;edex*u&& | (4(**6 *T*JRAVL' O U2/ U8-1157 PCT/ I Bfl 2/ U123U Rewaritabl e opti cal
data storage nedi um and use of such a nedium The invention relates to a
rew itablwoapiks@l data storage nmedium for high speed recaidipgy/Pyssreans of
a laser-light beam said nediumconprising a substrate carrying a stack of

| ayers, which stack conprises, a fist di dlectric | ayer, a second dielectric
| ayer, a C I r -C { al having an all oy
conprisiggwgg&EVﬁﬁggg%ﬁ%§¥&'gﬁ%dﬁgggﬁﬁﬁﬁéﬂﬁggg%H%éﬁ%g i nt er posed between
the first and the second dielectric layer. The invention also relates to
the use of such an optic data storage nedi i I ata rate and high
data stability NN&%WN@@@. 10 An enbodineAmwmumwmmeNMkal data storage
medi um of the t i d in the opening parqg%&gp is known from

Eur opean patent EP 038#%898 Bl. An optical data storage nedi um based on the
phase change principle is attractive, because it conbines the possibilities

of direct overwit .and, hi gh stora 1 ensity with, eas .
conpatibility mﬁthfP%HB@%Wﬁvﬁgﬁ??%ﬁFeﬁ%?gﬁéwgP%dgt P@W@PmﬁﬁgééhEWénge
optical gRe@icHoRdng BY dlehBSot B AMpRbERN s8fd BRI CoRTRLRE =SB R ABRIRAOUS
recording marks in a créstalllne_recordlng | ayer using a focused relatively
hi gh powestatlagelayeisgtihichetank cmupiises, o Busbdidleatyicdtydrrd scomd fiskectricHayareatidum i s

noved with respe to-the focused | aser-l.ight beamthat i dulated.in
ecor dans RITRE Five! F1 Ok PEARE fast B0 b B o™l Mine SR it S 20

t he hg ghraooniig lagaeeind @tdpdied bk shetihist aklyhé edcbhdgicleeatyidiarg | ayer. Wen
the laser-light beamis swtched off and/or subsequently noved rel atively
to the recording | aheverfipals ightestto theaisgof sesh ngalt%r@eféor@g%@ciml fhe
recordi ng} & {%rratcla‘?ﬁ‘ﬂiélg A0E00 g)ﬂgadorﬁfsor mation mark in the exposed areas
of the re€or Ing layer t%at r enai crystalline in the unexposed areas.
Erasure of witten anorphous marl, is realized by recrystallization through
heating 25 with the sane |laser at a | ower power |level, without nelting the
recording |layer. The anorphous nmarks represent the data bits, which can be
readige. g. via theasuhHorat&n ob¥ Ghiical &lth ¥idlape UL WEheftRSLREMidriRe %S - | T ght
beam Reflection differences of the anorphous narks with t'espect to the
cryst al | ineperiveg pdiagiyphasy/krovhy itogy Fabopsan paienttP ABEWBIBAler - | i ght beam ' O

"~ 02/ 118A57 PCT/ 1B02/ U1230 7 which is subsequently converted by a detector
into a nodul ated photocurrent in accordance with the recorded information
One of the nost i nparhasd ddrvesisise mediﬁmﬁl@ecp&aﬂ@@h@s@tdmﬁge fraeglding is a
hi gh data rate, which nmeans that data can be witten and rewitten in the
nmedi um witrACtEy ey Begause i gerabings be ppssalilifieseftdivomereyite (DS ard highlstogegea rat e

requjq es or di, 3 ' stalli i.on € i.e. a
shor{gcr%%?gyFﬁgg%g%%gP#ﬁgﬁhﬁﬁﬂ?ﬂgM%EEVQ%ggﬁgﬁﬁgﬁéhg 5%%@%?8&%?$%?nf%rded
anor phousptival ksogiary ineolvecthy Shralakioz ed suhunicrogn i tddenteeplondirengrdiay etarkaist

have a proper crystallij.zation speed to ch the velocity of the di.um
rol at el g sterdirghye af’qcufﬁﬁigg‘éﬂy%lt@rah pfa*ﬁr_ﬁﬂ%ers-ﬁ@g 13- HBtni gh
enough t aeoiy ANARRmIBGK $hd HeMuAds bR PWEN 1OYR o B EN bidd 15RRIgRER N ol d

data, cannot be conpletely erased, neaning recrystallized, during DON This
causes athhi igmorbilged Insacedrdancenvighthe nyfotrailidnatbic secosgrdeMarlss grafaried| vereny

