SPECfFfCATfCN Phase- change type optical disks and processes for preparing
t he;sanme Technical Field The present invention relates to a phase-change

- type optica

di sk whi ch shows a high cyclability and reduces deterioration

of recording marks due to | ong tern1readhng, and to a process for preparing

t he®same. Background Art A phase-change

ype optical disk has a recording

l ayer on a transparent substrate. The recording |ayer conprises a nateri al
whi ch changes its phase between anozggous state and crystalline state upon

irradiation with l'aser power and &

IFICAEEPNe of erasing old

I nformati on and recordi ng new one at the sanme tinme only by changing | aser
power (hereinafter, oveRhase-cpngehiypegeptiradydisksd ardin- Se all oy,
In-Sb-Te alloy and Ge-Te-Sb alloy (U S. Patent No. 4,670,345) has been
general ly used as a recor gimgessesr fer prephasipgchhageamngpe recordabl e and
erasabl e optical disks. According to overwiting, sone areas of a recording
| ayer are irradiated with a high power |aser beamto becone anorphous since
the recording materials are heated rapidly at their nelting point or nore

and cool edrg@Rndleai opfien@ recordi ng marks; and the 2

The present invention relates to a phase-change type

optical disk which shows a high cyclability and reduces

deterioration of recording marks due to long term reading, and

to a process for preparing the same.

Background Art

A phase-change type optical disk has a recording layer

on a transparent substrate. The recording layer comprises a

material which changes its phase between amorphous state and

crystalline state upon irradiation with laser power and which

‘is capable of erasing old information and recording new one at

the same time only by changing laser power (hereinafter,

overwriting).

Chalcogen alloy such as In~-Se alloy, In-Sb-Te alloy

and Ge-Te~Sb alioy (U. S. Patent No. 4,670,345) has been

generally used as a recording material in phase~change type

recordable and erasable optical disks. According to

overwriting, some areas of a recording layer are irradiated

with a high power laser beam to become amorphous since the

recording materials are heated rapidly at their melting point

or more and cooled rapidly £o form recording marks; and the



ot her areas of the recording layer are irradiated with a crystallizing

| aser power and are crystallized since the recording nmaterials are heated
bel ow their nelting point and cool ed gradually to formerased areas. Such
overwiting is carried out by irradiating optical disks to a |l aser beam
white the disks are rotated at a specifiC linear velocity on a drive unit.
I'n order to conplete the erasing by one tine | aser passing, the
crystallizing spéed of the recording material, i.e., transfornmati on speed
bet ween ar®gio Areasmief e deperdindgndayest arenisragéakegheithnan the
crystallizing of recording marks per tinme required for a | aser beamto pass
t hrough a eeystalliming lasemn powercanddazie. csyatallifizedi abneeqtheed for a

| aser beamto pass through a certain point on an optical disk depends on a
rotary spesstdidirepmatamicilisy are heatedsbeallbwzithgisprelitbhgrpointdi amgd

mat eri al nust be higher than the rotary speed. When the crystallizing speed

S increasﬁmbxgdagfaduaxmyiﬁalﬁbrhe@ﬁaséauaeehs.decreased SO as to increase
an erasing speed 1n regulation of the conditions for overwiting, recording

mar ks (anor phous aggaf) ob8HRtPigr £6 4 ed Gt aly Vi rrRNSAMY Iopta cal
crystalline phase having a | ower energy level and are deteriorated during

long term | r gis S,-gi e s 2
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reliabilit the recor tals lost. Conventiona transition
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by erasing by one time laser passing, the crystallizing speed of
the recordipg material( i.e., transformation speéd betﬁeen
amorphous state and crystalline state, must be higher than the
crystallizing of recording marks per time required for a laser
beam to pass through a certain point on an optical disk. Since
thé time required for a laser beam to pass through a certain
point on an optical disk depends on a fotary speed (linear
_ velocity), the crystallizing speed of recording material must
be higher than the rotary speed. When the crystallizing speed
is increased ér a crystallizing temperature is decreased so as
to increase an erasing speed in regulation of the conditions
for overwriting, recording marks (amorphous areas) formed by
recording gradually transform into a crYstalline phase having a
lower energy level and are deteriorated during long term
reading. As a result, the recording marks disappear and
reliability of the recording data is lost.
Conventionally, transition metals have been added to a
chalcogen alloy, or an amount of Ge in Sb-Te-Ge alloy has been

increased, in order to-avoid deterioration of recoding marks by .

@&



3 long termreading. In the former process, though the addition of sone 1
at%.of transition netals increases stability of the recording marks, though
it decreases erasing speed. Therefore, materials used particularly as nedia
for.recording at a high speed are linmted, and contrast of reflectance is
reduced because of a small difference in optical constant between anorphous
and crystalline areas. In the latter process, as the anmount of GCe :

| ncr eases,lde ten irhdioigit ah the fecmedi pgotegs; thoeghathetbddieton di ng
sensitivity is unfavorably decreased. Wen optical disks having a recording

layer of gpfhanogentd Idpy t¥adsliesondadtand ehagedsedr ot&6ilvey| 8Fetpeare
general ly arranged on, directly under, or on both sides of the recording
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recordin . fr ) Ldi zZl 1.d L des, . nf L4 des,
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materials for protect.ive layers. O these, .ZnS_is_especiall no for its-
strong ad r&&%‘?fgeaﬁ%@a‘r“&e‘f‘% Fﬁ&tﬁ‘ﬁi‘r .bfl—ﬁﬁéillgf;,gagc%r Bt e%?‘%‘é%e ayer made
only fromZnS is insufficient_,in heat resistance since crystalline grains
of ZnS ar ORGRHR R Sy P o Aidd S EB6 RRg SRFUSEE aPRGERRY REFYFFR| ng.
Japanese Patent Application Laid-Open No. 103453/ 1988 di scl oses an opti cal
di sk whi cARLRhMEH AR iGTYFERL 1A argace ofPpFBeelRFiRT| BYRFeSHnLF sthe

i nproved in the reduction of the . . .
amount of Ge increases, the melting point of the recording

layer rises and the recording sensitivify is unfavorably-
decreased.

When optical disks having a recording layer of a
chalcogen alloy are recorded and erased, protective layers are
éenerally arranged on, directly under, or on both sides of the
recording layer by deposition or sputtering in order to prevent
a substrate from deforming with heating while recording and
erasing, and to prevent the recording layer from deforming and
oxidizing. Oxides, carbides,'nitrides, fluorides, and sulfides
of metals or semimetals have been known as materials for
protective layers. 6f these, ZnS is especially known for its
strong adherence toward a recording layer. However, a
protective layer made only from znS is insufficient in heat
resistance since crystalline grains of 2ZnS are coarsened by
repeated recording and erasing in overwriting.

Japanese Patent Application Laid-Open No. 103453/1988
discloses an optical disk which is enhanced in heat resistance

of protective layers and is improved in the reduction of the



4 cyclability caused by heat deformation of recording |ayers since glassy
materials such as SIO2 are added to ZnS. In order to reduce the degradation
of recording |ayers due to novenent of recording materials caused by |aser
beam irradiation, Japanese Patent Applicafion Laid-Open Nos. 263627/1991
and- 152738/ 1991 propose to add oxygen or nitrogen, and hydrogen to the
protective |ayers, respectively. However, conventional optical disks are
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dermand for "t AProvi cycC I'nvention npl et ed
t aki ng note,of thf dr awbacks, the convent i I artﬁg%s. An gb%ect of %Ee
present | nBAREROALASSY RRFSHIRe U s ikt a%ey A98H: £BaRREr skIBBRRRE an
excel | ent cyclabilitg and | ess deterioration of recording marks forned by
recor di ng, tRhFeAuest Fhal dgeErdaticon (2f FRFIRAIME I LA¥eTF LAuepdQ Moyeae tnt  of
sul fur in a recording layer conprising an alloy of specific conponents
and/ or i n pEoreeerdengWaterialargpuserh nhdaserdean drdadiakdonecor di ng
| ayer. Another object is to provide a process for produci ng such a
phase- changapapgseopatent aAppkicadkien dsaikd-Qpen MNod.n\2&X6201/ 19198 pmdsent
I nvention relates to phase-change type optical disks conprising a
t ranspar eni5280B87Y1 89%; propese dtmadd yeEtygen angad trogens andn fhydregien to
substrate wherein a phase-change occurs between crystalline state and
anor phous the protective layers, respectively. However, conventional
optical disks are insufficient in reliability of cyclability so
that there has been a gréat demand for improving cyclability.
The present invention has been completed taking note
of the drawbacks the conventional art has. An objéct of the
present invention is to provide a phase-change type optical
disk shéwing an excellent cyclability and less deterioration of
recording'marks formed by recording, which optical disk is
attained by including a specific amount of sulfur in a
recording layer comprising an alloy of specific components
and/or in protective layers arranged on and directly under the

recording layer. Another object is to provide a process for

producing such a phase-change type optical disk.

Disclosure of the Invention

The present invention relates to phase-change type
optical disks comprising a transparent substrate; a recoding
layer arranged on the transparent substrate wherein a
phase-change occurs between crystalline state and amorphous

state according to the laser power irradiation; and protective



state according to the | aser power irradiation; and protective 5 layers
arranged on and directly under the recording |layer; the conposition of the
recordi ng | ayer being represented by the general forrmula [err], wherein
[err] [err] [err] [err] and [err], and/ o6 one or both of the protective

| ayers conprising a mxture of [err] wherein 0.50<x and one or nore oxides,
nitrides, fluorides, carbides and sulfides of nmetals or sem netals (proviso
provi ded tRglersUlirird@gedr 8ncalUdede®hey th8ePBtRe técdiding ldydiie theesent
i nvention, the recordi'ng |ayer and/or the protective |ayers nust include a
speci 11 ¢ s il ohllbieUkne "BBokATnE! PAFEL! ¥E1hGYREPrddun ikl Hy S| fic

u ayers e

con
r, the protective onprise a m xture of rr] and one
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seni met al SEREFEH ;tgrgxggl\% (ﬁ%%‘&rﬁgg’e%ﬂé&ﬁF#?’dggh%é%eggﬁggéd \%ﬁgﬁsséé net al
is Zinc), and a rate of _sulfur atom punbers X in [err st | ar ger than
0.50. A r &P st F“&?bnﬁHGngé%'lB('iﬂnfiZ?JF]oP% %’él%‘?ﬁgt%fd fol | ows.
The rate of sulfur atom nunbers X in conventional ZnS contained in a

prot ect | v@ICkEStive 3a¥ErSACRMBEELNG 2| BIEFUERQF | L AT S* MBRTRH of [err]
havi ng a higher rate of X than that of the conventional one and the

above- ment9- GRddenea M MeEe| PRAAEE , nBLkrides . sEhNAEIdes, iGarhidlastted to

an analysis with a fluorescent X-ray apparatus
and sulfides of metals or semimetals (proviso provided that

sulfides are excluded when the metal is Zinc).

In the present invention, the recording laYéf and/or
the protective layers must include a specific amount of sulfur.

When the protective layers include a specific amount
of sulfur, the protective layers comprise a mixture of Zn(i1-x)Sx
and one or more oxides, nitrides, fluorides, carbides and
sulfides of metals or semimetals (proviso provided that the
sulfides are excluded when the metal is Zinc), and a rate of
sulfur atom numbers X in Zn(i1-x)Sx must be larger than 0.50.

A rate of sulfur atom numbers X in 2Zn(1-x)Sx is
calculated as follows. The rate of sulfur atom numbers X in
conventional ZnS contained in a protective layer is 0.50. A
protective layer comprising a mixture of Zn(i-x)Sx having a
higher rate of X than that éf the conventional one and the
above-mentioned oxides and the like of metals or semimetals is
subjected to an analysis with a fluorescent X-ray apparatus
under the conditions mentioned below to measure an abundance
ratio of sulfur atoms Y represented by the formula

Y=(S/(Zn+S)). A protective layer comprising the same mixture



under the conditions nentioned bel ow to nmeasure an abundance ratio of
sulfur atons Y represented by the formula Y=(S/(Zn+S)). A protective |ayer
conprising the same m xture 7 or less, nore preferably 0.54 or less. X
varj es depending on the processes and conditions for formng filnms. It is
supposed that the cyclability in the recording |ayers becones better as X
becones | arger than 0.50. Meanwhile, as X increases, the protective |ayers
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preservation disk life, sulfur is preferably added only to the upper
prot ecti v& bPggemesThargarckhan sof%‘gm' HLIBI R i \AS ¥ i dCTORISER /|
i ncl ude oxides such as [err] [err] nitrides such as [err] fluorides such as
[err] andpfeteftivar bayess sterd oo Sletermiqratnl io aned igy Rindebaygch as Sns,
SrS, PbS and CdS. O these, glassy materials such as [err] [err] and [err]
are pref eredheedrlafet periodndpadeerdingiet ¥ ds prafesablyr 0l.70 or less
in view of the disk life. When X is 0.54 or less, the
cyclability of the recording iayer becomes better, and also a
preservation disk life of over 10 years at room temperaturé
which is required for an optical disk, i.e., a period where
recorded data is preserved without deterioration, can be
attained. 1In view of the preservation disk life, sulfur is
preferably added only to the upper protective layer.
The materials forming protective layers with Zn(1-x)Sx
include oxides such as SiOz2, SiO, GeO2, MgO, Al203, Taz0s5, 2rOz,
Y203, CeO2, BaTiO3 and SrTiO3, nitrides such as SisN¢ and AlN,
fluorides such as MgF2, LiF and CaFz, carbides such as sic, TiC
and C, and sulfides such as SmS, SrS, PbS and CdS. Of these,
glassy materials such as Si02, SiO, GeO2, MgO, Al203, Taz0s,
Zr0Oz, Y203, CeO2, SisNs, ALIN, MgF2, LiF and CaF: are preferable.
From the standpoint of heat resistance, SiO2, Ta20s5, CeO2,
Si3N4, MgF2 are preferable. Particularly, SiO2 is preferable.
As for a composition ratio of both the components mentioned
above, SiO2 is preferably between 5 and 50 mol% according to

the ratio for preparing protective layers. When Si0O2 is less

than 5 mol%, the heat resistance is insufficient. When $i0O2 is



[err] are preferable. Particularly, [err] is preferable. As for a
conposition ratio of both the conponents nentioned above, [err] is
preferably between 5 and 50 nol % according to the ratio for preparing
protective |ayers. Wien [err] is less thgn 5 nol % the heat resistance is
insufficient. When [err] is 6 except that ZnS is used in the place of
[err] is also subjected to the analysis with a fluorescent X-ray apparatus
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recordi ng | ayer and reduce the deterioration of recording marks due to | ong
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to the addition of sulfur are exhibited in that range. One of the reasons
why t he efflmmdande titetim efesulifareatons Ys représentaed) bwmkihey HDormulishe

protective |ayer over 0.50 is the inprovenent in heat resistance of the

pr ot ecti verd=qeiZzn+8f)en Khdspraleulaved| fiyemsFermulH efiayed by carryi ng out
sputtering by using a sintered target conprising a m xture of ZnS having X
of 0.50 in [err] ameotbg/above-Entioned oxides and the |ike of netals and
sem netal s, a vacancy in sulfur site

When X is more than 0.50, phase-change type optical
disks show an excellent overwrite éycles in the recording layer
and reduce the deterioration of recording marks due to 16ng
term reading. Preferably, X is more than 0.5038. The above
effects owing to the addition of sulfur are exhibited in that
range.

One of the reasons why the effects of the present
invention is attained by making X in the protective layer over
0.50 is the improvement in heat resistance of the protective
layer. When the protective layers are prepared by carrying out
sputtering by using a sintered target comprising a mixture of
ZnS having X of 0.50 in Z(1-x)Sx and the above-mentioned oxides
and the like of metals and.semimetals, a vaéancy in sulfur site
of zinc-sulfide crystal appears in the resultant layers. By
making X in Zn(i-x)Sx over 0.50, the gaps are filled with sulfur
and growth of crystalline is accelerated due to orientation in
the direction of growth of the layers. As a result, the heat
resistance is improved.

In Zn(1-x)Sx of the protective 1éyers of the present

invention, the rate of sulfur atom numbers X is preferably 0.70



of zinc-sulfide crystal appears in the resultant |ayers. By making X in
[err] over 0.50, the gaps are filled with sulfur and growmh of crystalline
is accelerated due to orientation in the direction of growh of the |ayers.
As a result, the heat resistance is inprgved. In [err] of the protective

| ayers of the present invention, the rate of sulfur atomnunbers X is
preferably 0.70 8 nore than 50 nol % nechani cal accuracy and

preser vat igeStRRhnl 50y m8hst NReCRhhERA1 dh e &fd%{}f’é&r&v%i% to an
y of t'he present

i ncreased filmstress. When the recording la I nventi on

contains a4+3p§qiki,CoAMRHAL 8L 5 S T Hlgkd NEr O QLEGE] 8 d ) Hife G €/ ude one
es, u

c
or nore oXi des; n?trldes, ?§u0r| carbrdes and s i des of netals or
sem netal §. _Thicknesses o& the protective |layers are not particularly
restricte&pcﬁﬁgﬁeahzlgpoF EBPV¥e layer is arranged on the side of the
substrate, the thickness is eferably 5 nmor nore in view of prevention

‘
of deformng the éqﬂﬁﬂrQH%E?é%?ﬁﬂ%@ﬁéﬁ@ﬂFFbﬁstéﬁiPF???“EnH“%%Bt @Ror |ess

in view of mechani cal accuracy and producibility. When the protective |ayer
i s arrang€@n&Alpfedoppesificsimeunt ohcsulfig r fthe RURteghivendsyers can
preferably 5 nmor nore in view of recording sensitivity and prevention of
reduct i onisrlude epgsPrgmpre cOxidels 30nitides | Slaanidgsewcairbidess eadi ation
of the recording

sulfides of metals or semimetals.

Thicknesses of the protective layers are not
particularly restricted. When the pfotective layer is arranged
on the side of the substrate, the thickness is preferably 5 nm
or more in view of prevention of deforming the substrate and
preservation stability, and 600 nm or less in view of
mechénical.accuracy and producibility. When the protective
layer is arranged on the opposite side of the substrate, the
thickness is preferably 5 nm or more in view of recording

_genéi?ivity gnd preventidn of reduction of the erasing rate,
and 300 nm or less in view of heat radiation-of the recording
layer. The reduction of the erasing rate is caused by a mixing
of reflecting and recording layer.

When the protective layérs do not contain the
above-mentioned specific amount of sulfur, the recording layer
must be represented by the formula (SbaTebGec)ito-d*Sd, wherein
5sas60, 35sbs65, 5scs65, atb+c=100, 0<ds40.

The recording layer of the present invention is

improved in cyclability and in the deterioration of the

recording marks due to long term reading by the addition of



| ayer. The reduction of the erasing rate is caused by a m xi ng of
refl.ecting and recording |ayer. When the protective |ayers do not contain
t he above-nmenti oned specific anmount of sulfur, the recording |ayer nmust be
represented by the formula [err], wherein9[err] The recording layer of the
present invention is inproved in cyclability and in the deterioration of
the recording nmarks due to long termreadi ng by -the addition of 9

sul fur. SUEEﬁ&u&S aQuﬁEﬁEEEE Eﬂaélaﬁéné hap KaPaDinidly ddapapmkivig for

sem conductors and netals anorphous by belng added to them i.e., an
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reactivity because of increased tive,ener en_a S state and
crystall|n§u§EEF@d%GhFﬁatd§FaEPI?ﬁ&slglﬁﬁﬁaﬂ%ﬁmébiﬁ%gﬁdﬁgﬁgny
deterioration of recording marks does not easily occ due to |l on %eﬂrn
readi ng. OSbh-fe-Gensr aladRy, 1EneCrBPgErd: He TG?ﬁa anl

sl ower the crystallizing speed becomes since the structural degree of

freedom i s edexidddye becayseepti @neﬁdaﬁéées'c?%t‘éﬁ?@%t%g#% RE sHAHMER to

be appropriately greater than-
that structural stability is enhanced, and alsc is reduced in

reactivity because of increased active energy between amorphous
state and crystalline state so that stability is enhanced.
Consequently, deterioration of recording marks does not easily
occur due to long term reading.

" on the other hand, the larger the amount of sulfur
added, the slower the.crystallizing speed becomes since the
‘structural degree of freedom is decreased. As mentioned above,
the crystallizing speéd needs to be appropriately greater than
the 1inear velocity of optical disks. Although sulfur can be
added in a large amount when the linear velocity of optical
disks is slow, the amount of sulfur added is decreased along
with the increase of the linear velocity.

When sulfur abundance ratio d in the recording layer
of the present invention exceeds 40, there is high possibility
of deterioration of the recording-erasing properties which is a
basic feature of optical disks since sulfur is evaporated due
to a rapid heating at recording. Sulfur is preferably
contained at a ratio of 0.4 or more, more preferably 1 or more.

Crystallizing speed and a melting temperature are



the linear velocity of optical disks. Al though sulfur can be added in a

| ar ge anount when the |inear velocity of optical disks is slow, the anount
of sulfur added is decreased along with the increase of the |inear
velocity. Wien sul fur abundance ratio d 1® the recording |ayer of the
present invention exceeds 40, there is high possibility of deterioration of
the recordi ng-erasing properties which is a basic feature of optical disks

si nce sul féﬁaﬂ@cﬁ\tﬁgﬁrﬁiﬁ@ @ie the @ompisdtieat bfgspLrescer 118y . Suthelr is
e

preferably contain at aratio of 0.4 or nore, nore preferably 1 or nore.

Crystal | i zijgspeed, i J8 Id1R6rs! ARAT B! 8rake +8pehepogd dependi ng
on the coﬁ%igﬁtn on of gﬁ%e-ee alloy. The crygtaIP?z?ngpspegd sl ows down
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or when a ance rat1o b i1s less than and nore than
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di sk. Furthe a nelting t erature increases along with.increase a Ge
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sensitivity, is reduced so that such_a 9isk is.not suitable for practica
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and the crystallizing speed are reduced. As_a result, recording marks are
easi |y cryat A0 ORtiGdd disk. Further, a melting temperature increases

along with increase of a Ge abundance ratio c¢. When the Ge
aﬁundance ratio c exceeds 65, recording,sensitivity is reduced
so that such a disk is not.suitable for practical use. When
the Ge abundance ratio ¢ is less than 5, the melting
tempe:éture and the érystallizing speed are ;educed. As a
result, recording marks are easily crystallized and
deteriorated owing to loﬁg term reading and preservation.

When high speed,recoiding-erasing which has been
recently demanded for optical diské is required, each rate of
atom numbers of the above components is preferably 5sa<50,
45<b=<60, §scs50 and 0<ds20.

When the above protecti&e layers contain the specific
amount of sulfur as defined above, the components of the
recording layer can employ materials for a recording layer of
the conventional recordable and erasable optical disks. For
example, alloys prepared from chalcogen such as Te or Se, or In
or Sb, e.g., Ge-Te-Sb, Ge-Te-Sb-S, Ge-Te-Sn-Au, Ge-Te-Sb-Pd,
Ge;Te-Sb—Ag, In-Sb~Tl, In-Sb-Te and In-Sb-Te-Ag, are preferred.

Of these, Ge-Te-Sb and Ge-Te-Sb-S are particularly preferred



deteriorated owng to long termreadi ng and preservation. Wen hi gh speed
recor di ng- erasi ng which has been recently demanded for optical disks is
required, each rate of atom nunmbers of the above conponents is preferably
[err], [err] Wen the above protective Rdyers contain the specific anpunt
of "sul fur as defined above, the conponents of the recording |ayer can
enploy materials for a recording |ayer of the conventional recordable and

erasabl e bpthase OESkheifofaswadbystaHl inMsy Hpieal.cd Thieo Feebadingenagyeeh as
Te or Se, or In or Sb, e.g., CGe-Te-Sh, Ge-Te-Sh-S, Ce-Te-Sn-Au,

Ce- Te- Sb- Be, +f8- pPeSBnAIinténSlod nay Newdrhey ¥¥htdin2d PEG- A%, A4S Au,
preferred. O thése, Ge-Te-Sb and Ge-Te-Sbhb-S are particularly preferred

e e TR e A ol i e
o csont i AginPr EatBaRRr@CPHE ety IRESANP kel QrRBeitn, BpCELS T o
Contr ast RBLECRERERYPIF SRERCAhE b tal Contrast and mel (ing poini of
Consi dor a1 on, 1 hETARIGRS &1 316 GPEPRBLDISLANPEr LruPeL AP WY Hpided

contrast, .and 100 nmor_less in_view of recording sensitivity and
product i vig¢pending on the demanded reflectivity, contrast and

sensitivity. When the optical contrast and melting point of
the-chalcogen alloy to be used in the present invention are
taken into consideration, the thickness is preferably 5 nm or
more in view of contrast, and 100 nm or less in view of
recording sensitivity and productivity.

As a transparent substrate suitable for the present
.invention, a transparent substrate which is conventiénally used
as a substrate for optical disks can be employed. It is
preferred to employ polycarbonate, glass and the like which
have good optical properties and high mechanical strength and
which are excellent in stability of mechanical characteristics.

The phase-change type optical disk of the present
invention may have a metallic thin film between the transparent
substrate and the protective layer. The metallic layer reduces
an apparent difference of heat property between amorphous and
crystalline areas of the reqording layer by controlling their
optical absorption factor to increase temperatures of the
amorphous and crystalline areas of the recording layer to the

same level. The metals include Au, Ag, Si and Cu. The



As a transparent substrate suitable for the present invention, a
transparent substrate which is conventionally used as a substrate for
optical disks can be enployed. It is preferred to enploy pol ycarbonate,

gl ass and the like which have good optic3P properties and hi gh mechani cal
strength and which are excellent in stability of mechani cal

characteristics. The phase-change type optical disk of the present

i nventi on ghychagssaofiethe| filmhis pgrefertahleabaute St tansPandat substrate
and the protective layer. The netallic |ayer reduces an apparent difference

of heat property befieghadyauchande appecopstiehli déskrefistbé pihesemtcor di ng
| ayer by controlling their optical absorption factor to increase

t emper at ur {88 I RRP&ISa ARl Leeiny |1yt icviprdls inke metadsdisaghl ager
to the sangﬁrgég?‘. Tﬂgpmat al s include Arti}? Ai}féSi and Cu. The 12

thickness gh,tRe [hkM kg, Phel %bdblya aoWr St QiioyEnebzbmibasenehange type

optical dis he~presént { nvention may have a reflecting |ayer
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ayer. as hot melt type may be arranged on the side of the reflecting
layer, which does not face to the recording layer, in order to -
protect and strengthen the reflecting layer.

| The phase-change type optical disk of the present
invention can be prepared by forming protective layers,
recording layers, reflecting layers and films such as a
metallic film on transparent substrates using a commercially
available sputtering apparatus and adhering two of the
resultant substrates with the layer formed sides.

In order to form the protective layers on and directly
under the recording layer, a deposition process, a sputtering
process and other known processes are generally employed. From
the standpoint of productivity, the sputtering process is
superior to the deposition process. The sputtering process is
suitable in the case of mass-production.

Processes for forming protective layers comprising a
mixturé of two or more substances as mentioned above by
sputtering include a co-sputtering process wherein the

substances composing the above mixture are separately sputtered



The phase-change type optical disk of the present invention can be prepared
by :form ng protective layers, recording |ayers, reflecting layers and filns
-such as a netallic filmon transparent substrates using a commercially

avail abl e sputtering apparatus and adher,i,ng two of the resultant substrates

r
with the layer fornmed sides. In order td3*orm the protective |ayers on and

directly under the recording | ayer, a deposition process,. a sputtering
process and ot her known processes are generally enpl oyed. Fromthe

st andpoi n&ngf apP§@G@§ﬁvW8§Fe%hem§E%¥% § rRrePaed PY Nisthg iand to t he
deposition process. The sputtering process is suitable in the case of

mass- pr odgdntexingr powders ©&r ther substancescronros ng rhe @hgvies migtare

m xture of two or nore substances as .nentioned above by sputtering include
a Co-sput bee spuptereds WOErthesé hetlel bkdaree prmresss | iy irdefealyede sdinckeur e
are separately sputtered 13 and a process wherein materials prepared by
m xi ng an@d Japesr comppeeos 98 hdee Sedsi BN cEtamRP A ~hilshprakese Rhahur e
are sputtered. O these, the latter process is preferred since a |ayer
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and facilities are relatively sinple. In order to nake In Zn(1-x)Sx of
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by using a sintered target including H2S in an anmount Of between 200 ppm
over 0.50, it is preferred to carry out sputtering by using a
sintered target including H2S in an amount of between 200 ppm
and about 2000 or 3000 ppm.

Sintered targets including the desired amount of H2S
can be obtained by sintering powdered materials of the
protective layers including H2S, whose total amount is adjusted
to a specified amount, with a commercially available sintering
machine, or by sintering powdered materials of the protective
layers while introducing H2S gas into an atmosphere of
sputtering.

Moreover, in ofder to make X over 0.50, itlis
preferred to carry out sputtering by using a sintered target
including 0.1 to 0.05 % by weight of sulfur per target.

Sintered targets containing the desired amount of
sulfur can be obta%ned by sintering powdered materials of the
protective layers including sulfur, whose total amount is
adjusted to a specified amount, with a cbmmercially available
sintering machine, or by sintering powdered materials of the
protective layers while introducing sulfur gas into the

atmosphere.



and about 2000 or 3000 ppm Sintered targets including the desired anount
of ferr] can be obtained by sintering powdered materials of the protective
| ayers including [err], whose total anpunt is adjusted to a specified
amount, with a commercially avail abl e simpgering machine, or by sintering
powdered materials of the protective layers while introducing [err] gas
i'nto an at nosphere of sputtering. Mreover, in order to make X over 0.50,

it is preferred to t @L-N Sin S} r t
ncl uding 0. 1 to 0200 Fety Pacrane oproirrimd ot Sver 0 8F Felids
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H2S or sulfur (gas) _into an atnosphere of sputtering. Wien a deposition
rate of a #RFFPFECEd Jingqdehe Rtmasphernicygss foruspubtereagi s psetheabl y
i ntroduced into the atnospheric gas for sputtering. As the above
at nospher i }PGER FPROSPhATIT i9RF LoThispudteadngl, Ar mamgdHass of Ar and HzS
or a mixed gas of Ar and sulfur (gas) may be employed.
Of the above processes, a process wherein X is
adjusted with an atmospheric gas for sputtering is preferaﬁle.
For including d<40 of sulfur in the recording layef,
powder of Sb-Te-Ge alloy is mixed with powder of H2S or sulfur
and sintered with a commercially available sintering machine so
that a rate of sulfur atom numbers d be a specified value in
the above-mentioned range, or powder of sulfide compounds such
as antimony sulfide, tellurium sulfide and germanium sulfide is
preliminarily mixed and sintered so that a rate of sulfur atom
numbers d be a'specified value in the above-mentioned range.
The sputtering may be carried out using a Sb-Te-Ge-S target
obtained by sintering in an atmospheric gas including H2S or
sulfur as a target.‘ The sulfur abundance ratio can be adjusted

by sputtering Sb-Te-Ge alloy using a mixed gas of Ar and H2S or

a sulfur gas as an atmospheric gas.

Brief Description of the Drawings
Figure 1 shows a cross-sectional view of a layer

structure of the phase-change type optical disk prepared in the



or a mxed gas of Ar and sulfur (gas) may be enployed. O the above
processes, a process wherein X is adjusted with an atnospheric gas for
sputtering is preferable. For including [err] of sulfur in the recording

| ayer, powder of Sb-Te-Ge alloy is nixed5with powder of H2S or sul fur and
sintered wwth a commercially available sintering machine so that a rate of
sul fur atom nunbers d be a specified value in the above-nentioned range, or
powder of Exaiplde.conpounds such as -antinony sulfide, telluriumsulfide and
germaniumsulfide is prelimnarily mxed and sintered so that a rate of

sul fur atom nunberghdl MfndrERLGIH I8 MBlgueel Relfbe aBous- FBNLb@Sed range.
The sputtering may be carried out using a Sb-Te-Ge-S target obtained by
sintering4i,n agpakprgrheric gas including H2S or sulfur as a target. The
sul fur abundance rati o can be adjusted by sputtering Sbh-Te-CGe alloy using a
m xed gas,Qf, : sul fur gas-as an atnospheric gas. Brief
Descriptigg'oégfﬁggﬁgggigégéfigure 1 shows a cross-sectional view of a

| ayer strycture of the phase-change type optical disk prepared in the
Exanpl es. li%ﬁepﬁ'ﬁggf:gillgei tranﬁ’é figure refer to as follows: 1: substrate 2a:

protectlv%:la*ggoggingrigggélve | ayer 3: recording |ayer

4: reflecting layer

5: ﬁv—curable resin layer -

Best Mode for Carrying Out the Invention

Hereinafter, the present invention is illustrated in
more detail referring to the Examples.

In the Examples, the iluo:escent X-ray measuring
apparatus used and conditions for measurement employed are as

" follows.

Model: PW2400 manufactured by PHILIPS INTERNATIONAL B.V.
X—réy tube: = rhodium

Mask diameter: 20 mm

Element Exit.at.ion Slit width Detector Spectral
conditions crystalline
si 24 kv, 125 ma 0.3 mm FL InSb
n 60 kv, 50 ma 0.1 mm | U LiF200
S 24 kv, 125 ma 0.3 mm FL Ge

[Example 1]
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Qut

tion Hereinafter, the present invention is illustrated in nore
ferring to the Exanples. In the Exanples, the fluorescent X-ray

apparatus usedand conditions figr neasurenent enployed are as

Model : PW2400 manufactured by PHI LIPS | NTERNATI ONAL B. V. X-ray
hodi um Mask di aneter: 20 mm El ement Exi tation Slit width

s kv, 155 e A ipe opeigal disk Nos., 15} se 1-8"HikRhg

i ne
, 50

o8 ayer ptEarEute Showy B ISR R TP TIARE 4 JOISEE 1. 1
to 1-5 having the layer_structure

h in Fi 1 repared _as -
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of 130 nm and a thickness of 1.2 mm and one side of which was

grooved adepogitefds pn a grooved side of a polycarbonate substrate 1,

which had a hole at the center, a diameter of 130 nm and a
thickness of 1.2 mm and one side of which was grooved at 1.6 U
pitch. Targets used were prepared by mixing 2nS powder with
$i02 powder at a molar ratio of ZnS to Si0Oz2 of 80 to 20 and
sintering the mixture in a H2S atmosphere. HzS in each sintef
was adjusted to 200 to.1000 ppm. The concentration of H2S was
obtained by reacting H2S8 in each sinter with a solution
containing Cu ions to measure an amount of CuS and calculating
an amount of S from the amount of CuS. When protective layer
2a was formed, the conditions for sputtering were not changed
except the types of targets were varied.

A 25 nm thick recording layer 3 comprising Sbz22TessGezs
alloy was deposited on the protective 1a§er 2a according to
sputtering. On the recording layer, 20 nm thick protective
layer 2b comprising Zn(i1-x)Sx and SiO2 was deposited using the
same target and according to the same proéeduré as protective
layer 2a.

Value X of Zn(i1-x)Sx in the protective layers 2a and 2b
were obtained by measuring, concerning each sample, an
abundance ratio of sulfur atoms Y=(S/(Zn+S)) according to an

analysis using a fluorescent X-ray apparatus and also

e Layer 2a conprising [err] and, [err] was deposited on a grooved

m



pitch. Targets used were prepared by m xing ZnS powder with Si Q2 powder at
a nolar ratio of ZnS to [err] of 80 to 20 and sintering the mxture in a
H2S at nosphere. [err] in each sinter was adjusted to 200 to 1000 ppm The
concentration of H2S was obtained by reagfing [err] in each sinter with a
solution containing Cu ions to neasure an anount of CuS and cal cul ati ng an
anmount of S fromthe anmount of CuS. When protective |ayer 2a was forned,

the condi tj@88ufPhg SPUbAEEIREh e efigﬁ} gﬂgﬂg@% PLERPL &Qﬁggxpsgpggﬁé ets

were varied. A 25 nmthick recordin conpri sing rr

ecor di ng ToyEr: 35F aBdshe TRl 8 o3 SRICLP Ok Smd ki GlAF ) ana [er 1]

was deposited u 1§§ éhe sane target %Pd accor.ding to the sane procedure as
prot ect i veiFEORIIRG, Q5 Sang ékﬂqﬁ Y5e A% 15y StiecFpve Paythe sampkesob
wer e obtaiped b asuring, concerning each sanple, an abundance ratio of
sul fur at oﬁ%ﬁﬁ%ﬁ?‘% +35)<3aq1£’§<ﬁ*iﬁ% Hag"% o &h¢s pbover-mgnaienedr Bexmata
X-ray apparatus and al so 17 measuring, concerning a filmobtained froma
t ar get contb}hing no H2S, an abundance ratio of sulfur atons [err]

according to the same procedure as in the case of the sanples, followed by
a cal cul ati on base&hgnampungbefcHa® monkmihefbrinulaa tatlget used in

forming protective layers 2a and 2b of each sample and the
measured value of X in the protective layers 2a and 2b are
shown in Table 1.

Next, a 200 nm thick reflecting layer 4 comprising al
alloy was arranged on a protective layer 2b.according to
sputtering, and further 10 um thick UV-curable resin 5 was

| applied according to a spin coat process to harden.

Properties of each sample of the resultant
phase—chanée type optical disk were measured according to the
following methods.

(1) Measurement of number of overwrite cycleé

In order to evaluate cjclability, the number of
overwrite cycles was optained according to the following
process. Each sample was set on a drive unit, and rotated at a
linear velocity of about 5 m/s. A laser having a wave length
of 830 nm was modulated between a peak power of 18 mW and a
bias power of 9 mW. The sample was repeatingly overwritten
with a patéern wherein 1.5 T signal and 4.0 T signal appear in
turns on the same track. Then, the relation between the

overwriting number and C/N (a ratio of carrier wave to noise)



The amount of H2S contained in a target used in formng protective |ayers
2a :and 2b of each sanple and the nmeasured value of X in the protective

| ayers 2a and 2b are shown in Table 1. Next, a 200 nmthick reflecting

| ayer 4 conprising Al alloy was arrangedy@n a protective |layer 2b according
to"sputtering, and further 10 [err] thick UV-curable resin 5 was applied
according to a spin coat process to harden. Properties of each sanple of

t he resul t ant %ES - C ge e optical %% E ge ed. a rding to the
fol |l ow ng "?gﬁ héo) a?g?“f{é%a e <&t oﬁu % f‘szgvg?%;#%egEy‘gﬁgsgmgor der
to evaluate cycl.abi)ity, .the nunber of overw.ite cyclegs_was obtai ned
accor di ng “(f:]be’i/ﬁté’? iy Vﬁl&?egg. ngcﬁssﬁﬁﬂ}lgeﬁ/aéysgtd%nli PR it
and rotated at a |inear velocity of about 5 m's. A laser having a wave
| ength of BERLmh &5 'FoNMREEd HePVEENTALBeGKCHBREr of 18 mWand a bias
power of 9 mW The sanEIe was repeatingly overwitten with a pattern
wherein 1.5 T signdF &he€ amoumt sefnddS dpgpdargetst dngregsesheisgre asadk.
Then, the relation between the overwiting nunber and CN (a ratio of
carrier whecdmesdiagjer, the wmambést ofnowertwrihe oyobes 0é vabsedi t Wl es
at the time when the initial value of CNis reduced by 3 dB is shown in
Tabl e 1 asx "is rivBicromimoresr & iprefeyabe"” cyclability is attained.
(2) Measurement of number of error correctable cycles
In order to determine the improvement in durability
against thejchanges of film thickness of the recording layer
owing to a transmittance of substances in the recording layer
and other féctors, a cyclability was evaluated by actually
recording data, not by C/N. Each sample was set on the drive
unit used in above (1) and evaluated by recording data at
constant linear velocity, peak power and bias power under the
same conditions as in (1). A random pattern was employed for
recording data. The number of error correctable cycles is
shown in Table 1 as the number of cyclability which givés
correctable error numbers of data read-out.
As the amount of H2S in targets increases, i.e., as X
becomes larger, the possible number of readout is raised. When
X is 0.51 or more, preferable cyclability is attained.
(3) Deterioration of recording marks due to long term reading
In order to evaluate long-term resistance of recording
marks to a read laser, each sample was repeatedly reproduced at

a read power of 2.0 mW to determine the relation between

exposing numbers (pass numbers) of the read laser and C/N of a



As the anmpbunt of H2S in targets increases, i.e., as X becones |larger, the
nurtber of overwite cycles is raised. Wen X is 0.51 or nore, a preferable
cyclability is attained. (2) Measurenent of number of error correctable
cycles In order to determne the inprovenment in durability against the
changes of filmthickness of the recording |layer owwng to a transmttance
of substances in the recording |ayer and other factors, a cyclability mas

| uat ed d C/
the dri Se%ﬁfﬁﬁusehhy%&%%e'? § B8 nlfbely £ 45 O B TR RRg Frcl
tant t d_bi d th
condi ¢ 1 ondhas IpitE sl vatpePRRT pﬁﬁ?ﬁgmﬁé‘ By KPS FAT0Rf ng data. The
nunber of. error correcgable cy cles | s shown in Table 1 as the nunber of

cycl abi | | EPCRRALRIGRGEESCEPr @cF%ﬁﬁelé??B ARGHEF ShAWN Ay TadR dut . As the
anount of H2S in targets increases, i.e., as X becones |arger, the possible
nunber of readout AS the ARQUNAQE H2Ss 1D, sargetgpincreasess abie. cy&l ability
is attained. (3) Deterioration of recording nmarks due to | ong term reading
I n order teceomssudargeongther resistanaacko othe eneadliiapemris imprpvedad

| aser, each sanple was repeatedly reproduced at a read power of 2.0 nmWto
det er mi neWhiea Xelist DeAlberwaenegxgoed ngesisbance ({1 hen wrdzst Jasafr idam r ead

| aser and C/ N of a 19 reproduci ng signal. A pass nunber, i.e., CNis
decr eased ber obstained.

[Example 2]-

Sample Nos. 2-1 to 2-4 of phase-change type optical
disks were prepared according to the same précedure as in
Example 1 except that targets obtained by sintering ZnS powder
and SiO2 powder (molar ratio of 2ZnS:Si02=80:20) and sulfur
powdér at a ratio shown in Table 2 were employed to form
protective layers 2a and 2b.

Value X of Zn(i1x)Sx in the protective layers 2a and 2b
was obtained by measuring an abundance ratio of sulfur atoms Y
of each sample and an abundance ratio of sulfur atoms Yo of.
Sample No. 2-1 obtained from a target containing no HzS
according to the same procedure as in Example 1, followed by a
calculation based on Formula (1).

Each property of the samples of the obtained
phase-change type optical disks was measured éccording to the
same proéedure as in Example 1. The results are shown in Table

2.

The optical disks of the present invention improved in



the initial value by 1 dB is defined as "resistance of recording nmarks to a
read laser” and is shown in Table 1. As the anmount of H2S in targets

i ncreases, i.e., X becones larger, the resistance to the read |aser is

i nproved. Wien X is 0.51 or nore, good rx&sistance to the read | aser can be
obtai ned. [Exanple 2] Sanple Nos. 2-1 to 2-4 of phase-change type optical

di sks were prepared according to the sane procedure as in Exanple 1 except

that targghg Qbfeai)pwée@ei%isr}t %bhgaréasteom?_lanﬁoﬁi £21 RS ddBY o ati o
of ZnS: Si 2=80: 20) and sul fur powder at a ratio shown in Table 2 were

enployediaﬁdgggﬂ|€¥§ﬁﬁg gﬁdggxers 2a and 2b. Value X of [err] in the

protective layers 2a and~2b was obtai ned by neasuring an abundance rati o of
sul fur atons Y of each sanple and an abundance ratio of sulfur atonms Yo of
Sanpl e No. 2-1 obtained froma target containing no [err] according to the
sanme procedure as i,n Exanple 1, followed by a cal cul ati on based on Formul a
(D). Eachﬁﬁ%ﬁﬂﬁlﬁ/ih the sanpl es of the obtai ned phase-change type opti cal
di sks was neasured_according to the sane(Procedure as in Example 1. The

results are shown PRTELRINOD: Imb it ChiRhasSSsTChaRgeptyPentrPEAFaat i on

inprOVEdiélsks %%re prepared according to the same procedure as in
Example 1 except that targets obtained by sintering a mixture
of ZnS powder and SiO2 powder (molar ratio of 2ZnS:Si02=80:20),
adjusting a HiS concentration to 200 ppm and using a gas
prgpared by mixing Ar gas with 10 % by volume of H2S gas at a
ratio shown in Table 3 as an atmosphere for sputtering were
employed to form protective layers 2a and 2b.

Each property of the samples of the obtained

phase-change type optical disks was measured according to the
saﬁe procedure as in Example 1. The results are shown in Table

3. When value X is 0.51 or more, a good cyclability and good

resistance to a read laser can be obtained.

[Example 4]

Sample Nos. 4-1 to 4-6 of phase-change type optical
disks were prepared according to the same procedure as in
Example 1 except that targets obtained by sintering 2ZnS powder
and SiO2 powder (molar ratio of ZnS:Si02=70:30) and sulfur
powder at a ratio shown in Table 2 were eﬁpioyed to form
protective layers 2a and 2b. o

Value X of Zn(i-x)Sx in the protective layers 2a and 2b



all the properties, conpared to Sanple No. 2-1 which does not contain
sul:-fur powder. [Exanple 3] Sanple Nos. 3-1 to 3-5 of phase-change type
optical disks were prepared according to the sane procedure as in Exanple 1
except that targets obtained by sinterirdl a m xture of ZnS powder and Si Q2
powder (nolar ratio of ZnS: Si O2=80: 20), adjusting a [err] concentration to
200 ppm and using a gas prepared by mxing Ar gas with 10 % by vol une of
H2S gas atwere abitainkedwby medshirdnd an abuadansehei€id bf PULHiBF | Rbneere
enployed to formprotective layers 2a and 2b. Each property of the sanples

of the obigd redhplRasplehandeahyaBufhhéa! rat s Sofasu RS WIsh26606# Ng tO
the sanme procedure as in Exanple 1. The results are shown in Table 3. Wen

val ue X i ghpab §o.MLS, oﬁtﬂﬁﬁﬂdquﬁbb't&{%é’f' ﬂ:‘.}?%%ﬁ?%ﬁato a read

| aser can be obt ai ned. Exanpl e 4] Sanpl e se- change
e o8t Sy v ?g%gsta@éﬁgfgﬁﬁgg%;g;n B lE 1 SBG5
PSRy Be b gBT ShOFRRHERL (L U Puder 3 rati o shoun
Lerr] in the prot eﬁéi VesalmiJl fer Sog athaen resultan% phase-change type optical
disks was set on a drive unit to record data according to the
same procedure as in Example 1. Then each sample was kept in a
constant temperature and humidity oven, the inside of thch is
adjusted to a temperature of 80° C and a relative humidity of
80 %, to determine the deterioration of the recorded data per
each prescribed preservation period.

In general, optical disks are required for a
preservation life period of 10 years or more at room
temperature; Since the activation energy of a phase-change ‘
type optical disk which employs a Sb-Te-Ge type alloy for a
recording layer is about 1.1 eV, the life period of 500 hours
or more which was determined by an accelerating aging test
under the condition of a temperature of 80° C and a relative
humidity of 80 % (hereinafter, "an estimated life") corresponds
to a preservation period of 10 years or more at room
temperature. 1In this Example, the time when the initial value
of C/N is decreased by 3 dB is defined as a life period of an
optical disk, and the estimated life of each.sample was

measured. The results are shown in Table 4. When value X is

0.54 or less, a preservation life period of 10 years or more at



wer e obtai ned by neasuring an abundance ratio of sulfur atons Y of each
sanpl e and an abundance ratio of sulfur atons Yo of Sanple No. 4-1 obtained
froma target containing no [err] according to the sane procedure as in
Exanple 1, followed by a cal cul ation based on Fornmula (1). Each sanple of
the resultant phase-change type opticaIZﬁ sks was set on a drive unit to
record data according to the sanme procedure as in Exanple 1. Then each
sanple was kept in a constant tenperature and hum dity oven, the inside of
whi ch is Zeomstempesagurenganabarebbaineds] and a relative hunidity of 80
% to determne the deterioration of the recorded data per each prescribed
preservation period. In general, optical disks are required for a
preservation life period of 10 years or nore at roomtenperature. Since the
activati onexaapde 6 a phase-change type optical disk which enploys a
Sb-Te-CGe type alloy for a recording layer is about 1.1 eV, the life period

of 500 hours or nog epnée&len@fged alygiam da diskceavengt LRE agy8g test
under the condition of a tenperature of [err] and a relative humdity of 80

% (her ei ngllSioeuran SRSlhTShes i bhbe’ | 445 Sa0RMS e EPIIRARLYaligd ! | o

of 10 years or nore at roomtenperature. Exampl e, the tinme when the

011 ALl B dalNd Al 664 08 Skl .08 !
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comprising a mixture of ZnS and SiO2 (molar ratio of
ZnS:Si02=80:20) according to RF sputtering. Then, 25 nm £hick
recording layer 3 comprising Sb-Te-Ge-S type alloy was
deposited on the protective layer 2a, and 20 nm thick
protective layer 2b was deposited using the same target and
procedure as protective layer 2a. Further, 200 nm thick
reflecting layer comprising Al alloy was deposited on the
prétective layer 2b. Finally, UV-curable resin 5 was applied
to be 10 um thick with a spin coater and hardened by a
ultraviolet light.

When the recording layer 3 was formed, the composition
of the Sb-Te-Ge alloy was képt constant (Sb: 25 at%; Tes 55
at%; Ge: 20 at%) and sulfur was added to the composition at a
ratio shown in Table 5 to prepare a target. Then, sputtering
was carried out to obtain a film. The ratios a, b, ¢, and 4 of
each atom contained in the resultant film was calculated by a
fluorescent X ray measurement. The results are shown in Table
5.. |

Each property of each sample of the resultant



22 room tenperature can be obtained. [Exanple 5] A phase-change type

opti cal di sk having the |layer structure shown in Figure 1 was prepared as
follows. 180 nmthick protective |ayer 2a was deposited on a grooved side
of a substrate 1 as used in Exanple 1 by,sputtering a target conprising a
m xture of ZnS and Si2 (nolar ratio of ZnS: Si O2=80: 20) according to RF
sputtering. Then, 25 nmthick recording |ayer 3 conprising Sb-Te-Ge-S type
al l oy was deposited on the protective l'layer 2a, and 20 nmthick protective
| ayer 2b SRRANaS] WP PPtHEadafdSkEr Haf BAASRISL cREFRr ALY iR ehi€ ve

| ayer 2a. Further, 200 nmthick reflecting |ayer conprising Al alloy was
deposi t ed SaMe REQIetuES iafe IngyEampde tinalChe regults aare shewvm Hnpable
applied to be 10 [err] thick with a spin coater and hardened by a
ultraviol é&. light. Wien the recording |ayer 3 was forned, the conposition
of the Shb-Te-CGe alloy was kept constant (Sbh: 25 at% Te: 55 at% GCe: 20
at% and sul fur wamsathedstbfthecomrgosid i incmdases,atthe shaber wflable 5 to
prepare a target. Then, sputtering was carried out to obtain a film The

rati os a, duerwritit cycllescasll dhemaabegi 8€derfot Neor£ectisId dydles\asre

calculated by a fluorescent X ray neasurenent. The results are shown in

Tabl e 5. Hafdrdisaeidoy thatexeRistanbe €6 hheea@svhéartis improved.

Further, in order to determine the basic
characteristics as an optical disk, éach sample was set on a
drive unit and rotated at 1800 rpm. A laser beam having a
wavelehgth of 830 nm was modulated between a peak power of 18
mW and a bias power of 9 mW to overwrite a pattern of 3.7 MHz
(Duty ratio of 50 %) corresponding to 1.5 T 100 times. The

recording property is shown in Table 5. Sample Nos. 5-1 to 5-4
were récordable (O). sample No. 5 having d of 43 was

unrecordable (X) due to a hole in the metallic layer made by

the laser beam.

[Example 6]

A phase-change type optical disk having the layer
structure as shown in Figure 1 was prepared according to the
saﬁe procedure as in Example 5 except that the sulfur content
in the alloy was adjusted to 10 at% and a target prepared by
addihg Sb—Té-Ge alloy to the alloy at a ratio shown in Table 6
was employed for sputtering. The ratios a,%b, c, and d of each
atom contained in the resultant film was éaiculated by a

fluorescent X ray measurement. The results are shown in Table



23 phase-change type optical disks was neasured according to the sane
procedure as in Exanple 1. The results are shown in Table 5. As the sulfur
content d increases, the nunber of overwite cycles and the nunber of error
correctabl e cycles are increased so that,,resistance to a read laser is

i mproved. Further, in order to determ n€ the basic characteristics as an
optical disk, each sanple was set on a drive unit and rotated at 1800 rpm
A | aser beam havi ng a wavel ength of 830 nm was nodul at ed bet ween a peak
power of 88 mWand a bias power of 9 mMWto overwite a pattern of 3.7 Mz
(Duty ratio of 50 % corresponding to 1.5 T 100 tinmes. The_ recording
property i s shown The RRasiE psapstEMoshesbasige sharagreristifsapf ethe) .
Sanmpl e No. 5 having d of 43 was unrecordable (X) due to a hole in the

met al | i ¢ ragaltantephasehehangertypancptitahplisls] wasieveduatadge type
optical disk having the layer structure as shown in Figure 1 was prepared

accor di ngakeoiriénga®® ghecedllewisg i matnenp| Edcte syl hats et onl fBur
content in the alloy was adjusted to 10 at% and a target prepared by addi ng

Sh-Te- Ge alig® Laithanal hOYasér abéahi Ravihwya ivaveiiiyth WEs 830phay easf or
sputtering. The ratios a, b, ¢, and d of each atomcontained in the

resul tant phishipad patwlbal 80pbyk 2pdittor &8 CENmK 4y dTRANY PRl ofhg

results are shown in Table :
mW to record a 1.5 T pattern. Then, each sample was rotated at
600 rpm to erase the pattern by ﬁnmodulating DC radiation of
laser beam and it was observed whether or not an eiasing ratio
of 1.5 T was saturated with one time erasing operation. The
results are éhown in Table 6. When an erasing ratio is
saturated with one time erasing operation, it is shown by "O".
When an eraéing ratio is not saturated with one time erasing
operation, it is shown by "X"., The erasing ratios of sample

Nos. 6-2 to 6-4 which are included in the present invention.

were saturated with one time erasing operation.

[Example 7]

A phase-change type optical disk having the layer
structure as shown in Figure 1 was prepared accordihg to the
same procedure as in_Ekample 5 except that sulfur content in
the alloy was adjusted to 10 at% and a target prepared by
adding Sb-Te-Ge alloy to the alloy at a ratio shown in Table 7
was employed for sputtering. The ratios a, b, ¢, and d of each.
atom contained in the resultant film was éalculated by a

fluorescent X ray measurement. The results are shown in Table



24 6. The erasing property, the basic characteristics of the resultant
phase-change type optical disk, was evaluated according to the follow ng
manner. Each sanple was set on a drive unit and a | aser beam having a

wavel engt h of 830 nm was nodul at ed bet a peak power of 12 mWand a bias
pover of 6 mMWto record a 1.5 T pattern.”"Then, each sanple was rotated at
600 rpmto erase the pattern by unnodul ating DC radi ati on of | aser beam and
it was observed whether or not an erasing ratio of 1.5 T was saturated with
one tine ékasing operation. The results are shown in Table 6. Wen an
erasing ratio is saturated with one tine erasing operation, it is shown by
"O'. Wien an erasi F@rrtke couEPPRR Qhievakuating Kladife PreseraRidiong
operation, it is showm by "X'. The erasing ratios of sanple Nos.. 6-2 to 6-4
whi ch ar e prupamgd ian balsdcpcbesactemighitonfwehe resulbant phase-erhangere
erasing operation. [Exanple 7] A phase-change type optical disk having the
| ayer strusips epdicalodisk) Bngaceelewasipgepastdofictive diigk twas heargaied
procedure as in Exanple 5 except that sulfur content in the alloy was

adj usted tsutl GidedEmg aot &heefoplewangdmbyneddi NPasl- J&ms¥e abadysdt® dihe
alloy at a ratio shown in Table 7 was enployed for sputtering. The ratios

g;/ g, c, bW RAT adldOFotakbal Bed1B00ot keml esnl 1a8ér fhé 4 \Yasv g Gl at ed
wavelength of 830 nm was modulated between a peak power of 18
mW and a bias power éf 9 ﬁW to record pattern. After a random
pattern was recorded, samples were put in a constant _
temperature and humidity oven at 80° C and 80 $ RH (relative
humidity). 1,000 hours laﬁer, the data were read out to
evaluate preservation stability of recording marks with a byte
error rate of the data. The results are shown in Table 7.

When the-byte error rate was less £han 3 times as large as that
of the data before putting the samples-in the constant
temperature and humidity oven, the preservation stability is
defined as good (O). When the byte error rate is not less
than 3 times as large as that of the data before putting
samples in the constant temperature and humidity oven, it is
defined as poor (X). Sample Nos. 7-2 to 7-4 of the present
invention were good in preservation stability. To the
contrary, the byte error rate of Sample No. 7-1 was over 3

times so that the preservation stability of the recoding marks

was poor.

[Example 8]



fluorescent X ray neasurenment. The results are shown in Table 25 7. For
t he purpose of evaluating data preservation property, a basic
characteristic of the resultant phase-change type optical disk, an
accelerating test of the disk was carrieglgout according to the follow ng
manner. Each sanple was set on a drive unit and rotated at 1800 rpm A

I aser beam havi ng a wavel ength of 830 nm was nodul at ed between a peak power

of 18 nWand a b'aﬁeéﬁﬁgé‘eﬁaﬁggv¥%ﬁcdﬁéﬁié%fmﬁiéﬂrh ¢¥t t &%%%%nlpattern

was recorded, sanp were pu tenper y oven
t C.,and ;80 % RH (rel at. hum_di,t 000_h I t he_.dat
er ¢ 1 ond BGOSR AL G0L FISEEn 1< VS PEEYSEEa Lkt AN,

byte error rate of &?e data.. The results are shown in Table 7. \Wen the
byte errorS3ug PIRESGURS 35hdn & 3sSFSPRE LRatnthe Fulfer LRBEeR% or e
putting the sanples in the constant tenperature and hum dity oven, the
preser vat i%h HheRllay Wae @goiugs@da$oydfdats) andnantargebprerarest byte is
not less than 3 tinmes as large as that of the data before putting sanples
in the corfAdg tSmAa—Seud 19yd teuhe By loyeat At ratideshown tix Pajwke (8X) .

Sanple Nos. 7-2 to 7-4 of the present invention were good in preservation
st abi | i t y.waFp enpd.ayest fary sputseping.er fhe ratiéosfasdpple@ aud &-df wechover
3 times so that the preservation stability of the recodi ng marks
atom contained in the resultant film was calculated by a
fluorescent X ray measurement. The results are shown in Table
- 8.
The recording property, the basic characteristic of
the resultant phase-change type optical disk, was evaluated
according to the followiﬁg manner. Each sample was set on a
drive unit and rotated at 1800 rpm. Evaluation was carried out
using a laser beam having a wavelength of 830 nm whose bias
power was fixed at 9 mW and peak power was varied. Samples are
evaluated as follows. When a minimum peak power whose value of
C/N is over 50 dB is not more than 20 mw, a éample is
recordable (Q). When a power of 20 mW canhot provide 50 dB of
C/N, a saﬁple is unrecordaﬁle (X). Sample Nos. 8-2 and 8-3 of
the present invention were recordable due to 20 mW or less of

recording sensitivity. To the contrary, Sample No. 8-1 was

unrecordable since the recording sensitivity exceeds 20 mW.

[Example 9]
A protective layer was deposited on a transparent

substrate according to the same procedure as in Example 1.



was poor. [Exanple 8] 26 A phase-change type optical disk having the
| ayer structure as shown in Figure 1 was prepared according to the sanme
procedure as in Exanple 5 except that the sulfur content of the alloy was
adjusted to 10 at% and a target preparechpy adding Sh-Te-Ge alloy to the
al Foy at a ratio shown in Table 8 was enpl oyed for sputtering. The ratios
a, b, c and d of each atomcontained in the resultant fil mwas cal cul ated

by a fl uor, ent r r T ulls jn. T 8. The
recordi ng q‘g’feg'ﬁera[ é,e#gq%gg :ig C a&'ggt ggfégécgéft%}$€€%¥%ﬂ %&%‘e- change
type optical disk, was .eval uated_accqrding to the faollow ng nmanner. FEach
sanpl e vvasacs%r‘ﬁﬁ’gat(?ri & GATE gﬁchng?egsa{-n 1%6‘?)‘“9 ?ngméf%%?ﬁ%fﬁﬁ vibis
carried out using a | aser beam,ha iag ﬁ mavelengég of 830 nm whose bhi as
power was Bha&&tAANgen YRR %@&Eaéo BknBaVYLg | BRR 1RVRT SEEHGEWRRIShawy as
follows.. \hen a mi ni mum peak power whose value of C/Nis over 50 dB is not
nor e t han 30 Rigure danpiaens thec prassreive) layees 22 pakr2bivene igaacthot
provide 50 dB of C/N, a sanple is unrecordable (X). Sanple Nos. 8-2 and 8-3
of the prddenttangesnuised fore Seapdedibdk e2ddcof cEXaMpAR ¢ wass semglayasbr di ng
sensitivity. To the contrary, Sanple No. 8-1 was unrecordable since the
r ecor di ng vhens ithiev iregoedingddagernid/ was formed, the target used for '
Sample No. 5-2 of Example 5 was employed.

The resultant phase-change type optical disk was
evaluated in accordance with the same manner as in Example 1 to
determine the number of error correctable cycles. The number
of error correctable cycles of the phase-change type optical
disk was 1 x 10°. This number was larger than that of
Comparative Example by 880,000, and was about 10 times as large

as that of Comparative Example in ratio.

[Comparative Example]

A phase-change type optical disk was prepared and
evaluated according to the same proceduré as in Example 1
except sulfur powder was not added and a.mixed gas of Ar gas
and nitrogen gas was used as an atmospheric gas fér sputtering
at the time of forming the protective layers 2a and 2b to
determine a number of error correctable cycles. The number of
overwrite cycles} the number of error correctable cycles and a
resistance of recording marks to a read laser of the resultant
phase-change type optical disk were 2.5 x 10°, 1.2 x 10° and 2 x

10°, respectively.



[ Exanpl e 9] A protective |layer was deposited on a transparent substrate
according to the sane procedure as in Exanple 1. 27 Then, a recording

| ayer was forned on the protective |ayer according to the sane procedure as
in Exanple 5 to prepare a phase-change t2ge optical disk having the |ayer
stfucture shown in Figure 1. Wien the protective |ayers 2a and 2b were.
formed, the target used for Sanple No. 2-3 of Exanple 2 was enpl oyed. Wen
the recording layer 3 was formed, the target used for Sanple No. 5-2 of
Exanpl e 5 was enpl oyed. The resultant phase-change type optical disk was

eval uat Edrf‘f}%eg‘e%%‘%?y%?%ﬁ;fﬁ%@e manner as in Exanple 1 to determ ne

t he: nunbe error cor cycles. The nunber of error correctable

cycl es of the phasg: pe.optical disk was 1 x 106. This nunmber was
|arger than that of® %g%‘%?vem@%%‘?% WP BEVIGE 2aRG2FE5CRBOEE YYPEi mes
as |l arge as_t.hat af. arative.Exanple in,ratip. [Conparative Exanple] A
phase- char?g?é“ﬁ?ée%&ﬁ%p g‘E‘Prﬁ’l"?é &Bscngﬁeﬁg?'ﬂ.ﬁt&ndle%ad RRET Qo My ide he
same procedure as in Exanple 1 except sul fur powder was not added and a

m xed gas HCIES GRE LFEOR| FPsaeﬁtelaiemﬁx%%%d *f he afepashiaid dayss famd
sputtering at the tinme of formng the protective |ayers 2a and 2b to

det er m ne T8ANGPSednotther Agterdpratian| ef cyerexdinhananksaluefto long

term reading, which optical disk is attained by including a
specific amount of sulfur in a recording layer or protective
' layers.

Particularly, by setting X between 0.50 and 0.54, a
phase-change type optical disk having a preservation life
period of over 10 years at room temperature, which is required
for éptical disks, in addition to the above properties can be
obtained. According to the present invention, phasé—change
type recordable and erasable optical disk having high
reliability for recording data can be obtained.

According to the process for produéing éhe
phase—changg type optical disk of the present invention, a
phase-change type optical disk having the above
characteristics, which comprises protective layers of Zn(1-x)Sx
wherein x>0.50 and/or a recording layer of (SbaTebGec)100-d+Sd
alloy having a specific ratio of atom numbers wherein 0<d=40

can be easily produced on a large scale.



overwite cycles, the nunber of error correctable cycles and a resistance
of recording marks to a read | aser of the resultant phase-change type

optical disk were [err] 106, respectively. 28 Industrial Applicability
The present invention can provide a phase: change type-optical disk inproved
in‘cyclability, i.e., nunber of overmmlte?cycles and error correctable

cycles, of the recording |ayer and reduced in the deterioration of

recordi ngmamiksidue to |l ong termreadi ng, which optical disk is attained by
including a specific amount of sulfur in a recording layer or protective
layers. Particularly hy setting X hetween 0 50 and 0.5 a_phase- change
type opti ¢al dl%&MQQVﬁpg a preseryatioh |iyfe pefiod_pf qver,; 10 yegars, at
roomtenperature, which is required for opticall disks, ijn additign to the
above properties can be obtaiped. Accofdin t he presqnt i nventfi on,
phase- chahd®°t3fpet Fet JPEBbI e and BPasapl e gﬁ)tl clal a?%k Havi i hi gh 1000
reliability for recording dat@ can be bbtained.| Accordirg to the|process
for produgigng the phase-change typa opfi cglssdi sk of st he [presgpt ifnvgngd on
a phase-change type optical djsk having the abgve charadqteristic$, which
conprisesfprofective Tayers of [errJ wherern x30.50 ana/jor a rec

| ayer of [err 4 x 10° | 7.5 x 10° [ 1.2 x 10* [ 1.7 x 10° | 5 x 10°
cycles

Number of error ) s s s s 6
1.5 x 10 6 x 10 8 x 10 9 x 10 1 x 10
correctable cycles

Resistance to read

3 x 10° 1 x 107 > 10’ > 107 > 10’
laser. power '
Table 2
Sample No. 2-1 2-2 2-3 2-4 2-5
Amount of sulfur (wt.%) 0 0.5 1.0 2.0 5.0
X . 0.50 0.504 0.51 0.54 0.70

Number of overwrite

2.5 x 10° | 7 x 10° 3 x 10° 5 x 10° 1.5 x 10*
cycles .

Number of error ‘ s s s s
7 x 10 1x 10 2 x 10 5 x 10 1x 10
correctable cycles

Resistance to read
2 x 10° 4 x 10° 6 x 10° 1 x 107 > 107

laser power




all oy having a specific ratio of atom nunbers wherein [err] can be easily

praduced on a |l arge scale. 29 Table 1 Sanple No. 1-1
1-2 1-3 1-4 1-5 Amount of [err] (ppm
200 400 500 700 39 1000 X
0.51 0. 55 0. 57 0.61 0. 68 Nunber of overwite
4 x [err] 7.5 x [err] 1.2 x [err] 1.7 x [err] 5 x [err] cycles
Nurber of Tep:@r3 1.5 x [err] 6 x [err] 8 x [err] 9 x
lerr] 1 x [err] correctable cycles Resistance to read: 3 X
[err] ~—x—terri >rerr fermrt Fet+—iaser—poever
Table 2 %larrpl e Smnple No. 2-1 - 3-2 2-7 3-3 2-B4 -8-4
2- 5 AnDUNt—ef—stH—th— 04 0 0.5 1.0 21 0
5.0 X Ar flow rate* 108- 50 g9 (- 504, Qs 51 g2 0.p4
0. 70 Number of overwite 2.5 x 10 7ix [err] 3 [ erT]
5 x [err] 1.5 x [err] cycles Nunber |of error 7 x |err] 1
X [err] 10 volpafB|flow rate* 5| x Perr] 1 x [lerr]2corfecta@ble gycl @s
Resi stancle_to read | aser powe 2 X [erd] 41 x _[err]
6 x [err]] amouhtod Sildur (we.sy| ~ b€TT o1 0.2 0.5 0.8
x 0.51 0.52 | 0.53 0.56 0.59
Number of overwrite 3 s . . R
4 x 10 8 x 10 3 x 10 5 x 10 1 x 10
cyclgs :
Nuﬁber of error s s s s .
2 x 10 4 x 10 5 x 10 7 x 10 1x 10
co;rectable cycles
Resistance to read 3 x 10° 7 % 10° 1 x 107 > 10’ > 107
laser power

* Flow rate per minute (cm)

Table 4
Sample No. 4-1 4-2 4-3 4-4 4-5 4-6
1 Amount of sulfur 0 1.1 1.9
(wt. ) . 3.2 5.9 6.5
X 0.50 0.506 0.511 0.515 0.54 0.55

Estimated life 2000 2 2000 = 2000 = 1800 600 300




30 Tabl e 3 Sanpl e No. 3-1 3-2 3-3 3-4

3-5 Ar flow rate* _ 100 99 98 95
92 10 vol % HS fl ow rate* 0 1 2 5

8 Amount of sulfur (wt.% 0 3; 0.1 0.2 0.5
0.8 X - 0.51 0.52 0.53 0. 56
0. 59 Nunber of overwite 4 x [err] [err] 3 x [err]

5 x [err] Table 5 x [err] cycles Nunber of error 2 X [err] 4
X [err] 5 x [err] x [err] 1 x [err] correctable cycl es
Resi st anc g—to—ead B4 o1 ———-e+i =
[err] > [sample haser power 5-1Fl oyv r ed-@ pef mskate [ cnp-dablle 4sSmnplie
No. 4-1 4- 2 4-3 4-4 A- 5 4-6
Amount of sulfur 1.1 1.9 3 w9 6. 5
X Bk o o Y%06] 2%, 5p1 F0 o 5180 0*%4

0. 55 Esti rrated—ti+f 20G0—2 2002 PO 186

600 K1V v imand °§1°“F§Bf‘et 5 $anpleibb| 1 x 10° | 5x 1621 1 x 10° [5-2 10°

5-3 grches 5-5 d (sul fur 0.0 2.0
13.0 la.gnbgr of error43' 0

1.5 x 10° 6 x 10° 8 x 10° 9 x 10° 1 x 10°
correctable cycles

Registance to read

2 x 10° 1x10 | >10 > 107 > 107
laser power )
Recording property O O O O " X
Table 6
Sample No. 6-1 6-2 6-3 6-4 6-5
Sb (a) 15.0 20.0 25.0 30.0 35.0
Te (b) 70.0 60.0 50.0 40.0 30.0
"Ge (c) 15.0 20.0 25.0 30.0 35.0
Erasing property X O . O O X




Nunber of overwite 2.5 x [err] 1 x [err] 5 x [err]

1 x [err] > [err] cycles Nunber of error 1.5 x [err] 6 X
[err] 8 x 10 9 x [err] 1 x [err] correctabl e cycles
Resi stance to read 2 X [err] %frr] > [err] >
[err] > 10" laser power Recording prop 0 0
0 0 x Table 6 Sanple No. 6-1 . 6- 2
6- 3 T&ble 7 6-5 Sb (a) 15.0 20.0
25.0 30.0 35.0 Te (b) 70.0 60. 0
50.0 40. 0 30.0.CGe (0) 15.0 20. 0
25.0 - 30.0 35. 0 Erjasing proaert X 0
0 o Semple wor” o Pt >anpﬁyé No 7-3 7741
7-2 -3 T-—4—Sbh (d) TS 456
40.0 30.0 Te $)(a) 4hG6. 0 45.0 50. 0 40.0 50.4».0
50.0 Ge (c) 2.5 5.0 1040 20.0
Preservati gn property X D 0 0O Table 8
Sanpl e No. Te (8)1 w2 50.3- 3| Sb 50a 50.0 2.5
7.5 15.0 Te (b) . 50.0 50. 0 30.0 G (q)
47.5 42.5 Ge (c?S'O 2.5 5.0 10.0 20.0
Preservation property X . O - O O
Table 8
Sample No. 8-1 8-2 | 8-3
sb (a) 2.5 7.5 15.0
. .Te (b) 50.0 50.0 50.0
Ge.(c) . 47.5 42.5 35.0
Recording property X- O O




Recordi ng property X O O 33 What is clained
s 1. A phase-change type optical disk conprising a-transparent sSubsirate;
a recording layer arranged on the transparent substrat ' ;
phase-change occurs between crystalline $fate and arrqrEt!ﬂmmi" mE"%HH“Idl ng
to-laser power irradiation; and protective |ayers arra conuand adirectly
under the recording |ayer; the conposition of the recording | ayer being
repr esent by the fproula [err] wherein [err] and/or one or both of the
prot ect i vg"ﬂfﬁgef'? ¢ ﬁ%ﬂ“?%ng‘%‘ m xture of [err] wherein [err] and one or
nore oxides, nitrides, fluorides, carbides and sulfides of netals or
sem netals (proviso provided that sulfides are excluded when the netal is
Zinc). 2. The phase-change type optical disk according to Claim1, wherein
the protective | ayérsAcBRaaenchange xyype FrEGaH. [Cd5 COMPTEE1B9ade- change
type optical disk according to Claim1l, wherein the protective |ayers
cont ai n Zrirangrsrente saibstrate; 2 remerghagelavangarringedpen cehe di sk
according to Claim1l, wherein the protective |ayers conprises [err] and
transparent substrate wherein a phase-change occurs between

crystalline state and amorphous state according to laser power
irradiation; and protective layers arranged on and directly
under the recording layer; the composition of the recording
layer being represented by the formula (SbaTebGec)io00-d-S4,
wherein 5sa=60, 35sb=65, 5=c=65, a+b+c=100 and 0<d=40, and/or
one or both of the protective layers comprising a mixture of
Zn(1-x)Sx wherein 0.50<x and one or more oxides, nitrides,
fluorides, carbides and sulfides of metals or semimetals
(proviso provided that éulfides are excluded when the metal is

Zinc).

2. The phase-change type optical disk according to
- Claim 1, wherein the protective layers contain Zn(i-x)Sx wherein

0.50<x=0.70.

3. The phase~change type optical disk according to
Claim 1, wherein the protective 1ayérs contain Zn(i1-x)Sx wherein

0.50<x=0.54.

4. The phase-change type optical disk according to

Claim 1, wherein the protective layers comprises 2Zn(i-x)Sx and



34 Si2. 5. The phase-change type optical disk according to Claiml1,

wherein a conposition ratio of [err] to [err] in the protective
in the range of from95:5 to 50:50 (nmolar ratio). 6.

optical disk according to Caiml, where4n a rate of,
corrponent in [err] of the recording |ay S [err] {4 ﬂi] m

7. The phase-change type optical disk according

of sulfur atom nunbers in [err] of the recordlng Iayer |s 0 4 or

| ayers is
ype
ach
e
resn.a.ratio
nore. 8. A

process f&iPBreparing a phase-change type optical disk, which conprises, by
a sputtering nmethod, arranging a protective layer on a transparent
substrate, a recording | ayer thereon wherein a phase-change occurs between
crystalline state and anorphous state according to | aser power irradiation,
and further arrang$ngrhe ppldssichendeawsipd Rptdenl diekcasposdingntaf the

recording |ayer being represented by-the fornula [err] wherein

err] [err]

[err] anddierim 13nehefredne a0tochpbbitiohhfabiot GELEYA-HBYCES SLHPIHSivHE @

m xture of [err] wherein 0.50<x and one or nore

protective layers is in the range of from 95:5 to 50:50 (molar

ratio).

6. The phase-change type optical disk according to

Claim 1, wherein a rate of atom numbers of each component in

(SbaTebGec)100-d*Sd of the recording layer is 5=as=50, 45sbs<60, 5

=c=50, a+b+c=100, and 0<d=20.

7. The phase-change type optical disk according to

Claim 1, wherein a ratio of sulfur atom numbers in

(SbaTebGec)100-d*Sd of the recording layer is 0.4 or more.

8. A process for preparing a phase-change type optical

disk, which comprises, by a sputtering method, arranging a

protective layer on a transparent substrate, a recording layer

thereon wherein a phase-change occurs between crystalline state

and amorphous state according to laser power irradiation, and

further arranging a protective layer thereon; the composition

of the recording layer being represented by the formula

(SbaTebpGec)100-d* Sd, wherein 5=as60, 35sbs65, 5=cs65, a+b+c=100

and 0<ds=40, and/or one or both of the protective layers

comprising a mixture of Zn(1-x)Sx wherein 0.50<x and one or more



35 oxides, nitrides, fluorides, carbides and sulfides of netals or

sem netals (proviso provided that sulfides are exclude net a
Zinc). 9. The process for preparing a phase-change type o YW““_
according to aim8, wherein a sintered,tfarget inclu ﬁ@ﬁg \ 1118 when
a Sputtering nethod is carried out. 10. e process Bi ng *

phase- change type optical di sk according to Caim8, ‘wherein a- sputterlng
met hod enplqys a m xe as of Ar and sul fur (gas) or a m xed gas of Ar and
[err] as lé'lg flyorigesyeFrrpides amiesplbides obHmeadmmoimg a
phase- change type optlcal dISk according to Claim38, wherein a sintered
target forsemimet@l$ rprioniso provided &hatnanyfsde$|ams exaluded when

sul fides, gernanlun1sulf|des and sul fur when a sputterlng met hod is carried
out . the metal is Zinc).

9. The process for preparing a phase-change type
optical disk according to Claim 8, wherein a sintered target

includes H2S or sulfur when a sputtering method is carried out.

10. The process for preparing a phase-change type
opticai disk according to Claim 8, wherein a sputtering method
employs a mixed gas of Ar and sulfur (gas) or a mixed gas of Ar

and H2S as an atmospheric gas for sputtering.

11. The process for preparing a phase-change type
optiéél disk according to Claim 8, wherein a sintered target
for a recording layer includes antimony sulfides,'tellﬁrium
sulfides, germanium sulfides and sulfur when a sputtefing

method is carried out.



