— 9904279-8

0 4 SEP 1999

METHOD OF PRODUCING AN OPTICAL INFORMATION RECORDING MEDIUM

TECHNICAL FIELD
The present invention relates to an optical
information recording medium provided with an oi)tiéally
detéctabl‘e information recording layer, the producing
- method thereof and a method of

recording/erasing/reproducing information.

lBACKGROUND ART
| A recording material thin film layer comprising a
metal thin film and an organic thin film is formed on a
disc-shaped or a card-shaped substrate. A high energy
beam focused on a micro light spot hé.ving a submicron order
diameter is irradiated onto the recording ‘__l:naterial layer,
thereby a local variation is generated on recording
material layer. Thereby, such a -technique that an
information signal is stored is already _w_eil known. More
speci'fically , when an optical magnetic material thin film
and a phase change material thin film are used for a
recording layer, it is easy to rewrite the signal.

Accordingly, this technique has been actively studied and



P

developed. For example, in case o‘f the optical rﬁagnetic
:edording Imedium, a difference of a rotating angle on a
polarized surface of a reflected light generated due to
the difference of a magnetization state is Iused as thé
record. Furthermore, in case of the phase change |

recording medium, an amount of a reflected light relative

to a light having a specific wa\ielength 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 reéord level having a relatively

- higher power and an erasure level having a relatively lower

power, and the moduiated output is only irradiated on a .
recording medium. Théreby similarly to a magnetic disk,
there is such a characteristic that the record erasure and
the record of a new signal can be simultanedusly performed
(it is possible to overwrite the record). The information
signal can be rewritten for a short time.

Usually, the optical magnetic recording medium and
the phase change recording medium gompr:i_.se, for example,
amulti-layer £ilm shown in FIG. 1. Thatis, ona substrate
1 comprising a _r'gsin plate of a pquéarbonate ‘and PMMA

(poiyméthyl?methata;crylate) ; a glass plate, or the like,

usually, a recording layer 3 having an opticé.l absorption

comprisin'g the phase change material and the optical

magnetic material inserted between protectiVe layers 2 and



4 comprising a dieleét_rié material is formed.
| Furthermore, a metallic reflecting layer 5 comprising an
. alloy of Au and AI for increasing é.n optical absorption |
efficiency on the recording layer 3 é.nd for acting as a
thermal diffusion 1ayer- is formed on the protective layer
4. These layers are sequentially laminated by a
sputtering method, a vacuum depositioﬁ method, or the like.
Furthermore, an overcoait layer 6 is formed on an uppermost
layer in such a manner that a scratch an-djdusts are not
attached to these layers. Usually, a laser beam is-
incident from a side of the substrate 1. In many cases,
a front surface of the substrate 1 is provided with a
concave-convex groove track or a concave-convex pit
sequence as guide means for guiding the laser beam to a
predetermined position on the disk.

A function of each lajer and an coﬁcrete example of
materié.ls _forming each layer are as follows.

In case of the 'rec_or\_ding layer 3, when the phase
change material is used, chalcogenite thin film whose base

co:ﬁprises Te and Se, for example, 'a Ge-Sb-Te alloy thin |

| £ilm, a Ge-Sb-Te-Se alloy thin £ilm, an In-Sb-Te alloy thin
fiI_Lm, an Ag-Inbe—'fe. alloy thin film, an In-Se alloy thin
film, and the like are reported. | In the medium using suéh
phase chaﬂge materials, the laser beam is irradiated,

thereby the signal is recorded and reproduced. As already



described,.while the power of the laser beam is being
modulated at a strong level and a weak level, the lésef_
béa.m is irradiated onto a revolvin'g'recording medium. A
portion irradiated with the strong power is locally melt
in an instant, thenceforth, the pértion is quenched;
Thereby the portion is amorphized,. and the signal is
recorded. Furthermore, 'a_.t the portion irradiated with a
relatively weak powér ’ the amorphou_s—étate portibn is
 annealed, thereby the portion is crystallized, ~and the
recorded signal is. erased.' In order to reproduce the
signal, the poﬁer- of the laser beam is reduced enough in
such a mannef that the recording £ilm is not chah_ge’d, and
the laser beam is irradiated. At this time, a strengih
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
reproduced. |

The functions of the pi:ote_ctive layérs 2 and 4
-gomprising a dielectric matei:ial are, for exampie, as
follow: - |
| 1) the recording layer is protected from an extefﬁal :
mechanical damage;

2) a thermal damage such as a roughness on the surface
of the substrate, a break of thé recording layei: and an'.

evaporation, etc. occurred due to repeatedly rewriting the



signal are reduced, thereby a rep_et'ition of rewriting the
éignal can be increased;

3) an interference effect of a multipath reflection
is used so that an optical change can be enhanced;

4) an influénce from an outside air is intercepted
so that a chemical chaf;ge can be prevented.

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,, AIN
or the like, an acid nitride such as Si-O-N or the. like
(for-exé.mple, disclosed in Japanese Patent Application
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-8i0, or the like (disclosed in Japanese Patent
Applicai:ion Laid-open No. 63-103453) is proposed; -and one
part of them is practically used. |

Two layers are provided to the pro_tectivé layer,
therebj the characteristic,thereof can be enhanced. The
, example of the phase change recording medium is disclosed
in Japanese Patent Appliéation Laid-open No. 5-217211. '
That is, the dielectric layer comprising the nitride (SiN, |
AiN) and the carbide (SiC) is used at the side contacted
“"to the opticél recording layer as the prdtective layer c;f
the optj.cél recording lé.yer' including Ag, and ZnS or a

compdund including ZnS is. used as the outer layer of the



dielectric layer. The above SiN, éic, AlN layer is used,
thereby a combinatien of Ag included ._i._'n'the recording layer
and S in the protective layer is prevented. As disclosed
.in Japanese Patent _Application Laid-op'en No. 5-2 172 11, a
film thickness of the SiN, AiN, sicC iayer is ranging from
5 nm- to 50 nm. Furthermore, as disclosed in Japanese
Patent Applicé.tion Laid-open No. 6-195747, the protective
layer has two layers inserted between the tecording layer
and the substrate, where one layer contacted to'the
recording_ layer comprises Si;N, layer and the other layer
contacted tol the substrate comprises ZnS-SiO, layer,
thereby two dielectric layers are formed. The Si,N, layer
facilitates a 'crystéllization 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 1ayet contacted to the
substrate is a silicon oxide film, thereby an |
addhesiveness of the substrate and the dielectric 1ayer
is enhanced. Furthermore, the other layer contacted to.
the 'rec.ordin'g layer eomprises the corﬁpohnd of the carbide_'
and the nitride, thereby it is possible to prevent a
- corrosion of the magnet:.c recordJ.ng layer occurred due to

that ‘oxygen-from the silicon oxide layer and water passing



through the substrate are penetrated.-into .the recording
layer. As disclosed in Japanese Patent Application.
Laid-open No. 4-219650, preferably, the nitride comprises |
Sn-N, In-N, r-N, Cr-N, Al-N, Si-N, Ta-N, V-N, Nb-N, Mo-N
and W-N, and the film thickness thereof is ranging frein
10 nm to 20 nm. Furthermore, as disclosed in Japanese
Patent Aple.catJ.on LaJ.d-open No. 4- 321948, in the same
viewof J apanese Patent Appl:l.catlon La:l.d—open 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, thereby the adhesiveness of the
dielectric laj[er and the substrate is enhanced.
Furthermore, the other layer contacted to the oi:tical
magnetic recording film comprises the nitride layer
comprising one or more kind of nitride selected from the
group of Si, gr, Y, Mg, Ti, Ta, Ca and Al, thereby it is
suppressed'that oxygen and water from the oxide layer are
penetrated and diffused into the recording film layer. As
disclosed in Japanese Patent Application Laitl—open No.
4- 321948 the f:l.lm th:l.ckness of the nitride layer 1s
rangJ.ng from 50 nm to 200 nm.

In general, the reflectlng-lay'er 5 comprises a metal
such as Au, Al, Cr ‘ NJ. ¢ Ag or the like and the alloy based

upon these metals, and the reflect:.ng layer 5 1s dlsposed



.in such a manner that a radiation effect and an éffective
optical absorption of the recording thin film can be
- obtained.

As desc’ribed abbve, in general , a sputtering method,
f;\ vacuum deposition method or the like is used as the method
_§f prepafing the recording medium. Furthermore, a
: reactivé sputtering ;nethbd is used so that the nitride can
be contained in the thin film.

' For example, as the method of producing an ablation
‘type write once medium, such a method that N is contained
in the Te-containing recording léyerfby the reactive -
sputtering is disclosed,in Japanese Patent Application
La:i_.d-0pen No. 63-_151486. As disclosed in J apanese Patent
_Aﬁplication Laid-open No. 63-151486, a mixed gas of Ar and
nitride is discharged relative to a telluric seleniﬁm

alloy target. After the recordihg film containing
tellurium, selenium and nitride on the substrate is forméd
by_the.reactive sputtering method,.a nitrogen gas is
introduced,.and a nitroéen plasma is generated, the£eby
a surface layer haVing a high nitrogen density than an
‘inside of the fecqrding layer is formed. The surfacé of
the reco:ding £ilm is nitrided, thereby a weather-
propfness and a sensitivity are enhanced, and further a
pbwer £olerance-i_s incr;easéd . Thé nitrogen density of the

nitride iayer is ranging from 2% to 10%, preferably, it -



~ is ranging from 2% to 20%. Prefer'ably, the ﬂ't:_hic.kness of
the surface layer i_é réngiﬁg about from 1 nm to 10 nm.

'Furthermore, thé- example of the ablation t'ype 
recording material is also disclosed in Japanese Patent
Application Laid-open No. 63-63153. The target
comprising a material containing Te and Se is sputtered
in a nitriding—.oxide- gas, a nitric dioxii_.de gas or a gas
containing a nitric dioxide, thereby the layer containing
"I'é, Se and N is formed in the recording layer.

Furthermore, as disclosgd‘-"in Japanese Patent
Application Laid-open No. 4-78032, the su.rface of a
metallic target is sputtered by Ar gas, and on the surface
of the metallic element substrate is reacted with oxygen
gaé or nitrogen gas, thereby a metallic oxide-i film or a
metallic nitride film is f’orﬁxed.'

Furthermore; althoﬁgh omitted in the drawings, in
order that an oxidizatibn of the optical information
re‘cording meciium or an .attacmnent_ of_ dusts, etc. is
" prevented, such a structure thé.t the overcoat layer is
placed on the metallic ;:éflect;lng _laYér 5, such a structure
that an ﬁltré.viol_ef curing resin is used as an adhesive
-so that a dummy substrate is laminated, or 'thé like .'LS
proposed. . | | | |

However, it is knov)m that the phase change optical

. recording medium has the following problems.  That is,



when the thin film compriéing a mtérial whose base is Te,
Se, etc. containing Ge, Sb, In,.etc. is uséd as £he
recordlng layer, and further the thin fllm.comprlslng an
oxide system material including such as Sio,
-representatlvely, the thin film comprlslng.a sulfide
system .material :i.n_'clﬁding such as %nS representatively,
or:the thin film comprising'a mixture system material 
including %ZnS- SiO, between the above two thin films-is
usedlas the protective”layer, a_laser irradiation is i
ncarriéd out. Theréby, the record and erasure of thé
information signdl,'and the like aré repeated, fhereby
| optical characteristics of the recording layer and the
protective layer (such as a reflectivity, an absotptivity
" and the like) are changed. Accordingly, such. a phenomenon
that a recording characteristic or an erasure
'characteriStic is changed. That is, the- sxgnal is
repeatedly rewrltten, thereby the reflectance of the
medium is-red_uc_'ed, an amplitude of the _signal is gradually
reduced, or a jittér value at a markea-position-df a
recording mﬁrk becomes larger, thefeby an error rate nf'
tne recording signal becomes higher; Théréf_ore, when the
fsignai in reproduced,na readout éfror is occu:red;
,'Accordi'ngly, there is such a problem'thai: a possible times
of.rewriting is limited. |

- Principal causes of this change are as follows.
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That is. , one cause is that an s comp'c;nent and anO ¢omponent
are diffuse and penetrate from the protective layer'to the
reéording layer, on the contrary, the component such as
Te, Se; etc. 'having a relatively high vapor pressure among
‘the components which the recording layer consists of
diffuse from the recoi:dirig layer to the protective layer.
Furthermore; "anbther cause | is that one part of the
protective layer materiai is chemically reacted with the
recording .la'yer. It is cbn_si'dered that the change is
occurred due to either of the above causes, or é._
combination of the above causes.

| In -fact, according t’d an éxperiment by ihvent_ors, |
etc., in the opticai disk apply_ing a Ge-Sb~Te recox_rdiné
filn_t and a ZnS- SiO, protective layer, the S component is
discharged from the protective layer due' to the laser
jrradiation. Consequently, it is obse;:ved that an S atom
is penetrated from the_protectiVe layer to the recording
layer. Furthermore, it is a_léo observed that the other
Zn atom, Si atom and O atom are also diffused to the
recording layer. In this ‘case, although 1t is aésumed'
that other elements are easy to move by a separation of
the S atom, the mechanism thereof is not clear. |

The phenomenon a_.nd_' the mechanism have not ‘been

clearly reported. In case that the nitride thin £ilm

including Si N, and AIN is used as the protective layer, .
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the S component is not'discharged; différently from the
above example. On the other'haﬁd,'ah adherence to the
recording layer of such a nitride is lower than that of
ZnS-8i0, film. For éxample, under an environmen’t having
a high temperature énd a high humidity, thgre is anothér
problem that a peeiing.is occurred. That is, when oxide
such as Sioz,.Tagg, Al,0, ahd the like and nitride such
as Si,N,, A1N and the like are used as a dielectric material,
lsince such a dielectric material is less adhesivé to a
phase change type recording material, for example, under
the high-temperature and high—humidity enviro nment, the
: .peel_ing and crack are occurred. ' Thereby, thefe is further
problem that oxide such as Sioz, Ta,0;, Al,0, and the like
and nitride such as ".-‘..:i.l3l‘l,l , A1N and the like cannot be applied:
to a dielectric layer material.