requitred.in.high-densit.y recordi and high data rate qptical . recordin

e 20 oemied RS BER e Ao st bRt e e S
DVR-red Bagh Rlsugichbd 64T afd/Br sm)bwémy hRed %ﬂatﬁeﬁ&‘d’ﬂ&?&%ﬁ!ﬂg)lﬁﬁ&j aleng@ngi ty
Digital Versatile D sc+RW 15 where RWrefers to the rewitability of such

di scs, apidhemylienmagkgiekesmdesridiiegeepdingdayestloragpaniinephovhiafasmatian and

bl ue refgr ,t. . r dj . e
erasure |%égé%g%ﬁﬂﬁ%gm%%ﬁggh%%%égﬁﬁgggmégﬁﬁg%gﬁigpghﬁg%f%ggngggﬁﬁghniIunum
dur at i onarefs. Esared wgttgLdsephars eatplsetdized pgredryitaABdtion thfough Wedtingen

rk in a crystalline environ h is measured statically.

anor phous, nt, _whi
. For %{}m thgntasts 1pses aga ."‘*Pr@W?’de‘r’%lcwtg&ﬁ@%@ﬂ&&??ecﬁé@m& ehhhai sk, a user

data bit i i : \/ : i is 35
oi s/ 5. AP paks K Shet Bad R iRt Sl B i B i delSbEa O °e
Moi t s/ s miudivhiygherpere foeged ned-lighhbtaneReflectyor differeneastofdeeramaokphous

phase-change aptical recording.is a high data stability, jch ns that
P eoor doanass s Rttt fofe e sAine ool Tk T b o iott patoiuiafi fotadieh Seam
stability requires the recording |layer to have a | ow 25 crystallization
rate, i.e, along crystallization tine, at tenperatures below | 00C. Data
stability may be specified e.g, at a tenperature of e.g. 30C During
archival storage of the optical data storage nedium witten anorphous
marks recrystallize at a certain rate, which is determ ned by the
properties of the recording |ayer. Wien marks are recrystallized they

oy



30 purposes a recrystallization tine of at |east 10 years at room
tenperature, i.e. 30C is needed. In European patent EP 0387898 B 1 the
medi um of wiohpphase- change type conprises a di sc-shaped sykgtigai@20f an
acrylic resin having thereon a 100 nmthiock first dielectric |ayer of Si Q2,
a 100 nmthick recording material |ayer of a phase-change alloy, and a 100

K BRSRD ke S kB R S 43 Pl PSR RAD RGP RERLY o o
r epr esentsthahélieebrietiinforrha@lodr and P represents a phase-change recording

| ayer. Said patent discloses a recording |ayer of the conposition

(1 nSb) 80( Gasb) ~o, mﬁ@ﬁth@atgoattrﬁféOIa‘rltéﬁlyetcarln pk%?@rcaan&?roewat neggrdingdmal 00 ns
and a cr t

Aol 1 cant B ot 5% Wi HERRGR WA oo pe SEARR LBk IPREHIO M vt
0. 6 y®ar daih 120 Cf ¢sleest 8Rkibtk/a. Sudhra lighkata 2)te redmoos therecardinplgsett hatandar ds
such a crystallization tine is far | ar ge ,enou or der obe
usabl e agy Cﬁ%‘%@ﬁ%ﬁw&sﬁiﬁerelwhﬁ%{tﬂ%‘ﬂ ZZWQBNL}%E diedn gmn@t@s&‘e& fire of an
anor phoug RSsEs rebsTUEd REOGRSSEaRE Bah B@léaystall?zedféﬁjﬁﬁé BOWZ BleirbrliMg layer

nucl eati on and crystallization by grain crystallite Igrowth Nucl eat’r on of
cryst al | htueshdve agprppacessllitation sm@dltemwif)cfh tbe ysltaellt)t pfitos madens pativeriedhss| y
and randon y rnl ed. 10 in the am)p Therefore th

P obabi | g bR el RS wRoY o el raten dE ERitiRe b fiop e
recorgli nqleqat:ﬁbuatecb@yrw repi¥sehtingddi0\Wata, E4yist i donzAéeBeriRY, @e&iihg When
crystallites are al reaé %{,esent e.g. the crystalline surroundings of an
anor phougecretdlizad, duspag BOW.t1dds ¢quseste high aokse bsyek: Arhtalucwtaﬂtr@u@aﬁpe@ﬁ 1S Grain
growth i 0 I of

anor phongI%cgﬁﬁP’ta?cﬁ"%dac e%P C{ehlglﬂ 1%‘801%@’ atrl)lraehé% %ﬁﬁ%e {éﬁt}’c%t H#{gl{l@{ﬁﬁ’

practi cestdtds m’dtsh&ha@atdﬁCthNQ@thpeem LD‘&D&{WeDVMﬂ{\ge]DVDaRW dp¥Rered hadi sm

