig
of data stora ocations 32b. The first recor

theyfst Hee 3. ngléFeseF?‘&ﬂeémfi’inE daverds év wkewwﬁce@émhsfsecond

face 30b of the first recording layer 26 with the substrate 22 opposing the first face
30a of the first recording layer 26.

The substrate 22 is for structurally supporting the first recording layer 26 and the
second recording layer 28. The substrate 22 is preferably made from one of
polycarbonate, polymethyl methacrylate (PMMA), amorphous polyolefin, ceramic,
glass, metal, alloy and paper. The substrate preferably has a thickness within a range

of 0.3mm to 2mm and a diameter of, for example, substantially 120mm.

The first recording layer 26 comprises a first plurality of data storage locations 32a
and the second recording layer 28 comprises a second plurality of data storage

locations 32b. The first recording layer 26 is made from a first material with each of
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9 the first plurality of data storage |ocations 32a

having a first physical property being variable

through at |least two states for indicating a first

data val ue. The second recording |layer 28 is nmade

froma second material wth each of the second

plurality of data storage | &cati ons 32b havi ng a

shé dsi P lysihits iof dhta stossa recphiensd2p pYipg ¢ dirst pBY vcab PIREH)BHNE
all.)f%atﬁklgwg ?éa@tf\l% gt%s 'f&dlh@@ﬁtin@ga Firs? %ﬁﬁn\dah@at l'I‘he second
[le 0 e first physica ropert

@ecrdmg Iptey 28 sahadp fiopesr seyorpirreﬁt@vaémg eaghofit @misnlwlnth of

f r
05 ST REERhEIEF paPPE A LB sieh] Plperty S GO varigrc
thragbni kbe dve gaantbr indfdaticg etedrdalatatvaief i rst 10
recording |l ayer 26 and the second recording | ayer 28.
The first material and the second material are
Bref of &zl firstliphi Sead Hropertt hantl ke fsetsid pliykigsli praperpr pﬁ&rrib}y
belngFglff rent g di stinct, from.the_.second phg1 p d
prEsRdy Withapreapfigtlpsiacy, PAatisadqny SPendPRienay el an

sRewek BEth effi l@éht Ebreﬁlgt & sRFsmitted RAsid eMRcted flotn ke first
first material and the se cond material is

prrodaedaxer agpuhibe secand 1estdhg lart4%renti ate  the first
physi cal property fromthe second physical property.
Alternatively, the fabrication process of at |east

dhe fisit maerigli angt the seeandi myeniayisy pberatiyl differenfewdimdhe first
iaﬁ}gsﬁ:;a? Fg&?elt Y)@l:g%?qeff brn@ddaelighle fIfOQIr el Je&ﬁfdeﬂwsﬁﬁl' f)‘l%perty

_ go?s property fromthe second "physic
pritometive)y, tiROfiFonhtoulpgd thesceond paterig] arg thpsamg. IA'&)P@ﬁtC@@Of

E}%éﬁrgﬁ:ﬁ@g&aﬁ\éﬁg tlfeasscéc?l% égaﬂgnaﬁ ?SC&B sp geel éaDYee {0 t 15931%}?9%%6?6&121%

st-ac acen
secHind physial drquxtjr aﬁ;om the2@codt hh)tshel plspert},d fAdesaBodly, othe

e first reco ayer pasi ng the ayer
gttty LA Moo AR eSeiei i QP e XEona
b@bW&@‘ﬂa?d’ﬁ@SSH bEdralgé ﬁor&&ffﬁﬁdxatlﬁ@tlﬁ Eirﬁtmmycdl py@ertd Grom the

r abl the dummy layer 66 is made from at | east

Sﬁﬁng?mmﬁ%hygﬁwgonate pol ynet hyl methacryl ate (PMA),
anor phous pol yol efin, carbonate resin, ultraviolet
i ght, curabl e resin, | ass_and h a ..
Falteiking e St dy 2 Auha | Vebéﬁc ng'ﬁ“eg PEnie spen Tosidingayer
211 Puip 114 e @M layer 601 sBRItaRAESt kSthe sétohd dcbMing layer
formed by one of 1njection nolding and extrusion

A8 Mdthribe %@pdsﬁabes%fé“ﬁleq fjrst igepréhips épefal Bnarposing thsdgmatydayer
l6§yaﬁ?1 teHidsD rde DRt lﬁ?er%(soem-ﬁhﬁac@@& Beib %g%uﬁﬁ&eazﬁﬁ)nd the

er conprises data axes formed substantially
dummy layer 66. Preferably, the dummy layer 66 is made from at least one of

polycarbonate, polymethyl methacrylate (PMMA), amorphous polyolefin, carbonate
resin, ultraviolet light curable resin, ceramic and glass and has a thickness
substantially between a range of 0.3mm and 2.0mm. Alternatively, the substrate is
initially formed by one of injection molding and extrusion molding and subsequently

bonded onto the storage layer 24 in the step 116.

The data storage media 20 further comprises data axes 46 formed substantially

perpendicular to the second face 30b of the first recording layer 26. Each data axis 46
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per pendi cul ar to the second face 30b of the first
recording | ayer 26. Each data axis 46 10 extends
correspondi ngly through one of the first plurality of
data storage |ocations 32a or one of the second
plurality of data storage |ocations 32b. A | aser beam
48 is directable towards tH® first recording | ayer 26
ertehds herrespouimg!ly ot pngof] theyust rﬂ@ahﬂmﬁ gdata siaengefocptims 32a
a p 50, t
ok BRSNS B OES RERIAE b o B RS i
dl@f:cvdbledhwmﬂs ]jleeﬂrﬂ lrabtd]ng lagh 6 indaths necosd txlcerdinpHeyer 28 along
ocfﬁge %ﬁ%/g rt‘%?bt%’ f tprrgctesr%%%s Iager tl@:reg rcr)]%itsyhceggsder g%ilm 48
] dllhaceaCthroOEh ttll‘BESLfbstlszté ZOE\QIQCldhmgrefembd?}r light @admidaidle. The
second er 28 for form rk on each
BRSO heraes § DBoPBPKG! makpey Soe Ssthd e Sed Hedelg

recording |layer 28, with the mark on each thereof

oi ncident. with on he first Iu lity of
afit i gs SPBtidet e S5 o1 el orec g HBeL bt he Second
Flalcb'rrdf:ﬂg' thyer 08 félefbAning b HaRE 6n LRKAI |tlmst33€brﬂlﬁi§ REet 26/ £ldthe
an €l ng representative of data. Wien the laser beam
aeeronckremrg@etl%r Tondihdie mprk opjepdy thergefdemggoipridemevith g of
R e R 4t
storage il A2 wepecively dmd lfemgscprpqemtqu afyatef dat a
storage |locations 32a with one of the at |east two
states thereof determining the first physical
PYlepehd jaserdmam @dbsiéqqlghtolwdsyhct fiest Groe BOs phIhdifive rorreding

sec t
?anyié}Seal gotg ?P]eg 0 abg aetgaée% { V\b@ié?a ?r 126+ ?gl% is h@%@s@éd"ﬂﬁlaﬁggy
detwrrmipondigg bheobtae dind pROalphysdaabiopge pentions 3Zhevith one of

BRoRbrE dvor Allepr trenC deRRaEce T cAGER aBoHeTs phe

Glﬂis@cllMﬂﬂlyJ®yaﬂié @ﬂ@gﬂddﬂgt@ev@ the seobndl PRrlHy o€ Spendionige
one rst plurality of data st oggee | ocations

@z@atloaﬁ dnﬂ’h\é‘th o8¢ roéébeo ﬁblieﬁﬁ WResRFs theEeos CEISHUNBE dPa ISP
?fxys‘i’c@t Préfey 2a8e | REIRA SidR *ﬁhis%%PQﬁ&ﬁeH?' 3hd dodd Q)hyswal

iTst %%sn cal property is preferab refl ectance an

PrECEEE apwﬁgﬁé@c%ﬂampﬁpdb@?itt@ﬁ th glsbilaé% WU SEEnf Car Ae

B@ltlférdo?(@woﬁ&lng gi@ oPfhethiet [ﬁﬁlain?&ﬁ'tdaia%@éeaﬁ)@ﬁw% 322601 the
of the first uralltg a storage | ocations 32a

COngspasbIEne Wl thﬁ speonfl ebiradineel da@\ﬁ&raaeﬂ@qaé@tfs 32h despestivelyt
the at least two states of each of the second
plurality of data storage |ocations 32b corresponds
\ﬂihe tirsd thsdxal pqoptlar is z)adf-tl@lviy Irefleetandehpand dloef secmﬂ Howealgroperty

re}‘"exatb)?); o;ﬂ %{ﬁpeociarlza W0 Xf %n at ﬁelgls% 5 GRS o[%@x& gfatlhe first
pluralltv of data storage locations 32a corresponds with reflectance level thereof and
one of the at least two states of each of the second plurality of data storage locations

32b corresponds with optical polarization level thereof.

However, the first physical property and the second physical property of the
invention, the data storage media 20, are respectively not limited to reflectance and

optical polarisation. Alternatively, at least one of the first physical property and the
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i nvention, the data storage nedia 20, are respectively
not limted to reflectance and optical polarisation.
Al ternatively, at |least one of the first physica
property and the 11 second physical property of the
data storage nedia 20 is one of reflectance,

pol ari zation, tine, frequendy, wavel ength and

glcext pbysia@! gpeperyf of 'rtl@hﬂatbeaitcn%e medias i tis exhet of zaflgctance,

e AR e
pasin@redbd yndmedectéd fmim ahed‘amth cevading hyaf26ané tlerseomdaccording
gle nts, for exanple, chal cogenide el enents. The one
"*fSre el ements are preferably selected from Te, Ge,
Sb, &G, Bi, Pd, Po, Sri, As, Ag, In, Se, S, Si, P and
organi c recordlng mat aIs The flr t materia
Lhabirbsatral it prebebiss eﬁ#%a Feyipatiog of gng gFfRerE al?ﬂksgtsafm

PhapR, 1a1ESRRMge cIRRsk | alhe Wh Br bR @éméeast phamerably atested
thereof being at |east two crystalllnltéég%evels Th

fipRste: Sity Sh-cat Thr Bpdpt 914 A5 vy FaiFeSbet hedash ogpanic recording

%Qﬁﬁl@ml"h@hllsynﬁt%]‘r@lteﬂﬁﬂlésﬂﬁe ﬁkﬁk@ordﬁ? thy@r 2035 hbh 84 4 Phase
anor phous, state with the at |east two crystallinity

Fleaped srapxipeivith fee atalgept e Hiakeg tlgqrgﬂ Pstngo §east two crystallinity
€ Qs vz : 1
OB HRE LIRS 05, DKL 2 ROSEAD it s
mnysmammmméysnanéoanﬂmth@hﬂwbﬂkaﬂﬂwawhymM®uaMoww®@smﬂg
Fncfe‘ Eosnrlﬁu}g,t gl ré]léuea%OPS ﬁﬁ:le ethrc]aen SLThS%fm? h&a%gg% & p?‘lg(élb ro(f:‘l theg first
l@ylell‘ngZByer'l?ﬁebém et thp hybstmbll)p myptamny stife tivktifei qubgtantially
IS va

AR Dt G oL By s8bshDeuT R ep?BER Byt i gofhon of
OfeyEétatdokding Mydr@éel s. 20 When the correspondi ng one of
the first plurality of data storage |ocations 32a is

in a conpletely anorphous state, a substantially | ow

maé FREHIARRE! fropca§ dif eaHst ndtGaBRSafidble by@e tisySicaml48matifg
of the corresponding one of the first plurallty of

datagnidyds i ogespendith o at lpaskiyjorystalingly 1P¥eds ease of
the refl ectance thereof. Wen the correspondi ng one of
25 the first plurality of data storage |ocations 32a.
iVéhen ihepcasisppsmaingjope gf %g izt pluRdits pladada steraggigpationn 8 #as iy 2

I@blgee{egff An@&{)ﬁ(ng%takeg a%ﬁmteﬁﬁ'ﬁﬁjy 1oWNRISEEREBTs RB &k, alInc're?lsmg
prere froma conbi'nati on of one or nore of

Hes, Cr‘,@@ll“‘ah’d)f Kie carrdsp@nfénmnemfrﬂ@ forst phwralitgof dagg stopage logpgjons
'5'% reMﬁts 1Etan 11[13 Qeasé%)f th@‘lﬂeﬂeAanecafele&\{g *When the corresponding one of
the first plurality of data storage locations 32a is in a completely crystalline state, a

substantially high reflectance is achieved.

