;e3e\j6T"W21 FEB 2003 METHOD OF PRODUCI NG AN OPTI CAL | NFORMATI ON._RECORDI NG
I\/EDI UM TECHNI CAL FI ELD The present invention relates to an optﬂ:EEB 2003

i nformati on recording nedium provided with an optically ' detectable
information recording layer, the producing nethod thereof and a f
recor di ng/ er asi ng/ r epr oduci ng i nf or mati on. BACKGROUND ART A mﬂu‘ “\U\mmr
material thin filmlayer conprising a netal thin filmand a

filmis formed on a disc-shaped or a card-shaped substrate. A hkghssener gy
beam focused on a micro |ight spot having a subm cron order dianeter is
irradiated onto the recording nmaterial |ayer, thereby a local variation is
gener at ed BRTHRRoPHi PROMHG NG AN | QREFCAT RORMATI(3h REQORIHNGMEDINHt an
information signal is stored is already well known. More specifically, when
an optical magnetic material thin filmand a phase change material thin
filmare used for a recording layer, it is easy to rewite the signal.
Accordingly, this technique has been actively studied and -1

TECHNICAL FIELD

The present invention relates to an optical
information recording medium provided with an optically
detectable information recording layer, the producing
method thereof and a method of

recording/erasing/reproducing information.

BACKGROUND ART
A recording material thin film layer comprising a
metal thin film and an organic thin film is formed on a
. disc-shaped or a card-shaped substrate. A high energy
beam focused on a micro light spot having a submicron order
diameter is irradiated onto the recording material layer,
thereby a local variation is generated on recording
material layer. Thereby, such a technique that an
information signal is stored is already well known. More
specifically, when an optical magnetic material thin film
and a phase change material thin film are used for a
recording layer, it is easy to rewrite the signal.

Accordingly, this technique has been actively studied and
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21 FEB 2003 devel oped. For exanple, in case of the optical magnetic
recording medium a difference of a rotating angle on a pol ari 26FERI2083e
of .a reflected light generated due to the difference of a nagnetization
state is used as the record. Furthernore, in case of the phase change
recordi ng medium an anount of a reflected light relative to a |ight having
a specific wavelength in a crystalline state is different fromthat in an
anor phogewé bdpedt herebyekampdef,f ¢heoase ofuthe oeptibalrmagnetis | aser

out put is nodul ated between a record |l evel having a relatively higher power

and an ¥¥aséF@ihgvRkdian NG AifdartdnedYokouetopa¥ehg andlih&rmedul at ed
output is only irradi ated on a recordi ng nedium Thereby simlarly to a

magnet i G £KizEBCERrfaclYT @& Ml%ét?é&sliﬁhihéénhﬁ}ﬁt'é@@dé fgasure and
the record of a new signal can be sinultaneolsly perfornmed (it is possible

to overwind eaifferndidlor dlifaghéeinBich HEHEE £8MulBdr aWr ihjen for a
short tine. Usually, the optical magnetic recordi ng nedium and the phase
change . iing i i e , t i r filmshown in
Fla U7, HeteyY ERELHERBEY, 3 cfiePBEENG, haRt 'cnadel |
pol ycar hona P po - ha Lyl atel) . .a.ql l.at e, or the
i ke, u&ﬁ?é§q§§grﬁwﬂﬁngé¥§é&%t gﬁ/i%ggg%%g&q%&llgé%sgégﬁ%&% ecorrpri si ng
t he phase chan terjal and the_optical ,magneti,.c materi al Ji.nserted
bet ween (R G At HaYLAG @ SRRFLELE waVeLEnsths il acrEYEEATI LDy ol ectric
material is fqrmed.,. Furthernore, a netallic reflecting |layer 5 conprising
an al | oFEAtAd SAEEETENE FRORERTh] AR ARGEBROUE SHehe oF NEERRY ancy on
the recording, Layer 3 and for acting as a thermal _diffusion |layer is forned
on the ﬂ%ﬂﬁé&f@ém%"@r ig usgdsas| kher fegrd degledfSan PUtithadited by a
sputtering_nethod, a vacuum deposition nethod, or the |like. FEurthernore, an
over coatMPdyiated betyeaay anrepongpdeved: hayingia sadatdvediher that a
scratch and dusts are not attached_to these |ayers. Usually, a |aser beam
i s inci dekgher pavexiags an engsurpdevalehaving agelatiegly doweasnt surface
of the substrate 1 is provided with a concave-convex groove track or a
concave-paweryx anhd theumodulatediaietputinisfonlyuitiraginted arera beamto a
predeterm ned position on the disk. A function of each |ayer and an
concr et eescengingomedanar.i aThereby sdrddarlyvwe saamagaetfiad iddsk, | n case of
the recording layer 3, when the phase change material is used, chal cogenite
thin filthebesks gagsh acipiracserdsavit thatf bheaxeanpr ¢ erasierSand al | oy
thin film a Ge-Sb-Te-Se alloy thin film an In-Sb-Te alloy thin film an
Ag- | n- SkHe mddoydict a feéwmidal davebeal § dxnulkandously pet fidiendd ke are
reported. In the nmedium usi ng such phase change materials, the | aser beam
I2i IFrE rB ag%%gdds pbbeigile tbovérmel téthe vecdad pnd Mepi adoeacgt it al ready -3
signal can be rewritten for a short time.

Usually, the optical magnetic recording medium and
the phase change recording medium comprise, for example,
amulti-layer film shown in FIG. 1. That is, on a substrate
1l comprising a resin plate of a polycarbonate and PMMA
(polymethyl-methatacrylate), a glass plate, or the like,
usually, a recording layer 3 having an optical absorption
comprising the phase change material and the optical

magnetic material inserted between protective layers 2 and



described, while the power of the | aser beamis being nodul ated at a strong
level and a weak level, the laser beamis irradiated onto a redd/REB@003
recordi ng medium A portlon irradiated with the strong power is locally
melt in an instant, thenceforth, the portion is quenched. Thereby the
portion is anorphized, and the signal is recorded. Furthernore, at the
portion irradiated with a relatively weak power, the anorphous-state

por i on 4 SoGiiPakithy I EYeLHE BORLAE S a?lciélsf§£hé§e and the recor dod

signal is era er to reproduce e sl gha wer of the | aser

changed. ﬁ%ﬁﬁ?ﬁm‘?’?%ﬁg? %%5%5?2“? PERTRE T A SRR BAD 0 (e
ref | ect g ghaf ROBRECBE i Rt e PORLL AR EE R AN th the

| aser He cry ous Sstate’i's judged,

t hereb I S roduced.. The funct of the r.Qt ective | ayers 2
and 4 Z&%ﬁ 1408y gh el ARETRALNT 1 AUPE 37 R {é’erlaé’% @ 1B 1) the
recor di rotect rom ext er nal necha 2) a

¢ her mal r%é%’é’é@isﬂ?: aglgwiagﬁﬁegeaﬂw é%r%@r R dTaiiar 2 ) 220 ca
of the recor |qg T% and an eva atl e C. occurrﬁgpdue to repeatedly
rewitiry e layegspganshFed Flﬁ ¥b$ a repetition of

rewiting the si,gnal can be increased; 3)) an interference effect of a
mul ti pat§PyeEeEdNGgIRetBods e%lvéﬁquﬁh@eﬁﬁséﬁtwe'éhgﬁ‘gé’%&lli‘eo%lbﬁhanced

Furthermore, an overcoat layer 6 is formed on an uppermost
layer in such a manner that a scratch and dusts are not
attached to these layers. Usually, a laser beam is
incident from a side of the substrate 1. In many cases,
a front surface of the substrate 1 is provided with a
concave—-convex groove track or a concave-convex pit
sequence as guide means for guiding the laser beam to a
predetermined position on the disk.

A function of each layer and an concrete example of
materials forming each layer are as follows.

In case of the recording layer 3, when the phase
change material is used, chalcogenite thin film whose base
comprises Te and Se, for example, a Ge-Sb-Te alloy thin
film, a Ge-Sb-Te-Se alloy thin film, an In-Sb~Te alloy thin
film, an Ag-In-Sb-Te alloy thin film, an In-Se alloy thin
film, and the like are reported. In the medium using such
phase change materials, the laser beam is irradiated,

thereby the signal is recorded and reproduced. As already



4 ) an influence froman outside air is intercepted so that a chem cal
change can be prevented. As the material conprising the protec®lFEB 2008
for satisfying the above objects, heretofore, an oxide such as Si 02, A1203
or the like, a nitride such as Si3N,, ALN or the like, an acid nitride such
as Si-O-Nor the like (for exanple, disclosed in Japanese Patent
Application Laid-open No. 3-104038) , a sulfide such as ZnS or the like, a

the | ?'Eé%”%&%’?%%gv'?ﬁ1%%#%?%0&%&%%%”iléé';%?le Lﬁ‘%siﬁéigp%%ﬁ%? 03- 103453
_ | _ 5
b ovi Go BT L HESRr BPos PR i dievehaind A #edn i Fablar t8 dA5RA cof can be

enhanceqd. The, exa I(&.o{: t.he phase_change recording nediumis disclosed in
Japanes &4t &t t4 P8‘n°E§Pd?o’5%K° 1ng yecorfing medqiumy h & i o) ectri ¢
| ayer conprising,the nitride (SIN, ALN ) and the carQide (( SiIC)) is used at
e 51 dRHGR B 86 akiech B e S RORR: LA LORAIIOMELS ve | ayer
of the agptical, recording |ayer including Ag, and ZpS or a conpound

i ncl udi At Z4S 185H3BE ra&h?ﬁc%ﬁ?EFhlra$&e HOXGHOD 518 gﬂ!ePEBeggOB dielectric
| ayer. The above SiN, SiC, AlIN layer is used, thereby a conbi nation of

Agi ncl udde¥eby hthee porti ken | H§eamerphg zed + Rngrehecsignalays s
prevented. As disclosed in Japanese Patent Application Laid-open No.

5- 21721 xecoXdéd t hFukhbermgre hatsitlie poxtisrCilnestiateed anigilng from 5 nm
to 50 nm Furthernore, as disclosed in Japanese Patent Application

Lai d- opareNatigel9swéak tpawer pt €hei amdrphoudrestate paytieon nserted’

bet ween the recording | ayer and the substrate, where one |ayer contacted to
t he recamheglédyetheygby selie Spobitibaydis antydteldibed,| andy thnt acted to
the substrate conprises ZnS-Si 02 |ayer, thereby two dielectric |ayers are
formed. Fdwofiaisligrell fosibraseas arar vyt nligpreduthecnease change
material |ayer. The exanple of the optical magnetic recording nmediumis

di scl 089@1@:@&%@&35@&@&66& £aR 188ehrOBehi dm0P@AUNRd troudipGn Here, the

dielectric layer contacted to the substrate has two | ayers, and one | ayer
ddhos valeR & BRAHF GIRLE e TORINGIEHLR 49 MMy cHBRRAThnd.
compound b ThECEaPRAR, 3 A Rt Rt RLETETRE, 8 SRR P ent
From 1 e e ERE S lRERr LS G E g o Ul SR LRy i BRygpn ©0°"

irradiated with the laser beam is in the crystalline state

or the amorphous state is judged, thereby the signal is
reproduced.

The functions of the protective layers 2 and 4
comprising a dielectric material are, for example, as
follow:

1) the recording layer is protected from an external
mechanical damage;

2) a thermal damage such as a roughness on the surface
of the substrate, a break of the recording layer and an

evaporation, etc. occurred due to repeatedly rewriting the



t hrough the substrate are penetrated into the recording layer. As disclosed
in Japanese Patent Application Laid-open No.4-219650, preferabli2d, FEB2003
nitride conprises Sn-N, In-N, Zr-N, C-N, Al-N, Si-N, Ta-N, V-N, Nb-N, M-N
and WN, and the filmthickness thereof is ranging from10 nmto 20 nm
Furthernore, as disclosed in Japanese Patent Application Laid-open No.
4-321948, in the same view of Japanese Patent Application Laid-open No.

4- 21965%iqrt@1 Hred ¥ddiiced A e FaY af repeatd tith Db Fekatit A theo |ayers .

Here, one Tayer near the substrate conprises one or nore kind of oxide

sel ect e%jf%macigﬁgugi Qhcdeaddd; Y. My, Ti, Ta, Ca and Al, thereby the

adhesi veness of electric layer and the substrate is enhanced.

Furthermre, 120! DRk el Peslo Ol At bt bhfuPRipath FBETELPcording

filmconprises L Re AltTTde ayer conprising one of nore nitride

sel ected § r‘_?%{lhgog%ﬁté% QJ(:P .%;:%%%éalYChng TicanTg%e GnRlflcAl, thereby it is

suppr essed Xygen an er from t'he oxi | 'ayer are’penetrated and
di ffused into the rec i fi ayer .dis S in.J nese, Pat ent
Appl i cati on Lé%)d-a(fbé‘r{‘%g n'%@ﬁﬁé%}ﬁh%“ﬁ%‘ﬁﬁ %#gkﬁgséﬂ’&?%%é’%ﬁﬁ ride | ayer
is ranging from50 pmto 200 .nm In _general, the reflecting |ayer 5

conpri s atlf‘r%{na? gﬁgwlfsa%mfh%“?ed:,gnN e R¥eYentRdtike and the all oy
based upon these g%teals, and the refl ecting I%yer 51Js 5i&s§os d 21 FEB
2003 in such ASrhelatesiial COMPRIHHNS PIRTES ¥ fletek &t i cal
absorption of the recording thin filmcan be obtained. As described above,
i n genersatigfyiugt thengbevenabpiactmc hereepbarei oAMeKAGE® SUdhe like is
used as the nethod of preparing the recording medium Furthernore, a
reacti vasiBi®sar ik Oyeonodhe Like, sa nhtridee snich iak 3N e Addht ai ned in
the thin film For exanple, as the nethod of producing an ablation type
wite ormme tieeli Likesuah achdet mdtnide such asnSihirOe or the Tdkeont ai ni ng
recording |layer by the reactive sputtering is disclosed in Japanese Patent
Appl i cat(for Lakdmppen MisdBedéd426. JApatiesd Baxtenty Appddesdtilat ent
Application Laid-open No. 63-151486, a m xed gas of Ar and nitride is

di schar gesli d-ebpéhwWo § 3-6104038) | @ salfddensachas Zaper .t Qdke he
recording filmcontaining tellurium seleniumand nitride on the substrate

i's formeddarBite s hves $0UbE aiHend iktes,hod, a Milidd agfiegisl isudt r oduced,
and a nitrogen plasma is generated, thereby a surface | ayer having a high

ni trogemdlemestgibhadrathendiidke ofdidelosear dnngadpitfisé spheefied. The
surface of the recording filmis nitrided, thereby a weatherproofness and a

f]iet”fioti \A%ﬁlﬁéﬁtiﬂhaﬂﬁfdv-_ _ ﬁBEW?J’-l_GﬂQ%rié%L%ﬁaﬁégi, sa,ilanq%,@sed. The
gen density of the nitride layer is ranging from2%to 10%
preferaldayt i 6f them is practically used.
Two layers are provided to the protective layer,

thereby the characteristic,thereof can be enhanced. The

example of the phase change recording medium is disclosed

in Japanese Patent Application Laid-open No. 5-217211.

That is, the dielectric layer comprising the nitride (SiN,

AlN) and the carbide (SiC) is used at the side contacted

to the optical recording layer as the protective layer of

the optical recording layer including Ag, and ZnS or a

compound including ZnS is used as the outer layer of the



_0_ 21 FEB 2003 is ranging from2 %to 2 0% . Preferably, the thicknes s
of the surface layer is ranging about from1l nmto 10 nm Furt 2driREB&2003he
exanpl e of the ablation type recording material is also disclosed in
Japanese Patent Application Laid-open No. 63-63153. The target conprising a
material containing Te and Se is sputtered in a nitriding-oxide gas, a
nitric dioxide gas or a gas containing a nitric dioxide, thereby the |ayer

3?22?222 fgﬁ%%?ﬁi‘s%y%faten?%"gﬁ?g%%ﬁ oL @% H‘%&f% the sirf ace
reta E.Et :fréﬁﬁ*@eiﬁﬁ 8???%?—@0@%?5@%@%% 3r ?9?&%5? gas.
Fur t hot ALS I KBRGREGRPEEAT AoBiRF GRchFrEeD SRR .

of the optical inforpmation rec rding nmedi ym or an _attac t. of dusts, etc.
i s prevetft &Fp%‘ﬂ%‘ﬁef%ﬁ‘?%ﬁt@@ %ﬁéﬁgﬂ‘i‘eLé\} FOPAn I%e%"%]ake@ on the
metal | i c reflecting layer 5, such a structure that, an ultraviolet curing
resin i fimthicknesaresithe BN nALN, Rifnlader dmransina ool ed, or the

i ke is proposed. However, it is known that the phase change optlcal
recor di r{g »i gt onbAasm.he Fuhaymer ¢r ods efi scligged sin - gapanese

Patent Application Laid-open No. 6-195747, the protective
layer has two layers inserted between the recording layer
and the substrate, where one layer contacted to the
recording layer comprises Si,N, layer and the other layer
contacted to the substrate comprises zZnS-SiO, layer,
thereby two dielectric layers are formed. The Si,N, layer
facilitates acrystallization of the phase changematerial
layer.

The example of the optical magnetic recording medium
is disclosed in Japanese Patent Application Laid-open No.
4-219650. Here, the dielectric layer contacted to the
substrate has two layers, and one layer contacted to the
substrate is a silicon oxide film, thereby an
addhesiveness of the substrate and the dielectric layer
is enhanced. Furthermore, the other layer contacted to
the recording layer comprises the compound of the carbide
and the nitride, thereby it is possible to prevent a
corrosion of the magnetic recording layer occurred due to

that oxygen from the silicon oxide layer and water passing



21 FEB 2003 when the thin filmconprising a materi al whose base is Te, Se,
etc. containing Ge, Sb, In, etc. is used as the recording | aye’l FER 2003
further the thin film conprising an oxi de system material including such as
Si 02 representatively, the thin filmconprising a sulfide system materi al

i ncludi ng such as ZnS representatively, or the thin filmconprising a

m xture systemmaterial including ZnS- Si OZbet ween the above two thin filns
i s used a_laser irr is_carried out.

s th rotectjve |l ayer diatio
Ther eby,t?{]?%‘g 21'01?% S SgFag\ér 8rss Rape "?ﬁ%‘?‘iﬁ’tﬁﬁ g‘ﬁn FeoOXMNGhe |ike are
repeateq, thereby optical characteristics of the recarding.|ayer and the
prgt ect ﬂ\ﬁi’q%yerﬁli héﬁiﬁ§e r’é\‘l‘ﬁacé"i“\}l?‘f’?,géﬁe %s@rp@"xf!f? ‘aﬂé the |iked
are changed. Accordin I)é, such a phenomeilonéﬁ]hat .a recordi n%,char acteristic
gﬂ i ¥h

or an efeskdzoReBMNR+ 9659 s PRICERFRP § BitridescoRRr 1885 epeat edl y

rewitten, thereby the refl ectance of the mediumis reduced, an _anplitude
of the Snyu Ins-Nyr L34 CHduddeN oS irNi MasN o ¥ BP-Nm#iordH positi on
of a recording mark becones |arger, thereby an error rate of the recording
si gnal legubiEsN hi ghdrthehéidmotbickness Heherepfil 18srapgloguda®m a r eadout
error is occurred. Accordingly, there is such a problemthat a possible

ti mes ofl0 ewm tion@0 s nim.ni Fed-thermoreal asadieclosedhin dJhpamese e as
follows. -10 21 FEB 2003 That is, one cause is that an S conponent and an

0 conporpdtert eApplicat ivid Reid+open Noam4-32 1948 pcinhveheayame o t he
recording layer, on the contrary, the conponent such as Te, Se, etc. having

a rel at ipgdw ofl J8pdABSE PAESAL APpFIDEaL 16A Iidassah No el 19850 ecor di ng

| ayer consists of diffuse fromthe recording |layer to the protective |ayer.

Furt her rﬂ}{é,df@péeeflieauagéxs ddita@bearesttRé sBsR-akechias tyer

material 1s chemcally reacted with the recording layer. It is considered

that th e i C t k1 . a
Lhal nag@ﬁ@ﬁg.t | BePE¢ Ush&E L £pr trie £F Y stbsith @D UIAlses orf

ove causes. In fact, according to an experinent by

i nvent oré?%ﬁlce 1kirﬂ:l tde &Hdéaét%gégkeapf’f&n”& ﬁ(g@(;?%f ke regor Gy,ng filmand

a ZnS rotective |ayer, conponent scharged fromthe

Phat - an M BLFT T80 a0 A AFF CEbEERY, T RACREVEHERE B fenc S Ging
e HDBLIRE: v S RES BRI o ghedc 2t om 1 atom ana
atom  HEFERRERPE vt I OTLIEE nbRYBRo BT CATE ShcranEREn Ctd e mechani sm
T RSN R i RS el b 1

comprising one or more kind of nitride selected from the

group of Si, 2r, Y, Mg, Ti, Ta, Ca and Al, thereby it is

suppressed that oxygen and water from the oxide layer are

penetrated and diffused into the recording film layer. As

disclosed in Japanese Patent Application Laid-open No.

4-321948, the film thickness of the nitride layer is

ranging from 50 nm to 200 nm.

In general, the reflecting layer 5 comprises a metal
such as Au, Al, Cr, Ni, Ag or the like and the alloy based

upon these metals, and the reflecting layer 5 is disposed



21 FEB 2003 the S conponent is not discharged, differently fromthe above
exanpl e. On the other hand, an adherence to the recording | ayel1dfEB2883a
nitride is lower than that of ZnS-SiQZ film For exanple, under an

envi ronment having a high tenperature and a high humdity, there is another
problemthat a peeling is occurred. That is, when oxide such as Si02,
Ta205, A1203 and the like and nitride such as Si3N4, AlN and the like are
used as @ AR B YHA 2 HaGREUH X FHE oild iah BRERIdtAlvéd S | ess
adhesive to a phase change type recording material, for exanple, under the
hi gh-te?&ﬁ% e 1+0hs ¥dj i 3 s b hespeeld d crack are
occurred. Ié?’%b?%f%%‘?%r?hér %ﬁ%ﬂlm hr%al?l%xifégﬁsgghwg@& 02, TaZ205,
A1203 a'k?aé&?. E'er and nitride such as Si3N' ALN and the |ike cannot be
applied to a drérectric | ayer material. A deterioration mechanismis

i sed. | . i ' . . .
Tncreased. heareibef stSe o AR RhBeRY: A PR LRI T

ded. Co tl.y,. { L iR .the. [ I i S, I
Vari od. & NEGRYR OaRoRs thh FRTHR PErhE Timec b R dpBoneBetcy a1 ke,
and the variation .of tt}g%recordi ng char(ﬁ:t eri }ti c.{an anorphization
sensi ti QT yPreRariNg &he Fecerding MeDyR. (FurtRetMereat Aon sensitivity

and a crystallization rate) are a((:jt yalized. It.is Sﬁgposed.-u 21 FEB
2003 t herptinge pPBtiering method 183 AREhay the nhhidesdarhe opti cal
characteristic, the conposition,changed, thereby such a change that a
mechani d2@ €Pp&adned sin ceheebhdBcdddmy ¢ can be considered a zZnS-SiQz film
wi dely applied as an excellent protective |ayer has a high adhesiveness

bet ween t he prBeEcexampleyeas dide mrthed 9iipredusing anadHiati@Bul ts from
the atomc diffusion. Furthernore, it is also considered that such a

pr ot ect i vgpeayeiteubscermedium,cenchi asnathodithat Nhe containmedti mes.
Relating to a material containing Ag and S, that is the elenents which are
easy to ifmetheaflercamrainihg mecioadlinig slegpersbyntheheeaestriven i s

di scl osed in Japanese Patent Application Laid-open No. 5-217211. However,

the fol | gphtgeviewy iis ndisdloskedsdt iTapartesdoretontonpplicabéni s,
relative to the phase change recordi ng nmedi um such as Ge-Sb-Te system

| n- Sb- Ter,gyat-epeantot he3+1K8¢ 4186 .NngAgedtseDeEeloin Jnpibs6 Batwnds t he nost
possi ble material system in order to enhance the cycle perfornmance

t her eof , Appe i candlor PRHd-dpth Nes, 8Bt-251al865UamBRediddd ¢E Ar and
nitriding-oxide, etc. is formed between a dielectric protective |ayer and a

phase chgpgeideraidlidibsdRiLPHedTRRIA IR taVartatlarde adanign | ayer for
preventing an interdiffusion and the chem cal reaction between the
recordi ngy hayee AYet Ne DFOLLCENKE re®BFding {116k "@bRtaihing
tellurium, selenium and nitride on the substrate is formed
by the reactive sputtering method, a nitrogen gas is
introduced, and a nitrocjen plasma is generated, thereby
a surface layer having a high nitrogen density than an
inside of the recording layer is formed. The surface of
the recording film is nitrided, thereby a weather-
proofness and a sensitivity are enhanced, and further a

power tolerance is increased. The nitrogen density of the

nitride layer is ranging from 2% to 10%, preferably, it



21 FEB 2003 nore specifically, Ge-N or Ge-N-O is superior as the dielectric
protective |ayer naterial which does not substantially have t hé&1dRR 2003
problem This material has also an excellent performance as the barrier

| ayer. This is not also disclosed in the prior art. That is, a |ayer
structure for realizing an excellent repeating characteristic and an
excel | ent weat her-proofness is not yet achieved. In order to solve ' the
above problens,.it s an_gbjec f the present inyentiqn.to provjde a

Tedi um A% JARY LG EpBa? Bt Ags 48 pn aBEe EREAB Yo bhien EIGHIRA B P hredi um
havi ng the excel | ent repeatjng characteristic_and weat her-proofness, the
produci fheebHEEaceAa¥er o3 RaRgingd aoWeckFemng BRdtPedibditi ng an

i nformati on signal by using the recordi ng nedium SUMVARY OF THE | NVENTI ON
In order to sdiwethesmergromhaexampdedPiythe ahlakieRrttypet he present

i nvention, there is provided an optical information recordi ng nmedi um

conpr i sinRcardabgr Matenidledgyansatdhgchosedeibi grpapiesse Bat@nfe which can
be optically detected according to an irradiation of an energy beam and a
mat er i alAppddcatiiiosh Lasidropen aNpar 63163153 fRhergdargetont act with at

| east one surface of the recording |ayer, wherein an atom c diffusion and -
14 21 ¢difp2@fing ehswiteatiakazonbainingr Tedahet Secnst spuirtsmed ove | ayer
and the recording | ayer are suppressed by the barrier |layer. A material
consti t uin ng hnberhdinigeiodiaddergds p daniteicndiexiadle gdsaif £aade applied

to a protective layer material as it is. In this case, nore specifically,
It containing a nitric dioxide, thereby the layer containing '
Te, Se and N is formed in the recording layer.

Furthermore, as disclosed in Japanese Patent
Application Laid-open No. 4-78032, the surface of a
metallic target is sputtered by Ar gas, and on the surface
of the metallic element substrate is reacted with oxygen
gas or nitrogen gas, thereby a metallic oxide film or a
metallic nitride film is formed.

Furthermore, although omitted in the drawings, in
order that an oxidization of the optical information
recording medium or an attachment of dusts, etc. is
prevented, such a structure that the overcoat layer is
placed on themetallic reflecting layer 5, such a structure
that an ultraviolet curing resin is used as an adhesive
so that a dummy substrate is laminated, or the like is
proposed.

However, it is known that the phase change optical

recording medium has the following problems. That is,



is expressed as the protective layer using the barrier material". According
to anot her aspect of the present invention, preferably, there 23 FRB®088d
an optical information recording medium wherein a barrier material |ayer
is disposed at both sides of a recording layer. According to a structure in
which the barrier material is applied to a substrate side of the recording
| ayer, an effect for suppressing the atomc diffusion and the chem cal
reaction between  the regording. l.ayer an he .prot ective | ayer 1 s higher,
{hor eby TS LS Sur At EoPBraifie ARakek B hBoEE Brulls diurein
which the barrier materjal is_ appljed_to the side o site to the substrate
of the rRor8Ffg F%a,lq:ﬂégeﬁ?ec%bﬁorl%nr%ﬁi n'bsaugggbﬁsit Sf rewite

per formance is  higher, thereb¥ areli atgli lity is ,enhanced., Not only the

st r uct ureeFArdAngh layeryapnde fumthey Aihe $hdgy fildd COMRRIPNYAN of the
recordi ng | ayer conbines both_ characteristics, but al so both perfornmances
are furtoweidenpysten natperial rpglpddRanduski ag 640turt her aspect of the
present invention, preferably, there is provided an optical information

r ecor di mepedsemtattiaradiy, vbkee thanbLddimerconprising e sadddgent ed by Maxb
(where, M denotes an aggregate of non-gas elenments M, M2, . . , and X
denot es systemgmaterdadf igasl vdiangrewucilas XZnS. represeataitiyedyati o of a
gas conponent b/ ( a+b ) , the ratio of the barrier material |ayer at the
substraterstHe ithirelfitinedompr §btngt amitiref sybeemamaterigl eri al | ayer
at the side opposite to the substrate. According to further aspect of the
present jmyeadiod 7S Eib) betWwoere tife RISOVECEwaNtBAn F&l1ndfios mat ion
recordi ng mediumfurther conprising a netallic reflecting |layer. According

to furthggedSRECHY prtrdeespat 1hpedt idMaseel erphbyatlibey 64 s provi ded
an optical information recording nédium wherein the protective |ayer using

the barié@br¥BLCIAL" ANYUbLY, (0he tBEGKEESh e lsdfbobel ehs 1S applied

between the netallic reflecti'ng layer and the recording |ayer for a

quenchi “ﬂnfggﬁl'éﬁ:ti)br} S%i.”i‘ﬁai heaﬁﬁmﬂﬁ'é i kVEEE £8Pl elli’%prepa” ng

process can be sinpli Eurthernor e, si nce a coo |ng_'ef ect enhanced,

ooy Rk AT SHEQRebChd SOPLAL NG Ky SELGY,

advant agﬁ?&éeb]‘ﬁ.ve layer (such as a reflectivity, an absorptivity
and the like) are changed. Accordingly, such a phenomenon
that a recording characteristic or an erasure
characteristic is changed. That is, the signal is
repeatedly rewritten, thereby the reflectance of the
medium is reduced, an amplitude of the signal is gradually
reduced, or a jitter value at a marked position of a
recording mark becomes larger, thereby an error rate of
the recording signal becomes higher. Therefore, when the
signal is reproduced, a readout error is occurred.
Accordingly, there is such a problem that a possible times

of rewriting is limited.

Principal causes of this change are as follows.

-10 -



21 FEB 2003 to a high density recording. Mre preferably, in this case, the
barrier layer is also applied to the substrate side of the reCGFﬁE\%ZPQS‘er.
Thereby, it is possible to obtain the medi um which can realize a higher
cycle performance and a higher density recording. According to further
aspect of the present invention, preferably, there is provided an optical
information recording nedium wherein in the structure ( a rather s |ow

cool i ng THatdisy ehessgeasaris thattadi s dorfen@¥@id 83\0 Bempdrfdmk t hi ckness
of 80 nmor nore between the netallic reflecting |ayer of the recording

| ayer ang-d mfﬁwé@dwpbwnaﬁé@ﬂwﬁherpfaféewseeapa&éedté%ﬁé | east one
side of the recording |ayer . Thereby, usually, in the rather slow cooling

struct unede¥d g2 1h9edsNoh Qﬂ‘hélcgihﬂe@fw oenagcsﬁxb%%r&n%&ﬂ yge thernal

damage, the cycle perfornance can be |l argely enhanced. According to further

aspect Gfg { Ee‘i‘:%enhabﬁ.\‘x%”ﬁ aﬁf\?éfg' ﬁ:},&{x%&%&f’ Ip?rgeré%ﬁ.{ayer | Sr{ljdor mation

recordi ng ne i'um  whereint I cknes | east

more thalhd QnhBo2r ey DB Sibr cagRERE I

Pr ef er abl'y; ess |s 57nm Or ‘nore aser power
used for,Js ord| he fect ca be ob ained. FEurthernore, nore
preferatﬂ"gf PHE fﬁ?@%ﬁ%% ”2‘5 %Yeﬂo'?% herﬁé'pé:gfqna/q &tatﬂ?é:r ef fect can
be obtalned Furt hernore, .nore referabl the 17 B 2003 t hi ckness
is 20 nhWrthermore .angther \eanae Fép#&ﬁﬁn?ﬂ¢]?§rﬁaﬁ b@ tained in

preparing. Accordln? to further, aspect of .the present invention, there S
provi dePERL@BELVE LAKLS: Wéitﬁé'ﬁ-arleé-@r ghﬁg\lﬁa@,%reacted with t

recording layer. It is considered that the change is
occurred due to either of the above causes, or a
combination of the above causes.

In fact, according to an experiment by inventors,
etc., in the optical disk applying a Ge-Sb-Te recording
film and a z2nS—- Si0, protective layer, the S component is
discharged from the protective layer due to the laser
irradiation. Consequently, it is observed that an S atom
is penetrated from the protective layer to the recording
layer. Furthermore, it is: also observed that the other
Zn atom, Si atom and O atom are also diffused to the
recording layer. In this case, although it is assumed
that other elements are easy to move by a separation of
the S atom, the mechanism thereof is not clear.

The phenomenon and the mechanism have not been
clearly reported. In case that the nitride thin film

including Si;N, and AIN is used as the protective layer,

-11-



wherein the barrier material |layer containing Ge-N or Ge-N-Ois used as the
barrier material. According to further aspect of the present igtdREB2003
preferably there is provided an optical information recording nedi um
wherein when Ge-N or Ge-N-O material |ayer is applied at both sides of the
recording |layer as the barrier |layer or the protective |ayer, regarding a
density of a gas elenent in Ge-N or Ge-N-O layer, that is, ( O ) [/ (

Ge+N+O ) the ' Is -N _qar. - I si de of
the r ecg‘rh | né]g q%ﬁén{eé\ér g‘%aﬁ%\}:eld}ﬁcg%g%&qh%fﬁﬁggebgigeﬁ%%ﬁ %ége_ N-O | ayer
at the si,de opposite to the . substr he recoq,ding layer.,According to
further aﬁ%%‘é%tgﬁ?‘mpﬁg 'pr?élerﬁ%? n‘é%ﬁ%foﬁ,;ngl’ P& &4‘??%@?% Fg Bﬁgvi ded an
optical inforgatio recoro%n diu wherein -N.c osi tiqn region
navi ng FIEOHATER; §avaTy iy T S H oL Q004 F < LOUPEC LOAN RHAE SHof er abl y,
the range from35%to 65%is selected. According to further aspect of the
prosent AHVERtPoL P el ok GRARBLE. | UndRE, FRCANYAEOPMERH NAYRGIrat | on
recordi ng _medi um wherein in case that the a Ge-N |layer, is applied to the
subst r at® high tamperaturer andga high bumadity, therspyds pgother si de which
a | aser beamis incident on), the Ge density ran%:it ng from35%to 60%is
sel ect eProblemsthataa peelingNnipagerurseshp| That dshwhandexdgigsite to
the substrate of the recording |ayer, the Ge density ranging from42.9%to
90% ( pr Bughbay, Si0, 90T a065%1,0;s and sheed.ike candi ngtradeusuedr aspect of
the present invention, preferably there is provided an optical information
recor di rag SagNymplihandithe dike arenpedasd dgedmdtrid Batexistioni ng
t hree-el ement conposition of Ge-N-O Ge-N-O conposition regionis within a
range swimcedstyghf audimhgosiiconaperiad ikl Xé@Soadhebliveoto B (Geal3. "
N3.3 13.3). &4 (Ge31.1, N3.a~ ®5.1). Gl (Ge0.35, No.ss) In this region,
t her e anshaselcledfiget sypbatetbeding maperfialjpfor examplaceahded an
erasure performance i s enhanced.

the high-temperature and high-humidity enviro nment, the

peeling and crack are occurred. Thereby, there is further

problem that oxide such as SiO,, Ta,0,, Al,0, and the like

and nitride such as Si;N,, A1N and the like cannot be applied

to a dielectric layer material.

A deterioration mechanism is summarized. In the

first place, the more the times of repeating is increased,

the more the above atom diffusion and chemical reaction

are proceeded. Consequently, a composition in the

recording layer is largely varied, thereby variations of

the reflectance, the absorption and the like, and the

variation of the recording characteristic (an

amorphization sensitivity) and the erasure

characteristic (a crystallization sensitivity and a

crystallization rate) are actualized. It is supposed

-12-



According to further aspect of the present invention, preferably there is
provi ded an optical information recording nmedium wherein in caié:EB\gPO?’he
Ge-N-O layer is applied to the substrate side of the recording |ayer (at
the side which the | aser beamis incident on), the region surrounded by
four conposition points DI (Ge60.0 N40.0), D4 (Ge48.8 N10.2 ™41.0), G1
(Ge35.0 N65.0), A (Ge31.1 N13.8 b5.1) is appropriate. In case that the

Co- N O 1 GHBE 15 B ULk AiF: o diepPPOSLLRRER; P LS itertl (e

recordi ng rayer, regron surro rComposi t1on 'mts Bl (Ge65.

0 N35. O 4.. - B 3 . .8), .F 42.9
N57.1), ?%1 %Qgg%é'gf%f‘} Sﬁ%f%e’f‘g&%ggr o%&ga?éﬁpgaﬁgt%%og g&%’,éeﬁ’ef erably,
the region surrounded by four, copposition.poi;nts_ Cl 65. O, N35, 0 ) , 4
(Cosa- 9 e eB e S i ah e BRREIReChaR R Erehgt B S mepdSey |
appropriate. Simlarly to the case of .the -N | ayer,,. when.the Ge-N-O | ayer
i s formRCARLEme ggd& &%iq(én?bg?ﬁgdseb 't'g-:"@n‘ eft'lﬂé“ 98 l¥ng 1 ayer (at
the side whj¢h the | aser beaE] is not incident_on) , in a process of

recor di RRPRAYCEr A8 AR ¥reLlent proteciave | layernhasa achighhmis incl uded
in the recording layer. The | ayer can be al so applied to the conposition
regi on hedhagiyeness d@%?nhxbﬁ prafashive tayekeanghtthey, when the
Ge-N-O layer is formed at the substrate side of the recording |ayer ( at

t he si deremprdingelayeranstihissreavilysnfremthe atpmicdhbfasponsi bility
that the Ge atomis included in the recording layer. It is not preferable

t hat theFhubbherimoreppliteilstal shecenspderedothatesmch apriateaticomsi der abl y
hi gh Ge density. As described above, the Ge-N | ayer or the Ge-N-O | ayer is
acted i nlayelr submtaartidblyt bentiadmsc a ritimit f 6fisthe aepedtcingal reaction
generated between the recording | ayer and the protective |layer usually

conpri sivimesdi el ectric material are suppressed. There is such an advant age
that the Ge-N layer or the Ge-N-O | ayer -20 21 FEB 2003 has a hi gher

adhesi veness tRelAtihgcbot Mateyiil conteining Qe spithatdeid || ns such
as Si3N4, AIN, etc. and a carbide filmsuch as SiC, etc. The reason that

the Ce- Nha¥eméntBwHichNal d aisy teehemiiclay pdhet ,veResfetifods fol |l ows
Conpared to other nitride filns such as Si3N4, AIN, etc. , the Ge-N | ayer

or the GoeNaGpbauals g lIRe £8abRIB s fdi gk 1bbBaa1kcImiatRsG | over pover

at a high speed ( for ‘exanple, when a distance between a target and the

substr at gat 8n@ORpPI clalt ildif ﬂaélrcgecs&amciﬁﬂ GPILI1 1 S HRPe vl |, Sthsed, the
filmcan be forned with 500Wat 40 nmto 50 nnimnute). Accordingly, it is

assumed faﬂo%iirh&gr o ritseﬁ-lﬂg% dik Eésbﬂ e thld Bove Ci%‘;e{]clprs t#igt Ge-N | ayer

or the Ge-N-O0 Ia as a er adhesi veness. However, t not cl ear.

Accordi ngnhe {41! R GRRE o ChePifadé Ehalllgd PYEBL g medium such
as Ge-Sb~Te system, In-Sb-Te system and the like being
developed for an application as the most possible
material system, in order to enhance the cycle performance
thereof, the layer comprising thematerial such as nitride,
nitriding-oxide, etc. is formed between a dielectric
protective layer and a phase change recording layer. The
formed layer acts as a barrier layer for preventing an
interdiffusion and the chemical reaction between the

recording layer and the protective layer. Furthermore,

-13-



preferably there is provided an optical information recording nmedi um
wherein a conplex refractive index val ue N+i k applies the Ge- N23FER 2009

| ayer satisfying the range of 1.7 < n < 3.8 and 0<_ k E 0.8. Mire
preferably, when the barrier material layer is formed at the substrate side
of the recording layer, the Ge-N or Ge-N-O | ayer satisfying the range of
1.7 <n<2.8and 0 < k <0.3is applied. Wen the barrier material |ayer

is for i si Le_{,0 substrat e Ce- N _or, -N-O | ayer
sati sfgﬁﬁ%g%hggggﬁgé‘%oq& ! 7&§ {ﬁ] QEh?eBLtgf% Jgéss%égg(}g% :gss é:rglp ied. An
optical gonstant .is changed.according tq a rafio of. Oto Nin the -21 21
FEB 200 L PLRE tich Roq W ci 88 Ta¥ed) ek {41 Phioh, o8t dithr gor . When O
is nore, the opti,cal, constant becones small er. cor di tp rt her aspect
of {he. FUBERERtIAIHY RV Y ARNE BRI privis B Cht Cat s

i nfornation reconﬁé&hnediun] wherein a terial 1hiqfi|n1mhose mai n
conponer®lfe anp eyredlent pepfarmance agthe RpUEIRY lagelor diThi%® o furt her
aspect of the present_jnvention, preferably there is provided an opti cal

i nf or mat 18nnPEc ad@n Gl esedwaar &he mildmta¥tal thin fil mwhose main
conponent is ZnS-Si02 is used as a dielectric protective |ayer nmateri al
used toget her Thah diBe Bakayer |syructnreof@mgeaalizivbeanaspect of the
present invention, preferably there is provided an optical information
recor di negxgedilemt wepentningneheragitdrsticomdi anngxaeddienttonponent
conprising a nitride or a nitriding-oxide having at |east one kind of

el enent weheheedpriowinides dsmot getoashibveidig Theordeertogplwyer i's used
as the barrier material layer. In general, although a nitride material is

| ess adhghkvabowred probIags) ie 1at @i dbjéde HErther prasnteont ai ni ng
nitride or nitriding-oxide being the el enent constituting the recording

layer isjH¢BAtiOMERRPPrdAi e eaBidéditn E8euBRLeLFdraAYRial Sz LRMRN Lo the
conponent elenent in the recording |layer. Accordingly, the -22 21 FEB
2003 phase change optical recording medium having the excellent
repeating characteristic and weather-proofness, the
producing method thereof, and a method of recording and

reproducing an information signal by using the recording

medium.

SUMMARY OF THE INVENTION

In order to solve abgve problems, according to one
aspect of the present invention, there is provided an
optical information recording medium comprising a
recording layer generating a reversible phase change which
can be optically detected according to an irradiation of
an energy beam, and a material layer which is named a
barrier layer formed in contact with at least one surface

of the recording layer, wherein an atomic diffusion and

-14-



adhesi veness can be enhanced. In this case, it is possible to suppress the
interdi ffusion and the chem cal reaction between the recording2 J&ﬂ?

~the protective |ayer whose nmain conponent is the dielectric material.

Ther eby, the phase change optical recordi ng nmedi um havi ng the excell ent
repeati ng performance excel |l ent weat her proof ness can be realized. According
to further aspect of the present invention, preferably there is provided an

optical 4 pheniddPrd=Ra4sh %dﬁdwmbméh Rl PE%%%% @ce of the

recording layer is nitrided or nitric-oxidized, tThereby the b rrler | ayer

I's formgghg |ﬂhghi‘§c?ﬁ‘?ﬁn I‘&ﬁef:h Eae%% f&é@d’%g%a{?ﬂet Baryildy de |ayer or

the nitric-oxide |ayer e f| Ing a hi continuity to each

ot her, ty ris less problen1re|at|ng to t he adhesi veness. Accordingly, the
opti cal | ornatlon recordi ng medi um havi ng the excellent repeating
performance a 15 R34 I O c Accor di ng
to further aspr}gmtatt%ﬁ:lte%]gg%rhgs%erﬁ |n‘€‘2n°?‘| oﬁgggi%‘t%%%gg P%b%%%‘ g an

t I di di f, the ab bl
Compr | S SE VAR CEIs 9 et B S it 12 e P Rod B Hrmgnet r on
tt t hod I t hod l,ati t hod, CVvD
ot hoo' RECFLA, B LEp35- 3% A o A SR BABRS, T, 2, O

present Jnvention, met ho reparj tical orpation recordlng
medi um ﬁﬁeﬁ%PﬁﬁF?e érng ﬁﬁé) Yé ﬁ%Yﬁgduﬁéangg gzﬁqiﬁEetarget
conpr|5|ng t he nqln conponent M of the barrier material, a nitride target
conpri sifAt e&rialnitric- oxi de target, or an oxide target is used in order
that the barrier material layer is forned, so that a reactive sputtering is
carried out | rAecerdingd:eappthemaspget of khepreaentoinventigna nitride
conponent or the m xed gas of the gas containing the rare gas and the

ni tri de moafenabilyandhdre gbs pravadedng@mopbdaEl conformatt,idrher eby t he
barrier material layer is forned. According to further aspect of the
present recending, medirinodvivéreinpar bagrremmatetiahf aywdy s recor di ng
medi um preferably, wherein Ar and Kr are used as the rare gas. According
to furt hbispspedt a®f Hdth ¥idest ofnueidcvdingrelapdrof preparing an

optical information recordlng medi um preferab wherein N2 is used as the
gas contai ni n(péderaihhl €e @Wuré”ﬁ!noz'hll%huﬁﬂfb safPeegas contai ning
t he oxi de conponent. en the barrier material layer is forned at either

si des ofmdHErigIOLdi aﬁptméar tofB Debdersitle) st dFe thakddirdaty i er

material layer is fornmed at the side opposite to the substrate of the

recor di Noay@¥erah oS e s ip¥esgfng the atomic diffusion and
the chemical reaction between the recording layer and the
protective layer is higher, thereby a cycle performance
is enhanced. According to the structure in which the
barrier material is applied to the side opposite to the
substrate of the recording layer, the effect for enhancing
a stability of rewrite performance is higher, thereby a
reliability is enhanced. Not only the structure in which
the barrier material is applied to both sides of the

recording layer combines both characteristics, but also

both performances are further enhanced.
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21 FEB 2003 that in case that the barrier material |ayer is fogg&%& bge
substrate side of the recording |ayer. Thereby, the structure [ q
further higher weather-proofness can be obtained. According to further
aspect of the present invention, a method of preparing an optical

I nformati on recording nedium preferably, wherein Ge is used as the main
conponent Mof the barrier material, a Ge target, a Ge-N target, a Ge-N-O
target or a Ge-O target is _used so that thg reactive sputtering is carried
out, thereby AECOEALRGLFUEthATr pgpect Qf theRUCSRBLelRYRRELSBIy, a Ge3N4
conposition_is used as the Ge-N target, a GO conposition is used as the
Ge- 0 t arReferallue3ithans § xeHOVA gns qriekcal tpformagien ar get .
According to further aspect of the present invention, a method of preparing
an opti czecendingamesiuec Whierginewhen the oareierappyeniadr dish Ge is
used as the main conponent M of the barrier material, when the reactive
sput t er irgpreseatededy M X,a (wbexe piesienetes anspgoregaks ¢€ nore than 1
mrorr, and it is 50 nmlorr or less . Wthin this range, a high sputter rate
and a strabhegdssebemgnteaM,heMoht ai peandAlcdenohgst bheuagigpregetpct of t he
present invention, a nethod of preparing an optical information recording
medi um of efasabllementy & n &,i s Ysedegardingeanratio ofl Fas003
conponent M of the barrier material, when the reactive sputtering is

carri ed gothpohBAtSPA{ &8b )Jashé Tdtto WX EHedswrebeot aidtieial laast Ar and
N2, a partial pressure ratio of NZ is ranging from5%to 60% Thereby, a

better rppeghengub8tiratEIIANE ardEAt eve19ahighelt UAIEThHaDHE
obtained. In this case, when the barrier layer i's used at the substrate

si de of (<ol t iyal e ' I¥Sa I @NQGI NQ
from 120%1?% %gg@g %rf;?uea{r‘g%ﬁe{/?l;gégg?r }dgstrgg %%%t%%?%?_g%f \sr?‘gr?{t e barrier
| ayer i st.@&ﬂrﬁﬁ:et he side opposite to the substrate, the partial pressure

rati o of I's ranging from5%to 60% (preferably, 40%or r |less, nore

preferably, 33%06,rh%%¥ to further aspect of the present invention,
preferably, there is provided an optical information
recording medium further comprising ametallic reflecting
layer.

According to further aspect of the present invention,
preferably, there is provided an optical information
recording medium, wherein the protective layer using the
barrier material” having a thin thickness of 60 nm or less
is applied between the metallic reflecting layer and the
recording layer for a quenching. Thereby, since the
number of layers can be reduced, a preparing process can
be simplified. Furthermore, since a cooling effect is
enhanced, thereby a thermal interference between
recording marks is reduced, an information signal can be

densely recorded. That is, the structure is advantageous
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Regardi ng the repeating performance, when a nitride partial prgﬁ: re in_.the
sputter gas is low, since nuch surplus Ge not conbined to a ni %ZQQﬁsts
in the protective |ayer, the conposition in the recording filmis changed,
acconpanied with rewiting the signal, thereby a better characteristic
cannot be obtained. Furthernore, when the nitrogen partial pressure in the
sputter gas gets too high, nuch surplus nitrogen exists in the film
thereby simlagly to the above case, the better re ting, chafacteristic
cannot Bé’d%t%i‘-ﬁédd%é’rﬂi‘?f’gc?ﬁal%at h¥PT By EGﬁ%s"Eaeiia]a‘ﬂhe%PvEﬁé%), when
the nitrogen partial pressure in ,the_sputter ,gas is high and nmuch surplus
ni t r ogerfase st 8hebRRELLL| hpYEK: &F 220 appligd reothgnsubstirat® i on test,
a peeling is occurred. However, when the nitrogen partial pressure is |ow
and t he 169 @ the fecesdbndedayeri-he Therekybn idxiis possdlR&q ng i s not
occurred. It is assuned that since Ge contributes to a conbination with the
recor di mptaim thee meshiumgrh kchocancreadddie adoighey cycfler t her aspect of
the present invention, a nmethod of preparing an optical information

recor di nprrnfdirmancer &t abllyigherr dens@ky recsmddingt he mai n conponent M of
the barrier material, when the reactive sputtering is carried out, the
sputter gas i AdderdingkaEarthdmaspeetadf tdhasprésentdinentispytter power
density is nore than 1.27WcnR2, and a filmformng rate is 18 nm m nute or

nore. Agseéferably,§ WHdis Bspsebvetedham@seidal nygfbrAALidnet hod of
preparing an optical information recordi ng medium preferably, wherein Ge

is used yscbbain®y Ne8SWRORRErMiof ihhendath@etuRbe(d Hatndemlide reactive
sputtering is carried out, the sputter gas is the m xed gas contai ni ng at

| east Acagiilg et bectile)ifeddssReyifed Ui EBERTE TPy HaG iGRIP! X ref

ractive 1 ndex val ue N+ y satisfy the range 1. < k <

0.8. M i fj , t ' tieLi | St “at th
£ élﬁ’.gcgk ’r'ﬁﬁblléﬁeé@ g o qlgO]g% lgé#:ﬂeehai‘.ﬁé in%taé&[}lg.rét’ a e

substrate si of the recording layer, su mformng C ion as to

sati sf yef%fléa'@%xr%?.éyéfof @hg ’re'gc?rdigé i;@?%oaqu he 5‘6509.‘&4% sel ect ed.

When th arrrer teriral "Tayer '1s torne e side opposite t he
SUbSTr Al pay S e e BhEFIAEATESONY LhP 2 | S okt Rpd AR L 7 < 1
of the recording layer. Thereby, usually, in the rather
slow cooling structure having a tendency of high heat-

storing effect and a large thermal damage, the cycle
performance can be largely enhanced.

According to further aspect of the present invention,
there is provided an optical.information recording medium,
wherein the thickness of the barrier layer is at least more
than 1 nm to 2 nm. Thereby, the above effect can be
obtained. Preferably, the thickness is 5 nm or more.
Thereby, even if a laser power used for recording is higher,
the effect can be obtained. Furthermore, more preferably,

the thickness is 20 nm or more. Thereby, a further effect

can be obtained. Furthermore, more preferably, the
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According to further aspect of the present invention, a nethod of_preparing
an optical information recording nmedium preferably, wherein a2l t2093e
~element anong the materials constituting the recording layer is used as the
mai n conponent of the barrier material layer, its single elenent target,
its nitride target, its nitriding-oxide target or its oxide target is used,
so that the reactive sputtering is carried out the m xed gas of the rare

gas and LRS HabEonia! NG be mafég_enr%ggegena flighie: M xed gas of the

rare gas and the gas containing the nitr onponént and the gas

cont ai ni Q.ggtglg)tqiﬁﬂtgﬁﬂiegnggaerﬂe JBEL £h¥qat Eﬁe%#oeggd—oﬁilﬁr med. According to

further a e present 1 nvention, a eparing an optical

nformLlon " eagng B hELaIgBLL of 8 Sk e PRl 4 o

constituting t _ ed as It i mai n’ conponent of
i i de EReRE Loyt ¥ GBS LRI Fh£bBa' Yo PLoBRRIRTHRGLER, (TVCCy ' oo

that the reactive ujteri.ng i s carried,out the mxed. gas.of the rare gas
and the YRGHEH SfRPnBoERden MAsgeiabalaYer BRE LA 8 BernbEor ¢ he

m xed gas of_the rare gas and the gas containi,ng the nitrogen conponent and
the gas S&MEIGiHg vEE&Y0RFy %3??6&'1’9?{,“‘? Brdf\-the filmis forned.
According to further_aspect of the present invention, a nethod of preparing
an optical inféceaiding fecfurtheraspest afcthepresenhdnsientin mt eri al
itself constituting the recording |ayer is used as it is as the main
conponenprfarablbyr theremdse providedr anj apsicadasitnformatianr ecor di ng

| ayer formation start tine or a recording |ayer formation conpletion tine,
ei t her anecwnedingfméedimng whereistorbiengGealeon Gedi<h mateddadity of the
gas containing the nitride conponent in the sputter gas is enhanced, or a
process dfayer nis@ppkiedcat botgh | sidesi of wbhehréberdeéngi Lagerofist he gas
containing the nitride conponent and the gas containing the oxide conmponent
are enhatisd barvied, layerclor ttite rprotdotdvieayaydn; neéganding lae

achi eved. According to the above processes, a supply of the gas

constit udelg ity of & yde ebameneninCe-N or Gd-06-C ayEe sy kg St opped
when a recording |ayer portion is forned in the recording |ayer formation

process. (BRIGY/ (ESFR1BY, Bhekadii BRAN WS IFbE Ga-Rs0d oyes s eniel onal vi ew
showi ng a conventional structure of a phase change optical recording -29
substrate side of the recording layer is relatively larger
than that in Ge-N or Ge-N-0O layer at the side opposite to
the substrate of the recording layer.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein Ge-N composition region having
a Ge density ranging from 35% to 90% is selected. More
preferably, the range from 35% to 65% is selected.

According to further aspect of the present invention,
preferably there is provided an optical information

recording medium, wherein in case that the a Ge-N layer

is applied to the substrate side of the recording layer
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21 FEB 2003 nedi um conprising four layers. FIG 2 is a cross-sectional view
showi ng an structure exanple of an optical information recordi Rd FERBi
according to the present invention. FIG 3 is a cross-sectional view

" showi ng anot her structure exanple of the optical information recording

medi um according to the present invention. FIG 4 is a cross-sectional view
showi ng anot her structure exanple of the optical information recording

el UM AR ShA0S A U RIEE LY BLAR"s o Lo B BRI 68" U e

et o L b RYEhRRhLSd 8o o Sy ROt IRLE L L Com g B

apparatug, of R §PAaydr ' 15 Ppii2a vl ¥Ha s 0de SER0site T tia
substrate of the recording layer, the Ge density ranging
from 42.9% to 90% (preferably, 42.9% to 65%) is selected.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein in a triangular diagram in FIG.
5 showing three-element composition of Ge-N-0, Ge-N-O
composition region is within a range surround by four
composition points, Bl (Gegy o, Nyg.0) s B4 (Geg;3 (4 N3 3, 013.3),
G4 (Gey;.yr Nyjgr Oss5.1)s Gl (Geg 35s Npe5). In this region,
there are such effects that the cycle performance is
enhanced and an erasure performance is enhanced.
According to further aspect of the present invention,

preferably there is provided an optical information
recording medium, wherein in case that the Ge-N-0 layer
is applied to the substrate side of the recording layer
(at the side which the laser beam is incident on), the
region surrounded by four composition points D1 (Ge60.0
N40.0), D4 (Ge48.8 N10.2 041.0), Gl (Ge35.0 N65.0), G4
(Ge31.1 N13.8 055.1) is appropriate. In case that the
Ge-N-0 layer is applied to the side opposite to the
substrate of the recording layer, the region surrounded

by four composition points Bl (Ge65.0 N35.0), B4 (Ge54.3

-19-



according to the present invention. FIG 7 shows an exanpl e of | aser

nodul ati on wavef orm for recordi ng and reproduci ng an infornati%ﬁF§&§§Qp3
relative to the optical information recordi ng nedium according to the

" present invention. FIG. 8 shows another exanple of a |aser nodul ation

wavef orm f or

the opti cal
i nventi on.

recordi ng and reproducing an information signal relative to

I nformati on recordi ng nmedi um according to the present

- 30

21 FEB 2003 FIG 9 shows another structure of apparatus of

prepari M9t heO3ptBdal Flnf(Giafhd i DN? 2ed) di B 6E838mDYN1Leih@%Ihed br esent

FIG 10 shows a difference of a repeating i
is appropriate. In this case, preferably, the region

i nventi on.

surrounded by four composition points Cl (Ge65.0 N35.0),

C4 (Ge53.9 N9.2 036.9), F1 (Ged42.9 N57.1), F4 (Ge35.5

N12.9 051.6) is appropriate.

Similarly to the case of the Ge-N layer, when the

Ge-N-O0 layer is formed at the side opposite to the

substrate of the recording layer (at the side which the

laser beam is not incident on), in a process of recording

and erasing, there is less possibility that a Ge atom is

included in the recording layer. The layer can be also

applied to the composition region having a considerably

high Ge density. On the contrary, when the Ge-N-O layer

is formed at the substrate side of the recording layer (at

the side which the laser beam is incident on), there is

more possibility that the Ge atom is included in the

recording layer. It is not preferable that the layer is

applied to the composition, region having a considerably

high Ge density.

As described above, the Ge-N layer or the Ge-N-O

layer is acted in such a manner that the atomic

interdiffusion and chemical reaction generated between

the recording layer and the protective layer usually

comprising a dielectric material are suppressed. There

is such an advantage that the Ge-N layer or the Ge-N-O layer

-20-



characteristic by using a sputter gas pressure. FIG 11 shows the

di fference of the repeating characteristic by using the sputteldsB 2003
pressure. FIG 12 shows a difference of an adhesiveness by using the

" sputter gas pressure. FIG 13 shows the difference of the adhesiveness by
using the sputter gas pressure. FIG 14 shows a relationship between a
nitrogen partial pressure in the sputter gas and an optical constant. FIG

10 10 LA R BV sk R AL DR 1 L1

3 total SRuthel. 3R AEoBUT e ANd LS BN S §ONE ncta BRI © 2
film such as SiC, etc. The reason that the Ge-N layer or
the Ge-N-0 layer has a higher adhesiveness is as follows.
Compared to other nitride films such as Si,N,, AlN, etc.,
the Ge-N layer or the Ge-N-0O layer enables to form the £ilm
with a relatively lower power at a high speed (for example,
when a distance between a target and the substrate is 200
mm, if the target whose diameter is 100 mm is used, the
film can be formed with 500W at 40 nm to 50 nm/minute).
Accordingly, it is assumed that since an internal stress
in the film is lower, the Ge-N layer or the Ge-N-O layer
has a higher adhesiveness. However, this is not clear.

According to further aspect of the present invention,

preferably there is provided an optical information
recording medium, wherein a complex refractive index value
N+ik applies the Ge-N or Ge-N-0O layer satisfying the range

of 1.7 <n < 3.8 and 0< k € 0.8. More preferably, when

the barrier material layer is formed at the substrate side
of the recording layer, the Ge~-N or Ge-N-0O layer satisfying
the rangeof 1.7<n<2.8and 0 <k <0.3 is applied. When
the barrier material layer is formed at the side opposite
to the substrate, the Ge-N or Ge-N-0 layer satisfying the

rangeof 1.7<n<3.8and 0<k<0.8 is applied. Anoptical

constant is changed according to a ratio of O to N in the
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4 Protective layer . 5 Metallic reflecting |ayer 6 Overcoat Iaﬁﬁr - 3i 21
FEB 2003 7 Concave-convex groove track 8 Barrier |layer 9 Conta FIE£GPO§O
Def ense glate 11 Vacuumtank 12 Power source switch 13 Direct current power
source 14 Hi gh-frequency power source 15 Matching circuit 16, 17, 18, 19
Cat hode 20, 21, 22, 23 Switch 24 Air outlet 25 Pipe 26 Vacuum punp 27

Rot ati ng apparatus 28 Rotary shaft 29 Di sk holder 30 Shutter 31 Gas pipe

2. 3. Sk LLOYLTEt ey 20 o PSR NG A S RG] e 1
When O is more, the optical constant becomes smaller.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein a material thin film whose main
component is Ge-Sb-Te is used as the recording layer.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein the material thin film whose
main component is ZnS-SiO, is used as a dielectric
protective layer material used together with the barrier
layer.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein a material layer containing a
main component comprising a nitride or a nitriding-oxide
having at least one kind of element selected from the
elements constituting the recording layer is used as the
barrier material layer.