A deterioration mechanism is summarized. In.the
first place, the more the times of repeating is increased,
the more the above atom diffusion and chemical reaction
are proceeded. Consequently, a composition in the
fecording layer is largely varied, thereby variations of
the reflectance, the absorption and the like, and the
variatibn’of the récording characteristic (an
amorphization seﬁsitivity) and.the;eraSure
characteristic {a crystalliéatioh sensitivity and a

cr.y_sta_llizationl rate) are actualized. It is supposed-
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that in the protective layer, accémpanied by the change
of the optical characteristic, the composition changed;
. thereby such a change that a mechaniéal strength is reduced
occurs. It can be considered a zZnS-Si0, film widely
applied as an excellent protective layer has a high
adhesiveness between the protective layer and the
recording layer and this results from the atomic diffusion.
Furthermore, it is also considered that such a protective
layer substantially contéins a limit of the repeating.
times.

‘Relating to a material containirig’ Ag and S, that is,
the elements which are easy to chemically react , the method
of supp;essing the reaction is disclosed in Japanese
Pate_nt Applicaﬁion Laid-open No. 5-217211. However, the
following view is not disclosed'in the above prior art.
That is, relative to fhe phase change récbrding medium such
as Ge-Sb-Te system, In-Sb-Te system and the like being
developed for an applicatjon as the most possible

‘material systein, in oxder tb enhance the cycle performance
thereof,thelayercomprisingthenaterialsuchasrﬁxride,
nitriding—bxide,-etc- is formed between a dielectric
px_:oteétive layer and a phase change _reco:_cdirig lé.yef. The
- formed layer acts as a barrier layer for preventing an
iﬁterdiffusioﬂ and the chemical reaction between the

recording layer and the protective layer. Furthermore,

-13-



more specifically, Ge-N or Ge-N-0 is superior as the
~dielectric protective. lé.yer material which doe_s--noi_:
substantially have the above problem. This material has
also an excellent performance as the barrier layer. Th.is
is not also disclosed in the prior art.

That is, a layer structure for :ealizing an
excellent repeating characteristic and an excellent
weather-proofness is not yet achievéd. In order to solve
the ‘above probleﬁs, it is an objédt of the present
invention to provide a medium structure for realizing a
phase change optical recording medium having the excellent
repeating characteristic aﬁd weather—{iroofness, the
producing method théreof, and a method of recording and
reproducing an information signal by using the recording

medium.

SUMMARY OF THE .INVENTIOI‘.I
In order to. solve abgve préﬁlems, according to one _
aspect of the present invention, there is_ provided an
optical information recording medium comprising a
recording layer generating a reversible phase change which.
can be bpiﬁically'detécted according to an.irrad-iaf:_ion of
an energy beam, énd a material layer which is named a
bai:_rier layer form.ed'in_contéct with'at least 'one.sui'f'ace

of the recording layer, wherein an atomic diffusion and
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a chemical reaction occurred between the protectove layer
and the recording layer are suppressed by the barrier
layer. | | |

Amaterial constituting the barrier layer (abarrier
material)'itself can be applied to a protective layer
material as it is. 1In this case, more'epecifically, it
is expressed as the protective layer using the barrier
materlal”

According to another aspect of the present J.nventJ.on,
preferably, there is provided an- optlcal lnformatlon
record:n.ng medJ.um, whereln a barrier mater:l.al layer is
dlsposed-et both 51des.of a recording layer.

AccCrding fo a structure in which the barrier
x.naterial.i's applied to a substrate side of the recording
layer, an effect for suppressing the atomic diffusion and
the chemical reactJ.on between the record:Lng layer and the -
protectlve layer is hJ.gher, thereby a cycle performance
is enhanced. According tg the structure in which the -
barrler material is applied to the side opposite to the
- -substrate of the recording 1ayer, the effect for enhanc1ng
a stability of rewrite performance is higher, thereby a
reliability is enhanced. Not only the structure in which
the barrier material is applied to both sides of the
recording layer combihes both characteristiCS,'but also

both performances are further enhanced.
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According to further aspect of the present invention,
preferably, there is provided an optical information - '
recording medium, wherein when the barrier material is
represented bj M. X, (where, M denotes an aggregate of
non-gas elements M,, M,, .., and X dehotes the aggregéte
of gas elements X,, X,, ..), regarding a ratio of a gas
component b/ (at+b), the ratio of the barrier material layer
at the substrate side is relatively highér than that of
the barrier material layer at the side opposité to the
substrate.

According to further aspect of the present invention,
preferably, there is provided an optical infoimation |
recofding medium further comprising ametallic reflecting
layer.

) According to further aspect of the present invention,
preferably, there is provided an optical information
recording medium, wherein the protecfive layer using the |
barrier material” having a thin thicknéss of 60 nm or less
is app_lied betwéen the metallic reflecting layer and the
recording layer for a quenching. Thereby, since the
npmber of layers can be reduced, a i):l:eparing.précess can
be simpiified. Furthermore, since a c.ooling éffect is
enhanced, thereby a fhermal interference between
' recording marks is reduced, an information signal can be

densely recorded. That is, the structure is advantageous
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to a high density recording. Moré preferably, in this
case, £he barrier layer is also applied to the substrate
side of the recording layer. Thereby, it is pqssible to
obtain the medium which can realize a higher cyéle
performance'and a higher density recording.

A_ccording' to further aspecf of the present invent.ionl,
preferably, there is provided an-optidal infbfmation
recording medium, wherein in the structure (a rather slow
cooling structure) nécessary fora diele_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 barrier layer is applied to at least one side -
of the recording 1ayer; Thereby, usually, in the rather
slow cooliﬁg structure having a tendency of higﬁ'heat-
storing effect and a large thermal damage, the cycle
performance can be largely enhanced. |

According to further aspect of the present invention,
there is provided an optical: information recording medium,
~wherein the thickness of the barrier layer is at least mox_'é
than 1 nm“td 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 thi'cknésé is 20 nm or more. Théreby, a further effect

can be obtained. Furthermore, more preferably, the
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thickness is 20 nm or more. Theréby, a higher
reproducibility can be obtained in preparing.

According to further'aspect of the present invention,
there is provided an optical information recording medium,

' whérein the barrier material layer containing Gg—ﬁ or
Ge-N-O is used as the barrier material.

According to further aépect of the present invention,
preferably there is provided an optiéal information
fecording medium, wherein when Ge-N or Ge-N-O material
: léyer is applied at both sides of the recording layer as
the barrier layer or the protective layer, regarding a
density of a gas element in Ge-N or Ge—N;O layer, that is,
(N+0) / (Ge+N+0), the density in Ge-N or G,e-N-O layer at thé
substrate side of the recording layer is relatively larger
than that in Ge-N or Ge-N-O layer at the side opposite to
the substrate of the recording layer.

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

According to further aspect of the preséht invention,.
prefexably'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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(at the side which a laser beam is incident on), the Ge
density ranging from 35% to 60% is selected. 1In case that
the Ge-N layer is applied to the side opposite to the
| substrate of the recording layer, the Ge density ranging
from 42.9% to 90% (preferably, 42.9% to 65%) is selected.
-Accordirig to further aspect of the present ihvention,
preferébly there is provided an optical information
fecording 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 poini:s, Bl '(Gego.o, 'Nm.o) ’ IB4 (Gegz.qr N3 3+ 013.3)
G4 (Gesy,yr Nyzgr Oss.1) ¢ Gl (Gegass Npes)- “In this region,
‘there are such effects that the cycle performance is
enhanced and an erasure.performance is enhanced.
According to further aspect of the present invention,
preferably there .is.'prc.bvided an optical informat_ion _
recording medium, wherein in case. that the Ge-N-O 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 compOsitibn points D1 (GeG0.0
N40.0), D4 (Ged8.8 N10.2 041.0), Gl (Ge35.0 N65.0), G4
. (Ge31.1 N13.8 055.1) is appropriate. In case that the
Ge-N-O'léyer is applied to the side opposite to the |
substrate of the recording layer, the region su:l:'round.ed.

by four composition points Bl (Ge65.0 N35.0), B4 (Ge54.3
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N9.1 036.6), F1 (Ge42.9 N57.1), F4 (Ge35.5 N12,9 051.6)
is appropriate. In this case, preferably, the region -
surrounded by four composition points Cl (Ge65.0 N35.0),
C4 (Ge53.9 N9.2 036.9), Fl (Ge42.9 N57.1), F4 (Ge35.5
N12.9 051.6) is appropriate. |
Similarly to the case of the Ge-N layer, when the

Ge-N-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 fhe 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 |
reco'rd'ing_ layer. It is not preferable that the layer is
applied to the composition, region having a considerably
high Ge density.

| As described above, the Ge-N layer or the Ge-N-O
layer is acted in such a manner that the atomic |
interdiffusion and chemical 'reactiOn generated bei:ween '
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-0 layer

-20--



Ihas a higher adhesiveness to the rec:ording layer, compared
to other nitride £ilms such as Si,N,, ALN, etc. and a carbide

film such as sicC, etc. The reason that the Ge-N layer or

the Ge-N-0 layer has a higher adhesiveness is as follows.

_Compared to other nitride films such as Si,N,, AlN, etc.,
the Ge—-N layer or the Ge-N-0 layer enables to form the film

witha relatively'lower.power at a high speed (for ekample,

when é. distance between a target and the subst.fate is 200

mm, if the targe{: whose diameter is 100 mm is ﬁsed, the

f£ilm can be formed with' 500W at 40 nm to 50 nm/minute).

Accord_ingly, it 'is' assumed that s-i.nce an internal sf.res_s

in the film is lower, the Ge-N layer or the Ge-N-O layer

has a higher adhesiveness. Ho_wéver , this is not clear.
According to further aspect of the present invention,

preferably there is provided an optical information

recording medium, wherein a complex refractive index value

N+ik applies the Ge-N or Gé-N—O layer satisfying the range

of 1.7 <n< 3.8 and 0<k g 0.8. More prefefably, when

the barrier mafe_rial layer is forméd_at the substrate side
of the recording layer, the Ge-Nor Ge-N-O layer sé.tis fying

- therangeof 1.7<n< 2\.'8 and 0 <k < 0.3 isapplied_'. When
the barrier material layer is formed at the éide opposite
to the substrate, the Ge-N or Ge-N.—O. layer satisfying _the
rangeof 1.7<n<3.8and0< k.s_ 0.8 is applied. An opticé.l

constant is changed according to a ratio of O to N in the
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film, when O is less, the optical constant becomes larger. .
Whén 0 ié more, the optical constant becomes smaller.

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

According to further aspect of the present invention,
preferably there is provided an optical information
reédrding medium, wherein the material thin film whose
main component is %nS-5i0, is used as a dielectrid.
protective layer matéria_.]_. usé_d toéet_:her with the Barrief
léyer.

According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, whe;ein_a material layer containing a
main component comprising a nitride 6r. a nitridihg—oiide
having at least one kind of element selected from the
elements constituting the recording layer is-used‘as the
barrier material layer.

In general, althoﬁgh a nitride material is less
" adhesive fo-a.chalcogenite material, the barrierllayef'
containing nitfidé or pitriding-oxide being the element
constituting the recording layer is ﬁsed, thereby.the
-elements in the barrier.lafef is commoh to the cbmponent

element in the recording layer. Accordingly, the
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adhesiveness can be enhanced. In this case; it is
'possibie'to suppress the interdiffusion and the chemical
reaction between.the.fecording layer and the pfotective
laYer whose main component is the dielectric mate:ial.
Thereby, the phase chanQe optical recording medium having
.the excellent repéating performance excellent weather-
proofness can be realized.

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

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

According to fﬁrthe'r aspect of thé pres'ent invéntion,
a-method Of_preparinjlan optical information redording
-medium for'solvin'g the aboire problems, compfising a vacﬁum |
deposition method, DC-sputtéring;method, a magnetron
sputtering method, a laser sputtering method, an ion

plating method, a CVD method and the like.
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According to further aspect of the present inv_ention,
a .method of preparing an optical information recording
.medium, preferably, wherein- a sputtering method j.s used,
a single target comprising the main component M of the
barrier material, a nitride target comprising M, a
nitric-oxide target, or an oxide target is used in order
that the barrier material layer is formed, so that a
reactive éputtering is carried out in a mixed gas of a rare
gas and the‘gas cont'ainihg anitride comp_orieht of the mixed
_ gés of the gas 'cohtaining the rare gasj aﬁd the nifride
component and the gas containing an oxide component,
thereby the barrier materiél'layer is fornied.

According to further aspeét of the present invention,
" a method of p_feparing an optical information recording
medium, preferably, ivherein Ar and Kr are used as the rare
gas. N | | |

According to further aspect of the ﬁrésent :i.nvéntion-,
a method of preparing an oeptical information recording
medium, prefe_rably, wherein N, is used as the gas'
containing the nitride component, and O, is used as the
gas containing £he 6xid_e componént_:.

When the barrier material laYér is formed at either
sides of the recording layer, an Nz'density ih case t'hat.
‘the 'barriér material i-ayer is formed at the side opposité '

to the substrate of the recording layer is highly set than
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that in case that the barrier material iay_er is formed at
the substrate side of the recording layer. Thefeby, the
structure having a further higher'weather-proofness can
be obtained. |

| According to further aspect of the present invention,
a method of prepaﬁing an optical information recording
medium, preferably, wherein Ge is used as the main
domponent M of the barrier material, a Ge target, a Ge-N
target, a Ge-N-O target or a Ge—b target is used.so that
"the reactive sputtefing is carried out, thereby the
barrier material layer.J;.s formed. More pi:e_ferably r aGe;N,
composition is used as the Ge-N taa;get_, a GeO compbs:i.tion
is used as the Ge?-O target, and Ge;N,~GeO mixed target is
used as the Ge-0-N target.

