SPECIFICATION

. Optical information recording medium, producing method

thereof and method of recording/erasing/reproducing

information

TECHNICAL FIELD
The present invention relates to an optical
information recording medium provided with an optically

detectable information recording layer, the producing

- method thereof and a method of

recording/erasing/reproducing information.

BACKGROUND ART

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

Accordingly, this technique has been actively studied and



developed.. .Fo'r example, in case o'f the optical magnetic_
recording medium, a difference of a rotating ahgle on a
polarized surface of a reflected light generated due to
the difference of a magnetization state is used as the
record. Furthermore, in case of the phase change

recording medium, an amount of a reflected light relative
| to a light having a 'specific wavelength in a crystalline
state is different from that in an amorphous state, thereby
the difference is used as the record. A laser output is
modulated between a record level having a relatively
higher power and an erasure level havirig arelatively lower-
power, and the modulated output is only irradiated on a
recording medium. Thereby similarly to a magnetic disk,
_ there is such a characteristic that the record erasure and
the record of a new signal can be simultaneously performed
(it is possible to overwrite the record). The information
signal can be rewritten for a short time.

Usually, the optical gma.gnetic recording medium and
the phase change recording medium comprise, for example,
amulti-layer £ilm sh_owh inFIG. 1. Thatis,ona substrate'
1 comprising a resin plate of a polycarbonate and PMMA
(polymethyl-methatacrylate), a glass plate, or the like,.
usual_ly, a recording layer 3 having an optical absorption
comprising the phase change material and the optical

magnetic material inserted between protective layers 2 and



4 comprising a dielectric material is formed.
Furthermore, a metallic reflecting layer 5 comprising an
alloy of Au and AT for increasing an optical absorption
efficiency on the recordihg layer 3 and for acting as a
_thermal diffusion layer is formed on the protective layer
4. These layers are sequentially 1ami_nate_d by a |
sputteringmethod, a vacuumdepositionmethod, or the like.
Furthermore, an overcdat layer 6 is formed on an uppermost
layer in such a manner that a scratch and dusts are .not
attached to these layers. Usually, a laser beam is
incident from a side of the substrate 1. In many cases,
a front surface of the substrate 1 is provided with a .
‘concave-convex groove track or a concave-convex pit
seqhe_nce as guide means for guiding the laser beam to a
predetermined position on the disk. |

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

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

thereby the signal is recorded and reproduced. As already



described, while the power of thé laser beam is being
modulated at a strong level and a weak level, the laser
beam is irradiated onto a revolving récording medium. A
portion irradiated with the strong power is locally melt
~in an instant, thenceforth, the pori:ion is quenched.
Thereby the portion is amorphized, and the signal is
recorded. Furthermdre , at the portion irradiated with a
lr'elatively weak power, the amorphous-state portion is
annealed, thereby the portion is crystallized, and the
recorded signal is erased. In order to reproduce the
signal, the power of the laser beam is reduced enough in
such a manrief that the recording film is not changéd; and
the laser beanm is irradi‘ated. At this _time, a strength
of the reflected light is detected, and whether the portion
irradiated with the laser beam is in the crystalline state
or the amorphous state is judged, thereby the signal is
reprodﬁced.n

The functio’né of the..protective layers 2 and 4
comprising a dielectric material are, f.or example, as
follow: |

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

- 2) athermal damage such as a roughness on the surface

of the substraté, a break of the recording lé.yer and an

-evaporation, etc. occurred due to repeatedly rewriting the



signal are reduced, thereby a repet':ition of rewrit'incj the
signal can be increased;

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

.4) an influence from an outside air is intercepted
so that a chemical chéhge can be -lprevented.

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

Two layers are provided to the protective layer,
ther.eby. the characteristic,thereof can be enhanced. The
example of the phase change recordin_g medium is disclosed
in Japanese Patent Applicatiqn Laid-open No. 5-2172_11;
That is, the dielectrié layer comprising the nitride (SiN,
AlN) and the carbide (SiC) is used at the ‘side contacted
to the optical recording layer as the protective layer of
the optical recording 1ayér' including Ag, and ZnS or a

compound including ZnS is used as the outer layer of the



dielectric layer. The above SiN, éic « AlN layer is used,
' thereby a combination of Ag included in the recording layer
and S in the protective layer is prevented. As dis:closed
in Japanese Patent Application Laid-open No. 5-217211, a
film thickness of the SiN, AlN, SiC layer is ranging_ from
5 nm to 50 nm. Furthermore, as disclosed in Japanese
Patent Application Laid-open No. 6-195747, ‘the protective
1ayer has two layers inserted between the recording layer
and the substrate, where one layer contacted to the
recording layer comprises 'Si3N4 layer and the other iayer
contacted to the substrate_ eompriSes zZnS-Sio0, layer, |
thereby two dielectric layers are formed. The Si;N, layer
facilitates a crystallization of the phase change material
layer. |