In general, although a nitride material is less
adhesive to a chalcogenite material, the barrier layer
containing nitride or nitriding-oxide being the element
constituting the recording layer is used, thereby the
elements in the barrier layer is common to the component

element in the recording layer. Accordingly, the

-22.



44 Insulating material 45 Ge-Sh-Te target 4 6 Z nS-S 10z target 47 Al -Cr
target 48 Ge target -32 21 FEB 2003 49Vacuum cont ai ner 50Ai r 81 FE8 39@%5
suppl yi ng openi ngb3Rot ati ng appar at us54Sputter gat e55Cat hode BEST MODE FOR
" EXECUTI NG THE | NVENTI ON An enbodi nent of an optical information recording
medi um according to the present invention is shown in FIG 2 . FIG 2 shows
the enbodinent in case that a barrier layer is used at a substrate side of
a recording layer. According to the enbodiment, a substrate 1 is a

di sc- shapdepdvensssocar besenhsnoed.at énha)hlrﬁg casgei ckheds of 0.6 nm and
a dianeter of 120 mm Since a pol ycarbonate has such nerits as a | ow

humi di t ypossibliecbet sappgrese thieeintiesdidlfusidiv@aidk the ehemdiaal as a

mat erial used for the substrate. Aside fromthe polycarbonate resin, a

gl ass, areactybndbedsieen hwinederdingelageraandnihecplrotiedtiaral t he |i ke
can be al so used. Although a netal can be al so used, the nmedi um nust be
desi gnedlLapesuwhozemaial ¢daponehitghts ithe ndielbettfiommaterdsiale. where a

filmis formed. Any way, a kind of the substrate is not limted to the

present ThEeabiyQnthé phedeharigé ptsidsal nadcor ding ekl hawifrigi ent | y
the excellent repeating performance excellent weather-
proofness can be realized.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein at least one surface of the
recording layer is nitrided or nitric-oxidized, thereby
the barrier layer is formed.

In this case, since the recording layer and the
nitride layer or the nitric-oxide layer have the films
having a high continuity to each other, there is less
problem relating to the adhesiveness. Accordingly, the
optical information recording medium having the excellent
repeating performance andrthe excellent weather-
proofness can be obtained.

According to further aspect of the present invention,
a method of preparing an optical information recording
medium for solving the above problems, comprising a vacuum
deposition method, DC sputtering method, a magnetron
sputtering method, a laser sputtering method, an ion

plating method, a CVD method and the like.
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flat. Furthernore, a spiral-shaped concave-convex - 33 21 FEB 2003
groove track 7, for exanple, having a depth of 70 nm a groove2$ﬁ53ﬂ°3
width of 0.74 ~.un and a |land portion width of 0.74 ~~mis formed all over
" the surface where a nulti-layer filmis formed. The concave-convex shape of
the groove is operated as a guide, thereby a | aser beam for recording and
reproduci ng an information signal can be noved to an optional position. As

a met hod of guj di . . using the
apiral -shaped A S8 S EBREBRR b aBeb T bt BURSEEERYE ARAREURSE cervo
met hod traci riodically arran ingnal ¢ ni equen ar.e known.
Accor di r‘?g I?%{'ﬁﬂé ﬁgt REFEST ﬁ“gogﬁgc%&sg%fo&eq{\?&aﬁg?hﬁégﬁr él%roove i's
appropriately formed on,the substrate 1 hi s .does t al.so relate to a
S0bst andETrimn PEEEeBAP LY, BREE ST A-EbPEERF 0 MAthiashi® RECH: ment
sequentially a_protective |layer 2 conprising a ZnS-Si 02 Si02.: 20 nmol %)
m xt ure & a@gﬁ‘glﬁ barged q 1%1’(38n£§f3nm?d‘ 2qppeneRt \Moef, thesor di ng

| ayer 3 conprising a Ge2Sbz. 3Te5 all Oépt hin film a protective |ayer 4
conpri sihRreierometerials gp nivpidg| kArgatanePrbserdatld @ netal lic
reflecting layer 5 is fornmed on a surface where the concave-convex groove
track 7 roftrhe-oubsier kaygeti,s oo ane xidde; taygate d smausiest 1nAerdent avi ol et
curing resin is used as an adhesive layer 9, thereby the same resin plate
as the sulmtrthe barrileanimatexial layefterdse fiirned 0soVvhbatt lke barrier

| ayer -34 21 FEB 2003 8 is Ge-N, in an order fromthe protective |ayer 2
to the nattiversphetéringgl by @arriedouthiokaasixed gascbflayard s

sequentially 91 nm 5 nm 20 nm 18 nmand 150 nm respectively. \Wen the

barrier daéyandthe ¢&sdontaimihgrd nitiiield Somjsonentodradtdmike’t is
sequentially 86 nm 20 nm 20 nm 18 nmand 150 nm respectively. In

gener al ,gddeofbthel Yad WotWiniRgPtheeHares dayedsd2tRBdndthide di el ectric
material, which is sonmetinmes called a dielectric protective |ayer. Aside

from Z”%%rﬁ?onéﬂ% EREHIRE Gabi 66nBRE IR HH | S0Rdé YelRBEnkak t he

protective Tayer of the optical recording nediumcan be applied to the

rotecti r i 1S, e, ] conprising a single
p ﬁ"ge%%%g th Haféﬁef%ax?éﬁﬁfﬁg 1 ﬁfié’gjlféﬁli{\ga mp g g

oxi de or ound oxide etc. suc s Al Ta, Ti, Zr, Y, etc.,
o, 1111l BP0 oAkl depRueto et ilpr Beola fyendion] - 21
2 1 uor S CholP B b A aff Bpestal® MG S0 PRBOLHG © 0 Tos
such as 3 HPhA,' Stek8¥8b19° Bheteldh AR nd P ard aled aflthe FHELS Used
gas.
According to further aspect of the present invention,
a method of preparing an optical information recording
medium, preferably, wherein N, is used as the gas
containing the nitride component, and O, is used as the
gas containing the oxide component.
When the barrier material layer is formed at either
sides of the recording layer, an N, density in case that
the barrier material layer is formed at the side opposite

to the substrate of the recording layer is highly set than
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The material formng the recording layer 3 is a phase change material to be
changed into a reversible state by receiving an irradiation of 2AFEH2003
beam such as a | aser beam etc.. Mre specifically, preferably, the
material -35 21 FEB 2003 is reversi bly changed between an~anor phous state
and a crystalline state by the irradiation of the laser |ight beam
Typically, a systemcontaining Ge-Sb-Te, Ge-Te, In-Sb-Te, Sb-Te,

Go- bi - Teat {8 s Gilfe Ee et nateflalnagBe s YouiBa B 0T 0
o t hesctBe. %ﬁﬁg‘ze&%&iﬁe@g@f OhenERRoE A TR Qﬁ%e%%h%otﬁé’ﬁi”t nin
the T aocFEHUSHEES BAVAIHG % A eihet 1rgaes veobhe R Pt as o
practlcalgly gsed as the recordi ng nmedi um the record| ng filmbeing in the

anor pho NS the filmis formed is previously crystallized by using
such a method as a | aser beamirradiation, a flush light irradiation, or
the |ike. The AgeerdiasntoLunthes aspecicaf theiPrrsentysR¥eNtiON  ecor di ng
filmis irradiated with the focused |ight beans Accordingly, the irradi ated
portion asmakboghiofepreparkbg fneoptiicil efermatirn cesepdinghereby the
record is carried out. By the above change, the changed portion where the
above r emediuns pamefiexably,i vheredsi Seedisviuseduss theenmiadmed | aser beam
not as to further change the recording layer. A variation of a reflecting

| i ght stcempbhemt thefyiheabawrisr matearkal | tede ititget j en@dr-Ns
detected, thereby the -36 21 FEB 2003 information is reproduced. Wen the

i nf or nat tanget ,r avGe-N10 tdrgydtasar d iGEHO heargets ig nuskdtsel tlea t he
anor phous portion is re-crystallized, thereby a recording mark is erased.

After theher geaictive neputeeridgnd sTwydr Sed oputyl. therdescrdted bel ow, such
an overwite that an erasure operation and a recording operation are
carried barrier material layer is formed. More preferably, a Ge,N,
composition is used as the Ge-N target, a GeO composition
is used as the Ge-0O target, and Ge;N,~GeO mixed target is
used as the Ge-0-N target.
According to further aspect of the present invention,
a method of preparing an optical information recording
medium, more preferably, wherein Ge is used as the main
component M of the barriex material, when the reactive
sputtering is carried out, a total pressure of a sputter
gas ismore than 1 mTorr, and it is 50 mTorr or less. Within
this range, a high sputter rate and a stable discharge can
be obtained.
According to further aspect of the present invention,

a method of preparing an optical information recording

medium, preferably, wherein Ge is used as the main
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out during one rotation of the recording nediumcan be perforned. As
descri bed above, the material |ayer |ocated between the protece!FEB2008 2
and the recording layer 3 as the barrier layer 8 is operated in such a
" manner that an atomic diffusion and a chemical reaction between the
recording layer and the protective |ayer are prevented. Conpared to the
recording layer, the nmaterial |layer is needed to conprise the materi al
having a higher nelting point ang a higher density. Furthernore, it is
necessar‘;‘P‘Fﬂ‘n‘a’c‘ePﬁergrﬂ&? riP%’f/E?-eEo eddak havher ekhal reACtEvies hard to
react wwth the nmaterial constituting the recording |ayer and the dielectric
prot ect i MRUEHOEANGNd 5 FaFENADIAE het e oFPBLEELT g8B0AB heedi&ed it is
necessary that the paterial |ayer conprises the nmaterial which is not
peel ed fg¥Pncantaiying ahdeaft Asrand hhard nartgepbpressung xatixetc. . For
exanple, the material provided with the above characteristic anong the
ni tri de,of H¥, ois ceanghagc fmemid s the V¥ dThgrekydea Hetkewi de of oxygen,
a carbide of -37 21 FEB 2003 nitrogen and the |like is appropriate.
Pr ef er abtgpeatyngaperifarnances anghal et tey weayberapadadfinegeicarhan a
stoi chionetric conpound conposition. That is, for exanple, when a
st oi chi dretobtraimédogeln dhie wasecomhesi therbafribe Papeenis Msadl t he
nitridi ng-oxide are defined as MaNb, M-Nb - MoCa (where, a, b, ¢ and d
denot e athaihe alubstbete,side «b s reicordiing Nayet il paatdalused for
the barrier layer is required to be expressed as MaNbl ( b 1 < b ) and
M-, Nol -plbt@tufeh:étfgdf Rpdsdrdngifig)fromRe €0®0Y ( peklferanign the’

a

barrier yer is applied at the side opposite to the substrate of the

recor di g0 dielesd)ef eraithelhidbe, Wiverr tie BAS riVeMPaydCGag u(s‘é%iAr_ b and d2

< _d). Accordingly, even in case of such a conposition as Si-N, N,

Si-ON, X ; ha SWbi r S < 4,
pr ef erabélj'gl t?ﬂmghggfo%ﬁgﬁhﬁlgrﬁwn%h? Q‘?}?bgfgﬁﬁgr'%?é%ﬁ%& <%??Ngs§(‘ﬁne8- Si O

(M8 <_ Arf?.ﬂo'%lf.ﬁz 3 Wa?{gﬁlﬁfd}ﬁ% {oa%‘é%ggpiteﬁfgr%{ob&,sﬂﬁ g m < 2)

, thereby ere is“increa possibility t 1 on can be

o bor 14eb L pBYe ef Ly s LI Ragfien (1 borT ey Taer L Tared

layer at the Sﬁ'&ééi‘é&%gsl:ﬁg fépgééiﬁﬁ%'ér&)?ﬁnahgg, when a nitride
partial pressure in the sputter gas is low, since much
surplus Ge not combined to a nitrogen exists in the
protective layer, the composition in the recording film
is changed, accompaniedwith rewriting the signal, thereby
a better characteristic cannot be obtained. Furthermore,
when the nitrogen partial pressure in the sputter gas gets
too high, much surplus nitrogen exists in the £ilm, thereby
similarly to the above case, the better repeating
characteristic cannot be obtained.

Regarding the weather-proofness (adhesiveness),

when the nitrogen partial pressure in the sputter gas is

high and much surplus nitrogen exists in the film, after
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21 FEB 2003 that at the side opposite to the substrate. The substrate side
of the recording |layer has a relatively high adhesi veness, and®2t RER ite
side has a | ow adhesi veness. From an experinental result, when the barrier
“layer is forned at the substrate side of the recording layer, it is largely
shifter fromthe stoichionetric conposition. That is, when the barrier
material is represented by MaXb (where, M denotes an aggregate of non-gas
elemrents M, M2, .., and X denotes the aggregate of gas elenents X1, X2,

. ), rexaracagleredion dkest gas mséémms)/oqcunbe%-, Haweveri,o of the
barrier material |layer at the substrate side is relatively higher than that
of the bénencthewmitragehgyartialipressdreoppobdoveaand the ssuipdiusat e.

Accordi ngly, the nedium havi ng an excel | ent weat her - proof ness can be

const r uctedotierambined da the nhtrogempesistisngtbe- peel ifig-NOrict shown. A
Ge-N | ayer or a Ge-~N-O layer can only include at least Ge and N or Ge, N
and O ToecGerbd.aygt ds BssuBedithdtysinceyGel sontardbitetdera el enent s
such as Ge-N- (O, Ge-Si-N(O, G-Sb-N(O, C-C-N(O, C-Ti-N(O, or
the |i kegombénation «¥igifeilte afecof@ingx£iphg, thle el&&xg Bis et Ca, Ce,

Cr, Dy, Eu, Ga, H In, K La, M1, N, No, Ni, Pb, Pd, S, S, Sb, Sn, Ta, Te,
Ti, V, Wedirréa, Zr, or the like. -39 21 FEB 2003 Furthernore, as

descri bed below, the material formng the barrier |ayer nay be replaced by

the 11 de_angbeBeaBiiy e iR IgsBlct s BN piB ot ATPRTERE ESCT O 1O

I?yeL. For exanp he nalnbco onent of the recording ayérbconsists
Ag- thE o2 “ERFRE A Rentring o B, %?&éﬁélﬁ%?ﬁ? FeReEAR

Ag- Sb- N- . i . i . is Te-Si-Ce,
SN qfﬁgéépi@f??&%e*ﬁee%{%cwg?%@:m% R %?8&3 L%%”%&ﬁ%&r# 3[) 2Xﬁ'np| e,
Ge-Si - N Q Cr - Ce- N\ O

adhelsi veﬂé§§°§&ﬁ‘%é‘ gﬂﬁaﬁi%gﬁgf/ggggs B{ggﬁ%acag# ? Svh?ﬂetg&d'rrh%ejo e tCr eenabl es

to obtain a, remarkahl e effect. At, an_additi densi ty. of _about 5% or nore,
the adhcBPUEHEEINE & SarHtad L0t o HRE APRHECE, AR oh SR GHASH form t he
barrier |ayer having an excell ent adhesiveness is expanded, Wen the
addi ti vedd rf%???aé!@gélgﬁtSﬁe/@sﬁﬁr @}Efé]zpé?‘ ERHERE BFRIS deRBE ¥ educed.
The reflecting layer 5 conprises the material_ having a high reflectance and
a | ow cotfoBp¥endhan |1ns%'gﬁécm r dnd| acfidm Sprming ngrteals AB, Ag, Pd,
Ni, &, Ta, Ti, Si, Co, etc. or the alloy whose base consists of them can
be used.nMiMiBLEIQL MEXEr Au-Co, Al -Ta, A -Ti, AgCr, Au-Pd, and the |ike
preferable. According to the above expl anation, as a position

According to further aspect of the present invention,

a method of preparing an optical information recording
medium, preferably, wherein Ge is used as the main

component M of the barrier material, when the reactive
sputtering is carried out, the sputter gas is the mixed
gas containing at least Ar and N,, the film is formed in
such a manner that the complex refractive index value N+ik
may satisfy the range 1.7 <n < 3.8, 0 < k < 0.8. More
specifically, when the barrier material layer is formed
at the substrate side of the iecording layer, such a film

forming condition as to satisfy the range 1.7 < n < 2.8,
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21 FEB 2003 where the barrier layer is applied, such an exanpl e that éhe
barrier layer is applied to the interface between the dieIectr?%Fsib? ive
| ayer at the substrate side and the recording |ayer is shown. Aside from
the exanple of FIG 2 ( there are different variations showmn in Figs. 3A to
3H and Figs. 4A to 4H as another exanple of FIG 2. The shape of the
groove, a contact |layer and the defense plate showmn in FIG 2 are omtted.

Al th t t t 3A f . Fl 2. .f i mplif

by a conbe fssrd anchy #pLebkgds s BB BRr Ry BaedrFariadydly 1 Cho
For exanple, when the barrier layer js used, even if not only the barrier

| ayer istsiskermed: gt thesEide apresiie ke theofuba§rrdger saiehiown in FI G

3A, but also the barrier_ layer is used at the reflecting layer side ( shown
in FI G .£3bnfaming pendidiier ag toeatisfytbe range 1. A<di §id.&, ef fect can
be obtained. Furthernore, even if this layer is applied all over a | ower

protectigye<llayer 0( gsiewseXedtéd. 3D ) , all over an upper protective |ayer
( shown in FIG. 3E ) , or all over the |ower and upper protective |ayers (

shown i1 FI G .35} aBifl 45 AR AL BEBEJAYPlndBloBBnkEnpLALEEH, Ve | ayer

using the barrier mate e si a fect™can ai ned. 'For
exanpl e, i , e Jri r j ayer . 4 at both
si des ~0F ﬁ%ghggcgiﬁéﬁgh%£%ﬁ-SQQrésﬁéﬁégfﬁgﬁéiééﬁg?ér%%Fﬁé%% cont ai ni ng
the barrjer.-41 1 F 20 rjials, -N_ar -N-O _In thi,s case, this
mter s ameay ey preflrahlva vHeERIR4€ s BoBlefnRntandab i ST uer ur e
that the barrietr |ayer (wher.e Ge-N | ayer or a Ge.N-O | gyer) ,is used at
the. subdiRGeEI 8l aeCtRstIL Uity Hha PRsEing HaYere LBRaPOABIAS  vo | ayer
4 conprises the barrier material (where, the Ge-N | ayer, or the Ge-N-O
|ayer) dt@iRecempengnt: pé £bel barrigy moterdal dpyRY i At @ingde | the
simlar effect can be obtained. On_the contrary, according to such a

st ruct ureélemantt kargetal igmotnddiide |baxgeb, chbBrpitsidiagraxide naterial
(where, the GeN |ayer or the Ge-N-O layer) at the substrate side and the
barrier tayget(oneits oxadectRrigetedisonseidhy o Mhat e reactbipme i ed at the
reflecting | ayer side (showmn in FIG 3H) , the simlar effect can be

obt ai nedspThteuppgy i ctaanied duhethesmikedngds ofetdley nde gasicture is
designed in such a manner that the di stance between the recording | ayer and
t he et aahdtheigasrcongaindarg the niltregenToompsnendt orethe niatédd a
quenching structure . According to the quenching structure, if two or nore
| ayers agasfofntHearatiee gagpanditdee gasmoeontaynihign they evitrogen be
deposited, two or nore |ayers are not preferable in view of an accuracy

adnmi ni steamponedit ard |théhgakneshtalitdmpthé osygdehl comigordentyy epare. In
this case, the upper side conprises a single Ge-N |ayer or -42

thereby the film is formed.

According to further aspect of the present invention,
a method of preparing an Optical information recording
medium, preferably, wherein the material itself
constituting the recording layer is used as it is as the
main component of the barrier material layer, the target
for forming the recording layer, its nitride target, its
nitriding-oxide target, or its oxide target is used, so
that the reactive sputtering is carried out the mixed gas

of the rare gas and the gas containing the nitrogen
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21 FEB 2003 Ge-N-O |l ayer, thereby there is generated such a nerit th§$ it
is easy to prepare. FIG. 4 shows the structure when the ref I%H:Eﬁg Qé/er
is renoved fromthe structure in FIG 3. Figs. 4A to 4H correspond to Figs.
"3A to 3H Furthernore, according to the structures shown in Figs. 3 and 4,
in various views, such a structure that a semtransparent reflecting |ayer
conprising Au and a sem conductor material ( for exanple, Si, Ge or the

al | oy whose base is Si,, G ) ig added to the substrate side ( the side

whi ch t IROTPGReNts orp e diixed) 98f Ofe thecdraradeayandcdhepdased (not
shown). Figs 3 and 4 show such a structure that an uppernost |ayer is

provi decFeRtaiphagoiecRALrOgRay componantypid she paferontiadnddlds di sposed
in order to suppress an influence due to water, dusts and the like relative
to the pelveecexygen gpmpenenthetherehyi tde fiekmotst fermedi.cal i nformation
recordi ng nmedium Accordingly, for exanple, such a structure that a dummy
substrate is |Betondsng tadmrihar aspectd ehshe pvepeateinventian,nated with
the over coat |ayer surface faced to an inner side, or the like is

appr opr i atreéthodedfagumphiningoan opidlcatetittbrifatibner recerddndiough t he
drawing is omtted, in order to lamnate plates, a hot nelt adhesive and

t he adharediumf prefddalsly pl wheseingheesiatexridheitskdfare applied. In
order that the cycle performance can be enhanced, - 43 21 FEB 2003 nore
ef fecti vebiistitathay ittle hairding hmdyéﬁ,ié hesdet-a% | iy eil's Als e Ge-N-O

| ayer is formed at the substrate 1 side of the recording layer 3 . Since

the | asgfiaPR&FOMPohBALISHILRE Eéﬁ@rﬁéb%ﬁé@éﬁiéldﬁy{éﬂ efheiRlyastat the
substrate side tends to rise, thereby the conmposition change is easy to

gener at g £RELT 4l 'i@dbrdiné%Sla§éﬁ%ﬁ&h¥idrhes€éf€%iﬁfa e gparrier layer

beconmes consi derable. Furtherndre, in another view, when the barrier |ayer,

that is,-d88G8nY haWlr OfothELEBnNcBpMAridie £ hgPdetindie o ef | ecting

| ayer si ecordi ng layer, lon to stuch a nerit as to
enhance I r i Qr.asure
por  or mbE oS HE! G Rl HhG poUGP aingEl aeP 3 AR EBHANE detR L On hat
is, whe i l. ) LS LEadi.ate | e that the
fimi s Shamh SR fohRa ity the RETuRECotbblish®csn R sBRRGR 071 o0
whose te ragure,i ower, That . is,.Jl A t t ructure of
t he recogggnggf Pﬁ%aig'lrﬁ)%gi Fo éﬁ&’%ﬁ%ﬁ idnfe@@%ﬁ tgﬁgerﬁr‘}g’(ﬁ{lrﬁual ly, the
reflecti | ayer side e cQeQl.in nts is.a pringipal factor for
et er mi i AYeEnan, St i adnbaTael oF THE ade oBBAT i e ™ 11 s
assuned thgt.the barrier éa%er gggples t O _suppress ﬁge atanj ¢ di ffusion
from t hePBFBLEE: COMESRRNT { §5t, ENee sy GRP ARG KBS, SGHR ng 111 m
conp03|téggpgke%ggéggegéﬁggcga igs%ggafjthereby the recording

layer formation can be achieved.

According to the abowe processes, a supply of the
gas constituting the nitride component and the oxide

component may be stopped when a recording layer portion

is formed in the recording layer formation process.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view showing a

conventional structure of a phase change optical recording
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-44 21 FEB 2003 by a cycle record, or the |like. Accordingly, ik%&f h&f
substrate 1 conprises the material such as the netal in which 2 a
_cannot be transmtted, when the |ight cannot be incident fromthe substrate
side, note that this case is contrary to the above description. That is, in
this case, in order that the cycle performance nmay be enhanced,

effectively, the barrier layer, that is, the Ge-N |layer or the Ge-N-O | ayer
is fornmed &t t he side Qﬂﬁiskte ti t he substrate 1 of the recording |ayer 3.
On the JPRBHFUIRaRFEMBELSIHE 2PNt 1PXE X Errasur e performance may be enhanced,
effectively, the barrier layer, that is, the Ge-N_layer or the Ge-N-O | ayer
is formed at thECsubstPafe CEFFSBFLiRBaleVdeH RNQERY AN Any way, if
the Ge-N layer or the Ge-N-O layer is fqorned at both sides of the recording
| ayer, tHEripbure Kxanple sofaanpersiaal dkRmataen ee@rdidie 1 shows a
| ayer structure corresponding to Figs . 3Ato 3H and Figs . 4Atp 4H . In

t he tabllsediun assersbing skdsthet pregenderidiveantiiehet ective | ayer, BL
denotes a barrier layer (GeNO, AL denotes a recording |ayer, RL denotes a
ref lecting | aBBE, 3dndsOa duraAssseatiopadoatiawnshowingtanokber, in the
protective layer, the layer applying the barrier material, that is, the

Ge- N | aystructure @xample agfrthe opthicesdntiof dymdtionGeoordimgnd t he

| ayer not applying the barrier nmaterial |ayer is represented by -45 21
FEB 2003medivmDacctaiding ¥o thenpresant aiyerewstiontures of the recording
medi um FI G | ayer structures3ASubl DL ~BL( GeNO) ~AL~ DLI RL~OC3BSub~DL

~AL~BL(GeNO) -Pr¢RLLOE3CAIdssEhe6ENohadl vBletCIwihg another
~RL~OC3DSub~DL( GeNO) ~AL" ~DL~RL~OC3ESubl DL

~AL~~DL ~ CeiNed Te GeNO) ~AL~
DL CoN0) eI L (ER0) AL L CENG) D He eaany e 2 o

)AL SRS achla Bl (EANOpraRleriOAGRHORCLonBL( CNO) ~AL-BL( GeNO) I DL
ub~DL{ GeNO) ~AL~ DL>~OCAESub AL~DL( GeNO)  ~OCAFSub~DL( GeNO) ~AL
DL(GeNO ~CC -4f1G, 5 is a composition diagram for explaining an
appropriate composition range of a Ge-N layer or a Ge-
N-O material layer applied to the optical information
recording medium according to the present invention.

FIG. 6 shows a structure example of an apparatus of
preparing the optical information recording medium
according to the present invention.

FIG. 7 shows an example of a laser modulation
waveform for recording and reproducing an information
signal relative to the optical information recording
medium according to the present invention.

FIG. 8 shows another example of a laser modulation
waveform for recording and reproducing an information

signal relative to the optical information recording

medium according to the present invention.
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21 FEB 2003 4GSub~DL ~BL(GeNO) ~AL~ DL( GeNO) ~OCAHSub~DL( GeNO

~AL~HL( GeNO) ~DL ~OC Next, as a typical barrier material, an apdt FED 20@3
conposition range of the Ge-N layer or the Ge-N-O layer will be descri bed
below. FIG 4(sic) is a triangular diagram show ng the conposition range of
the Ge-N layer or the Ge-N-O applied to the present invention. In the
appropriate conposition of the Ge-N materi al which does not contain oxygen,

s, 25T SolERES 5 B drdhoyohiB et dp dberkbabige vest |l
ot e oBRERAR e M0 gbPchs, IRARIEEIA LOGERNIES RN ). 0 Pl 10
of abOUtugi%gythé grégghéugﬁsgggfgﬂ}maexceeds 90 ~, inaproce s s
FIG. 10 shows a difference of a repeating
characteristic by using a sputter gas pressure.
FIG. 11 shows the difference of the repeating
characteristic by using the sputter gas pressure.
FIG. 12 shows a difference of an adhesiveness by
using the sputter gas pressure.
FIG. 13 shows the difference of the adhesiveness by
using the sputter gas pressure.
FIG. 14 shows a relationship between a nitrogen
partial pressure in the sputter gas and an optical
constant.
FIG. 15 shows the relationship between the nitrogen
partial pressure in the sputter gas and the optical
constant.
FIG. 16 shows a relationship between a total sputter

gas pressure and the optical constant.

Substrate

Protective layer
Recording layer
Protective layer

Metallic reflecting layer

A U b W N

Overcoat layer
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of repeating recording and erasing, Ge is included in the recording film
thereby the cycle performance tends to be reduced. The appropri@1FE@p200%
density in case that the Ge-N layer is formed at the substrate side of the
recording layer is nore or less different fromthat iri case that the Ge-N
| ayer is fornmed at side opposite to the substrate. The latter is little
nore highly set than the fornmer, thereby the adhesiveness is higher. -47

21 FEB 2093 For anpl e, the appropriate region of the Ge density of the
f or mer i5935@6t%SéﬁggeoFQHﬂfﬁmékﬁgYﬁet§ﬁﬁ$bpriate region of the latter is

40%to 90&6(pre§gfggby,1%§%g;o 65% . Wen the forner and the latter are
formed under the sane condition, the appropriate Ge density is ranging from

40%to 609 AccCodtagtt daylea present invention, since it is not necessary
that both @f them are fornmed under the sane condition, the appropriate Ge
density whdse iRefppfpnplisde ange from 35%to 90% (preferably, from 35%to

65% is the eff j osition region. Wthin the range from65%to 90%
the cycle perfd?%%%ﬁ@ %gﬁ%é to be relatively reduced. Ge-N O system

cont ai ni N2 oxygeowes HeustiePeqdsiglpw. An average conposition ratio of Ge to
Nto Oin the Ge-N-O protective layer is shown in the triangular diagram

showi ng th2 t hrkitrectnenrrentpeowewnsGardeO in FIG 5. The average
conpositi ratp cap be expl ained by using each conposition point, that
is, Al Bﬁ‘{lto Ei‘l, ks EFS‘IB&P%lRQW%,Smmg E5, Fl1 to F5, Gl to G5 and H1L

to H3. B2 g Ge8Yy . (Ge86. 6N6. 706. 7), B4 (Ge83.4N3.3013.3), C2
( Geb4. 4m3.801.8§w’3§996§é§9 .6020.6), C4 (Ge53.9N9. 2036.9), -

16, 17, 18, 19 cCathode
20, 21, 22, 23 Switch
24 Air outlet

25 Pipe

26 Vacuum pump

27 Rotating apparatus
28 Rotary shaft

29 Disk holder

30 Shutter

31 Gas pipe

32, 33, 34, 35 Mass flow meter
36, 37, 38, 49 Vvalve
40 Ar gas cylinder

41 Kr gas cylinder

42 0, gas cylinder

43 N, gas cylinder

44 Insulating material
45 Ge~-Sb-Te target

46 ZnsS-Sio0, target

47 Al-Cr target

48 Ge target

-32.



D2 (Ge59.5N38.502.0), ~D3 (Geb53. 8N23.1023.1), D4 (Ge4d8.8N10.2041.0), -48

21 FEB 2003 E2 (Ge49.6N47.902.5), E3 (Ge45.4N27.3027.3), E4 21 FEB 2003
(Ged42.3N11.5046.2), F2 (Ge42.4N54.702.9), F3 (Ge38.4N30.8030.8), F4
(Ge35.5N12.9051.6), and & (Ge34.8N62.003.2), G3 (Ge32.6N33.7033.7), 4
(Ge31.1N13. 85 .1 ) are defined as the conposition points at which the
follow ng conposition |ines crosses one another. The conposition |ines are
as folloys: a §orTBosi tion line B1-B5 connecting the conposition point Bl

( Ge90. O\ég 0) VBN & ReBn point B5 (Ge80. ON20.0), a conposition |ine

Cl- G5 cogpecti g9t g Qugposi tion
51 Gas supplying opening
53 Rotating apparatus
54 Sputter gate
55 Cathode

BEST MODE FOR EXECUTING THE INVENTION

An embodiment of an optical information recording
medium according to the present invention is shown in FIG.
2. FIG. 2 shows the embodiment in case that abarrier layer
is used at a substrate side of a recording layer.