dom nate over t he her int s of effi y or _speed, ich
i s nost PREGHERR pip ag’glé%llaﬂ%sr 0 fi‘hg?f}ff‘ttt?é‘(i’égﬁyé@r 1y Dé%f%?érﬁfstaﬂ t%%ﬁrrmpl ete
erasyge WI WI%f&Q{H’Jh@?é%m% & JTBh GQEST)andt Elgl’é\‘i WG B okdlfg Hbt”datmm

duration of the erasing pul se r conpleté crystal fizatTon of & ~.;~ritten
anor phoustoregeldscsywhere rqua:ndlulmmefart«rﬂreamncehser wihictengihs Foethssy édcssthatl cally.
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val ue of 25 ns. Said conposition'is represented aJinthe ternary
conposi t ewstadliregmairo@aentnwiishds mF@&ylledlsmt%HY tFOr@ % e/éltChdfaStar'ﬂe7 GIBVEI’I'[I on
to previ t ara

R G e T T g i R
such as BWR-salduate ibayiMigtsan FenMich speeneiond @tf@\s:baIbWI anHMDUR-HlQe y&akseOX
nore at a tegg) ture of 30C. 30 ThIS (g ject is achieved in i‘hat the ratio
of Ga, IRfafh w tha@eaﬁteﬁquge r epfBREF Y BiPosiankgeaandin phaserdapgt v
conposi t i, ; “%g j

guadr angu gcraqg aV| ngh§ﬁa S%bﬁ{tgiu l\gf}ﬁgl@%ﬁ?{gg?q'&ﬁduﬂa%r an H@Védﬂ%ﬁo
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((:orrpéél uaﬁ? W\a ‘Fﬁlf‘?tet h& aj%ﬁj&’éﬁ@ﬁ?% 3"%?1 ‘élgp‘%?lgfl% WOIOEI ﬁ%aﬂa]"a‘ﬁ’gul ar
ternary Gylha sﬁéhﬁ&i@@%t&te@dbeﬁﬁnﬁ@ bRB(HRE, lﬁhxﬁhg APhiSAQWraR AR data
stability which is nuch better than alloys conprising conpositions outside

area 10 ¥igwage-medi@a\eitn ae)qmehqvﬁrﬁmlg rhrvsialBreoatm celein rztthevlu@imsdgtenhmn@ by n

t hese aII S Whj re Slt ht of  the tral i ng
the ver  FeadodPldib it BB M Pl A o By T s e VB REER
and V hawgyisé@lfidn the cralaligs S\Ahblﬁﬁdlnfgr & dthdér WS eretrh@R id é}@seﬂamﬁpraéﬁcat he

ot her sides of these |ines. was further fotnd that conpositions in these

. al | oy$ wRrERsHERgegysteliation “tnEP fiblepgtrl0 vears ptyeomiergpHARYR, be-38 gHs neqdad
crossing the verti ?é}pqéf[eﬁ@@ ¥ thﬁﬂ% a 20 ns or
| arger which is rrdgrg?]rla rolm a O\?%Z\N%%?%tmeo lécglcutlh]lq}efva SD&%‘% rat e of
the opti callnpdactsat cht;cestaged subdiratmof Fu atdyBe resortpogigttharsen R A00 he*stélcﬂtlﬂretys bel ow
t he stral cr % have shown to be relativel sensjtive
to laserd E‘ (58 ohufi hERCOL e gdpyeTohp ba%?ﬁtttrﬁ oy, an
laser-1i gh‘DOE’B’{‘ﬁﬁcl\ s%c&ﬁﬁﬂ@l@ct‘rt@ 18efl&uch Q s&HE%?ﬁ@éﬂélcbﬁ[ bé‘"féf&l?ecpfo dsewipi-e data
in the optical data storage nedium especially”at high data 20 rates which
require a |larger nmedium speed relatively to the | aser-1ight beam At |arger
wife and rewite speeds nore | aser-light power is needed. In nost cases
sem conductor |asers are used for generating the |aser-1ight beam
) Especr aIIy at shorter Iaser Ilght vvavel engt hs e.g. Iower than 700 m, the
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~, Y and Z; 30 Ga36lInloSh5~ (T) Gal.~In3aSbhsa (X) Ga~5In32Sb~3 (Y) Ga~7In,

oSh~3 (2). 'O U2/08.1G7 5 PCT/1B(12/11123U These al | oys have the
addi ti onajoagnaustrge that the stability is even better whipleg/ghgB®Xi mum
CET is still lower than 25 ns. Conpositions in said area are stable at

|l east 50 years at 30C. In a further refifenent of the medi um according to
th t f. STUR d
o prosemicRir st bRl A HE yuP Sl ERIREGAS e S SRREP MG Y 27

