1 Rewitable optical data storage nmedi um and use of
such a medium The invention relates to a rewitable
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by nmeans of a focused radi ati on beam said nmedi um

conprising a substrate carrying a stack of |ayers,

whi ch stack conprises, a substantially transparent

first auxiliary layer |1, a sybstantially tranparent

second auxiliary layer 2 having a thickness d , and a

ﬁ&@&tgﬁlwpn'cﬁg% 50 &&hﬁ%&dgwg@ch IReiuln@l having a

t I ckness an conp Ising at |east a conposition Ge Sn
.C.y, where 0.05 < x <0.30 and 0.15 <y < 0. 30,

mhich recording layer is interposed between and 12,

and a third auxiliary layer 3 with a thickness d

acting as a heat sink and being present at a side of 2

opposite to the side of the recording Iayer The

i nvention so rel at 0 th
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optical data storage systems. Phase-change optica
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Marks are formed when the high power laser-light beam melts the crystalline recording layer.
When the laser-light beam is switched off and/or subsequently moved relatively to the
recording layer, quenching of the molten marks takes place in the recording layer, leaving an
amorphous information mark in the exposed areas of the recording layer that remains

crystalline in the unexposed areas. Erasure of written amorphous marks is realized by



the recording |ayer. The anorphous marks represent the
data bits, which can be read, e.g. via the substrate
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| aser-1ight beam Reflection differences of the

anor phous marks with respect to the crystalline
recording | ayer bring about a nodul ated | aser-1ight
beam whi ch i s subsequently converted by a detector
into a nodul ated photocurrent “in accordance with the
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crystallization by nucleation and crystallization by grain crystallite growth. Nucleation of
crystallites is a process where nuclei of crystallites are randomly formed in the amorphous
material. Therefore the probability of nucleation depends on the volume, e.g. thickness, of the
recording material layer. Grain growth crystallization may occur when crystallites are already

present, e.g. the crystalline surroundings of an amorphous mark or crystallites which have



crystallites is a process where nuclei of crystallites
are randomy forned in the anorphous naterial .
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vol ume, e.g. thickness, of the recording materi al

| ayer. Grain growth crystallization may occur when

crystallites are already present, e.g. the crystalline

surroundi ngs of an anor phous rk or crystallites

whi ch havebeen formed by nucleation. Gain growh
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whereby the marks are written employing a number of short recording pulses according to a

predetermined scheme. At higher recording speeds this scheme becomes more complex and
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recordi ng speeds recrystallization of the anorphous
mar ks during recording, i.e. back growh of the
i nterface between anorphous mark and crystalline
surroundi ng, or other distortion of the anorphous mark
is likely to occur. In order %o prevent this
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backgrowth is achieved. However 3T and 4T write strategies require complicated schemes in
order to compensate for the fact that when e.g. an nT mark has to be written n is mostly not
dividable by 3 or 4. A 2T write strategy is only usable when very éhort pulses are used which
poses a practical problem on the recording laser and its driver. By applying proper cooling of
the recording layer according to formula of claim 1 back growth of marks during writing is
counteracted and a 2T WS with more realistic pulse lengths of e.g. 3 ns or 4 ns may be used

successfully up to higher speeds.



mark is reduced by approximately respectively a factor
of 2, 3 or 4 conpared to T. Witing an nT mark with T
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pul ses | ess backgrowth is achi eved. However 3T and 4T
wite strategies require conplicated schenes in order
to conpensate for the fact that when e.g. an nT mark
has to be witten n is nostly not dividable by 3 or 4.
A 2T wite strategy is only usabl e when very short
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variations in concentrations during deposition will occur.
In an embodiment the third auxiliary layer I3 mainly comprises Ag. Ag is a
material with a high coefficient of thermal conductivity. It is therefore suitable as a heat sink
with a high heat dissipation capacity. The third auxiliary or reflective layer may aditionally

e.g. comprise at least one of the metals selected from a group consisting of Al, Ti, Au, Ag,
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e.g. in a concentration up to at.% it is possible to
tune the crystallization speed of the phase-change
material. The nost inportant way to tune the
crystallization speed of GeSnSb-based conpositions is
by varying the Ge-concentration. It is observed that
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opd dubaniae] saidfsobstiate muabe 6k 1&6: tadparent to the radiation beam wavelength.
The layers of the stack on the substrate may also be applied in the reversed order, i.e. starting
with the third auxiliary layer, in which case the radiation beam will not enter the stack
through the substrate. Optionally an outermost transparent layer may be present on the stack
as a cover layer that protects the underlying layers from the environment. This layer may
consist of one of the above mentioned substrate materials or of a transparent resin, for

example, an UV light-cured poly(meth)acrylate with, for example, a thickness of 100 um.