N According to further aspect of the present invention,
a_method of preparing an'opticai information recording
.medium, moré'pfeferably, wherein Ge is used as the main
.component M of the barriex matéfial, when the reaétive
sputtering is ca:ried out, a total pressure of a sputter
gas is more than 1 in'l‘orr, and it is 50 mTorr or less. Within
thj.s range, a high sputter rate and é.s.table' disch_arge can
be obtained. | |

-' According to furtlh_eq: aspect of the present .inven'tion,
a method of preparing ah priCal information_redording

medium, preferably, wherein Ge is used as the main
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component M of the b_arriér materj:al , When the reactivé
sputtering is carried out, the sputter gas is the mixed
gas containing at least Ar and N,, a part.ial pressure ratio
of N, is ranging from 5% to 60%. Thereby, a better
repeating performance a_tnd a better weather-proofness can
be obtained. In this case, when the barrier layer is used
at the subsi:raté side of the recording layer, the partial
pressure rati.o of N, is ranging from.12% to 60% (preferably,
50% or less). Furthermore, when the barrier layer is used
at thé side opposite to the substrate, ‘the' pértial pressure
ratio of N, is rangin’gl from 5% to 66% (p’refefably, 40% orl
less, more preferably, 33% or less). o |
Regarding the repeating péfformance, when a nitride
partia). pressure in _the'spu'tter gas is low, since much
surplus Ge not combined to a nitrogen exists in the
protective layer, the composition in the recording film.
is changed, adc_ompanied with rewriti_ng the signal, thereby
a bet'ter characteristic cannot be obtained. Furthermore ,
when the nitrogen partial pressure in the sputter gés gets
toolhigh , m_udh-, surplus nitrogen exists in the film, thereby
similarly to the abéve case, the better repeat_ing
characteristic cannot be Obtained;  |
| | Regarding the weather-prbofnéss (adhesiveness),
when the nitrogen partial pressure in the- sputter gaswi's

high and much surpius nitrogen exists in the £ilm, after
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an acceleration test, a péeling .'i:s .occurred. However,
when tne nitrogen partial pressure is low and the surp}ué
Ge not combined to the nitrogen exists, the peeling is not
occurred. It is assumed that since Ge contributes to a
combination with the recording film, the peeling is not
occurred.

According to further aspect of the present invention,
a method of preparing an optical information recording
medium, prefer-ab,ly,' wherein Ge is used as the main -
component M of the barrier material, when 'the renctive_
sputtering is cai:ried out, the sputter gas is the Imix'e'd
gas containing at least Ar and N,, a sputter power density _-
is more than 1.27W/cm?, and a film forming rate is 18
nm/minute or more.

According to furthér aspect of the present invention,
a method of preparing an optical information recording
medium, preferably, wherein Ge is used as the main
component M of the barrier material, when the i:eactive
' sputter.i.n‘g' is carried out, the sputter gas is the mixed
gas containing at least Ar and N,, the f£ilm is fdrmed in
such a manner that the c;bmplex refractive index vhlu'e_ N+:i.k
' may satisfy the range 1.7 <n < 3.8, 0 s-k < 0.8. More
_ spécifically, when the bar.ﬁ:ier matt_érial layéf is formed
at the substrate side of the -récord.ing layerxr, such a filnl

forming- condition as to satisfy the range 1.7 < n < 2.8,
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0<k<0.3 is selected. When the iaarrier material layer

is formed at the side opposite to the substrate, such a

film forming condition as tosatisfy therangel.7<n<3.8,
0 <k 0.8 is selected.

According to further aspect of the present invention,
a method of preparing an optical information recording
medium, preferably, wherein at least one element among the
materials constituting the recording layer is used as the
main component of the 'ba_ri:ier material layer,. its single -
eleinent targ'ét, its nitride target, its nitriding-oxide
target or its oxide target is used, .so that the .r'eactivel
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 coni:aining the oxygen componeﬁt,
thereby the film is formed. |

Accoi:ding to further aspect of the présent invention,
a niethod of pfeparing an Optical ‘information fecording
mediutn, preferably, wherein the material itself
constituting fhe recording layer is used as it- is as the
ﬁain component of the barri'ej: material layer, the térget
for forming the recording layer, its nitride target, its
nitriding-oxide target, or its oxide targét is used, so
that tﬁe reactive SPﬁttéring is ca;:'riedl out the mixed gaé

of the rare Igas and the gas containing the niti:ogen
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component or the mixed gas of the rare gas and the gas
‘containing the nit;rogen.compqnent-and. the gas 'éontain’imj
the oxygen component, thereby the film is formed.

According to further aspect of the present invention,
a method of preparing an optical information recording
medium, preferably, wherein the material itsei'f
constituting the recofding 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, eitﬁer ‘a.
process of forming the recording layér in which the density
of the gas containing the nitride component in the sputter
gaé _is enhanced, or a process of forming the recording |
layer in which the densities of the gas containing the
nitride component and the gas containing the oxide
component are enhanced is used, thereby the recording
layer formation can be achieved.

According tb the abowe procésses, é supply of the
gas constituting the nitride component and the oxide
component may be stopped_wheh a recording layer portion

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

FIG. 1 is a cross-sectional view showing a

conventional structure of a phase change optical recordix_ig
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medium comprising four layers.

FIG. 2 is a cross-sectional view showing.an
structure example of an optical infsrmation recording
medium according to the present invention.

FIG. 3 is a cross—sectional view showing another
structure example of the optical information regbrding
medium according to the present invention.

. FIG. 4 is a cross-sectional view showing another
structure example of the optical information recording
medium according to the present invention.

FIG. 5 is a composition diagram for explaining an
. appropriate composition range of a Ge-N-layer or a Ge-
N;O material layer applied to the optical info;mation
recording medium according to the present_inventioh.

FIG. 6 shows a structure examplé 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
signai relafive to the optical information recording'
medlum accordlng to the present invention.

FIG. 8 shows another example of a laser'modulatlon
waveform for recording and reproduclng an information
signal relative'to the'optibal information :ecording |

medium'according to.the present invention.
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FIG. 9 shows another structhre of apparatus of
' preparing the optical information'recording medium by
'using the present invention..
FIG. 10 shows a difference of a repeating
characteristic by using a sputter gas pressure.
FIG. 11 shows the difference of the repeating
characteristic by ﬁsing the sputter gas pressure.
FIG. 12 shows a difference of an adhesiveness by
using the sputter gas pressure. | |
FIG. 13 shows the difference of thé'adhesiveness by
using the sputter gas-pfessure. |
FIG. 14 shows a relationship between a nitrogen
bartial préssure 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 total sputter

gas pressure and the optical constant.

Substrate

Protective layer
Recording layer
Protective layer

Metallic reflecting layer

O oW N

Overcoat layer
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49 Vacuum container

50 Air outlet

51 Gas supplying opening
53 Rotating apparatus

54 @ Sputter gate |

55  Cathode

BEST MODE FOR EXECUTING THE INVENTION

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

According to the eﬁbodiment, ‘a substrate 1 is a
disc-shaped polycarbondte resin substrate having a
thickness of 0.6 mm and a diameter of 120 mm. Since a
polycarbonate has such merits as a low humidity, a low cost
and the like, the polycarbonate is superior as a material
used for the subst_i:af._‘e. Aside fro‘l_n the polycarbonate
résin, a glass, an acrylic resin, a polyolefin resin, a
\}inyl chloride and the like can be also used. Although
a m.etal.can be also used, the medium must be designed in
such a manner that a light is incident from the side where
"a £ilm is formed. Any ﬁay, a kind of the substrate is not
limited to the preseht invention. |

A surface of the substrate i.s optically sufficiently'

flat. Furthermore, a spiral-shaped concave-convex
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groove track 7, for example, having'a depth of 70 nm, a
groove portion width of 0.74 pm and a land portion width
of 0.74 pm is formed all over the surface where a
multi-layer film. is formed. The concave-convex shape of
the groové is operated as a guide, thereby a laser beam
for recording. and reproducing an information signal can
be moved to an optional position. As a method of .guiding
th_e laser beam, a conf.inuous servo method using the
sbiral—shaped groove or a céncentridally fdrméd groove and |
a sample servo method tracing a périodic_ally_ ari:anged
signal pit sequence afe kﬁown. According to the méthod
of guiding the laser beam, although the groove is
" appropriately formed on the substrate 1, this does not also
relate to a substance of the present invention,
According to the. above embodiment, sequentially a
protective layer 2 comprising a ZnS-SioO, (Si(-)2 : 20 mol%)
mixture layer, a barrier layer 8 containing Ge-N or Ge-N-0,
a récording layer 3 comprising a Ge,Sb, ;Te; alloy thin £ilm,
a érotectiv_e layer 4 cdmprising a ZnS-8i0, (Si0, : 20 mol¥y)
mixture'layer and a metallic reflecting layer 5 is foimed
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 éame resin plaﬁé-as,the Sﬁbstrate 1 is

laminated as a defense plate 10. When the barrier layer
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8 is Ge—-N', in an order from the prcstective layer 2 to the
metallic reflecting layer 5, the thickness of each layef
is sequentially 91 nm, 5 nm, 20 nm, 18 nm and 150 nm,
respectively. When the barrier layer 8 is Ge-N-O,
similarly, the thic‘kness of each layer is seqﬁentially 86
nm, 20 nm, 20 nm, 18 nm and. 150 nm, respectively.

In general, the material forming the protective
layers 2 and 4 is a dielectricmaterial, which is sometimes
called a' dielectric protective layer. Aside from ZnS-—
8i0,, the materials which are conventionally used for the
protective layer of the optical_'recording medium can be '
applied to the protective layer as it is. For example,
an oxide layer comprising a single oxide or a compound
okide 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, 2r, etc., a su_lfidé layer comprising a sulfide
such as ZnS, PbS, etc., a serenide layer comprising ZnSe,
ete. , a carbide.layer comprising SiC, etc., a fluoride
cbmprisi'ng CaF,, Lal?, etc., or a mixture of the above
materials such as a material layer comprising ZnSe-5i0,,
Si—N-d, etc. can be used. |

'i‘he mafei:ia_.l forming the recording layer 3 is'a p_ha_se_
change material to be changed into a re'vérsiblé state by
reéeiving an irradiation of an energy beam such as a laser

beam_,' etc.. More specifically, preferably, the material
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is reversibly changed between an amorphous state and a
| crystalline state by the irradiation of the laserllighﬁ
.beam. Typically, a system containing Ge-Sb-Te, Ge-Te,
In-Sb-Te, Sb-Te, Ge-Sb-Te-Pd, Ag-Sb-In-Te, Ge-Bi-Sb-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—Sé—Co and the like, or the
system resulted from adding a gas admixture such as oicygen,
nitrogen,'etc. to these systems can be used.

When these thin 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 thé recording medium,
| thé recbrding fiinlbeing in the amorphous state when the :
film is formed is previously crystallized by using such
a method as a laser beam irradiation, a flush light

irradiation, or the like. The laser beam is thinly

focused, and the crystallized rec:;ording filmis irradiated
‘with the focused light beams Accordirigly‘, the irradiated
poftion is amorphized, so that the optical constant is
| changed, thereby the record is carried out. By the above
.change, the changed portion where the above record is .
carried out is irradiated with such a weakened laser beain
not as to further change the recording léyer. A vé.riation
of a reflecting light strength or the variation of a

transmitted light strength is detected, thereby the
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‘information is reproduced. when ihe information is
rewritten, the laser light beam is irradiated, éndlthé
amorphous portion is re¥crys'tallized, thereby a recordihg
mark is erased. After the erasure, a new recording mark
is formed. As described below, such an overwrite that an
erasure 6peration and a recording operation are carried
out during one rotation of the recording medium can be
performed..

As described above, the material layer'lodated'
between the'protective layer 2 and the recording layer 3
as the barrier layer 8 :"Ls operated in such a manner that
an atorhic diffusion and a chemical reaction between the
recbtding 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
péint and a higher density. Furthermore, it is necessary
that the material layer comprises the material which is
hard to react with the material constituting the recording
layer and the dielectr_ic'prote’ctive layer and to generate
the atomic diffusion. Moreover, it is nécessary' that the
material layer coniprises the material which is nbt peeied :
ffém any layers and further is hard to genetéte a crack,
etc... For example, the material provided with the above
characteristic among the nitride, the oxide, the carbide,

the nitriding-oxide, an carbide of oxygen, a carbide of
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nitrdgen and the like is appropriate.- Preferably, any |
material has slighti_l.y less oxygen and nitfogen than a
S£oichiome£ric compound composition. That is, for
example, wh(-_:n a stoichiometric nitrogen éompound
composition of the element M and the nitriding-oxide are
defined as M,N,, MN, -MO0,4 (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 barrief 1ayerlis applied at the side
opposite to the substrate of the recording layer,
preferably, M,sz (b2 < b) and MN,, -MO,, (b2 < b and d2
< d).

