. SPECI FI CATION Optical information recording nmedium producing nmet hod

t hereof and net hod of recording/erasing/reproducing information

TECHNI CAL FI ELD The present invention relates to an opti cal

i nformati on recordi ng nmedium provided with an optically detectable

I nformati on recording | ayer, the producing nethod thereof and a nethod of -
recor di ng/ er asi ng/ reproducigg g %&r | Qn. ' BACKGROUND ART A
recording material thin fil E 3 cﬁ#&&‘rsing a netal thin filmand an o
organic thin,film, s forned on a disc-shaped or a cgrd-shaped substrate. A
i oh ener G GRdm i RAIRAL bR T ARG MOt HEPREC ARG, BRI or der
dianeter is irradiated onto.the recordj,ng terjal ,| ayer, thereby a | ocal
vari at i onthergede and ugrhod -8 dFﬁ&or%ét‘H)i%aﬁla?‘é(Fe§ﬁ9fié‘Gﬁn%uch a
technique_that an . information signal is stored is already well known. Mre

speci fi calRFOrMREIOM optical magnetic material thin film and a phase
change material thin filmare used for a :

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 enefgy
beam focused on a micro light spot having a submicron order
diameter is irradiated onto the recording material layer,
thereby a local variation is génerated on recording
lﬁaterial layer. Thereby, such a technique that an
information signal is Stored is already weil 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 signai.

Accordingly, this technique has been actively studied and



recordi ng | ayer, it s easy to rewite the signal. Accordingly, this _
t echni que has been actively studied and devel oped. For exanple, in
case of the optical magnetic recording nmedium a difference of a rotating
angle on a polarized surface of a reflected light generated due to the
difference of a magnetization state is used as the record. Furthernore, in
case of the phase change recording nmedium. an anount of a reflected |ight
rel ati vedevelkopediht Feriexpmpleecinicasevaf &he opticakmagnetige state
is different fromthat in an amorphous state, thereby the difference is
used as wecaomting meditmsea difference mfid amokbtbngeramgerenoad | evel
having a relatively higher power and an erasure |level having a relatively
| over ppodmrized tserfodel afed vefpercties dilght genkmakedodue toecordi ng
medium Thereby simlarly to a nagnetic disk, there is such a '
char act ethst idi ffexente oécear thagreshizatibdn sheteeds dised aasebhei gnal can
be sinultaneously perforned (it is possible to overwite the record). The
i nf or mat record gn&urkireiworew int eaderof: therphaseechange Usually, the
optical magnetic recording mediumand the phase change recordi ng nedi um
conpri serdoordivegmedium, an amount of a reflected light relative

to a light having a 'specific wavelength in a crystalline

state is different from that in an amorphous state, thereby

the difference is used as the record. A laser output is
modulated between a record level having a relatively

higher power and an erasure level havirig arelatively lower-

power, and the modulated output is only irradiated on a
recording medium. Thereby similarly to a magnetic disk,
~there is such a characteristic that the record erasure and

the record of a new signal can be simultaneously performed

(it is possible to overwrite the record). The information

signal can be rewritten for a short time.

Usually, the optical gma.gnetic recording medium and

the phase change recording medium comprise, for example,
amulti-layer f£ilm shown in FIG. 1. That is, ona substrate

1 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



a multi-layer filmshown in FIG 1. That is, on a substrate 1 conprising a
resin plate of a polycarbonate and PMVA (pol ynet hyl -nethatacrylate), a
glass plate, or the like, ~usually, a recording |ayer 3 having an opti cal
absorption conprising the phase change material and the optical nagnetic
material inserted between protective |layers 2 and 4 conprising a

di el ectr |4: %Si.ll'"%oylg(s)é %Ji%%cigﬂ{:t ﬁg]{__@l%‘ %_gref&%é reflecting layer 5

conprising an i'ncreasi'ng ‘an optical absorption
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manner tha scratch _and dusts £ no che 0_the 35 | ayers. Usually,
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front surface o substr te 1 is provided with a c.ave convex gr oove
track or Sherma Wé'?np Pye§ehﬁe£%“ %}hﬁh@ PE&??? & die¥SYy t he

| aser beamto_a gr determ ned position RE di sk. A function of
each | ayet- anthefectAyese asgmpduentially am:.nated by a :

sputteringmethod, a vacuumdepositionmethod, or the like.
Furthermore, an overcdat 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
seqhe_nce as guide means for guiding the laser beam to a
predetermined position on the disk. |

A function of each layer and an cohcrete 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, fpr example, é. 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 feported. | In the medium using such
phase éhahge materials, the laser beam is irradiated,

thereby the signal is recorded and reproduced. As already



materials formng each |layer are as foll ows. In case of the
recording | ayer 3, when the phase change material is used, chal cogenite .
thin filmwhose base conprises Te and Se, for exanple, a Ge-Sb-Te alloy’
thin film a Ge-Sb-Te-Se alloy thin film an In-Sb-Te alloy thin film an
Ag-1n-Sb-Te alloy thin film an In-Se alloy thin film and the like are
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Thereby the portion is amorphized, and the signal is
recorded. Furthermdre , at the portion irradiated with a
lrélatively weak power, the amorphous-state portion is
annealed, thereby the portion is crystallized, and the
recorded signal is erased. In order to reproduce the
signal, the power of the laser beam is reduced enough in
such a manrief that the recording film is not changéd; énd
the laser beanm is irradiated. At this_time, a strength
of the reflected light is detected, and whether the portion
irradiated with the laser beam is in the crystalline state
or the amorphous state is judged, thereby the signal is
reprodﬁced.n
The functioné of thgfprotective layers 2 and 4
comprising a dielectric material are, fbr example, as':
follow:
1) the recording layer is protected from an external
mechanical damage} |
- 2) athermal damage such as a roughness on the surface
of the substraté, a break of the recording layer and an

-evaporation, etc. occurred due to repeatedly rewriting the



signal, the power of the | aser beamis reduced enough in such a manner _
that the recording filmis not changed, and the | aser beamis irradi ated.
time, a strength of the reflected light is detected, and whet her

At this

the portion

t he anorphous state is judged, thereby the signal is reproduced.
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protected from an exg)'e?r nal nmechani cal damage; 2) a thernmal

such as B}gNghnesd

tipat

irradiated with the | aser beamis in the crystalline state or

The

damage

tIECIRR$8Le of the substrate, a break of the

recordi ng | ayer_and an_evaporation, etc. occuried du?1 to_repeatedly
regﬁ.s oh e

rewiting the 3) aninterference effect of agu

r educed,

3) an i ntESfapefc8oftha an epkiralps

opti cal

fhereby a repetition of,revvrinn t he i gnal _ can he increased,
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change can be enhanced, ] ..
4) an influence from an outside air is intercepted

so that a chemical chéhge can be -lprevented.

As the material comprising the protective layer for
satisfying the above objects, heretofore, an oxide such
as Si0,, Al,0, or the like, a nitride such as Si;N,, AlIN
or the like, an acid. nitride such as Si—-0-N or the like
(for example, disclosed in Japanese Patent Applicatiqn
Laid~open No. 3-104038), a sulfide such as ZnS or the like,
a carbide such as SiC or the like, or a mixed material such
as ZnS-Si0, or the like (disclosed in Japanese Patent
Application Laid-open No. 63-103453) is proposed, and one
part of them is practically used.

Two layers are provided to the protective layer,
ther.eby. the characteristic,thereof can be enhanced. The
example of the phase change recordin_g 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

Gan | enhaneediso that an -



4) an influence froman outside air is intercepted so that a chem cal
change can .be prevented. As the material conprising the protective

- layer for satisfying the above objects, heretofore, an oxide such as -
Si 2, A1203 or the like, a nitride such as Si3N4, AIN or the like, an acid
nitride such as Si-ONor the like (for exanple, disclosed in Japanese
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Two | ayers_gr rotectlve Ia er her eby.th
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and the carbl de. (S C) is used at, th S|de contacted, to the opti cal
r ecor di ngELdpethickngss,pd; the ENPaMeN (ﬁlctW%tJr%&laqge’élﬂ(ﬁWI ayer

i ncl udi ng_Ag, and ZnS or a_ conpound includi,ng ZnS'is, used as the outer
| ayer of PhBm to 50 nm. Furthermore, as disclosed in Japanese

Patent Application Laid-open No. 6-195747, ‘the protective
1ayer has two layers inserted between the recording layer
and the substrate, where one layer contacted to the
recording layer comprises 'Si3N4 layer and the other iayer
contacted to the substrate_ eompriSes ZnS-5i0, layer, |
thereby two dielectric layers are formed. The Si;N, layer
facilitates a crystallization of the phase change material
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 t_o the
substrate is a silicon oxide film, thereby an
addhesiveness. of the substrate and the dielectric layer
| is enhanced.. .Furthermore, the other layer eontacted _to
the recording layer eomprises the compound of the carbide
and the nitride, thereby it is possible to prevent a
corrosion of the megnetic recording layer ocdurred due to

that oxygen from the silicon oxide layer and water passing



dielectric-layer. The above SIN, SiC, AIN layer is used, thereby a

conbi nation of Ag included in the recording layer and S in the protective

| ayer is prevented. As disclosed in Japanese Patent Application Laid-open
No. 5-217211, a filmthickness of the SIN, AIN, SiC layer is ranging from
S nmto 50 nm Furthernore, as disclosed in Japanese Patent Application
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Passing iewof Japanese Patent Application Laid-4open No. 4-219650,
the dielectric layer contacted to the substrate has two'
layers. Here, one layer near the substrate comprises one
or more kind of oxide selected from a group of Si, 2r, Y,
Mg, Ti, Ta; Ca and Al, the:_:'eby the adhesive'nesé of the
dielectric layer and_the substrate is enhanced.
Furthermore, the other layer contacted to the optical

- magnetic recording film comprises the nitride layer
comprising one or more kind of nitride selected from the
group of Si, Zr, Y, Mg, Ti, Ta, Ca and Al, thereby it is
suppressed that oxygen and water from the oxide layer are
penetrated ahd diffused into the recording £ilm layer . As

- disclosed iﬁ 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 léyér 5 comprises a metal

such as Au, Al, Cr, Ni, Ag or the like and the allloy based

upon these metals, and the reflecting lajer 5 is disposed



- 6- . through the substrate are penetrated into the recording

| ayer. As disclosed in Japanese Patent Application Laid-open No. 4-219650,
preferably, the nitride conprises Sn-N; In-N, Zr-N, C-N, Al-N Si-N
Ta--N, V-N, Nb-N, Mb-N and WN, and the filmthickness thereof is ranging
from 10 nmto 20 nm Furthernore, as disclosed in Japanese - Pat ent

li cat Lai d- No. 4-321948, .in th vi eypof :
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contacted to.th bstr t,e has _t | aye ye ar t he

substrate 2’61"1151"‘ s Jcﬁnn%feE\ﬁPnHeGP feﬁ:mf egroup of Si,
(I\]/(t);‘P Ta, Ca and Al , thereby the adheS| veness of the dielectric

Iayer andPhel EGB’strate i's enhanced Furthernore, the other |ayer

contactedtotheo caj netic recording filmcaonprjses the nitride

| ayer conprisi® Qe 15 generade aspasttaringmethedgroup of

Si, Zr, Y, M, T| Ta ! and A, thereby_it is suppressed that oxygen and

wat er. f r otV mqwo%ﬂ'@t%@%frtﬂ%alkﬁdlﬂl ag the sethod ecor di ng

filmlayer. As disclosed in Japanese Patent Application Laid-open No
of preparing the recording medium. Furthermore, a

- reactive sputtering '_method is used so that the nitride can

be contained in the thin £ilm.
For example, as the method of producint; an ablation

' type write once medium, such a method that N is contained
in the Te-containing recording layer by the reactive
sputtering is disclosed in Japanese Patent Application
Laid-open No. 63-151486. As disclosed in Japanese Patent
Application Laid—opeh No. 63~-151486, a mixed gas of Ar _and
nitride is discharged relat;ive to a telluric selenium
alloy target. After the recording film containing
tellurium, selenium and nitride on the substrate is formed
by the rea.ct.ive spuﬁtering method, a nitrogen gas is
introduced, and a nitrogen plasma is generated, thereby

- a surface layer -havi:ng a high nitrogen density than an
inside of the recording layer is formed. The surface of
the recording film i::_s nitrided, thereby a weather-
proofness axtd a sensitivity are enhanced, and further .a
power tolerance is inereased . The nitrogen density of the

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



4-321948, the filmthickness of the nitride |l ayer is ranging fronfSO nmto

200 nm In general, the reflecting |ayer 5 conprises a netal such
as Au, Al', Cr, Ni, Ag or the Ilike and the all oy based upon these netals,
and the reflecting layer 5 is disposed in such a manner that a-

radiation effect and an effective Oppical absorption of ‘the recording_thin
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Contalnlqgamprising a material containing Te and Se is sputtered

in a nitridingfoxide'gas, a nitric dioxide gas or a gas

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 s'urface .
of the metallic element substrate is reacted with oxygen
gas or nitrogen gas, thereby a metallic oxide film or a
metallic nitridé film is formed.

Furthermore, although omitted in the drawings, in
order that an oxidiéation of the optical_infofmation
recording medium or an attachment of dusts, etc. is

prevented, such a séructure that the overcoat layer is

placed on the metallic reflecting layef 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,



tellurium seleniumand nitride on the substrate is formed by the reactive
Sputtering nethod, a.nitrogen gas is introduced, and a nitrogen plasma is
generated, thereby a surface |ayer having a high nitrogen density than an
inside of the recording layer is formed. The surface of the recording
filmis nitrided, thereby a weather- proofness and a sensitivity are
enhanced gl gfua theh #11AWEHpE2bEMYS ndted 161 /ARSEe DHI Wi tegen density

of the n|tr| layer is rangl ng from2%to 10% preferably, it

- 8- étc! 288hea ik tcsﬁoqinpféiéfa@ uddi® 4di gkgess of the
surface Iay’er 'S rang| ng about rom nm t o : Furthernore, the
exanpl e ty din
Japaneseq%at en %gt' [ %ﬁdéﬁ%&ﬁ@%{@ﬁ%ﬂ&@%ﬁ%ﬁ% T grtﬁ g?ggo §ﬁcorrp'ri si ng

a materi aly 3 ggg’t@& Tt 2 iﬁcfﬂ&iﬁgr gtlcn e g¥dr i di ng-oxide gas, a

nitric dioxi S or gas contarntn nitric dioxide, thereby the Iayer

cont ai ni ng, é’sege nBgih nfﬁjﬂﬁe EeRPrddihd & SEulfide

Furtherm)r ose n apanese
system material including such as ZnS representat.wely,

or the thin film comprising a mixture system material
including 2ZnS- SioO, between the above two thin films is
used as the protective layer, a laser irré.diatiox; is
c_érri_ed out. Thereby, the record and erasure of the
.information- signal, and the 'like are repeated, . thereby
optical chafacteristics ‘of the recording layer and-th.e'
protecﬁive Iayér (suéh as a réfle’ctivity,- an absqrptivity_
and the like) are changed. Accordingly , such a phenbmenon
that a recording characteristic or an erasure
characteristic is ct;anéed. That is, the sighal is
repeatedly rewritteq, thereby the ref]_.ectance of the.
medium is reduced, an amplilp:ude of the signal is Qradually
reduced, or a jitter.:f value at a marked position of a
recording mark becomes larger, thereby an error rate of
the recording signal becqm'es higher. Thérefore, when the
'signai is reproduced, a readout error is occurréd.
Abcordir_xgly, theré issucha probl‘em'that a possible times
of rewriting is limited. |

Principal causes of this change are as follows.
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Application Laid-open No. 4-78032, the surface of a netallic target is
sputtered by Ar gas, and on the surface of the netallic elenent substrate
is reacted with oxygen gas or nitrogen gas, thereby a netallic oxide film
or a netallic nitride filmis forned. Furt hernore, although omtted
in the drawings, in order that an oxidization of the optical information

di di, ttachpent of dusts,' etc. | event ed uch a
GEr uct ur SN e RS FEr AR 8 BhEE 3% S Gonpeaenl e arbp@emeshentect i ng
| ayer 5, ch. tructure that an_ult iolet curjng.resin.is,used as an
ad%e;i ve aﬁ:g%dﬂ%ﬁsrfuéﬁ%e§65§ﬁﬁ‘§t§g?@rq%ﬂ¥ teFt Ly A?é’?’fﬁ‘é’?ge pr oposed.

However, it is_known that the phase change optical recording, medi um has
the fol | FRIRFIRY| LA¥Sr , TRBY t?\g, contrary, the component such asg_

when the thin filmconprising a_material whqgse base is Te, Se, etc. :
cont ai ni fgG8e,Mtcrhaving 3 reladdvaly hdgh vaped REesgPEe aBaARIf ur t her
the thin filmconprising an oxide system material including such as SiQ2
the components which= the recording layer consists of '
diffuse from the recording layer to the protectivé layer.
Furthermore.; another: cause is that one part of the
protective layer matériai is chemically i:eac'ted with the
recording layer. Itz, is consideréd 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 inve'nto_rs,
etc., in the gptical disk applying a Ge—-Sb-Te rec_ordin_g
-filin and a ZnS- SiO, protective layer, the S component is
discharged from the protective layer due to the laser
irradiation. Consequently, it is obsetved that an S atom_'.
is penetrated from the_protéctiVe layer to the recording
layer. -Furﬁhermore,' 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 ciear.
The phenomenon and the mechanisin have not been
' ~clearly reported. In case that the nitride thin film

including Si,N, and ALN is used as the protective layer,
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representatively, the thin filmconprising a sulfide systemmaterial

I ncl udi ng such as ZnS representatively, or the thin filmconprising a
m xture systemmaterial including ZnS- Si 2 between the above two thin
films is wused as the protective layer, a laser irradiation is carried
out. Thereby, the record and erasure of the information signal, and the

| i ke are repeated, thereby -optical characterisitics of .the recording |ayer
bnd the. therScevionaps, La. BBt Slachiide s APEESEaRt 1N SroR FHE, "and the
| i ke) are changed. Accordingly, such a phenonenon _that a recordi ng
char act er?RPYe BXamPle s Qe the, pther, hapd, ap adhrrepCsHEP Fg,e the
signal is repeatedly rewitten, thergeby, the , refl ectance of .the zﬁmdiunlis
reduced, BERCAFALRCUIEYST Ofe SUGhA NAtEIdALAS) °W?€d5§@& et gt i ter
value at a marked position of a recording mark becones | arger, thereby an
error raten8rSiPnctitmer diey exaRRlepcundes ARgeRVIropRends Ba¥inghen t he
signal is reproduced, a readout_error_is occurred. Accaordingly, there is
such a pradrbehttemperpsyenprad prighohumigityi nghere is aa@ther -
Princi pal causes of this change are as foll ows. ) ' i
-10- problem that a peeling is occurred. That is, when oxide
such as Si0,, Ta,0;, Al,0, and the like and nitride such
as Si3N4, ALN and the like are used as a dielectricmaterial,
since such a dielectric material is less adhesive to a
phase change type recording material, for example, under
. the high—temperaturé and high-humidity enviro nment, the
peeling and crack are occurred. Thereby, there is further
problem that oxide such as $iO,, Ta,0;, Al,0; and the like
and nitride such as Si;N,, ALN 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
fecording 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
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That is, one cause is that an S conponent and an O conponent -are diffuse
and penetrate fromthe protective layer to the recording |ayer, on the
contrary, the conponent such as Te, Se, etc. having a relatively high
vapor pressure anmong the conponents which the recording |ayer consists of
diffuse fromthe recording layer to the protective |ayer. Furthernore,

anot her cayuse 1i,s at on rf of.the protective |ayer terial _i's
cheni cal | gﬂf“gaéf‘e%ﬂ\ﬁ HQ%%%*%%&%YﬁE' I %98PF‘PaP&%°€%éfoﬁg}a%éifbac}“i$at t he -
change is _occurred . due tqQ either of the ove causes,. or conmbi-nati on of
t he aboVeogaGg"Ss.oPtlcael q?’r?lfaa"c?e,r‘aﬁﬁb%iﬁﬁet G°QR°§)§%‘@'H'¥T§§13‘W fventors,
etc., in the optical  disk appléiq%g a Ge-Sh-Te recordin ' and.a ZnS-

Lfil
Si 2 pr ot Eheredy gyeh a change, feRechanigal- sErgpgtdy 1% Rt ecti ve
| ayer due to the laser irradiatign. Consequently, it,is opserved that an S
OStEE0n £ |

atom is PEFASx edY IR thR pPBEAEErRd 18n e grdaLy | ayer.
Furthernore, it is, also observed that the other Zn atom S atomand O
atom are appdifid fasecant excpd lentc pratrrtiverlayar: has @deighil t hough it
is assumed that other elenents are easy to nove by a separation of the S
atom t headbesiiveneshcbetwern fie @retective layey dhon and the
mechani sm have not been clearly reported. In case that the nitride thin
film recording layer and this results fromthe atomic diffusion.
Furthermore, it is also considered that such a protective
layer substantially contains a limit of the repeating
times. | |
~ Relating to a material containing Ag and S, that is,
the elements which are easy to qhemicall'y reaci:, the method
of suppressing .the' reaction is disclosed in Japanese
Patent Application Laid-open No. 5-217211. However, the
following view is not disclosed in the above prior art.
That is, relative to the phase change recording medium such
as Ge—-Sb-Te system, In-Sb-Te system and the like being
developed for an applicatijon as the most possible
. material system, in order to enhance the cycle performance
thereof, the layer comprising the material 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 'fdr preventing an

interdiffusion and the chemical reaction between the

recording layer and the protective layer. Furthermore,
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including Si3Nd4 and AIN is used as the protective |ayer, the S
conponent is not discharged, differently fromthe above exanple. On the
ot her hand, an adherence to the recording |ayer of such a nitride is |ower
than that of 2ZnS-SiQ2 film For exanple, under an environnent having a
hi gh tenperature and a high humdity, there is another problemthat a

Phe. 11 ke Bo8S PpREGF MY £ e RN T oy BpppEhor Ao tndl 707 o1

el ectT B MLERAL ARG HUE BV RRIITYRILR ghpe s, 2070 ve 10

_ pe “recordrng naterial,” Tor exanp _
90 eTPEGRRHSRGVIL Y B0 R PURRIIRY ol yBRRNR B0 ok e
1220, MR el 15 AOCEBRARSE B4 ThERaR A 1N L e,
Teohan ST SRR s ol ohl b B ARV e et
reaction are pepgeeded USRI B LOBES A Ly, Tocording
excellent repeating characteristic and an excellent
weather-proofness is not yet achieved. In order to solve
ﬁhe above problems, it is an object of the present.
iriventibn to providé a medium structure for realj.zing a
- phase change optical recording medium having the excellent
repeating characteristic ahd weather—.proofnesé, 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 proi:lems, according to one
aspect of the present iﬁvention , 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 enerqgy be'am', é.nd 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-



the reflectance, the absorption and the |like, and the variation of the
recording characteristic (an anorphization sensitivity) and the erasure
characteristic (a crystallization sensitivity and a crystallization rate)
are actualized. It is supposed ' : - 12-

that in the protective |ayer, acconpani ed by the change of the optical
characteristic, . conposi tion chanagg, t hereby such a change that a -

th
mechani caf SieBhgRh FRArEIARLCCREEHPEYeRD LI PEATERAR 18YAK. S| o2

filmw dely . applied as_an excellent protective | ayer has_a high .

adhesi venag¢ SBRAE@FQWWo%@X?Fvé%MM%%%YeEBPdWH%r and this
results fromthe atomc diffusion. Furthernore, it is also considered that
such a pr&®¥eEi-ve |ayer substantially contains a limt of the repeating
tinmes. Relating,to a material containing Ag_.and S. that js, the

el enent s whi ch Amatexsial conf taripg the barientayes (dbagipiRessi ng t he

reaction is disclosed in Japanese Patent_ Application Laid-open No.
5-217211. mnagexdi&l) tikself can be applied to a protective layer

material as it is.. In this case, more specifically, it
is expressed as the protective layer using the barrier
material”.

According to aﬁother aspect of the present invention,
preferably, there is provided an optical information
recording mediulﬁ, wherein a barrier material layer 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
layer, an effect for suppressing the atomic diffusion and
the chemical reaction between the recording layer and the
protective layer is higher, thereby a cycle performance
is enhanced. Acéording_tq 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 oniy 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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following viewis not disclosed in the above prior art. That is, relative
to the phase change recordi ng nmedi um such as Ge-Sb-Te system |n-Sbh-Te
system and the |ike being 'devel oped for an application as the nost
possible material system in order to enhance the cycle performance
thereof, the layer conprising the material such as nitride,
nitriding-oxide, etc..is forned, between a dielectric rotectjive |ayer and
a phase change AGRQFAing Q%§BFFhﬂ¥easPSFﬁé# Eh?e?reol%?ggdsmé?rbﬁ?Per | ayer
for preventing ap, interdiffusion and the chem cal, reacti on hetween the

r ecor di nP¥eheFaRhy Wg‘%t’e%ti’%"?—g9gr an-oRYGa nformation - _
- 13- nore specifically, Ge-Nor Ge-N-Ois, superior  as the _ '
di el ect r ike¢PEHARG Medidir WRRESIR| WREN: Fh@odarier aakeraailadS) have the
above problem This material has also an excellent performance as the
barrier |Eg§RFesented hy My Lvhere.sH sanptes 2R pggsedate of That
Is, a layer structure for realizing an excellent repeating characteristic
and an eXR@RTEAs elements phoolness: i ARBtX deNQtAsthE. agaregdde to sol ve

of gas elements X,, X,, ..), regarding a ratio of a gas
component b/ (a+b), the 'fatio of the barriei: material layer
at the substrate side is rel’ativeiy hj_.ghér than that of
the barrier material layer at the side opposité :to the
substtate. |
According to further aspect of the present invention,

preferably, there is provided an optical information
recording medium further comprising a metallic 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 materiél”-having a £hin thickness of 60 nm or less
is applied betwéen the metallic reflecting layer and the
recording layer for a quenching. Thereby, since the
number of layers can be reducéd, a preparing proces_s can
be simplified. Furthermore, since a cooling effect is
enhanced, thereby a thermal interference betwéen
recording marks is reduced, an information signal can be

densely recorded. That is, the structure is advantageous

-16 -



the above problens, it is an object of the present i nvention to provide a

medi um structure for realizing a phase change optical recording nmedi um

havi ng the excellent repeating characteristic and weat her-proof ness, the

produci ng net hod thereof, and a nethod of recording and reproducing an

I nformati on signal by using the recording nedium SUMVARY OF THE

| NVENT]I . 0..5Ql-\Ey:ahpve bl BR4di B9 kg e aspect

of the Ejr\lgger?t t}l lgnt?fé‘gﬁg't%hgr% %Q:‘:?lg‘rq%vi 3@5&‘% o%??%a?sri'n orrratjlsggn

recordi ng i u ORY.Sd ' I . ' Si bl e
SR B B Ty e BT GE R NS b evaed

phase change according to an rrradiation
of an ene a teri yer, | | Ss i | ayer
formed i n%&% %ga@hvmet %%ﬁ%l{@?.argé ]gér%é]gbrf%%%'th@%%&ﬁ%iéagér, -
wher ei n an,at.on G .dif s . . : - -14-

a chem calc’b?:@értq i%}gé o@%é#'ﬁg'de’&gtcv\%ecnaq hxéeap}%)%gc? O\I}é‘ qhaefercy%%% t he
recordi ngﬂe@’férﬁéﬁcgugﬁaegsﬁq.g?yert h(fex'?gfﬂref:ecording.

" According to further aspect of_the'_present invention,

prefefably,- there is provided an optical information
recording medium, Wﬁereih in the structure (a rather slow
cooling s'tructure) nécessary for a diel_e,ctrié layer having
a .thick thickness of 80 nm or more between the metallic
reflecting layer of the recording layer and the recording
layer, the bérrier 'l'ayer is applied td at least one side
of the recording layer. Thereby, usually, in the rather
slow ¢ooling structure having a tendehcy of high. heat-
storing effect and a large thermal damage, the cycle
performance can be largely enhanced.

According to further asbect 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 moré. Thereby, a further effect

can be obtained. Furthermore, more preferably, the
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| ayer . A material constituting the barrier layer (a barrier
material) itself can be applied to a protective layer nmaterial as it is.
In this case, nore specifically, it 1is expressed as the protective |ayer
using the barrier material™. Accordi ng to another aspect of the
present invention, preferably, there is provided an optical information

recordi ng di,u whereip a barrier mategrial .l ayer Jis . disposed at both

si des of &E‘g&{%ﬁ%gl? a%@rt.‘m Or MOrgeco &%qx)"aaslﬂ‘ﬁ%?ﬁre in which the
barrier nmaterial js. f lied to a bstrate, side of the recording: |ayer,
an ef fect I-']e?tr"éﬁ"pﬁj’rl&ﬁ Y FAE oMU RPERBALRT cheni cal reacti on

bet ween the recording, .l ayer and the rotective |ayer is_higher,, thereby a
cycl e perfornan@@cqrghé}%ﬁﬂcéﬁt%‘ﬁ&%% P% F%Pg'yﬁst?@ﬁji"ﬁvgﬁ wh the
barrier material is a‘gfchi&d to the side_opposite to the, substrate of the
recordi ngtF 1s@Oetqed an gPtefRAnER At PRSP AIRI MR YR,
performance is higher, thereby a reliability is enhanced. Not only the

st ruct ur eWh@ergkl the nhagpiere magerdaly lagekppentaindngn@eH RS of the

recordi ng | ayer conbines both characteristics, but also both performances
are furt hGe— nmepqused as the barrier material. .15

According to further aspect of the present invention,
preferably there is provided aﬁ optical information
recording medium, wherein when Ge-N oi: Gé-N-O material
layer is applied at both sides of the recording layer as
the barrier layer or the protective layer, regardin‘g a
density of a gas element in Ge~N or Ge-N-O layer, that is,
(N+0) / (Ge+N+0) , thé density in Ge-N or Ge-N-O layer at the
substrate side of the recording layer is relatively larger
than that in Ge-N or Ge-N-0 layer at the side opposite to
the substrate of the fecdrding layer.

According to furthér aspect of the present invention,
preferably there is provided an optical information |
recording medium, wheré_in Ge-N composition region having
a Ge density ré.nging from 35% to 90% is sélected. . 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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According to further aspect of the present invention, preferably, there is
provi ded an optical information recording nedium wherein when the barrier
material is represented by Merr] X err] (where, Mdenotes an aggregate of
non-gas el enents Merr], Merr], .., and X denotes the aggregate of gas
~elements X1, X2, ..), regarding a ratio of a gas conponent b/ (a+b), the
ratio of the barrier. material |layer at the:substrate side is relatively
“hi gher thbfttkhe side whigh @ daser Heam iayipcidente of)dge WHGESte to the
substrat e. . According to_ further aspect_of the present invention,
pr ef er abl genshsyerapging,/faem 35 &0 603 isrpetectedn IB@ASR Ada@%edi um
further conprising a netallic reflecti n({ | ayer. . According to
further athecBeolV thayew ekenapphiest: iten theyrakde ;.@pposiker £a £h8 ovi ded an
optical information recording nedium wherein the protective |ayer using
t he. barrsubstaese 9f thevregoxding layernddhe Ge denshty vangings applied -
between the netallic reflecting layer and the recording |layer for a
quenchi ngfrdimed2h 9 toe%t(prefendblyef4?ag¥riso kbt hd s edldestted. prepari ng
process can be .sinplified. Furthernore, since a cooling effect is
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-O, Ge-N-O
composition region is within a range surround by four
composition points, Bl (Geyy o, Nyp.o) B4 (Gegy 4 N3.3r O133) s
G4 (Ges.yr Nysgs Oss.1)s Gl (Gey s, Nogs). In this Ifegi'on.r_
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 (Ge4d8.8 N10.2 041.0), Gl (Ge35.0 N65.0), G4
(Ge31.1 N13.8 055.1) is appropriate. 1In case that the
Ge-N-O 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
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enhanced, thereby a thermal interference between recording marks is
‘reduced, an information signal can be densely recorded. That is, the
structure i s advant ageous . -16- . to a
hi gh density recording. Mre preferably, in this case, the barrier |ayer
Is also applied to the substrate side of the recording |ayer.. Thereby, it

I S possi o bt.ai nt.h ' } ch, can, r hZe hORERhGY e
performﬁég'i\ng:ig'hie}ghgﬁ' 35%%\?“?@3’0%1 hgﬂl Fééé%' ﬁg?d?ngsﬁd%f)urther
aspect of.the_present .inventj . P ra €, I oV an optica
i nf or mat i OR aP@E%P%i%%dﬁfh%rhv%%régégfngk%gegtéﬁaul 'u?réﬂ) al\'l%g?%relr sl ow.
cooling structur cessary for a.di.el ectri er, i I ck
t hi cknes Ssgyrgsn%dgﬁynﬁpgrﬁgPWgﬁ qﬁé’ nrr??gﬂq%gc@ir.égggét'ﬁg?’%a'wr’ of the
recordi ng.layer _an e [ y h ier layer.is-applied to
at | east %ﬁe¥§ﬁt§§ ’%ow‘r{}e ﬁ%‘r%}ghg{? ia?é?&Tﬁe%gjy,leh‘su@/l grc,"'e?ﬁ'lghe' rat her
sl ow cool j tructyre having a tendency of high heat- storing effect and
a large tﬂggwéldﬁi&ﬂ}alﬁFEPS§QPElag@?fornance can be largely enhanced.
Similarly to the case of the Ge-N layer, when the

Ge-N-O 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 compositioﬁ.region'having a considerably

high Ge density.

As described above, the Ge-N layer or the Ge-N-0

layer is acted in such a manner that the atomic

interdiffusion and chemical reéction 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
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According to further aspect of the present invention, there is provided an
opticaL information recording nmedium wherein the thickness of - the barrier
| ayer is at least nore than 1 nmto 2 nm Thereby, the above effect can be
obt ai ned. Preferably, the thickness is 5 nmor nore. Thereby, even if a

| aser power used for recording is higher, the effect can be obtai ned.

Fur t her nor e, m)re referably the thickness is 20 nmor nore. Thereby, a
further efiag@h esea@beaitﬁeaesmw Hererseeording payesiagPypares
-17- thlckness is 20 nmor nore. Thereby, a higher

repr oduci B Pthesrpitside fiheg suchaspiiithg ALN, etcacanda qgrbadmrt her
aspect of the present I nvention, there is provided an optical information:
recor di ng Febmuspchvar St Gy gt barThe reagan ithat Ahe Geomt diayleryoe- N or

Ge-N-Ois used as the barrier material. Accordi ng to further aspect
of the prcsh@iGeTNcdtlayer haemchighen ndhesiveness delasnfopliovs.
i nformation recording nedium wherein when Ge-N or Ge-N-O material |ayer

i s appl i eccompased tpdether nhbrideofdlmg sugbrasgssi;N,, ALN, etc.,
the Ge—-N layer or the Ge-N-0 layer enables to form the film |
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 dia_.metér is 100 mm is used, .the
film can be formed with 500W at 40 nm to 50 nm/minute).
Accordingly, J.t is assumed that since an 1nternal stress
in the fJ.lm is 1ower, the Ge—N layer or the Ge-N 0 layer
has a higher adhesiveness. However, this is not clear.

Accofding to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein a complex j:efractive index value
N+ik applies the Ge-N or Ge-N-0 layer satisfying the ra_.née
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-0 layer satisfying
the range of 1.7<n < 2.8 a_nd 0<k<0.31is app_liéd. " When
the baj:rier material layer is formed at the side oppos_ite
to the .substrate, the Ge-N or'Ge—N-O' layer satisfying the |
rangeof 1.7<n<3.8and 0 < ké 0.8 is applied. An optical

constant is changed according to a ratio of O to N in the
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the barrier layer or the protective layer, regarding a density of a gas
elenent in Ge-N or Ge-N-O layer, that is, (NO / (Ge+N+O), the density in
Ge-N or Ge-N-O layer at the substrate side of the recording layer is
relatively larger than that in Ge-N or Ge-N-O |ayer at the side opposite
to the substrate of the recording |ayer. According to further
aspect of the present invention, preferably there is provided an optical

i nf or mat i $ilmy;, achedidgsnkesam thvh apdiicak consimnt beconesdaggerwi ng a Ge
density ranging from35%to 90%is selected. More preferably, the range
from 35% Whefi5% iis swdmwe; ethe opticalccwmiitant doécomasr smedder of the
present invention, preferably there is provided an optical information _
recordi ng nedi m!mcmhdu.ﬂgtorfmaﬂrer hapeicitcof the preseat invenppbingd to t he
substrate side of the recording |ayer - 18-

(at the spdefelriabily tlere bsaprovided dantoptical hinfermddrict y rangi ng
from35%to 60%is selected. In case that the Ge-N layer is applied to the

si de oppogeterdird mediius, whiexedn thrateedadi thihaftlm whvs&matansi ty
FEnILn component is Ge-Sb-Te is uéed as the recording layer.

According to further aspedt of the pres'ent invention,
preferably there is prov_:i.ded an optic.al inf.ormatinn-
recording medium, wherein the material thin film whose
main component is 2ZnS-S8i0, is used as a dielectric
protecﬁive layer material used together with thé bnrrier
layer.

According to further aspect of the present invention,
preferably thére 'is provided an optical information
recording medium, wherein a material layer containing a.
main component comprising a nitride or a nit:iding-oxide
ha\lrinq at least one kind of element selected from the.
elements constituting the recording layer is used as the
barrier material layer.

In genei‘al , 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
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from42. 9% to 90% (preferably, 42.9%to 65% is selected. Accordi ng
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-el ement conposition of Ge-NO Ge-N-O conposition
region is wthin a range surround by four conposition points, Bl

(Gel er r] adhediGefbesBtarCaie énadced’. STAl €hik. Shse,CAt @31.,, N3,
055.1), Gl (Geo35, NO65). In this region, there are ‘such effects that t he

cycle perf}&égﬂﬂié +8 s&ﬁﬁﬁ&égdtﬁédlﬁﬂefaiﬂhgll&f hegRAeechémg@@anced.
According to further aspect of the present invention, preferably there is

provi ded a SEPL | r that the
Ge-N-O | aﬁ%ree?gﬁaggt%gto téﬁe& esc{Jbst rﬂ% ?Eﬁg %@atﬁérgtg}:glaﬁg%ﬁyer (at

FEﬁgZLgﬁpos BEoh Sgﬁiﬁlﬁ@@%@%ﬁﬁ' il e s ?‘%“8):edc;?z
Go- 10 | dyReEReY; the Phied Qlahdy Dtilal RPN Aebianafind |7, 1"
gggggd;)“gggay%&cs;ﬁg&%g@eséaﬁauggséor%nc%ufefeg@fsﬁa aaﬁgﬁe@ s BL

proofness can be realized.

According to further aspect of the presént 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 thé recofding layer and the
nitride layer or the nitric-oxide layer héve ‘the £ilms
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 én optical informatibn fecording

. medium for solving the above problems, comprising a vacuum
deposition mei:hod, 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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N9.1 036.6), Fl (Ge42.9 N57.1), F4 (Ge35.5 N12.9 051.6) is appropriate. In
this case, preferably, the region surrounded by four conposition points Cl
(Ge65.0 N35.0), 4 (Ge53.9 N9.2 036.9), F1 (CGe42.9 N57.1), F4 (Ge35.5
N12.9 051.6) is appropriate. Simlarly to the case of the Ge-N

| ayer, when the Ge-N-O layer is forned at the side opposite to the

substrate of th@cé&f&iﬁg% Eg&?%&@élshgét%%%g%‘éf@séﬁé inv&pEigRam i s not

i ncident on), in a process o ecor Ing, there Is less

possi bi | i 4 ypbPab gge[p?ﬁﬁeﬂ‘%%%gﬁ! Hﬁ‘iﬂcia'l tiqﬁé]ﬁﬁ@ﬁ%ﬂgrééﬁﬁggpge | ayer

can be also appli ositfon region having a consi ly high

Co,0on" oo il "BrABEKab, WRbAIP CEpEdANE mohd@ R ULLIE
o dent gnknbi $ditielAspRerh i bk Wty AGpSSngherh Be Bgcd |1
e corPBLLERR:! SRYLIRY] 10, 81 ERURLIRRINN SBBRFEITE K L cp
et {ekckie SN (IO O 4 uel Ao el e LRl L i = o
that the barrier material layer is formed, so that a
reactive sputteriné is carried out in a mixed gas of a rare
- gas and the gas containing a nitride component or the mixed
gas of the ga:s cdntaining the rare gas and the nitride
component and the gas containing an oxide component,
thereby the barrier material layer is formed.
According to further aspect of the present invention,
a method of preparihg an optical information recording
medium, preferably, wherein Ar and Kr are used as the rare
gas. |
| According to further aspect of the present invention,
a method of preparing an 'thical 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 thﬁat-
the barrier material layer is formed at the side opposite

to the substrate of the recording layer is highly set than

-24 -



conprising a dielectric material are suppressed. There . is such an
advantage that the Ge-N |l ayer or the Ge-N-O | ayer

- 20- has a hi gher adhesiveness to the recording | ayer, conpared

to other nitride filnms such as Si3N4, AN, etc.. and a carbide filmsuch as
SiC, etc. The reason that the Ge-N layer or the Ge-N-O | ayer has a higher
adhesi veness is as fol|ows. Cq;g?red to other njtride, filnms sych as Si 3N4,
AN, etc.thatpingage that the harriexnateriallaverds Fogpedde il m

with a relatively |lower power at a high speed_(for exanple, when.a
di st ance bbewsuhsirateysideof khesgpsorsing dayer. mEherek¥e %h@ get whose
- dianeter-is 100 nmis used, the filmcan be forned with 500Wat 40 nmto
50 nni mi nEEEpcture Maving\a furtheprhigher:weatbercpraeingss aAnstress .
inthe filmis lower, the Ge-N layer or the Ge-N-O | ayer has a higher
adhesi venbes obtt@dned., this is not clear. - According to further
aspect of the present invention, preferably there is provided an optical
i nformation redeconddnetofinriher aspectofiihe present ioventdorval ue
N+i k. applies the Ge-N or Ge-N-O | ayer satisfying the range
a method of preparing an optical information recording
medium, preferably, wherein Ge is used as the main
component M of the barriér'material, a Ge target, a Ge-N
target, a Ge-N-0 target or a Ge-O target is used so that
the reactive sputtering is carried out, thereby the
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-0 target, and Ge,;N,~GeO mixed Itarget is
used as the Ge-O-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 is more 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 invéntion,

a method of preparing an optical information recording

medium, preferably, wherein Ge is used as the main
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of 1.7 < n < 3.8 and 0< k.[err] 0. 8.
mat er i al _
Ge-N or Ge-N-O |l ayer satisfying

is applied. Wien the barrier material layer is . fornmed at the side

opposite

to the substrate, the Ge-N or Ge-N-O | ayer satisfying the

R

changed act

21

further
opti cal

main co
to furth

mat eri al

ng toa-r 10 O

when o 1 SRvEerfly SHCPaREiRd Bl il HRCer FORR 10' LRECHTRRA T 0%
Pt Ea g TRag A Nan F BRI Prbafitd Bolidy
GFE it “eauRBo, foh 5y SAE008T TPERLPR TbBRer ¢ |

whose. A PPECRIBRCRBE FOrRACS aad § netheR st Ret SBrPRERaTR A [ ve | ayer

used together with the barrier r. . .
be obta eg. In tr}u.s case, when Lﬁgebarrler layer is used

| at the substrate side of the recording layer, ‘the partial o

pressure ratio of N, is ranging from 12% to 60% (preferably,
.50% or less). Furthermore, wheﬁ the barrier iayer ig used
at the side opposite to the substrate , the f.oartial pressure '
ratio of N, is ranging from 5% to 60% (preferably, 40% or
less, more preferably,‘ 33% or less). |

Regarding the re'peating performance, 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 récording £ilm
is changed, accompanied with 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 film, thereby
similarly to the above case, the better repeating
charaéteristic cannot be obtained. | |

| Regarding the wea_.ther-proofness (adhesive'ness).,

when the ‘nitrogen partial préésure in the sputter gas is

‘'high and much surplus nitrogen exists in the film, after

-26-

More preferably, when the barrier
| ayer is forned at the substrate side of the recording |ayer,
the range of 1.7 < n < 2.8 and 0 < k < 0.3

i ded an
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Accordi ng
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According to further aspect of the present invention, preferably there is
provi ded an optical information recording nedium wherein a material |ayer
containing a “~nmain conponent conprising a nitride or a nitriding-oxide
havi ng at. | east one kind of elenment selected fromthe elenents
constituting the recording Iayer Is used as the barrier material |ayer.

I n general t hqu a, nit material. is !ess adhe to a chal cogenite
mat eri al , aPhéQ&giékﬁ tione es§0n?apﬁ Qﬂt%ﬁd%C%Prﬁ?arudPﬂa Jetde belng |
the el enen stltutln t he recqrding | aye used, ,thereb he

el ements WReHh SaPiLFEnggyBPrF%ago %sPr'}yec i i‘a dithe § | n the
recordi ng Iayer Accordingly,

adhesi ven@?snE’&rF%béﬁﬁQn‘é%&hq Hlftl?og%%‘lﬁtts i thepeeling is %‘Eﬁ)pr ess the
interdif fusion and the chem cal _reaction between the recording |ayer and -
the prot ePEERETady el tyc: AsaMed chhdkeRinre Gre Contrdhut %sn‘h‘? i al .

Ther eby, the_phase, change opti cal recordln nedi mhawng{1 t he excellent
r epeat i ngCRAWAaTRR With| thaireeqrddng film, the peeling 1s not

occurred.
Accordingtofurtheraspectofthepresentinvention,
-a method of preparihg an optical informaﬁion 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 Nz,'a sputter powei: density
is more than 1.27W/cm?, and a film forming rate is 18
- nm/minute or more.
According to furthei' aspect of the present invention p
a method of preparing an opticel informaﬁion recording,.
medium, preferably, wherein Ge is used as the main
component M of the barrier material, when the readtive
spﬁttering is carried out, the sputter gas is.the_mixed
.gas containing at least Ar and N,, the film is formed in
sueh 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 oflthe'recording'layer, such a £ilm

forming condition as to satisfy the range 1.7 < n < 2.8,
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proof ness can be realized. According to further aspect of the present
I nvention, preferably there is provided an optical information recording
medi um wherein at | east one surface of the recording layer is nitrided or

nitric-oxidized, thereby the barrier layer is forned. In this case,
since the recording Iayer and the nitride layer or the nitric-oxide | ayer
have the filns having E h continuity_ to:each other, th ‘is |less

probl em r@iats 503 ?-ﬁesﬁ ﬁg§9\¢ene§7§e nathe: prgier F‘ﬁé'-erd-ﬁt YSInf or mat i on

recordi ng nedi um havi ng the excellent repeating perfornmance and the

excel | entisefiommed afr ddvenaside oppes bbe atoethe substrakeqgr diughtao furt her
aspect of the present invention, a nethod of preparing an optical

i nf or mat i falmeforming cordli tioh as tolsdatig fnthaetwargerlolil srs< uBpri sing a
vacuum deposition nethod, DC sputtering method, a nagnetron sputtering

met hod, agl asgr <Sputg &'d rgej:@éegg,_ an ion plating nethod, a CVD nethod and
the | ike. -23-

According to further aspect of the present invention,
a method of preparing an optical information recording
medium, preférably, wherein at least one element among the
materials constituting the recording layer is used as the
main component of the barrier material layer, its single
element target, 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 component or the mixed.
gas of the rare gas. and the gas containing the nitrogen
component and the gas containing the oxygen component,
thereby the film is formed.

According to further aspect of the present in§ention, :
a method of preparing- an 6ptica1 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 targef., 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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According to further aspect of the present invention, a nethod of
preparing an optical information recording nedium preferably, wherein a
sputtering nethod is used, a single target conprising the main conponent M
of the barrier material, a nitride target conprising M a nitric-oxide
target, or an oxide target is used in order . that the barrier material
ayer s iRinfSchene bRakne miSAdd |9 SPE! LRE! BAreS ol A O Ggd M xed

t co

gas of a rar gas an e gas containing a nitrid mponent of the mi'xed
gas of th Fe e 33 t i LI At and t he
Gas cont atice ERERY, hathitiellh obfigofale! Afia"th, 68 CORRRRERhGTE 1S
f or med. di fyrt C f el r [ avention, a
met hod of t[?reep%ﬁﬁgﬁalﬁagﬁo?lggqﬁ ﬁ?ﬁ%ﬁfo{n’hgegﬁ'g] ﬁ‘&e%% preferably,
wherein Ar and Kr_are.useq as t rare S. Accor.ding .to further
“aspect of the p%scgqfdi"i?%ﬂfgﬁ?ﬁeg FRESH F theRReT Tt ARVt on

I nformati on recor ing nedi um_ prefera Lg wherein N2 is used as t he gas
cont ai ni-ng tHEERPH P PE anPphrcal 1nferpation ¥RCOEdiRG ning the
oxi de conpongnt . : 2?’3? tgﬁibarrier material, |ayer is formed at either
si des of 1 or BFREEraPLY , JhereRntheymaterisd tidelfhe barrier
material layer |s forned at the sjide gpposite to the substrate of the
recordi ng 9 t.lq:gthpghppesggcpﬁgﬁ.ng layer is used as it is as the

main component of the barrier material layer, in at least
either a recording layer formation start time or a
recording layer formation completion time, eithér a
‘process of forming the recording layer in which the density
of the gas containing the nitride component in the sputter
gas is enhanced, or a process of forming the recording
layer in which the densities of the gas containing the
nitride component and the gas contaiﬁing the oxide
component are enhanced is used, thereby tﬁe recording
layer formation can be achieved.

Acco_r:ding to the abowe processes, a supply of the
gas consi_:ituting the nitride cémpon_ent and the oxide
cdmponent may be stopped when a reéording layér 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 recor_ding
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- 24- that in case that the barrier material layer is forned at

the substrate side of the recording |layer. Thereby, the structure having a
further higher weather-proofness can be obtai ned. According to
further aspect of the present invention, a nethod of preparing an optical

i nformati on recording nedium preferably, wherein Ge is used as the main

conponentm%agépégﬁﬁgﬁigﬁégn§6§£gggyﬁgﬁge target, a Ge-N target, a Ge-N-o_-

target or use the reactive sputtering is carried

aGesNorr] ) contBErt Portt & Gear e L EbhaN VIR, SR REL HE o i on i s
U220 Bex GBI pBRSTH She B 8 pBBER R 10 0
oo o mRSRRAY GRES €8 e BRSO, TP
e e 0G94 B LDk B i nd RSB T ©

structure example of the optical information recording
medium according to the present invention.

FIG. 4 is a éross-sectional view showing another
‘structure exampie of the optical information recording
medium according to the present inventidn.

FIG. 5 is a composition diagram for ekplaining an
appropriate compositibn 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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this range, a high sputter rate and a stable discharge can be obtained.
According to further aspect of the present invention, a nethod of
preparing an optical information recording mnedium preferably, wherein Ge
is used as the main - 25- conponent
M of the barrier material, when the reactive sputtering is carried out,
the sputter gas is the nmixed gas:containing at |least Ar and N2, a partial
pressure ratio IKCAi8heyggpRgthesmsbruetwve, ofhapperatusmerfer
repeating perforpance and a better weather-proofness can be obtained. In
this case PR#RATLRG bher opticalkrinformation: recording medivmdbyof t he
recording |ayer, the partial pressure ratio of N2 is ranging from12%to
60% ( pr ef &g, theopresends synvenkioms nore, when the barrier layer is used
at the side opposite to the substrate, the partial pressure ratio of N2'is
rangi ng from 5%BX5 6000 (shewsr abidifEmence ¢©£sa, repeatimef er ably, 33% or

| ess). Regardi ng the repeating performance, when a nitride partia
pressure ighapecteuissicgdky iusinyy, assputtercigas 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 pressﬁre.

' FIG. 13 shows the differ.ence of the adhesiveness by
using the sputter gas pressure.

FIG. 14 shows a relationship between a nitrogen
paftial pressure in the sputter gas and an optical
constant. |

FIG. 15 shows the relationship between the nitrogen
partial pressure in the spufter gas and the optical
COnstant. |

| FIG. 16 shows a relationship between a t.otal sputter

gas pressure and the optical constant.

Substrate

Protedtive layer
Recording layer
P;otective layer

Metallic reflecting layer

A U W N

Overcoat layer
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surplus Ge not conbined to a nitrogen exists in the protective |ayer, the

conposition in the recording film is 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, nmuch surplus nitrogen exists in the film thereby simlarly to

t he above case, _the better‘%ggeatlnﬁ char cteristic cannot be obtai ned. .
8s

" Regar di ng’t he WEQRRABVESCARVRX IJ¥AR¥esETaf when the nitrogen partial
pressure 8” theBEBE&B?'Bﬁyéfs ‘hi gh and nuch surplus nitrogen exists in
the film - 26- an

acceleratBon teSbntacme@ayqxls occurred. However, when the nitrogen
partial pressure is |ow and the surplus Ge not conbined to the nitrogen
exists, th8 peePefignse @teccurred. It is assuned that since Ge

contrlbutfi to g cﬁﬂﬁpkﬂﬂhion with the recording film the peeling is not

occurred. ccordlng o further aspect of the present invention, a
met hod of1arepapowgramduﬁoexéwiténrnation recordi ng

13 Direct current power source

14 High-frequency power source

15 Matching circuit
16, 17, 18, 19 Cathdde _
20, 21, 22, 23 switch
24 Air outlet |
25 Pipe

26 -Vacuum pump

27 théting appafatus
28. Rotary shaft

29 Disk holder

30 Shutter

31 Gas pipe

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

41  Kr gas éylinder

42 0, gas cylinder

43 N, gas cylinder

44 Insulating material
45 Ge-Sb-Te target

46 ZnS-si0, target

47 Al-Cr target

48 Ge target .
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medi um preferably, wherein Ge is used as the main conponent M of the
barrier material, when the reactive sputtering is carried out, the sputter
gas is the m xed gas containing at |east Ar and N2, a sputter power
density 1is nore than 1.27WcnR, and a filmformng rate is 18 nm mnute

or nore. According to further aspect of the present invention, a
nmet hod of ,@r epa nformation fecording medium pref erabl Y,
wherein Gegl S u{s’gg:% 11'rr%sufllrll i:corrponent M of the barrier material, when

the react 50 sAuft @utn@ts carried out, the sputter gas is the mxed gas
containing at least Ar and N2, the filmis forned in such a manner that
t he conpl refﬁé@tﬁ)—@lﬂfﬂb‘kgv‘épﬁélm k my satisfy the range 1.7 < n <

3.8, 0 < .8, S |y, when the barrier material |ayer is
f or med alrs’ gﬁ’g‘glrlg}% %g‘é%{%?ﬁ%he recording layer, such a film formng
condi ti onsas tos@@tﬂtg,y dgerange 1.7 < n < 2.8, ' "

-27- < 0.3 is selected. Wen the barrler material layer 1is
f ormed at 5tbhe smhqﬂmmtetothe substrate, such a '

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 a barrier iayer
is ﬁsed at a substrate side of a recording layer.

According to the embod_iment, a substrate 1 is a -
disc-shaped pplycarbonate 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 glas's, an acrylioc resin, a polyolefin resin, a
vinyl chloride and the like can be also used. Although
a nietallcan be also used, the medium must be designed in
such a mahner 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. h

A surface of the substrate is optically sufficientiy

- flat. Furthermore, a spiral-shaped concave-convex
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filmformng condition as to satisfy the range 1.7 <n <3.8, 0 <k <0.8
Is selected. . According to further aspect of the present invention,
a nmet hod of preparing an optical information recording nedium preferably,
wherein at | east one elenent anong the materials constituting the
recording layer is used as the nmain conponent of the barrier material

| ayer, its singl elenent. target, Jits nitrjde target, | i triding-oxide
Larget or SFPOVE, EXGK oot exaliples Maxinga dskeh of Witedng ro
carried out the m xed gas ,0f the rare gas apd the gas containj -t he o
ni trogen GERRYRROLSAAMFIA R PE Pad biim ﬁ’é“fé‘r ga@&&%’t% ont ai ni ng
the nitrogen conponent and the gas containing the oxygen conponent,

t hereby tof 0i.[7# ign fis nEdrmed all awesr dihe swrfacehwhexepect of the

present invention, a nethod of preparing an optical information recording
medi um  phrafieistllapemiTEies id Forfidr | §hd toRldave-aimivéxtsigpé et recor di ng

| ayer is used as it is as the main conponent of the barrier materi al

| ayer, thghka ve Us fopei H8edhgs" £Casiiay thveeby &S 1kddr dredmrget, its.
nitriding-oxide target, or its oxide target is used, so that the reactive

sputt er i NgolS re¥idrdith@ Hnd heepis@dcing aflf ihPBriditd difS ijithl aas
contai ning the nitrogen - 28-
be moved to an optional position. As a method of guiding
the laser beam, a continuous servo method using the
sﬁir_al—shaped groove or a concentrically formed groove and
a _sainple servo method tracing a periodiclally arranged |
signal pit sequence aré known. According to the method
of guiding the laser beam, although the groove is
appropriately formed on the substrate 1'., this does not also
reiate to a substance of the present invention. |
According to the above embodiment, sequentially a
pj:'otective layer 2 comprising a ZnS-Sio0, (Si(.)2 : 20 mol%)
mixture .1ayex_', abarrier layer 8 containing Ge-N or Ge~-N-0O,
a recording layer 3 comprising a Ge,Sb, ;Te; alloy thin fil:_n,
a protective layer 4 comprising a ZnS-8i0, (Si0, : 20 mol%)
mixture laye'r and a metallic reflec{:ing 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 B

laminated as a defense plate 10. When the barrier layer
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conponent or the m xed gas of the rare gas and the gas containing the

ni trogen conponent and the gas containing the oxygen conponent, thereby
the filmis forned. According to further aspect of the present
invention, a nethod of preparing an optical information recording nedium
preferably, wherein the material itself constituting the recording |ayer
Is used as it is as the min conponent of the barrier materijal |ayer, in

at |east BeiBhee-N.riBorR| PEderyEFomthe Rrptechive: fages 2,80 Re ding
| ayer formation conpletion tinme, either a process of form nth he.recordi ng-
| ayer in wetallie refieetingrlayer fe thaithirkressohieachela¥®bonent in
the sputter gas is enhanced, or a process of formng the recording |ayer
in which fise segrentialdy PRengas ScdMaidl nagme nd8 Am angk 1Ih¥Rent and the
gas containing the oxide conponent are enhanced is used, thereby the
recor di ngrespeativeky: i dtheanthe hawirdes layer 8at8o68rHgOvo the above
processes, a supply of the gas constituting the nitride conponent and the
oxi de comdovidariyy the shef eachcbayengis Sequertiadhy 86 fornmed
in the recording | ayer formati on process. _ i - .

nm, 20 nm, 20 nm; 18 nm and 150 nm, respectively.

In general, the material forming the protective

layers 2 and 4 is a dielectric material, which is sometimes

called a dielectric protective layer. Aside from ZnS-

Si0,, the materials which are conventionally used for the

protective layer of the optical recording m_ediﬁm 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, 2r, Y, etc.,

a nitride layer comprising a nitride such as Al, B, Nb,

Si, Ta, Ti, Zr, 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-SioO,,

Si-N-O, 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

bean, etc.. More specifically, preferably, the material
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a cross-sectional view
showi ng a conventional structure of a phase change optical recording
- 29- medi um conprising four |ayers. FIG 2is a '
cross-sectional view showing an structure exanple of an optical
I nformation recording- nedium according to the present invention.
FIG 3 is,a cross-sectional vi showi ng anot her . structure ex | e of the
opti cal ih?oFﬁHﬁrﬁiﬁ&cﬁqﬁﬂgeS%Gitﬂ’ﬁeé’c%} (ﬂ‘?@;r?lbo‘t"ﬁesiiﬁgﬁﬁt’ladmrﬁ/ent i on.
FIG 4 is a cross-sectional view show ng,anot her ructure exanpl e of the
optical ifFEpadildne state Ry i trradistdPRgofo &Lttt IHvent i on.
FIG 5 is a conposition_diagramfor explaining an appropriate_conposition
range of heemL.N T¥picadily¥y @-sysbem geBtaining &GephrTed F&8 TR opti cal
i nformati on recording nmedium according to the present invention.
FIG 6 shinsSh-SeushnTe cGanik-Te~Ba, Ag=FAris-8e, GesPdr SRy Eee opti cal
i nforration recordi ng nedi um - . _ -

- Ge-Bi-Te, Ge-Sn-Te, Ge-Sh-Te-Se, Ge-Bi-Te-Se, Ge-Te-

Sn-Au, Ge-Sb-Te-Cr, In-Se, In-Se-Co and the like, or thé
system resulted fromadding a gas admixture such as oxygen,
nitrogen, etc. to these systems can be used.

When these thih films are formed, the thin films are -
in the amorphous state. When the films absorbs an energy
such as the laser beam, etc., the films are crystallized.

If the films are practically used as the recording medium,
the recording film being in the amorphous state when the
film is forméd is previously crystallized by using such
a method as a laser beam irradiation, a flush light |
irrédiation, 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, thé changed portion where -the. above i:ecord 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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according

to the present invention. FIG 7 shows an exanple

of a

| aser nodul ation waveformfor recording and reproduci ng an i nformation

ative to the optical information recording mediumaccording to.

t he present invention. FIG 8 shows another exanple of a |aser

modul ation waveformfor recording and reproducing an information

relative to {he ogti cal, i nfor maéi on_ recordi 'ng medi_um according to
n}}}#ﬁ’ . uced he

signal rel

present i

ion is repro .. When infermation is

B8R

si gnal
t he
FIG. 9

shows anot her structure of apparatus of preparing the optical information
recor di ng ¥k LkEep . thendaser plishhibeameds drradiated; candothgows a

di fference of a repeating

characteristic by using a sputter gas pressure. -

FIG 11 st¥iRrpheusipestiandprerryasndadisrd, dharahen secergingsing the
Sputter gas pressure. FIG 12 shows a difference of an adhesi
shuteraseds prfterrthe erasureg aigewheesordingi mazkence of

by using
t he adhesi

veness bg . ,
is formed. As described below, such an overwrite that an

erasure bperation and a recording operation are carried
out during one rotation of the recording medium can be
pérfofmed.

-As. described above, the material layer 1ocated_
bétweén the protective layer 2 and the recording layer 3
as the barrier layer 8 is operated in such a mannef £hat
an atomic diffusiqn and a chemical reé.ction between the
recording layer and the protective layer are prevented.

Compared to the recording layer, the material layer is

" needed to comprise the material having a higher melting

point and a higher density. Furthermore, it is necessary
that the material layer comprises the material whiéh J.s
hard td_ react with the material constituting the recording
layer and the dielectric protective layer and td generate
the atomic _diffusion. Moreover, it is necessary that the
material layer comprises the material which is ndt peeled
from any layers and further is hard to generate a crack,
etc.. For example, the material pt'ovided with the above
characteristic among the niti:'ide, the qxide, the carbide,

the nitriding-oxide, an carbide of oxygen, a carbide of

-37-

veness



using the sputter gas pressure. - FIG 14 shows a rel ationship between

a nitrogen partial pressure in the sputter gas and an optical constant.
FIG 15 shows the rel ationship between the nitrogen partial pressure in

the sputter gas and the optical - constant. - FIG 16 shows a

rel ationship betmeen a total sputter gas pressure and the opti cal

const ant . Sub . Protective |ayer ordin Iayer 4

Prot ect i vBlltgfl’&enS and F‘l"ger & SARLAPTLRES . 6 Pre%ﬁﬁgsgé(t' I
Cgﬁt act |519§,erf@1 l%]ggiégﬁfiiégif%rsoove traCk%akn?'c*ZE%rg%h%%Lﬁce swi t ch
13 Direct current power source 14 gh-frequency pomer source 15
Mat chi ng 8tedghiometric compound comp031tlon. That 1s, for
example, when a stoichiometrlc nitrogen compound
composition of the element M and the nitriding-oxide are
defined as M,N,, M,N, -M,0, (where, a, b, ¢ and d denote a
natural number), the composition of the material layer
used for the barrier layer is required to be expressed as
MN.: (bl < b) and M)N,, -MOy (bl < b and dl < d). More
specifically, when the barrier layer is applied at the side
opposite to the substrate_of the recording layer,l
preferably, MN,, (b2 < b) and M\N,, -MO,, (b2 < b and d2
< d). |
Accordingly, even in case of euch a composition as
Si-N, Al-N, Si-O-N, or the like, the composition is
expressed as S;; Nm; (ml < 4, preferably ml < 4), AlNm, (m2 _
< 1, preferably m2 < 1),
S;; Nm,— 8,0, (m3 < 4 and md < 2, preferably m3 < 4 and m4
<2, orm3 <4 andmd < 2), thereby'there.is increased a
bossibility 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
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16, 17, 18, 19 Cathode 20, 21, 22, 23 Switch 24 Ar outlet 25 Pi pe 26
Vacuum punp 27 - Rotating apparatus 28 Rotary shaft 29 Di sk hol der 30 _
Shutter 31 Gas pipe 32, 33, 34, 35 WMass flow neter 36, 37, 38, 49 Valve-
40 Ar gas cylinder 41 Kr gas cylinder 42 {err] gas cylinder 43 N2
gas cylinder 44 I nsul ating material 45 Ge- Sb-Te target 46 ZnS-Si A2

target 47,, A é?tﬁé‘rsg% égglors@%e{ ?é?afﬁ _sub;;s'{}rate. The substrat%s- - 32-

49 - Vacuum contarl ner ou S suppl yI ng openi ng

T | ENTIEY ot e redBERiRg A3y han & AOTR B Y g

THE | NVE _ _ an opt : recordi ng
e SR e G UG ER e ER SRR e
a recordi 9‘%c>|ma3/aer{ ‘'experimental result, when the barrier layer is ' |
formed at the substrate side of the recording layer, it
is largely shifter from the stoiéhiometric composition.
That is, when the barrier material is represented by M,)X,
(where; M denoteé an aggregate o_f non-gas elements M,,
Mz,. eey, and X den_otes the aggregate of gas elements X,,
X;r »+), regarding a ratio of a gas component b/(at+b), the
ratio of the barrier material layer at the subsi:rate side
is relatively higher than that of the barrier material
‘layer at the side opposite to the substrate. Accordingly,
the medium having an excellent weather-proofness can be
constructed.

Here, typically, the example using Ge-N or Ge-N-
O is shown. |

A Ge-N layer or a GesN-O layer can only include at
least Ge and N or Ge, N and O. The Ge-N layer or the Ge-N-O
layer may also include other elements such as Ge-N-(0),
Ge-Si-N-(0), Ge-Sb-N-(0), Ge-Cr-N-(0), Ge—'I_'i—N-.(O), or
the like. The other elements are, for example, Al, B, Ba,
Bi, C, 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, Zn, 2r,

or the like.
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According to the enbodinment, a substrate 1 is a disc-shaped pol ycarbonate
resin substrate having a thickness of 0.6 nmmand a dianeter of 120 mm
-Since a polycarbonate has such nerits as a low humdity, a |ow cost and
the l.i ke, the polycarbonate is superior as a material used for the
substrate. Aside fromthe poI ycar bonate resin, a gl ass, an acrylic resin,

lyol ef i hi orid L be_al d.
Al though  a et Przear%rgé*ray.s 585 36188, S C%&%@%?@%Ed“?ﬁ such a

manner that a,li c,|de fromth si de .wher a film,s rmed. Any
ey a ki RRrBAnGEhe Barrier Naviy R he cOPLAGER by £ ALERAR | on |
A surface of, the substrate is tically sufficientl flat,. Furthernore, a
spiral - shéﬁgd % th'\’/ Xoxg).g % t¥1e materfal gompos:.nggg_

groove track 7, for exa haV| ng.a depth of 70 n groove portion
width of BeeRrding lax rlr'p ¥ BEANPIE MEER the main C‘;ﬂﬂﬁ'%“%? al | over

t he surfac wher e rrultl-l ayer filmis_ fornmed. -The concave-convex shape

of the gF gvEerergifihlayels consiists afhdhage g£lemantsaneng Ag,
In, Sb and Te, an interface layer can be Ag-N-(0), Sb-
N-(0), In-N-(0), Te-N-(O) or a mixture of them such as
Ag-Sb-N-(0). - When the main component of the reéording
layer is Te-Si-Ge, Si-N-(0), Ge~N-(0), Te-N-(0O) or the -
mixture of them may be, for example, Ge-?Si—N-(O) .. .Cr and
Al are added to Ge-N and Ge-N-O, thereby the adhesiveness
can be enhanced. More specifically, the addition of Cr
enables to obtlain ‘a remarkable effect. At an additive
density of about 5% dr more, the adhesiveness can be
enhanced. A preparing conditioh which can form the
ba.rrier layei: having an excellent adhesivenéss is expanded..
When the additive density exceeds 50%, the cycle
performance tends to be reduced.

The reflecting layer 5 comprises the material having

a high reflectance ém_d a low corrosivéness. Instead of
an Al-Cr alloy, a single Au, Al, ch,’ Pd, Ni, Cr,. Ta, Ti,
Si, 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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for recording and reproducing an information signal can be noved to an
optional position. As a nethod of guiding the |aser beam a continuous
servo nethod using the spiral-shaped groove or a concentrically fornmed
groove and a sanple servo nethod tracing a periodically arranged signal
pit sequence are known. According to the nethod of guiding the | aser beam
al t hough ve is .appropriately fqornmed on the substrate 1, this does

the gro .
not al so WP‘@Ir Ehepbary FRYELH LS RPRIIEDN SUGH &ft ieample thataccor ging
to the above enbodi ment, sequentially a protective |layer 2 conprising a
ZnS-Si 2 thecparriernhpypr ifxappiiedyee the Bei\f‘i@léﬁaCF%{l&t"@%%rﬁféﬁ ning Ge- N
or Ge-N-Q_, arecordinglayer3comrising aGe2Sh2 [err] Te[err] alloy thin _
film a gielestric prphectiwwdrayengtathessebshratecpidecandithe ni xture
| ayer and a netallic reflecting layer 5 is forned on a surface where the
concave- c5eeOrdinshlayaradis shown.t hAsddiesEramctheexampheobFEGsputt er
method. An ultraviolet curing resin is used as an adhesive |ayer 9,
t hereby t Be theverarendpffereat variakionsmsbhown dn FigsnaBadtas3B def ense
pl ate 10. When the barrier |ayer - 34-
' ‘and Figs. 4A to 4H as another example of FIG. 2. The shape
of the groove, a contact layer and the defense plate shown
in FIG. 2 are omitted. Although the structure of FIG. 3A
is same as that of FIG. 2, for Simplify by a comparison
among FIG. 3A and Figs. 3B to 3H, FIG. 3A is again shown.
For example,'when the barrier layer is used, even
if not only the barrier layer is used at the substrate side
of the recording layer as shown in FIG. 3A, but also the
barrier layer is used at the reflecting layer side (shown
in FIG.. 3B) or at both sides (shown in FIG. 3C), a similar
effect can be obtained.
Furthermore, even if this layer is applied all over
a lower prbtective 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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8 is G-N, in an order fromthe protective layer 2 to the netallic
reflecting |layer 5, the thickness of each layer 1is sequentially 91 nm 5
nm 20 nm 18 nmand 150 nm respectively. \Wen the barrier layer 8 is
Ge-N-O simlarly, the thickness. of each |ayer is sequentially 86 nm 20
nm 20 nm 18 nm and 150 nm respectively. I'n general, the materi al

Somt | nes ABEHAEEs FNCBYTRRA 200l IS ASE LR T ALY ) 1T

mat eri al s ,whi ch ,ar opventignal ly used for the protective |ayer of the
opti cal ré‘@é’ﬁﬁ Jba-ﬁeﬁiﬁﬂf‘%%ﬁib?' applied to the protective layer as it is.

cic. “such as Al PURHERSYE SEiatAgRS gudiYa s e BRuRE EakpIpRY" O CC
A R o R e A

Commr St et S48 B ERbReCE R B, WP R i 21l 2
L G A e oSkt SRR o 1o "
changed into a reversible state by receiving an irradi atjon of an energy

beam suchMateriakefwheram thecCehlaygie QY ithe IGe-Nr@ika¥er), athe

mat eri al -
the side of the reflecting layer 5 (shown in FIG. 3G), the-

similar effect can be obtained. On the contrary,
accordingl to such a structure that the total prdi:ective
layer 2 comprises the barrier material (where, the .Ge—
N layer or the Ge-N-O layer) at the. subétraﬁe side and the
barrier layer (where, the Ge—Nllayer or the Ge-N-0 layer)
 is applied at the reflecting layer side (shown in FIG. 3H),
thé similar effect can be obtained.
| The upper protective layer is thinned, thereby the
structure is designed in such a manner that the distance
between the récording' layer and the metallic reflecting
layer is reduced. Thié structufe is calied a que_nchixig
structure. According to the quenching structure, if two -
or more layers are formed at the upper side, since very
thin layers must be depo_sited, 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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- 35- I's reversi bly changed between an anorphous state and a
crystalline state by the irradiation of the laser |ight beam Typically,
a system containing Ge-Sh-Te, Ge-Te, 1n-Sb-Te, Sb-Te, Ge-Sb-Te-Pd,

Ag- Sb-1n-Te, Ge-Bi-Sh-Te, Ge-Bi-Te, Ge-Sn-Te, Ge-Sb-Te-Se, Ge-Bi-Te-Se,
Ge-Te- Sn-Au, Ge-Sb-Te-Cr, In-Se, In-Se-Co and the like, or the system

resul ted Lo 316,082 JRSraY EhUEE B4 Gt LUU@Bhe Aihépgeknglc. (O

t hese systéens can- ns are rmed, the thin

films ares,in te. Wien the filns absorbs an energy such
as the Ia:s"1e2r eraé%‘ tc&%#%gghgl'ms are crystallized. |If the filns are

T o, 2t v o U R PESTERAER ol PRl Lhy ey L)
T adi ot o, et fkel RS HolEe B e " R A R e
crystallized record fi.l mis | r.rag'hlgit eg, Lth the focuseddl ight beam
Accor di ngF?FW‘W#Q%? 95 Mt t%rHs SHEERRTIGEC « ATHIHRE TPt cal

constant il:?ie structures shown in Figs. 3_ and 4, in various views,
such a structure that a semitransparent reflecting layer
comprising Au and a semiconductor material (for example,
Si, Ge or the alloy whose base is S8i, Ge) is added to the
- substrate side (lthe side which the light is incident on)
of the recording layer can be used (not shown). |
Figs 3 and 4 show such a strticﬁure that an upbermost
layer is provided with the overcéat layer 6. The overcoat
layer 6 is only disposed in order to suppress an influence
due to water, dusts and the like re.la't.ive to the protective
layer and the recording layer of the optical information
‘recording ﬁ\edium. 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 ﬁsed according to a usual method.
Furthermore, although the drawing is omitted, in order to
laminate pl_ates, a hot melt adhesive and thé adhesive of
the ultraviolet curing re_si'n or the like afe applied.

In order that the cycle performance can be enhanced,
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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 | aser beam not as to further change the recording |ayer. A
~variation of a reflecting light strength or the vari-ation of a

transmtted light strength is detected, thereby the o
- 36- information is reproduced. Wen the information is

rew i tt enmomiee eiffesrtivesly, thenbarriendlayey, 8 arthatels athe RN porti on
is re-crystallized, thereby a recording mark is erased. After the erasure,
a new r ecdagiemorcche GeN-0 dayernd sotornedat khesubstriaterlmderite t hat
an erasure operation and a recording operation are carried out during one
rotati on off the rexerding laytud.cablbce pheflasax beam is incidenti bed
above, the material layer |ocated between the protective layer 2 and the
r ecor di ngonafbe Subatrate “ihde| &a temperature afcthessubstrate sidenner t hat
an atomc diffusion and a chem cal reaction between the recording |ayer
and the ptemid ibee rimesy therebyevdre ebmposition change is easy to

generate. Accordingly, it is assumed.that the effect of

the barrier layer becomes considerable.

Furthermore, in another view, when the barrier layer,

that is, the Ge-N layer or the Ge-N-O layer is formed at

the reflecting layer side of the recording layer, in

addition to such a merit as to enhance the cycle

performance, such a merit as to enhance the erasure

performance can be obtained. This relates to the

following phenomenon. That is, when the recording layer

is irradiated with the laser beam so that the film is

amorphaized, in general, a solidification starts 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 (usuélly, 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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Conpared to the recording layer, the material layer is needed to conprise
the material having a higher nelting point and a higher density.
Furthernore, it is necessary that the material |ayer conprises the
material which is hard to react with the material constituting the
recording |ayer and the dielectric protective layer and to generate the

atom c diffusion. .Moreover. it_igs,necessary'that the material |ayer
conpri ses ¥hé ﬁé{Pé% eﬁ.e?ﬁgh 123 EBF g‘é‘iﬁeefd fromany |layers and further is

hard to generate a crack etc.. For., exanpl he .mat eri al _proyided with.

t he above char%ﬁ?@F@ﬂ@Yantﬁ?g“?%e{h?t g}qggir@h:g c;xicif@‘,‘p’fﬁﬁgﬁa¥ Pde, the
nitridi ng-oxide, .an carbi.de of oxygen, a carbi of , - '

-37- materﬁ-iatlrﬁé’éﬁ"aﬁﬁj the W‘Fi%]e' i$0g BF'SBr gg‘ﬁealﬁp& SAARQE by
material has slightly less o en, and nitrogen than, stoj chionetric
conpound EEAPSHY ‘%ﬁfyr mnié?{gf&gﬂsxﬁﬂﬁpg,% gﬁeﬁ“&’é@&tﬂﬁ%t & nitrogen
conpound conposition of the elenent Mand the pitridi n%- oxi de are defined
as MaNb, RuRpErate nhide ¢ waeke, that, this, gase gisoeenkrary: fouthRinver),

the conposition of the material |ayer | . .
' above description. That 'is, in this case, in order that

the cycle performance may be enhanced, effectively, the
barrier layer, that is, the Ge-N layér or the Ge-N-0O layer
is formed at the side opposite to the substrate 1 of the
recording layer 3. On the other harid, in ordef that thé
erasure performance may be enhanced, effective_ly, the
barrier laye'r,. thai: is, 'Ehe Ge-N layer or the Ge—N-O-layer
is formed af the substrate 1 side of the recor;din'g léyer
3. Anyway, if the Ge-N layer or the Ge-N-O layer is formed
at both sides of the recording layer, the above two merits
can be simultaneously achieved.

Table 1 shows a layer structure corresponding to
Figs. 3Ato3HandFigs. 4Atp 4H. 1In the. table, Sub denotes
a substrate, DL denotes a protective layer, BL denotes a
barrier layer (GeNO), AL denotes a recording layér, RL
denotes 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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used for the barrier
Merr]Nerr][err]

dl < d). Mre

specifically,

| ayer

| ayer

Is required to be expressed as
(bl < b) and Merr]Nerr][err]
when the barrier
opposite to the substrate of the recording |ayer,

-MJerr][err] (b
is applied at the side

pref erably,

< b and

Merr][err][err]2 (b2 < b) and Merr]Nerr]2 -Merr]O[err]2 (b2 < b and d2

< d)

: Accordi ngly,
AN S -OPW BErhe Tike,

Nrerr] (mM < 4,

preferably m < 4),

even in case of such a conposition as
‘the conposition is
Al Nn2 (nR

S. 3 NnB- S[err]04 (M <4 and M < 2, preferably nB < 4 and n4

< 4 and

conp05|trﬁﬁb&§%1b

| ayer

the barrier
adhesi veness to.

is forned at

AR BRFBR LR, OfnLaYRE, FEE

sed,a

PCH%F O%ﬁgglét

bohgdjﬁm3|des of the recordi ng | ayer, an
the recording layer at the substrate side is different

Aﬁaﬁ

Si - N,

expressed as S[err][err]
< 1, preferably n2 < 1),

< 2, or nB
t he
re, when

3i de

from FIG. layer'§¥%uctures that at the
opposi t e t p—the—substrate—Fhe—subStrate- .
3A | sub|DL | BL (GeNO) |aL| DL
|RL]OC
3B Sub | DL | AL |BL (GeNO) | pL,
|RL|OC
3cC Sub|DL | BL(GeNO) | AL | BL(GeNO)
|pL |RL|OC
3D Sub | DL (GeNO) |aL| | oL
|RLjOC
3E Sub | DL |aL| .| pL(GeNO)
"|rL|oC
3F Sub | DL (GeNO) |AL| | DL (GeNO)
| |RL|OC
3G Sub | DL | BL (GeNO) |AL| DL(GeNO)
|rL]OC
3H Sub | DL (GeNO) | AL | BL (GeNO)
|pL |RL|OC
4A | Sub|DL | BL(GeNO) |a] pL
|oc _ -
4B | sub|pL | AL | BL (GeNO) | DL
| joc
4c Sub|DL . |BL(GeNO) | AL | BL(GeNO)
| DL joc -
4D | Sub|DL(GeNO) |anL] DL
|oc
4E Sub | DL " |an| DL(GeNO) |oC
4F Sub | DL (GeNO) |AL| DL(GeNO)
|oc |
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side of the recording layer has a relatively high adhesiveness, and the
opposite side has a | ow adhesiveness. From an experinmental result, when
the barrier layer is formed at the substrate side of the recording |ayer,
it is largely shifter fromthe stoichionetric conposition. That is, when
t he barrrer mat eri al |s represented by I\/[err]X[err] (V\/nere Mdenotes an
aggregate nonfgas—etenents—Merri; ——angt—Xdenotes—theyaggregat e
of gas el erre#ﬁs KlSuWZPL . IBMM% aratio ofAk| gBE (6&NSnemt b/ (a+h),
the ratio of th q@ydrer rraterral Iayer at the substrate srde s
rel ati vel yfhighet—than—tihat F—ttre—barrrer—matert+at tayer—at—the side
opposite tp %e :ulﬁsthnlgﬁIe(G&EQbrdr ngly, the nedi EMhEI«r(ﬁQN&i exgel | ent
weat her - pr pof ness qm be consibcuct ed. ' Here, typi caI ly, the exanple

usi ng CGe- N-or—Ge= O-ts—shown: —A—Ce=Ntayer—or—a—Ce=N-6"| ayer can

only include at Ieast Ge and Nor Ge, N and 0. The Ge-N layer or the

G S N (O cEtoly TR A M RS 4 SRphobiace e
i, K CPAPOEter NafIGBE néiqety Fyercpr ghec?*e o Ty, W v

Zn, .Zr #i15"%d 'd€scribed below. FIG. 4(sic) is a triangular

diagram showing the compositiori range of the Ge-N layer
or the Ge-N-O applied to the present invention. In 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 iowest limit value is reduced to
‘less than 35% to 40%, the adhesiveness to the recording
layer is reduced. Ac_cording to an acceleration enviro
nment test, a peeling phenomenon are exhibited.
Furthermore, the Ge density has a supremum value of
about 90%. If the supremumvalue exceeds 90%, in a process
of repeat:ing recording and reras.ing, 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 frotn that in case that-'the
Ge—-N leyer 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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- 39- Furthernore, as described below, the material formng
the barrier layer may be replaced by the nitride and the nitriding-oxide
of the material conposing recording |layer. For exanple, when the main
conponent of the recording |ayer consists of three elenents anong Ag, In,
Sb.and Te, an interface |layer can be Ag-N-(OQ, Sb- N (O, In-N-(O,
Te-N- (O or a mxture of _them such as - Ag-Sb-N-(Q . Wen the main conponent
of the recordi iEPY| e¥appile T&hg apprepripte) regdon @f the -G8 (o or the
m xture of them may be, for exanmple, Ge-Si-N-(0). C and Al are. added to
Ge- N and density ofetdiy formennisi 38fede €&y h onanband,vthe
specifically, the addition of G enables to obtain a remarkable effect. At
an addi t i apProprdiate segipoRf theolakber ig KO8R ODY tpreferablyy
enhanced. A preparing condition which can formthe barrier |ayer having an
excel | ent48¥htoi 6689ss Whesx theldormemeand Hehadlattes ayesiformedeeds 50%
the cycle performance tends to be reduced. L The reflecting layer 5
conpr i sesundernther samehavninditiom; gthe edpproprniatenGeadems ity ricsi veness.
Instead of an AI-Cr alloy, a single Au, Al, Ag, Pd, Ni, C, Ta, Ti,
ranging from 40% to 60%. According to the present '
invention, since it is not necessary that both of them are
formed under the same condition, the appropriate Ge
density whose is within the range from 35% to 90%
('pre'ferably, 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 ES,.Fl to F5, Gl to G5 and H1 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 (Gé59.5N38.502.0),fD3_(Ge53,8N23.1023.1), D4

(Ge48.8N10.2041.0),
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Si, Co, etc. or the alloy whose base consists of themcan be used. For
exanple, Au-Cr, Au-Co, Al-Ta, Al-Ti, Ag- C, Au-Pd, and the |ike

pr ef er abl e. According to the above expl anation, as a position

- 40- where the barrier layer is applied, such an exanple that the
barrier layer is applied to the interface between the dielectric

e et rom t e B3 alGRES BHETTZ 51 (" CobhE AMETSHBLR AR PBL S 00"
of “the o 13982 2MId 186 1 20 “and the def ense pl are shown in FIG 2 are.
T A BRI R L
ngt only (ﬁ@%aﬂ‘]ilgr'qod@];r }rrg ﬁggd at the substrate }s/i de of thé recordi'ng

ol ecting | aycr2siGe3dshng- 06 Sy 6 (Be52: ool 038 Terbhn in Fi
30, a s EnGle%rl. 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 thé composition
point Bl (GeQO.DNI0.0) to the compositibn point B5
(Ge80.0N20.0), - |

a gomposition line C1-C5 connecting the composifioﬁ
peoint Cl ('G'e65.0N35.0) to the composition point C5
(Ge50.0N50.0),

a compositidn line D1-D5 connecting the composition
point Dl (Ge60.0N40.0) to the composition point D5
(Ge45.0N55.0),

é. composition line E1rE5 connec_ting the compositidn
point E1 (Geb0. ONSO;O)' to the composition point E5
(Ge40.0N60.0),

| a composition line F1-F5 connect'ing the composition
point .Fl (Ge42.9N57.1) to the compositioﬁ point F5
(Ge33.3N66.7),
a composition line G1-G5 connecting the coniposition

point Gl (Ge35.0N65.0) to the compos'ition pbint G5

-49.-



effect can be obtai ned. Furthernore, 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 |ower and upper

protective layers (shown in FIG 3F) not as the barrier layer, but as the

protective Iayer using the barrier material" the sinmlar effect can be

obt ai ned. in FIG 3F, the total dielectric protective |ayers
CXiNG Ay

2 and 4 a the recording layer 3 are fornmed by the materi al
| ayer cont a| n| ng the bar _
mat erial, C&E%lgﬁ%%rﬁ? @1 5&2 copﬁlles?tn’eﬂ% 5 covng}ogf'ﬁ:has a nuneral

ayer (Whasﬁiﬁ Zfig% %@i% g stg%aso“a%‘gﬂf”‘iﬁt“iéehﬁgﬁ ORS-5et r ot e
the barrier ot Gos fiEon 1EHE AdH} pRpledl he EnaSrBbRifd Al the
Eledgb?; hgg rg#fﬁ?egg}d}i,&tge(csglgg@s1glon pon@ H3 hﬁsos'og‘s'o O)e'ffect can
and |
a composition liné Al-H4 conheoting the com_pdsition_
point Al (Gel(00) 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-0 layer is within the fange
surrounded by four composition points, that is, Bl, B4,
G4 ,. Gl inthe triangular diagran_\ showing the three—elément
compoéition Ge-N-O shown in FIG. 5. Within this range,
there are such an effect that the oyclé performance and
the erasure performanoe can be enhanced as described
above.
Similarly to the case of the Ge-N layer, in case of
the Ge-N-0O layer, when the barrier iayer 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
pfocess of recording and erasing, thei:e is less
possibility that the Ge atom is included in the recording
layer. Accordingly, the layer can be appJ.ied'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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according to such a structure that the total protective |ayer 2 conprises
the barrier material (where, the Ge- N layer or the Ge-N-O |l ayer) at the
substrate side and the barrier |ayer (where, the Ge-N layer or the Ge-N-O
|l ayer) is applied at the reflecting | ayer side (showmn in FIG 3H), the
simlar effect can be obtai ned. The upper protective |layer is

thi nned, thereby the, structure is designed in such manner that the
di st ance swhskEake gdde-04; Hgﬁgr?%’ﬁi% erd@d b Féaee | ayer i's
reduced. This_structure js cal)]ed a quenching _structure. According to the
quenchi ngtBerlaserdean isdncident on )y dhexg ds Bexedrassibd Ligoer si de,

si nce \_/eréh thin layers nust be deposited, two or nore |ayers are not

pr ef er abl €hat #hewGs akomcisr dngludednhiisn the Freeprding daverickness,

thereby it is difficult to prepare. In this case,_the upper side conprises -
a si ngl e BecRrdipglior it is not preferable that the layerps applied Ge-NO-

| ayer, thereby there is generated such a nerit that it is easy to prepare.
FIG 4 shbatheconpagitien wegiamwhose etdensityds considerably :

high.

Accordingly, even within the composition reg'ion'
Bl—B4-—G4-Gi, 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 beaIﬁ is not incident on), the
composition region surrounded the fouf: composition pbints
Bl, B4, F4, Fl (preferably, Cl, C4, F4, Fl) is more
preferable. |
| When the Ge density rexceeds the composition liné '
B1-B4, there is more possibility that the Ge atom is
included in the recording layer, thereby sometimes the
characteristic of the i’ecording layer is changed. On the
contrary, when the Ge density is too less than the
composition line G1-G4, gas-state 'oxygeh and nitrogen
included in the film are increased. Accordingly, for

example, when a laser-heating is performed, the oxygen and
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I's renmoved fromthe structure in FIG 3. Figs. 4Ato 4H correspond to _
Figs. 3Ato 3H Furthernore, according to the structures shown in Figs. 3
and 4, in various views, such a structure that a senitransparent _

reflecting layer conprising Au and a sem conductor matérial (for exanple,
Si, Ge or the alloy whose base is Si, Ge) is added to the substrate side

)

th id ich the light is incid . ‘of_.th ' I can be
(oos oL bheph" s Hoddudd L SFRESOR) nel pd SEREELRT b0 NS
' t | i ided with the ercoat |ayer 6. The ercoat | ayer
67 e ont FaFaraing 1RAYEF actheteby Arietiing ¥herdiH otgurhad BICR - dusia.

dthe lik ti tqQ.th tecti I d t.he recordi.ng | ayer of

the opti chibrellehitan tHe GsPafi Brafant SE dathn g Perded stm o “such a
structure that a d ubstrate, is |l aginated, such a structure that two
ol tes arthe aRPRQEOIT (hAYeR: (SEF- coMOVRUSEr 2% AV 1 ALbdth8 an | nner
side, or the like is -appropriately used ccoidi ng to a uéual t hod. :
Furt her mdP@TNaPtREAERC Ergfed ﬁﬁﬁﬁglgsf%ﬁ@‘gé&: PASE gBe $19e |0k e pl ates,
a hot nelt adhesive_and the adhesive of the ultraviolet curing resin or

the |ike E@eOBRgaNKedayer, a pradstezmingst efifect can per ebtadned can be

enhanced, ] -43- .
The component ratio of oxygen to nitrogen can be

selected according to the optical constant (refractive
index) when the structure of a recording device ié
determined. For example, in case of Ge;N,~GeO,
composition line, the closer a real part n and an imaginary
part k of the complex refractive index n+ik approach to
the Ge;N, side, the lérger they become. The closer the r_eél
part n and the imaginary part k approach to the GeO, side,
the smaller they become. Accordingly, when larger n, k
are necessary, the composition containing much nitrogen
can be selected. When smaller n, k are necessary, the
compoéition containing mueh oxygen can be selected.
However, the higher the GeO, density becomes, the
lower the melting point of the film becomes. When the
melting point becomes too low, since a deformation is -
occurred due to the repeated laser irradiation, and the
protective layer is Inixed with the recording layei', ‘an
excessively low melting point is not preferable as the

protective layer. Furthermore, since GeO, itself is

-52.



nore effectively, the barrier layer 8, that is, the Ge-N layer or the

Ge-N-O layer is forned at the substrate 1 side of the recording |ayer 3.
Since the |laser beamis incident on the substrate side, a tenperature at
the substrate side tends to rise, thereby the conmposition change is easy"
to generate. Accordingly, it is assunmed that the effect of the barrier

parr e IEeCer ReUREIY Binro,wpeky LWRERRED, 3R Medofts 1E0 (1°
mori - as FhoBiRaFEorRoEE, freh"S S FEBLEN nallEinol BenPATbiRE bE 2100 T
crasure SELISLIRREGR RSl phgday s ol ates to the followng ©
beam 80 et {1E Lha! EomeRBUANal 3% 40 BS0ELRbach B9 ot lon starts
Lhe St VA UhSaghe e Sestil e [ L, BT, Lo S e pethace ot the
ol (a. " Tiempesitidn tRifRpln.pd, E1070d, 788 &, OfoE Sidnple O

Ge35N30035, Ge37N18045, Ge40N5505), the good mbisture—

proof and cycle performance can be confirmed. In view of

a repeating performance, in the region B1—l§3-G3-G1 having

a relatively less oxygen component (in addition to the -

composition points Bl1, B3,. G3; Gl, for example Ge40N40020;

Ged42N5305, Ge35N35030), a good repeating performance can

be confifmed.

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 éomposition having less

oxygen density has'él little tendency to génerate 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 preﬁented can

be obtained. As described below, even in the composition

having less oxygen than the composition line Al-H2, if the |

thickness of the Ge-N-(0) layer is about 300 nm, there is
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the barrier |ayer enables to suppress the atomc diffusion fromthe

protective layer to the recording |layer, the recording filmconposition at
the interface is also held _ -44-

cycle record, or the |ike. Accordi ngly, since the substrate 1

conprises the material such as the netal in which the I'ight cannot be
transmtted, when the |ight. cannot be incident fromthe,
note t hatnPhP¥agkdeals pink

case,
t he.

ot her hand, in WhenrtheaGerNelagezsorether Gerafcdayey a6 &

effectively, the barrier layer, that is, the Ge-Nlayer or the Ge-NO

i stoghedanrier layesn « dhe fitndhicknags therepfigs apeded. Any
If the Ge-N | ayer or the Ge-N-O layer is forned
r ecor di ngtoagerat theasihdy am o merey, sprefierably JummoroeNe, Janeved.

| ayer
way,

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 diffe.renc'e bet_:ween 2 nm and

5 nm is an allowance relative to the power. Even if the

thickness of 5 nm needs a hi_gher 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 can be 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-0O layer is used as
the protective layer, it is-necessary-thét 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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; substrate side,
lemy tAcepedingdye S iZRIIPAN GABLPES, in this
in order that the cycle performance may be enhanced, effectively,
bar r@Pliggler, that is, the Ge-N layer or the Ge-N-O layer is forned

at the side opposite to the substrate 1 of the recording layer, 3. On the

at both sides of the



Table 1 shows a | ayer structure corresponding to Figs.

3At o3HandFi gs. 4At o4H. | nt hetabl e, Subdenotes a substrate, DL denotes a
protective layer, BL denotes a barrier |ayer (GeNO, AL denotes a
recording layer, RL denotes a reflecting |ayer, and OC denotes an overcoat
| ayer. Furthernore, in the protective I'ayer -the layer applying the

P ecent B8 Bl 1Bt M RN I8y shhPS TS P BB vacer o

| ayer is regreﬁent ed by
ki

o TaBh SR ng theykyte a5 BorPRSeEY e Futthermere. "7
Xﬁdl um J.BL&'IJ.S point gf &:}ew, %g a r UCt e Ssan adﬁ‘ranéabé%ﬁ é}é}GeNO)

I&RLI OC ?‘R‘L:FééacicSXSte“Sﬁ‘BP%E%ééﬂé) oJ:yggn is )not subj ng écli cra&cj‘?No)

Sub DL( Geﬁlé) is asstned that oqymﬁ@%t%&ge l\Qlerg&gy(istJ:JuRlij_ure 3F
flexibility is enhanced.

Nexi:, a method of preparing the optical information
recording medium will be explained. The multi-layer f£ilm
_constittiting 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 é.nd the like. Here,
the example using the DC sputtéring method and the
magnetron sputt'ering method will be described.

FIG. 6 shows an embodiment of an apparatus for
preparing the optical information recording medium. FIG..
6 shpws a generally schematic structure. 1In the first
place, a vécuum 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 connectéd 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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3G Sub| DL BL( GeNO) | AL DL( GeNO) |RL|OC  3H

Sub| DL( GeNO) | AL BL( GeNO) DL |RL|OC  4A
Sub| DL BL (GeNO) | AL DL oc 4B Sub|DL

AL BL( GeNO) DL 4C  Sub| DL BL(GeNO) | AL| BL( GeNO)
DL |OC 4D  Sub| DL( GeNO) - | AL DL |

|SXE &( o ljltterlng ¥¥ing a hiGhtEPbGhendy dlséﬁarg%’@a%E@:led

BL(GENO) gt Thelﬂ\_aﬂhﬂ':&(%@ult 15égtcl%’§§ i1 ty iedance in th he\-

BL( GeNO rrirer material,
g@ﬁ&l I O

\E/ivln_l i’ipprogeé,%{r:?%egg e ovétl %be 2; lﬁ eggﬁggteﬁmarﬁfa?‘%%fagram SHowi ﬁée[ he

composi ti on 1 ange, gy bEGE B 48" cn8" AIEWEFERGR FR0AL el g5t prssent

i nvention. In appr conposIti eri a i ch does

not cont g, )\ RX¥gRR ne@%t%gegfééxreaasa 163%8%, 1147 L1942 HEgat ive

electrodes 18, 19 not shown) which also serve as a water
cooler. BAninsulatingmaterial 44 is disposed around each
negative electrode 16, 17, 18, 19, thereby the negative
electrodes 16, 17, 18,. 19 are insuiated from the positive
electrode. Furthermore, the negative electrodeé 16, 17,
18, 19 can be grounded via switches _20; 21, '22, 23 (switches
22, 23 not shown). | |
- A Ge-Sb-Te al_loy target 45 bonded to a copper Backing
plate, a 2Zns-SiO, (Si0, : 20 mol%) mixture target 46, an
Al-Cr (Cr : 3 atoms%) ailoy target 47 and a Ge targét 48
are fixed to the negati\}e electrodes 16, 17, 18, 19 via
an O ring by a scréw, respectively. Each target is
ldisc—shaped, having a diameter of 100 mm and a thicknéss_
o£ 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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of 35%to 40% If the lowest limt value is reduced to |ess than 35%to
40% the adhesiveness to the recording layer is reduced. According to an
acceleration enviro nnment test, a peeling phenonenon are exhibited.
Furthernore, the Ge density has a supremum val ue of about 90% |Ifthe
suprenmum val ue exceeds 90% in a process of repeating recording and
erasing, Ge is included,in the .recording fi'l m_ thereby the cycle

per f or mand¥® (URRRY {ROPPELORAficthe YRSWWhAGHK ik i& RIEEIded Withse t hat

the Ge-N er is fornmed at the_substrate side of the recording layer is

| a
more or | &E¥RIHNIAPPREAL AL 7 n Radisknbeldar 2818 maystedstPor ned at
side opposite to the substrate, The latter is little nore hi'ﬂ?l y set than
the formerd reRRY¥EpShaks 28 of e skotatinghapparatus 27. e - :
-47- For exanple, the appropriate region of the Ge density
of the forsirstrateod tis eihadhedto rheldiskehodderogPi-at 3 negesalof t he
latter is 40%to 90% (preferably, 40%to 65% . Wen the former and the
| atter ar 8¢ sleneteanadeshuktesane Thenshutder 3 prbpsedt socbhatnsity is

a pre-sputter is carried out. Furthermore, the shutter
30 is opened and closed, thereby a sputter start and a
sputter cdmpletion 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 éonnected 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, respedtively. 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 h
N, gas atmosphere (for example, Axr+N,), a mixed gas of Ar
gas, Kr gas,. N, gas and Oz-ggaé atmosphere (for exatﬁple,
Ar+ N,+0,) can be carried out. The gas containing the
nitrogen componerit 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 thé Ge-N-0O layer is formed, N, O, NO, NO, or the like

is used as the gas containing both of N and O, and the
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ranging from40%to 60% According to the present invention, since it is
not necessary that both of themare forned under the sane condition, the
appropriate Ge density whose is within the range from 35%to 90%
(preferably, from35%to 65% is the effective conposition region. Wthin
the range from65%to 90% the cycle performance tends to be rel ati've'ly
reduced. Ge-N-0 s ste cont aini oxyg s descr,i bed bel ow.

aver age cﬁHHGQetrJ&g r%"r% 89 8y guthipnk %emﬁ-‘ﬁd %?%t%ﬁtl}’f/e Iayer
~1s shown in the triangular d| agram showi ng the three-el ement conposition
Ge-N-0 i napdgthem. The aver age corrp05|t|on rati o-can be expl ai ned by using

each conposi tion p0| nt, that _is, to B5, d to C5 D1 to D5, El to
E5, FI to F5, CF ?on@—hm qf E%emrmg the 92)*(1&%19 mgornatipn B3
(Ge86. 6N6. 706. 7), (.Ge83. 4N3. 3013. 3) (Ge64. 4N33, 801.8), C3

( Ge58. 8N2Te Limg msd ychey igwm ; ;P@sstwcture Shom ao:BE5G5N\3B 892, 0), D3
(Ge53.8N23.1023.1), D4 (Ge48.8N10.2041.0),
- 48- an embodiment of the optical information recording medJ.um

according to the present invention by using this apparatus
will be described below. Here, simultaneocusly, such an |
example that the Ge-N layer or the Ge-N-O layer as the
barrier layer is disposed at the substrate side of the
recording layer will be éxplained (henceforth, in case of
no particular explanation, an_explanation is made in an
order of Ge-N, Ge-N-0).

le1 the first place, the vacuum pump 26 is actuated,
thereby the vacuum tank is exhausted to a high vacuum of

1 x 10°¢ Torr or less. Néxt, 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 nTorr. The
disk holder 29 is rotated, and the poWér source switch is |
turned on, thereby RF discharge is. started by the zZnS-
Si0, target 46 and the négative electrode 17. The |
pre-sputter is carried out with 500W power for five minutes,
and after the discharge is stabled, the shutter 30 is
opéned. After a ZnS-Si0, film having a predetermined
thickness (according to the embodiment , as described above,

91 nm or 86 nm) is deposited on the substrate 1, the shutter
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E2 (Ge49.6MN47.902.5), E3 (Ge4d5.4N27.3027.3), E4 (CGed2.3N11.5046.2),

F2 (Ge42.4N54.702.9), F3 (Ge38.4N30.8030.8), F4 (Ge35.5N12.9051.6), and

G2 (Ge34.8N62.003.2), G3 (Ge32.6N33.7033.7), &4 (Ge3l. 1INL3.8055.1) are
defined as the conposition points at which the follow ng conposit | on lines
crosses one another. The conposition lines are as foll ows:

o The compobPt ERESE ! 108 RAGMRGEHYS) Tager b"%m@onﬁﬁ%ls'?%.%‘%@??n?“é? 9
& CosCPRREBIEY £ ﬁtig”ﬁ%ﬂﬁ%@ﬂ?‘éﬁ?@%ﬁﬁ%ﬁl RggesaR o por
(Gaas. ongEhe) BBy tipd %??8%77-?&“%1?2??%?LSRnES{ .”tnng’he |
E(C);errggsg\lgglno) pOIPée téeeg‘%%m 3 ignégﬁgi?gg%;nf?@g% Q'al‘? Hga'bﬂrrposition
SN SRR AT N

to 1l x 10°°Torr. Thenceforth, the main valve is throttled .

again, the Ar gas and the N, gas are introduced at the ratio
of 50% to 50%, thereby the total pressure is set to 20 mTorr ..
Next, the RF discharge is started by the Ge target 48 and
the negative electrode 19. After five-minute pre-
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 (aécording to the embodiment, as described abové_,
5 nm or 20 nm) is formed on the previously formed 2ZnS-
Si0, protective layer 2 (since the opening and closing
oﬁeration 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 poini;. is different from the above

case. Similarly, the succeeding process is carried out.
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poi nt GL (Ge35.ON65.0) to the conposition point G ' _
. -49- (Ge30 ON70. 0), a conposition |line Al- H2 connecting the

conposition point Al (Gl OO to the conposition point H2 (N95.005.0),
a conposition line Al-H3 connecting the conposition point Al (Gel0O to
t he conposition point H3 (N50.0050. 0) and a conposition line Al-H4
connecting the conposition point (CelO® to the conpasition point H4
(N20. 0080. 0). Since Gghasg gong &ﬁéﬂﬁﬂ%& e fovay khe esApesretberratio  of
Ge to Nto O in the Ge-N-O layer is wthin the range surrounded by four
conposi t imapothesnitridei s foglexpmplegs thel O.ndensityi gagubgr s@tagr am
showi ng the three-elenent conposition Ge-N-O shown in FIG 5. Wthin this
range, t¢ensidesablyhleascthanithedl, dernsiVy) e begamergasesanhe he
erasure perfornmance can be enhanced as described above. Simlarly
to the carbxed ghs of rthensr gas andetbe gase contaimingean When the
barrier layer is fornmed at the

component can be only used as an J.ntroduc1ng gas, thereby

the Ge-N film containing oxygen, that is, the Ge—-N-0 layer
can be formed. In this case, such an administration that
the degree of vacuum is set within a predetei:mined range
before introducing the gas, etc. is carried out, thereby
_the O density in the Ge-N-0 layer can be controlled in such
a manner that a desired O density is obtained.
| The ébmposition of the Ge-N layer and the Ge-N-O -
layer can be identified by a combination of an auger
electron épectral 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 Ge44 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 £ilm thickhess' (according to the embodiment,

as described 'above-, 20 nm) can be obtained. The formed
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side opposite to the substrate of the recording layer (at the side which
the | aser beamis not incident on), in the process of recording and
erasing, there is less possibility that the Ge atomis included in the
recording |ayer. Accordingly, the layer can be applied to the conposition
regi on whose Ge density is con5|derably hlgh On the contrary, when the
barrier layer ig, forped at _th - 50 -
substrateIﬁqg¥Q#ngh%aY@€oPdFﬁgHQﬂﬁﬁoREﬁo?ﬂesgﬁﬁs which the |aser beamis
incident on), there is_nore possi |I|ty that the Ge atom,is jncluded in
the recording | Bg&t, thedndriiPy Lilm of the upperspretectye i%eFayer i s
applied to the conp05|t|on regi on whose CGe density is considerably high.
Accor di ngidy isevkormedhindere thenfane iepndition asithe dOWer when the
barrier layer is forned at the substrate side of the recordin %hlayer (at

0

the side wwattective| bayerneaf ias figsitddayesnin suehcampasnerokhatgi on

surrounded by the four conposition points, D1, D4, 4, GL is preferable.

Wien t he Bapredeteymingd fidm dhicknessi (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 pbwer, The Al-Cr élloy
film of the metallic reflecting layer 5 is also de'posited
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.ll,
and the ﬁetallic reflecting layer 5 is covered with the
ultraviolet curing resin. The dﬁmmy'substrate is
laminated on the covered metallic reflecting layer 5 so
carefully not as to generate a bubble. In this state, the
ultravioiet is irradiated, and a coated layer of the
ultraviolet curing resin is cured, thereby an adhesive
structure provided with a contact layer 2 and a protective
defense platel0. | | |
According to the above example, as the method of

forming the Ge-N layer or the Ge-N-0 layer, the metal Ge

is used as the target, and the mixed gas of the Ar gas and
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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 (preferably, ClL, C4, F4, F1) is nore
pr ef er abl e. When the CGe density exceeds the conposition |line Bl-B4,
there is nore possibility that the Ge atomjs included in the recording

layer, thengbyitedRjdrRfad "6r €haradked Yds of the Aecgadi,ngHeayer is
changed. On the contrary, when the Ge d?ndsity is too Igss't han t he :

conposi ti gt b%n%a@anﬁaéhétékﬁgéﬁygsg P8 Whéd W thdtAHElEd 10 the film
are increased. © AcCordingly, for™ “exafnple, when a |aser-heating is

perfor med; gt e e aEl?e eactive sputtering method. -Béwever
ni t rogen %s out gassﬁeB(yre atJi:ve to thepi nterfacge to the recordi nd | ayer,

t her eby SQHFEE”‘éﬁzé Q)q{ﬁ?f }gﬁﬁgﬁggd such - a probleémthat the Ge-N-O
ele

protective Tayer is pe from the recordi ng |ayer, etc.. However, any
T o oy CoOM SRR Bk Y PLOBAT e RS e i (e
Ge, a Ge-N compound (preferabl'y, Ge;N,) is used as the
target. The reactive sputtering is carried out in the
mixed gas containiﬁg the rare gas and the nitrogen so that
the film is prepared. Furthermore, a Ge—-O compound
(preferably, GeO, GeO,) is used as the targét. The
reactive sputtering is carried out in 'Ehe 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-0O compound (for example, the compound of Ge,N, and
GeO, or Ge0O) is used as the target. The reactive
sputtering is carried out in the mi#ed gas of the rare gas
and the -nitrogen—containing gas, or in the mixed gas of
the rare gas, the nitrogen-contaiﬁing gas and the
oxygen—-containing gas so that the film is formed.

When the film is formed, in éase that impurities such
as Ar, H, 8i, C, etc. contained in the sputter gas aﬁd the
chamber are contained in the barrier layer 8, if the
impurity density is 10 at % or less, the similar ef'fect

to the case that the impurity is not contained can be
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The conponent ratio of oxygen to nitrogen can be selected according to the

optical constant (refractive

i ndex) when the structure of a recording

device is determ ned. For exanple, in case of Ge3N4-Ge2 conposition
line, the closer a real part n and an imaginary part k of the conpl ex
refractive index.n+i k approach to the Ge3Nerr] side, the larger they

pecoms B ELAS, | Ratel  BALAEELARM Rk IRRR PRIl s 0P 02Ch, Lo
TeceSarioohbEs AP AR AL Aol U 0L A 4 B bBpslgst 0. urer

smal | er
sel ect ed.
the nelti

are ssar g nuc

oxygen can be

| ower

oo, A A RCASHEAL o o 5 ol TR B o0
| ow, si def | ' d h . .

on, 7 1Fo? ELPLTRAT o BorRTSH L, GBS RSHSRETHEL WBBRIOY, 1 oer
o L BB LB Plng, P oSSt PRl BV

up to the same density as the Ge density at maximum, thereby |

Cr largely contributes to enhancing the adhesiveness to
the recording layer, etc..

As a sécond method of forming the barrier layer, for

__exaznple, the material of the recording layer is applied

to the target, and the nitride and nitriding-oxide being

the constituent elements of the recording layer are formed,

thereby the barrier layer can be formed. For example, in
case of a Ge—-Sb-Te system recording iayer, the Ge-Te-Sb
alloy target is used so that Ge~-Sb-Te-N and Ge-Sb~Te-N-0
can be formed. In case of this method, for example, in
the first place, after the protective layer is formed,. the
Ge-Sb-Te target is used, aﬁd 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—Sb-—Té 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_'tha;t
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subject to nelt into water, when GeQ2 density becones higher, there is
such a problemthat a noisture-proof of the protective |ayer is reduced.
In the conposition region surrounded by the conposition points Bl, B4, 4,
GlL (in addition to the conposition points Bl, B4, C1, ¢4, &4, Gl, for
exanpl e Ge35N30035, Ge37N18045, (Ge4ON5505), the good noisture- proof and

cycl e performance can he _confirmed. In view of _ a repeatin erfqQrmance, in
the regi dhesRracess @ Eorning,;the Fecending Jaysy gkh R%‘g%‘gﬁ@ﬁ? (in
addition to the conpositjon points Bl, B3, G3, Gl, for exanple Ge40ON40020,
‘Ge42N5305:n ddesriBbveoyas Ay ddirwRpe Ahe piferogenwerr Rerroneatned r ned.
In the conposition whose oxygen density is low, for exanple, in the
conposi t iigh thei ngecarddng dapem. cdpdirie casan the ¥anpasitiadn |ine
Al-H2, ‘the rigidity beconmes [little larger. Accordingly, conpared to.the
conposi t ipressurenysnappropydatedangsiitated he Torpase tebHnfOXMing | ess
oxygen density has a little tendency to generate the crack and the
peel i ng. thewtacordingt layesyxygempareddiodthe case ofnformingnthevi ng | ess
oxygen density, thereby such an effect that the peeling and the crack are
pr event ecdbarniebel apeni nadlowsNgalens eyl iw|seileated, i thehebyothesiti on
havi ng | ess oxygen than the conposition line Al-H2, if the thickness of
the Ge- Négordirg layemocbn®@imimg tiles mitxrogen and the barrier
layer can be laminated. Here, the example of preparing
the optical information recording medium having the
structure shown in FIG. 3A is shown. For example, as shown
in FIG. 3F, in case of the structure having the protective
layers comprising the barrier material at both sides of
the recording layer 3, the protective layer comprising the
nitride and nitriding-oxide, the recording layer and the
protective layer comprising the nitride and nitriding-
oxide can be formed accbrding 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, natural_lY‘, the films can be formed in the order of the
recording layer, the protectivé layer comprising the
nitride and nitriding-oxide. 1In 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 le_ss fear that the chemical reaction and the
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-53 - no practical problem  Accordingly, this region can be

appl i ed. When the Ge-N layer or the Ge-N-O layer is applied to the
barrier layer, the filmthickness thereof is needed to be at least 1 nm or
nore, preferably 2 nmor nore, nore preferably 5 nmor nore. Wen the film
thickness is less than 1 nm such an effect that the diffusion S

suppr esseducbagidieibn fi6 |GEEERER. ! NRCHbEIREAG, e nmand 5 nm

is an allowance relative to t ower ven | 1 Ness of 5°'nm needs

a_hi gher BaHEE 1 fﬁ%s?se ﬁé'aasgﬂa,&g 8the Hhatlgk@énﬁl&rftﬂﬁéfﬂe dgnce is

?222’??32 Caneg 12?: n " ks g;f SiE 1 afeg_,ug_l oqls%q;o?pfglsm on
teLfeegLO\(;gﬁx\‘g ) ICI en q%{bzl nedSCbs}v?r%% ?ﬁ < 50 hm orhreerg N
| ayer or %‘ﬁ g‘%e&ﬂl—%%&tg‘%&g el-‘l'ged as (%(l‘ag%?g% |§% ents o}@‘?::hé nec‘essary
Lhan ¢ i GRREEE TR naRbudiny Teudhro ?W&ﬁ%&?ﬁéﬁ%@%ﬁg‘iﬁd‘ o ke

nitriding-oxide such_ as Te and Sb are used as the barrier

layer and the protective layer themselves. In this case,
the metal Te and the metal Sb are used as the target, and
Te-N, Te-N-0 and Sb-N, Sb-N-O can be selectively
independently | formed, re'spectively. In any case, the
effect corresponding to the Ge-N-0O layer can be obtained.
In case of the barrier layer and the protective layer using
the nitride and the nitriding-oxide, for example, as shdwn
by the case of Ge-N-0, the composition ration 6f 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 constituentrelement of the recording layer
~and/or the constituent element of the dielectric material
léyer, a material movement is suppressed. The layer
‘having a higher adhesiveness to the redording layer and/or
the dielectric material layer is adhesively formed 'on at
least one surface of the recording layer. If this
requirement can be only satis fied, the constituent element

of the recoi:;ding layer is not limited to nitriding—oxide;
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case of a usual optical disk, the filmthickness of the dielectric
protective |layer can be only fornmed in order to have at nost 300 nm
Accordingly, the thickness of about 300 nmis applied to the film

t hi ckness of the Ge-N protective layer or the Ge-N-O protective layer. In
case ' - 54- of Ge-N layer or the
Ge-N-O | ra s r obl he. C hgl i are not
observed?xgétr) %‘2‘?‘%&' &?%ﬂtﬁ?sgggi r?t% ?l%fél\t}'ﬁl eéviv’,{@t Léfdnt"Be ch

that the mab r4.al i g (&n 'ﬂ' ng’ih'é'a tertgdgi)_s ;r:ct:_ o l’,;icj\li?nt a?ei S
e R R
recorat ngehenea ¥ i iR, PORCRaPer, B e Lo g e
pnace epsFPel AR Satheabf st Bl e o spucter o
plating nEPRS qﬁ:é‘ %W % r?é‘ﬂ‘?ﬂége.' %-GN' %’h‘ﬁ'ed}a%}'r%' Es‘?%g the DC

sputteri n%hge

H}.Oeql.eacql-firig ep,r:otect:ive layer. Furthermore, it is
expected that the mixture of the compound except for
nitriding-oxide can be applied. Even if In-Sb-Te and
Ag-In-Sb-Te systems etc. which db not contain Ge are uséd
as f__he' recording material, the Ge-N f£ilm and the Ge—N-.
0 film are effective. |

Next, the formed recording medium is init.iallized..
The initialization is carried out by the laser irradiatioﬁ,
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
pm (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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‘magnetron sputtering nmethod will be described. FIG 6 shows an
enbodi ment 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 chanber 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. Furthernore, the vacuumtank 11 is swtching-

connected to a mieReRY,ctheumethod pfdexeparsng thiegleptigakncy power

source 14. Thereby, both of the DC _ sputtering using a direct current _
di schar ge HnEormakion recording medium according to ege embodimendputtering.

using a high-frequency discharge can be carried out. The matching circuit
15 mat chesPhithenpressss inventioppis showhantlsdl the numbemedftidayerat the
power source. - A bottom portion of the vacuumtank 11 is provided |
“with four arddhe dagax thigkness of7thesdiak qreghtnged clthet aboee 18, 19
not shown) which also serve as a water cooler. An insulating material 44
i s di sposdeethodric substandyally sdmidiamde Figcthermdpe, the medieny t he
negative having various structures as shown in Figs. 3A to 3H and
Figs. 4A to 4H can be similarly formed.

Furthermore, a disk comprising a plurality olf'
laminated recording layers in whié.h a multi-layer
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 sidés can be applied to
the present invention'.

Next, the signal is recorded on the dptical
information_ medium prepared by the above method, and the
method of reproducing the record will be explained. 1In
order to estimate the recording and reproducing
characteristic, a deck is used. The deck is pr_ovided with .

a semiconductor laser light source whosé Wavelength is 680
nm, an optical head mounting an objective lens whose
numerical 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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el ectrodes 16, 17, 18, 19 are insulated fromthe positive electrode.
Furthernore, the negative el ectrodes 16, 17, .18, 19 canbe groundedvi a

swi tches20, 21, 22, 23 (switches 22, 23 not shown). A Ge- Sb-Te

all oy target 45 bonded to a copper backing plate, a ZnS-SiQ2 (Sigerr]: 20
nmol 99 m xture target 46, an A -C (O : 3 atons% alloy target 47 and a Ge

48 fi, ' | bdes 16_ 17. .18 ' 0
(ing by otber BRE AL, daddcrha B SeSARA T A rechrdify MG .

di f 100 d hi_ck f. 6 . .
monet (nBEEERGRAFD 2 Jashr Satec A L 6% FOE Mo Eale R 17 18

19, thereby,a nmagnetrqn di scharge can be,carried oyt. . An air outl et
201 s 0 PRCbATIEy @ JRLSF (AELVe SLroRTh. RPFaRRIRL ating &, BRIy 26 1 s
connected to Hée air outlef 24 via a %ispe Z-E.Y theﬁ‘gby an exhaust can be
carried 8t the dasesy nnkile; ARtenvals AR LYZ@RABE MEASHIINT, R uum

- 56- .. - An upper portion of the vacuumtank 11 is provided wwth a
rotating dppkex yakue of gthe Kepyedusmed SigRateqang 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 lineaf motor is operated so that the optical héad is
moved to the optional £rack position. WNext, the focusing
servo mechanism is opérated 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
trac;ked to an optional track. Next, the laser drive
circuit is operated so that the power of the outputted
laser is modulé;ted 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 havinlg 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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a rotary shaft 28 of the rotating apparatus 27. The substrate 1 is
attached to the disk holder 29. A nuneral 30 denotes a shutter. The
shutter 30 is closed so that a pre-sputter is-carried out. Furthernore,
the shutter 30 is opened and closed, thereby a sputter start and a
sputter conpletion are controll ed. One side of a gas pipe 31 for

i di tter . ' ted to. . The oth i d

bt %t he gaaTrRs i | RS AR BRT KT on, i MEnd BRhER b puffife O her St e

i nd 41, 2 i nder - 42 N2 | i nd 43 Vi
oL et § WGt AR (ARG S0 Y RN, 1 7,
Th by, i de f th |, tter,i ' Al t h , th
sput ter | n§heTeby Fhe RoREIQR, & dn FhE AICERRoRE REASEs EMSjas and N2
as at nosphere (for _.exanp]le, Ar+N2), a m . gas of Ar as, . Kr gas, N2 ga
Ind o0 oal LA BOTOoR A crysFaLLERa e SRt igh £E " The o
containing the _ nitrogen _conponent iis not linjted to‘é%flf,NZgas, f or
exanpl e, aaRAMked, dherehy % ?HEFQB&FH?%G%S INBiHAtRe

ni trogen conponent. However, caqgnsidering an apparatus .contam nation, etc.,
in general, theNeXtyawhea Phemsdanilkis jeprodiucede-ph@ingadiakion, ned, N2
0, NO N2 or the like 1is used as the gas containing both of N and 0, and
t he - power of the laser beam is ggt to a reproducing power level

lower than the power level used for the crystallization

in such a manner that the optical information recox_:dincj

medium is not further changed. The optically changed

portion is ii:radiated wit.h 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 r_eflectin_g 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

ievel, (B) only pulse widths of a top pulse and a tail pulse

are relatively longer than the pulse width of a |

intermédi:ate pulse, (C) the amorphizing pulse width makes

equal, (D) when the laser beam is mnorphizéd, w:_'.thout a

pulse modulation, the beam is irradiated, (E) such a period

that the puise has the power level less than the
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sputtering can be also carried out in the mxed gas of Ar and them

The met hod of preparing the optical information recaording nedi um having
the structure shown in FIG 3A as an enbodi ment of the optical information
recordi ng nedium according to the present invention by using this _
apparatus w Il be described bel ow Here, sinultaneousl y-, such an exanple -

that the Ge-N |.ayer or the -N-O lLayer as the _ barrier I s di sposed .
2t the S ESPFOPBEINGS RAWEheLeyeLola ! Bavidpiibregre

(hencef orth, .in case of . no artlcu] ar | anati on, an ex%l anation i s nade
in an ordefl/gr atier &b rph 121ngllﬂu s@-f PFsthg Waveloras, a8 ,um punp
26 is actuated, A thereby the vacuumtank is exhausted to a high vacuum of
1 X 10[er$!‘°‘|’8r P-nor(z*r)es"so Nektare gempipgd, &g ©oner3pether, %%ﬂ“at the same
time, Ar Igas is introduced into the vacuum tank, thereby a degree of
vacuum r €EBaEebY, Yamigus raqording SusERIRS poreRrogugisg sysEemfe pover
source switch is turned on, thereby RF discharge is started by the ZnS-
Si 2 t ar gapd4erasanen Syakems vean| bet eppdied. The pre-sputter is carried
out with 500Wpower for five mnutes,

A signal system is EFM, a shortest recording mark

length is 0.61 pym, and a shortest bit length is 0.41 pm.

The disk is fixed to a turn table, and it is rotated at
2045 rpm. At the position whose recording radius is 28
mm (linear rate ém/s), ﬁhe overwrite of a random signal
for recording a mark length within the range from 3T td
11T on the groove track is repeated. The change of the

signal amplitude and the jitter value (the ratio (csum/Tw)
of 0 sum, that is, a sum of a standard deviation o 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, thr‘fee kinds of disks (A), (B), (C)
are made on an experimental basis and estimated. The
disks are as follows: (A) tv}o 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-O barrier layer
disk), (B) a disk comprising a coﬁventional 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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and after the discharge is stabled, the shutter 30 is opened. After a
ZnS-Si 2 filmhaving a predeterm ned thickness (according to the '
enbodi nent, as described above, 91 nmor 86 nn) is deposited on the
substrate 1, the shutter : _ - -58- 30 is
cl osed. The protective |layer 2 conprising the ZnS-SiQ2 filmis forned on

the substrate 1. provided wwth the groove track portion ¢. - . After the
di schar ge G 'é?egﬁeoﬁ%“' JT‘FH?#? SEryetrteein; Wg‘llfzb[?éh&ﬁsl‘hhe degr ee
of vacuum,is returned to,1l 10-[err] Torr. Thenceforth, ,the,main valve is
throttl ed *RE HACE HAYEY &é’tsf(%’ﬁﬂe Reead ot ke GahparEdesi Llavkerratio  of
50%to 50% thereby the total] pressure is set _to 20 mlorr. _Next, the RF
di schar ge 9% the Q&R haverieriayer of the disk (A)Accerdirg: £de 19.

After five-mnute pre- sputtering, the shutter 30 is opened, and the -
reactive tdutempodiments ed out with 500W The barrier layer 8 whose nain.
conponent is Ge-N having a predeterm ned thickness (according to the
embodi nent, as AeRATBERI AL irst wakingte dfems afderthenreserdr evi ousl y
formed ZnS- Sio2 protective layer 2 (since the opening and closing :
' 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. Suc:ﬁr a case that after 10,000-time
repeating, the jitter value already exceeds the réfeﬁence
value is represented by X. The power for estimate is s.et
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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operation of the shutter 30 and the valve operation are simlar to the .
case of formng the following |ayers, the explanationis omtted). Wen
the barrier |ayer whose main conponent is Ge-N-Ois forned, in the above .
process, instead of introducing the Ar gas and the N2 gas at the ratio of
50%to 50% the Ar gas, the N2 gas and the 02 gas can be only introduced

at the pressur .G s Yo 0 3 t oint is
different from ébfgtl)'vé %%age.é%oﬁ %/H'ﬂ?%é éucce'et#rng lBrocess S

carried o . nce Ge has
nor e tendgélg 000 Fé‘rmr% tl:r%?eo%(i?lép here 3 %Y\et%ép %megtalf gfac%a(rrpl e, 'the |

02 densi tghgggyg.g i35lde C&ﬁ\ggeis%xsggﬁ#%a 02 dEiL g N SOe

cases, gas as contarnrng an N corrponent

Si‘SQEﬁ on akrIPEL el "Bah 6 s B8R %égﬁo?%é&éé"elﬁ@%éﬁciﬂiﬁ' an
adm ni st rat | on th t egr§ f vacuu b3 se L 2 redet er m ned
range é? t'he Bg eFé.se E‘&r H‘to She 0

dens_ity in the Ge N-O | ayer can be controlled in such
found is represented by O. Such a case that about 20%

change is found is represented by A. Such a case that

the amplitude value is reeluced 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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a manner that a desired O density is obtained. The conposition of
the Ge-N layer and the Ge-N-O |ayer can be identified by a conbination of
an auger electron spectral nmethod (AES), a Ruthurford back scattering

met hod (RBS), Inductive Conbination high- frequency plasnma spectral nethod - -

(ICP), and the like. The conpositions in this case are Ge44 N56, Ge40 N4O
020, respectively. Next, DC discharge is started by the Ge-Sb-Te
target 45 and the negative el ectrode 16, thereby the recording layer 3 is
formed. The Ar gas is_introdyced so that th ree Qf vacuumis.set to
0.5 niror r Tapde %putte??ﬁ&lts 4r FruRas Iy g@ﬁ%’g’\%" SHRE A manner
that a predetertheedptioaX dikkeapplyingr dihey harri'erehtydrrrent as
descri bed above, {hsehenidgd

t t those of the
. - 60- recér&wm@%obeggbéﬂeﬁsgmrpﬁgusl o o8 oNext, t he

Zns-Sierr] fil BréPn i?éf‘hpper protective | ayer 4 |s fornmed under the sane
condi ti on @s—the—tower—protective—tayer—2—of—=af+rst—tayer—m—such a

manner that Estimate Items
Disk Jitter Signal Weather-proof
Amplitude (Peeling, etc.)
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,lthe
- result of a comparative test is shown. A disk (D)
comprising the structure shown in FIG. 3B in which the
barfier 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 thét of the disks (A)
and (B). | |
The disks (D1) and (D2) compr'i‘ses a laminated-layer
structure, in which a ZnS—SJ'.'O2 protective layer (86 nm),

a Ge-Sb-Te recording layer (20 nm), a Ge-N or Ge-N-O
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a predetermned filmthickness (according to the enbodinent, as descri bed
above, 18 nn) can be obtained. Finally, the AI-C target 47 is CD '
sputtered in the Ar gas atnosphere of 2 mlorr with 300W power. The Al -Cr
alloy filmof the netallic reflecting layer 5 is also deposited at a
predeterm ned thickness (according to the enbodi ment, as described above,

150 nm, (hereb he nulLfi-layer film_.,having a predejermn five-Ilayer
str ucmjr ebP§rf‘€&mi§Y8|¥ (%H'E“Eut?é’t £R5s SEO; prgtecgprgef *REY ﬁﬁ%.‘m i's taken

out the vacuumtank 11, nd the netallic reflecting, layer 5 is covered
with the 2Bt ABVRSrEE Eﬁlf&ﬁ@tr‘é’g tayehd %W)s%%p’ﬁ §“ii’§tqaé?ﬁ'nat ed on

the covered netallic reflecti ng | ayer 5 so carefully nat .as to generate a
bubbl e. | Bheniddsksit €1} nandy ER)vicomprises g shamipatedndayaipat ed |'ayer
of the wultraviolet curing resin is cured, thereby an adhesive structure
provi ded GtEmctuxsu ddt Whiyeh o Zn&rSiQy prefecidveidayee (Hammno
According to the above exanple, as the nethod of forming the Ge-N |ayer or
the Ge- N @ Gerylior GreNmé barcieri kayesd hom)hea Geh-Texecardinged gas of
-the Ar gas and _ -61- ' S

layer (20 nm), a Ge—N or Ge-N-O barrier layer (5 nm),

ZnsS-8i0, protective layer (12 nm), and an Al1-Cr reflecting

layer (150 nm).

Here, when the Ge-N layer or the Ge-N-O layer is

formed at the reflecting layer side of the recording layer,

compared to the case that the Ge-N layer or the Ge-N-O layer

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-O layer at the reflecting layer side is Ge60 N30

o10. | |

The disks (A) to (E) are rotated at the linear rate
ém/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, immedia_.tely

the overwrite of a 11T signal is recorded. Thereby the
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the nitrogen gas or the mxed gas of the Ar gas, the nitrogen gas and the
oxygen gas are used so that the film is forned by the reactive sputtering
nmet hod. However, there are other nethods. Q her methods are as

follows. Instead of the metal Ge, a Ge-N conpound (preferably, Ge3M) is
used as the target. The reactive sputtering is carried out in the mxed

; d.
P e B g B S el el
ﬁg; getgas and ?#1 %yg %ﬁ*‘{g‘@% ‘he™m xéd%g@?‘gé%fé%‘téﬁ$ﬁ%{sggg :[it:e s
ainin S, SO
pr epar 0. ?%&-39 £A8 408t \Fed IREE v et Mpound of

Ge3N4 and Geq err] or GO is used as the target The reactlve Sputtering
i s carri edhrievierwiiteiofethgdsl Deignal iserepsrdedd andthe degree
ni trogen-containing gas, or in the mxed gas of the rare gas, the
ni t rogen- aﬁmt%msugegag aeasured ox\ e -beavingi hgmgadssdkwdat the filmis
f or med. When the filmis fornmed, in case that inpurities such as
Ar, H Si canditionsenthaheis; riﬂmélmmstamd 889 hourshe Theanbsulare
contal ned in the barrier layer 8, if the

is shown in a table 3.

In the table 3, © denotes that a sufficiently high.
erasure ratio more than 35dB is obtained. O denotes that -
the erasure ratio more than 30dB is obtained. A denotes |
that the erasure ratio more than 2_6dB is obtained. X

denotes that the erasure ratio is feduced 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 charactej:istics 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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impurity density is 10 at %or less, the simlar effect to the case that

the inpurity is not contained can be -62-
obtai ned. That is, preferably, the inpurity density contained in the
nitride and the oxide formng the barrier layer 8 is about 10 at % or

| ess. I n case of an adm xt
the density iis not limtasg
up to the samg dens®?y as

contributes tg enhagcing t
As a second t hod of forn
of the recordijng | afer is
nitriding-oxi By the
formed, thergby the barri
a Ge- Sb-Te sysftem rB¢
t hat Ge- Sb- Te-|N andgfe- Sb-

ording |ay

ure

the @ densi

cons@i t uent
er {ayer cai
t he
Te-N—@ can

for exanple, iln the_first
P B2

he a siveﬁ
1 ng the barrt
appl i to

‘For e
ess tg the
i er layer,

t he target,
ele ts o
be fqrned.
F Ge- T+ Sb

be f d.

pl aC@ af t 4

xample, Cr c
Im tIQreby
recoryding |
or exanple
and the nit
the (mecord
For exanpl e
hl | oy War get

ncaoft
ayer
y

1

Ctive

for positively enhancing the characteristic,
d to this range.
ty at“maxi m

an be added
.Cr largely
ayer,; etc..
the materi al
ri de and
ng layer are
in case of
is used so
hi s net hod,

s formed, the

13 the©orot e

Henceforth, according tomore detailed experimental

data, the present invention will be explained in detail.

FIG. 9 schematically shows a film formation apparatus used

for the following experiment.

A vacuum pump (not shown)

is connected to a vacuum container 49 through an air outlet

50 so that a high vacuum can be kept in the vacuum container

49. From a gas supplying opening 51, the Ar gas, the

nitrogen gas, the oxygen gas or the mixed gas of them can
be appropriately provided at ai constant flow rate on_demand.
A numeral 52 denotes a substrate. The substrate 52 is
mounted to a drive apparatus 53 for rotating the substrate
52. A numeral 54 denotes a sputter. target. The sputter
target 54 is connected to a negative electrode 55. Here,
a disc-shaped material having a diameter of 10 cm and a
thickness of 6 mm is used as the target. The negative
electrode 55 is connected to a diredt current povéer sourcé
or a high-frequency power source ﬁhroucjh a switch (not

~ shown). Furthermore, the vacuum container 49 is grounded,

thereby the vacuum container 49 and the substrate 52 are
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Ge-Sb-Te target is used, and the reactive sputtering is carried out in the
m xed gas of Ar+N2, thereby the Ge- Sb-Te-Nfilmis fornmed in order to
have a predeterm ned thickness. After then, Ar is used as the sputter gas,
and the Ge-Sb-Te recording layer is formed. By this process, only one
target is used, thereby the barrier layer and the recording |ayer can be

f or med. Accar, the e odi ment ,* such an exanpl e that

-63 - kept a; R@Sdid'c‘%ssecﬁo c‘f‘%? hg the recording layer is performed in
i nactive gas is shown. The nitrogen can be contained in the recording
layer. In this case, the N2 partial pressure is appropriately adjusted. In
case of formng the recording |ayer, conpared to the case of formng the
barrier | &EERMPA€ di N2 density is selected, thereby the recording I|ayer
contai ning the nltrogen and he barrier |ayer can be | am nat Here, the
exanpl e of prepBRfiRPLifd oﬂ%ﬁl‘ﬁl hPﬁFBBnﬁP?o?ﬁ""YSEo?HFHStHE& §§\%| ng the
structure_shown in_FIG 3A is shown. For exanple, as _shown in EIG 3F, in
case of the Eigget aﬂeaﬁévﬁﬁg(ﬁhélﬁkot(édt ppd a a disk (3) in a table

4) are made on a experimental basis. The recording layer
3 comprises a phase change material Mubs'e main component
is a Ge2Sb2.3Te5 alloy, and the dielectric pr_oteci;ive
layers 2 and 4 comprises a ZnS-5i0, film. When the film
is formed, the gaé 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 DC1l.27 W/cm? and
RF6.37 W/cem? 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 diel.ectric 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 lajrér 8 is formed; In
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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| ayers conprising the barrier material at both sides of the recording

| ayer 3, the protective |ayer conprising the nitride and nitriding-oxide,
the recording layer and the protective |layer conprising the nitride and
nitriding- oxide can be fornmed according to the above process.
Furthernore, for exanple, as shown in FIG 3E when the protective |ayer

conpri si ngnkhgphttidr® powreisARF700W OF I 1314 tdifetiPera Wid@ce of the
recordi ng Iayer 3, naturally, the filns can be forned in the order of the

recor di Ngyhy dltataf'eﬁéptﬂtwecd\ay@éneeﬁéasm&ot he spiitiddipoisy
nitriding-oxide. In case of this nethod since the conposition of the

recordi ngqg Eﬁ)ég_rg} . et?ggrpgg?{:g r! palved &é}?s;?l?frin' 3yRi/car the prot ective

| ayer. there . at "t he chem reaction and the

b4l RS ARp AR BEUEERCYoBEOLL) 4B sr Sl e

adhesi veness can easl ten |s Vi ew, r exanpl e,
sher e B S5 A MRk st e 3 e
and 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 thé
disks (1) and (3). The disk (0) is provided with the
dielectric protective layers 2 and 4 comprising the
mixture of ZnS and SiO,, an:d. each layer f£ilm 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. In the table 4, the repeating

‘record characteristic is examined by the following method.
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ni tridi ng-oxide such as Te and Sb are used as the barrier |ayer and the
protective layer thenselves. In this case, the netal Te and the nmetal Sb
are used as the target, and Te-N, Te-N-O and Sb-N, Sb-N-O can be

sel ectively independently forned, respectively. In any case, the effect
corresponding to the Ge-N-O | ayer can be obtained. 1In case of the barrier

| ayer andrhg Pk otAE Haled s alithvad chB%M il 1aeggrt@ﬁ1 Phtidd ng- oxi de,

for exanp s Shown by the case e cofrposition ration of the

. | ol : i m ted
Lo e’ oy FhER the EROVOREhNE Tt bdclindE ! 6 ST ¥he uiadtey |11 (€
i nvention_ _when

heat is applied, in the constjtu el ement. of the
recor di ng3fra'y'€r1f'§rﬁl?%rrqq%r€%ﬂst i Theria %r@ﬁu%tfefﬁ[%er%éﬁéﬁé+%gnat eri al
| ayer, a materjal novenent |js suppressed._The Iaégrpgg?ving a,higher
adhesi ventbe JHYRX (' E_LKEI Rethaedr earh ofrorheehfe Ehe BBl | ayer
I s adhesively formed on at _|east one_surface of the recording |ayer. If
this reqVeddieRettupenceashy rean emadpy (e cwisdew ddtd Fent " of the

recording layer is not limted to nitriding-oxide, ) )
- 65- (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 valué betweeh the front ends or the'jitter value
betweén 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

r
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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Accordingly, even .if the constituent elenent of the recording layer is a
carbide or a fluoride, the constituent elenent can be applied. For

exanpl e, the constituent elenment of the recording | ayer may be sane as the
constituent elenment (for exanple, Zn-N, Zn-N-O etc.) of the dielectric
protective | ayer. Furthernore, it is expected that the nixture of the

conpound nitridin | can a d. .Even i -Te and
“Ag- | n- Sb- s‘gk?%nﬁlﬁ tn m?cﬁahie gtleo %ﬁ&l’iﬁe l,23tg © gng recordi ng
mat eri al , theGeNfllmandtheGeN- fllmare effectiv Next ,
the forneeP e GRTY IRXSX AT £he GG d@vermihanebn g ?&tﬁl%r(sl)s carried

out by the laser irradiatign, . as described bel ow., Any ot her nethod, for
exanpl e, ihcLompedotreerrgingdyskheGest Profechd vadiavar oftde the di sk
mediumis rotated at linpear_rate of 5ms at unifogrm rate, and the |aser
beam haviGQN-QReetagthver Lager whose Hiqlkness 18,93 pmdsbermesht an

obl ong spot of 1 pmx 100 [err]m(a hal f value wdth) is forned on the

di sk. Theall the gulisthate |Hkde cafi theurecondimerla¥@E)the | ongit udi nal
direction of the oblong spot thereof is a radius direction. The
cryst al | iBarthermoresqadd: thel prokectdyedaysrsaati thbe reflecting
[errJmrotation froman outer dianeter to an inner dianeter.

layer side of the disk (3) in the table 4 are changed to

the Ge-N layer_ or the Ge-N-0 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
examiﬁed 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-0O layer can be formed in such a mann_e'r
that the Ge-N layer or the Ge-N-O layer can obtain a
thi.ckness necessary for the protective layer.
Furthermore, even in this ‘case, the excellent repeating

performance can be obtained.

(Example 3)

Next, the recording layer 3 compfises a phase change
material whose main component is a Ge2Sb2.3Te5 alloy, when .
the barrier layer 8 is fonned, Sb is used as the target,

and the mixture of Ar and nitrogen is used as the sputter
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- 66- Thereby, the nethod of preparing the optical

I nformati on recordi ng nmedi um accordi ng to one enbodi nent of the present
invention is shown. If the nunber of layers and the |ayer thickness of the
di sk are changed, the above nethod is substantially simlar. Furthernore,

t he medi um havi ng varlous structures as shown in Figs. 3Ato 3H and Figs.

4A 10 4H gag beosl GHATINOIQTERdi tion , Y WD Sompr fh kot @R | S N0 2

plurality?o | afti mared racor’ ayers r-ecor di ng
con e Copih i oAt L BT BA S'@%%“@Fe%%%@t e, Aaain e
on the. optii (il ram Ght %ﬁ#‘%é«"%hsp@rya o e B e ARR AN t ho
The T ecor aﬁnﬁéﬁé’ﬁgé"%ﬁﬁﬁaﬁﬁ%ﬁ%&m 2Btfs o, £h e ORcth e seck | s
provi ded ity AN B0EL S80' pRRYERE P AR I STALD 15 080

layer 8 is 20 mTorr, and the partial pressure ratio of Ar

to nitrogen in the sputter gas is 3 to 1. In this case,-
the result of the repeating characteristic is shown indisk
numbers (2) and (4) in the table 4. | o
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 repeatablé 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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nm an optical head nounting an objective | ens whose nunerical aperture is
0.6, a linear notor for guiding the optical head to an optional position
of the recording nedium a tracking servo nechanismfor controlling a
positioning, a circuit for the tracking servo mechanism a focusing servo
mechani smfor controlling an attitude of -67-
the optical head and for irradiating a recor'ding film surface with a | aser
spot, a circuit for the focusing servo nechanism a laser drive circuit

for nodul o] of the laser, a tinme interval analyzer for:

measur i nga@E %l‘at‘é &\Sal ue of the reproduced Si gnal and a rotation control
mechani sm.for ?\fatl n the al disk. Waen the signal (is recorded
or overwritten, N&K%he hﬂ‘r p ayer tﬁt’er‘%ﬁfélkr?sl?ofzgf‘@a‘ré’tc‘%?cbr%%et ermned .
rate. The Ilnea,r m)tor i.s operated so that the optical head is_, noved to
the opti orffIOWR 3k EFGsi SRand ae Ge 1% HPedafkthe terpes AeEnbaraings

oper at ed s% B’k% the | aser spot is focused on the recording filmsurface.
Next, the theRRFELeTe W%cﬁmrﬁ}!ﬁn?%nﬁﬁepﬁ thes£ilmiformationr beamis

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 RF100wW, 300w, 500W, 700W, 710W, 750W,
1 kW, 1.5 kW and 2 kWw. 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 1.27Ww/cm?, 3.82W/cm?, 6.37W/cm?,
8.91W/cm?, 9.04W/cm?, 9.55 kW/cm?, 12.7 kW/cm?, 19.1 kWw/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:
1 and 1 : 2, respectively, the flow rate of nitrogen ie
constantly set to 50 scom, axtd the flow rate of Ar is
changed to 100 scem, 50 scoem and 25 sccm 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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tracked to an optional track. Next, the laser drive <circuit is operated so
that the power of the outputted |aser is nodul ated corresponding to the

i nformati on signal between an anorphi zi ng pul se portion having a power

| evel whose irradiation energy is relatively high and a crystallizing.
pul se portion having a pomer |l evel whose irradiation energy is relatively
| ow, as shown in FIL.G 7. .The optical information recording mediumis

i rradi at RESHFVRS A4S Isﬁ'ert‘be%l MTQEFeby such a state that an amor phous
state and a crystalline state alternately exist |s [formed, A peak
pul se portion cﬂ?@rlt%r §ﬁ]§%§&?“§e§£§ GQF‘IS&}'uCrﬁﬁ‘i |51|HHEII@¥J®Y QU furt her

narrow pul se. sequence Af ter

the irraditgka bl))t?’é)ﬂ (%) ¢ Ihe frlmithigkness of ;ﬂﬁql} d-r?l‘f%r A 8&d in an

instant, the_ portion is quenched, therebg the portion._is in the anorphous
t

state. thEollevgdi aThe sdﬁheﬂwwﬂq@yery &B| B5 M p e PRFELSE is
anneal ed, thereby the portion is in the crystalline state. Next ,
when t he kaygesl 8i sr Spmimuckhe reeording dayer doler20fnmhethegser beam i s
'set to a reproducing power |evel

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—proéf. 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 cé\se', the .generatéd peeling

~ is substantially ranging from 1 pym to 10 ym. © denotes

the case that the sampling after 200 hours is not peeled

at all. O denotes the cabe 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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| ower than the power |evel used for the crystallization in such a manner
that the optical information recording nediumis not further changed. The
optically changed portion is irradiated with the |aser beam and a
detector receives and detects a strength change generated correspondi ng
to-a difference between the anorphous state and the crystalline state of
the reflecting light or the transnitted li'ght. A pul se waveformis
not limted to the waveformshown in FIG 7. For exanple, as show in FIG
8, (A t L 7] 3€, | . het ae a Lzl power
Cevel angteREST SVt ERELORNTD HRAUCh ¥ B Rt IBnTBR e dlE, | PEUR
widths of a top pefse hawriexdayex|applied ke asupatratedekde h the

pul se wi dth of a ai pbebradnyg daydscand A efelanperficrngngel se wi dth makes
equal, (D) when the |laser beamis anprphized, without a pulse nodul ation

the beamis ié%ﬁ@té&:eﬁow@a (RECBaRtAB Predditte] e PHitecyan the pover
| evel |ess thah the T . - 69- '
reproduci ng gower |evel isjnecessar® tiraly i RIERE BREB) e '

(W) 2 31 1:1 1 :2

100 X X X

/300 @) @) X

500 O O X

700 O O X

710 O o O

750 O O O

1000 O O O

1500 O O O

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

-84 -



and/or after the anorphizing pulse, or the waveforns as shown in (A) to

(E) are conbined to one another, etc.. Thereby, various recording systens,
reproduci ng systenms and er
systemis EFM a shortest r

shortest bit

it iIs rotated

| ength is 0.41

asure systens can be appli ed. A si gnal
ecording mark length is 0.61 [err]m and a
[err]m The disk is fixed to a turn table, and

atr 2045 T pm

mm (linear raje 6nm299 the

mark | ength wiThin 'égﬁ rang
repeated. The g f

ratio ([err]s
of the jitte

At—tTeposTtTomr whoseecording—Tagi us i s 28
over wdt e of| a rakdom si gnal >Xfor rgcording a

chan t he

E-TTOM 3T Lo LT O tNe|[groove track i s
si g8l anpl i tude’and tihe jitter value (the

Nt Tw) T as
val u‘y@f eac

Um - that 1s,[ a sumof alstandgrd de\iation [err]
h signdal nmark 3T-¥T tofla wingow width Tw =

34ns), the jitter V-?%ble can

a conparison,
experi nment al

conprising th

barrier |ayer
conprising a

b structure a

be o@y 12.8% or 4 ess) | is exam ned. For
three kinds of disks (A).| (B), {C) -dre nade on gn
pasi s 1@ph esti mtedgThe [di sksgpre ag fol l . (A two disks

ccording to jthe efbodingnt. (& disk]|Al is a Ge-N

di sk 1590l sk

fonventional s

A2 iS@ Ge- N O baggyi er lIjlayer @jisk), (B) a disk
ructure  that is thelstructure off the disk

(A) except for the2@ooN bajrier @ayer jor thgGe-N{O bar@' er | ayer,

a di sk

=70-=

Thereby, in view of the r'e.peatingl characteristic,
when the sputter power is more than RF.300W, better
characteristic can be obtained. In view of the
adhesiveness, when .the sputter power is more than RF100W,
better gbod characteristic can be obtained. In either
cases, the higher the sputter power becomes, the better

the characteristic can be obtained. This reason j'.s_ that

the higher the sputter power becomes, the denser £ilm can

be formed.

Relating to the nitrogen partial pressure, in case

?

- of (Ar pari:ial- pressure) : (nitrogen partial pressure) =

1 : 2, better characteristic can be obtained only within

the sputter power range more than 710W. When the-_nitrdgen

partial pressure is higher than an appropriate condition,

since a surplus nitrogen not combined to Ge exists in the

and (C)

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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.conprising the conventional structure in which an S[err]3Nerr] interface
| ayer is forned instead of the Ge-N barrier layer or the Ge-N-O barrier
| ayer of the disk (A) according to the enbodi nent. According to a
first estimate item after the record is repeated at 100,000 tines, the -
jitter value (measured by such a nethod that the jitter between each mark
front end and the jitter. between each, mark rear d are independently

measur edPHErRgenRariad, Aressure, ( Yaen fhe, spu jPPYRF B8t ween the

mark front end anqg the front end apd the [jtter between the rk rear end
and the r’é&Freéﬁﬂgar"eh‘%%slﬁ recue P&%ﬂ%ib%illﬁéf Talrt\ﬁtt 9& ggp“\/al ue is

scarcely changed i.s represented b err],. Such a case that. although the
jitter vARRtteredopt ,e‘i%gFFtﬁ‘éé%?d@c?!‘QéPFdr"é?r&ihﬁsn?-E%‘Qgﬂ?an the .
reference vajue is represented by O, Such a case that after 100, 000-tine
repeat i ngineht thesputieyrd Gecatemyis:aktreherekeethg) sRPSELatEy esent ed
by A. Such a_case that after 10,000-tine repeating, the jitter-value

al ready s@Etages heThereb¥nc8ingg aemiztusg agenndjodythe sREPASRer for

estimate is set to a-higher value by about 10%than a lowest limt jitter
nitrogen is reduced, it is expected that the region where

better characteristic can be obtained exists.

As an analyzing result of the average compqsition
ratio of the barrier layer 8 which can obtain better
characteristic, in any caée , the average composition ratio
of Ge, O and N is within the range surrounded by four
composition points shown the three-element compbsition
diagram ih FIG. 5, E1(Ge50.0N50.0), G1(Ge35.0N65.0),
G4(Ge31.1N13.8055.1), E4(Ge42.3N11.5046.2).' |

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-0 £ilm
containing é. 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 Wem?, better adhésiveness and

recorded repeating characteristic can be obtained. 1In
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val ue, where the lowest limt jitter value denotes the _
val uewhenaninitial jitterval uesati sfi estheval uel ess than 12. 8%
-71 - According to a second estinmate item after.
100, 000-time repeating in the above experinental track, the anplitude
value is observed, and the result is estimted. Such a case that |ess

change is_found_is e ent ed er . t hat 10% '
change i st{lf‘guﬁasﬁé %eﬁ#géeﬁqlgrﬁag%o{iré%%hliiﬁ;@@ﬁ%%bmﬁ%%r change is
found is reﬁg__es nted by A Such a case thaé. he _anplitude.value is reduced
to more tRAALIY BresYTRsinPLhrpgeR partial, PresRuLe: Sk & itemis a
weat her - proof.. After the _disks are l.eft tq stand under.a hi.gh-tenperature
(90] er r] CPESERTARIGr. AR (F LI BOFRBLIGR, TANRert POFS6BMI and for
400 hours, the disks are exam ned with a m croscope. Such a case that no
change | sSPBARUERM after 400 hours is represented by [err]. Such a case

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

(Example 5)

Next, the difference .of the disk characteristic is
examined ac_cordihg to the difflérence of the partial
pressure ratio of the sputter gas press'u_re 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-SiO, protective layer
whose film thickness is'._86 nm, a Ge-N or Ge-N-O barrier
layer whose film thickness: is 5 nm, a Ge-Sb-Te _recording'
layer whose film thickness is 20 nm, a ZnS-8i0, protective
layer whose film thickness is 17.7lnm' and an AlCr
reflécting layer whose film thickness is 150 nm. A FIG.
3E4type disk comprises a ZnS-Si0, protective layer whose
film thi_ckness 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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a case that a slight peeling 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 experinmental results are shown in a
table 2. Thus, the structure according to the present invention 1is
superior to the conventional structure in view of the repeating
characterjst.i ' t = o '
Table 2 igiﬁ?%u%%ft%&%%ﬁnpgﬁ#ﬁgh?gg (%ﬁarlascq erl'stics of t he opti cal
di-sk applying t barrier . ave (Aol t Sgnt s khnvention to
those P Y he Phie ggpgighﬁa’éharactegiggl 1% é%éiﬁhﬁ%@iﬁgtgh Y e |
D sk Jitter Si gnal at her - pr,oof , .
Apl | tudesamFPE‘@Itil'\?éi, a&gﬁr)e example ri 32 [g'pﬁ weather—prcr%g r]IS
[err] A2 [err] B C Ne
in order ?ﬁ&?‘%‘%ﬁ%cﬁ’%fs%@‘ﬂﬁﬂlpgr a|sa§;§e erx@“ﬁ]ﬁ/g‘t o & FPRd®sure
performance is confirmed,. th resuylt of a,conparative.,test .i.s shown. A
di sk (D) GEoﬁS&qvéﬁ Adre helip, EOriRE 1o, PTG BIeh SRY; £he, SEEiRre
result. In the table 6B the disk (0) denotes the

-72-

Xt ,

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) - f- o X
(5) 1.0 1:2 X X X X
(6) 3.0 1:2 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 2 :3 A X X X
(11) 3.0 2 :3 Al x| O O
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barrier layer is used only at the reflecting | ayer side
in the table 1, and a disk (E)

| ayer
FIG 3Ci
| ayer

n which the

barrier |

ayer

initialized. The conposition of the reflecting |ayer

of the recording
conprising the structure shown in
is used at both sides of the recording

are produced by the above nethod. The disks (D) and (E) are

and the recording

| ayer i s pare—as—that—of—the—dtsks—(A—and—(B)- Fhe—gtsks—GD1l) and
(D2) conprisdslZ) | anj natkB-0 ayef 8t rudt uiFjAn whih [a @hs{siQernr]
pr ot ect i Vie—+ayer—86nm—a—GeFSb—Fe—recordingfrayer{t 20— Ge- N or
Ge-N-O (13) 20.0 2-%¥33 baf rilerQ ayerQ 5 {nmy), an
528'; ﬁleogugg?;éf‘t)l VeThgyg:%%}ém(El) aﬁgaéfég) cgﬁrjpr |r grl egt : ' ngglggm-gggr.nm
structuref-Twiicn ZNS- S| OZ ProLective [ ayer [ 8o nn, . alce- r Ge-NO
barrier lfyerl¥®) nm| a G%b-Te rédcérding KSyer &0 hmX d X Nlor Ge-NO
PZ;{ngiLaye{g§€}n?150 ﬁﬂitsﬂcﬂ ert%cETve I%¥er (%g n)c)and 8? | - Cr

(17) 10.0 1:1 O A O O

(18) 20.0 1:1 A O O

(19) 30.0 1:1 Ol A O o

(20) 1.0 3 :2 O A O O

(21) 3.0 3:2 O A O O

(22) 10.0 3:2 O A @ O

(23) 20.0 3:2 'O A O O

(24) 30.0 312 ol a| O] O

(25) 1.0 2:1 © O X X

- (26) 3.0 2 :1 © | O] O O

(27) 10.0 2 : 1 © | O O O

(28) 20.0 2 :1 © @ O O

(29) 30.0 2:1 © | O| O| O

(30) 20.0 g0r: 20 | © | © | O O

(31) 20.0 85 : 15 | © © O O

(32) 20.0 88 : 12 © © | O O

(33) 20.0 %0:10| ® | ® | x | O

(34) 20.0 95 : 5 © © X ®)

(35) 20.0 100 : 0 © X X.

(36) 10.0 75 : 25 © © O @)

(37) 10.0 80 : 20 | © © X O
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Her e,

erasure)

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 caee- that
the total pressure of the sputter gas exceeds 1 mTorr.
Furthermpre + when the total pressure is 10 mTorr, the

nitrogen gas partial p.ressure 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%.

Furthérmore, as shown in FIG. 12, the £ilm 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

-90-

when the Ge-N layer or the Ge-N-O layer is forned at the reflecting
| ayer side of the recording |ayer, conpared to the case that the Ge-N
layer or the Ge-N-O |layer is forned at the substrate side, the pressure
ratio of the N2 gas relative to Ar gas is reduced. The gas is introduced
at the ratio of 80% Ar gas to 20%N2 gas, or in the ratio of 80% Ar gas to
19. 5%N2'gas—l—0'—®“‘5%uz%a Suuerrrg Cari d—out e total
pressure |of Z38&Worr resulg odi t ¥on |ofQ h¢ Ge-N -
| ayer at [the Jyeffeqgrin ST 35, a he corrposrTr on of
t he Ge-N-|O Ia(?é’r) t he ect nggl aye&esT@Si S C@O N3 910% The -
di sks (A are rot t 'l ngar e| 6 | a ttheresult is
recorded accd@)n e{ ﬂg?h 8 r@, 3 s@rql e Si gnal ><ha ing a 3T
mark length is recorded. And after C/N r_atlo I's neasured, imediately the
overwite of a 1T signal is recorded. Thereby the
- 74- §ggnfb difd Q'S add Fmgﬁ ﬂﬁr&wqa‘ 3HRY redpeRtiglegree of

i s nmeasufed.” Next, after another signal is '



recorded, the disks are left to stand in a dryer at 90[err] the overwite
of the 1T signal is recorded, and the degree of erasure is neasured. The
| eaving time is two conditions, that is, 100 hours and 200 hours. The

result is shown in a table 3. In the table 3, [err] denotes that a
sufficiently high erasure ratio nore than 35dB is obtained. [err] denotes

that the Shasus i3 it eS188L3L el 644 d hat the
erasure rasflfo rn)feéa'?&halﬁlé %&%ﬁt@%&eﬁ%ﬁﬁg& ?(QEdeng ess&?hgéﬂ%ﬁ%r%ir)a ure ratio
is reduced d ;| €55nt Bag . 26dB.  Thereby, the Ge-N barrier layer or the
Ge-N-O barrier layer™ 1S applied, thereby the erasure performance is

cnanced. Wore BRE] isfdlble ot Ehl B8-9Ltl 8 e B Lholl TROeR e
obtel e 13, £881 61 sl dn PR BB Y ep T ShbE e
i ?\e’ﬁ]m 'on dsh %ﬁgiﬁf P%,%.S:(ﬁ%;'trgpeaa{éirﬁogparaqtefé.@ﬁic is the 'cggtel mat;
After that t[heer {:l;tal pressure of the sputter gas_e7x5céeds 1' mTorr.
Furthermore, when the total pressure is 10 mTorr, the
nitrogen gas partial pressure in the sputter gas is ranging
from 15% to 60%. Furthermore, when the total pressure is
20 mTorr, the nitrogen gas partial pressure in the sputter
gas is ranging from 5% to 60 % 'Furthermore, as shown in
FIG. 13, the film formation condition which can obtain
better weather-proof (adhesiveness) is the case that the
tof:al pressure of the sputtef gas is more than 1 mTorr,
similarly to the case of the repeating characteristié. In
both cases of the total pressure 10 mTérr and the total
pressure 20 mTorr, similarly, the nitrogen gas partial
pi:'essure in the sputter gas is within the range less than
40%, preferably less than 33%.

According to thj.s 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 iﬁ FIG.

5, the average composition ratio is within the region
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A2 [err] [err] ‘A B [err]

A [err] C [err] A [err]

D [err] _ [err] = D2 ' [err]
[err] [err] El [err]

[err] E2 [err] [err] [err]
Henceforth, according to _nore detail ed experinental data, the present _
i nvent i on sunouRded ph¥i feyr; paddte4 DL FF@GQ-QHHngt)i'caI ly shows a film

formati on apparatus used for the follow nlg experinment. A vacuum punp (not
shown) | DAd&edkl 100204 a@umGoifiesd hed ﬁﬁ-B-hnough an air outlet 50 so
that a high vacuum can be kept in the vacuum container 49. Froma gas
suppl yi ng Gdd&3ehyy. B¥13+BO5Ar 1gas, the nitrogen gas, the oxygen gas or the
m xed gas of themcan be appropriately provided at a constant flow rate on
demand. A nuneFartdrexeene esvher dhe materire layen igtdispoped abunted to
a drive apparatus 53 for rotating the substrate 52. A nuneral 54 denotes a
sputter tatgesidehepppstiter totthgesulBtrate ofhtbectecordinggh@yes el ect rode
55.. Here, a disc-shaped material having a dianeter of 10 cmand a

t hi ckness tife Gaverageusethpas itthicon araeio Thewdthdmn whe atangeode 55 is
connected to a direct current power source or a high-frequency power

sour ce t hrsauptoundadtlsy fount conpositiokypoiwesprel (Ged Ga@NLOh 09rt ai ner 49
is grounded, thereby the vacuum container 49 and the substrate 52 are
B4 (Ge83.4N3.3013.3), Fl(Ged42.9N57.1),
F4(Ge35.5N12.9051.6), more preferably, the co_mposition'
range surrounded by four composition points, Cl
(Ge65.0N35.0), C4(Ge53.9N9.2036.9)., F1l(Ge42.9N57.1),
F4 (Ge35.5N12.9051.6).
Regarding the repeating characteristic, when the
nitrogen partial pressure in the sputter gas is low, sincé
é lot of surplus Ge not connected to the nitrogen exists
in the barrier layer. Adcordingly, 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, the_reby 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. In
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- 76- kept a positive el ectrode. (Exampl e 1) The opti cal

- 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 experinental basis. The recording
| ayer 3 conprises a phase change material whose main conponent is a
Ge2Sb2. 3Te5 alloy, and the dielectric protechlve | ayers 2|ang 4-coan|ses
a ZnS- Si f.lm_Wen_ t film is formed, the gas i,s supplied in such a
manner th ’é’ac‘FPS?OtBﬁggﬁgséfﬁpéacﬁl%ecwrgage%@&%‘s CETNGOP® and 0.5
mrorr, respectively, and each of the powers DCl.27 Wcn2 and RF6.37
Wecnferr] 4 ¢Btuced into the Inegativc(aAleIC(ra)ct r50_de f55, (rjest)ﬁctkvel y. ”
Furt hernore;, when the reflectin ayer / I's formned, e Ar gas
suppl i ed in sucRegakding tlﬁﬂaﬁgbﬁélﬁ’@cnﬁssm é@iﬁ#etbﬁcbhﬁ§°9.em_ mrorr,
thereby the power DC 4.45WcnP is introduced. i In the disk (1),
after theP&ricth Bressurecinvkhe sputter gapnig, highuandi al 1ot ofie barrier

layer 8 is formed. In the disk (3), after the recording layer 3 is
surplus nitrogen exists 'in the film, the peel:.ng 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 expectéd 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
préssure 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 j.s more thén 8.91W/cm?,
a time ﬁntil the Ge atom sputtered on thé target surface
is attached to the substrate surface becomes shorter than
the above case, thereby nitriding and nitriding-oxidation

are hardly generated. Inthis case, accordingto the rate,
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formed, sequentially, the barrier layer 8 is fornmed. In this case, G is
used as the target, and the mxture of Ar and nitrogen is used as the
sputter gas. Furthernore, the sputter gas pressure is 20 niforr, the _
partial pressure ratio of Ar to nitrogen in the sputter gas is 2 : 1, and
-77- " the sputter power is RF7T00W Since the target is a disc

whose di %Wéeﬁ%i;:?oﬁgnc_!ﬁar‘ﬁraffrﬁfé'séﬁi@ ISR FpPRVeF gl8Ngkty, the

sputter power density i's 6.37/Wctn? The fil'm thi ckhess of each |ayer

is as fol — [ rg | ghegtyry ' J ayer 2
o ng SUREOpEREalilnblboBat Grebl L BifaaroBEgL ks Khd o

; i i . is 2 i : dth
51115 A 08 U i i il g/ e b 1 S 1

reflecting Tayer ) conprises the

di el ectr ién'p%ﬁé %&Mf%ggeghﬁgvfaﬁéi s;gtgé]dﬁp%gtd&go%@&fy RGP ¥Hand having

20 nm the arrier _ relectric protective -layer
conpar ati Teo SATRRE: shEcRORbENDIERIAY Ahd BT Biagtibn , i g1
(0)) haVianrge ngxg%rsrsii%rely generated, according to the rate, the
Initrogen 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 preferablé. 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 sput{:er power density > 1.27 W/em?, and
£he film formation rate > 18 nm/minute.
T
(Example 6)
Next,. when the film formation condition is changed,
the change of the optical constant of the barrierllayer
is examined. In the first place, the sputter power of Ge
is set to 700w, and the sputter tétal 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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layer is simlarly produced, and it is conpared to the disks (1) and (3).
The disk (0) is provided with the dielectric protective layers 2 and 4
conprising the mxture of ZnS and Si @2, and each layer filmthickness is
91 nm .and 17.7 nm respectively. Furthernore, the recording |ayer 3
conpri sing a Ge2Sb2. 3Te5 al | oy has the filmthickness of 20 nm The

5 B IR SR AT,
|bg tgg git?%%&nﬁﬁ%ﬁgd e%gj/lqsi gei%n; s]i: m| s _used. 1173- o hor;rggt
\r/TgIrEel regs rFﬂt ed ?fgn P}\%/ﬂr%?pf?refhlgiﬁgfég %ﬁ szv\fgerlgreé\sﬁg’dr o%?fjenghgnd
e L AR Sy W FolPB Tl e,
after 150VR@0- 'Ff’ Eﬁ@&ﬁnnga t)e]&;rcPrqﬁﬁ‘FF%fr‘? LO; ?‘Ptgﬁevﬁpﬂg%ﬁéct ween t he

front ends
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. Furﬁhermore, when the barrier layer is used

at the side opposite to the substrate of the recording
" layer, preferably, the complex refractive index value nt+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 thé £ilm

is formed by using the sputter total pressure 10 mTorr,
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and the jitter value between the rear ends do not exceed 13%is
represented by [err]. The case that after 150, 000-tine repeating,

al though at least either the jitter value between the front ends or the
jitter value between the rear ends exceeds 13% after 100, 000-tine
repeating, both of them do not exceed 13%is represented by [err]. The
case that after 100,000-ting repeating,, at ' Jeast either the jitter val ue
bet ween tHReQ¥¥FeR AdaNHItY difcrpRgIBg JBPHE BeodhtPR® r ekl SRRE exceeds
13%is represented by X. Thereby, in the disk provided with the. barrier
| ayer 8 h@gi#@ﬁwtﬁqmm REESSHLRy2PTREr , Jrhe ORY IR 880SdtY conpared
to the prior art, the repeati ng%characteri stic.is_enhanced. (Exanpl e 2)

Al the pistrangirgabeut fyon AP%steAQG% whicheigilittle more than

-79- the disk (1) in the table 4 in the exanple 1 are changed to
t he Ge-N theerase afe X -mPoxrayer, thereby a disk (5) is formed
(accordingly, the Ge-N protective |ayer or the

In view of producing method, even if the film

formation condition such as the sputtér 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.

(Examp'le 7)

Next, except that the structure comprises a barrier
iayers 8 whose fiim thickness are 10 nm, 20 nm,
respectively, and a ZnS-Si0, 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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Ge-N-O protective | ayer whose thickness is 91 nmis forned at the _
substrate side of the recording layer). Furthernore, all the protective
layers at the reflecting |ayer side of the disk (3) in the table 4 are
changed to the Ge-N layer or the Ge-N-O layer, thereby a disk (6) is
formed (accordingly, the Ge-N protective layer or the Ge-NO protective

|aver whosmaisiarestie 3P uhB eatiFTprabe! be kald Spdg [aver i de o

the recording | ayer) The repeating characteris s (5) andI (6|) S
exam ned lgintings gegﬂgd hgag Set a{.‘hlheéggf mlarly
obtain the relsul err] % a Eénge R 58 or the -%bi#ayer can

be formedd SPARE" that theGeNIayer or the Ge-N-O | ayer can
obtain a t I C ness necessary for the protective |layer. Furthernore, even
in this case, the excellent repeating perfornmance can be obtai ned.

(Exampl e 3) Next, the recording |ayer 3 conprises a phase change

mat eri al ?@éﬁn L nggonponent is a Ge2Sh2. 3Te5 alloy, when the barrier
| ayer 8 i orr%%é % is used as the target, and the m xture of Ar and

nitrogen is usegleg{st ,-t ri:‘?iesl%%tfteef::rt when the barrier layer is appi:?gc_i
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 fhereof . In the tab.le 7, DL |
denotes the protective layer containing zZn$-Sio,, AL
denotes the recording layer containing Ge2Sh2.2Te5, BL
denotes the barrier layer containing Ge50N4505, and RIL
denotes the reflecting layer céntaining 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 rep_eatihg’ 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

-97-



gas. On the above condition, the filns conprising the structure shown in
Figs. 3A and 3B are fornmed (a disk (2), adisk(4)).

| nt hi scase, t hefil nt hi cknessof eachl ayer 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 mTorr and the partial pressure ratio of Ar to

ni trogen the sputter I.s. 3 to,1.. In.t'his _ca the result, of the -
repea1§:J i ngugﬁﬁr 3CF§%F§§ as]ﬁ'lﬁ/vr?'?qil%l?% kjlﬂt%eygitlf) lﬁnﬁcfﬂ") ¥ the table
4. According to the table npared. _to the c Ge is used as
t he targe?h'éBg?ﬁaast H@PFquﬁl}%eq 3?3&\5@ §1ucho ﬁaﬁﬁegﬁeﬁbéiwp%eat abl e
times is inferior, better repeating characteristic can be obtained than
the conpthet ij\i.tﬁ@mrvﬂh:le isTehhagédRedile Fitferovainendtiged £
characteristics of the optical disk applying the barrier |ayer
accordi ngremains le®d [thai adantrefershcenvabuehdserepridsentiedrbyr t

Di sk Nunber Layer Target of Repeating . Structure the

Barrier G agdeeh a case that after 100, OOO—t:LmeLﬁépéatJ. g Sih@
(0) FIG 1 No Tar get X (1)

,L?g ] 3B jitteéeé ﬂ.ghtly egu%i%?aﬁ‘ the refg?:ence value i rre]presented (3)

€2

by A. 8Such a case that after 10, 000-time repeat:.ng, 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
an initial 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 4'1), the
amplitude value is severely reduced, and the jitter value
rise is large. However, the 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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(4) FIG 3B Sbh [err]
-81- (Exanmpl e 4) Next, when the layer 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 ment, the total sputter gas pressure:is constantly set to 20 mforr,
and the pdddisks $2eaBdrd3datio of Ar and nitrogen in the sputter gas has
three kinds of ratio, that is, 2 : 1, 1 : 1 and 1 : 2. The sputter powerof
Ge i s RF10OW 3@0WewssDWE 7doeyrefbectisgnlayerkis prowidedd whew  That
is, since the target is the disc whose diameter is 10 cm when the sputter
pover is tWenrefilerting kagepddihiansiory ift hher bapertbetwepnt the powers
are changed to 1.27Wcnjerr], 3.82Wcnferr], 6.37Wcnferr], 8.91Wcn2,
9. 04W cn? ref Esckimgnbayer. mcl\mteﬂrercq:dﬂmg 1 ap&c rifs thad:ﬁsS(aV\ﬂmsk
respectively. Thereby,thefilm sforned,
44 : in general, a so—called annealJ.ng 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, théreby
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. Wwhen
many repeating times is necessary, the barrier layer is

essential. Recently, in mariy cases, the above annealing

structure can be applied to the optical disk overwriting
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and the characteristic of the disks is exam ned. Wien the partial ratio of
Ar and nitrogen is changed to 2 : 1, 1 : 1 and 1 : 2, respectively, the
flowrate of nitrogen is constantly set to 50 sccm and the flow rate of
Ar is changed to 100 sccm 50 sccm and 25 sccm corresponding to the flow
rate of nitrogen 50 sccm The main valve of the vacuumpunp is throttled,

L?Z;gﬁ?et,@? ?S%I@‘Z%p :(‘%or examﬁilée.‘ a@%}?ogyr ardg |est colnst8r2uct ed
ol | ows. * THDSH 1$a€s?” cgel%%é# B A G A AN
Faf 1 ect ] RIS o 'tfw??l%%%ﬁ Sachig Z‘g%'p%gt'ta%er Sfiadt ¢ TR&an ned by
Fur t ot oMat « Fesa soe: VareotVl < AR R: 20 58e  1h83300) nacebedulftElT s ne
weat her-proof The accel eration test is carried out. at 90 eriic at 80% a

sanpling & Sorkimaddan et the ganeating %W@Mbﬁﬁrﬁ %rs8Yghd

generates a large effect.

Oon 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 pto'téctive layér,
Thereby, more specifically, the amplitude performance can .
be enhanéed.. Accordingiy, much more repeating times can

be achieved.

Table 7 Effect comparisbn of the barrier layer relative

to various layer structure

Disk Disk layer structure Repeating
number | _ performance
i 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 nml10 nm22 nmil0 nm72 nm_
44 DL AL DL RL(A A X
90 nm 22 nm80 nm u)
_ ' B 10 nm
45 DL BL Al DL RL(A O O
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the sanple is observed with an optical mcroscope 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 from1 [err]mto 10
[err]m [err] denotes the case that the sanpling after 200 hours is not

peeled at all. [err] denotes the case that although the sanpling after
100 hours—a'nd—rﬁﬁ— r p he 'sanpl j\ng[after 200 hours )i s
peel ed, gven if slji 8 W&ﬁ?ﬁj&&a Wé case iﬁia?t bl t hough [t he sanpl|i ng
after 100-hours | not nnpl nrl t.he urrnl j Ag—a II:O hou-Si—-s _rr}rv\c! \,d,
even if |sliggly. )b]denomS thkLcam.(@amoy heRB4Ap|i ngGafter 100 hqurs is
peel ed, dven if sl(gahinhy10 nm22 nm 90 nm u) - 83t ' '
Table 5 Rel ationship between a filmformation anﬂhﬂon of a Wharrier
| ayer apgtied—to substratesrde—of a recorging tayef ang—a qgycl e
performarice 47 SpRhker Power BRr p@hial presRke] : ONitrpgend
partial pgressure) [90 nm (W22 nm60 Am 1 1501}: 1 1: 2 :
100 X X X nis0p 0_ 0
X 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
50 DL BL AL DL(GeNO) RL © ©
190 nm10 nm22 nm 60 nm 150 : '
__ nm
(Example 9)

Whethér or not the matérial layer e'xcept for the Ge-N,
Ge-N-0 layer can be used as the barrier layer is examined.
As amaterial candidate, Si-N, Si-N-O, SiC, Sb-N-0, Zr-N-0O,
Ti-N, Al-N and Al-N-O0 are selected. In any case, the
sputter condition is selected. Two kinds of compositions,
that is, (A) a stoichiometric composition and (B) the
cbmposition containing about 5% moi:'e Si, Al, Ti, or the
like than the stoichiometric composition are tested. The
medium structure is a FIG. 3G-type structure. Thebarrier
layer has the thickness of 10 nm. The medium structure
comprises a ZnSe-Si0, protective lajer whose thickness is
80 nm, the barrier layer, a.GeZ_SbZ.STeS recording layer

whose thickness is 20 nm, a barrier material layer whose -
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500 ) ' 0 X 700 0 0

X 710 0 .0 0 750 0

0 0 - 1000 _ 0 _ 0 0

1500 0 0 0 Tabl e 6A Rel ati onship between a

condition of formng a filmof a barrier | ayer applied to a substrate

side of a recording |ayer and a weat her - pr oof Sputter Power (Ar

parti al prtémkma)ss i Qnoogum and an Au reflecting laqurwhtasepressure)
2 1:1 1: 2 100 0

(W thmjmess is 500nm deposited on a polycarbide substrate

- 84- 500 0 0 X

700 . whoqe;rtrqlckness i 1.2 mm by the sputter:m@]method. Aff.err]

[err]
overcoatlng, a hot melt adhesive is used so that a defense

- plate is laminated. Next an initial crystallization is
carried out by the laser method. Furthemore, for a
comparison, the structure in which the barrier layer is
not used is also prepared. These disks are rotated at a
lineér rate of 3.5m/s, and an EFM signal (random signal)

having the 3T mark whose_ length is 0.6 ; 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,
v _
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 suéh a change as the

peeling, etc. is detected. A means that a little change
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750 _ [err] 0 1000 - [err]

0 1500 : [err] [err] _ [err]

2000 [err] [err] [err] Thereby, in
view of the repeating characteristic, when the sputter power is nore than
RF300W better characteristic can be obtained. In view of the

adhesi vengss ep,.t he tter _power, | S ' an 0 .er _good
char acterﬁ%??cg‘\gaﬁhﬁepgéﬁ' ' d.eqﬁq\fl\eélré i%#?é‘g%ég ﬁll:ég v%;ﬁgggbﬁglgsputter
power becgnes, the hetter. the characteristic can he S reason
pover becelEoeyiie BEkERlmdle: CBLEEL SLLSL! CokaRbE SRLE By T o [ o=

f or med. : Rel.ating,tQ the nitrogen al pressur, |n case of (Ar
parti al p?EQEBFe()&% ﬁﬂ%{ @%}kna’ﬁ%rf?‘ﬁgogﬁﬁgsuh arcding Ghe et er a
characterist can be ned only t.hin. the i§y ggpmer asnge nor e
Chan 7 1ovrSabhef Broat thsaraiih (B) % spxier ¥ khe,

appropri-ate conditi since a sur jtrogen conblned t,o Ge exists
in the b%lll?‘Fe%SPa}'gPr% t-5; E‘O&'@s@?e%ﬂ?ﬂaf”m glb%EIT- ?nggﬁé-ﬁ'd‘toéﬂ due to
the surplus nitrqgen.. On the sanme _condition of th

-85- containing little less N, O or the llke 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 A X A A
52 Si -N-O0 A X O O
53 sic A X O A
54 Sb - N A X A O
55 Sb - N -0 A X A O
56 Zr - N A X O O
57 gZr - N - O A X O O
58 Ti - N AS X O A
59 Al - N AN X O A
- 60 AL - N -0 A X O O

As described above, according to the present
invention, it is possible to provide the optical
information recording medium in which the change of thel
recording characteristic and the reproducing

characteristic due to repeating the record and
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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
conbined to the nitrogen until the sputtered Ge atomis attached to the
substrate surface. Thereby, since a m xture anount of the surplus
nitrogen is reduced, it is expected that the region where better

char act er kg fodfd obt.at i : ' a i sult of the
aver age c%%%%? ti onp&rlatélgotlg txﬁ)es—it%rs?lué?h gyérﬁeSQ’\ﬁ%‘l%é%aé}&%é?a?% better
char act er igSidell 1 it v itgQ [ . - 0 and N
o it hi n TS e Mhe Cpeodk sk HeliRd iR ot Whd % detlibd Sfne 1
three-ele SLE KO j | O. ON50. 0) ,

GL( Ge35. &E’—%‘ﬁ?”&%&éﬁ%&%@é %ﬂ" 34’(‘%855‘%% °5046. 2) . In
general, when Ge or Ge-Nis used as the target and the m xed gas of the
rare gas and nitrogen is provided so that the filmis forned, thereis a
tendency that if the sputter power is relatively small, the Ge-N-Ofilm
containing a |lot of oxygen is formed, and if the sputter power is
relatively large, the Ge-N fil mwhose oxygen- content is only an inpurity
| evel is forned. As descri bed above, preferably, the sputter power
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has the power density nore than 1.27 Wenferr]. Wen the power density is
nmore than 3.82 Wenferr], better adhesiveness ‘and recorded repeating

characteristic can be obtained. In - 86-

this case, a filmformation rate is 18 nnni M!““\“““‘“M‘“““rtlal - pressure
. nitrogen partial pressure =1 : 1. Preferablys the %¥il*mformation rate
IS nore t_gﬂn 18 ~nnmimnute. (Exanmpl e 5) - Next, the difference of

t he di sk - eristic is examned according to the difference of the

partial pressure ratio of the, sputter ,gas pressure and_the nitrogen
partial pressuré: i A PtIRAL INEQEMaLARR reconding me@iul ure conpri ses
the sanme structure in Figs, 3A and 3E. CGe is used as the target, and the
sputter power is COMRARIRTIset to RF7TO00W Wien the total pressure of the
sputter gas, Ar_partial pressure and the nitrogen partial pressure are '
changed, the nhBAEEFEEY dia¥ey CQMBFiAERT A bﬂreleaamquruagk conpri ses a

ZnS- Si 02 protective | ayer ] .
a protective layer disposed at one side of said barrier

layer; and
| a recording layer generating a reversible
phase~change which can be optically detected
according to an irradiation of an energy beam ’
said recording layer being disposed at the
_other side of said barrier layer; and wheréin
said barrier layer suppresses a diffusion
of at least either an element of said
recording layer or an element of said
protecltive layer, and/or said barrier layer
suppresses a chemical reaction between an
element of said recording layer and an element

of said protective layer.

2. An optical information recording medium
according to claim 1, wherein said protective
layer contains barrier material as a main

component.

3. An optical information recording medium according to

This Sheet Has Beey Replaced
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whose filmthickness is 86 nm a Ge-N or Ge-N-O barrier ayer whose film

thickness is. 5 nm a Ge-Sb-Te recording |ayer l“lmimgs s 20
nm a ZnS-Si 2 protective |ayer whose filmthic @E‘\ “ﬂ nd .an
AlCr reflecting Iayer whose filmthickness is 1 nm A FFG® 3E-type disk
conprises a ZnS-Si Q2 protective |ayer whose filmthi ckness |s 91 nm a

Ge- Sb-Te recaording | ayer, whose f{ilmthickness is .20 nm Ge-NO
barrier | &i&im dnowberein FﬁF@kﬂéEQerP§9t?cﬁhvea?13Y3ﬁ' Q\?Eflﬁg'ﬁl gﬁt i ng

- 87- layer whose filmthickness is 150 nm The repeating
char act er banrier materdddd by the same nethod as the exanple 1 to 3. The
weat her-proof is estimated by the same nethod as the exanple 4. A table
6B shows the filmformation condition and the estimate result. In the
table 6B the disk (0) denotes the conventional disk in the exanple 1..
Furt hermore, madks Amaraptigabstnformakdon neqerdieg cmeddumeft mark and the
right mark correspond to the result of the FIG 3A-type, disk and the
result of the FI G akeangingite, cleipedtid/elor 3, wherein said:

record:mg 1aye1_' is between protective layers

containing barrier material , between said

barrier layer ,or between said barrier layer and

protective layer containing barrier material and

when said barrier material is representéd by M.X,

(whe're, M denotes a single non-gas element or a

.compound of a plurality of different non-gas

elements, and X denotes a single gas element or

a compound of a plurality of_ different gas

elements), a value b/(a+b) of the barrier

material of said recording layer existing at the

energy beam-incident side is larger than that of

the barrier matexial existing at the side.

opposite to the energy beam-incident side.

5. An optical information recording medium
according to claim 1, wherein a reflecting layer is
disposed at the side of said recordihg layer opposite to

the energy beam-incident side.



ayer applicd 1o Substrate Side of a record E'g‘HIIIIII IIfIII IHJHJIIIH}III a disk

per f or mance Tot al Partial - WatHer* Repeatsi ng D sk
pressure pressure pr oof characteri (mTorr) ratio

stic 2A 2E 2A 2E (5) 1.0

)1( -2 (7)X é'lo?\é opt>§fa}l Zi.tg@)r&atiogg’r%c)?rdirgg 'mgdil(ug)x X20. OX
)1( :_ ( 1@)>écorci(i.nqj:t)5(> clag(_mZS! grh(e%?eﬂ:.n pro%:%c%igg la%rgr %s di(s_.é(?sedx 3.X0
i 03 %étzveétg sa%d reglecti% layeé' and saiéi refg)rding- ﬁ.-y% 6nd ( 12)2

0
3 [ e é 0 (14)
X sa:.d Oprot q)tl g5}ayer whosel n@ln compgnen 1s bara:n.er [err]
X (16) 3. 1 0 A 0
material has a thlckness of 60 nm or less.

X >

7. An optical information recording medium
according to claim 6, wherein barrier layer is disposed
at the energy beam-incident side surface of said'recording :

layer.

8. ‘An optical information recording niedium
according to claim 5, wherein protective layer -
disposed betweén said recording layer and said
reflecting layer has the thickness of 80 nm or

more.

9. An optical informationrrecording medium according to
~any one of claims 1 to 8, wherein thickness of said

- protective layer is 1 nm or more.

10. Anoptical information recording medium according to
claim 1,2,0or 3, wherein the barrier material is either a
nitride of the non-gas element or a oxynitride of the

non-gas element.
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L I I

-107 -




(17) 10.0 1: 1 0 A | (18)

20.0 1. 1 0 A 0

1 0 A 0 0 20 2

A ol o %070 s IIIIIIII ﬂllll IIIllllIIl H‘\lll

0 (22) _ 10. 0 3: 2 "0 (23) .
20.0 3 2 0 A 0 ‘ 0 (24) _ 30. 0 3
D2 O [er r] 0 0 (25) 1.0 2

Eer r] - 4n ?Eif)tcal 1nf$>r{ét6.on recor%lnglmedlum ?ggpfdlng té

go. 628) claigm %,1where1n[ gpﬂ barrle(; matere.a} 1s Blttlgé')a m.trlégo_ 0

?gr 'r] 20 o;‘:I %{4 ]non—ga%eza&]eme@t (ogrz)a ox;?ni‘:g‘%?d@ of the érgbrg—t_ﬁs ?; -r] 15
[err] 10 £ 0 (33 20.0 90 : 10 [err] [err]

X 0 €iemenc. 20.0 95 : 5 [err] [err] X |
0 (35 - 20.0 100 : O [err] [err] X X (36)
10.0 75 : 25 [err] [err] - 0 0 (37) 10.0

80 20 X 0 - 89 -

12. An optical information recording medium according to
claim 10, wherein the barrier material is such material
- that amount of at least nitrogen or oxygen is less than

a stoichiometric composition.

13. An optical information recording medium according to
claim 11, wherein the barrier material is such material
" that amount of at least nitrogen or oxygen is less than

a stoichiometric composition.

14. BAnoptical information recording medium according to
claim 10, said gas element is any one of Ge, Sb, Si, 2r,

Ti or Al.

15. Anoptical information recording medium according to
claim 11, said gas element is any one of Ge, Sb, Si, Zr,

Ti or Al.

16. Anoptical information recording medium according to
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(38) 10.0 85 :

15 - [e :
?(0 10 X[errl( X Fi gsX 10 )e(llnd 11(4g¥1d Fi gs. Hﬂ ml”lﬂﬂ)ﬂlll)l”ll,eséggnve

cases of the repeating characteristic and the weat her- proof Hére, the
nitrogen partial pressure is represent ed by an abscissa axis, and Ar
partial pressure is represented by an ordinate axis. In the first
pl ace, incdadm dforhe, :Nhelg@mcﬁ%kg herriepmaterakcontaing GeTi,

formati on condition which can obtain better repeating characteristic is

t he case olraGe-ithred{otal pressure of the sputter gas exceeds 1 niorr.
Furthernore, when the total pressure is 10 mlorr, the nitrogen gas parti al
‘pressure in the sputter gas is ranging from25%to 60% Furthernore, when
the total pressure is 20 niorr, the nitrogen gas partial pressure in the
sputter @ds i A epgicglf infiorastionspesording mediuneaaepsding tAown in
FIG 12, the filmformation condition which can obtain better

weat her - pedefim (#hediersias s tlies heer beis materiahels auch matevialof the
sputter gas is nore than 1 niforr, simlarly to the case of the repeating

char act er ivgidts amoumet Of caseeabtt hétrogen oy esspgen 118 niless thant he total
pressure 20 mforr,

a stoichiometric composition.

18. An optical information recording medium aecording to
claim 1 ,2,3,4,10,12,0or 16 wherein said barrier
material contains at least one element of Cr or Al as

additive.

19. Anoptical information recording medium according to
claim 18, wherein a density of said at least one element
of Cr or Al is equal to or less than the density of said
non-gas element component in said barrier material.
? .

20. An 6ptical information recording medium according to
claim 16, wherein such iaye’r containing barrier material
is formed on the surfaces at both sides of said recording
layer, and a Ge density in said barrier material at the.
energy"beam—incident side is equal or less than the Ge
density in said barrier material at the side opposite to

the energy beam—-incident side.
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simlarly, the nitrogen gas partial pressure inthe . .. .. .-
- 90 - sputter gas is within the range |ess than 60%

referably
| ess than 50% Next, in case of the 3E-typ mm“mmmm Evﬁ“on FI G
11, the filmformation of the barrier |ayer condfﬂ bt ain
better repeating characteristic is the case that *thé t bt af pressure of the

sputter gas exceeds 1 miforr. Furthernore, when the total pressure is 10
mlforr, the nitrogen gas partial pressure in the sputter gas is ranging

fr om 1570 L1 500 WA iortAr ORT QA i Y SRRy abocttiig o L e

nitrogen gas pa pressure In the sputter as Is ranging from5%to 60

% Furth - _ - ! rr _
W Turt her Pl e, 18, SRR dih JHdndiidPendiLRYAD TR! GNaRA N @B v CF

esl venes Is the case that the total

pressure o ter : IS . yor I case of
t he repeatéﬁéggﬁiﬁ)g&ﬁ %P‘llgf?)gﬁiln@ g%% cJé%]égl %ff?ﬂgiP?t E?ngr/gtggsuﬁéylo mrorr
and the to%&% pressure 20 mlorr, simlarly, the nitrogen gas partial’

he

pressure i sputter gas is within the range | ess than

22, An optical information recording medium according to
claim 21, wherein the Ge density in said barrier material
at the energy beam-incident side of said recording layer

is ranging from 35% to 60%.

23. Anoptical information recording medium according to
claim 21, wherein the Ge density in said barrier material .
at the side opposite to the energy beam-incident side of

said recording layer is ranging from 40% to 90%

24. An optical information recording medium according to
claim 21, wherein the Ge density in said barrier material
at the side opposite to the energy beam-incident side of

said recording layer is ranging from 40% to 65%

25. An optical information recording medium according to
claim 16, wherein the composition of said barrier
material is one composition existing within a region

surrounded by four composition points Bl (Gegyy.or
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40% preferably less than 33% - According to the
conposition range of the Ge-N or Ge-N-O | ayer V\/n m'ﬂﬂm ME{! ter
characteristic is exam ned. Wien this materi al t t he
substrate side of the recording |ayer, as shown in the tri angul ar

conposi tion diagram shown in FIG 5, the average conposition ratio is
within the r glo eSurrounded by
four points, FGe%‘lO((Sﬁ&B"O)N'"’ 3134?(1?3@&8 %1\11(0(;3264’19%55 2 Féeég 5. 0)

A( Ge31. 1N13 8055 ) h

di sposed at f-hé’ )1&)8.511-,@;&%03?.%@@21%%&?;?%9%% Bﬁhﬁf_é corg')m5 ayer,

t he average ¢ 03| t on aél o] B‘Q gl thin the range surrounded by f our
conposi ti on B esBl T8 O B4( Ge83. 4N3. 3013. 3),,

F1(Ged42.9N57.1), F4( Ge35 5N12. 9051. 6), nore preferably, the conposition
range surrounded by four conposition points, Cl (Ge65.0N35.0),

GA(Gess. 9'5%.’ %\%3%:?121&'1:11. (.Ge 2 9la\QJ.on rechﬁ- %1%5 mSe 12un? 0a5c1c02'd1ng to
claim 25, wherein composition of said barrier material
at t_hé energy beam-incident side of said recording
layer is one composition existing within the region
surrounded by four composition points D1 (Gegy.os Nyg.o) r
D4 (Geyg.5s Nyg.2v 041._0)) Gl (Gejs.9r Ngs.o) r G4 (Gesp.1r Nyj g/
655.1‘) in the three-element composition diagram whose

vertices are Ge, N, O.

27. An optical information recording medium according to
claim 25, wherein composition of said barrier material at
side opposite to the energy beam-incident side of said
recording layer is one composition existing within the
region surrounded by four:rcomposition points Bl (Geg .,/
N3s.0) » B4 (Ges3 90 No5r Os69)s FLl (Geyp 9 Nipi)s F4 (Gey, s,
N, s 651_5) in the three-element composition diagram whose

vertices are Ge, N, O.

28. An optical information recording medium according to
claim 27, wherein compositidn of said barrier material at

side opposite to the energy beam-incident side of said
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nitrogen exists in the barrier |ayer. Accordi ng
recording layer is changed, acconpanied by the rewi e of " the si gnal .
Thereby, better characteristic cannot be obtained. Since a terrperature
rise at the refl.ecti.n | ayer side of the .ecording.|ay r than
That at  THEOERIDG deves S oincGrBocsitich diatird, wishin Hha Lt ivel y
smal |, thereb t he condltiﬁg&)th t the N2 parti al opressure Is low can be
used. Onr?ﬂé Bo #rAQpn Y  FRuRi ePppesition B &t e $ﬂ65the sputter
gas is too hlg a lot of surplus nitrogen exists |n the film

-92- Nis.o) £ 164 ¢@8s.omdlster Qsepdat Filg (Gfaract Nsi.sti Féal$Bis. be

obt ai ned. Regardi ng t he adhesiveness, when the nitrogen partial
pressure Np. ih@sspht%léftbga!’r reamejiensnt Sompossiticn diagram MheRe exi sts

inthe film the peeling is generated after the acceleration test. Wen
t he n|trog@.'ﬁtlces are Ge, N, O.

Regardi ng the repeating characteristic, when the nltro artlal pressure
In the sputter gas is low, since a |ot of _surpIH % Hlledtothe
Ui on of the-

29. An opt:i_.'callinformation recording medium according to
claim1,2,3,0r,16, wherein a value n and a value k included -
in a complex refractive index n+ik of said barrier material -

are within the range of 1.7 < n < 3.8 and 0 < k < 0.8,

respectively.

30. An opticai information recording medium according to
claim 29, wherein the value n and the value k included in
the cqmpléx refractive index n+ik of said barrier material
are within the range o.f 1.7 <n s.'2.8 and 0 < k < 0.3,
respectively.

y
31. Anoptical information recording medium according to
cléim 1 or 2, wherein a structure material of said
recording layer is a phase—change material whose base is.

Te, Sb or Se.

32. Anoptical information recording medium according to

claim 31, wherein said phase~change material contains

This Sheet Has Been Rep
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partial pressure is |ow and the surplus Ge not conbined to the nitrogen
exists, the peeling is not generated. It is expected that the nore Ge not
conbined to the nitrogen and oxygen exists, the .higher an affinity for the

recording |ayer conponent becones. As j bed above, in order to
obtain the disk having better repﬁm m“ﬂm H stic of the record and
t he adheshyeags the sputter gas essure, conponent
ratio) izé%lggrie\?\hen the sputter gas fotal " pressure exceeds 50 niforr, the
filmformation rate beconmes snall. Accordingly, it is not practical.

The filmformation condition is the case that when the Ge-N or Ge-N-O

o 1w o> with S GEEn A oh Beclia fh0 HE Rbrdfad ¥ 15,
o e SRR P 1
| nt hi scadRatekd &%&%PR%%&P@%Y £rifsparent didiectrs ma!i:erl_aés. i

' containing at least one element selected from such group

of 0, S and Se.

34. Anoptical information recording medium according to
ciaim 1,2,or 3 wherein .said barrier material contains
either the nitride or oxynitridé of at least one kind of
element selected from such elements constituting said

recording layer.

- 35. An optical informatioh récording medium according to
élaim_l ,0r 2 wherein said barrier material is a nitride
of at least an element composing. said recording layer
or oxynitride of at least an element composing said

recording layer.

36. A method of producing an optical information recording
me.di'um comprising steps of a first step of formin'g a
protective layer or a barrier layer on a base substrate ,
a second step of forming on the protective or barrier

layer ,a recording layer generating a reversible

This Sheet Has Been Replaced
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the nitrogen partial "préssure in the sputter gas is appropriately
i ncreased, thereby ﬂmumzﬂmun““i‘l]“mt to the case that the power density
is 8.91 Wcn2 can b e contrary, when the introducing power
Is less than 8.91 Wcrr[err] since the nitridi ng and nitridi ng-oxi dation
are excessively generated, accord| ng to the rate, the nitrogen parti al

pressur e ,8?”?2‘% BIoh b 3 B8 o BOTE) bt ds a%&%eﬁﬁ | :'0/ :
The sput tor 1 k5 0 adl §riBh ol o ehradhoad gégn%ir%?é?e#%ﬁ% The

ot onal VLP%@% hiioB Bt F ERTaHng, A CAGHE f&%fégégsx?de
red. h >
o 27 W o ef EPS HRFT ISR TAVRE: e?-n%h”ae%qx@[%é “Tgerp phehive

(Exanpl e 6) Next the,filmformatiqn cqndition is changed t he
change of th&a¥8E cal® (Hﬁ%‘?’%fﬂ%n%f 1aKergr, Parrigfelayer oy FRSES N n t he
first place, t,he sputter ower of Ge i,s set to 700W and the sputter total
pressure i s8adgh bagrisr sﬁ@Y?B oy RRFTien\Wayers arerdgrmeshhy A

pressure ratio in the sputter gas is changed, that is, the
high-frequency sputtering method in an atmosphere

containing at least rare gas by using such target

containing barrier material as main component.

37.A method of producing an optical information recording
medium according to claim 36 ; wherein a process of forming
protective layer disposed at at least one side of said
recording layer, includes such process of forming the
protective layer by a high-frequency sputtering me'thod in
an atmosphere containing at least rare gas by using such
target containing barrier material as main component.
r

38. A mei:hod of pi:oducing an optical information recording

med..ium according to claim 37 , wherein the target is

made by barrier material .

39. Amethod of producing an optical information recording
medium according to claim 36 or 37, wherein said target

is at least one kind selected from such group of single

This Sheet Has Been Rep
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4- f the co plex refractive index of the filmon a [line
a in Figs. 10 a ili "ﬁ IH . The result is showmn in FIG 14.

Furt her nore, s 700W and  the sputter total pressure is
constantly set to 10 mTorr V\hen the nitrogen partial pressure ratio in
the sputter gas is changed, that is, the change of the conplex refractive

I ndex of the filmon aline a in Fi nd., 11 is_exami ned.. The result
5 shown FATERE Ofs hd;gas SolboRit, ot5 . patr e SAgPeRSdy T
nitrogen in th utter s, js constantly set to 1 : 1, and.the,gas total
pressure P Eﬁgﬁbg%rg?Ftﬁf tﬁsB°nFﬁ§s TREAENE he cﬂ&ﬂ&éﬁﬁlq e optical
constant of the fi nalinbin FIG. 10 and 11. Thesg graphs
re-conbi FRHIEY Oife hg AORIEAT GATRANCHER BN anE%ide: SGE9eAE a
pressure. \Wien the barrier layer is used at the substrate side of the
r ecor di ngth8y BeR-9a%eemPPYeNEne conpl ex refractive index val ue n+ik of
the Dbarrier layer satisfies the range of 1.7 <n < 2.8 and 0 < n < 0.3.
Furthernore, when the barrier layer is used at the side opposite to the
substrate of the recordlqg

40. A method of producing an optlcal information

recording medium according to claim 36 or 37, wherein

forming process of the barrier layer or forming process
of the protective layer containing said barrier material
is .such process that a reactive sputtéring is executed in
.atmosphere containing a mixed gas , and said mixed gas
contains at least rare gas and gas containing nitrogen
component or said mixed gas contains at léast rare gas ,
gé.s containing nitrogen component and gas containing an

oxygen component.

41. A method of producing an optical information

recording medium according to claim 36, wherein said rare

gas contains at least Ar and /or Kr.

42. A method of producing an-optical information recording
medium according to claim 36 or 37, 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

-115 - This Sheet Has Been Replaced




| ayer, preferabl he conpl.ex refractive index value n+ik of the barrier
| ayer satisfies E/I | ’ﬁn.an iunl< n <38 and 0 <n < 0.8. When
the film conposi  if the film is formed by using the

sputter total pressure 10 mforr, . - 95-
t he oxygen density is ranging about from5%to 8% In case of the sputter

e e EBuRREL it et ORR CABE' bon3pbAR0 S RO dndegy 1%t ©
duci hod, .even. if the fi,l f tion, dit) t he tt
Dower . e <BRAMSAGIeR; 'Fiie (i forteth iR bigReRthfR A P kutiaeh i o ouch
a manner that the _conplex refractive, | ndex, of tRe Ce-Nfilm or the Ge-ON
film satisfi PertidLBEeSFURR AR JEPukler atmosphere gepayhenguch, pe

obt ai ned. (Example 7) . Next, except that the structuye conprises a
barrier |aydf¥e¥ afkotherside opresite %?@R'ﬂ)el%r% —J.ncz.c?e_nt

side is formed..

43. A method of producing an optical information

recordirig mediuin acqprding to claim 36, 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 sputteriﬁg method where said barrier lhaterial

is used as a target.

44. A method of producing an optical information

| recording medium according to 'claim 43, wherein the
material of said target is at least one selected from such -
group of a Ge;N, compound, a GeO compound, a GeO, compound,

a Ge;N,~GeO mixture, or a Ge;N,~Ge0O, mixture.

A5. A method of producing an optical information
recording medium according to claim 43, wherein said
reactive a puttering is carried out in the atmosphere gas

whose total pressure is ranging 1 mTorr to 50 mTorr. .

46. A method of producing an optical information

-116 -



respectively, and a m ive layers 2 of ‘the substrate side
whose filmthi cknesummmuml mﬁm nm respectively, a 2A-type disk
havi ng the same |ayef Str'uct®uré afd the filmthickness as the exanple 4 is

produced. The filmformation condition of the barrier layer 8 is as
follows: the sputter power is RF700W that 1is, the power density

0 ostur s el ol S5 PR 03 B SRerL
R e i
to t ' | [ ' Ex |

911 o0 g oL BROHa LR . S e S g (2 ©

conparing the disks having differeni. |l ayer ., Structur n not her. A
table 7 sA@HQ s?gﬁct‘lelrels more {:han Tos And'Udds éﬁaREGQ.

47. A method of producing an optical information
recording medium according to claim 46, wherein said
partial pressure ratio of N, is more than 10% and less than

50%.

48. - A method of producing an optical information

recording medium according to claim 43, wherein a power
density of said reactive sputtering is higher than 1.27
Wem?, and the sputter atmosphere contains a mixed gas of

at least rare gas and N,.

49. A method of producing an optical information
recording medium according to claim 45, wherein a sputter

rate of said reactive sputtering is more than 18 nm/minute.

50. A method of prodﬁcing an optical information
recording medium according to claim 43, 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<k< 0.8,

-117-



of the experinentally made di sks and the estimate result of the cycle
performance thereof.” Inthe table 7, DL denotes the protective |ayer

cont ai ni ng ZnS- Si Oi recording |ayer containing

Ge2Sb2. 2Te5, BL d l“lmfmlﬂmwm"'“ | ayer containi ng Ge50NM4505, and RL-
denotes the reflecti*ng®l ayer®*containing AICr. Mre specifically, when the
material is changed or the nmaterial 1is specified, the description such as

DL(Ge-N-0) is included in ( The estinmate nethod is sanme as the case
of the t e the jitter value, and.the | i.tude val ue are

esti mat ecamE'bi Aﬁé?e%edogg r?éi Wit $h g PELERE, lpi‘f'g)r}p ar*t’t%‘? val ue
(measured b o thod that .the jitter t we ma.rk front end and
Lhe 1t ¢ GredRPdLRa TaThIR ARGOT ALRS SR o ABce Hon POP TR 5P0G, | <

estimated. Such,a case that both of itter between the mar k front
ends and %8%&9¢Fti8rap8ingdR tRE9Rt 10 é’&}é £t aperg elements

-97- t{han a reference vaI ue and the |tter val ge I S scarcely

changed |%°1F%E?-E§’éﬁp€d s@yid &qqording nlayerseat varggr: a5 gAmpound

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 co.ntaining'nitj:ogen component, or such
mixed gas of rare gas and gas containing nitrogen component

and gas containing oxygen component.

52. A method of producing an optical information recording
medium according to claim 36 or 37, 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 ,r;a 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 xeixed gas of rare gas and gas containing

nitrogen component and gas containing oxygen

component .
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the jitter value i.s changed, the. jitter value itself remains |less than the
reference value is re@resent ed by I‘ rr]. Such a case that after

100, 000-ti me repeat]| Iﬂlﬂj! L”l ﬂﬁl slightly exceeds the reference value is
represented by A after 10,000-tinme 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 |owest limt
jitter value, where the lowest limt.jitter value denotes the val ue when

an LTt s 1A i@ e BULAIRS al S ALHE 11886 hHBIoh2 BABIGHST MO e

after | e T epe ue I'S ObSeérve ch a case

EB?/io'ref cse HEREw: af§32§&ﬁlgs e BRI Y i o ?rgéﬁ%gsggi&ft:ﬁét ot
Val e 15 1 chhethe ceABEe: HaRDasE Fom b%sseémi BBt TTavelier 7" chows

the foll ow n cas o.f Nno refJ ti | ayer a dlsk 41), the
anpl i t ude vﬁciff%t?gt§¥9eiéﬁ’? 8 iR §3 Jct? g?'eyalf‘ﬁ Ade 1% | ar ge.
However, the barrier L){_‘[e%g rowded th Gft SSIb|etO obtain a
consi der abl S¥peeaE tha jthe eﬁ'a’bﬁ??olﬂlﬁﬁ QIRL atdde

performance recording layer ,and at such tn.mé of starting and/or
completing of said forming of said recording layer ,
‘apartial 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.

54. Amethod of recording/erasing/reproducing an optical
linformation

wherein recording ,reproducing and erasing information on
thé optical information recording medium according to

claim 1 by irradiating laser beam with controlling power

of the laser beam.

55. A method of recording/ erasing/ reproducing an optical
information , whetéin an optical information
recording medium' provided with a recording layer
generating a reversible phase-change which can be

optically detected according to an irradiation of an"

-119-



(disks 42 and 43) the reflecting |ayer is provided, when
the reflecting | ay !’l““ lirlmﬂ E ) the |l ayer between the reflecting |ayer
and the recording | a disk 44 : in general, a so-called
anneal i ng structure), the sane effect as the case that the reflecting _
| ayer is thick or the layer between the reflecting layer and the recording
layer i s enfdrigy debimk a(”narﬂ:ﬂeﬁe]:@%éi' , afid S® ot &6t igeeDagerdont uct ure)
cannot be obtai ned, e barrier layer is applied to the
anneallnguﬁggfgégrgs asggp3|derable effect can be obtained (disks 45 and
46) , 4) in the quenchlng structure, the barrier layer is only

di sposed at one Sigfianch d1¥nP oY Hebbr P bnd BIERRL1 e tensadarabl o

ef fect can be obt al ned. I n the structu avi ng no
reflecting t S{fEed feg t ESLb¥h er having
a thick th| C ness %a*&éxgﬁn fﬁrm?ée% ﬁ@dggn% gr rre% i‘fbelf:‘ailgen -t he _

Cone! der i ek THYed BetEof o f@%"d%ﬂza%? 83y ﬁ%%%%ﬁ‘%kfgﬁd to the
suppr essi Ork&fa’éf@el@rrﬁ.la (t,géessary ﬁﬁef%gugngggy;%g&p%eatl ng record. V\heh

many repeatlng FMes®i s n
' crystallization power level having relatively less

irradiation energy according to an information signal, and
said recording layer is irradiated with the modulated
laser beam , and an amorphous state portion and crystalline
state portion are selectively _formed;

when the signal of said recording layer is erased,
the irrcdiation pcwer of said léser beam is set to said
crystallization power level which changes said recording
..layer into the crystalline state;

when the sighal of said recording layer is
reproduced, the irradiation power of said laser beam is
irradiated to said recording layer With the power level
less than said crystallization power level and with a
reproducing power level in such a manner that at least said
recording layer is not changed, andby utilizing an optical
characteristic difference according to a phase change
between the amorphous state and the crystalline state ,a
light strength of a reflecting light or a transmitted light

from said recording layer is detected, thereby a state of
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essential . Recently, in many c the above annealing structure can be
applied to the opt |ﬂ‘ﬂ“ﬂ“ﬁ\\ﬂ“ﬂi@% i ng 99-
at a high speed (fo A Yamada et al. Thernmally bal anced

structure of phase-chane optical disk for high speed and hi gh density
recording”, Trans. Mat. Res. Soc. Jpn., Vol. 15B, 1035, (1993)).

gener at eosiip, PeERIH R PhvE: LEAARSQAY (0% Ihe Sl ucture having a
ecording | ayer amPeetporpSst PRySrige YRS p8. AT HEASHE barrior
por  or mant BECERAIIOT. FRFEEa e PRI, BAS RSH BreErepe e idies can
e oo evEhs, cere ek ST P R at A a7 VO
?ﬂo ? 2? Rﬁﬁpp%m%g layer or an element of said prote&ez.qeorlrgaygxg .

and/or can suppress chemical reaction of any element of

said recording layer and any element of said protective

layer, and said barrier layer is formed between either side

of said recording layer and said protective layer, or

formed between each of both sides of said recording layer

and said protective layers.

56. A method of recording/erasing/reproducing an optical
information according to claim 55, wherein material
of said protective layer of said optical information
recording medium has barrier material as a main
component. |

'

57. A method of recording/erasing/ feproducing an optical

information according to claim 55,or 56 wherein said

barrier material contains Ge-N or Ge-N-O.
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41 DL AL DL X - X 90 - nm 22

nnB82 nm 42 DL BL AL DL 0 80 nmlO nnR2
nmB2 nm 43 . DL BL AL BL DL [err] [err]
80 nm O nn22 nm O nnvV2 nm - 44 DL AL DL RL(A
X 90 nm 22 nnB0 nm u) .
10 nm 45 RL(A 0 0
- 100- ABSI%kAg(')[AnnﬂO N2 nno nm | U)

A
ég ﬂm O nmzz nnF@Oa p?.ase-clhqg}g rec&rdlng med:l.[um ]a recordlng[ 10 nm
47 . . .
22 nrB0 nqqf_-dium islgyov[}ded with a%arrler layer J.ncludn.ng Ge-N, 221 DL
BL AL DL RL 90 nm O nnR2
nn60 nm Ge-N-Qsé)etween a rechdn.]ng layer :.Imd L. dielectyic 49 DL
AL DL(GeNO RL [err] [err] 90 nm 22 nm 60 nm
150 protective layer in order to prevqmi a cg;@mlca]D@eacg}_J.on AL
DL( GeNO) RL - 90 nmlO nn22 nm 60 nm 150  (Exanpl e 9)

Wet her  oandoantafeomed bf fasionyketwrenpthe arecordingNlayes-and tlager can be
used as the barrier layer is examned. As a material candidate, Si-N,
Si-NO Steleetyivc proteckive layer. A barrier material can be

also applied to the protective layer itself. Thereby, it

is possible to considerably suppress a reduction of a

reflectivity and a reduction of a signal amplitude due to

' the repeat of recording and erasing, such reductions being
observed in a conventional phase-change optical

information recording medium, and thereby the number of

overwriting times can be increased .
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Ti-N, Al-N and Al-N-O are selected. In any case, the sputter condition is
sel ected. . Two kinds of conpositions, that is, (A) a stoichionetric
conposition and (B) the conposition containing about 5% nore Si, A, Ti,
or the like than the stoichionetric conposition are tested. The nedium
structure is a FIG 3Gtype structurgigThe barrier layer has the thickness
of 10 nm TEe' di structure conprises a ZnSe-Si 02 protective |ayer
whose t hi ck elg?' 80 nm the barrier |layer, a Ge2Sb2.5Te5 recording | ayer
whose thickness is 20 nm a barrier material |ayer whose

- 101 - t hi ckness is 20 nm and an Au reflecting | ayer mhose

t hi ckness is 50 nm deposited on a pol ycarbi de substrate whose thickness is
|.2 mm by the sputtering nmethod. After overcoating, a hot nelt adhesive is
used so that a defense plate is lam nated. 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.
disks are rotated at a linear rate of 3.5ns, and an EFM signal (random

si gnal) ' -
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having the 3T mark whose length is 0.6 [err] mis repeatedly overwitten,
and the cycle performance is estimated. Furthernore, these disks are |eft
to stand under the acceleration condition of 90[err]C and 80%H for 100
hours, and the state of the disks is estimated. The result is shown
in atable 8. In the table 8, reg i.ng the cycle performance, [err] neans
that after y100, 00Q-repeati ng, the ect is obtained. That is, there is
such an add%dk nﬁ!that the jitter value rise and the anplitude val ue
reduction are clearly less than the reference val ue. A nmeans that a
little effect is obtained. X neans that no effect i s obtained.