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, Dy, Sm, Nd, 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 second physical property of the second material is variable between two

optical polarization levels with the at least two polarization states extending and
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30 The second material enables the second recording
| ayer 28 to function as a magneto- optical materi al
with the at | east two states thereof being at | east
two polarization states. The second physical property
of the second material is variable between two
optical polarization levels Mith the at |east two
fronangi ratupibons Shaekesvesnt divdicrge, avaty ingthe fsegons! mhyysical property
8 f?‘gbﬁgikh Q3 &%B&P%E&%g-la%? 98 &JcRIEn (N &ﬂcictap olarization
second physical propert of a portion of the secon
leedoraticadhd s yeast 128 poktinsion statpe of the popitonedithe second recording
Bg%@kization | evel s varies the at |east two
pol'ari zation states of the portion of the second
recording |ayer 28. 5 The second recording | ayer 28
ef er abl as, subst ant i magneti c.ani sotropy wth
Fherec R e R PR P m R ot G PR R g e
%ﬁaﬂiﬂ lgatSI_fﬁimhviﬁgBmgh dbdﬁ@iviﬂﬁfo@ce_b itd ﬁla]E)l@ shall ré‘c@fdﬁf?ddata bits to be
er I pcr.easin e quantity of the secon
Eﬂ"‘ﬂ}F‘gl 'W?Q}bf”"iﬁ%ﬁsg‘%sé‘s roa%@mw ché?i %ﬁ%‘qsﬁ’ﬂr”gw Phelaetgnee
loR SN BNPorl RY SdcorBrecd@ingeesBrond physical property of

the second material is variable by heat generated by
the | aser beam 48 on the portion of the second

TRE QUL pilySicAGHSRYES of iR ErUnkiSnatdrRIMREKLRLBIE By lhgaft gefBated by

congensatlon tenperature, thereof and a fie
ther

#ritsAmofd on thagrmstion of itha secaprhimaiatial Heraghigve thee Curie
| ] 0. .
TRBREHIE 4 Lo BaBSnSt bl O ot BERTOSRLn 'S o
megustidifinly appljesith@etoaitie magnesie fioldds gemewtedibgne al/eper@gnent
bﬁ€&$%r§g“g%“ogg%%§ition of the correspondi ng one of

mat er | and the second material by one of
vacuum deposi tion, electron beam vacuum deposition,

i.on ti.n chem cal .20 or depositio S CVI
Pt B BB reePBie Giir Airan] ROk PRD SR pf S Rt by
eﬂj'otsiagly oarhlré dpudpoading gndref thodisst nBitefabniabihy sedoné ridteriat by
recordin er.26 and the second recording layer 28,
470 ‘é"iCH‘gP ﬁéﬁgmﬁlefm brap st SPRasHOn 105 pigtpgfimical
CAIPIbSIsNBnAplgana BV, adsel 8askition &phingZatigl MgenladBehm
Oxygen thereto. Magnitude ranges and | evel ranges are
Bﬁ"é‘f‘éﬁ%‘ﬂ’g‘}“ﬁf@-‘%?‘?dﬁed to facilitate use of the data

storage nedia 20. The magnitude ranges are associ at ed

with a first plurality of . ,
Preferably, the first recording layer 26 and the second recording layer 28 are being

doped by further sputtering of a mixture comprising Argon and at least one of

Nitrogen and Oxygen thereto.

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

plurality of values comprising the second data value.

The first physical property and the second physical property of the processed beam 50

are respectively magnitude and optical polarization level thereof. Therefore, detection
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val ues conprising the first data value. The |evel
ranges are associated with a second 30 plurality of
val ues conprising the second data val ue. The first
physi cal property and the second physical property of
the processed beam 50 are respectively magnitude and
optical polarization |evel tlRereof. Therefore,
oi%ﬁleomigni‘lurib?,andotfne tolpécalrwgra'ritzame lewed of e wptdsesall beam 50 and

Q tiLo CERS
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thenee/hthrﬁa@les tlteoncrmmiddrgngme bmdreepwrahtyenfalﬁksesxatdee and the
correspondi n ne, of first val ues and
Fptes el eup S B Rt e SR a7 MR second
values to be identified. 5 Therefore the first data
val ue and t he second ta va$ e are stored on
T gt ihg dirgf dperalue ppdie seeep Ertﬁga PG3E S5 RESPestYely the

SR ARGk dIRCRY S 128thnl AN Eeca @Eor@ﬂg 18fer bRQt phaib@dht yurdlfty of
data storage | ocations 32a/3 of each thereof

Merr@f%eﬁ@?%@spﬁlé@%%§éaaCBé%rrr@ovfreéefrorlbfhe%?%fﬂeé geam 50 is
RipLaLD d B@taﬁlofhre e&ﬁ@%h@lﬁg QA€ Pfihd Hiﬁlramty' ro@'ﬂrﬁtha‘Ptfes fdnf Sthe
val ues and the 0 correspondi ng one of the plurality
effrreseand g ona plibe plurq%éy ofrfecaptl velMes. f i rst plurality of
data storage | ocations 32a and the one of the second
plurality of data storage |ocations 32b al ong each of
Theontatfghafiss pu&licodf datd storefze/losatione 32aand) therone oﬁ/\ﬂae second
nuner i hi ¢ 0

Pfgl%glélscgt?%}a esk({r%gegé%aqgéls‘; gbo;f‘lg gpéhr})?ttﬂe cﬂtaha:!zgs‘ Ae_éo [velylfsgorre
ttheasf twostunhysd ibitabf dar iopembipatidnor exanpl e f our

distinct levels of reflectance, and two distinct

states for the second physical property, for exanple
Hoveyxo] Aars padsibdntd mhﬁvs.fofrlfl'lﬁftmgmsl&,blet fhimeofie thé firdt physical
first plurality of . dat ocations 32a and the
bivioby Tonfaomele o i dr el ool it TSP Shage Stes (0r th
kead bl@@ﬁ:al%%bp@iyoﬂﬂ eﬁﬁﬁﬁle afo f)é’l&lﬂﬂ&rﬁlewﬁs TA&e o) the one of
col | ectively achieve conbi ned | evel s of recordln

fheha Pherp iy Otf da sksrr@rgarlgcasrlts#afan@ értea>n§t06 fhegecendiwality 3

-('1_5@ stoﬁdffe %caﬁ@r&ofz@' déhel AYIELE #B daRGxENSs SRCANE:HVBEcHicRda
| ayer provide a multi-level recording structure to

corabiged %legrlépfargeorﬁ@a transpding tha Lipgty vk pedaty ferpephgisiic dine

Bt @ REIHng Mye£26Mn@f it Recohli Médordhy rlzﬁlei by ﬂr@wg@taamultl level
storage |l ocations 32a and the variable second

g it Upfr“t?p‘é rtihg/day steraghmedia 2he The E@W@lepfllratrléllﬁl’?%} pegperty
AALRANSHANAGEs: AR, A0 Had HRorf ! Batbfs 33d'6nd bl d
mul tgci]- (;ql'TEnSSI ?1 %at aar eCOCgr%I nga ca?oa%J]F? t y]eo\%arlga?: SCCO]p

hesidal preper tymfcg:acm ofghd seyend @ality of data storage locations 32b cater to
the multi-dimensional data recording capability of each of the first recording layer 26
and the second recording layer 28. Therefore, the storage device 20 functionally

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

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

further data therefrom.
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and the second recording | ayer 28. Therefore, the
storage device 20 functionally achieves a

mul ti -di mensional nulti-Ilevel optical recording

medi um 30 Additionally, one of an AND operator, an OR
operator, a NAND operator and a NOR operator is

applicable to the obtained flfr st data val ue and second
dareend anbedinsng bt Bie Anveption, Rarethrg K20 ofdler p dpi foyming g data
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3 for formng a data age nedia 70 as shown
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gelllqrfggih ips ﬁﬂe{‘%‘fg‘ﬁ Iegslhl})gél} a,lteggzz Cf‘hglfcﬁltgﬁon%gerrﬁér 816 sForagre]: lg.yoer tZQ and
thelfadtiptina hy psdduestvagniotdiions siasind al’te&eé’cﬁl,d pﬂLh&iltgzl ufriata storage

ayer the stora ayer 24 .an t first .
et Py e et AU e ey e errgesentine
plyerr 28l withyretferdatoahs fit ageodithat af Flong adAhcoepories pasidi ng
wth the first recording |layer 26 and the second
recording layer 28 with reference to the first

endedi sBRke Mbdill7GfurthePEtnprR&GA BAEEVERybrematadkedlddjathie to a
data storage media 70 further conprises a reflectjve

fasy ef thy Ee“é’fl‘é\é%@@“ﬁ-fdf‘?éﬁ‘é ehtvhich faces pawirgm th,drsseeriqing layer
Q@C%g'r%cll@ey E&exzﬁz i@hf'oﬁﬂedf ACLste R BY strsaﬁleﬁthl% tflé Et%ﬁ 114 of

recordi ng | ayef . The reflective |ayer fornmed
u”mma]gsth@pﬁcmhreswﬂ@edwn% t Gnaetibe reflegiive 1%/6072 hifscheﬁlil frgmed

H? ﬁw%gc%)gﬁl gean%glg ds, tﬁé’&&g%?]ay%% %ol?ﬁecf EIH Hohiid a:lvtﬁereonto

ayer orned on"the second recor
MHWeBwQSMSthe dumy | ayer 66 is fornmed and bonded
thereonto in the step 116. The reflective layer 72 is
for dissipating excessive heat accunul ated during data
ﬂbadéﬂmtiteelapem@késsﬁs diksgraging eh@&iivei beagenematlaet Idyriltghéata

on.its 20 a a to e se on
FERS T Aoy S B B, BB h, e el ek Sflen i
gﬁjplicgaonnﬁdﬁe kécoml aécokﬁlagstayﬁnﬂ OPreMblwthedI‘@lﬁ%t’Rg Iaj@r 72 is
, , Pt an er ird e I
giade famahiratieneft A fﬂe%(ﬁ% Grgh il %3’ G glopg %eregF for
formng a data storage nedia 80 as shown in FIG 6,

conprises five main steps: a St%ﬁ|llo for 25 faormng a
Suthut empedipont of the lépsenil@z o Bythado 30 a8 ghow s in1dp- Fé‘?frch]PH’i“H%a

|d§t)(%f01%@ meAiSEER shbdn iR FIG.fFR Lo ftked 158 HRMKERCHEE N for

| ayer a step 116 for forn1ng a dummy | ayer 66 and
dorming a substrate 22, a step 112 for forming a firs

trecordmg layer 26, a step 114 for
forming a second recording layer 28, a step 116 for forming a dummy layer 66 and a
step 122 for forming a reflective layer 72. The descriptions in relation to the
structural configurations of and positional relationships between the substrate 22, the
dummy layer 60, the storage layer 24 and the reflective layer 72 and the first plurality
of data storage locations 32a and the second plurality of data storage locations 32b
corresponding with the first recording layer 26 and the second recording layer 28 with

reference to FIG. 4 are incorporated herein.
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step 122 for formng a reflective layer 72. The
descriptions in relation to the structural
configurations of and positional relationships between
the substrate 22, the dummy |ayer 66, the storage
| ayer 24 and the reflective |ayer 72 and the first
plurality 30 of data storagéedl ocations 32a and the
Seacdatalstptage aleilinyB0dbirters camptisss adisst| naeiegtive fayehand a second
?1%[65@%082%'@9 e h)ftt fifst Fl%gegfi@epﬁg&' éﬁg?rldat){@ Lecdfd ﬁ%@ective
e seco recordi ng | aye W t reference to FI G
Wyerrsd prefesblydnait thickiness ¢hian is saBstantipldy bpaweengt rengegd 1 mwde 350
8Q further conprises a first protective |ayer 82 and a
second protective |ayer 84. Each of the first
protective |layer 82 and the second protective |ayer

et SRS L Ty S et BF S g8 YRR 2 Byt e

tikerdebidsiy 1pyed 26 Gleing ortniy @herésh ihShd aepTEId. ORlowinpethe second
substrate 22 priof to thﬁﬁéfirst recor di.n

| ayer, 26 . .
Espidies avsred g BonRed i PRatest S ﬁlff?cq*ﬂm%ﬁﬁ% lygg 84 1s
SR80 herdoBGRTOHEY 1 3AY herdlReihe GrliQhwest thé dhltcri®RPmedia
114, the secondEErotectlve ayer 84 is _forned thereon

faymgd droap thegmethes) dAP daryep, hethe SirplurpiiF & eolfY T datipked
?(Lj%eﬁgt@ G Eraded03 0h @ MR dirft r QB dik}E1a PR LB Qhild AR sksond Pedlective

at the first protectjve Ig%er 82 is stacked. i
Kopradent stacked dapgitde theysesonbzecardinghlayer $& and @dgfagingghe

k@ﬁé@t&vggggm b dhé &c§ﬁﬁ&9&dﬂ%%§@t‘:ﬁ§. V@d&itk(ﬁﬁﬁ)‘, t1@4firsSrecording

st ac dj acent to the second recording layer 28€and
layere2¢f andi saepnt hiecording lapert28\ace disgased aawegnchng Hieteecdngribie first

bR e%[i\q | %%rl Vid tge8 8 c’é\%ﬂ %110{ Qﬂ‘\?el ll %e’r SEh%Elll LAt rfﬁ:é:t%g' 89nd
Payer 2674nd Second Pec rflng f yer are 8|spose5
petaveenlagersi 82/84 eraleifrogn 4thest dne of arl Sxigy, emecdd, uehdleggenide

82 and_th . protective | 84. Each of th
Frrt aiReaBERI BRI BE6L C 1 Syer s 82104 1's made from

at | east one of an oxide, a nitride, a chal cogenide

el enment, flyorjde_and carbide of. a netal . . .