Accordingly, even in case of such a composition as
.8i-N, Al-N, Si-O-N, or the like, the composition is
expressed as S;; Nm; (ml s 4, preferably ml < 4), A]I.Nm2 (m2
< 1',- preferably m2 < i), |
S;3 Nm,~ S,0,, (m3 < 4 and md < 2, preferably m3 < 4 and m4
< 2, or m3 < 4 and m4 < 2), thereby there is increased a |
possibility that the composition éan 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 dif ferent from
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" that at the sidé opposit'e to the _subIStrate. The substrate
side of the recording layer has a relatively high
adhesivene_ss_, and the opbosite side has a low adhesiveness.
From an experimental result, when the barrier layer is
formed at the substrate side of the recording layer, it
is largely shifter from the stoichiometric composition.
That is, when the barrier material is represented by M X,
(where, M denotes an aggregate of non-gas elements M,
M,, .., and X denotes the aggregate of gas elements X,,
X,, ..), regarding a ratio of a gas component b/(a+b), the
ratio of the barrier material layer at the substrate side
is relatively higher than that of the barrier material
layer at the side opposite to the substrate. Accordi_ngly,
. 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 GeyN-O layer caﬁ only include at
‘least Ge and N or Ge, N and O. The Ge-N layer or the Ge-N-0
layer may also include other elements such as Ge-N—(O) ’
Ge-Si-N-(0), Ge-Sb-N-(0), Ge-Cr-N-(0), Ge-Ti-N-(0), or
the like. The. other elements are, for example, Al, B, Ba,
Bi, 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, 2Zn, Zr,

or the like.
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Furthermore, as described below, the material
forming the barrier layer may be replaced by the nitride
and the nitriding-oxide of the material composing |
recording laYer. For example, when the main component of
the recording layer consists of three elemenrs among Ag,
In, Sb and Te, an interface layer can be Ag-N-(0), Sb-
N-(0), In-N-(0), Te~-N-(0) or a mixture of them such as
Ag-Sb-N-(0). When the main component of the recording
layer is Te-Si-Ge, Si—N-(O), Ge-N-(0), e—N-(O) or the
mixture of them may be, for example, Ge-Sl-N—(O) . Cr and
Al are added to Ge-N and Ge-N-0, thereby the adhesiveness
can be enhanced. More specifically, the addition of Cr
enables to obtain a remarkable effect. At an additive
density of about 5% or more, the adhesiveness can be
enhanced. A preparing condition.which can form the
barrier layer having an excellent adhesiveness is expanded.
When the additive density exceeds 50%, the cycle
performance tends to be reduced.

| 'I'he reflecting layer 5 comprises the mater:l.al having
a high reflectance and a low corrosiveness. Instead of .
~an Al-Cr alloy, a single Au, Al, Ag, Pd, Ni, Cr,.Ta,-Ti,
si, Co, e_,tc.- or the alloy whose base consists of them cen
be used. For example, Au-Cr, Au-Co, Al—fa, Al-Ti, Ag-
Cr, Au-Pd, and the like preferable.- ' |

According to the above explanation, as a position
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where the barxier layer is appliéé, such an example that
the barrier layer is applied to the interface between the
. dielectric protective layer at the substrate side and the
recording layer is shown. Aside_ from the exa’mple. of FIG.
2, there are different variation_s shown in Figs. 3A to 3H
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, whenlthe barriér-layer_is used, even
if not only the barriér lajrer is used at the substrate side
of the récording,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.
Furthérmore, even if this layer is applied all over
a lower protective layer (shown in FIG. 3D), all over an
uppér 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'uéing
the barrier materiai” , the similar effect can be obﬁaineda
For example, in FIG. 3F, the total dielectric protective
layers 2 and 4 at both sides of the recording layérl3 are

formed by the material layer containing the barrier
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material, Ge-N or Ge-N-O. 1In th{s case; this.material
layer.has a numeral 8. |

Furthermore, according to such a structure that the
bérrier layer (where, a Ge—Nﬂlayer.or a Ge-N-0 layer) is
used at the substrate side of the recording layer 3 and
the total protective layer 4 comprises the barrier
material (where, the Ge-N layer or the Ge-N-O layer) at
the side of the reflecting layer 5 (shown in FIG. 3G), the
similar effect can be obtained. On the contrary;
according to such a structure that the-total protective
layer 2 comprises the barrier material (where, thé Ge-
N layef or the Ge-NFO layer) at the su_bstraﬁe side and the
barrier layer (where, the Ge-N layer..or the Ge-N-0O layer)
~ is applied at the reflecting layer side (shown in FIG. 3H),
the similar effect can be obtained.

The upper prétective layer is thinned, thereby the
stfucture is designed in such.a.manhe; that the distance
-between the recording 1aYar and the metallic'reflecting
layer is reduced. This struéture is called a quenching
structure; According to the quenching structure, if two
or:more layers are formed at the upper side, siﬁce'very
thin layers must be _déposited, two or more layers are not
preferable in view of an accuracy administration lof a film
thickness, thereby it is difficult to prepare. In this

- case, the upper side comprises a single Ge-N layer or
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Ge—N-O layer, thereby there is genérated such a merit that
it ié easy to prepare.

FIG. 4 shows the structure when the reflecting layer
is removed from the structure in FIG. 3. Figs. 4A to 4H
correspond to Figs. 3A to 3H. Furthermore, accordihg to
the structures shown in Figs. 3 and 4, in various views,
such a structure that a semitrarisparent reflecting layer
comprising Au and a semiconductor material (for example,
Si, Ge or the alloy whose base is Si, Ge) is added to the
-substrate side (the side which the light is irii:ident on).
of the recording layer éan Be used (not shown). :

| Figs 3 and 4 show such a'strucfure that an uppermost

layer is provided with the overcoat layer 6. The overcoat
layer 6 is only disposed in order to suppress an influence
due to water, dusts and the like relative to the protective
layer and the recording layer of the optical information
recording medium. Accordingly, for example, such a
structure that a dummy substrate is laminated, such a
structure that two plates ar.e laminated with the over coat
- layer surface faced to an inner side, or the like is
appropriately used according to a usual method.
Furthermore, although the drawing is omitted, in order to |
laminate plates, a hot melt adhe_siv‘e and the adliesive of .
the u;traviolet curing resin or -the like are applied.

In order that the cycle performance can be enhanced,
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more effectively, the barrier layer 8, that is, the Ge-N
layer or the Ge-N-O layer is formed at the substrate 1 side
of the recording layer 3. Since the laser beam is incident
on the substrate side, a temperature at the substrate side
tends to rise, thereby the composition 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 refledting layer side of the recording layer, in
addition to such a merit as to enhance thé cycle
performance, such a merit as to .enhance the erasure
performance can be obﬁained, 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 (usually, the
reflecting layer side) where a cooling starts is a
: principal factor for determin:i_.ng the condition o_f a
génerated amorphous solid.. That-is, it is assumed thaﬁ
the barrier layer enables to suppress the atomic diffusion
from the protectivé layer to the recording layer, the

recording film composition at the interface is also held
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by_ a cycle record, or the like.

Accordingly, since the substrate 1 comprises the
material such as the metal in which the light cannot be
trans’mittéd, when the light cannot be incident from the
substrate side, note that this case is contrary to the
above description. That is, in this 'éase, in ofder that
the cycle performance may be enhanced,: effectiirely, the

barrier layer, that is, the Ge-N layer or the Ge-N-O layer

~ is formed at the side opposite to the substrate 1 of the

recording layer 3. On the other hand, in order that the
erasure performance may be enhanced , effectively, the

barrier layer, that is, the Ge-N layer or the Ge-N-O layer
is formed at the substrate 1 side of the recording layef:
3. - Any way, if the Ge-N layer or the Ge-N-0O iayer 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. 3Ato 3Hand Figs. 4A'tp 4H. 1Inthe table, Sub denotes

a substrate, DL denotes a protective layer, BL denotes a
barrier layer (GeNO), AL denotes .;a recording layer, RL
denotes a reflecting la_yer, and OC denotes an overcoat
layer. Furthermore, in the protective layer, the layer
applying the barrief material, that'is, the Ge-N layer or
the Ge-;N—O layer is repre,seniied'by DL(GeNO), and the léyer

not applying the barrier material layer. is represented by
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"only DL.

Table 1 An example of layer structures of the recording

medium
FIG. layer structures
3A Sub|DL  |BL(GeNO) |AL| DL
|RL|OC |
3B Sub | DL |AL|BL(GeNO) |pL
|rL|OC
3C Sub | DL | BL (GeNO) . |AL|BL(GeNO)
|pL -~ |ru]oc -
" 3D | Sub|DL(GeNO) ' |aL| | oL,
|RL|oOC
3E Sub|DL |an| | DL(GeNO)
" |rL]oOC :
3F Sub | DL (GeNO) |AL] | DL (GeNO)
|RL|oc |
3¢ | sub|DL  |BL(GeNO) |AL| DL(GeNO)
Irnjoc
3H | Sub|DL(GeNO) | ~ |AL|BL(GeNO)
| oL |rL|OC :
4n | Sub|DL  |BL(GeNO) |aL] DL
|oc - .
- 4B | sub|pL | AL | BL (GeNO) oL
| 1 Joc _ : | . |
4C . | Sub|DL |BL(GeNO) IALIBL(GeNO)
b Joc - S
4D Sub|DL(GeNO) ' ' |an| DL -
E Ioc . - . '
4E Sub | DL *|AL| ~ DL(GeNO) |oOC
4F Sub|DL(GeNO) ~ |aL| DL(GeNO)
- |oc | -
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4G Sub | DL | BL (GeNO) |AL| DL(GeNO)

joc | - |
4H | Sub|DL(GeNO) " |AL|BL(GeNO)
| DL |oc

Next, as a typical barrier material, an appropfiate
composition range of the Ge-N layer or the Ge-N-O layer
will be described below. FIG. 4(sic) is a'tfiéngular
diagram showing the_composition-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 valué
of 35% to 40%. If the lowest limit value is.reducéd tb |
less than 35% to 40%, the adhesivéness to the recording
léyer is reduced. According to an acceleration enviro
nment test, a peeling phenomenon are exhibited.:

Furthermore, the Ge density has a supremum value of
about 90%. If the supremumvalue exce_eds 90% , in a'prdcess
of repeating recording and_eraéin_g, Ge is included in 1;.he
~ recording film, thereby the cycle performance tends to be
reducéd; The appropriate Ge density.in c'aSe that the Ge-N
layer is formed at the substrate side of the recotding
layer is more or less different from thét ih case that.'the
~Ge-N layer is formed at side opposite to the substraté.
The latter is little more highly éet than the former,

thereby the adhesiveness is higher.
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For éxample, the appropriaté region_of the Ge
density of the former is 35% to 60%, on one hand, the'
appropriate region of the latter is 40% to 90% (preferably,

l40% to 65%). When the former and the latter are.formed
under the same condition, the appropriate Ge density is
ranging from 40% to 60%. According to the presént
ihvention, since it is not nec_:essai:"y that both 6f them 'aré .
formed under the-same condition, the appropriate Ge
density whose is w‘ithin the range from 35% to 90%
(preferably, from 35% to.65%) is the effective composition
region. Within the réngé from 65% to 90%, the cycle.
performance tends to be relatively reduced. |

Ge—-N-O system conté.ining 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 BS, Cl to C5,
D1 to D5, El to ES, F1 to F5, Gl to G5 and Hl to H3.
B2 (Ge89.7N9.800.5), B3_(Ge86.6N6;706.7); B4 .
(Ge83.4N3.3013.3),
| C2 (Ge64.4N33.801.8), C3 (Ge58.8N20,6020.6), c4
(Ge53.9N9.2036.9), | '

D2 (Ge59.5N38.502.0), D3 (Ge53.8N23.1023.1), D4
(Ged8.8N10.2041.0),
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- E2 (Ge49.6N47;902.5), E3 (Ge45.4N27.3027.3), E4
(Ge42.3N11.5046.2), |

F2 (Ge42.4N54.702.9), F3 (Ge38_. 4N30.8030.8), F4
(Ge35.5N12.9051.6), and '

G2 (Ge34.8N62.003.2), ¢3 (Ge32.6N33.7033.7), G4
(Ge31.1N13.8055.1) are defined as the compositioﬁ points
at which the following composition lines crosses one
another. The composition lines aré as follows:

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

(Ge80.0N20.0), | | |

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

(Ge50.0N50.0), |

a compositidn line D1-D5 connecting the composition
point D1 (Ge60 ON40. 0) to the comp051t10n point D5

(Ge45 ON55.0),

a composition l:Lne ElrES connectJ.ng the composition
-point El (Ge50.0N50.0) to the composition point E5
(Ge40.0N60.0),

a compos:l.tJ.on line F1-F5 connectlng the composition
: point F1 (Ge42 9N57. 1) to the comp051tlon p01nt F5
(Ge33.3N66.7),

a compo'sition line G1-G5 .co:ﬂneéting the composition

point Gl (Ge35.0N65.0) to the composition point G5
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(Ge30.0N70.0),

a cdmposition line Al-H2 cqnnecting the composition
point Al (Gel00) to the composition point H2 (N95.005.0),

a composition line A1-H3 connecting the composition
 point Al (Gel00) to the composition point H3 (N50.0050.0),
and | |

a composition line A1-H4 connecting the composition
point Al (GélOO) to the composition point H4 (N20.0080.0).

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

Similarly to the caée of the Ge-N layer, in case of
the Ge-N-0 layer, when the ,barrie_f layer is formed at the
side opposite to the substr;ate' of the recdrding layer (at
the side which the laser beam is not _inci_d_eﬁt on), in the
pfoc_:e.ss of recording and erasing, th_ere is' less - |
po‘séibility that the Ge atom is included in the récordir_lg
layer. Accordingly, the layer can be app_lieq to the
composition region whose Ge density is considerably hi.gh;

On the contrary, when the barrier layer is formed at the
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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.
Accordingly, it is not preferable that the iayer is applied
to the composition région whose Ge density is considerably
high. | |
Accordingly, even within the composition regibn .

Bl1-B4-G4-Gl1l, when the barrier layer is formed at the

substrate side of the recording layer (at the side which

the l.aser beam is incident on), the composition region
surrounded by thé four composition points, D1, D4, G4, Gl
'is preférabie. When the barrier layer is formed at the side
6pposite to the substrate of the recording layer '(a{: the
sid_e which the laser beam is not.incidenf on), the
composition region surrounded thé four composition points
Bl, B4, F4, Fl (preferably, C1,IC4," F4, Fl) is more
preferable. |

When the Ge density exceeds the composition line
Bl1-B4, there is more possibility that the Ge atom is

‘included in the recording layer, thereby sometimes the

characteristic of the recording layer is changed. On the

contrary, when the Ge density is too less than _the.
composition line G1-G4, gas-state oxygen and nitrogen
included in the film are increased. Accordingly, for

example, when a laser-heating is performed, the oxygen and
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nitrogen is outgassed relative tc; the interface to the
recording layer, therebf sometimes there is occurred such
a problem that the Ge-N-0O protective layer is peeled from
the recording layer, etc.. Howevei':, any way, if the
Ge—'N—o protective layer is formed at least one side of the
recording layer, a predetermined effect can be obtained.
The component ratio of oxygen to nitrogen can be

selected according to the'optical constant (refractivé
index) .when the structure of a recording devit_:e is
determined. For example, in case of G'e3l~l,,-'Ge02 |
coi'npositioxi 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 largef they'become . The closer the real
part n and the imaginary part k approach to the G.eo2 side,
the smaller t_hey become. Accordingly, when larger n, k
are necessary, the composition containing much nitrogen
can be selected. When smaller n, k are necessary, the
composition containing _muqih oxygen can be selected.

- However, the higher the GeO, density.becomes, the -
- lower the melt_ing point o'f. the film becomes. When the
" melting point be_comes‘-tbo low, since a d_eformation is
occurred due to the 'repeated laser.:.i.rradiation, and the
prbtective' layer is mixed with the recbr‘din'g- layer, an
excessively low melting point is not. preferable é.s thé

protective layer. Furthermore , since GeO, itself is
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subject to melt into water, when .Geoz | density' bécomes
higher, there is such a problem £hat_ a moisture-proof of
the protective layer ._is reduced.

In the composition region surrounded by the
composition points Bl, B4, G4, Gl (in addition to the
composition points Bl, B4, Cl, C4, G4, Gl, for example
Ge35N30035, Ge37N18045, Ge40ON5505), the good moisture-
proof and cycle performance can be confirmed. In view of
a repeating perfornian‘ce, in the region' B1¥B3-G3—G1 having
a relatively less oxygen component (in additio_n to the
composition points Bl, B3, G3, Gl1, for example Ge40N40020,
Ge42N5305, Ge35N35030), a good repeating performance can
be confirmed.

In the composition whose oxygen densi{:y is low, _for.
example, in the composition having a less oxygen component
than the composition line Al-H2, the rigidity becomes
lit.tle larger. Accordingly, compared to the composition
“having more oxygen component, the composition having less

.oxygen density has a little tendency to generate the crack
_ &nd the peeling. However, a little oxygen is added to the
c.ompositio'n hav:i.ng. less oxygen density, thereby such an
effect that the peeling and the crack are prevented ca;n.
be 6btained. As described.below, even in the c.omposit'ion
having less oxygen than thé cbmpositiof;' line Al-H2, if the

thickness of the Ge-N-(0) layer is about 300 nm, there is
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no practical probl'em.' .Accordingl.y, this region can be_
.applied.
When the Ge-N layer or the Ge-N-O layer is applied
to the barrier layer, the £ilm thickness thereof is needed
to be aﬁ least 1 nm or more, preferablj 2 nm or more, more
preferably 5 nm or more. When the film thickness is less
- than 1 nm, such an effect that the diffusion is suﬁp_r'essed
is reduced. Furthermore, the difference between 2 nm and
5 nm is an allowance relative to thé power. Even if the.
thlckness of 5 nm needs a hJ.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 moi:e, the above effect can
be more reproducibly obtained.
| When the Ge=N layer or the Ge-N-O .'layer is used as

"the protective layer,. it is necessary that the thick'ness
thereof is formed in such a manner that it is thickér than
thickness < >£ the layer uSed for the barrier layer. in

éase lofla' usual thical' disk, the film thickness of the
| dielectfic protective layer can be only formed in order
_-to have at most 300 nm. Accordlngly, the thJ.ckness of
about 300 nm is applied to the fJ.lm thickness of the Ge—N

protect:.ve laye-r or the Ge-N-O protective layer . In case
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of Ge-N layer or the Ge-N-O layer; there is no problem,
amd the crack and the like are not observed. Furthermore,
in this point of view, there is such an advantage that ﬁhe
material system containing oxygen is not subject té crack.
It is assumed that oxygen is included; thereby a structure
- flexibility is enhanced.

Next, a method of préparing the optidal information
recording medium will be explained. The multi-layexr f£ilm
constituting the recordin_g"medium according to the present
invention can be formed by a gaé phase 'déposition method
such as a vacuum deposition method, DC sputtering method .
a magnetron sputtering niethod, a laser sputtering method,
"an ion plating method, a CVD method and the like. Here ,
the example usinQ the DC spﬁttering method and the
magnetron sputtering meﬁhod will be described.

FIG. 6 shows an embodiment of an'apparatus for
preparing the optical information recording medium. FIG.
6 shows a generally schematic structure. Inlthe first
place, a vacuum tank 11 of a sputter chamber is a positive
electrode. The vaéuum:tank 11 is.connected to a plus of
a di.fect current power source 13 via a power _s'oufce switcﬁ:
12. Furthermore, thé vaéuum tank illis switching-

- connected to a matching circuit 15 connected to a-

. hj.gh¥-frequency power source '14. Thereby, both of the DC |

sputtering using a direct current discharge and an RF
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spﬁttering usiﬁg a high-frequency discharge canbe carried
out. The matching circuit 15 matches an impedance in the
s_puttér chamber to the impedance at the power source.

A bottom portion of the vacuum tank 11 is provided
with four negative electrodes 16, 17, 18, 19 (negative
electrodes 18, 19 noi: shown) which also serve as a water
cooler. Aninsulatingmaterial 44 is disposed around each
negative electrode 16, 17,_ 18, 19-;- thereby the negative
‘electrodes 16, 17, 18, 19 are insulated from the positive
electfode. Furthermore, the negative electrodes 16, 17,
18,19 can be grouﬁded_ via _switches 20, 21, '22, 23 (switches
22, 23 not shown). | _ | _

'A Ge-Sb-Te alloy target 45 bonded to a copper baéking
plate, a ZnS-Si0, (8i0, : 20 mol%) mixture target 46, an
Al-Cr (Cr : 3 atoms%) alloy target 47 and a Ge target 48
are fixed to the negative electrodes 16, 17, 18, 19 via
an O ring by- a screw, respe,ctively.' Each target is
disc-shaped, having a diameter of '100 mm and a thickﬁess
of 6 mm. Furthermore, é permanent magnet (not shown) is
. accommodated in the negai:ive electrodes 16, 17, 18, 19,
thereby a magnetron discharge can _be carried out.
| An air outlet 24 is disposed at a side sur’face the |
vacuum tank 11. A vacﬁum pump 26 is connected to thé air
outlet 24 via a pipe 25, thereby an exhauét’ can be 'cafried

out in such a manner that the sputter chamber is high vacuum.
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An upper éortion of the vacuum taﬁk 11 is provided with
a rotating apparatus 27. A disk holder 29 is mounted to
a rotary shaft 28 of the rotating apparatus 27. The
substrate 1 is attached to the disk holder 29. A numeré.l
30 denotes a shutter. The shutter 30 is closed so that
a_pre—sbutter is carried out. Furthermore, the shutter
30 is opened and closed, thereby a sputter start and a
sputter completion are contrblled.

One side ofla.gas pipe 31'for providing a spuﬁter
gas is connected to the vacuum tank 11,. The other side
of the gas pipe 31 is connected to an Ar gas. cylinder 40,
a Kr gas cylinder 41, an 02 gas cylinder 42 and an N, gas
| cylinder 43 via amass flow meters 32,_ 33, 34, 35 '-and v_a'Iveé |
36, 37, 38,‘39, respectively. Thereby, aside from the
usual sputtering in an Ar gas atmosphere, the sputtering
in a Kr gas atmosphere, a mixed gas of Ar gas, Kr gas and
N, gas atmosphere (for example, Ar+N,), a mixed gas of Ar
gas, Kr gas, N, gas and O,rgas atmosphere (for example,
Ar+ N,+0,) can be carried out. The gés containing the
nitrogen compoheht is ndt limited ﬁo the N, gas, for example ‘
ammohia; etec. is also-included in the gas containihg the -
nitrogen component.' However, considering an apparatus
contamination_, etc., in general, .the' Nz gas is preferable. . -
Wheh the Ge-N-O layer is formed, N, O, NO, 'Noz. or the like |

is used as the gas containing both of N and O, ‘and the
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spﬁttering can be also carried out‘ in the mixed gas of Ar
-and them.

The method of preparing the optical information
recording medium having the structure shown in FIG. 3A as
an embodiment of the optical information fecordi‘ng medium
according to the present invention by.usin'g this_ apparatus
will be described below. Here, simultaneously, suéh 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 iay_er will be explained (henceforth, in case of
no particular explanation, an explanation is made in an
order of Ge-N, Ge-N-O). |
. In the first place, the vacuum pﬁmp 26 is 5ctuated,
thereby the vacuum tank is exhausted to a high vacuum of

1 x 107 Torr or less. Néxt-, a main valve .is throttled,

and é.t the same time, Ar gas is introduced into the vacuum
tank, thereby a degree of vacuum reéches to 1 mTorr. The’
disk holder 29 is rotated, and the power source switch is )
turned on, thereby RF discharge ié stérted by the ZnsS-
Si0, target 46 and the negative electrode 17. The |
pfe—sputter is carried out with 500W power foi_: five minutes,
and after the discharge is stabled, the shutter 30 is
opened. After a ZnS—.S:i.O2 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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30 is closed. The protective lay'er 2 comprising the
ZnS-Si0, film is formed on the substrate 1 provided Witli .
the groove track portion 7. | |

' Afte_r the discharge is cOmplleted, once the main
valve is entirely opened, the degree of vacuum is returned

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 to_tal 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 iare—
sputtering, the shutter 30 is opened, and the reactivé
éputter is carried out with SOOﬁ. The barrier layer 8
whose main éomponent is Ge-N having a predetermined
thickness (according to the embodiment, as described above,
5 nm or 20 nm) is formed on the previously formed ZnS-
Si0, protective layer 2 (since the opening and closing
ope'rati_on 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 Nz gas and the 0, gas
can be only introduced at the pres_sﬁre;ratib of 49.5% to
- 49.5% to 1%. Only this poin'l;,' is different from the above

case, Similarly, the succeeding process is carried out.

-59.



Since Ge has more tendency tc; form the oxide rather
than the nitride, for example, the O, density can be set
considerably less than the N, density. In some cases, the |
mixed gas of the Ar gas and thé gas containing an N
component can be only used as an introducing gas, thereby |
the Ge-N film containing oxygen, that is, the Ge-N-O layer
- can be formed. 1In this case, such an administration that
the degree of vacuum is set within a predetermined range
before introducing the gas, etc. is carried out, therebj
the O density it; the Ge-N-0 layer can be controlled in such
a manner that a desired O denéity is obtained.

The composition of the Ge-N layer and the Ge-N-O
layer can be identified by a combination of an auger
electron spectral.mefhod (RES), 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, Gé40 N40 020,
reépectively. r

Next, DC discharge is started by the Ge-Sb-Te targét
45 and the negative electrode 16, thereby the recording
- layer 3 ié formed.- Thg Ar gés is introduced so that the
degree of vacuum.is set to 0.5 mTorr. The sputtering is
carried out wiﬁh 100W power in suéh a manner fhat a
predetermined £ilm thicknes s (according £o the embodiinenf: p

~as described ébove, 20 nm) é,an be obtained. ‘The formed
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i'ecording layer 3 is iﬁ amorphoué state.

Next, the ZnS-Si0, £ilm of the upper protective layer
4 is formed under the same condition as the lower
profective layer 2 of a first layer in such a manner that
a predetermined film thickness (according to the
embodiment, as described above, 18 nm) can be obtained.
Finally, the Al-Cr target 47 is CD sputtered in the Ar gas
atmoéphere of 2 mTorr with 300W power; The Al-Cr alloy
film of the metal.lic reflecting layer 5 is also deposited
at a predetermined thickness (according ﬁo the embodiment,
as described above, 150 nm), thereby the multi-layer £ilm
having a predetermined five-layer structure is formed on
the substrate 1.

The formed medium is 'taker; out the vacuuﬁ tank 11,
and the inetallic reflecting layer 5 is covered with the
ultraviolet curing resin. The dummy substrate is
laminated on the covered mefallic reflecting layer 5 so
carefully not as to generate a bubble. In this state, the
ultraviolet is irradiated, and a coated layer of the
ultraviolet curing resin is cured, thereby an- adhesive
structure provided with a contact layer 9 and a protective
defense platell.

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

is used as the target, and the mixed gas of the Ar gas and
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the nitrogen gas or the mixed gaé of the Ar gas, the
nitrogen gas and the oxygen gas are used so that the film
is formed by the reactive sputtering method. However,
there are other methods.

Other methods are as follows. Instead of the metal
Ge, a Ge-N compound (preferably, Geﬁh) is used as the
target. The reaétive sputtering is carried out in the
mixed gas containing the rare gas and the nitrogen so that
the film is prepared. Furthermore, a Ge~O compound
(preferably, GeO, GeO,) is.uséd as the target. The
reactive sputtering is carried oﬁt in the niixed 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-O compound (for example, the compound of Ge,N, and'
GeO, or Ge0O) is used as.the target. The reactive
sputter'ing 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¥containing gas and the
oxygen—cdntaining gas so that the film is formed.

" When the filmis formed, in case that impurifies such’
as Ar, H, 8i, C, etc. cdntained in the sputter gas and the
chamber are contained in the barrier layer 8, if the
impurity density is 10 at % or less, the similar effect

to the case that the impurity is not contained can be
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obtained. That is, preferably,_fhe impurity density
contained in the nitride and thé oxide forming the barrier
layer 8 is about 10 at % or less. In case of an.adlmixture
for positively enhancing the characteristic, the density
is not limitéd to this range. For example, Cr can be added
up to the same density as the Ge den_sit_y at maximum, therebﬁr
Cr largely contributes to enhancing the adhesivéness-to
the recording layer, etc..

As a second method of forming the bafrier layer, for
example, the material of the recording layer is applied
to the target, and the nitride and niﬁriding—oxide'being
theconstituentelementsoftherecordinglayeraréformed,.
thereby the bafrier layer can be formed. For example, in
case of a Ge—-Sb-Te system recording iayer, the Ge-Te-Sb
é.lloy target is used so that Ge-Sb—,Te—N' and Ge-Sb-Te—N-b
can bé fofmed. In case of this method, for example, in
the first place, after the protective layer is formed, the
Ge-Sb-Te target is used, and the reactive sputtering is
carried out in the mixed gas of Ar+N,, thereby the Ge-
Sb-Te—N film is formed in order to have a predeterﬁined

' thickness. After then, Ar is used as the sputter gas, and
the Ge-Sh-Te recording layer is formed. By this process,
only one target is used, thereby the barrier layer ard the
recording ‘layer can be formed.

- According to the embodiment, such an example that
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the process of forming the recording layer is performed
in inactive gas is shoﬁn. The nitrogen can be contained
in the recording layer. In this case, the N, partial
pressure is approﬁriatély adjusted. In case of forming
the recording layer, compared to the case of forming the
barrier layer, a low N, denéity is selected, thereby the
recording layér containing the nitrogen and the barrier
layer can be laminated. Here, the example of preparing
tﬁe optical information recording medium haviﬁg'the
si:i:ucture shown in FIG. 3A is shown. For example, as shown
in fIG. 3F, in case of the structure having the pi:otegtive
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 according to the above process.
Furthermore, for example; as shown in FIG. 3E, when
the protective layer comprising the barrier material is
formed on only the upper surface of the recording layer
3, naturally, the films can be formed in the order of the
-recording layer, the protective layer comprising the
nitride and nitridihg-okide. In case of this method,
since the composition of the recording layer is common to
that of the barrier layer or the protective layer. there

is less fear that the chemical reaction and the
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interdiffusion are occurred. Accbrdingly, a higher
adhesiveness can be easily obtained. Extendingthis view,
for exémple  when the Ge—Sb—Te recording layer is used,
it is advantageous that the constituent elements of the
Ge-Sb-Te recording layer, that is, the nitride and
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-O and Sb-N, Sb-N-O can be selecfively
independently formed, respectively. In any case, the
effect corresponding to the Ge-N-0 layer can be obtained.
In case of the barrier layer and the protective layer using
the nitride and the nitriding-oxide, for example, as shown
by the case of Ge-N-O, the composition ration of the
nitrogep element, the oxygen elemem; and the metal element
is not limited to the ét_oichiometric compoéition. .
According to the present inventioﬂ, when a heat is
applied, in the constituent:element of the recording layer
and/or the constituent element of the dielectric material
layer, a material movement is suppressed. The layer
having a higher adhesiveness to the recording layer and/or
the die,lect.:ric' material layer is adhesively formed on at
least one surface of the redording'.laYer. If lthis
requirement can be only satisfied, the constituent element

of the recorxding layer is not limited to nitriding—ox’_i_de.
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Accordingly, even if the constitﬁent element of the
recording layer is a carbide or a fluoride, the constituent
 element can be applied. For example, the constituent
element of the recording layer may be same as the
constituent element (for example, Zn-N, Zn—-N-0O, etc.) of
- the dielectric protective 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 do not contain Ge are used
as the recording material, the Ge-N film and the Ge-N-
0 film are effective. |

Next, the formed recording medium is initialized.
The initialization is carried out by the laser irradiation,
aé 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 pym x 100
pm (a half value width) is formed on the disk. The disk

medium is located in such a manner that the 10ngitudi‘na1
direction of the oblong spot thereof,is a radius direction.
The crystallization is sequentially carried oﬁt at a pi_tch
of 30 pm/ rota.tion. from'.an outer d_i'_ameter to an inner

diameter.
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Thereby, the method of preﬁaring the optical
information recording medium according to one embodiment
of the present invention is shown. If the number of layers
and the layer thickness of the disk are changed, the above
method is substantially similar. Furthermore, the medium
having various structures as shown in Figs. 3A to 3H and
Figs. 4A to 4H can be similarly forméd.

Furthermore, a disk comprising a plurality of
laminated recording layers in whidh a multi--layer
recording can be carried out, aﬁd a disk compriéing two
laminated disks with rear surfaces thereof in which the
record.can be reproduced at both Sidé_s can be applied to
the present invention.

Next, the signal is recorded on the optical
information medium prepared by the above method, and the
method of reproducing the record will be explained. In
order to estimate the recording and reproducing
characteristic, a deck is uged. The deck is provided with _
a semiconductor laser light source whosé wavelength is 680
nm, an optical head mounting an objeétive lens whose
numerical aperture is 0.6, a linear motor for guiding the
optical head to- an optional _pbsition 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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the optical head and for irradiaéing a recording £ilm
surface with a laser spot, a circuit for the.focusing servo
mechanism, a laser drive circuit for mbdulating a.power
of the laser, a time interval analyzer for measuring a
jitter value of the reproduced signal, and a rotation
control mechanism for rotating the optical disk.

When the signal is recqrded or overwritten, in the
first place, the disk is rotated at a predetermined rate.
The linear motor is operated so that the optiéal head is
moved to the optional track position. Next, the focusing
servo mechanism is operated so that the laser séot is
focused on the recording-fi,lm surface. | Next , the tracking
servo mechanism is operated so that the‘laser beam is
tracked to an optional track. Next, the laser drive
circuit is operated so that the power of the outputted
laser is modulated correspondingl to the information signal
between an amorphizing pulse portion having a power level
whose irradiation energy is relatively high and a

crystallizing pulse portion having a power level whose
irradiation energy is relatively low, as shown in FIG. 7.
The optical information recording medium is irradiated
with the laser beam, thereby such a state that an a;_norphous
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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After the irradiated portion iﬁ the amorphizing pulse
portion is melted in an instant, the portion is quenched,
thereby the portion is in the amorphous state. the
irradiated portion in the crystallizing pulse portion is
annealed, thereby the portion is in the crystalline state.

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

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

that the pulse has the power level 'le'ss than the
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reproducing power level is neceséarily provided before
and/or after the amorphizing .pulse,- or the waveforms as
shown in (A) to (E) are combined to one another, etc..
Thereby, various recording systems, reproducing systems
and erasure systems can be applied.

A signal system is EFM, a shortest recording mark

length is 0.61 um, 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 récording radius is 28 |
mm (linear rate 6m/s), the overwrite. of a random signal
for recording a mark length within the range from 3T to
11T on the groove track is repeated. The change of the

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

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

For a comparison, three kinds of disks (&), (B), (C)
are made on an experimental basis and estimated. The
disks are as follows: (A) two disks comprising the
- structure according to the embodiment (adisk Al is a Ge;-N
barrier layer disk, a disk A2 is Ia_ Ge-N-O barrier layér
disk),. (B) a disk comprising a coﬂventional 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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comprising' the conventional struéture in which an Si;N,
interface layer is formed instead of the Ge-N barrier layer
. or the Ge-N-O barrier layer of the disk (A) according to
the embodiment. |

According to a first estimate j.te:n, after the record
is repeated at 100,000 times, the jitter value (measured
by such a method that the jitter. between each mark ffont
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 th.an 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

repeat:'lng,' the jitter slightiy exceeds the reference value

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

repeating, the jitter value already exceeds the reference

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

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

than 12.8%.
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According to a second estin;ate item, after
100,000-time repeating in the above experimental track,
the amplitude value is observed, and the result is
estimated. Such a case that less change is found is

represented by ©. Such a case that about 10% change is
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 reduced to more than 20% is

represented by X.

A third estimate item is a weather-proof . After the
disks ére 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 experimentai_l 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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Table 2 Result 1 of comparing the characteristics of
the optical disk applying the barrier layer
according to the present invention to those of the

- prior art
_ 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,'the
result of a comparative test is shown. A disk .'(D)
comprising the structure shown in FIG. 3B in which the
barrier layer is used only at the reflecting layer side
of the recording layer in the table 1, and a disk (E)
comprising the structure shown in FIG. 3C in which the
barrier layer is used at both sides of the'recording layer

are produced by the above .method. The disks (D) and (E)
| are initialized. The composition of the reflecting layer
and the recording layér is same as th#t of the disks (A)
and (B).

The disks (D1) and (D2) comprié,es a laminated-layer
structure, in which a ZnS-S:i;'O2 protective layer (86 nm),

a Ge-Sb-Te recording laj(er (20 nm), a Ge—-N or Ge-N-O
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barrier layer (5 nm), an Zns—siog pf:otective layer (18 nm)
and an Al-Cr reflecting layer (150 nm) on the substrate.
The disks (El) and (E2) comprises a laminated-layer
structure, in which a 2nS-Si0O, protective layér (86 nm),
a Ge-N or Ge-N-O barrier layer (5 nm), a Ge-Sb-Te recording
layer (20 nm), a Ge-N or Ge-N-O barrier layer (5 nm),
ZnS—-Si0, protective layer (12 nm), and an A1-Cr reflecting
layer (150 nm).

| Here, when the Ge-N layér or the Ge-N-O layer is
formed at the reflecting layer side of the recording layer,
compared to the case t_hat the Ge~-N layer or the Ge-N-0 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-0O layer at the reflecting layer side is Ge60 N30
010. - | |

The disks (A) to (E) are rotated at the linear rate

6m/s, and the result is recorded ;ccotding to the abbye
method. Here, a single signal having a 3T mark length is
 recorded. And after C/N ratio is measured, immediately

the overwrite of a 11T signal is recorded. Thereby the
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3T signal is erased, and a damping factor ratio (a degree
of erasure) is measured. Next, after another signal is

recorded, the disks are left to stand in a dryer at 90° , -

the overwrite of the 11T signal is recorded, and the degree
of erasure is measured. The leaving time is two
conditions, that is, 100 hours and 200 hours. The result
is shown in a table 3.

In the table 3, © denotes that a sufficiently high
erasure ratiomore than 35dB is obtained. (O denotes that
the erasure ratio more than 30dB is obtained. A denotes
that the erasure ratio more than 26dB is obtained. X

- denotes that the erasure ratio is reduced to less than 26dB.
- Thereby, the Ge-N barrier layer or the Ge—N-0 barrier lay_er
is applied, thereby the erasure performance is enhanced.
More specifically; when the barrier layer is formed at the
reflecting layer side of the recording layér, a higher

effect can be obtained. | .

Table 3 'Result 2 of comparing the characteristics of
the optical disk applying the interface layér 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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A2
B
C
D1
D2
El
E2

CNCRCRCR I Ok
©@ OO0 X XD

©000000

Henceforth, according to more detailed experimental
data, the present invention will be explained in detail.
FIG. 9 schematically shbws a film formation apparatus used
for the following experiment. A vacuum pump (not shown)
is connected to a vacuum cohtainer 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 a 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 .a's. the 'targe_t. Thé negative
eiec_trode 55 is connected to a direct current power source
or a high—frequéncy power source through 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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kept a positive electrode.

(Example 1)

The optical disks having the layer structure shown
in Figs. 3A and 3B (a disk (1) and a disk (3) in a table
4) are made on a experimental basis. The recording layer
3 comprises a phase change material whose main component
is a Ge2Sb2.3Te5 alloy, and the dielectric protective
layers 2 and 4 comprisés' a ZnS-8i0, film. When the film
is formed, the gas is supplied in such a mannef that each
total pressure of thé Ar gas becomes 1.0 mTorr and 0.5 mTorr,
respectively, and each of the powers DC1.27 W/cm? and
RF6.37 W/cm? is introduced into the negative electrode 55,
respectively. Furthermore, when the reflecting layer
(AlCr) 5 is formed, the Ar gas is supplied in such a manner
that the total pressure becomes 3.0 mmorr, thereby the
power DC 4.45W/cm? is introduced. |

In_the disk (1), after the dielectric protective
layer is formed, sequentially, the barrier layer 8 is
formed. In the disk (3), after the recording layer 3 is
formed, sequentially, the barrier layer 8 is formed; In
this case, Ge is used as the target, and the mixture-pf
Ar and nitrogen is used as the sputtér 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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the sputter. power is RF700W. Sinée the target is a disc
whose diameter is 10 cm, converted into a sputter power
density, the sputter power density is 6.37W/cm® .

The film thickness of each layer is as follows: the
disk (1) comprises the dielectric protective layer 2
having 86 nm, the barrier layer 8 having 5 nm, the recording
layer 3 having 20 nm, the dieleétric protective layer 4
having 17.7 nm and the reflecting layer 5 havihg 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 aﬁd the reflecting layer 5 having
150 nm. As a comparative example, the conventional
structure shown in Fig. 1 (a disk (0)) having no barrier
layer is similarly produced, and it is compared to the
disks (1) and (3). The disk (0) is provided with the
dielectric protective layers 2 and 4 comprising the
mixture of ZnS and Si0,, and eac_:h layer film thi_ckhess is
91 nm and 17.7 nm, respectively. Furthermore, the
recording layer 3 comprising a GeZSb2.3Té5 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 thé disks (1), (3),
(0) is shown in a table 4. 1In the table 4, the repeating

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

When the shortest mark length becomes 0.61 pm, the marks

3T to 11T are recorded. The value resulted from di\}iding
the jitter value between each front end and the jitter
value between each rear end by the window width T

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

13% is represented by ©. The case that after

150,000-time repeating, although' at least either the
jitter value between-i:he front ends or the jitter value
betwgen 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.

(BExample 2)

All the prbtect_ive layers at the substrate side of
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the disk (i) in the table 4 in thé example 1 are changed
to the Ge-N layer or the Ge-N-0O layer, thereby a disk (5)
is formed (accordingly, the Ge-N protective layer or the
Ge-N-O protective layer whose thickness is 91 nm is forméd
at the substrate side of the recording layer).
Furthermore, all the protective layers Iat the reflecting
layer side of the disk (3) in the t_able 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—N-;O protective layer whose thickness is 25.2 nm is
formed at the reflecting layer side of the recording layer).
The repeating characteristic of disks (5) and (6) is
examined by the same method as the example 1. Both of them

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

layer or the Ge-N-O layer can be formed in such a manner
that the Ge-N layer or the Ge-N-O0 layer can obtain a
thidkness necessary for the protective layer.
Furthermore, even in this ‘case, the excellent repeating

performance can be obtained.

(Example 3)

| Next, the recbrding_ layer 3 comprises a phase change
material whose main component is 'a Ge2Sb2.3Te5 alloy, when
the barriei:' layer 8 is foméd, Sb is .used as the target,

and the mixture of Ar and nitrogen is used as the sputter
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gas. On the above condition, thé films comprising the
strticture shown in Figs. 3A and 3B are formed (a disk (2),
adisk (4)). Inthiscase, the filmthickness of each layer
is same as the thickness in the above case that Ge is used
as the target. The spatter gas pressure of the barrier

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

to nitrogen in the sputter gas is 3 to 1. In this case,:

the result of the repeating characteristic is shown in disk
numbers (2) and (4) in the table 4.

According to the table 4, coinpared to the case that
Ge is used as the target so that the film is formed,
although the number of repeatable times is inferior,
better repeating characteristic can be obtained than the

comparative example.

Table 4 Result 3 of comparing the characteristics of the
optical disk applying the barrier layer according
to the present invention to those of the prior art

4

Disk Number Layer | Target of | Repeating
| Structure [the Barrier|Characteri
Layer stic
(0) FIG. 1 No Target X
(1) | FIG. 32 | Ge ©
(2) FIG. 33 sb O
(3) FIG. 3B |  Ge ©
(4) | FIe. 3B sb O
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(Example 4)

| Next, when the layer structure is constructed as
shown in FIG. 3A, and Ge is used as the target for forming
the barrier layer 8, the range of the fiim formation
condition which can obtain a better characteristic is
examined.

According to the embodiment, the total sputter gas
pressure is constantly set to 20 mTorr, ahd the partial
pressure ratio of Ar end nitrogen in the sputter gas has
three kinds of ratio, that is, 2 : 1', l1:1and1: 2. The
sputter power of Ge is RF100w, 300W, 500w, 700w, 710w, 750W,
1 kW, 1.5 kWw-and 2 kWw. That is, since the target is the
disc whose diameter is 10 cm, when rhe sputter power is
converted into the power density, thelreSpective spﬁtter
‘powers are changed to 1.27W/cm?, 3.82W/cm?, 6;37W/cm2,
8.91W/cm?, 9.04W/cm?, 9.55 kW/o_i:mz, 12.7 kW/cm?, 19.1 kW/cm?
and 25.5 W/ cmf, respectively. Thereby, the film is formed,
and the characteristic of the disks is Iexamined.l When _the
- partial ratio of Ar and nitrogen is changed.te 2 : 1, 1:
land 1l : 2, respectively, the flow rete of nitrogen is
constantly set to 50 scem, and the flow rate of Ar is
changed to 100 sccm',l 50' sccm and 25 sceom corresponding to
the flow rate of nitrogen 50'secm. The main valve of the

vacuum pump is throttled, thereby the sputter gas total
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pressure is set to 20 mTorr.

. The layer structure is constructed similarly to the
disks (1) and (2) .'The film thickness of each layer is as
fbllows. The dielectric layer 2 is 86 nm, the barrier
layer 8 is 5 nm, the teCording layer 3 is 20 nm, the
dielectric layer 4 is 17.7 nm and the reflecting laye;"S
is 150 nm. The repeating characteristic is examined by
the method shown in the example 1. The result- is shown
in a table 5. Fufthermore, the adhesiveness is adopted
as the estimate item of the weather-proof. The

acceleration test is carried out at 90°C at 80%, a sampling

is carried out in 100 hours, 150 hours and 200 hours, and
the sample is 'ob.serv.ed with én optical microscope in order
' to find whether the peeling exists or not. The result is
shown in a table GA. In this case, thé generated peeling

. is substantially ranging from 1 pm to 10 ym. © denotes

the case that the sampling after 200 hours is not peeled

at all. O denotes the case that although the sampling

after 100 hours and 150 hours is not peeled, the sampling

~after 200 hours is peeled, even if slightly. A denotes

- the case that although the sampling after 100 hours is not

peeled, the sampling after 150 hours is peeled, even if

slightly. X denotes the case that the sampling after 100

hours is peeled, even if slightly.
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Table 5 Relationship between a film formation condition
of a barrier layer applied to a substrate side of
a recording layer and a cycle performance

Sputter Power (Ar partial pressure) : (Nitrogen |
partial pressure)
(W) 2 :1 1 :1 1 : 2
100 X X X
300 @) O 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 fbrming a film of a
barrier layer applied to a substrate side of a

recording layer and a weather-proof

Sputter Power|(Ar partial pressure) : (Nit'rogen'
partial pressure)

(W) 2:1 | 1:1 1l: 2.
100 O _ O X
300 e O X
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500

700

710

750
1000

1500
2000

olo|e|le|e|o]o]|
©|@|0|0|>|x|x

olo|o|eloe|o|o

Thereby, in view of the repeating characteristic,
when the sputter power is more than RF300W, better
characi:eristic .can be obtained. In view of the
adhesiveness, when the sputter power is more than RF100W,
better gbod characteristic can be obtained. In either
casés, the higher the sputter power becomes, the better
the E:haracteristic can be obtained. This reason is that
the higher the sputter power becomes, the denser f£ilm can

be formed.

Relating to the nitrogen partial pressure, in case . -

of (Ar partial pressure) : (nitrogen partial pressure) =

1: '2, ‘better characteristic can be obtained only within

the sputter power range more than 710W. When the nitrbgen |

partial pressure is higher than an appropriate condition,
.sj'.nce a sufplus nitrogen not combined to Ge exists in the
barrier layer, it is assumed that the peeling is generated

due to the surplus nitrogen. On the same condition of the
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nitrogen partial pressure, when éhe sputtér power is
increased, there is reduced a possibility that the Ge atom
sputtered on the target surface is combined to the nitrogen
until the sputtered Ge atom is attaéhed.fo the substrate
surface. Thereby, since a mixture amount of the surplus
- nitrogen is réduced, it is expected that the region where
better characteristic can be obtained exists.

As an analyzing result of the average composition
| ratio of the barrier layer 8 which can obtaiﬁ better
characteristic, in any case, the average composition ratio

of Ge, 0 and N is within the range surrounded by four
composition points shown the three-element composition
diagram in FIG. 5, E1(Ge50.0N50.0), Gl(Ge35.0N65.0), |
G4(Ge31.1N13.8055.1), E4(Ged2.3N11.5046.2).

| In general, when Ge or Ge-N is used as the target
and the mixed gas of the rare gas and nitrogen is provided
80 that the film is formed, there is a tendency that if
the sputter power is relatively small, the Ge-N-O f£ilm
containing a lot of oxygen is formed, and if the sputter
power is relatively large, the Ge-N film whose oxygen-
content is only an-impurity.level is formed.

As described above, preferably, the sputter.power
has the power density more than 1.27 Wem?. When the power
density is more than 3.82 Wem?, better adhesiveness and

recorded repeating characteristic can be obtained. In
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this case, a film formation rate is 18 nm/minute, when Ar
partial pressure : nitrogen partial pressure = 1 : 1.
Preferably, the film formation rate is more than 18

nm/minute.

(Example 5) |

Next, the difference of the disk characteristic is
examined according to the difference of the partial
pressure ratio of the spui;ter gas pressure and the nitrogen
partial pressure in the sputter gas. Thus, the layer
structure comprises the same structure in Figs. 3A and 3E.
Ge is used as the target, and the sputter power is
constantly set to RF700W. When fhe total pressure of the
sputter gas, Ar partiail pressure and the nitrogen partial
pressure are changed, the characteristic is examined. A
FIG. 3A-type disk comprises a ZnS-Si0, protective layer
whose film thickness is 86 nm, a Ge-N or Ge-N-O bérrier
layer whose filnlthicknesa-is 5 nm, a.Ge—Sb-Te.recording
layer whose film thickness is 20 nm, a ZnS-Si0, protective
layer whose f£ilm thickness is 17.7 nm and an AlCr
reflecting layer whose f£ilm thickness is 150 nm. A FIG.
3E-type disk compriseg a Zns-Sio, protective layer whose
£film thic_kness is 91 nm, a Ge-Sb-Te redording layer whoée _
‘£ilm thickness is 20 nm, a Ge-N or Ge-N-0 barri_'.er layer

whose film thickness is 17.7 rim, and an AlCr reflecting
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layer whose film thickness is 150 nm,

The repeating characteristic is estimated by the
same method as the example 1 to 3. The weather-proof is
estimated by the same method as the example 4. A table
6B shows the film formation condition and the estimate
result. In the table 6B the disk (0) denotes the
conventional disk in the example 1. Fﬁrthermcjre , 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 sPutfer condition of a barrier
layer applied to a substrate side of a recording
- layer and a disk performance

Total Partial | Weather- | Repeating
Disk No. | pressure | pressure proof characteri

(mTorr) ratio stic
. 2A 2E 2A 2E

(0) - - © X

(5) 1.0 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| ol o
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(12) 10.0 2:3 | A X O | O
(13) 20.0 2 : 3 Al x| o] o
(14) 30.0 2:3 | A | x|O]|oO
(15) 1.0 1:1 O | a | x| x
(16) 3.0 1:1 o |l alo]oO
(17) 10.0 1:1 O A O o
(18) 20.0 1:.1 O A O O
(19) 30.0 1:1 O A O O
(20) 1.0 3:2 O A O O
(21) 3.0 3: 2 Ol Al O | O
(22) 10.0 3 : 2 O A O O
(23) 20.0 3 :2 O A | O O
(24) 30.0 3:2 |lOo|aAa]oO|oO
(25) 1.0 2 : 1 © | O X X
(26) 3.0 2:1 © | O O O
(27) 10.0 231 © | O O O
(28) 20.0 2 :1 © O e
- (29) 30.0 2 :1 © | o]l ol o
(30) 20.0 80r: 20 | © | © | O | ©
(31) 20,0 |85:15| @ | ©]| 0| 0O
(32) 20.0 88 : 12 | © | © | O | O
(33) 20,0 | 90 :10 | © © X O
(34) 20.0 95 : 5 | © | © | x | O
(35) 20.0 100: 0| ©@ | ® | x | x
(36) 0.0 [ 7525 | ®© | ©® | O | O
(37) 10.0 80 :20 | © | © X O
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(38) 10.0 85 : 15 | © © X | O

(39) 10.0 90 : 10 | © | ©

X

(40) 10.0 100 0 © ©

Figs. 10 and 11, and Figs. 12 and 13 show respective
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 F.IG. 10, the film formation condition which can
obtain better repeating characteristic is the case that
the total pressure of the sputter gas .exceeds 1 mTorr.
- Furthermore, when the total pressure is 10 mTorr, the
nitrogen gas partial pressure in the sputter gas is ranging
from 25% to 60%. Furthermore, when the total pressure is
20 mTorr, the nitrogen gas partial pressure in the sputter
gas is ranging from 12% to 60%. |

Furthermore, as shown in FIG. 12, the film formation
condition which can obtain better weather-proof

(adhesiveness) is the case that the total pressure of the

sputter gas is more than 1 mTorr, similarly to the case

of the repeating characteristic.- In both cases of the
total pressure 10 mTorr and the total pressure 20 mTorr,

similarly, the nitrogen gas partial pressure in the
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-sputter gas is within the range leés than 60%, preferably
less than 50%.

Next, in case of the 3E-type disk, as shown in FIG.
11, the film formation of the barrier layer conditionwhich
can obtain better repeating characteristic is the case
that the total pressure of the sputter gas exceeds 1 mTorr.
Furthermore, when the total pressure'is 10 mTorr, the
nitrogen gas partial pressure in the sputter gas is ranging
from 15% to 60%. Furthermore, when the total preséure is
20 mTorr, the nitrogen gas partial pressﬁi:é in the sputter
gas is ranging from 5% to 60 %. Furthermore, as shown in
FIG. 13, the film formation condition which dan obtain
better weather-proof (adhesiveness) is the case that the
total pressure of the sputtef gas is more than 1 mTorr,
similarly to the case of the repeating characteristic. 1In
both cases of the total pressure 10 mTérr and the total
pressure 20 mTorr, similarly, the nitrogen gas partial
pressure in the sputter gas is within the ré.nge less than
40%, pfeferably less than 33%.

According to this analysis, the coméosition range
of the Ge-N or Ge-N-0 layer which can obtain better
characteristic is examined. When this material layer is
disposed at the substrate side of the recording layer, as
shown in the triangular composition diagram shown in FIG.

5, the average composition ratio is within the region
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surrounded by'four points, Di (Gé60.0N40.0),
D4 (Ged48.8N10.2041.0), G1(Ge35.0N65.0),
G4 (Ge31.1N13.8055.1).

Furthermore, when the material iayer is disposed at
the side opposite to the substrate of the recording layer,
the average composition ratio is within the range
surrounded by four composition points, Bl (Ge90.0N10.0) ,-
B4(Ge83.4N3.3013.3), F1(Ged42.9N57.1),
F4(Ge35.5N12.9051.6), more preferébly; the composition
range surrounded by four composition points, Cl
(Ge65.0N35.0), C4(Ge53.9N9.2036.9), Fl(Ge42.9N57.1),
F4(Ge35.5N12.9051.6).

Regarding the repeating characteristic, when the
nitrogen partial pressure in the sputter gas is low, since
a lot of surplus Ge not connected to the nitrogen exists
in the barrier layer. Accordingly, the composition of the
- recording layer is 'chang'ed, accompanied by the rewrite of
the signal. Thereby, better characteristic canﬁot be
obtained. Since a témperature rise.at the reflecting
layer side of the recording layer is lower than that at .
the substrate side, a degree of the atom diffusion is
relatively small, thereby the condition that the N,
partial pressure is low can be used. ' On the co_ntré.ry, when_
the nitrogen partiél pressure in the sputter gas is too

high, a lot of surplus nitrogen exists in the film. In
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this case, better repeating charécteristic cannot be
obtained.

Regarding the adhesiveness, when the nitrogen
partial pressure in the sputter gas is high and a lot of
surplus nitrogen exists in the £ilm, the peeling is
generated after the acceleration test. When the nitrogen
partial pressure is' low and the surplus Ge not combined
to the nitrogen exists, the peeling is not generated. It
is expected that the more Ge not combined to the nitrogen
and oxygen exists, the higher an affinity for the recording
layer component becomes.

As - described above, in order to obtain the disk
having better repeating characteristic of the record and
the adhesiveness, the sputter gas condition (gas pressure,
component ratio) is clear. When the sputter gas total
pressure exceeds 50 mTérr, the film formation rate becomes
-small. Accordingly, it is not practical.

The film formation cendition is the case that when
the Ge-N or Ge-N-O layer is formed, the power density to
be intr.oduced into the target is 8. 91W/ cm?, | When the power
- to be introduced into the target is more than 8.91W/cm?,
a time until the Ge atém sputtered on the target surface |
is attached to the substrate surface becomes shorter than
the above case, thereby hitriding and nitriding~oxidation

are hardly generated. Inthis case, according to the rate,
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the nitrogen partial pressure in.the sputter gas is
appropriately increased, .there'by the similar effect to the
case that the power density is 8.91 W/cm? can be obtained.
On' the contrary, when the introducing power is less than
8.91 W/cm?, since the nitriding and nitriding-oxidation
are excessively generated, according to the rate, the
nitrogen partial pressure can be only adjusted in such a
manner that the nitrogen partial pressure of the sputter
gas is appropriatelf reduced.

When the nitrogen partial pressure ratio in the
sputter gas is more than about 90%, the sputtering is more
or less unstable and it is not preferable. The value of
the sputter power and the film formation rate is set to
an optional value within the range in which the nitride
- or nitride-oxide can be formed. As described above, -
preferably, the sputter power density > 1.27 W/cm?, and

the film formation rate > 18 nm/minute.

(Example 6)

Next, when the £ilm formation condition is changed,
the change of the optical constant of the. barrier.layer
' is examined. In the fJ.rst place, the sputter power of Ge
is set to 700W, and the sputter total pressure is
constantly set to 20 mTorr. When the nitrogen partial

pressure ratio in the sputter gas is changed, that is, the
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change of the compléx refractive index of the film on a
line a in Figs. 10 and 11 is examined. The result is shown
in FIG. 14. Furthermore, the sputter power is 700w, and
the sputter total pressure is constantly set to 10 mTorr.
When the nitrogen parfial pressure ratio in the sputter
gas is changed, that is, the change of the complex
refractive index of the film on a line a’ in Figs. 10 and
11 is examined. The result is shown in FIG. 15. Next,
thé partial pressure ratio of Ar and the nitrogen in the
- sputter gas is constantly set to 1l : 1, and the gas total
préssure is changed. In this case, FIG.-lG shows the
change of the optical constan£ of the film on a line b in
FIGs. 10 and 11.

These graphs are combined to the above application
_range of the nitrogen partial pressure. When the barrier
layer is used at the substrate side of the recording layer,
preferably, the complex refractive index value n+ik of the

barrier layer satisfies the range of 1.7 < n < 2.8 and 0
< n < 0.3. Furthermore, when the barrier layer is used

at the side opposite to the substrate of the recording
layer, preférably, the complex refractive index value n+ik

of the barrier layer satisfies the range of 1.7 <n < 3.8
and 0 < n < 0.8.

when the film composition is analyzed, if the f£ilm

is formed by using the sputter total pressure 10 mTorr,
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‘the oxygen density is ranging abouié from 5% to 8%. In case
of the sputter total pressure 20 mTorr, the oxygen density
is ranging about from 10% to 20%, which is little more than
the case of 10 mTorr.

In x}iew of producing method, even if the film
formation condition such as the sputter power, the sputter
gas or the like is changed, the f£ilm is formed in such a
manner that the complex refractive index of the Ge-N film
or the Ge-O-N film satisfies the above range. Thereby,

better characteristic can be obtained.

(Example 7)

Next, except that the structure comprises a barrier
'l-ayers 8 whose film thickness are 10 nm, 20 nm,
respectively, and a ZnS-Si0, protective layers 2 of the
's.ubstrate 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 fJ.ow rate is similar
to the above case.

As a result of examining the repeating
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characteristic and the weather-proof of the disk,
similarly to the above case, a very good characteristic

can be obtained.

(Example 8)

Next, the effect when the barrier layer is applied
is shown by comparing the disks having different layer
structure to one another. A table 7 shows the structure
of the experimentally made disks and the estimate result
_of the cycle performance thereof . In the table 7, DL
‘denotes the protective layer containing 2ZnS-8i0,, AL
denotes the recording layer containing Ge2Sb2.2Te5, BL
denotes the barrier layer containing Ge50N4505, and RL
denotes the reflecting layer containing AlCr. More
specifically, when the material is changed or the material |
is specified, the description such as DL(Ge-N-0) is
included in ( ). |

The estimate method is same as the case of the table
2. That is, the jitter value and the amplitude value are
estimated. After 100,000-time repeating record, the
jitter value (lﬁeasured by such a method that the jitter
between each mark front end and the jitter between ea_ch
mark rear end are indebendently measured) is estimated.
Such a case that both of the fjitter between tlie' mafk front

_ ends and the Jitter between the mark rear ends are less
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than a reference value and the jitter value is scarcely

changed is represented by ©. Such a case that although_

the jitter value is changed, the jitter value itself
remains less than the reference value is represented by

O. Such a case that after 100,000-time repeating, the

jitter slightly exceeds the reference value is represented

by A.. Such a case that after 10,000-time repeating, the

jitter value already exceeds the reference value is

represented by X. The 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, thé amplitude
. value ié 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 shbws ‘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 obt:a_in a considerable effect of

the jitter performance and the amplitude performance
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(disks 42 and 43),

2) evén'if the feflecting layer is provided, when _
the reflecting layer id thin, or if the 1ayer'betﬁeen'the
reflecting layer and the recording layer is thick (a disk
44 : in general, a so—-called annealing structua':e) , 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 guenching structure, the bartier layer is
only disposed at one side of the recording layer, thereby
the considerable effect can be obtained. |

That is, in the structure having no reflecting layer
or in the structuré in which the protective layer having
a thick thickness (for example, more than 80 nm) is formed
between the recording layer and the reflecting lé\Yer, the
barrier layer is considerably effective relative to the
jitter value reduction and to the_suppression of the
amplitude reduction due to the repeatihg record. Whgn
mény repeatihg times is hecessary,'the barrier layer is
essential. 'Recently, in many cases, the above annealing

structure can be applied to the optical disk overwriting
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at a high speed (for example, Noﬁoru Yamada et al.
Thermally balanced structure of phase-change opticai'
disk for high speed and high density recording”, Trans.

- Mat. Res. Soc. Jpn., Vol. 15B, 1035, (1993)). Accordingly, -
a combinafion of the annealing structure and barrier layer
generates a large effect.

On the other hand, the structure having a thin
protective layer (for example, 60 nm or less) formed
between the recording layer and the reflecting layer is
provided with the barrier layer as the protective layér.
Thereby, inore specifically, the amplitude performance can
be enhanced. Accordingly, much more repeating times can

be achieved.

Table 7 Effect comparison of the barrier layer relative

to various layer structure

. Disk Disk layer structure Repeating
number ' - performance
i Jitter [Amplitu
de
41 DL AL DL X X
90 nm _ 22 nm82 nm
42 DL BL AL DL O O
' 80 nm1l0 nm22 nm82 nm ,
43 DL BL AL BL DL © ©
80 nm10 nm22 nml0 nm72 nm
44 DL AL DL ‘RL(A| A X
-~ |90 nm 22 nm80 nm - u) |
_ 10 nm|
45 DL BL AL DL _RL(A O o)
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80 nml10 nm22 nm90 nm u)

| 10 nm | .

46 DL BL AL DL(GeNO) RL(A © ©
80 nm10 Nnm22 nm 90 nm u)

: _ 10 nm

a7 DL AL DL RL O A
90 nm 22 nm60 nm 150
nm

48 DL BL AL DL  RL | © ©
90 Nnm10 nm22 nm60 nm 150
- nm

49 DL AL, DL({GeNO) RL © ©
90 nm 22 nm 60 nm 150
: nm

50 DL BL AL DL(GeNO) RL © ©
90 nm10 Nnm22 nm 60 nm 150
nm

(Example 9)

- Whether or not the material layer except for the Ge-N ’
Ge-N-O layer can be used as the barrier layer is examined.
As amaterial candidate, Si-N, Si-N-0, SiC, Sb-N-0, Zr-N-0,
Ti-N, Al-N and Al-N-O are selected. In any case, the
sputter condition is selected. wa kinds of compositions,
that is, (A) a stoichiometric composition and (B) the
composition containing about 5% more Si, Al, Ti, or the
liké than the stoichiometric composition are tested. The
medium structure is a FIG. 3G—type structure. TI__‘he barrieir

'layer has the thickness of 10 nm. The medium struéﬁufe
comprises a ZnSe-Si0, protective lafer whose thickness is
. 80 nm, the barrier 1ajer, a.GeZSb_Z.STeS recording layer

whose thickness is 20 nm, a barrier material layer whose
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thiékness is 20 nm, and an Au reflecting layer whose

thickness is 50 nm deposited on a polycarbide substrate
whose thickness is 1.2 mm by the sputtering method. After
overcoating'., a hot melt adhesive is used so that a defense
. plate is laminated. Next an initial crystallization is

carried out by the laser method. Furthermore, for a

comparison, the structure in which the barrier layer is

not used is also prepared. These disks are rotated at a
linear rate of 3.5m/s, and an EFM signal (random signal)

having the 3T mark whose length is 0.6 u m is repeé.tedly

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,

r
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.

'Furth_ermore_, regarding the weather-proof, O means that .

no change is detected. .X means that such a change as the

peeling, etc. is detected. A means that a little change
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such as the peeling, etc. is deteoted; Thus, regarding
the cycle performance, thete is a tendency that both of
groups (A) and (B) are improved. Regarding the
weather-proof, the group (B) is sprier to the group (a),
that is, there is more possibility that the composition
containing little less N, O or the like than the

stoichiometric composition can be applied to the barrier

layer.
Table 8 Comparison of barrier materials
A B
. Material Cycle |Weather-| Cycle |Weather-
composition proof proof
51 | si-'N A X A A
52 Si-N-O 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 gr - N -0 | A X fe o}
58 Ti - N YA X O A
59 Al - N AN X O A
60 Al -N-0 | A X O O

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

characteristic due to repeating the record and
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reproduction is lower and further the weather-proof is
excellent, the producing method thereof and a method of

recording and reproducing the information.
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CLAIMS

. A method of producing an optical information recording

medium comprising steps of a first step of forming 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 |
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phase—change which can be opticalllly detected according

to an irradiation of an energy beam, or a barrier layer,

and a third step of forming on the recording layer or

the barrier layer of the second step ,a protective

layer , a recording layer or barrier layer , wherein

said barrier layer or barrier layers are formed by a
high-frequency sputtering method in an atmosphere
containing at least rare gas by using such target

containing barrier material as main component.

2. A method of producing an optical information recording
medium aecording to claim 1 , 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 method in
an atmosphere containing at least rare gas by using such
target containing barrier material as main component.
4
3. A method of producing an optical information recording
medium according to claim 2 , wherein the target is

made by barrier material .

4. Amethod of producing an optical information recording
medium according to claim1l or 2 , wherein said target

is at least one kind selected from such group of single
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target of non-gas component of the barrier material, a
nitride target of the non-gas component , a oxynitride
target of the non-gas component, and an oxide target of

the non-gas component.

5. A method of producing an optical information
recording medium according to claim 1 or 2 , wherein
forming process of the barrier layer or forming process
of the protective layer containing said barrier material
is such process that a reactive sputtering is executed in
atmosphere containing a mixed. gas , and said mixed gas
contains at least rare gas and gas containing nitrogen
component or said mj.xed gas contains at least rare gas ,
gas containing nitrogen component and gas containing an

oxygen component.

6. A method of producing an optical information
recording medium according to claim 1 wherein said rare

gas contains at least Ar and /or Kr.

7. A method of producing an optical information recording
medium according to claim 1 or 2 wherein in the
process of forming at both sides of said recording layer
said barrier layer or protective layer containing

barrier material , a nitrogen partial pressure in a
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sputter atmosphere gas when su.ch layer at the energy
beam-incident side is formed is higher than a nitrogen
partial pressure in a sputter atmosphere gas when such
layef at the side opposite to the energy beam-incident

side is formed..

8. A method of producing an optical information
recording medium according to claim 1 wherein a non-
gas component of said barrier material is Ge, and said
barrier layer or said protective layer is formed by using
a reactive sputtering method where said barrier material

is used as a target.

9. A method of producing an optical information
recording medium according to claim 8 , wherein the
material of said target is at least one selected from such
group of a Ge;N, compound, a GeO compound, a GeO, compound,

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

10. A method of producing an optical information
recording medium according to claim 8 , wherein said
reactive a puttering is carried out in the atmosphere gas :

whose total pressure is ranging 1 mTorr to 50 mTorr.

11. A method of producing an optical information
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recording medium according to claim 8 , wherein the
atmosphere gas of said reactive sputtering is a mixed gas
containing at least rare gas and N,, and a partial pressure

ratio of the N, is more than 10% and less than 66%.

12. A method of producing an optical information
recording medium according to claim 11, wherein said
partial pressure ratio of N, is more than 10% and less than

50%.

13. A method of producing an optical information

recording medium according to claim 8 , wherein a power
density of said reactive sputtering is higher than 1.27
Wem?, and the sputter atmosphere contains a mixed gas of

at least rare gas and N,.

14, A method of producing an optical information
recbrding medium according to claim 10, wherein a sputter

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

15.. A method of producing an optical information
‘recording medium according to claim 8 , wherein a complex
refractive index value n+ik of said'ba'rri_er layer or said
protective layer is within the range of 1.7 <n < 3.8 and |

0 <k < 0.8.
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16. A method of producing an optical information
recording medium according to claim 1 or 2 , wherein said
target is a single target of one element among elements
constituting said recording layer, a target of compound
of said elements constituting said recording layer, a
target of a nitride of said element, a target of an
oxynitride of said element, or a target of an oxide of said
element, and the sputter atmosphere gas is such mixed gas
of rare gas and gas containing nitrogen component, or such
mixed gas of rare gas and gas containing nitrogen component

and gas containing oxygen component.

17. A method of producing an optical information recording -
medium according to claim 1 or 2, wherein said target
is a target of material for forming said recording
layer, a target of a nitride of material for forming
said recording layer ,ra targ_etl 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 atmosph__ere gas is such mixed_
gas of rare gas and gas containing nitrogen component,
or such 1;\ixed gas of rare gas and gas containing
nitrogen component and gas containing oxygen

component.

-110-



[Ny I

L

18. A method of producing an optical information recording
medium according to claim 1 or 2 « wherein material
of the target used for forming said barrier layer or
protéctive layer containing said barrier material is
same as that of the target used for forming said
recording layer ,and at such time of starting and/or
completing of said forming of said recording layer ,
a partial pressure of gas containing nitrogen component
in the sputtering atmosphere gas is increased , or a
partial pressure of gas containing oxygen component in

the sputtering atmosphere is increased.
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