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

that oxygen from the silicon oxide layer and water passing



| through the substrate are penet_rat.:ed into the recording
layer. As disclosed in Japanes-e Patent Application
Laid—bpen No. 4-219650, preferably, the nitride comprises
Sn-N, In-N, Zr-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 from
10 nm to 20 nm. | Furthermore, as disclosed in Japanese
Pateht Application Laid-open No. 4-321948, in the same
view of Jépaneée Patent Application Laid4open No. 4-219650,
the dielectric layer contacted to the substrate has two N
layers. Here, one layer near the substrate comprises one
or more kind of oxide selected from a group of Si, zr, ¥,
Mg, Ti, Ta; Ca and Al, the:_:'eby the adhesive'nesé of the
dielectric layer and_the substrate is enhanced.
Furthermore, the other layer contacted to the optical
- magnetic recording film comprises the nitride layer
comprising one or more kind of nitride selected from the
group of Si, Zr, Y, Mg, Ti, Ta, Ca and Al, thereby it is
suppressed that oxygen and water from the oxide layer are
penetrated ahd diffused into the recording £ilm layer . As
- disclosed iﬁ Japanese Patent Application Laid-open. No.
4-321948, the film thickness of the nitride layer is_.
ranging from 50 nm to 200 nm.

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

upon these metals, and the reflecting lajer 5 is disposed



in such a manner that a rédiat’ion éffect and an effective
optical absorption of the recording thin film can be |
obtained.

As described above, in general, a sputtering method,
é. vacuum deposition method or the like is used as the method
of preparing the recording medium. Furthermore, a
- reactive sputtering '_inethod is used so that thé nitride can
be contained in the thin £ilm.

For example, as thé method of producintj an ablation
' type write once medium, such a method that N is contained
in the Te-containing recording layer by the reactive
sputtéring is disclosed in Japanese Patent Application
Laid-open No. 63-151486. As disclosed in Japanese Patent
Application Laid—opeh No. 63~-151486, a mixed gas of Ar _and
nitride is discharged relative to a telluric selenium
alloy target. After the recording film containing
tellurium, selenium and nitride on the substrate is formed
by the reactive spuﬁtering method, a nitrogen gas is
introduced, and a nitrogen plasma is generated, thereby
- a surface layer-having a high nitrogen density than an
inside of the recording layer is formed. The surface of
the recording film is nitrided, thereby a weather-
proofness aﬁd a sensitivity are enhanced, and further.a
power tolerancé is inC_:reased . The nitrogen density of the

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



.is ranging from 2% to 20%. Preferébly, the thiéknesé of
the surface layer is ranging about from 1 nm to 10 nm.

Furthermore, the examp1e of the ablation type.
recording materiai is also disclosed in Japanese Patent
Application.Laid-dpén No. 63-63153. The'target
comprising a material containing Te and Se is sputtered
in a nitridingfoxide'gas, a nitric dioxide gas or a gas
containing a nitric dioxide, thereby the layer containing
Te, Se and.N is formed in the recording layer.

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

Furthermore, although omitted in the drawings, in
order that an oxidiéation of the optical_infofmation
recording medium or an attachment of dusts, etc. is
prevented, such a séructure that the overcoat layer is
placed on the metallic ;eflecting layef 5, such a structure
that an ultraviolet curing resin is used as an adhesive
'so that a dummy substrate is laminated, or the like is
proposed. | | |

However, it is}known that the phase change optical'

recording medium has the following problems. That is,



when .the thin film eomprisj.ng a materiai whosé base is Te,
Se, etc. containing Ge; Sb, In, etc._ie usedlas the
recording layer; and further the thin film comprising an
~ oxide system material-includingesuch as Sio,
representatively, the thin film comprising a sulfide
system material including such as 2nS representatiVe;y,
or the thin film comprising a mixtufe system material
including ZnS- Siozbetween the above two thin films is
used as the protective layer, a laser irradiatiop is
cérried out. Thereby, the record and erasure of the
.information-signal,'and the'like are repeated, . thereby
optical chafacteristiCS'of the recording layer and-the'
protecﬁive Iayer (sueh as a fefle’ctivity,- an abserptivity_
and the like) are changed. Acco_rdingly,' such a phenbmenon
that a recording characteristic or an erasure
characteristic is cﬂanéed. That is, the_sighal is
repeatedly'rewritteq, thereby the reflectance of the.
medium is reduced, an amplilp:ude of the signal is Qradually
reduced, or a jitteﬁ value at a marked position of a
recording mark becomes larger, thereby an error rate of
the recording signal becem'es higher. Therefore, when the
'signai is reproduced, a readout error is occurred._
Aecordir_xgly, there issucha probl‘em'that 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 compt;ne_nt andan O coniponent
are dif fuse and penetratg from the protectiv_e layer to the
recording l'ayer, on the contrary, the component such as
Te, Se, etc. having a relatively high vapor pressure among
the componénts which= the recording layer consists of
diffuse from the recording layer to the protectivé layer.
Furthermore.; another: cause is that one part of the
protective layer matériai is chemically i:eac'ted with the
recording layer. Itz, is consideréd that the change is
occurred due to either of the above causes, or a
combination of the above causes. |

In fact, according to an experiment by inventors,

‘ete., in the optical disk applying a Ge—Sb-Te recording

£ilm and a ZnS- SiO, protective layer, the S component is

discharged from the protective layer due to the laser
irradiation. Consequently, it is obsetved that an S atom_'.
is penetrated from the_protéctiVe layer to the recording
layer. -Furﬁhermore,' it is, also observed that the other
Zn atom, Si atom and O atom are also diffused to the

recording layer. In this case, although it is assumed

that other elements are easy to move by a separation of

the § atom, the mechanism thereof is not clear.

The phenomenon and the mechanism have not been

- clearly reported. In case that the nitride thin film

including Si,N, and ALN is used as the protective layer,
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the S ¢omponen£ is not discharged; differently from the
above example. On the other hand, an adherence to the
recording layer of such a nitfide is lower than that of
ZnS-Siﬁh film.  For example, under an environment having
a high temperature and a high'humidity, th?re-is another
pfoblem.that a peeling is ocdurred.' That is,'whén oxide
such as Si0,, Ta,0;, Al,0, and the like and nitride such
as Si;N,, ALN and the like are used as a dielectricmaterial,
since such a dielectric material is less adhesive to a
phase change type recording material, for example, under
. the high—temperaturé and high-—humidiﬁy enviro nment, the |
peeling and crack are occurred. Thereby, there is further
problem that oxide such as SiO,, Ta,0;, A1,0; and i:he like
and nitride such as Si,N,, ALN and the like cannot be applied
- to a dielectric'layér 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, theréby'variations-of
the reflectance;-the absorption and the like, and the
variation of the recording characteristic (an
amorphization sensitivity) and the erasure
characteristic (a crystallization sensitivity and a

crystallization rate) are actualized. It is supposed
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that in the protective layer, accompanied by the change

- of the optical characteristic, the composition changed,

thereby such a change that a mechanical strength is reduced

occurs. It can be considered a ZnS-Si0, film widely

~ applied as an excellent protective laiyer has a high

adhesiveness between the protective layer and.the
recording layer and this results fromthe atomic di_ffusion.
Furthermore, it is also considered that such a protective
layer substantially contains a limit of the repeating |
times. |

~ Relating to a material containing Ag and S, that isl,
the elements which are easy to qhemicall'y reaci:, the method
of suppressing .the' reaction is disclosed in Japanese
Patent Application Laid-open No. 5-217211. However, the
following view is not disclosed in the above pz;ior art.
That is, relative to the phase change recording medium such
as Ge—-Sb-Te system, In-Sb-Te system and the like being

developed for an applicatijon as the most possible

. material system, in order to enhance the cycle performance

thereof, the layer comprising the material such as nitride,
nitriding-oxide, etc. is formed between a dielectric
protective layer and a phase change recording layer. The
formed laYer acts as a barrier layer 'fdr preventing an
interdiffusion and the chemical reaction between the

recording layer and the protective layer. Furthermore,
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more specifically, Ge-N or Ge-N-O is superior as the
dielectric protective layer material which does not
substantially have the above problem. This material has
also an excellent performance as the barrier layer. This
is not also disclosed in the prior' art.

That is, a layer structure for realizing an
excellent repeating characteristic and an excellent
weather-proofness is not yet achieved. In order to solve
ﬁhe above problems, it is an object of the present.
iriventibn to providé a medium structure for realj.zing a
. phase change optical recording medium having the excellent
repeating characteristic ahd weather—.proofnesé, the
producing method thereof, and a method of recording and
. reproducing an information signal by using the recording

medium.

SUMMARY OF THE INVENTION
In order to solve abgve proi:lems, according to one
aspect of the present iﬁvention , there is provided' an
optical information recording medium comprising a
recording layer generating a reversible phase change Which
can be optically detected according to an irradiation of
an enerqgy be'am', é.nd a material layer which is named a
barrier layer formed in contact with at least one surface

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

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

Accordingtoahotheraspectofthepresentinvention,
preferably, there is provided an optical information
recording mediuﬁ, wherein a barrier material layer is
disposed at both sidés_of a recording layer.

According to a structure in which the barrier
material is applied to a substrate side of the recording
layer, an effect for suppressing the atomic diffusion and
the chemical reaction between the recording layer and the
protective layer is higher, thereby.a cycle performance
is enhanced. Acéording_tq the structure in which the
barrier material is applied to the side opposite to the
substrate of the recording layer, the effect for enhancing
a stability of rewrite performance is higher,'thereby a
reliability is enhanced. Not oniy the structure in which
the.barrier material is applied to both sides of the
recording layer combines both characteristics, but also

both performances are further enhanced.
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According to further aspect of the preseﬁt invention,
preferably, there is provided an optical information
recording medium, wherein 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,, ..), regardiné a ratio .of a gas
component b/ (a+b), the 'fatio of the barriei: material layer
at the substrate side is rel’ativeiy hj_.ghér than that of
the barrier material layer at the side opposité to the
substtate. |

According to further aspect of the present invention,
preferably, there is provided an optical information
recording medium further comprising a metallic reflecting
layer.

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

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

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

Accordingtofurtherasbectofthep:esentinvention,

there is provided an optical-information recording medium,
wherein the thickness of the barrier layer is at least more
than 1 nm to 2 nm. Thereby, the above effect can be
obtained. Preferably, the thickness is 5 nm or more.
Thereby, even if a laser power used for recording is lhighe.r ‘
the effect can be obtained. Furthermore, more'preferably, |
the thickness is 20 nm or moré. Thereby, a further effect

can be obtained. Furthermore, more preferably, the
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thickness is 20 nm or more. .Ther.'eby,. a higher
reproducibility dan_ be obtained in preparing.

'l According to further aspect of the present invention,
theré is providéd an optical information recording medium,
wherein the barrier material layer containing Ge-N or
Ge-N-0O is used as the barrier material.

According to further aspect of the present invention,
preferably there is provided aﬁ optical information
recording medium, wherein when Ge-N oi: Gé-N-O material

layer is applied at both sides of the recording layer as

‘the barrier layer or the protective layer, regarding a

density of a gas element in Ge~N or Ge-N-O layer, that is,
(N+0) / (Ge+N+0) , thé density in Ge-N or Ge-N-O layer at the
substrate side of the recording layer is relatively larger
than that in Ge-N or Ge-N-0 layer at the side opposite to
the substrate of the fecdrding layer.

According to furthér aspect of the present invention,
preferably there is provided an optical information |
recording medium, wheré_in Ge-N composition region having
a Ge density ré.nging from 35% to 90% is sélected. . More
preferably, the range from 35% to 65% is selected.

- According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein in case that the a Ge-N layer

is applied to the substrate side of the recording layer
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(at the side nhich a laser beam 'i's_incident on), the Ge
density ranging from 35% to 60% is selected. In cése that
the .G_e-N layer is applied to the slide_opposite to the
~ substrate of the recording layer, the Ge density ranging
from 42.9% to 90% (preferably, 42.9% to 65%) is selected.
According to further aspect of the present invention,
preferably there is provided an optical information
‘recording medium, wherein in a triangular diagram in FIG;
5 showing three-element composition of Ge-N-O, Ge-N-O
composition region is within a range surround by four
composition points, Bl (Geg.or Nip.o) s B4 (Geys.4s Ny.3r O133) s
G4 (Ges;.yr Nysa0 _055.1')1 Gl (Gey.3ss No.gs)» In this Ifegi'on.r_
there are such effects that the cycle performance is
enhanced and an erasure performance is enhanced.
According to further aspect of the present invéntion,
preferably there is. provj_.ded an optical information
recording medium, wherein in case that the Ge-N-0 layer
is applied to the substrate side of the recording layer
(at the side which the laser beam is incident on), the
region surrounded by four composition points D1 (Ge60.0
N40.0), D4 (Ged48.8 N10.2 041.0), Gl (Ge35.0 N65.0), G4
(Ge31.1 N13.8 055.1) is appropriate. 1In case that the
Ge-N-O layer is applied to the side opposite to the
~ substrate of the recording layer, the region surrounded

by four composition points Bl (Ge65.0 N35.0), B4 (Ge54.3
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N9.1 036.6), Fl (Ge42..9 N57.1), F4 (Gé35.5 N12.9 0'5.1.6)'-
is appropriate. In this case, preferably, the region
surrounded by four composition points C1 | (Ge65.0 N35.0),
C4 (Ge53.9 N9.2 036.9), F1 (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 récording layer (ét the side which the
laser beam is not incident on), in a process of 'recordin’g'
and erasing, there is less possibility that a Ge atom is
| included in the recording layer. The layer can be also
applied to the composition region having a considerably
high Ge density. On _the contrary, when the Ge~-N-O layer
is formed at the substrate side of the recording layer (at
the side which the laser beam is incident on), there is
more possibility that the Ge atom is included in the
recording layer. It is not preferable that the layer is
applied to the compositiorllir region having é. considerably
high Ge density.

As described above, the Ge-N layer or the Ge-N-0
layer is acted in such a manner that the atomic
interdiffusion and chemical reéction generated between
the recording layer and the protective layer usually
comprising a dielectric material are suppreésed. There

is such an advantage that the Ge-N layer or the Ge-N-O layer
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has a higher adhesiveness to the reéording layer, compared
to other nitride £ilms such as Si,N,, AIN, etc. and a carbide
£ilm such as SiC, etc. The reason that the Ge-N layer or
the Ge-N-O layer has a.higher adhesiveness is as follows.
Compared to other nitride films such as Si,N,, AIN, etc.,
the Ge—-N layer or the Ge-N-0 layer enables to form the film
with a relatively lower:power at a high speed (for example ,
when a distance between a target and the substrate is 200
mm, if the target whose dia_.metér is 100 mm is used, .the
film can be formed with 500W at 40 nm to 50 nm/minute).
Accordingly, it is assumed that since an internal stress
in the'film is iower, the Ge;N layer or the'Ge-N—(.) layer
has a higher adhesiveness. However, this is not clear.
Accofding to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein a complex j:efractive index value
N+ik applies the Ge-N or Ge-N-0 layer satisfying the ra_.née
of 1.7 <n < 3.8 and 0< k 0'.8.. More preferably, when
the barrier material layer is formed at the substrate side
of the recording layer, the Ge-N or Ge-N-0 layer satisfying
the range of 1.7<n < 2.8 a_nd 0<k<0.31is app_liéd. " When
the baj:rier material layer is formed at the side oppos_ite
to the .substrate, the Ge-N or'Ge—N-O' layer satisfying the |
rangeof 1.7<n<3.8and 0 < ké 0.8 is applied. An optical

constant is changed according to a ratio of O to N in the
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£film, when O is less, the ontical co'nstant becomes larger.
When O is more, the optical constant becomes smaller.

Accordingtofurtheraspectoftheprésentinvention,
preferably there is provided an optical information
recording medium, wherein a material thin £ilm whose main
component is Ge-Sb-Te is uéed as the recording layer.

According to further aspedt of the pres'ent invention,
preferably there is provided an optidal informatinn-
recording medium, wherein the material thin film whose
main component is ZnS-Si0, is used as a dielectric
protecﬁive layer material used together with thé bnrrier
layer.

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

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

element in the recording layer. Accordingly, the

- =22-



édhesiveness can be enhanced. Inﬁthis case, it is
possible to suppress the interdiffusion and the chemicai '
reaction between the'recording layer and the protective
layer whose main cdmponent is the dielectric material.

'I‘hei'eby', the phase change optical reéording’ medium hé.ving
the excellent repeating performance excellent weather-

pfoofnéss can be realizéd. o

AccordingtofurtheraspectofthepreSentinvention,
preferably there is provided an optical information
recording medium, wherein at least one surface of the .
recording layer is nitrided or nitric-oxidized, thereby
the barrier layer is formed.

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

According to further aspect of the present invention,
a method of preparing én optical informatibn fecording
. medium for solving the above problems, comprising a vacuum
deposition mefhod, DC sputtering method, a magnetron
sputtering method, a laser sputtering method, an ion

plating method, a CVD method and the like.
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According to furthei: aspect of the .present invention,
a method of preparing an optical information recording
nedium, preferably , wherein a spﬁttering method is used,
a single targe.t cbmprising the main component :M of the
barrier material, a nitride target comprising M, a
nii:ric—oxide target, or an oxide target is used in order
that the barrier material layer is formed, so that a
reactive sputtering is carried out in a mixed gas of a rare
- gas and the gas containing a nitride component or the mixed
gas of the ga:s cdntaining the rare gas and the nitride
component and the gas containing an oxide component,
thereby the barrier material layer is formed.

According to further aspect of the present invention,
a method of preparihg an optical information recording
medium, preferably, wherein Ar and Kr are used as the rare
gas. |

| According to further aspect of the present invention,

a method of preparing an 'thical information recording
medium, preferably, wherein N, is used as the gas
containing the nitride component, and O, is used as the
gas containing the oxide component.

When the barrier material layer is formed at either
sides of the recording layer, an N, density in case thﬁat-
the barrier material layer is formed at the side opposite

to the substrate of the recording layer is highly set than
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thét in case that {:he barrier material layer is formed at
the substrate side of the recordirig layer. Thereby, the
| structure having a further higher weather-proofness can
"be obtained.

Accordiﬁg to further aspect of the present invention,
a method of prepar"ing an optical information recording
medium, preferably, wherein Ge is used as the main
component M of the barrier material, a Ge target, a Ge-N
target, a Ge-N-0 target or a Ge-O target is used so that
the reactive sputtering is carried out, thereby the
barrier material layer is formed. More preferably, a Ge,N,

- composition is used as the Ge-N target, a GeO composition

is used as the Ge-0 target, and Ge,;N,~GeO mixed Itarget is

used as the Ge-O-N target.

| According to further aspect of the present invention,
a method of preparing an optical j.nformation recording
medium, more preferably, wherein Ge is used as the inain

component M of the barriex material, when the reactive

sputtering is carried out, a total pressure of a sputter' .

gas is more than 1 mTorr, and it is 50 mTorr or less. Within
this range, a high sputter rate and a stable discharge can
be obtained.

According to further aspéct of the present invéntion,
a method of preparing an optical information .relcording

medium, preferably, wherein Ge is used as the main
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component M of the barrier'materiai, when the :eactive
SPuttering is carried out, the sputtef gas is the mixed
gas cqntaining at least Ar and N,, a partial pres sﬁre ratio
of N, is ranging frbm_S% to 60%. Thereby, a better
repeating performance and a better weather-proofness can
be obtained. In this case, when the 'ba.rrier layer is used
| at the substrate side of the recording layer, ‘the partial o
pressure ratio of N, is ranging from 12% to 60% (preferably,
.50% or less). Furthermore, wheﬁ the barrier layer is used
at the side opposite to the substrate , the f.oartial pressure '
ratio of N, is ranging from 5% to 60% (preferably, 40% or
less, more preferablyi 33% or less). |
Regarding the re'peating performance, when a nitride

‘partial pressure in the sputter gas is low, since much
surplus Ge not combined to a nitrogén exists in the
protective layer, the compésition in the récording fi1m
ischanged,accompaniedwithrewritingthesignal,thereby
a better characteristic cénnot be obtained. Furthermore,
when the nitx_'ogen partial pressure in the sputter gas gets
too high, much surplus nitrogen exists in the film, thereby
similarly to the above case, the better repeating
charaéteristic cannot be obtained. | |

| Regarding the wéather-proofness (adhesiveness);
when_the-nitrogen.partial préésure in the sputter gas is

‘'high and much surplus nitrogen exists in the film, after
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an acceleration test, a peeling is.occurred. However,
when the nitrogen partial pressure is low and the surplus
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. |

Accordingtofurtheraspectofthepresentinvention,
-a method of preparihg an optical informaﬁion recording
medium, preferably, wherein Ge is used as the main |
component M of the barrier material, when the reactive
sputtering is carried out, the sputter gas is.the mixed
gas containing at. least Ar and Nz,'a sputter power density
is more than 1.27W/cm?, and a film forming rate is 18
- nm/minute or more.

According to further aspect of the present invention p
a method of preparing an opticel informarion recording.
medium, preferably, wherein Ge is used as the main
component M of the barrier material, when the readtive
spﬁttering is carried out, the sputter gas is.the_mixed
.gas containing at least Ar and N,, the film is formed in
suoh a manner that the complex refractive index value N+ik
may satisfy the'range 1.7<n<3.8 0<k < 0.8. More
specifically, when the barrier material layer is formed
at.the substrate side oflthe'recording'layer, such a £ilm

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

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

film forming condition as to satisfy therange 1.7<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, preférably, wherein at least one element among the
materials constituting the recording layer is used as the
main component of the barrier material layer, its single
element target, its nitride target, its nitriding-oxide
target or its oxide target is used, so that the reactive
sputtering is carried out the mixed gas of the rare gas
and the gas containing the nitrogen component or the mixed.
gas of the rare gas and the gas containing the nitrogen
component and the gas containing the oxygen component,
thereby the film is formed.

According to further aspect of the present in§ention, :
a method of preparing- an 6ptica1 information recording
medium, preferably; wherein the material itself
constituting the recording layer is used as it is as the
main component of the barrier material layer, the target
for forming the recording layer, its nitride target, its
nitriding-oxide targef., or its oxide target is used, so
that the reactive sputtering is carried out the mixed gas

of the rare gas and the gas containing the nitrogen
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component or the mixed gas of the rare gas and the gas
containing the nitrogen component and the gas containing
the oxygen component, thereby the film is formed.

Accofdingtofurtheraspectéfthepresentinvention,
~a method of preparing an optical infbrmation recording
medium, preferably, wherein the material itself
constituting the recording layer is uséd as it is as the
main component of the barrier material layer, in at ieast
either a recording layer formation start time or a
recording layer formation completion time, eithér a
‘process of forming the recording layer in which the density
of the gas containing the nitride component in the sputter
gas is enhanced, or a process of forming the recording
layer in which the densities of the gas containing the
nitride component and the gas contaiﬁing the oxide
component are enhanced is used, thereby tﬁe recording
layer formation can be achieved.

Acco:ding to the abowe processes, a supply qf the
gas constituting the nitride cémponent and the oxide
cdmponent may be stopped when a reéording layér portion

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

FIG. 1 is a cross-sectional view showing a

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

FIG. 2 is a cross—sectional view showing an
structure example of an 6ptical inférmation recording3
medium according to the present invention.

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

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

FIG. 5 is a composition diagram for ekplaining an
appropriate compositibn range of a Ge-N layer or a Ge-
N-O material layer applied to the optical information
recording medium according to the present invention.

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

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

FIG. 8.shows another example of a laser modulation
waveform for recording and reproducing an information
signal relative to the optical information recording

medium according to the present invention.
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FIG. 9 éhows 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 using the sputter gas pressure.

FIG. 12 shows a difference of an adhesiveness by
using the sputter gas pressﬁre. )

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

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

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

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

gas pressure and the optical constant.

Substrate

Protedtive layer
Recording layer
P;otective layer

Metallic reflecting layer

A U W N

Overcoat layer
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7 Concave-convex groove track

Barrier layer

9  Contact layer

10 Defense plate

11 ‘Vacuum tank

12 Power source switch

13 Direct current power source
14 High-frequency power source
15 Matching circuit |

16, 17, 18, 19 Cathode
20, 21, 22, 23 switch
24 Air outlet |
25 Pipe

26 -Vacuum pump

27 théting appafatus
28. Rotary shaft

29 Disk holder

30 Shutter

31 Gas pipe

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

41  Kr gas éylinder

42 0, gas cylinder

43 N, gas cylinder

44 Insulating material
45 Ge-Sb-Te target

46 ZnS-si0, target

47 Al-Cr target

48 Ge target .
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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 iayer
is used at a substrate side of a recording layer.

According to the embod_iment, a substrate 1 is a -
disc-shaped pplycarbonate resin substrate having a
thickness of 0.6 .mm and a diameter of 120 mm. Since a
polycarbonate has suchmerits as a low humidity, a low cost
and the like, the polycarbonate is superior as a material
used. for the substrate. Aside from the polycarbonate
resin, a glas's, an acrylioc resin, a polyolefin resin, a
vinyl chloride and the like can be also used. Although
a nietallcan be also used, the medium must be desighed in
such a mahner that a light is incident from the side where
a film is formed. Any way, a kind of the substrate is not
limited to the present invention. h |

A surface of the substrate is optically sufficientiy

- flat. Furthermore, a spiral-shaped concave-convex
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groove tréck 7, for example, having a depth of 70 nm, a
groove portion width of 0.74 ym and a land pbrtion.width
- of 0.74 pm is formed all over the surface where a

- multi-layer film is formed. The_¢oncave-cohvek shapeIOf
the groove is operated as a guide, thereby a laser beam
for reéording and reproducing an information signal can
be moved to an optional position. As a method o.f guiding
the laser beam, a continuous servo method using the
sﬁir_al—shaped groove or a concentrically formed groove and
a_sample servo method tracing a periodiqally.arranged
signal pit sequence afe known. According to the method
of guiding the laser beam, although the groove is
appropriately formed on the substrate 1'., this does not also
reiate to a substance of the present invention.

According to the above embodiment, sequentially a

pj:'otective layer 2 comprising a ZnS-Sio0, (Si(.)2 : 20 mol%)
mixture .1ayex_', abarrier layer 8 containing Ge-N or Ge~-N-0O,
a recording layer 3 comprising a Ge,Sb, ;Te; alloy thin fil:_n,
a protective layer 4 comprising a ZnS-8i0, (Si0, : 20 mol%)
mixture laye'r and a metallic reflec{:ing layer 5 is formed |
on a surface where the concave-convex groove track_7'of
the substrate 1 is formed by a sputter method. An
- ultraviolet curing resin is used as an adhesive layer 9,
thereby the same resin platé_as the substrate 1 is B

laminated as a defense plate 10. When the barrier layer
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8 is Ge-N, in an order from the prc;te_ctive 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 thickness of eéch layer is sequentially 86 |
nm, 20 nm, 2.0 nm; 18 nm and 150 nm, respectively.
| In general, the material forming the protective
layers 2 and 4 is a dielectric material, which is sdmetimes
called a dielectric protective layer. Aside from ZnS-
Si0,, the materialsl which are conventionally used for the
protectivé layer of the optical .recording m_ediﬁm can be |
applied' to the protective layer as it is. For examplé,
an oxide layer comprising a single oxide or a compound
oxide etc. such as-Al,l Mg, Si, Nb, Ta, Ti, 2r, Y, étc.,
a nitride layer comprising a nitride such as Al, B, Nb,
Si, Ta, Ti, Zr, etc., a sulfide layer comprising a sulfide
such as ZnS, Pbs, etc. » a serenide layer comprising ZnSe,
etc., a carbide layer comprising SiC, etc., a fluoride
cbmprising CaF,, LaF, etc., or a mixture of the above.
materiéls such as a material layer comprising ZnSe-SioO,,
Si-N-O, etc. can be used. |

The material forming the recording layer 3 is a phase
change material to be changed into a reversible si:ate by
receiving an irradiation of an energy beam such as a laser

bean, etc.. More specifically, preferably, the material
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is reversibly changed between an amorphous state and a
crystallinelétate by the irradiation of the laser light
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-Se-Co and the like, or thé
system resulted fromadding a gas admixture such as oxygen,
nitrogen, etc. to these systems can be used.

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

'If the films are practically used as the recording medium,
the recording film being in the amorphous state when the
film is forméd is previously crystallized by using such
a method as a laser beam irradiation, a flush light
irrédiation, or the like. The laser beam is thinly
focused, and the crystallized recording filmis irradiated
with the focused light beam,. Accordingly, the irradiated
portion is amorphized, so that the optical.constant is -
changed, thereby the record is carried out. By the above
change, thé changed portion where-the.above fecord is
carried out is irradiated with such a weakened laser beam
not as to further change the recording layer. A variation
of a reflecting light strength or the variation of a

transmitted light strength is detected, thereby the
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information is reproduced.. When.khe information is
rewritten, the laser light beam is irradiated, and the
amorphous portion is re-crystallized, thereby a recording
mark is erésed. After the erasure, a neW'recording'mark
is formed. As described below, such aﬁ overwrite that an
erasure bperation and a recording operation are carried
out during one rotation of the recording medium can be
pérfofmed.

-As.described above, the material layer 1ocated_
bétweén the protective layer 2 and the recording layer 3
as the barrier layer 8 is operated in such a mannef £hat
an atomic diffusiqn_and a chemical reéction between the
recofding layer and the protective layer are prevented.
Compared to the recording layer, the material layer is
" needed to comprise the material having a higher melting
point and a higher density. Furthermore, it is necessary
that the material layer comprises the material whiéh is
hard td_ react with the material constituting the recording
layer and the dielectric protective layer and td generate
the atomic _diffusion. Moreover, it is necessary that the
material layer comprises the material which is ndt peeled
from any layers and further is hard to generate a crack,
etc.. For example, the material ptbvided&with the above
characteristic among the nitride, the qxide, the carbide,

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

-37.




nitrogen and the like is appropriate. Preferably, any
material has slightly less oxygen and nitrogen than a
stoichiometric compound composition. That is, for
example, when a stoiéhiometric nitrogen compound
composition of the element M and the nitriding-oxide are
defined as M,N,, M,N, -M,0, (where, a, b, ¢ and d denote a
natural number), the composition of the material layer
used for the barrier layer is required to be expressed as
MN.: (bl < b) and M)N,, -MOy (bl < b and dl < d). More
specifically, when the barrier layer is applied at the side
opposite to the substrate _of the recording layer,l
preferably, MN,, (b2 < b) and M\N,, -MO,, (b2 < b and d2
< d). |

Accordingly, even in case of s.uch a composition as
Si-N, Al-N, Si-O-N, or the like, the composi_tion is
expressed as S;; Nm; (ml < 4, preferably ml < 4), AlNm, (m2 _
< 1, preferably m2 < 1),
S;; Nm;— S,0,, (m3 < 4 and md < 2, preférably m3 < 4 and m4
<2, orm3 <4 andmd < 2), thereby'the‘re. is increased a
-possibility that the composition can be applied to the
barrier layer.

Furthermore, when the barrier layer is fbrmed at
- both thé sides of the recording layer, ah adhesiveness to

the recording layer at the substrate side is different from
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that at the side opposite to the _sul:;Strate. The substrate
side of the recording layer has a relatively high
adhesiveness, and the opposite 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 stoiéhiometric composition.
That is, when the barrier material is represented by M,)X,
(where; M denoteé an aggregate Qf non-gas elements M,,
M,, .., and X denotes the aggregate of gas elements X,,
X;r »+), regarding a ratio of a gas component b/(at+b), the
ratio of the barrier material layer at the subsi:rate side
is relatively higher than that of the barrier material
‘layer at the side opposite to the substrate. Accordingly,
the medium having an excellent weather-proofness can be
constructed.

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

A Ge-N layer or a GesN-O layer-caﬁ only include at
least Ge and N or Ge, N and O. The Ge-N layer or the Ge-N-O
layer may also include other elements such as Ge-N-(0),
Ge-Si-N-(0), Ge-Sb-N-(0), Ge-Cr-N-(0), Ge—Ti—N—(O), or
the like. The other elements are, for example, Al, B, Ba,
Bi, C, Ca, Ce, Cr, Dy, Eu, Ga, H, In, K, La, Mn, N, Nb,
Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, Ti, V, W, Yb, Zn, 2r,

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

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

According to the above explanation, as a position
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where the barrier layer is applieé, such an example that
the barrie.r layer is applied to the interface between the
dielectric protective layer at the substrate side and the
recording layer is shown. Aside from the example of FIG.
2, theré are different variations éﬁéwn 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 afe omitted. Although the structure of FIG. 3A
is same as that of FIG. 2, for Simplify by a comparison
among FIG. 3A and Figs. 3B to 3H, FIG. 3A is again shown.

For example,'when the barrier layer is used, even
if not only the barrier layer is used at the substrate side
of the recording layer as shown in FIG. 3A, but also the
barrier layer is used at the reflecting layer side (shown
in FIG.. 3B) or at both sides (shown in FIG. 3C), a similar
effect can be obtained.

Furthermore, even if this layer is applied all over
a lower prbtective layer (shown in FIG. 3D), all over an
upper protective layer (shown in FIG. 3E), or all over the.
lower and upper protective layers (shown in FIG. 3F) not
as the barrier layer, but as the protective layer using
.the barrier material”, the similar effect can be obtained.
For example, in FIG. 3F, the total dielectric protective
layers 2 and 4 at both sides of the recording layer 3 are

formed by the material layer containing the barrier
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material, Ge-N or Ge—ﬁ—o. In thfs cése, this materiél
layer hés a numeral 8.

Furthermore, according to such a structure that the
barrier layer (where,.a Ge-N laYer or a Ge-N-O 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,
accordinglto such a structure that the total prdtective
layer 2 comprises the barrier material (where, the.Ge—
N layer or the Ge-N-O layer) at the. subétraﬁe side and the
barrier layer (where, the Ge—Nllayer or the Ge-N-0 layer)
 is applied at the reflecting layer side (shown in FIG. 3H),
thé similar effect can be obtained.
| The upper protective layer is thinned, thereby the
structure is designed in such a manner that the distance
between the récording'layar and the metallic reflecting
layer is reduced. