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The invent P&P5%t4tes to an optical information carrier foPTREEAMHFPng,
reading and erasing information by neans pof a laser-light beam said
optical information carrier conprising a substrate carrying a stack of

| ayers, “@&8@?%@5&%a&9ﬁ@&ﬁ?@s’ I n succession, a first reflective

| ayer, a frrs I'electric T'ayer, a recording |layer of a phase-change 5
material of an alloy conprising germaniumand tellurium a second
dielectric layer and a second reflective |ayer.

The invention also relates to a nethod of manufacturing such an opti cal
i nformation carrier. Known optical information

carriers, such as the Conpact Disc (CD), 10 Conpact Disc Read Only Menory
(CDO-ROM and Laser Vision (LV) are provided with I nformation by the

manuf acturer and can omhy End A (16 JAEEL MoriEA0D Akl APTRLLALY.Y

avai | abl e pl ayback equi pnent orna ron carriers ca
i nscri bedreading aoy etdsing informatien by fmansaaéarﬁﬂser [0 RBegme caid da@hbzé)mfoﬂnauon

information .carrier . which is erasable a scri babl e by the user
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A known t [AS and re-inscribable optical information carrier
has a rev@gﬁ“gfeéf a]?g‘?hg | ayer of a so-called phase-change material. By

l ocal |y heating said 2Phe inoestichi g febitey tovd inBthad fod antmtthcham@rsubh ghtophieam
and subsegﬁggéhgn%ggk;ng it, the state of
Known optical information carriers, such as the Compact Disc (CD),

10 Compact Disc Read Only Memory (CD-ROM) and Laser Vision (LV) are provided with
information by the manufacturer and can only be read by the user by means of commercially
available playback equipment. Other optical information carriers can be inscribed once by the
user, for example CD-R (recordable). An information carrier which is erasable and re-
inscribable by the user and which can be read in a standard CD player could be used for

15 many applications. Audio, video or data information can be inscribed in the information
carrier by the user himself. After an erasing step, new information can be inscribed in the
information carrier.

A known type of erasable and re-inscribable optical information carrier
has a reversible recording layer of a so-called phase-change material. By locally heating said

20 recording layer' with a focused laser-light beam and subsequently cooling i, the state of
crystallization of these materials is changed at the location of the laser spot, and a readable
bit is formed. Dependent upon the material of the recording layer, amorphous material
changes to crystalline material or conversely. Conversion of a crystalline phase to another
crystalline phase is also possible. The recording layer is, for example, crystalline and has the

25 property that incident laser light is absorbed.

During inscribing information, the information carrier is moved with
respect to a focused laser-light beam which is modulated in accordance with the information
to be inscribed. Due to this, quenching takes place in a phase-change recording layer having

a crystalline/amorphous phase change and causes the formation of amorphous information



crystallization of these materials is changed at the | ocation of the |aser
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of a par abdseho%asehen drOitkcrhtRaMivimatien arriay &l read by medans of a focused laser-light
beam, reflection differences of the amorphous bits with respect to the crystalline recording
20 layer bring about a modulated laser-light beam which is subsequently converted by a detector
into a modulated photocurrent in accordance with the coded, inscribed digital information.

The digital information originates from amorphous bits having a width of approximately 1
and, dependent upon the linear disc velocity, a length which varies between 0.9 and 3.3 um.
The modulated photocurrent is a HF signal whose lowest fundamental frequency is 196 kHz.

25 The peak-to-peak value of the photocurrent is designated as I;; and the peak value of the HF
signal associated with 196 kHz is designated as L,,,. The modulation m is defined as:

m = I/ Leax @
and must be at least 0.6 according to the above-mentioned CD industrial standard. The
modulated photocurrent is caused by reflection differences between inscribed (amorphous)

30 and uninscribed (crystalline) areas of the information carrier.
In practice, it has been found that in the case of information carriers in
which Ry = 70%, the contribution of phase differences to the modulation is almost always
negligibly small. This modulation is predominantly based on reflection differences. These

information carriers must have a minimum optical contrast in order to attain the required



approximately 785 nmwhich is perpendicularly incident via the substrate,
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20 the laser-light beam is short. At such a linear disc velocity, complete recrystallization of an
amorphous bit is impossible if t, is above 800 ns, as the time available for this purpose is too
short. If t, is below 300 ns there is a risk that during inscribing of an amorphous bit, the
locally and temporarily increased temperature will cause said bit to recrystallize completely
or partly, so that eventually no amorphous bit or a faulty one is formed.

25 It has been found to be difficult to manufacture an inscribable and
erasable information carrier, which meets the requirements of the above-mentioned CD-
industrial standard and which can suitably be used for DOW.

. An information carrier of the type mentioned in the opening paragraph is
known from European Patent Application EP-A-549024 (PHN 13.925), filed by Applicants.

30 The known information carrier of the phase-change type comprises a substrate carrying a
stack of layers consisting, in succession, of a first reflective layer, a first dielectric layer, a
recording layer of a phase-change GeTe alloy, a second dielectric layer and a second
reflective layer. Such a stack of layers can be referred to as an MIPIM structure, wherein M

represents a reflective layer, I represents a dielectric layer and P represents a phase-change
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PCT/ 1 B9S/ Ogﬂtﬁg modulation requirement of m = 0.6, and which optical information carrier carfralso

20 suitably be used for Direct Overwrite at a linear velocity of the information carrier of 1.2-
1.4 m/s. In order to meet the modulation requirement m, the optical contrast C must be at
least 80%.

The invention also aims at providing a method of manufacturing such an

optical information carrier, in which the applied recording layer, which is originally
25 completely amorphous, can be crystallized (initialized) into the desired recording layer by
means of a laser-light beam. The latter requirement will be explained hereinbelow.

The object of providing an optical information carrier which complies
with the CD-industrial standard, is achieved in accordance with the invention by an optical
information carrier as described in the opening paragraph, which is characterized in that the

30 recording layer comprises an alloy of the composition, in atom%, Ge,Te,Se,, wherein

47 < x <53

17 <=y < 41

2<z=<30
andx +y + z = 96.



recording layer. Such a MPIMstructure enables a high initial reflection

RH as well as a sufficiently high contrast Cto be attai nede‘&g t hat
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optically non-transparent Au | ayer. Interfe- - rence effects cause both

t he i ni tlayer caebe erasedbandingeted Ewelabiliy) and thenlifejaffte ragording yen iwithoud be

cryst ai 1R g s Beekfaedh gk it GG HiSorrblpler G RS, e lpdiing o,
and 12%layee sRgChadelaily coMmeriept iatah % @)tSHAN ofBi.SFor the siddfficpdf thetesordidpe
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10 tdo @’Fé,“ésai’r&?qﬁéﬁdéggt nopli tk FolPh#8® Ftates al l oys of GeTe with Sb and
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conpl et gepres:ystal I i zati on of an anorphous bit in 15 GeTe is only 50 ns,
so that the inscribed bits are inmmedi ately erased agai n.
It i¥ afeebiceciepfAthe invention to provide, inter alia, an inscribable and

er asabl e, optJ lvaf ormation carrier which, in the inscribed state,
conpl i e?eﬁﬁ%ﬁ%ﬁ%% i ndustrial standard, nore particularly, with the
i nitial Gegf{Teg¢le,Cy equi rement of Rlerr] 70% and the nodul ation

require%t_vgf mﬁbgrr] 0.6, and which optical information carrier can al so
20 sui 91 d for Direct Overwite at a linear velocity of the
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thy CD i : o . . _ . e on by
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of the GOMRAS) biiven' 13 1Y bro 2ok Belote LE Lo, 85, bt obh Shagy C and the
12 [err nogulaBibh Im d6crease to@Bfhicl afid ibovez3d ofnl %98e they decrease drastically.
1t has been found that only a small deviation of the Ge content of the
recording layer from 50 atom % is permitted, namely maximally + 3 atom %. Outside these
25 limits the contrast C and the modulation m decrease drastically, as a result of which the
information carrier no longer complies with the CD-industrial standard. Within said limits,
an optical contrast C of minimally 80% and, in addition, an initial reflection Ry of at least
70% can be attained.
Preferably, x, y and z have the following values (in atom %):
30 48 < x < 52
W=sy=<s34
18 = z < 28.
This composition is situated in the hatched parallelogram having the

following vertices (see Fig. 1):
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The reflective layer M on the outsxde of the optical information carrier is,
preferably, a non-transparent metal layer which consists, for example, of a metal or metal
alloy of the elements Au, Al, Cu or Ag, so that as little laser-light as possible is transmitted

20 by the reflective layer. Owing to the high degree of reflection at a laser wavelength of 785
nm and the corrosion resistance, preferably, Au is used for the reflective layers M.

By adding dielectric layers I as interference layers, both the reflection and
the contrast of the information carrier are increased. In addition, said dielectric layers protect
the recording layer P against possible oxidation and they preclude diffusion of the metal from

25 the reflective laSIers M into the recording layer P. Said dielectric layers also ensure a
controlled removal of heat when amorphous bits are inscribed into the recording layer.

For the dielectric layers use can be made of customary materials, such as
Si0,, TiO,, ZnS, AIN or Ta,0s. Mixtures of these materials, such as a mixture of ZnS and
Si0,, can alternatively be used. The dielectric layers must be transparent to the laser

30 wavelength used. Both the reflective layers and the dielectric layers can be provided by
vapour deposition or sputtering.

The layer thicknesses of the MIPIM structure are selected so that C is
maximized and Ry is at least 70%.

The substrate of the information carrier is at least transparent to the laser
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coet f AR cHRPIIGHOE IPTOeESS fcp 5Y thetic gsifpaxer of nfos EuEEIe R @%&Rﬁﬁg lvret | ve

| ayer M | FleGi 3 4L Shadd | f

di el ectr [gg 1%%%%23? ﬁéé ai t%rphg‘?g@lc{/&ﬁlfhgeﬁgg and S{Ilge\éfgr?ﬁer!z‘agﬁ @gﬁi ﬁd}igé‘g‘
for andcanpidth D4[ for ekOhpley P.6aerd. Si J err], respectively.

The reflective | ayer on the qutside of the .optical.infaor lon.carrier
s, bref or by, RO oM e ey e of RS RSk i ErRREhER R e o
exanmpl e, @biranmedtty Sean¥edfal protective layer of, for example, UV light-cured

15  poly(meth)acrylate.

Although the GeTeSe alloy in accordance with the invention is optimized
for an erasable recording layer in an information carrier which complies with the CD-
industrial standard, said alloy can also suitably be used in other optical information carriers,
such as information carriers which are not disc-shaped and which require a great optical

20 contrast and modulation. For this purpose, flexible, for example tape-shaped, substrates can
be used.

The recording layer can be applied to the substrate by vapour depositing
or sputtering of a suitable target. The layer thus applied is amorphous and exhibits a low
reflection. In order to constitute a suitable recording layer having a high reflection, this layer

25 must first be completely crystallized, which is commonly referred to as initialization. For this
purpose, the information carrier could be heated to the crystallization temperature of the
relevant GeTeSe alloy in a fumnace, the crystallization temperature being close to 250°C.
This method is unsuitable for synthetic resin substrates, such as polycarbonate. It would
alternatively be possible to initialize the amorphous layer with a laser-light beam of sufficient

30 power, for example in a recorder, in which case the laser-light beam scans the rotating
information carrier. The amorphous layer is then locally heated to the crystallization
temperature without the substrate being subjected to a disadvantageous heat load.

Experiments have shown, however, that the amorphous GeTeSe alloys
having a composition in accordance with the invention cannot be initialized with a laser-light



alloy of the elenments Au, Al, Cu or Ag, so that as little laser-light as
possible is transmtted 20 by the reflective layer. OMng to the high

degr ee of waedd8étli on at a | aser wavel ength of 785 nmP&AEBY¥84Cor r osi on
resi stance, preferably, Au is used for g§he reflective layers M

By adding dielectric layers | as interference |ayers, both the reflection

and . Lonttg ast ' i rrier, are | a

addi t1 e RGPS oyl pdePhots il B v Tedsey £ Ryl R SR Bms, o
possi bl Thigyhetainienon andlichtie pequliac br destdight Usdntie exdpldided asefolibwi.r om 25 the
reflectjve |.ayers intQ the recording layer P. Said dielectric, |ayers, al so
ensur o Grysu GG of B tonE FaiAal e ORI BOEHStRs TBIEY BRI EN bed
i nt o t haohat skidGioh 8y Ble process in which small crystals develog &f ard B@ofh8hect ri c

| ayers use can be made of customary materials, such as Sigerr],

Ti O &r renvirgnsentarowthTis|the placpssrin]whigh sheivabume pf 8 lsmell crystadrincreases. sTheh as a
m xt ur eve%ci:;e%%faz%% rocess% %e?t{ohglyﬁ%@g%a@%é-&%égﬁ%%uﬁganuéi? t T § di el ectric

| ayers musSt be tranSpare ength~used.” Bott¥'t he

r ef | ectCyyetalipaos ofia tommbgerdoad embrphoud Ryer eqoees txeh pucleattbachnd)growth. Ivapour
deposition or sputtering. . . ) X The ‘lfﬁ? er thicknesses of
the M Phraerf@nABORPISHIT et srys@linefavireniment, howeven, URGAEAN MBPRH i s at

| east 7L [ '
oas err@ffesss%rly t?eecause the cxarstals can grow al%getihé %9?& bR tAf tolafis! HE Q&R dORe

ast transparent  to t ase WO 96/ 00441
PCTi0 B36Y. @hs@quently, an amerpbbwnijt barobe Fraceds@oystatlizedp deryorpidbyadilinysamd i s

made of, far ex e,. pol ycar bonat pol thyl. methacryl at e. ( PMVA) ,
anor ph&?ﬁorgﬁcfo%?h? 18?&5 s ggc% ¢§%SQB%3?§%%§ é“ﬂﬁgﬁgo %%’25 halR a'% _ rté'ﬁg %/g‘ﬁ ent
t o t he dnagRdrpiesedien ot raspdivel9r 350864 600 RY and Breclieasd BEitabRCRPITI-EY to the
CD- i ndustrial standard, the information carrier is disc-shaped and
has a dPEsble®r Aohomogengays amerphaus: lakerimadaeidieseslloynbassy prysiatizationstime 2 nm

The sur. ' ; . gle] i

or of or Ao sisuniRng ERELAPI£000 ol 03 | 49, g hRSLERRAT B0 LBYEDy bibpns of 1
ser 1/t radlakerlight beam of very toombksomet ed by a spiral - shaped groove and is
formed in the substrgte b

or pressing. This gr J%ég?%gg".&;’%%rﬂ?‘h%P %}1%{‘13 alﬁn ggaﬁ k%@%%ﬂg
g][ 0CeS Tatribrais WeritRH BV & Skkich BxPhe Hitialfzed b9 RS Of a JaseMiibhtalthmCanded | ayer
which enables the dielectric layers I and reflective layers M to be provided on the substrate
in a customary manner, is achieved in accordance with the invention in that the recording
20 layer is formed of two superposed amorphous layers, the first layer having a first layer
thickness being an alloy of, predominantly, Ge and Te, and the second layer having a second
layer thickness being an alloy of, predominantly, Ge and Se, the compositions and the layer
thicknesses being selected so that after heating and mixing of the two layers by means of a
laser-light beam and after cooling of said layers, a crystalline recording layer Ge,Te,Se, is
25 formed, wherein x, y and z have the above-mentioned values.
In accordance with the invention, the recording layer is provided as a
double layer of two superposed, different, phase-change layers of, for example, GeTe and
GeSe. The compositions and layer thicknesses are selected so that the average composition
corresponds to the desired composition. One of said two layers (GeTe) has the property that
30 it nucleates readily, whereafter it crystallizes. A laser-light beam of sufficient power causes
the two layers to mix, whereafter, after cooling, a single crystalline layer of the average
composition is formed.
A homogeneous amorphous layer of GeggTe,s5¢,5 has a nucleation time

of more than 1 ms(> 10° ns) and, consequently, initialization by means of a laser-light beam



acrylates, which is separately provided on the substrate Such a groove has
a pitch of 16£err]m and a width of, for exanple, ‘{:ﬁ %{

ot i onal | y, WPA&0dt er nost | ayer of the stack i s screened fr’(’) /00469

envi ronment by neans of a protective |aygr of, for exanple, WV light-cured

15 poly(nmeth)acryl ate. Al t hough the GeTeSe all oy
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carrier EoMPesiiQn o8 appliediAs q&eféﬁ%{pmufaﬂemﬂ@ é*ﬁ?ﬁér"&%‘gféﬁdof t he
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heated tg the crystallization tenperature without the substrate being
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havi ng a conposition I n’'acco ce wth the I'nvention cannot
with la | asbra layghémounts to 74% in the aM@eaBédivpadd MIPIM structure, which is insufficient
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beam wi ¢ FiFr18 EPquised raodulgione A alfgaf e COPOSLiQu e e eSesgShy, exhitis, under
crystall ﬂﬁ%e%ﬁid&n?% él'ﬁse time t oﬂﬁ(ﬁnﬁ%ﬂ@@&”% optiehiCébntrastRe aHd tiRr  ON

first sight, can be explained as Yoll
modulation m are only, respectively, 67% and 44%.
The invertion will be explained in greater detail by means of exemplary
20 embodiments and with reference to the accompanying drawings, in which

Fig. 1 shows the ternary compositional diagram Ge-Te-Se, in atom %,
and, in said diagram, the compositional area ABCD in the form of a parallelogram and the
hatched preferred area in accordance with the invention,

Fig. 2 shows the erase time t,, in ns, as a function of the Se content z, in

25 atom %, of the alloy GesgTesq.,Se,,

Fig. 3 shows the optical contrast C, in %, of an information carrier in
which Ry = 70%, as a function of the Se content z, in atom %, of the alloy GesyTesq ,Se,,
and

Fig. 4 is a schematic cross-sectional view of an optical information carrier

30 in accordance with the invention.

Exemplary embodiment 1

Fig. 2 shows the relationship between the erase time t, (in ns) of an
amorphous bit in a crystalline layer of the alloy GegoTesq ,Se, and the Se-content z (in atom



Crystallization of anorphous naterial requires two separate processes,

nanmel y nucl eati on and growm h. Nucleation is the process in which
smal | crys¥@P¥4éyel op in an anorphous 5 environment. G okt HBIEWMR
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superposed, different, phase-change |ayers of, for exanple, GeTe and
GeSe. The corrp05|t|ons and | ayer thicknesses are selected so that the

aver age Exemplasy einbodiment 2 cor r esponds to t he desired conposition. One of
said two | ayers (CGeTe) has.the op it nucleates readily,
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of a | aSer
This groove is provided in a UV-light cured layer of acrylates by means of a replication

process. A very thin layer 3 of Ta,0Os having a thickness of 5 nm is applied to this layer of
25 acrylates in which a groove is formed. Said layer 3 serves as a bonding layer for the gold

layer S to be subsequently provided. The layer 3 is provided with a stack of the following

structure:

- reflective layer 5 of 15 nm Au

- dielectric layer 7 of 20 nm TayOg
30 - recording layer 9 of 25 nm GeggTe,55¢44

- dielectric layer 11 of 27 nm Ta,Qs, and

- reflective layer 13 of 75 nm Au.

Said layers can be provided by means of sputtering or vacuum deposition.

After sputtering, the recording layer 9 is amorphous and is converted to a crystalline layer by
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trhot arBnotane T Pl fonspBht Thén MRpdgi<1d 8 n MRASEERACERGH Ve 21 1 oy
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sane conditions, an erase.tine t,[eraH of 5 ('1) ns, however, the optical

cont r astD-cCCarmaqeangly, the initigdigefiectiomand Hieanesiapioncompbe Wit ehg Chsindysiidl 440
The i nvenl40n égid the DRscEbEd HeBffadon %ﬁ#‘étcﬁﬁ bg‘j}r@elril ng 2 Rndirg @ﬁmﬁ@g [y 20

enbodi nents and wth reference to the acconp raw ngs, In
Fi g. 13 shows the t er ribheyerasnpmeiof ithnahorphagy bits €600 @s,Se thanthe tinfordgtion

and, in said diagram the . ositipnal area ABCD in the form,f a

paral | _elcéﬁrb&rﬁ byiygeans of aﬁggegﬁ:@gt _ é'r?‘g‘ﬁeaé ‘feﬂxéﬂf&grld%ﬂ]éem(/ﬁatrﬂ the

i nvent i QBirect Overwrite is possible. Thus, the inSérthedAnfoRRiod &Prié @ffiplles Wathi heigD- i n
ns, as a function of the Se content z, in 25 atom % of the alloy

Ge[ er r | Tedustiql standand] | Fig. 3 shows the optical

contrast C, in % of an information carrier in which RH = 70% as a
function of the Se content z, in atom % of the alloy

Ce[ e20 | TxecampldrBeimbodiment3  and - Fig. 4is a

schemati c cross-sectignal ,vi ew_ of, an tical i.nfqQornation carri )
gxemplary embodxment%pm repeated, ué)mg recorcpmg z:tyersef}r having

different compositions of Ge, Te, and Se. The erase time t, (in ns) of the amorphous bits is
determined for the information carriers obtained, and the reflections of the crystalline and
amorphous areas Ry and Ry, respectively, (in %) are calculated. By means of formula II,
25  the optical con&ast C (in %) is calculated from said data. The stack of layers is optimized in
such a manner that the reflection Ry is 70%. The results are listed in the following Table.



30 in accordance wth the invention. Exenpl ary enbodi nent |

Fig. 2 shows the relationship between the erase tinme t[lerr] (in ns) an
anor phous BYQ94W4Yd crystalline |ayer of the alloy Ge[err] Té fl?ﬁf@é‘[‘;érr] and
the Se-content z (in atom YO 96/ 00441

PCT/ | B95/ 00469 10

% . The layer is deposited as an anorplgig | ayer by sputtering of a target
of the rel evant conposi tion and |s subse uentl cr stallized in a

furnace a Nonpgeneous | ay aye S en
two di el | ayers pqsaﬂf@rﬁajoq%}r] haV| de €151 Hhi c&nes n
t hese e (TRt gt- eSS air O~y th regpg )tothe Ias%yl ght
beam an bearbé s | 5 derect edet o theSbcen re of jt he "anpr phous . The
erase ti tlerr] islidefined by theiln nimin | aqer-g ::I se .duf
necessarly top comy et el yagrystal{y ze |t he.anof phaygg {bi g Thege g£xperghment s
show th for|conposijtions having an Se content zjof at |l east 6 o Se,
the era ti tgdarr] iE the} sui tabje uapde 17%(3&1 Qgo , SO
that these coppositiagns are sui tabl @ for Difect rwite at a | {near
di sc yeljpci tyjof 1. 2- Fiig. t hgp
rel atg p’y:)et en thé2 opti cz]ijl% contrast { (i ng/o 70 aét(’(s)r d\gﬁée M th
forrmlall) of an inflormation carrié¢r in wh|ch e=rr£{P 70%_ and the be
content [z (i at¥m % of%the sadte aljl oys fof t®&Vfecd diing Pedyef. Ftni
rel ationship shows t hat in an area whefe t[efqr] > 14300 ns,}a m n§nmum
contrastf C & | 8B% requi s an S content z pf &0 | 70| dast 312 ht &h 9
Above 25 atom % Se, tlhe contirast C decreases drastically. Above| 30 atpm 15
% Se, t oM |cadg contrasl8 G i RO.2s$ than 8% 3Phiis means tihA | hgsal | oy ‘
Ge[err]Telerr}Selerr]l is. suitable for COE iff 12% < z < 30! atom o
Exenpl arjy empbdiggent 2 44 6 - 30| 70 146 | 79
10 8 50 15 35 - - 70 44.7 36
9 50 50 0 - 50 70 12.0 83
10 47.6 42.9 9.5 - 250 70 22.8 67
11 45.5 36.4 18.1 - 2000 70 30.3 57
12 53.1 35.8 1.1 - 650 70 20.0 71
15 13 54.2 29.4 16.4 - - 70 61.4 12
i4 55.5 22.2 22.3 - - 70 58.4 17
15 56.9 327 10.4 - 1200 70 - -
16 59.7 25.8 14.5 - - 70 62.0 11
17 62.6 18.7 18.7 - - 70 59.7 15
20 18 {- 48 36.5 115 4 170 70 13.3 81

GeTeSe alloys 1-6 are alloys which can suitably be used for optical
information carriers in accordance with the invention. The alloys 1-5 lie within the
parallelogram ABCD of Fig. 1. Information carriers comprising these alloys as the recording

25 layer exhibit a contrast C of minimally 80% at an Ry-value of 70% and an erase time t, of



Fig. 4 schematically shows a part of a cross-section of an optical 20
information disc in accordance with the invention. Refer enfg ’%?’3@% 1
denotes a B’Ioa"g@ﬂﬁilsc- shaped substrate having a diane T nm and
a thickness of 1.2 mm One side of the substrate is provided with a
spiral -shaped servotrack (not shown) in the formof a groove. Thi s
groove | V4 i SLMKJ s Of: t sy a
replicat ?e()tﬁéé?\ 3&?%}%%%(2{5‘.' e\%&é?ﬂ?/oyﬁ#x?ﬂf g@éﬁﬁ?@é?@% e()?] r%égrl? ]qeﬂgl\?ﬁnng a

t hi ckneswithfthesChrindestragpitinddrd © hehingnufagrened oTh@8xpedimepisal, dsandnS adei withia
groove is for ._Sai.qd..l ayer, 3. .serves_as. a bondi | ayer f.or gal d

Payer 5 6 MEMELpreBat e | 2 BUTLE vemnme snrcs Cy Gl of A d 08, ac
of the fgldyyiexgeriment Gtorisiises & atom % Sb mfﬂag%lev&eltm@%_ds 300 nd psoied is

- dielectric layer 7 of 20 nmTalerr](err] 30 - recording |ayer 9 of 25
nm Geferllufrﬂé{‘@ﬂﬁ?esﬂq‘é'ffﬂ range of 308i80&6t ri ¢ | ayer 11 of 27 nm Taferr] Q err],
and - refl ectl Ve’rﬁ%ﬁﬁf%g%w)éﬁhzﬁt Biflefoo low a contrast C, or an unsuitable ersded

| ayers can be provided by ans of sputtering or vacuum deposition.

After spime &, iireg putskie thecangedi308-808yer 9 i s anorphous and is converted to a

(F:)rc}ll_/s} g|9|5|/ 88 4I63yer by The information can‘iey\% ggc/oro 4§elwith the invention is an inscribib}e

neans ofang drSABR! HridhiCinforRation Brrie/\whith| &1 theMhichibek sifed towbliasowitouRrCchs of
a W light-curable acrylate lacquer is spin coated onto the

ref | &&t ipdustriglstandard and is suitable for Direct OverwriteThe al | oy of the recording

|l ayer 9 is a reversible crystalline-anorphous phase-change material. A
| aser-1ight beam for inscribing, reading and, optionally, erasing of 5
information enters the information carrier via the entrance face 17 of the
substrate 1. This beamis schematically represented by arrow a. During
inscribing, the information carrier rotates at a constant |inear
velocity of 1.2-1.4 ms and anorphous bits are forned in the

crystalline recording layer 9 as a result of the action of a nodul ated

| aser-1ight beam havi ng a peak power of 60 mW The above | ayer
structure results in calculated reflections for the



10 crystalline and anorphous states (as deposited) of 70.5%and 4.1 %
respectively, at room tenperature. The optical contrast C then anounts
to 94% ThWOrPeasdied refl ecti ons of the i nformati on cBFYVIEEPOMEL 71%
and 10% respectively, and the nodul ati g‘p mis 0.61 (formula ).
Consequently, the initial reflection and the nodul ation conply with the
CD-i ndustri al standard and the inscribed |nforrrat|on carrier can be

pl ayed n a standard CD pl ayer. 15 The erase tine
of the anorphous bits i t the |nf ormation can be erased
by neans of a |aser-Ii B’lﬁgﬂmg eﬂﬂear disc velocity of 1.2-1.4 nls and
Direct Overwite is po I nscribed information carrier

conplies with the CD i ndustri aI st andar d. 20 Exenpl ary enbodi nent
3 Exenpl ary enbodi nent 2 is repeated, using

recordi ng | ayers 9 havi ng di fferent conpositions of Ge, Te, and Se.
The erase time t, (in,ns nor bits . determ.ned for the
i nformation carri ers zbrbpéﬁx%igxfomopﬁgn} fsfpre&s?%mgg OrFaQ1ﬁ%a%cf§§ts§g| i ne and
amor phoygformeacn Bnrask &la 1 bef! ¥aid ﬁpﬁba%nfmmlcﬁﬁieat@ﬁx rifngreans of
formula I, 25 the optical contrast C S calculatedfromsald dat a.

The st ackb®fate earering RStaskof Mygesd Which stac (k @mmsas riarsiedessiomta firskraflectivect i on

667 00 7(113/%:? BhrhieRdlbdific Hyer, d RloSfidg 1aldloof HM“’HQ’J%&%&/&P BYs8y 00469WD

96/ 0044
12 5 comprising germanium and tellurium, a second dielectrikBayer and a second reflective layer,

corrp05| t | on & at OJTP,/_? at the recort#gL ?aye]r cglggx)xses alx?[a?lgb of the cI:Rz)[mpos;uog\ /%rb/atom %,

(% Ge, Te Se}, whexBin 38 12 350
12. 4 82

47 < x £ 53

17T=y =< 41

10 12=z<30

and x +y + z = 96.

2. An optical information carrier as claimed in Claim 1, characterized in that

X +y+z=100.

3. An optical information carrier as claimed in Claim 1, characterized in that
15 x, y and z have the following values:

48 < x < 52

W=sy=<34

18 s z < 28.

4, An optical information carrier as claimed in Claim 1, characterized in that
20 the composition of the recording layer is GesgTesy ,Se,, wherein 12 < z < 30.

5. - An optical information carrier as claimed in Claim 1, characterized in that

the reflective layers contain gold.

6. . An optical information carrier as claimed in Claim 1, characterized in that
the substrate comprises a servotrack for the laser-light beam.
25 7. The use of an ailoy Ge,Te,Se,, in atom %, wherein
47<x =53
17=<y = 41
122530

and x + y + z = 96 and, preferably, equal to 100, as the recording iayer in an erasable
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50 35 15 - 400 70 11.9 83 5

50 32 18 - 350 70 9.6 86
50 WO 96§41 21 - 650 70 F§ T{B95/0046p
50 25 25 - 15 600 70 3.7 95
1518 ZZ. 8 20. 2 4 300 70 10. 8 85
.. . - 300 70 14. 6 79 10
50 optical mf%rmauon cazggr. ) C .70 44 7 36
50 8. 50 A mé&hod of manufacturing an opfi€hl inforifBation carriér. 4 clain®8 in

47. 42.9 : -

&aim 1, bgving a cryﬁ@l?i&eS recording layer, the difg;gg'ic layglrg and reﬂ%é'vg layers ! ing
53 ﬂmvxded %ﬁ tge substrat@]m h customary manner, chz@gﬁenmdgx@ that the ?&oﬁimg la ér is15
55 Sarmed o gwcz superpq_sgd 3morphous layers, the first layer haming a first lggr4h1ckne§s;

. ing an géc?)gof, predo%rgpé\tly, Ge and Te, and tﬁlez%_gond lfégr having A fxé)nd layﬂ
62thfckness befhg/an alloyldf, predominantly, Ge and Se, the coffpositions aridthé layer 15 20
48 thicknesses?’béir?g selected éLo that after hléating and m%x7ir(1)g of th?:otwo layer:sL %'y means 0} a
laser-light beam and after cooling of said layers, a crystalline recording layer Ge,Te,Se, is
10 formed, wherein x, y and z have the above-mentioned values.
9. A method as claimed in Claim 8, characterized in that the two amorphous
layers are sputtered in equal thicknesses, for the first layer use being made of the alloy
GesoTesq and for the second layer use being made of the alloy GegoSesy, thereby forming the

crystalline recording layer of the composition GesgTe,sSeqs.

) DB O
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CeTeSe alloys 1-6 are alloys which can suitably ﬁé w@&“&)tlcams

iformation carriers in accordance with the |nvent|on The al | gty -5 I|@V7

q
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wiit hin the paral | el ogram ABCD of Fig. 1. Information carri NOMES
conprising thePCa& | oys as Wﬁ@-brlé‘@b‘rﬁgg%@ ‘g§ VE‘GAN&QHP%M a comEsSt C of

m ni mal | y+80% at an err]-valu Yoand an _er.a IR%%

WO 96/ 0d Z@RNATIONAL PLICATION PUBLISHED UNDER THE PA JBPERATION TREATY (PCT)
PCT/ || B9Shi@stfobhl Patent Classification 6 : (11) Internatiorial Publication Number: WiB96/00441
bet ween %pﬁ;%gi 800 ns. These all oys agnjabl e an optical information carrier
in agcordance Wi th the CD-industri K3 dntematienabPublisativn Datginuf atlarypne P96 PHE.96)
expel are W thnin e natcned area of Fig. 1 and

exhi bizty me:uﬁrow hpgjtiooMinbast C a'CTimasm[mr 81y Desigmnted Staté®) TV, JTIKR, SG, Europggn p (b"f BE
expefiment 6 comprises 4 atom %ég ds an G REOK. EfdRy §B (GR) IEofT. HHHC

so th ”F‘P"‘?“é’“a'g ing DRes i t hilATPHE®Y & 9?’ d rang& of 300-800 ns.

The &alloys 7-18 exhibit either too | ow ajcontrast C, or an unsuitable erase
time| Bpepriodity Datae. out si de t he range 300- §(Pablised i The
i nf of mat i GOAY | er | 3 JeredBh BAMA) wi t h Fhe | nvBIFGIITE 4" 1%Ecr | babl e

and =rasal§14éco E@I ﬁﬁﬁ)ﬁﬁ‘g ‘on cangi.gf [Whi ch, in the inscribed state,

o,

conplies with | ndustrial stardard and is suitable for Direct
Overpite. PHILIPS ELBCTROI\\/:\I%S %64 o[rc:)f/ﬁr}] Groe
EC;{ fysip E’gv%?d%ewegl NL-5621 BA Eindhoven (NL). 14
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(57) Abstract

A description is given of an optical information carrier comprising a substrate (1), a thin reflective layer (5), a dielectric layer (7),
a phase-change recording layer on the basis of GeTeSe (9), a dielectric layer (11), an opaque metal reflective layer (13) and a protective
layer (15). The information carrier can be inscribed, erased and read by means of a laser-light beam and, in the inscribed state, complies
with the CD-industrial standard., The recording layer (9) comprises an alloy having the composition GexTeySes, in atom %, wherein 47 <
x<53,17€y<41,12<2<30, and x + ¥ + 2 2 96 and, preferably, equal to 100.




1. An optical information carrier for inscribing, reading

and erasin I nformati on by neans of a | aser-Ilight bea aid tical
infornatiogwﬁaﬂWFé# conprising a substrate carrying aqk?ig (Q&BIayers,
whi ch stack conprises, in succession, a first reflective | ayer, a

first dielectric layer, a recording |ayer of a phase-change material of an
alloy 5 conprising germani um and tellt12un1 a second dielectric |ayer and

a second reflective |ayer, char act zed inr that the recording |ayer
conprises an alloy of the conposition, in atom %

Ge[err] Te[err] Se[err], wherein 47 ﬁerr] x [err] 53 17 [err] vy
[err] 41 10 12 [err] z [err] 30 agdl x +y + z [err] 96. 2.

An optical information carrier as claiged\N n Claim1, characterized in that
X +y + z =100. 3. An optical information carrier

15 x, y and z have the

as clainmed in Qaim1l, characterized

foll ow ng val ues: 48 [err] x [¢ 20 [err] y [err] 34 18
[err] z [err] 28. 4, Optical information carrier as
claimed in Caim1l, characteri zede conposition of the
recording layer is Ge[err]Te[errk N n 12 [err] z [err] 30.

5. An optical iy as clainmed in Caiml,
characterized in that t he oont ai n gol d. 6.

- An optical informatj « armed, in Claiml,
characterized in that < A, sergotrack for the

| aser-1ight beam 25 & 5( /N af oy

Ge[err] Te[err]Se[err], 1n XYm% mh X [err] 53 17
[err] y [err] 41 12 Verr\ /z [ R/ ]

Te ' 50 Ge

ot % FIG.1
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aﬁd X +y +z [err] 96 and, preferably,

| ayer in an erasable
PCT/ | B95/ 0% 86/00441
optical information carr
manuf acturing an opti cal

having a crystalline recording |ayer,
provi ded on the subst
characterized in that the recording |ayer is

| ayers being

anor phous | ayers, the fi

equal to 100, as the recording
WO 96700441 PCT/IB9S/00469 o
ier. 8. A et hod of
information carrier as clainmed in Claiml,

ielectric layers and reflective
in & customary manner

5 formed of two superposed
rst layer having a first |ayer thickness bei ng

2L

an alloy of, predom 3
| ayer t hi ckness i
conpositions and the

heating and m xi ng oBxlf
and after cooling of saij
Ge[err] Te[err] Se[err]
above-nentioned valu
Claim8, characteriz

i S

Zﬂoz. ,

|y, Ge and Te and the second-layer—having a second
Ng—an—alF oy of — predom-hAanrt—Ce—anred—Se, the

Nl cknesses belng Eébecgpd_sa_lhat after
i : - i ght beam

4 A nethod as claimed in

AT _the two anor phous [ayers are sputtered
ar tfie first layer use being nade of the all oy
he/second | ayer use being nmade of the alloy

i n equal thickne35ﬁ§
rK?

Ge[err] Te[err] a
Ge[err] Se[err], ther
conposition Ge[err] Te[er
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t-Seterri=
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