Furthernore, regarding the weather-proof, [err] neans that ~no change is
detected. X neans that such a change as the peeling, etc. is detected. A
nmeans that a little change -102- such
as the peeling, etc. is detected. Thus, regarding the cycle perfornmance,
there is a tendency that both of groups (A and (B) are inproved.
Regardi ng the weather-proof, the group (B) is sprier to the group (A,

that is, there is nore possibility that the conposition

~



containing little less N, O or the like than the st oi chi onetric

conposition can be applied to the barrier [ayer. Tabl e 8
Conparison of barrier materials A

B Mat eri al Cycle Wather- Cycle Wather-

conposi.tion pr oof pr oof 51 Si - N A
X A [err] 52 Si -3k O A X 0

0 53 SiC [err] X 0 A 54 Sb -
N A X [err] [err] 55 Sb - N- O A

X A [err] 56 Zr - N [err]
[err] 57 Zr -N -0 A X [err] 58

Ti - N A X e err] = N A
X [err] Q‘%’/& - N - : | _ [err]
[err] As de¢ \uSanf ,| accordingito nvention, it
IS possible to proyi N | informat]lio

t he change of the
characteristic due
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recor di ng and reproduci ng the information.
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C ai ns: 1. An optical i nformati on recording nedium

conpri si ng - a barrier layer conprising a barrier material, a
protective | ayer disposed at one side of said barrier |ayer; and
a recording | ayer generating a reversible phase- change whi ch
can be optically detected 1ﬁccording to an irradiation of an
energy beamg said reccw?ﬁ g layer being disposed at .the
other side off }affd Kprrier layer; and phepein said barrier
| ayer suppresses a diffusion at | east either an el enment of
sai d recording |layer or an ment of said:
protective |ayer, and/or said barrier suppresses a
chem cal reaction between an 1 ment of said recording |ayer
and an el enent of said _ ayer. 2. An optica
i nformati on recordi ng nmedi um ' to claim1, wherein said
protective ; B5
ClLlc2
D1&£D C
D3 M C4
E144LE2 DA=\C5
N E3\/"
(Ge3aNAF1 L/F2 . 47 N\D5
3 VE ES
G1 4462 G3 . F5(Ge02)

G5

N V. JAVAVAVAVAVAVAVA

H1 H2 o H3 T H4 H5

A1(Ge100) | |
B1(Ge9ON10) B2(Ge89.7N9.800.5) B3(Ge86.6N6.706.7) B4(Ge83.4N3.3013.3) B5(Ge80020)
C1(GeB5N35) C2(Ge64.4N33.801.8) C3(Ge58.8N20.6020.6) C4(Ge53.9N9.2036.9) -C5(Ge50050)
D1(Ge6ON40) D2(Ge59.5N38.502.0) D3(Ge53.8N23.1023.1) D4(Ge48.8N10.2041.0) D5(Ged5055)
E1{Ge50N50) E2(Ged9.6N47.902.5) E3(Ge45.4N27.3027.3) E4(Ged2.3N11.5046.2) E5(Ged0060)
F1(Ge42.9N57.1)'F2(Ge42.4N54.702,9) F3(6e38,4N30.8030,8) F4(Ge35.,5N12.9051.6) F5(Ge33.3066.7)

G1(Ge35N65) GZ(G834.8N62.003.2) (3(Ge32.6N33.7033.7) G4(Ge31.1N13.8055.1) G5(Ge30070)
H2(N9505) H3(N50050) H4(N20080)



| ayer contains barrier material as a main conponent . 3. An
optical information recording nmedi umaccording to

- 105- claim1l1, wherein said either protective |ayer consists of
barrier material. 4. An optical information recording nedi um
according to claim1,2 ,or 3, wherein said - _ recording layer is
bet ween protective | ayers &ﬁgéaining barrier material , between
sai d ' barrier layer ,or bet said barrier layer and
protective layer containing barrier naterial and , when said
barrier material is represented by Merr]Xb (where, M denotes a
singl e non-gas elenent or a conpound of a plurality of different
non- gas el ements, and X denotes a single gas element or
a conmpound of a plurality o i gas el enents), a val ue
b/ (a+b) of the barrier
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material of said recording |ayer existing at the ener gy
beamincident side is |arger than that of the barrier materia
existing at the side opposite to the energy beami nci dent side.
5. An optical information recording nediumaccording to any one of clains
2-4, wherein a reflecting layer is disposed at the side of said recordlng
| ayer opposite to the energy beamincident side.

- 106- 6. An optical imb6ormation recording nedlun1 accordi ng
to claimb5, wherein protective layer is disposed between said reflecting
| ayer and said recording |layer and said protective |ayer whose main-
conponent is barrier material has a thickness of 60 nmor less.

7. An optical information recording nmedium according to claim 6, wherein.
barrier layer is dlsposed
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at the energy beamincident side surface of said recording |ayer.

8. An optical information recording nmedium . according to claim5,
wherein protective | ayer di sposed between said recording |ayer
and said refl ecting layer has the thickness of 80 nm or :
nor e. 9. An optical information, éﬁﬁprding medi um according to any one
of clains to 8, erein thickness said protective layer is 1 nmor
nor e. 14" WEopycal information recordi ng medi um according to claim
1,2,0r 3,  whereln the barrier material is either a nitride of the non-gas
el enent or a oxynitride of the nan-gas el enent. '

- 107- - - C L M S * ~11. An optical information
recordi ng nedi um according to ' ' o
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claim4, wherein the barrier material is either a nitride of the non-gas

el ement or a oxynitride of the non-gas elenent. 12. An optical

i nformation recordi ng medi um according to claim 10, wherein the barrier
material is .such materi al t hat anount of at |east nitrogen or oxygen
is less than  a stoichionetric conposition. 13. An optical -

i nformati on recordi ng medi um accordigfigsto claim 11, wherein the barriér
material is such material that anount of at |east nitrogen or oxygen is

| ess than a stoichionmetric conposition. 14. An optical information
recordi ng nmedium according to claim 10, said gas elenent is any one of GCg,
Sb, Si, Zr, Ti or A. 15. An optical information recordi ng nedi um
according to claim1l, said gas elenent is any one of Ge, Sb, Si, Zr, Ti
or Al. 16. An optical information recording medi umaccording to
o
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claim1l or
17. An optical
the barrier
oxygen is | ess than

information_ recording nedi um accordi ng {§/16

addE Eg 4 ir

claim 18, wherein a density of said at
| ess than the density of said
20. An opti cal
claim 16, wherein such layer containing barrier

mhereln sai

to
i s equal
said barrier
according to

to or
mat er i

mat eri al

2, wherein said barrier
i nformation recordi ng nedi um according to
t hat anount of at

is

a stoichionetric conposition.
claim1l , 2,3, 4,10,

9.

al .

such materi al

mat eri al
An opti cal

mat eri al

conta|ns at |
i nformation recordi ng nedi um accor di ng
of G or A

contains Ge-N or

| east one el enent
| east one el enent

i nformation recording

non-gas el enent conponent

Jﬁﬁg%?g} is

Ge-N- O
claim 16, wherein
| east nitrogen or

18. An opti cal

12, or 16 )
of Cr or Al

in

density in said bgrrier I\at the energy HPQWL i dent ,qi de is equal
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t he energy beami nci dent si de. ' - 109-

21. An optical information recordi ng nediumaccording to claim16, wherein
the barrier material is Ge and the Ge density in said barrier material is
ranging from35%to 90% 22. An optical information recordi ng nedium
according to claim?2l1l, wherein the Ge ity in said barrier material at
t he energbeia inBiFIient side of said recording layer is ranging from 35%
to 60% 2 .g}An ical information recording nediumaccording to claim
21, wherein the Ge density in said barrier material at the side. opposite
to the energy beamincident side of said recording |layer is ranging from
40% to 90% 24. An optical information recording nediumaccording to

claim 21, wherein the Ge density in said barrier materi al Llpeb
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at the side opposite to the energy beamincident side of said recording

| ayer is ranging from40%to 65% 25. An optical information recording
medi um according to claim 16, wherein the conposition of said barrier
material is one conposition existing within a region surrounded by four
conposition points Bl (CGe[err][err], Nerr]) B4
(Ge[err]3.4, N3.3, [err]13.3) Gl (Gegf?gg N6[err].0), A (CGe3[err].

N13.8, [err]55. [err]) in a three-el b conposi tion di agram whose
vertices are CGe, N, O. 26. An optical information recording nmedi um

according to claim 25, wherein conposition of said barrier materi al
at the energy beamincident side of said recording | ayer is one
conposition existing within the region surrounded by four conposition
points D1 (Ge6[err], N400), D4 (Ged[err].[err], NlO[err], 041.0) , &
(Ge35.0, N65.0), A (Ce3[err].[err], Nerr]3.[err], 055.1) in the
t hree-el enent conposition di agram whose vertices are Ge, N, O. 27.
An optical information recording medi um according to
Fig. 12
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claim 25, wherein conposition of said barrier material at side opposite to
the energy beamincident side of said recording |ayer is one conposition
existing within the region surrounded by four conposition points Bl
(Ge65.0, N350), B4 (Ce[err]3.[err], Nerr].2, 036.9), F1 (Ce[err]2.9,
Nerr]7.[err]), F4 (Ge3[err][err], hmﬁhﬁgz.g Olerr].6) in the
three-eleani ongﬁ j tion di agram whos€ " “vertices are Ge, N, O. 28. An
optical i o-&ﬁti ecordi ng medi um according to claim27, wherein
conposition of said barrier material at side opposite to the energy
beam i nci dent side of said recording |layer is one conposition
existing within the region surrounded by four conposition points Cl _
(CGe65[err], N35.0) , &4 (Ge[err]3.9, Nerr].2 [err]36.9) , F1 (CGe4d2.[err],
No7.[err]) , F4 (Ge3[err].[err], Nl2.[err], O51.[err]) in the

t hree-el ement conposition di agram whose vertices are Ge, N, O. 29. An
optical information recording nedium according to claim1l, 2,3, or, 16,

wherein a value n gwl avalue k. included in a conplex refraciive index
n+i k of said barrier ra&e&i aEI]5 ;)a\re Wi t hi nAtIhﬁagzaTge of 1.7 <h<3.8and 0
< k < 0.8, riN2=9810 5 ;o M
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respectively. 30. An optical information recordi ng nmedi um according to
claim 29, wherein the value n and the value k included in the conpl ex
refractive index n[err]ik of said barrier material are within the range of
1.7 <n<2.8and 0 <k <0.3, respectively. 31. An optical information
recordi ng nmedi um according to any one of clains 2-4, wherein a structure
mat eri al ofy sai d egording layer is a]ﬂﬁége-change mat eri al whose base is
Te, Sb or Eel g, L@An optical information recordi ng medium according to
claim 31, wher&in said phase-change material contains

C L M S Ge-Sb-Te. 33. An optical information recording nedium .
according to claims 2-4, wherein material of said protective |layer and said
material is an optically transparent dielectric nmaterial. containing at
| east one el enent sel ected from such group
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of 0, S and Se. 34. An optical information recordi ng nmedi um according to
claim1,2,or 3 wherein said barrier material contains either the nitride
or oxynitride of at |east one kind of elenment selected fromsuch el enents

constituting said recording |ayer. 35. An optical information recording
medi um according to claiml,or 2 mhereln said barrier material is a
nitride of at l st an el enent conp 1%@ sai d recording |ayer or-
oxynitride h I ggt an el enment conposing said recordi ng | ayer.
36. A nethod recordlng/erasing/reproducing an optical i nformation,
wherein an optical information recordi ng nmedium provided with a
recordi ng | ayer generating a reversibl e phase-change which can be
optically detected according to an irradiation of an
-113- C L. M S
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energy beam a barrier |layer and a protective layer on a. substrate is
used, when a signal is recorded and overwitten to said recording
| ayer, an irradiation power of said |aser beam is nodul ated between an
anor phi zati on power |l evel having a relatively larger .irradiation energy
and a crystallization power |evel having relatively Iess irradiation
energy acc dlng t n information signdb/ltand said recording |ayer is

i rradiat edg\? géodul ated |aser beam and an anorphous state portion
and crystall e portion are selectively formed; when t he
signal of said recording layer is erased, the |rrad|ation_pomer of said

| aser beamis set to said crystallization power |evel which changes said

recording ‘layer into the crystalline state; when the signal of
said recording layer is reproduced, the irradiation power of said |aser
beamis irradiated to said recording |ayer with the power |evel |ess than

said crystallization power |evel and with a- reproduci ng power |evel in
such a manner that at |east said recording |ayer |s_qu_cha ged, and by
utilizing an optical characteristic difference accord n a phase change
bet ween t he anor phous state and the crystalline state I|5ht strength of
areflecting light or a transmtted light fromsaid recordlng | ayer is

det ect ed, thereby a state of -
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'hangw il uﬂlle'r.azfg 7.0.5° 14l 8y

of said recording |ayer or an el enent of said protect
can suppress chenical reaction of any elenent of ; s;
any el enent of said protective |ayer, and said barr R 8 AL SR
bet ween @laims:si de of said recording | ayer and {sai d pr ot ectlve | ayer, or
formed between each of both sides of said recordllnglaxér* Cadigai. d"’fﬂ‘”

protective | aykrsAn opBicad nntﬂmﬂnwhoncnedong/:mqama@umprodum ngan————

opti cal I nformati on according to claim 36, wherein materi al of said
protective | ayer ebmpridiagfical information recordi ng medi um has
barrier material as a main conponent . 38. A nethod of

g gcog SII gg/ %ag?dealn%‘isgﬂpdyéu:n@mmmgla bafrdefiadiericepy ding to claim
a protective layer disposed at one side of said barrier
layer; and
a recording layer generating a reversible
phase—-change which can be optically detected
according to an irradiation of an energy beam ,
said recording layer being disposed at the
other side of said barrier layer; and wherein
said barrier layer suppresses a diffusion
of at least either an element of said
recording layer or an element of said
protective layer, and/or said barrier layer
suppresses a chemical reaction between an
element of said recording layer and an element

of said protegtive layer.

2. An optical information recording medium
according to claim 1, wherein said protective
layer contains barrier material as a main

component.

3. An optical information recording medium according to

2105 - Yo ST A~
s\ g \ax



barrier materi-al tontai hs Ge-N or Ge-N-O sputter atnosphere gas
when such | ay m beamincident side is forned is higher
than a nltrogamm“m“‘“mug sure in a sputter atnosphere gas when such
| ayer at the side coppositte®tad the energy beami nci dent side is forned..

43. A nethod of producing an optical information recording nmedium
according to claim 36, wherein a_non- as c_org nent of said barrier
tctiy

mat er i alShaimd , yhexein sajg eidher,pro Yaecompd- gt &L i s formed
by usin a reactive sputtering nethod where said barrier material is used
as a taRp¥rier matexigk-hod of producing an optical information recording
medi um according to claim43, wherein the material of said target is at
| east one selected fromsuch group of a Ge3N4 conpound, a GeO conpound, a
GeG2 conpound, a Ge3N4-GeO mixture, or a CGe[err]Nd-Ge(Jerr] mxture.
45. A nethod of. pawdoptigadnimfiormation oreeeording medium

according to claim 1,2 ,or 3, wherein said

recording layer is between protective layers

containing barrier material , between said

barrier layer ,or between said barrier layer and

protective layer containing barrier material and

when said barrier material is represented by M,X,

(where, M denotes a single non-gas element or a

-compound of a plurality of different non-gas

elements, and X denotes a single gas element or

a compound of a plurality of different gas

elements), a value b/(atb) of the barrier

material of said recording layer existing at the

energy beam-incident side is larger than that of

the barrier mateyial existing at the side

opposite to the energy beam-incident side.

5. BAn optical information recording medium according

to any one of claims 2-4, wherein a reflecting layer is

disposed at the side of said recording layer opposite to

the energy beam-incident side.
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O NI 2

recordi ng medi um according to claim43, wherein said reactive aléutter

is carried out in the atnosphere gas whose total press iﬂmﬁ “"H "l

mrorr to 50 mlorr. 46. A net hod of producing an optic
-116- C L M S recordi ng nmedi um accor [ ng to
claim 43, wherein the atnosphere gas of said reactive sputtering is a
m xed gas cont ai ning at | east rare gas and N2, and a partial pressure

t f th N 1 t hod of
ratio o e éﬁpQﬁ¥orna Qﬁ%agﬂakﬁ 0¥ neaﬁ%ﬁ?gcggééunﬁ et hod "o

produci ng an opt | c recor I ng to cl ai m 46,

50% d FOr B P sPad 0533."%%*%%13% et iR R ds A14B8R L ved i
' A

'S hi ghoiise r?s?ﬁcf’w#‘ﬁﬁfﬁﬂ‘%&ﬁ?r“%agﬁﬁ‘%*&*%%é%%%g&a@&‘#V P Mixed”

gas of said protective layer whose main component is barrier

material has a thickness of 60 nm or less.

7. An optical information recording medium
according to claim 6, wherein barrier layer is disposed
at the energy beam-incident side surface of said recording

layer.

8. ‘An optical information recording medium
according to claim 5, wherein protective layer
disposed between said recording layer and said
reflecting layer has the thickness of 80 nm or

more.

9. An optical informationrrecording medium according to
any one of claims 2 to 8, wherein thickness of said’

protective layer is 1 nm or more.

10. An optical information recording medium according to
claim 1,2,0r 3, wherein the barrier material is either a
nitride of the non-gas element or a oxynitride of the

non-gas element.
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‘at least rare gas and Nerr]. = _49. A nethod of producing an optical
i nformati on recordi ng nmedi um according to claima45, wherein a sputter

rate of said reac lls nore than 18 nm m nute. 50. A net hod
of producing an Oumm mﬂ“ﬁ mu recordi ng medi um according to claim
43, wherein a conpl*ex® refract’ivé i ndex value n+ik of said barrier |ayer or
said protective layer is within the range,of 1.7 <n < 3.8 and 0 < k <

0. 8. _ -117- 51. A net hod of
produci ng an optical information recording mediumaccording to claim 36 or

37, whergin sandoptated!ihfoemaitidrereeogding meddunl aoeoirdimegoel ement s
constituting said recording |ayer, a target of conpound of said elenents

constit upllAGnfai,dwheseigi ete Bieied mheeddalofisteftherds witsad el ement,
a target of an oxynltrl de of said elenent, or a target of an oxide of said
el ement, oFNEHINSRUGAE iR ® agaéxyﬁléfsaemdfe@u@snon-gas

element.

12. An optical information recording medium according to
claim 10, wherein the barrier material is.such material
that amount of at least nitrogen or oxygen is less than

a stoichiometric composition.

13. An optical information recording medium according to
claim 11, wherein the barrier material is such material
that amount of at least nitrogen or oxygen is less than

a stoichiometric composition.

14. An optical information recording medium according to
claim 10, said gas element is any one of Ge, Sb, Si, Z2r,
Ti or Al.

15, An optical information recording medium according to
claim 11, said gas element is any one of Ge, Sb, Si, Zr,

Ti or Al.

16. BAn optical information recording medium according to
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of rare gas and gas ‘contdi ning nitriogen ‘conponent, or such nixed gas of

Ezg:rgoggf]t fand ggj’ﬂﬂnﬂmnmmyn“ggen conponent and gas contai ni ng oxygen
3

duci ng an optical information recording
medi um accordi ng *to¢cl &i m or~ 37, wherein said target is a target of
material for formng said recording | ayer, a target of a nitride of
material for formng said recording layer ,a target of an oxynitride of
mat er i al clladnf dr airng, sehereinwaidddnyier magerialreputainsgdealN oxi de of
material for formng said recording | ayer , and the sputter atnosphere
gas i s sorhGa-iet. gas of rare gas and gas contai ning nitrogen
conponent, or such m xed gas of rare gas and gas contai ni ng
nitrogen conponent and gas contai ni ng oxygen conponent . 53.
A nmet hod of producing an optical information recording medi um accor di ng

to clai m3§ oan3dptikancinforination recokrdiigy meddeim d6edrtidng €6 ng said
barrier |ayer or protective |layer containi-ng said barrier material is
claim 16, wherein the barrier material is such material
that amount of at least nitrogen or oxygen is less than

a stoichiometric composition.

18. An optical information recording medium according to
claim 1 ,2,3,4,10,12,0r 16 wherein said barrier
material contains at least one element of Cr or Al as

additive.

19. Anoptical information recording medium according to
claim 18, wherein a density of said at least one element
of Cr or Al is equal to or less than the density of said
non-gas element component in said barrier material.
| .

20. Anoptical informa_t:i.on recording medium according to
claim 16, wherein such layer containing barrier material
is formed on the surfaces at both sides of said recording
layer, and a Ge density in said barrier material a£ the
energy beam-incident side is equal or lesé than the Ge
density in said barrier material at the side opposite to

the energy beam-incident side.
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sane as that of the target used for*formng said recording | ayer ,and at

such tinme of starti |l eting of said formng of said

recordi ng | ayer lmmm""g""i’!@%gfe of gas containing nitrogen conponent
in the sputtering athospheren I increased , or a partial pressure of
gas contai ni ng oxygen conponent in the sputtering atnosphere is

I ncr eased. 54. A nethod of recording/erasing/reproducing an opti cal

i nformati on wherein recording reproducing‘and erasing information on the

optical information recording medium according to claim %— byAi rr?gi gt i Pg
| aser beamp w sl b : . . od o
recordi ng;f er agﬁ?‘ngﬁ}?g%% (}d%@?ﬁgﬂl\gﬁﬁgﬁf %gga%%l%%@%?ﬁl@nafco a‘}élrgel | an

opti cal Rfar } O d [ OV rec rg ng .l ayer
generati Fg' ag'npgfvt_te'r S|%%ggghagiel-gcﬁggjéé%ln%hteggha#elso i 22F ilﬁe 8&;'& Sd
accor di n%e&m%i%‘y'{rrlaéji'a.fcti'ggrgg.e%nmaterial is ranging from 35% to

90%.

22. Anoptical information recording medium according to
claim 21, wherein the Ge density in said barrier material
at the energy beam-incident side of said recording layer

is ranging from 35% to 60%.

23. Anoptical information recording medium according to
claim 21, wherein the Ge density in said barrier material
at the side opposite to the energy beam-incident side of

said recording layer is ranging from 40% to 90%

24. Anoptical information recording medium according to
claim 21, wherein the Ge density in said barrier material
at the side opposite to the energy beam-incident side of

said recording layer is ranging from 40% to 65%

25. An optical information recording medium according to
claim 16, wherein the composition of said barrier
material is one composition existing within a region

surrounded by four composition points Bl (Geyq s

-110-



‘energy beam a barrier |layer and a protective tayer on a substrate is

used, when a signal is | witten to said recording
| ayer, an irradiation power of SHIWI” mH g;m Is nodul at ed between an
anor phi zati on power |evel having *a Yeltat mveky targer irradi ati on energy

and a crystallization power |evel having relatively less irradiation
energy according to an information signal, and said recording |layer is

irradiated wythth | at e | ager pe and an ,anonphays ate portion
and crystal m"l‘?e” 'stﬁg?ge%&’rf‘i ;ﬁr'?'%fr e‘%éféﬁ \’gﬁ?sf’br ) ¥ &4 (éé“-Wnen t he

signal of sagd regordy | S , 'é;g | I at1on _power of said

| aser beam iatg“s"étéff'olisg'?’a)’%g‘%% a?f#@%ﬁgocno ?i%#?é‘ﬁéﬁ%ﬁ%‘ﬁw Fes said
recording | .into_the grystal Line state; when the signal of

sai d recordi‘%ﬁ-‘%/’g% ke rc‘gep’l' icéd, the irradiation power of said |aser
beamis irradiated to said recording |ayer with the power |evel [|ess than

said crystallization power level and with a reproducing power level in
| east said, recording |ayer  is not changed, and by

such a (ger t hat ,at yer. .
utilizi @ nABpPPtiralc anfarmation reeerdingcheddusy acsending fiase change
between the anorphous state and the crystalline state ,a |ight strength of
a reflecti nfclay®t2%r wherein gonpesityon of said harnissomateyilayer i s
det ect ed, therebK a state of .
at the energy beam-incident side of said recording
layer is one composition existing within the region
surrounded by four composition points D1 (Geg, o, Nyg.o) «
D4 (Gegg.5r Nip.2s Og1.0) r G1 (Geys.0r Ngs.o) r G4 (Geyy.yr Nyjigs
Os5.,) in the three-element composition diagram whose

vertices are Ge, N, O.

27. An optical information recording medium according to
ciaim 25, wherein composition of said barrier material at
side opposite to the energy beam-incident side of said
recording layer is one composition existing within the
region surrounded by fourrcomposition points Bl (Geg ,,
Nis.0)s B4 (Gegy 9, Ny p, Oy5)s F1 (Geypor Nspu), F4 (Geys ss
Nys.0r 651_5) in the three-element composition diagram whose

vertices are Ge, N, O.
28. An optical information recording medium according to

claim 27, wherein composition of said barrier material at

side opposite to the energy beam-incident side of said
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4126- said recording |layer'is deteéected, . “wherein said

barrier layer of said optical information has such .
barrier material that can suppress diffusi Hmm F'ml Hml enent of said
recording layer or an elenment of said protective layer, s awd/ or can
suppress chenical reaction of any element of said recording |ayer and any
el ement of said protective |layer, and said barrier layer is formed between
ei t her simgeondingi dayeroridi mane aqempasdtsmxj gxidteing veithyer ther forned
bet ween each of both sides of said recording |ayer and said protective

| ayers. redsidon /suerbudded byc dialingenpesitioappodmtisng@lan Gy i Gal _

I nformati on according to claimb55, wherein materi al of said protective

| ayer of Nyaiydl .04 q&@es i, R, ONgBRLI 09, 4) , FiceGajng, edi Yy s (weigr naterial
as a main conponent . 57. Amethod of recording/erasing/Teéproducing

an optical,, 4, Os5,.¢) in the three-element composition diagram whose

vertices are Ge, N, O.

29. BAnoptical information recording medium according to
claim1,2,3,0r,16, wherein a value n and a value k included
in a complex refractive index n+ik of said barrier material
are within the range of 1.7 <n<3.8and 0 <k < 0.8,

respectively.

30. Anoptical information recording medium according to
claim 29, wherein the value n and the value k included in
the complex refractive index n+ik of said barrier material
are within the range of 1.7 < n < 2.8 and 0 < k < 0.3,
respectively.

'
31. Anoptical information recording medium according tb -

any one of claims 2-4, wherein a structure material of said

recording layer is a phase-change material whose base is

Te, Sb or Se.

32. Anoptical information recording medium according to

claim 31, wherein said phase-change material contains
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information accor di ng to cl ai mb55, of 56 V\,hereln sai d ba_rrler mat eri al

e wwwnm

Ge-Sb-Te.

33. Anoptical information recording medium according to

claims 2-4, wherein material of said protective layer and said

material is an optically transparent dielectric material.

containing at least one element selected from such group

of 0, S and Se.

34. Anoptical information recording medium according to
claim 1,2,0or 3 wherein said barrier material contains
either the nitride or oxynitride of at least one kind of
element selected from such elements constituting said

recording layer.

35. An optical information recording medium according to
claim 1,0r 2 wherein said barrier material is a nitride
of at least an element composing said recording layer

or oxynitride of at least an element composing said

recording layer.

36. A method recording/erasing/reproducing an optical
information, whérein an optical information
recording medium provided with a regording layer
generating a reversible phase-change which can be

pptically detected according to an irradiation of an
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energy beam, a barrier layer and alt protective layer on a
substrate is used,

when a signal is recorded and overwritten to said
recording layer, an irradiation power of said laser beam
is modulated between an amorphization power level having
a relatively larger irradiation energy and a
crystallization power level having relatively less
irradiation energy according to an information signal, and
said recording layer is irradiated with the modulated
laser beam , and an amorphous state portion and crystalline
state portion are selectively forméd;

when the signal of said recording layer is erased,
the irradiation power of said laser beam is set to said
crystallization power level which changes said recording
layer into the crystalline state;

when the signal of said recording layer is
reproduced, the irradiation power of said laser beam is
irradiated to said recording layer with the power level
less than said crystallization power level and with a
reproducing power level in such a manner that at least said
recording layer is not changed; and by utilizing an optiéal
characteristic difference according to a phase changé
between the aniorphous state and the crystalline state ,a
light strength of a reflecting light or a transmitted light
from said recording layer is detected, thereby a state of
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said recording layer is detected;

wherein said barrier layer of said optical
information recording medium has such barrier material
that can suppress diffusion of either an element of said
recording layer or an element of said protective layer,
and/or can suppress chemical reaction of any element of
said recording layer and any element of said protective
layer, and said barrier layer is formed between either side
of said recording layer and said protective layer, or
formed between each of both sides of said recording layer

and said protective layers.

37. A method of recording/erasing/reproducing an optical
information according to claim 36, wherein material .
of said protective layer of said optical information
recording medium has barrier material as a main
component.

?
38. A method of recording/erasing/reproducing an optical

information according to claim 36 ,or 37 wherein said

barrier material contains Ge-N or Ge-N-O.
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