AVERT Rty sashor GEERT G Bra i SV TS SeidS pilisestrcilpst
AYEAISy §d84rdns aflledit &Ine G 1Si0,, |SAY LA L020GED £ TR03PTO aue,;,
romat |east one of S 2, Si

| @] A12(1C3, 02, | n2(g3 :
Fans, VoW Oadobs ABOBN. %, 20§ S48 Cosq: knTanpelifra Sic
AREmiEhSs mEdSe, TH S pré@étive ReE232 &dGhe aEndHrétebiiRSayer 84

thereof. The first protective |ayer 82 and the second
preoloersevonk thealjrst regordinglayer @6 mnd s secobreppidipg layer 28 from
%gggﬁﬂing | ayer 26 and the second recording | ayer 28
from Tcorroding.

A fourth embodiment of the invention, a method 140 as shown in FIG. 7 for forming a
data storage media 90 as shown in FIG. 8, comprises seven main steps: a step 110 for
forming a substrate 22, a step 112 for forming a first recording layer 26, a step 114 for
forming a second recording layer 28, a step 116 for forming a dummy layer 66, a step
122 for forming a reflective layer 72 and steps 132 and 134 for respectively forming a
first protective layer 82 and a second protective layer 84. The descriptions in relation
to the structural configurations of and positional relationships between the substrate

22, the dummy layer 66, the storage layer 24, the reflective layer 72, the first
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25 A fourth enbodi nent of the invention, a nmethod 140
as shown in FIG 7 for formng a data storage nedia
90 as shown in FIG 8, conprises seven main steps: a
step 110 for formng a substrate 22, a step 112 for
formng a first recording Iayer 26, a step 114 for
formng a second recording Iéyer 28, a step 116 for
pigtesiiveglazerchanang theygesendsprolestiv laysr 36 ang ghe 8rst Plrakibnef data
Etgrfa%ce GbdaYi6 ]ilg %??ranazth@ngec?ﬁaegﬁtrzgh?fg AN atd 3dor ger locattons 32b
respective rotective [ayer 82 and
mrs:emddlgprltttth@ ﬁrst/@cdndyleﬂaySﬂZG artdehej@sondr pearding 1aynr 28 with
ti t of and
{:e?éralce ?(pthF Eltcfredl eaﬁ)oﬁltn{eﬁ?%fglée? 2 nrrco&ﬁlra%d l'%get?l} at e
the dumy Iayer 66, the storage | ayer 24, the
iﬁf st?Gr%Eée Vgecr d)?g}e c%téa sttor V%e rpayae 901 g‘ﬁth o Otn{%%tsésvalet mt{al)f"a 1 y er
p? wiaeleld tiystvaden divd Arst sdcordagelay st dndrnbe 8andrdotdivg layer 28.

ond IuraI f data tora | ocat,i
?6‘?%\@% AdieRd 1%’% RN e reds la%'rlarﬁréﬁr t§9 a?efgé e laxgy 92 1s
RS 66 ﬂﬁd'lré't@é‘c@&ﬂlhg"ﬁyér@%% a 8p M3, hprefehBY, ﬂfé(iﬁteltfébetli},%r 92
third enmbodi ment of are i ncorporated_herein.

w@tlgft‘ldﬁegeareayerthezhseéfﬂe%@ %&dét%?tsﬁéglheﬂrean@tface yer

bagg Jt@ﬂéxaﬁ@qﬁﬁdesﬁﬁn 3he by gklasie nladyarl and%2Pmethnie kRderial being
bet ween the first recordlnaﬁla yer 26 and the second

PR Of dnaegelicapad mP8-magngic owihg ginickiaces daygr P2oensbles Grpraygd
F%ﬁlaglbl{ ald ﬁﬁ(ﬂro‘f“ﬂﬁ%eéo"f\)f %cogi@hg e s'té?ﬁ tdace |ayer 92

or me first recording ayer 26 in a step
142. Preferably, the interface layer 92 10 is

tti:l}tlt: ?hﬂ&lr%ﬁﬁ%}?ﬁ%rl %‘ilgl?)f atrgeﬁhddaﬁ%rfopg)?rmnésa cﬁ{i d ﬁ&%gadmedla

ere rou ayer 'S pre era
adde slﬁcrvomnd“rié} 6f Thedh®elserigeinedimbend sloward FAGnHY, abllnplases

:Tﬁc% :ra]ltnarlalerplerlltsn 9 s nggt?atg fZ nﬁ%negmﬁgé‘ﬂ%e[‘?ﬁ h g{gtﬂr& re%ﬁc%ng

ace layer ena’les
taynit Idndndmfsectdmé reeatimglaye@8r d lmgesbmtens Bl rbletrqzretoahmsﬁelctural
vent i

15 fifth odi nent, of .the i a t hod , 15
rerrﬁ%rtrrlﬂrsn@fe s oR P it PR BHL 8 sl A 24 Bt the
rst Pngaldnion dat Gtcage lﬁiﬁiﬂbﬁs o ad th‘é'lgEWGnd plubliGy oflBata storage
rises two main e nts st
decanos qe2b avaspwl%vrménﬁmr recalingdeet tgr %r;‘;%rrdd rsgording
Y B SR RIGHec8 P iR emBYEMe @£ FIhe a@@m(rrpwea MSreinn
relation to the structural configurations of and

positional relationships between the storage |ayer 24,

aipd sﬁttk?rat%olzf b BE it WnbbiliténObr Matideaticd ﬁ%plb&@awtlpﬁ%over
32a and the second plurality of data stora

lyeab? sgked adiacentrtedisofiet fge wPa Af tedirst rregqrgmedarea Phg The
c@Ve‘?ﬁay%ﬁQ?a&gfetrﬂﬁy ﬁz@%g%gtufa?ﬁ%sq{l%ce of at least 80% and a thickness
substantially between a range of 10um to 400um. In the fifth embodiment of the
invention, the substrate 22 has been spatially altered and disposed over a face of the
second recording layer 28 outwardly opposing the first recording layer 26. The
second recording layer 28 is therefore stacked between the first recording layer 26 and

the substrate 22.
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| ayer 28 with reference to the first enbodi nent of
FIG 2 are incorporated herein. The substrate 22 of
the first enbodi ment of the invention is replaced with
a cover 25 |ayer 95 stacked adjacent to the first
face 30a of the first recording |ayer 26. The cover
%er 97 preferably has an dﬁt|cal transm ttance of at
& megph 1éﬂdtha subfitrateridsis forqgRdn anicpditby Thetseroad repording
fag&gﬁ% Rf thdiD Yohnell QuAORE Wibstdalt 306 §isfeh 48 r‘f@ﬁ&’x’vé@ﬂ% 16 first
invention, the substrate 22 has been spatia
weerdingdayghdo éwlggu bwedd theegonan f gep 168 Epantuadly emdtep 149 the
r
CEEPRR | 855 4B SRR Ko RRO% Mg BBl Bty o
t@et Itaeyplef)ﬁ) ne fgned Idwdortaet)ﬁ/\séwnt leestihiz,r palymercaatich n@tlh@,y@nn

%(E%lg% i % 8oa§1£g agg fprei,ss a—%asgd ][arglfmatlonlzgr e‘i“rﬁ%g‘/ C[ihe cov’gr ayer 95
fiethondidagoesl sayneing gdcéss otidednhak <bemﬁ6nﬁ5der t he subst rate
22 in a step 147 followed by the first recording

| ayer 26 being forned thereon in a step 148.

FM@ rdlbtéiabtbﬁélgé rineghzgt% pmlﬁahfltﬂ:g &mboaient |1§){J@dffer951yi for a short
orned an onded onto the first recor
PR eRpAser Eg‘ﬂé%we&ere?xama&f;éPS 8 Ylgle?'&f‘ﬁ{?ge%‘g %Bn's ua?d for
8&eMBNg tifeaddel BEhm P! MBS FiFRehBPdifRSE tRJaseBBdath is transmitted
coating, die coatlng and @ressure based | am nati on.

]—l‘

Fﬁ‘%ﬂé‘ﬁa"é‘l’f%e prediac Broyghy B comer Raygtt Hor ThsoRMgolyen95 is
Gldbdrdt@y PhOGESTE 9NG&s tonlaa§f bﬁo@%afb‘aﬁﬂ@d celli&ed@iRetate and

Storage nedia 94 in the f embodi ment i s preferably
pydieycddpendadiene v@m&y@n@ﬂhmwyer and ghnetbyinrenylacfydate  and
BEAEPLT A% QLS h ol e L0 rod B Ay
#\kiéitibrazﬂlgr tho eavarilayet © ansfurtherefdrmabiet loy ozt & wtnecmag@ frdldwved
g Ig:glﬁl?gyanﬁgguem%%ﬁogttﬂrlo@ %ppgﬁaet;gglfo pag\ér%gsu}co%aﬁlg%we acliheswe
a@bﬂ. UthixkBesk tdlaaedealf heanckr 1930t Yis pretdratpe netanbre dan 3 pm.
(met hyl ) met hacryl ate, and (nethyl)propylacrylate and
15 formed by one of solvent casting,

ROJiMABMbE@ e b Q%ﬁlb@ﬁOﬂ%]&h&i‘ £30fot REmARtaRESstorage medla
Addltlonaléﬁ the cover layer 95 is further_form

 ioMovGrngiinl o oBHa 44 SO EOMedia 96 gs ENPYELIRFHG: Hndomprises

lfi@éfhﬁﬁﬁtélé?ﬁbxﬁshﬁ QUERa2PP) d ﬁﬁfﬁ%quyegfm ﬂa\%§§ BHE oS 1hyeY €6
hesive layer. Thickness tolerance t he cover

hlapymecglsi jegorpingflayend, p reflctiveoleier {7Ramfigt protepveAasir R land a
f nve 0 d f r
SR RN S ARE S Tk el o’ §) ) il
datfgustionsage ane dioaitiogi! aslasmms ibetwer s, the 2toraggnieyérse the
five.min.. , r ¢
ﬁéaﬂv\??tﬁ\’ggq%f ?%’E‘F‘?ﬁ;ég%rf’%fﬁ%q?{ﬁ g% g%%%e s&ond Blro?egﬁvé f’ﬂe@ g4afd
the first plurality of data storage locations 32a and the second plurality of data storage

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

layer 28 with reference to the third embodiment of FIG. 6 are incorporated herein.

The substrate 22 of the third embodiment of the invention is replaced with a cover

layer 97 stacked adjacent to the first face 30a of the first recording layer 26. The
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and a second recording |layer 28, a reflective |ayer

72, a first protective |layer 82 and a second

protective |ayer 84. The descriptions in relation to

the structural 25 configurations of and positiona

rel ati onshi ps between the storage | ayer 24, the

reflective layer 72, the firl$t protective Iayer 82 and

tdver Bpaddrefeisblydues o optipgkirangaitgnes oftahkeasti8P%t and a thickness
t lo on

Hl ura allwgeg%eegg‘t Ignée: gf; g(g@l I g@lﬁ oﬁlséﬁgggﬁc grﬁ]&g{grﬁgﬁd&q fle

wwt:lhlonh@e fsulrsgrate28dws Heangpphtip)lpralt@ed andldispused evawndace of the

[ f . thir .
RSN 7 SR oMbl SNSRIl Bl g
bytrsi2riatiercdd@ec cfackddeetwrien theesetamd ipnagertivolaytihid andvbasibsimte
%Z replaced with a cover |ayer 97 stacked adjacent to

e

first face 30a of the first recording | ayer 26.
The 18 cover | ayer 97 preferably has an optica

nsm.t e, of  at st 80%. and a i.ckness . .
b e mten SRy e Resn TER ot o7 Sebiaa + BeassHive sy 72 i
tHRe f&invel bvebediub®ite Bf int N 6tep 115¥ ERNlowWRA byt e s&ddRS pFddcBive
22 has been spatially altered _and di sposed over a, face

et %@en}gefmr@f@t thereon iyaester7i36 o fphavinely. fbf) %@F‘h@c?lﬁ@g layer

S GANPLiRL ?&Md{% ia@"éﬁe% Gl fo-lrrh«?d befihee %cbx’{(? plﬁ)técﬁy@ fayé84
is therefore sta bet ween the second protective

reapesHveEy ingheien he @@wsﬂtqpa%Q The fipshprokstiveelprs $2 isthen faymed
%H@Stﬂer ﬁ?s? re%grdﬁr%elfﬁ%r%qn fde pE\Jeﬁ?uall};r hea Et%éll@‘@tthé/ €over

I ayer orne er the substrate
@c/errfﬁllsﬂon‘nod hesllecthdid; oty éles”eﬁcmmeq@we)tae@t&v draferablyythe c@epr

pa e[n(97 E?&ﬂ%éj* 5/'3% ?P&l\}en‘[ c‘%%t 1§iﬁ<§rizfa!: %a?y\ﬂe%gé g’coétﬁnﬁ die

con recor ayer
Ic«axymg and pnessufeelmmtj lzmmnnthm sé’mafmdblpr dteecbvevelajmy@?r f@uther

ectivel n a ste 8 a a ste 160. The first
LRBRER b v eyt B et SRS hver the first

recordlng | ayer 26 in a step 162 Eventually in a step
e cover %§ 7 i.s. formed and bo
y5¥

4, th
%?? s‘lﬁti‘pﬁt&a&%t‘f‘%a 1§ oSIXIBy EPRILBEY 1S (BT e@gl?/e °r1% s
I\xiay@éngaﬂabe‘i ligRY sFefde ivr @{&ﬁlpﬁﬂ(ﬁcﬂn\/ﬁﬁkt BRs tdserddiode, is used fc?r
yneri zation castin oatin coating an
ﬁ?rzsg%uséh%lageé&%ﬁ? ARtk sopdimsgs ;‘7‘“’d1?%?é DeaRy é*rtra%a%fﬁd
o fdiat fi6fage WRARS 9O 8BrodglC el AFePIHEETE OMeecdvler NBSr 97 is
been forne% The data storage nedia 96 in the sixth

eresehlremeds sofppbflesshbpip fobr pelyearonpte, zollylasee|tesrgtafe and
lp@?@fcyﬂé&ﬂ@lad? QT Clne éﬁﬁfme%emmt@ 402 raﬁkm}/ry,srsﬁqume and

| S use for gener at i ng t he aser” beam 4
formieh dysingtdf selvbuiciasting polymerizasigrcashiag and sllercroahlsgﬁrletheérs

Additionally, the cover layer 97 is further formable by one of spin-coating followed
by UV curing and lamination through application of a pressure-sensitive adhesive

layer. Thickness of the cover layer 97 is preferably not more than 3 um.

A seventh embodiment of the invention, a method 170 for forming a data storage
media 98, is shown in FIG. 13. The data storage media 98 as shown in FIG. 14,

comprises seven main elements: a substrate 22, a storage layer 24 having a first
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into data storage nedia 96 through the cover |ayer 97.
The cover layer 97 is preferably nade of at |east one
of pol ycarbonate, cellulose triacetate and
pol ydi cycl opendadi ene, (nethyl)nethacryl ate, and
(met hyl) propyl acrylate and 25 forned by one of sol vent
casti ng pol yneri zati on- cast1|9ng and di e-coati ng
recerdingslayer Afdind orvedong reqording dayer 28.a8 eeflegtve By¢rur; tefirst
gﬁm n p { I ri
él%ée m?agg%/ |89 gt %rrz%xﬁi ht%te%@ llagtgrl fg% Jo?mﬁ%rfapey laWr @9r ! Qe
fesesgione irsehasipn tosthe ammgalvc@nﬁglagtems ofrmdcpasaional gtlatidnships
§6V8 cn. the )é%agaq% IZE rtﬁ flg?t%\)révlnm I7g,?]t51 mter?z%cF'Gl)’%/eif}%Qw first
prorariiviglagerdidt amdsho kagad proediiee Bfer 84sand ibaviirst pluFdl@ ofl@ata

L6iet R ROLOVER il e inh Pt o Byp ey loggtions 320
Sdrffﬁﬁgﬂlﬂgawefthaﬁrshmmﬂgugaaﬁer 6 indliBe secabiechrdigg Ils@/yte:IS 21h

and a second rec a reflective |ayer

e‘e‘}:feﬁ(? ’§ ourfhexy 8 esbf’ﬁﬁ@ef? argﬁcoﬁ’ogé@jWGS "Srot ecti ve
| ayer 84 and interface layer 92. The descriptions in
relation to the structural configurations of and

PO% U0 EHE L2 o0& thgt fos pinbrdim e ohsrinYgREoRs iSgeRlgeed) viffed cover

%ﬁer §N&adiRf l8fabdny % Itlféyﬁ%t fhde 36NEr ma?&&ﬂe&%ﬁg%%& 92, The
first 5 rgr otective ﬁer 82 and the second

povst byen Peprpigipbly 184 aaﬁmtha wansmitiencqypfiat iastt8pYpoindggthigkness
%b@(aﬁ@ﬁl lb%?v@éeh qr}zctn%%fg 1@{111‘;1 b Q@Olﬁ@ Cﬂﬂqe in,\}éﬁl"f’lltell}]ﬁeb\é?ﬁeg?@ft e

st or age | ocati ons correspon I Ng W t
frecaiodi g shipjrate 226haahekent dpatiadlyadiagd nad dispvsad) overypefacgf the

Y@ffelcjtlverlgyt 5?'8 t@vat‘ﬁ%ggb%élng%etsjgc '&J%ch JIR g;ayg{ SL{: ! ﬁle r%ﬂgcr‘u@e

|ncorpora ere he s stra he fourth
tybo mﬁref@rfe stalleed Wnltmecwdrmpibcawedam $haml thowwhstrate
yer 99 stacked adjacent to the first face 30a of the
I'rst recording layer 26. The cover |ayer 99
preferably has an optical transmttance of at |east

ol ordnive o 2808 KPR 3 op T B ARANe T 72

Y &BkédAd ptofR tisdllagérrsatage Ben hmedaaeme Sitrh@I22 Yespbdtivedn
and dj_sposed over a_face of E 15 retf] ectlvg?l ayer 7

duteRal’d14pd Spisdst 1y ?lrfeseg%&florﬁaor NG 2§ s Thay dormsy overthe

c&bh® ptdtatlve lag¥ess ina kep I e rahoke b§ttl@&K1%ﬂfab@Ia\9@eﬁm Iuhiethe
second cﬁmt ective | ayer 84 and the substrate 22,

{1 repetdigglayer 6 helie forimrsk thefeevep pespestivly kel sieh 180 §P‘éb step
162. SI;BQ&]UEI%{}J %tﬂléﬁj)rét@éfﬁé laZlgr 8221'9 tl@ﬂ Fork2g 0§§Q9é"ﬁ!rst recording

protectlve ar e formed on the substrate
melré@pemstienéﬁﬂr ifyerjualbyeip alsm Hifd the epverplagez@? iyfgrmed and

&5 %n{oetﬁtpﬁ%k Bl%telcﬁyeel[ay‘g%l' %réfggﬁy, & E'@\gr ﬁ‘f&f 99tlg formed by

one of solvent casting, polymerization casting, spin coating, die coating and pressure-
based lamination. Preferably, the cover layer 99 further undergoes a curing process

once it has been formed.

Similar to the data storage media 98 in the sixth embodiment, the data storage media
98 in the seventh embodiment is preferably also for a short wavelength laser light

source, for example 405 nm violet-blue laser diode, is used as the laser beam 48. In
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second protective layer 84 in a step 178 fol |l owed by
the interface layer 92 and the first recording |ayer
26 being forned thereover respectively in a step 180
and a step 182. Subsequently, the first protective

| ayer 82 is then fornmed over the first recording 25

|l ayer 26 in a step 184. Evefually in a step 164, the
tho\serenthagmboddigents the dasee deaamds trivomated iotet dpta Merafse mesdia 98

' lo08 i

Fﬂg@%&g‘ie’bé;ﬁe Zeq 9P 2 evéﬁe{rq ag%ﬁy lns d;'r&graﬁlgl nrgz{rdezogké?feag%né 3f
pcdscta'rhmgate,smllnlosmatapengs: agd polyd;eetcﬂqun@ddn@ r(esthulr)methm;;hd

RABRe B 5L B S, SR MLl Wl

%tu&‘g amdl dA¢-cdading Inﬁthzbdt aASdlmimgg thechvar Eﬁerlﬁ@ it Aethst fotrhable

nmbodi . ment r int n
Bt aeneoriide ARuRBgY B e indi folelrapBigenora
pRsRfe-deh@hife adiRUiIvE dayet. OrTlﬁbﬁl&lﬂw Blediifoe NUN Mk Wo@ér Rlvete99 s
| aser diode, is used as the |aser beam48. In 20 the
8@9%%Nmm%ﬁ%6%ﬂﬁ%ﬁfm’the | aser beamis transmitted into
data storage nmedia 98 through the cover |ayer 99. The
cover layer 99 is preferably nade of at |east one of
pbd yeealdnghiaefethe dstr hehosid inrepelvedt the diry telseventh embodiments is

d
PR PSRRI OB TSN ) BEMEARMLEL of 0y, v
oak sévagth goiodimenitsz dhd orvdengtts of rﬂ@ auad bliag+ é&atsechgherem is

E%%ebzﬁ%f Wltﬁg% r!c;lrhge ?beyﬂm EP(?nmC Oé/ ec1ﬁ 9 e%or%%cho(ﬁ' tlfj\firsp second

i n=coat |
thivd ahdlfnulnlﬂtel‘rﬂmdltﬂ’ehm,ltgh wamd:ngdﬁiﬂthmla@fr béam 48 used therein when

ressure-sensiti sive | er n oler n
B oS 06 Fela, M7 QENAER"D et s G5 R ) oo ey
WithihQ: rhig ¥R60BhANG teA0GH. tA!ﬂlﬁmloﬁzﬂE/f fd¥@adn dBhé ﬁrs@adébbrﬂfthlrd
the first té seventh enbodi nents i s preferably Wi th

and- oHGR eupodmIgRimn 1o Varish Hdhe resr begrg A8 digrdhthgieiny Waen the
fiddh &Brags el 2080B08@VENL dnRtDAGH (@ﬂtlsspreferh%l)”@fﬂﬁh gReHob of

of the | aser beam 48 used therein is preferably
W4 1§ 890%nge of 200nm 450nm  Specifical ly, for each

9fe Fo'ﬂ@wfdgreﬁ5111&1%@@&1%5&&@ bérgnﬁdlgecftsodfr tltlé"m%ml@g | el stora ge
t he wavel engt he | aser beam 48 used therein whe

m@dlﬂ rad dag @e%l@@ Herglermisgiteredy and/ s@gulé @of ke ke g§ tigiting "the
8§g&&%§ disc (DVD) is preferably wthin a range of
nmto 660nm Additionally, for each of the first,

second thlrd and fourth enbodi nents, the mavelength

e {
LA s U E R TR TR
M@b‘féﬁl@bﬁ)ﬁn&\ﬁﬁehﬁrﬂct&rai andigumafion of the data recording device 90 of Fig.
8.

A polycarbonate substrate 22 having a thickness of 0.6 mm and a diameter of 120 mm
is first disposed on a sputtering system. The track pitch is 0.74 um. The first
protective layer 82 was formed from a mixture of ZnS (80at%) and SiO (20at%) and
with a thickness of 90nm, while the second protective layer 84 was formed from

(ZnS)g0(Si09)20 with a thickness of 10nm
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750nm to 800nm 20 The foll ow ng exanpl es denonstrate
certain aspects of the invention, the data storage
nmedi a and the nmethod for formng thereof, and shoul d
not be taken as limting the scope thereof. In an
exanpl e, a sanple di sk was prepared I n accordance to
the steps of the nethod 25 2140 of FIG 7 and the
structural configuration of the data recordi ng device

?E . Bist fek&dingd 'eAQ(PQILaQ’ 199f‘5’1¥1% @é{@[ﬁﬁ"lf‘; %h@s@r%aﬁ@\%ﬁgna@ and

ness O mm an |arret er o first
Ueivgmxsthctkmss af %Qmm t ‘Elng m@rfggesltamm% Tae fqrrnaé lfrom &Z@ﬁ)so(gloz)zo

&Jﬁasaé Micd gsgeéﬁo;gf@ go gggggc%;a 'refc rdg?%ggiﬁggatw%é gmm

(Rbfdﬁ:oanﬁgwemkowsd rmfterﬁxﬂ) and hastui ﬂhekndse o§2pmndAp raﬁir@ndrmveed
ns

thﬁyfer 1ecor llclﬁ la_}( m?f tﬁrehsec?n(d c)rc%né?aly 2282 gfmw{he s?éag gfer

t@rned fron1a Ge2Sh2Te5 phase change naterlal and
havi ng a thickness of 20nm The interface |ayer 92 was
formed from (ZnS)80(Si 02) 20 and has a thickness of

148ac56lﬂhnc$hﬂtlﬁﬁt€ﬁh6!ﬁodi e4sHing, tha)tﬁlecﬂ& Mg 10 oage chidkhesslof
FeCo nagneto opti mat er and has a thlcgness

é%ollzsmﬁ wagsfogpet Bpmrn; @h@é@y ongt h% pplyrachonats Ybiaifg2d Ui @

Z&m@ 1R 08 aRB dirdt §RAL VD tayeAYE hnd fhe fsOfdNB 5&&&@& Q’z[y%ﬂ 84
4, |In accordance with the nethod 140 of Fi

M%e ﬁoemdelex R emaeageen spoitering. aT}tehﬁfé‘k’ﬁé%féméflayeil@6’1@9ﬁ‘?ﬁ0“d
?&grd‘ﬂﬁs lanytr Q@dantlrfﬂﬁn @flectile %)Jepw2oaextehﬁ>rrﬁéﬂ %9abéoﬁ§§r%tron

substraté 22 using a sputtering nethod. The first
pmtstte@ag invan aragreptn®PheFRd T}h?ed%@“@b merp(r%ﬁ@d@nwlw bppded @er

{e%%lﬁlya @g égg?rg\?;%gr; %Hﬂﬁgeﬁqétﬂ&] The first

recor ng l'ayer recording | ayer 28 and
the reflective |ayer 72 mere formed by DC magnetron
sputtering in an argon atnosphere. The dunmy | ayer 66

@e qgs%mnléa ry‘PléJ ‘aﬁﬁ WaO Wh mﬂ'éll%eﬁ eﬁﬁll[' QS i]aﬁéart ﬁea?nz \\yi\fht l/lclr@ing

Fesi neus| pI'n coat e resulting
smgmhele din slanjmlotl heth am E)ttcradillwammwl bhs andgaser ﬁebéar"ﬁhrough

vax nlg %égr}%tﬂg%?igtpe Eiser%eam fcg:rq nlj-tlgl e'T gk‘ty\érﬁamd)%] %mk different

\Veaze})%ldﬁgeﬂdaévitgagﬂﬁ blntdeecbﬂlelteﬁeml aﬁerrebmam faople dlSk was in the

le. disk, different 20 | evels
SFmF%?T éﬁ?vgggmeﬁ“§%%fjgﬁgsef%%?efronl The resul ting

sanpl e disk was in the

Fig. 15 demonstrates multi-level reflectance for said sample disk formed. By
applying the laser beam at varying wavelengths of 780, 650 and 405 nm thereto, Fig.
15 demonstrates that at least four levels of reflectance and therefore data discretisation
can be distinctly detected therefrom for each of the wavelengths. Although the
variation in the reflectance is small for the 405 nm wavelength, it can be further

improved by optimizing the physical structure of the sample disk.

Fig. 16 shows the results obtained from a static tester when applied to the sample

disk. The parameters for application of the static tester are a wavelength of 780 nm
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15

20

anor phous state and therefore had a | ow refl ectance.
Fig. 15 denonstrates nulti-level reflectance for said
sanpl e disk formed. By applying the |aser beam at
varyi ng wavel engths of 780, 650 and 405 nmthereto,
Fig. 25 15 denonstrates that at |east four |evels of
reflectance and therefore dafa discretisation can be
fhir ghei lpsst bgpnuied st acrpmenistlaperons piol-5 e Bighl @furthpresshows that four
he
@lﬁegep %%1 E%l bleélllté%gll{? E}({)ér?%te% \f‘r@&oﬂ%I ér??nﬁs\ll\%la({/lSe ength, it can
be further inproved by optim zing the physica
structure of the sanple disk. 30 Fig. 16 shows the

Fﬁ: "lué g%?@h@%? g%t rgvas i ﬁe aﬁzattlgft]:’ LR ob%f?%l@ﬂ&w R ]s’}nﬂnle

paraneters for a atron o
ﬂisb wsth atoise ntrssat\etengméasar eanedSe digg. H 7 dtirthES Ghomsntm a révprsible
ase, i.cal apert ur e
FGet 38 e PRl MRl OF bl ReqE Rl Bhed 23,ig e

behiamblet Ehe daa Eapd)datﬂsf&dn fhe cenondh e:ceralrrpgl leyediissiead B3 dpteclidg
t t h f t
TSR A B AT S B8

wavel ength | aser beam 48. Fig. 17 further shows that a
reversi ble change in the polarization direction of the

ond rec achi
AR ERILER PN o s B PRI o s
Bend alyngaatiedith ngis 460 ¢onipamattanieomnbit idh@ restriction of most
pol ari zati on dlrectlon of the processed beam 50. 10 As
GQWBW&“a]aqpé‘Ba limedi gs. 15, 16 and 17, the sanple disk
is able to store data of at least 3 bits al ong each
data axis 46 as conPared to the one bi

dat ]
el foregqipmmannepidats iIpgedRtding 2 %ﬁb?‘fz%ﬂf e‘w&awtwv ghereof

'iéq@est:x%e@g&b&%n@%ns%%n 8mbRfiderit OF AgLiNBHIoR RBPUddessing the
net hod for the fornmation thereof 15 is described

seregsing digadventagey o cerNsationsb Aeta storageeediny Aithough gndy seven

3&9&@&%@ gt b %w@&fo%%%[ (‘ﬂgcl(gjs'eﬁ qavm%% eerto GRAXAR Hrpt'ﬂé‘lart

ata storage nedi a hough only se nbodi nment s

of vieweofi thisehsclasnreatha rwmmtwamges and/gr] mocbﬁcaélppatm e made
skill s di sclosure

vht%? de%F‘?ﬁJhOl]&%}ée g s? aélcrll “?(gf%\é BL?@E ion can be nade

W t hout departing fron1the scope and spirit of the

invention. 20 23 Clainms 1. A data storage nedia

conpri si ng:
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a substrate having a nounting face, the substrate
being fornmed with at | east one groove therein along
the nounting face; 5 a first recording | ayer having a
first face and a second face outwardly opposing the
first face, the first recording |ayer having a first
plurality of data storage |23cations, each of the
Claimé plurality of data storage |ocations having a

i rst I ing variable through at
FeastA?a%§sf§Fn%d QSH%Mﬁggating a first data val ue;
and 10 a a&mbﬂd&ﬂewmmdnngnMayémeau¢atﬁmMebdngﬁHmséamhdt
facelof t he % gmqg)ng ébethe first
recora%ﬁm““g?@F ‘%mﬂg B aCKET"HER Ween the substrate
and the seacfstec®ding dhyeghdvmger first faee sieCoOmdond o ditngrdly

| ayer havin con plurallt of .data

| oearsrnane B distdreey e TR At RS RTYE o gL ety of dat
St or agéragd 106a{ohgREHGMh grsapmch@n@r Rbysoagd 1o@a&mﬂeha\yng a
bei ng_ vari abl e through at ast 15 two states for

i ndi ciey BiysiseleensHy bane aawlm%wueh at lpast &yo ﬁﬁ%foas dpdicating

propey fi¥t & Nue; dhstinct fromthe second phyS|caI
property, wherein each of the first recordi

n
and the sdcersand exerdrmdpyraygdipcent o dhg seond afg ¢6y0 the firs
Squo{iE(ﬁglnPXa theS HR?RJC@M ga@&r %@ﬁ@ s%t:ketdhfct\fléeﬁﬁﬁe substrate

recor and the sécond record bel ng

st ackad tbqeqvcoa@hdeco{skmslamg tlﬁesemdrrwom@ng engoﬁ SQCIQéd
subst s oq”%gitavgﬂ)g{ 'chaﬁor%r OLASY ﬁl‘% SQ&)%@ Iﬂﬂyl J{']?f Eét{t §tBrage
and s con physi cal® properties sse

IaserbbnanshawegaeﬁambwmwdsHWMHmﬁymsmgamddﬂeaanM1atkaﬁ
recordin [ ocC

ini ti 30T BY° fa?nglcé%ﬁgP %%eﬁgn dCE @Vag‘heeggfﬂ (Huysiea ,Pfqperty being
pl ur adibtinet ﬁf)mdl@d@c@quihﬁsj@il popatyi,ons with one of the at

| east two states 25 th eof determ ni the first.

physi cal p\?lgbeé? F‘V ogﬂwg ﬂﬁgg&ﬁ&i{iy§a 4}&? ﬁeeconcfl recording layer

cor r egpaneiAly epoatd bhthe SE6:00E aﬂh uml dfttb(e fifst thabrding layer
storage | ocations with one of th gast fwo states

t her eBH thetesPA 15FGigng ﬂ?é/e@;l&ewcbmve& 4hd gpRpsiEe e meypding

firstpaher Beamechi®RYgi cal properties of the processed
beam bei ng respectlveI¥H i ndicative of the first and

second dat®hepdn adsocssed heang Bk shtndngederhypic! peopsties

firstispldteabl a¥mof ladabains iRt So W RGPthb BRe aﬁd“&c&rnﬁrecordmg
correspondi ng one of the second plurality of data

st or alggerb.obatdsemieampbeinthpropeserdaindiglly hy cheaparrespontiingtane rof
conpr &%'fﬂ&'plurallty of data storage locations with one of the at least two states

thereof determining the first physical property, and subsequently by the
corresponding one of the second plurality of data storage locations with one of
the at least two states thereof determining the second physical property, the
first and second physical 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.

2. The media as in claim 1, further comprising:
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24 a plurality of data axes forned substantially
perpendi cular to the second face of the first

recordi ng |layer, each of the plurality of data axes
extendi ng through a correspondi ng one of the first
plurality of data storage |ocations and a
correspondi ng one of the secddnd plurality of data
storage % bowdity ofglatanwkes eformadneubistasieallyppeapsnidipular to the
furt a h I

ances, i REE L HAD g oy ok oLy ) of e
of t hextdnidmgtthigls ik catreypongeg bye ahthe ek plhmliyecfodeth storage
Sg{g:llggaltltof sg glﬁ)(? ! Itélorr%gpFoElgf%goorrllgsc:f%m%a Jeen 3Nng d)?tﬁalgtﬁglfe&aﬁaaﬂgt%ge
el ectlbonioas,spi n of |ight being one of transn1tted to
and refl ected fro the first n

second redrdR HyY S§§/§ m ‘fgurﬂm %‘ﬁ g‘? %‘g of ﬂ’eé’ﬁ'ﬂfgbt?’ of
cl ai ngatalax@and 3, the substrate being fornmed from one of
pol ycar bonat e, pol ynet hyl nethacryl ate (PMVA),

anor phous pol yolefin, ceramc, glass, netal, alloy

and paRehedi®as ihh@y BB dlamnsaSard, 3nsh @fthetidi }Ff’é/skalt]ﬁoﬁbrty and
the substrate haV|ng a thi ckness . 20 substantial |y,

bet weBf seeopdplyisical PropesinprEresPoRin Vitheone pheeligelancs. palarisation,
any Oéméﬂ ?r‘eiﬂ%t ndy, t@a@ien@!ﬂeaﬁd" fLi&lie el B lfg‘ﬂf rﬂ%%ngne of

one 0 I'on extrusion noldin

The rr&e«msmlt@sl tpnanénlyﬂ@cftedc?ramn@e Tirgtoregording dpysr rangﬁbe second
first, ?MQF%ﬁj . property is reflectance, the second
phyS| erty is optical polarization, one of the
at | east tmo states of each of the first plurality of

t .
ga a %ﬁ#@&? B%% opaglg}scl d%sﬁggﬂosstr%{\@ Egguﬁgg‘{rg}%g;ﬁ%gf&e of

evel ereo one ['eas
each pxﬂydahmnste,c (pnkjnpthlyt ahgthagryddte dBMM A}, caragphdus cedlyaefs,
corres onds Wi th cal ., 30 polarization |evel

t her eBf2™§: g$ﬁ€nﬁ§pﬂ(wggdpﬂm5ny of clains 1 to 7, the

first recordlng | ayer being forned froma first

material, the first t rial i n hase_ change . .
Tat or T3 MGABRAY, Ho 25 OF aﬂp%dst@ fw% orHHBE pRERE o thickness

bei Ngsidktah @RS bebndBn & Fangd af d. Aty 2mevel s, and the first

0. The media as in any of claims 1 to 5, the substrate being formed by one of

injection molding and extrusion molding.

7. The media as in any of claims 1 to 6, wherein the first physical property is
reflectance, the second physical property is optical polarization, one of the at
least two states of each of the first plurality of data storage locations
corresponds with reflectance level thereof and one of the at least two states of
each of the second plurality of data storage locations corresponds with optical

polarization level thereof.

8. The media as in any of claims 1 to 7, the first recording layer being formed

from a first material, the first material being a phase change material with the
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physi cal property of the first material being variable
between a substantially crystalline state and a
substantial |l y anorphous state, wherein varying a
portion of the first material between the 5
substantially crystalline state and the substantially
amor phous state varies at I[%ast one of reflectance
and tatdeesihivtor tidtesethereot bringodfrledsbivaorystpllinity fegels, and the first
mat er j;al: ' j ' - LE St :
rat or AT R dr o e Frsealp Gkt Htyegh lsubstantialy
sel ectrdelfirentataand wbstardialy ahorphous@tate, Sb, Ga, Bi, Pd,
Po, Sn, : 0 1n, S¢S ani

recordi ngeﬁn%fég?i \éﬂri‘gg 18. p&ﬁ%n n%fd?fée a@sfﬁg%%agop&glf%ﬂ nt%e
8 andsuBstaittialy kirysmtlinphyesd aral thp sulpentiyilyodmarpkoulsistasd varies at

mat erj al bei variabl.e by g | as beam hayi a . .
g FAHERe QEISRRgR ey HarcR gt g 8 AEffe st Material.
corresponding to the at least two crystallinity

| evel s. 15 11. ,Th?,rre i? ?fs in any of cl acingI 1to 10,
the sEXORAdiRASIPAHEG PaYerirgantigria fisHecdads BAPa? &b rae
nat erdighent kEIECt&EROM At [Badt@ht 8f' THEGH)GbAGHERINEY, PoPRh,| £IA,
materjal with the at |least two states thereof being at
| east Mt Wo Spob Brnd gisryh receidipgdeateryiy t he second

physi cal property of the second material being
variable 20 between two optical polarization |evels,
wWher eTlie mediy pnin aeof sliiong aph{sthe drst phsiral pippesty @f the first
porti ARl b'é{ﬁ% vanfHOBa m@frq{ehlﬁlh_agﬁé %%ﬁniu@, %@%ag?ivtuwéie of

opt i cal polarization 1evels varies the at |eas

pol ar the tsérdeamcatrespousting tagheud teaptowo ofystaHinity dayelsd
material. 25 12. The nedia as in claim1ll, the second
mat eri al being made fromat | east one of Fe, Co and
MNi. antheamellieastinomg of cldiims 1Cto, 1@Gcthe Bycon&rpcoddting Myer Peipg

Pd, Ag,. Cu and . 13, The nedia as in _any
el i o pmSseott PR e Biiood BpiFRPLAER i Bla
30 semetadalnwitiethicait lbast mgo wiates alpdrenfbgingeatleaye ner atdledzaiyn

the | aser beam on th ortion of_ . the second .naterial.

and o RFeP B rBRrTIanYBR BroRRGhet PSR Bap 1ogt ol

t her ebddweehGwo bftical platiebmdleads,i n any of clains 10 to

13, the magnetic field being generated b ne of, K a

per manent ‘?‘rléf‘éﬂ%tvaé}ﬁ%g S &ced Pbﬁf?&ijﬁé?fqper&/ of & 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.

12. The media as in claim 11, the second material being made from at least one of
Fe, Co and Ni and at least one of Tb, Cr, Gd, Dy, Sm, Nd, Mn, Pt, Pd, Al, Au,
Ag, Cuand Mg.

13.  The media as in any of claims 10 to 12, the second physical 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.
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15 The nedia as in any one of clains 10 to 14, the
corresponding one of the first 5 material and the
second material is deposited by one of vacuum

deposi tion, electron beam vacuum deposition, ion

pl ati ng, chem cal vapor dep03|t|on pl asma CVD, | aser
deposi tion, spin coating, mP%ecul ar beam epi taxy and
$put t Breimgglia as0in 2ay ThdaimedPdo &% thamagnptiofield dping |zanasaied by

to 1% 1%%??88]é1ahaﬁn‘fa Be?tagaﬁf:@écg;'o&g le‘?yer and the

second rec el ng by sputtering of a
m xture conprising Argon and at |east one of N trogen

q o . .
75" KA MEpShEand ot e FOR B AR, oo BliaRh ofd &y BP o
pr openityridfand hiee $eicost maeddrislidegpsitaly/er osenaf t/etweursedcpqmition
physi cal he.second

e BRI BRE aH A 5P R e o Rt B b SR Yo A
wav el gasgiah Camg ]SﬂeEQK‘:ch;moﬁ siith reostinggtmdleatk tend @itatyhand
| aser bean1and the processed beam 20 18 The nedia as
in anPU8"& aims 1 to 17 the first recording |ayer
being forned froma first material and the second

recordlng | ayer being formed froma second material,
Wher ellie mefia 85 papy pag riains | & brerchpf e fird respiding laygr and

and t e sKBAR RS dHQQayé 3919@ goﬂ@@tb? rsbtﬂterm éf ao’gmgtgre-gaﬁlprlsmg
rredlaasmanyone clains

conpriggongnd & lessiane OFWCE@FQ@XWEW@@ adJ acent to

the first recording layer with the first face thereof
opposi ng the cover |ayer and the first recording |ayer
bei ngTlst medizds vemyoé plainkmel tocﬁ/wherblawéleasir@de phthe first physical
lsgg::pgrggtﬁegrtyot\f’mﬁ %Irsrg ré ?dn(l: Ofﬁ?er angyt [ egéréﬁﬁlgyl%gglg rgbeeegy of the
pol ydsecyrcl mpﬁmdgdhyenbamg Qrmectfhyfﬂe)cmad:dw aollaytealba, tang) frequency

ot i ol B AR BB of BuER! Bop 5 gt Becan e

processed beam.

18 The media as in any of claims 1 to 17 the first recording layer being formed
from a first material and the second recording layer being formed from a
second material,

wherein the first material is one of different from and the same as the

second material.

19 The media as in any one of claims 1 to 18 further comprising:

a cover layer being stacked adjacent to the first recording layer with
the first face thereof opposing the cover layer and the first recording layer
being stacked between the cover layer and the substrate,

wherein the cover layer is made from at least one of polycarbonate,
cellulose triacetate, polydicyclopendadiene, (methyl)methacrylate and
(methyl)propylacrylate, and the cover layer has an optical transmittance of at

least 80%.



10

15

20

25

30

20. The nedia as in claim19 the cover |ayer being
fornmed by one of solvent casting, polynerization
casting, spin coating, die coating and pressure-based
| am nati on, wherein the cover |layer having a thickness
substantially between a range of |Gumto 400um 21
The nedia as in each of clai 19 and 20, the |aser
bean1having a wavel ength substantially between a

9 f |

"o e g g 0T crtgrer e THAAG, Agh] ol Bfvent
be| ngcastiree Ipeldmd]waloemstmg, rirecamtivp ik retiog did gresayebased
with ﬁﬁﬁmf§¥°”d face of the first recording | ayer
opposi ng e dummy layer and the first recording
| ayer bei nghesdimdlice covoeayee hattitge a Shibkiesatwsandaltyhigctween a
dunny erein the dumy |ayer is nade from

§§$ﬂghgx%ﬁo @ﬁVkarbonate pol ynet hyl

wethacrylate (PMWA) , anDrphous pol yol efin, carbonate

sin ravi ol ur ahl esin, geramc a
6 asoThestedi® a0, B ISPt gy P enet
I ayersubahmgu? QtREN zbtélngmﬁmf)m‘hlﬁi £0hinon ol di ng and
extrusion nol di ng, wherein the dummy | ayer has a
t hi ckness substantially between a range of 0.3mm and

22 ONMpe RA&IiZ4s in I MBAIng 13518, @urﬁﬁyc&ﬁpr%h%' ms 22 and
23, the laser beam having a wavel en

subst ant i & dympetlayseheiag sapkgd aéfacmyg% thet %S’CWOWﬁf?rdmzéayer

The

compr oy B Seehll DS PR Recti eIt phsl e Plaver and

fi rstthe dedretiondjng tayerr beangdstadked b@Weenetho vubstrete gind itipgdummy

Iayer éhe interface |layer being optically transparent
to the | aser beam directed therethrough. 28 26. The

medi a as iwherdimitrn @Byt hger intredé fowm dt depelr orsaif pglytoboratk,

Inra? I’enr$ ?nlgte}/lamgtlha%l}gl%#e LEé/II\'XRﬁ egmog’hl do%ngaoﬂlo@n c%ﬂb&mte resin,

one gnet’i naghe
ultraviolet hght curable resin, ceramic and glass.
23. The media as in claim 22, the dummy layer being formed by one of injection

molding and extrusion molding,
wherein the dummy layer has a thickness substantially between a range

of 0.3mm and 2.0mm.

24.  The media as in any of claims 22 and 23, the laser beam having a wavelength

of substantially between a range of 600nm to 800nm.

25.  The media as in any one of claims 1 to 24, 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.
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5 27. The nedia as in any one of clains 1 to 26,
further conprising: a first protective |ayer stacked
adjacent to the first face of the first recording
| ayer; and a second protective |ayer stacked adjacent
to the second recording layer, the first and second
recording | ayers belqg di spdSed between and 10

f

26 kb Bedinder chen i i pieptecll vy Brmehforne of 2
Seconﬂel@&tﬁé %ttérl\é? a+dr"¥ q{letal}/@I %{a?e'rlgl é}ﬁ 09£ of :ﬂﬁigﬁétfcsatndqg -

second protective layers Is nmade edst one o
an oxmagmetia nitride, a chalcogenlde elenent, fluoride,
carbide of a netal. 15 28. The nedia as in any one of
claims 1 to 26, further conprising: a first protective
Payer Tistragked iadjnaonesz claong he 26} ﬁlstherfcam@risiflgt he first

recording | rote
adj acent toﬁ¥ﬁgk§%£gh§y %g§ﬁ? 83“W ﬁw { EFFrg%&:lgt
secondcdré@@laengnd ayers bei ng dlsposed betmeen and 20

st acked between the fir rotective | ayer and
second pr dt &EERY, Brategfiss ?aymgé%ieﬁ GREHt lﬁéecroi“% Jreosdine

secongdyq) @ice6itsk \agd | s’éb((ﬁfdsreb&dmgdlﬁyefrf @Bingt dlsﬂogﬁﬁ 'bet@zrd@ @hd
Si@2, SiOo . Al233 I n208, Te02, Ti 2, Taz0

Vo8, SRS bNre e (RGO IEe IeRan b oMo CHAE s e,
AgF, PdF2,ywigk&n andl oTithd fisemd sbbrpl %@cftect@@ 1a%'8rs i BRdREh at

as in each of clains 27 and 28, each_ of

cor r el§phAEg AgatoMddeop nitfife afqhalg@gephd@tekmew 8@%@%?%@% of a
the sgcond protective layer formed with a thickness
substantially between a range of Inmto 250 nm 30 30.
The nedia as in any one of clainms 27 to 29, further

?gm‘p”l"g %dea & ik m gl? Af\éﬁau?sa A ZGSFLI%%kc(rec%nﬁgljsﬁgem to a

ace o pr ot

opp05|ng uhﬁwS@amﬂﬂ\fegerdmﬂngdmeﬂut¢M&:ﬁsfm&euﬂum:ﬁmt
| ayer 2 di ssi pating excessive heat accumnul ation
whereFﬁmﬂgﬁ aye%aacznerated by the |aser beam during
appl i cat i ansdchet eofiectice tdyer ssakeddadjaeor i thg seeyndrrecdding

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 Si0;, SiO, AL,O3, GeO3, In,05, TeO,, TiO,, Ta;05, MoO3, WO,
Si3N4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC and mixtures

thereof.

29, The media as in each of claims 27 and 28, each of the corresponding one of
the first protective layer and the second protective layer formed with a

thickness substantially between a range of 1nm to 250 nm.

30. The media as in any one of claims 27 to 29, 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
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31. The nedia as in any one of clainms 1 to 26, further
conprising: a reflective |ayer stacked adjacent to a
face of the second recording |ayer outwardly opposing
the first recording |layer, the reflective |ayer for

di ssi pati ng excessive heat accumnul ati on wherein heat

is generated by the laser B8am during application

t her ebfsimaong trecseecdra acenordion gvliesyreheat '$@e@f2ated' hye the laser

reflg§ql6gup%ﬁé¥w%Km “”?%Sﬁ%ssegn@“gmgm? sf one of
Au, Al, Ag Ti, Cr, Cu Pd W Pt and all oys thereof.

d f.or forn1n a e medi a
R A T
nou nt I Nng faa@Aectivhaygtl bﬁ&l{eataﬂj abeit ng af facen®@tthe kbcond trécoading

| east, one grooQve therein ong the untin face;

£ or i AGH YRl “oragaP g PRk, PR ahe Pl ager for
and 3d1§sﬂﬁﬁﬂgje>fo@§‘sﬁ/e 1@aﬁmlﬂllamdapmseungeat Rieuehértisdl bl @Rdaser
the first recording | ayer, having fir plurality of
dat a ¥eBrdugas P%‘ﬁ?tioﬁﬁgﬂe(@é‘bwe 6?C°tl‘i6:§°?‘id}“§tlayﬁf urality of
data storage |ocations having a first physical
groperty bei ng vari abl e through at |east two 20

2.at eEhefraedia #rdp @y precplalaimy &t andal athg sdfleetivedaer bejpsrfaiged

a secqng faf RELHAH S 91)19/(% adicgcentpgt w bhﬁldsaﬁsmqmaace

of the Irst recording Tayer, the first recording
| ayer being stacked betmeen the substrate and the

gﬁconﬂ el f%gm 24 8k s{ota%e gﬁgmgmgs&e%g% @ggé ayer

secon ur a ty 0 ata Stor Cat'l ons,
each of t rfernsleg @nldsspata hating gfmoﬁnthhatf@cezt"ﬁe substratg being formed

: oc_at i ](%lpattl Yone%mc*ve Cex&xq?lg?%l\%e nﬁbu{n@n ofgort y being

vari abl"&*t Kol ¥ indicating a
second d atfarrmag efjrstt xlaeorfhmg S:tyep hysng alfirgrio@esrdya sdoendfpce

glaihl g‘?t&’i‘f{q ofm?ﬁogﬁgf Cﬁ}ﬁl lﬁ&y th?,?'f“dﬁ@?ﬁéﬁgy@%amg a first

recor gluRgnl &y@ta stogs dclEdnd) &lch \of SEPPBT pIAEhliBY oft feta storage
substrate and each, of the first ecordl

0
and t 19631088 Bmdng & Bt dhyricd ALPeFTh ?%V%ftag?ektgumg@é} %a%ﬁdwo

OPPOS§thes fohﬁmmatiﬁgd @t ddiaefuedfind he substrate, and
wher ei n adprocessed bean1haV|n first and secon
P

physi cal Bpiag taj weond; @C%Q‘Bé é%y§é adipgeghioathe seeqnd bfé%‘?f the
di rect;gd 1@0%\’@15@ SPay%h ent i ff1 il reBEHHing €16 R o diRC HhSlleB BeBPeen the

| ayers, the |aser beam being processed initially b
t he C@H)pteaj,@@lquhg geavné resprding layer, the second recording layer having a

second plurality of data storage locations, each of the second plurality of data
storage locations having a second physical property being variable through at
least two states for indicating a second data value, the first physical property
being distinct from the second physical property,

wherein each of the first recording layer and the second recording layer
is structurally supported by the substrate and each of the first recording layer
and the second recording layer being stacked over and opposing the mounting
face of the substrate, and

wherein a processed beam having first and second physical properties

is processed from a laser beam directed towards the first and second recording
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the first plurality of data storage |ocations with one
of the at |east two states thereof determning the
first physical property, and subsequently by the
correspondi ng one of the second plurality of data
storage locations with one of 5 the at |east two
states thereof determ ning t3e second physical
pr opelryeys, thhiserfliepwt beanedpreesisd dnighlis by dle qriogrondingonebf
the p
the rearn aRiREBFLAE AL SERREE UM the I8l FOIE BuPhes
one otheehie detbinrising ptheirfakbti plyysmﬁl dwpert;stmdag@sécmeﬂty bmsthe
and the correspondi one, of t.he . .second urality of
it 2 STGTRGENE 8ua0h B0t o7 PR sa argh s Mithh o
33, fiue tah&astcx@/amat@sl thgredihdtedin@ingothe spdodd ipHiydighl droperty, the
plura axes formed, substant| II . .
per pe‘!ﬁrﬁ %15‘ SS?O“gd’%y PEPELIGH OF @E TUFSSE h’%‘fg respectively

r ecor @diighiveayehe fiRA&H REordNRtaPlalifedbE thé cBfrefhBhdn@¥RSof the
extenglng t hrough a correspondlng one of the first

pl ur a st ylu lityy of Aaty ﬁ?lﬁéee loegtigng caid; R Logpgpording one of the

cor r expMadi N1 QRE dff sthhge pesRd plurality of data
storage locations, wherein the | aser beamis further

directed along one of the plurality of data axes. 20

3p. The 1H&B&p§§ lﬁglallﬁ3§lfﬁltl{5§0§§pr§n‘% ste r ein each of

the first physical propert the second physi ca
property auevidispemntisality owamwebfonned $ubstpriratls perpendicular to

pol ar ﬁ1§ @ééo%‘ ’fac'é ' 1e| fﬁrétﬁr?éﬁg % ’lay@@ﬁgéhot{fqglaalﬁ&%y ?f dc.'iltat axes

el ectronic sp nsm-t

and r@ﬁdmﬁluigetdrcmgbm ctohespb'ndlsg onceobthdl ﬁngt lblagahty aihdhtd blterage
second recor aye 25 36. n

cl ai n@)"%"é’“% 8“% C‘%"ﬁép%‘{i‘@ﬁ BF ¢ ‘Pﬁmsﬁc"“é i %@Y °£t%a?a Yolie
conpr fositiogs,t he step of forn1ng the substrate from one
of pol ycar honat Ihacr | at e

ooy phous HOrg b lsrRr SEE et Grer e alor e o Hrbyrti o
30 pa@edaxed7. The nethod as in any of clalns 33 to 36,
the step of formng a substrate further conprising

the step of:

35.  The method as in claims 33 and 34, wherein each of the first physical property
and the second physical property corresponds with one of reflectance,
polarisation, time, frequency, wavelength and electronic spin of light being
one of transmitted to and reflected from the first recording layer and the

second recording layer.

36. The method as in any of claims 33 to 35, the step of forming a substrate
comprising the step of:
forming the substrate from one of polycarbonate, polymethyl

methacrylate (PMMA), amorphous polyolefin, ceramic, glass, metal, alloy and

paper.

37. The method as in any of claims 33 to 306, the step of forming a substrate

further comprising the step of:
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31 formng a substrate wth a thickness substantially
between a range of 0.3mmto 2mm 38. The nethod as in
any of clainms 33 to 37, the step of formng a
substrate 5 conprising the step of: one of injection
nol di ng and extrusion nolding. 39. The nmethod as in

any of clains 33 to 38, wher<in the first physica
property ifermipg sebstratscith @ Hickaess srbstastiphy g%twew opage pf
i's 0“5&9@' gﬁgrlzatlon one of the at 10 |least two
states of each of the first plurality of data storage

| ocati ons corresponds with reflectance | evel thereof

§l§].d f eth&? %§ |;\}‘73' 3 1a§ M\%) 3§ttéat3$,sthgfs epec?tcgngﬂl th §ubstrate
second plurality o ata storagé 1ocatrons cof espon S
W t h @ptprisal thepdpanfi zat i on IeveI t hereof. 15 40. The
nmet hod as in an f clains 33 to. e step of
for ming. ¢ 15 pFPeeton BoBind SrtiSio Mg &1 ng the step
of: formng the first recording Iayer froma first
terjpal, the first ter| ase cha
t erJFl m%f’?‘ﬁast‘ﬂ amatt § ‘8%13?1‘%8? gy E‘sthg ﬁéﬁt abysic rﬁ@”%(t‘s
| east reflednce, HS bedbhd Phylsical BYRIS.is aptetat axfmaﬁ&t one of the at
physi cal propert of the first materia bei ng

vari alst% et walkh 05 bt athe i @St plerips o qi%ﬁhétog%gat ocaiiogs

a subgfiRdnad bith rABHRRAMR] BleRbPandW¥ie e 'tH% oY BV 100 sBites of
portion of the first material between t

subst @Ak Phiheyeong stusglity pledady %@régeahaatton%ccgt%@qnéﬁwh|0pgrcal

anmor phSa 88 Ak Gl iRkdeS at | east one of reflectance
and transmttance of the portion of the first

material. 25 41 The nmet hod as in claim40, the step

6 foflﬂ% ﬂﬁthtoﬁ Rie Sﬁ[ngs' 5‘% ft(l) %%()e[ihef 5@, fo%rr;kiféé:the first

mat eri a conpr s ng t ormn
recordchmQéqyercdmmmng tlfiei srteptofnat eri aI bei ng made from

gte | ggSt Ggfn mgng ﬁvﬁ ttl._r)eséceolcF Féléerffr rojl a }ft maFl rial, %ge%r%fmaglzerial
P an db@mgaphase clmngrr dlatadal e thahd all&lst 42 staTd?.ehermtfhbemlg asleast
any

in of ¢ 40, and @1, t.he st
f1'r ot or e S ARG 4V Glyarc BF e eSSy T Jet g
being variable between a substantially crystalline state and a substantially
amorphous state,
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.

41, The method as in claim 40, the step of forming the first recording layer from a
first material comprising the step of:

forming the first recording layer from a first material being made from

at least one element selected from at least one of Te, Ge, Sb, Ga, Bi, Pd, Po,

Sn, As, Ag, In, Se, S, Si, P and organic recording materials.

42, The method as in any of claims 40 and 41, the step of forming the first

recording layer further comprising the step of:
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32 wvarying the first physical property of the first
material by a | aser beam having a magnitude, the

magni tude of the | aser beam corresponding to the at

| east two crystallinity levels. 5 43. The nethod as in
any of clainms 33 to 42, the step of form ng the second
recordi ng [ ayer conprisin t¥He step of: form ng the
second recawaiethe figy éhySfcﬁgﬁfP@Pf‘é’ég Srecfisematetiad by alpssr beam

Seco %q g%t rﬁﬁ%n?tl.ldéj %enlgag?l tﬂ@eg&et O1:881Ye5@! co %ﬁéh \t/\d/(;\{hg ht

the at wo States t bei ng at

pol arlessatwoomrysdlbnigslevednd t he second physi caI pr operty
of the 10 second naterial being variable between two
optical polarization |evels, wherein varying the
gecorthephythod ab ip |am5p ef thinaf 33 tpdL.t thertepfoft foening ¢bo satond
mat erj a tlcal pol ari zation | evels

var i egc%rwggiﬁyeli ng)tnsmtg\ﬁ%sg I%dri zati on states of the
portion offotnfieg theGcerndd nabriirigabyer idnixsecdiiemmetidipitie asond

| oy or o it donBi R o LR Mg s Figerher SRS b eor

f or mi fghgt N8csec@BbldrRenditie, hay@e sédoadphysiatpgerty of the
mat eri al being nmade from at | east one %;?Fe, Co and

N e TeEst bng vaibipdeieen tgpoptigRl Pogkizatiql levelyy,
Pt, Pd, Alyhefdin v@ﬂ'ﬂng%ea&goﬁ\ﬁ]{)h}%féaﬂéropgﬁe ol E&qo@%f ItHe

any of clainms 42 to 44, the s formng the second
r ecor@reny mafgiedl berepn ihsitivg ophiesl 9@1@5@2&1@@1 laygls yprigs thpat least
Seco IO%Ya%letﬁJn s&rtégg?Elie%oﬁfon%h%e%&:%g@%a%ﬁﬁler ial by

heat generated by t 'aser beam on the portion of
the second materi al and a field 25 direction of a

H?gn llle 1&118(11 QS Qal 3”3 sfebQf fél@l in, IEH% s%%da @c@ﬁm Nayer
33 Pafe> PRalh: s

tep of arying the se
phySI ﬁ:ah apcqmpéntayerlefcmﬂpelsmgd@rst}bpmét erial conprising

the steps | fiel
a per manenf?rmmgnet an ?%H}‘P%goln%g ri}r%h osr?ﬁ(lmﬁi .ﬁatp%aé%&ﬁ% .%lde
The nibihadleas ontofifey Corned N arcd ailaast oh2 of Eb 4G, Géadlon Sod, Nd,

t he SM%DP fnd ,ﬁrKh [ggtda and Mg,

45. The method as in any of claims 42 to 44, the step of forming the second
recording layer comprising the step of:

varying the second physical property of the second material by heat

generated by the laser beam on the portion of the second material and a field

direction of a magnetic field applied thereto.

46. The method as in any of claims 42 to 45, the step of varying the second
physical property of the second material comprising the steps of:
generating the magnetic field by one of a permanent magnet and an

electromagnet.
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first recording layer and the step of formng the
second recording |ayer further conprising the step
of : deposition of the corresponding one of the first
material and the second 5 material by one of vacuum
deposi tion, el ectron beam vacuum deposition, ion

pl ati ng, chem cal vapor depééltlon pl asma CVD, | aser

%posTllel magthodsgsi 1 any 88 PhdaImAdR de t £Achelhe etep Phaymmsdhe

sput tg Igcgzyrdl;]l? laggr and 6 181 90mASg B s&B¥d %@rd@fg IQ)Le@'fLHﬁler
33 to 47, fur r conpri sing the step of: doping each
of th@nmnmggﬂweémﬂﬂ|ng | ayer and the second recording
layer by s otg)la @%e%rr@spmaéﬁg% £ o?mrﬁ%ﬂelaﬁa&peﬂe eﬁgnd

at | east on tI'O en en thereto

" et hadateisal iby oaapf mzﬁcuumaiepmtﬁﬁ tloct®8 bemheneium depobigiars tion

one of, the first p of th
recoﬂﬂﬂﬁ@ I&Y@Fa 3x¥h%%§%§%h p yS|§M? Lr%pgﬁ?mﬁo? spin
t he s@aniy noleoktbdag dpity:eraniepunigriope of refl ect ance,

pol ari zation, time, frequency and el ectronic spin of
at | east one of the |laser beam and the processed

bgam TROn&fed aEhe amedre@d ciabins 33 tany, ﬁﬁhftheﬁ? Ic@hpmsuag&hé el Of:;
the step of formn thF first, record E? %ﬁ
conpri si ng'°PReE e%‘the%t ShieRITAGS d4yer #119r18¢ sqe] F«‘a?rﬂglg layer

| ayerpyf §@ferdhg dtiar ik u@bsiglnga0dot hl S1QB (e of Bridded and
the second recording |ayer conprising the step of

f or mi AYygendesdeond recording | ayer froma second
material, wherein the first material is one of
different fromand the sane as the 25 second

ﬁ%\t erThﬂ method aTlie anepholdings3y W é&awf@rﬁéﬂ 8f leastangeof 3e figst

Ciai ¢ _
oy er e R pr SRR ot e FhE B (R Gl Y ety
| ayer ofnih rse¢dnd Ifei:méimgflaxce bt:imgrcelofofdpﬁ@m;anng pdlarizgoere rtime,
| ayerfrgqrﬂltghcté/h%l efeg onic 19 Ed n%hleg’s(t-) oggyo rt%]? qhs\%ﬂ 134 ﬁcgﬁ?dthe

bet wee cover Tayer an

cover ploassrd iesmmade fron1at | east one of

pol ycarbonate, cellulose triacetate,

pol ydi cycl opendadi ene, (nethyl)nethacrylate and 34

Goet hyhe petioyl aacrnyh@t et cafitk Bheo cloy @ie btayy @f fhasingnhe first

opti cal traqsn1ttan [ at
recording layer comprising the step of forming the first recording layer from a
first material and the step of forming the second recording layer comprising
the step of forming the second recording layer from a second material,

wherein the first material is one of different from and the same as the

second material.

51.  The method as in any one of claims 33 to 50, further comprising the step of:
forming a cover layer being stacked adjacent to the first recording
layer with the first face thereof opposing the cover layer and the first recording
layer being stacked between the cover layer and the substrate,
wherein the cover layer is made from at least one of polycarbonate,

cellulose triacetate, polydicyclopendadiene, (methyl)methacrylate and
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| east 80% 52. The nethod as in claimb51, the step of

formng a cover |layer conprising the 5 step of:

form ng a cover |layer by one of solvent casting,

pol ymeri zation casting, spin coating, die coating and

pressure-based | am nation, wherein the cover |ayer

havi ng a thi ckness substantlélly between a range of

| Cum (msthadorenylasrdlaichand the spvasdayisi hasanrptigal Gepanidnaggeref at

substﬁﬁﬁg @1y 10 between the range of 200nmto 450nm
method as in any of claims 33 to 50, further

conpr|5|ng the step of: formng a dunny | ayer being

aC Kﬁ% rﬁ% & d aq?tﬁe h%%??rbq f&%ﬁlgé SH r ll’§¥1850 rFsD\ the

e second face o |rs recor r op osi i
the chiprof: 15 Iayer and the first recordlng | ayer

being sta rmm covep 1‘2:1 I?e? bsugl% ro?ts%lv th cllsliﬁ (H rization
wher 8] rﬁtﬁw du g made fromra st

| ayer,
one Ofastirg], ;f;ﬁmcbmng,tdﬁaa coapmg @tﬂ&ird%ydre bhesel owipdtmhe  ( PI\/I\/A)

gt our a0 48 FEver BRnRRTben GRibss bbb aighee o

Imet ho@ng@sofl muﬁltaumﬁ&sandtthela&]ttr ®par® havigl 1N léhgthusiBytantially
ayer conprising the step o 25 30 formng a dunmy

| ayerbabyecsle BRES 2804 S B1di ng and ext r usi on
nmol di ng, wherein the dumry | ayer has a thickness
substantially between a range of 0.3mm and 2. 0mm and
fhe | Beeancthehsn inany ofglamadd O Onfirthercopetising thyistey of:

bet ween t ﬁSmElﬁQ 9 @ur‘ﬁfnqup Uélﬁ'@ga&%) acﬂﬁf@ent’f’l@ thel$38or B ERRENg

as in any one of clains 4, her corrprlsmg
t he slepp with thefsgeanidrfgecapt Iihhtf@?tff%@éim&%é@r enpqeiRg dhe dummy

bet \Ne]g? r 1“?3 e ﬁ1§ttre o?&ﬂ%gagr e YEIck@Nh LG (REGHBE: iirild the

recor ayer, ayer being optica
trans@ammﬁtwtm the | aser beam directed therethrough.

wherein the dummy layer is made from at least one of polycarbonate,
polymethyl methacrylate (PMMA), amorphous polyolefin, carbonate resin,

ultraviolet light curable resin, ceramic and glass.

54,  The method as in claim 53, the step of forming a dummy layer comprising the
step of:
forming a dummy layer by one of injection molding and extrusion
molding,
wherein the dummy layer has a thickness substantially between a range
of 0.3mm and 2.0mm and the laser beam having a wavelength substantially

between the range of 600nm and 800 nm.

S5. The method as in any one of claims 33 to 54, further comprising the step of:
forming 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.
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35 56. The nmethod as in claim55, the step of formng
the interface |ayer conprising the step of: formng
the interface |layer fromone of a dielectric materi al
and a netallic material being one of magnetic and
non- magnetic. 5 57. The nmethod as in any one of clains
33 to 56, further conprisingthe steps of. forning
and sT}aomth@ & ificlagm Spribe step pl/orhing de la@jrfa@eelnyertcgmph%ng
first, E§ the first recording layer; and form ng
and sPac ng a second protective |l ayer adjacent to the
second 10omeepitici mgpriacey &ayer frve drier ot a divteccontrial and a
L:f\?\;gét&gﬁ ma; erlaﬁfem& g og{nag e?lF gl‘l&non%%%g%:ngeigﬁgked
protective |ayer, wherein each of the first and second
otective layers is east _one o
B delheipadiban i ear Bige bt drURR R RgPY e of
car bi de offoingBidaackihp a st pldietiielaherchdRSerit o MBYirdfze of
of clﬁigs 33 tp 56, further conprising the steps of:
f or mi A &tFFWQP%gﬁﬁf 8dive layer stacked adjacent to

the first thawify ahd §thkingfd §e8éndrR6@EEiengyet ayjetent ®NEe second
form ng a second protective |ayer stacked adjacent to

the sEewARe laygr, rt'&:%risaﬁﬂwgsevoav é?corcil%lawrﬁ Seing H&p%e GRigeen
recor Ql'dr%glci(é'@%ﬁ%eﬁ U s P FRIARE T 9{%1%&&1@%@&@&5 eSer,

between the first protective Iayer and the second
pr ot ect i vevliesgje eachwi dhreefimt andcshconfl pratectivg tayersanadeton@t

2 Oy Rk BB SR T0q 500 5 R Rhis CRtRh BUSR arbiEat
s|3hmnwuu|u BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF2,
SiC and m xtures 25 thereof. 30 59. The nethod as in

each of clainms 57 and 58, each of the step of form ng
ag.fi r'site merhat &ah hmeorleaf elinasnid t 136, fsttiegy compfiongthagteps of:

second pr oftorelgltnlg \e{%lét%)(c%ctl(\:/g lfg))/el sﬁacﬂgd achacent to%?e Hrfst face of the

first recording layer; and

forming 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 Si0,, Si0, Al;O;, GeOy, In0;, TeO,, TiO,, Ta;0s, MoO3, W03,
SisN4, AIN, BN, TiN, ZnS, CdS, CdSe, ZnTe, AgF, PdF,, SiC and mixtures
thereof.

59. The method as in each of claims 57 and 58, each of the step of forming a first
protective layer and the step of forming a second protective layer comprising
the step of:

forming the corresponding one of the first protective layer and the
second protective layer with a thickness substantially between a range of 1nm

to 250 nm.
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form ng the corresponding one of the first protective
| ayer and the second protective |ayer with a
t hi ckness substantially between a range of 1 nm to
250 nm 36 60. The nethod as in any one of clainms 57
to 59, further conprising the step of: form ng and
stacking a reflective Iayer:ﬁdjacent to a face of the
6&conthe meteadestin yiey dngpé plaimust Ve 89.\fuidhsp eamprisinebe secefd
recor d! ng g I%Mﬁ"é and sl?a%k fallgﬁetcm% layér% ]ﬁ{:enft M a {%Q:LS §f tﬂ@géc&gd
excessi ve heat accunu tion erein I'S gener at ed
by Sproteetiviedsysr obisardly aprosigs &meccmdtrﬁ@ndmm éiryetoithetrgﬂftChee
seco
of Clnl9¥é} %&3(@% pgg%g%gsive%%at ag%ﬁ%{[aﬁ;oﬁ %gle S @B,% ?%lcgd by
f or m thglassrdeah dokingappécatieh kecbf toghd syerd mct]rdung hiyet 0 a
face of the second recording | ayer outwardly opposing
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62.  The method as in any one of claims 60 and 61, the step of forming and
stacking a reflective layer comprising the step of:
forming the reflective layer from at least one of Au, Al, Ag, Ti, Cr, Cu,
Pd, W, Pt and alloys thereof.