0.5. Usiged Baid parhedisélbseas mdrwclﬁlg l8fer di ﬁb@@ﬁlbbﬁtlblﬁMﬁSb)MS}aSh)eo athidiiaage
that the optical fontras of t Bordlng gﬁé?r i.s enhanced. The opti cal
cont rastt“N’é of grygietlizgign glsmakleR F@ nsgpdp eryRialliggioRiempegatpic ol Jaepidhi ons

of ther Fd
T
is arb 'mﬁéwﬁﬂﬂﬂ3ﬁa@ﬁﬂfkﬂmnpbﬂ1n&&mamlAnu&ddgdmpmbeﬁa@sdmﬁssm@m&eases t he

signal strength.of .the read O [t si n an t E th gnhal to noise ratio.
%Psatbf?eﬁ

The i npr GVEARHEIULHMEES i neaee 89 o S%&FOIS&HIW e
refracti gk pdeluRiFdREmpRIPAUAL. SF A Mn&&ﬁh@ﬁﬁﬂéﬂl@’ni YprOBEsBEse hEwN, 61|eue of
the real part of the refractive index of ‘the recording layer in both

anor phougrystaldizetigsbanidlentios aad erystalhz@tl@lab}; gxitt ¢rastabiibeegrostt tNMéeE@IOflbér ence

in the 15 i nar art of th velndlces of th r h

cryst al | TARALRa e PR s 0 S o AR SR G R Ry e
is that Rphé fRbridvhs Galerial TheRSdre HiepiobaslifyRdhutbichelepesdsng thayehnktas a

t hi ckness of at least 30 nn Tlus possibility of using a thicker recording
| ayer hasstthickaesseet the preordimemaigErbayfloRTaingo Wl orysialleation Ny QegieVln t he

| arger v [ ed. A
ngher ridePanyRnt Bieandbilsen: 28 B SRR Bl HE iy bubloldFRRE

mat er i al crgsdil@ssenhibh giﬂ‘&rbedﬂf(ﬁ‘m’eatb@'muc&agon cdhamrgom&hvmys the gaohihexfed.
i~loimally, usin 'qu‘ﬁl recordi ng lo?%er Wi ut anaja ent Silly |ayer

woul d de@P%ea%fé(Sttaﬁ]é Sd:r:stqrﬁ% gpion L proBRious Staterip % Jé?%&hg@i st PisFe peed can
fyyth stbﬂﬁése% cm%tﬁ B@cﬁa%ﬂ{s%ﬁfygoécﬁi/ﬁ{ pdiﬁle'l BuCRALATY oWla tnrbcﬁémgl;rﬁaSt

one addi tional car ayer, having da thickness between 2" and nm 25 The
above nad@mnates oacldhcu séwdl 1nrtelan$<nfeeéﬁ01smsbmrspe®lr The TR, wivhedyrie most frsquantly

" car bi de.

rnati.vel.y a i.de .or an _oxide nmay be u d, | he |1 4Pl +I
ot nck & nesere Db PRIE I Bl reE f R TR Moy T portil i i
car bi de *@y@rm befincih® thambiig@uodurhtid &1 the braging philRe fReAN7MtE 8F Rl gy 8F 1S
preferably a menber of the group SiC, ZrC, TaC, Ti C, and WC, which conbi ne

an excel  switten galogpions marlintacrastalhioe enGEnmegt,c/hieh is maashisestadcatst dhe al _
becayse Q&e'ﬁ%n‘i%ﬂ%d %]as'afd HRGHAREGak,; @%e@ﬂ%{a&% g{% ; Vg}pﬁgmg reover, its

pricé is rel periments s an ||+PI~I
stack i S(IhSB)’ﬁo(Ghﬂh)z(ﬁlﬁH%a(ﬁET bfgmaifer arnl 100 rstlaqiermilélﬁ& Hylthie koeas Agpplitde

addi tion carbide layer (s preferably en 2 and 8 nnl. The reI tively
hi gh theﬁw thé‘b‘rli‘MIFRﬂuf‘thﬁﬁ‘ vire VéEFlﬂf&g D5Paidl CRPYSIIRAS represafad B8t on

the stac reby facilitating the thern-~al
{fﬁ }[’ﬁﬂgﬂr&/ﬁ aC -ogltf'i'oﬁ Iﬂpdg?ﬁn G- Iﬁr@ +f Fl%hle

design o In ca r is used as first
25
It is an object of the invention to provide an optical data storage medium of the
kind described in the opening paragraph, which is suitable for high data rate optical
recording, such as DVR-blue, having an environmental data stability of 10 years or more at a
temperature of 30°C.
30 This object is achieved in that the ratio of Ga, In and Sb in the alloy is

represented by an area in the ternary composition diagram Ga-In-Sb in atomic percentages,

said area being of quadrangular shape having the following vertices T, U, V and W:



V' O U2/118~G 7 6 PCT/I1B()2/U1230 dielectric layer, a carbide | ayer behveen
the first dielectric layer and the recording | ayer does not or hardly

i nfl uenceybhgorks cal contrast because of its relatively |pew gl glness. In
not her enmbodunent a netal reflective |layer is present adjacent the second
dielectric layer at a side renote fromthe first dielectric | ayer. In this
way a SO'C%%|$ | PI M structur )or in conbination with additional |+
Iayers,%‘ﬁ6 %P+ I VI structure, is formed. The additional netal |ayer nmay
seine taGapess8ase the total retihection of the stack and/or the optica
contrast. Furthernore it serves as a heat sine in order to increase the
cool i ng Gagslazedbst he recording(Véyer dtu~ing the formation of anorphous
marl,. The | reflective | r conprises at |east one of the netals
selecte&ﬁgﬂgﬁ$gﬁbroup consist?ﬁg'of A, Ti, Au, Ag, Cu, 10 Pt, Pd, Ni, Cr,
Mo, Wand Ta, including alloys of these netals. The second dielectric

| ayer, i.e. the layer between the netal reflective |ayer and the

phase- change recording | ayer, protects the recording |ayer fromthe
influence of e.g. difi él?,' thE 8l BColpRisin@e8mpBRA6R! whth RS fud @i yand
optim zes optical contrast and thermal behavior. For optimal optical

cont r astshapa drbe il R Whe Haviienguldrécmnhiyckabs §b opmpbsticrediogant GeelFig. érshove

layer is preferably.in the ran f 10- nm In view of .t.he opt..cal

cont r astat v et iseRRg Seduhen Al A bubhsie Sl Poskof SEUHE B2 e

2~ (13n) oV Skeral chenints ive koD tava¥ ebepeditofinthee kB whicBhte beam in
nm and n is the refractive index of the second dielectric layer. However,

choosi nepi@atsi ghée right ekhesgaight ling gessine thaeeitised ¥ ngd W endiabreys the strdightnet al

refl ectiyve | r h i . t

{51 oknel Flsht pE Tty TR VbR AP YA O R Sl o6 Bl BBLAT gy

}/\/ni ch ][ hﬁ?} bﬁlﬁﬁsidbsi @?‘thclasleé'ﬁ\m;].éﬂtv% ﬁlrﬁﬁﬂ’ Blund itait dethpsditions dn ﬁlesaaldbyst\,?iﬁ'ch are
aser-light hea el.ength ?~. V~Then ~, =670 run an optimumis foun

around PO M IEhe6ths eeinaiyiaiehd ee FrRyERs Hagediced ERAR] AerieEkHERE of

65 aty, =576790 > PRI N, t.ar [ (o hi may

be. cRooenT P52 CETE SRR oy B3 RHBTld Hkshaplcdforh ANAGARER ¥ achitl it DAY

t hi cknesdatofatetst the 87tical 452 sRBagemmedime. Fintlet camgoséasna tlise hBatsrbictow gheer s

" may be made . a mxture qf..ZnS and Si , e.d.. (ZnS)so{Si 02
Y o b atipaa? g ol Tangv e d0Ssita Pe iy SRONGE S5 b mperant y,
car bi de Tigs H8f thhi XR121vely Mgk Gmoliafer 146c1ight Jdvker id 86 PéREI @l S give a

hi gher crystallization speed and better cyclability than a ZnS-Si 02

m xt ur e.suseesHolll virke or efwide ditgén theypatisalalath toregelinellivny, psnecially et Bigbahtabe

pr oy.ded apor 1.51.Qn tteri: T te of .
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met hacr ydrdtrewfiMyedds rasmerpeelighiaives ieddeded In glods&sed semacdndptionlasexardl e,

the substrate is disc-shaped and has a di aneter of 120 mm and a_tl >i ckness

V1' O 112464 Srasneipting fglpyenlighiernofsieciallygt ghagter faserdighy jvavolrasihs estibst r at e

of 0.6 i t: I i 24 t

ctarting ut el ik et Ee BREHEED AR FInARd PR,

st ack vifarbigh rsubdinggorierssai d substrate nust be at | east transparent to the

| aser-1ight wavel th. The layers of .the stack on the substrate npy al so

bo_ 2l 1 ad i nt e TRvBRLESGHRE HipSentidfu? chfge @i it Sl g O

di el ect rjQ drAyahe Qmow@tr@ﬂresreﬁfeh%%tm\éeeed iAYIRS terraly YWithsdditkASBagdB GABERD i ght

beamw || not enter ‘the stack through the substrate. Qoptionally an

out er nosatomicapesgratages, shigheaea beane dlequadusevler ghape havisg thelkloBewhgaisvigaes Tayer

t hat pr e§ts Epe underlying layers fromthe environnent. T his |ayer may

consi st “of 8ﬂg of the above nentioned substrate materials or of a

transparent resin, for exanple, an W light-cured poly(nmeth)acrylate wth,
for exanple, a thickness of 10 _100 ym Such a relatively tlzin cover |ayer

, al | s & Wﬂ@mﬁ@wnerical apertd?é (NA) of the focused |laser-light beam e.g.

NA:0'8513ﬁd5@§35100 ~m cover kg%er is e.g. used for the DVR disc. If the

| aser-1i ght Beam enters the stack via the entrance face of this t ranspar ent

| ayer, t@mshuSbty ate nmay be oddque. The surface of the substrate of the

opti cal &atﬁ or age nediun1ogﬁ%he side of 15 the recording |ayer is,

pr ef er abt'§ ided with a s track that may be scanned optically with

the | aser-light beam This sezvoh~ack is often constituted by a

spiral -shaped groove and is fornmed in the substrate by neans of a nould

during injection nolding or pressing. This groove may alternatively be

formed in a replication process in a synthetic resin layer, for exanple, of

an W light-cured | ayer of acrylate, which is separately provided on the 20

substrate. In high-density recordi ng such a groove has a pitch e.g, of 0.5

~ o~



Hi gh-density recordi ng and erasing can be achi eved by using a
shortwavel ength [ aser, e.g. with a wavel ength of 670 nmor shorter (red to

bl ue). Thegahasgsehange recording | ayer can be applied to gdiepsbsts at e by
vapor 25 depositing or sputtering of a suyitable target. The | ayer thus

deposited is anpbzphous. In order to constitiito a suitable recording | ayer

his | fil be, £ |1 , [ ' I
rof orr ot (5 ARy BRI EhBhobef NP hEAER 1y I FRGSERIRE L can e

heat ed i Maginfuih TEIEIs 0]l dowa el B n. Coglpoyidiohdidr saldyatodrt istbld DieakefPpdand ur e
of the Ga-1n-Sb alloy, e. g. 1 SOC. A synthetic resin substrate, such as
pol ycar bd#&fe, can alternatively be heated by a 30 | aser-1ight beam of

suf f1cient potver 1 hSEPRARENER RS ledifm BoolihAo HEPRELRLon ORI ch case

the | aser-light beam scans e noving recording he anor phous | ayer
i s then fiekalricyaywabegrives thteorherqudrSit| andeispeepeint ejhcboirthe racstdihg layengnd he
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resul ts i@ MR RMAREPHEIRE. ThAhd MEPT MtARthORcording layer P is sandwiched
between a first and a second carbide layer I'. The carbide of the first and the second carbide
layer is preferably a member of the group SiC, ZrC, TaC, TiC, and WC, which combine an
excellent cyclability with a short CET. SiC is a preferred material because of its optical,

30  mechanical and thermal properties; moreover, its price is relatively low. Experiments show that
the CET-value of an II"PI'T stack is less than 60% of that of an IPI stack. The thickness of the
additional carbide layer is preferably between 2 and 8 nm. The relatively high thermal
conductivity of the carbide will only have a small effect on the stack when this thickness is

small, thereby facilitating the thermal design of the stack. In case a SiHy layer is used as first
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the metal 1eﬂect1ve layer and/or further layers, and optimizes optical contrast and thermal

behavior. For optimal optical contrast and thermal behavior the thickness of the second

15  dielectric layer is preferably in the range of 10-30 nm. In view of the optical contrast, the
thickness of this layer may alternatively be chosen to be A/(2n) nm thicker, wherein A is the
wavelength of the laser-light beam in nm, and n is the refractive index of the second
dielectric layer. However, choosing a higher thickness will reduce the cooling influence of
the metal reflective or further layers on the recording layer.

20 An optimum thickness range for the first dielectric layer, i.e. the layer through
which the laser-light beam enters first, is determined by a.o. the laser-light beam wavelength
h. When A=670 nm an optimum is found around 120 nm. In case SiHy is used the layer has
an optimal thickness of 65 nm at A=670 nm. Again, alternatively, the thickness of this layer
may be chosen to be A/(2n) = 670/2*3.85 = §7 nm thicker, e.g. a thickness of 65 + 87 =152

25 nm.

The first and second dielectric layers may be made of a mixture of ZnS and

Si03, e.g. (ZnS)go(SiO2)0. Alternatives are, e.g. Si0,, TiO,, ZnS, AIN, Si3N, and TayOs.
Preferably, a carbide is used, like SiC, WC, TaC, ZrC or TiC. These materials give a higher
crystallization speed and better cyclability than a ZnS-SiO, mixture.