According to the embodiment, a substrate 1 is a
disc-shaped polycarbonate resin substrate having a
thickness of 0.6 mm and a diameter of 120 mm. Since a
polycarbonate has suchmerits as a low humidity, a low cost
and the like, the polycarbonate is superior as a material
used for the substrate. Aside from the polycarbonate
resin, a glass, an acrylic resin, a polyolefin resin, a
vinyl chloride and the like can be also used. Although
a metal can be also used, the medium must be designed in
such a manner that a light is incident from the side where
a film is formed. Any way, a kind of the substrate is not
limited to the present invention.

A surface of the substrate is optically sufficiently

flat. Furthermore, a spiral-shaped concave-convex

-33 -



point Cl (Ge65.0N35.0) to the conposition point C5 (Ge50.ON50.0), a

conposition |ine D1-D5 connecting the conposition point DI (GBDFERIR008 to
t he conposition point D5 (Ge45. ON55.0), a conposition line EIrE5 connecting

"the conposition point E1 (Ge50.0N50.0) to the conposition point E5

(Ge40. ON60.0), a composition line F1-F5 connecting the conposition point F1

(Ge42.9N57.1) to the conposition point F5 kGe33. 3N66. 7), a conposition line

Gl- G5 co | I t4 , nt 35. O)etpot conmposi tion
001 Nt GS&?%%W%{‘&%‘%B@%%%‘ dxipod Nt Kalvifg32 &En 0 L Po LR, €

groove portion width of 0.74 ym and a land portion width
of 0.74 pm is formed all over the surface where a

multi-layer film is formed. The concave-convex shape of
the groove is operated as a guide, thereby a laser beam
for recording and reproducing an information signal can
be moved to an optional position. As a method of guiding
the laser beam, a continuous servo method using the
spiral-shaped groove or a concentrically formed groove and
a sample servo method tracing a periodically arranged
signal pit sequence are known. According to the method
of guiding the laser beam, although the groove is
appropriately formed on the substrate 1, this does not also
relate to a substance of the present invention.
According to the above embodiment, sequentially a
protective layer 2 comprising a 2nS-Si0, (Si0, : 20 mol%)
mixture layer, a barrier layer 8 containing Ge-N or Ge-N-0O,
a recording layer 3 comprising a Ge,Sb, ;Te; alloy thin £ilm,
a protective layer 4 comprising a ZnS-5i0, (5i0, : 20 mol%)
mixture layer and a metallic reflecting layer 5 is formed
on a surface where the concave-convex groove track 7 of
the substrate 1 is formed by a sputter method. An
ultraviolet curing resin is used as an adhesive layer 9,
thereby the same resin platé as the substrate 1 is

laminated as a defense plate 10. When the barrier layer
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(Ge30.0ON70.0), a composition line Al-H2 connecting the conposition point Al
(Gel00 ) to the conposition point H2 (N95. 005 . 0 ) , a conpo2itRE®B 2008e
Al-H3 connecting the conposition point Al (Gel00) to the conposition point
H3 (N50. 0050.0), and a conposition |ine Al-H4 connecting the conposition
point Al (Gel00 ) to the conposition point H4 (N20. 0080.0 ) . That is,
preferably the average conposition ratio of Ge to Nto Oin the Ge-NO
layer is within the range surrounded by four conposition points, that is,
Bl, B4, 8isd@erN.,t Ab api anderafremaghanprabarkdvendayered- tpethat
conposition Ge-N-O shown in FIG 5. Wthin this range, there are such an
effect thetalddeyailectingnbayerahd tive thicknespeofoeachckayen be
enhanced as descri bed above. Simlarly to the case of the Ge-N layer, in
case of #iBes@guentiaydy, 9dham,t e nbar20 enm), a}8r nivs arad A0 anmt he si de
opposite to the substrate of the recording |layer ( at the side which the

| aser bemespeatuivehyi deithennthe barriempriapss 8f iseGerdi—0y and er asing,
there is less possibility that the Ge atomis included in the recording

| ayer. Asdmidiarjly, the thisknese dfceaphl llageroikhwequanbialilgngéegi on
whose Ge density is considerably high. On the contrary, when the barrier

| ayer isnfnQr2¢d rih, t 20 niQ 182 hnfERR0DS0 shlagt Faepevitdaraliy § he recordi ng

layer ( at the side which the |aser beamis incident on), there is nore
possibility thgh gehd®aR} OfhéSmhkeridad fidrriiteg M €REr Bird¢ectisie

Accordingly, it is not preferable that the layer is applied to the

conposi t i arer@IR A8 4781 AR trid mat@isifie] @ik 8 komet imes
called a dielectric protective layer. Aside from ZnS-
Si0,, the materials which are conventionally used for the
protective layer of the optical recording medium can be
applied to the protective layer as it is. For example,
an oxide layer comprising a single oxide or a compound
oxide etc. such as Al, Mg, Si, Nb, Ta, Ti, Zr, ¥, etc.,
a nitride layer comprising a nitride such as Al, B, Wb,
Si, Ta, Ti, 2r, etc., a sulfide layer comprising a sulfide
such as ZnS, PbS, etc., a serenide layer comprising ZnSe,
etc., a carbide layer comprising SiC, etc., a fluoride
comprising CaF,, LaF, etc., or a mixture of the above
materials such as a material layer comprising ZnSe-Sio,,
Si-N-0, etc. can be used.

The material forming the recording layer 3 is a phase

change material to be changed into a reversible state by
receiving an irradiation of an energy beam such as a laser

beam, etc.. More specifically, preferably, the material
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Accordingly, even within the conposition region Bl-B4-(&4-Gl, when the
barrier layer is formed at the substrate side of the recordi ng2i1fERB 2003t
the side which the | aser beamis incident on), the conposition region
surrounded by the four conposition points, D1, D4, 4, Gl is preferable.
When the barrier layer is fornmed at the side opposite to the substrate of
the recording layer ( at the side which the | aser beamis not incident on),
the conposition region surrounded the four .conposition points Bl, B4, F4,
F1 (pref dBablevexdibly changer) hatweer anecamozphousNaiptecamd a
densityrexceeds the conposition line B1-B4, there is nore possibility that
the Ge acaystalhihedetate biyethecdrdiadjatien of Htheblasernelight t he
characteristic of the recording |ayer is changed. On the contrary, when the
Ce densi bpams. t @ypissaliyanat systenpaontainingeGetstsTegaBestBe e oxygen
and nitrogen included in the filmare increased. Accordingly, for exanple,
when a | aneiShrke | r§b+Te petéosbelie~Pds Agy$drIandre 5 Ge~B-4SEFBe2003
nitrogen is outgassed relative to the interface to the recording |ayer,

t hereby gevBi-Bs, t Ge-8n-TeqC QE~Sls-Tacben GeoBliemd-8y, tGe-Te-N- O
protective layer 1s peeled fromthe recording | ayer, etc.. However, any

way, | Bheae bd-gborectryerhagsl, ri-Ee-eflanld khRS1irag srdgnel the
recordi ng |ayer, a predeterm ned effect can be obtained. The conmponent

ratio of s?rﬁ\ﬂlﬁlﬂrb%d’ﬂﬁé&ﬁ%@m?v\ﬁ@dbﬁ Zaeétﬁﬁté’&nf&{%ﬁfgiéw:ﬁ as &Rygeh), cal

const ant efractive i ndex) en t ructure of a recording device is

deter”inﬁ%tfgﬁeﬁfaaghg’ﬂd’ﬂﬁﬁ%%‘gyéf%%gi A2 peoRRsd tion line, the closer

a real part nand an | magi nary part e conplex refractive index n+ik

approach to thﬁh@?‘?’.@‘ﬁesééj%hihhﬁiiﬂ%g&fetﬂ?ﬂm%ﬁg%fﬂﬁ %'i(iﬁﬁs akBe real

r
part n and the imagi nhary part approach to side, the snaller they

becorre. Acehdl UALYONEN WIS indh U BI9GR5AbKo M aROIRERHY O

cont ai ni Ng mic ogen can en small"ér 'n, 'k are“necessary,
he comna A e8! SLULUOPHNGY EAOSTy ARl sl egstotiypygta o I ohe
Uhen, e FIPLNGE) PR SGONEe L1 L o g HI0R R HELSLARHahBufocu o, due
e 1 eCo g eht ST PERSREANS Vo' Ee BhbERoRS) Bhak BRerPLRLeLI0le 20

film is formed is previously crystallized by using such

a method as a laser beam irradiation, a flush light

irradiation, or the like. The laser beam is thinly

focused, and the crystallized recording filmis irradiated

with the focused light beam. Accordingly, the irradiated

portion is amorphized, so that the optical constant is

changed, thereby the record is carried out. By the above

change, the changed portion where the above record is

carried out is irradiated with such a weakened laser beam

not as to further change the recording layer. A variation

of a reflecting light strength or the variation of a

transmitted light strength is detected, thereby the
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subject to nelt into water, when~Ge02 density becones higher, there is such
a problemthat a noisture-proof of the protective layer is reddt&EB 2003 he
. conposi tion region surrounded by the conposition points Bl, B4, &4, GL (in
addition to the conposition points Bl, B4, Cl, C4, &4, Gl, for exanple
Ge35N30035, Ge37N1. 8045, Ge40N5505), the good noi stureproof and cycle
performance can be confirnmed. In view of a repeating performance, in the

regi on Bl £SridtEbnhay Heprddhéédy el whefS Ehex YeFbaeiPmenis (i n addition
to the conposition points Bl, B3, G3, Gl, for exanple Ge40N40020,

Ge42N53Q Ry SpBERRS0RRL 10419001 { §REAbAM AY fOFBILLLeaD RAACYMd rmed. In

t he conposition whose oxygen denSity is low, for exanple, in the

conposi tJd { h b ine Al -H2,
Tho i i enPRLBthort £58, L e AR el he Lo Ak ing

conposi t} i e th A j | ess
oxygen g‘:la%@f{]%ghé;gaggﬁ&ft%ggggnggggggfq%hggﬁe?’aﬁgw{)}géb%?ggkﬁbzwg%e peel i ng.
However,.a dittle o en i s_add to the compositian V] | 2SS, oxygen
denst vy 18 RS s NP Hpids 066 he Fobnea FRRIER Gustim T Fhag¥h o
prevented can be obtained. As, descri blgcg.lbel ow, even in_the conposition

havi ng |9%25B%§geReF AL &Nt A FEF L RY RPREAEBON; AT L, CaTE; ess of the
Ge-N- (O layer i,s about 300 nm there is -53 21 FEB_ 2003 no practical

pr obl emo‘A‘éc‘SPHF-HQI Pne Fatatebepnofathse ragayding viedlume can EPQ ayer or
the Ge-N-O Layer is applied to the barrier layer, the filmthickness,

t her eof PRrEQEMEA-t0 be at least 1 nmor nore, preferably 2 nmor nore,
more preferably 5 nmor nore. Wien the filmthickness is less than 1 nm
such an ef f ectA8 hdesenribeids lavs, i theuppterded ilayeawvkeeatedrt her nore,
the difference between 2 nmand 5 nmis an allowance relative to the power.
Even i f bétwesnckhesprotestiviendayen hiagicktheoweconding ayeskh an
effect that the cycle performance i s enhanced can be obtai ned according to
t he diffasithedparrherchayeraB deaoperatadhdm shelf ial manmexkitdst is 5 nm a
basi c diffusion suppression effect can be sufficiently obtained. If the

t hi cknessniatéficnddf fusion 4l abolemidatt reaothennbetwesnr ahei bl y
obt ai ned. When the Ge-N layer or the Ge-N-O layer is used as the protective

layer, ifetordenesiaiert baid Wi ifrcteessvéhtager hgef prev@énteduch a
manner that it is thicker than thickness of the |ayer used for the barrier

layer. icompaced td 4H&!r&Bdb+rQzhgdidyer hale IMatbisknelayer ting
dielectric protective layer can bé only forned in order to have at nobst 300

I e oideas co Serbiig e docberiy WAy 8 MBHCAIY I
case -5450idt &8 £2%9Yher density. Furthermore, it is necessary

that the material layer comprises the material which is

hard to react with the material constituting the recording

layer and the dielectric protective layer and to generate

the atomic diffusion. Moreover, it is necessary that the

material layer comprises the material which is not peeled

from any layers and further is hard to generate a crack,

etc.. For example, the material provided with the above

characteristic among the nitride, the oxide, the carbide,

the nitriding-oxide, an carbide of oxygen, a carbide of
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of Ge-N layer or the Ge-N-O layer, there is no problem and the crack and
the like are not observed. Furthernore, in this point of view2%REBs20Q3
such an advantage that the nmaterial system containing oxygen is not subject
to crack. It is assuned that oxygen is included, thereby a structure
flexibility is enhanced. Next, a nethod of preparing the optical
information recording nediumw || be explajned. The nmulti-layer film'

constit uh§iBohan rAPHEHOJLIRE! BB Appohriht®. t rPFEBEBLYI, NwaRt i on can be
formed by a gas phase deposition nethod such as a vacuum deposition nethod,

DC sput tgatagimat ek & f&rQes%pwﬁ]émgamtHﬂérogehawarﬁwtteri ng
met hod, an ion plating nethod, a CVD nethod and the |i'ke. Here, the exanple

usi ng thgtwcﬁg%%im}g é@ﬁéﬁggg?%ﬁﬁ@m[owmtisi pgymet hod will be

described. FIG of an apparatus for preparing the
optical } ti corgdi L Fl G Iy schematic
structur%ggﬂhqt%ﬁe%érrgté)p a@gc@g\iygc@lﬁ}n‘% %ﬁ%é@gﬁ?cgmg‘%&ﬁ%r chanber is a
positive I C t i n Q¢ a direct
Curr ent - BONEPahon, S iR s Bl s REREER TR e ™ 1
vacuumtgnk.11l is sw jchi onpected.to a matghin ircuit 15 connected to
a hi gh-faﬁgd‘gﬁgj aﬁom} b’sc’&%e—ﬂbqﬂ?‘”hﬁﬁ?e@', C}%fot% accﬂé tcﬁeé%’%%u?t ering
using a direct .current discharge and .gn, RF - 55 21 FEB.2Q03 sputtering
using a ARGHERL fit SERG: BomBs 30 ot oF cHhB e EERiA Ik dhEhg Gl  Sui t
15 mat ches an i npedance in thi sgutter chapber. to .the i npedange at the
power soHifFed fRrpbhedhRpbieroha¥ert hé TeduikrlahR e §XPIFRFPHRF wi th four
negative el ectrodes 16, 17, 18, 19 (negative_electrodes 18, 19 not shown)

whi ch al ¥eNmedPd 55 B andMIbol 2MOxn (PAss B aigl ¢k 5 id) - 4419%e i sposed

around each negative el ectrode 16, 17, 18, 19, thereby the negative
el ect r odspetd ficallly, whemtheibemrt hérd dyermisteppbiediatethecxidede.
Furthernore, the negative electrodes 16, 17, 18, 19 can be grounded via

swi t chesopposite Xb €He (stbbtehte X e nbécohding. lAyea Sb-Te all oy
target 4 5 bonded to a copper backing

preferably, MN,, (b2 < b) and M,\N,, -MO,, (b2 < b and d2

< d).

Accordingly, even in case of such a composition as

8i-N, Al-N, Si-0-N, or the like, the composition is
expressed as S;; Nm;, (ml < 4, preferably ml < 4), AlNm, (m2
< 1, preferably m2 < 1),
S;; Nm,- S,0,, (m3 < 4 and md < 2, preferably m3 < 4 and m4
< 2, orm3 <4 and m4 < 2), thereby there is increased a
possibility that the composition can be applied to the
barrier layer.

Furthermore, when the barrier layer is formed at
both the sides of the recording layer, an adhesiveness to

the recording layer at the substrate side is different from

-38-



plate, a ZnS-SiQZ (Si02 : 20 nold) m xture target 46, an A -Cr {9 C 3
atoms ) alloy target 4 7 and a Ge target 4 8 are fixed to the #t§&B 9@03

el ectrodes 16, 17, 18, 19 via an Oring by a screw, respectively. Each
target is disc-shaped, having a dianmeter of 100 mm and a thickness of 6 nm
Furthernore, a pernmanent magnet (not shown) is accomnmodated in the negative
el ectrodes 16, 17, 18, 19, thereby a magnetron di scharge can be carried
out. An gjr.,oufl i S _di d, at ' ce nk 11. A
vacuum pgir}%tZ i@%%ﬁ#@c?gg&ggﬁﬁ%ggﬁﬁe?uﬁsef%é Vi a'flggﬁ:ﬁg%%é?her eby an
exhaust caa} b%%atrﬁi ed outdi.n suich a nner thgt tt.he sput.t er chanber is

hi gh vacH&fe ¢ S YegeEA2843 ﬁy%gg?sp%r{:? Atavelye umtank 11 is
provided with .a rotatira%&agﬁaratus 27. SGSAji ;k holder 29 is nounted to a
rotary sREPESIYHICEHe ERPROPLFE IO PasTH L oW ARG SL RERESE -5t t ached
to the disk holder 29. A numiral 30 denotes a shutter,. The shutier 30 is

cl osed sBrOAaR §FRechuental respkt e WheR. ther PREXASTe 1a¥RE shBtter 30 is
opened and cl osed, therehy a sputter start_and a sputter, conpletion are
cont r ol | £@rmesk ak dheyisubgesakepeide pér theoreFording ha¥er  ght s
connected to the vacuumtank 11. The other side of the gas pipe 31 is
connect edSt dazgedy ¢hsifser faeemsohe oskpighd ometirdge composit N gas
cylinder 42 and an NZ gas cylinder 43 via a mass flow neters 32, 33, 34, 35
and val v&hassisz7whed the barsjien madieriahdisehepregented oy & usual
sputtering in an Ar gas atnosphere, the sputtering in a Kr gas atnosphere,
a mxed ¢wheafe AM gdenoté&s gas ayytrégavesofit nospgase elementexapl e, Ar +N2)
, a mxed gas of Ar gas, Kr gas, NZ gas and 02~gas at nosphere (for exanple,
Ar+ N2+(#), can, bandh¥ idshates fThe gagyregate mwihgddeebemenysnXgpnponent is
not limted to the NZ gas, for exanple, ammonia, etc. is also included in
the gas moptaiyj nedgaedibngragat v acgas domporentde/cadbli nghen
apparatus contam nation, etc. , in general, the NZ gas is preferable. Wen
the Ge- Nr@tizyeof thefbafeierNdaberi@l Nafedr athehéidibstratedsidet he gas
containing both of Nand O and the -57 21 FEB 2003 sputtering can be

al so carfigededytivelPehiyhed darwitatase thenbalhd dretmogepiapr eparing
the optical information recording nedium having the structure shown in FIG

3A as an)eRRedaiebhe0sid8OMPos£8E £OKHERULNL FAO! qkidwafaaﬂhy_lr%accor di ng
to the preSent invention by ‘using this apparatus will be described bel ow.

Here, si gild aleROUfh havihd &7 &£¥88RNenithFeathe b AYEEs0tahNBeCe- N-0

| ayer as the barrier layefr 1s disposed at the substrate side of the
recordi ngdmamsfudtdy, be explained ( henceforth, in case of no particular
expl anation, an explanation is made in an order of Ge-N, Ge-N-O. In the

first place, t C 6 i gg&@ b¥elie ora@dlfyt ank is
exhausted to ah%lfgéﬁ \%ﬁ%ag%gi >I‘<:ﬁfg o@eoéafggsiéeNgxgﬁaa mal n valve is

throttlegd ;andat.phhe same tinme, Ar gas is introduced into the vacuum tank,
t hereby a d’egree of vacuumreaches to 1 niforr. The di sk holder 29 is

rotated, and tRhe_power W ch, i , r digcharge is
started by the%%ﬁ%ﬁ}aﬁ%ﬁ%éﬁ:%égﬂﬂd thiéri%g??%g %ﬁgftf'%]égéi EIiihe
i schar gd 938 SEERBHTY Heben b Aae Sy | 2HETGRSN Tayde B thie el i
havi ng a,predeterm ned thickness(accardi.ng tq the enmbodi gent, descri bed
nbove’ oLAvARm AR higo; thithgs: pERE, Gimhathl o B SRevsBiver

Ge-Si-N-(0), Ge-Sb-N-(0), Ge-Cr-N-(0), Ge-Ti-N-(0), or

the like. The other elements are, for example, Al, B, Ba,

Bi, ¢, Ca, Ce, Cr, Dy, Eu, Ga, H, In, K, La, Mn, N, Nb,

Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, Ti, V, W, Yb, 2Zn, %r,

or the like.
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-58 21 FEB 2003 30 is closed. The protective layer 2 conprisin he
ZnS-SiOz filmis fornmed on the substrate 1 provided with the 921) 283k
portion 7. After the discharge is conpleted, once the main valve is
entirely opened, the degree of vacuumis returned to 1 x 10-6 Torr.
Thenceforth, the main valve is throttled again, the Ar gas and the NZ gas
are introduced at the ratio of 50%to 50% thereby the total pressure is

set to 20 nifor purhermde, Ris dissbeisRd Detaw ) eehdymhber@alt arget 48 and
the negative electrode 19. After five-mnute presputtering, the shutter 30

IS Ope”eﬂorﬂﬁ%r?‘a%é GRGL Mor %éﬁrmé% K& ¥dSraobl H‘&tﬁhéqngriTBé barrier

| ayer 8 whose in conponent 1S Ge-NThaving ‘a predeterm ne

thi cknes s aaialinoe t0at G610 1B lenaSndeacibIChoRfitNEng N or 20 N

is forne e previous r protective layer”™2 (since the

openi ng ?%%ﬂ?&%gga% atigon. %E;nagﬂ%elfhk}}ﬁeer{ tﬁ% ﬁgﬁ&?ﬁgg&gﬁgg ration are

simlar e ca ormng ol ow ng Tayers, nation is
omtted),,Wen the,barrier |ayer whose i,n._co ne IS - is fornmed,
"1 the. abBieERrERAY 1riien Pt 1HES f T Mg RESFEN LS P A9 1e gas ot
the ratiQ of H0%to 50% the Ar s, the N2 gas and th as_gan be only
i nt roducga'als NG, e upB llé?ttie&g[%fcql .%Y/?Fogﬂg. %QO/M%%ZQPC}I?@T hi s poi nt
is different fromthe above case. Simlarly, the succeedin rocess is
carried Yat(O)-sdn-B1(Qkg TEoN <G LXe2 h@ixﬁﬂf‘:@ P&ndﬁ‘@é‘y g‘bglf‘o?-% t he oxi de
rather than the nitride, for exanple, the 02 density can be set ,

consi der Ag-Bhd6s(@han WhennNehgemaiiny canperent cafethet Feaandingas of the
Ar gas and the gas containing an N conponent can be only used as an

i nt r oducilayegasi s t Rer8byGehe Sde-NY (0 ) m GenNai(0i)ng TePy«() tdrtthe, the
Ge-N-O | ayer can be fornmed. In this case, such an admnistration that the
degr ee ofnivdmnenafs them miayhbe, af pr eztcamp e peGe r 8ngN-i)Of) or eCrnandduci ng t he
gas, etc. is carried out, thereby the 0 density in the Ge-N-O | ayer can be
control | ad aresadded tanGe+Ntdwd Ge-ee¢sd| arhérelypsthg ddhediweneds The
conposition of the Ge-N layer and the Ge-N-O | ayer can be identified by a
conbi nat icam dfe ankageedel egdrensppedifiddalipt hathd Alddit doRubliuckord back
scattering method (RHS), Inductive Conbination hi ghfrequency plasm

spectr al efRBlek (tdCBbtaindkd riddfarkdifle TREfERHNOSALI @nS ddditivecase are
Ged44 N56, Ge40 NAO 020, respectively. Next, DC discharge is started by the

Ge- Sb- Te defisitty 46F aaBolike S AR indr&) eeheodantdi vdiigbycdhebeecor di ng

|l ayer 3 is formed. The Ar gas is introduced so that the degree of vacuumis

set 10 Oenhanddéd! -ATEErePﬁgtdihg iddhd 5t £ ' WRYcAUEaY bk QHPover in such

a manner that a predeter il mthickness~(according to the enbodi nent,

as descr g4 A0 8y A0 AP ngPdn R& A AE ddnBiE Ve B 1580 panded.

When the additive density exceeds 50%, the cycle

performance tends to be reduced.

The reflecting layer 5 comprises the material having
a high reflectance and a low corrosiveness. Instead of
an Al-Cr alloy, a single Au, Al, Ag, Pd, Ni, Cr, Ta, Ti,
S8i, Co, etc. or the alloy whose base consists of them can
be used. For example, Au-Cr, Au-Co, Al-Ta, Al-Ti, Ag-
Cr, Au-Pd, and the like preferable.

According to the above explanation, as a position
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21 FEB 2003 recording layer 3 is in anorphous state. Next, the ZnS-Si 02
filmof the upper protective |layer 4 is formed under the sane 2HRER 2008 as
the lower protective layer 2 of a first layer in such a nanner that a
predeterm ned fil mthickness (according to the enbodi nent, as descri bed
above, 18 nm can be obtained. Finally, the Al-Cr target 47 is CD sputtered
in the Ar gas atnosphere of 2 nforr with 300Wpower. The Al-Cr alloy film
of the nghdldd tHeHA%idw 18Y8F B isppl Fed JePREht 8 ekampPeceErRaer M ned

t hi ckness(according to the erbodi ment,” as described above, 150 nnm) , _
thereby ihg Eﬁ&&‘i‘éﬁﬂ%rgélf 'i?hgﬁplagﬁter€Hétﬁ5€éEEQcE' Metla¥Ar tRkructure is

formed on the substrat ornmed nediumis taken out the vacuumtank
11, and j i r i 1 I vi ol et
Ui ng. r AR B G Pt et B g o B A Eh8 T 11 G
reflecti r L) ot e ) this
state, t%%éﬁ%r\l/ of%&?sﬁ% lr"lsrha |r{z;'t eé%ién% fg:%g'gg?%?'de%gg‘?ri@o?ftﬂié&ﬁl travi ol et
curing regsip.is cured.,.there esi.Vv t t P OVige hi,n a

cont act dygp ea%&%%ﬁ%%&@?f%%ﬁ%&ﬁ%n%l%}%%.%?@‘ésg'l r?g‘ ?'SW? e above
exanpl e, _as, the nethod of formng the Ge-N | aygr he -N-O | ayer, the
moral ceand E1g8 ek A, g OlhaT oxambre St Etls 2rhe ThE SARPENG | 61
21 FEB 2003 .the nitrogen gas or the m xed s qf the Ar_gas, the nitrogen
gas and Ofet8gygEROYSEs 8/GORkARt JRYeR ANt Ehe ARfenseop 4epFNOWR react i ve
sputtering nethod. However, there_are other nmethods. O her nethods are as

fol | ows AN FdGead aretawikted. GAlthopghntbenpbanetusiend EBGy, 38:3M) is

used as the target. The reactive sputtering is carried out in the mxed gas
cont ai ni A@ EaMe a2 Yhastael FES.nkyr §9&n sdoplify thie dicomparpsepar ed.
Furthernore, a Ge-O conpound (preferably, GeOQ Ge02) is used as the target.
The reacemong REG er3m@rnd Figs. B tot 3Hn FRE.nmBRellsgagadh shewnare gas and
the nitrogen, or in the mxed gas of the rare gas, the nitrogen-containing
gas and t he oxyFyancxamnpbe hgwheR thet barriles flidyer siprepededevenr t her nor e,
a Ge-N-O compound ( for exanple, the conpound of Ge3N4 and GeO2or CGe0) is
used as tiffeno&rgrily the baarierdayey isrusgdist ¢he sabstrtatienside nmi xed gas
of the rare gas and the nitrogen-containing gas, or in the mxed gas of the

rare gasofl heideogedingnlayverngs gshovndihhEIGXy3R)- bakt alBonghgas so t hat
the filmis forned. When the filmis fornmed, in case that inpurities such

as Ar, Hbadridr ¥ifer GOddiPat ﬁhbhﬁeﬁmébtihggiagé&dsﬁ.aé_ ¢5RBREr are
contained in the barrier layer 8, if the inmpurity density is 10 at ~ or

'bgs& thg 5 iFTd . aBEf bechtiBotR&£des (didwh e PRIV 30, & §ohitapt ai ned can
effect can be obtained.
Furthermore, even if this layer is applied all over
a lower protective layer (shown in FIG. 3D), all over an
upper protective layer (shown in FIG. 3E), or all over the
lower and upper protective layers (shown in FIG. 3F) not
as the barrier layer, but as the protective layer using
the barrier material”, the similar effect can be obtained.
For example, in FIG. 3F, the total dielectric protective

layers 2 and 4 at both sides of the recording layer 3 are

formed by the material layer containing the barrier
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-62 21 FEB 2003 obtained. That is, preferably, the inpurity densit
contained in the nitride and the oxide forming the barrier Iaﬂe“ngBizo%out
10 at ~ or less. In case of an adm xture for positively enhancing the
characteristic, the density is not limted to this range. For exanple, Cr
can be added up to the sane density as the Ge density at nmaxi mum thereby
Cr largely contributes to enhancing the adhesi veness to the recording

| ayer, eahgterAdaly ReMbAEGEOR-Of. foAMchd o keadwy réleis! mxeerikar exanpl e,
the material of the recording |ayer is applied to the target, and the
nitride pgdep halsdiaddngnedg1bgi,ng the constituent el enents of the recording
| ayer are tornmed, thereby the barrier |ayer can be forned. For exanple, in

case of a Ge- Spfeha¥iiodd g %@:@dydlgld eEuchhs derdetShedh oY i get i S
used so that Ge-Sb-Te-N and Ge-Sb-Te-N-O can be fornmed. In case of this

nmet hod, i ir t } lsayer 1S
formod, pRErggelager Tulire, EodiPabyds |0F 4 RALD Jdyet) A<

carried I Ryt f r ~Te= N fi is formed
in or der'g?%dhg\?elegepre e%%esdﬁ?%:\%ﬁn{égg Egﬁf}?ea‘ringg%y%l\# sdljhdsned as the
sputter , wald Lt - Sb. T rdinn ] [ hi s process,
only onegﬁér agfcgils rbﬁ’s‘%‘?éeﬁxge?sgﬁﬁe %%Af%f{?%%e&f{gﬁqf S')ér%cordi ng | ayer
can be forped. According ta the e di ment ch_an | e that, -63 21
FeB 200 e REE Sl dStids he Se THoTPLEE, b EhEagRH D st Tk |
i nactive,gas 1§ _sh . _The nitrogen can ont ai,ned_i.n e recording
ayer 1 hiere9e 0L the Q¥ aie {0d Tyl & { showrh B BEFr AQT ¢ S ust od. 1 n
case of forming the recording |ayer, coppared to the case of formng the
barrier Pipdlar; qideqy ‘Eléﬁsg?y adfiectt o PN 1R BYNERBIYecor di ng | ayer
containing the nitrogen and the barrier |ayer can be _|am nated. Here, the
exanpl e BFCPrEENg t@ whch R sruehnsekhabnthec sogiadg prakiaski®i ng t he
structure shown in FIG 3A is shown. For exanple, as shown in FIG 3F, in
case of ilp¥est 2ucanprk¥eenghenbagrder makerigdr {whexe i $hey Gere barrier
material at both sides of the recording |layer 3, the protective |ayer
conpri si Nglayermx rihie GardN+0 thaysmy-adxthe, suhetrater dideg angethand t he
protective |ayer conprising the nitride and nitridi ngoxi de can be forned
accor di nparysiehe layere (phessss theuGehtir hayer évrtlke Gt 0 dsaaydon in FI G
3E, when the protective layer conprising the barrier material is fornmed on
only t heisppeplsedfa chef refidecedmgllagelrayide 3, shhamidal FYG.t38) fi |l ns can
be formed in the order of the recording |ayer, the protective |ayer
conpri si et Iwdmii Xax def fedtnican deneltaiteedln case of this nethod, since
the conposition of the recording layer is common to that of the barrier
I aye[. or ~ tget 'ﬁhet ag%mchti\t@dr&yéxs ilethifrased | Heliet dley ctieai cal
reaction an e -

structure is designed in such a manner that the distance

between the recording layer and the metallic reflecting
layer is reduced. This structure is called a quenching
structure. According to the quenching structure, if two
or more layers are formed at the upper side, since very
thin layers must be deposited, two or more layers are not
preferable in view of an accuracy administration of a £ilm
thickness, thereby it is difficult to prepare. In this

case, the upper side comprises a single Ge-N layer or
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21 FEB 2003 interdiffusion are occurred. Accordingly, a higher ﬂ%E@i&éﬁgess
can be easily obtained. Extending thisview for exanple, when 2 €5 Te
.recording layer is used, it is advantageous that the constituent el enents
of the Ge-Sb-Te recording layer, that is, the nitride and nitridi ng-oxide
such as Te and Sb are used as the barrier layer and the protective |ayer
themselves . In this case, the netal Te and the netal Sb are used as the

target, aednl®y Nayle-,NeRe2bbySbhbreShs Ndnsrarba st uehy tngependent|y

formed, respectively. In any case, the "effect corresponding to the Ge-N-O
| ayer cag_tbgsolga@é'fnego bgeggi.%.of the barrier layer and the protective

| ayer using the nitride and the nitriding-oxide, for exanple, as shown by

the case of Cepled. 4 UifnfOURS AR Al MK £hiS OF1LO0EAGS spBpL, the

oxygen el ement an ne ement s not lirmte ionetric
conposi t i:Qn I i [ KONy W heat. ] s,applied, in
t he COHS'ELIgt Egﬁk%%dgrf%r& &ﬁ%]ﬁ?e&%%gﬁ%?ngxfg%gf ghd/%?g?ﬁesgoﬁét?ﬁuent

el enent of the dielectri.c matgrial Jlaye mat erial novenent i

SUppr 655 BT ERRRYHE &0 Tikthy I el SRRt S, ATHeERbRgrEng | ayer
and/or the dielectric material,|layer is_ adhesjvely forped on, at | east one
surface Bﬁet ﬁgrm%gsh%%r’:nl 1gH; 3 rae‘lfgi‘*(a VPR GHfYE sati sfi ed,
the constityent elenent of the recording layer is not limted to

nitridin§ geStrysture thag a08smAtEanERMISNt Kekleeting kayR¥i t uent

el ement of the recording |ayer is a carbide or a fluoride, the constituent
el enent EQMPRE SAdY iAdH anchba seivsIoRdudior gatex Laht (EPemsaAmpie; he
recording |ayer may be same as the constituent el enent éfor exanpl e, Zn-N,
Zn-N-0, 8&io. Gp or the aldpacwhosepbaseciisv8il,agen. isuaddednbecthet is
expected that the m xture of the conpound except for nitriding-oxide can be
appl i ed. sBbatnate siske Titheds ide IwhBth Teheykight £scincitienh ow) not
contain Ge are used as the recording material, the Ge-N filmand the Ge-NO
fil m areodf fdet inescotdihg layeromd becasddngnotdishowrs) i niti ali zed. The
initialization is carried out by the laser irradiation, as described bel ow

Any ot her net hBdgsf ragd abigihow shehnat $oduoture Ghbkush poseetcan be
applied. Here, the disk nmediumis rotated at |inear rate of 5m's at uniform

rate, andalyes iasﬁefobsaauhaytng:we ot Nagler’8Q NPhesodOFE®ALi N such a
manner that an oblong spot of 1 dun x 100 ~,~m (a half value width) is

formed onayes € 8% .oy dilgosEd iHNorAdr0es! §8ppbPeBiCand NEIWEAcENat the
| ongi tudi nal direction of the oblong spot thereof is a radius direction.

Iy ot S | o il hin OB bt o 08 5 i e
layer and the recording layer of the optical information
recording medium. Accordingly, for example, such a
structure that a dummy substrate is laminated, such a
structure that two plates are laminated with the over coat
layer surface faced to an inner side, or the like is
appropriately used according to a usual method.
Furthermore, although the drawing is omitted, in order to
laminate plates, a hot melt adhesive and the adhesive of

the ultraviolet curing resin or the like are applied.

In order that the cycle performance can be enhanced,
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21 FEB 2003 Thereby, the nethod of preparing the optical information

recordi ng medi um according to one enbodi ment of the present indeREB003
~shown. If the nunber of l|ayers and the |ayer thickness of the disk are
changed, the above nethod is substantially simlar. Furthernore, the nmedium
havi ng various structures as showmn in Figs . 3Ato 3H and Figs. 4A to 4H
can be simlarly formed. Furthernore, a disk conprising a plurality of

| am nat adorecef fleng ivaysr s the Wamhier Mayer |y dathateds ditle Ger-e carri ed
out, and a disk conprising two | am nated disks with rear surfaces thereof

i n whi chlaperr&eank CarN® 1apeddiisetbihedith thiedgabséRalke applded to the
present invention. Next, the signal is recorded on the optical information

medi um ppeRHE ¢ el ridih fhayRr Bt hoginaBdid1a aEihBeaf i 5 ApicAdEi$g the
record will be explained. I'n order to estimate the recordi ng and

r epr oducy h 1Sd 1, e i i idegb WM th a
selr[:‘i cond%fg?: o@%ﬁ%#ﬁ%tﬁ%ﬁ’r %eeéﬁgggﬁ\?va%%g égsgﬁ@??%s;%ﬁé]% an opti cal

head no ' L&cCt | 0 ryd Ela}p'ﬁ reg i a |linear
not or fg?égalgd?ﬁgf?hg’o%v?glﬁmet\g% ?%@%&%a po #tf%né%%?f% recordi ng
medi um i.ng r ispfo | [ 4400 acircuit
for the FehBERES S ATSRIHIaRE 1Y 4 Atlen 5 TP X4t e

control |} t.titude of ;6 21 FEB .2003 it optical head and for
rraa o FHS BarRasn et hébomeRc SnaatEabLE: Coot - o circuit for the
f ocusi ng servo_nechani s a,laser _drive circpyit for.nodul ating a power of
the Taser - o (FHECHRREARR . iRAOLheF S chmbteh it BALIIEE JAVEE of ' he
reproduceﬂ signal and a rﬁt ation contraol nechanismfor rotating the

opti cal Bhek Iomekhengestylavears or.the s O la¥ar dheformed ft 1 r st
place, the disk is rotated at a predetermned rate. The linear notor is
oper at edtBe tefleatdnptlayernside ofindhel ¥ecerdipg: layar « gtk positi on.
Next, the focusing servo nechanismis operated so that the |aser spot is
focused addikdoned® Bughfal merdts &% tonenhanee theckiyedeervo mechani sm
is operated so that the |aser beamis tracked to an optional track. Next,

t he | asepetformatiaeuisu¢h apmextidd aso tichaanhamceotbe erasvreut putted

| aser is nodul ated corresponding to the information signal between an

anor phi zpegfprieaqor¢amnbeavbtg inguhwe Thiisy ateldtose tor &lieat i on energy ~s
relatively high and a crystallizing pul se portion having a power |evel
whose i r fadlatiiny phergmersonel arhatlys | ahermntishaweording. layeifhe opti cal
information recording nmediumis irradiated with the |aser beam thereby
such a sist d¢rivaali sttedmeiphotheslaserlsbam caygsthhti thestfitimalgsernatel y
exist is forned. A peak pulse portion conprises a usually so-called

mul ti - paaorphaEEdy, fiw geaeradrr avsolidefieqtdatestatts from the
portion whose temperature is lower. That is, it is
assumed that the structure of the recording film
composition and the interface at the side (usually, the
reflecting layer side) where a cooling starts is a
principal factor for determining the condition of a
generated amorphous solid. That is, it is assumed that
the barrier layer enables to suppress the atomic diffusion
from the protective layer to the recording layer, the

recording film composition at the interface is also held
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2'1 FEB 2003 After the irradiated portion in the anorphizing pul sgpoﬁgt
is nmelted in an instant, the portion is quenched, thereby the q
t he anor phous state. the irradiat ed portion in the crystallizing pul se
portion is anneal ed, thereby the portion is in the crystalline state .
Next, when the signal is reproduced, the irradiation power of the |aser
beamis set to a reproduci ng power |evel |ower than the power |evel used

for the yst a S that the optical information

recor di n%{’rrédlgg’ ésgr?o(trb#‘g’rtﬁgrtgﬁan fi%[ The optically changed portion is
irradiated wt thelas e| gcts a
strength chan ﬁgﬁgF 'ccﬁ ﬁBFn§¢§%§%& ere rgggﬁegh t he

anor phous st at.e .and h aII st at ctin ht or the
Lransmi (RBRCFRGH SUg ebih, $°4BLeh, ﬁF?—ef& Gt eHE m shown i n
FIG 7. For exanpl sho t he _anorp se is
nmodu~. atEHaﬂéF%@ﬁq'héﬁ?ﬁfb %?zfﬁ@hﬁoﬁﬁpng) e &H&g%ﬁé"q;l g}‘&%“%&% than the
repr oduci ng Eovver | evel only pulse wwdths of a top pulse and a tall
pul se ar8upg 5ta|t\¢els5}q%ng‘é‘?t?h§hatthé? KARR dth SPnErARTetR iR e pul se,

C ) the anorphizing pul se width nakes equal, (D) when the |aser beamis
anor phi zalovei dageriptiane Mhak ok orin thi s &ane s in order dhat £ ) such
a period that the pul se has the power |evel less than the -69 21 FEB 2003
reproducthg pyede perdormanee asayrbéyephancedd séfectimelys tdeer the
anor phi zi ng pul se, or the waveforns as shown in (A) to (E) are conbined to
one anotharrielmlayéh’rerebat iay ithe Gedbldiyey eystiremGefNpdddyemng systens

and erasure systens can be applied. A signal systemis EFM a shortest

recor di ngsnokmedngththe €ide opposittel tto U tsaddsthratéehghh tlse 0. 41 ~, un.
The disk is fixed to a turn table, and it is rotated at 2045 rpm At the

posi ti onrebozdims AUadtery I.adios tite Lther HdndAarin dmidnitdat tilee overwite
of a random signal for recording a mark length within the range from 3T to

11T on tgeagiueeypdrEsimaficechad ¢ elltandedpeepfetitdvailgnaltivepl i t ude and
the fitter value (the ratio (6suniTw) of Q sum that is, a sumof a

st andar dpgeyi gl Qagéro,f thBe 15! lehe \G-4e 1AySa6R ﬁhé'@é-ﬁm@kl egll to a
wi ndow wi dt h Tw( the fitter value can be only 12.8 or less) is

exam ”edlsFPBrﬁieaoﬁTEaEh§OEubts|%rrea?cé<'ln%idl:f gt the telordidg B.Lajf'er( C) are

made on an experinental basis and estimated. The disks are”as Tollows: (A

two_ di sks . CORRY|GARD SiEnS CoH Wil & 06! hakd i3 agBhOGL glimda di sk AL

is a Ge-N'barr ayer _ Is a G-NO ier layer disk),
(B) a di ék‘_A?BEHréfaé‘ c?f‘&%vggﬁz'ﬁ@g:gi'rrﬁtlwféﬂr%hetgﬁ vbstw hﬁoe jggcture of

t he di sk except for the I'ayler or t arrler | ayer,
and (O gafl Pe "sfhultaneocusly achieved.
Table 1 shows a layer structure corresponding to
Figs. 3Ato3Hand Figs. 4A tp 4H. Inthe table, Sub denotes
a substrate, DL denotes a protective layer, BL denotes a
barrier layer (GeNO), AL denotes a recording layer, RL
denotesg a reflecting layer, and OC denotes an overcoat
layer. Furthermore, in the protective layer, the layer
applying the barrier material, that is, the Ge-N layer or

the Ge-N-0 layer is represented by DL(GeNO), and the layer

not applying the barrier material layer is represented by
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21 FEB 2003 conprising the conventional
interface layer is forned instead of the Ge-N barrier |ayer or2h
| ayer of the disk (A) according to the enbodi nent.
first estinate item after the record is repeated at 100, 000 ti nes,

barrier

structure in which an Si

é§§§99§c>

According to a

t he

fitter value (nmeasured by such a nethod that the fitter between each mark

front end and the fitter

bet ween each mark., rear end are independently

measur eddnly BEti mat ed. Such a case that both of the fitter between the

mark front end and the front end and the |

fitter

bet ween the mark rear end

and the rear end are less than a reference value and the fitter value is

scarcely changed is represented by ~o .
fitter vPhbkei 3 changeampléeofi lagervatracituses ofetthienselceaslirt
reference value is represented by ~.
repeating,thejitter slightly exce

.Such a case that after

100,
1We reference value is represented by

Such a case that although the

n the
000-ti ne

p. Such gTtasettat—after—10;,—060=ttme Tepeatinyg,—thefrtter—vafue al ready
exceeds thEIGeference val ue i s tayeEsEMACIIre8 . The power for|estimate is
set to a ji v y abo an a [ owest t fitt val ue, where
t he | owesit ? ?”¥ﬁ§a'va|u$b&igﬁ?ﬁg t he val ue thglan |n|?ﬁﬁl fitter
val ue satisfies t J8L&QUe | ess than 12.8. -71 21 FEB 2003 AC(ording to a
second eslfiigpte fter 100, 000-t g In the
experi ment a trac% m[hlp anpl i tude val Lgﬁlléigg‘? ed, and tﬂg esult is
estimated. Such| a @idéxlhat | ess change is found is represented}by ~: Such
a case that a‘bou‘f*i%f cnange IS found IS represe ef‘by O._Such|a case that
about 20~ cﬁgng |&nd s PE’;‘F@@Q‘% ed by Q BLEG€HOnat |t he
anpl i tudel val ue |ﬂnmeduced t¢quoe than 20~ is represented by X{. Athird
estimate rTemiF atner-proof . After the drs Ere Feft $tand under
a hi gh-t ehpdPat pir Qﬁﬁghlgh hum di ty (80~F£§L nV|ronHéH% 10r 200
hours and for 4 0|Mqux: the di sks are examned with a nlcrosco;e. Such a
case thatmo_chpnye T s _foumd—evenr—aft O—hoors—isTepresentey by ~. Such
a case thlat 38 s ‘3 Wb [Blel i ng, etc. Tﬁbmnd afterDEOGeHers is fepresented
by O Such a ca>e|mhthp sllght peellhg IS observed in 200 hours i's
repr esent jed uy —Stuch—a——case—that—a—tat ge- pccl i +—s—observed '\M thin 200
hours is | eBFesknSad |BL (GENDE above experi nent al Ak BL{(EA® shown in a
table 2 .| Thus, tq@uﬂtxycture accordlng to the present invention is
superi or V) thc conventtonal—structure—+n—view of —the—+epeattng
charact erf s86c hpnSubH®Ineat h¢ BL{GeHNQ) - 72 AL| DL(GeNO)
|RL|oOC
3H Sub | DL (GeNO) | AL | BL (GeNO)
| DL |RL|OC
4a Sub | DL | BL (GeNO) |AL| DL
|oc
4B Sub|DL | AL | BL (GeNO) | oL,
|oc
aC Sub|DL | BL (GeNO) | AL | BL (GeNO)
| DL |oc
4D Sub | DL (GeNO) |aL] DL
joc
4E Sub | DL “|avn| DL(GeNO) |OC
4F Sub | DL (GeNO) |aL| DL (GeNO)
|oc
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21 FEB 2003 Table 2 Result 1 of conparing the characteristics of the
optical disk applying the barrier |ayer according to the presel FEB&2Q03on

to those of the
|tensDi skfitterS
Next, in order t
performance is ¢

prior art Estimte

i gnal Weat her - pr oof Anpl i t ude(Peel i ng, etc.)A1000A2BDDCOOX
hat the effect of the barrier layer relative to the erasure
onfirnmed, the result of a corrparative test I s shown. A disk

(D) conprifsi T
used only|at®? hg
1, and a disk (E

ne_structuare W T m G 3BT m which—the—bar+i
r%‘FlPLEPl ng IE‘%\(ngNﬁé of the reddidi L (Ge¥P)in
) Imn'prlsmg the structure shown in FI G 3Cinw

r layer is
the table
hi ch t he

barrier |ay
t he above méi*ﬁoc
the refle¢ting |

used, at _pbotir stdes of —therecorh m&' Hayet—ate—p

SpR| BL4€ENO0D) and (E) are i niti|&Li|BsGame) con

oduced by
posi ti on of
l he di sks

aylsmLand t he r(m;or ding layer is sane as that of

(A) and (By-—Th

L gna ot AA | ~Av Ay

(]Ibe \L)J.) d‘llu \LJL) L,UIlprlaca a—Tahratet —cty

Next, as a typical barrier material, an appropriate

composition range of the Ge-N layer or the Ge-N-0O layer

will be

described below. FIG. 4(sic) is a triangular

diagram showing the composition range of the Ge-N layer
or the Ge-N-O applied to the present invention. 1In the
appropriate composition of the Ge-N material which does
not contain oxygen, the Ge density has a lowest limit value
of 35% to 40%. If the lowest limit value is reduced to
less than 35% to 40%, the adhesiveness to the recording
layer is reduced. According to an acceleration enviro
nment test, a peeling phenomenon are exhibited.
Furthermore, the Ge density has a supremum value of
about 90%. If the supremum value exceeds 90%, in a process
of repeating recording and erasing, Ge is included in the
recording film, thereby the cycle performance tends to be
reduced. The appropriate Ge density in case that the Ge-N
layer is formed at the substrate side of the recording
layer is more or less different from that in case that the
Ge-N layer is formed at side opposite to the substrate.
The latter is little more highly set than the former,

thereby the adhesiveness is higher.
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structure, in which a ZnS-Si 02 protective layer ( 86 nm , a Ce-Sh-Te
recording layer (20 nn), a Ge-N or Ge-N-O -73 21 FEB 2003 ba#t FEB 2003 (
5 nm , an ZnS-Si02 protective layer ( 18 nm) and an Al -Cr reflecting |ayer
( 150 nnm) on the substrate. The disks (El) and (E2) conprises a

| am nat ed-1 ayer structure, in which a ZnS-Si Oz protective layer ( 86 nm ,
a Ge-Nor Ge-N-O barrier layer ( 5 nm , a,Ge-Sb-Te recording |ayer (20
nm, a Ge-N orFée- dxanmpdie, ethe aypproOprimte Aegidmw20prbhecGeve | ayer ( 12
nm , and an Al-C reflecting layer (150 nn). Here, when the Ge-N | ayer or

the Ge- Nd@nkaygr ofs filos nEdrmbrt he 3859 eod | 6@ | agar oniedharid t ehe ecor di ng
| ayer, conpared to the case that the Ge-N |ayer or the Ge-N-0O |l ayer is

fornmed ajppheprukaid #bgivndef tHelatessuie 408 to 96% fpediwasiypl ative to
Ar gas is reduced. The gas is introduced at the ratio of 80~ Ar gas to 20~

N2 gas, 9p%i Bot BE¥)At | whehn &be Aokmért and9theN] adrert Ak Fofidedas. The
sputtering is carried out at the total pressure of 20 mlorr. As a result,

t he aver et s &8- y f Ll £ @Y side is
Goo5 Naoang” ThE eole) cnd Dol oR; L Ehey P T A Mt IV 5 L aver

i S ETRIE 0N dbe omkngl) e By rqctab rabehe | et ol
1oL SRR R RS ke S S U I oF e 1 )
the -74 fo%%le': %nz (—91_?’ the same condition, the appropriate Ge '
density whose is within the range from 35% to 90%
(preferably, from 35% to 65%) is the effective composition
region. Within the range from 65% to 90%, the cycle
performance tends to be relatively reduced.
Ge-N-0 system containing oxygen is described below.
An average composition ratio of Ge to N to O in the Ge-N-O
protective layer is shown in the triangular diagram
showing the three-element composition Ge-N-O in FIG. 5.
The average composition ratio can be explained by using
each composition point, that is, Al, Bl to B5, Cl to C5,
D1 to D5, El to E5, Fl to F5, Gl to G5 and H1l to H3.
B2 (Ge89.7N9.800.5), B3 (Ge86.6N6.706.7), B4
(Ge83.4N3.3013.3),
C2 (Ge64.4N33.801.8), C3 (Ge58.8N20.6020.6), C4
(Ge53.9N9.2036.9),
D2 (Ge59.5N38.502.0), D3 (Ge53.8N23.1023.1), D4
(Ge48.8N10.2041.0),
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3T signal is erased, and a danping~factor ratio (a degree of era e% '
nmeasured. Next, after another signal is recorded, the disks ar4t ?éh Qéﬁs
stand in a dryer at 90 , the overwite of the 11T signal is recorded, and
the degree of erasure is measured. The leaving tinme is two conditions, that
I's, 100 hours and 200 hours. The result is showm in a table 3. In the table
3, 0 denotes that a suf f iciently high erasure ratio nore than 35dB is

obtai ned. O degpat pgehBaNAT FEASY ¢ £8t i@y ANIAMEPEB ) § g4t ained. D
denotes that the erasure ratio nore’ than 26dB is obtai ned. X denotes that

t he eras%ﬁgﬁgbﬁl—%sibd@@l%fg to |l ess than 26dB. Thereby, the Ge-N barrier

| ayer or't arrier layer is applied, thereby the erasure

perf ormance | spgnhagasd sy o 5po6 {1 63! (keI IaGS0 (BT kYT s

formed at the reffecting ayer sid e recor ayer, a higher effect
can be optahBednN12.9051.6), and

G2 (Ge34.8N62.003.2), G3 (Ge32.6N33.7033.7), G4
(Ge31.1N13.8055.1) are defined as the composition points
at which the following composition lines crosses one
another. The composition lines are as follows:

a composition line B1-B5 connecting the composition
point Bl (Ge90.0N10.0) to the composition point BS5
(Ge80.0N20.0),

a composition line C1-C5 connecting the composition
point Cl (Ge65.0N35.0) to the composition point C5
(Ge50.0N50.0),

a composition line D1-D5 connecting the composition
point D1 (Ge60.0N40.0) to the composition point D5
(Ged45.0N55.0),

a composition line E1rE5 connecting the composition
point E1 (Ge50.0N50.0) to the composition point E5
(Ge40.0N60.0),

a composition line F1-F5 connecting the composition
point Fl (Ge42.9N57.1) to the composition point F5
(Ge33.3N66.7),

a composition line G1-G5 connecting the composition

point Gl (Ge35.0N65.0) to the composition point G5
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Table 3 Result 2 of conparing the characteristics of the optic&l giﬁ
applying the interface |layer according to the present inventio 1F 803 of
the prior art Estimate ItenDi sklnmediatel y After 100H200HAL 'Q Q1Q - 75
21 FEB 2003 A2~QpB~pXC~pXD ~. OO0D2Qo~0QE1QQQE2~0~00~ Henceforth, according
to nore detail ed experinental data, the present invention will be expl ai ned
in detail. FIG 9 schematically shows a filmfornmation apparatus used for

AR L A e
o he e VP8 8ChS8RL IR 1 R K1 TR S PR LA Hiped i fon 1 M® A
point Al (Gel00) to the composition point H2 (N95.005.0),

a composition line Al1-H3 connecting the composition
point Al (Gel00) to the composition point H3 (N50.0050.0),
and

a composition line Al-H4 connecting the composition
point Al (Gel00) to the composition point H4 (N20.0080.0).

That is, preferably the average composition ratio
of Ge to N to O in the Ge-N-O layer is within the range
surrounded by four composition points, that is, B1l, B4,
G4, Gl in the triangular diagram showing the three-element
composition Ge-N-O shown in FIG. 5. Within this range,
there are such an effect that the cycle performance and
the erasure performance can be enhanced as described
above.

Similarly to the case of the Ge-N layer, in case of
the Ge-N-0 layer, when the barrier layer is formed at the
side opposite to the substrate of the recording layer (at
the side which the laser beam is not incident on), in the
process of recording and erasing, there is less
possibility that the Ge atom is included in the recording
layer. Accordingly, the layer can be applied to the
composition region whose Ge density is considerably high.

On the contrary, when the barrier layer is formed at the
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nitrogen gas, the oxygen gas or the m xed gas of them can be ag_i)r%origégly
provided at a constant f |low rate on demand . A nuneral 52 den &£, 2
substrate. The substrate 52 is nmounted to a drive apparatus 53 for rotating
the substrate 52. A nuneral 54 denotes a sputter target. The sputter target
54 is connected to a negative electrode 55. Here, a disc-shaped materi al
having a dianeter of 10 cmand a thickness,of 6 nmis used as the target.

The negagupstelatd itk TE ithe vvtenidihd dayal r@et €he reide Mvsh sour ce or
a high-frequency power source through a switch (not shown). Furthernore,

the vacudHeCDAkarNBE4AR 1S DNEIAERE. oh herahyré Nes YRms Poxd b IeEy 49 and the
substrate 52 are -76 21 FEB 2003 kept a positive el ectrode.
that the Ge atom is included in the recording layer.
Accordingly, it is not preferable that the layer is applied
to the composition region whose Ge density is considerably
high.

Accordingly, even within the composition region
B1-B4-G4-G1l, when the barrier layer is formed at the
substrate side of the recording layer (at the side which
the laser beam is incident on), the composition region
surrounded by the four composition points, D1, D4, G4, Gl
is preferable. When the barrier layer is formed at the side
opposite to the substrate of the recording layer (at the
side which the laser beam is not incident on), the
composition region surrounded the four composition points
Bl, B4, F4, Fl (preferably, Cl, C4, F4, Fl) is more
preferable.

When the Ge density rexceeds the composition line
Bl-B4, there is more possibility that the Ge atom is
included in the recording layer, thereby sometimes the
characteristic of the recording layer is changed. On the
contrary, when the Ge density is too less than the
composition line Gl-G4, gas-state oxygen and nitrogen
included in the film are increased. Accordingly, for

example, when a laser-heating is performed, the oxygen and
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(Exanmpl e 1) The optical disks having the |layer structure shown in Figs . 3A
and 3B ( a disk ( 1) and a disk ( 3) in a table 4 ) are made2bREB 2003
experinmental basis . The recording |layer 3 conprises a phase change

mat eri al whose main component is a Ge2Sh2. 3Te5 alloy, and the dielectric
protective layers 2 and 4 conprises a ZnS-Si02 film Wen the filmis
formed, the gas is supplied in such a manner that each total pressure of

the Ar 1. T a 4 Tor r Lvel y. each of
the poudl StERa98, Ly i SHEERea Sty B e  SABBESRER: ¥ M%cgari ve

el ectrode 55, .respectivel Eurt hermore. wh the. reflecting layer (AICr) 5
i's fornéﬁ?c?ﬁglﬂﬂ Q¥efq gﬁﬁﬁpﬁghs?ﬂeéﬁ@ﬁségﬁﬁﬁﬁe+sf?ﬁﬁuQFE&ﬁ%Fé} pressure
becones 3.0 nilorr, thereby the power DC 4.45WcnR is introduced. In the
ok (1) BRORTem e A O8NS BERte GBI Y8 LATVEE §5HRATCL SRR | al 'y,
the barrier layer 8 is forned. In the_disk 3 , after _the recording

| ayer 3 tRerEereadingyjdvesr| §tcrne HOWRVEX ébﬁ% WAYes 15rkB& In this
case, Ge is used as the target, and the m xture of Ar and nitrogen is used
as the sparNzP pratectdviendpyereistfrrupdiatelegpt pnesside o8 Bl nirorr, the
partial pressure ratio of Ar to nitrogen in the sputter gas is 2 : 1, and
77 zmeeepdingilayerspat prededeaminedRefdngt sandbea pbtisdnad. is a disc
whose dianeter is 10 cm converted into a sputter power density, the
sputter power Thascomponeht3dtie of Theyhenmtichincidesgenf caachel ayer is as
follows : the disk (1) conprises the dielectric protective layer 2 having
86 nm theléeatedeadonmdi®ghtvi hheb aphiddie canstdnhg (kafarack ivaei ng 20 nm
the dielectric protective layer 4 having 17.7 nmand the reflecting | ayer 5
havi ng 1lbfAidexr) wheérn rheli skrac8urecafprd sscdidingeleoticiec iy ot ecti ve | ayer
2 having 91 nm the recording |ayer 3 having 20 nm the barrier |ayer 8

havi ng ldetermihedli elFeqt rexampépcinyeasay of £d@y-6e0}5 . 2 nmand the
ref lecting layer 5 having 150 nm As a conparative exanple, the

convent i @8apositYSl Enejovhel dlobdr alréad phsK nl afd)an ifrigitthrp barrier
| ayer is simlarly produced, and it is conpared to the disks (1) and (3).

The di skpgP) ksoErQKied%tn\ﬁ]!ék tf@fﬂa@tf%rigdako qG \é@d@/@éﬁ oand 4

conprisi'hg the mxture of "ZnS and Si 02, an,d each layer ‘filmthickness is
oL 2en R IRIIESRE LUELr EUDY HIATE, | e ESGR ll U S

St 1BECk S SATA B Gty Wi Y ke ig o e,
byt he. 1 SPECRMAT sy ey ‘DeCmeSh BeuBBs ety W IRidt i K100 0
RN R SR B
roar endoB) B SR TRI I ot dnen ARRAGRS dir. % dves bebesbBeYindRe Tro,

val ue) i s _exam a result case_t hat af%er 1 %%ﬂggitine repeati ng

.nNed. As th
record, SBPRQEJQ%RPf???E?lO&Pﬁ%W&ﬁ IR FEBnPCefE: he j fitter

val ue between the rear ends d ot exceed 13~ is.represented b . The case
t hat after However, the hfglqer tﬁe Eeo2 dens:.tf) rbecomes, t)_/heQ

lower the melting point of the f£ilm becomes. When the
melting point becomes too low, since a deformation is

occurred due to the repeated laser irradiation, and the
protective layer is mixed with the recording layer, an
excessively low melting point is not preferable as the

protective layer. Furthermore, since GeO, itself is
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150, 000-ti me repeating, although at |least either the fitter value between
the front ends or the fitter value between the rear ends exceedtFEB.2083¢ ¢r
. 100, 000-time repeating, both of them do not exceed 13%is represented by O
The case that after 100,000-tine repeating, at |east either the fitter

val ue between the front ends or the fitter val ue between the rear ends
exceeds 13~ is represented by X . Thereby, in the disk provided with the

barrier |ayer having .the structure agcqr di to . the present invention,
conpar eo‘sﬁ%:’ﬂ?g‘ 5‘P| &eq'aﬁtl,‘n ﬂewﬁgéﬁé'dt |“ﬁbeqbgd§$@ct%n%’t?€ $§°8Wﬁ§nced.

(Exanpl e_2). All e prqotectiye |aye at .the substrate side o 9 21
tep pbodEfbedeskherd s auchea BEPELER S SR iBR e HPThhed ot he
Ge-N Iaye](l or the Ge_—l\l-%a%er,, t her eb disk ( 5) is forned (

accor di ngh¢, PERECGEIN G r LRERE V8 Iréﬁé%‘y *the Ge-N-O protective |ayer whose
thickness is 91 nmis formed at the sybstrate side of the recording |ayer).
Furthernore, alif the pEspRQaitionyegion: spyrrquirded thyigthgyer side of the
disk ( 3 ) in the table 4 are_changed to the Ge-N | ayer or the Ge-N-O

| ayer, t@eMppgikignsipqimts B, f BdneF4a@br tingadditiencioy thet ecti ve

| ayer or the Ge-N-O protective | ayer whose thickness is 25.2 nmis fornmed
at the reomposiitdarayinteeBd, Bde Hoor@h ngG4ayel) forhexampleing
characteristic of disks (5) and (6) is exam ned by the same nethod as the
exanpl e Ge3BNSBIHOI5 t ka3 TADBOUEI,| Ge4ONFHRE N, t ther goold n@isthate+s, the
Ge-N | ayer or the Ge-N-O | ayer can be fornmed in such a manner that the Ge-N
| ayer orprbefGend-@ytigeperfiormangiencant becsorEirmedessinyview ofie
protective layer. Furthernore, even in this 'case, the excellent repeating
per f or maaQeepeaat hagahépf oefanceyainl €hé)rdveidn Bl I-GI+CL taviaygr 3
conprises a phase change material whose main conponent is a Ge2Sb2 . 3Te5
al oy, vhaepellativaly eXes8yokydens dompmientSh(in sdadtddn o tiget, and

the m xture of Ar and nitrogen is used as the sputter -80
composition points Bl, B3, G3, G1, for example Ge40N40020,
Ged2N5305, Ge35N35030), a good repeating performance can
be confirmed.

In the composition whose oxygen density is low, for
example, in the composition having a less oxygen component
than the composition line Al-H2, the rigidity becomes
little larger. Accordingly, compared to the composition
having more oxygen component, the composition having less
oxygen density has a little tendency to generate the crack
and the peeling. However, a little oxygen is added to the
composition having less oxygen density, thereby such an
effect that the peeling and the crack are prevented can
be obtained. As described below, even in the composition
having less oxygen than the composition line A1-H2, if the

thickness of the Ge-N—-(0) layer is about 300 nm, there is
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21 FEB 2003 gas. On the above condition, the filnms conprising the structure
shown in Figs . 3A and 3B are forned ( a disk ( 2 ) , a disk (ZMFFI%20°3n
this case, the filmthickness of each layer is sanme as the thickness in the
above case that Ge is used as the target. The spatter gas pressure of the
barrier layer 8 is 20 nlorr, and the partial pressure ratio of Ar to
nitrogen in the sputter gas is 3 to 1. In this case, the result of the

)

r epeat i i CHARBEL @IS Hrob e N0 bBrdi A 1Y MMiS (PagPB £4h be the table
4. Accordi ﬁlg to the t?lg'f% 4, conpared tobt?g case tha? Ge is used as the

t ar get Sé}%}%i'i‘ gthe filmis formed, although the nunber of repeatable tines
Is interior, bDetter repeating characteristic can be obtained than the

conparative e@gég%?g_aeégyﬁ]ég{gagl Br3tﬁE £80R20 &%P,tr?}&e i?wieé& stics of

the optical di yi ng arrrer layer accor t present

I nvent i on, 49, & eSS iUy t’l.g?'e‘y | 2he®11m thickness thereof is needed

to be at least 1 nm or more, preferably 2 nm or more, more
preferably 5 nm or more. When the film thickness is less
than 1 nm, such an effect that the diffusion is suppressed
is reduced. Furthermore, the difference between 2 nm and
5 nm is an allowance relative to the power. Even if the
thickness of 5 nm needs a higher power than 2 nm, such an
effect that the cycle performance is enhanced can be
obtained according to the diffusion and the chemical
reaction. When the film thickness is 5 nm, a basic
diffusion suppression effect canbe sufficiently obtained.
If the thickness is 20 nm or more, the above effect can
be more reproducibly obtained.

When the Ge-N layer or the Ge-N-O layer is used as
the protective layer, it is necessary that the thickness
thereof is formed in such a manner that it is thicker than
thickness of the layer used for the barrier layer. in
case of a usual optical disk, the film thickness of the
dielectric protective layer can be only formed in order
to have at most 300 nm. Accordingly, the thickness of
about 300 nm is applied to the film thickness of the Ge-N

protective layer or the Ge-N-O protective layer . In case
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D sk Nunber Layer StructureTarget of the Barrier LayerRepeating Characteri
stic(O)FIG 1No Target X(1)FI G 3ACGe~0(2)FI G 3ASb(3)FI G 3BCGe(Z9 FEB 26050Q
81 . 21 FEB 2003 (Exanple 4) Next, when the |l ayer structure is
constructed as shown in FIG 3A, and Ge is used as the target for form ng
the barrier layer 8, the range of the filmformation condition which can
obtain a better characteristic is exam ned. According to the enbodi nent,

the totahrsgalielagedy RIretHE %éﬁN-F@nﬁéﬁéHYtﬁéEet 9s2foTpidbland the
partial pressure ratio of Ar and nitrogen in the sputter gas has three

s REL00M S0 2RO L BlE TSR R ees R i e
since ey @f 98tpd Sk N5 i3y VARG LIBTELER 48 ddy it agbomibeRRUL ! or
povverhi S convert%dftllnto t'he power ensin?y, t%e respec? ve spuft[ er powers

: A n2, 9.55
?\r/\?c ?rz aqﬁgg?&gﬁﬁc%%ﬂ%ggioiﬁ%}rﬁéﬁ%%xggém%& %’c’t rrgugﬁé\éga(%? ic\%ea}ocilﬁ%/\! ‘(I:'h er eby,
the Loy (Hid HelBhed Rl SRR TS, ARBeShI S iy ge] Voo
the Tl ouf FakaRdA4Y (L5 FaRaBHeRs 100 scom 50 scom and 25 scom
vacuum purp | SNBKFor R MRENDR e B B SHA N Oks Gogk aptogmation . O |0

recording medium will be explained. The multi-layer film
constituting the recording medium according to the present
invention can be formed by a gas phase deposition method
such as a vacuum deposition method, DC sputtering method,
a magnetron sputtering method, a laser sputtering method,
an ion plating method, a CVD method and the like. Here,
the example using the DC sputtering method and the
magnetron sputtering method will be described.

FIG. 6 shows an embodiment of an apparatus for
preparing the optical information recording medium. FIG.
6 shows a generally schematic structure. In the first
place, a vacuum tank 11 of a sputter chamber is a positive
electrode. The vacuum tank 11 is connected to a plus of
a direct current power source 13 via a power source switch
12. Furthermore, the vacuum tank 11 is switching-
connected to a matching circuit 15 connected to a
high-frequency power source 14. Thereby, both of the DC

sputtering using a direct current discharge and an RF
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21 FEB 2003 pressure is set to 20 mlorr. The l|layer structure if g&ﬁséé ted
simlarly tothe disks ( 1) and ( 2 ) . The filmthickness of 3 éjjir
is as follows. The dielectric layer 2 is 86 nm the barrier layer 8 is 5
nm the recording layer 3 is 20 nm the dielectric layer 4 is 17.7 nm and
the reflecting layer 5 is 150 nm The repeating characteristic is exam ned
by the nethod shown in the exanple 1. The result is shown in a table 5.

Furth i i S i te.i th
weat hor - BPESFLHE QETnKE RIRH AR R0 A d M5 I B iR £
i ' ' N : dth
sl L%k CAblcHapihary SORAAY 15 aRBHRY pLindRRBR R FRRC 10e
i i .Jh A ' I e [ , th
Gener o PRSP BoEanERs) ieRIRg #Fofht Bofist stk ddn. “"Genot s
th that th | i ft h ' t l.ed at all. ,O denot
the case that &iBRECHR PRECIGNAMANS VACHYD Stk SEi MOt (s not
led, th | i ft 200 h ' | ed, if slight]y. denot
Phe cascvihl TAUhJIRAR EhiesanBRRipaRs oFo 10b hodbs 18 HBeTREHtd "the -
sanpling after 150 hours is peeled, even if slightly. X denotes the case
that theedgspmadeaiklyr LHagoshoyr) ptieh alkgeseFve|3g @ Watess 21 FEB
2003 Table 5 Rel ationship between a filmformation condition of a barrier
| ayer apPPP&@Li-o A%angpﬁaténg materizl ¢4 dridagprerspst araung esehe

performance Sputter Power(Ar partial Bressure) . (Nitrogen parti al
pressur enegpkivel elegroede 16, 17, 18, 19, thereby the negative

2100XXX30000X50000X70000X71000075000010000001500000 Tabl e 6A Rel ationship
bet ween electdiades 16, AdnnilBg h9farenimisalatedi fromayhe pomitbdeto a
substrate side of a recording |layer and a weat her - proof
electrode. Furthermore, the negative electrodes 16, 17,
18, 19 can be grounded via switches 20, 21, 22, 23 (switches
22, 23 not shown).
A Ge-Sb-Te alloy target 45 bonded to a copper backing
plate, a ZnS-Si0, (Si0, : 20 mol%) mixture target 46, an
Al-Cr (Cr : 3 atoms%) alloy target 47 and a Ge target 48
are fixed to the negative electrodes 16, 17, 18, 19 via
an O ring by a screw, respectively. Each target is
disc-shaped, having a diameter of 100 mm and a thickness
of 6 mm. Furthermore, a permanent magnet (not shown) is
accommodated in the negative electrodes 16, 17, 18, 19,
thereby a magnetron discharge can be carried out.
An air outlet 24 is disposed at a side surface the
vacuum tank 11. A vacuum pump 26 is connected to the air

outlet 24 via a pipe 25, theréby an exhaust can be carried

out in such a manner that the sputter chamber is high vacuum.
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Sputter Power (Ar partial pressure) : (Nitrogen partial pressure)(W2 : 11 :
11 : 210000X30000X -84 21 DEB 2003 21 FEB 2003
50000X700000X7100000Q750000010000C0Q0OL500000000200000000C0 Ther eby, in view
of the repeating characteristic, when the sputter power is nore than
RF300W better characteristic can be obtained. In view of the adhesiveness,
when the sputter power is nore than RF1I00W better good characteristic can

be obt aim%%ﬂééretab?'ﬁﬁo%%eﬁrtHé”'QramlﬂBﬁ'rtéﬂﬁ $RULECHrBOYRed RAYRES, the
better the characteristic can be obtained. This reason 1s that the higher

the sputf efo@?g;ﬁgfggg%ammmenieaﬂsw HoAde P2 d A RbunRd@lddg to the

nitrogen part ure, iIn caser
a rotary shaft 28 of the rotating apparatus 27. The

substrate 1 is attached to the disk holder 29. A numeral
30 denotes a shutter. The shutter 30 is closed so that
a pre—-sputter is carried out. Furthermore, the shutter
30 is opened and closed, thereby a sputter start and a
sputter completion are controlled.

One side of a gas pipe 31 for providing a sputter
gas is connected to the vacuum tank 11. The other side
of the gas pipe 31 is connected to an Ar gas cylinder 40,
a Kr gas cylinder 41, an O, gas cylinder 42 and an N, gas
cylinder 43 via amass flowmeters 32, 33, 34, 35 and valves
36, 37, 38, 39, respectively. Thereby, aside from the
usual sputtering in an Ar gas atmosphere, the sputtering
in a Kr gas atmosphere, a mixed gas of Ar gas, Kr gas and
N, gas atmosphere (for example, Ar+N,), a mixed gas of Ar
gas, Kr gas, N, gas and 0O,rgas atmosphere (for example,
Ar+ N,+0,) can be carried out. The gas containing the
nitrogen component is not limited to the N, gas, for example,
ammonia, etc. is also included in the gas containing the
nitrogen component. However, considering an apparatus
contamination, etc., in general, the N, gas is preferable.
When the Ge-N-0O layer is forxhed, N, O, NO, NO, or the like

is used as the gas containing both of N and O, and the
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of (Ar partial pressure) : (nitrogen partial pressure) =1 : 2 better
characteristic can be obtained only within the sputter power r2hFEB20Q3
than 710W When the nitrogen partial pressure is higher than an appropriate
condition, since a surplus nitrogen not conbined to Ge exists in the
barrier layer, it is assuned that the peeling is generated due to the
surplus nitrogen. On the sanme condition of the -85 21 FEB 2003 nitrogen

partial g aequanq:ﬂm e aliyd e fiete louts inneheafededt §aseofsareduced a
possibility that the Ge atom sputtered on the target surface is conbined to

the nitrgganepeini! the sputtered Ge atomis attached to the substrate
surface. Thereby, since a m xture anount of the surplus nitrogen is

reduced, it i SpREPGEefbd %Zg,fspafshgnt%er DELA BT i fPBERGKSIIS i ¢ can be

obt ai ned exists. As an ana ng resul't of the average conposition ratio of
t he barr|] ' ; ' q.tul;cg:r 3 Sk, case,

t he averggéoc@@&ﬁew&wg%%h%%%qs% an Lﬁcél]?}%ﬁ{rﬁil?%‘%g'rgﬁggggurrounded
Fa s, SheaBhaLRobE oS A dRE gt £E Me RER R G0 oM 1 1
E4(Ged42. 3N11.5Q46. 2).,J4 n general ,. when Ge or Ge-N i sed as _the target and
The i xeASHREAING £ thP SRERORH i :om By SFBo GhbS APTReatRe ) m po
formed, there_is a tenden that if_the sputter power js relatively snall,
he Go. MBI B CRACH TP BELEY - or BoR G R IG Latiats L S¢Sk &R s pur o
power is relatively large, the Ge-N film 058 oxygencontent is only .an

i npur i t yeKe8PH-L§ stl%/%f'n’ég? ge e @Y e LELHIE, ﬁFé?figr XPr 13 thStter power
has the power, density npre than 1.27 Wen2. Wien the power density is nore
than 3. sgammr bAYRF Afhedspased ahdtheceubegradse &3de) ¥hakh®teristic

can be obtained. In . . .
recording layer will be explained (henceforth, in case of

no particular explanation, an explanation is made in an
order of Ge-N, Ge-N-0).

In the first place, the vacuum pump 26 is actuated,
thereby the vacuum tank is exhausted to a high vacuum of
1 x 107 Torr or less. Next, a main valve is throttled,
and at the same time, Ar gas is introduced into the vacuum
tank, thereby a degree of vacuum reaches to 1 mTorr. The
disk holder 29 is rotated, and the power source switch is
turned on, thereby RF discharge is started by the ZnS-
8i0, target 46 and the negative electrode 17. The
pre-sputter is carried out with 500W power for five minutes,
and after the discharge is stabled, the shutter 30 is
opened. After a 2ZnS-S8i0, film having a predetermined
thickness (according to the embodiment, as described above,

91 nmor 86 nm) is deposited on the substrate 1, the shutter
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- 86 21 FEB 2003 this case, a filmformation rate is 18 nm m nute, when Ar
partial pressure : nitrogen partial pressure =1 : 1. Preferabzll!:Ea'u%oerm
formation rate is nore than 18 nnimnute. (Exanple 5) Next, the difference
of the disk characteristic is exam ned according to the difference of the
partial pressure ratio of the sputter gas pressure and the nitrogen partial
pressure in the sputter gas. Thus, the layer structure conprises the sane

ovor | SRoREL SARPLo: TP ABRL Chien Laves & romneeetpa Bhel ne Shu ter

gas, Ar partial pgessure and the ni gen rtial .pressur re ,changed, the
char act e&‘ét F‘&bp séﬁilgn'?‘ﬁegc.’r}&e Red %{Agt 9nggf§’l?ec ioé’els(fea&ﬂféﬁéi Oz
protectiye Ia¥-er whqse filmthickness is 86 nm a Ge-N or Ge-N-O barrier
layer whoR® FFPAVE sPOFE18Mf a Ge- Sb-Te recording | ayer whose film

t hi ckness is 20_n ZnS:.Si rotective lLayer, whose fjlmthickness is
177 nm and_ arPBPeE EBA SANATAS b5 TR LEGA 1 e cthS] 82480 nm A FI G
3E-type disk conprises a ZnS-Si Q2 protective | ayer whose filmthjickness is
91 nm V&EVELLTEeNHeLERLY RPengdr thtdedtiaePERYRRAEESLS FeAPEIRd a Ge- N or
Ge-N-0 barrier |layer whose filmthickness is 17.7 nm_ and an Al Cr
reflecti®@ 1 87107 Barrep Phepceipathwhtbe naim (&l ek $hirottpledm The
repeating characteristic is estimated by the sane nethod as the exanple 1

to 3. Thegatat,hehe@waehs andsthewl,aghduriehénseoduridad tise et iaxanpl e 4. A
tabl e 6B shows the filmformation condition and the estimate result. In the

tabl e 6BoEmDYLESEE) tIRNUISE thect60aY Priddate disket td Do nfpewpl e 1.

Furthernore, nmarks are represented two by two, where the left mark and the

ri ght magéxeor tRePRPAdi8chBegeesy! étaf:thaebfl the3de l¥PEget Skg it he result
of the FIG éE—type di sk, respectively. Table 6B Rel ati Onshi p between a

oo ERRChELAR e RS 2051 Aok R 8-S1 o o
sputtering, the shutter 30 is opened, and the reactive
sputter is carried out with 500W. The barrier layer 8
whose main component is Ge-N having a predetermined
thickness (according to the embodiment, as described above,
5 nm or 20 nm) is formed on the previously formed ZnS-
Si0, protective layer 2 (since the opening and closing
operation of the shutter 30 and the valve operation are
similar to the case of forming the following layers, the
explanation is omitted). When the barrier layer whose
main component is Ge-N-O is formed, in the above process,
instead of introducing the Ar gas and the N, gas at the
ratio of 50% to 50%, the Ar gas, the N, gas and the 0, gas
can be only introduced at the pressure ratio of 49.5% to

49.5% to 1%. Only this point;_ is different from the above

case. Similarly, the succeeding process is carried out.
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Di sk No, Total pressure (niforr)Partial pressure ratioWather- proofRepeating
characters stic2A2E2A2E(0)-r.~X(5)1.01 : 2XXXX(6)3.01 : 2XXXX(Z} EEB)EOM
2XXXX(8) 20. 01 : 2XXXX(9)30.01 : 2XXXX(10)1.02 : 3pXXX(11)3.02 : 3pX0OO _88_
21 FEB 2003 (12)10.02 : 3pX0Q(13)20,02 : 3pX0OQ(14)30.02 : 3pXOQ(15)1.01 :
100QXX(16)3.01 : 10DOQ(17)10.01 : 10DOO(18)20.01 : 10DOQ(19)30.01 :
10D0Q(20) 1. 03 : 20DO((21)3.03 : 20D0OQ(22) 10. 03 : 20DOQ( 23) 20. 03 :

o 28) 20, 0558 ECRE{ Bab s +dnIEILS, B IO RICABENE oos

ééoggﬁgf‘%‘?&%ﬁ n:l%%%%%%lﬁ?mﬁgoé%%%gg‘?% B35t 20~00%0

-89 Zlcgﬁﬁi&%bly less than the N, density. In some cases, the

mixed gas of the Ar gas and the gas containing an N
component can be only used as an introducing gas, thereby
the Ge-N £ilm containing oxygen, that is, the Ge-N-0O layer
can be formed. In this case, such an administration that
the degree of vacuum is set within a predetermined range
before introducing the gas, etc. is carried out, thereby
the O density in the Ge-N-O layer can be controlled in such
a manner that a desired O density is obtained.

The composition of the Ge-N layer and the Ge-N-O
layer can be identified by a combination of an auger
electron spectral method (AES), a Ruthurford back
scattering method (RBS), Inductive Combination high-
frequency plasma spectral method (ICP), and the like. The
compositions in this case are Ged44 N56, Ge40 N40 020,
respectively. '

Next, DC discharge is started by the Ge-Sb-Te target
45 and the negative electrode 16, thereby the recording
layer 3 is formed. The Ar gas is introduced so that the
degree of vacuum is set to 0.5 mTorr. The sputtering is
carried out with 100W power in such a manner that a
predetermined £ilmthickness (according to the embodiment,

as described above, 20 nm) can be obtained. The formed
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(38)10.085 : 15~0~X((39)10.090 : 10~0~XX(40)10.0100 : ODo~0oXX Figs ._ 10 and
11, and Figs . 12 and 13 show respective cases of the repeati r?é EB 2003

. characteristic and the weat her proof. Here, the nitrogen partial pressure
is represented by an abscissa axis, and Ar partial pressure is represented
by an ordinate axis. In the first place, in case of the 3A-type di sk, as
shown in FIG 10, the filmformation condition which can obtain better

r epeat i ngecordangediayptaers 3 sishincamorphaus retdtoeal pressure of the sputter
gas exceeds 1 niforr. Furthernore, when the total pressure is 10 niforr, the
ni trogen gas peextalthe easHsdo,nfilhe ofpthéaippes protearigivg layes 25~ to
60~. Furthernore, when the total pressure is 20 mflorr, the nitrogen gas
partial frisssoemed Wiirieputher sgme coONdRGicY d$ obhd21over60—~.

Furthernore, as shown in FIG 12, the filmformation condition which can
obt ai n bekbeecreveheayRroQf of a first layer in such a manner that

a predetermined film thickness (according to the
embodiment, as described above, 18 nm) can be obtained.
Finally, the Al-Cr target 47 is CD sputtered in the Ar gas
atmosphere of 2 mTorr with 300W power. The Al-Cr alloy
film of the metallic reflecting layer 5 is also deposited
at a predetermined thickness (according to the embodiment,
as described above, 150 nm), thereby the multi-layer film
having a predetermined five-layer structure is formed on
the substrate 1.

The formed medium is taken out the vacuum tank 11,
and the metallic reflecting layer 5 is covered with the
ultraviolet curing resin. The dummy substrate is
laminated on the covered metallic reflecting layer 5 so
carefully not as to generate a bubble. In this state, the
ultraviolet is irradiated, and a coated layer of the
ultraviolet curing resin is cured, thereby an adhesive
structure provided with a contact layer 9 and a protective
defense platel0.

According to the above example, as the method of
forming the Ge-N layer or the Ge-N-O layer, the metal Ge

is used as the target, and the mixed gas of the Ar gas and
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( adhesiveness ) is the case that the total pressure of the sputter gas is
more than 1 niforr, simlarly to the case of the repeating char2kcFEBi 200 .
In both cases of the total pressure 10 nforr and the total pressure 20
mrorr, simlarly, the nitrogen gas partial pressure in the -90 21 FEB
2003 sputter gas is within the range |l ess than 60% preferably |less than
50% Next, in case of the 3E-type disk, as,shown in FIG 11, the film

formati oghef p&ht&dwﬂi@slareth@omiiﬁdd)rqaxmi@b €Ra ARt ¥aly baiHer repeating
characteristic is the case that the total pressure of the sputter gas

exceeds Aj@¥eyen Gas BadRhe oWpeent §ast 8Fal upeaSSH Enhe e WL, the
nitrogen gas parti;al pressure inthe sputter gas 1s ranging from 15%to 60%

Furt hes goemthP by Nend OFshokiSas Wit Serfhd et hotle, oyt 02

partial pressure 1n-the sputter gas I's rangin rombs%to %

Furt her ngbgrea%%%ég ‘EJF@(mg%het he filmformati on conditi on which can

obt ai n béttTer weat her-proo siveness ) is the case that the total
ressure of th t ' € nir. im.Lar t o the case of
F he repeating @Egggc%léﬁpgﬁ%chiergébfo‘%j;fé‘géés géé%-'ﬁédtné%gifﬂ%&%%%fe 10 mrlorr
and t he {otal e re 20 _mtorr imlarly, .t ni.t rogen, gas rtial
pressur e&Fn thes-éﬁgq%rppaaggi 4p\‘ﬁeﬁﬂr@q yr%?lll}g)l ésss ‘%’f‘a%g%%fngﬁﬁr laf erably

| ess thap 33% Acgording to.this analysis, .the conposgition.range of the
GoN or BBERSH | aJ B WRATCLYS SBULLRTBOH S GARGEear PUE AR Sheani ned.
When this material |ayer, i,s disposed at the substrate side of the recording
| ayer, aRi¥REWHAECPR aﬂpﬂ%ﬁﬁﬁrriﬁw ﬂ‘@tﬂﬁaﬁ%ﬁﬁpgﬁMOiWﬂG. 5, the

average conposition ratio is within the region -91
the film is prepared. Furthermore, a Ge-O compound

(preferably, GeO, Ge0O,) is used as the target. The
reactive sputtering is carried out in the mixed gas of the
rare gas and the nitrogen, or in the mixed gas of the rare
gas, the nitrogen-containing gas and the oxygen-
containing gas so that the film is prepared. Furthermore,
a Ge-N-0 compound (for example, the compound of Ge,N, and
Ge0, or Ge0O) is used as the target. The reactive
sputtering is carried out in the mixed gas of the rare gas
and the nitrogen-containing gas, or in the mixed gas of
the rare gas, the nitrogen-containing gas and the
oxygen-containing gas so that the film is formed.

When the £ilm is formed, in case that impurities such
as Ar, H, Si, C, etc. contained in the sputter gas and the
chamber are contained in the barrier layer 8, if the
impurity density is 10 at % or less, the similar effect

to the case that the impurity is not contained can be
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21 FEB 2003 surrounded by four points, Dl (Ge60. ON40.0),

D4( Ge48. 8N10. 2041. 0), Gl(Ge35. ON65. 0), 4(Ge31.1N13.8055.1). RRit FES 2e0%,
when.the material layer is disposed at the side opposite to the substrate
of the recording |ayer, the average conposition ratio is within the range
surrounded by four conposition points, Bl (Ge90.ON10.0),

B4( Ge83. 4N3. 3013. 3), F1(Ge42.9N57.1), F4(Ge35.5N12.9051.6), nore

Pt orlgdo} IRGSTPAREE] 30 [ AnescaraBoyIeR S sl cpmaBAL QD POl e, CF
Regar di ng. Lg% AREAL hith & MANACE AL laHd EnelbELab o AGUSHE BRI Ay Pressur e

in the splutter gas 1s Tow, since a of surplus ot connected to the
recor di gt kpk:8 s AENEG0 B aTEE o850y Phhds A L ARRIRALAL P 1N
2t the t cFPECRPRGERIELY ENBE ST e BBRRART Y € TSR t ot mt
thor cby (48 Temdintided 2 ERA8 Rengar 1| EPE Aere (& FaR Bardtedsed. on
the contrary, when the nitrogen partial pressure in the sputter gas is too

p
hi gh, a | 8P % the pane dansbyasckheiGe dgnsidyt ot Mayimump thexelpfp 2003

this case, better repeating characteristic_ cannot be_ obtai ned. Regarding

t he adhesCvehasgelaheontrdihitesgeq ephangingr theupdhesivaneg®ité@r gas is
high and a lot of surplus nitrogen exists in the film the peeling is,
gener at edthet Fecardingel@ayarioftCest. Wien the nitrogen partial pressure
is low and the surplus Ge not conmbined to the nitrogen exists, the peeling
i s not generat ells atseconk pedthad ofaforméngotbedeanvierohayerd fert he

ni trogen and oxygen exists, the higher an affinity for the recording |ayer
conponent elzampies, the destoex ball abothe recordéng dagsmiis tappldied havi ng
better repeating characteristic of the record and the

adhesi venegstheesapygetr, gascthei hieriges apderdtrddicyoxidé bedng) is
clear. Wien the sputter gas total pressure exceeds 50 nlorr, the film

f or mat i onthet SohgeLEBEnt @l emeAEs £ithel ¥ecbidihgMDAyer ¥atd €akmede fil m
formation cpndition is the case that when the Ge-N or Ge-N-O | ayer is

formed, thach@My tiRNBakYiled DayieH caAUBBIEbAKEd] heFbRl @RampEed in91W cnt.
When the power to be introduced into the target is nore than 8.91Wcnz, a

tinme untikalde J&e Algarsipribéd eéfgltem Feeotranagt 1aYdrcans giipshed to the

substrate surface beconmes shorter than the above case, thereby nitriding

?Ed ni :ri @imgn%a&ajé@ri@h%é@fs@ L HeR) ee2lstl rd - lHHE Gasth-AeapLdi ng to
e rate, -

can be formed. 1In case of this method, for example, in

the first place, after the protective layer is formed, the
Ge-Sb-Te target is used, and the reactive sputtering is
carried out in the mixed gas of Ar+N,, thereby the Ge-
Sb-Te-N film is formed in order to have a predetermined
thickness. After then, Ar is used as the sputter gas, and
the Ge-8b-Te recording layer is formed. By this process,
only one target is used, thereby the barrier layer and the
recording layer can be formed.

According to the embodiment, such an example that
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21 FEB 2003 the nitrogen partial pressure in~the sputter gas is
appropriately increased,thereby the simlar effect to the case2{r&B 2003
power density is 8. .91 Wcnz can be obtained. On the contrary, when the

i ntroduci ng power is less than 8.91 Wcn2, since the nitriding and
nitriding-oxidation are excessively generated, according to the rate, the
nitrogen partial pressure can be only adjusted in such a manner that the

ni trogent Bar prdodtisf SRMFOIMIAG L BEUEEBbradnhd I aY G it dréduced. Wen
the nitrogen partial pressure ratio in the sputtér gas is nore than about

90% the; apyhbeiiiRe igﬁmrsesﬂ[?v{.ﬁ.zs“ BYS AW ddn ive YNt Al&gable. The

val ue of the sputter “power an mfornmation rate is set to an

opti onal ;ya gl in i ptryg r nilrkde-oxi de can
be for mst.'iyl ﬁl%d&%%’g%%ﬁgb%\%&g%ﬁr ellgpaﬁlysf rﬁ%%pﬁﬁ?eﬁz p]?)%/{e'?iggnsi ty > 1.27
Wen2, a jlap f i 234 m . Next ,
when the%ﬁ%ﬁ%%ﬁ@ﬁﬁﬁ#@%ﬁ éadahql%rggeﬂd', m%&%nggﬁ(%rﬁéﬁ ptical
const ant _of J1er ri ] : flgsS : e sputter
pover of the FEBCHHIS HANRET, domFAPEN EY Sh¢ gdfe of SofPE ldC 2N
gas i 5 cRARSAST ek ¢ & it 16388 T o T BeT e Tierelv g o
gas is c ged,” t 15,7t -4 . EB . c | ex

The' r esUFEOE TR VPR QOMEALINERS, RBEnBIE LT Sl (die RARFLSE 700W  and
the sputter total presiure is constantly set to 10 mlorr. Wen, the niitrogen

partial pR¥&Iur €ahbe lamingteady: Hergadthe exampke of REePariRge change

of the conplex refractive index of the filmon aline a ~in Figs . 10 and
11 i s ex&henaptimel rtBfprmatigmnwesording medimmhaving fheial pressure
ratio of Ar and the nitrogen in the sputter gas is constantly set to 1 : 1,
and t he g&suahtute phessuin FEG cB3anysdhown { hiBox examflles aBoskowns t he
change of the optical constant of the filmon aline b in FIGS. 10 and 11.
These gr AphEI6r.e3Epnin wadd oft hheaborvectppkei having thaegxrofettbivei t rogen
partial pressure. Wen the barrier layer is used at the substrate side of
the recoldyeys aysnipr s thgreheybatlird edo malter =X reac thoteh | 9fl@ssvefue n+i k of
the barrier layer satisfies the range of 1.7 <n <2.8 and 0 <n <_ 0.3.
Fur t her nghe reberdig bayeres, bheprotedtdde layer comprising the

nitride and nitriding-oxide, the recording layer and the

protective layer comprising the nitride and nitriding-

oxide can be formed according to the above process.

Furthermore, for example, as shown in FIG. 3E, when

the protective layer comprising the barrier material is

formed on only the upper surface of the recording layer

3, naturally, the films can be formed in the order of the

recording layer, the protective layer comprising the

nitride and nitriding-oxide. In case of this method,

since the composition of the recording layer is common to

that of the barrier layer or the protective layer. there

is less fear that the chemical reaction and the
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at the side opposite to the substrate of the recording |ayer, preferably,
the conplex refractive index value n+ik of the barrier |ayer s&tFEB 3@0¥he
.range of 1.7 5 n5 3.8 and 0 < n < 0.8. Wen the filmconposition is

anal yzed, if the filmis formed by using the sputter total pressure 10
mrorr, -95 21 FEB 2003 the oxygen density is ranging about from5~ to 8-~.
In case of the sputter total pressure 20 niforr, the oxygen density is

rangi ng aibwteréidfusion aX®-~ocehrrad.s Actordimyly ttarhidieerase of 10
mrorr. In view of producing nethod, even if the filmformation condition

such as taeéhepli/etestopan bd basilytdstagneder EReehiditid thibangag, the film
Is fornmed in such a manner that the conplex refractive index of the Ge-N

filmor therGex&npll, wheat itild Geidis-Pdorecopddfg Thgeebis bl
characteristic can be obtained. (Exanple 7) Next, except that the structure

conprisesj@ P3radoani cus? tas & He |dbidt £kiieht alembAtMof2@hm
respectively, and a ZnS-Si 02 protective layers 2 of the substrate side

whose fi '@éibbc%@e&%ﬁﬁ% NMay&8, 8thdt 'i85Pa%e Vil ¥ride2Ankype disk
havi ng the sanme |ayer structure and the filmthickness as the exanple 4 is

prOduced-xtx%@EiHEh@—fdQ{i@é i&ibw%ggg%{/\?ﬁdoébtiﬁ?e : %& gc{s LAChHat ri® S

fol | ows: e sputter power 1S that 1s, ower density 8.91Wcn2,

e, ot Sy SRl o ROSSGELYE AL Slen 1 PREL! e IR UARSL (T
above casgye/Refal®PY! And RS WLLALSD Wi d R 'dW the target, and
Te~N, Te-N-O and Sb-N, Sb-N-O can be selectively
independently formed, respectively. In any case, the
effect corresponding to the Ge—-N-0 layer can be obtained.
In case of the barrier layer and the protective layer using
the nitride and the nitriding-oxide, for example, as shown
by the case of Ge-N-0, the composition ration of the
nitrogen element, the oxygen element and the metal element
is not limited to the stoichiometric composition.
According to the present invention, when a heat is
applied, in the constituent.element of the recording layer
and/or the constituent element of the dielectric material
layer, a material movement is suppressed. The layer
having a higher adhesiveness to the recording layer and/oxr
the dielectric material layer is adhesively formed on at
least one surface of the recording layer. If this
requirement can be only satisfied, the constituent element

of the recording layer is not limited to nitriding-oxide.
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- 96 21 FEB 2003 characteristic and the weat her-proof of theji'()EF
simlarly to the above case, a very good characteristic can b EI%%QP
(Exanmpl e 8) Next, the effect when the barrier layer is applied is shown by
conparing the disks having different |ayer structure to one another. A
table 7 shows the structure of the experinentally nade disks and the
estimate result of the cycle performance thereof. In the table 7, DL

denotes {Re A '\ég%bgiégéfc%@tealdu esgﬂ?éel?goéleﬁ\ler&e%% &hd he recording

| ayer containing deno arrirer layer containing
Ge50N450 : es_t lecting : cong.aj nj re

speci fi c%FF?r}%\ﬁn%;dL? &%En% eaP ggﬁsﬁg%céu}én%gg%ﬁéga ¢ %@% gﬂq%tﬂts%resrb cified,

t he description such .as DL -NO s included i . _The ,estimate net hod
s SancedBatt HEY 88 SRbTis-c) st eXanisfe, fhe, bonFtisRErting t he

anpl i tude,val ue ar stimated.,.,After 100, 000-ti ne _repeati record, the
fitter v&ﬂ‘&@‘e(ﬁeé%ﬁr@beb§e§85ﬁué‘ REE thAY %’ﬁesﬂ“ﬁ@rs en each nark
front end and ;the fitter betvvéfn each rrfrk rear end are independently
measur edFORStdent alerent (forexamplenAn—Ny RNt 1@FChHEtQEen the
mark front ends and the fitter between the mark rear ends are |ess -97 21
FEB 2003theadiekeser 1@ cProfesd iy kawer  « (prvherwore,sdd d@ v changed is
represented by ~. Such a case that although the fitter value is changed,
the fittexpested ithatfthenmixdure of Huve t aempotivde exsept! koY s
represented by O Such a case that after 100,000-tine repeating, the fitter
sl i ght | ynaxtedetingtexidéecencbevalppl iad eprixsent £l bp—-gb-T8ua@nd case t hat
after 10, 000-tine repeating, the fitter value already exceeds the

r ef er encAgrdin+Sbh-<Te eqy®isems ezt doy whicHldo ast tentaimee asesesedio a hi gher
val ue by about 10%than the lowest limt fitter value, where the | owest
limt fisserhalrecoedihgs matendzilie thencaeaNi fiillimlarfd ey cetwe satisfies
the value less than 12 . 8% . Furthernore, after 100, 000-tinme repeating,

the anpl ot Fdanw adre ésfebsdrecd. Such a case that | ess change is found is
represented by Q Such a case that about 10% or | ess change is found is

represent ed bynextSualhe? faiGRed BécobPaihg?R¥IEhANGSs 1ih IO Sed epr esent ed
by p. Such a case that the fitter value i's reduced to nore than 20%i s

representg@d Pyi¥ialiedtiheis shpmbelisud Bb'ﬂ% N@Ferlirrhfigesd®mf no
reflecting layer ( a disk 41 ) , the
as described below. Any other method, for example, the
method using a flush exposure can be applied. Here, the
disk medium is rotated at linear rate of 5m/s at uniform

rate, and the laser beam having a wavelength of 780 nm is

formed in such a manner that an oblong spot of 1 um x 100
pum (a half value width) is formed on the disk. The disk

medium is located in such a manner that the longitudinal
direction of the oblong spot thereof is a radius direction.
The crystallization is sequentially carried out at a pitch

of 30 um/rotation from an outer diameter to an inner

diameter.
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anplitude value is severely reduced, and the fitter value risej
However, the barrier layer is provided, thereby it is possibl eZ{EEbzém a
consi derabl e effect of the fitter performance and the anplitude performance
-Os 21 FEB 2003 (disks 42 and 43), 2) even if the reflecting layer is
provi ded, when the reflecting layer id thin, or if the |ayer between the
reflecting layer and the recording |layer is thick (a disk 44 : in general,
a so-cal | ed anFREreRY stthetmehod pfepsepardmiedhesophicadse that the
reflecting layer is thick or the | ayer between the reflecting |ayer and the
r ecor di ngnfgymation mecqrding ediumjacepiding te one embosinartichi ng
structure) cannot be obtained, 3 ) if the barrier layer is applied to the
anneal i ngfsthepnesent inyegittiombiseskownet Efitheenubmbeaimef Jayesks 45 and
46), 4 ) in the quenching structure, the barrier layer is only disposed at
one si deanfl the kayer dilnickagss,of Hdree i skhareorisangedh| hefdbente can be
obtained. That is, in the structure having no reflecting |layer or in the

st ruct urpethodhi g subet ambiatliyveimbyer . hamapoharinbirek £hé edebisgm ( for
exanple, nore than 80 nn) is forned between the recording | ayer and the

reflecti pgviaevaritfad At hA¥8 as SskOwRi IRIBDGY, eshecd i Mg ddative to
the fitter val'ue reduction and to the suppression”of the anplitude

reductiopjdee 4Q e 4gPeahi Be %qgﬁrl(ér]yefb@ga_repeati ng tines is

necessary, “the barrier layer is essentl ntly, in many cases, the

above anneal i ng,d%tc_g;é e cag g;aﬁz)?%p%g%tas%pﬁiea %ﬁfgi%gkzgfoverwi ting

-99 21 FEB 2 a high spee oru a et al.

Ther mal |y Jhabanced SLEYEAYRG §hyRtds P NG OBt itk i-1ayer

recording can be carried out, and a disk comprising two
laminated disks with rear surfaces thereof in which the
record can be reproduced at both sides can be applied to
the present invention.

Next, the signal is recorded on the optical
information medium prepared by the above method, and the
method of reproducing the record will be explained. In
order to estimate the recording and reproducing
characteristic, a deck is used. The deck is provided with
a semiconductor laser light source whose wavelength is 680
nm, an optical head mounting an objective lens whose
nunerical aperture is 0.6, a linear motor for guiding the
optical head to an optional position of the recording
medium, a tracking servo mechanism for controlling a
positioning, a circuit for the tracking servo mechanism,

a focusing servo mechanism for controlling an attitude of
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di sk for high speed and high density recording”, Trans. Mat . .
Jpn. , Vol . 15B, 1035, ( 1993 ) ) . Accordingly, a conbi natioﬁgﬁqg@&

anneal ing structure and barrier |ayer generates a large effect. On the
ot her hand, the structure having a thin protective |ayer (for exanple, 60
nmor |ess) fornmed between the recording |l ayer and the reflecting |ayer is
provided with the barrier layer as the protective |ayer. Thereby, nore
speci f i cghley opthicalpheaddeangerffoy nancediavihg anrarcadimgcitinngl y, much
nore repeating times can be achieved. Table 7 Effect conparison of the

barrier kayfadewdthvg laseigpgnts, hayefcelit FdtitheF&bsskgl SoEvo
struct ur eRepeat i ngnunber performance' Jitter Anplituded4lDL AL DLXX90 nm 22 nm

gZZHMZDhe%'ha‘N-iﬂﬁ & TaxdP amidelciFchit W%cﬁl—laﬁé—iﬁ% lp&ef Nm 10 nm

nm 10 nm7 2 nnd4DL AL DL RL(ADX90 nm 22 nn80 nm u) 10 nmd5DL BL AL DL

RL(AL Q o® thO0laser, a time interval analyzer for measuring a
jitter value of the reproduced signal, and a rotation
control mechanism for rotating the optical disk.

When the signal is recorded or overwritten, in the
first place, the disk is rotated at a predetermined rate.
The linear motor is operated so that the optical head is
moved to the optional track position. Next, the focusing
servo mechanism is operated so that the laser spot is
focused on the recording film surface. Next, the tracking
servo mechanism is operated so that the laser beam is
tracked to an optional track. Next, the laser drive
circuit is operated so that the power of the outputted
laser is modulated corresponding to the information signal
between an amorphizing pulse portion having a power level
whose irradiation energy is relatively high and a
crystallizing pulse portion having a power level whose
irradiation energy is relatively low, as shown in FIG. 7.
The optical information recording medium is irradiated
with the laser beam, thereby such a state that an amorphous
state and a crystalline state alternately exist is formed.
A peak pulse portion comprises a usually so-called

multi-path formed by further narrow pulse sequence.
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21 FEB 2003 8 0O nm10 nm2 2 nm9 0 nm. a )10 nmd6DL BL AL DLnéﬂGgga]
RL(AQDo8 0 nm10 nm2 2 nm9 0 nma )10 nm47DL AL DL RLQD9O #8093 nm
150nmi8DL BL AL DL RLQ® 0 nm 10 nm2 2 nm6 0 nm 15 Onmd9DL AL DL( GeNO)
RL90 nm 22 nm 60 nm 150nnb0DL BL AL DL(GeNO) RLQRO nm 10 nm 22 nm 60 nm
150nm (Exanpl e 9) Whether or not the material |ayer except for the Ge-N,
Ge-N-O0 | ayer can be used as the barrier layer is examned. As a nateri al

candi dat Si-Ny SieNO: . S -NLO Zr-NSO Ti-N LA -N and A -N-O are
sel ect ed.ﬁfFﬁraﬁs}leca]s%#a?h%gSugt% 1 Bh i :\Qﬁé | AnQLphlzdRg 3& nds of
conpositions,, that is .a stoichjongtri.c conpositi.on and (B).the
Conbosi t PERCIGH AFELERbIE S0cHALARE, tie BATCLAN (o GeRchfn 1« he

stoi chiongtri corH)osition are testeq. The nedium structure is a FIG .

3G type PP dhe pRrilep; s 14, &he, Anerpheus cRkate of the nm The

medi um structyre conprises a ZnSe-Si Oz protective | ayer whose thickness is

80 nm tRErBIAted pordiion i i crystalddd g Pulse raFebentk$ ckness is

20 nm a barrier material |ayer whose -101 )
annealed, thereby the portion is in the crystalline state.

Next, when the signal is reproduced, the irradiation
power of the laser beam is set to a reproducing power level
lower than the power level used for the crystallization
in such a manner that the optical information recording
medium is not further changed. The optically changed
portion is irradiated with the laser beam, and a detector
receives and detects a strength change generated
corresponding to a difference between the amorphous state
and the crystalline state of the reflecting light or the
transmitted light.

A pulse waveform is not limited to the waveform shown
in FIG. 7. For example, as shown in FIG. 8, (A) the
amorphizing pulse is modulated between the amorphizing
power level and the level less than the reproducing power
level, (B) only pulse widths of a top pulse and a tail pulse
are relatively longer than the pulse width of a
intermediate pulse, (C) the amorphizing pulse width makes
equal, (D) when the laser beam is amorphized, without a
pulse modulation, the beam is irradiated, (E) such a period

that the pulse has the power level less than the
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21 FEB 2003 thickness is 20 nm and an Au reflecting | ayer Who?ﬁl:?a 55%55
is 50 nmdeposited on a polycarbi de substrate whose thickness : by
the sputtering nethod. After overcoating, a hot nelt adhesive is used so
that a defense plate is lamnated. Next an initial crystallization is
carried out by the |laser nethod. Furthernore, for a conparison, the
structure in which the barrier layer is not used is al so prepared. These

di sks argepebdiuednzi powemnehevedt ésohedessadsly gproahdeBVbeifgna ( random
signal ) having the 3T mark whose length is 0.6 a mis repeatedly

overw i tAga/oend fiee ayrd ammrploi shngepulsast brathe. whvelftamras t hese
di sks are left to stand under the accel eration condition of 90C and 80~RFi

for 100 SRewa iahqA)estatf atet Bonditled ito asié n@hedhe)e gtrsul t is shown
in atable 8. In the table 8, regarding the cycle perfornmance, O neans that

af ter 109n9QbePoRkitihe WAHARY 4Ps0bh] NPeprahainy shothaie |5 such

an advancenent “that the fitter valle Tise and the anplitudé val ue reduction

are cl eaa{% %g?%g{.‘{éﬂrhl;gl@eﬁgf 8RENER \(?gj[%lle;tecp. means that a little effect is

obt ai ned at” no effect Is ned. Furthernore, regarding the

weat her - pr oof , , O i . uch a
change as the %egﬁﬁg‘i gp%t'?&?s%g%& e%é%gﬁg%%g Fégt aqﬁ# ?‘F%ar]?:hange -
102 21 FEB. 2003 .such as eeling, etc...is detected., Thus, regarding
t he cycl eﬂggporlﬁagcg,q Pﬁ‘ér é%i%s%agbgﬁggﬁsy%fﬁaﬁ'e@&tﬁ‘ of° é)r'o'ﬂ]gew?%\) and (B)
are inproved. Regarding the weather-proof , the group ( B) is sprier to
t he groufhe Aipk ishfiixed toca cturnnbableesangi itt 5t retated @fhpositi on
containing little less N, O or the like than the stoichiometric conposition
can be appPHbedpio t A& e ipasitien whoseer8cGudpag sadiafs biss r3 &r
materi al s ABMat eri al Cycl eWeat her - Cycl eWeat her - com osi ti onr oof r oof 51Si -
NpXpp52Snm- ( linedX@ER3S 6Mpiep5~the - okBkRERE8hof Al ra@dROEAZANal NDXOOG7Zr
- N - OpXOB8Ti - N-XOD59A1 - NpXOD60OAl - N - ODXOO

for recording a mark length within the range from 3T to

11T on the groove track is repeated. The change of the

signal amplitude and the jitter value (the ratio (osum/Tw)
of ¢ sum, that is, a sum of a standard deviation ¢ of the

jitter value of each signal mark 3T-11T to a window width
Tw(= 34ns), the jitter value can be only 12.8% or less)
is examined.

For a comparison, three kinds of disks (A), (B), (C)
are made on an experimental basis and estimated. The
disks are as follows: (A) two disks comprising the
structure according to the embodiment (a disk Al is a Ge-N
barrier layer disk, a disk A2 is a Ge-N-Q barrier layer
disk), (B) a disk comprising a conventional structure,
that is, the structure of the disk (A) except for the Ge-N

barrier layer or the Ge-N-O barrier layer, and (C) a disk
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provide the optical information recording nmediumin which the t he
recordi ng characteristic and the reproduci ng characteristic due to
repeating the record and - 103 21 FEB 2003 reproduction is |ower and
further the weather-proof is excellent, the producing nethod thereof and a
met hod of recording and reproducing the information. r -104 21 FEB 2003

CLAIMS  comprising the conventional structure in which an Si,N,

As descri bed above, according to the present invention, it is gﬁgﬁg&;&@éo

interface layer is formed instead of the Ge-N barrier layer
or the Ge-N-O barrier layer of the disk (A) according to
the embodiment.

According to a first estimate item, after the record
is repeated at 100,000 times, the jitter value (measured
by such a method that the jitter between each mark front
end and the jitter between each mark rear end are
independently measured) is estimated. Such a case that
both of the jitter between the mark front end and the front
end and the jitter between the mark rear end and the rear
end are less than a reference value and the jitter value

is scarcely changed is represented by ©. Such a case that

although the jitter value is changed, the jitter value
itself remains less than the reference value is

represented by O. Such a case that after 100,000-time

repeating, the jitter slightly exceeds the reference value

is represented by A. Such a case that after 10,000~time

repeating, the jitter value already exceeds the reference

value is represented by X. The power for estimate is set

to a higher value by about 10% than a lowest limit jitter
value, where the lowest limit jitter value denotes the
value when an initial jitter value satisfies the value less

than 12.8%.
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1. A nethod of producing an optical information recording nedi ASiNg
any one step of step (a), step (b) and step(c), said step (a) %ﬂ:m@@ of

.carrying out lamnating of a protective |ayer, a recording |layer, a barrier
| ayer and a protective layer in this order on a base substrate, said step
(b) being step of carrying out lamnating of a protective |ayer, a barrier
| ayer, a recording layer and a protective layer in this order on a base

substrate, andasift-Blfp €&)absbasndt @02 tGfm rY¢ 84, Otk nating of a
protective |ayer, a barTier ?ayer, a recording Tayef, a barrier layer and a

Dot | {80 U554 Ik Sp O doB o hE SRS A i Bl sl b

| ayer or bar ayers by a high- quency sputterirng nethod in
an at nos recﬁ?f QLN I t S ughkng tering target
cont ai ni %geébarr e}r'eﬁrrg%ergﬁg eaggsné’lgné%lgvrr%ghegﬁfi gh% %%P%garﬁ er |ayer or
barrier lLayers ,are f LN ef .t u e n_interdi ffusi on and/ or
chem cal elsg:g'ﬁar%‘%gbc%Wné B§%§e§rl?a%alslc§ao%§f oﬁ%&geel a;#g}l?cgrfdgosai d
recording layer. -1 F 003 2 . A,net had of duci ng an _opti cal

i nf or mat i W%W&}%@Um%ﬁdiqﬂags? d:lb?*éiéﬂ?cqu %gr%’“ﬁn €pt8cess of
form ng protective |ayer disposed at at |east one side of said recording

| ayer, i ficumtbsisucéppesensedobyf @Dni nguthe apaizec ttheet |syeut b0@
hi gh-frequency sputtering nethod in an atnosphere containing at |east rare

gas by usj cht nt.ain i terd al,. as i onent. 3.
A net hod%g%q‘géjo£%iﬁég§§ g%t %%ﬁ%% t}?%n&‘ecéru |hngaia ﬁ%%nfg%gor ding to
claim1, wherein the target is nmade by barrier material containing one of
Ge- N, Gethepamplttuge value is reduced to more than 20% is

represented by X.

A third estimate item is a weather-proof. After the
disks are left to stand under a high-temperature (90°C)
and high-humidity (80%RH) environment for 200 hours and
for 400 hours, the disks are examined with a microscope.
Such a case that no change is found even after 400 hours

is represented by ©. Such a case that a slight peeling,
etc. is found after 200 hours is represented by O. Such

a case that a slight peelihg is observed in 200 hours is
represented by A. Such a case that a large peeling is
observed within 200 hours is represented by X.

The above experimental results are shown in a table
2. Thus, the structure according to the present invention
is superior to the conventional structure in view of the

repeating characteristic and the weather-proof.
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Ge-Si-N-O Ge-Sb-N, Ge-Sb-N-O Ge-Cr-N, G-O-NO Ge-Ti-Nand G-Ti-NO 4
A nmet hod of producing an optical information recording nedi g REB2003g
toclaiml1l or 2, wherein said target is at |east one kind selected from
such group of single -106 21 FEB 2003 target of non-gas conponent of the
barrier material, a nitride target of the non-gas conponent , a oxynitride
target of the non-gas conponent, and an oxjde target of the non-gas
conmponent. 5. A nethod of producing an optical information recording nmedi um
according to claim1 or 2 , wherein form ng process of the barrier |ayer or

formng ppBEesD Of tREsALL! ECHE VEomBYRingCRhR BhBgatdidt i {dgofmterial is
such process th ar %F

tive,sputtering i's executed, i n at nosphere
contai ning a mi cal, f dam)iggngaé"%@o aﬁlﬁ’serétf‘??éﬁ& rare gas and
gas cont ai ni ng actordgdng topbhenpresenti inveredogatocohvaenst dthe east rare
gas , gas cont ai)gig% %ilitr ogen conponent and gas contai ni ng an oxygen
conponent. 6. A" nethod of producing an optical information recording nedi um

accordi ng to claim1]|wherein said rﬁrg.%%?_’ C(}]rktée%c"ls at lTeast Ar |and /or Kr.
7 . A netlhod of prodycing an opt i cat'®FAPErfar Tecording nmediym accordi ng
to clai mil orpgsphergin jitgdye p ocesyrAl f of M R@Ahdeipr-sheles jof said

recordind | ayer said|barrier |aysq

material |, _a nitrogen partial prég@&g}eﬂ:ﬁégc Il\(/f%éeﬁ'%-%%%g%‘glogl o barrier
Al © © ©
A2 © © ©
B A A ©
C O O X

Next, in order that the effect of the barrier layer
relative to the erasure performance is confirmed, the
result of a comparative test is shown. A disk (D)
comprising the structure shown in FIG. 3B in which the
barrier layer is used only at the reflecting layer side
of the recording layer in the table 1, and a disk (E)
comprising the structure shown in FIG. 3C in which the
barrier layer is used at both sides of the recording layer
are produced by the above method. The disks (D) and (E)
are initialized. The composition of the reflecting layer
and the recording layer is same as that of the disks (A)
and (B).

The disks (D1) and (D2) comprises a laminated-layer
structure, in which a ZnS—Si'O2 protective layer (86 nm),

a Ge~-Sb-Te recording layer (20 nm), a Ge-N or Ge-N-O
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sputter atnosphere gas when such | ayer at the energy beami nméjﬁ?hi&@ IS
formed is higher than a nitrogen partial pressure in a sputter % q‘e

.gas when such layer at the side opposite to the energy beaminci dent side
is formed.. 8. A nmethod of producing an optical information recording
medi um according to claim 1l wherein a nongas conponent of said barrier
material is Ge, and said barrier |ayer or said protective layer is formed
by usi ngbarrdant Dageapybt gi) poameis s ihepe otaict ikas Niagermpllermm) i s used
as a target. 9. A nethod of producing an optical information recording
nmedi um agger @nNA1-CrChifdebtingerydr t NES 0BR) ich tHe Hiktivdeel is at

| east one selected fromsuch group of a Ge3N, conpound, a GeO conpound, a

Ge02 com@dii@cé%@ﬁh?%adm(ﬁzy%ox@érﬁsé@éwaﬁq%ﬁaddw r10. A nethod

of producing an optical information recordi ng nmediumaccording to claim8 ,

wherein b AL | V- ri $S I s 4 t e gas whose
t ot al pr%gs]%rc{a I's ?a%%%ﬁ%%st%%bﬁn%%ﬁge %Qg%?hggég@ﬁ& oguci ng an

opti cal prbgrii oo xL08ha:t4 EBagB03 & 366y Ionce IBALD AGCOEALRY Lo ol al m

8 , wherein the atnosphere gas o aid tering 1's a m xed gas
cont ai ni I t re_gas, and. a .i_al Jpr.essu rafio of the NZ
i's nore ?‘%gﬁ%%loeﬂgn@?ésg t%%ar?lqng%‘l‘;%ﬁg@dg Prgfa'(ﬁé'&%ofl%ﬁ?e}(?u"r:?nﬁegh opti cal
i nformation, T rdin di um accor dj to clajm1l. wherein said partial
or casur o 2P 1y DO LREE Ry AL BRER Chehmly Akl S-S s S i alhod o
pr oduci ng_ an Optij‘éﬁl i pf ormation recordi ng medi um according to claim.8 ,
wher ei n a[y(ﬁﬁer( sﬁ"i.“g'of said reactive sputtering is higher than 1.27
WenR2, and the sputter atnosphere contains a mxed gas of _at | east rare gas
and NZ. 14. A Retod vdrenrbhacergNadayan @F the ofaalronlayesdr dishg nedi um
according to claim10, wherein a_sputter rate of said reactive sputtering
i s nore HieaeBakrithe xiqfdeching lavan fddept fhesrernydingolryes)
i nformation recordi ng nmedium according to claim8 , wherein a conpl ex
refract i gompaked &g therase shatathelzeTN dayeayer tdre 6ar-i-prbayeri ve | ayer
is wthin the range of 1.7 <n < 3.8 and 0 < k <_ 0.8.

is formed at the substrate side, the pressure ratio of the

N, gas relative to Ar gas is reduced. The gas is introduced

at the ratio of 80% Ar gas to 20% N, gas, or in the ratio

of 80% Ar gas to 19.5% N, gas to 0.5% 0, gas. The sputtering

is carried out at the total pressure of 20 mTorr. As a

result, the average composition of the Ge-N layer at the

reflecting layer side is Ge65 N35, and the composition of

the Ge-N-0 layer at the reflecting layer side is Ge60 N30

010.

The disks (A) to (E) are rotated at the linear rate
6m/s, and the result is recorded according to the above
method. Here, a single signal having a 3T mark length is

recorded. And after C/N ratio is measured, immediately

the overwrite of a 11T signal is recorded. Thereby the
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-109 21 FEB 2003 16. A nethod of producing an optical infor H’E‘il %
recordi ng medium according to claiml or 2 , wherein said targ FEDB 2003
single target of one el enent anong el enents constituting said recording

| ayer, a target of conmpound of said elenments constituting said recording

| ayer, a target of a nitride of said elenent, a target of an oxynitride of
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ai d el ! . | _and the Sput
componentT Gronsdh IOCRRLE 38 Lokl End Ea ot R 20T £ el Lo
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of an oxitde overwrdtieabffthe fldThEagnedi tis memwntied, landthe degreae sputter
at nosphere gas is such m xed gas of rare gas and gas contai ning nitrogen
conponenbf @rasitthe nisenegasired r alfhegdeanihgatimentiai mwog ni t rogen
conponent and gas contai ni ng oxygen conponent. -110 21 FEB 2003 18. A
met hod otondidiicong, athaptigall(0vhours and 2000ichng. "eThanr@gededi ng to
claiml or 2, wherein material of the target used for form ng said barrier
| ayer or iy GiRstn VEn! ayeabdent®yi ning said barrier material is same as that
of the target used for formng said recording |layer ,and at such tine of

starting and/ ogpCopRl hb1@e 8 ©H dehOEEENEhLE a?ag'lftff&féﬂicgg l‘;%ﬁr , a

partial pressure of gas containing nitrogen conponent in t ttering
at nosphere gas i s increased or_a ga,rti al pressure_of gas containing

oxygen c&FRHER natigmora thap 3pdBdfebkeiseds i (ordaBeges that
.AyH. Al . AH. AH. Al . Al . A5. A5. A5r. A5. A5. A5. A5. Al . A5. Al . A[. A95. AH. An. A[ r. Al . Anr
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denotes that the erasure ratio is reduced to less than 26dB.
Thereby, the Ge~N barrier layer or the Ge-N-0 barrier layer
is applied, thereby the erasure performance is enhanced.
More specifically, when the barrier layer is formed at the
reflecting layer side of the recording layer, a higher

effect can be obtained.

Table 3 Result 2 of comparing the characteristics of
the optical disk applying the interface layer according

to the present invention to those of the prior art

Estimate Item
Disk Immediatel 100H 200H
y After
Al © O A
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The optical disks having the layer structure shown

in Figs. 3A and 3B (a disk (1) and a disk (3) in a table

4) are made on a experimental basis. The recording layer

3 comprises a phase change material whose main component

is a Ge2Sb2.3Te5 alloy, and the dielectric protective

layers 2 and 4 comprises a 2nS-SiO, film. When the film

is formed, the gas is supplied in such a manner that each

total pressure of the Ar gas becomes 1.0 mTorr and 0.5 mTorr,

respectively, and each of the powers DCl1.27 W/cm? and

RF6.37 W/cm? is introduced into the negative electrode 55,

respectively. Furthermore, when the reflecting layer

(AlCr) 5 is formed, the Ar gas is supplied in such a manner

that the total pressure becomes 3.0 mTorr, thereby the

power DC 4.45W/cm? is introduced.

In the disk (1), after the dielectric protective

layer is formed, sequentially, the barrier layer 8 is

formed. In the disk (3), after the recording layer 3 is

formed, sequentially, the barrier layer 8 is formed. 1In

this case, Ge is used as the target, and the mixture of

Ar and nitrogen is used as the sputter gas. Furthermore,

the sputter gas pressure is 20 mTorr, the partial pressure

ratio of Ar to nitrogen in the sputter gas is 2 : 1, and
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whose diameter is 10 cm, converted into a sputter power
density, the sputter power density is 6.37W/cm? .

The film thickness of each layer is as follows: the
disk (1) comprises the dielectric protective layer 2
having 86 nm, the barrier layer 8 having 5 nm, the recording
layer 3 having 20 nm, the dielectric protective layer 4
having 17.7 nm and the reflecting layer 5 having 150 nm,
and the disk (3) comprises the dielectric protective layer
2 having 91 nm, the recording layer 3 having 20 nm, the
barrier layer 8 having 10 nm, the dielectric protective
layer 4 having 15.2 nm and the reflecting layer 5 having
150 nm. As a comparative example, the conventional
structure shown in Fig. 1 (a disk (0)) having no barrier
layer is similarly produced, and it is compared to the
disks (1) and (3). The disk (0) is provided with the
dielectric protective layers 2 and 4 comprising the
mixture of ZnS and SiO,, and each layer film thickness is
91 nm and 17.7 nm, respectively. Furthermore, the
recording layer 3 comprising a Ge2Sb2.3Te5 alloy has the
film thickness of 20 nm. The reflecting layer 5
comprising AlCr has the film thickness of 150 nm.

The repeating characteristic of the disks (1), (3),
(0) is shown in a table 4. 1In the table 4, the repeating

record characteristic is examined by the following method.
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That is, as described above, the EFM signal system is used.

When the shortest mark length becomes 0.61 ym, the marks
3T to 11T are recorded. The value resulted from dividing
the jitter value between each front end and the jitter
value between each rear end by the window width T

(henceforth, referred to as the jitter value) is examined.
As a result, the case that after 150,000-time repeating
record, both of the jitter value between the front ends
and the jitter value between the rear ends do not exceed

13% is represented by ©. The case that after

150,000-time repeating, although at least either the

jitter value between the front ends or the jitter value
between the rear ends exceeds 13%, after 100,000-time
repeating, both of them do not exceed 13% is represented

by O. The case that after 100,000-time repeating, at

least either the jitter value between the front ends or
the jitter value between the rear ends exceeds 13% is

represented by X. Thereby, in the disk provided with the

barrier layer 8 having the structure according to the
present invention, compared to the prior art, the

repeating characteristic is enhanced.

(Example 2)

All the protective layers at the substrate side of
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the disk (1) in the table 4 in thé example 1 are changed
to the Ge-N layer or the Ge-N-O layer, thereby a disk (5)
is formed (accordingly, the Ge-N protective layer or the
Ge-N-O protective layer whose thickness is 91 nm is formed
at the substrate side of the recording layer).
Furthermore, all the protective layers at the reflecting
layer side of the disk (3) in the table 4 are changed to
the Ge-N layer or the Ge-N-0O layer, thereby a disk (6) is
formed (accordingly, the Ge-N protective layer or the
Ge-N-O protective layer whose thickness is 25.2 nm is
formed at the reflecting layer side of the recording layer).
The repeating characteristic of disks (5) and (6) is

examined by the same method as the example 1. Both of them

can similarly obtain the result ©. That is, the Ge-N

layer or the Ge-N-O layer can be formed in such a manner
that the Ge-N layer or the Ge-N-O layer can obtain a
thickness necessary for the protective layer.
Furthermore, even in this ‘case, the excellent repeating

performance can be obtained.

(Example 3)

Next, the recording layer 3 comprises a phase change
material whose main component is a Ge2Sb2.3Te5 alloy, when
the barrier layer 8 is formed, Sb is used as the target,

and the mixture of Ar and nitrogen is used as the sputter
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109%& ()'g%\éo.v\x&lz%vg@ve condition, the films comprising the

structure shown in Figs. 3A and 3B are formed (a disk (2),
adisk (4)). Inthiscase, the filmthickness of each layer
is same as the thickness in the above case that Ge is used
as the target. The spatter gas pressure of the barrier
layer 8 is 20 mTorr, and the partial pressure ratio of Ar
to nitrogen in the sputter gas is 3 to 1. 1In this case,
the result of the repeating characteristic is shown in disk
numbers (2) and (4) in the table 4.

According to the table 4, compared to the case that
Ge is used as the target so that the film is formed,
although the number of repeatable times is inferior,
better repeating characteristic can be obtained than the

comparative example.

Table 4 Result 3 of comparing the characteristics of the
optical disk applying the barrier layer according
to the present invention to those of the prior art

r

Disk Number Layer Target of | Repeating
Structure |[the Barrier|Characteri

Layer stic

(0) FIG. 1 No Target X

(1) FIG. 3A Ge ©

(2) FIG. 3A Sb O

(3) FIG. 3B Ge ©

(4) FIG. 3B Sb O
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(Example 4)

Next, when the layer structure is constructed as
shown in FIG. 3A, and Ge is used as the target for forming
the barrier layer 8, the range of the film formation
condition which can obtain a better characteristic is
examined.

According to the embodiment, the total sputter gas
pressure is constantly set to 20 mTorr, and the partial
pressure ratio of Ar and nitrogen in the sputter gas has
three kinds of ratio, that is, 2 : 1, 1 : 1and 1l : 2. The
sputter power of Ge is RF100w, 300w, 500w, 700W, 710W, 750W,
1 kw, 1.5 kWw and 2 kW. That is, since the target is the
disc whose diameter is 10 cm, when the sputter power is
converted into the power density, the respective sputter
powers are changed to 1.27W/cm?, 3.82W/cm?, 6.37W/cm?,
8.91W/cm?, 9.04W/cm?, 9.55 kW/cm?, 12.7 kW/cm?, 19.1 kW/cm?
and 25.5 W/cm?, respectively. Thereby, the filmis formed,
and the characteristic of the disks is examined. When the
partial ratio of Ar and nitrogen is changed to 2 : 1, 1 :
1l and 1 : 2, respectively, the flow rate of nitrogen is
constantly set to 50 sccm, and the flow rate of Ar is
changed to 100 sccm, 50 sccm and 25 scem corresponding to
the flow rate of nitrogen 50 sccm. The main valve of the

vacuum pump is throttled, thereby the sputter gas total
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The layer structure is constructed similarly to the

disks (1) and (2). The film thickness of each layer is as

follows. The dielectric layer 2 is 86 nm, the barrier

layer 8 is 5 nm, the recording layer 3 is 20 nm, the

dielectric layer 4 is 17.7 nm and the reflecting layer 5

is 150 nm. The repeating characteristic is examined by

the method shown in the example 1. The result is shown

in a table 5. Furthermore, the adhesiveness is adopted

as the estimate item of the weather-proof. The

acceleration test is carried out at 90°C at 80%, a sampling
is carried out in 100 hours, 150 hours and 200 hours, and
the sample is observed with an optical microscope in order
to find whether the peeling exists or not. The result is
shown in a table 6A. In this case, the generated peeling

is substantially ranging from 1 um to 10 um. © denotes

the case that the sampling after 200 hours is not peeled

at all. O denotes the case that although the sampling

after 100 hours and 150 hours is not peeled, the sampling

after 200 hours is peeled, even if slightly. A denotes

the case that although the sampling after 100 hours is not
peeled, the sampling after 150 hours is peeled, even if

slightly. X denotes the case that the sampling after 100

hours is peeled, even if slightly.
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Table 5 Relationship between a f£ilm formation condition
of a barrier layer applied to a substrate side of
a recording layer and a cycle performance

Sputter Power|(Ar partial pressure) : (Nitrogen
partial pressure)

1 1 :1 1 : 2

(W) 2
100

300
500
700
710
750
1000
1500

Ol0|0]O0J|0O|0|0| X
OlO1O01O0|O|0|O| X
OIO|O|O| XX |X]}|X

Table 6A
Relationship between a condition of forming a film of a
barrier layer applied to a substrate side of a

recording layer and a weather-proof

Sputter Power|(Ar partial pressure) : (Nitrogen
partial pressure)

(W) 2 :1 1:1 1 : 2
100 O O X
300 O O X
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500 O O X
700 © O X
710 © © AN
750 © © O
1000 © © O
1500 © ©) ©
2000 © © ©

Thereby, in view of the repeating characteristic,

when the sputter power is more than RF300W, better

characteristic can be obtained. In view of the

adhesiveness, when the sputter power is more than RF100W,

better good characteristic can be obtained. 1In

either

cases, the higher the sputter power becomes, the better

the characteristic can be obtained. This reason is that

the higher the sputter power becomes, the denser film can

be formed.

Relating to the nitrogen partial pressure, in case

4

of (Ar partial pressure) : (nitrogen partial pressure) =

1 : 2, better characteristic can be obtained only within

the sputter power range more than 710W. When the nitrogen

partial pressure is higher than an appropriate condition,

since a surplus nitrogen not combined to Ge exists in the

barrier layer, it is assumed that the peeling is generated

due to the surplus nitrogen. On the same condition of the
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nitrogen partial pressure, when the sputter power is

increased, there is reduced a possibility that the Ge atom
sputtered on the target surface is combined to the nitrogen
until the sputtered Ge atom is attached to the substrate
surface. Thereby, since a mixture amount of the surplus
nitrogen is reduced, it is expected that the region where
better characteristic can be obtained exists.

As an analyzing result of the average composition
ratio of the barrier layer 8 which can obtain better
characteristic, in any case, the average composition ratio
of Ge, O and N is within the range surrounded by four
composition points shown the three-element composition
diagram in FIG. 5, El1(Ge50.0N50.0), G1l(Ge35.0N65.0),
G4(Ge31.1N13.8055.1), E4(Ged42.3N11.5046.2).

In general, when Ge or Ge-N is used as the target
and the mixed gas of the rare gas and nitrogen is provided
so that the film is formed, there is a tendency that if
the sputter power is relatively small, the Ge-N-O film
containing a lot of oxygen is formed, and if the sputter
power is relatively large, the Ge-N film whose oxygen-
content is only an impurity level is formed.

As described above, preferably, the sputter power
has the power density more than 1.27 Wem?. When the power
density is more than 3.82 Wcm?, better adhesiveness and

recorded repeating characteristic can be obtained. In
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Preferably, the f:le formation rate is more than 18

nm/minute.

(Example 5)

Next, the difference of the disk characteristic is
examined according to the difference of the partial
pressure ratio of the sputter gas pressure and the nitrogen
partial pressure in the sputter gas. Thus, the layer
structure comprises the same structure in Figs. 3A and 3E.
Ge is used as the target, and the sputter power is
constantly set to RF700W. When the total pressure of the
sputter gas, Ar partial pressure and the nitrogen partial
pressure are changed, the characteristic is examined. A
FIG. 3A-type disk comprises a ZnS-S8iO, protective layer
whose film thickness is 86 nm, a Ge-N or Ge-N-O barrier
layer whose film thickness igs 5 nm, a Ge-Sb-Te recording
layer whose film thickness is 20 nm, a ZnS-Si0, protective
layer whose film thickness is 17.7 nm and an AlCr
reflecting layer whose film thickness is 150 nm. A FIG.
3E-type disk comprises a ZnS-SiO, protective layer whose
film thickness is 91 nm, a Ge-Sb-Te recording layer whose
film thickness is 20 nm, a Ge-N or Ge-N-O barrier layer

whose film thickness is 17.7 nm, and an AlCr reflecting
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same method as the example 1 to 3. The weather-proof is
estimated by the same method as the example 4. A table
6B shows the film formation condition and the estimate

result. In the table 6B the disk (0) denotes the

conventional disk in the example 1. Furthermore, marks
are represented two by two, where the left mark and the
right mark correspond to the result of the FIG. 3A-type

disk and the result of the FIG. 3E-type disk, respectively.

Table 6B

Relationship between a sputter condition of a barrier
layer applied to a substrate side of a recording
layer and a disk performance

Total Partial Weather- | Repeating
Disk No. | pressure | pressure proof characteri
(mTorr) ratio stic
2A 2E 2A 2E
(0) - - © X
(5) 1.0 : 2 X X X X
(6) 3.0 : 2 X X X X
(7) 10.0 1: 2 X X X X
(8) 20.0 1: 2 X X X X
(9) 30.0 1 : 2 X X X X
(10) 1.0 : 3 A X X X
(11) 3.0 : 3 A X O O
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cases of the repeating characteristic and the weather-
proof. Here, the nitrogen partial pressure is
represented by an abscissa axis, and Ar partial pressure
is represented by an ordinate axis.

In the first place, in case of the 3A-type disk, as
shown in FIG. 10, the film formation condition which can
obtain better repeating characteristic is the case that
the total pressure of the sputter gas exceeds 1 mTorr.
Furthermore, when the total pressure is 10 mTorr, the
nitrogen gas partial pressure in the sputter gas is ranging
from 25% to 60%. Furthermore, when the total pressure is
20 mTorr, the nitrogen gas partial pressure in the sputter
gas is ranging from 12% to 60%.

Furthermore, as shown in FIG. 12, the film formation
condition which can obtain better weather-proof
(adhesiveness) is the case that the total pressure of the
sputter gas is more than 1 mTorr, similarly to the case
of the repeating characteristic. In both cases of the
total pressure 10 mTorr and the total pressure 20 mTorr,

similarly, the nitrogen gas partial pressure in the
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both cases of the total pressure 10 mTorr and the total

pressure 20 mTorr, similarly, the nitrogen gas partial
pressure in the sputter gas is within the range less than
40%, preferably less than 33%.

According to this analysis, the composition range
of the Ge-N or Ge-N-O layer which can obtain better
characteristic is examined. When this material layer is
disposed at the substrate side of the recording layer, as
shown in the triangular composition diagram shown in FIG.

5, the average composition ratio is within the region
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surrounded by four points, D1 (Gé60.0N40.0),
D4 (Ge48.8N10.2041.0), Gl(Ge35.0N65.0),
G4(Ge31.1N13.8055.1).

Furthermore, when the material layer is disposed at
the side opposite to the substrate of the recording layer,
the average composition ratio is within the range
surrounded by four composition points, Bl (Ge90.0N10.0),
B4(Ge83.4N3.3013.3), F1(Ge42.9N57.1),
F4(Ge35.5N12.9051.6), more preferably, the composition
range surrounded by four composition points, Cl
(Ge65.0N35.0), C4(Ge53.9N9.2036.9), F1l(Ged2.9N57.1),
F4(Ge35.5N12.9051.6).

Regarding the repeating characteristic, when the
nitrogen partial pressure in the sputter gas is low, since
a lot of surplus Ge not connected to the nitrogen exists
in the barrier layer. Accordingly, the composition of the
recording layer is changed, accompanied by the rewrite of
the signal. Thereby, better characteristic cannot be
obtained. Since a temperature rise at the reflecting
layer side of the recording layer is lower than that at
the substrate side, a degree of the atom diffusion is
relatively small, thereby the condition that the N,
partial pressure is low can be used. On the contrary, when
the nitrogen partial pressure in the sputter gas is too

high, a lot of surplus nitrogen exists in the film. 1In
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this case, better repeating charécteristic cannot be
obtained.

Regarding the adhesiveness, when the nitrogen
partial pressure in the sputter gas is high and a lot of
surplus nitrogen exists in the film, the peeling is
generated after the acceleration test. When the nitrogen
partial pressure is low and the surplus Ge not combined
to the nitrogen exists, the peeling is not generated. It
is expected that the more Ge not combined to the nitrogen
and oxygen exists, the higher an affinity for the recording
layer component becomes.

As described above, in order to obtain the disk
having better repeating characteristic of the record and
the adhesiveness, the sputter gas condition (gas pressure,
component ratio) is clear. When the sputter gas total
pressure exceeds 50 mTorr, the film formation rate becomes
small. Accordingly, it is not practical.

The film formation condition is the case that when
the Ge-N or Ge-N-O layer is formed, the power density to
be introduced into the target is 8.91W/cm?. When the power
to be introduced into the target is more than 8.91W/cm?,
a time until the Ge atom sputtered on the target surface
is attached to the substrate surface becomes shorter than
the above case, thereby nitriding and nitriding-oxidation

are hardly generated. Inthis case, according to the rate,
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are excessively generated, according to the rate, the
nitrogen partial pressure can be only adjusted in such a
manner that the nitrogen partial pressure of the sputter
gas is appropriately reduced.

When the nitrogen partial pressure ratio in the
sputter gas is more than about 90%, the sputtering is more
or less unstable and it is not preferable. The value of
the sputter power and the film formation rate is set to
an optional value within the range in which the nitride
or nitride-oxide can be formed. As described above,
preferably, the sputter power density > 1.27 W/cm?, and

the film formation rate > 18 nm/minute.

(Example 6)

Next, when the film formation condition is changed,
the change of the optical constant of the barrier layer
is examined. In the first place, the sputter power of Ge
is set to 700W, and the sputter total pressure is
constantly set to 20 mTorr. When the nitrogen partial

pressure ratio in the sputter gas is changed, that is, the
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change of the complex refractive index of the film on a

line a in Figs. 10 and 11 is examined. The result is shown

in FIG. 14. Furthermore, the sputter power is 700W, and

the sputter total pressure is constantly set to 10 mTorr.

When the nitrogen partial pressure ratio in the sputter

gas is changed, that is, the change of the complex

refractive index of the film on a line a’ in Figs. 10 and

11 is examined. The result is shown in FIG. 15. Next,

the partial pressure ratio of Ar and the nitrogen in the

sputter gas is constantly set to 1 : 1, and the gas total

pressure is changed. In this case, FIG. 16 shows the

change of the optical constant of the film on a line b in

FIGs. 10 and 11.

These graphs are combined to the above application

range of the nitrogen partial pressure. When the barrier

layer is used at the substrate side of the recording layer,

preferably, the complex refractive index value n+ik of the

barrier layer satisfies the range of 1.7 <n < 2.8 and 0
< n < 0.3. Furthermore, when the barrier layer is used

at the side opposite to the substrate of the recording
layer, preferably, the complex refractive index value n+ik

of the barrier layer satisfies the range of 1.7 < n < 3.8
and 0 < n < 0.8.

When the film composition is analyzed, if the film

is formed by using the sputter total pressure 10 mTorr,

-95.



#3" ADGILMP D|\ <10 & #310%t& ()- #3" 10%t& ()- 10%t& ()- 10%t& () -
109%#&' ()- PRTWAZ]{_?|\<10 & #10%t& ()- 10%t& ()- #3" 10%t& () -211BEBL2Q03
.10%#& ()- ] cde >|\<10 & # LL10% #& ()- L10% #& ()-109%#& ()- #3" 10%t& () -
10%t&' () -

the oxygen density is ranging aboué from 5% to 8%. 1In case

of the sputter total pressure 20 mTorr, the oxygen density

is ranging about from 10% to 20%, which is little more than

the case of 10 mTorr.

In view of producing method, even if the film

formation condition such as the sputter power, the sputter

gas or the like is changed, the film is formed in such a

manner that the complex refractive index of the Ge-N film

or the Ge-O-N film satisfies the above range. Thereby,

better characteristic can be obtained.

(Example 7)

Next, except that the structure comprises a barrier
layers 8 whose film thickness are 10 nm, 20 nm,
respectively, and a ZnS-SiO, protective layers 2 of the
substrate side whose film thickness are 81 nm, 65.8 nm,
respectively, a 2A-type disk having the same layer
structure and the film thickness as the example 4 is
produced. The film formation condition of the barrier
layer 8 is as follows: the sputter power is RF700W, that
is, the power density 8.91W/cm?, the sputter gas total
pressure is 20 mTorr, Ar partial pressure : the nitrogen
partial pressure = 2 : 1, and the gas flow rate is similar
to the above case.

As a result of examining the repeating
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is shown by comparing the disks having different layer

structure to one another. A table 7 shows the structure

of the experimentally made disks and the estimate result

of the cycle performance thereof. 1In the table 7, DL

denotes the protective layer containing ZnS-Si0O,, AL

denotes the recording layer containing Ge2Sb2.2Te5, BL

denotes the barrier layer containing Ge50N4505, and RL

denotes the reflecting layer containing AlCr. More

specifically, when the material is changed or the material

is specified, the description such as DL(Ge-N-0) is

included in ( ).

The estimate method is same as the case of the table

2. That is, the jitter value and the amplitude value are

estimated. After 100,000-time repeating record, the

jitter value (measured by such a method that the jitter

between each mark front end and the jitter between each

mark rear end are independently measured) is estimated.

Such a case that both of the jitter between the mark front

ends and the jitter between the mark rear ends are less
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than a reference value and the jitter value is scarcely

changed is represented by ©. Such a case that although

the jitter value is changed, the jitter value itself
remains less than the reference value is represented by

O. S8uch a case that after 100,000-time repeating, the

jitter slightly exceeds the reference value is represented

by A. Such a case that after 10,000-time repeating, the

jitter value already exceeds the reference value is

represented by X. The estimate power is set to a higher

value by about 10% than the lowest limit jitter value,
where the lowest limit jitter value denotes the value when
aninitial jitter value satisfies the value less than 12.8%.
Furthermore, after 100,000-time repeating, the amplitude
value is observed. Such a case that less change is found

is represented by ©. Such a case that about 10% or less
change is found is represented by O. Such a case that
about 20% change is foundris represented by A. Such a

case that the jitter value is reduced to more than 20% is

represented by X. The table 7 shows the followings:

1) in case of no reflecting layer (a disk 41), the
amplitude value is severely reduced, and the jitter value
rise is large. However, thg barrier layer is provided,
thereby it is possible to obtain a considerable effect of

the jitter performance and the amplitude performance
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2) even if the reflecting layer is provided, when
the reflecting layer id thin, or if the layer between the
reflecting layer and the recording layer is thick (a disk
44 : in general, a so-called annealing structure), the same
effect as the case that the reflecting layer is thick or
the layer between the reflecting layer and the recording
layer is thin (a disk 47 : in general, a so-called
quenching structure) cannot be obtained,
3) if the barrier layer is applied to the annealing
structure, a considerable effect can be obtained (disks
45 and 46),
4) in the quenching structure, the barrier layer is
only disposed at one side of the recording layer, thereby
the considerable effect can be obtained.
That is, in the structure having no reflecting layer
or in the structure in which the protective layer having
a thick thickness (for example, more than 80 nm) is formed
between the recording layer and the reflecting layer, the
barrier layer is considerably effective relative to the
jitter value reduction and to the suppression of the
amplitude reduction due to the repeating record. When
many repeating times is necessary, the barrier layer is

essential. Recently, in many cases, the above annealing

structure can be applied to the optical disk overwriting
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at a high speed (for example, Noﬁoru Yamada et al.
Thermally balanced structure of phase-change optical
disk for high speed and high density recording”, Trans.
Mat. Res. Soc. Jpn., Vol. 15B, 1035, (1993)). Accordingly,
a combination of the annealing structure and barrier layer
generates a large effect.

On the other hand, the structure having a thin
protective layer (for example, 60 nm or less) formed
between the recording layer and the reflecting layer is
provided with the barrier layer as the protective layer.
Thereby, more specifically, the amplitude performance can
be enhanced. Accordingly, much more repeating times can

be achieved.

Table 7 Effect comparison of the barrier layer relative

to various layer structure

Disk Disk layer structure Repeating
number performance
’ Jitter |[Amplitu
de
41 DL AL DL X X
90 nm 22 nm82 nm
42 DL BL AL DL O O
80 nml0 nm22 nm82 nm
43 DL BL AL BL DL ©
80 nml0 nm22 nml0 nm72 nm
44 DL AL DL RL(A AN X
90 nm 22 nm80 nm u)
10 nm
45 DL BL AL DL RL(A O O

- 100 -



1098 () - #3~8N 10048 ()- N 10%& ()-N 109:& ()-N 10%& ()-{_?DAL010 N
1094&' ()-N 109%& () - #3~&N 10%*& ()-N 10%& ()- N 10%t& ()-_ »D41RI1DEBN003
1094&' () - N 10%*& ()- N 10%t& () - #3~&N 10%#& ()- N 10%t&' () - _?D41010" #N
10%#& ()-N 10%& ()-N

80 nNml0 nm22 Nnm90 nm u)
10 nm
46 DL BL AL DL(GeNO) RL(A © ©
80 nm10 nm22 nm 90 nm u)
10 nm
47 DL AL DL RL O JAN
90 nm 22 nm60 nm 150
nm
48 DL BL AL DL RL © ©
90 Nm10 Nm22 nm60 nm 150
nm
49 DL AL DL(GeNO) RL © ©
90 nm 22 nm 60 nm 150
nm
50 DL BL AL DL(GeNO) RL © ©
90 nml10 nm22 nm 60 nm 150
nm
(Example 9)

Whether or not the material layer except for the Ge-N,
Ge-N-0O layer can be used as the barrier layer is examined.
As amaterial candidate, Si-N, Si-N-0O, SiC, Sb-N-0, Zr-N-O,
Ti-N, Al-N and Al1-N-O are selected. In any case, the
sputter condition is selected. Two kinds of compositions,
that is, (A) a stoichiometric composition and (B) the
composition containing about 5% more Si, Al, Ti, or the
like than the stoichiometric composition are tested. The
medium structure is a FIG. 3G-type structure. The barrier
layer has the thickness of 10 nm. The medium structure
comprises a ZnSe—-S5i0, protective layer whose thickness is
80 nm, the barrier layer, a Ge2Sb2.5Te5 recording layer

whose thickness is 20 nm, a barrier material layer whose
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whose thickness is 1.2 mm by the sputtering method. After
overcoating, a hot melt adhesive is used so that a defense
plate is laminated. Next an initial crystallization is
carried out by the laser method. Furthermore, for a
comparison, the structure in which the barrier layer is
not used is also prepared. These disks are rotated at a
linear rate of 3.5m/s, and an EFM signal (random signal)

having the 3T mark whose length is 0.6 u m is repeatedly

overwritten, and the cycle performance is estimated.
Furthermore, these disks are left to stand under the

acceleration condition of 90°C and 80%RH for 100 hours,

and the state of the disks is estimated.
The result is shown in a table 8. In the table 8,

regarding the cycle performance, O means that after

100,000-repeating, the effect is obtained. That is,

L4

there is such an advancement that the jitter value rise
and the amplitude value reduction are clearly less than

the reference value. A means that a little effect is
obtained. X means that no effect is obtained.

Furthermore, regarding the weather-proof, O means that
no change is detected. X means that such a change as the

peeling, etc. is detected. A means that a little change
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such as the peeling, etc. is detected. Thus, regarding
the cycle performance, there is a tendency that both of
groups (A) and (B) are improved. Regarding the
weather-proof, the group (B) is sprier to the group (A),
that is, there is more possibility that the composition
containing little less N, O or the like than the

stoichiometric composition can be applied to the barrier

layer.
Table 8 Comparison of barrier materials
A B
Material Cycle |Weather—~| Cycle [Weather-
composition proof proof
51 Si - N JAN X A A
52 Si-N-0 A X O O
53 sic A X O A
54 Sb - N A X A O
55 Sb - N -0 A X JAN O
56 Zr - N A X O O
57 Zr - N - O A X O O
58 Ti - N VA X O A
59 Al - N A X O A
60 Al - N -0 A X O O

Ag described above, according to the present
invention, it is possible to provide the optical
information recording medium in which the change of the
recording characteristic and the reproducing

characteristic due to repeating the record and
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in an atmosphere containing at least rare gas by using a
sputtering target containing barrier material as main
component, and said barrier layer or barrier layers are
formed in order to suppress an interdiffusion and/or
chemical reaction occurring between said protective

layers and said recording layer.
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+31T10W&E8}:§$tﬂyo!n]t0§{f¢ﬁr@'barrier material as main component.

3. A method of producing an optical information recording
medium according to claim 1, wherein the target is made by
barrier material containing one of Ge-N, Ge-N-O, Ge,Si-N,
Ge-Si-N-O, Ge-Sb-N, Ge-Sb-N-0, Ge-Cr-N, Ge-Cr-N-O,Ge-Ti-N and
Ge-Ti-N-0O.

4. Amethod of producing an optical information recording
medium according to claim1l or 2 , wherein said target

is at least one kind selected from such group of single
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contains at least rare gas and gas containing nitrogen
component or said mixed gas contains at least rare gas ,

gas containing nitrogen component and gas containing an

oxygen component.

6. A method of producing an optical information
recording medium according to claim 1 wherein said rare

gas contains at least Ar and /or Kr.

7. A method of producing an optical information recording
medium according to claim 1 or 2 wherein in the
process of forming at both sides of said recording layer
said barrier layer or protective layer containing

barrier material , a nitrogen partial pressure in a
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sputter atmosphere gas when su‘ch layer at the energy
beam-incident side is formed is higher than a nitrogen
partial pressure in a sputter atmosphere gas when such
layer at the side opposite to the energy beam-incident

side is formed..

8. A method of producing an optical information
recording medium according to claim 1  wherein a non-
gas component of said barrier material is Ge, and said
barrier layer or said protective layer is formed by using
a reactive sputtering method where said barrier material

is used as a target.

9. A method of producing an optical information
recording medium according to claim 8 , wherein the
material of said target is at least one selected from such
group of a Ge;N, compound, a GeO compound, a Ge0O, compound,

a Ge,N,~Ge0 mixture, or a Ge,N,~GeO, mixture.

10. A method of producing an optical information
recording medium according to claim 8 , wherein said
reactive sputtering ig carried out in the atmosphere gas

whose total pressure is ranging 1 mTorr to 50 mTorr.

11. A method of producing an optical information
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recording medium according to claim 8 , wherein the
atmosphere gas of said reactive sputtering is a mixed gas
containing at least rare gas and N,, and a partial pressure

ratio of the N, is more than 10% and less than 66%.

12. A method of producing an optical information
recording medium according to claim 11, wherein said
partial pressure ratio of N, is more than 10% and less than

50%.

13. A method of producing an optical information

recording medium according to claim 8 , wherein a power
density of said reactive sputtering is higher than 1.27
Wcm?, and the sputter atmosphere contains a mixed gas of

at least rare gas and N,.

14. A method of producing an optical information
recording medium according to claim 10, wherein a sputter

rate of said reactive sputtering is more than 18 nm/minute.

15.. A method of producing an optical information
recording medium according to claim 8 , wherein a complex
refractive index value n+ik of said barrier layer or said

protective layer is within the range of 1.7 <n < 3.8 and

0 S k S 0.8.
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16. A method of producing an optical information
recording medium according to claim 1 or 2 , wherein said
target is a single target of one element among elements
constituting said recording layer, a target of compound
of said elements constituting said recording layer, a
target of a nitride of said element, a target of an
oxynitride of said element, or a target of an oxide of said
element, and the sputter atmosphere gas is such mixed gas
of rare gas and gas containing nitrogen component, or such
mixed gas of rare gas and gas containing nitrogen component

and gas containing oxygen component.

17. A method of producing an optical information recording
medium according to claim 1 or 2, wherein said target
is a target of material for forming said recording
layer, a target of a nitride of material for forming
said recording layer ,ra target of an oxynitride of
material for forming said recording layer , or a target
of an oxide of material for forming said recording
layer , and the sputter atmosphere gas is such mixed
gas of rare gas and gas containing nitrogen component,
or such x‘nixed gas of rare gas and gas containing
nitrogen component and gas containing oxygen

component.
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18. A method of producing an optical information recording
medium according to claim 1 or 2 , wherein material
of the target used for forming said barrier layer or
protective layer containing said barrier material is
same as that of the target used for forming said
recording layer ,and at such time of starting and/or
completing of said forming of said recording layer ,
a partial pressure of gas containing nitrogen component
in the sputtering atmosphere gas is increased , or a
partial pressure of gas containing oxygen component in

the sputtering atmosphere is increased.
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