TI TLE OF THE | NVENTI ON Optical Recording Medium and Method of

Manuf acturing Same BACKGROUND OF THE | NVENTI ON 1. Field of the

| nventi on The present invention relates to an optical recording
medi um conprising a recording layer formed from a phase-change materi al
changeabl e in state between <crystalline and anorphous and which has a
portion thereof under the focused spot of a light switched between

crystal line and anorphous phases to record information signal, and to a
met hod of manufacturing the optical recording nmedium 2. Description of
Rel ated Art Conventional optical recording nedia in which a variety
of information signals can be witten and/or read out with respect to a
portion of the recording medi um under the focused spot of a |ight such as

| aser beam_jncl oLl eal.di sc in which information signal is

previ ousl ;errﬁﬁ%mg UbQé‘g pits, phase-change optical disc in which
i nformation signal is witten tq a recording lL.ayer thereof utilizing the
swi t chi ng bet M&EU@&CQFGHPEM%{-ﬁ% M@gﬁy@ftﬁ?mﬂg%rdi ng

| ayer, magneto-optical disc in which information signal is witten to a

recor di ng BACGKGRQUND-OF THEIINNENTION magnet o-optic effect of the

recording |l ayer, etc. Each of t hese optical discs conprises a transparent
substrat e .fpde Bicldofthedhventiorch as  pol ycarbonate or a gl ass and
functional |ayers such as recording |ayer, reflective | ayer, etc. formed

on the substr at ¥he present invention relates to an optical recording medium comprising a

recording layer formed from a phase-change material changeable in state between
crystalline and amorphous and which has a portion thereof under the focused spot
of a light switched between crystalline and amorphous phases to record information
signal, and to a method of manufacturing the optical recérding medium.
2. Description of Related Art
Conventional optical recording media in which & variety of information
signals can be written and/or read out with respect to a portion of the recording
medium under the focused spot of a light such as laser beam, include an optical disc
in which information signal is previously written with embossed pits, phase-change
optical disc in which information signal is written to a recording layer thereof
utilizing the switching between crystalline and amorphous states of the recording
layer, magneto-optical disc in which information signal is written to a recording
layer thereof utilizing the magneto-optic effect of the recording layer, etc. Each of
these optical discs comprises a transparent substrate made of a plastic such as
polycarbonate or a glass and functional layers such as recording layer, reflective

layer, etc. formed on the substrate.



2 Anong the above optical recording nedia, the nagneto-optical

di sc and phase-change optical disc are of a rewitable or erasable type.
Especially, the phase-change optical disc is advantageous in that it is
easily rewitable and that a disc drive for them can be designed conpact
since wite and read with respect to the phase-change optical disc can be
achi eved without using any neans for generating an external nagnetic
field. Thus, the phase-change optical disc has been attracting nuch

attention in the field of industry. 2 |n such a phase-change optical
disc, information signal is witten by focusing a |aser beam having a high
| evel of power (will be referred to as "recording power" hereinafter) onto

a recording |ayer of the optical disc to heat the recording layer to a
tenperature higher than its nel/tjng pqint, and then cooling.it quigckly
enough to free‘%@oﬂﬂéh‘?)%‘ﬂ‘{ecﬁ?t@ﬁiﬁ%f 18 grediimdhe magnetmertical fiscralidused spot
of the laser beamin an_anorphous state to forma recording mark for the

i nf or mat i ophasephange optical discrase of agewritable or erasabledype Bspaciallis $iled on t he

recording |ayer of the phase- change optical disc, a |laser beam of a
power | evephdsetchanghapticd] disedsladvantapeomsin thatdtiisteasily cowrdtableandithat aat i on
signal, that is, a | ower-power |aser beamthan the recording level, is

focused at disedeiveddi thehi'Cari b€ desl gl dsaﬁgadt@iﬂwavtrﬁtdmdq@ad with respectto t he
focused | aser beamto a tenperature higher than the crystallization point

and | OV‘thet]iﬁ%eIchﬁnﬁbﬁﬁM diRicah beaRHlicvee Wittt hSmisoMyAkidsofri s cool ed

to recrystall the portion, nanely, change the récofding |ayer portion

{ Lgmamfpﬁgﬁﬁsé}?g%%ratz%ﬁfge?nna‘}rxﬁé’ﬁ%ﬁE‘ﬁ&&eTﬁﬁéﬁ%@bhﬁé@c%%pti@&lddi&@}lﬁs Bease

attracting much attention in the fi€ld of industry.

In such a phase-change optical disc, information signal is written by focusing
a laser beam having a high level of power (will be referred to as “recording power”
hefeinafter) onto a recording layer of the optical disc to heat the recording layer to
a temperature higher than its melting point, and then cooling it quickly enough to
freeze the portion of the recording layer under the focused spot of the laser beam in
an amorphous state to form a recording mark for the information signal.

To erase the information signal recorded on the recording layer of the phase-
change optical disc, a laser beam of a power level below that of the laser beam
used to record the information signal, that is, a lower-power laser beam than the
recording level, is focused at least onto the recording mark to heat the portion under
the focused laser beam to a temperature higher than the crystallization point and
lower than the melting point, and then the heated portion is cooled to recrysiallize

the portion, namely, change the recording layer portion from the amorphous state

back to the crystalline state, and thus erase the amorphous recording mark.



3 Further, in the phase-change optical disc, since even a sane
portion of the recording |ayer under the focused spot of |aser beam
differs in reflectivity depending upon whether it is in a crystalline or
anor phous phase, a difference in reflectivity between the crystalline and
anor phous states can be detected, by focusing a | aser beam having a | owest
| evel of power onto the recording layer, to read out the recorded

i nformati on signal. The recording | ayer of such a phase-change
optical disc is fornmed froma phase-cha%be recording material such as a
cal cogeni de containing a GeSbTe alloy (wll be referred to as

"Ge-cal cogeni de" hereinafter), a cal cogenide containing an AglnSbTe all oy
(will be referred to as "Ag-cal cogeni de" hereinafter), or the like. It is
wel I known that_ a_phase-change optical. disc having a recordi I [ made
of a Ge-cal codawthes m@%ﬂ;@r%ﬂﬁ%ﬂ?ﬂgtﬁﬁ?q' ka’c&@gf’ﬂ&s%qgﬁgﬂ oﬁlﬁ%r di ng
to a one having a recording layer forned froma - cal cogeni de.

As menti orredording kayer hudgsithe foqised gpotnfilases beamsdi %"’P‘é‘&ﬁr di ng | ayer
made of a Ge-cal cogenide is known to be superior in durabiljty against
repeated depending wpn whethenit i enystallinecon atharphioss phase adifferenge in

Ag- cal cogenide. It is also known however that the characteristic of a

si gnal reagfletivity befweendhe daftdllineaidainprphausistates carebe detectedsbyf tinmes is
regionally deteriorated and the characteristic of a signal read out after

recorded rf&%@ﬁ@tﬂ Hﬁ‘ﬁn’% Newest 16ve) eEposker ohtd theaeconling teegtoor at ed
drastically. Msme%ﬁ%s, t 2 e

i s conventional phase-change optical disc is
not abl e t Q. XS5t fe fecorded information signal.

The recording layer of such a phase-changg optical disc is formed from a
phase-change recording material suchas a calcoggnide containing a GeSbTe alloy
(will be referred to as “Ge-calcogenide” hereinafter), a calcogenide containing an
AgInSbTe alloy (will be referred to as “Ag-calcogenide” hereinafter), or the like. It
is well known that a phase-change optical disc having a recording layer made of a
Gé-calcogem’de is superior in durability against repeated recording to a one having
a 1-'ecording layer formed from a Ag-calcogenide.

As mentioned above, the phase-change optical disc having a recording layer
made of a Ge-calcogenide is known to be superior in durability against repeated
recording to # one having a recording layer made of an Ag-calcogenide. Itis also
known however that the characteristic of a signal read out after recorded repeatedly

a few times to tens of times is regionally deteriorated and the characteristic of a
signal read out after recorded repeatedly more than téns of thousands of times is

deteriorated drastically.

Thus, this conventional phase-change optical disc is not able to assure a



4 stability of a signal read out after recorded repeatedly a snall
nunber of tinmes such as a fewtines to tens of tines and also to assure a
quality of a signal read out after recorded repeatedly a | arge nunber of
times such as nore than tens of thousand of tines. In effect, the

conventi onal phase-change optical disc is not reliable on the wite/read
characteristic thereof SUVMARY OF THE | NVENTI ON Accordingly, the
present invention has an object to overcone the above- nentioned drawbacks
of the prior art by providing a phase-chahge optical disc further inproved
In durability against repeated recording and adapted to always show a
stabl e and good characteristic of a signal read out even after recorded
repeatedly, and a nethod of manufacturing the phase-change optical disc.
The above object can be attained by proyidin phasg- change opti cal . di sc
havi ng a s@bdityiohg signabreadnytadter rwéedpmégeégéﬁ §@aﬁd{"é‘? ‘% | °f§§1‘?§:§’1’§9| e

bet ween a crystalline state and an anorphous state, and in which _a |ight

i s focusedserfew tithes to tens of timeg and plso to@ssurgrgguality op A signal Frad-yt afies m
crystalline to anorphous, thereby witing information signal onto the

r ecor di ng récurded regeatediyna krge ndinber bbtities such aesrme thantens of thousandof  t he

phase-change material contains a GeSbTe alloy; and the recording

layer is fimidsednleffees thé ebhvéhtionabphaie-chafgebpticalidiscas not eeligbleonghat | east

either Nlerr] or Jerr] gas. In the above-nentioned opti cal

recor di ng yiidiredd ehsatiiistc WkrkbE Present ' '
SUMMARY OF THE INVENTION

Accordingly, the present invention has an object to overcome the above-
mentioned drawbacks of the prior art by providing a phase-change optical disc
further improved in durability against repeated recording and adaptedto always
Show a stable and good characteristic of a signal read out even after recorded
repeatedly, and a method of manufacturing the phase-change optical disc.

The above object can be attained by providing a phase-change optical disc
having a recording layer formed from a phase-change material switchable between
a crystalline state and an amorphous state, and in which a light is focused onto the
recording layer to change the phase thereof from crystalline to amorphous, thereby
writing information signal onto the recording layer, wherein according to the
present invention,

~ the phase-change material contains a GeSbTe alloy; and

the recording layer is formed by sputtering in an Ar gas atmosphere

containing at least either N, or O, gas.

In the above-mentioned optical recording medium according to the present



5 I nvention, since the recording |ayer form ng conditions are defi ned,
the GeSbTe alloy formng the recording layer is suitably nitrided and
oxidized to optim ze the physical properties of the recording | ayer for

i nformation signal read/wite and further inprove the durability against
repeated recording. Thereby the optical recording nediumaccording to the
present invention is adapted to mnimze the regional deterioration of a
signal read out after recorded repeatedly a fewtinmes to tens of times and
to provide a quality signal read out even after recorded repeatedly nore
than tens of thousands of tines. Thus, information signal can be read out
whi ch shows a stable and good characteristic even after witten repeatedly.
More particularly, on the assunption that the recording |ayer of the

opti cal recordi ng nmedium of_ the present inveption is_.fo d speed X
(nm's) in iavemtion, sgm the W@E@%ﬁ?ﬁ%&f@rﬂ}t&wﬂaﬂaﬁ@féﬁf C§§?«3§ of
which the mxing ratio (Nerr] + Qer[]zl/Ar. .. between the Nerr], a&d gerr]
gases and dlly fwrmigsthesetgriinglayer ssuitaRlyrnjtridad andpxidized tapoptipize the
Jerr]) of Jerr] gas with the mxture of NNerr] and (Qerr] gases is Z (9,
t he par amepleysicakpropertieof thevbcordihglagérforihformation signal veaddmriterande| at i ons

(1) to (3): Y[err] 2.3X+ 1.0 ..., (1)

Yl err] 12. f¥her iprove the durability against fépeated recording.OTherdb¥{the optical

(3) Further, on the assunption that the recording |ayer of the
optical re i iR Bt reSéit inventdntis adapted te hilRiiniat the speed X
(nm's) in g%b%ﬁggemﬁﬁd%%ﬂﬁ%t aining Jerr] g%s of which the m xing

ratio 02/ A b6 WefeRerddiiGh 6F b kighfread out after recorded repeatedly a few times to
tens of times and to provide a quality signal read out even after recorded repeatedly -
more than tens of thousands of times. Thus, information signal can be read out
which shows a stable and good characteristic even after written repeatedly.

More particularly, on the assunibtion that the recording léyer of the optical
recording medium of the present invention is formed at a speed X (nm/s) in an Ar
gas atmosphere containing N, and O, gases of which the mixing ratio (N, -+ O,)/Ar
between the N, and O, gases and the Ar gas is Y(%) and the mixing ratio O,/(N, +
0,) of O, gas with the mixture of N, and O, gases is Z (%), the parameters X, Y

and Z should preferably meet the following relations (1) to (3):

Y2 23X 410 ettt renaenns ¢))
Y< 128X+ 167 e reveereerens )
10 < Z <60 e 3

Further, on the assumption that the recording layer of the optical recording
medium of the present invention is formed at a speed X (mumn/s) in an Ar gas

atmosphere containing O, gas of which the mixing ratio O,/Ar between the O, and



6 Ar gases is Y(%, the paraneters X and Y should preferably neet the
followng relations (1) and (3): Y[err] 2.3X + 1.0

.......... (D) Y[err]5.5X+ 2.7 R Y)]

Furthernore, on the assunption that the recording | ayer of the optical
recordi ng medium of the present invention is fornmed at a speed X (nm's) in
an Ar gas atnosphere containing N err] gas of which the mxing ratio

N err]/Ar between the N2 and Ar gases is Y(%), the paraneters X and Y

shoul d preferably nmeet the following rel@tions (2) and (5): Y[err]
12.8X+ 16.7 ... .. (2) Y[err] 1.8X+ 5.0
........... (5) The above object can also be attained by providing a

met hod of manuf acturi ng an optical recordi ng nedi um having a recording

| ayer formed froma  phase-change material sw tchahl e betwegn a.
cryst al I.i nAr gasgs is Y0 dhe otetssX anéﬁéﬁbeulameﬁ%rﬁ%wt&w flerﬂwmg f ocused

onto the recording |ayer to change the phase thereof fromcrystalline to
anor phous,relatiens §y) and (3)ng i nformati on signal onto the recording |ayer,

t he net hod conprising, according to the present invention, the steps of:

usi ng a GeSbTe YiiR@Xasl.Ohe phase-.change..mt.eni.al.;..and...... (1) form ng the
recordi ng | ayer by sputtering in an Ar gas atnosphere contai ning at

|7eaSt ei ther NLrdsXHZIEr 1] gas. ... vcciniisessessessesens (C))

Furthermore, on the assumption that the recording layer of the optical
recording medium of the present invention is formed ;t a speed X (nm/s) in an Ar
gas atmosphere containing N, gas of which the mixing ratio N,/Ar between the Nzl
and Ar gases is Y(%)), the parameters X and Y should preferably meet the
following relations (2) and (5):

Y< 12.8X+16.7 eeeeteertensssesssesesetssstsseseesarernesanersras 2)

Y> 1.8X+5.0 e eeee e SO (5)

The above object can also be attained by providing a method of
manufacturing an optica;l recording medium having a recording layer formed from a
phase-change material switchable Betwecn a crystalline state and an amorphous
state, and in which a light is focused onto the recording layer to change the phase
thereof from crystalline to amorphous, thereby writing information signal onto the
recording layer, the method comprising, according to the present invention, the
steps of:

using a GeSbTe alloy as the phase-change material; and
forming the recording layer by sputtering in an Ar gas atmosphere containing

at least either N, or O, gas.



In the above-nentioned optical recordi ng nmedi um manuf acturi ng net hod
according to the present invention, since the recording |ayer formng
conditions are defined, the GeSbTe alloy form ng the recording layer is
suitably nitrided and oxidized to optim ze the physical properties of the
recording layer for the read/wite and further inprove the durability
agai nst repeated recording. Thereby the nethod according to the present

i nvention permts to manufacture an optical recording nediumadapted to
mnimze the regional deterioration of a s¥gnal read out after recorded
repeatedly a fewtinmes to tens of tinmes and to provide a quality signal
read out even after recorded repeatedly nore than tens of thousands of

times. More particularly, on the assunption that the recordi ng

| ayer of the opjica recordin madl uf actyred b tho cordi ng
to the present f%@eﬁbpxﬁ-mqﬂém HBHC trc‘é\ogﬂ'&’eﬂ‘ “’(”HH %b‘ﬁg

at nosphere containing Nerr], and,Jerr] gases of whi ¢ he mxing ratio
(N[ err]+ CPE‘?Q‘F)%’AP %PW?&JI&NWQ% SHICRtAg TSCL 8@}@# W"?“ tonsaEer | )
is Z (%, theeci)ararreters , Y and Z shoul d preferabl nmeet the follow ng
rel ati ons defiped,dh¢ GeSbTe alloy forrpingithe pecording layer is suxtablyp_lt_ndpd and (1)
Y[err] 12.8X+ 16.7 .......... (2) 10[err] Z[err] 60

(3) oxidizederoptimize ithe physical propertiesiof theaecerdingilayer forythe redd/whice

optical recording medi um manuf actured by the nethod according to the
present i nyadtfufher ingroverte durability aginst répédied socordingn Therebs tled metivder e

containing Qerr] gas of which the m xing

8 according to the present invention permits to manufacture an optical recording
medium adapted to minimize the regional deterioration of a signal read out after
recorded repeatedly a few times tc; tens of times and to provide a quality signal
read out even after recorded repeatedly more than tens of thousands of times.

More parﬁculgrly, on the assumption that the recording layer of the optical

recording medium manufactured by the method accordx;ng to the present invention
is formed at a speed X (nm/s) in an Ar gas atmosphere containing N, and O, gases
of which the mixing ratio (N, + O,)/Ar is Y(%) and the mixing ratio O,/(N, + O,) is _

Z (%), the parameters X, Y and Z should preferably meet the following relations

(1) to (3):
Y2 23X 410 v )
NER VR B (-3 A @
10SZ<60 e A3)

Further, on the assumption that the recording layer of the optical recording
medium manufactured by the method according to the present invention is formed

at a speed X (nm/s) in an Ar gas atmosphere containing O, gas of which the mixing



ratio err]/Ar is Y(%, the paranmeters X and Y should preferably neet the
followng relations (1) and (4): Y[err] 2.3X+ 1.0  ..........

(D) Y[err]5.5X+ 2.7 ... ... .. (4) Furt hernore, on
the assunption that the recording |ayer of the optical recording nedium
manuf actured by the nethod according to the present invention is forned at
a speed X (nm's) in an Ar gas atnosphere containing N2 gas of which the
mxing ratio Nferr]/Ar is Y(%, the paraneters X and Y should preferably
meet the following relations (2) and (5):8 Y{err] 12.8X+ 16.7
.......... (2) Y[err]1.8X + 5.0 T ) These
obj ects and ot her objects, features and advantages of the present '
intention wll becone nore apparent fromthe follow ng detail ed description

con unct i GRUR dﬁ%f’ﬂeﬁe RS P gold Biip b e e e 1

DRAW NGS Is a sectional view, enlarged in scale, of an
essenti al fﬁli‘rt'loné\( doé91 cal recording medi um according to the present
I nventi on; Fl G is a sectional view, enlarged in scale, of
anot her essent i¥%® 2g8kth bﬂ the  opti.cabro6ondi-ng-mdi.um-ofl)t he present
I nventi on; FIG 3 is alighting pattern diagramused in the
experiment to rEe@EX +2.7 e sessssssnnsens @)

9

Furthermore, on the assumpﬁon that the recording layer of the optical
recording medium manufactured by the method according to the present invention
is formed at a speed X (nm/s) in an Ar gas atmosphere containing N, gas of which
the mixing ratio N,/Ar is Y(%), the parameters X and Y should preferably meet the
following relations (2) and (5): |

Y< 128X +16.7 ceeretasteaseitesarenestesassater et arre s ananen 2

Y: 1.8X+5.0

These objects and other objects, features and advantages of the present
intention will become more apparent from the following detailed description of the
preferred embodiments of the present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional view, enlarged in scale, of an essential part of an optical
recording medium according to the present invention;

FIG. 2 is a sectional view, enlarged in scale, of another essential part of the
optical recording medium of the present invention, |

FIG. 3 is a lighting pattern diagram used in the experiment to record



I nformati on signal; FIG 4 graphically illustrates the relation
between the mxing ratio (N2+ Jderr])/Ar in the recording |ayer formng
at nosphere and read signal jitter when the Ilayer formng speed is 0.42
nm's; FIG 5 graphically illustrates the relation between the

mxing ratio (N2 + (Jerr])/Ar in the recording |layer form ng atnosphere
and groove reflectivity when the recording |ayer formng speed is 0.42

nm's; FIG 6 graphically illustrates the relation between the
mxing ratio (N2 + Jerr])/Ar in the reor di ng | ayer form ng atnosphere
and read signal jitter when the recording |layer formng speed is 0.1
nm's; FIG 7 graphically illustrates the relation between the

mxing ratio (N2+ (Jerr])/Ar in the recording layer form ng atnosphere and

groove ref; LMl s n the recording layer formng speed is 0.1 nms;
FIG 8 gra‘t%cl) ﬁ:ng]ﬁf){/l%#‘:agstrates the relation between the mxing ratio (N2 +

Chen DL 536 AP et Bl BRI AlbgSatlotgpe Lt
raphical ly.,Jlustrates . .the relati pn between the m xi n atio (N2 +
O P 57 WO DlAd e Seeseaing oy o Brmiig: SHINSD AR SOBRS SEAl itybon the

reflectivity when_ the .recording |layer form ng speed is 1.6 mns;
FIG 10 grlawﬂf@mggsnepdswé@égndsm rel ati on between the mxing ratio (N2 +
02)/Ar in the recording |layer form ng atnosphere and read signal jitter
when t he FIG. 5 graphically illustrates the relation between the mixing ratio (IN) +
recording layer formng speed is 5.0 nnis;

O,)/Ar in the recording layer forming atmosphere and groove reflectivity when the

recording laye;' forming speed is 0.42 nm/s;

FIG. 6 graphically illustrates the relation between the mixing ratio (N, +
O,)/Ar in the recording layer fofming atmosphere and read signal jitter when the
recording layer forming speed is 0.1 nm/s; |

FIG. 7 graphically illustrates the relation between the mixing ratio (N, +
O,)/Ar in the recording layer forming atmosphere and groove reflectivity when the
recording layer forming speed is 0.1 nm/s;

FIG. 8 graphically illustrates the relation between the mixing ratio (N, +

O,)/Ar in the recording layer forming atmosphere and read signal jitter when the

recording layer forming speed is 1.6 nm/s;

FIG. 9 graphically illustrates the relation between the mixing ratio (N, +
O,)/Ar in the recording layer forming atmosphere and groove reflectivity when the
recording layer forming speed is 1.6 nm/s;

- FIG. 10 graphically illustrates the relation between the mixing ratio (N, +

O,)/Ar in the recording layer forming atmosphere and read signal jitter when the



FIG 11 graphically illustrates the relation between the mxing ratio (N2+
Jerr])/Ar in the recording |ayer form ng atnosphere and groove
reflectivity when the recording |ayer form ng speed is 5.0 nnis;

FIG 12 graphically illustrates the relation between the recording |ayer
form ng speed and mxing ratio (NJerr]+ Jerr])/Ar in the recording |ayer
form ng atnosphere; FIG 13 graphically illustrates the relation
between the mxing ratio qerr]/(N[err]+Qqerr]) in the recording | ayer
form ng atnosphere and read signal jitte]r, FIG 14 graphically
illustrates the relation between mixing ratio Qerr]/(Nerr]+ (err]) I n
the recording | ayer form ng atnosphere and recordi ng power nargin;

FIG 15 shows a conposition of the naterial for the recording | ayer of the
optical recordi nq di sc of the é)resent I nventi on; FIG 16 is a
ternary coeassdingleyer dpEgingpsed in0@B%ETe al | oy as the materi al for the
recording |ayer of the optical recording disc according, to the esent

i nvention; FIG. 11 graphicaily dlustratesdthe yelatipn betweansthemaixing ’éﬁtioﬁ‘fzb"et ween

the Ge content in the GeSbTe alloy as the material for the recording

| ayer and Q)4 initheedcording dayer forming atmosph@re 28d grogysi reflectjvity when the es t he
rel ati on between the Te content in the GeSbTe alloy as the material for

t he recor qeddtdinp)/ayertfodmigoshert §08I0 drnlst er ; FIG 19 graphically
illustrates the relation between the Sb content in the

ij tS? ;e; al l oy ay1Ghe: geipHiéally illastrdtbtHeAeRition b tiade thexdordingllayegnal
forming speed and mixing ratio (N, + Oz)lAr in the recording layer forming
atmosphere;

FIG. 13 graphically illustrates the relation between the mixing ratio O,/(N,+

0,) in the recording layer forming atmosphere and read signal jitter;

FIG. 14 graphically illustrates the relation between mixing ratio O,/(N,+ O,)
in the recording layer forming atmosphere and recording power margin;

FIG. 15 shows a composition of the material for the recording layer of the
optical recording disc of the present invention;

FIG. 16 is a ternary composition diagram of the GeSbTe alloy as the material
for the recording layer of the optical recording disc according to the present
invention;

FIG. 17 graphically illustrates the relation between the Ge content in the
GeSbTe alloy as the material for the recording layer and read signal jitter;

FIG. 18 graphically illustrates the relation between the Te content in the

GeSbTe alloy as the material for the recording layer and read signal jitter;

FIG. 19 graphically illustrates the relation between the Sb content in the



FIG 20 graphically illustrates the relation between the mxing ratio 02/ Ar
in the recording |ayer form ng atnosphere and read signal jitter when the
recording |ayer formng speed is 0.42 nnis; FIG 21 graphically
illustrates the relation between the mxing ratio 02/ Ar in the recording

| ayer form ng at nosphere and groove reflectivity when the recording |ayer
formng speed is 0.42 nnis; FIG 22 graphically illustrates the

rel ation between the mxing ratio Qerr]/Ar in the recording |ayer formng
at nosphere and read signal jitter when t hel r ecor di ng |ayer form ng speed
s 0.1 nns; FIG 23 graphically illustrates the relation between
the mxing ratio Jerr]/Ar in the recording | ayer form ng atnosphere and
groove reflectivity when the recording | ayer form ng speed is 0.1 nnis;
FIG 24 graphically illustrates the relafiopn between the ni.xjng ratio
Qerr]/Ar G?SbTetﬂEYr%Pd?ﬁﬁnﬁel@EF S ISR ﬁﬁgﬂmﬁé? s&ﬁ'&aq‘ﬂ % si gnal
jitter when the recording | ayer formng speed is 1.6 nnds; .. . FIG
25 graphi cal | y FIG 29 graphseallyillustzates there eer the I0HPE 3o Q40 |/ Ar
in-  the recording layer forring atnosphere and groove reflectivity when

t he recor cthegecordingyleyerfformingptsosphere and reéachsigoal jitter when thepecording
graphically illustrates the relation between the mxing ratio 02/ Ar in

t he recor diapér formirig §prediin0.42tmmisphere and read signal jitter when the
recordi ng ' 12 | ayer

form ng speed i ggpHically illustratel the reddticH bethieenlthy miikingzatia GeAAL he
relation between the mXxing ratio (Qerr]/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed is 0.42 nm/s;

FIG. 22 graphically illustrates the relation between the mixing ratio O,/Ar in
the recording layer forming aunosphe_re and read signal jitter when the recording
layer forming speed is 0.1 nm/s;

FIG. 23 graphically illustrates the relation between the mixing ratio O,/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed is 0.1 nm/s;

FIG. 24 graphically illustrates the relation between the mixing ratio O,/Ar in
the recording layer forming atmosphere and read signal jitter when the recording
layer forming speed is 1.6 nm/s;

FIG. 25 graphically illustrates the relation between the mixing ratio O,/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed is 1.6 nm/s; |

FIG. 26 graphically illustrates the relation between the mixing ratio O,/Ar in

the recording layer forming atmosphere and read signal jitter when the recording



the recording layer form ng atnosphere and groove reflectivity when the

recording layer formng speed is 5.0 nnis; FIG 28 graphically
illustrates the relation between the mxing ratio Jerr]/Ar in the
recording layer form ng atnosphere and read signal jitter; FIG 29
graphically illustrates the relation between the Ge content in the GeSbTe
alloy as the material for the recording |ayer and read signal jitter;

FIG 30 graphically illustrates the relation between the Te content in the
GeSbTe alloy as the material for the recb2ding | ayer and read signal
jitter; FIG 31 graphically illustrates the relation between the
Sb content in the GeSbTe alloy as the material for the recording |ayer
and read signal jitter; FIG 32 graphically illustrates the

rel ati on between the mxing ratio N2/Ar in the recording |ayer formng
at nospher dayendoraing speefhts 5. P /&r when the recording layer forming speed

Is 0.42 mmi s; FI.G._ 33 graphically illustrates {he relatipn .between
the nixing rat FEGN2Zgraphivallynllustratessthegelationhetwegnthermpng satig re and
groove reflectivity when the recording | ayer form ng speed is 0.42 nnis;
FI G 34 grhehéoonding layer fotmmgasmbighere and igoooveaeflectivity when the:tpoosding
Nerr]/Ar in the recording | ayer form ng atnosphere and read signal
jitter vvhquglirfg péb@@gs.oﬂxﬁfg,er formng speed is 0.1 nms;

13 FIG 35 graphically 1llustrates the relation between the m xi ng

reflectivity when th
the recording layer forming atmosphere and read signal jitter;

ratio Nerr]/Agyan2s ??f‘%l%m i?]liggﬂaﬂe@ﬂ% relftich bétwetndipixiagaato @.00n

FIG. 29 graphically illustrates the relation between the Ge content in the
GeSbTe alloy as the material for the recording layer and read signal jitter;

FIG. 30 graphically illustrates the relation between the Fe content in the
GeSbTe alloy as the material for the recording layer and read signal jitter;

FIG. 31 graphically illustrates the relation between the Sb content in the
GeSbTe alloy as the material for the recording layer and read signal jitter;

FIG. 32 graphically illustrates the relation between the mixing ratio N,/Ar in
the recording layer forming atmosphere and read signal jitter when the recording
layer forming speed is 0.42 nm/s;

FIG. 33 graphically illustrates the relation between the mixing ratio N,/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed is 0.42 nm/s;

FIG. 34 graphically illustrates the relation between the mixing ratio N,/Ar in
the recording layer forming atmosphere and read signal jitter when the recording

layer forming speed is 0.1 nm/s;



| ayer formng speed is 0.1 nnis; FIG 36 graphically illustrates
the relation between the mxing ratio Njerr]/Ar in the recording |ayer
form ng atnosphere and read signal jitter when the recording |ayer formng
speed is 1.6 nnis; FIG 37 graphically illustrates the relation
between the mxing ratio Nferr]/Ar in the recording |ayer formng

at nosphere and groove reflectivity when the recording |ayer form ng speed
is 1.6 nnis; FIG 38 graphically illustrates the relation between
the mxing ratio Nerr]/Ar in the recdrding | ayer form ng at nosphere and
read signal jitter when the recording | ayer form ng speed is 5.0 nn/s;
FIG 39 graphically illustrates the relation between the mxing ratio
Nerr]/Ar in the recording | ayer form ng atnosphere and groove
reflectivity when the recording | ayer form.ng speed is.5.0 nrr&S' .

FI G 40 graphi F¥Gl 35 graphicallytilustrates I@l&“@ﬁh?g\"?@b KRG ERIUN(AM| 1By e
formng speed and mxing ratio Nlerr]/Ar in the recording |ayer for.mng

at nospher ahe recording layeFif@ming agmagphierarhg grooveseflactvity when dherecordiBgt ween
the Ge content in the ‘GeSbTe alloy as the material for the recording
l'ayer and 1apsdofmfiipaipekd id €/1;nm/s; FIG 42 graphically illustrates the
rel ati on between the Te content in the GeSbTe alloy as the material for

the recordi ng |AeneaRsbHiSAl, SludRales iid feldtion between the mixing ratio N,/Ar in
14 FIG 43 graphically illustrates the relation between the Sb

content | rkPE F:&Eqrg @Iﬁcﬁo&ﬂl’n@ﬁﬁd@ﬁh&’@ﬁﬂi rahd §i¥nal fifer WREK tHeYecoRtigg and

read signa

layer forming speed is 1.6 nm/s;

FIG. 37 graphically illustrates the relation between the mixing ratio Ny/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed is 1.6 1im/s; |

FIG. 38 graphically illustrates the relation between the mixing ratio N,/Ar in
the recording layer forming atmosphere and read signal jitter when the recording
layer forming speed is 5.0 nm/s;

FIG. 39 graphically illustrates the relation between the mixing ratio N,/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed is 5.0 nm/s;

FIG. 40 graphically illustrates the relation between the recording layer
forming speed and mixing ratio N,/Ar in the recording layer forming atmosphere;

FIG. 41 graphically illustrates the relation between the Ge content in the

GeSbTe alloy as the material for the recording layer and read signal jitter;
FIG. 42 graphically illustrates the relation between the Te content in the

GeSbTe alloy as the material for the recording layer and read signal jitter;



FIG 44 graphically illustrates the relation between the nunber of
repetitions of recording and read signal jitter in an exanple of the first
experinmental enbodi ment of the phase-change optical disc according to the
present invention; FIG 45 graphically illustrates the relation

bet ween the nunber of repetitions of recording and read signal jitter in a
conparative exanple of the first experinental enbodi nent; FIG 46
graphically illustrates the relation between the nunber of repetitions of
recording and read signal jitter in an exhﬁple of the second experi nent al
enbodi mrent of the phase-change optical disc according to the present

I nventi on; FIG 47 graphically illustrates the relation between the
nunber of repetitions of recording and read signal jitter in a

conpar ative exanple of the second experi mental enbodiment; FI G
48 graphi cal | y FIG. 43tgraphisalinlustrates tesrelationcbetwern theifbeentmt infigt i t i ons

of recording and read signal jitter in an exanple of the third experinental
enbodi ment GeSbTé ellpyas theanategial fiptthe a¢couding layarendinad signahjtten; esent ,

i nventi on; and FIG 49 graphically illustrates the relation

bet ween the nurpyes. Mfgré?lﬁ@h]lﬂlhi?,&atesthérei@@mﬂémmnﬂehambesbﬁmpetitions er in
a conparative exanple of the third experi nental enbodi nent.

Lo o AT R R SR G B 1 5L
enl arged i g8 8irfentYf the phase-change optical disc according to the present invention;

FIG. 45 graphically illustrates the relation between the number of repetitions
of recording and read signal jitter in a comparative example of the first
experimental embodiment;

FIG. 46 graphically illustrates the relation between the number of repetitions
of recording and read signal jitter in an example of the second experimental
embodiment of the phase-change optical disc according to the present invention;

FIG. 47 graphically illustrates the relation between the number of repeﬁtioﬁs
of recording and read signal jitter in a comparative example of the second
expcdnnnnaimmbodhncnt

FIG. 48 graphically illustrates the relation between the number of repetitions
of recording and read signal jitter in an example of the third experimental
embodiment of the phase-change optical disc according to the present invention;
and

FIG. 49 graphically illustrates the relation between the number of repetitions
of recording and read signal jitter in a comparative example of the third

experimental embodiment.



an essential part of a phase-change optical disc according to the present
I nvention. The phase-change optical disc is generally indicated with a

reference 1. As shown in FIG 1, the phase-change optical disc 1
conprises a substrate 2, first dielectric layer 3, recording |ayer 4,
second dielectric layer 5, light-reflective l|ayer 6 and a protective |ayer
7 formed in this order on the substrate 2. The substrate 2 has

formed on one main surface 2a thereof grooves 2b extending al ong recording
tracks. The substrate 2 is 0.6 nmthick, &Br exanple. It is formed froma
pl astic substrate such as pol ycarbonate (PC) or polynethyl nethacrylate
(PMMA), a glass substrate, or the like. The substrate 2 is nol ded by

i njection nolding or photo pol ymeri zati on (2P nmet hod), for exanple. Note

that for wite or read of information si W th repﬁ gthe opti cal
disc 1, a DEGAMLEDJRESCRIPEIGN QRIHE & %IBEPE Nﬁi&g& ubstrate 2.

As nmentioned above, the recording layer 4 is fornmed on the first diel ectric
| ayer 3. It |smﬂmb_dm_a phase-change material changeable in state from
crystalline to anorphous, or vice versa, under the focused spot of a |aser

beam or t he [Referriniaioay so FIGel, thereds ggrehaymuénalsvlaw enlaigedlinsesle; of ng
| ayer of which the phase can be changed under the focused spot of |aser

beam t 0 W &seiflAriUf d flade-chaigdbpiiddl discdc@bading to the present invention.
16 More particularly, tbiﬁée pg&'gse change rra%erl alpof t he recording

o nt_and TRE R B e S B T erial 15
switched to a ciy ?ﬁo%ln& {{'FIG. 1, the phase-change optical disc 1 comprises a substrate 2,
first dielectric layer 3, recording layer 4, second dielectric layer 5, light-reflective
layer 6 and a protective layer 7 formed in this c;rder on the substrate 2.

The substrate 2 has formed on one main surface 2a thereof grooves 2b
extending along recording tracks. The substrate 2 is 0.6 mm thick, for example. It
is formed from a plastic substrate such as polycarbonate (PC) or polymethyl
methacrylate (PMMA), a glass substrate, or the like. The substrate 2 is molded by
injection molding or photo polymerization (2P method), for example. Note that for
write or read of information signal with respect to the optical disc 1, a light such as
laser beam is incident from on the substrate 2.

As mentioned above, the recording layer 4 is formed on the first dielectric
layer 3. It is formed from a phase-change material cliangeable in state from
crystalline to amorphous, or vice versa, under the focused spot of a laser beam or
the like. Namely, the recoding layer 4 is an optical recording layer of which the

phase can be changed under the focused spot of laser beam to write, erase or read

information signal.



state when heated to a tenperature above its nelting point and below its
crystallization point and then cool ed. Therefore, to record information
signal, the recording layer is heated to a tenperature over the nelding
poi nt of the phase- change material and then cooled quickly to forma
recording mark in an anorphous phase. The recording | ayer 4 varies
in reflectivity dependi ng upon whether it is in the crystalline or

anor phous state. Thus, information signal is read out by detecting a
change of reflectivity of the return |ighttéof the |aser beam inci dent upon
the recording | ayer 4. Specifically, the phase-change material of
the recording layer 4 in the present invention is a cal cogenide
containing a GeSbTe all oy. The recording | ayer 4 should preferably be 18
to 30 nmthick. . It should be noted that the recording |ayer 4
shoul d pr ef er aB¥igreppartionlatly, the phase-shange matenisl of theresordmg laysr 4d$ospher e
containing Nferr] and Jerr] gases of which the mxing ratio (Nferr] +
d err])/ Archanged tman hmolpleous]state svhehdreatedtasner its anelting poinjanditheny (% and
the mxing ratio Qerr]/(Nerr]+ err]) of JQerr] gas with the m xture of
N err] andcddled ghickhs ddowsvet, the(piase-chengemnateeiabissswitchédaond efystallinieng t he

followng relations (1) to (3): Y[err] 2.3X+ 1.0 )
---------- state- when heated to a tem]%erature above its melting point &dd below its -
17 Y[err] 12.8X+ 16.7 ..., . (2)

Uhe m i ng Y Sializafion point and shen cooled: Thereforg, to record fnfbrmation sighfl, e "

Aert]). anfhoofing IS RLaURISE eripet BBtk SnbBIS S b FtipraBel (N er )
change material and then cooled quickly to form a recording mark in anf amorphous
phase.

The recording layer 4 varies in reflectivity depending upon whether it is in

the crystalline or amorphous state. Thus, information signal is read out by
detecting a change of reflectivity of the reﬁ1rn light of the laser beam incident upon
the recording layer 4.

Specifically, the phase-change material of the recording layer 4 in the
present invention is a calcogenide containing a GeSbTe alloy. The recording layer
4 should preferably be 18 to 30 nm thick.

It should be noted that the recording layer 4 should preferably be formed at a
speed X (nm/s) in an Ar gas atmosphere containing N, and O, gases of which the
mixing ratio (N, + O,)/Ar between the N, and O, gases and the Ar gas is Y (%) and
the mixing ratio O,/(N,+ O,) of O, gas with the mixture of N, and O, gases is Z
(%), the parameters X, Y and Z meeting the following relations (1) to (3):

Y223X+1.0



at nosphere. - Furthernore, the recording |layer form ng speed X should
preferably be over 0.1 nnmis and under 5.0 nm's. Nanely, the speed X shoul d

preferably neet the following relation (6): O0.1[err] X Jerr] 5
e (6) 1. Recording | ayer form ng atnospheric conditions and
speed X The mxing ratio (N2+ 02)/Ar of Y (% between the Nerr]

and Jerr] gases and the Ar gas and the recording |ayer form ng speed X
(nm's) for formng the recording layer 4 in the optical recording nedium
and in the optical recording nmedium nmanuftdcturing nethod according to the
present invention, are defined by the relations (1) to (3) as in the above
for the reasons based on the follow ng experinent results having been
conducted on the enbodi nents of the present invention and conparative

exanpl es: 1-2 Rel ation between recording |layer form ng( :jlt nospheric
condi tions and ¥£38.8X+16.7  sj gnal--charact-eristi-grerereee 2)First, a

phase- change optical disc was nmade as will be discussed bel ow
18 Fillss Z 5 68ubstrate 2 having.a-di-amet-es-of--120 nm 34 a
t hickness of 0.6 was made. Then a first dielectric layer 3 of ZnS-SiJerr]
havi ng a t hi ckrideis thit the Gnixingasio (N3 rn®g)/Anistdrflowuriatio betveeed N, €3 aadi ng.
Next, a target of Ge[err]Sb[err]Te[err] was used on the first dielectric
| ayer 3 angrdn other words, a volume ratio between O, and (N, +0,) in the Ar gas
atmosphere.-
Furthermore, the recording layer forming speed X should preferably be over
* 0.1 nm/s and under 5.0 nm/s. Namely, the speed X should preferably meet the
following relation (6):
0.1 X S5 rrreenenenseessnensstesaesasesnstens 6)
1. R ecording layer forming atmospheric conditions and speed X
The mixing ratio (N,+ O,)/Ar of Y (%) between the N, and O, gases and the
Ar gas and the recording layer forming speed X (nin/s) for forming the recording
layer 4 in the optical recording medium and in the optical recording medium
manufacturing method according to the present invention, are defined by the
relations (1) to (3) as in the above for the reasons based on the following

experiment results having been conducted on the embodiments of the present

invention and comparative examples:

1-2  Relation between recording layer forming atmospheric conditions and read
signal characteristic

First, a phase-change optical disc was made as will be discussed below:



recording |l ayer 4 of GeSbTe having a thickness of 25 nmwas fornmed by
sputtering at a speed of 0.42 nmis in an Ar gas atnosphere in which Nerr]
and Jerr] gases were m xed. At this tine, in the Ar gas

at nosphere having m xed therein the Nerr] and Jerr] gases, the m xing
ratio gerr]/(Nerr] + Jerr]) was fixed to 20% while the mxing ratio (N2
+ Jderr])/A was varied within a range of 0 to 20 % thereby making a
plurality of phase- change optical discs each having the recording |ayer
formed under different atnospheric condil8ons. It should be noted
however that the atnospheric condition of which the m xing ratio (N2 +
Jerr])/Ar is 0%is an Ar gas atnosphere not containing N err] and (Qerr]
gases and it i-s not included in the recording layer form ng conditions
adopted in the optical recordi ng nedi um manufacturing method of the
present invent gt a substrate 2 Mg a diassstanef 1 Gehednd « tHickreess 6f 016 was
ZnS-SiJerr] having a thickness of 15 mm and a light-reflective |ayer 6

of Al all ' | MBS 18fer BREF ZMB-8R0 £hiving adhickness dfi20 mndeas by
sputteri ngﬂ%dr?g%%%?}%lhe recor%ferrlg | ayers 4?f or rr%d under the di fferent

conditionsfgg?llggghtlﬁgF&&@%ﬁg&iﬁ&%@fr 7 was formed on the

i ght-refl ayer fig an ultraviolet-curable resin, to
make a phase-c

nge ti.c di . .
Toro * Brase CHeedCe RRuei GhSBiTes yasaeed rm e S dicteptrn lxer 12048, rage
was duplicated, The -change_ optical .drscs_1 of each tvpe s _
obt ai ned v@ﬁer%lféfar?&%ﬁ%ﬁmﬁqﬁ%ﬁ%%w%ﬁ%‘f%?%ﬁ}ai—lus 6
faci ng each -other with an adhesive 9 ) .
at a speed of 0.42 nm/s in an Ar gas atmosphere in which N, and O, gases were

-

mixed. |

At this time, in the Ar gas atmosphere having mixed therein the N, and O,
gases, the mixing ratio O,/(N, + Oz) was fixed to 20% while the mixing ratio (N, +
0,)/Ar was varied within a range of 0 to 20 %, thereby making a plurality of phase-
change optical discs each having the recording layer formed under different
atmospheric conditions.

It should be noted however that the atmospheric condition of which the
mixing ratio (N, + O,)/Ar is 0% is an Ar gas atmosphere not containing N, and O,
gases and it is not included in the recording layer forming conditions adopted in the
optical recording medium manufacturing method of the present invention.

Next, a second dielectric layer 5 of ZnS-SiO, having a thickness of 15 nm
and a light-reflective layer 6 of Al alloy having a thickness of 150 nm were formed
in this order by sputtering on each of the recording layers 4 formed under the

different conditions, and then a protective layer 7 was formed on the light-reflective

layer 6 by applying an ultraviolet-curable resin, to make a phase-change optical disc



applied between the layers 6. Finally, a doubl e-sided phase-change opti cal
disc 10 of 120 mmin dianeter and 1.2 mmin thickness as shown in FIG 2
was nmade in which wite and record can be done with respect to both sides
thereof. Note that this phase-change optical disc 10 has a track pitch of
about 0.8 [err]mand a recording capacity of about 3.0 GB per side.

Each of the plurality of phase-change optical discs made under different
recording layer formng conditions were initialized by crystallizing the
recording layers 4 under the focused spoi9of a hi gh-powered | aser beam
Then, a lighting pattern as shown in FIG 3 was used to record a random
EFM si gnal using a channel clock of 27.7 MHz on each of these initialized
phase- change optical discs. In FIG 3, the recording power is indicated
with a reference Ph, erasing power is with a reference P1, and the
cooling pgqwer is with a reference Pc. In the lighting pattern shown in
FIG 3, oné clock is indicated with 1T, and the pul se I ength of one

lighting pul s e I\%r?t "oflRe %ﬁ?se-change opgléél dibisS1 iu¥Bnade was dupllcated

recordi ng/repr g appara c drive, was used in whi ch t he

LLQE?LJS%%%&- S u@ﬂ? Fa 4t sorf ol Bl obpled otk BMARAS, o
2t S RSl TS %@qrdmﬁsefgﬁ R9,.5°
repeat edI yap%)htecli rlggts{wéecr)x tlelg (l:ar.]ye?'; 6. tF?nea y? 2 S&%uglg?s?ged P zgslegc?xangcla Sé:(;:Jtlcal disc 10
of 120 mm in diameter and 1.2 mm in thickness as shown in FIG. 2 was made in
which write and record can be done with respect to both sides thereof. Note that
this phase-change optical disc 10 has a track pitch of about 0.8 pm and a recording
capacity of about3.0 GB per side.
Each of the plurality of phase-change optical discs made under different
recording layer forming conditions were initialized by crystallizing the recording
layers 4 under the focused spot of a high-powered laser beam.
Then, a lighﬁng pattem.as shown in FIG. 3 was used to record a random
EFM signal using a channel clock of 27.7 MHz on each of these initialized phase-
change optical discs. In FIG. 3, the reéording power is indicated with a reference
Ph, erasing power is with a reference P1, and the cooling power is with a reference
Pc. In the lighting pattern shown in FIG. 3, one clock is indicated with 1T, and the
pulse length of one lighting pulse is with 13 ns.
At this time, a recording/reproducing app;clratus, or a disc drive, was used in

which the linear velocity was 4.8 m/s, the recording power Phis 14.5 mW, the

erasing power P1 was 5.8 mW, and the cooling power Pc was 1.5 mW. The disc



Then, to evaluate the relation between the mxing ratio between N err] and
Jerr] wused in formng the recording |layer and the characteristic of read
signal, jitter of a signal read fromeach of the phase-change opti cal

di scs after recorded repeatedly 2 tinmes, was neasured. The
measurenent results are shown in FIG 4 of which the horizontal axis

I ndi cates the mxing ratio (N2+ 02)/Ar while the vertical axis indicates
the jitter of a signal read fromthe optical disc after recorded

repeatedly 2 times on a sane recordi ng talack. For a jitter of a
quality signals read out after recorded repeatedly a small nunber of
times such as 2 tinmes, 10%is taken here as a reference value for an
accept abl e nedi a. In the above experinents, the jitter of a signal
read out after recorded repeatedly 2 times, was neasured for the

foll ow ng 8ah of 630 mnfin af t er

recor ded ré‘ggéagg’cﬂ)mgamnegl#grm&ngﬁnsfatt@sea}ﬁsgir-]gst and the read signal

jitter tendsvglgn gradually smaller as the repetition of recording further
counts up '8 times. That is why the jitter of a siignal read out

o1 O e UndurRR fmdiaons pareab aas FERMTEE epestedly 2 times to gach of
jitter |s the hlgc&apgeas 1 7%vvhen the mxingratio (N2+ 02)/Ar is 0%

nanel y, gases are contained in the Ar gas. It
: decreases as the content of N[err and Jerr]
Then, to evaluate the relation between the mixing ratio between N; and O,

used in forming the recording layer and the characteristic of read signal, jitter of a
signal read from each of the phase-change optical discs after recorded repeatedly 2
times, was measured.

The measurement results are shown in FIG. 4 of which the horizontal axis
indicates the mixing ratio (N,+ O,)/Ar while the vertical axis indicates the jitter of
a signal read from the optical disc after recorded repeatedly 2 times on a same
recording track.

For a jitter of a quality signals read out after recorded repeatedly a small
number of times such as 2 times, 10% is taken here as a reference value for an
acceptable media.

In the above experiments, the jitter of a signal read out after recorded
repeatedly 2 times, was measured for the following reason. Thatis, the jitter of a
signal read out after recorded repeatedly 2 times is normally the highest and the
read signal jitter tends to be gradually smaller as the repetition of recording further
counts up to 10,000 times. That is why the jitter of a signal read out after recorded

repeatedly 2 times was measured.



I ncreases. The jitter is the |owest when the mxing ratio (NJerr] +
Jerr])/Ar is 6 to 10 % As the the mxing ratio (Nerr] + Jerr])/Ar is
further increased, the jitter is also increased gradually.

Therefore, the experinent results showed as seen fromFIG 4 that for the
jitter of a signal read out after recorded repeatedly to be under 10% at
which a signal quality can be assured, the recording | ayer should
preferably be formed in an Ar gas atnosphere of which the mxing ratio
(N2+ 02)/Ar is over 6% 1-2 Relation between recording |layer formng

at nospheric conditions and groovElLreflectivity Next, for
eval uation of the relation between atnospheric conditions under whi ch the
recording layer is forned and the groove reflectivity of each of the discs,
the recording |ayer was forned under varied atnospheric conditions as in

t he experiment shown in FIG 4 and each phase-change optical disc thus

made was  init aI | ze%g m-lipxg e%&%gntrﬁg]%lﬁsc dhloVid h 191G @aal: ﬁ)mslgﬂffé'l Bst

optical disc wa experinent ‘results are shown in
FIG 5 of which, rizontal a 2 +
02)7 A andat b 1Yot die ERRa el D £ 0P SE0%5 Rty el d Ky pd O

22 As f th | F)
reflectivi S?Sesdééggfgfg@g %Hﬁéﬁgg%eri}%ggeﬁﬁsﬁ Sﬁéﬂtpg r%)Nsﬁné 2 gr oove

Jerr])/Ar is increased. Wen the mxing ratlo(N[ r r.r ) IS over
21.0% t he inpreases T jitter istheyowestwhea, themxng 3 (N, 1102)9[-‘\1 0 %.

As the the mixing ratio (N,+ O,)/Ar is further increased, the jitter is also increased
gradually.

Therefore, the experiment results showed as seen from FIG. 4 that for the
jitter of a signal read out after recorded repeatedly to be under 10% at which a
signal quality can be assured, the recording layer should preferably be formed in an
Ar gas atmosphere of which the mixing ratio (N, + O,)/Ar is over 6%.
1-2  Relation between recording layer forming atmospheric conditions and

groove reflectivity

Next, for evaluation of the relation between atmospheric conditions under
which the recording layer is formed and the groove reflectivity of each of the discs,
the recording layer was formed under varied atmospheric conditions as in the
experiment shown in FIG. 4 and each phase-change optical disc thus made was
initialized. The groove reflectivity of each phase-change optical disc was
measured.

The experiment resuits are shown in FIG. 5 of which the horizontal axis
indicates the mixing ratio (N,+ O,)/Ar and the vertical axis indicates the groove

reflectivity.



t hat signal nodulation is not satisfactory. Therefore, it was shown
fromthe experinent results that for a satisfactory signal nodul ation, the
mxing ratio (N[err]+ Qerr])/Ar should be under 21.0%in the atnosphere
in which the recording layer is forned. 1-3 Atnospheric conditions
nmeeting both read signal characteristic and groove reflectivity
requirenments As having been described in the above, the experinent
results shown in FIGS. 4 and 5 reveals that in the optical recording
medi um and manufacturing nethod for the optical recordi ng medi um accordi ng
to the present invention, when the recorgdjng |ayer form ng speed is 0.42
nms and the mxing ratio err]/(Nerr] + Jerr]) is 20% the recording

| ayer-shoul d be formed in an Ar gas atnosphere of which the mxing ratio
(N[err] + Jerr])/Ar is 6 to 21.0 %in order to satisfy both the
requirenents for the read signal jitter and groove reflectivity.

FIGS. 4 and 5 show the results of the experinents conducted on the optical
di scs havi ng t s seendsedhé oxpartoant desudts/inféGs 5§ therprdo reflectivifeed of 0. 42
nms. Therefore, to obtain simlar read signal characteristics to those
shown i n Régreasés momdtdnonbiyrastthe miringrrdtio (N, 8y@))/Amisincrgasede sWheathed, it
IS necessary to vary the mxing ratio (N2+ 02)/Ar as well.

23 1- dm;iRel O INARDYARENBERI210%, SRFbbvorsflestivity iswhdeeda84lisag | ayer
formng speed changed, read signhal characteristic and groove
reflectivi e sional modulation is not satisfactory.

Therefore, it was shown from the experiment results that for a satisfactory

signal modulation, the mixing ratio (N, + O,)/Ar should be under 21.0% in the

atmosphere in which the recording layer is formed.

1-3  Atmospheric conditions meeting both read signal characteristic and groove
reflectivity requirements

As having been described in the above, the experiment results shown in
FIGS. 4 and 5 reveals that in the optical recording medium and manufacturing
method for the optical recording medium according to the present invention, when
the recording layer forming speed is 0.42 nm/s and the mixing ratio O,/(N, + O,) is
20%, the recording layershould be formed in an Ar gas atmosphere of which the
mixing ratio (N, + O,)/Ar is 6 to 21.0 % in order to satisfy both the requirements
for the read signal jitter and groove reflectivity.

FIGS. 4 and 5 show the results of the experiments conducted on the optical
discs having their respective recording layers formed at the speed of 0.42 nm/s.
Therefore, to obtain similar read signal characteristics to those shown in FIGS. 4
and 5 when the recording layer forming speed varied, it is necessary to vary the

mixing ratio (N, + O,)/Ar as well.



Next, a study was made on the mxing ratio (N2 + 02)/Ar neeting both the
requirements for read signal jitter and groove reflectivity when the
recording layer form ng speed was vari ed. First, an optical disc
was nmade under simlar conditions to those in the experinment of which the
results are shown in FIG 4 except that the applied voltage to the target
of Ge2Sh2Te5 was varied, recording |ayer form ng speed was 0.1 nms and
the mxing ratio (N2+ 02)/Ar was varied in a range of 0 to 20 % As in the
experinment of which the results are shown n FIG 4, the jitter of a signal
read out after recorded repeatedly 2 tings to the optical disc was
nmeasured. The neasurenent results are shown in FIG 6. In this experinent,
the mxing ratio Jerr]/(Nerr] + Jerr]) was fixed to 20% Al so,
the optical disc thus made was initialized under the recording | ayer

form ng atnospheric conditions varied as in the above with the recording

| ayer formpg speed of 0.1 nni s, - OQV, ectl Vi: apti cal

di sc aft errn'ﬂu S%e- on. atmo her}_chgoﬁit? s wit ftljle fcb¥dih 18er T he
experiment of which, th éesu(kt.s <1 shown in 5 . __He .measur enent
results are sho#i cac signal cnargelenisiiciand gl ooyeeales sc was nade
under simlar conditions to those ip the, experjnent  of whi.ch the results
are shown in FI &ext astudywas madegndhe suxmg rago (R &y 2)/‘851;%’13%3?8&%@3%5 1.6
nms and the mixing ratio (Nerr] + err])/Ar was varied in a_range

24 of Oequirergents forread signal iteramdaraoke pflegtivity; whea the segordinglayeshnown
in FIGS. 4 and 5, the jitter of a signal read out after recorded

r epeat edl y formingespeed wakevadpdi cal di sc

First, an optical disc was made under similar conditions to those in the
experiment of which the results are shown in FIG. 4 except that the applied voltage
to the target of Ge,Sb,Te, was varied, recording layer forming speed was 0.1 nm/s
and the mixing ratio (N, + O,)/Ar was varied in a range of 0 t0 20 %. As in the
experiment of which the results are shown n FIG. 4, the jitter of a signal read out
after recorded repeatedly 2 times to the optical disc was measured. The
measurement results are shown in FIG. 6. In this experiment, the mixing ratio
0,/(N, + O,) was fixed to 20%.

Also, the optical disc thus made was initialized under the recording layer
forming atmospheric conditions varied as in the above with the recording layer
forming speed of 0.1 nm/s. The groove reflectivity of the optical disc after thus
initialized was measured in the same manner as in the experiment of which the
results are shown in FIG. 5. The measurement results are shown in FIG. 7.

Similarly, an optical disc was made under similar conditions to those in the
experiment of which the results are shown in FIG. 4 except that the recording layer

forming speed was 1.6 nm/s and the mixing ratio (N, + O,)/Ar was varied in a range



and groove reflectivity after the optical disc was initialized, were
measured. The neasurenent results are shown in FIGS. 8 and 9.

Simlarly, an optical disc was nade under simlar conditions to those in
the experiment of which the results are showmn in FIG 4 except that the
recording layer formng speed was 5.0 nm's and the mxing ratio (N2 +
02)/ Ar was varied in arange of 0 to 90 % As in the experinments of which
the results are shown n FIGS. 4 and 5, the jitter of a signal read out
after recorded repeatedly 2 tines to the optical disc and groove
reflectivity after the optical disc was i##tialized, were neasured. The
measurenent results are shown in FIGS. 10 and 11. It was reveal ed
fromthe experinent results in FIGS. 6, 8 and 10 that in the optical discs
having their respective recording |layers forned at the speeds of 0.1 nms,
1.6 nms and 5.0 nm's, respectively, the mxiny ratios (N2+ 02)/Ar
resulting 4t B 489 ALANAL Skt Rl nEh O AR EaRURowR inrBRd 4 b

respectivel e experiment resultsn GS. 7,
9 and 11, i he_optical dise¢s having theikr re chive recordi | ayers
formed at thaCpughel §Repalrerdul SergHoqripl eRidlig 2 ies S & BRERALAS ° e
mxing ratios, (N2 + 02)/Ar resulting inh_.a read..si.gnal jitter of er 11%
are under 130d groo¥gEetlrstivaty P&%@@tquéﬂydlsc _“L’3§n“ﬁﬂ&?ﬁdm§° mgagyred o Theng

conditions neeting both read signal _characteristic and groove
refl ectivi t easseernentmesnlts are shown in FIGS. 8 and 9.
25 As nentioned above, the experinent results shown in FIGS. 4,

6, 8 and 10 r ev8mhildarhgtnioptichladispwasaladdiuader $ipnlan gonditions teethpse in the
recording layers fornmed at the
experiment of which the results are shown in FIG. 4 except that the recording layer
forming speed was 5.0 nm/s and the mixing ratio (N, + O,)/Ar was varied in a range
of 0 to 90 %. As in the experiments of which the results are shown n FIGS. 4 and
5, the jitter of a signal read out after recorded repeatedly 2 times to the optical disc
and groove reflectivity after the optical disc was initialized, were measured. The
measurement results are shown in FIGS.10 and 11.
It was revealed from the experiment results in FIGS. 6, 8 and 10 that in the
optical discs having their respective recording layers formed at the speeds of 0.1
nm/s, 1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios (N,+ O,)/Ar resulting
in a read signal jitter of under 10% are over 5, 8 and 14 %, respectively.
Also, as seen from the experiment results in FIGS. 7, 9 and 11, in the optical
discs having their respective recording layers formed at the speeds of 0.1 nm/s, 1.6
/s and 5.0 nm/s, respectively, the mixing ratios (N, + O,)/Ar resulting in a read

signal jitter of over 11% are under 17, 40 and 80 %, respectively.

1-5  Recording layer forming conditions meeting both read signal characteristic

and groove reflectivity requirements



speeds of 0.42 nm's, 0.1 nms, 1.6 nms and 5.0 nm's, respectively, the
mxing ratios (N err] + JQerr])/Ar resulting in a read signal jitter of
under 10% are 6, 5, 8 and 14 % respectively. The results are graphically
traced as in FIG 12 with the recording |ayer form ng speed indicated

al ong the horizontal axis and the mixing ratio (N2 + {err])/Ar indicated
along the vertical axis, thus delineating a straight |ine a. I n
FIG 12, the horizontal axis indicates the recording |ayer form ng speed X
(nm's) while the vertical axis indicates?5he mixing ratios (N2+ 02)/Ar as Y
(%9. The line ais expressed by Y = 2.3X + 1.0. In the area under the line
[err], the read signal jitter is over 10% and thus no quality read signal
can be provi ded. On the other hand, as described in the foregoing,
the experinent results shown in FIGS. 5, 7, 9 and 11 reveal that in the
optical discs ving: [ ] ' LA fon tigt he
Speeds of 0. 42 i aidsef dboh G ChbUiment REAS YA BYTICE. LR OB AN

nm's, respectively, the

| Xi ti N2 .+..02)/ | . | %
21 17, e U i darial HRGE hbvind i EQHp R Reoldht Blvefl formeak e 2 €
in FIG 12 with :g,l form d_indj.cat lQrg th
Ih(r)]ri zont alspgeé&9é&§%%g§/$ 1 ﬁ’gaf/gr B%nﬂlg%f .(?fﬁép%ghgagg@ggh%%g '?he.
[orr] T cmiipbGNet Qu)/Ar resulting o 4 rees SiEnaloption of J0OR MEGATe 6n: R or 1) |
the groove reflectivi t}f_hi s under 11% and t hus no_satisfactt%r&e%cgor}g!ng
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nmodul at i on%, sespectively. The results are graphically traced as m FIG. 12 wx
possi bl e. If the recording |ayer form ng speed X is higher than 5.0
nn's, it ikyeoforiingspeed indicated along the horizontal axis and the mixing ratio (N,+
0,)/Ar indicated along the vertical axis, thus delineating a straight line .
In FIG. 12, the horizontal axis indicates the recording layer forming speed X
(nm/s) while the vertical axis indicates the mixing ratios m2+ 0,)/Ar as Y (%).
The line « is expressed by Y =2.3X +1.0. In the area under the line o, the read
signal jitter is over 10% and thus no quality read signal can be provided.
On the other hand, as described in the foregoing, the experiment results
shown in FIGS. 5, 7, 9 and 11 reveal that in the optical discs having their respective
recording layers formed at the speeds of 0.42 nm/s, 0.1 nm/s, 1.6 nm/s and 5.0
nm/s, respectively, the mixing ratios (N, + O,)/Ar result in a read signal jitter of
over 11% are 21, 17, 40 and 80 %, respectively. The results are graphically traced
as in FIG. 12 with the recording layer forming speed indicated along the horizontal
axis and the mixing ratio (N, + O,)/Ar indicated along the vertical axis, thus
delineating a straight line f3.
The line P is expressed by Y = 12.8X + 16.7. In the area above the line [,

the groove reflectivity is under 11% and thus no satisfactory signal modulation is



to assure a recording layer formng tine |ong enough to adjust the
recording layer thickness. If the speed Xis slower than 0.1 nnis, the
recording layer formng takes a longer tine, which is an inconveni ence for
the practice of manufacture. Therefore, the recording |layer form ng speed
shoul d preferably be 0.1[err] X [err] 5.0 (relation (6)). _ As
evident fromthe foregoing description, the phase-change optical disc 1
according to the present invention should preferably have a recording

| ayer of GeSbTe alloy forned by sputterigg at a speed X (nnis) in an Ar
gas at nosphere containing Nerr] and Jerr] gases of which the m xing
ratio (N[err] + Qerr])/Ar anong the N2, gerr] and Ar gases is Y (% and
the ratio Jerr]/(Nerr] + Jerr]) of Jerr] gas with the m xture of

Nerr] and Qerr] gases is Z (%, the paraneters X, Y and Z neeting the

foll ow ng reLfttions(l) and (2): Y[err] 2.3X + 1.0

.......... Rog§! Y[err] 12. 8X+ 16.7

At this tine, recor r 4- shoul ref d at speed
X of O. 1[err] FF‘]’%@" lagg %%mﬁ%ﬂg%hlgg 'S‘aﬁéb ‘?PH’ZS gﬁ'éstB é‘ﬁ%lh
optical disc 1 accordi ng to the present I nvent i on &r‘}z ri ate

m xi ng rat |t9@[se:rp]a/rpﬁt>@ng ayey forpxng hige long RPMW@@%&%IWF@T pyer
Next, the optimummixing ratiodJerr]/(Nerr] + Jerr]) wll be considered.
27 thicknesm dfibe speedeX is slowerithanilal ninds, therveqomdingdayesformingtakesder
whi ch 1 he

a longer time, which is an inconvenience for the practice of manufacture.
Therefore, the recording layer forming speed should preferably be 0.1 < X < 5.0
(relation (6)).

As evident from the foregoing description, the phase-change optical disc 1
according to the present invention should preferably have a recording layer of
GeSbTe alloy formed by sputtering at a speed X (nm/s) in an Ar gas atmosphere
containing N, and O, gases of which the mixing ratio (N, + O,)/Ar among the N,,
O, and Ar gases is Y (%) and the ratio O,/(N, + O,) of O, gas with the mixture of

N, and O, gases is Z (%), the parameters X, Y and Z meeting the following

relations (1) and (2):
Y223X+1.0 reeeteereeaneeeneeesieneneeene st e e nreneaeeaneeeas ¢))
Y< 128X+ 16.7 e e 2)

At this time, the recording layer 4 should preferably be formed at a speed X
of 0.1 < X < 5.0 as previously mentioned for the phase-change optical disc 1
according to the present invention.
2. Appropriate mixing ratioQ,/(N, + O,) for forming the recording layer

Next, the optimum mixing ratioQ,/(N, + O,) will be considered.



recording layer is forned, an appropriate mxing ratio Qerr]/(Nerr] +
Jerr]) was studied fromthe standpoint of a read signal characteristic
and a power |evel of a |laser beam (will be referred to as "recordi ng power
margi n" hereinafter) used for signal read- out, as will be discussed

bel ow. The reason why the mxing ratio Qerr]/(Nerr]+ (err]) as Z (%
was set to 10 [err] Z [err] 60 (relation (3)) for the present invention is

based on the results of the experinments conducted as will be described
below. 2-1 Relation between read signal ,}:har acteristic and mxing ratio
gerr]/(Nerr]+gerr] ) First, a doubl e-sided optical disc was nade

in asimlar manner to the experinment of which the results are shown in
FIG 4, except that the recording |ayer was formed froma

Ge[err]Sb[err] Te[err] alloy by sputtering at a speed of 0.42 nnis in an Ar
gas atnosphere of which the mxing ratio (N err]+ (Qerr])/Ar was 10% wi th
the mixing raid enspaametdrificinddd in 1B atmpiphesici comditions undegwhish thet 0 100
% : The optical disc thus nmade was initialized, and a signal was

recorded  rok6REA Bk iR, i dmsopriate hexinggracial O g - Opwas stdted of the

signal read out affter recorded repeatedly 20,000 tinmes using a |lighting

pattern asgshowe stahdbbift of a réa®signdlRAsHIcRststithmdepowerenelioftalasdrt teant e
shown in FF% 135(134il ?he hor’airzontlgf1 axi s i ndicates the mxing ratio

Qerr]/ (N w%erlgnﬁér?&{ 10 %sa‘}gcéxja@tg‘ﬁv&ér% iﬁefbﬂﬁi&@?} fi§ed for sipabrdadd

jitter of read out a recorded repeatedly 20,000 tines. The
"0% on the horjzontal axiss W'l 1 ; eeqy giaeg | ayer
form ng at b ﬁﬁg?g%_e_raté%hﬁs%ﬁﬁngdﬁ%' 3“ e rrF%S%gﬁla‘gﬂy ﬁﬂetrﬁﬁuﬁé] fitid @‘E/(Nz (U’S
Egpeat edl y (%) :i%rs&gt b i6€'z 2f60a(rglgﬁlnl1 t(%)?opﬁxaelprés%%g ifVehtiBh §€bade BTN g

' results of the experiments conducted as will be described below.

2-1 Relation between read signal characteristic and mixing ratio O,/(N, + O,)

First, a double-sided optical disc was made in a similar manner to the

experiment of which the results are shown in FIG. 4, except that the recording layer
was formed from a Ge,Sb,Te; alloy by sputtering at a speed of 0.42 nm/s in an Ar
gas atmosphere of which the mixing ratio (N,+ O,)/Ar was 10% with the mixing
ratio O,/(N, + O,) varied in a range of 0 to 100 %.

The optical disc thus made was initialized, and a signal was recorded
repeatedly 20,000 times to the optical disc. The jitter of the signal read out after
recorded repeatedly 20,000 times using a lighting pattern as shown in FIG. 3, was
measured. The measurement results are shown in FIG. 13 of the horizontal axis
indicates the mixing ratio O,/(N, + O,) and the vertical axis indicates the measured
jitter of the signal read out after recorded repeatedly 20,000 times. The “0%” on
the horizontal axis of FIG. 13 indicates that the recording layer forming atmosphere

contains no O, gas.



nunber of tines such as 20,000 tines, 12.5%is taken here as a reference

val ue for an acceptable nedia. As seen fromthe neasurenent results
shown in FIG 13, as the mixing ratio err]/(Nerr]+ Jerr]) increases,
the read signal jitter decreases gradually. When the mxing ratio

gerr]/(Nerr]+ Qerr]) exceeds 10% the read signal jitter is under 12.5%
so that a satisfactorily good read signal can be provided even after the
signal has been recorded repeatedly a | arge nunber of tinmes. 2-2

Rel ati on between recordi ng power nmargin azgl m xi ng
ratioderr]/(Nerr]+Qerr]) First, an optical disc was nade as in
the experinent of which the results are shown in FIG 13, and then |eft
for 100 hours in a constant-tenperature bath at a tenperature of 90C for

t he purpose of an accelerated test. Thereafter, a signal was

recor ded a1 ond es3R e ARl 90 55t ot sk BRREIA e, and @

recordi ng powe cor |ng was ermn ment

i tor +ecoruRt ey & 0 ofehuld T afaleds i e e e oy | ¢

taken here as ?1"& fer nce val ue for an acceptabl e nedia. The
recor di ng Hb¥EFP ’(anv) is defined as follows taking the read signal
jitter of 10% as a threshold | evel. A m ninum val ue and maxi nym val ye of a
recor di ng powerAsween figmdhe measyremest resplts skown it FIGalB, ssthemixingratier ded
repeat edl y 2 times is 10% are assuned here as P[err] and P[err]
respect i veOy(NTh&®,) emweatenthe read signal jitter decreases gradually. When the mixing
29 power margin is defined to be a result of a division of a difference
(Plerr] - Riter@){N,+ O,) exceeds 10%, the read signal jitter is under 12.5%, so that a
satisfactorily good read signal can be provided even after the signal has been
recorded repeatedly a large number of times.
2-2  Relation between recording power margin and mixing ratioQ,/(N;+ O,)
First, an optical disc was made as in the experiment of which the results are
shown in FIG. 13, and then left for 100 hours in a constant-temperature bath at a
temperature of 90°C for the purpose of an accelerated test.
Thereafter, a signal was recorded along a same track of the optical disc
repeatedly 2 times, and a recording power margin for the recording was determined
The measurement results are shown in FIG. 14. For a jitter of a quality signal read
out after recorded repeatedly a small number of times such as 2 times, 10% is taken
here as a reference value for an acceptable media.
The recording power margin (Pw) is defined as follows taking the read signal
jitter of 10% as a threshold level. A minimum value and maximum value of a

recording power with which the jitter of a signal read out after recorded repeatedly

2 times is 10% are assumed here as P,;, and P, respectively. The recording



bet ween t he maxi num and m ni num val ues by a nmean value (P[err] + Plerr])/2,
that is, a value shown by the following relation (7) bel ow Pw =
(P[err] - Plerr])/((Plerr] + Plerr])/2) ... .. . . . . . . . .. (7)
As apparent fromthe results shown in FIG 14, as the ratio O 02
I ncreases, the recording power margin decreases, and as the mxing ratio
02/ (N2+02) exceeds 60% the recording power margin i s under 10% so that
it may be considered that an optical disc produced with a variation of the
recording | aser power and a change of thé%atnospheric conditions will be a
one to which no satisfactory recording can be done. 2-3 Appropriate
m xi ng rati oQ2L(2N +2) for good read signal characteristic and
recordi ng power margin The results shown in FIGS. 13 and 14 reveal
that for the jitter of a signal read out after recorded repeatedly 20, 000
times to b t- ' o o sur m ni un
fpo%r gxl?a%gﬁ i@RkEns HBL a %sﬁlfta&f agﬁvgs];%rgiffé dftedehOe @5 p‘@’?e

necessary recor POWET nargrn S ory recor d*hg nwith a
variation %fr%g ecording |aser .power tgl ' é }lﬁgiﬁ’ _pi,er/i/té%ll[err] +
Qerr]) shalieeh bF epatinyn aid pinites valngs' by Hspealpyatie’ (o +Pupll2ytheh 1
been descri.bed iin the foregoLng, .the optigal, recording medium according
to the pres‘%lrﬂvqlﬂ?/@bﬁ%ﬁyﬁg%h{q %&}?@% Ib@fér%vr"" 4 made of a phase-

change material such as a GeShTe allo the recording | ayer 4 being fornmed
by sputteri ngRVﬁ":t(PemArP@a) (Bﬁ.ﬁﬁg)m&?é cont-ai-ni-g--Nf-err$- and )err]

gases. . . 30

Furthernore, as Asvapparent ffraomthdeesulés shaven shbllh k4, astesratio of O meraases,

the recording power margin decreases, and as the mixing ratio O,/(N,+0,) exceeds
60%, the recording power margin is under 10%, so that it may be considered that
an optical disc produced with a variation of the recording laser power and a change
of the atmospheric conditions will be a one to which no satisfactory recording can

be done.

2-3  Appropriate mixing ratioQ,/(N, + O,) for good read signal characteristic and

recording power margin
The results shown in FIGS. 13 and 14 reveal that for the jitter of a signal

read out after recorded repeatedly 20,000 times to be an acceptable signal detection
level and to assure a minium necessary recording power margin for a satisfactory
recording even with a variation of the recording laéer power, the mixing ratio
O,/(N, + O,) should preferably be over 10% and under 60%.

As having been described in the foregoing, the optical recording medium
according to the present invention has the recording layer 4 made of a phase-
change material such as a GeSbTe alloy, the recording layer 4 being formed by

sputtering in the Ar gas atmosphere containing N, and O, gases.



recording layer 4 in the opti-cal recordi ng nedi um according to the present
i nvention should preferably be forned at a speed X (nm's) in an Ar gas

at nrosphere containing Njerr] and Qerr] gases of which the mxing ratio
(Nlerr]+ (derr])/Ar is Y (% and the mxing ratio err]/(Nerr]+(err])
is Z (%, the paraneters X, Y and Z neeting the followng relations (1) to

(3): Y[err] 2.3X+ 1.0 ... ..., (D Y[err] 12.8X
+ 16.7 ... (2) 10[e:§H Z[err] 60
.............. (3) Thus, in the opti cal recording nedi um accordi ng

to the present invention, since the formng conditions for the recording -
| ayer 4 are defined, the GeSbTe all oy formng the recording layer 4 is
suitably nitrided and oxidized to optim ze the physical properties of the
recording layer 4 for the read/wite and further "inprove the durability
agai nst repeat e theGR6Ml AevidORr MM thd'festRs shedm e BIGSI b Meditiem of  the

present invention Is adapted to mninmze the regional deterioration, such

I ncr egg&‘&ﬁg 1‘a§/§‘r’ 4 iPine ol Rbot i nitud b GUdiRIO HE résepeal edly a few

tlrres to t mes and to provi a qual |ty S|gna read out even

Fesal t t HEVEBIGCR O RSt arRy bRl o € 3pect Xér HEYOAER Bl dRnplae
(I;feeglsgﬁalstgbl gpg‘gg&goo&j vvrl te/ r.eqd Cﬁ)&r act. er| a@g)émng{&e’fq%aiw :lhgns

recording | ayer . 31
FIG 15 i smuxingratio Qb &%) s %ﬁvﬁiﬁ’@r%?@ﬁm?‘gYmt‘ﬁg&heof t he
material for the recordlng | ayer 4 for use in the present invention. In the

ternary clollovang iddatiensd{dpd e{)of the three el ements Ge, Sb and Te), the
GeSbTe alloy is a

V223X 410 et ¢))
Y 128X 167 et (2)
10<Z <60 reveeeenes remesasasrererasese 3)

Thus, in the optical recording medium according to the present invention,
since the forming conditions for the recording layer 4 are defined, the GeSbTe alloy
forming the recording layer 4 is suitably nitrided and oxidized to optimize the
physical properties of the recording layer 4 for the read/write and further improve
the durability against repeated recording. Thefeby the optical recording medium of |
the present invention is adapted to minimize the regionel deterioration, such an
increased jitter, of a signal read out after recorded repeatediy a few times to tens of
times and to provide a quality signal read out even after recorded repeatedly more
than tens of thousands of times. As a result, the optical recording medium of the
present invention always keeps a stable and good write/read characteristic even

after repetitions of signal recording.

3. Composition of phase-change material for the recording laver



conposition falling in an area defined by four points including J (26.0,
19.2, 54.8), K (21.0, 21.0, 58.0), L (14.3, 28.6, 57.1) and M (21.6, 24.4,

54.0). As mentioned in the foregoing, the reason why the Ge-Sb-Te
conposition of the recording layer 4 is thus defined is based on the
experinment results which will be describéa in detail below 3-1
Conposition on line connecting Ge[err] Te[érr]andSb[err] Te[err] in ternary
conposition diagramof three elenents Ge. Sb and Te First, a first
dielectric layer 3 of ZnS-Si(Jerr] having a thickness of 120 was f or med
on a substrate 2 by sputtering. Next, a recording |ayer 4 of

GeSbTe having a _thickness of 25 was fornmed on the first dielectric |ayer
3 by sputterindlgk 13 ispéermant campgsition diagram shayinga compogisioprfithe of whi ch
the mxing ratio (Nlerr]+ Jerr])/Ar was 10% and the mxing ratio

d err]/ ( Nmate}ial ffrehe r¢condingdaper 4 for use in thetprebérg invengiont. i thedermding | ayer
4 was fornmed by sputtering using targets of Ce[err]Sb[err] Te[err], target

of Ge, tar@ehpssiti&bdageam (bfihgahreefeldments Ge, Sb andFTe) tthe GeSbTdallayiioa was
made of a phase-change optical disc having a recording |ayer nade of a

conposi ti oghRpositish Falifyin hh Bealdefed hP fointeinRBidihg J (26 01912, bAd)er r |
and-Sb[err] Te[err] about the point C (2, 2,5 as shown in FIG 16 béi ng

| . 32
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specifically, t t : - Vi | it
bet ween the f or‘%?%eﬁg%ggégﬁlg rf&%én@ %ﬁ%‘ﬁg% r%nggg%sf%é{;ﬁgaglglg ozft -1,
to forma {heecr%gl!cﬁ':?g 1aa r4 is4 tIIurs Yekied is based on the experiment results which will

be described in detail below:

3-1 Composition on line connecting Ge;,Tes, and Sb,Te,, in ternary
composition diagram of three elements Ge, Sb and Te

First, a first dielectric layer 3 of ZnS-SiO, having a thickness of 120 was
formed on a substrate 2 by sputtering.

Next, a recording layer 4 of GeSbTe having a thickness of 25 was formed on
the first dielectric layer 3 by sputtering ‘a;t a speed of 0.42 nm/s in an Ar gas
atmosphere of which the mixing ratio (N, + O,)/Ar was 10% and the mixing ratio
O,/(N,+ O,) was 20%.

At this time, the recording layer 4 was formed by sputtering using targets of
Ge,Sb,Te;, target- of Ge, target of Sb and a target of Te.

First, consideration was made of é phase-change optical disc having a
recording layer made of a composition on a straight line 11 connecting the points

GesqTes, and Sb,Tegq about the point C (2, 2, 5) as shown in FIG. 16 being also a



conposition between points Ge[err]Te[err] and Ce[err]Sb[err] Te[err] as in
FI G 16. Then, a second dielectric layer 5 of ZnS-SiJerr] having a
thickness of 15 nm and a light-reflective layer 6 of Al alloy having a

t hi ckness of 150 nmwere forned in this order by sputtering onto the
recording layer 4, and thereafter, an ultraviolet resin or simlar was
applied to the light-reflective layer 6 to forma protective |ayer 7,

t hereby providing a phase-change optical disc 1. Finally, two

pi eces of this phase-change optical discg2 were produced. The two
phase-change optical discs 1 thus obtained were bonded to each other with
their light-reflective |ayers 6 facing each other with an adhesive 9
applied between the layers 6, to provide a doubl e-si ded phase-change
-optical disc of 120 nmin dianeter and 1.2 nmin thickness.

Simlarly, a phase-change,.optic di.sc nas de of which_onl v. rgcordi ng
| ayer 4 m?%éowoé‘tlﬂg@%&éﬁoaijﬁﬁ?g% §¥’Vaapflg€ﬁ ‘ﬁf‘ﬁé‘eﬁﬁo 9??9%%5%‘%@?’ t%%r e
specifically, the Ge[err]Sb[err]Te[err]. Sb.and Te targets. were

co-sputter @@;%Tﬁéﬂ%%ﬁmwgﬂer@p@@&ﬁﬁdﬁﬁ? ﬁ@t‘@?“éﬁﬁ ?W&SB%‘?@ Ere Kept
at 0.67 nnms to forma recording |ayer 4 made of g conposition between
poi nt's Sb[ therGaendTetargats wWas baing Reptat 1] tefosny 3 recording fayer 41gom a The

lighting pattern shown in FIG 3 was used to record a signal once to the

phase- changemppdition between points Gegylegpand&e;Sbgbedisng HlGydp. 4 made of a
conposition ' 33

on a straight |Tnﬁn,hjse§dilm\ﬁield¢1—zlfd Tayed § of a8FSith hasingid thickmessiof 1nm t o
those in the experinment of which the results are shown in FIG 4, and the

J'WL ;ts er egf bh& aHoURAfIdcEE layRl 6 ST AMIIoYEhHAAS 8 thidkAGS ofI50aR wibirs forngel
| in this order by sputtering onto the recording layer 4, and thereafter, an ultraviolet
resin or similar was applied to the light-reflective layer 6 to form a protective layer
7, thereby providing a phase-change optical disc 1.

Finally, two pieces of this phase-change optical discs 1were produced. The
two phase-change optical discs 1 thus obtained were bonded to each other with
their light-reflective layers 6 facing each other with an adhesive 9 applied between
the layers 6, to provide a double-sided phase-change optical disc of 120 mm in
diameter and 1.2 mm in thickness.

Similarly, a phase-change optical disc was made of which only the recording
layer 4 was made of a different material from the above-mentioned. More
specifically, the Ge,Sb,Tes, Sb and Te targets were co-sputtered while the forming
speeds for the Sb and Te targets were kept at 0.67 nm/s to form a recording layer 4
made of a composition between points Sb,Teg, and Ge,Sb,Te;s as in FIG. 16.

The lighting pattern shown in FIG. 3 was used to record a signal once to the

phase-change optical disc thus having the recording layer 4 made of a composition



The measurement results are shown in FIG 17 of the horizontal axis
indicates the mxing ratio of Ge in a conposition on the straight line 11
connecting points CGe[err]Te[err] and Sb[err] Te[err] and the vertical axis
indicates the jitter of the signal read out after recorded once. It should
be noted that the points J, L and Cin FIG 17 correspond to the points J
(26.0, 19.2 , 54.8), L (14.3, 28.6, 57.1) and C (2, 2, 5), respectively,
in FIG .15. As apparent fromthe results shown in FIG 17, when the
recording layer 4 is nade of a conpositigg having a larger Ge content than
at the point J (26.0, 19.2, 54.8) in the ternary conposition diagram of
the elenments Ge, Sb and Te, the jitter is . over 10% and when the recording
| ayer 4 is nade of a conposition having a snaller Ge content than at the
point L (14.3, 28.6, 57. 1) the jitter is over 10% Therefore, the
conposition on the strai line 11 connectlng the points Ge&wrr]T [err]

and Sb[ er r ored etraightding} ]gS}mV@? By Bl 6pmdsr Sreesiprlar gendiiges toWesein ki he
points J and L as shown in FIG 15. 3-2 Co 03|t|on having | arger Te

cont ent t haaxparimsot of wizichthe pesuity areshosymin K1G. ﬁp’o@ﬁg the signal 'egdam of
el ements Ge, Sb and Te Next, a phase- change optlcal di sc was nade

whi ch havi r:g:tfromdmpﬁasg—dhagyopticmhdiscﬁasanmmmki tion having a larger Te
content than at the point C (2, 2, 5).

34 Mor e par tTieuhedsuyem&adehiikele sliciwvd &1 FEGOET of thertrizontabakiser ed t o
make a phase- change optical disc having a recording |layer 4 formed froma
conposi ti onin@ftates thé kg8 ratié BEGhan Alc@MpPdiRiditéthe(straight line 11 connecting
points Gey,Tes, and Sb,Te,, and the vertical axis indicates the jitter of the signal
read out after recorded once. It should be noted that the points J, L and C in FIG.
17 correspond to the points J (26.0, 19.2 , 54.8), L (14.3, 28.6, 57.1) and C (2, 2, 5),
respectively, in FIG. 15. |
As apparent from the results shown in FIG. 17, when the recording layer 4 is
made of a composition having a larger Ge content than at the point J (26.0, 19.2,
54.8) in the ternary cémposition diagram of the elements Ge, Sb and Te, the jitter is
over 10%, and when the recording layer 4 is made of a composition having a
smaller Ge content than at the point L (14.3, 28.6, 57.1), the jitter is over 10%.
Therefore, the composition on the straight line 11 connecting the points GesyTes,
and Sb,yTeg, should preferably be a one on the line connecting the points J and L as

shown in FIG. 15.

3-2  Composition having larger Te content than at point C (2, 2, 5) in ternary

composition diagram of elements Ge, Sb and Te

Next, a phase-change optical disc was made which having a recording layer

made of a composition having a larger Te content than at the point C (2, 2, 5).



For the phase-change optical disc having the recording |ayer 4 thus forned
fromthe conposition on the straight line 12, the jitter of a signal read
out after recorded once was neasured as in the experinent of which the
results are shown in FIG 17. The measurement results are shown in
FIG 18 of which the horizontal axis -indicates the mxing ratio of Te in
the conposition on the straight |line 12 connecting the points
Ge[err]Sb[err] Te[err] and Te and the vertical axis indicate the jitter of a
signal read out after recorded once. It shggld be noted that the points C
and Kin FIG 18 correspond to the.points (2, 2, 5) and K (21.0, 21.0,
58.0) shown in FIG 15. As revealed fromthe results shown in FIG
18, the recording | ayer 4 should preferably be formed froma conposition
on the line connecting the points C (2, 2, 5) and K (21 0, 21.0, 58.0) as

shown in FIG 15 for thejltter to be under 10% 3-3 osi ti on having
| arger Sb dMercaqrrtiewlanly.d8e;56:Trs and (Te targefs ware ea-sputiered t° make @382 t i on
di agram of elenents Ge. Sb and Te Next, a phase-change

optical di shamgesopticaddishihamingasengrding layer 4formned fralynear compesitipn gn a
conposition having a |larger Sb content than at the point C (2, 2, 5).
Nbr e partl(su’atghthne(maihﬁmépadeSb targets were co-sputtered to nake a

phase- 35
change opti cal Fbﬁ&lef‘;ﬂiﬁs%h&lg&@pﬁdél&ﬁchw@gtﬂef@bfdiﬂ layeidahaofig@sdd i on on
a straight line 13 fromthe point C For the phase change optica

di sc havi ngrdiend E5Ap8siNen bAXRE stf'algﬁ'ﬂiﬁxef P 1B&jitter of a signal read out after
recorded once was measured as in the experiment of which the results are shown in
FIG. 17.

The measurement fesults are shown in FIG. 18 of which the horizontal axis
indicates. the mixing ratio of Te in the composition on‘the straight line 12 -
connecting the points Ge,Sb,Te and Te and the vertical axis indicate the jitter of a
signal read out after recorded once. It should be noted that the points C and K in
FIG. 18 correspond to the.points C (2, 2, 5) and K (21.0, 21.0, 58.0) shown in FIG.
15.

.As revealed from the results shown in FIG. 18, the recording layer 4 should
preferably be formed from a composition on the line connecting the points C (2, 2,
5)and X (21.0, 21.0, 58.0) as shown in FIG. 15 for the jitter to be under 10%.

3-3  Composition having larger Sb content than at point C (2. 2, 5) in terna
composition diagram of elements Ge, Sb and Te
Next, a phase-change optical disc was made which having a recording
layer made of a composition having a larger Sb content than at the point C (2, 2, 5).

More particularly, Ge,Sb,Te; and Sb targets were co-sputtered to make a phase-



fromthe conposition on the straight line 13, the jitter of a signal read
out after recorded once was neasured as in the experinent of which the
results are shown in FIG 17. The measurement results are shown in
FIG 19 of which the horizontal axis indicates the mxing ratio of Sb in

t he conposition on the straight Iine 13 connecting the points
Ge[err]Sb[err] Te[err] and Sb and the vertical axis indicate the jitter of a
signal read out after recorded once. It should be noted that the points M
and Cin FIG 19 correspond to the points38l (21.6, 24.4, 54.0) and C (2,
2, 5 shown in FIG 15. As revealed fromthe results shown in FIG
19, the recording | ayer 4 should preferably be fornmed froma conposition
on the line connecting the points M (21.6, 24.4, 54.0) and C (2, 2, 5) as
shown in FIG 15 for the jitter to be under 10% 3-4 Suitable
conposition _for the recording |layer_in the present invention, The

af or ement i cheags ertigal dissheymg a regording laysridenned frogt a CABPCSIIgREON 2 3 | oy as
the material of the recording |ayer in the phase-change optical disc 1
accor di ng tstraight lipedSeemithe pamt 81 shoul d preferably fall in an area
defined by the four points including J (26.0, 19.2, 54.8), K (21.0, 21.0,
58.0), L (14.3, Fa8ile plEsehangamoptidd! dixt. Mavig the récor@ingdayshbthusiforaed.  15.
36 Since the conposition of a phase-change nmaterial for the
recordi ng | fy@rthé composition Paake sehighgEne B8] thaljitttr of akigiial rdwd qutedient
invention is defined as in the above, the durability against repeated
recording apdomlediopict 9a8 nidtRd Bih¥hé exsHrithéi® of which the results are shown in

FIG. 17.

The measurement results are shown in FIG. 19 of which the horizontal axis
indicates the mixing ratio of Sb in the composition on the straight line 13
connecting the points Ge,Sb,Te, and Sb and the vertical axis indicate the jitter of a
signal read out after recorded once. It should be noted that the points M and C in
FIG. 19 correspond to the points M (21.6, 24.4, 54.0) and C (2, 2, 5) shown in FIG.
15. |

As revealed from the results shown in FIG. 19, the re;:ording layer 4 should
preferably be formed from a compdsition on the line connecting the points M (21.6,
24.4,54.0) and C (2, 2, 5) as shown in FIG. 15 for the jitter to be under 10%.

3-4  Suitable composition for the. recording layer in the present invention

The aforementioned results showed that the composition- of the GeSbTe
alloy as the material of the recording layer in the phase-change optical disc 1
according to the present invention should preferably fall in an area defined by the
four points including J (26.0, 19.2, 54.8), K (21'0’. 21.0,58.0), L (14.3, 28.6, 57.1)

and M (21.6,24.4, 54.0) as shown in FIG. 15.



recording |ayer are optimzed, thus effectively assuring a high quality of
a signal even after recorded repeatedly. 4. Sui tabl e thickness of the
recordi ng | ayer The recording layer 4 in the present invention
shoul d preferably be 18 to 30 nmfor the reasons based on the follow ng
experinment results: 4-1 Suitable thickness of the recording |layer in the
present invention First, a first dielectric layer 3 of ZnS-SiJerr]
having a thickness of 120 nm was forned on a substrate 2 by sputtering.
Then, a recording |ayer of Ge[err]Sb[err]gg[err] was formed on the first
dielectric layer 3 by sputtering at a spéed of 0.42 nnis in an Ar gas

at nosphere of which the mxing ratio (Nerr] + Jerr])/Ar was 10% and
mxing ratio Jerr]/(Nerr] + Jerr]) was 20% The recording |layer 4 was
formed-with the thickness varied in a range of 15 to 40 nm and thus there

were made a plurality of suhstrates,2 with the re di,ng | aygers, 4 .

di fferent in t hSEIRas COmBARIRR Of b Phats Hhange material for P@%F?O%F‘%@éfﬁﬁ“ mn
dielectric layer 5 of ZnS-SiJerr] of 15 nmand.a |ight-reflective | ayer
6 of Al al ithgPhasgrohgnge pptical fisssl of the present WPRtigh iSRRI 26 fip S RbRve. by

sputtering on each of the recording |layers 4 different in thickness from .
one to  anb¢ Hemability dgainet reptated recopding @od iwrite/ragdeharagigastiophiths by
appl ying an ultraviolet- '
37 cur abt@rdingslayert ave optndizeglh) thusedffeetivelyassunyey a Bightquatighof & eigmhg a
phase-change optical disc 1.

even after recorded repeatedly.

4, Suitable thickness of the recording layer
The recording layer 4 in the present invention should preferably be 18 to 30
nm for the reasons based on the following experiment results:
4-1  Suitable thickness of the recording laver in the present invention
First, a first dielectric layer 3 of ZnS-SiO, having a thickness of 120 nm
was formed on a substrate 2 by sputtering.
Then, a recording layer of Ge,Sb,Te; was formed on the first dielectric layer
3 by sputtering at a speed of 0.42 nm/s in an Ar gas atmosphere of which the
mixing ratio (N, + O,)/Ar was 10% and mixing ratio O,/(N, + O,) was 20%. The
recording layer 4 was formed with the thickness varied in a range of 15 to 40 nm,
and thus there were made a plurality of substrates 2 with the recording layers 4
different in thickness from one to another.
Next, a second dielectric layer 5 of ZnS-SiO, of 15 nm and a light-reflective
layer 6 of Al alloy having a thickness of 150 nm were formed in this order by
~ sputtering on each of the recording layers 4 different in thickness from one to

another, and thereafter a protective layer 7 was formed by applying an ultraviolet-



The plurality of phase-change optical discs thus forned with the recording
| ayers 4 different in thickness fromone to another were initialized, and a
lighting pattern as shown in FIG 3 was used to record random EFM si gnal
repeatedly to the phase-change optical discs and the jitter of the

read- out random EFM signal was neasured. At this tinme, the linear velocity
was 4.8 mis, and the recordi ng power Ph, erasing power Pl and cooling
power Pc were set for a mnimumjitter of the signal read out after
recorded once. The above experinment showed that since the recording
| ayer 4 having a thickness of |less than 187nmin the phase-change opti cal
disc 1 thus made is weak, a high-powered |aser beam of a recordi ng power
Ph of 15 nmWcannot be used to nmke repetitions of recording with respect
to such a recording layer 4. In a phase- change optical disc 1 with a
recording layer 4 having a thickness of nore than 30 nm the jitter of

si gnal r ead cotsblefesmrtorthe tighiertfleetiealaget §, thered§Fotrhitgsa pltaserthangd SpHdal
nanely, the durability against repeated recording is insufficient.
Therefore, diseel.recording |ayer 4 should preferably be 18 to 30 nm
According to the present invention, the first dielectric layer 3 is forned

on the substratghe pl&%y@ﬁtﬁ%—&h&éﬂ%fﬂcaﬁdigés &h?f&xﬂ%ﬁ &Rﬁﬂ%f&%ﬂdh n of

the recording |ayer 4 against oxidization as well as for an anplititCation

of |aser beme_gli_ﬁg d;f?er@nt cildﬂeé}f[f?&fm%rn%% %ﬂ?t%lelijr\aﬂgée icx)1fitiagized and g lighting . .4
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phase-change optical discs and the jitter of the read-out random EFM signal was

measured. At this time, the linear velocity was 4.8 m/s, and the recording power
Ph, erasing power P1 and cooling power Pc were set for a minimum jitter of the
signal read out after recorded once.

The above experiment showed that since the recording layer 4 having a
thickness of less than 18 nm in the phase-change optical disc 1 thus made is weak, a
high-powered laser beam of a recording power Ph of 15 mW cannot be used to

- make repetitions of recording with respect to such a recording layer 4. In a phase-
change optical disc 1 with a recording layer 4 having a thickness of more than 30
nm, the jitter of signal read out after recorded repeatedly 10,000 times is over
12.5%, namely, the durability against repeated recording is insufficient. Therefore,
the recording layer 4 should preferably be 18 to 30 nm. |

According to the present invention, the first dielectric layer 3 is formed on
the substrate 2. The dielectric layer 3 is provided for protection of the recording

layer 4 against oxidization as well as for an amplification of laser beam due to a

multi-interference.



MyF2 and the like. One of the materials may be singly used or nore than one
material nmay be used as a m xture. Anpong others, the material for the first
dielectric layer 3 should preferably contain at |east ZnS, and nore

preferably be zZnS-Si(err]. Further, the first dielectric layer 3
shoul d preferably be 80 to 140 nmthick as w | be discussed bel ow
concerning the experinment results. First, the first dielectric

| ayer 3 of zZnS-SiJerr] was forned on the substrate 2 by sputtering. At
this time, the thickness of the first dielggtric | ayer 3 was varied in a
range of 70 to 150 nmto nmake a plurality substrates 2 having first
dielectric layers different in thickness fromone to another.

Next, a recording |layer 4 of Ge[err]Sb[err]Te[err] having a thickness of 25
nmwas formed by sputtering on each of the first dielectric layers 3
different .in thickness fromone to another at a speed of 0.42 nnmis in an
Ar gas at nospherkhedirstllietdetrihiiayen3 i mgde ef & matedialrse]lected feomn] ZnSASiGRs 10%
and mxing ratio Qerr]/(Nerr]+ Jerr]) was 20% Next, a second
di el ectri c ARQerZi®;,0TaMSEENGISID,, AINQMaQd, W4, @05, BN| TN Z, HoFyer 6 of
Al alloy having a thickness of 150 nmwere fornmed in this order by

sput t er i ng NfpFsasd tiRflikd) OhC 6 PRI mstetiall My Yo siABl Udd8'08#di8théh BROT ective

| ayer 7 was fornmed by applying an ultraviolet-cldrable resin to the

|1 oht-ref | egbiel %ﬁg% Red ot BeiRRNo! g&gﬁ@gosﬁteﬁgafe%ﬁéﬁg%ceﬂé geg disc L

se-change optic s fornmed was 1nitialized,
and the grogup .iic layer 3 should preferably contain at least ZnS, and more preferably be

ZnS-Si0,.

Further, the first dielectric layer 3 should preferably be 80 to 140 nm thick as
will be discussed below concerning the experiment results.

First, the first dielectric layer 3 of ZnS-SiO, was formed on the substrate 2
by sputtering. At this time, the thickness of the first dielectric layer 3 was varied in
arange of 70 to 150 nm to make a plurality of substrates 2 having first dielectric
layers different in thickness from one to another.

Next, a recording layer 4 of Ge,Sb,Te; having a thickness of 25 nm was
formed by sputtering on each of the first dielectric.layers 3 different in thickness
from one to another at a speed of 0.42 nm/s in an Ar gas atmosphere of which the’
mixing ratio (N, + O,)/Ar was 10% and mixing ratio O,/(N,+ O,) was 20%.

Next, a second dielectric layer 5 of ZnS-SiO, of 15 nm and a light-reflective
layer 6 of Al alloy having a thickness of 150 nm were formed in this order by
sputtering on each of the recording layers 4, and thereafter a protective layer 7 was
formed by applying an ultraviolet-curable resin to the light-reflective layer 6,

thereby forming a phase-change optical disc 1.



reflectivity was nmeasured. Further, a lighting pattern as shown in FIG 3
was used to record random EFM signal repeatedly to the phase-change
optical disc and the jitter of the read-out random EFM si gnal was
measured. At this tinme, the linear velocity was 4.8 m's, and the recording
power Ph, erasing power P1 and cooling power Pc were set for a m ninmm
jitter of the signal read out after recorded once. The above
experiment showed that since the first dielectric layer 3 having a

t hi ckness of less than 80 nmin a phase-change optical disc 1 thus nade
shows a |ower groove reflectivity, so th no quality read signal can be
obtained. In a phase- <change optical disc 1 with a first dielectric |ayer
3 having a thickness of nore than 140 nm the jitter of signal read out
after recorded repeatedly 10,000 tinmes is over 12.5% nanely, the
durability against repeated recording is insufficient. Therefore, the
first dielectri cThepteise-dhaigaibstiqal éfses thvs YohgeB@at thifidldzedand the groovélot e
that the first dielectric layer 3 nay be fornmed by a vel | - known net hod

such as a VaiREtiAePas hicasured. mﬁhbﬁrallimﬁgtpla&énﬁwéhm AFIRS ReRRed
sputtering, DC sputtering, RF sputtering or the lik The second

Lt o P8 S B ek Vg 52 éasrer 3.
Simlar to 1&& &* bedH-GliSEhaLE EFANSS %lwta Facdsing A9 MBI GEhE! e s
tgl ? @é’l Xltgl Z%EY‘I on as

provi ded _f ron o e Tecor |ng ayer agalnst

well as for i,f ti of | as beam a nmul ti-i nterference.
20 a‘?ﬂé‘/@é 418 508, R P s BBl POGOL P rheing mPEL BT A S0 BR8N S0 nim
thick. If the

power Pc were set for a minimum jitter of the signal read out after recorded once.

The above experiment showed that since the first dielectric layer 3 having a
thickness of less than 80 nm in a phase-change optical disc 1 thus made shows a
lower groove reflectivity, so that no quality read signal can be obtained. In a phase-
change optical disc 1 with a first dielectric layer 3 having a thickness of more than
140 nm, the jitter of signal read out after recorded repeatedly 10,000 times is over
12.5%, namely, the durability against repeated recording is insufficient. Therefore,
the first dielectric layer 3 should preferably be 80 to 140 nm.

Note that the first dielectric layer 3 may be formed By a well-known method
such as a vapor deposition or sputtering method such as an ion beam spuﬁeﬁng, DC
sputtering, RF sputtering or the like.

The second dielectric layer 5 is formed, on the recording layer 4, from a
similar material and in a similar manner to those for the first dielectric layer 3.
Similar to the first dielectric layer 3, the second dielectric layer 5 is provided for
protection of the recording layer 4 against oxidization as well as for an

amplification of laser beam due to a multi-interference.



t hi ckness of the second dielectric layer 5 is under 10 nm the heat

devel oped by the |aser beamis easily conducted to the light-reflective

| ayer 6 and deteriorates the function of preventing water from penetrating
fromoutside. If the second dielectric layer 5 is thicker than 30 nm the
heat of the recording |ayer 4 of which the tenperature is elevated by the
| aser beamis hardly conducted to the light-reflective I|ayer 6, so that
the recording layer 4 will remarkably be deteriorated as recording is
repeatedly done to the phase-change optical disc. The
light-reflective layer 6 is formed on theggecond dielectric |layer 5. The
light-reflective layer 6 reflects a |light incident fromon the substrate 2
and serves also as a heat sink to prevent the head from bei ng excessively
confined inside the recording |ayer 4. The light-reflective |ayer
6 shoul d preferably be made of a netallic, netalloid or sem conductive

iluenﬁlnt |S:Ieng| y g’;he asﬁc&ﬁa '@i'eﬁ%*ﬂcoﬁgexl § shEM ?or e??ei%femﬁtz 8L ho%o 38_P%|1qﬂ'ﬂEk.s ¥efeas Al
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ané thus its product|V|ty is lower. The light-reflective |ayer

41 may lewer Disthiekes than 30 nmydhe heatef thedeeardingdeyer @Q%Whlcbetbém tion or

sputtering i .
temperature is elevated by the laser beam is hardly conducted to the light-reflective

layer 6, so that the recording layer 4 will remarkably be deteriorated as recording is
repeatedly done to the phase-change optical disc.

The light-reflective layer 6 is formed on the second dielectric layer 5. The
light-reflective layer 6 reflects a light incident from on the substrate 2 and serves
also as a heat sink to prevent the head from being excessively confined inside the
recording lay.(er 4,

The light-reflective layer 6 should preferably be made of a metallic,
metalloid or semiconductive element singly or in combination. It may be a metallic
element such as Al, Au, Ni, Fe, Cr or an alloy of them, for example.

The light-reflective layer 6 should preferably be 50 to 300 nm thick. If the
thickness is smaller thén 50 nm, the light-reflective layer 6 will have a structure
from which the heat can hardly be dissipated, so that the recording layer 4 will
more early be deteriorated as recording is repeatedly done to the phase-change
optical disc. If the light-reflective layer 6 is thicker than 300 nm, it needs a longer

time for manufacture and thus its productivity is lower. The light-reflective layer 6



met hod such as an ion beam sputtering, DC sputtering, RF sputtering or the
like. The protective layer 7 is forned on the light-reflective |ayer
6. It is formed froman ultraviolet-curable resin applied by the spin
coating to the light-reflective layer 6, or froma resin, glass or netal
pl ate bonded to the light-reflective layer 6 wth an adhesive. A
phase- change optical disc has been proposed in which two substrates of
1200.3mm in diameter and 0.60.03 nmare |am nated to each other, functional
| ayers such as a recording |ayer are forned on either side of the |am nated
substrates, track pitch is 0.8 0.01 [ert4]1rn recording is nmade in grooves
by an optical systemof which a ratio [err]/NA between the nunerical
aperture NA and wavelength J[err] of light source is (1.083 - 0.086) to
(1.083 + 0.167) [err]mand the recording capacity is 3.0 GB/side. The
present invention is suitably applicable to such a double-sided _
phase- chapgsy wPldnged beiaSwell-known methbé sidlgea ohisdigRpopitioadr sgutteridg havi ng
the above-nentioned construction is produced as w || be described by way
of exanpl gdthod Bfchf 4 dnlithMBam sl?uttering,_ BC'splitteAns U pdttdting Gathe Hilke.
predeterm ned grooves forned thereonis forned from pol ycar bonat e by
I njection nol di ; | 4 Sl | 2) hs,gp&h'ffbﬁ{‘ r] is
formed on the lsr%}gg o-rlig‘?tgv ﬁéﬂ@@%@@ﬁﬁ%ﬁ@%ﬁeﬁv@ Xt, a 1rsecorg(;l ng
| ayer 4 of. GeSbhTe al.l i s.forned by. r s il .
i o ect r 1 R B Pmvioltcibl e enlig By 3By b i doBfing o HhhvrkRBbcve,
material is . . . 42
used to fJRYAFGmeT Fombe BFsiy alassor metalplats handed fo the light-raflegtive layerG pher e
cont ai nin

' gwithanadhesive.

A phase-change optical disc has been proposed in which two substrates of
120+0.3mm in diameter and 0.62:0.03 mm are laminated to each other, functional
layers such as a recording layer are formed on either side of the laminated
substrates, track pitch is 0.8 + 0.01 pm, recording is made in grooves by an optical
system of which a ratio A/NA between the numerical aperture NA and wavelength
A of light source is (1.083 - 0.086) to (1.083 + 0.167) pm and the recording
capacity is 3.0 GB/side. The present invention is suitably applicable to such a
double-sided phase-change optical disc.

The phase-change optical disc 1 having the above-mentioned construction is
produced as will be described by way of example in the following:

First, a substrate 2 having predetermined grooves formed thereon is formed
from polycarbonate by injection molding. Then, a first dielectric layer 3 qf ZnS-
Si0, is formed on the substrate 2 by RF sputtering.

Next, a recording layer 4 of GeSbTe alloy is formed by DC sputtering on the

first dielectric layer 3. At this time, the GeSbTe alloy as a phase-change material is



Nerr] and Qerr] gases. The recording | ayer 4 should preferably be
formed at a speed X (nm's) in the Ar gas atnosphere containing the N err]

and Jerr] gases of which the mxing ratio (N2+ Jderr])/Ar between the

m xture of NJerr] and (Jerr] gases and the Ar gas is Y (% and the m xing

ratio Jerr]/(Nerr]+ Qerr]) of the Jerr] gas with the m xture of Nerr]

and Jerr] gases is Z (9%, the paraneters X, Y and Z neeting the follow ng

relations (1) to (3): Y[err] 2.3X + 1.0 ... ..., (1)
Y[err] 12.8X+ 16.7 .......... (2) 42 10[err] Z[ err] 60
(3) Thus, in the optical recordi ng nmedi um manuf act uri ng net hod

according to the present invention, since the formng conditions for the -
recording |layer 4 are defined, the GeSbTe alloy form ng the recording
|l ayer 4 is suitably nitrided and oxidized. Thereby, the physi cal

properties of the recording |layer 4 for _the .read/wite are optinm.zed and

t he durabi“ﬁefl§°g‘§"§P reg @ée?%bBFBPtﬁEf’Iéﬁ’él% &% 2UR9HR ﬁfgﬁntallﬁﬁ’rgefore,
the optical recordi ng medi um manufacturing nethod of the present invention
i s adapt edNs a1dPnigAsBe the regi onal deterioration, such an increased
jitter, of a signal read out after recorded repeatedly a fewtines to tens
of tines and tTheweoording leyquébishoyld preferably be dommed atacspesd e famisd én thed
repeatedly nore than tens of thousands of tinmes. As a result, the optical
recor di ng Aegasismessphére coptaimingithe My end iQyrgasesiofrehishdhe tuxtingiratio (A vay s
keeps a stable and good wite/read '

43 chapgpAebitsides thy giixfitd 6f Ni ane O, igasessaml the iAagks is ¥o@oylamdthe
mixing ratio O,/(N, + O,) of the O, gas with the mixture of N, and O, gases is Z

(%), the parameters X, Y and Z meeting the following relations (1) to (3):

Y2 23X 410 e eesesesesesesssesaeseens 1)
N CR VRS € 3 U7 AN )
10<Z<60 et e ettt ne s eserens . 3)

Thus, in the optical recording medium manufacturing method according to
the present invention, since the forming conditions for the.recordi'ng layer 4 are
defined, the GeSbTe alloy forming the recording layer 4 is suitably nitrided and
oxidized. Thereby, the physical properties of the recording layer 4 for the
read/write are optimizéd and the durability against repeated recording are further
improved. Therefore, the optical recording medium manufacturing method of the
present invention is adapted to minimize the regional deterioration, such an
increased jittér, of a signal read out after recorded repeatedly a few times to tens of
times and to provide a quality signal read out even after recorded repeatedly more
than tens of thousands of times. As a result, the optical recording medium of the

present invention can be provided which always keeps a stable and good write/read



Note that the recording |ayer form ng speed should preferably be over 0.1
nms and under 5.0 nm's. Thus, the optical recording nmedi um manufacturing
met hod according to the present invention defines the recording |ayer
formng speed as in the above to optimze the wite/read characteristic of
the recording layer 4, thereby inplenenting an optical recordi ng nmedi um
whi ch keeps a good wite/read characteristic even after repetitions of
signal recording. The recording layer 4 is forned froma

conposi tion of GeSbTe alloy falling in gn area defined, in a ternary
conposition diagramof the three elenents  Ge, Sb and Te, by four points

I ncl uding the points J (26.0, 19.2, 54.8), K (21.0, 21.0, 58.0), L (14.3,
28.6, 57.1) and M (21.6, 24.4, 54.0). Since the recording | ayer 4
is formed fromsuch a conposition, there is provided an optical recording
medi umin which the wite/read characteristic of the recording layer 4 is
opti m zed cheradteristigeven afernrapetitions of sigeal re¢qyduig. af t er recorded repeatedly
can be mnim zed. Next, a second dielectric layer 5 of ZnS-SiJerr]

is formed on t Note deatitite regordihgjayer foriminREpeqa shontd prpferabbnbe aver 0.1
light-reflective layer 6 is forned on the second dielectric layer 5 using

an Al tar geh/s and under 5.0Ngils. THie, tHe@pticabfetording medius manufactartiaged wi th an
ultravi ol et-curable resin by spin coating, thereby finally producing a

BZase- ’ ha%e?ftbatsdﬁgﬁﬂlda . %Gt}\% ed ?%gﬁe%éxgg%%égghg&%g% i-lgslv%gdbhgﬁlags e- change
optical digfied as in the above to optimize the write/read characteristic of the recording layer

4, thereby implementing an optical recording medium which keeps a good

write/read characteristic even after repetitions of signal recording.

The recording layer 4 is formed from a composition of GeSbTe alloy falling
in an area déﬁned, in a ternary compqsition diagram of the three elements Ge, Sb
and Te, by four points including the points J (26.0, 19.2, 54.8), K (21.0, 21.0, 58.0),
L (14.3,28.6,57.1) and M (21.6, 24.4, 54.0).

Since the recording layer 4 is formed from such a composition, there is
provided an optical recording medium in which the write/read characteristic of the
recording layer 4 is optimized so that deterioration of a read signal after recorded
repeatedly can be minimized.

Next, a second dielectric layer 5 of ZnS-SiO, is formed on the recording
layer 4 By RF sputtering. Then, a light-reflective layer 6 is formed on the second
dielectric layer 5 using an Al target.

Next, the light-reflective layer 6 is coated with an ultraviolet-curable resin by
spin coating, thereby finally pfoducing a phase-change optical disc 1 according to

the present invention.



10 as shown in FIG 2, two pieces of the above-nenti oned phase-change
optical disc 1 may be nade and bonded to each other with their
light-reflective layers 6 facing each other with an adhesive applied
between the |l ayers 6, by way of exanple. The phase-change opti cal
disc 1 having the construction having been described in the foregoing wll
be initialized, and information signal is witten, erased, or read out
with respect to the phase-change optical disc 1, as will be discussed

bel ow. The phase-change optical disc 1 is conposed of the first
dielectric layer 3, recording |ayer 4, seddand dielectric |ayer 5,
light-reflective layer 6 and the protective layer 7 fornmed in this order
on the substrate 2 as having previously been described. The phase-change
optical disc 1 is processed to initialize the recording |ayer 4.

The initialization is such that the recording |ayer having any information
signal not yet I shidubdbe heteithat (o groduess doulbile-sidedepbasershdrggendptical ghistal | i ne
state. Mre particularly, a predeterm ned | aser beamis irradi ated evenly
on the entiJas SHAAEIMCFIB PE tWO pictas oﬂﬂﬂabbveéﬁeddvnadtphm-cﬁdige iealdi ng

| ayer 4 is heated to a tenperature bel ow the nelting point, above the

crystallizagison s} b maHE ahf BonddtPRFeach Jnse vl ﬁfe‘:ﬂ'n tﬁﬂé&?&élﬁ#@m@e

recording layer 4°is cooled to a uniformy <crystalline state

recording lﬁ\éﬁ{%éch%tﬁé}'\%'ﬂ?hﬁ 5@9&1\{4&1 apghed bc%'vgeen the la ers 6, b way 8fout Wi th

45 mati on si gna ed 0

respect to the
example.

The phase-change optical disq 1 having the construction having been
described in the foregoing will be initialized, and information signal is written,
erased, or read out with respect to the phase-change optical disc 1, as will be
discussed below.

The phase-change optical disc 1'is composed of the first dielectric layer 3,
recording layer 4, secqnd dielectric layer 5, light-reflective layer 6 and the
protective layer 7 formed in this order on the substrate 2 as having previously been
described. The phase-change optical disc 1 is processed to initialize the recording
layer 4. |

The initialization is such that the recording layer having any information
signal not yet written thereon is processed to have a uniformly crystalline state.
More particularly, a predetermined laser beam is irradiated evenly on the entire
phase-change optical disc 1. At this time, the recording layer 4 is heated to a
température below the melting point, and above the crystallization point, of the
phase-change material. Thereafter, the recording layer 4 is cooled to a uniformly

crystalline state. Thus, the recording layer 4 is initialized.



initialized phase-change optical disc 1 set in a disc drive and bei ng spun
at a predetermned |linear velocity. First, to record information
signal to the phase-change optical disc 1, a beam of a high-powered | aser
is focused onto the recording layer 4 fromon the substrate 2. Thus, a
portion of the recording | ayer 4 under the focused spot of the |aser beam
I's quickly heated to a higher tenperature than the nelting point and then
qui ckly cooled to get an anorphous state. In the phase-change optical disc
1, information signal is witten as an anorphous recording mark on the
crystalline recording |ayer 4. erase information witten in the
phase-change optical disc 1, a weaker |aser than used for the wite of
information signal is focused at | east onto the recording mark fromon the
substrate 2. A portion of the recording |layer 4 under the focused spot of
the | aser beamis heated to a tenperature above the crystallization point
and bel ow t he refdrimagopaignal willibe meittenn axmabd dr readroant evith respgittalthe ne state
irrespectively of its precedent state. Nanmely, the anorphous recording

mar k as i ninitidized phase-ghamige iopticalaliget sétdntadisc dyeé and beiagppanat at her eby
erasing the information signal. To read out information signa

witten onpkagteﬁhgﬁg-lﬁﬂgﬁgao@@_i cal disc 1 in which infonnation signal
has been witten and/or erased, a |light beam having a power | ow enough to

cause no phase gt [ I | St f .
46us onlto 0 f he}qir:%’(r:kg?&é%g "P%ffen‘raa ﬁgﬁg %BE}%I J[C)o?\l“;ﬁ,t% éégéu E%‘J%g% ala%‘8° :}1’ ?gf Tn

light of tpe, L@L&%red laser is focused onto the recording layer 4 from on the substrate

2. Thus, a portion of the recording layer 4 under the focused spot of the laser beam
is quickly heated to a higher temperature than the melting point and then quickly
cooled to get an amorphous state. In the phase-change optical disc 1, information
signal is written as an amorphous recording mark on the crystalline recording layer
4, |

To erase information written in the phase-change optical disc 1, a weaker
laser than used for the write of information signal is focused at least onto the
recording mark from on the substrate 2. A portion of the recording layer 4 under
the focused spot of the laser beam is heated to a temperature above the
crystallization point and below the melting point and then annealed to have a
crystalline state irrespectively of its precedent state. Namely, the amorphous
recording mark as information signal is changed to the crystalline phase, thereby

~erasing the information signal. |

To read out information signal written on the phase-change optical disc 1 in

which information signal has been written and/or erased, a light beam having a

power low enough to cause no phase change in the recording layer 4 is focused



light is detected. In the phase-change optical disc 1, the

reflectivity of the recording layer 4 in

t han t hat

the return light fromthe recording layer 4 to detect a difference in
reflectivity between the crystalline and anorphous states of the recording

| ayer 4,

t hereby reproducing information signal.

Simlar to the phase-change optical disc 1 showmn in FIG 1, the
phase-change optical disc according to the second enbodi ment of the
present invention conprises a substrate 24¢first dielectric |ayer 3,
recording |layer 4, second dielectric layer 5, |light-reflective |layer 6 and
a protective layer 7 formed in this order on the substrate 2. The
phase- change optical disc according to the second enbodinent is different
only in the construction of the recording layer 4 fromthe first

nly in the con: | |
st | Sano o e RectR e I0RY ¢ R0 dping SRorF W%l BR BN bERRTRLIBES .

second di el polirik Qete ayer 5 light-reflective layer 6 and the protective
| ayer 7 of the phase- change optical disc 1 of the first enbodi nent.

Ther ef or e,

doscribed any | ORgar PO aER® oh aﬁ&iﬁrﬂ%ﬁar@ﬁ%@r?ﬁ%%?éq”%cﬁﬁéﬁy“e's'éé““

bel ow.

the crystalline state is higher than that in the amorphous state. Therefore the disc
drive will receive the return light from the recording layer 4 to detect a difference in
reflectivity between the crystalline and amorphous states of the recording layer 4,
thereby reproducing information signal.

Second embodiment

Similar to the phase-chiange optical disc 1 shown in FIG. 1, the phase-change
optical disc according to the second embodimeﬁt of the present invention comprises
a substrate 2, first dielectric layer 3, recording layer 4, second dielectrié layer 5,
light-reflective layer 6 and a protective layer 7 formed in this order on the substrate
2.

The phase-change optical disc according to the second embodiment is
different only in the construction of the recording layer 4 from the first
embodiment, having been described in the foregoing, while it comprises almost
same component layers as the substrate 2, first dielectric layer 3, second dielectric
layer 5, light-reflective layer 6 and the protectivé. layer 7 of the phase-change
optical disc 1 of the first embodiment. Therefore, the other component layers than

the recording layer will not be described any longer but only the recording layer 4

will be discussed below.

the crystalline state is higher
in the anorphous state. Therefore, the disc drive will receive

Second enbodi nent

be



The recording layer 4 is forned from a phase-change material changeable in
state fromcrystalline to anorphous, or vice versa, under the focused spot
of a laser beamor the like. Nanely, the recoding |layer 4 is an opti cal
recording layer of which the phase can be changed under the focused spot
of laser beamto wite, erase or read information signal

Specifically, the phase-change material of the recording layer 4 in the
present invention is a cal cogenide containing a GeSbTe all oy. The recording
| ayer 4 should preferably be 18 to 30 nmthick. It should be noted
that the recording |ayer 4 of the presed¥7invention should preferably be
formed by sputtering at a speed X (nm's) in an Ar gas atnosphere

containing Jerr] gas of which the mxing ratio JQerr]/Ar between the
Jerr] and Ar gases is Y (%, the paraneters X and Y neeting the foll ow ng
relations (1) and (4): Y[err] 2.3X+ 1.0 ........ (1)

Y[ err] 5. 5X+2. 7The recording layer 4.is formed from a phaséchange materfal chiregeablean t he
recording layer form ng speed X should preferably be over 0.1 nnis and

under 5.0 Rk ineltd BeusXof MiRehvdr{al ehderaht Yoded spbteof a faséd owi ng
rel ation (Q%)Eg:ﬁo l61.elt[ err] ?([ err]°5 ' ' ° *# a. .a .......

(6) ge%%?hé HS Ngﬁleg%, Eléér‘ﬁbvc\:g?gigqg&rtf 1/ optitaPrecbfding fiyiep obet ween the

dJerr] an I gases, I'n a volunmeratio between Qerr] and Ar

gases hihich R Hadl B b8 ¥findeR HaBPHR'BEARAIPLE o AU Bl R, sPECC X
erase or read information signal.

Specifically, the phase-change material of the recording layer 4 in the
present invention is a calcogenide contaim’ng.a GeSbTe alloy. The recording layer
4 should preferably be 18 to 30 nm thick.

It should be noted that the reco_rding layer 4 of the present invention should
preferably be formed by sputtering at a speed X (nm/s) in an Ar gas atmosphere
containing O, gas of which the mixing ratio O,/Ar between the O, and Argasesis Y
(%), the parameters X and Y meeting the following relations (1) and (4):

Y223X+ 1.0 s (1)

Y 55K +27T e @

Furthermore, the recording layer forming speed X should preferably be over
0.1 nm/s and under 5.0 nm/s. Namely, the speed X should preferably meet the
following relation (6):

0.1 X S5 e reee e eessnee 6)

Note that the mixing ratioO,/Ar is a flow ratio between the O, and Ar gases,

in other words, a volume ratio between O, and Ar gases.

1. Recording layer forming atmospheric conditions and speed X



The mxing ratioJerr]/Ar of Y (% between the JQerr] and Ar gases and the
recording layer formng speed X (nms) for formng the recording layer 4 in
the optical recording nmediumand in the optical recording nedium

manuf acturing nethod according to the present invention, are defined by
the relations (1), (4) and (6) as in the above for the reasons based on
the foll owi ng experinent results having been conducted on the enbodi nents
of the present invention and conparative exanples: 1-2 Relation between
recordi ng layer form ng atnospheric and read signal characteristic
First, a phase-change optical disc was mad® as will be discussed bel ow
First, a substrate 2 of 120 nmin diameter and 0.6 nmin thickness was
made. Then a first dielectric layer 3 of ZnS-Sid err] having a thickness
of 90 m was forned on the substrate 2 by sputtering. Next, a
target of Ge2Sh2Te5 was used on the first dielectric layer 3 and a

recordi ng | ayer The oiixiagSafieOyayviof Y ¢26) besvoenshe @), adl Avgasesandtheed by
sputtering at a speed of 0.42 nmis in an Ar gas atnosphere in which Qerr]
gas was m %gebrding layer forthirig¥peed XRum/b)for Form¥ng3Bs rétording Mefee 4iatheg m xed

therein the (JQerr] gas, the "mxing ratio (Qerr]/Ar. was varied wthin a
range of O 9 Mgﬁ, m{]g[rgﬂg ' ryah - mﬁﬁ%tical
di scs each g\?i&l%sc/%ﬁ?e egor I ng %gfpgggnlggbgﬂunr%&?%?gﬁgﬁ at mospheric
condi ti ons. %tkod accoraﬁ%éo r%ﬁneﬁl%gé’rﬂqn%n?{o%%fe' &eﬂn%ﬁ%ry tRe PL1afiOs (Sl'),qﬁraﬁlh

havi ng a t HPERAESSD
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(6) as in the above for the reasons based on the following experiment results having
been conducted on the embodiments of the present invention and comparative
examples:

1-2  Relation between recording laver forming atmospheric and read signal

characteristic

First, a phase-change optical disc was made as will be discussed below:

First, a substrate 2 of 120 nm in diameter and 0.6 mm in thickness was made.
Then a first dielectric layer 3 of ZnS-SiO, having a thickness of 90 nm was formed
on the substrate 2 by sputtering.

Next, a target of Ge,Sb,Te; was used on the first dielectric layer 3 and a
recording layer 4 of GeSbTe having a thickness of 25 nm was formed by sputtering
at a speed of 0.42 nm/s in an Ar gas atmosphere in which O, gas was mixed.

At this time, in the Ar gas atmosphere having mixed therein the Oz gas, the
mixing ratio O,/Ar was varied within a range of 0 to 10 %, thereby making a
plurality of phase-change optical discs each having the recording layer formed

under different atmospheric conditions.

Next, a second dielectric layer 5 of ZnS-SiO, having a thickness of 15 nm



and a light-reflective layer 6 of Al alloy having a thickness of 150 nm
were formed in this order by sputtering on each of the recording | ayers 4
formed under the different conditions, and then a protective |layer 7 was
formed on the light-reflective |ayer 6 by applying an ultraviolet-curable
resin, to make a phase-change optical disc 1. Each type of the
phase- change optical discs 1 thus nade was duplicated. The two

phase- change optical discs 1 of each type thus obtained were bonded to

each other with their light-reflective layers 6 facing each other with an
adhesive 9 applied between the |ayers 649Finally, a doubl e-sided
phase-change optical disc 10 of 120 nmin dianeter and 1.2 mmin thickness
as shown in FIG 2 was nmade in which wite and record can be done with.
respect to both sides thereof. Note that this phase-change optical discs 1

and 10 has a track pitch of about 0.8 [err]m Each of the plurality
of phase- ghpatgheRpflective Hiyec6 ofedallopderving 4 thickmdss of 160 omalivege faryrnd
formng conditions were initialized by crystallizing the recording | ayers

4 under t hehisrdseBy E%Etlerﬁ{g &h bichofberscoiidingdsyerbddormed under the Then, a
lighting pattern as own in FIG 3 was used to record a random EFM

si gnal us éut(‘ébﬂﬂﬁgdasc%&gﬂ'neﬁfa ;ﬁr&lgz:té%%}@ﬁ 7645 formed bahe light-refldctiod

phase- ange opt1 t he recordlng power is indicated

wWth are Fhak€ s PHaRG.eh @mthﬂc
cool i ng pgxa?@%g WP &?n% eé‘g%lggWa lesre‘é‘fn,t% ?th?ng p%tl% ahown in
FIG 3, one clock is |nd| cated with 1T, and the pul se I ength of one
lighting pulse is with 13 ns.

Each type of the phase-change optical discs 1 thus made was duplicated.

The two phase-change optical discs 1 of each type thus obtained were bonded to
each other with thexr light-reflective layers 6 facing each other with an adhesive 9
applied between the layers 6. Finally, a double-sided phase-change optical disc 10
of 120 mm in diameter and 1.2 mm in thickness as shown in FIG. 2 was made in
which write and record can be done with respect to both sides thereof. Note that
this phase-change optical discs 1 and 10 hasa téck pitch of about 0.8 pm.

Each of the plurality of phase-change optical discs made under different
recording layer forming conditions were initialized by crystallizing the recording
layers 4 under the focused spot of a high-powered laser beam.

Then, a lighting pattern as shown in FIG. 3 was used to record a random
EFM signal using a channel clock of 27.7 MHz on each of these initialized phase-
change optical discs. In FIG. 3, the recording power is indicated with a reference
Ph, erasing power is with a reference P1, and the cooling power is with a reference
Pc. In the lighting pattern shown in FIG. 3, one clock is indicated with 1T, and the

pulse length of one lighting pulse is with 13 ns.



At this time, a recording/reproducing apparatus, or a disc drive, was used
in which the linear velocity was 4.8 mi's, the recordi ng power Ph is 140
mA the erasing power Pl was 5.6 miW and the cooling power Pc was 1.5 mW
The disc drive is provided with a |aser which generates a | aser beam of
650 nmin wavel ength. Under these conditions, a signal was
recorded repeatedly 20,000 tinmes to each of the phase-change opti cal

di scs. Then, to evaluate the relation between the mxing ratio
between Jerr] and Ar gases used in forggg the recording |ayer and the
characteristic of read signal, jitter of a signal read fromeach of the
phase- change optical discs after recorded repeatedly 20,000 tines, was
nmeasur ed. The measurement results are shown in FIG 20 of which the
hori zontal axis indicates the mxing ratio 02/ Ar while the vertical axis
i ndicates the jitter of a signal read fromthe opti.cal .disc after.
recorded repeat’ddhis toe,Gogces YWO&%@P“ RS TG ﬁl"@c firiyevasused m
correctable jitter, 12.5%is taken here as a reference value fo an
accept abl ewhielithe linear velocity Avassb® m/s, theresprdingnowerdinis 140umWs theown in
FIG 20, the jitter is the hi ghest as 15.8% when the mi Xi nggﬁat_io 02/ Ar
is 0% nanghsing pbesr Bd wilseh.6 mWaand the condinggiomsy PerwashleS mWgakhe disc
decreases as the (Jerr] content increases. The jitter is the | owest when
the ni xi ngqvd isPrévided Wit a IaSertwhich @ederdtesAslabdrcenheof650 mg inati o err]/ Ar

Is further increased, the jitter is also increased gradually.
o1 wavelength.

Under these conditions, a signal was recorded repeatedly 20,000 times to
each of the phase-change optical discs.

Then, to evaluate the relation between the mixing ratio between O, and Ar
gases used in forming the recording layer and the characteristic of read signal, jitter
of a signal read from each of the phase-change optical discs after recorded
repeatedly 20,000 times, was measured.

The measurement results are shown in FIG. 20 of which the horizontal axis
indicates the mixing ratio O,/Ar while the vertical axis indicates the jitter of a signal
read from the optical disc after recofded repeatedly 20,000 times on a same
recorc_ling track. As a correctable jitter, 12.5% is taken here as a reference value for
an acceptable media.

As seen from the experiment results shown in FIG. 20, the jitter is the
highest as 15.8% when the mixing ratio O,/Ar is 0%, nameiy, when no O, gas is
contained in the Ar gas. It decreases as the O, content increases. The jitter is the

lowest when the mixing ratio O,/Ar is 1.5 to 4 %. As the the mixing ratio O,/Ar is

further increased, the jitter is also increased gradually.



Therefore, the experinent results showed as seen fromFIG 20 that for the
jitter of a signal read out after recorded repeatedly to be under 12.5% at
which a jitter can be corrected, the recording | ayer should preferably be
formed in an Ar gas atnosphere of which the mxing ratio 02/ Ar is over
1.5% 1-2 Relation between atnospheric conditions for formng the
recordi ng | ayer and groove reflectivity Next, for

eval uation of the relation between atnospheric conditions including a

m xing rati o between Jerr] and Ar gases under which the recording |ayer

I's formed and the groove reflectivity of Sdach of the discs, the recording

| ayer was formed under varied atnospheric conditions and each phase-change
optical disc thus made was initialized. The groove reflectivity of each
phase-change optical disc was neasured. The experinent results are
shown in FIG 21 of which the horizontal axis indicates the mxing ratio

Qerr]/Ar and tmrea%;é,!tﬁ@kxﬁeﬁrﬁeﬁtr}eélﬁétsgﬁgea%%ggﬁ%m FRE! mm‘-ﬁz 'g%rty%i Ly

As seen fromthe experinent” results in € groove re
i g PRt R aRE bt e ctidied el e haera P IIS oy
oot op el Bher R GREERL e FEORUSELEH oRfud BBiont B SOkl ALY °
fg?\iM; iqnerF*I}t}C;}Q&.% grtﬁg%fvg}nglg%r a.saéi.r%g%a&(o&yis girgrnf.ls%. dul ation, the m xing
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1-2  Relation between atmospheric conditions for forming the recording laver and

groove reflectivity

Next, for evaluation of the relation between atmospheric conditions
including a mixing ratio between O, and Ar gases u.nder which the recording layer
is formed and the groove reflectivity of each of the discs, the recording layer was
formed under varied atmospheric conditions and each phase-change optical disc
thus macie was initialized. The groove reflectivity of each phase-change optical
disc was measured.

The experiment results are shown in FIG. 21 of which the horizontai axis
indicates the mixing ratio O,/Ar and the vertical axis indicates the groove
reflectivity.

As seen from the experiment results in FIG. 21, the groove reflectivity
decreases monotonously as the mixing ratio O,/Ar is increased. When the mixing
ratio O,/Ar is over 5.0%, the groove reflectivity is under 11%, so that no sufficient
read output or no satisfactory modulation is possible.

Therefore, it is apparent from the experiment results shown in FIG. 21 that

for a satisfactory signal modulation, the mixing ratio O,/Ar should be under 5.0% in



t he atnosphere in which the recording layer is forned. 1-3 Atnospheric
condi tions neeting both read signal characteristic and groove

reflectivity requirenents As havi ng been described in the above, the
experinment results shown in FIGS. 20 and 21 reveal that in the optical
recordi ng medi um and manufacturing nethod for the optical recording nedi um
according to the present invention, when the recording |layer is forned at
a speed of 0.42 nms in an Ar gas atnosphere of which the mxing ratio
gerr]/Ar should be 1.5t0 5.0 %in orde§ to satisfy both the requirenents
for the read signal jitter and groove re ?ectivity. FIGS. 20 and 21
show the results of the experinents conducted on the optical discs having
their respective recording layers forned at the speed of 0.42 nms.
Therefore, to obtain simlar read signal characteristics to those shown in
FIGS. 20 and 21 when the recordlng Ia¥er forn1 speed varied, it is
necessary the atmgsgherein whichthe regording) %)qu]l? -well. 1-4 Rel ation anong
atmospheric conditions with the recording |ayer forn1ng . speed
changed. rkd&d pnesphetic) c o s.meeting Bothread signak characteristic and groove Next
a study was nade on the n1X|ng ratio Jerr]/Ar neeting both t he

requi renents f oreflecthdtysiequirbmientst er and groove refl ectivity when the
recordi ng | ayer form ng speed was vari ed. First, a doubl e-sided

optical disc wags hadfg boeedestrited i tieoatibve] theexperitdentresults shaweirexper i nent
of which the results are shown in FIG 20 except that the applied

53 FIGS. 20 and 21 reveal that in the optical recording medium and manufacturing

method for the optical recording medium according to the present invention, when
the recording layer is formed at a speed of 0.42 nm/s in an Ar gas atmosphere of
which the mixing ratio O,/Ar should be 1.5 to 5.0 % in order to satisfy both the
requirements for the read signal jitter and groove reflectivity.

FIGS. 20 and 21 show the results of the experiments conducted on the
optical discs having their respective recording layers formed at the speed of 0.42
npm/s. Therefore, to obtain similar read signal characteristics to those shown in
FIGS. 20 and 21 when the recording layer forming speed varied, it is necessary to
vary the mixing ratio O,/Ar as well.

1-4  Relation among atmospheric conditions with the recording layer forming
speed changed. read signal characteristic and groove reflectivity

Next, a study was made on the mixing ratio QZ/Ar meeting both the
requirements for read signal jitter and groove reflectivity when the recording layer
forming speed was varied.

First, a double-sided optical disc was made under similar conditions to those

in the experiment of which the results are shown in FIG. 20 except that the applied



voltage to the target of Ge2Sb2Te5 was varied, recording |ayer formng
speed was 0.1 nnis and the mxing ratio Qerr]/Ar was varied in a range of
O0to5 % As in the experinent of which the results are shown n FIG 20,
the jitter of a signal read out after recorded repeatedly 20,000 tinmes to
the optical disc was neasured. The nmneasurenent results are shown in FIG
22. Also, the optical disc thus made was initialized under the atnospheric
conditions varied as in the above with the recording |ayer form ng speed
of 0.1 nm's. The groove reflectivity of tlg optical disc after thus
initialized was neasured in the same manner as in the experinent of which
the results are shown in FIG 21. The nmeasurenment results are shown in

FIG 23. Simlarly, a phase-change optical disc was made by form ng
the recording layer at a speed of 1.6 nns in an Ar gas atnosphere of
which the mxing ratio err]/Ar was varied in a range of 0 to 20 % The

o] /
jitter of ¥oltaggiaithe txgetafiGeadbdes wasvarigddaesending layes formimgspeedweas t o t he
optical disc and groove reflectivity after the optical disc was
i ni tialize®.] npfsanddhe mixag ratie Oprsvasvanind insstange ofif do SHéwAs in thel GS. 24
and 25. Simlarly, a phase-change optical disc was made by form ng

t he recor dexperichentef veticlatiepeadtsaire shownm BIG. 120atheiittegast axigisd pest eutof
which the mxing ratio Jerr]/Ar was varied in a range of 0 to 40 % The

jitter of afted mﬁdﬂdeﬂ@epka@éﬁl%l 201000 tiniextortte dpfieslaRécofthymeédsited. thees to the
optical disc and groove reflectivity after the optical disc was

i52i tiali zegheayiemefiPRSHES e shOMTRFIG! 20E Nisd, 304! bhifcal discHHAY thaldB was
initialized under the atmospheric conditions varied as in the above with the
recording layer forming speed of 0.1 nm/s. The groove reflectivity of the optical
disc after thus initialized was measured in the same manner as in the experiment of
which the results are shown in FIG. 21. The measurement results are shown in
FIG. 23.

Similarly, a phase-change optical disc was made by forming the recording
layer at a speed of 1.6 nm/s in an Ar gas atmosphere of which the mixing ratio
O,/Ar was varied in a range of 0 to 20 %. The jitter of a signal read out after
recorded repeatedly 20,000 times to the optical disc and groove reflectivity after the
optical dis¢c was initialized, were measured. The measurement results are shown in
FIGS. 24 and 25.

Similarly, a phase-change optical disc was made by forming the recording _
layer at a speed of 5.0 nm/s in an Ar gas atmosphere of which the mixing ratio
O,/Ar was varied in a range of 0 to 40 %. The jitter of a signal read out after |

recorded repeatedly 20,000 times to the optical disc and groove reflectivity after the

optical disc was initialized, were measured. The measurement results are shown in



FI GS. 26 and 27. It was reveal ed fromthe experinent results in
FIGS. 23, 24 and 26 that in the optical discs having their respective
recording layers forned at the speeds of 0.1 nm's, 1.6 nnis and 5.0 nnis,
respectively, the mxing ratios (Qerr]/Ar resulting in a read signal
jitter of under 12.5% are over 1, 4 and 12 % respectively. Al so,
as seen fromthe experinent results in FIGS. 26, 27 and 28, in the optical
di scs having their respective recording |ayers fornmed at the speeds of 0.1
nm's, 1.6 nms and 5.0 nm's, respectivelygathe mxing ratios Jerr]/Ar
resulting in a groove reflectivity of over 11%are below 3, 12 and 30 %
respectively. 1-5 Recording |ayer form ng conditions neeting both read
signal characteristic and groove reflectivity requirenents
As nentioned above, the experinment results shown in FIGS. 20, 22, 24 and
26 reveal that in the optical discs having their respective recording
| ayers for FEGSa6 andiz?.speeds of 0.42 nm's, 0.1 nnis, 1.6 nnis and 5.0 nnis,
respectively, the mxing ratios Qerr]/Ar resulting in a read signal
jitter of under Itho86 ®wvealdd Frond thedexperimkat fesults s BEGS.i 235124 an@6 thasinl t s are
graphically illustrated in FIG 28 with the recording |ayer form ng speed
i ndi cat ed %QBgﬁédPﬂisJ&@hhﬁﬁgttﬁéir PespectivetrebOiding byl forhed atdie spkédy of 0.1

i _

i ndi cated al o the vertical axis'to define a straight |ine a. In

FIG 28, t i i i i i gl d X
{hgn/ggf.bm% ghd 30 fnl/d) epREGvelY, NBe DEERIpdLASs b?y&rreaaﬁg\g @g asp e(e

(mMm/s) whi e vertical axis'indicates the mXing ratios 02/ 9 .

Ime 18 o e R RESRREE s e, £ B oo U e 11
od Also, as seen from the experiment results in FIGS. 26, 27 and 28, in the
optical discs having their respective recording layers formed at the speeds of 0.1

nm/s, 1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios O,/Ar resulting in a

groove reflectivity of over 11% are below 3, 12 and 30 %, respectively.

1-5  Recording layer forming conditions meeting both read signal characteristic
and groove reflectivity requirements

As mentioned above, the experiment results shown in FIGS. 20, 22, 24 and
26 reveal that in the optical discs having their respective recording layers formed at
the speeds of 0.42 nm/s, 0.1 nm/s, 1.6 nm/s and 5.0 nm/s, respectively, the mixing
ratios O,/Ar resulting in a read signal jitter of under 10% are 1.5, 1, 4 and 12 %,
respectively. The results are graphically illustrated in FIG. 28 with the recording
layer forming speed indicated along the horizontal axis and the mixing ratio O,/Ar
indicated along the vertical axis to define a straight line a.

In FIG. 28, the horizontal axis indicates the recording layer forming speed X
(nm/s) while the vertical axis indicates the mixing ratios O,/Ar as Y (%). The line

o is expressed by Y = 2.3X + 1.0. In the area under the line «, the read signal jitter



I's over 12.5% and thus no quality read signal can be provided. On
the ot her hand, as described in the foregoing, the experinent results
shown in FIGS. 21, 23, 25 and 27 reveal that in the optical discs having
their respective recording |ayers formed at the speeds of 0.42 nnmis, 0.1
nms, 1.6 nmis and 5.0 nm's, respectively, the mxing ratios 02/ Ar result
In a groove reflectivity of over 11%are 5, 3, 12 and 30 % respectively.

The results are graphically illustrated in FIG 28 with the recording

| ayer form ng speed indicated along the hogszontal axis and the m xing
ratio 02/ Ar indicated along the vertical axis to define a straight |I|ine
[err]. The line [err] is expressed by Y = 5.5X + 2.7. In the area
above the line [err], the groove reflectivity is under 11% and t hus no
satisfactory signal nodulation is possible. If the recording | ayer

form ng speed X.i,S.ni ghey than 5.0 S, It ig too high to assure a
recordi ng M 1?0?’#?13%1%\1%’119 ﬂ%é%ﬂ@#&a&;%t"’%ﬁa recordi ng | ayer

t hi ckness. If the speed X igs slower, than 0.1 nmm/s, the recording_ |ayer
form ng takes @mtgﬁsawrm@,amﬁsembq n.the foregnipgn therrxperiatent iesulisact i ce of

manufacture, Therefore, the recording |ayer formng speed should
pr ef er abl y shewn in Fi@$,31,23} 85 apd 37 geveal dhattin the Q]ﬁ)c;a? discs having tkeievi dent
fromthe foregoing description, the phase-change optical disc 1 according
to the presespectiverecoiding Hyerd fhrmed ait theldpeednuf0.42 mew/s) 011 ign/s V.6 mrdfs
GeSbTe forned by sputtering at a speed X (nm's) in an Ar gas atnosphere
56 and 5.0 nm/s, respectively, the mixing ratios O,/Ar result in a groove reflectivity of

over 11% are 5, 3, 12 and 30 %, respectively. The results are graphically illustrated

in FIG. 28 with the recording layer forming speed indicated along the horizontal

axis and the mixing ratio O,/Ar indicated along the vertical axis to define a straight

line 3.

The line f is expressed by Y = 5.5X + 2.7. In the area above the line [5', the
groove reflectivity is under 11% and thus no satisfactory signal modulation is
possible.

If the recording layer forming speed X is higher than 5.0 nm/s, it is too high
to assure a recording layer forming time long enough to adjust the recording layer
thickness. If the speed X is slower than 0.1 nm/s, the recording layer forming takes
a longer time, which is an inconvenience for the praétice of manufacture.

Therefore, the recording layer forming speed should preferably be 0.1 < X < 5.0
(relation (6)).
As evident from the foregoing description, the phase-change optical disc 1

according to the present invention should preferably have a recording layer of

GeSbTe formed by sputtering at a speed X (nm/s) in an Ar gas atmosphere



containing Jerr] gas of which the mxing ratio Qerr]/Ar between the
Jerr] and Ar gases is Y (9%, the paraneters X and Y neeting the follow ng
relations (1) and (4). Thus the GeSbTe alloy form ng the recording | ayer 4
will be suitably oxidized so that the wite/read characteristic of the
recording layer 4 is optimzed. As a result, the phase-change optical disc
1 according to the present invention neets both the requirenents for the
read signal jitter and groove reflectivity to mnimze the deterioration
of a signal read out even after recorded rggeatedly and thus to al ways

keep a good wite/read characteristic. Y[err] 2.3X+ 1.0

........ (1) Y[err] 5.5X + 2.7 N )| At this
time, the recording layer 4 should preferably be forned at a speed X of
0.1 [err] X [err] 5.0 as previously nentioned for the phase-change optical
disc 1 according to the _present inventiong FIG . 15.is a ternary
conposi t i orFoRtaERE R R ﬁgn%b 87&1%&& R O Af Retwesathr Qunfir gares s §
recording |layer 4 for use_in the present inpvention. In the ternary

conposi t i or{%ed therparameters KeandnY seeeting tasfollomang splatioes (loandi(Ar Ehwpthe al | oy
is a conposition falling in an area defined by four points including J
(26.0, 19. GeShleRlloy farmarg the recordingdaya)d will ba sniggbly exilizegisorthatiths M
(21.6, 24.4, 54.0). 2. Conposi tion of phase-change material for the
recordi ng |witefread charactedsticofitheaeestding laper 4 iv qnnizgd. Asa resakahewhy t he
CGe- Sb-Te conposition of the recording layer_4 is thus defined is based on
gge exper i ngHake-changel dptithl gisc Wactording to the present invention meets both the

requirements for the read signal jitter and groove reflectivity to minimize the
deterioration of a signal read out even after recorded repeatedly and thus to always
keep a good write/read characteristic.

Y223X+1.0 et eae s (1)

YSS55K 42T e sseneenesasenes .. (4)

At this time, the recording layer 4 shéuld preferably be formed at a speed X
of 0.1 < X < 5.0 as previously mentioned for the phase-change optical disc 1
according to the present invention.

FIG. 15 is a ternary composition diagram showing a composition of the
material for the recording layer 4 for use in the present invention. In the temary
composition diagram (of the three elements Ge, Sb and Te), the GeSbTe alloy is a
composition falling in an area defined by four points including J(26.0, 19.2, 54.8),
K (21.0,21.0, 58.0), L (14.3,28.6, 57.1) and M (21.6, 24 .4, 54.0).

2. Composition of phase-change material for the recording layer

As mentioned in the foregoing, the reason why the Ge-Sb-Te composition of

the recordihg layer 4 is thus defined is based on the experiment results which will



be described in detail below 2-1 Conposition on |ine connecting

Ce[err]Te[err] and Sb[err]Te[err] in ternary conposi tion di agram of
three elenments Ge. Sb and Te First, a first dielectric |ayer 3 of
ZnS-Si @2 having a thickness of 90 nmwas fornmed on a substrate 2 by
sputtering. Next, a recording |layer 4 of GeSbTe having a thickness

of 25 nmwas forned on the first dielectric layer 3 by sputtering at a
speed of 0.42 nnis in an Ar gas atnosphere of which the mxing ratio

Jerr]/Ar was 2.5% At this tinme, the recording | ayer 4 was forned
by sputtering using a target of Ge[err]3ferr]Te[err], target of Ge and a
target of Sh. First, consideration was made of a phase-change

optical disc having a recording |layer made of a composition on a straight
line 11 connecting the points Ge[err]Te[err] and Sb[err] Te[err] about the
point C (2, 2, 5) as shown in FIG 16 being also a ternary conposition

di agram of el enents. More specifically, the Ge2Sb2Teb
t ar get vvas gsé’%ﬁl égfﬂ@mef%”«c he m xi ng ratlo bet ween the form ng speeds

for the Ge . S be|n ket % rma recording |ayer 4
froma con%gslt' UHQ 515 GO : S dBeanshl err] Te[ err]
as in FIG 16. . Then a second di eI ectrlc | ayer 5 of ZnS-Sigerr]
havi ng a t hi ckrRQIRpos g < Jeniy Oel B AN ael gyer 6 of Al all oy
havi ng a thi ckness of 150 nm wer e forned in this order by sputtering onto

t he recordi ng |BGiysty a firstahelectnierlayri3eof Zu$rSiD; havingl athicknessof9®bnmswas | ar
was applied to the light-reflective layer 6 to forma protective |ayer
58 formed on a substrate 2 by sputtering.
Next, a recording layer 4 of GeSbTe having a thickness of 25 nm was
formed on the first dielectric layer 3 by sputtering at a speed 0f 0.42 nm/s in an Ar
gas atmosphere of which the mixing ratio O,/Ar was 2.5%.
At this time, the recording layer 4 was formed by sputtering using a target of
Ge,Sb,Te;, target of Ge and a target of Sb. |
First, consideration was made of a phase-change optical disc having a
recording layer made of a composition on a straight line 11 connecting the points
Ge.soTe50 and Sb,yTeg, about the point C (2, 2, 5) as shown in FIG. 16 being also a
ternary composition diagram of the Ge, Sb and Te elements. More specifically, the
Ge,Sb,Te, target was co-sputtered while the mlxmg ratio between the forming
speeds for the Ge and Te targets was being kept at 1, to form a recording layer 4
from a composition between points Ge,Tes, and Ge,Sb,Te, as in FIG. 16.
Then, a second dielectric layer 5 of ZnS-SiO, having a thickness of 15 nm
and a light-reflective layer 6 of Al alloy having a thickness of 150 nm were formed

in this order by sputtering onto the recording layer 4, and thereafter, an ultraviolet

resin or similar was applied to the light-reflective layer 6 to form a protective layer



7, thereby providing a phase-change optical disc 1. Finally, two

pi eces of this phase-change optical discs |were produced. The two
phase-change optical discs 1 thus obtai ned were bonded to each other with
their light-reflective |layers 6 facing each other with an adhesive applied
between the light-reflective layer 6, to provide a doubl e-sided

phase- change optical disc of 120 nmin dianeter and 1.2 mmin thickness.
Simlarly, a phase-change optical disc was made of which only the recording
| ayer 4 was nmade of a different material %&gomthe above-nentioned. Mre
specifically, the Ge[err]Sb[err]Te[err], Ge and Te targets were
co-sputtered while the formng speeds for the Ge and Te targets were kept
at 0.67 nmis to forma recording |layer 4 made of a conposition between
points Sb[err]Te[err] and CGe[err]Sb[err] Te[err] as in FIG 16. The
i ghting pattern shown in FIG 3 was used to record a signal repeatedly
20, 000 ti nds thesebynproyiding aghasayehangeiopticalglise 1+ hus havi ng the recording

| ayer 4 nade of a conposition on a straight line 11 under the simlar
conditions to tFomdly two pleeeeafthis plase-changdoptical discs dweted prodneeds hThm i n
FIG 20, and the jitter of the signal read out fromthe phase-change
optical di swoviaserehaigeaspticihdiscel tiudasbtaihed tlere barrded to @adip btliek Mith gnal
havi ng a channel clock of 27.7 Miz. The neasurenent results are

shown in Flieir ighefefledfvd RiveZof faingedch othéidvith bt adhéivdthpilied Hetlvesh of Ce
in a conposition on the straight line 11 connecting _points Ge[err]Te[err]

and bl er [ | Felighi-JefRattvd el 6! o/ i8lid u ot E1hiReA Bhaddichanit Bgflcﬁfdlém si gnal

read out after recorded once. shoul e noted ints J, and C
in FIG 120 mm in diameter and 1.2 mm in thickness.

Similarly, a phase-change optical disc was made of which only the recording
layer 4 was made of a different material from the above-mentioned. More
specifically, the Ge,Sb,Te;, Ge and Tt_a targets were co-sputtered while fhe forming
speeds for the Ge and Te targets were kept at 0.67 nm/s to form a recording layer 4
made of a composition between points Sb,,Te,, and Ge,Sb,Te, as in FIG. 16.

The lighting pattern shown in FIG. 3 was used to record a signal repeatedly
20,000 times to the phase-change optical disc thus having the recording léyer 4
made of a composition on a straight line 11 under the similar conditions to those in
the experiment of which the results are shown in FIG. 20, and the jitter of the signal
read out from the phase-change optical disc was measured. The recorded signal
was a random EFM signal having a channel clock of 27.7 MHz,

The measurement results are shown in FIG. 29 of the horizontal axis
indicates the mixing ratio of Ge in a composition on the straight line 11 connecting
points GesyTes, and Sb,yTeg, and the vertical axis indicates the jitter of the signal

read out after recorded once. It should be noted that the points J, L and C in FIG.



29 correspond to the points J (26.0, 19.2, 54.8), L (14.3, 28.6, 57.1) and
C(2, 2, 5, respectively, in FIG 15. As apparent fromthe
results shown in FIG 29, when the recording layer 4 is nade of a
conposition having a |arger Ge content than at the point J (26.0, 19.2,
54.8) in the ternary conposition diagramof the elements Ge, Sb and Te, the
jitter is over 12.5% and when the recording layer 4 is nmade of a
conposition having a snaller Ge content than at the point L (14.3, 28.6,
57.1), the jitter is over 12.5% Therefgge, the conposition on the
straight line 11 connecting the points Gg%err]Te[err] and Sb[err]Te[err]
shoul d preferably be a one on the |ine connecting the points J and L as
shown in FIG 15. 2-2 Conposition having |arger Te content than at point C
(2, 2. 5) in ternary conposition di agram of elenments Ge. Sb and Te
Next, a phase-change optical disc was nmade which haV|ng??DE@§66€lng ayer

nmade of a28aopmspendio thepomssd (2&PgLI. 2Té4c,86nLéM 3; %A 0.2, 2,
5). More particularly, Ge2Sh2Te5 and Te targets were co-sputtered to make
a phase- respeetigelyoiptFIGall5di sc having a recording layer 4 forned froma

conposition on a straight line 12 fromthe point C. For the
phase- change opsidpphreiit Hionh e riegultdshowermr G @9 when the tecosdifigilayed4 is f r om
t he corrposition on"the straight line 12, the jitter of a signal read out

af ter éH &Pﬁa&ﬁ% Yavifg @08rget Géscdh@éht MRacatthe pomt J1(26./0¢ 182per i ment
of V\/mcht res s are shown in FIG :
60 54.8) in the ternary composition diagram of the elements Ge, Sb and Te, the jitter is
over 12.5%, and when the recording layer 4 is made of a composition having a
smaller Ge content than at the point L (14.3, 28.6, 57.1), the jitter is over 12.5%.
Therefore, the composition on the straight line 11 connecting the points GessT'es,
and Sb,,Te, should preferably be a one on the line connecting the points J and L as

shown in FIG. 15.

2-2  Composition having largel_' Te content than at point C (2, 2, 5) in ternary
composition diagram of elements Ge, Sb and Te

Next, a phase-change optical disc was made which having a recording layer
made of a composition having a larger Te content than at the point C (2, 2, 5).
More particularly, Ge,Sb,Te; and Te targeté were co-sputtered to make a phase-
change optical disc having a recording layer 4 formed from a composition on a
straight line 12 from the point C. |

For the phase-change optical disc having the recording layer 4 thus formed
from the composition on the straight line 12, the jitter of a signal read out after
recorded repeatedly 20,000 times was measured as in the experiment of which the

results are shown in FIG. 29.



The measurement results are shown in FIG 30 of which the horizontal axis

I ndi cates the mxing ratio of Te in the conposition on the straight line 12
connecting the points Ce[err]Sb[err] Te[err] and Te and the vertical axis
indicate the jitter of a signal read out after recorded 20,000 tinmes. It
shoul d be noted that the points C and Kin FIG 30 correspond to the
points C (2, 2, 5 and K (21.0, 21.0, 58.0) shown in FIG 15. As
revealed fromthe results shown in FIG 30, the recording |layer 4 should
preferably be formed froma conposition on the |ine connecting the points C
(2, 2, 5) and K (21.0, 21.0, 58.0) as showA®in FIG 15 for the jitter to
be under 12.5% 2-3 Conposition having |arger Sb content than at point C
(2, 2, 5) in ternary conposition diagramof elements Ge, Sb and Te
Next, a phase-change optical disc was made which having a recording |ayer
made of a conposition having a |larger Sb content than at the point C (2, 2,

5). More parti cThaiessurenabrebahs anrdshow arFI€. S0vefvehick tisphidrismesl dxés make
a phase- change optical disc having a recording |ayer 4 formed froma

conposi ti on jeficates e AixY ratio 6 Tedinf the TolpRsiidntn the straing]rc lineffor the
phase- change optical disc having the recording |layer 4 thus formed from

the conposi ghﬁgeﬁgggggg@ésa;g{;%geg find T duldihe YehiRal Blis it fe R8O

after recorde 0 times was measured as In peri ment
ar e shoun 1 ngepEresd pby BRG RUREA 2000 e shopld be ddiea PR TE FERRE o111 ©
and K in FIG. 30 correspond-tol the boints C(2,2,5)and K (21.0, 21.0, 58.0)
shown in FIG. 15. |
As revealed from the results shown in FIG. 30, the recording layer 4 should
preferably be formed from a composition on the line connecting the points C (2, 2,

5) and K (21.0, 21.0, 58.0) as shown in FIG. 15 for the jitter to be under 12.5%.

2-3  Composition having larger Sb content than at point C (2, 2.5)in ternary
composition diagram of elements Ge, Sb and Te

Next, a phase-change optical disc was made which having a recording
layer made of a composition having a larger Sb content than at the pomnt C (2, 2, 5).
More particularly, Ge,Sb,Te, and Sb targets were co—sipu‘ctered to make a phase-
change optical disc having a recording layer 4 formed from a composition on a
straight line 13 from the point C.

For the phase-change optical disc having the recording layer 4 thus formed
from the composition on the straight line 13, the jitter of a signal read out after
recorded repeatedly 20,000 times was measured as in the experiment of which the
results are shown in FIG. 29,

The measurement results are shown in FIG. 31 of which the horizontal axis



61 i ndicates the mxing ratio of Sb in the conposition on the straight
line 13 connecting the points Ge2Sh2Te5 and Sb and the vertical axis
indicate the jitter of a signal read out after recorded repeatedly 20, 000
times. It should be noted that the points Mand Cin FIG 31 correspond to
the points M (21.6, 24.4, 54.0) and C (2, 2, 5) shown in FIG 15.

As revealed fromthe results shown in FIG 31, the recording | ayer 4 should
preferably be formed froma conposition on the |line connecting the points M
(21.6, 24.4, 54.0) and C (2, 2, 5) as shown in FIG 15 for the jitter to
be under 12.5% 2-4 Suitable conp05|t|on for the recording layer in the
present invention The aforenenti &ded results showed that the
conposition of the GeSbTe alloy as the material of the recording layer in
t he phase-change optical disc 1 according to the present invention should
preferably fall in an area defined the four points including J (26.0,

19.2, 54.8), K (21.0,21.0, 58.0), L (14.3, 28.6, 57.1) and M (21.6, 24. 4,

54.0) as %Hr} tﬁe&eﬁh&ncﬁlﬁmolobemthw?'cBﬁ@ﬁEﬁ CRRENRIAN B 13 PhaSe- change

mat eri al recor ayer 4 ase chan optlcal disc 1 of
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2, 5) shown in FIG. 15.
As revealed from the results shown in FIG. 31, the recording layer 4 should
preferably be formed from a composition on the line connecting the points M (21.6,
24.4, 54.0) and C (2, 2, 5) as shown in FIG. 15 for the jitter to be under 12.5%.
2-4  Suitable composition for the recording layer in the present invention -
The aforementioned results showed that the composition of the GeSbTe
alloy as the material of the recording layer in the phase-change optical disc 1
according to the present invention should preferably fall in an area defined the four
points including J (26.0, 19.2, 54.8), K (21.0,21.0, 58.0), L (14.3, 28.6, 57.1) and |
M (21.6,24. 4, 54.0) as shown in FIG. 15.
Since the composition of a phase-change material for the recording layer 4 in
the phase-change optical disc 1 of the present invention is defined as in the above,
and write/read characteristip of the recording layer 4 is optimized, the durability
against repeated recording is improved, and deterioration of signal read out after
recorded repeatedly is minimized, thus effectively assuring a quality of a signal
read out after recorded repeatedly.

The recording layer 4 in the present invention should preferably be 18 to 30



62 nm for the reasons based on the follow ng experinent results:

First, a first dielectric layer 3 of ZnS-SiJerr] having a thickness of 90
nmwas forned on a substrate 2 by sputtering. Then, a recording

| ayer of Ge[err]Sb[err]Te[err] was formed on the first dielectric |layer 3
by sputtering at a speed of 0.42 nm's in an Ar gas atnosphere of which the
mxing ratio (Nferr] + Jerr])/Ar was 2.5% The recording |ayer 4 was
formed with the thickness varied in a range of 15 to 40 nm and thus there
were made a plurality of substrates 2 withé2he recording |ayers 4
different in thickness fromone to another. Next, a second
dielectriclayer 5 of ZnS-Si Q2 having a thickness of 15 nm and a
light-reflective layer 6 of Al alloy having a thickness of 150 nm were
formed in this order by sputtering on each of the recording |ayers 4

different ipn t ness rom one t nat her, thereb forn1ng a phase-change
optical di sE™ t%r ereasons-ﬁ?én% ?*?fr f@@“ﬁ?g FRRETeR IR Sopt i cal di scs t hus :
formed with the ecor | ayers 4 _di i.n thickn s fr one to
anot her were ini IF%H ?giéﬂ%leé lwegﬁt(?f{]gﬂggbnéwns%aﬁﬂ Sp H?Eb@?ng’aﬁ/as
used to record random EFM signal repeatedly to the phase-change opti cal
di scs and t femediqreg swhstratee2 Py SEURRANG: andom EFM si gnal was neasured. At
this time, the linear velocity was 4.8 nis, and the recording power Ph,
erasi ng power P1Thery agectiding ﬁyemf @qu@TQs was fofmed anrthe finstrdiglectrierlapdr t he
signal read out after recorded once. The above experinent showed
that since Blby spattering apa kpgedrofD. 4bumAgincan Ah gakapsssphérel afsshichdie 18 ™ in
t he phase-change optical disc 1 thus made is weak, a

mixing ratio (N, + O,)/Ar was 2.5%. The recording layer 4 was formed with the

thickness varied in a range of 15 to 40 nm, and thus there were made a plurality of

substrates 2 with the recording layers 4 different in thickness from one to another.

| Next, a second dielectriclayer 5 of ZnS-SiO, having a thickness of 15 nm

and a light-reflective layer 6 of Al alloy having a thickness of 150 nm were formed

in this order by sputtering on each of the recording layers 4 different in thickness

from one to another, thereby forming a phase-change optical disc 1.

The plurality of phase-change optical discs thus formed with the recording

layers 4 different in thickness from one to another were initialized, and a lighting

pattern as shown in FIG. 3 was used to record random EFM signal repeatedly to the

phase-change optical discs and the jitter of the read-out random EFM signal was

measured. At this time, the linear velocity was 4.8 m/s, and the recording power

Ph, erasing power P1 and cooling power Pc were set for a minimum jitter of the

signal read out after recorded once. -

The above experiment showed that since the recording layer 4 having a

thickness of less than 18 nm in the phase-change optical disc 1 thus made is weak, a



63 hi gh- power ed | aser beam of a recording power Ph of 15 nWcannot be
used to nake repetitions of recording with respect to such a recording

| ayer 4. In a phase- change optical disc 1 with a recording |ayer 4 having
a thickness of nore than 30 nm the jitter of signal read out after
recorded repeatedly 20,000 tines is over 12.5% nanely, the durability
agai nst repeated recording is insufficient. Therefore, the recording |ayer

4 should preferably be 18 to 30 nm The phase-change optical disc 1
havi ng the above-nenti oned construction is produced as will be described
by way of exanple in the foll ow ng: 63 First, a substrate 2 havi ng

predeterm ned grooves forned thereon is forned from polycarbonate by

i njection nolding. Then, a first dielectric layer 3 of ZnS- SiJerr] is
formed on the substrate 2 by RF sputtering. In the phase-change
optical disc 1 according to the present i.nvention, the first dielectric

| ayer 3 slidghgopreeddlasd beaitoffdrdcardidg pomet Phaf. 15 W banddtbetusdd ed ect ri c

|l ayer 3 is thinner than 70 nm the groove reflectivity will be |ow, so that

no suffi chgkd répefitlosd 8Ncofdiig Wethirespect éslsudhf a tdtrdihg Hyedidellgatphage- ayer 3
Is thicker than™ 130 nm the jitter of a signal read out after recorded

repeat ed| yclﬁﬂgg ggti&éll . 1 With' &Q@fdfu?%' Biyer 4 Bifing  thicRbess ¥ Mbfeitblah 30y

agai nst repea recording I's | nsu clrent. Therefore, the first

O ol T U 8 AR R AR B ok
Sis Z:”eg'? ric 12.3%3 Inaglgﬁg ttﬁigu{a%ﬁ% g'ggigsé e ggteé rt'acsorlcil%rgq‘s9 gns%@ﬁéigr?t. f'fﬁe%fore,
the recording layer 4 should preferably be 18 to 30 nm.

The phase-change optical disc 1 having the above-mentioned construction is
produced as will be described by way of example in the following:

First, a substrate 2 having predetermined grooves formed thereon is formed
from polycarbonate by injection molding. Then, a first dielectric layer 3 of ZnS-
Si0, is formed on the substrate 2 by RF sputtering.

In the phase-change optical disc 1 according to the present invention, the
first dielectric layer 3 should preferably be 70 to 130 nm thick. If the first dielectric
layer 3 is thinner than 70 nm, the groove reflectivity will be low, so that no
sufficient read signal can be provided. If the first dielectric layer 3 is thick_er than
130 nm, the jitter of a signal read out after recorded repeatedly 20,000 times is
higher than 12.5%, so that the durability against repeated recording is insufficient.
Therefore, the first dielectric layer 3 should preferably be 70 to 130 nm thick so
that a sufficient read signal and durability against repeated recox;ding can be

assured.

Next, a recording layer 4 is formed on the first dielectric layer 3 by DC



64 sputtering. In the manufacturing nmethod according to the present

I nvention, the recording layer 4 is fornmed froma GeSbTe all oy as the
phase-change material at a speed X (nnis) in an Ar gas atnosphere
containing Jerr] gas of which the mxing ratio 02/Ar is Y(%, the
paraneters X and Y should preferably neet the followng relations (1) and
(4): Y[err] 2.3X + 1.0  ........ (1) Y[err] 5.5X + 2.7
........ (4) Thus, in the optical recordi ng medi um manuf acturing

met hod according to the present invention 4since the form ng conditions
for the recording |layer 4 are defined, tﬁ% GeSbTe alloy form ng the
recording layer 4 is suitably oxidized. Thereby, the physical properties
of the recording layer 4 are optim zed for repeated recording and the
durability against repeated recording are further inproved. Therefore, the
optical recording nmediumcan be provided which is adapted to mnimze the
regi onal depetterimgt Inothe afarmfaditgrmg methud angording o thequresahd dnventions el y  nmany
times and to always keep a good wite/read characteristic. Not e
that the reecordingdaleyeis foaned fionsp Se8bThallby apties phiasbichahge maesridlala nni' s
and under 5.0 nm's. Thus, the optical recording nedi um manufacturing

net hod accpeedX (neh/E) iR 4 A6 SaX atind¥siikire @onfeiihg €5 dabof WdeH tefixiny er

formng speed as in the above to optimze the wite/read characteristic of

the recor digge, (RY&Fis y‘q,}, (ﬁ%ﬁ%ﬁn@f&ym%ﬁoﬁﬁﬂﬁﬁaﬁlﬁﬁéﬁwﬁmﬂﬁﬂ%‘ whi ch

keeps a good wi‘te/rea eristic even after repetitions of signal

recording. relations (1) and (4):

Y2 23X +1.0 e @)

Y<SS5KH2T et nneneas C)]

Thus, in the optical recording medium manufacturing method according to
the present invention, since the forming conditions for the recofding layer 4 are
defined, the GeSbTe alloy forming the recording layer 4 is suitably oxidized.
Thereby, the physical properties of the recording layer 4 are optimized for repeated
recording and the durability against repeated recording are further improved.
Therefore, the optical recording medium can be provided which is adapted to
minimize the regional deterioration of a signal read out after recorded repeatedly
many times and to always keep a good write/read characteristic.

Note that the recording layer forming speed should preferably be over 0.1
nm/s and under 5.0 nm/s. Thus, the optical recording medium manufacturing
method according to the present invention defines the recording layer forming
speed as in the above to optimize the write/read characteristic of the recording layer
4, thereby providing an optical recording medium which keeps a good write/read

characteristic even after repetitions of signal recording.



65 The recording layer 4 is forned froma conposition of GeSbTe
alloy falling in an area defined, in a ternary conposition diagram of the
three elenents Ge, Sb and Te, by four points including the points J (26.0,
19.2, 54.8), K (21.0, 21.0, 58.0), L (14.3, 28.6, 57.1) and M (21.6, 24.4,
54.0). Since the recording layer 4 is formed fromsuch a
conposition, there is provided an optical recording nmediumin which the
wite/read characteristic of the recording layer 4 is optim zed so that
deterioration of a read signal after recorded repeatedly can be m nim zed.
Next, a second dielectric layer 5 is forngd on the recording |ayer 4 by RF
sputtering. Then, a light-reflective layer 6 is fornmed on the second
dielectric layer 5 using an Al target. Next, the light-reflective
| ayer 6 is coated with an ultraviolet-curable resin by spin coating,
thereby finally producing a phase change optical disc 1 according to the
present inventi ul d %: noted that tq

doubl e- si ded pfﬁ?ereﬁ?fgmﬁlaﬁ ‘}Faq% om i‘GOHg’oéﬁ’(%rPf(ge%d% apl?y fllingi eces

of the above- nentlo ed phase- change optlcg ? 1 may .be nade and bonded
to each otifdil &F3 AckRg, i f FRAL CIMRANHQR: qaamlg élethﬁmlﬁrgeefa&ﬁe otther wi t h
an adhesi ve applied between the |ayers 6,

Third enbodf tyfourpomtsnﬂudmgtb@mmtsdr(ag@, éé@néé-%i(ggﬁ,ahﬂcﬁ.%hom

in FIG 1, the phase-change
L (14.3,28.6, 57.1) and M (21.6, 24.4, 54.0).

Since the recording layer 4 is formed from such a composition, there is
provided an optical recording medium in which the write/read characteristic of the
recording layer 4 is optimized so that deterioration of a read signal after recorded
repeatedly can be minimized.

Next, a second dielectric layer S is formed on thie recording layer 4 by RF
sputtering. Then, a light-reflective layer 6 is formed on the second dielectric layer
5 using an Al target. |

Next, the light-reflective layer 6 is coated with an ultraviolet-curable resin by
spin coating, thereby finally producing a phase-change optical d.isc. 1 according to
the present invention.

It should be noted that to produce a double-sided phase-change optical disc

10 as shown in FIG. 2, two pieces of the above-mentioned phase-change optical
disc 1 may be made and bonded to each other with their lighf-reﬂective layers 6
facing each other with an adhesive applied between the layers 6, by way of
example.

Third embodiment

Similar to the phase-change optical disc 1 shown in FIG. 1, the phase-change



66 optical disc according to the second enbodi nent of the present

I nvention conprises a substrate 2, first dielectric layer 3, recording

| ayer 4, second dielectric layer 5, |light-reflective layer 6 and a
protective layer 7 fornmed in this order on the substrate 2. The
phase- change optical disc according to the second enbodinent is different
only in the construction of the recording layer 4 fromthe first

enbodi ment, having been dgscribed in the foregoing, while it conprises

al nost sane conponent |ayers as the substrate 2, first dielectric |ayer 3,
second dielectric layer 5, light-reffective layer 6 and the protective

| ayer 7 of the phase-change optical disc &Gof the first enbodi nent.
Therefore, the other conponent |ayers than "the recording |layer will not be
descri bed any |onger but only the recording layer 4 wll| be discussed

bel ow. The recording layer 4 is forned froma phase-change materi a
changeable in state fromcrystalline to anorphous, or vice versa, under

t he focused spot of a laser beamor the |ike. Nanely, the recoding |ayer 4
i s an opti captsal discHchgrding to thesecand embedimeph af thequpsant inveatign Commises t he
focused spot of |aser beamto wite, erase or read information signal

Speci fi cal | g substeate Bafirst diedeninc tnyer 8; recording kayer dcsecdnd didlestac layer3, t he
present invention is a cal cogenide containing a GeSbTe all oy. The recording

| ayer 4 shhphtreflective by 6 land 2$rotectde layear 7 fiormked in this ordet on shosubdtrae
noted that the recording layer 4 of the present invention should
2.

The phase-change optical disc according to the second embodiment is
different only in the construction of the recording layer 4 from the first
embodiment, having been described in the foregoing, while it comprises almost
same component layers as the substrate 2, first dielectric layer 3, second dieiectn'c
layer 5, light-reflective layer 6 and the protective layer 7 of the phase-change
optical disc 1 of the first embodiment. Therefore, the other component layers than
the recording layer will not be described any longer but only the recording layer 4
will be discussed below.

The recording layer 4 is formed from a phase-change material changeable in
state from crystalline to amorphous, or vice versa, under the focused spot of a laser
beam or the like. Namely, the recoding layer 4 is an optical recording layer of
which the phase can be changed under the focused spot of laser beam to write,
erase or read information signal.

Specifically, the phase-change material of the recording layer 4 in the
present invention is a calcogenide containing a GeSbTe alloy. The recording layer
4 should preferably be 18 to 30 nm thick.

It should be noted that the recording layer 4 of the present invention should



67 preferably be formed by sputtering at a speed X (nm's) in an Ar gas
at nosphere containing N2 gas of which the mxing ratio Nerr]/Ar between
the N2 and Ar gases is Y (%, the paraneters X and Y neeting the foll ow ng
relations (2) and (5): Y[err] 12.8X+ 16.7 e e (2)

Y[err] 1.8X+ 5.0 ........ (5)

Furthernore, the recording |ayer form ng speed X should preferably be over
0.1 nnis and under 5.0 nm's. Nanely, the speed X should preferably neet the
following relation (6): 0.1[err] X[ grr]5

........................... (6) Note that the mxing ratio Nerr]/Ar
Is aflowratio between the N err] and Ar gases, in other words, a volune
rati o between N2 and Ar gases. 1. Recordi ng | ayer form ng atnospheric
conditions and speed X The m xing ratioNerr]/Ar of Y (% between
the N2 and Ar gases and the recording |ayer_formng speed X (nm's) for
form ng t heprefesablyibeformed rbyasputtering at a;speeshK (neve)idiangAngas almospkeTen t he
optical recording medi um manufacturing mnethod according to the present

i nventi on, contaidmig Negasof whish it mtixingsati@ N/ Aretwaen thedy, arsd An gases ialove
for the reasons based on the follow ng experinment results having been

conduct ed of%}, ke pasanitere X and¥ mbetiny thedbllowingarelations {2)damb(f)ar at i ve
exanples: 1-2 Relation between recording |ayer form ng atnospheric
conditions and read)28xX+ 16.7Si gnal characteristi.c 2)

----------------------------------------------------

Y> 1.8X+5.0 e e ee et es e (5)

Furthermore, the recording layer forming speed X should preferably be over
0.1 nm/s and under 5.0 nm/s. Namely, the speed X should preferably meet the
following relation (6): _

01X <5 et enres e 6

Note that the mixing ratio N,/Ar is a flow ratio between the N, and Ar gases,
in other words, a volume ratio between N, and Ar gases.
1. Recording layer forming atmospheric conditions and speed X

The mixing ratioN,/Ar of Y (%) between the N, and Ar gases and the
recording layel_' forming speed X (nm/s) for forming the recording layer 4 in the
optical recording medium and in the optical recording medium manufacturing
method according to the present invention, are defined by the relations (2), (5) and
(6) as in the above for the reasons based on the following experiment results having
been conducted on the embodiments of the present invention and comparative

examples:

1-2  Relation between recording layer forming atmospheric conditions and read

signal characteristic



68 First, a phase-change optical disc was nade as wll be

di scussed bel ow First, a substrate 2 of 120 nmin dianeter having a
t hi ckness of 0.6 mmwas nade. Then a first dielectric layer 3 of ZnS-Si Q2
havi ng a thickness of 120 nm was forned on the substrate 2 by sputtering.
Next, a target of Ge[err]Sb[err]Te[err] was used on the first dielectric

| ayer 3 and a recording |layer 4 of GeSbTe having a thickness of 25 nm was
formed by sputtering at a speed of 0.42 nms in an Ar gas atnosphere in
whi ch N2 gas was .m xed. At this tinme, in the Ar gas atnosphere
having nmixed therein the NJerr] gas, the #Bxing ratio Nlerr]/Ar was varied
within a range of 0 to 20 % thereby making a plurality of phase-change
optical discs each having the recording |ayer forned wunder different

at nospheric conditions. Next, a second dielectric |ayer 5 of
ZnS-SiJerr] having a thickness of 15 nm and a light-reflective |ayer 6 of

Al alloy having Piritha phawschange bpficdlisewes inadeas will be ldicasddloRy
sputtering on each of the recording |ayers 4 formed under the different

condi tions, and Fh&na sul¥u&e2iof 20 ndY Bl didmées hainEd (NBkARR of 0.6 mm was
light-reflective |ayer 6 by applying an ultraviolét-curable resin, to make

a phase- chapgfeOftHes3 u{ ﬁl%lectric layetr.l'a:I ogm-gibo%%gﬁﬁmgbﬁ%% opti cal

discs 1 thus made was pl'i cat ed. e two phése- nge optical discs 1 of
Tan -t or 1 core (S BF e R s 't an acnesi ve o

Next; a target of Ge,Sb,Tes was used on the first dielectric layer 3 and a
recording layer 4 of GeSbTe having a thickness of 25 nm was formed by
sputtering at a speed of 0.42 nm/s in an Ar gas atmosphere in which N, gas was
mixed. |

At this time, in the Ar gas atmosphere having mixed therein the N, gas; the
mixing ratio N,/Ar was varied within a range of 0 to 20 %, thereby making a
plurality of phase-change optical discs each having the recording layer formed
under different atmospheric conditions.

Next, a second dielectric layer 5 of ZnS-SiO, having a thickness of 15 nm
and a light-reflective layer 6 of Al alloy having a thickness of 150 nm were formed
in this order by sputtering on each of the recording layers 4 formed under the
different conditions, and then a protective layer 7 was formed on the light-reflective
layer 6 by applying an ultraviolet-curable resin, to make a phase-change optical disc
1.

Each type of the phase-change optical discs 1 thus made was duplicated.

The two phase-change optical discs 1 of each type thus obtained were bonded to

each other with their light-reflective layers 6 facing each other with an adhesive 9



69 applied between the layers 6. Finally, a doubl e-sided phase-change
optical disc 10 as shown in FIG 2 was nade in which wite and record can
be done with respect to either thereof Note that this phase-change opti cal
discs 1 and 10 has a recording capacity of 3.0 GB per side and a track
pitch of about 0.8 [err]m Each of the plurality of phase-change
optical discs nmade under different recording |ayer formng conditions were
initialized by crystallizing the recording |ayers 4 under the focused spot
of a high-powered | aser beam Then, a lighting pattern as shown in
FIG 3 was used to record a random EFM §Pgnal usi ng a channel clock of27.7
- MHz on each of these initialized phase- change optical discs. In FIG 3,
the recording power is indicated with a reference Ph, erasing power is
with a reference P1, and the cooling power is with a reference Pc. In the
i ghting pattern showmn in FIG 3, one clock is indicated wwth IT, and the

pul se | engipplietl befRedn thBTaVEs Buﬁﬁll!ysa\&ohblelﬁdétﬁphase-change Optidal dfsctiom®, a
recordi ng/ réproduci ng apparatus, or a disc drive, was used in which the

[P near vel Ao RFI6 A \%Ssmaag'ﬁl HRRAWHRCrRONBE d bl 1 dehewifilfedbBEeo

erasing power Pl was 5. and the cooling power Pc was

drive is Pl $fiked: Uﬁg?e th?ﬁ ee;ﬁys ERREERO LA GE ARk 1380 1O ecBfing ™ ' "

wavel engt h. was ‘recor

t edl t t h -.ch | di
rl'ﬁgﬁa t60 )é%aﬁl rre§§rpoG§2Rce§ts? a( Qﬁ?ﬁ?ﬁoﬁg‘%‘ﬁﬁ iﬁ'{%’?o biaf\(/:\Zen N err] and
Ar

Each of the plurality of phase-change optical discs made under different
recording layer forming conditions were initializedﬁ by crystallizing the recording
layers 4 under the focused spot of a high-powered laser beam.

Then, a lighting pattern as shown in FIG. 3 was used to record a random
EFM signal using a channel clock o 27.7 MHz on each of these initialized phase-
change .optical discs. InFIG. 3, the recording power is indicated with a reference
Ph, erasing power is with a reference P1, and the cooling power is with a reference
Pc. In the lighting pattern shown in FIG. 3, one clock is indicated with 1T, and the
pulse length of one lighting pulse is with 13 ns.

At this time, a recording/reproducing apparatus, or a disc drive, was used in
which the linear velocity was 4.8 m/s, the recording power Phis 14.5 mW, the
erasing power P1 was 5.8 mW, and the cooling power Pc was 1.5 mW. The disc
drive is provided with a laser which generates a laser beam of 650 nm in
wavelength.

Under these conditions, a signal was recorded repeatedly 2 times to each of
the phase-change optical discs.

Then, to evaluate the relation between the mixing ratio between N, and Ar



70 gases used in formng the recording |ayer and .the characteristic of
read signal, jitter of a signal read fromeach of the phase-change optica
discs after recorded repeatedly 2 tinmes, was neasured. The
measurenent results are shown in FIG 32 of which the horizontal axis

i ndicates the mxing ratio N2/ Ar while the vertical axis indicates the
jitter of a signal read fromthe optical disc after recorded repeatedly 2
times on a sanme recording track. As a correctable jitter, 10%is taken
here as a reference value for an accepta medi a. In the
above-nentioned experinment, the jitter of a signal read out after recorded
repeatedly 2 tines was neasured for the follow ng reasons. That is, the
jitter of a signal read after recorded 2 tinmes is nornmally the highest and
it tends to decrease gradually down to the 10, 000th repetition of

recording. That is why the _jitter S ne ed on a .si. read out after
recorded r eBRS§s Bsfd/n: %ﬂ‘e recordmvﬁ%er@ér{fl? FRaaeigE st gﬁgf‘? aﬁ) 4T s
shown in FIG 32, the_ jitter (is_the hest as 12.,.7% when th X|ngratio
Nerr]/Ar i@ @sxgnﬁlamqlﬁomeqh mhmphg%psgh@ge@@ﬁﬁ& digss atteraegor ? gas. It
decreases as the N2 content increases. The jitter is the |owest when t he
m Xi ng ratlmpmﬂy?.tm@slwa&me%urﬁé the the mxing ratio N2/ Ar is further

i ncreased, the jitter is also increased gradually. Therefore, the
experirrent r esul The sleasvremant eselts drechoinGn FIG. 82 af which thedorjzontat axisf a
signal read out after recorded repeatedly to be under 10% at which a good

; ﬁai r si gnal iridscabd the heisting fatioNELAF Shile theverticaldd thdivatdsethe itter bE afsignabd i n
read from the optical disc after recorded repeatedly 2 times on a same recording
track. As a correctable jitter, 10% is taken here as a reference value for an
acceptable media.

In the above-mentioned experiment, the jitter of a signal read out after
recorded repeatedly 2 times was measured for the following reasons. That is, the
jitter of a signal read after recorded 2 times is normally the highest and it tends to
decrease gradually down to the 10,000th repetition of recording. That is why the
jitter was measured on a signal read out after recorded repeatédly 2 times.

As seen from the experiment results shown in FIG. 32, the jitter is the
highest as 12.7% when the mixing ratio N,/Ar is 0%, namely, when no N, gas is
contained in the Ar gas. It decreases as the N, content increases. The jitter is the
lowest when the mixing ratio N,/Ar is 6 t0 10 %. As the the mixing ratio N,/Ar is
further increased, the jitter is also increased gradually.

Therefore, the experiment results showed as seen from FIG. 32 that for the

jitter of a signal read out after recorded repeatedly to be under 10% at which a good

read signal is obtained, the recording layer should preferably be formed in an Ar



71 gas at nosphere of which the mxing ratio N err]/Ar is over 6% 1-2
Rel ati on between recording |ayer form ng atnospheric conditions and

groove reflectivity Next, for evaluation of the relation between

at nospheric conditions including a mxing ratio between N2 and Ar gases
under which the recording layer is forned and the groove reflectivity of
each of the discs, the recording |ayer was forned under varied atnospheric
conditions and each phase-change optical disc thus made was initialized.
The groove reflectivity of each phase-change optical disc was neasured.
The experinent results are shown in FIG 733 of which the horizontal axis

i ndi cates the mxing ratio N2/ Ar and the vertical axis indicates the groove
reflectivity. As seen fromthe experinent results in FIG 33, the
groove reflectivity decreases nonotonously as the mxing ratio N2/ Ar is

I ncreased. \Wen the mxing ratio Nerr]/Ar is over 21% the groove

reflectivi S der t hat no ih,sftact ory,modul ati on i s possible.
Ther ef or e, é%/st %ﬁﬁ%ﬁﬁgﬁﬁ?%%t@ﬁ{ éssﬁY‘? sé%"nown in FIG 33 that
for a satisfa ry sjgnal nodul.ation, the, mX|n ratloNerr /A shoul d be
under 21%:12 %O‘—é% Sp&eeqrdipg layer H fions ay

At nospheric conditions, neefing both read si gnal char act eristic and groove
reflectivity r Vi

Next, for evaluation of the relation between atmospheric conditions
including a mixing ratio between N, and Ar gases under which the recording layer
is formed and the groove reflectivity of each of the discs, the recording layer was
formed under varied atmospheric conditions and each phase-change optical disc
thus made was initialized. The groove reflectivity of each phase-change optical
disc was measured.

The experiment results are shown in FIG. 33 of which the horizontal axis
indicates the mixing ratio N,/Ar and the vertical axis indicates the groove
reflectivity.

As seen from the experiment results in FIG. 33, the groove reflectivity
decreases monotonously as the mixing ratio N,/Ar is increased. When the mixing
ratio N,/Ar is over 21%, the groove reflectivity is under 11%, so that no
satisfactory modulation is possible.

Therefore, it is known from the experiment results shown in FIG. 33 that for
a satisfactory signal modulation, the mixing ratio N,/Ar should be under 21% in the

atmosphere in which the recording layer is formed.

1-3  Atmospheric conditions meeting both read signal characteristic and groove
reflectivity requirements



72 As having been described in the above, the experinment results
showmn in FIGS. 32 and 33 reveal that in the optical recordi ng nmedi um and
manuf acturing nethod for the optical recording nedium according to the
present invention, when the recording layer is forned at a speed of 0.42
nms in an Ar gas atnosphere of which the mxing ratio N err]/Ar should be
6 to 21 %in order to satisfy both the requirenents for the read signa
jitter and groove reflectivity. FIGS. 32 and 33 show the results of
t he experinents conducted on the optical discs having their respective
recording layers formed at the speed of 0742 nm's. Therefore, to obtain
simlar read signal characteristics to those shown in FIGS. 32 and 33 when
the recording layer formng speed varied, it is necessary to vary the
mxing ratio Nerr]/Ar as well. 1-4 Relation anong atnospheric conditions
with the recording layer formng speed changed, read signal

characteristic aAQfa0npdeen deldritelliny te/above, the exPerifnenfirestils ¥hows iftede on
the m xing ratio N2/ Ar nmeeting both requirenents for read signal

t he
jitter and F%gpyglaﬁgﬁ ?ﬁ‘}éé’ét*f?? m(ag,ggem FeB6Ask pRahadY §hd %ﬁ%@;ﬁ%eed was

vari ed. e- sl optical disc was ma i mlar
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requirements for the read signal jitter anci groove reflectivity.

| FIGS. 32 and 33 show the results of the experiments conducted on the
optical discs having their respective recording layers formed at the speed of 0.42
nm/s. Therefore, to obtain similar read signal characteristics to those shown in
FIGS. 32 and 33 when the rccordiﬁg layer forming speed varied, itis necessary to
vary the mixing ratio N,/Ar as well.
1-4  Relation among atmospheric conditions with the recording layer forming

speed changed, read signal characteristic and groove reflectivity

Next, a study was made on the mixing ratio N,/Ar meeting both the
requirements for read signal jitter and groove reflectivity when the recording layer
forming speed was yaried.

First, a double-sided optical disc was made under similar conditions to those
in the experiment of which the results are shown in FIG. 32 except that the applied
voltage to the target of Ge,Sb,Te; was varied, recording layer forming speed was
0.1 nm/s and the mixing ratio N,/Ar was varied in a range of 0 to 20 %. As in the

experiment of which the results are shown n FIG. 32, the jitter of a signal read out



73 after recorded repeatedly 2 tinmes to the optical disc was neasured.
The neasurenent results are shown in FIG 34. Also, the optical disc thus
made was initialized under the atnospheric conditions varied as in the
above with the recording layer form ng speed of 0.1 nms. The groove
reflectivity of the optical disc after thus initialized was nmeasured in
the same manner as in the experinent of which the results are shown in
FIG 33. The neasurenent results are shown in FIG 35. Simlarly,
a phase-change optical disc was nade by fqQrmng the recording |ayer-at a
speed of 1.6 nnis in an Ar gas atnDsphere'Eﬁ which the mxing ratio N2/Ar
was varied as in the above. The jitter of a signal read out after recorded
repeatedly 2 tines to the optical disc and groove reflectivity after the
optical disc was initialized, were neasured. The neasurenent results are
shown in FIGS. 36 and 37. Simlarly, a phase-change optical disc

was made byftdraecorded tdpRatetpD dinikd tolthy epticd] discowaeletdurdd. 0TheT s in an Ar
gas at nosphere of which the mxing ratio N2/ Ar was varied as in the above.

The jittermehsitemeiiabultLad shbwndh FEG. 84C Q&L Ghe b HedthuLmal8Ramst 0 the

optical disc and groove reflectivity after the optical disc was

initiali i3 £, : : l.n FI GS. 38
and g0, idtef IO Aemor i RIS ore BN el AR, ™30 36

and 38 t hale b fink NS PRILGAL sSleaCct ' PRHDE. THE ghodve RAGLAWE 6£H8 Llg ' avers
ef'l(?,‘ spee g . -

formed at

-~

disc after thus initialized was measured in the same manner as in the experiment of
which the r;esults are shown in FIG. 33. The measurement results are shown in
FIG. 35.

Similarly, a phase-change optical disc was made by forming the recording
layer at a speed of 1.6 nm/s in an Ar gas atmosphere of which the mixing ratio
N,/Ar \-was varied as in the above. The jitter of a signal read out after recorded
repeatedly 2 times to the optical disc and groove reflectivity after the optical disc
was initialized, were measured. The measurement results are shown in FIGS. 36
and 37.

Similarly, a phase-change optical disc was made by forming the recording
layer at a speed of 5.0 nm/s in an Ar gas atmosphere of which the mixing ratio
N,/Ar was varied as in the above. The jitter of a signal read out after recorded
repeatedly 2 times to the optical disc and groove reflectivity after the optical disc
was initiaﬁzed, were measured. The measurement results are shown in FIGS.38
and 39.

It was revealed from the experiment results in FIGS. 34, 36 and 38 that in

the optical discs having their respective recording layers formed at the speeds of 0.1



74 nms, 1.6 nms and 5.0 nnm's, respectively, the mxing ratios N2/ Ar
resulting in a read signal jitter of under 10% at which a good rad signal
can be obtained are over 5, 8 and 14 % respectively. Al so, as seen
fromthe experinent results in FIGS. 35, 37 and 39, in the optical discs
having their respective recording |layers forned at the speeds of 0.1 nms,
1.6 nmis and 5.0 nnis, respectively, the mxing ratios N2/Ar resulting in a
groove reflectivity of over 11% are below 17, 40 and 80 % respectively.
1-5 Recording layer forming conditions mé&ing both read signa
characteristic and groove reflectivity requirements As
ment i oned above, the experinent results shown in FIGS. 32, 34, 36 and 38
reveal that in the optical discs having their respective recording |ayers
formed at the speeds of 0.42 nms, 0.1 nmls, 1.6 nms and 5.0 nnis,

respectivel e¢ 0 %l Al | N2/ Ar resulting in.a fead sigpal.jitter of
under 10% a%l’g’/%ri'g%géggdrﬁjs qs, TR 58’3!%’ 7Wm$ﬁéaﬁ‘%ss]3&r8§‘ﬂgﬁg H{ﬁli cally
illustrated_in FlLG;.40 with.t ecording | r .form ng speed jndicated
i ong. ¢ he. nrLRAL e St bl ook &F Phich pond Bt Frabe SBiied B sV ong
the verti cal gxa tq define a straight line a. In FIG 40, the
hori zontal axP &0l }4i%a 8ReqtE: ecor di ng | ayer forming speed X (nni's) while
the vertical axis_indicates the mxing ratios .N&Sr@‘rs]/Ar as Y (%9. The line
a is expressed bélsp, as seempframzhe expeyimens resudts in . 8537 amd 39 dnrthe t he
read signal jitter is over 10%and thus no quality read signal can be
provi ded.  optical disos havingthbizrespactive resortting layersdformed e teospegds of)0.1t he
experinment results

nn/s, 1.6 nm/s and 5.0 nm/s, respectively, the mixing ratios N,/Ar tesulting in a

groove reflectivity of over 11% are below 17, 40 and 80 %, respectively.

1-5 Recording layer forming conditions meeting both read signal characteristic
and groove reflectivity requirements

As mentioned above, the experifricnt results showh in FIGS. 32, 34, 36 and
38 reveal that in the optical discs having their respective recording layers formed at
the speeds of 0.42 nm/s, 0.1 nm/s, 1.6 nm/s and S.O.nm/s, respectively, the mixing
ratios N,/Ar resulting in a read signal jitter of under 10% are 6, 5, 8 and 14 %,
respectively. The results are graphically illustrated in FIG. 40 with the recording
layer forming speed maicated along the horizontal axis and the mixing ratio N,/Ar
indicated along the vertical axis to define a straight line «.

In FIG. 40, the horizontal axis indicates the recording layer forming speed X
(nm/s) while the vertical axis indicates the mixing ratios N,/Ar as Y (%). The line
o is expressed by Y = 1.8X + 5.0. In the area under the line «, the read signal jitter
1s over 10% and thus no quality read signal can be provided.

On the other hand, as described in the foregoing, the experiment results



75 shown in FIGS. 33, 35, 37 and 39 reveal that in the optical discs
having their respective recording |ayers forned at the speeds of 0.42
nms, 0.1 m/s, 1.6 nmis and 5.0 nnis, respectively, the mxing ratios
Nerr]/Ar result in a groove reflectivity of over 11%are 21, 17, 40 and
80 % respectively. The results are graphically illustrated in FIG 40
with the recording |layer form ng speed indicated along the horizontal axis
and the mixing ratio NJerr]/Ar indicated along the vertical axis to define

a straight line [err]. The line [err] is expressed by Y = 12.8X +
16.7. In the area above the line [err], %%he groove reflectivity is under
11% and thus no satisfactory signal nodulation is possible. If the

recording layer formng speed X is higher than 5.0 nm's, it is too high to
assure a recording layer formng tinme | ong enough to adjust the recording
| ayer thickness. If the speed X is slower than 0.1 nnms, the recording

el o T BTARs 33, 95967 add S s bl B in S8 Rl Wﬁ}%ﬁﬂhfﬁﬁrsbggd
o dent "1 Tisape FS?%@B&%A&”%W#M&S%%&& A7 b QUMb 4.6 o o

according to, the esent jnvention hould ref ably have a recaordi ng | ayer
of  GeShbT&dyP Sbsﬁsgmwa theymasing rat tdh g grogye mefleghyity o
at nrosphere  cont ai ni ng1 N2 gas of which the mX| ng ratio N err]/Ar between
the N2 andower Id&sees 2% 1Y, 40@::@1 80t%erespeciivelier Ehoaesulis arergraphugally he
followng relations (2) and (5). Thus the

illustrated in FIG. 40 with the recording layer forming speed indicated along the

horizontal axis and the mixing ratio N,/Ar indicated along the vertical axis to define
a straight line P.

The line P is expressed by Y = 12.8X + 16.7. In the area above the line f3,
the groove reflectivity is under 11% and thus no satisfactory signal modulation is
possible.

If the recording layer forming speed X is higher than 5.0 nm/s, it is too high
to assure a recording layer forming time long enough to adjust the recording layer
thickness. If the speed X is slower than 0.1 nm/s, the recording layer forming takes
a longer time, which is an inconvenience for the practice of manufacture.
Therefore, the recording layer forming speed should preferably be 0.1 < X < 5.0
(relation (6)).

As evident from the foregoing description, the phase-change optical disc 1
according to the present invention should preferably have a recording layer of
GeSbTe formed by sputtering at a speed X (nm/s) in an Ar gas atmosphere

containing N, gas of which the mixing ratio N,/Ar between the N, and Ar gases is Y

(%), the parameters X and Y meeting the following relations (2) and (5). Thus the



76 GeSbTe alloy formng the recording layer 4 will be suitably nitrated
so that the wite/read characteristic of the recording |layer 4 is

optim zed. As a result, the phase-change optical disc 1 according to the
present invention neets both the requirenents for the read signal jitter
and groove reflectivity to mninmze the deterioration of a signal read out
even after recorded repeatedly and thus to always keep a stable wite/read
characteristic. Y[err] 12.8X + 16.7 .......... (2)

Y[err] 1.8X+ 5.0 ... ..., (5) At this tine, the recording
| ayer 4 should preferably be formed at a’®eed X of 0.1 X 5 5.0 as
previously nentioned for the phase-change optical disc 1 according to the
present invention. FIG 15 is a ternary conposition di agram show ng
a conposition of the material for the recording |layer 4 for use in the
present invention. In the ternary conposition diagram (of the three

el enent s GaieSHT eaallbyHoyminghthe GeBodingddyert wil be swabbhpnittatehsd tlat theg i n an
area defined by four points including J (26.0, 19.2, 54.8), K (21.0, 21.0,
58.0), L ( Mrifd/redd charabtérittic afthelvbotding lager 4Hs dptifized. As a reSulathsi tion of

phase-change material for the recording layer As nentioned in the
foregoi ng, pHageLRASROPMEY] 4i8€ 1 @cordinboGREPasEeht RiveRtion hieetsTRARIH N | ayer
4 is thus defined I's based on the experinment results which will be

e 920, s 5 byt AR e el G
deterioration of a signal read out even after recorded repeatedly and thus to always
keep a stable write/read characteristic.

Y< 128X+ 167 et (2)

Y2 18X 450 e (5)

At this time, the recording layer 4 should preferably be formed at a speed X
of 0.1 < X < 5..0 as previously mentiorié:d for the phase-change optical disc 1
according to the present invention.

FIG. 15 is a ternary composition diagram showing a composition of the
material for the recording layer 4 for use in the present invention. In the ternary
composition diagram (of the three elements Ge, Sb and Te), the GeSbTe alloy is a
composition falling in an area defined by four points including J (26.0, 19.2, 54.8),
K (21.0,21.0,58.0), L. (14.3,28.6, 57.1) and M (21.6, 24.4, 54.0).

2. Composition of phase-change material for the recording layer

As mentioned in the foregoing, the reason why the Ge-Sb-Te composition of

the recording layer 4 is thus defined is based on the experiment results which will

be described in detail below:

2-1  Composition on line connecting Ges,Teso and Sb,oTeq, in ternary



77 conposi tion diagramof three elenents Ge. Sb and Te

First, a first dielectric layer 3 of ZnS-SiJerr] having a thickness of 120
nmwas forned on a substrate 2 by sputtering. Next, a recording

| ayer 4 of GeSbTe having a thickness of 25 mmwas forned on the first
dielectric layer 3 by sputtering at a speed of 0.42 nms in an Ar gas

at nosphere of which the mxing ratio N2/ Ar was 10% At this tine,
the recording |l ayer 4 was formed by sputtering using a target of
Ge[err]Sb[err] Te[err], target of Ge and a target of Sbh. First,

consi deration was nmade of a phase-change optical disc having a recording
| ayer nade of a conposition on a straight line 11 connecting the points
Ge[err] Te[err] and Sb[err] Te[err] about the point C (2, 2, 5) as shown in
FIG 16 being also a ternary conposition diagramof the Ge, Sb and Te

el ements. More specifically, the Ge2Sb2Te5 target was co-sputtered while
the m xi ng rati@@mdiaggigfﬁiregdmseiw ahdiTeCe and Te targets was
being kept at 1, to forma recording layer 4 froma conposition between

poi nts Ce[ err] Teirgr ﬁhrﬁﬂﬁel@@tﬁ-}%rlé%é@ @IZIIS”-SE% hhvig d RidknEss 6120 nm was

Then, a second dielectric |ayer of ZnS-Siderr] "having a thickness of 15

nm and a i ghds S5 i % Al alloy having a thickness of 150 nm
wer e formag(5 I n (%lﬁlgg orégzgﬁts?ﬁ%tﬁe ‘ecording |layer 4 by sputtering, and
thereafter, an Y i fesi ' w]ﬁﬁ'i’?? [
light-reflecti vigle%{";\%(g?g%afl@]?ggﬂrﬁglag?g 'g%:t I've at}g@meg,ggfgg[e ?af)rovi ding a
phase- change_ o f this

lcal disg. 1. . Finagl .y, two pi.eces
phase- chang¥®™ (i’rl:ﬁ’fe %Sgglf}q%? laygr 3 by SRHterHig.at @ Spddd 01 042 nuns'in’am Ar
gas atmosphere of which the mixing ratio N,/Ar was 10%.

At this time, the recording layer 4 was formed by sputtering using a target of
Ge,Sb,Te;, target of Ge and a target of Sb.

First, consideration was made of a phase-change optical disc having a
recording layer made of a composition on a straight line 11 gonnécting the points
GesoTes, and SbyyTey, aboﬁt the point C (2, 2, 5) as shown in FIG. 16 being also a
ternary composition diagram of the Ge, Sb and Te elements. More specifically, the
Ge,Sb,Te; target was co-sputtered while the mixing ratio between the forming
speeds for the Ge and Te targets was being kept at 1, to form a recording layer 4
from a composition between points Ges Tes, and Ge,Sb,Te; as in FIG. 16.

Then, a second dielectric layer 5 of ZnS-Si0, having a thickness of 15 nm
and a light-reflective layer 6 of Al alloy having a thickness of 150 nm were formed
in this order onto the recording layer 4 by sputtering, and thereafter, an ultraviolet
resin or similar was applied to the light-reflective layer 6 to form a protective layer
7, thereby providing a phase-change optical disc 1.

Finally, two pieces of this phase-change optical discs 1were produced. The



78 two phase-change optical discs 1 thus obtained were bonded to each
other with their light-reflective |layers 6 facing each other with an
adhesive applied between the light-reflective |ayer 6, to provide a
doubl e- si ded phase-change-optical disc of 120 nmin dianeter and 1.2 mmin
t hi ckness. Simlarly, a phase-change optical disc was made of which
only the recording |layer 4 was nade of a different material fromthe
above-nmentioned. More specifically, the Ge[err]Sb[err]Te[err], Sb and Te
targets were co-sputtered while the form ngg speeds for the Sb and Te
targets were kept at 0.67 nms to forma recording |layer 4 nade of a
conposition between points Sb[err]Te[err] and Ge[err]Sb[err]Te5 as in FIG
16. The lighting pattern shown in FIG 3 was used to record a
signal once to the phase-change optical disc thus having the recording

| ayer 4 made of, a c ositiLon,. on straight, line 1 der .t sim.lar
condi ti ons WPl?ﬁg'é%gﬁg‘? ﬂ%m@iﬂb*’? s oft iv&?{eﬁggf?{&ﬁﬁ@ (gﬁ%r ‘gﬁhwn in
FIG 32, and the jitter of the signal read fromthe_ phase-ghapge optical

di sc was nethsurlght-refiectivedayae f%?‘@&&?c%'g‘elé“?&?d’o‘?ﬁlﬁw aQPE}?nggtweeg

The neasurenent results are shown in FIG 41 of the horizontal axjs

i ndi cat es t the lightrefleativeilayes6, teprovide adenilsisidedphase-chengs opficgheisriofe 11
connecti ng points Ge[err]Te[err] and Sb[err]Te[err] and the vertical axis
i ndi cat es t h20 jrinh iredianfetérwndsl. g marh in thickmessut after recorded once. It

shoul d be noted that the points J, L and Cin FIG 41 correspond to the
points J (26.0, SithiBulyo4 pBhse-thangé opticAdisc way mbdeafiavick anlyzhe 5¢gording

respectively, in FIG 15.
layer 4 was made of a different material from the above-mentioned. More
specifically, the Ge,Sb,Te;, Sb and Te targets were co-sputtered while the forming
speeds for the Sb and Te targets were kept at 0.67 nm/s to form a recording layer 4
made of a composition between points Sb,Teg, and Ge,Sb,Te; as in FIG. 16.

The lighting pattern shown in FIG. 3 was used to record a signal once to the
phase-change optical disc thus having the recording layer 4 made of a composition
on a straight line 11 under the similar conditions to those in the experiment of
which the results are shown in FIG. 32, and the jitter of the signallread from the
phase-change optical disc was measured. The recorded signal was a random EFM
signal.

The measurement results are shown in FIG. 41 of the horizontal axis
indicates the mixing ratio of Ge in a composition on the straight line 11 connecting
points Gey,Tes, and Sb,gTe, and the vertical axis indicates the jitter of the signal
read out after recorded once. It should be noted that the points J, L and C in FIG.

4] correspond to the points J (26.0,. 19.2, 54.8), L (14.3,28.6,57.1)and C (2, 2, 5),

respectively, in FIG. 15.



79 As apparent fromthe results shown in FIG 41, when the
recording layer 4 is made of a conposition having a |l arger Ge content than
at the point J (26.0, 19.2, 54.8) in the ternary conposition di agram of
the elements Ge, Sb and Te, the jitter is over 10% and when the recording
| ayer 4 is nmade of a conposition having a snaller Ge content than at the
point L (14.3, 28.6, 57.1), the jitter is over 10% Therefore, the
conposition on the straight line 11 connecting the points Ge[err] Te[err]
and Sb[err] Te[err] should preferably be a one on the line connecting the
points J and L as shown in FIG 15. 2-276@onposition having |larger Te
content than at point C (2, 2. 5) in ternary conposi tion di agram of
el enents Ge, Sb and Te Next, a phase-change optical disc was nade
whi ch having a recording |layer mnade of a conposition having a | arger Te
content than at the point C (2, 2, 5). Mre particularly,

Ge Sb T -
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The measur enen result are shown in FIG, 42 of which the horizontal axis

i ndi cates PN #Rfl When thegrecording laype4 dvmads of rsompesitien kaving ght | i ne 12

smaller Ge content than at the point L (14.3, 28.6, 57.1), the jitter is over 10%.
Therefore, the composition on the straight line 11 connecting the points Ges,Tes,

and Sb,,Teg, should preferably be a one on the line connecting the points J and L as

shown in FIG. 15.

22 Composition having larger Te content than at point C (2. 2, 5) in temary
composition diagram of elements Ge, Sb and Te

Next, a phase-change optical disc was made which having a recording layer
made of a composition having a larger Te content than at the point C (2, 2, 5).
More particularly, Ge,Sb,Te; and Te targets were co-sputtered to make a phase-
change optical disc having a recording layer 4 formed from a composition on a
straight line 12 from the point C.

For the phase-change optical disc having the recording layer 4 thus formed
from the composition on the straight line 12, the jitter of a signal read out after
recorded once was measﬁred as in the experiment of which the results are shown in
FIG. 41.

The measurement results are shown in FIG. 42 of which the horizontal axis

indicates the mixing ratio of Te in the composition on the straight line 12



80 read signal. It should be noted that the points Cand Kin FIG 42
correspond to the points C (2, 2, 5 and K (21.0, 21.0, 58.0) shown in
FI G 15. ' As revealed fromthe results shown in FIG 42, the
recording layer 4 should preferably be formed froma conposition on the

| i ne connecting the points C (2, 2, 5) and K (21.0, 21.0, 58.0) as shown
in FIG 15. 2-3 . Conposition having larger Sb content than at point C (2,
2, 5) in ternary conposition diagramof elements Ge. Sb and Te
Next, a phase-change optical disc was made8®hi ch having a recording | ayer
made of a conposition having a |arger Sb content than at the point C (2, 2,
5). More particularly, CGe[err]Sb[err]Te[err] and Sb targets were
co-sputtered to nake a phase- change optical disc having a recording |ayer
4 formed froma conposition on a straight l[ine 13 fromthe point C

For the phase-change optical disc having the recording |ayer 4 thus forned
fromthe conposition on the straight Iine 13, the jitter of a signal read
out after readsighall iteshealdbé potd, thanthei pristsWaandkamkIéd 42scammespoad to the
experinment of which the results are shown in FIG 41. The neasurenent
resul ts ar epsihevo (22,3)andiR (21.0, BRi0; 58t0)ebbomi ia@IGallsaxi s indicates the

m xing rati'o of Sb in the conposition on the straight line 13 connecting

the points Ce[er vﬁ{‘% ety | |- pdd t he

jitter of a rea S%Uﬁ%[éd] %?ﬁl?ﬁ%]ﬁfﬁngeﬁﬁot e IfIEF;th E;eé ‘%gl.’rﬁé %ygkgd%% ?‘?{f

F1G 43 COrLeRBBE S et o ScdhbdsiiSn b ihd ting bolhe A the Goin C 2, 2O
5)and K (21.0, 21.0, 58.0) as shown in FIG. 15.

2-3 . Composition having larger Sb conterit than at point C (2, 2, 5) in ternary

composition dia of elements Ge. Sb and Te

Next, a phase—chéngc optical disc was made which having a recording layer
made of a composition having a larger Sb content than at the point C (2, 2, 5).
More particularly, Ge,Sb,Tes and Sb targets were co-sputtered to make a phase-
change optical disc having a recording layer 4 formed from a composition on a
straight line 13 from the point C.

For the phase-change optical disc having the recording layer 4 thus formed
from the composition on the straight line 13, the jitter of a signal read out after
recorded repeatedly 20,000 times was measured as in the experiment of which the
results are shown in FIG. 41. The measurement results are shown in FIG. 43 of
which the horizontal axis indicates the mixing ratio of Sb in the composition on the
straight line 13 connecting the points Ge,Sb,Te, and Sb and the vertical axis
indicate the jitter of a read signal. It should be noted that the points M and C in

FIG. 43 correspond to the points M (21.6, 24.4, 54.0) and C (2, 2, 5) shown in FIG.



81 15. As revealed fromthe results shown in FIG 43, the
recording |layer 4 should preferably be formed froma conposition on the

| ine connecting the points M(21.6, 24.4, 54.0) and C (2, 2, 5) as shown
in FIG 15. 2-4 Suitable conposition for the recording |ayer in the
present invention The aforenentioned results showed that the
conposition of the GeSbTe alloy as the material of the recording layer in
t he phase-change optical disc 1 according to the present invention should

preferably fall in an area defined the four points including J (26.0,
19.2, 54.8), K (21.0, 21.0, 58.0), L (14.81 28.6, 57.1) and M (21.6, 24.4,
54.0) as shown in FIG 15. Si nce the conposition of a phase-change

material for the recording layer 4 in the phase-change optical disc 1 of
the present invention is defined as in the above, and wite/read
characteristic of the recording layer 4 is optimzed, the durability

agai nst ref)]eslat ed recording is inproved, and thus deterioration of read

signal is mnimzed. a result, the phase-change optigcal disc 1 always
keeps a stable Mrrlef’%?ﬂéi ?@%&‘&rrﬁﬁ%lﬁrﬁh@l“@cmﬁ@ﬂ qgf recrding lay 6‘?1‘@ S]@ﬂ‘ﬁ@i gnal
recordi ng. The recording layer 4 in the present invention should
pr ef er abl y preferably be formedfiony a cormpesition os the kine conneatiagithe pemtniyl (21.6,
experinment results: First, a first dielectric |ayer 3 of
ZnS- Si g er r24.454.0)0am €12 X5 ss showa 2 Fith 15was forned on a substrate 2 by
sputtering. Then, a recording layer of Ge[err]Sb[err]Te[err] was
formed on the fiSudtkbldi ftioh foR Yied recording layer in the present invention ~
The aforementioned results showed that the composition of the GeSbTe
alloy as the material of the recording layer in the phase-change optical disc 1
according to the present invention should preferably fall in an area defined the four
points including J (26.0, 19.2, 54.8), K (21.0, 21.0, 58.0), L (14.3, 28.6, 57.1) and
M (21.6, 24 .4, 54.0) as shown in FIG. 15.
Since the composition of a phase-change material for the recording layer 4 in
the phase-change optical disc 1 of the present invention is defined as in the above,
and write/read characteristic of the recording layer 4 is optimized, the durability
against repeated recording is improved, and thus deterioration of read signal is
minimized. As a result, the phase-change optical disc 1 always keeps a stable
write/read characteristic even after repetitions of signal recording.
The recording layer 4 in the present invention should preferably be 18 to 30
nm for the reasons based on the following experiment results:
First, a first dielectric layer 3 of ZnS-SiO, having a thickness of 120 nm

was formed on a substrate 2 by sputtering.

Then, a recording layer of Ge,Sb,Te; was formed on the first dielectric layer



82 3 by sputtering at a speed of 0.42 nms in an Ar gas atnosphere of
which the mxing ratioNerr]/Ar was 10% The recording |ayer 4 was forned
with the thickness varied in a range of 15 to 40 nm and thus there were
made a plurality of substrates 2 with the recording layers 4 different in
t hi ckness from one to anot her. Next, a second dielectric |ayer 5 of
ZnS-Sigerr] of 15 nmand a light-reflective layer 6 of Al alloy having a
t hi ckness of 150 nmwere forned in this order by sputtering on each of the
recording layers 4 different in thickness fromone to another and
thereafter a protective layer was forned 82 the light-reflective |ayer by
applying an ultraviolet-curable resin to the light-reflective |ayer,
thereby form ng a phase-change optical disc 1. The plurality of
phase-change optical discs thus forned with the recording |ayers 4
different in thickness fromone to another re initialized, .and a lightin
pattern as3dNobNtteRngpts spesghel Qé‘@d‘f{‘é 1p ASAPOSPRSIR |"6H§IP gleo t hg °
phase- change optical discs and the jitter of the read-out random EFM

si gnal was miximgsatiel, /Ar wapil8%. | Fke recpeding lavsr dmsasoormed path theghigkaessang
the recording power Ph, erasing power Pl and cooling power Pc were set for
a m ni num jvatieéin o rangecof 15 i) nmeantl thus théreavere enasecreplupality of substrates The
above experinent results showed that since the recording |ayer 4 having a
t hi ckness f with #ise idtardid@layers 4 differenthiathickhessofomneaalandtles. 1 t hus nmade

I s weak, a hi gh-powered | aser beam of a recording power Ph of 15 nW

cannot be used iNaxt, I%Bnd ARGSdtiL BiyRer STof TSI 6F M Arh dndsdRglit-reflestivd a
recording layer 4. 1n a phase-

layer 6 of Al alloy having a thickness of 150 nm were formed in this order by

sputtering on each of the recording layers 4 different in thickness from one to
another and thereafter a protective layer was formed on the light-reflective layer by
applying an ultraviolet-curable resin to the light-reflective layer, thereby forming a
phase-change optical disc 1.

The plu:rélity of phase-change optical discs thus formed with the recording
layers 4 different in thickness from one to another were initialized, and a lighting
pattern as shown in FIG. 3 was used to record random EFM signal to the phase-
change optical discs and the jitter of the read-out random EFM signal was
measured. At this time, the linear.velocity was 4..8 rﬂ/s, and the relc.x.)rding powef
Ph, erasing power P1 and cooling power Pc were set for a minimum jitter of the
signal read out after recorded once.

The above experiment results showed that since the recording layer 4 having
a thickness of less than 18 nm in the phase-change optical disc 1 thus made is weak,
a high-powered laser beam of a recording power Ph of 15 mW cannot be used to

make repetitions of recording with respect to such a recording layer 4. In a phase-



83 change optical disc 1 with a recording |ayer 4 having a thickness of
nore than 30 nm the jitter of signal read out after recorded repeatedly
10,000 tines is over 12.5% nanely, the durability against repeated
recording is insufficient. Therefore, the recording |ayer 4 should

preferably be 18 to 30 nm The phase-change optical disc 1 having
t he above-nenti oned construction is produced as wll be described by way
of exanple in the foll ow ng: First, a substrate 2 having

predet erm ned grooves forned thereon is formed from polycarbonate by
injection nolding. Then, a first dielectric layer 3 of ZnS- S Q2 is forned
on the substrate 2 by RF sputtering. 83 Next, a recordi ng |ayer 4 is
formed on the first dielectric layer 3 by DC sputtering. In the

manuf act uri ng nmet hod according to the present invention, the recording
layer 4 is formed froma GeSbTe alloy as the phase-change material at a

speed X (n ﬁ?x Optial éfsc%l??tﬁta%é&ﬁﬁf 8“4 4&%%% @33}%{%% gf ﬂbmtj!ﬁ

m Xi ng ratlo the par ers pre erably neet

the follow ng%thé _?I!tt%}' 5951%@#?& ?H%égérgeﬁorded repeﬁteeiflgf ho JO%O%?%:? -olver

(he. pr esent i3 FpeRERER, T8RP RS T ARPAL (ReOT e 1S FUiro o QRPHE | ay er
4 are defined, the GeSbTe al]oy_fo m ng ecording layer 4 is suitably
nitrated. thtrm@pg BYeE OPQPT@&Ha B{@r-‘f’i{“ine of the recording |ayer 4

are optimzed. As a
The phase-change optical disc 1 having the above-mentioned construction is

produced as will be described by way of example in the following:

First, a substrate 2 having predetermined grooves formed thereon is formed
from polycarbonate by injection molding. Then, a first dielectric layer 3 of ZnS-
8i0, is formed on the substrate 2 by RF sputtering.

Next, a recording layer 4 is formed on the first dielectric layer 3 by DC
sputtering. In the manufacturing method according to the present invention, the
recording layer 4 is formed from a GeSbTe alloy as the phase-change material at a
speed X (nm/s) in an Ar gas atmosphere containing N, gas of which the mixing

ratio N,/Ar is Y(%), the parameters X and Y should preferably meet the following

relations (2) and (5):
Y< 128X+ 16.7 e 2)
Y2 18X +5.0 e e 5)

Thus, in the optical recording medium manufacturing method according to
the present invention, since the forming conditions for the recording layer 4 are
defined, the GeSbTe alloy forming the recording layer 4 is suitably nitrated.

Thereby, the write/read characteristic of the recording layer 4 are optimized. As a



84 result, in the manufacturing nethod for the optical recording nedium
according to the present invention, deterioration of read signal after
recorded repeatedly can be mnimzed. Nanmely, the present invention can
provi de an optical recording nedium capable of always keeping a stable
wite/read characteristic even after repetitions of signal recording.

Note that the recording |ayer form ng speed should preferably be over 0.1
nms and under 5.0 nnis. Thus, the optical recording nedi um manuf acturi ng
met hod according.to the present invention defines the recording |ayer
forming speed as in the above to optimi B4 the wite/read characteristic of
the recording |ayer 4, thereby providing an optical recordi ng nmedi um which
keeps a stable wite/read characteristic even after repetitions of signal
recordi ng. The recording layer 4 is forned froma conposition of

GeSbTe al f-ald i ' ' L : T [
of the ¢ Rl dR et R bReRE ot Bfondch RecRinl nle ARATRRRIRE S 01 2

(26.0, 19,2, 54. K.(21 .21..0. 58.0) .- 4.3, 28.6. 571 ndM

(55 6. 24008 présenbtvelibe, acterigrpridn of Fead signd Rl rebondet opcRedhigas™ om such
a conpositian, there i rovided an, optical recording nediuymin which the
wite/ rea’a‘nﬂﬁﬁ?%&ﬁg%Y’Ehegl’ref%?nv‘?”é’@&}r‘ﬁ‘ﬁﬁwléﬁépwchl’EFSPF‘ 8ed so that
deterioration of a _signal read out after  recorded repeatedly can be

mi ni mi zedmedum capable of always keeping gistatde write/read eharacteristieveg affesr r] i s
formed on the-recording | ayer 4 by RF sputtering. Then, a

| i ght - r ef tepetitions bfisignaldecarding. med on the second

-

Note that the recording layer forming speed should preferably be over 0.1
nm/s and under 5.0 nm/s. Thus, the optical recording medium manufacturing
method according to the present invention defines the recording layer forming
speed as in the above to optimize the write/read characteristic of the recording layer
4, thereby providing an optical recording medium which keeps a stable write/read
characteristic even after repetitions of signal recording.

The recording layer 4 is formed from a composition of GeSbTe alloy falling
in an area defined, in a ternary composition diagram of the three elements Ge, Sb
and Te, by four points including the points J (26.0, 19.2, 54.8), K (21.0, 21.0, 58.0),
L (14.3,28.6, 57.1) and M (21.6, 24.4, 54.0). -

Since the recording layer 4 is formed from such a composition, there is
provided an optical recording medium in which the write/read characteristic of the
recording layer 4 is optimized so that deterioration of a signal read out after
recorded repeatedly can be minimized.

Next, a second dielectric layer S of ZnS-SiO, is formed on the recording

layer 4 by RF sputtering. Then, a light-réﬂective layer 6 is formed on the second



85 dielectric layer 5 using an Al target. Next, the
light-reflective layer 6 is coated with an ultraviol et-curable resin by
spin coating, thereby finally produci ng a phase-change optical disc 1
according to the present invention. It should be noted that to
produce a doubl e-si ded phase-change optical disc 10 as shown in FIG 2,
two pieces of the above-nentioned phase-change optical disc 1 may be nade
and bonded to each other with their light-reflective layers 6 facing each
other with an adhesive applied between the |ayers 6, by way of exanple.
Experiments The foll ow ng experinens were conducted on the
exanpl es of the optical recording nedi umtanufacturing nmethod according to
the present invention and conparative exanples of optical recordi ng nmedi um
in order to evaluate the effect of the manufacturing method: First
experi ment: In this experinment, the effect of the Ar gas contai ning

N err] and difleétric 18preSudifg an AlRatigk€r i ng gas used in formng the recording
| ayer was studi ed. < First exanple > First, a substrate

ol yoar bonat o, angeaty REARG{IGRIL Hyeh6lis eoued Wil PUluiIlerRlbIb TS by
thi ckness ngmlg@atfdé? ﬂi’@éb}f ﬁﬁﬁﬁgpﬁﬁuﬁiﬁg a%&-rcﬁﬁﬁge optical disc 1 according to
the present invention.
It should be noted that to produce a double-sided phase-changé épﬁcél disé |
10 as shown in FIG. 2, two pieces of the above-mentioned phase-change optical
disc 1 may be made and bonded to each other with their light-reflective layers 6
facing each other with an adhesive applied between the layers 6, by way of
example.
Experiments
The following experiments were conducted on the examples of the optical
recording medium manufacturing method according to the present invention aﬁd
comparative examples of optical recording medium in order to evaluate the effect
of the manufacturing method:
First experiment:
In this experiment, the effect of the Ar gas cont_aim'ng N, and O, gases as a
sputtering gas used in forming the recording layer was studied.
< First example >
First, a substrate having grooves formed along recording tracks thereof was
made from polycarbonate, and a first dielectric layer of ZnS-SiO, having a

thickness of 120 nm was formed on the substrate.



86 Next, a recording |layer of CGe[err]Sb[err]Te[err] having a

thi ckness of 25 nmwas forned on the first dielectric |ayer at a speed of
0.42 nm's in an atnosphere of which the mixing ratio (Nlerr] + (ferr])/Ar
of N[err] and Jerr] gases with Ar gas was 10% and the mxing ratio
Jerr]/Nerr] + Jerr] of the Qerr] gas with the Nerr] gas was 20%
Thereafter, a second dielectric |ayer of ZnS- Si @2 having a thickness of 15
nm and a Iight-reflective | ayer of Al h y having a thickness of 150 nm
were fornmed in this order on the recordi 8 | ayer by sputtering. Further an
ultraviolet- curable resin was applied to the light-reflective |ayer by
spin coating to forma protective layer of 10 [err]min thickness, thereby
provi di ng a phase-change optical disc. < First conparative exanple
> On the other hand, a phase-change optical disc was nade by
effecting a simlar process to that for the first exanple except that an
Ar gas-atnosphere contai n|n no kfrr{) and J.err]_ gases, nanely

cont ai ni ng onl y Nextghrecorgia &%W@gaé@@k&mﬁ%@mwa@rm n.

The first exanple and first corrpar ative exanpl e of phase-change opti cal

di sc were ifarmedibnzkelfirstiiscleciiicdayertaia spegttof fgd Hamt/eimars ApnespherdpG. 3 was
used to record a random EFM si gnal repeatedly to these phase-change

L SR KaSaataf O Aot O ints oo et 1
the first qxamRlAatioBINE, + O, Fbfhe’d, g \ith the N, gas was 20%.

Thereafter, a second dielectric layer of ZnS-SiO, having a thickness of 15
nm, and a light-reflective layer of Al alloy having a thickness of 150 nm, were
formed in this order on the recording layer by sputtering. Further an ultraviolet-
curable resin was applied to the light-reflective layer by spin coating to form a
protective layer of 10 um in thickness, thereby providing a phase-change optical
disc.

< First comparative example >

On the other hand, a phase-change optical disc was made by effecting a
similar process to that for the first example except that an Ar gas atmosphere
containing no N, and O, gases, namely, containing only AT gas, was used fof
forming a recording layer therein.

The first example and first comparative example of phase-change optical
disc were initialized. Thereafter, the lighting pattern shown in FIG. 3 was used to
record a random EFM signal repeatedly to these phase-change optical discs and the
jitters of the signal read out at appropriate times from the optical discs were

measured.

The measurement results of the first example are shown in FIG. 44, and



87 those of the first conparative exanple are shown in FIG 45.

As nentioned above, the recording layer in the first exanple of phase-
change optical disc was forned in the Ar atnosphere containing the N err]
and Jerr] gases at a predetermned ratio according to the present

i nvention. As seen fromthe experinent results shown in FIG 44, there is
found no increased jitter in the signal read out after recorded repeatedly
t he second and subsequent tines and the jitter neasured on the signals
read out after recorded repeatedly up to 100,000 tines is stably less than
12. 5% On the other hand, the rearding layer in the first
conparati ve exanpl e of phase-change optical disc was fornmed in the Ar

at nrosphere containing no NJerr] and {err] gases. As seen from-the
experinment results shown in FIG 45,the jitter is regionally increased
after the second to 10th repetitions of recording, and increases

drastically after, t he nunber of repefil] f. ofi ng counts over
10, 000. thote 0%%§I%§BI@PH%WF e%‘?@?ﬁ%*%ﬁ%@&“%t&?he formati on of the
recordi ng | ayer ,at 1 he edet.er mi ned speed.in the Ar t ypsphere

havi ng predet erﬁ?%‘ﬂ‘“@&ﬁ@gh?ge’tth%’fecﬂ[‘ﬂ?g faygﬁgl 'naeet%}ﬁ e’&ﬁ‘i@% ogﬁggﬁegs to
mnimze the regiopal . incregse of.jitter found in a . .sign re out after
recor ded régé%ﬁwt?ahd@ﬁﬂYGS?ﬂﬁﬂ?fLmtbFﬁqms f cqutaiupg, ""af\lsﬁ?t‘g&mm al so
the drastic increase ofjitter found in the signal read out after recorded
r epeat ed| y gasesataipredeseraingd ratio agcerding to the presentinvemtiony fis sesa from the

In this experinment, the effect of the-Ar gas containing Jerr] gas as a
sput t er i ng experiment results shown in FIG. 44, there 1s found no increased jitter in the signal

read out after recorded repeatedly the second and subsequent times and the jitter
measured on the signals read out after recorded repeatedly up to 100,000 times is
stably less than 12.5%. | |
On the other hand, the recor&ing layer in the first comparative example of
phase-change optical disc was formed in the Ar atmosphere containing no N, and
0, gases. As seen from the experiment results shown in FIG. 45,the jitter is
regionally increased after the second to 10th repetitions of recording, and increases
drastically after the number of repetitions of recording counts over 10,000.
The experiment results proved that the formation of the recording layer at.
the predetermined speed in the Ar gas atmosphere having predetermined contents
"of N, and O, gases enables to minimize the regional increase of jitter found m a
signal read out after recorded repeatedly a small number of times such as a few:
times and also the drastic increase of jitter found in the signal read oﬁt after
recorded rt;,pcatedly tens of thousands of times.
Second experiment:

In this experiment, the effect of the Ar gas containing O, gas as a sputtering



88 gas used in formng the recording | ayer was studi ed. < Second
exanpl e > After a first dielectric layer of ZnS-SiJerr] having a

t hi ckness of 90 nmwas formed on a substrate, a recording | ayer of
Ge[err]Sb[err] Te[err] having a thickness of 25 nm was forned on the first
dielectric layer at a speed of 0.42 nms in an Ar gas atnosphere
containing 02 gas at a ratio 02/ Ar of 10%wth the Ar gas. Further, a
second dielectric layer of ZnS-Si Q2 having a thickness of 15 nm and a
light- reflective |ayer of Al alloy having a thickness of 150 nm were
formed in this order on the recording |ay ? by sputtering. Thereafter, an
ultraviolet-curable resin was applied to the light-reflective layer to
forma protective layer of 10 nmin thickness, thereby providing a

phase- change optical disc. < Second conparative exanple >

On the other hand, a phase-change optical disc was nade by effecting a
simlar process to that for the_ second exa le except that an Ar gas

at mospher egas usethimformieg the repending laysr wag }F containing only Ar gas, was
used for formng a recordi ng |layer therein. The second exanpl e
and second conpaSetandexampieoPe of phase- change optical disc were
initialized. Thereafter, the lighting pattern shown in FIG 3 was used to
record a randonfind fisydidlectrip dater of ZnSeSiOscbaving a thicknress g6 99mun s di scs

and the jitters of the signal read out at appropriate tines fromthe

optical di frfmed®nts subdRaey ﬁ@écori[ﬁig leparsoft Gey8bi Te, dmuingsa thiickness s£2Hnth
exanpl e are shown in FIG

was formed on the first dlelectnc layer at a speed of 0.42 nm/s in an Ar gas

atmosphere containing ©, gas at a ratio O,/Ar of 10% w1th the Ar gas. Further, a
second dielectric layer of ZnS-SiO, having a thickness of 15 nm, and a light-
reflective layer of Al alloy having a thickness of 150 nm, were formed in this order
on the recording layer by sputteriné. Thereafter, an ultraviolet-curable resin was
applied to the light-reflective layer to form a protective layer of 10 nm in thickness,
thereby providing a phase-change optical disc.

< Second comparative example >

On the other hand, a phase-change optical disc was made by effecting a
similar process to that for the second example except that an Ar gas atmosphere
containing no O, gas, namely, containing only Ar gas, was used for forming a
recording layer therein.

The second example and second comparative example of phase-change
optical disc were initialized. Thereafter, the lighting pattern shown in FIG. 3 was
used to record a random EFM signal repeatedly to these phase-change opﬁcal discs
and the jitters of the signal read out at appropriate times from the optical discs were

measured. The measurement results of the second example are shown in FIG. 46,



89 and those of the second conparative exanple are shown in FIG 47.

As nentioned above, the recording |layer in the second exanple of phase-
change optical disc was forned in the Ar atnosphere containing the err]
gas at a predetermned ratio according to the present invention. As seen
fromthe experinent results shown in FIG 46, there is found only a small

I ncrease of jitter in the signal read out after recorded repeatedly the
second and subsequent times and the jitter measured on the signals read
out after recorded repeatedly up to 100,000 tines is less than 10% thus a
stable wite/read characteristic of the plggse-change optical disc is

assur ed. On the other hand, the recording layer in the second
conparati ve exanpl e of phase-change optical disc was fornmed in the Ar -

at nosphere containing no Jerr] gas. As seen fromthe experinent results
shown in FIG 47, the jitter increases drastically_ after the nunber of
repet it i onsandfthosccaf thiesgcaulicimsparative @xanaple are shown in FK& 44peri ment resul ts
proved that the formation of the recording |ayer at t he predeterm ned

speed in the Ar Apmenationaiitove, thevecuydingdayerdddhe sedondexampbotphasef 02 gas
enabl es to provide a phase-change optical disc capable of a good r ead

si gnal everciahpe optieldistontad fiard a8 the ARasmbspiiese containing the Dy gad at a
experi ment: In this experinment, the effect of the Ar gas

Cort 211110 R e PR B B 10 | aver
experiment results shown in FIG. 46, there is found only a small increase of jitter in
the signal read out after recorded repeatedly the s;:cond and subsequent times and
the jifter measured on the signals read out after recorded repeatedly up to 100,000
times is less than 10%, thus a stable write/read characteristic of the phase-change
optical disc is assured.

On the other hand, the recording layer in the second comparative example of
phase-change optical disc was formed in the Ar atmosphere containing no O, gas.
As seen from the experiment results shown in FIG. 47, the jitter increases
drastically after the numb.er of repetitions of recording counts over 20,000.

The experiment results proved that the formation of the recording layer at
the predetermined speed in the Ar gas atmosphere having the predetermined
content of O, gas enables to provide a phase-change optical disc capable of a good
read signal even after recorded repeatedly many times.

Third experiment:

In this experiment, the effect of the Ar gas cbntaining N, gas as a sputtering

gas used in forming the recording layer was studied.

< Third example >



90 After a first dielectric layer of ZnS-Si(err] having a

t hi ckness of 120 nmwas fornmed on a substrate, a recording |ayer of
Ge[err] Sb[err] Te[err] having a thickness of 25 nm was forned on the first
dielectric layer at a speed of 0.42 nms in an Ar gas atnosphere
containing N2 gas at a ratio N2/ Ar of 10%wth the Ar gas. Further, a
second dielectric layer of ZnS-SiJerr] having a thickness of 15 nm and a
light- reflective layer of Al alloy having a thickness of 150 nm were
formed in this order on the recording |ayer by sputtering. Thereafter, an
ultraviolet-curable resin was applied to the light-reflective layer to
forma protective layer of 10 nmin thickaess, thereby providing a

phase- change optical disc. < Third conparative exanple > On
t he other hand, a phase-change optical disc was nade by effecting a
simlar process to that for the second exanpl e except that an Ar gas
atmosphere containing no N2 gas, nanely, containing only Ar gas, was used

for formng a ARGOL Hr-adidieYsic 1£§@r&12hs-slo having Rehicdkhésd SFBA vaRd third

conpar ati ve exanpl e of phase-change opti cal disc were initialized.

{andom ERV Eﬁf %f%ﬁaﬂﬂ?ﬁ%ﬂéﬁﬁa%?%?mf‘%ﬁ?f GECBSBLE RTE Bl of ?§nl the
wer e Sngagvtgriﬁé’#ﬁ @ﬁrﬁr @w%w?f;? BB RO pibetar {7 P%*’%@a%fgfs%ﬁ e shown i n
FIG 48 . FI G 49.
s mont | onaeSFHE CoNuTInES: BHY AHPBA A DE 0T D TS ARERE EFethfiao.

second dielectric layer of ZnS-Si0O, having a thickness of 15 nm, and a light-

reflective layer of Al alloy having a thickness of 150 nm, were formed in this order
on the recording layer by sputtering. Thereafier, an ultraviolet-curable resin was
applied to the light-reflective layer to form a protective layer of 10 nm in thickness,
thereby providing a phase-change optical disc.

< Third comparative example >~ |

On the other hand, a phase-chahge optical disc was made by effecting a
similar process to that for the second example except that an Ar gas atmosphere
containing no N, gas, namely, containing only Ar gas, was used for forming a
recording layer therein.

The third example and third comparative example of phase-change optical
disc were initialized. Thereafter, the lighting pattern shown in FIG. 3 was used to
record a random EFM signal repeatedly to these phase-change optical di'scs and the
jitters of the signal read out at appropriate times from the optical discs were |
measured. The measurement results of the third example are shown in FIG. 48, and
those of the third comparative example are shown in FIG. 49.

As mentioned above, the recording layer in the third example of phase-



91 change optical disc was forned in the Ar atnosphere containing the
N2 gas at a predetermned ratio according to the present invention. As
seen fromthe experinent results shown in FIG 48, there is found no
increase ofjitter in the signal read out after recorded repeatedly the
second and subsequent tinmes and the jitter measured on the signals read
out after recorded repeatedly up to 10,000 tinmes is stably less than 8%
On the other hand, the recording layer in the second conparative exanpl e of
phase- change optical disc was formed in t@ghAr at nosphere containing no N2
gas. As seen fromthe experinent results own in FIG 49, the jitter

I ncreases drastically after the second recording. Recording has to be
repeated on the order of 100 times until the jitter in the read signal is
stably less than 10% The experinent results proved that the
formation of the recording |layer at the predeterm ned speed in the Ar gas
at nospher e blatige®pticel disewas ésrimedead the Antatmbsperd@omgramingthiel N sgdsmtar ovi de a
phase- change optical disc capable of a good read signal even after

recorded repf¥eRimndtdraiotac C%tothepreséﬁtiiﬁ‘éhﬁéh baegestefiom thed i n the
foregoing, In the optical recording nedium according to the present

i nventio nt hek@ﬁgém%ef\g&%bymﬁ 6. 18 theDistfiend 86 Med@ of jitRy &k thY ©

defi ned, SbTe alToy of the recording Iayer can be suitabiy nitrated

the uri ¢ PR ol A SRR ety BREKHRER ol PRI BN, T
e ordl oo mitirmeatiEianhe fﬁ;ﬁdméfo&fﬁe&ecorﬁsa Flptafiy 8186 068 times

recordi ng

is stably less than 8%.

On the other hand, the recording layer in the second comparative example of
phase-change optical disc was formed in the Ar atmosphere containing no N, gas.
As seen from the experiment results shown in FIG. 49, the jitter increases
drastically after the second recording. Recording has to be repeated on the order of
100 times until the jitter in the read signal is stably less than 10%. |

The experiment results proved that the formation of the recording layer at
the predetermined spéed in the Ar gas atmosphere having the predetermined
content of N, gas enables to provide a phase-change optical disc capable of a good
read signal even after recorded repeatedly many times.

As having been described in the foregoing, in the optical recording medium
according to the present invention, since the conditions of forming the recording-
layer are defined, the GeSbTe alloy of the recording layer can be suitably nitrated

and oxidized to optimize the physiéal properties of the recording layer for the
write/read characteristic thereof and thus for further improvement of the durability

against repeated recording. Therefore, the optical recording medium according to



92 the present invention shows little regional deterioration of a signal
read out after recorded repeatedly a fewtines to tens of tinmes and

provi des a good read signal even after nore than tens of thousands of
repetitions of recording. Thus, the optical recording nmediumaccording to
the present invention always show a stable and good wite/read
characteristic even after repetitions of signal recording. Nanely, this
optical recording mediumis highly reliable. Al so, in the opti cal
recordi ng nmedi um manuf acturing nethod according to the present invention,
since the conditions of formng the record4g layer are defined, the
GeSbTe alloy of the recording |ayer can be suitably nitrated and oxidized
to optim ze the physical properties of the recording |layer for the
wite/read characteristic thereof and thus for further inprovenent of the
durability against repeated recording. Therefore, the manufacturing nethod
accordi ng ths presensinveation shawe fittloregimnal detssioraticapef asignalaead dirhafteredi um
showing little regional deterioration of a signal read out after recorded
r epeat ed| yrexofdad tepaatedlya fesntimes to tensed tinseschndrprovidien g goodaead sigasl si gnal
even after nore than tens of thousands of repetitions of recording. Thus,
t he manuf aevetr afigr Metcthan anufthogsabds bhfepetitiofsbf rdcording! Thu§ahepr ovi de a
highly reliable optical recording nmedi um al ways showing a stable and good

wr i t e/ r ead opHicdl #6¢ R ingihediaHPAccRtdiRE t6 BREprebd Havedition IRAYs SHRFPL LBt
and gdod write/read characteristic even after reI;e;itions of signal recording. -
Namely, this optical recording medium is highly reliable.

Also, in the optical recording medium manufacturing rﬁethod according to
the present invention, since the conditions of forming the recording layer are
defined, &e GeSbTe alloy of the recording layer-can be suitably nitrated and
oxidized to optimize the physical properﬁes of the recording layer for the write/read
characteristic thereof and thus for further improvement of the durability against
repeated recording. Therefore, the manufacturing method according.to the present
invenﬁon provides an optical recording medium showing littlg regional
deterioration of a signal read out after recorded repeatedly a few times to tens of
times, and providing a good read signal even after more than tens of thousands of
repetitions of recording. Thus, the manufacturing method according to the present
invention can provide a highly reliable optical recording medium always showing a

stable and good write/read characteristic even after repetitions of signal recording.



93 WHAT IS CLAIMED | S: 1. A phase-change optical disc having a
recording | ayer forned froma phase- change material sw tchable between a
crystalline state and an anorphous state, and in which a light is focused
onto the recording | ayer to change the phase thereof fromcrystalline to
anor phous, thereby witing information signal onto the recording |ayer,
wher ei n: t he phase-change nmaterial contains a GeSbTe alloy; and

the recording l.ayer is forned by sputtering in an Ar gas atnosphere
containing at |least either N err] or CIewrd gas. 2. ~4¥mﬁﬁpfica#“———“—“

recordi ng nmediumas set forth in Caiml, erein: [
| ayer is forned at a speed X (nm's) in an Ar gas at m)sp mlcﬁ“lmm““ml
Nerr] and Qerr] gases of which the mxing ratio (N err errp)/Ar *
anong the N2, (err] and Ar gases is Y (% and the mxing ratio

qerr]/(N[‘grrd %err“ of Jerr] gas with the mxture of Nerr] and
Jerr] gase BP ISaraneters X, Y and Z neeting the follow ng
relations (1) to (3): Ylerr] 2.3X+ 1.0 ~  ......... (D)
Y{err] 12.8X + ¥eplase-change optical disc la¥jng a recording &fyer fgrmjest frdpB(2 phase-

(3) 3. The optical recording nmediumas set forth in Caim2, wherein the

recordi ng dhange nfaterisl syritchabsiel bé!tv&&n@msﬁllﬁe(%&hd&ndmmﬂhmuﬁt&e(m s).
4, The optical recording nmediumas set forth in Claim2, wherein:

in which a light is focused onto the recording layer to change the phase thereof
— from crystalline to amorphous, thereby writing information signal onto the

recording. layer, wherein: |

the phase-change material contains a GeSbTe alloy; and

the recording layer is formed by sputtering in an Ar gas atmosphere
containing at least either N, or O, gas.
2. The optical recording medium as set forth in Claim 1, wherein:

the recording layer is formed at a speed X (nm/s) in an Ar gas atmosphere
containing N, and O, gases of which the mixing ratio (N, + O,)/Ar among the N,,
O, and Argasesis Y (%) and the mixing ratio O,/(N,+ O,) of O, gas with the
mixture of N, and O, gases is Z (%), the parameters X, Y and Z meeting the

following relations (1) to (3):

Y223X+ 1.0 et (1)
Y< 128X+ 167 e 2)
10 < Z <60 e (3).
3. The optical recording medium as set forth in Claim 2, wherein the recording

layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

4. The optical recording medium as set forth in Claim 2, wherein:



94 the GeSbTe alloy contained in the phase-change material is a
conposition falling in.an area defined, in a ternary conposition diagram
of the three elenents Ge, Sb and Te, by four points including a first
point (26.0, 19.2, 54.8), second point (21.0, 21.0, 58.0), third point
(14.3, 28.6, 57.1) and a fourth point (21.6, 24.4, 54.0). 5. The
optical recording nmediumas set forth in daim2, wherein the Tecording

| ayer is 18 to 30 nmthick. 6. The optical recordi ﬂ forth
in Claim2, wherein: the recording layer is fo:ml!m mrnmmum"}te
having a dianeter of 120[err]0.3 nmm and 4 hi ckness of* 0‘60fer¥]G. 03 mm
and the track pitch is 0.8 err]0.01 [err]m 7. The opti cal

recordi ng mediumas set forth in Caim1l, wherein: t he recording

| ayer is fornmed at the speed X (nnis) in an Ar gas atnosphere containing

Jerr] gas of whjch the mxing ratiq OZIA}E between the Q.err] and, Ar gases
P

is Y(%, the pdhafeSbls alloysantumeddn thgphase-changomaterialds a coawesition and
(4): Y[err] 2.3X+1.0  ..... e (1) Y[err] 5.5X +
2.7 falling in an argajlefingl, in a ¥reanptarepesitien: diagrary ofth tweaelements or t h
in Claim7, wherein the recording | ayer form ng speed X is over 0.1
(nn's) and Gegd$b aid Te( byrfaur point9 includihg adpst paiht (26ct)r k8. 2yF408) secondspaint
forth in Claim?7, wherein: the GeSbTe alloy contained in the
phase- chang@1ngt24r0,48.0)s tidrdpoinolidt3, 8.6, 57.1) and a fourth point (21.6, 24.4,

54.0). S

5. The optical recording medium as set forth in Claim 2, wherein the recording

layer is 18 to 30 nm thick.
6. The optical recording medium as set forth in Claim 2, wherein:
- the recording layer is formed on a substrate having a diameter of 120£0.3 -

mm and a thickness of 0.60£0.03 mm; and |

the track pitch is 0.8+0.01 pm.
7. The optical recording medium as set forth in Claim 1, wherein:

the recording layer is formed at the speed X (nm/s) in an Ar gas atmosphere
containing O, gas of which the mixing ratio O,/Ar between the O, and Ar gases is

Y(%), the parameters X and Y meeﬁng the following relations (1) and (4):

Y2 23X 410 e (1)
Y<55X+27 e e 4)
8. The optical recording medium as set forth in Claim 7, wherein the recording

layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
9. The optical recording medium as set forth in Claim 7, wherein:

the GeSbTe alloy contained in the phase-change material is a composition



falling in an area defined, in a ternary conposition diagram (of the three
elements Ge, Sb and Te), by four points including a first point (26.0,
19.2, 54.8), second point (21.0, 21.0, 58.0), third point (14.3, 28.6,
57.1) and a fourth point (21.6, 24.4, 54.0). 10. The optical recording
medi um as set forth in Caim?7, wherein the recording layer is 18 to 30 nm
thick. 11. Thée opticat-—+ecording nediumas set forth in Cdaim7, wherein:

the recording | a ' on a substrate having a dianeter of 120 [err]
0.3 nmand a thﬂﬂ"!’ﬁ”’ﬂm ﬂr lP.OB m _and the track pitch is
0.80.01 [err]m  *1Z2¢ I record?ﬁg medi um as set forth in Caim
1, wherein: the recording layer is forned at the speed X (nnis) in
an Ar gas atnosphere containing N2 gas of which the mxing ratio Nerr]/Ar
between the N2 and Ar gases is Y(%, the paraneters X and Y neeting the
following relations (2) and (5): Ylerr] 12.8X+ 16.7

.......... fyllidg in an area de¢fiped,)inh, teary somposition diagram (of the threpelements  The
optical recording nmediumas set forth in Caim12, wherein the recordi ng
| ayer f or niGegSbmaadde), bysfour poims including i farsttpaintd@6.05.10.2,$4/8)) second4.  The
optical recording mediumas set forth in Caim1l2,- wherein: t he
GeSbTe al | pwink ¢21.6] DEO, 5810, ikird pofe (03 28.6157.2) ard a fourth poimp (21.6] 2h4,
falling in an area defined, in a ternary conposition diagram (of the three
el ements  s40)

10. Tl;e optical recording medium as set forth in Claim 7, wherein the recording
layer is 18 to 30 nm thick.
11. The optical recording medium as set forth in Claim 7, wherein:
the recording layer is formed on a substrate having a diameter of 120 0.3
mm and a thickness of 0.60 = 0.03 mm; and
‘the track pitch is 0.8+0.01 pm.
12.  The optical recording medium as set forth in Claim 1, wherein:
the recording layer is formed at the speed X (nm/s) in an Ar gas atmosphere
containing N, gas of which the mixing ratio N,/Ar between the N, and Ar gases is
Y(%), the parameters X and Y meeting the following relations (2) and (5):
Y< 128X+ 16.7 e (2)
Y2 18X 450 e (5)
13.  The optical recording medium as set forth in.Claim 12, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
14.  The optical recording medium as set forth in Claim 12, wherein:
the GeSbTe alloy contained in the phase-change material is a composition

falling in an area defined, in a ternary composition diagram (of the three elements



96 Ge, Sb and Te), by four points including a first point (26.0, 19.2,
54.8), second point (21.0, 21.0, 58.0), third point (14.3, 28.6, 57.1) and
a fourth point (21.6, 24.4, 54.0) 15.  The optical recordi ng medi um as
set forth in Caim12, wherein the recordin ayer is 18 to 30 nmthick
16. The optical recording medi um Hm&wmummmﬂj ai m 12, wherein:

the recording layer is forned on g a dianeter of 120 [err]
0.3 mmand a thickness of 0.60 0.03 mm and® * the track pitch is
0.8 [err] 0.01 [err]m 17. A nethod of manufacturing an opti cal
recordi ng nmedi um havi ng a recordi ng égr formed from a phase-change

mat eri al swi tchabl e between a crystallln state and an anor phous state,
and in which a light is focused onto the recording |ayer to change t he

phase thereof fromcrystalline to anorphous, thereby witing i nformation
signal onto the recording |layer, the nethod the steps of: using a
GeSbTe all oy as the phase-change material; :and formng the

recor di ng GegBdrandyTe)pby feur prgntsincindifyg agfst poimd §26,65 19.204.8), ﬁﬁ?@d at | east
either Nerr] or Jerr] gas. 18. The nethod as set forth in Claim1l7,

wher ei n:  point (21.0, 2@, 6809, thirdpdimty(@n.3, 28f615ffek) amtd aafompthaubing (2416, 24.4,n an
Ar gas at m)sphere cont ai ni ng NJerr] and Jerr] gases of which the m xing
rati o (N24#40@)/Ar anong the N2, and Jerr] gases and Ar gas is Y (% and
the nmixing rdtio Qerr]/(N[err]+ Jerr]) of Jerr] gas with

15. The optical recording medium as set forth in Claim 12, wherein the .
recording layer is 18 to 30 nm thick.
16.  The optical recording medium as set forth in Claim 12, whereiz:
the recording layer is formed on a substrate having a diameter of 120+ 0.3
mm and a thickness of 0.60 + 0.03 mm; and
the track pitch is 0.8 £ 0.01 pm.
17. A method of manufacturing an optical recording medium having a recording
layer formed from a phase-change material switchable between a crystalline state
and an amorphous state, and in which a light is focused onto the recording layer to
change the phase thereof from crystalline to amorphous, thereby writing
information signal onto the recording layer, the method the steps of:
using a GeSbTe alloy as the phase-change material; and |
forming the recording layer by sputtering in an Ar gas atmosphere containing
at leasf either N, or O, gas. |
18. The method as set forth in Claim 17, wherein:
the recording layer is formed at a speed X (nm/s) in an Ar gas atmosphere
containing N, and O, gases of which the mixing ratio (N, + 0,)/Ar among the N,,

and O, gases and Ar gas is Y (%) and the mixing ratio O,/(N,+ O,) of O, gas with



the mixture of NJerr] and Jerr] gases is Z (%, the paraneters X, Y and Z

neeting the following relations (1) to (3): Y[err] 2.3X + 1.0
.......... (D) Y[err] 12.8X + 16.7 e o (2)
10[err] Z [err] 60 ' (3) 19.°

The optical recording nmediumas set forth in Caim18, wherein the
recording layer formng speed X is over 0.1 (nms) and under 5.0 (nms).
20. The optieal—recording-nediumas set forth in Caim 18, wherein:

the GeSbTe all o e phase-change material is a conmposition
falling in an gﬂmﬁmﬂﬁ l' ternary ggnposition diagram (of the three
el enent s r points including a first point (26.0,

19. 2, 54.8) "second point (21.0, 21.0, 58.0), third point (14.3, 28.6,
57.1) and a fourth point (21.6, 24.4, 54.0). 21. The optical recording
medi um as set forth in Gaim18, wherein the recording |ayer is 18 to 30

nm t hi ck. The t hod as set. b4 N i s | t he
recordi ng e T@HP Qe 22558 1%%32@’ Qle(gﬁ%@f{%%;{an %a{s}eet]tnﬁotspher e
containing err as OflSh the mxing ratio Qerr]/Ar bet ween t he
Jerr] andf °‘@§gé§ atigns ( (t‘%? ‘the parameters X and Y neeting the follow ng

relations (1) and (4 Y[err] 2.3X+ 1.0  __...... (1)
Y[err] 5.5X +Y2223;(+10 .................................................... ¢))
.................................................... (4)

Y< 128X+ 167 e snssssanene e 2)

10sZ<60 e ereseeeresiereeseneosstssaasans 3)

19.  The optical recording medium as set forth in Claim 18, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
20.  The optical recording medium as set forth in Claim 18, wherein:

the GeSbTe alloy contained in the phase-change material is a compoeiﬁon
falling in an area defined, in a ternary composition diagram (of the three elements
Ge, Sb and Te), by four points including a first point (26.0, 19.2, 54.8), second
point (21.0, 21.0, 58.0), third point (14.3, 28.6, 57.1) and a fourth point (21.6, 24.4,
54.0)
21.  The optical recording medium as set forth in Claim 18, wherein the
recording layer is 18 to 30 nm thick.
22. The method as set forth in Claim 17, wherein:

the recording layer is formed at the speed X (nm/s) in an Ar gas atmosphere
containing O, gas of which the mixing ratio O,/Ar between the O, and Ar gases is
Y(%), the parameters X and Y meeting the following relations (1) and (4):

Y223X+1.0 eerereererreserareaaenesnesas 1)

N OERY € 3 A 4)



98 23. The optical recording nmediumas set forth in daim22,” whereirn—
the recording layer formng speed X is over 0.1 (nms) a”mumﬂm i]
(nm's). 24. The. optical recording nediumas set forth i " m',””",
wher ei n: the GeSbTe alloy contained in the phase-change ratéri al s
a conposition falling in an area defined, in a ternary conposition
diagram (of the three elenents Ge, Sb and Te), by four points including a
first point (26.0, 19.2, 54.8), second point (21.0, 21.0, 58.0), third
point (14.3, 28.6, 57.1) and a fourth poi®8 (21.6, 24.4, 54.0). 25. The
optical recording nmediumas set forth in Caim22, wherein the recording
layer is 18 to 30 nmthick. 26. The optical recording nediumas set forth
in Claim1l7, wherein: the recording layer is forned at the speed X
(nm's) in an Ar gas atnosphere containing N err] gas of which the m xing
ratio N ens]/ Aﬂ‘hb&?a!'ﬁ@hebbl@iﬁﬁmedi]lmﬁﬁwlse%rfoghs’mﬁlaim 22 Y¢Bereirt the par ameters X
ol

and Y neeting the low ng relations (2) and (5): _ Y[err] 12.8X +
16.7 recording layer fofhing speed X i¥lovef b.llﬁxﬁﬁft%&;&under_io nm/s). - - ---- (5)
27. The optical recording nmediumas set torth in Caim26, wherein the

recor di ng 342y O S BRASk MolnPUE Set ol (A TSy 92 CgHa: 50 (i s).

28. The optica rding nediumas set forth in Calm26, wherein:

8. The Opt i dfig” et _ ol m ein:
farling in an SeSRaRTe ARy Coybatat R pAuRARa T Rt 4 8 BB B T

el ement s falling in an drea defined, in a ternary composition diagram(of the three elements

Ge, Sb and Te), by four points including a first point (26.0, 19.2, 54.8), second
point (21.0, 21.0, 58.0), third point (14.3, 28.6, 57.1) and a fourth point (21.6, 24.4,
54.0). |
25. The optical recording medium as set forth in Claim 22, wherein the
recording layer is 18 to 30 nm thick.
26.  The optical recording medium as set forth in Claim 17, wherein:

the recording layer is formed at the speed X (nm/s) in an Ar gas atmosphere
containing N, gas pf which the mixing ratio N,/Ar between the N, and Ar gases is
Y(%), the parameters X and Y meeting the following relations (2) and (5):

Y< 128X+ 16.7T et nnereee e 2)

Y2 18X 450 e 5)
27. The optical recording medium as set forth in Claim 26, wherein the
recording layer forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).
28.  The optical recording medium as set forth in Claim 26, wherein:

the GeSbTe alloy contained in the phase-change material is a composition

falling in an area defined, in a ternary composition diagram (of the three elements



99 Ge, Sb and Te), by four points including a first point (26.0, 19.2,
54.8), second point (21.0, 21.0, 58.0), third point (14.3, 28.6, 57.1) and
a fourth point (21.6, 24.4, 54.0). 29. The optical recording nedium as
set forth in Caim26, wherein the recording layer is 18 to 30 nmthick

N A0 e
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Ge, Sb and Te), by four points including a first point (26.0, 19.2, 54.8), second
point (21.0, 21.0, 58.0), third point (14.3, 28.6, 57.1) and a fourth point (21.6, 24.4,
54.0). | |

29.  The optical recording medium as set forth in Claim 26, Whérein the

recording layer is 18 to 30 nm thick.