30 Both the reflective layers and the dielectric layers can be provided by vapor
deposition or sputtering.

The substrate of the data storage medium consists, for example, of

polycarbonate (PC), polymethyl methacrylate (PMMA), amorphous polyolefin or glass. In a

typical example, the substrate is disc-shaped and has a diameter of 120 mm and a thickness
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25  depositing or sputtering of a suitable target. The layer thus deposited is amorphous. In order
to constitute a suitable recording layer this layer must first be completely erystallized, which
is commonly referred to as initialization. For this purpose, the recording layer can be heated
in a furnace to a temperature above the crystallization temperature of the Ga-In-Sb alloy, e.g.
180°C. A synthetic resin substrate, such as polycarbonate, can alternatively be heated by a

30 laser-light beam of sufficient power. This can be realized, e.g. in a recorder, in which case the
laser-light beam scans the moving recording layer. The amorphous layer is then locally
heated to the temperature required for crystallizing the layer; while preventing that the

substrate is being subjected to a disadvantageous heat load.
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satisfi eﬁoigts%,yD,i’} ChePH in the ternary composition diagram of Fig. 1. The exact compositions

are indicated in Table 1.
A metal reflective layer 6 of Al, having a thickness of 100 nm, is present
adjacent the second dielectric layer 5 at a side remote from the first dielectric layer 3.

25 A protective layer 7, made e.g. of a laser-light transparent UV curable resin
having a thickness of 100 pm is present adjacent the first dielectric layer 3. Spincoating and
subsequent UV curing may provide layer 7.

Sputtering provides the layers 3, 4, 5, and 6. The initial crystalline state of the
recording layer 4 is obtained by heating the as-deposited amorphous recording layer 4 in a
30  recorder by means of a continuous laser-light beam to above its crystallization temperature.
Table 1 summarizes the results of examples according to the invention,

wherein the composition of the Ga-In-Sb alloy has been varied.
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reflection. This is generally referred to as low to hlgh modulatton

It is also possible to obtain high to low modulation, in which case written
20  amorphous marks have a lower reflection than their crystalline surroundings. A stack 2
having a 30 nm (or 117 nm) thick first dielectric layer 3 of SiHy , a 31 nm thick recording
layer 4 of composition D, a 20 nm thick second dielectric layer 5 made of (ZnS)se(Si04)20
and a 100 nm thick metal reflection layer 6 made of Ag has an R, of 6 % and an R, of 21 %,
which is exactly the inverse contrast compared to the stack described in the previous

25  paragraph.
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than the CET of 25 ns of the rewritable optical data storage medium of Fig, 2, in which no
additional SiC layers 3° and 5’ are present. The thickness of dielectric layers 3 and 5 is reduced
by 3 nm in order to keep the total thickness of SiC layers 3* and 5° and dielectric layers 3 or 5
15  constant.
Fig. 4 shows a graph of the measured data stability or crystallization time (t;)
at relatively high temperatures (in °C) of the alloys A, B, C, G, H,land J. D, E and F have a
data stability of much more than 1000 years at 30°C and are not shown in Fig. 4. By
extrapolation the stability at lower temperatures is estimated. The extrapolation curve is
20  based on the assumption that the crystallization time is logarithmically dependent on the
inverse absolute temperature (in K). The crystallization behavior is measured on written
marks. Normally the stability is based on the as deposited amorphous state, which however
generally leads to a too high value of the stability. This is because the written amorphous
marks contain many more nucleation sites than the as deposited amorphous state layer, which
25  increases the crystallization speed. For the written mark crystallization behavior
measurements the following procedure was used. Stacks were sputtered on glass substrates
and the flat parts of the discs were initialized with a laser. DVD density carriers were written
continuously in a spiral manner in the initialized parts. Pieces cut from the disc were placed
in a furnace and the amorphous marks were subsequently crystallized at a specific

30  temperature while monitoring the reflection with a large laser spot (A= 670 nm).

Comparative examples A, B, E, F. I and J (not according to the invention).

Table 2 summarizes the results of examples not according to the invention.
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E 50 0 50 7 >> 1000
F 22,5 22.5 55 73 > 1000
I 56 10 34 7 0.07
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Examples A, B, I and J show a stability lower than 10 years at 30°C. Examples

E and F do have a stability which is higher than 10 years at 30°C but have the respective
5 disadvantages of having a low laser-light writing sensitivity and a high CET. The
compositions of table 2 are situated ouiside the area of quadrangle TUVW,

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any

10 reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising" does not exclude the presence of elements or steps other than those listed
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. The mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combination of these measures cannot be
15 used to advantage.

According to the invention, a rewritable phase-change optical data storage
medium is provided with a data stability of 10 years or more at 30°C, and which is suitable
for direct overwrite and high-speed recording, such as e.g. CD-RW high speed, DVD+RW,
DVD-RW, DVD-RAM, DVD-red and —blue.




“X109@E ()- " x109%@& ()- /KO x109%@& ()- x10%&& () -
VWMWWWsY: +C x1° x10%@& () - " x10%@& ()- /KO x10%@& ()-  x10%@& ()-
“X10%R (Wo dMEYVT: +C x1° x109%@& () - /KO x10%@& () - ~ x10%@&/(Bh2/01230
" X10%@ ()-  X10%@& ()- VWVVWWe5+C / KO ?10%@; ()- > x10%@& ()-  x10%@& () -
" X10%@E () - " X10%@& ()- VWVOWWWDA+LC /K 10% & ()- " 10% & ()-

13" 1004 &) (I 10% & ()- Y S10% & () - X10%@ ()- WKDXXRYY| [ : +C'/
F*" 10% & b S{3#10%& ()- s "10%& ()- 940%& ()- 1F! 10%& ()-y s
109% & ()-2zYZ ZZZI[[|[: +C/ sY4' 109% & ()- 32f&10%(s& ()- 1109%& ()-
“/10% & ()- “-10% & ()- S, 110% & ()-[\ "\ \\\\\\|obU4 * 109K%& () - 10( 10( 10(
3:910% & ()- S&9109% & ()- s7"10% & ()- s5'10% & ()- \\\/], “b|[:bu4
" 1OYKYE ()- 3nt 109%U& () - Lg#109%%& () - M SgLOYKY& ()- LIOUKYE () -
3" 109KY%E () - bbcbbcrcc|[ bU4 96 #100KUR ()- #! 109KU& ()- ! 109K%& ()- S
#109KU&' ()- 109KY%&' ()- 3, f10%K%& () - c<eef Tggg 410 09K ()- L:
L0%KE: (()1 @@ 109KTRTiable thﬁﬂbdfa&@/ﬁoza)g? me%ﬂsgi )ai%glﬂérspee recording’by

* &@10% 0 0/z.9 ()-
LTovzone b 15 OGRS B O DI C) sompiiiESla Rt (PG ES
s 100/(2 W sxa@; 2 DO days8s &'th)hm%in&ar(s)as glfbwwz&n(:)lam@))zm&m( YiekL0dw 90w &

(h, hih> hbh 21410 K% . . .
s 10% Wz %Y éia'[b/éab s BAmE B el hese shanes sagssiel avingan 8RR oRyRisity ope &

()- ) gh/s f}ee/h%hln;’tfﬁﬁﬁﬁ Mhifié&ﬁa@g/%%m) brmg IHUWEIREBH dthve SLOYEVI@E s I Z & ()
-S OQO 4 0,

{ phuhvhx hI}Ch §s3m411cb@1ww dareri5)) cheteter 7ae 81 it the oMeowER, 41) msch@%v/&?@ &llgy - / Ky

(0o oel a0y SRR RE B MR AR et e BB B S bk )
{ s10% Y0 &'céntagebD R daEE& behg T QLA 4 shide HakhipGl MW@@W&& T,)4,/Kyind
{s10%We& ()-s10%Wa& ()-s10%We& ()-s10%Wz& ()-hhhhhhh_/ H4/ Ky

{s10% W¥ ()-s10%%Wa& ()-s10%%Was& ()-s10%%We& ()-s10%%e& () - hhhhhhhdD
H4/ KyO

GagglnoSbss (D)
GayglnasSbss )
GagglnisSbag (V)
GasaInipSbsg (W).
15
2. An optical data storage medium (20} as claimed in Claim 1, characterized in
that the ratio of Ga, In and Sb in the alloy is represented by an area in the ternary composition
diagram (30) Ga-In-Sb in atomic percentages, said area being of quadrangular shape having
the following vertices T, X, Y and Z:
20
GazsinpSbsy (T)
Gay4Inz,Sbsy X)
GaysInzaShas Y)
GayrIn;oSbas ).
25
3. An optical data storage medium (20) as claimed in any one of Claim 1 or 2,

characterized in that the first dielectric layer (3) comprises the compound SiHy and is present

adjacent the recording layer (4), and in which y satisfies 0 <y <0.5.
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15 8. An optical data storage medium (20} as claimed in Claim 7, characterized in
that the metal reflective layer (6) comprises at least one of the metals selected from a group
consisting of Al, Ti, Au, Ag, Cu, Pt, Pd, Ni, Cr, Mo, W and Ta, including alloys of these

metals.

20 9. Use of an optical data storage medium (20) according to any one of Claims 1-

8 for high data rate and high data stability recording.