The first auxiliary layer | | may be nmade of a m xture
of ZnS and SiC2, e.g. (ZnS)go(Si0 )20. Alternatives

wae®s/0esge SiO, TiO, ZnS, AIN, Si N and Ta PCT/BB2004/052249
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carbi de may be used, like SiC, WC, TaC, ZrC or TiC
These carbi des give a higher crystallization speed and
better cyclability than a ZnS-Si O m xture. The
auxiliary layers may be prOV|d;d by vapor deposition
or sputtering. The substrate of the optical data
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The invention will be elucidated in greater detail by means of exemplary
embodiments and with reference to the accompanying drawings, in which
Fig. 1 shows a schematic cross-sectional view of an optical data storage

medium in accordance with the invention,



H gh-density recording and erasing can be achi eved by
using a shortwavel ength |aser, e.g. with a wavel ength

w®@b006/8®5M or shorter (red to blue). The phase-BCEIEPE04/052249
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recordi ng |ayer can be applied to the substrate by
vapor depositing or sputtering of a suitable target.
The | ayer thus deposited is anorphous. In order to
constitute a suitable recording |ayer this |ayer nust
first be conpletely crystalliigd whi ch is commonly
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DC-erase vel ocity. For phase-change mater| al
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r eatarigh of @egh@eﬂth\p cpmpospno& GeASmebbantheheat cgnduction coefficient A of

(ZnS)50(Si07)20 is 8.7 W/mK. The recording layer 4 has a thickness of 14 nm and is
interposed between the first auxiliary layer 3 and the second auxiliary layer 5. A third
auxiliary layer 6 made of Ag with a thickness d;3 = 150 nm acting as a heat sink is present at
a side of 12 opposite to the side of the recording layer. A fourth auxiliary layer 8 is present
sandwiched between the third auxiliary or reflective layer 6 and the second auxiliary layer 5
screening the third auxiliary layer 6 from a chemical influence of the second auxiliary layer 5.
The fourth auxiliary layer comprises Ge;Ny and has a thickness of 3 nm. SizN4 and Ge3Ng
have a larger heat conduction coefficient A than (ZnS)go(SiO;)20. SizNg4 has a A of 26 W/mK.
The maximum DC—erase velocity Vemax Was determined as the maximal linear disc velocity
at which 114 carriers, i.e nT marks with n=14, initially written with a typical carrier-to-noise
ratio of 45 dB, could be reduced at 25 dB.



nm ZnS/ Si 2 (5B), Fig. 6 shows the optical contrast C
as a function of recording |ayer thickness dp, for a

w@e®ssiBsphase- change material with 2 = 6 nm anPCBIB2OV4/052249
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Fig.lthe rewitable optical data storage nedi um 20,

e.g. a DVD+RWdi sk, for high-speed recordi ng by nmeans
of a focused radiation beam 10, has a substrate 7 and
a stack 2 of layers provided thereon. The stack 2 has
a first auxiliary |ayer 3, made of havi ng a thickness
of 90 nm, A%e&ﬁ%%gra%u?(gllc\aeq{ﬂsclhg\xﬂ atﬁlckr{g?sq)?og nbg\fﬁe?&t
a t hickness of nm and a recording |layer 4 0
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p a ange recor ayer
prehange aheintptid baygrey reprmet rvasieconirasigpas waitreqdprmely cooled stack

with 12 = 12 nm (ZnS)se(SiO2)20 and 3 nm GesNs, and 150 nm Ag. The dotted straight lines
represent write strategies (WS); a disc with coordinates below such a line can be recorded
with that WS. Two WS (1T or 2T) and the maximum laser pulse time are plotted. For
Ge3Sn0Sbe; phase-change material the effect of variation in 12 (Fig.3A), Ag (Fig.3B) and
phase-change recording layer thickness (Fig.3C) is shown. Decreasing the thickness of 12, the
thickness of the phase-change recording layer P and increasing the thickness of I3 can shift
the points downwards in Figs. 3A, 3B and 3C, so that recording with a simpler WS becomes
possible. It should be noted that choosing for 12 a layer with a higher thermal conductivity,
like GesNy or Ta;0s would give a results similar to lowering the thickness of 12. So a well-
designed optical stack is important to diminish recrystallization within the write pulse. As

said the amount of backgrowth recrystallization depends on the crystallization speed of the



was I n the present invention, we state that the speed
of a phase-change disc is al so dependent on the | ayers

waeasloapes t hi ckness of the optical stack.. |tPEBIB2004/052249
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observed that the speed increases for thick 2 and
phase- change and decreases for thick 13. In each of
Figs.3A, 3B and 3C the tine gap (as a fraction of the
period T) at 90 % of the maxi num nodul ati on as a
function of the maxi mum D -erd8e velocity is shown.
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In Figure 6 the optical contrast C as a function of phase-change layer thickness

dp for phase-change material GeSnSb with 12=6 nm (ZnS)g(Si0,)20 and 3 nm SizN, is
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el ements. From 4A it can be observed t

i nigR&RE The poE "aélr?f cBneEsiing a7 Yrmsrhioesant ex ‘idﬁ @e presence of a
C r;}lﬁrhlai/ bf stiét dldients P GhereByct &dheithiomeBhired e reé@d@tli m(duallyor

%xg?r% | ene tgtsclah%edg%s&}/ ie?lcatﬁ.ézgttalfc?)?] 1tn g)glg)lf these anﬁe%sures cafnnot be
Fltgedmai\@mngeesponds to the label (B) in Fig. 4A 1In
Fi gure 5A and 5B respectively the nelt power Pt (in
nmMAN as a function of 8x DVD+tRWspeed for a = 14 nm
phase- change | ayer (5A) and Pt as a function of
recording speed V for P =14 nmand 2 = 8 nm (ZnS)

(Si Ch”o (5B) are shown. The value of the paraneter at
the bottomside is in practice limted by the
sensitivity of the nmedium Pt the mninmum (DC) power
to nelt the phase-change layer. It is observed that
the sensitivity decreases with d , i.e.larger powers
have to be applied to wite data marks. Fig. 5B shows
furthernmore that at high speeds |arger powers are
needed to nelt the phase-change material, as a result
of the shorter dwell tine of the |laser spot at a
certain position at the disc. In practice, this sets
limts to the m ninmum 12- thickness at hi gh speeds, as
no infinite |l aser powers can be applied. For current
hi gh power | aser di odes, a maxi nrum power on the disc
of about 20 is reasonable. In Figure 6 the optica
contrast C as a function of phase-change |ayer

t hi ckness



dp for phase-change material GeSnSb with 12=6 nm and 3
nmisll showmn. The lower |limt of the phase-change

wWo 2008104350 ckness dp i s determ ned by the opti ceET/IB2004/052249
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contrast C that can be achieved for a 'comon' optica
stack. Fig. 6 shows that the naxinun1optical cont r ast
Cfor a stack with 2 of 6 n (ZnS)go(Si0 )20 and3 n S
N and a Ag heat sink decrease§ rapidly with the

phase- change | ayer thickness dﬁ Therefore, a m ni num
phasgysghange thickness of about 8 nmis proposed for
single layer DVD+tRW It should be noted that the
above-nenti oned enbodi ments illustrate rather than
limt the invention, and that those skilled in the art
will be able to design many alternative enbodi nents

W t hout departing fromthe scope of the appended
claims. n the clains, any reference_signs ]

bét ween pafdsiTialeapticadatd storage "Ef@‘”&‘dﬁ@tf?fd’é&ﬂ"sa%ed |rqcmdtng By
t ARarlofh McustNRdMInGeant A0 di® mBGum eraFisin@h s@gtedtd{dpcahﬁeg a

presence of el ements or .steps oth t han t ose
P RS s B R oo ey A SRS A St e
d @B sa subitaneixltyl tradgardnhecqud esdlivgelapdr 122(5phaving b itHicknas dis Lantha

el eny
;SR e e T B Ll SR TR DR
nathere PP cat<e0-10rrad 0. éS €0 rfwﬁﬂawhldwe@ﬁdmgﬂe@els n@quctelsetween 1
Cap@L 2B G tHAGekifidy l%9e¥ @ﬁ("ﬁ?&ﬁh zilt%lc% ch@ctm Aa E&Y‘@nhﬁ #lbEing
optical data storag dium (20) for %1
r QEEEtAgidp 9 Ifeenesitede tha sidg efRgcading 'axer,csharmﬁed(lq thpt Ap/dp >
S 3k th® N i KM 16 KRR ifin(ig AR isIneRAtIcaddRct(of kodk@didny bfBk Material of the
SE€Ck (2) of | ayers, which stack conprises, a
B%ntially transparent first auxiliary layer | |

(3), a substantially tranparent second auxiliary |ayer
OfZ( g) pﬂg\éleﬁg ﬁélcall?ilat% iétgl% esm dlum @g zlis%l n?e%ol( 8fa9r91 ! %{r%{n tf(e4)
Sisechy auxiliary layerd? elamly%mﬁrlscs S g5 Oamandn <<10wm: 0. 30,
whi ch recording layer is interposed between and 12,
and a third auxiliary layer 3 (6) with a thickness
aéting as A"REE! dap ARrEHECER HY predenin Qpim sihgeinge 2
ORROSd duRilik® lagbxqz Sérﬂﬁls&fat k%&eoﬂegé?l&féé\% ﬂ;b% Kth@gi&!ip ?/t\"haeﬂﬁ Si3Ng,

ra ri [ > b* , In iC

Zl%ﬁ%fsqu ﬁ ({‘H@:#{\S %‘Eéfduct i on coefficient of the
material of the 2 layer. 2. An optical data storage

gl um C20h, 85icAlgs BBled RedbR10) s HSIE) By LR STARES 20rs,

aUX|I|ary ayer
andiereia tlmeqwmmg?,ayew(ﬁ) lgpa itmésheseléx @d dt iosragjler thandliSumn. ( 20)
as clainmed in Caiml1, wherein the
5. An optical data storage medium (20) as claimed in any one of Claims 1, 2, 3 or

4, wherein the recording layer additionally comprises at least one selected from In, Ag or Cu.

6. An optical data storage medium (20) as claimed in Claim 5, wherein the at

least one is present in a concentration up to 10 at.%.



second auxiliary |layer 2 conprises at |east one
selected fromthe group of e N, S 3N4, Al O, H N,

wo 705043524 Sn) andTa O . 4. An optical data st oPeEmEB2004/052249
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medi um (20) as clainmed in any one of Clainms 1, 2 or 3,
wherein the recording |ayer (4) has a thickness dp and
is smaller than nm 5. An optical data storage nmedi um
(20) as clained in any one of Claims 1, 2, 3 or 4,
wherein the recording |ayer aadltlonally conpri ses at
I-east one xqebial Kl sfofagmn!acﬂum 69) Rclafrhed iPClafi 1 QJme}eﬁ]%e third
data storage nedi um as clained in Caim5
visitay fpyerd mé’f“ylcélﬁgrfse%% is present in a concentration
up to at.% 13 7. An optlcal data storage medi um (20)
cl ai nme m1l th iliary

yor 3 Pk Bl e BT (D 2Rt g fgngftinin
shbhﬂg@BnEMemnd@ampna&wcwasﬂmﬂﬁHSOGhaln17 wherein the
thi ckness of the third auxiliary layer 13 is at | east
150 nm 9. An optical data storage nmedium (20) as
A-ai med i Anapycabiata stefagOnedivmg (20) asglagned\ih enyesinpofgClaims 1 to 8,
%%@J‘stubs@zlnhyi]yttfaﬁsrﬂ%ﬁrf@lﬁ‘ﬁ] a{ngl'tjd})t Qyé? W8$ is ¥e¥en{ Wen the Gh

Present between the third auxiliary 3 (6) and
tq*fél ians dayerd> U Rrd thesegond gydliarylayery2 (éb%caeéwgq e thﬁé apqjayfayer
A ¥ohi adhdmitaRWBhende SRy Bedon BEXMagAkyek f | uence of the
second auxiliary layer 12. 10. An optical data storage
mediumas clained in Caim9, wherein the fourth
a]UDXi liary Ana)yte:m dhta(sBjage mpgiiin sedaidéd ih Cadt 9 omeredf thofourth
ta storage. nedi as ~chainmed in daim1l0,
Wﬁm %Véw?' 8?8%?¥hﬁaﬁg t9§f§gn&(ggh3 ‘has a thickness <
3 nm 12. Use of an optical data storage medi um (20)
agcor di ng Ath)pt‘;"cQVda%@ﬁ)ragé mbdin B @G58 RS 1h f]lb Wherethd ogHh

speed recording W a recordi ng speed of at |east 35
rﬂu§lllary layer 14 has a thlckness dy £ 3nm.

12. Use of an optical data storage medium (20) according to any one of the

preceding Claims for high speed recording with a recording speed of at least 35 m/s.



