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| N\VENT! ON Opti cal Recordi ng Mediun) and Met hod of Manuf act 43 [Rgcesaias 2002
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to an optical recording nmediumconprising a recording |laver forned
from a phase-change material changeable in state between cr%lﬂlwmm/mmumm
anor phous and which has a portion thereof under the focused ght
swi t ched between crystalline and anor phous phases to record i nf aresmedi on
signal, and to a nethod of manufacturing tjhe optical recording nedium 2.

Description of Related Art Conventional optical recording WE;WW”"?,”
ob

' a
variety of information signals can be witten and/or read ou m@m%t
to a portion of the recording nedi umunder the focused spot of a, ngé ch

as | aser beam include an optical disc in which information signal i
previ ousi yTIWLE OFTHEHINVEEINOESEd pits, phase-change optical disc in which
information signal is witten to a recording |ayer thereof utilizing the
swi t chi ng bet we@pticai Retaidinigieledintn, andriybthod cfiMbmsactiuringSamecor di ng | ayer,
magnet o-optical disc in which information signal is witten to a recording
| ayer ther BACKGROWNDOF THREBIVENTION i ¢ effect of the recording | ayer,
etc. Each of these optical discs conprises a transparent substrate nade of
a plastic such gsldsfthé Biveafighe or a gl ass and functional |ayers such as
recording layer, reflective layer) etc. fornmed on the substrate. 23

Decenber 2002 2ryyihiagerdt ieveAlio SeIafl t6 ah ﬁﬁﬁlrr@isé}gix{?x%&im& %%rvx\ﬂl% 2 e or

magnet o- opti cal di'sc and phase-change optical disc are of ar

erasabl e t Ye%rdiﬁé Pa‘r?,'g} fdrhned e aﬁﬁft%ﬁéiéﬁzi}?g‘%%at‘éﬁﬁi &?ahg@'&b‘i& H{'e%a%%@\géé}geous in

that it is easi writable an at adisc drive for t e designed

compact i pegcild Aot Md BlcBIE Gpdrlloh M rONARRCE DABEAAGER! O SC

can be achi Using any nmean r generating an ex

maoh at ¢ enPp SRR el R ARTRE Ry i Bhol ARaleR RERR IBHERRRA P

di sc, informati on,signal, | Ltt focus | aser beam having a hi gh
| evel of pg\%’%l’ %’V\ﬁi ?(T gleeﬂ%oéf%%%ndl t?%u%g'tﬁ%gétr“%?ﬁ%coﬁ%l\?\grme(ﬁ‘é?lei nafter) onto
a recordi ng | aygr.  of thef?&Hic?Mi sc to heat the recording layer to a

"h I h

t enper at ur ig 8?""{*1?880. t's b g point, and then cooling it quickly
of the | aser  beamrTr Rl dEabscb et PR e s A Sl b gk R5 or e
recor ding. FIEER Bp WA EEE i) o B aatPeaT or PYRCE P BEAPE S pover
that 15, amoer s e 8RR BT At HEn PEESFLporT inute A opRi e "ot
st o0 AN BB L ol 508 SR RS 55 55
the por t1 oRPORHLIGG A EHERGEO BN PLOBR el RGP TJSF OB PYBPERE! amor phous
stat e back [, L0, CLUSL AhL VIR ALSacaid USn SERSS A8, APRILRSYRifC0r o 1O

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.



23 Decenber 2002 3 Further, in the phase-change optical disc, since even a
same portion of the recording |ayer under the focused spot 2dPerember 2002m
differs in reflectivity dependi ng 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
information signal. The recording |ayer of such a phase-change optical disc
is formed froma phase-change recording. material such as a cal cogeni de
containing a GeSbTe alloy (wll be refefred to as " Ge- cal cogeni de"
hereinafter), a cal cogeni de contai ning an AglnSbTe alloy (will be referred
to as "Ag-cal cogeni de" hereinafter), or the like. It is well known that a
phase- change optical disc having a recording |ayer nade of a Ge-cal cogeni de
i's superior inafiymdihé hweadRicABlechbIrgRinRdial BeQhaTMo-bPtidal R &avi Ng a
recording |layer formed froma Ag-cal cogeni de. As nentioned above, the
phase- cha 0Nt L30q: i 1 : : cal cogeni de
o monn. B D B e e P e T "2 one
havi ng a rai | g s ' | wn

R s oPAEH SRRF aBbercols BPUGPRILLARy bbbl EbaP it

however t eristi rea ter recorded

repeatedl yi.a fewdipges to tens.of .tinmes | eqi Aar and the
character ¥1§St°i(%1v3fft°'éﬁ§f’b§|aé} b? %S(ﬁgrbcﬁ‘tcog%agt Eif‘é%g'bgée]%ur %cﬁg%%{egﬁ%ﬁg t han
tens of thousands.of tines,i,s deteriagrated drastically. Thus, this
convent i ot PSRt a2 e Ean B6 gbR) & wilhOTiisik whumdtitror " 55
Decenber 2002 4 stability of a.si |..reag out afier recorded repegatedly a
ormt 1 murigeRergting ppasteoial g R TS tephasdehect el Ghn bET 63 o
assure a quality of .a signal rea ut..after recorded repeatedly a | arge
number of Atr3RMEEIRRGH aégengi@pén dﬁé’lﬁé“ housand of tines. In effect, the
conventi onal phase-change optical ,disc is not reliable on the wite/read
char act eri st i ¢l peghebphaseghmpgeortical-dysc, InfArRprtion siaRbisVRes by forIsEiges eat
inventioa has an object to overcome the above nentjoned drawbacks of the
prior art aﬂys%mtﬁwglgaa bighdevel o pgwenpvillcha refiirsed towast Wegordingmeoved” i n
durability agai nst repeated recording and adapted-to al ways_show a stable
and good dieaeiaeiter) onta aregprding layshpl thepptisak diss/tonhest the recerdingilager to
repeatedly, and a nethod of manufacturing the phase-change optical disc.
The above dlismperaturerhiplershamithaelting print aad tapngeobipgitceuickly eapughtp medi um
conprising a recordi ng | ayer of a phase-change material sw tchable between
a cryst al ITr¢pzeshapertignfiie rasording lnyesundes the focuserbspns of theslagerdieam we
illumnation by |ight focused onto the recording |ayer to change the phase
t her eof f rasmamespbons statectotform rueptrding, matkdos Hie informatignaienahf or mat i on
signal onto the recording |ayer, said phase-change material conprising a
GeShTe al | oy ank erasaitheantorniation sigpelreperdad ohdhereasording fayer ef thegphiasean Ar
gas at nosphere conprising NZ, 02 or both Nz and O2, wherein:

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

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



the recording layer is forned at a speed X (nnis) in an Ar gas at nosphere
containing N2 and OZ gases of wuch the mixing ratio (N2 and3Bgrempera?fiddg
the N2, 02 23 Decenber 2002 5 and Ar gases is Y(% and the mxing ratio
Qz/ (NZ +QzZ) of Oz gas with the m xture of NZ and 02 gases is Z(%, the
paraneters X, Y and Z neeting the following relations ( 1) to (3 ): Y >_
2.3X + 1.0

...................................................................... (3)

In the above-nentioned optical recording nediwn according to the present
i nveatio~, si ncauttee, ihah@phiseghhayesptical disogsiaeneienl Dasn@pertidafidfmesd, the
GeSbTe alloy fotniing the recording layer is suitably nitrided and oxi di zed

to optim zgchifing el GaderRhO RNt P00 bf 1d3er b&aw dififers in paffictiliey i nf ormation
signal read/witée and further inprove the durability against repeated

recording. dé&@&%@dﬁ%ﬂ&h&ﬁﬂs ihaGeysaiige %?@iﬂb@l?&ﬁ%ﬂké‘,& diffefdiRe i €Sent

i nvention | d to mnimze the regional deterioration of a signal

d out : f i dt
or ovi do. o GRerrEY SRR GRETAEHIAE D EbhIRohs LB b ARty o ¢t han

tens of theusands of ti o Thus, in t i C .1 e whi ch
Shows a st SenaRes BT iaviy SlomepPle VR AP PRk R ReRAE Sl
Further, on_the sunptjan_that .t he recording |ayer of the optical
recordi ng Fr%aé‘.‘l%%@?‘%ﬁlé‘iegﬂ%}é°éﬁ'f‘“?%€}§ﬂ%on is formed at a speed X (tunls) in
an Ar gas atnosphere containin s of ,which the.m xi ratio o7/ Ar
between the Oz Eﬁﬁreco?%“%@%’&ﬁﬁﬂ?“%@%@‘%é'ﬂpaﬁ%cs@gﬁ dl?f%ﬁg{”ﬁg tlf)(?ipgrret ers X
10 O phabe aig? FechriBg matetfa sich &' Blcbgenioe Shtaiinl § Bpstfbaugs 757"
Furt hernore, on

............ R T )
t he assu rrpt(Y"Shb? Feferredit 3% é%‘?‘&i‘lﬁ%gq“%):e rheé?m?fﬁ%r)oi)??lﬁ%enﬂ%ﬁﬂ“ﬂ?lﬁﬁlgr?é’di um of

the present inyention is fornmed at a speed X (nmg) in r gas,.at npsphere
cont ai ni ng A8inSkke Yékﬁilch? e itQ iaﬁgAlga"tail‘i?gNEHRr l‘ﬁ%"c‘%\&ﬁ¢d¥ gh‘?\Ek%mH Ar

is Y(¢ th t X and Y | d f t the follow
e L N g e e S it a0y bbbl S L e 1P b i 1 1 O 0

can al so be attajned by providing a nethod for nmaking an optical recording
medi um conpiespiing laxersiosged 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 a one having a recording layer made of an Ag-calcogenide. It is 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 tens of thousands of times is
deteriorated drastically.

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



provi-ding an optical disk substrate; and formng a recordin ayer. o id
substrate conprising a GeSbTe all oy as a phase change nnter?‘idb? %‘?ﬁ?ﬁgoag
recordi ng |ayer being formed by sputtering in an Ar gas atnosphere
conprising NZ gas, OZ gas or a mxture of Oz gas and Nz gas, to provide a
phasechange material recording |ayer sw tchable between a crystalline state
and an anor phous state in response to bedng illum nated signal-w se by
light focused on the recording |ayer which is effective to change the phase
of the phase change material of the recording layer fromcrystallf'ne to
anor phous, to thereby wite an information signal into the recording |ayer,
wher ei n: 23 Decenber 2002 7 the recoyding layer is fornmed at a speed X
(nni's) | nsta‘i*rﬁNO‘;%%g%&l %@@666?&053 repentedlyimsmall gumber of timps sueht he
mxing ratio_ (N2 +02)/Ar anong the NZ and OZ gases and Ar gas is Y(% and
the m xi n# # £y Bmes fetenpof tigres apd glse tojasspre paualign ofracsignalpadiont afier gases i s
Z(%9, the paraneters X, Y and Z neeting the followng relations (1) to (3):
Y > 2. 3xesorded repeatedly a large number of times such as more than tens of thousand of

.......... P |
Y <_ 12. gtimes.1B ¢ffect, the conventional phase-change optical disc is not reliable on the
....................................................................... (2)
10<_Z <60write/read characteristic thereof.
...................................................................... (3)

In the abBUMMARY OITHBANVENTIOBOor di ng nmedi um manuf act uri ng net hod
according to the present invention, since the recording |ayer formng
condi tions ar eActotdingld, thiehiRessabinh@ntibh Bis AQbBjeBOtol R IEREO i dbdveayer s
suitably nitrided and oxidized to optim ze the physical properties of the

r ecor di ngmeati6tied drawbitks (oF UM Pribt &t BY PréHAlRA plRBCRYSd fRicdraahi | ity
agai nst repeated recording . Thereby the nethod according to the present

i nvent i onfipieRihproved PduhBRiG agaiiggnt rg?@dt&ﬁ_}ccbﬁﬁﬂé dhdgddmetaiadapt ed to

m ni m ze the regi.onal deteriora a signal read out after Tfecorded

repeat ed! yhow hQiibld 4R dod dh8RRtstitioTaSigil rdfa Rt Qvidenar Qugldeqy signal
read out even after recorded repeatedly nore than tens of thousands of

times. FupdpRgfelity0Bnd RS oBhhRaLAdhsIhe phacWdhpdop@yRgief the opti cal
recordi ng nmedi um manuf actured by the nmethod according to the present

invention is fpRadvabbictPREHe Xudindd By phévidiagAr 9as at nbsphere contai ning
02 gas of which the m X1 ng 23 DecenbelP 200278 ratio QG/Ar is Y(9%, the

f . H i ofi d
o) v 2 QT Rl hicaRiE L6RARLNg TERbokN flr Sh hatciBhiORBckl) AT

Ys 5.5X +_ 2 L - ot al b el : : . $A)
betweei taltine state "and :anamorphoys “state in respongse to signal-wise
Furt her nosrvg,tcz%?{et ﬁévegsguc%stl on t%ata t he recr%rdmr?g ayerp of thegoptl cal

recordi ng., medi um uf act ure he net hod accordi t 0 e
i nvent i oniig %@H@gqﬁh?gocgﬁeé{ej@aé ﬂtﬂ%Fﬁcg (ﬁrf%ggﬁr %réhgggeg%er%%]to%tel@{eegﬁ%ﬁbai ni ng
N2 gas of whi ;h the mxing, ratio .N2/Ar.ifs \%0/% thie alilarret%ws lX and Y
shoul d pr@veplinge {? amaphqusdhergby wiifing an infomating siesg! ogip fhe EScordnglayes, gy
G (2)

said recording layer being formed by sputtering in an Ar gas atmosphere

comprising Nz, O, or both N; and O,, 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 (N2 and O,)/Ar among the N,, O,



YZ 1.8X + 5.0 ..o (5)
These obj ects and ot her objects, features and advant ages of23tDecepbes2062
intention will beconme nore apparent fromthe foll ow ng detail ed description
of the preferred enbodi nents of the present invention when taken in
conjunction with the acconpanying drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a sectional view, enlarged in scale, of an essenti al
part of an optical recording nediiun ac®ording to the present invention;
FIG 2 is a sectional view, enlarged in scale, o another essential part of
the optical recording nmediumof the present invention; FIG 3 is a lighting

pat ten- di GaraUsHSEd ) BMEHAGH] FRBIOJR, EHPBF0, gl wRIRITRRRORAD

information signal; FIG" 4 graphically illustrates the relation between the

m xi ng ratj £ [ ' yer ] nd
read si gnaafnﬁfqzt er lmﬁ%@éf?ﬁﬁ %A}gﬁrg ?g?rrﬁg Hg&qg%)eg%lg t?egﬁg%g‘%ﬁ%gg&g?gﬁg?
gr aphi cal | ;I)n tr tﬁ?s the relation between the mxing ratio (NZ + )/ Ar
in the recordi g%lﬁy f or m'ng -atnosphere and groove reftectivity: whbn' t he
recording layer formng speed is 0.42 nms; FIG 6 graphically illustrates
the rel ati¥rs Hé’t%e“nl@-ae M XiAg--F-atio--(-N2-+.-OZ)-f-Ar--i-n-t he -Fecor-di-ng Payer
form ng atnosphere and read signal fitter when the

0 S Z € 60 e 3)

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

invention, since the recording layer forming conditions are defined, the GeSbTe
alloy forming the recording layer is suitably nitrided and oxidized to optimize the
physical properties of the rccording layer for information signal read/write and
further improve the durability against repeated recording. Thereby the optical
recording medium according to the present invention is adapted to minimize the
regional deterioration 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. Thus, information signal can be read out

which shows a stable and good characteristic even after written repeatedly.

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

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



recording layer formng speed is 0.1 nmls; FIG 7 graphically illustrates
the relation between the mxing ratio (NZ + 02)/Ar in the r8dscdmbgr 2G02r
form ng atnosphere and groove reflectivity when the recording |ayer formng
speed is 0.1 nnmis; FIG 8 graphically illustrates the relation between the
mxing ratio (NZ + 02)/Ar in the recording |layer form ng atnosphere and
read signal fitter when the recording |ayer foam ng speed is 1.6 nnis; FIG
9 graphically illustrates the relation b&tween the nixing ratio (Nz +
02)/Ar in the recording |layer form ng atnosphere and groove reflectivity
when the recording layer formng speed is 1.6 runs; FIG 10 graphically
illustrates the relation between the mxing ratio (Nz + 02)/Ar in the

recordi ng }ayer f{ i at nosphereg, a read ,sigpal fitter t.he 23
Decenber D! Qg%rgbﬁﬁar%g‘rrs %&m@ﬁg‘g‘éﬁig{%ﬂﬂy @“’rﬁ‘rf@e\f\ﬁﬁfg’ﬁmgl

graphi cal | .14 at the relation between the mxing ratio (N2 + 02)/Ar
in the rec%#dcﬂolrﬁlgﬂ%vﬁire@?'orm ng at nosphere and groove reflectivity when the

recordi ng |ayerf ing speed is 5.0 nims; FIG 12 graphically illustrates
the rel ation béﬁ\ggﬁ& fﬁeo recor di ng-tayer-f-or-ng-speed--a mxing ratio

Furthermore, on the assumption that the recording layer of the optical
recording medium of 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 between the N,
and Ar gases is Y(%)), the parameters X and Y should preferably meet the
following relations (2) and (5):

Y 128X 4167 oo )

Y>1.8X+5.0

The above object can also be attained by providing a method

for making an optical recording medium comprising the steps of:

providing an optical disk substrate; and

forming a recording layer on said substrate comprising a GeSbTe alloy as a phase-
change material, said recording layer being formed by sputtering in an Ar gas atmosphere
comprising N gas, O, gas or a mixture of O, gas and N; gas, to provide a phasechange
material recording layer switchable between a crystalline state and an amorphous state in
response to being illuminated signal-wise by light focused on the recording layer which is
effective to change the phase of the phase change material of the recording layer from

crystalline to amorphous, to thereby ‘write an information signal into the recording layer,

wherein:



at nosphere; FIG 13 graphically illustrates the relation between the m xi ng
ratio QZ/ (N2+ QZ) in the recording |ayer form ng at nbspher @3&edembad2@izgnal
fitter; FIG 14 graphically illustrates the relation between mxing ratio
02/ (N2+ Qz) in the recording layer form ng atnosphere and recordi ng power
margin; FIG 15 shows a conposition of the material for the recording |ayer
of the optical recording disc of the %resent I nvention; FIG 16 is a
ternary conposition diagramof the Ge%bTe 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 | ayer and
read signal fi theerecoring lay® ir fgyimied adt] 3/ speadut (ra/e)s int ap Arigat atmospkardeen
the Te content in the GeSbTe alloy as the material for the recording |ayer
and read soiaingNtdndrQ, gds& ofl@hiphaldhindsihf yatiol (N3 StO,¥Ae auniohg thiceNatnd 0,
between the Sb content in the 23 Decenber 2002 11 GeSbTe alloy as the
material ffNes APATF BHQE qt%ﬁadme miRing rAtRA0I B, §05) off 0, dal With fthdGmixdle of N,
graphically illustrates the relation between the mxing ratio QZ/ Ar in the

recor di Nga}PBSEask Ol ARG, AE PRANBREEK 2V Und ZARecting AR follbWing reldifiR (NS (3):

recordi ng

Y 2 23K+ 10 e, 0
Y S 128X 4 167 oot @)
10 S Z S 60 e et )

In the above-mentioned optical recording medium manufacturing method
according to the present invention, since the recording layer forming conditions are
defined, the GeSbTe alloy forming the recording layer is suitably nitrided and
oxidized to optimize the physical properties of the recording layer for the read/write
and further improve the durability against repeated recording . Thereby the method
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 to tens of times and to provide a quality signal

read out even after recorded repeatedly more than tens of thousands of times.

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



| ayer formng speed is 0.42 nms; FIG 21 graphically illustrates the

rel afi on between the mxing ratio QZ/ Ar in the recordi ng | @sdapedediver 2002
at nosphere and groove reflectivity when the recording | ayer form ng speed
is 0.42 nnms; FIG 22 graphically illustrates the relation between the
mxing ratio O-/Ar in the recording |layer form ng atnosphere and read
signal fitter when the recording |layer formng speed is 0.1 nnis; FIG 23

graphically illustrates the relation between the mxing ratio 02/Ar in the
recording layer form ng atnosphere and grgpove reflectivity when the
recording layer formng speed is 0.1 nmls; FIG 24 graphically illustrates

the relation between the mxing ratio QZ/ Ar in the recording |ayer formng
at nosphere and read signal fitter when the recording |ayer formng speed is
1.6 nrn/s; FIG 25 graphically illustrates the relation between the m xing
rati o Qz/ratioiQy/Atis Y(@ehtht paramatess Xf ardnY shoaldmaeishahly macti thgr folowing
reflectivity when the recording |ayer formng speed is 1.6 nin/s; FIG 26
gr aphi calelationk (Examalt(@3: t he rel ati on between the mxing ratio QZ/ Ar in the
recording |layer form ng ahnosphere and read signal fitter when the
recording 23yDa@Bar02002 12 i eese e saeeaes (1)
Y 55X +2T7 e (4)
Furthermofte, 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 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+ 167 e (2)
Y2 18X 5.0 e (5)
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. 1 is 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



| ayer formng speed is 5.0 nms; FIG 27 graphically illustrates the

rel ati on between the mxing ratio O~/ Ar in the recordi ng | a3®EDeddmiber 002

at nosphere and groove reflectivity when the recording | ayer form ng speed
is S 0 nms; FTG 28 graphically illustrates the rel ation between the

m Xi ng ratio 02/ Ar in the recording |ayer forniing atnosphere and read
signal fitter; FIG 29 graphically illustrates the relation between the Ge
content in the GeSbTe alloy as the material for the recording | ayer and
read signal fitter; FIG 30 graphically gllustrates the relation between
the 'Fe content in the GeSbTe alloy as the material for the recording |ayer

and read signal fitter; FIG 31 graphically illustrates the relation
between the Sb content in the GeSbTe alloy as the material for the
recording |layer and read signal fitter; FIG 32 graphically illustrates the

rel ati on bdemmationisignaki xi ng ratio N2/ A r in the recording Layer forning
at nosphere and read signal fitter when the recording Layer formng speed is
0.42 nm's; FI G183 greplpbaltyallluytrates thetrelation behweancthamuixingratiodbla+t he i xi ng
ratio Nz/Ar in the recording |ayer fornling atnosphere and groove

ref | ect i viDLyAnhrethetrheordapdaykrrigrmmgertmbeptere gnd pedcigml §ittéPwhenh she FI G 34
graphically illustrates the relation between the mxing ratio N2/ Ar in the
r ecor di ngldyey fsrnfing spoed ia0MAsmyey e and read signal fitter when the

recording layer formng speed is 0.1 nnis;

FIG. 5 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 0.42 nm/s;

FIG. 6 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 0.1 nm/s;

FIG. 7 graphically illustrates the relation between the mixing ratio (N, +
0,)/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, +
0,)/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, +
0,)/Ar 1n the recording layer forming atmosphere and groove reflectivity when the
recording layer forming speed is 1.6 nin/s;

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

0,)/Ar m the recording layer forming atmosphere and read signal jitter when the



23 Decenber 2002 13 FIG 35 graphically illustrates the rel ati on between
the mxing ratio N2/ Ar in the recording |ayer form ng at noszhpecnmtsd 29020Ve
reflectivity when the recording layer formng speed is Ol nms; FIG 36

graphically illustrates the relation between the mxing ratio N2/Ar in the
recording layer form ng atnosphere and read signal fitter when the
recording layer formng speed is 1.6 runs; FIG 37 graphically illustrates

the relation between the mxing ratio NZ/Ar in the recording |ayer formng
at nosphere and groove reflectivity whenl®he recording |ayer fornm ng speed
is 1.6 runs; FiG 38 graphically illustrates the rel ation between the
mxing ratio NZ/ Ar in the recording |ayer form ng atnosphere and read
signal fitter when the recording |layer fornvng speed is S.0 nms; FIG 39
graphically illustrates the relation between the mxing ratio NZ/ Ar in the
r ecor di ng récayding layeniforning spedhesd mnd; gr oove reflectivity when the
recording layer formng speed is 5.0 nms; FIG 40 graphically illustrates

the rel ati on bEIGwedngraplacalbeiblustrags tiryretatioarbetweersihe edixapcrativ (Nog rati o
NZ/ Ar in the recording |layer form ng atnosphere; FIG 41 graphically

i1l ustrat €)/Aen te) RtodindlayyeRiminpeatindspiit afll gkdbvelbfledtBHYy Wehetl they as the
material for the recording layer and read signal fitter;
recording layer forming speed is 5.0 nm/s;

FIG. 12 graphically illustrates the relation between the recording layer
forming speed and mixing ratio (N,+ O,)/Ar 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 matenal for the recording layer and read signal jitter;

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



FIG 42 graplucally illustrates the relation between the Te content in the
GeSbTe alloy as the material for the recording |ayer and r @3dsegiet 2002
fitter; 23 Decenber 2002 14 FIG 43 graphically illustrates the relation
between the Sb content in the GeSbTe alloy as the material for the
recording layer and read signal j fitter; FIG 44 graphically illustrates
the relation between the nunber of repetitions of recording and read signal
fitter in an exanple of the first experinmental enbodi ment of the

phase- change optical disc according to tje present invention; FIG 45

graphically illustrates the rel ation betmeen t he nunber of repetitions of
recording and read signal fitter in a conparative exanple of the first
experinmental enbodinent; FIG 46 graphically illustrates the relation

bet ween the nunber of repetitions of recording and read signal fitter in an

exanpl e ofie$bEe SEGONhOXRAEHATEDE ale rebdrafigTaiér Ak &Msxﬁhﬂ%ﬁt&hange opti cal

di sc according to the present invention; FIG 47 graphically illustrates

the relation bEgpiee 5 cdwmsitrézés #ERElktibh BBEW R tﬁ@ﬁﬁkﬂgfi%@mﬂ(ﬁﬂd si gnal
fitter in a conparatl e exanple of the second experinental enbddi nent; FIG

of Fecor dade Lo M B e R Bl o B ot et a
layer forming speed is 0.42 nm/s;

FIG. 21 graphically illustrates the relafion between the mixing ratio O,/Ar in
the recording layer forming atmosphere and groove reflectivity when the recording
layer forming speed 1s 0.42 nm/s;

FIG. 22 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 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



enbodi mrent of the phase-change optical disc according to the present
invention; and FIG 49 graphically illustrates the rel ati on3 Detember 2002
nunber of repetitions of recording and read signal fitter in a conparative
exanple of the third experunental enbodunent. 23 Decenber 2002 15

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First enbodi nment
Referring nowto FIG 1, there is given a sectional view, enlarged in
scal e, of an essential part of a phase-change optical disc according to the
present invention. The phase-change op&EcaI 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 layer 6 and a protective |ayer
7 formed in this order on the substrate 2. The substrate 2 has forned on

one nain1@Mfm§@gn§§%kﬂqggqﬁnﬁgooves 2b extendi ng al ong recordi ng tracks.
The substrate 2 is 0.6 nmthick, for exanple. It is formed froma plastic

substrate sucm@sngiagﬁei@%%gﬁ&ﬁa@@)e RAatRR BERES e £t @YAr PV, a

gl ass substrate, or-t The substrate 2 is nolded by injection

Mol di NG Qe RASK AP R TIrhfdl hiflfbshhlre RN M00dve fefbciRIRhEn ahbieBoldia 10T

wite or re ormati oh sig respect to“the optica sc 1, a

i ght su Ser Me S I nci dent fromon the substrate 2. As nentioned
E e?sfo%@lgg ﬁg?ﬁ%@SOgﬁﬂnlﬂs

above, t réec ayer § formed on the first dielectric layer 3. It

is formed fro ase: chan erj al ,cHa = .ate fr rystalline
t o anor phous, ﬁ)ﬁ w%répb‘éﬁ‘@%gﬁﬁﬁggﬁ di’%%eléctboél Etgez‘%ggrbg}cr}gfﬂgé faélsoe@?ﬂé‘gé% or the
i ke. Nangl t he recodi ng | ayer i s an optical..recording | ayer of which
t he phasgﬁiﬁ#oﬁgn%hﬁﬁbg Tt W%@%“Fﬁ mF&@§§8ﬂP§§8%18%”Iaser beamto wite,
erase or readnfonnation, signal . 23 .Decemher 2002 16 More. particul arly,
the phase- chafifd: ftBaphisaly fisirates ShéFelptiap bolyerd #iq 8 SAARGEN 86 an

anor phous_s e en heat ed, over its, melting,point, and.then cool ed

qui ckly. @M@l,ow %H&é@%%@rﬁé@rm‘imgiwqrégévﬁﬁ@ﬂsaﬁm& crystalline
state when heated to a tenperature above.its nelting_point and belowits
crystallizati %ﬁgp%q) graphially Hinstratss) therelation betyreen the; Te centent nther nat i on
signal) the recording, |layer. is heated to tenperature over the nelding
poi nt of @?@%§Q&@g-h@€‘%3éf?rathé?@r@% ays Spadets RV f orm a
recording mark _in_ari anorphous phase. The recording _|ayer 4 varies in
reflectivity défedbermphigady Wsttatas the relatdon hetpyeen the, Sb gontepkinghe anor phous
state. Thus, information signal is read out by detecting a change of

ref | ect i veSb e alloyeasrthe matenial dox thefreeardingdayer andared signalgifterupon t he

recording | ayer 4. ) . ) o ) )
FIG. 32 graphically illustrates the relation between the mixing ratio N,/Ar in

1€

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;



Specifically, the phase-change material of the recording layer 4 in the
present invention is a cal cogeni de containing a GeSbTe al | @3.DekBaibee2gy2di Ng
| ayer 4 should preferably be 18 to 30 nmthick. It should be noted that the
recording layer 4 should preferably be forned at a speed X (nm's) in an Ar
gas at nosphere containing N2 and OZ gases of which the mxing ratio (Nz +
Qz)/ Ar between the NZ and 02 gases and the Ar gas is Y (%9 and the m xi ng
ratio QZ/ (NZ + Qz) of OZ gas with the m xture of NZ and 02 gases is Z (%,
the paraneters X, Y and Z neeting the fgllow ng relations ( 1) to (3 ): Yz
2.3X + 1.0 (1) 23
Decenber 2002 17 Ys 12.8X + 16.7
.................................................... (2) 10szZs60
................................................... (3) Note that the

mxing ratio h n
m ﬁ;r gwor dls 9%&)?% %ab‘nﬁfallﬁlhﬁstrfa{e@%é ?élbt?oxpﬁétW%@H tl(é%ﬁn%%ﬁncﬂ'w,%m i

rat1 0 between OZ and (N In the Ar Qas
ot of or abi ¢ FSEARE IR Formlilf abESRERNE BYRLe *ﬁfeﬁéﬁ*&( PREERCTIE chou o

pr ef er abl he {0 relation (6): O sXs5
......... leen%m}ngspee&s%ngﬂ (6) 1. Recording | ayer

form ng atnos s C ti. The m atlo +.Q2)/ A r

of Y (% bet V\é:é{} Eﬁ aﬁ%‘ﬁf” l%f’%@geégge gﬁa‘i‘?‘h eoeey o gﬁ%u? dFng 1 ayer

formn eed for. form rding..la 4.in th tical

r ecor d?ngfﬁﬁéaﬁqmﬁta%v% foRPiaghhpERets Beban SREL e edetartintg. mot hod

accordin ett rese tion, are defined by the relations ( 1) to
as i sons based on the foll owi ng experunent

(3) [ PFH ‘Stingnf 2 based he foll

results haV| ng._been conducted on the enbqdi nents of the present invention

and conpar at i &éGeﬁgrﬁ)*}Rbéca lly lli"%t%ﬁttgéﬁe lgdenbetveca the arxigeraye NAATHRI nr ~

at nospheri c conditions and read signal characteristic
the recording layer forming atmosphere and groove reflectivity when the recording

layer forming speed is 1.6 nin/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 graplucally illustrates the relation between the Te content in the

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



First, a phase-change optical disc was made as will be discussed bel ow

23 Decenber 2002 18 First, a substrate 2 having a di aneter 26 Daé2émienanod a
thiclmess of 0.6 was nade. Then a first dielectric layer 3 of ZnS-Si 02
havi ng a thickness of 120 nmwas formed on the substrate 2 by sputtering.
Next, a target of (GeZSbZTes was used on the first dielectric |layer 3 and a
recording |l ayer 4 of GeSbTe having a thickness of 25 nmwas forned by
sputtering at a speed of 0.42 nms in an Ar gas atnosphere in which NZ and
02 gases were mixed. At this tinme, in thgeqAr gas atnosphere having m xed
therein the NZ and 02 gases, the mxing ratio OQZ/ (N2 + 02) was fixed to 20%
while the mxing ratio (NZ + O)/Ar was varied within a range of 0 to 20 %
t hereby nmaking a~plurality of phasechange optical discs each having the
recording layer fornmed under different atnospheric conditions. It should be

noted however Figt43 fapRicals ANRNafs RO b&cWHBE BehtBhihABe T ati o (N2
+ )/ A is 0%is an Ar gas ahnosphere not containing N2 and 02 gases and

it is not g _dem&yiae_tﬁ@&xaiemmitﬂgxé@%ggéééemggs{ﬁgxg%dslgﬁéradopt ed in the

optical recordi ng medi um manufacturing ne nt i nventi on.

Next , d yelt ' f Y j ' . 15

e SEo O EGTh Gbh ol e MR 8 B s 15 1
f ' hi ; tteri f the r [ I 4

ormed undoretntt A ar Bho a5 ke aBiefThe Brsse8PelFR0Er) Dyer ¥ vms

formed on the J.ight-reflective |ayer. by applyin n ultraviol et-curable
esin. to smidtindat e oftis st bitse are BBl AR pirsnbtenden ook
type of the ph -change.opti.cal discs t hus made was duplicated. The two
phase- change o%ﬁébé?gﬂﬁgg?'XlﬁYﬂﬁﬂ?Hﬁ?9%@“?%§%w%ﬁP§?%@Hn r@ﬁﬁBﬂﬂéﬁwto each
other with their.light-ref]ective. ayers 6 facin ach other with an
adhesi ve @fasmrﬁgw TRAL 2SR ACOBPAFA YA Dl AT
phase- change thic?l isc 10 of 120 mmin dianeter and 1.2 mmin thickness
as shown iG¥Pefigenta OR#B%Nt n which wite and record can be done with
respect to both_sides thereof. Note that this phase-change optical disc 10
has a track pi d6- 66 searbugally iBusiratesthe selatien petvegn dhgpaember off reppdlians3. 0 GB
per side. Each of the plurality of phase-change optical discs nmade under
di fferent ¢laeeeidingpandsgad stevahiltier is aaexemplpsolthicesecand j experimgntsn)
crystallizing the recording |ayers 4 under the focused spot of a
hi gh- power @abedizent pblimpbephange|opgiaeli dise areording tathegitesamt inveRrticn; 3 was
used to record a random EFM si gnal using a channel clock of 27.7 Miz on
each of these G #dlersnbdcalivativstrresdespletionbeayesaghe ppmbecof Bpetitiens
recording power is indicated with a reference Ph, erasing power is with a
ref erence ¢frecomiing ankbread signabjifieniara ¢ampdrativesexasipde ehthe eeond n t he
lighting pattern shown in FIG 3, one clock is indicated wth 1T, and the
pul se | engexpesimantel embgidiinagt; pul se is with 13 ns. At this time, a
recordi ng/ reproduci ng apparatus, or a disc drive, was used in which the
| i near vel oci t yFiund84raphiedlly, illuktgatee therrdlatign hetweenrthe ingmber 61 rapptitipes
erasing power P 1 was 5.8 mN' and the cooling power Pc was 1.5 mW The disc
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 thurd

experimental embodiment.



23 Decenber 2002 20 drive is provided with a |aser which generates a | aser
beam of 650 nmin wavel ength. Under these conditions, a si @&abDesasbareoogded
repeatedly 2 tinmes to each of the phase-change optical discs. Then, to

eval uate the relation between the mxing ratio between N2 and 02 used in
formng the recording |ayer and the characteristic of read signal, fitter
of a signal read fromeach of the phase-change optical discs after recorded
repeatedly 2 tines, was neasured. The neasurenent results are shown in FIG
4 of which the horizontal axis indicates Bhe mxing ratio (N2+ QZ)/Ar while
the vertical axis indicates the fitter o% a signal read fromthe optica
disc after recorded repeatedly 2 tines on a sane recording track. For a
fitter of a quality signals read out after recorded repeatedly a small
nunber of tunes such as 2 tines, 10%is taken here as a reference value for

an accept gipes e EES'GRI*P"IQO%PQF‘?H@EWEF@E@RED EBODIVEN a signal read

out after recorded repeatedly 2 tinmes) was neasured for the follow ng

reason. That iﬁg?ttelﬂﬂ)(;d'nm:ﬁr of a signal read out after recorded repeatedly

2 tunes is normally I ghest and the read signal fitter tends to be

070 A 101040 A Y 1 e
repeat ed| )ﬁn%sgenﬁglspéé@gf gsﬁss%[ ange optical disc according to the present invention.
The phase-change optical disc is generally indicated with a reference 1.

As shown in 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 order 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. Itis 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.



23 Decenber 2002 21 As seen fiomthe experinment results showmn in FIG 4,
the fitter is the highest as 12. 7% when the mixing rati o (&3 DecERbeAP0GS
0% nanely, when no N2 and OZ gases are contained in the Ar gas. It
decreases as the content of Nz and OZ increases. The fitter is the | owest
when the mxing ratio (N2 + 02)/Ar is 6 to 10 % As the the mxing ratio
{N2 + 02)/Ar is further increased, the fitter is also increased gradually.
Therefore, the experinent results showed as seen fromFIG 4 that for the
fitter of a signal read out after recorded repeatedly to be under 10% at
whi ch a signal quality can be assured, the recording |ayer should
preferably be fornmed in an Ar gas atnosphere of which the mxing ratio (NZ
+ Oz)/Ar is over 6% 1-2 Relation between recording la ~~er form ng

at nospheric conditions and groove reflectivity Next, for evaluation of the

relation bet wResoBLARKPIS S AORIchhARmMRAST o GBodrbgIBpa"lsNg | aver s

formed and the groove reflectivity of each of the discs, e recording

| ayer vasphosdied dNARmNAE! Shkted Rl (6 oL blchifg Bint nd hRnSxPer | Mot
shown in%}}%@ 4 aa!rlli eargﬁatf) ggtg- c@?%g opti caf] dIh{SC 1?%1 s nade wgs

initiali T o] Cil VLt | : e di sc was
measur ed.ZC%%l}%él (gg%%l %&e@?@?ﬁﬁ éﬁsa\%'rcéar? eor\ﬁn%ﬁﬁpgﬁéﬁtcggg? (gg\/r? gc%?]dlﬁ'ﬁée

hori zont al_.axi,s i,ndj cates the m Xxi rati o (NZ + 02)1.An and the vertical
axi s indis&%?@@epﬁxga%ﬁgg\?ierpg?rlaglwIagig}' ?S me]f‘%‘g[?eoé%%%edrbe}‘ﬁﬁégﬂ As seen fiom
the experinent. results in FIG 5 .t roove reflectivity decreases

monot ono&Ysf2 atg%qupg(%thpglcpgleéf\l%%gpqﬁ'%e,m,rchrcf ?‘é’&astéﬁ‘.m%f’i'rfi? he ni xi ng
ratio (N2+ 02)/Ar is over .21.0% the groove reflectivity js under 11% so
[ hat s\ o EPORRE RS s Reried fok R aREE PUy ho MR BoE A hEBERET w11 om

t he experinment results that for a satisfactory si.gnal dul ation, the

m xi ng r 1e88% W@iﬁmﬁh@m&d okl tR form 2 peporaiie Reark whad QU8 whi ch
the recording layer is forned. 1-3 Atnospheric conditions neeting both read
si gnal cheh@set eri stic and~roove reflectivitz~ regui renents As havi ng been
described in the above, the experinent results shown in FIGS. 4 and 5
reveal s that ithegeording leser 4 wartasdn meflectiyty idapending npem whether itrig et hod f or
the optical recording nmedi um according to the present invention, when the

r ecor di ngtheayxstallioe ot agosphouns state. 0Tlas, mipymationosighd infeadmptbsiti o 02/ (N2 +
Qz) is 20% the recording |layer-should be formed in an Ar gas atnosphere of
whi ch t hedetestingp ekenige of KXlectigity bAthe rgtwgn ighpaf thedgsen boamdncidentsuponsfy bot h
the requirenents for the read signal fitter and groove reflectivity. FIGS
4 and 5 stheweedrdingdsydrtds of the experinents conducted on the optical discs
having their respective recording |ayers forned at the speed of 0.42 nnis.
Therefore, to SEscHicallythiciphase-cheags mpterial of drexecerding jaysr ¢ dn theose shown in
FIGS. 4 and 5 when the recording layer formng speed varied, it is

necessar ypresentanyention isaxaleggenadé corfthining e Sl e aBoyvelhe recording layer

4 should preferably be 18 to 30 nm thick.

[t 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 gasis 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):

Y2 23X+ 1.0 e (1)



23 Decenber 2002 23 1-4 Rel ation anpbng atnospheric conditions with the
recording |layer form ng speed changed. read signal charactes3 pbédmi5erd002
groove reflectivity Next, a study was nade on the mxing ratio (N2 + Q2)/ Ar
meeting both the requirenents for read signal fitter and groove
reflectivity when the recording |layer form ng speed was varied. First, an
optical disc was nade under simlar conditions to those in the experinent
of which the results are shown in FIG 4 except that the applied voltage to
the target of Ge2Sb2Te5 was varied, recording |layer form ng speed was 0.1
nms and the mxing ratio (NZ + Oz)/ Ar wdd varied in a range of 0 to 20 %
As in the experinent of which the results are showmmn n FIG 4, the fitter of
a signal read out after recorded repeatedly 2 tunes to the optical disc was
measured. The neasurenent results are showmn in FIG 6. In this experinent,
t he m xi ng rat@qQQggghp g702) was fixed to 20% Also, ;hg%gptical di sc thus
made was initiallze née? the recording Tayer formng atnospheric
condi tions varijgd fs g the above with the recording |ayer foEﬁing speed of
S

...............................................

0.1 nm's. The groove reflectivity of the optical di'sc after t

initialized wa ed i . S i . r@pqn 0, ich
the results ar Z&Ios g‘\?\angﬁ}en% pagl.o % @Z‘gﬁseﬁ% r}?géé]g?&séggr £ h%)?z\)/ninld\r,]m FI G
7. Simlar]ly, ap optical disc ) de upder .s{;m lar.condjtions to those in
the exper mo@?rswr@smatv}qzmp%\é%oﬂ&gpgn Qqaﬁﬂml*é?z&“ ﬁ’e &5t that the
recordi ng | ayer, fonning speed was 1.6 nms and the mxing ratio (NZ +

Qz) | Ar watFiosplsdei n a range 23 Decenber 2002 24 of 0 to 45 % As in the
experinments of which the results are shown in F . 4 and 5 the fitter of
a signal read durthgrmese, thedsserdmng b%fafgm SZ’GFQS %&hot“ piséerablyitegvedi sc and
groove reflectivity after the optical disc was initialjzed, were neasured.
The neasur@hem/s P@% under 59 amdmollamely, thespeed X, phpwd prsferablymeet the opt i cal

di sc was nmade under simlar conditions to those in the experinent of which
t he resul t llgmingredationi @)FI G 4 except that the recording | ayer forning
speed was 5.0 ninfs and the mxing ratio (NZ + QZ)| Ar was varied in a range
of 0to 90 % Asls X £8e experi nent-s--of.-whi-ch-t-he-resul-t+s @e shown n FIGS
4 and 5, the fitter of a signal read out after recorded repeatedly 2 tunes
to the optical Recordingipygr dervmng atmhesphent condifipns andgpeadt cal di sc was
initialized, were neasured. The neasurenent results are shown in FIGS. 10
and 11. 1t was TlematieglrftiooiN +h@,)éApef Y idmbatwsen the Nyand @Sgases agd tred 10
that in the optical discs having their respective recording |layers forned
at the speddganindthe racdrdingllagenfotmingpesd X (mmi/s) for depaing ithestegordibg ni xi ng
ratios (NZ + Oz)/Ar resulting in a read signal fitter of under 10% are over
5, 8 and 1layes 4 ietpapticelsiegordiigsmedasn sedm the@ptichloreeording meditiny esul ts in
FIGS. 7, 9 and 11, in the optical discs having their respective recording

| ayers f or medufachiring methed sicodrdingltorthe pres¢ntonventonanatt deimed byghe
respectively, the mxing ratios (Nz + 02)/Ar resulting in a read signal
fitter of woslatiorsi9) tor @) andethelibovd Gomtid régo%s basesipecthe fellowing- 5 Recor di ng

| ayer form ng conditions nmeeting both read signal characteristic and groove
refl ecti vi eyperadeitresmtstheving 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:



23 Decenber 2002 25 As nentioned above, the experinment results shown in
FIGS. 4, 6, 8 and 10 reveal that in the optical discs havi ng3Dagsmber 2002
respective recording |layers forned at the speeds of 0.42 nm's) 0.1 nnis,
1.6 nms and 5.0 nm's, respectively, the mxing ratios (N2 + QZ)/Ar
resulting in a read signal fitter of under 10% are 6, 5 8 and 14 %
respectively. The results are graphically traced as in FIG 12 with the
recording |layer formng speed indicated along the horizontal axis and the
mxing ratio (NZ + QZ2)/Ar indicated al ongsthe vertical axis, thus
delineating a straight line a. In FIG 127 the horizontal axis indicates
the recording |ayer formng speed X (nnis) while the vertical axis
indicates the mxing ratios (NZ + Q2)/Ar as Y (%. The line a is expressed
by Y =2.3X + 1.0. In the area under the~line a, the read signal fitter is
over 10% and thus no guali read signal be prpvided. On e ot her
hand, as descr i &% aiSHgitf?éeéﬁﬁaﬁ’é‘giarfg?‘%PWéogigg aFlBg}H}eﬁ%Oghgvbﬁaﬁ n Fl GS.
5 7, 9 and 11 reveal that in the optical. discs having their respective
recor di ng ™ rthqnoar Elggkectt‘ﬁ“e{aé’ ngﬁg'seé.%ﬂ;aﬁﬂg§,ti"(9%§°§$rﬁ{sl,20ﬂ“6“ﬁ"lsds and
5.0 nn’'s, respectivel % the mxing ratios (NZ + QZ)/Ar result in a read

si gnal fi tfoapedpn ghesubstrate ey sputtening. 40 and 80 % respectively. The
results are graphically traced as in FIG 12 with the recording, | ayer

formi ng speed iNeat.cateeget of GegStuhes Was wsedronghe fixstelielaetricdayeridamba rati o (N2
+ 02)/Ar indicated along the vertical axis, thus delineating a straight

| i ne ~3. Tigeordinglayd 4 of GxPbEshaindy thicknes? o8X5 aml &/a¥ formed hyespatterngbove
the line ~3, the groove reflectivity is under 11% and thus no satisfactory
si gnal nodatlaspeedof 8.42 n2¥'s Deaw Ao gas 200RpRérepn sdiidh N, ahfl Q,lpaseseweredi ng | ayer
formng speed X is higher than 5.0 runs, it is too high to assure a

recordi ng iinedr form ng tune | ong enough to adjust the recording |ayer
thickness. If the speed X is slower than 0.1 nm's, the recording | ayer
form ng takes aAtthisg@ne,tihnie Anpacdimiospleere haciagveixed figgeinahe Njandr@ct i ce of
manuf acture. Therefore, the recording |layer form ng speed should preferably
be 0.1 s Xga&e§.tRe fivharatdk OL/EN) + Y waxifiked to RORVhile tHenbdag Raici@ser i pti on,
t he phase-change optical disc 1 according to the present invention should
pref erabl yo as atal aHthih 4 AYBE 0P t&e6b{e¢ha;leb9ynﬂ@ﬁgragmmi@mﬂﬂlﬁéé-ng at a
speed X (nnmfs) in an Ar gas atnosphere containing NZ and 02 gases of which
the m Xi Ngchiadigk QplidH disc2héHhadn® e reb&diNg 1aPer RAdedundasdistetentY (%9 and
the ratio 02/ (N2 + 02) of OZ gas with the m Xxture of NZ and 02 gases is Z

(%, the panmpEph&icconditfordnd Z neeting the following relations (1) and (2):
YZ 203X # 1.0 . onns e e (1) Ys

12.8X + 16.7 . .1t should be noted however that the atmospheric condition of which-the (2) At
this time, the recording |ayer 4 should preferably be formed at a speed X

of 0.1 s XpfixiagQatds (N, ®MOIU&! i¥ 0B RitdnOREfask Bmokpiferk hds BoARneENOBhd €l  di sc
1 according to the presen’t invention. 2. Appropriate mxing ratioOz/_(N_2 +

QZ) for fopRied ah#9SIS nbemeluded &t&%cé\ﬁﬁi&la&aefoﬂamdmumdsi dagptedlih @2/ (Nz +
02) will be considered. 23 Decenber 2002
optical recording medium manufacturing method of the present invention.
Next, a second dielectric layer 5 of ZnS-SiO, having a thickness of 15 nin
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



27 As one paraneter included in the atnospheric conditions under which the
recording layer is formed, an appropriate m xing ratio Oz/ (Decet¥ber 2062
studied fromthe standpoint of a read signal characteristic and a power

| evel of a |laser beam (will be referred to as "recordi ng power margin"
hereinafter) used for signal readout, as wll be discussed below The
reason why the mxing ratio QZ/(NZ + G) as Z (% was set to 10 s Z s 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
si ~~,nal characteristic and m xing rati dtH2N2 + O~ Fi rst, a doubl e-sided
optical disc was nade in a simlar manner to the experinent of which the
results are shown in FIG 4, except that the recording | ayer was forned tom
a GeZSb2Tes alloy by sputtering at a speed of 0.42 nnis in an Ar gas

at nosphere of which the mxing ratio (NZ + QZ)/Ar was 10% w th the m xi ng
ratio OZ/](-NZ + (Z) varied in arange of O to 100 % The optical disc thus
made was initialized, and a signal was recorded repeatedly 20,000 tines to
the optical diEaeh typeeoffthe phaseothapge optiepd discs d dhupmada mas dupligfeded
repeatedly 20,000 tines using a lighting pattern as shown in FIG 3, was
masured.ﬁ%@vmeﬁmopt@@hdﬁgs o€ eadivlype ithnsrottaingd were bprdagotoi zont al
axis indicates the mxing ratio Oz/(NZ + 02) and the vertical axis

i ndi cat eseachetiwrasith thdirflight-eeflative hayess §dading each ather withen adbesivel8d
repeatedly 20,000 tunes. The "0% on the horizontal axis of FIG 13

i ndi cat esapiphiet betvecenahetaiengt.| Binally f od catiersalediphpice cleanpenipticalsdino 1OZ gas.
23 Decenber 2002 28 For a fitter of a quality signal read out after
recorded &fHamatinydiambes @fd 112l incthidknefess shoom iIAFIG0 2604 haddas, | 2. 5%
is taken here as a reference value for an acceptable nedia. As seen from

t he neasuwhithntriteesmd/rtSordanbeidont kigh rkspectto bl sidesi therebfit Notd@af N2 + O2)
i ncreases, the read signal fitter decreases gradually. Wen the m xing

rati o OZ/ {(HiPphddd)changesstical 8k 10as headk PitdRIf abblitt B8 ins abdd@Ecckding”’ SO

that a satisfactorily good read signal can be provided even after the

si gnal hagaiRRy of BBAItteE GEep&adi@dl y a | arge number of times. 2-2 Relation
bet ween recordi ng _power margin and mxin rg ati oO2~N2 + QZ) First, an

optical disc vegH@EdRe aﬁusmytoif?hﬁaso&{ainge%tiem dibtisGhadd\éndeg Fifdrenr € shown

in FIG 13, and then left for 100 hours in a constant-tenperature bath at a
t enper at Ur&opding @aycpf&ﬁ{iné REnAHEROREreThithliza8 68 LAftlIRHAnk eRd rechRBRgaf ter, a

signal was recorded along a sane track of the optical di'sc repeatedly 2

times, an y%r§@ﬁﬁn'iéi“tﬁfgf&%‘é@&ﬁ%@%?uéf@[io&%d%&?'b@&rﬂg was determined The

measur enent” results are sho 4. For a fitter of a quality signal
read out afterTﬁ&E%ﬂ%ﬁn@}‘jﬁ&%%'slﬁo@mﬁH‘ﬁlGQWHQQIse&fco FdOBES a sifddr@sS 2 tines,

10%is taken here as a reference value for an acceptable nedia. The

recor di ng HIQWR{naRiFhdla CRMnel SlodRhENS T 1081 B LW ritRkiNGitalliSed gRskeS gnal
fitter of 10% as a threshold level. A mniznutn val ue and maxi num val ue of

2, recor di RagRUETcH 48N Boullrkl il p AvailioRflichier didUi reflibse, T ecor ded

r epeat edl| s 1s 10% are assuned he as Pm" and Pre., respectively.

Th N Grasi ol ouplefil |
of a i vi B FEP o FOraned  prk PE YRl AP Ahe iR 8 RE 4 B0 L
val ues by g nRaf, i tl;-)eg ;g&;t{%v sHovlln #1373, bRBEIdcR is Thdl@hEwiROM 20y cho'e

foll owi ng rélation
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 Ph is 14.5 mW, the

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



Pw = (PmeX - Pm~)I((Pma, + Pm,~l2) ... . . . . (7)
As apparent fxomthe results shown in FIG 14, as the rati o2®dDeatnber 2002

i ncreases, the recording power nargin decreases, and as the mxing ratio
Qzl (Nz+QOz) 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 | aser power and a change of the atnospheric conditions will be a
one to which no satisfactory recording can be done. 2-3 Appropriate m xing
ratioQz/ (_N 2 + Qz) for food read signal 8haract eristic and recording
power margin The results shown in FIGS. 13%and 14 reveal that for the
fitter of a signal read out after recorded repeatedly 20,000 tines to be an
accept abl e signal detection level and to assure a m ni um necessary
recording power margin for a satisfactory recording even with a variation
of the recording |laser power, the mxing ratio OZ/ (Nz + 02) should

pr ef er abl ydpee spspvidedathd lasraerhigpegneaaten alassy bpaa 8 Bed in the
foregoing, the optical recording nmedium according to the present invention
has the rewevelergihl ayer 4 nade of a phasechange naterial such as a GeSbTe
all oy, the recording |layer 4 being forned by sputtering in the Ar gas

at nospher e contWnddritheskzoaditioar. aggra was regoried egaseted0d 2inss tegacthef nor e,
as evident fromthe results shown in FIGS. 4 to 14, the recording | ayer 4
i n the opt thegihasechagperopticeldlison according to the present invention shoul d
preferably be fornmed at a speed X (nnm's) in. an Ar gas atnosphere

contai ning N2 afkkenQto gedeste tlie nohition Yebwedsn thie myixing ratio(BddweerOlR) 4 O, s Y (%)
and the mxing ratio QZ/ (N2+ QZ2) is Z {%, the paranmeters X, Y and Z

meet i ng t h@sddoinl fowhing thelratdrding l4yler dnd the tharXeterisBXaf dead signal, jitter of a
.................................................... (1) Ys 12.8X + 16.7
---------- signal read from each: of-the phase-change optical discs after fethrdeds pbtedly 2
................................................... (3) Thus, in the
optical reggiedi was ARAdurEA.according to the present invention, since the
formng conditions for the recording |layer 4 are defined, the GeSbTe all oy
form ng the recphdidsired@ht dshls SdishaRhin MG 4 dedhadth@todizs@l hdsopti m ze
t he physical properties of the recording |ayer 4 for the read/ wite and
fiurther unpliemss tHaenBtipARLLI(NY+a93i AASIhil SRRAlpE ] 8&RIiHI RS es it ft he
optical recording medium of thé priésent invention is adapted to mrvrnize
the regi Onaahsiéiﬁtl a0t Gth 1RO optfe BisB AP RIBARRG epbdth @2 Ghefofa@Ral read out
after recorded repeatedly a fewtines to tens of tifmes and to provide a
quality si ut even after recorded repeatedly nore than tens of

t housands g?@dtrldét’rlggpacgs a result, the optical recording nedium of the

present. { nvent | egy 2148y kaGARy iphbRhLA AAchEReLbhd Riksadichapagterl sti c

even after repetiti recording. 3. Conposition ase- change

material 1 G Ahe ofF GGRE4EWad P¥kles, 1028 iPRARARR e £00Fefdrbnbd Galud o 4h @ ternary

conposition diagram show ng a conposition of the material for the recording
layer 4 for; Usgabip fidiga Present invention. In the ternary conposition
di agram (of the three elenents Ge, Sb and Te), the GeSbTe alloy is a

Fo 2 50 8), K (DI RR RS hpTReRuc SfhabRalbh WRE ERRY) (%0504,
54.0). As TROLIONGY difed, Wis ' 059RUNE) W NBUEGARARAY R i8omRGichS of o

conpositio

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.



the recording layer 4 is thus defined is based on the experinment results
which will be described in detail below 3-1 conposition 083 Desemberadeti ng
GeSaTeso and Sh.~,0 in ternary conposition diaQam of three elenments Ge3 Sh
and Te First, a first dielectric layer 3 of ZnS-Si 02 having a thickness of
120 was forned on a substrate 2 by sputtering. Next, a recording |ayer 4 of
GeSbTe having a thickness of 2S was fornmed on the first dielectric |ayer 3
by sputtering at a speed of 0.42 nms in an Ar gas atnosphere of which the
mxing ratio (N2 + 02)/Ar was 10% and the m xing ratio 02/ (N2+ Ox) was 20%
At this time, the recording | ayer 4 waélforrred by sputtering using targets
of (Ge2Sb2Te5, target of Ge, target of Sb and a target of Te. First,

consi deration was nade of a phase-change optical disc having a recording

| ayer made of a conposition on a straight line 11 connecting the points
GeSOTesp and Sb~oTebo about the point C (2, 2, 5) as shown in FIG 16 being
al so a 23 Decenber 2002 32 ternary conposition diagramaof the Ge, Sb and
Te el enents. M éeedfeemithe axpayiment gésalis show i K. e thaptierds theghighested whil e
the ratio between the formng speeds for the Ge and Te targets was being
kept at 12as{d7Vorhemthednixing ragiol (A arOd/ Arris e nesieho sthende Tge@lwb@m poi nt's
GeSCOTeso and Ge2Sh2Te5 as in FIG 16. Then, a second dielectric |ayer 5 of
ZnS- Si Oz Ilgasesnaee eontainedk neths Agfgas5 ltdacagadenad thglsonteaf 0N andkOpayer 6 of Al
all oy having a thickness of 150 nmwere forned in this order by sputtering
ont o the rnmrensds.nghé piperis dhe matst Wheredli¢ mnxingmatud (¥,av Og)/&r ixfetn M0 B¢ simi | ar
was applied to the light-reflective layer 6 to forma protective |ayer 7,

t her eby préovhelithgnaxippastéc MhanQe)/Apis fiathedinsceated, the jitter 1s 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 results are shown i FIG. 5 of which the horizontal axis
indicates the mixing ratio (N, + O,)/Ar and the vertical axis indicates the groove

reflectivity.



Finally, two pieces of this phase-change optical discs 1 were produced. The
two phase-change optical discs 1 thus obtained were bonded 26 Dzaembet hgo2
with their light-reflective layers 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 mmin thickness. Simlarly, a
phase- change optical disc was nmade of which only the recording | ayer 4 was
made of a different material fromthe above-nentioned. Mre specifically,
the Ge2SbzTeS, Sb and Te targets were co-sputtered while the form ng speeds
for the Sb and Te targets were kept at 0.67 nms to forma recording |ayer
4 made of a conposition between points SB2oTebo and GezSb2Te5 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 nade of
a conposition 23 Decenber 2002 33 on a straight line 11 showmn in FIG 16
under the simlar conditions to those in the experinent of which the

results are showyep ﬁglnﬁhe% geﬂﬂlehhesumgﬁﬁﬁeofs 1RG50 @NRheLiRad, out from the

phase-change optical disc was neasured he neasurement resul s are shown

in FIG 17de%f‘catstgkﬁ n%ﬂ&foﬁBﬁ%}?lafﬂ%&Wfaﬁﬁt(ﬁs -i-t(IjS//ﬂl 1§'uﬂ9%§;sg ggﬁ) n in a

conposition on e strai necti ng”’poi nt's Sb4o0Te60

Fecor ded” ARRUSE NG T ¢ Rl efeghd Ry Rl T

correspond nt.s J. .2, 54.8 L i4.3, 28.6, 57.1) and C
(2, 2, p5) P€§ §f$ lvunﬁﬁ ﬁ?ﬁﬁh%§ans apparent fﬁonlthe results s%omn in
FIG 17, when cordln s made of a ¢o ition. ing a

| arger Ge cont er‘? 'éf’n‘t ‘?’asgﬁ‘@“%‘oé‘?ﬂ‘ t{J f’%méneniées?ﬁs gg’?g‘)”}%tlﬁrf’é ?@?nary
conposition diagr of the el enments fit over 10%
an(rzlrpvxlnianI tﬂ@‘alile‘%ﬁa@fiﬂ@“ |tg?,g}1x1,§1g|r§thr@§+ sz%l?é‘ g&ﬂ\‘l‘gg? I &/’?H@ the s\énl | er Q

content than at, the point L (14.3, 28.6, 57. t he fltter is over 10%
Ther ef or e, AMPEPRBAHR E‘{qhéhcéwq%géﬁeéisgfﬁ’fm#ne 11 connecting the points
GeSOTeso and Sb4oTe60 should preferably be a one on the L|ne connectlng t he
points J akd L Atsnospbey ! pling bpticeag ' RIS e cont ent
than at point C (2. 2 S) |n ternarX corrp05|t|on d| agram of el errents Ge. Sb
and Te Next, a IpHe iglEeTeiits cal di sc was nmade whi ch having a recording
| ayer made of a conp05|t|on having a | arger Te content than at the point C
(2, 2, 5). 2ATheurbeserxtmaoried inghe abewe; theygdxaerimentusngoshesmaiid Te
targets were co-sputtered to make a phase change optical disc having a
recor di ng FHg®ert and braveels thann theceptisebiecruingmedium 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 1s necessary to vary the

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



straight line 12 fromthe point C. For the phase-change optical disc having
the recording layer 4 thus formed fromthe conposition on tdgpsddmuedbodi ne
12, the fitter of a signal read out after recorded once was neasured as in
t he experiment of which the results are shown in FIG 17. The neasurenent
results are shown in FIG 18 of which the horizontal axis indicates the
mxing ratio of Te in the conposition on'the straight |ine 12 connecting
the points Ge2SbzTeS and Te and the vertical axis indicate the fitter of a
signal read out after recorded once. It should be noted that the points C
and Kin FIG 18 correspond to the points C (2, 2, § and K (21.0, 21.0,
58.0) showmn in FIG 1 S. As reveal ed f r ofPt he results showmn in FIG 18, the
recording |layer 4 should preferably be forned fi oma conposition on the

| i ne connecting the points C (2, 2, 5) and K (2/.0, 21.0, 58.0) as shown in
FIG 15 for the fitter to be under 10% 3-3 Conposition having lar er Sb
content than at~oint C 2 2 Sy |n ternary corrposrtr on di agram of el enent s
Ge. Sb and Ifé NBelation apliase : dith ¢heveesording 12
recording | ayer nade of a corrposr ti on havr ng a Iar ger Sb cont ent than at

t he point C (2, spgedXhangd ad chagadter stice plidctility ar get s were
co-sputtered to nmake a phase 23 Decenber 2002 35 change optical disc
havi ng a recor diNegt,lazspety was madech flreamxangrmnipdd, ti Of)/ Anmaettg bothhhe | | ne 13
fromthe point C. For the phase-change optical disc having the recording

| ayer 4 thusqfiesm@ds forasad fignal gitleoand peoverefldeaviay mdieghhe tdcoadid@ layehe
fitter of a signal read out after recorded once was neasured as in the
experi ment @ﬁnwglspbcdhes{/ml ts are shown in FIG 17. The neasurenent
results are shown in FIG 19 of which the horizontal axis

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 to 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 mm/s and the mixing ratio (N, + O,)/Ar was varied in a range



indicates the mxing ratio of Sb in the conposition on the straight [ine 13
connecting the points Ge2ShZTeS and Sb and the vertical ax3deaoediben@02 he
fitter of a signal read out after recorded once. It should be noted that
the points Mand Cin FIG 19 correspond to the points M (21.6, 24.4, 54.0)
and C (2, 2, S) shown in FIG 15. As revealed fi omthe results shown in
FIG 19, the recording | ayer 4 should preferably be fornmed from a
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 fitter to be under 10% 3-4 Suitable
conposition for the recording layer in $he present invention The

af orenenti oned results showed that the conposition of the GeSbTe all oy as
the material of the recording |ayer 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, S
8.0), L ( 14.3, 28.6, 57.1 ) and M (21.6, 24. 4, S40 as shown in FIG 1
S. ' 23 Deénpas %002 iBehespiperments aforhiels the repulistarg sbms@: Eahgeandt eri al
for the recording layer 4 in the phase-change optical disc 1 of the present
i nvent i on 5 thedufer véd siemal read loet afxwesordbdrepgatzBly 2 tipea gathesipticebdiat ed
recording and wite/read characteristic of the recording | ayer are

opt i m zed and g vefré Battivitg laftendewpiting]l dshivg$hinguedizetd yweak mesugdal Theven af t er
recorded repeatedly. 4. Suitable thickness of the recording-Ilayer The

recor di ng rheay@entént festifteaershs@ntin FIG®M amh9shoul d preferably be 18 to 30 nm
for the reasons based on the foll ow ng experinent results: 4-1 Suitable

t hi ckness of tIsémiletraai dipgichipdiss whimiaie updasixailar doaditidn@no Ididsstin tige fi r st
dielectric layer 3 of ZnS-Si Oz having a thickness of 120 nmwas forned on a

substrate e%géh!mérﬁlﬂﬂvﬂﬁbmﬂ}c réQ1813 ar@sSHRGEOIOIF I 4l exeept taht the £&hpeding gy for med
on the first dielectric layer 3 by sputtering at a speed of O. 2 nn1$ in an

Ar gas at nosphgs Ogeéafwm 0 Binl/B endrine rﬁguﬂg’ahtah@ (N4 3,V AY vavad id @’ mi xi ng

ratio QGz/ (NZ +"QZ) was 20% The recording layer 4 was forned with the

thi ckness oaich od 90 48 if A RTikas dicheh A8 reEk &BUROARIACILUGARdE a

plurality of substrates 2 wth the recording layers 4 different

thi ckness &&gltpé}%faglgﬂp flout Ml recdaBfl f qtequ 3 Bl LG 1}@&)}& caﬁdgz

ZnS- Si 02 of m an t- r ective aving a

thi ckness 0 ekl cenues fa@{epﬁfé deftichiise %?ﬁﬁtlQYzeﬁp&Efe%éé'éﬂréi’f’ gRCh of the

recordi ng ent 1 n thickness fromone to another

t hereaft erl&%ﬁ%&t&ﬁésgﬁe r Bhwh i;ﬁgqlb%q 13y applying an ultravi oI et 23

Decenber 2 cura esin to l'ight-reflective |ayer 6, thereby

formng a phasgch 9&19&&5&%h @h@é‘mﬁenﬂg 1&' Feb5 Ly, fo%“f er%t Eﬁﬁl@ge

optical discs thus orned wt recor ayers ent

hi ckness ftom g gltagsgge.%lb%s UL bl gm%lg%gform Rhd Lhoed gattern as

shown in cor ran nal repea to the
phase-cha pL i S ter FM si gnal
was rreasup&? Ol§ ?@e“n%g ek Eicﬁl&%& @lel oCl x%tm?ﬁg PE)tﬁ)/A?? ?“%

recording . QuURE 0 R wer e set for a
ecor g g r%fgeal AP P ST
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
ni/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 laver forming conditions meeting both read signal characteristic

and groove reflectivity requirements



The above experinment showed that since the recording |ayer 4 having a

t hi ckness of less than 18 nmin the phase-change optical di e
is weak, a high-powered | aser beam of a recordi ng power Ph g?[%géﬁsg%gﬁﬁ%t
be used to nake repetitions of recording with respect to such a recording

| ayer 4. In a phasechange optical disc 1 with a recording |layer 4 having a
t hi ckness of nore than 30 nm the fitter of signal read out after recorded
repeatedly 10,000 tines is over 12.S% nanely, the durability agai nst
repeated recording is insufficient. Ther?%ore, the recording | ayer 4 should
preferably be 18 to 30 nm According to e present invention, the first
dielectric layer 3 is fornmed on the substrate 2. The dielectric layer 3 is
provi ded for protection of the recording |ayer 4 against oxidization as
well as for an anplification of |aser beamdue to a nulti-interference.

23 Decenber 2002 38 The first dielectric layer. 3 is made of a materi al

sel ected fi om/reentignesl above tie expepment gauls skpvanin FiRod, 6a8ard 10bo3, W3,
Zr02, BN, Ti N, ZrN, PbFz, F2 and the |ike. One of the materials my be

si ngly use@ven! thas i therppiicahds¢schavingtherggsnsetive eagording layers foraed ahtheg
others, the material for the first dielectric |ayer 3 should preferably
cont ai n atspeedssef Zhbnmén@. homé, Jréctmssandys. O ans Segiectively themmxing he fir st
dielectric layer 3 should preferably be 80 to 140 nmthick as will be

di scussed faabo@N o FAniresyltinpeinexped isigaal jitteaflunder Fi%stre 61 HeB and §4
dielectric layer 3 of ZnS-Si 02 was fornmed on the substrate 2 by sputtering.
At this ti%erespéivieli. CRineesuled arelpeaghically teicet es it FIG] By with3hawexovdinged in a
range of 70 to 150 nmto make a plurality of substrates 2 having first

di el ectri clayeyfermingispbed fidicated dlbhg Kirdssizontinagizent eha Mekhey ratidEXy, + a
recording layer 4 of GezSbh2Te5 having a thickness of 25 nmwas formed by
sput t er i ngOPMALadita@dd dlengs fhiengttichl ekiecthuk deligsing adtdight henl 1 n thi ckness
fi omone to another at a speed of 0.42 nnis in an Ar gas atnosphere of

whi ch the m xi ng FIat 1D, th&Rorizddal s dscalddd%hefetordixnjy 'F%ef BrinfnEpdiZK + O7)
was 20% Next, a second dielectric layer 5 of ZnS-Sr02 of 15 nrn and a

|'i ght - r ef | geh/AY@hil@URveBiOd af¥h iRlicAEs BRVINDENRrdtds ¢RNST,)/Ar 2550 (A wer e
formed in this order by sputtering on each of the récording |ayefs 4, and

thereaf t er TRe RhOLGS bkpi8sde@ISTY £ 28X £ 210MHH By aRRRAENHeMe o, the read _
ultraviolet-curable resin to the light-reflective |layer 6, thereby form ng

a_phase- chgpan Bt ifdler 09Parkd thus 23 REENREI sRAMcmAbTiBvRRAS e Change

optical disCs fhus formed was 1 nitialized, and the groove reflectivity was

measur ed. | FUr S iAo boRilangs BAICHEE P SO ufl Gpetmtheraisel Lo T ecord

random EFM si gnal repeatedly to the phase-ch al disc and the

fitter of Wianl RARCNIS, 1200 FRMeS] 08P MBDPIBAYES hayiily bl fosphéfiv L he

| i near velocity was s, and the recording power Ph,” erasing power P

and cool i ng. RERES 1-HErVBhfe QEthE%&c@dsfo‘U.@ d DtEAmRS 1lhenAi a3 o ead out

after recorded oncé. The above experinent showed that since the first

diel ectricylay Y L0 g ! : e- change

optical disc i?% ‘3‘2@%%29"3&‘6&2‘%3 iomgizogplégégr%g??%g?fﬁglg?al 5&?%2{ no
uality re ' b hi 3.1h j i with a

first o ol Qe 0B 200 B B R s el A T ORI ed 11 ey

st di ' ) , : - 5%
of signa 59%@?12 ﬁ}?{herr%&?x{dﬂrﬁlsg%f@ P Fé‘? Hgﬁ&téd albi #}?ec}?deéﬁ{op el 5%

nanely, the iTity agal ns s 1nsu

Note that CRE P Aghithe R 0L CEURE pia e RS RO, 0 et hod

such as a @ og-dep%ijti i OE sputtering nethod such as an ion beam
sputtering, lﬁgft ?V*ﬁ,nﬁ "sputtering or the like. The second dielectric

layer 5 is for mlalqé lix?gﬂti?gxprrgscs%a%yn&g . 192496 +416.f7.r 2% area above the line B,

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




simlar material and in a simlar manner to those for the first dielectric
layer 3. Similar to the first dielectric |layer 3, the secopslDdcerheartanog

| ayer 5 is provided for protection of the recording |ayer 4 agai nst
oxidization as well as for an anplification of |aser begin due to a
mufti-interference. 23 Decenber 2002 40 The second dielectric layer 5
shoul d preferably be 10 to 30 nmm thick. If the thickness of the second
dielectric layer 5 is under 10 nm the heat devel oped by the |l aser beamis
easily conducted to the light-reflective |ayer 6 and deteriorates the
function of preventing water fron1penetr%ﬁing 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 |layer 6, so that the recording |ayer 4 wll

remar kably be deteriorated as recording is repeatedly done to the

phase- chamgesiblst i cal disc. The light-reflective layer 6 is fornmed on the
second dielectric layer 5. The light-reflective layer 6 reflects a |ight

i nci dent from éfithelrecadingtlayrdodniap dpsel Xes hmheothas 520 e, itsisnéo highpr event
the head fi om being excessively confined inside the recording |ayer 4. The
| i ght - r ef |teaksure alrageding 18y dbnipg eines bk enbeghmadaljadt the rebadihg tayenet al | oi d
or sem conductive elenent singly or in conbination. It may be a netallic

el enent  sugltkasssAlIf thdspedll X E@lowar tigin @ nal/k,adte eécotdiaglayed forexiappales The
light-reflective layer 6 should preferably be 50 to 300 nmthick. If the

thi ckness { pngétihefwhidhs aPiRBhvdniiéhckifefihepRhdtRetof @arhdyY®hred W || have a
structure fromwhich the heat can hardly be dissipated, so that the

recordi ng TRteford, the kdcobMhg 18RF fornfify SiflearshOnlREfefsbly BE O kNP <i 550 _
repeatedly done to the phase-change optical disc. If the light-reflective

| ayer 6 inglH{i@Ill(?gv) than 300 nm it needs a longer tine for manufacture and
thus its producti ?ty is lower. The light-reflective |ayer 6 23 Decenber

2002 41 may be Asoém%ﬁlyor@molré E}%\@es E{?%}?ﬁéﬂas%%@g%??@?ca@%&%&i:“ on or

sputtering nethod su as an io m sp I ng,

o SR bR e OO o o
017, UGS AR 40 Mt Y Bl o
Substr at estAEBRIG: AES, Rk SO Ge a3ing A n SUER G Apdl BT e
other, f “”62 'ax%‘%lr gases 1s 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):
Y2 23X 410 e (1)
Y 128K 4 167 oo 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 ratioO,/(N, + O,) will be considered.



| ayers such as a recording layer are forned on either side of the | am nated
substrates, track pitch is 0.8 + 0.01 pm recording i s nmadeai y
an optical systemof which a ratio ~,/NA between the nuner?g§%0%é§%¥%ingA
and wavel ength .1 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 doubl e-si ded phase-change optical disc. The
phase- change optical disc 1 having the above-nentioned construction is
produced as will be described by way of exanple in the followng: First, a
substrate 2 having predeterm ned grooveg27formed thereon is fornmed from

pol ycarbonate by injection nolding. Then, a first dielectric |ayer 3 of ZnS
SiOz is formed on the substrate 2 by RF sputtering. Next, a recording |ayer
4 of GeSbTe alloy is fornmed by DC sputtering on the first dielectric |ayer
3. At this tinme, the GeSbTe alloy as a phase-change material is 23

Decenber 2002 A2ohseahetet HdMdedsn E}?&Msﬁﬁe{i@dfcﬁfdiﬁmﬁ}{m%gﬁ{vhﬁhitﬁg in an Ar

gas at nosphere containing NZ and OZ gases. The recording |ayer 4 should

prefera yecgﬁhﬁ%%ggﬁlé Q‘gﬁccﬁ Hﬁ%ﬂg{?ép(’lgfg xﬁ}xﬁé]rattﬁ%{ngggt@f%\b?pNS}Q&%H e

cont ai ni ng the gases whi ch the m xi + Q2)/ Ar

bet ween t } 1 i (42 t he

m xi ng raﬁlsgﬂlgé% %p@k&% g#gts%ag@%gg‘g%gfchﬁﬁﬁ%‘?%ﬁ?é nga l&r%ﬁ QZ gases
(3 Vo 2N b RRG B8 FecoltiR ool et nbidfhably) QMO Lgnit RS () ()
| Osz<60 . OuG as will be distissed below. "The reason why thie mixing fatio Oo/(N, § §p) dafys i

| nvent| on(7A PR SRdO 7 HOUEBHR LS Drer Rk PTEIRt MugOho RgReq B O arc

defined, the, GesShTe all.oy formn he recording layer 4 is suitably
nitrided HHHR cf‘é‘ﬂ‘?“ﬂ“ﬁ’éﬁséB?ElUC?T‘FLaSpWQg%g?scﬁgﬁ?)gglf’l‘”es of the recording
layer 4 for the read/wite are optimnmzed and the durability against

repeat ed felcorReladobeiwegn readsignanecharactenisticand mixdng £aio d 2 ecor di ng
medi um manuf act uri ng nmet hod of the present invention is adapted to m nuruze
t he regional d%lf?éra8@\&11¢ﬁw,ed§awlaihsqmma§@mamm@r magpertothgnal read out
after recorded repeatedly a few tunes to tens of tinmes. and to provide a
qual ity seYPRIImeNE e vhueh é@é@ﬁl&‘ﬁ@éﬁ‘sh@ﬁbﬂﬂ@- e prcepé thay thepreeondinglayeins of

t housands of dines. As a result, the optical recording nmedi umof the
present i MpsAeRAd fEam afde,sbolds alldy Wbiisphtteringgts We@gf&“@t@yﬁéﬂ andrgood

wite/read 23 Decenber 2002 43 characteristic even after repetitions of
si gnal r e&a¥ #impgphere 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.



Note that the recording |ayer form ng speed should preferably be over 0.1
nms and under 5.0 n.m's. Thus, the optical recording nmedi u2smeecemdet 2002Ng
met hod according to the present invention defines the recording |ayer
forniing speed as in the above to optimze the wite/read characteristic of
the recording layer 4, thereby unplenmenting 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 formed fioma conposition of
GeShTe alloy falling in an area defined, ,ihn a ternary conposition diagram
of the three elenments 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 forned from such a conposition,
there is provided an optical recording mediumin which the wite/read

characteristic of the recording.layer 4 is_optimzed so that deterioration
of a read signdlor &FiEF 03%88?1&@&‘8‘@ écéfié’d’itﬁﬁﬁ%lﬁcﬁ‘éé repsetesbya 18t . a second
dielectric layer 5 of ZnS-SiQ2 is. for on the recording |layer 4 by RF
sputteri ng‘?”“%l’?ér?,f tignqsisypR af %8408%%, @3%@ 1sgaken hes apg rf#%repﬁ@ value g
dielectric layer 5 using an Al target. Next, the light-reflective |ayer 6

i s coated ¥ 2d5°Riablemediadi ol et - curabl e resin by spin coating, thereby
finally producing a phase-change optical disc 1 according to the present
invention. 23Adxseeftom tizopgasprementgpaltsshpenne Q. thas thomprng o a
doubl e- si ded phase-change optical disc 10 as shown in FIG 2, two pieces of
t he above- Og(lVjblg)ingleases, tirarcge sigpal Jittdr dbiceasds gragudlly. fiten thednbamgled t o
each other with their light-reflective layers 6 facing each other with an
adhesi ve appbi@ANet @Dexcedds 108y ahs réad dignablgiyteots wadamp2. 6%, Fhehgilaase- change
optical disc 1 having the construction having been described in the

f or egoi ng wdtisfach®ily gobdd edddzsighal amebe pfovideml dven asteg trl sigrml has béean, erased,
or read out with respect to the phase-change optical disc 1, as will be

di scussed hebalyd 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
and P

2 tumes is 10% are assumed here as P respectively. The recording

min max»



The phase-change optical disc | is conposed of the first dielectric |ayer
3, recording layer 4, second dielectric layer 5, light-refbggct¥fbbRp 6
and the protective layer 7 formed in this order on the substrate 2 as
havi ng previously been described. The phase-change optical disc 1 is
processed to initialize the recording layer 4. The initialization is such
that the recording | ayer having any information signal not yet witten
thereon is processed to have a uniformy crystalline state. Mre
particularly, a predetermned |aser beais irradiated evenly on the entire
phase-change optical disc 1. At this tune, the recording layer 4 is heated
to a tenperature below the nelting point, and above the crystallization
poi nt, of the phase-change material. Thereafter, the recording layer 4 is
cooled to a uniformy crystalline state. Thus, the recording layer 4 is
initialized. 23. De eﬁl‘qe 002 45 | nformation si.gnal wdll itten,
erased orPPEIYEE ‘\%%f’ ?‘&"p Qretsﬂltf)ﬁg%i“ﬁflf)f@?iaffé RN ﬂeh"glr?rg'\éw opti cal
disc 1 set in a. disc.drive and.being,.spun at a predetern ne i pear

vel oci t y. DoEVFe therpariugy end TR TARESnGh@ear olife phg%@m%ﬁﬁg opti cal
disc 1, a beam of a hjgh-powered |aser |s focused onto the recording |ayer
4 fi om Of 2 KEUE SR Y@Q&II?WH!S,TCE’USBK?}B‘HOW the recording | ayer 4 under
the focused spot of the |laser beamis quickly heated to a higher
tenperature tFnm=t Runareldi){Pqol Ruiddhd t hen- gui-ckl-y--ecel ed t0)get an

anor phous state. In the phase-change optical disc 1, information signal is
witten as an Amapparent Sronetherdsulty shawk o FIGh, @s fhe eatioj of Oy iversastisng | ayer
4. To erase information witten in the phase-change optical disc 1, a
weaker | atherecdrdmgpemets imarginiiecimasdseand a§ thieaniprtg etio 3,dMat+O, kexcseds ed at

| east onto the recording mark fromon the substrate 2. A portion of the

r ecor di ng60%y e récardibgrpavee niavginse dndgrat0%fsotthat it amgrbelreasdesdhithat ed to a
t enperature above the crystallization point and bel ow the nelting point and
t hen anneal eptidad dizapeoduced wathed Variwgiontofitiee recoalipe bisernedwerahdia chappecedent
state. Nanely, the anorphous recording mark as information signal is
changed t of theatinbsstiealk Iconéitiphassl bé henelny whichsiogitisfietorpresordingeansi gnal .
To read out information signal witten on the phase-change optical disc |

i n whi ch bafleri¢rati on signal has been witten and/or erased, a |light beam
havi ng a power | ow enough to cause no phase change in the recording | ayer 4
is focused-3 28phwepanteehix2iirtid0 @E%]ﬁgzblﬁ)rl’@gﬂl’rdzid’@g;haﬂ}éﬁﬁraétcﬂsﬁﬂhﬂ@ t he
substrate 2 and a return |ight of the incident light is detected. In the
phase- change optéate shwé& margihe reflectivity of the recording layer 4 in
the crystalline state is higher than that in the anorphous state.
Therefore, theTkd fgulls sheRviinl FIGSE ¢ 8iaMe 14 revdabitat for thekitted 60a%sighel r ecor di ng
| ayer 4 to detect a difference in reflectivity between the crystalline and

anmor phous réddadu afief rdcbrledaepaiddig 20 8Ye tintks tb benahicéitlodigabndetedtfcar mat i on
signal. Second enbodiment Simlar to the phase-change optical disc 1 shown

in FIG 1llevehgndhafsuehamdfium necessary recording power margin for a satisfactory

recording even with a variation of the recording laser 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.



optical disc according to the second enbodi nent of the present invention
conprises a substrate 2, first dielectric |ayer 3, recording3Degember,2002
second dielectric layer 5, light-reflective layer b and a protective |ayer
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 nent, having been described in
the foregoing, while it conprises al nbost sane conponent |ayers as the
substrate 2, first dielectric layer 3, sggond dielectric |layer 5,
light-reflective layer 6 and the protective |ayer 7 of the phase-change
optical disc 1 of the first enbodi nent. Therefore, the other conponent

| ayers than the recording layer will not be described any |onger but only
the recording layer 4 will be discussed bel ow. 23 Decenber 2002 47 The
recording | aye is fornmed.fi.em hase- change rjal,changeable in
state from crygl’éﬁﬁ%hoée’tag eé’ﬁ%% Sﬁgthgérsu\?ﬁséggvg%%gféﬁn‘idg)rl‘f’h@’ef ocused spot
of a | aser begm 3r tl)l_e lhke't' mal¥. t he recadi ng. I %2‘5 4 is an optical
recor di ng TFEF8IEIAY R '2H ?ﬂ%‘%’ﬁé%"é’ ding Mg AfHabing adhe PIrEHocused spot of
| aser beamto wite, .erase.or,read i,nformat] si,gnal . Specifically, the
phase-char‘?&é"‘I‘r’i‘fS’Peg}lP‘éllFi %‘?fséfar?iy P%g‘?ﬂrtﬁdrﬂﬁ 415R¢ %Z“{’% R &N SHEAS AHMPFRISEKS i on i s
a cal cogeni de .cont ai ni a GeSbhbTe alloy. .The recordj | ayer 4 shoul d

pr ef er abl yCORARIBE 288 Qs hovhich uinae BiHOha AT 1Styié%r)éeglﬂéﬁ ng

| ayer 4 of the present invention should preferably be forned by sputtering
at a speedning @io./(N HA)AF ZdHe), thersspmetess Loxtaadd mgeds diss” of whi ch t he
mxing ratio QZ/ Ar between the 02 and Ar gases is Y (%, the parameters X
and Y neet follgwingrelagions(d)rig (Bxl ati ons (1) and (4): Yz 2.3X + 1.0
.................................................... (1) Y <5.5X + 2.7
............... YZ. .2'.3.X.—.{_.1.'Q P R T R '.".":".".":".".".‘".".".":"-"-":"-"-":""('4) (ert her rTDre, the
recording |layer form ng speed X should preferably be over 0.1 nm's and
under 5.0 nni s.YNIA8Xt 16Re speed..X..shoul-d..pr.eferabl.y..ne€?) the fol | owi ng
relation (6): 0.1 s Xs 5

............... 0.5 Z.s60. ... ... s ereseere s £8) (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. Thereby the optical recording medium of
the present invention is adapted to minimize the regional deterioration, such an
increased jitter, 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 always keeps a stable and good write/read characteristic even

after repetitions of signal recording,

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



Note that the mxing ratioQZ/Ar is a flowratio between the 02 and Ar
gases, in other words, a volune ratio between OZ and Ar gases; %cgﬁ%ng
| ayer form ng atnospheric conditions and speed X 23 Decenber A e
m xing rati o002/ Ar of Y (% between the Oz and Ar gases and the recording

| ayer form ng speed X (rmm/s) for formng the recording |layer 4 in the
optical recording nediumand in the opticdl recordi ng nmedi um manuf acturi ng
nmet hod 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 ow ng
experinment results having been conducted on the enbodi nents of the present

i nvention and conparative exanples: 1-2 Relation between recording | ayer
form ng at nospREGI L5 andtetieg csingosidbn diugianishowaig £ chipsiition offiés e- change
optical disc was made as will be discussed below First, a substrate 2 of

120 nm i n RateHBRRE tie@cOrdbndMay ey Fdihek e dte pasertaaontibRe Tn #d teridry
dielectric layer 3 of ZnS-SI Oz having a thickness of 90 nmwas fornmed on

the subst r@usoditidh GRshielor f thNedlemén SR2G% on the
first diel eg‘lﬁ)rig | ayer 3 and atreco?rgi ntgifgﬁg’rﬁ%??eesﬁ%mé? gf%ga

t hi ckness : (ffe]Ms(-Te R i d ) in an
Ar gas at rrc%fén helrtgml fr%’ﬁ%lgh (074 atg)dacsfﬁ{\/%/gtsb&ﬁgblﬁgg?ﬁk‘t&f EI S Etfjﬁieﬁ'@’l ?%’h@gg)r’ gas

i ere i . hi it
a mospher acharbny 11 3e6) 1S, Relds7GR ofas (4118 S BTl 0 OB/ AT ves

varied withi'rn'a ran % ere ng a pldrality of

G 11 oront o moesverioHeR i (FrARedtl e HaSoh SAYIML T SBYR corhgfRor 86T

1 aht - of | BEeroatpReerd ik delel T basot g T ERpokRERC e BrBB oA er e
formed in this Qé%&%ﬁg%ﬁgring on each of the recording |ayers 4 forned

under the B #95&H and then a protective layer 7 was formed on
the light-reflective |l ayer 6 by apPI
DOSAAGN. AN, e cennectin

ying_an ultraviolet-curable resin, to

make a pha%‘é-c e HBE tng L Ty b oBhigERA¥ hange opti cal
discs 1 thus nmade was. duplicated. The two phase-change optical discs 1 of
each type thus ‘OBl L Glagld G RGNEHEN LRGN G h their

light-reflective |layers 6 facing each _other with an_adhesive 9 applied
bet ween t he | ayidrss, sfirstdielgotye layeryd b ZaSstife hapmgacthickagsfeololAd was di sc 10
of 120 mmin dianmeter and I .2 mmjn thickness as shown in FIG 2 was nade
in whi ch wirmedoag substrig Lhinsmutegdge with respect to both sides thereof.
Note that this phase-change optical discs 1 and 10 has a track pitch of
about 0.8 gm Hiet, afeqondinglayentiafGeSbTgshaymehtngmespof 2awadifenrsedrade
under different recording layer formng conditions were initialized by
crystal | i zthefirshéielestran ivery3 bugputtermg atdepeehef P d2umels i potArgasa
hi gh- powered | aser beam

atmosphere of which the mixing ratio (N, + O,)/Ar was 10% and the mixing ratio

0,/(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 a phase-change optical disc having a
recording layer made of a composition on a straight line 11 connecting the points

Gey,Tes, and Sby,Teg, about the point C (2, 2, 5) as shown in FIG. 16 being also a



Then, a lighting pattern as shown in FIG 3 was used to record a random EFM
signal using a channel clock of 27.7 Mz on each of these 43WPesember @802
phasechange optical discs. In FIG 3, the recording power is indicated with
a reference Ph, erasing power is with a reference P 1, 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. 23 Decenber 2002 50 At this tune, a recording/reproducing
apparatus, or a disc drive, was used in.hich the linear velocity was 4.8
m's, the recording power Ph is 140 rnV&”ﬁhe erasing power P 1 was 5.6 m\
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 tines to each of the
phase-change optical discs. Then, to evaluate the relation between the

m xi ng r demenbeamgasiicdiagrampet hasies Shand Terel¢roemts niylarthepeabioallyi, te | ayer
and the characteristic of read signal, fitter of a signal read from each of
t he phaseGefbige tavpetivesl codipsitterealf white theastia betweep dat fetmyng@€pe@dOfdrunes, was
measured. The neasurenent results are showmn in FIG 20 of which the

hor i zont athe &xiandiTedarpatewad bangrkeptrag 11 af foomredordimy lageit héovest i cal axi s
indicates the fitter of a signal read fromthe optical disc after recorded
repeat edl gondsTHoA betinen mints Gtk BrIOGELSHI 4,8 Gk FIASI6 correctable fitter,
12.5%is taken here as a reference value for an acceptable nedia. As seen

from the expermheRn sec6sdiieteciolRer NoFYES-520, hivigg b itiitkiess 5f1hani ghest as
15. 8% when the mxing ratio Qz/ Ar is 0% nanely, when no QZ gas is

cont ai nedardh lighR-réflectiae layel 6 GFNIQASH ShAngd A ehiklaeSPHE BIU nhREer8dsRged The
fitter is the Towest when the mixing ratio QZ/Ar is 1.5t0 4 % As the the

M Xi NG T afieRis %d%'byisg%tftéﬁﬂ to tRCFR8 1ayBe4 fanldliBErehte@hi QlltHW(Fl@fised
23 DeC er 0

gradual | y. e 2 51 Thereforé, the experinment results showed

Fecor dod 'Coachraaly s Btc] QLo Bl plavk \PRRn S BAAAKE IBGTL o
t he recorﬁi,ltﬂgﬁﬂ) I%Qic?%g)&ﬂ%%[%ﬁg%g#%f@?%‘cqr med in an Ar gas at nosphere of

whi ch the 'm xi g rat 1-2 Rel ation between atnospheric

condi 1 ons 1 oGNS dSATHLIBLANGE BNNIHA0UGLERRRELYT Lo Nt for

eval uati on of the I on en atno rrc conditiohs 1ncluding a

or mod andCasgr Has pAPNQtts IADE ptARR watpblladd b B O Wl OV CF
I ~ j i C G itd d h -ch
optical aiel B tRUle MBS BB ERRRT Gl A BISe SR R R P PR oo

h -ch i cal _dj. d h ' t | ts. h [
Bl 21 o Sumeare dRE e s MRS ey e R B B ) A “an

t he Verti(?i%l"ﬂ&é%%.ﬁ%&?ﬂ‘hﬁlﬁ&?ﬁjf heestsgr oove reflectivity. As seen fromthe

experinment resu F , the groove reflectivity decreases _
i A is over Sl blagchieeerudine R MRS BR R deaemaigd T
Ther of or o it e Ml p LR Bl PeR tag Bk e AL Y Bt BB n Fia 21 tha
for a satisiactpry spanglprodulanon, the moxing rati, 0p/dr should be
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,Teq, 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



23 Decenber 2002 52 the atnosphere in which the recording layer is forned.
1-3 Atnospheric conditions neeting both read signal charact®spsédmbetPdogove
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 nmedi um and manufacturing nmethod for the optical recording medi um
according to the present invention, when the recording layer is fornmed at a
speed of 0.42 nms in an Ar gas atnosphere of which the mxing ratio QZ/ Ar
should be 1.5 to 5.0 %in order to satisfy both the requirenents for the
read signal fitter and groove reflectiviBg. FIGS. 20 and 21 show t he
results of the experinents conducted on the optical discs having their
respective recording |layers forned at the speed of 0.42 nnis. Therefore, to
obtain simlar read signal characteristics to those shown in FIGS. 20 and
21 when the recording |ayer formng speed varied, it is necessary to vary
the mxing chahQidhhie 133p86h in PG4 R HRNSIRIMALofiTBRABARbE RAAMI LT ONS
with the recording layer form ng speed changed. read signal characteristic
and groove Y] t - X af | / Ar
meeti ng boteﬁs%lkggété)\gtﬁ}%{%ﬂ\ngﬁtrgs g%gggoﬁﬁgﬂigﬂ%f ??Ctl Eeﬂr%g&lgé)ggfrq %o%/lgﬁél%&az
reflectivi eGgor dj . r r.m speed was varied. First, a
doubl e- si dsgét lé%ﬁwgglgﬁ%{eé%%\lf\lgégﬁ%é Z%gsﬁ'a{ééé [{snl”%l e<'§11r' conditions to those in the
experi nent of jch the results, are shown p.F 0,excepnt, that the
applied 23 D\ei\@bﬁﬁbela“%’ﬁ‘fn%@s@éﬁ ?55@0%1?%;@% gﬁ%fe e&Pnf%rg%]baz%s was
varied, recoytding,layer form speed was. 0.1 nms and f.he mxing .ratio
) A s, JAHFHE 17 THNIngGHO OF G Ihg SSMROSADN of T auBREL F G hERASCHRR Ch t he
results are sho FIG, 20, the fjtter, of a signal read out after recorded
repeat edl y P?H‘,tﬁ)ggSO{}Fﬂéé‘d tsg‘thHQ a&ﬂt‘h%&?“‘&iﬂs"é“%\}é@?%&? Bifer ('1*{1‘33 #s28lr enent
results are shown in FIG 22. Al s, the optical disc thus de. was
initiali zedeftsﬂ%raf&eﬁeccafdﬁ%ﬁwef Hishenkiba nead thas thegpmats J; b aﬁﬁ&ab%% Wit h
the recording layer formng speed of 0.1 nmds. The groove reflectivity of
the opti call’/diosespandde the\peintsnl (2641120 Ha®): keddds 8.6 A7 dhand &rfd. debner as
in the experinent of which the results are shown in FIG 21. The
nmeasur ementresnestivaly, mFEGshdwn in FIG 23. Similarly, a phase-change opti cal
di sc was made by formng the recording |layer at a speed.of 1.6 nms in an
Ar gas at npsphefé appargpt Epmtthe refults Arpwm it Bl Awhem shergeorsing layer 4 Bnge of
0 to 20 % The fitter of a signal read out after recorded repeatedly 20,000
times to theadgpifiaceampdisgrondiaying dlaveer (o ¢adentihanjatghe peint h€20P1 153l di sc
was initialized, were neasured. The neasurenent results are shown in FIGS.
24 and 25. 3i%iih shd ternagy pompesithadipgramp of thel elenents Wwes Shadé Tgy thiegitterng t he
recording layer at a speed of 5.0 nrn/s in an Ar gas atnosphere of which
t he m xi ng avat 1&eCmdwhem thesgeondihg layer 4 mgadeodf acanepos@iohaving 4itter of a
signal read out after recorded repeatedly 20,000 tunes to the optical disc
and groove smelleeGeiophtent tianayt therpointdt (B, 8.6, MWhsthenitter ad dvesd 0%er e
measured. The neasurenent results are shown in

Therefore, the composition on the straight line 11 connecting the points GeyTes,

and Sby,Teg, 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).



23 Decenber 2002 54 FIGS. 26 and 27. It was reveal ed fromthe experinent
results in FIGS. 23, 24 and 26 that in the optical discs H3/Perpmbesi2p02
respective recording layers forned at the speeds of 0.1 nnis, 1.6 nms and
5.0 nm's, respectively, the mxing ratios Oz/ Ar resulting in a read signal
fitter ofunder 12. S% are over 1, 4 and 12 % respectively. Al so, as seen
fromthe experinent results in FIGS. 26) 27 and 28, in the optical discs
having their respective recording |layers forned at the speeds of 0.1 nnis,
1.6 nms and 5.0 nm's, respectively, the mxing ratios 02/ Ar resulting in a
groove reflectivity of over 11% are bel o843, 12 and 30 % respectively. 1-5
Recording_layer firmng conditions neeting; both read si nal characteristic
and groove reflectivit~r 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 |layers forned at the speeds of 0.42 nms,
0.1 nnt's, Mbr§ paiticaladlydGe, b, Ml ahd TLaRRE W¥Rl db-spulteredl t8irske’ AphAQs- 02/ Ar
resulting in a read Signal fitter of under 10% are 1.5, 1, 4 and 12 %

respecti vglyoe SPficdl Uil HaViry £re@bRIRtY B9¢r ¥ fdriled HdiRh&enl sfﬂoﬁl ore§ W th the

recording layer formng speed indicated along the horizZontal axis and the

m Xi ng ra%]t;ﬁ%@@glj?ﬁléqﬁ%?gm@@ng the vertical axis to define a straight

line a. | Izontal axis indicates the recording |ayer

form ng speed wh | iy i S.1ndic s, 1:h 1. Xipg ratios
Qz/ Ar as Y (%%r%ﬁgbﬁsﬁ\gﬂgﬂ ?eségggﬁtr/%g‘télé%%%% Iécyag% I%I%Lb&ml%nfgn ?ﬂeed1ar ea
under the,.line a, the read signal, fitt ; cenber 2002 55 is over

12 296 andtPLe Gamipiiieg s 3Peny e PahoBron B oRIRR 1B T st her  hand,
as descri bedrfjlg t he foregqoi ng, th exBer.i ment rﬁsgl ts shlgwn iB FI GS. 21,
23, 25 antFeorAeAeRnEs W FEsTigtian in T FREImERUVIIED ithiyres WS #esBepadt | ve
recordi ng k(gy s fornmed at the speeds of 0.42 nnis, 0.1 nms, 1.6 nms and
5.0 nrﬂs,F -sl?ectively, the mxing ratios QzZ/ Ar result in a groove
reflectivity of over 11%are S, 3, 12 and 30 % respectively. The results
are graphical |'}h§ WW?@?@JG@SW@W 7§16 dBof e thedypnizaptal aXi8r ni ng
speed indicated along the horizontal axis, and the mxing ratio Oz/ Ar

i ndi cat edingigirs theaugegrpepl g ixthecoggosivienondhe siraght ingid2 (3. The line (3
is expressed by Y =55X + 2. 7. In the area above the line ~3, the groove
reflecti valﬁnzlﬁwonﬂ Geahd w304 Teanddhe ¥edelorys widinsta thedtiier &fron i s
possible. |If the recording |layer formng speed X is higher than 5.0 nnls,
it is tooswne;lﬁe%ows%ftﬁrée@r@%{@m Agshoaldbbe netedithing the peinisdngnd foligh t o
adjust the recording |ayer thickness. If the speed X is slower than 0.1
nni's, theFFach: enrrgppad & thegomthg Rake® aadikofile?. 21i G5 8- Qithewniig Fiq.

i nconveni ence for the practice of manufacture. Therefore, the recording

| ayer forAPng speed should preferably be 0.1 s X s 5.0 (relation (6)). As
evident fromthe foregoing description, the phase-change optical disc 1
according to therqwebgr&om theaissplsrshoaun dflgr E&éhatﬂogbrdmgéayar fisbovldi ng | ayer

of GeSbTe fornmed by sputtering at a speed X (run/s) in an Ar %as at nosphere
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 10%.

3-3  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 point C (2, 2, 5).

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



23 Decenber 2002 56 containing Oz gas of which the mixing ratio QZ/ Ar
between the OZ and Ar gases is Y (%, the paraneters X and2¥Deeetnbag2dde
following relations ( 1) and (4). Thus the GeSbTe alloy forniing the
recording layer 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 requirenments for the read signal fitter and groove reflectivity to
irrininuze the deterioration of a signal read out even after recorded
repeatedly and thus to al ways keep a good3@ﬁite/read characteristic. YZ

2. 38X + L. 0 (1) Ys 5.5X
e (4) At this
time, the recording layer 4 should preferably be forned at a speed X of 0.1
s X s 5.0 as previously nentioned for the phase-change optical disc 1
accordi ng tRargBRpHEARY havigetdcBRling ldFer 3 Tointe PRGN EATRPSH ki ON

di agram showi ng a conposition of the material for the recording |ayer 4 for

use in thegprierEile 1O thePoink™ t he ternary conposition diagram (of the
three elements Ge, Sb and Te), the GeSbTe alloy is a conposition falling in

210, 58.0), L dAng PR RESob Rl Wl B B Tardle ayep M ikl oV o
1.0, 56.0) L (14598 087 R A B
For bgor g, R e Rkl ion' | b A algRPAAL L ket THEF o R o BRLARIERAher 0°) cyer 4

is thus defjned js e ex i r Lch will 23 Decenber
2002 57 beriaged G TR tnul s Bafy LORnG R bbbl pte shoh
connecti ng 50Je50 and Sb~o0Te~0 in ternary conposition diagramof three

el enent s , Sband Te First, a first dielectric layer 3 of ZnS-Si 02 having
Fecor ding | ayer 1 B enrel Ravivgearonnanande Got Yathibe BerBiation the
first diel echlSs ilShng tio LS e Torftpodio 08 theXranpnt finf T3S ' 1 N A

connecting the pomnts 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 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 10%

3-4  Switable 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.



gas at nosphere of which the mxing ratio QZ/ Ar was 2.5% At this tine, the
recording |ayer 4 was forned by sputtering using a target &3 QR@8ierad)?2
target of Ge and a target of Sb. First, consideration was nmade of a

phase- change optical disc having a recording | ayer nade of a conposition on
a straight line 11 connecting the points GeSOleso and Sbh4Te6 about the
point C (2, 2, 5 as shown in FIG 16 being also a ternary conposition

di agram of the Ge, Sb and Te el enents. Mirre specifically, the Ge2Sbh2Te5
target was co-sputtered while the mxing ratio between the form ng speeds
for the Ge and Te targets was being kept3g@t 1, to forma recording |ayer 4
froma conposition between points GeSOleso and Ge2SbZTeS as in FIG 16.
Then, a second dielectric layer 5 of ZnS-Si 02 having a thickness of 15 run
and a light-reflective layer 6 of Al alloy having a thickness of I 50 nm
were formed in this order by sputtering onto the recording | ayer 4, and

thereafter, anSiHcetRyt&hpésifi@bbiNa Phiassichh@ musiaPfRR thetcbRlifdBiyer 4 in
light-reflective layer 6 to forma protective |ayer 23 Decenber 2002 58

7, ther ebYthQEHz\@edciHAE Soptias 8is6 NaTdBe pREéMAhveidR isldefiiedalslii thd ¥kbvel eces of
t hi s phase-change opglcal di scs | were produced. The two phase-change

optical digeauhbiiltyasaRi@epededRiErdhpnaftwtiR/ ¢ BhaRERHs Y bhttehei r
%rs 6 P

light-reflective lay acli ng each other with an adhesive applied
bet ween t j -1 ef i Mﬁﬂf - goubk-e- si
phase-ch a%g(lnlg g{téit 18%% a’é? g&bﬁéﬁc?% ﬁgrrenﬁfcn&‘&l}g#gt ers an 0@qil 1‘.“%11%3{ %E%H?lc kness.

Simlarly, phase-ch optihcal disc was nmade of which only the recording
| ayer 4 md§%ﬂ§§gr6?8gﬁ@g??%@%ﬂ. material fromthe above-nenti oned. More

specifically, %h% § g 1%5, %QQ Teltgggets were co-sputtered while the
formng sp eds—Pb%SEﬁgié%—éﬁgggé;%épﬁg%%lmere kept at 0.67 nms to forma
recordi ng | ayer.,4 nade. of, a ca sition.between i,nts. Sh4oTe a
CozSboTon s’ i THErESOraRE fta ANORR PIESCTR R Vol A SHOUA Prefemby b 0ud Msed o
record a signal  repeatedly 20,00 imes to the phase-change optical disc

t hus havidﬁgEW@hFégﬁpﬂfﬂﬁ%ﬁéyégegﬂhﬂﬁﬁg8¥p%3% 6%$ ion on a straight line
11 under tgﬁ simlar conditiqgns to those in the e riment of which the
results ar&!sho¥ : S QL theqgcondmerlaygrdn t Atventon oad out from

t he phase-change optjcal. di sc was neasured he, recorded si | was a
random EFM si g é!ist:ﬁaf@rrsh@ gcm«:dﬁxﬁreio ZBcio1g; haying %Iﬁ%inﬁr%feo SURenent
results are shown in FI%. 29 of the horizontal axis indicates the m xing
ratio of ¥asfprmed SRpCRPE YA 201 PHECERG ai ght |ine 11 connecting points
Ge50Te50 and Sh4oTebo and the vertical axis indicates the fitter of the
signal read outThen: dFecording lyer oheeSbyTessyasdpamesbom iedirst fistectimelayei nts J,

L and Cin_FIG ) . .
3 by sputtering at a speed of 0.42 nm/s in an Ar gas atmosphere of which the

=
O Ch Ci

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-Si0, 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-



23 Decenber 2002 59 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 Fl G231Becembesngped ent
fromthe results showmn in FIG 29, when the recording |ayer 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 elenments Ge, Sb and Te, the
fitter is over 12.S% and when the recording layer 4 is nade of a
conposition having a smaller Ge content than at the point L (14.3, 28.6,
57.1), the fitter is over 12.5% Therefore, the conposition on the straight
line 1 1 connecting the points GeSOTeso gnd Sb4oTebo shoul d preferably be a
one on the line connecting the points J and L as shown in FIG 15. 2-2
Conmposi tion having |layer Te content than at point C-2. 2 5, in ternarX
conposi tion diagram of elenents GeySb and Te Next, a phase-change opti cal

di sc was nmade which having a recording |ayer nade of a conposition having a

| arger Te content .t ha t.th int C ._.More,particul arl.
conSozres SREDFRREDe Hepkreh BV E et &riberepy TP s BRESUR 30  ca

di sc having a,recording layer 4 formed froma conposition on a straight
line 12 frOffthe point C. For the phase-change optical disc having the
recordi ng layer_4 thus fo d fromthe conposjtipn on the straight |line 12,
the fitter of alg HBW& 16y ‘é’glggéﬁff‘%&eé}?“f’@dg?ﬁé u$ g)b’é’ﬁaéﬂaythfé?%ﬁ gunes was
measured as in the experinment of which the results. are shown in FIG 29.

23 DecenbelyoBdAierenhin (hekEs cieRHonEd AP R MEreSRISIZed 2P Zhongr whi ch
the horizontal axis indicates the mxing ratio of Te . in the conposition on
t he strai gpattarn aeshoveiniiés B wits ussd tpercrrdracdrmMdssigned rapeatedly tothe
vertical axis indicate the fitter of a signal read out after recorded

20, 000 t i nekaseichangequntigabdisesornddhe fister efidie geachewt randera BEM signplavaso
correspond to the points C (2, 2, 5) and K (21.0, 21.0, 58.0) shown in FIG
15. As revaghsdged.r Ahthihemeetbelinsasvedonityi was?t.&m/soandtthe recscdingipoyer ayer 4
shoul d preferably be fornmed froma conposition on the |ine connecting the
poi nts C (Bh, @asibg pawer Kl @l chlinglpodver 8. vddre ast fohewnniomuf|j@er d6tifeor t he
fitter to be under 12.5% 2-3 Conposition having | amer Sb content than at
poi nt C | 2sigRal rb3d out dfter naoxdezlosrpesi ti on di agrram of el enents Ge, Sb and Te
Next, a phase-change optical disc was made which having a recording | ayer
made of a conpdBid abave kapéniged shawgé thablbince ticertotdirenlagtr 4 havipgiaat C (2, 2,
5). More particularly, GezSbZTes and Sb targets were co-sputtered to nmake a
phasechangehicqicicaf lesh than h&winnin the phewrdiange bpyerl dikcflothnechatle ioweak, a
conposition on a straight line 13 fromthe point C. For the phase-change
optical di aphhmwened laber Beaansfth regotdiyepowert Plust T HmEdannarbetused conposi ti on
on the straight line 13, the fitter of a signal read out after recorded

r epeat edl y n2@e 06} titionesf wasrdimawith @ekpast torsutine recopding t®etr 40fin whyhake-t he
results are shown in FIG 29. The neasurenent results are shown in FIG 31
of whi ch t bearperoptiosltdidc Bwith a resrdRCclapdrer ha0idg a thickness of more than 30

nin, 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.



61 indicates the mxing ratio of Sb in the c~rnposition on the straight
line 13 connecting the points GezSbZTes and Sb and the ver23 Dedensber 2002
indicate the fitter 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 fiomthe results showmn in FIG 31, the recording |layer 4 should
preferably be formed fi oma conposition on the line connecting the points
M(21.6, 24.4, S 4.0) and C (2, 2, S) as shown in FIG 15 for the j fitter
to b a under 12. 5 % 2-4 Suitable conmpogition 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 |ayer 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,

$4.8), K(21.0,.,21.0,..58.0 L (.14.3, 28.6, 57. d (21.6,24 . 4,
54.0) as shown P tél‘g‘icér.‘g gyﬁ&élsc W@g’%Bﬁ%B?it?rf ﬁéﬁ%mg%ﬂ%wgégc%e mat eri al
for the recording lLayer 4.in e ase-¢h e gpti isc 1 of the present
i nvention @sélegf(gnélg‘és Si‘ﬂ\ht %‘i\ﬁaﬁ‘mei&ﬁﬁd’%% 27(5@@’5%% 2&1?1(9?'?}%2“ c of the
recording layer 4 is optimzed, the durability against repeated recording

i s unpr ovédslzaad thelke.i Opaof Bie matedalymay beunslywsedpr morg depoged repeat edl y
is mnimzed, thus effectively assuring a quality of a signal read out
after recaonatedalmepels extd\ps aThixtyrec dvefingptherpethematerialfer thedyrent i nvention
shoul d preferably be 18 to 30 23 Decenber 2002 62 nmfor the reasons
based on tdadedtot layei Aghewgerdfambly cagaihtas leafi 213, and nhoregrefdiablebt ri c | ayer
3 of ZnS-Si 02 having a thickness of 90 nmwas formed on a substrate 2 by
sputteri ngnSThi€n, a recording | ayer of Ge2Sb2Te5 was forned on the first
dielectric layer 3 by sputtering at a speed of 0.42 nms in an Ar gas

at nospher e of Whitkdr, thedirst dielegtricdayeay 3(dNdubd Eferdbly ba020 3% nhinehicleaor di ng

| ayer 4 was formed with the thickness varied in a range of 15 to 40 nm and
t hus t her ewilidhealisoage dédbefdwi tahderying thesdxdpstinmhessadltsv th t he recordi ng | ayers
4 different in thickness fi omone to another. Next, a second

di el ectri cl ayeFirh, tHe {£86diSle0@ic1aydrBofZ AN BBy WessSTopihed Bnike aitdtrate 2
light-reflective layer 6 of Al alloy having a thickness of 150 nm were
formed i n Hyhipaterigter AbthiStnb e itiigki@Rs eate fakt dibRcrRIBYEH Tgad AeSdSind
different in thickness fromone to another, thereby form ng a phase-change
optical diss@nge ofRtaPl 30 Bhits ¥naRE aphasRnCdfangarapd 2 ealingifsasdidibstsict or ned
with the recording |ayers 4 different in thickness fromone to another were
i nitializggyeraBdfeRedtiig HitlA@sPRbELSHR 32N in FIG 3 was used to record
random EFM si gnal repeatedly to the phase-change optical discs and the

fitter of the l\@ﬁda(}%orﬂﬁl?d%rﬁlrd\ﬂ&ﬂﬂﬁesVﬁ%hf@ﬁﬁﬁﬁl@l@ss #H238 Mhsydsi e, the
|l inear velocity was 4.8 s, and the recording power Ph, erasing power P 1

and cool i NBrieyky sfttteBl dn%ath bPthedirdi ditRBMd lafdrk Beliffefent Mahiikasal read out
after recorded once. The above experinment showed that since the recording

layer 4 haybfi®na té Mak&ons spbed 85642 Bals EBaAY bk ithRspias 8t Ghadda@copt i cal
a

disc 1 thus made is weak,
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.



23 Decenber 2002 63 hi gh-powered | aser beam of a recording power Ph of 15
MmNV cannot be used to make repetitions of recording wth redgdacenbesdld? a
recording layer 4. In a phasechange optical disc 1 with a recording |ayer 4
having a thickness of nore than 30 nm the fitter 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 nn. The phase-change optical disc 1 having
t he above-nentioned construction is produced as will be described by way of
exanple in the followng: First, a substrgte 2 having predeterniined
grooves forned thereon is forned from poiycarbonate by inj ection nol ding.
Then, a first dielectric layer 3 of ZnSSi02 is forned 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 nrn
thick. If the first, dielectric.|ayer i s thinner. than 70 t he groove
Fof et i vi ty i TS BESE SRR RscoRtisal Ses B Forerdrosr autiigrAaf Tusropyd
provided. If the.first dielectrigc layer.3 is thicker th 0 nm the
T Crer of EMchNs Waimrastiedaf hihon ALGPHAEPRASEAS SHPYR FoTIh0 Yt <
hi gher than 12.5% go that the durabi]ity against repeated.recording is
i nsuf fi ci eff TeCPHERE We%ﬁmégmi Fepeaani o s B asrs-éilé?g%owaﬂ#lac ﬁ?‘éﬂ&r ably be
70 to 130 nmthick so that a sufficjent read signal and durabi|ity agai nst
repeat ed r d&8F o thg readhoydandem F&M sigagk wasmeansedi Apthistyae, til@il@earor med on
the first dielectric layer 3 by DC 23 Decenber 2002 64 sputtering. In the
nmanuf act ur ivalgcityrman 4 méc endithegrecerdingeppyes Fdn erdsimgaroyes ¥ 1 andecopliegr di ng
|l ayer 4 is formed fi oma GeSbTe alloy as the phase-change naterial at a
speed X (nmpowpr Paware set forasmanimysm fiteroidbe sgnal negd Ot after rofordéd ohcet he
mxing ratio Oz/Ar is Y(%, the paraneters X and Y should preferably neet
the foll owi ng rEhathomrsxpsjimandshowed tiva sinc@Xxhe fist@ielectric layer 3 having a
.................................................... (1) Ys 5.5X + 2.7
........... thickness of less than.80.nm in a phase-change optical disc.1 thdd niBdeishownat he
optical recording nedi um manufacturing nmethod according to the present
i nvention, lswaiggodheretlectinityy sc drad nbignaktyfread tigealrean bedbrgnddaylara phaae-e
defined, the GeSbTe alloy formng the recording layer 4 is suitably
oxi di zed. Thedgelyptichindisghysathcatirgpdighetiic Byeod Havengr ethiokaesiofl rayerthdn ar e
optim zed for repeated recording and the durability against repeated
recordi ng dueé nimrhdfitter ¢fdignat tbad ik afttOreeordet eeratdddyal 0,00¢ efrds igoverdi um can
be provided which is adapted to nvnim ze the regi onal deterioration of a
si gnal read2%, @iniddy, thedafaddidy hppasirefdafedmayrdingRSnaifficient. afvayforkeep a
good wite/read characteristic. Note that the recording | ayer form ng speed
shoul d pr eftre filst Piehetiy Bye03 sheuld prefedbliniste80 o Di0wvhs. Thus, the opti cal
recordi ng nmedi um manufacturing nethod according to the present invention
defines the recbioeh thgt thaykEt dielediritdagpSadapbe fdnidddbyabevit-khowaphdthdde t he
write/read characteristic of the recording |layer 4, thereby providing an
optical recatilhdgvaRatidePosiios br KR/RSInE ngAR Widhta/ahgadbesakpateiigs D even
after repetitions of signal recording. 23 Decenber 2002

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.
p



65 The recording layer 4 is formed froma conposition of GeShTe all o
falling in an area defined, in a ternary conposition diagrgﬁ{E$eWH§r%¥Pbe
el enents Ge, Sb and Te, by four points including the points J (26.0, |9.2,
$4.8), 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 forned fi-omsuch a conposition, there is
provi ded an optical recording nmediumin which the wite/read characteristic
of the recording layer 4 is optimzed so that deterioration of a read
signal after recorded repeatedly can be mriirnized. Next, a second
dielectric layer 5is forned on the recording |ayer 4 by RF sputtering.
Then, a light-reflective layer 6 is forr&d 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 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 FI G Zhetsegond daclestrioflayené shbuldeprafenabily bed 03038 e thaelgelfdhe i cal

disc 1 may be nmade and bonded to each other with their light-reflective

| ayers 6 fthirknessedthe sachad dwiledrialayadhssindsr 40 pini, ¢l heat deeslopdrkbby theer s 6,

by way of exanple. Third enbodunent Simlar to the phase-change opti cal

di sc 1 sholaseribeainliSeasily dondugbdisethelghtecflecti8e Dyeefrbad d@@bidrates the

function of preventing water from penetrating from outside. If the second dielectric
layer 5 is thicker than 30 nm, the heat of the recording layer 4 of which the
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 layer 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 than 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



66 optical disc according to the second enbodi ment of the present invention
conprises a substrate 2, first dielectric layer 3, recordi ng3 Day&nber, 2002
second dielectric layer 5, light-reflective layer 6 and a protective | ayer
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 nent, having been described in
the foregoing, while it conprises alinost same conponent |ayers as the
substrate 2, first dielectric layer 3, second dielectric |layer 5,
light-reflective layer 6 and the protectyye |ayer 7 of the phase-change
optical disc 1 of the first enbodi nent. Therefore, the other conponent

| ayers than the recording layer will not be described any |onger but only
the recording layer 4 will be discussed below. The recording layer 4 is
formed froma phase-change material changeable in state fiomcrystalline to
anor phous, o§bvice vier sa Hnder th

focused spot _qf a.laser beamor the
i ke, NamsF9Y bF famed iy wetiagap methed e Fager fendivtig wAIEEr whi ch
t he phase cap he cghanged ynder the .focused ot | aser. beam wite,
erase or rERMORSHGt Rl R TerBr e Rese s seufPe. R srhiding Snlirlennt er | a
of the recordi | ayer .4 in the present inventign js.a cal cogenide
contai ning a Ggrg"ﬁﬁgféwﬁyf.ayqfh 15rf§E‘B? Pﬁﬁ&lelnl 'Feﬁecé’l’(&]xﬁfrgr gf grtg’a??d be 18 to
30 nmthick. It should be noted,thatg;@e recording layer 4 of the present
i nventi on SRBwANnltrapglepsurablsaresnapplisd by ther s ppasngdo s heht-sfleatpist t eri ng
at a speed X (nm's) in an Ar gas atnosphere containing NZ gas of which the
i xi ng r at layeng/onfroge e vesin gldse oxmesaiplate bgadasktojthe ightgeflecties loserahet ers X
and Y neeting the following relations (2) and (5): Ys 12.8X + 16.7
.......... withanadhesive. . ... ... ...................... (2) YZ1.8X + 5.0
.................................................... (5) Furthernore, the
recor di ng | ayerA pbaserahgngpemitakdshbas beoprrgbposzdliy whechotrer substratesbg and
under 5.0 nnm’'s. Nanely, the speed X should preferably neet the follow ng
rel ati on (630t003msinXisnéer and 0.6+0.03 mm are laminated to each other, functional
.................................................... (6) Note that the
m Xi ng r at lagedNAudl as s rexofdiogvlayat e foahedkencithe side alfittle fmigateds, i n ot her
words, a volune ratio between NZ and Ar gases. 1. Recording |ayer
f or m ng- at sdsphes) eackgidhtis 0.8st A0d seedcotdiigas made iy grastveodlz akopotalY (%)
between the Nz and Ar gases and the recording |ayer forning speed X (nnis)
f or for ni ngystéir of @bivhdi MgolAANArbetweén the@uefricalbdperteeoNaA gl wdklenptiand i n
the optical recording nmedi um manufacturing nethod according to the present
i nvent i on, Aaféigheddunads By 08he orogbatd AndR3(2P,16(% mpad thé reasding t he above
for the reasons based on the foll ow ng experinent results having been
conduct ed o#pache iehOGRreEB! Thefprédeat veantintis istivably applicabld tocoplanat i ve
exanpl es: 1-2 Rel ation between recordi n~l a~~r fonni n~ at nospheric
condi ti ons daiislessRizd phh@reHangh aptied] discst i ¢

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.

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 1s



23 Decenber 2002 68 First, a phase-change optical disc was nmade as will be
di scussed below. First, a substrate 2 of 120 run in di anet3Décemibey 2602

t hi ckness of 0.6 nmwas made. Then a first dielectric layer 3 of ZnS-Si02
havi ng a thickness of 120 nmwas formed on the substrate 2 by sputtering.
Next, a target of (Ge2SbZTeS was used on the first dielectric |layer 3 and a
recording |l ayer 4 of GeSbTe having a thickness of 25 nmwas forned by
sputtering at a speed of 0.42 nnmis in an Ar gas atnosphere in which Nz gas
was mxed. At this tine, in the Ar gas atnosphere having m xed therein the
Nz gas-, the mxing ratio NZ/ Ar was var4z2d wthin a range of 0 to 20 %
thereby nmaking a plurality of phase-change optical discs each having the
recordi ng | ayer formed under different atnospheric conditions. Next, a
second dielectric layer 5 of ZnS-Si Oz having a thickness of 15 nmand a
light-reflective layer 6 of Al alloy having a thickness of 150 nm were
formed i psddioSofthdied rep¥rdimtilal/er 4 by spitteRBGNnGh Ath@isla@@eslicpdcdmyig 4 for med
under the different conditions, and then a protective layer 7 was forned on
t he Iighbﬁgﬁgkgqgﬁaﬁ | ayer 6 by applying an ultraviolet-curable resin, to
make a phéase-change optical disc 1. Each type of the phase-change optica

discs 1 thus TRdgWRfingdlRLE §3h&dd pI&&abl@b@ﬂﬁ&%é%h@@?ﬁed@?YM)iﬁlm&s 1 of

each type thus obtained were bonded to €ach other w their
li ght - r efd 65t b dpB¥R' Rnfaihifle HONSREN O LH&S obivitiche3RE] MBoQN, +
0,)/Ar between the mixture of N, and O, gases and the Ar gas is Y (%) and the

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):

YV 23X 410 e (1)
NCR VXS € T {2 2)
A1 R (3)

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 nitrided and
oxidized. Thereby, the physical properties of the recording layer 4 for the
read/write are optimized 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 jitter, 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



23 Decenber 2002 69 applied between the layers 6. Finally, a doubl e-sided
phase- change optical disc 10 as shown in FIG 2 was made i n23\Becdmiveri2082and
record can be done with respect to either thereof. Note that this
phase-change optical discs 1 and 10 has a recording capacity of 3.0 GB per
side and a txack pitch of about 0.8 pm Each of the plurality of

phase- change optical discs nmade under different recording | ayer forn~ing
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 raddom EFM si gnal using a channel
clock of ~27.7 MHz on each of these initialized phasechange optical discs.
In FIG 3, the recording power is indicated~-with a reference Ph, erasing
power is with a reference P 1, and the cooling power is with a reference
Pc. In the lighting pattern shown in FIG 3, one clock is indicated with 1

T, and t hepul 56 £R0kD Al @8 LRk aRye Wi th 13 ns. AL this time,

a recordi ng/ reproduci ng apparatus, o e, was used in which the

| i near vel ocit . [ [ ) ﬂ%% tihe erasing
power P 1 was ?%@Mﬂ%nrgé%}a& ggg%{‘?ﬁgﬁ%é&g?a%ﬁ&‘g&f@a% e gilsc drive
is provided wth a.l r i ne a Laser heamof 650 nmin

wavel engt hl.nnémna Elrunfi ﬁrgszg “&%‘dﬁp?%ﬁl&f 5%&%?5638 dif & Q%Pﬁga?%cepeﬁ edly 2
times to eac f the. phase-change opt.ical .di scs. Then, .to eval.uate the

el ati on oaEthed et TG SIS S BBlioE Brrfes R secRPiRe e RUBE: 2002 70
gases used in,formng,the recor.di | ayer d the.characteristic. of read

o gnal .1 tReEH o o abgYinfo QRmCt Hemyatbredharnger el BRIFRTBRIBERl di scs
after recordﬁd %;Re tedly 2 tinmes, was .neasured. TQﬁhgeasure nt results
are shown b eBENIRG &k optica! Frsordipm medium vdush keepa 2E90he ni xi ng
ratio Nz/Ar while hhe vertical axis indicates the fitter of a signal read
from the opfifetead gharactanstis eveaabicasepehiipruelcugnal Jeqordigg. on a sane recording
track. As a correctable fitter, 10%is taken here as a reference val ue for
an accept abl e riawiracordingtlneerdos demmasd o icprepgsiranrai{seShraalioytfeingof a
signal read out after recorded repeatedly 2 tines was neasured for the

fol | owi ng incaasasps defined; in atermarg comppationfliagram ghghe theegcelemerts Geedbr ded 2
tunes is normally the highest and it tends to decrease.gradually down to
the 10, 000EH Fegdtiour prinBrinelsgoedhnpointsie6i%s 10y 5485 KI21r 2WBssT@hsur od
on a signal read out after recorded repeatedly 2 tinmes. As seen fromthe
exper i ment L(&4.8] 2&6 sHolrandMHRG6, 244, hB8).fitter is the highest as 12. 7%
when the mxing ratio N2/ Ar is 0% nanmely, when no NZ gas is contained in
the Ar gas. |t Hewrtbasesordiogidygr Hds tmedritonm nesteasasposihen,ithereas is the

| owest when the mxing ratio N2/Ar is 6 to 10 % As the the mxing ratio
N2/ Ar i s fpravided anptieslsedordinganédinman whickathsoviiteGradceatagensticad] tgsz
Therefore, the experinment results showed as seen fromFIG 32 that for the
fitter of wecerdnglayechth quiimia¢d sy thatdeterendtion o€ atreadl signad after tasdeded10% at

whi ch a good read signal is obtained, the recording |ayer should preferably
be forned repeatedircan 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 producing a phase-change optical disc 1 according to

the present invention.



23 Decenber 2002 71 gas atnosphere of which the mxing ratio NZ/Ar is over
6% 1-2 Relation between recording |ayer forning atnospherdkPecsmheari2882 and
oove reflectivity Next, for evaluation of the relation between atnospheric
conditions including a mxing rati o between Nz and Ar gases under which the
recording layer is formed and the groove reflectivity of each of the discs,
the recording | ayer was fornmed under varied atnospheric conditions and each
phase- change optical disc thus nade was initialized. The groove
reflectivity of each phase-change optical disc was neasured. The experi nent
results are shown in FIG 33 of which the horizontal axis indicates the
mxing ratio NZ/ Ar and the vertical axisfndicates the groove reflectivity.
As seen fi-omthe experinment results in FIG 33, the groove reflectivity
decreases nonotonously as the mxing ratio NZ/ Ar is increased. \Wen the

m xing ratio NZ/Ar is over 21% the groove reflectivity is under 11% so

he. expor | ment [1S0GHEE kel 9 Brpeicosmiqhli-siigh phesSzalinapaeprs) Wgnal
nodul ation, the mxing. ratio NZ/ Ar should be under 21 % in the, at nosphere
in which tiResisBewp &y ﬁgG-| aywp pieces gf theboye-menfinpehprasehangrortihs neet i ng
both read si~,enal characteristic and oove reflectivity reguirenents
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.
The phase-change optical disc 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, second 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
temperature 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 1s initialized.



23 Decenber 2002 72 As having been described in the above, the experinent
results shown in FIGS. 32 and 33 reveal that in the optical23@eenitheig002
medi um and nmanuf acturing nmethod for the optical recordi ng medi um accordi ng
to the present invention, when the recording layer is fornmed at a speed of
0.42 nnmls in an Ar gas atnosphere of which the mxing ratio NZ/ Ar should be
6 to 21 %in order to satisfy both the requirenents for the read signa
fitter and groove reflectivity. FIGS. 32 and 33 show the results of the
experinments conducted on the optical discs having their respective
recording layers forned at the speed of #542 nnms. 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 NZ/Ar as well. 1-4 Relation anbng atnospheric conditions with
the recording_|layer form ng speed changed read signal characteristic and
groove reflectiy : wWHRS 0 1 %4 i | Ar
nmeeting both thl\eﬁlfé%rgﬁ? %rites}%%lt@hrgér/ reala’r%lg%rﬁlacf} r%?fg@?ﬁ%ﬁéksgr@%ggéﬁg
reflectivity,: LA r i var.l First, a
doubl e- si de n%%%?éépﬁﬁggggégéﬂ%%ggxaﬁﬁgg{gp%?fgﬁgggﬁggﬁggﬁgnggathose in the
experi nment _of tthe resu

i ch |.ts are shown in FIG 32 except that the
appl i ed volpfeélﬁ er?’bnefiﬂléle?raYe 8¢Yf Ge2Sb2Te5 was varied, recordi ng | ayer

970110 SpecS e o S A Pt B A o5 YL S, L7

32) the fitter.qof a sigpnal read oyt 3 Decenber 2002 73 after, recorded
repeat edl y° athi‘gi‘égo"fede‘? eb‘ﬁ?ﬁ@ﬁ? gpod ﬁ/é%c%g'élgﬁ?@ﬁft oRetae Syttt
results are shown in FIG, 34. Also, the optical  disc thus_nmade S
initialized: 12 pHEOR OfHhereridmedaydi4 wies thefqeasedspot pf fh@éa%?sm@s@nmh
the recording | ayer formng speed of 0.1 nms. The groove reflectivity of
t he opti calis @isldy heeted tq phishentemperatyeethap thavmgkingamtandbersayekltanner as
in the experiment of which the results are showmn in FIG 33. The
nmeasur ementcopled v get ameanospbows state Flgthegshassichanggrapjicaldigth hsiafarmatige opt i cal
di sc was nmade by form ng the recordi n%.layer at a speed of 1.6 nnms in an
Ar gas at nmoigpakisevigtensiaotamdrphensyieerydimgt tharknoty the ongssalling resarding layer he
above. The fitter of a signal read out after recorded repeatedly 2 tines to
t he optical4.-di sc and groove reflectivity after the optical disc was
initialized, were measured. The nmeasurenent results are shown in FIGS. 36
and 37. Sinil ar Iy erase pifagsattdranwgen pt the phasti-change optieal alitpy 1 faowerkey t he
recording layer at a speed of 5.0 nnmis in an Ar gas atnosphere of which the
m xi ng r at ilssenthaarsedforhe veite aSinforntatienaigmabis fobesefliat teast @ftoshsi gnal read
out after recorded repeatedly 2 tines to the optical disc and groove
refl ectivi trgcaaflingmark éroopon tad sublsisate BasA poitidnadfithe dhcovding layend undel.  The
measurenent results are shown in FIGS. 38 and 39. It was revealed fiomthe
experi ment theguwhtel spot 61 B8.1asgd beBH 1t @Btot htmmpiemtuteeabopt itheal  di scs havi ng
their respective recording |layers fornmed at the speeds of 0.1

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



23 Decenber 2002 74 nms, 1.6 nms and 5.0 runs, respectivy m xi ng
ratios NZ/ Ar resulting in a read signal fitter of under agof%femg?w 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

di scs having their respective recording layers fornmed at the speeds of 0.1
nms, 1.6 nmis and 5.0 nnls, respectively, the mxing ratios NZ/ Ar
resulting in a groove reflectivity of over 11% are below 17, 40 and 80 %
respectively. 1-5 Recording |layer form ng conditions neeting both read
signal characteristic and groove reflectivi , reduirenents As nentioned
above, the experiment results shown in FA%GS. 32, 34, 36 and 38 reveal that
in the optical discs having their respective recordlng | ayers fornmed at the
speeds of 0.42 nm's, 0.1 nms, 1.6 nms and 5.0 nm's, respectively, the

m xing ratios NZ/Ar resulting in a read signal fitter of under 10% are 6,

5 8 and 14 % respectively. The results are graphically illustrated in
FIG 40 wPeip tilhéeqoe@@g Hveg* If’éﬁy’é pn it sHbsHasernf 3 Frivmdiedd oftherigcidpet

hori zontal axis and the m xing ratio NZ/ Ar indicated along the vertical
axis to dbghtiedatestedai ght |ine a. In FIG 40, the horizontal axis indicates
the recording |ayer formng speed X (ncn/s) while the vertical axis

i ndi cat es t he mithe phaseathaoge dptionl des 1Yth{eXefledtivatyl ofitbe ecosding tayesdenl by Y =
1.8X + 5.0. In the area under the line a, the read signal fitter is over
10% and t thescrpstaliina lsiateyisriaghtbr shagnthht inghe bmopplows dete. Thertfoge,ahbdischand, as
described in the foregoing, the experinent results 23 Decenber 2002 75
shown i n BHESwWIBZcedl, thdretamdig® fifoay el ret drding laydritetoatetdot aldifferzase mavi ng
their respective recording |layers forned at the speeds of 0.42 nms, 0.1
nm's, 1. 6reflactivyibetivedn e &rystaltiReat iaveIrghodsheated #f the récirdiag 14¥6r Ar resul t

in a groove reflectivity of over 1ll%are 21, 17, 40 and 80 % respectively.
The resul E}&rgﬁ}eregf&ﬂb' fofmlatibnsighat ed in FIG 40 with the recording |ayer
form ng speed i ndicated al ong the horizontal axis and the mxing ratio

N2/ Ar i ndi cat ek @h@RehtoRgnMRrtical axis to define a straight Iline (3. The

line ~3 is expressed by Y = 12.8X + 16.7. In the area above the Iine (3,
the groove ref éﬁﬁla'r‘{é tne Iih%séleﬂﬁfgejolau%’alacﬁ?c i Bswi PR 'lsﬁﬁecﬁkfaéé’-cﬁ
nodul ation is possible. 'If the recording |layer formng speed X is |gher

than 5.0 gpfigal dide dcSorddfy 1o 148 sé&nﬁ%ﬁﬂfoﬁuﬁeﬂt‘?ﬁ%g#ﬁger{tﬁ\%&ltlﬁ)ﬁ'E:Hhﬁ‘»glsééjne | ong

enough to adjust the recording |ayer thickness the speed X i's sl ower

than 0.1 Q%ﬁs 4o ﬁ%@@fe‘l’éc‘ﬁ% 1a9¥es, rE@Jth%qa}t/é?Jﬁe§ Ank ARG ELtriL 'fl]z{éfcr swhich is an

i nconveni ence or t practice’of 'manufacture. er ef ore, recordi ng

llayer forg Qréﬁ%@?\g&r %891”(# dndh I’(ﬁé&w‘?}ﬁa}t@ 70fo}m§d %1 fhiPodet b8 l%t§u‘BF'tr£t@) ). As

evi dent fr m t he 0i ng de cription, the phase-change optical disc
accordingoto the present invention should preferably have a recording Iayer
of GeSbTe forned by sputtering at a speed X (nn’s) in an Ar gas atnosphere

Gases sy () T Bt O A o P i at 1 ons. (2)
and (5). E@f‘érehp&ﬂy 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 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.



23 Decenber 2002 76 GeSbTe alloy formng the recording layer 4 wll be
suitably nitrated so that the wite/read characteristic of 2B®ecewberRafg

|l ayer 4 is optimzed. As a result, the phase-change optical disc 1
according to the present invention neets both the requirenments for the read
signal fitter and groove reflectivity to mnimze the deterioration of a
signal read out even after recorded repeatedly and thus to al ways keep a
stable wite/read characteristic. Ys 12.8X + 16.7
.................................................... (2) YZ 1.8X + 5.0
........................................ 47 -+ ve.... (S At this tine, the
recording |ayer 4 should preferably be fornmed at a speed X of 0.1 < X' s
S.0 as previously nentioned for the phase-change optical disc 1 according
to the present invention. FIG 1 Sis a ternary conposition diagram show ng
a conposition of the material for the recording | ayer 4 for use in the

present inventiQn. |n th t er.nar, i tion

el enents Ge, Sb §ﬁ&°°f85“g #ye 463%%6%2? ?18)? phase gh%r%ﬁégﬁté?%lc a:E)Legml n an

area defln four OlntS |nc udi n ) 2 21. 0,

S50 L (ﬁ%e%y%%t &g Vo gt ihalr SFvige %aﬂdéaﬂti)f%%e%ésﬂﬁ%éa fa?%fn

phase- chance nateri he, recordi ger As nt| oned,in t

f or egoi ng, P%HECY Badfh %ﬁwﬁ%éhwcgémﬁg%&a?ﬂagwpﬁ SFSXPBENBEE Pl ng | ayer 4

is thus defjned is based on the experinment results which will be descrlbed

in detail WaicB#he phase campeshangsd uBHen tihﬁéo%ﬁqﬁél&tﬂﬁ sepbeara iOWERY Sb~oTe,

in ternary 23 Decenber 2002 conposition diagram of three el enents Ce, Sb

and Te Fi resase ¢f iepq prfomnatioanctignad. | ayer 3 of ZnS-Si 02 having a thi ckness of

120 nmwas formed on a substrate 2 by sputtering. Next, a recording |ayer 4

of GeSbTe havi r$g)eexﬁtchhlsckh@9ba89fch25garmﬁwagl sftheeetonding fayer frinthedi el ectri c

| ayer 3 by sputtering at a speed of 0.42 nnls in an Ar gas at nosphere of

whi ch t he priesémignveatipn isNz taAcogeaglel@maimng alheSbilieraloyt Hbe rewodsigigydrayer 4

was formed by sputtering using a target of GezSbzTes, target of Ge and a

t arget of 4bhould pstferablyris tetoalld mn th@k. made of a phase-change optical disc

havi ng a recording | ayer made of a conposition on a straight line 11

connecti ng t he IpshouldbéaSEdesa thackcShiing Blyer 4bbilte fréenpnivebtién §lbul®@, 5) as

shown in FIG 16 being also a ternary conposition diagramof the Ge, Sb and

Te el enent prefdvbblg bedennéd bybputteringat Gepl2 ¢mmisq irgat Angsas stacspheteer ed whi |l e

the mxing ratio between the form ng speeds for the Ge and Te targets was

bei ng kept caitaihingt@®, gdagrofivthicletherntixirg dagy €,/ Ar Betwsemathe ddposi At gazebat ieen

poi nts GeSOTeso and Ge2Sbh2Te5 as in FIG 16. Then, a second dielectric

| ayer 5 of (%)) théSpérdmbeeys Koand Y ezking sise follovmgalatiods 61 )l andh(@):r ef | ecti ve

| ayer 6 of Al alloy having a thickness of 150 nmwere forned in this order

onto the recordrng.Izayero4 by sputtering..and.thereafter(l)an ultraviolet

resin or si.inilar was applied to the light-reflective layer 6 to forma

protective |ayey<3,5% hey by providing.a.phase-change.opt(@al disc 1.

Finally) two pieces of tlus phase-change optical discs |were produced. The
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 s (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




23 Decenber 2002 78 two phase-change optical discs 1 thus obtained were
bonded to each other with their light-reflective |ayers 6 23Decamnissa002t her
wi th an adhesive applied between the light-reflective |layer 6, to provide a
doubl e- si ded phase-change optical disc of 120 mMmmin dianeter and 1.2 nmin
thickness. Simlarly, a phase-change optical disc was nade of which only
the recording |ayer 4 was nade of a different material fromthe
above-nmentioned. Mre specifically, the Ge2Sh2Te5, Sb and Te targets were
co-sputtered while the form ng speeds for the Sb and Te targets were kept
at 0.67 nms to forma recording |ayer 4gmade of a conposition between

poi nts Sb4oTebo and Ge2Sb2Te5 as in FIG 16. The lighting pattern shown in
FIG 3 was used to record a signal once to the phase-change optical disc

t hus having the recording |l ayer 4 nmade of a conposition on a straight |ine
11 under the simlar conditions to those in the experinent of which the

results are shgunla,FLG 032 B 0RLILL Rl 8 S0, siqnalgigad from the

phase- change optica iI'SC Was fea e retorded®signal "'was a random
EFM si gnal . The asurement r t e.shown ,in Fl 1 of, the horizontal
'S | ndl epiiTy RUSTASERIE et § G eer v Hscervione Brh b Be ol gt I e
11 connectin oiq@g GeS0Oleso gﬁg Sb4oTebo gnd the vertical axis indicates
the fittePPHPR! farardingmediymand © 2PHER IPEIBIGLRc BRI AL} El8 d be not ed
that the points J, L and Cin FIG 41 correspond to the points J (,26.0,
19.2 , 54mgthodjaceprging toghe gresept igyensiog, @e(%?mgé Eg}f}e rﬁE@élﬁ@éﬁﬁvz‘}w in FIG
15. 23 Decenber 2002 79 As apparent fromthe results shown in FIG 41,
when the (@@sinthepboxg for the reasorideased on thoalloving erperameanhsesalts bayag Ge
content than at the point J (26.0, 19.2, 54.8) in the ternary conposition
di agr am obeanrondpetag anshembalimgnts ofdhe preseqtipyentiongnd gempagidiveand when t he
recording layer 4 is nade of a conposition having a snmaller Ge content than
at the poexampleg:14.3, 28.6, 57.1), the fitter is over 10% Therefore, the
conposition on the straight Iine 11 connecting the points GeSOleso and
Sb4oTebo $foul Relptief betuioby rdserdngtas meg htnmosphenmanck iead sighal poi nts J and
L as showmn in FIG 15. 2-2 Conposition having larr~er Te content than at
point C (2. 2,chardcateriséicnar X conposition di agram of el enents Ge. Sb and Te
Next, a phase-change optical disc was made which having a recording | ayer
made of a conpliisstfd piashahbngg @pticak djec wiencdntae mill bhdscatsetvelqyroi nt C (2, 2,
5). More particularly, Ge2Sh2Te5 and Te targets were co-sputtered to nmake a
phasechange opfirstad subisgatetdand 1§ am ne denditergandy@ mm irf trickeds§ wasnmade.
conposition on a straight line 12 fromthe point C. For the phase-change
opti cal diThen hdirstndjeletteicigeoBdfiYmS-Sier havinda shiflorened 90 om wisefocmaghosi ti on
on the straight line 12, the fitter of a signal read out after recorded
once was waRakanddtrae 2 by sguetesinger i nent of which the results are shown in
FIG 41. The neasurenent results are shown in FIG 42 of which the
hor i zoRt a: axi Nexthditattast Gd)8b,Teximag usal ootheffirfedielectritdagaripasi 4 i on on the
straight line 12 ~

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 O, 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



23 Decenber 2002 80 read signal. It should be noted that the points C and K
in FIG 42 correspond to the points C (2, 2, 5) and K (2I.023 Recegnbg200p
shown in FIG 15. As revealed fromthe results shown in FIG 42, the
recording layer 4 should preferably be forned fi oma 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 havinlarger Sb content than at point C2 2 5, in
ternary conposition dia~;ramof elenents 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 pgynt C (2, 2, 5). Mre

particul arly, GezSb2Te5 and Sb targets were co-sputtered to nake a
phasechange optical disc having a recording |ayer 4 forned froma
conposition on a straight line 13 fromthe point C. For the phase-change
optical disc having the recording |ayer 4 thus fornmed fi omthe conposition

on the StLEkgHERLIRCAS. 14086 b bl S0P hafiod Rkl 82t 08 ALLEL rheRAT dod

repeat edl y t1mes was neasured as | Xperimen

of “whi oh PRATRaTE st tiriton iR FPRCAE IR Ll 834 AfnBaTpauRNE 11 010

conposition..on the straight,line 13 connectin he points.Ge2Sh Tes and Sb
and’ Che. varEnga) eShohiond, ftf e Sprade BT o) Vs (el AR ERFTEREYH o be
noted that the points Mand C.in FlI 43 .caorrespond to fhe points, M (21.6,
Do 4. 54 OpeARAD PP BT Pler e 1 BENBIGURBGF NS PRI Ac
revealed fi omthe results shown in FIG 43, the recording |ayer 4 should
pr ef er abl yl-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. 2-4 Suitable
conposi tion f oEa¢hiype of thedplingechaies apticaledisgscksdine madoarasi dnplivaied.

af orenmenti oned results showed that the conposition of the GeSbTe all oy as
t he mat er i1die o phsse-ghange phigalidisear! efipach &ypsihueokipmsd avespbpedad @i sc 1
according to the present invention should preferably fall in an area

defi ned t teach ether pathriheir light-teflieetyverlayers 6dacing each ghegyithin(aghegye 21. 0,
58.0), L (14.3, 28.6, 57.1) and M (21.6, 24.4, 54.0) as shown in FIG 15.
Si nce t he apphpbbétwicon tieflagerp hademallyaadeublatsetedgihafeochange opicalrdisntO | ayer 4
in the phase-change optical disc 1 of the present invention is defined as
in the abofd20amud indianedtercad chamadt dhclsestaoshovhendCoRdvasgnadeiar 4 i s
optim zed, the durability against repeated recording is inproved, and thus
det eri or atwliph gfrite emtiresoghedn besdarienvith resgect A bathr edesl therepheNpteathet change
optical disc 1 always keeps a stable wite/read characteristic even after
repet it i ortbisghasi-gmmige vetcaldiiseg.l dfidd Orles artdickgiichydabdutih8 e pr esent

i nvention should preferably be 18 to 30 nmfor the reasons based on the
fol | owi ng expekEankenf thegdudatity, 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.



First, a first dielectric layer 3 of ZnS-Si 02 having a thickness of 120 run
was formed on a substrate 2 by sputtering. Then, a recor di28)Deegnatrer@002
GeZSh2Te5 was fornmed on the first dielectric |ayer 23 Decenber 2002 82 3
by sputtering at a speed of 0.42 nms in an Ar gas arinosphere of which the
m xing ratioN2 /Ar was 10% The recording |ayer 4 was forned with the

t hi ckness varied in a range of 15 to 40 nm and thus there were nade a
plurality of substrates 2 with the recording layers 4 different in

t hi ckness fxom one to another. Next, a second dielectric |ayer 5 of
ZnS-Si 02 of 15 nmand a light-reflectivw | ayer 6 of Al alloy having a

t hi ckness of 150 nmwere fornmed 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 on the light-reflective |ayer by
applying an ultraviolet-curable resin to the light-reflective |ayer,

thereby form Rguas HABSLrLD réb%al&%llag shfatks, ofAGHRY zgiii\ﬁc'g 'wlfax u8dd in

phase- change optical discs thus formed wth the recor ayers 4
di fferent,: 1GKNEE3odil : bRid | Al § and a
i ghti ng%;ya}t{}i%r@rll&gs Sh%% ‘Igéng f;?%ﬂg’%h\gg%&ugﬁelg\ﬁtggglg gglcl)% }j‘ﬁjrgﬁg’g?lneEFM signal to
th h j j | d EFM
€ pnas %Pﬂﬁ'%ggoﬁeg?-lc&%s fgl%g\ﬁff %angfﬁe[%eohhé hS&ePﬁc A8 1 rserﬁ%.oﬂtg @?s% gm

si gnal was ear velocity was , and the

m i mum VD5 Prop e S e PHER ebncte B PP B RS TRLE T bove

exper unent rlesgéltss showed that since the recording |ayer 4 having a

t hi cknesSVaQyFep than 18 nmin the phase-change optical disc 1 thus made
is weak, a high-powered | aser beam.of a recordin r Ph.of 1 S mNcannot
be used to rra%@dgret g1 ct"i“éﬁ‘émé’fa?lgﬁﬂr"bqsrfﬁc?/&‘éF ’C‘ipégtﬁa@\tﬁ%&sﬁ@ﬁséf’ recor di ng
| ayer 4. In a_ phase 23 Decenher 2002 83 change optical disc | with a
recor di n§2f 9% cp Pl%?\?‘?l??@gé(’?%? Ki%8&s of nore than 30 nm the fitter of
signal read out after xecorded repeatedly 10,000 tunes is over |2.5%
nanely, the ddpamit pyaluatgsheealationfesvesn theduixmeniatie betwesniQs andaht |
Therefore, the recording |ayer 4 should preferably be 18 to 30 nm The
phase- ch&agrs wpt i rmingshe reqpsdingdayas and Hes ehanrsierissis o reashsignalciittern i s
produced as wil| be described by way of exanple in the following: First, a
subst r at ©f2 signal Frgd frase eedy off the dhascoehrnge pplisab disehaktergscerded or med from

pol ycarbonate by injection nolding. Then, a first dielectric |ayer 3 of
ZnSSi 02 irepgasrdhrd0.680 timesswsmeatweed by RF sputtering. Next, a recording
layer 4 is formed on the first dielectric |ayer 3 by DC sputtering. In the
manuf act ur i ng Thenisestirameot wiwlis are shpen pr Eé@-n{() <i>frw1@ng tlenhontdeatal @stsr di ng
layer 4 is formed froma GeSbTe alloy as the phase-change material at a
speed X (inditats the rapring ragia Abrnybhe dreeveraen! akisimdjcales degitesr ofigistgnal he
mxing ratio Nz/Ar is Y(%, the parameters X and Y should preferably neet
t he fol | oethgomethappaerd die)afigndeqosded repagtediX29@)09 times on a same

............. i (2) YZ 1.8X + 5.0
recaording track. As.a correctable jifter, 12.5% 1s taken here as a ¢éffrence 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%, namely, 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,/Aris 1.5 to 4 %. As the the muxing ratio O,/Ar is

further increased, the jitter is also increased gradually.



Thus, in the optical recordi ng nmedi um manufacturing nethod according to the
present invention, since the fonning conditions for the rec23 Decambar28024
are defined, the GeSbTe alloy fonning the recording layer 4 is suitably
nitrated. Thereby, the wite/read characteristic of the recording | ayer 4
are optuni zed. As a 23 Decenber 2002 84 result, in the manufacturing

nmet hod for the optical recording nediumaccording to the present invention,
deterioration of read signal after recorded repeatedly can be mnim zed.
Nanely, the present invention can provide an optical recordi ng nmedi um
capabl e of always keeping a stable witeLread characteristic even after
repetitions of signal recording. Note that the recording | ayer formng
speed shoul d preferably be over 0.1 nms and under 5.0 nnis. Thus, the
optical recordi ng medi um manufacturing nmethod according to the present

i nvention defines the recording |layer forn~ing speed as in the above to
optimze the wite/read characteristic of the recordin Iager 4, thereby
provi di ng an opﬁrhérﬁfor?e@éﬁdp?fg“ﬁ‘ﬁdm%s PYRd peagsd fﬁo@thQI &0 whatdey thead
characteristic even after repetitions of signal recording. The recording

| ayer 4 i sJW6FpEa signahicad eBhifiasirecasdedreperistlydo ejusger bi-pVnegt whiche ar ea
defined, in a ternary conposition diagramof the three elenments Ge, Sb and
Te, by fouditisoican be 'pmqsqigcf,rt@e relserdueg layer shoulkbpferadly be fonmed in a0 A2 gaQ,

21.0) 58.0), L (14.3, 28.6, 57,.1) and M(2l.6, 24.4, 54.0). Since the
recordi ng latipesphtrd ef Whichele fuong saioOAAc onesilti%n, there is provided an
optical recording nediumin which the wite/read characteristic of the
recordi ng |layer Rélation bptweenzédosuhetibh@bndiebes farfatming thé recosdigm&yer emdl out
after recorded repeatedly can be ~ninunized. Next, a second dielectric

| ayer 5 of ZnS- Giddxeirsfldopivitgd on the recording |ayer 4 by RF sputtering.
Then, a light-reflective layer 6 is fornmed on the second 23 Decenber 2002
85 dielectric | ajt, for eislutgiondf Me febitigatbeteptt atmobphdricdunditéinsect i ve | ayer
6 is coated with an ultraviolet-curable resin by spin coating, thereby
finally prqgslaiing adniXgsaitiohRAgenaD) indloAr gises uddaGadeR titdrebordidielapéesent
invention. It should be noted that to produce a doubl e-si ded phase-change

optical di §§fdhedsnd hQé/\@rdo?e RbfectRitylofRabh 6E@T dRics! the ralYRpTRYYriveRed

phase-change optical disc may be nade and bonded to each other with their
l'i ght - r ef | ephh¥euhdY Safed afrdssbRer Casiliidiend Wath pRiscadaagd Ypticpaliked

between the | ayers 6, by way of exanple. Experinents
thus made was initialized. The groove reflectivity of each phase-change optical
disc was measured.

The experiment results are shown in FIG. 21 of which the horizontal 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



The follow ng experinments were conducted on the exanples of the optical
recordi ng medi um manuf acturing nethod according to the presestpdcBneaE b&id
and conparative exanples of optical recording nmediumin order to eval uate
the effect of the manufacturing nmethod: First experinent: In this
experinment, the effect of the Ar gas containing NZ and O2 gases as a
sputtering gas used in formng the recording |ayer was studied. < First
exanple > First, a substrate having grooves forned al ong recordi ng tracks
t hereof was nmade from pol ycarbonate, and a first dielectric |ayer of
ZnS-Si Oz having a thickness of 120 nm wes formed on the substrate. 23
Decenber 2002 86 Next, a recording |ayer of Ge2Sb2Tes having a thickness of
25 nmwas fornmed on the first dielectric layer at a speed of 0.42 runs in
an atnosphere of which the mxing ratio (NZ + QZ)/Ar of N2 and 02 gases
with Ar gas was 10% and the mxing ratio 02/ (N2 + QZ) of the OZ gas with

the Nz. gaseasmeQHerc RTINS HRY recardb@ERDE iifghiad i ¢ | ayer of Zns-Si02
having a thickness of 15 nm and a |li1ght-reflective |ayer of Al alloy

having a t hiscknggssgherded@ndifiond&h&tin@ ot rdad sﬁéq.aﬁc]%rgﬁédﬁﬁ dnld&rb&&OT di ng
| ayer by sputtering. Further an ultravioletcurable resin was applted to the
light-reflecti Vﬁﬂk&%ﬂﬂzrp%mf@gﬁ tsoating to forma protective layer of 10 pm
in thickness, thereby providing a phase-change optical disc. < First
conparative exa ine §dbnt HEh aﬂﬂﬂé&%ﬁﬁﬂ j cal. di sc was
made by effect ié\rgh%ms% m a#g%%ceséﬂggg?vﬁat for t eﬁpl%rggl?do%%g%plf)e except
that an Ar t her e t.ai,ni ng. n n . e n .__contai ni ng
only Ar gaggﬁs\'/a@ "{dr“sa rfﬁ?alg%ﬁrlﬁl y (g‘%rc gge%{aﬁuééjp%%gﬁﬁcgpgpﬁﬂg%gﬂ rst
exanple and fir Q rative example of phase-change optical disc were
it e i semetidElby SRR SRR e BEPRE L B s e Mo R0 cea 1 o
record a rgndom EFM si gnal repeatedly, t es hase- change tical discs
ind the | | HEdPEogmERET & (et L agPesd X0 P BT Bt Hae et HEOSTIRGHOL he
optical di which the ?nixrg?lgsrzlijtrioe 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

nm/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 O,/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



The neasurenent results of the first exanple are shown in F1G 44, and 23
Decenber 2002 87 those of the first conparative exanpl e arzs Bé@mber 2062 G
45. As nentioned above, the recording layer in the first exanple of
phasechange optical disc was fornmed in the Ar atnosphere containing the NZ
and (Z gases at a predetermned ratio according to the present invention.
As seen fromthe experinent results shown in FIG 44, there is found no
increased fitter in the signal read out after recorded repeatedly the
second and subsequent tinmes and the fitter neasured on the signals read out
after recorded repeatedly up to 100, 000 PPmes is stably less than 12.5% On
the other hand, the recording layer in the first conparative exanpl e of
phase- change optical disc was fornmed in the Ar atnosphere containing no N2
and OZ gases. As seen fromthe experinment results shown in FIG 45,the
fitter is regionally increased after the second to 10th repetitions of

r ecor di ng,voltage tothe eagesofliaShjTeaklay vafiéd; reddiding laylee forgling epedd wasons of
recordi ng counts over 10,000. The experinent results proved that the

f ormati on (Of niA€ardehe mslixfig rady €1,/ Aatwihwarddd atrengs sfdtosPRLdas i thee Ar gas
at nosphere having predeterm ned contents of N2 and OZ gases enables to

mninmze thBefMPhBVhich e Ere Shdw®h FIoURd thejiReSoUNALndlgast eutt after
recorded repeatedly a small nunber of tines such as a fewtines and al so

the drastijgef %o?@éﬁregéatéalytzgrooqu tbihd btichl BRa a5 aRdsel. ghker recorded
repeatedly tens of thousands of tinmes. Second experinent: In this

! _ g . 23
Decanber | JUTE B s g e . A e B R
S q Lo s . . i - . e .

Second ex gy (AT eyl hestd SHERE ol B e FreSBEpving @
Ge25b2TesS Qaw 0% 1Bvdr oCkneSsSeeOJof%l X\a‘?hé o%%grqpec&\rh ]:) {hsetopgfc ectric

| ayer at d %?)rge or ot bk 10 o r hie

§7In an gas’ ahnosphere cont al ni*fng 02 gas at

a second, di el ectri.c dayer of

i Ozl. f 10% with th g her ,
oSS 02 it affFr4mvyinilidiaed Was mpadiiRa i e AR ArBER BAHE SR oL AT

al | oy havi t hi ckness pof 15 e fornmed in this order on the
recor di ng %ﬁfhws Wféﬁ?%fnoﬁ"@tzel\éﬁ}@r?e%HIW?nﬂ?ﬁu If 81 e resin was
appl i ed tgggs light-reflective layer to forma protective |ayer of 10 nm
in thickn N ?hereby provi di ng a phase-change optical disc. < Second

made- by f fect SHEPIEFG A RheEF cg QRUCTA o art Pae PY B ERRBE TESHe. oxcopt
Gac, vais UGG ¥ GPPGL T s R et & R REPPIAROF BRIER h LCBEGNAP oxanpl & and
second C(mB?xrA? Ewia\s/%agf):( ar z!. Sangg of 8 %650 %].aq‘gee 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

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



optical disc were initialized. Thereafter, the lighting pattern shown in
FIG 3 was used to record a random EFM si gnal repeatedly to28imeember 2002
phase- change optical discs and the jitters of the signal read out at
appropriate tunes fromthe optical discs were neasured. The measurenent
results of the second exanple are shown in FIG 46, 23 Decenber 2002 89
and those of the second conparative exanple are shown in FIG 47. As

menti oned above, the recording |layer in the second exanpl e of phasechange
optical disc was formed in the Ar atnobsphere containing the 02 gas at a
predeterm ned ratio according to the preseant invention. As seen fromthe
experinment results shown in FIG 46, there is found only a small increase
of fitter in the signal read out after recorded repeatedly the second and
subsequent tinmes and the fitter neasured on the signals read out after
recorded repeatedly up to 100,000 tines is less than 10% thus a stable
writel/read Rgsql'zg%tgrﬁsti c of the phase-change optical fiisc is assured. On
t he ot her Fla a7 A8 “fecor di ng layer in the second conparative exanpl e of
phase- change optical di s forned in the, Ar hgg e taining no 02
gas. As seen fr Pﬁafﬁ%veéf?%eéf‘?%‘ie@&?&f“f‘%”éﬂl%%?%?%541‘?{‘3?& iRt er
increases drastijcally after the nunber of repetiti.ons of recordi ng counts
over 20, 008 em@a@ilaémaﬁgmthPlééiﬁP@%ﬂ\(ﬁf&@%fdﬂi Byers et b speedt of Ad
recording layer at the predeterm ned speed i.n the Ar_gas atnpsphere having
the predet 8§ rie%“@@rﬁ“élnst-o g/ @Zeﬂlégt‘\éfﬁlézﬂﬁ%@lﬂég HRIERS ggAér‘iﬁﬁ‘HﬂgléWange
optical disc capable of a good read signal even after recorded repeatedly
many ti nesreaffgnel Eitpeef yndst 12,500 agioyepkgbandibhee, respecidvalect of the Ar gas
containing NZ gas as a sputtering gas used in forniing the recording |ayer
was studied. < Alsprab S@mﬁ;wreﬂxsewmnge&:r@ﬁtﬂ&mfdﬁﬁ-@@%fmﬂamthest
dielectric layer of ZnS-Si 02 having a thickness of 120 mm was formed on a
subst r at e, opti¢adclisca hagng dyesr respectiye SieoTding fayernipraed bt terspesdsaff @5 nm was
formed on the first dielectric layer at a speed of 0.42 nms in an Ar gas
at nospher e nodstled minfpoids .G as/sirespectivély, thiz mixingfrati®s Op/hir résultheg iAra gas.
Further, a second dielectric layer of ZnS-Si 02 having a thickness of I S
nm and a lgrapverefi¢ctivity vé€ ovaykl% afe Wlowl3|, 39 ahd 3D 19§, respdetivklgess of 150 nm
were formed in this order on the recording |ayer by sputtering. Thereafter,
an ul travi dket - Recaatiine layes B ditioedmeetitghieth et sigrefl chatictesistiayer to
forma protective layer of 10 nmin thickness, thereby providing a

phase- change opaid@abod sflectvifiwendiremmmmar ati ve exanpl e > On the ot her hand,
a phase-change optical disc was nade by effecting a simlar process to that
for the second Axanptienakaapt, theakpatmit rgadtsahowa i IGS c10)02| 24 agd no Nz
gas, nanely, containing only Ar gas, was used for formng a recording | ayer
t herein. TR6 révaal thaeiathp loptiaaldiidsihadingahgiarespeotvearaurting Iaferpfaaedaiange
optical disc were initialized. Thereafter, the lighting pattern shown in
FIG 3 was thisgdedoof ®@4D nah/g O bagdsn] BrivhSi aqudedl.0 neps a¢spattyvdly thhasiring

phase- change optical discs and the jitters of the signal read out at
appropri at eatids"®@gAf featitingén aptadsipnalijtes of\atder MO%sateelds, 1T andei@syl ement
results of the third exanple are shown in FIG 48, and those of the third

conpar at i veespsativdle Bherestipyvire graghidally4QusthgedREIR 28 dvidbdgecdrimg ecor di ng
| ayer in the third exanple of phase

layer forming speed indicated along the horizontal axis and the mixing ratio O,/Ar

indicated along the vertical axis to define a straight line .
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 1s expressed by Y = 2.3X + 1.0. In the area under the line o, the read signal jitter



23 Decenber 2002 91 change optical disc was forned in the Ar atnosphere
containing the NZ gas at a predetermned rati o accordi ng b gdaempeEcsst
invention. As seen fromthe experinment results showmn in FIG 48, there is
found no increase of fitter in the signal read out after recorded
repeatedly the second and subsequent tinmes and the fitter neasured on the
signals read out after recorded repeatedly up to 10,000 times is stably

| ess than 8% On the other hand, the recording layer in the second
conpar ati ve exanpl e of phase-change optical disc was forned in the Ar

at nosphere containing no NZ gas. As seenProm t he experinment results shown
in FIG 49, the fitter increases drastically after the second recording.
Recordi ng has to be repeated on the order of 100 tinmes until the fitter 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 nospheve 12a55kngd tine jiy oditerdad Remhabodt eproofdell gas enables to
provi de a phase-change optical disc capable of a good read signal even
after recordedOnaheattRdhindragveddried in &% fosepont, Becekpdaisent Rdits n t he
foregoing, in the optical recording nediumaccording to the present

i nventi on,sh&GE FIBGS. ZIOndi 23 o2 Pleveal thhiid thd 6ptic Aisds R¥vih@yigdir are defi ned,
the GeSbTe alloy of the recording | ayer can be suitably nifrated and

el T ead R T B e eIl o "t
el i un SEaa A F e e R i) A R B e AR W o
repoat el o FOA Bt Rt Ry pRe B, TRORSOM o St aOE e
The opti cdP T70ca ARG oRng BOF ARRTf tp A ERBnE e FRHIP, o) O Show

a stable and w.itel/rea har acteri stic,even. after r titions,of

si gnal rec‘l'(?)cfsd‘g’r?iig&il Ry atie Eﬂzéqrd‘B?‘Fﬁtﬁfiaoél@gtp%liv?@m Simh ‘feﬁﬁiag‘m? tel i abl e.
Al'so, in therﬁ)pti cal recordi ng nedi um manuf acturi ng nethod according to the
pr esent irRPg ‘ion, since the conditions of form ng the recording |ayer are
defi ned, the bTe alloy of the recprdi I r-can pe suitably nitrated
and oxi di zed ﬁiﬁlﬁe%ﬁgxi”ﬁéwﬁlﬂ?ﬁé—a 'Sgﬁgg'gr ?%@%e (o) it 01 tg‘gg'flﬁi@’/néhff ayer for
the wite/read characteristic thereaf and thus for. further inprovenent of

t he dur abi§PPYP & F%‘QD"Fé’ﬂQ‘é&]e]d/"ta@‘ig?‘ﬁir}?gs.a‘il GhogY Bﬁggz,t‘irf‘ﬂ‘zulﬁté‘%fsacturi ng

met hod accord’pg to the present invention provides an optical recording
nediun1shd%Fﬁ%‘%ittle regi onal deterioration of a signal read out after
recorded repea ly a few tines to tens gf tipes, a rovi di ng ,a good read
si gnal even af &g&me%chdpgdweg PrEuge SP?F&PZ%%H%fth?‘éggtrﬂP@oﬁy@%m or di ng.
Thus, the manufacturing thod according to the present invention can

provi de a (RIAGHIT ArEfqrdiedavspApaRE HaeioHE AECYRRP RIS VS TATE IAE . st abl e

and good itelre characteristic even after repetjtions of signal
recor di ng\.%uc QSSng@WﬁBFCé&}Q slgwepian (h; “Ey%it]ﬁ"e{fcf”é‘i.mg I%yer %m‘mg 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



1. An optical recording nediumconprising a recording |ayer of a
phase-change material sw tchable between a crystalline stat

anor phous state in response to signal-wise illumnation by ??3%F9W§8%§58
onto the recording |layer to change the phase thereof fromcrystalline to
anor phous, thereby witing an information signal onto the recording |ayer,
sai d phase-change material conprising a GeSbTe all oy and said recording

| ayer being fornmed by sputtering in an Ar gas atnosphere conprising N2, Oz
or both NZ and OZ, wherein: the recording layer is forned at a speed X
(nm's) in an Ar gas atnosphere containing5bz and OZ gases of which the
mxing ratio (NZ and QZ)/ Ar anong the N2, Q2 and Ar gases is Y(% and the
mxing ratio QZ/ (Nz +Oz) of OZ gas with the m xture of Nz and Oz gases is
Z(%9, the paraneters X, Y and Z neeting the following relations ( 1) to
(3): Y> 2.3X+ 1.0

---------- contazmng O gas of-which the mixing ratio-O,/Ar between the O; and Ar gasesis Y- - (1)
Y S 12.8X + 16.7

10 <7< "/3 the parameters X and Y ‘meeting the following relations-(1) and (4): ‘Thus the - - - (2)
A ir .. (3)
2. The opt |%CSPTF3%:18¥80 %glrﬁ%)rgxsngsla °rf orIt“hbei shmtngr. Oxjcllzet\i/\ﬁ%rtheﬁt rtlh % he
recordi ng | f (nrrl s). 3.
The opti cal“%?/tglg%ardgp arac%ng?ﬁ%gggg Hs?%?r%}/"%rl? gel n c g?%nz ergsug\t th%

Decenber 2002 apgﬁap%e DT80 PN GRS o
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 e ¢))

Y 55K +27 e @

At this time, the recording layer 4 should preferably be formed at a speed X
0of 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 termary
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



an area defined, in a ternary conposition diagramof the three elenents Ce,
Sb and Te, by four points including a first point (26.0, B3 Fecentbefb002
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). 4. The optical recording nmedium as set
forth in claiml, wherein the recording layer is 18 to 30 nmthick. 5. The
optical recording nediumas set forth in claiml, wherein: the recording

| ayer is formed on a substrate having a dianmeter of 1200.3 nmm and a

t hi ckness of 0.600.03 nm and the track pitch is 0.8t0.01 pin. 6. An
optical recording medium conprising a rﬁgording | ayer of a phase-change

mat eri al switchable between a crystalli state and an anor phous state in
response to signal-wise illumnation by tight focused onto the recording

| ayer to change the phase thereof fromcrystalline to anorphous, thereby
witing an information signal onto the recording |ayer, said phase-change
mat erial conprising a GeSbTe all oy and said recording | ayer being forned by
sput t eri nheidascabednn detmildtetavepher e conprising N2, OZ or both NZ and Qz,

wher ei n: 23 Decenber 2002 95 the recording layer is formed at the speed X
(nm's) in2an AComassiibnoapine cennatingiCn, (e hdSts 1, inttealary he m xing ratio
Qz/ Ar between the OZ and Ar gases is Y(9%,

composition diagram of three elements Ge, Sb and Te

First, a first dielectric layer 3 of ZnS-Si0O, having a thickness of 90 nm was
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 of 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
GesoTeso and Sb,,Teq, 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 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 GesoTeso and Ge,Sb,Te, as in FIG. 16.

Then, a second dielectric layer 5 of ZnS-S10, 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



the paraneters X and Y neeting the following relations (1 ) and (4): Y >_
2.3X + 1.0 23 December 200(2I

7. The optical recording nediumas set forth in claim®6, wherein the
recording layer formng speed Xis over 0.1 (nnis) and under 5.0 (nm's). 8.
The optical recording nediumas set forth mclaim®6, wherein: the GeSbTe
all oy contained in the phase-change materi®al is a conposition falling in an
area defined, in a ternary conposition diagram (of the three el enents 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. | ) and a
fourth point (21.6, 24.4, 54.0). 9. The optical recording nediumas set

forth in clakméy poeidgiga phie chacdpiital gi¥en. is 18 to 30 inn thick. 10.
The optical recording nmediumas set forth in claim®6, wherein: the

recording |ayer Fhﬁllg,QWEgﬁe&@ oA 154 PRAdeai@n RN ich] Bisd BWBEYro@icel20ffe 3 MM
and a thickness of 0.600.03 mm and the track pitch is 0.8t0.01 Nm 23

Decenber 2QQ2 X%Qs%ﬁ]aaggg oﬁg&m%fﬁ%ﬁ@t}g@em&ymmmm&m&h fagor di ng

| ayer of a phdse- terral swt | e between a crystalline state and

a phdse-ch: rtchable et ucen a crystallIne state and

ont o tho. agF HEAGRRAEIRAREE felnd LATFARL SR ph AR AR, e o
h , 4h b b ' 1y Lgnal t [ I ,

2ai o phase bR RTeRk Arbr 20 PRl ANBIGHIET i B hab bRt BBe B i 1y

| ayer bein ornmed b uttering i.n.an Ar gas atnosphere conprising NZ, OZ
or bot h Nz 20g " il T M il ot

Similarly, a phase-change optical disc was made of which only the recording
layer 4 was made of a different matenial from the above-mentioned. More
specifically, the Ge,Sb,Te,, Ge and Te targets were co-sputtered while the 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,Tes 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 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. 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
mndicates the mixing ratio of Ge in a composition on the straight line 11 connecting
points Ge,,Te,, and Sb,Teq, 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.



the recording layer is forned at the speed X (nms) in an Ar gas atnosphere
containing Nz gas of which the mxing ratio NZ/ Ar between

gases is Y(%, the paraneters X and Y neeting the follomﬁngﬁﬁggépﬁ%ﬂgé§%)
and (5): Y < 12.8X + 16.7

....................................................................... (5)

12. The optical recording nediumas set forth in claim1 1 , wherein the
recording layer formng speed X is over59.1 (nms) and under 5.0 (nm's).
13. The optical recording nediumas set forth in claim1l, wherein: the
GeSbTe all oy contained in the phase-change material is a conposition
falling in an area defined, in a ternary conposition diagram (of the three
el ements Ge, Sb and Te), by four points including a first point (26.0,

19.2, 54. 8y, BQhe RY90,  HBPL. (1411 8 epoT N akdé-(3,2,28; 6,
57.1) and&g cfoiﬁg h ptoinrllt b((){?%.lje@zzi.]lz, ’54.0)? . « Zén%lggeng%?ﬁzgég, %’%’14. The

optical recQidiipdy REGMas set forth in claim1l, wherein the recording
| ayer is 18'to 30 nmthick. 15. The optical recording nmediumas set forth

Lo L1, WAGtEhilnd B 6P OB BT G SOOREE oSt gl oY 1 o

di aneter of 1 nm an ness o n ack pitch

5 0.8 0. Qo LS TRl 1R e ARAER nd BB Fs800 TR U
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 Gey,Tes,
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 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).
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 pomt 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 tunes was measured as in the experiment of which the

results are shown in FIG. 29.



provi ding an optical disk substrate; and formng a recording |layer on said
substrate conprising a GeSbTe all oy as a phase change mat er2®becsiithed 2002
recordi ng |ayer being formed by sputtering in an Ar gas atnosphere
conprising NZ gas, OZ gas or a mxture of OZ gas and Nz gas, to provide a
phasechange material recording |ayer sw tchable between a crystalline state
and an anor phous state in response to being illum nated signal-w se by
light focused on the recording |ayer which is effective to change the phase
of the phase change material of the recording |layer fromcrystalline to
anor phous, to thereby wite an informati onegignal into the recording |ayer,
wherein: the recording layer is formed at a speed X (nnis) in an Ar gas

at nosphere containing NZ and OZ gases of which the mxing ratio (Nz +Q2)/ Ar
anong the NZ and OZ gases and Ar gas is Y(% and the mxing ratio QZ(NZ
+QZ) of OZ gas with the m xture of NZ and OZ gases is Z(%, the paraneters

XY and 7 meeting 10e. oLk OVEAs 6 Al 196 3b ok kel e nodBoRaFSIDET 2002

&12. 8Xx

""""""" indicates the mixing raxid of Tein tha BRipositidh bn the straight line 12

+ == £ = Cohnocting the points Ge;Sb;Te; and Te and the vertical axis indicate the jitter of a (3)
17. The opti.cal, recordi.ng nediumas set forth in.clai 6, wherein the
recording | HgAl re wtﬁﬁteg&@@@& 200 imen, itsgﬂ%gs‘ae rRiF AL PEIES L s).
18. The optical recording nediumas set forth in claim 16, wherein:

and K in FIG. 30 correspond to the points C (2, 2, 5) and K (21.0, 21.0, 58.0)

shown m 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 point C (2, 2, 5).
More particularly, Ge,Sb,Te; and Sb targets were co-s_puttered 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



the GeSbTe alloy contained in the phase-change material is a conposition
falling in an area defined, in a ternary conposition di agramdeembeh200dr ee
el enents 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.b,
57.1) and a fourth point (2.6, 24.4, 54.0). 19. The optical recording
medi um as set forth in claim 16, wherein the recording layer is 18 to 30 nm
thick. 20. A nethod for making an optical recording nedium conprising the
steps of: providing an optical disk substrate; and form ng a recording
| ayer on said substrate conprising a GeSbTe all oy as a phase change
material, said recording |ayer being fgmed by sputtering in an Ar gas
at nrosphere conprising Nz gas, Oz gas or a mxture of OZ gas and NZ gas, to
provi de a phase change material recording |ayer sw tchable between a
crystalline state and an anorphous state in 23 Decenber 2002 99 response
to being illum nated signal-wse by |light focused on the recording | ayer
which is effective to change the phase of .the phase.change_naterial of the
r ecor di ndndigafes therprrng fpae A Spris tRCURRASHHILY Phteétrtaf?i? 389 Idrite an
information signal into the recording |ayer, wherein: the recording |ayer
i s for me@ORREHRE tRORUALSHOFrTR IS apﬁS&ﬁﬂﬂﬁ@é@*lﬁ#%ﬁéﬁé%@ﬁﬂ%ehPﬁ@ 0% éas
of which the mxing ratio QZ/ Ar between the OZ and Ar_ gases is Y(%,

signal read out after recorded repeatedly 20,000 times. It should be noted that the

points M and C in FIG. 31 correspond to the points M (21.6, 24.4, 54.0) and C (2,
2, 5) shown mn 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 characteristic 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



the paraneters X and Y neeting the followng relations (1) and (4): Y >_
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21. The optical recording nmediumas set forth in claim20, wherein the
recording layer formng speed X is over 0.1 (nms) and under 5.0 (nms).
22. The optical recording nmediumas set forth in claim20, wherein: the
GeSbTe all oy contained in the phase-change material is a conposition
falling in an area defined, in a ternary cgﬁposition di agram (of the three
el ements 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). 23. The optical recording
medi um as set forth in claim20, wherein the recording layer is 18 to 30 nm
thi ck. 24. #mrfet thededsons badedng the fdpiwiagexpetoemiragledi um conpri sing t he
steps of: 23 Decenber 2002 100 providing an optical disk substrate; and

form ng a recor diirng d Agedietzotrislagerubs Th8t$H0g diapingsd thickaeSedNenmlway as a
phase change material, said recording | ayer being forned by sputtering in

an Ar gas afmg@raesu@méizaimUNZﬁgg&s, Z gas or a mxture of OZ gas and
NZ gas, to provide a phase change material recording | ayer sw tchable

bet ween a cryst atﬂénngr&roeaiﬁ% fdr 8NGBIIY, PGS BhAbEoh thd BRPARKLHECILE! NY
illum nated signal-wi se by T'ight focuséd on the recording | ayer which is
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 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-S810, 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



effective to change the phase of the phase change material of the recording
| ayer fromcrystalline to anorphous, to thereby wite an i2%Decemtber2082 gnal
into the recording |layer, wherein: the recording |ayer is fornmed at the
speed X (nnm's) in an Ar gas atnosphere contai ning NZ gas of which the
mxing ratio NZ/ Ar between the N2 and Ar gases is Y(%, the paraneters X
and Y neeting the following relations (2) and (5): Y < 12.8X + 16.7

25. The optical recording nmediumas set forth in claim?24, wherein the
recording layer formng speed X is over 0.1 (nnis) and under 5.0 (nm's).
26. The optical recording nmediumas set forth in claim24, wherein: the
GeSbTe all oy contained in the phase-change material is a conposition

falling imy &@dﬂﬁ&'lﬁ%ofﬁ‘r&ohﬁﬁ@%weﬁpﬁﬁﬁsEﬁWrbaﬂh&%c&i’Qeﬁ% the three

el enents Ge, Sb and Te) 23 Decenbeéer 2002 101 by four points including a
first pO' Mhakle Z8pditiod ? 5145 heed: R alréorflingdhyd4. 38 -Ahast-Ni rd
poi nt I4 3, %’8 iio 9 e ﬁrﬁl“’é oﬁﬂr}tgh poi nar 1 mg Zy 4, 5210‘2))2}ls 27. The
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12.5%, namely, the durability against repeated recording is insufficient. Therefore,
the recording layer 4 should preferably be 18 to 30 nn.

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 thicker than
130 nm, the jitter of a signal read out after recorded repeatedly 20,000 times 1s
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 recording can be
assured.

Next, a recording layer 4 is formed on the first dielectric layer 3 by DC
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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 O, gas of which the mixing

ratio O,/Ar is Y(%), the parameters X and Y should preferably meet the following

relations (1) and (4):
Y2 23X+ 1.0 s (1)
Y 55K H+2T e 4

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 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.
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10mMm 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 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
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preferably be 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):
Y< 128X+ 167 e (2)
Y>1.8X+5.0
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 <5
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 layer forming speed X (nmy/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 fonming atmospheric conditions and read

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

First, a substrate 2 of 120 nm in diameter having a thickness of 0.6 mm was
made. Then a first dielectric layer 3 of ZnS-S10, having a thickness of 120 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 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
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applied between the layers 6. Finally, a double-sided phase-change optical disc 10
as shown in FIG. 2 was made in which write and record can be done with respect to
either thereof. Note that this phase-change optical discs 1 and 10 has a recording
capacity of 3.0 GB per side and a track pitch of about 0.8 um.

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 1s 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 Ph is 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
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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 2 times, was measured.

The measurement results are shown in FIG. 32 of which the horizontal axis
indicates the mixing ratio N,/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. 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 repeatedly 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 Ny/Ar is 6 to 10 %. As the the mixing ratio Ny/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
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gas atmosphere of which the mixing ratio N,/Ar 1s over 6%.

1-2  Relation between recording layer forming atmospheric conditions and

groove reflectivity

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
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As having been described in the above, the experiment results shown in
FIGS. 32 and 33 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 N,/Ar should be 6 to 21 % in order to satisfy both the
requirements for the read signal jitter and 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 recording layer forming speed varied, it is 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 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. 32 except that the applied
voltage to the target of Ge,Sb,Tes 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 %. Asin the

experiment of which the results are shown n FIG. 32, the jitter of a signal read out
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after recorded repeatedly 2 times to the optical disc was measured. The
measurement results are shown in FIG. 34. Also, the optical disc thus made 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 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 initialized, 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 0f£ 0.1
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nnv's, 1.6 nm/s and 5.0 n/s, respectively, the mixing ratios N,/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.

Also, as seen from the experiment results in FIGS. 35, 37 and 39, 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,/Ar resulting 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 experiment results shown 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 5.0 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 indicated 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 o, 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
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shown in FIGS. 33, 35, 37 and 39 reveal that in the optical discs having their
respective recording layers formed at the speeds of 0.42 nm/s, 0.1 nin/s, 1.6 nm/s
and 5.0 nm/s, respectively, the mixing ratios N,/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 forming speed indicated along the
horizontal axis and the mixing ratio N,/Ar indicated along the vertical axis to define
a straight line B.

The line P} is expressed by Y = 12.8X + 16.7. In the area above the line {3,
the groove reflectivity is under 11% and thus no satisfactory signal modulafion 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. Ifthe 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 gasesis Y

(%), the parameters X and Y meeting the following relations (2) and (5). Thus the
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GeSbTe alloy forming the recording layer 4 will be suitably nitrated so that the
write/read characteristic of the recording layer 4 is optumized. As a result, the
phase-change optical disc 1 according 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 stable write/read characteristic.

Y< 128X+ 167 (2)

Y2 18X +50 s (5)

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.

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 1n detail below:

2-1  Composition on line connecting Ge,Tes, and Sb, Te,, in ternary

y
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composition diagram of three elements Ge, Sb and Te

First, a first dielectric layer 3 of ZnS-Si0, having a thickness of 120 nm was
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 of 0.42 nm/s in an 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 connecting the points
GegoTeso and Sb,Teg, about the point C (2, 2, 5) as shown in FIG. 16 being also a
terary 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-S10, 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
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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 layer 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,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,Tes 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 signal read 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 Ge,,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.
41 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.
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As apparent from the results shown in FIG. 41, 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 composition 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 GeoTes,

and Sb,,Teg, should preferably be a one on the line connecting the points J and L as

shown in FIG. 15.

2-2  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).
More particularly, Ge,Sb,Tes 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 measured 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
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read signal. It should be noted that the points C and K in FIG. 42 correspond to the
points C (2, 2, 5) and K (21.0, 21.0, 58.0) shown mn FIG. 15.

As revealed from the results shown in FIG. 42, 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.

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 point C (2, 2, 5).
More particularly, Ge,Sb,Te; 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.
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15.

As revealed from the results shown in FIG. 43, 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.

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 |
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,Tes was formed on the first dielectric layer
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3 by sputtering at a speed of 0.42 nm/s in an Ar gas atmosphere of which the
mixing ratioN, /Ar was 10%. 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 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 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 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 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-
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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 nmn.

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.

Next, a recording layer 4 is formed on the first dielectric léyer 3by 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+ 167 e 2)
Y2 18X 450 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
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result, in the manufacturing method for the optical recording medium according to
the present invention, deterioration of read signal after recorded repeatedly can be
minimized. Namely, the present invention can provide an optical recording
medium capable of always keeping a stable write/read characteristic even after
repetitions of signal recording.

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 1s
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 5 of ZnS-SiO, is formed on the recording

layer 4 by RF sputtering. Then, a 1ight-réﬂective layer 6 is formed on the second
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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 disc 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 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 and
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 containing 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.
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Next, a recording layer of Ge,Sb,Te; having a thickness of 25 nm was
formed on the first dielectric layer at a speed of 0.42 nm/s in an atmosphere of
which the mixing ratio (N, + O,)/Ar of N, and O, gases with Ar gas was 10% and
the mixing ratio O,/(N, + Q,) of the O, gas with the N, gas was 20%.

Thereafter, a second dielectric layer of ZnS-Si0, 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 pm 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 Ar gas, was used for
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
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those of the first comparative example are shown in FIG. 45.
As mentioned above, the recording layer in the first example of phase-
change optical disc was formed in the Ar atmosphere containing the N, and O,
gases at a predetermined ratio according to the present invention. As seen from the
experiment results shown in FIG. 44, there is 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 recording layer in the first comparative example of
phase-change optical disc was formed in the Ar atmosphere containing no N, and
O, 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 in 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 out after
recorded repeatedly tens of thousands of times.

Second experiment:

In this experiment, the effect of the Ar gas containing O, gas as a sputtering
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gas used in forming the recording layer was studied.

< Second example >

After a first dielectric layer of ZnS-8i0O, having a thickness of 90 nm was
formed on a substrate, a recording layer of Ge,Sb,Te, having a thickness of 25 nm
was formed on the first dielectric layer at a speed of 0.42 nm/s in an Ar gas
atmosphere containing O, gas at a ratio O,/Ar of 10% with 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 sputtering. 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 optical 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,
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and those of the second comparative example are shown in FIG. 47.

As mentioned above, the recording layer in the second example of phase-
change optical disc was formed in the Ar atmosphere containing the O, gas at a
predetermined ratio according to the present invention. As seen from the
experiment results shown in FIG. 46, there is found only a small increase 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
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 number 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 containing N, gas as a sputtering
gas used in forming the recording layer was studied.

< Third example >
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After a first dielectric layer of ZnS-Si0, having a thickness of 120 mn was
formed on a substrate, a recording layer of Ge,Sb,Te having a thickness of 25 nm
was formed on the first dielectric layer at a speed of 0.42 nm/s in an Ar gas
atmosphere containing N, gas at a ratio N,/Ar of 10% with the Ar gas. Further, a
second dielectric layer of ZnS-S10, 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. 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.

< Third 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 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 diécs 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-
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change optical disc was formed in the Ar atmosphere containing the N, gas at a
predetermined ratio according to the present invention. As seen from the
experiment results shown in FIG. 48, there is found no increase 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 10,000 times
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 speed 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 physical 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
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the present invention shows little regional deterioration of a signal read out after
recorded repeatedly a few times to tens of times and provides a good read signal
even after more than tens of thousands of repetitions of recording. Thus, the
optical recording medium according to the present invention always show a stable
and good write/read characteristic even after repetitions of signal recording.
Namely, this optical recording medium is highly reliable.

Also, in the optical recording medium manufacturing method 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 physical properties 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
invention provides an optical recording medium showing little 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.
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What is claimed is:

1. An optical recording medium comprising a recording layer of a phase-change
material switchable between a crystalline state and an amorphous state in response to
signal-wise illumination by light focused onto the recording layer to change the phase
thereof from crystalline to amorphous, thereby writing an information signal onto the
recording layer,

said phase-change material comprising a GeSbTe alloy and

said recording layer being formed by sputtering in an Ar gas atmosphere
comprising N, O, or both N, and O,, wherein:

the recording layer 1s formed at a speed X (nm/s) in an Ar gas atmosphere
containing N, and O, gases of which the mixing ratio (N, and O,)/Ar among the Nj, O
and Ar gases is Y (%) and the mixing ratio O,/(N; +O3) of Oz gas with the mixture of N,

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

Y 2 23X 4 L0 (D)
Y S 128X + 16.7 e 2)
10 S Z S 00 (3)
2. The optical recording medium as set forth in claim 1, wherein the recording layer

forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

3. The optical recording medium as set forth in claim 1, wherein:
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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).

4. The optical recording medium as set forth in claim 1, wherein the recording layer is

18 to 30 nm thick.

5. The optical recording medium as set forth in claim 1, 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 um.

6. An optical recording medium comprising a recording layer of a phase-change
material switchable between a crystalline state and an amorphous state in response to
signal-wise illumination by light focused onto the recording layer to change the phase
thereof from crystalline to amorphous, thereby writing an information signal onto the
recording layer, said phase-change material comprising a GeSbTe alloy and said recording
layer being formed by sputtering in an Ar gas atmosphere comprising N,, O, or both N,

and O,, wherein:
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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):

Y 2 23X 4 L0 e (D
X € 55X A 2T e, (4)
7. The optical recording medium as set forth in claim 6, wherein the recording layer

forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

8. The optical recording medium as set forth in claim 6, wherein:

the GeSbTe alloy contained in the phase-change matenal is a composition falling in
an area defined, in a termnary composition diagram (of the three elements Ge, Sb and Te),
by four pomts including a first point (26.0, 19.2, 54.8), second point (21.0, 21.0, 58.0),

third point (143, 286, 57.1) and a fourth point (21.6, 24.4, 54.0).

9. The optical recording medium as set forth in claim 6, wherein the recording layer is

18 to 30 nm thick.

10.  The optical recording medium as set forth in claim 6, 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.
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signal-wise illumination by light focused onto the recording layer to change the phase
thereof from crystalline to amorphous, thereby writing an information signal onto the
recording layer, said phase-change material comprising a GeSbTe alloy and said recording
layer being formed by sputtering in an Ar gas atmosphere comprising N,, O, or both N,
and O,, 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 Ny/Ar between the N, and Ar gases is Y(%),
the parameters X and Y meeting the following relations (2) and (5):
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12.  The optical recording medium as set forth in claim 11, wherein the recording layer

forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

13.  The optical recording medium as set forth in claim 11, wherein:
the GeSbTe alloy contained in the phase-change material is a composition falling in
an area defined, in a temary 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).
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is 18 to 30 nm thick.

15.  The optical recording medium as set forth in claim 11, wherein:
the recording layer is formed on a substrate having a diameter of 12040.3 mm and a
thickness of 0.60+0.03 mm; and

the track pitch is 0.8+0.01 pm.

16. A method for making an optical recording medium comprising the steps of:

providing an optical disk substrate; and

forming a recording layer on said substrate comprising a GeSbTe alloy as a phase-
change material, said recording layer being formed by sputtering in an Ar gas atmosphere
comprising N gas, O, gas or a mixture of O, gas and N, gas, to provide a phasechange
material recording layer switchable between a crystalline state and an amorphous state in
response to being illuminated signal-wise by light focused on the recording layer which is
effective to change the phase of the phase change material of the recording layer from
crystalline to amorphous, to thereby write an information signal into the recording layer,
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, and O;
gases and Ar gas is Y(%) and the mixing ratio O,(N; +0O;) 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):
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17.  The optical recording medium as set forth in claim 16, wherein the recording layer

forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

18.  The optical recording medium as set forth in claim 16, 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 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).

19.  The optical recording medium as set forth in claim 16, wherein the recording layer

is 18 to 30 nm thick.

20. A method for making an optical recording medium comprising the steps of:
providing an optical disk substrate; and
forming a recording layer on said substrate comprising a GeSbTe alloy as a phase-
change material, said recording layer being formed by sputtering in an Ar gas atmosphere
comprising N, gas, O, gas or a mixture of O, gas and N, gas, to provide a phase change

material recording layer switchable between a crystalline state and an amorphous state in
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response to being illuminated signal-wise by light focused on the recording layer which is
effective to change the phase of the phase change material of the recording layer from
crystalline to amorphous, to thereby write an information signal into the recording layer,
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):
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21.  The optical recording medium as set forth in claim 20, wherein the recording layer

forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

22.  The optical recording medium as set forth in claim 20, 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 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).

23.  The optical recording medium as set forth in claim 20, wherein the recording layer
is 18 to 30 nm thick.

24. A method for making an optical recording medium comprising the steps of:
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crystalline to amorphous, to thereby write an information signal into the recording layer,
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 Ny and Ar gases is Y(%),
the parameters X and Y meeting the following relations (2) and (5):
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25.  The optical recording medium as set forth in claim 24, wherein the recording layer

forming speed X is over 0.1 (nm/s) and under 5.0 (nm/s).

26.  The optical recording medium as set forth in claim 24, 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 Ge, Sb and Te),
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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).

27.  The optical recording medium as set forth in claim 24, wherein the recording layer

ts 18 to 30 nm thick.



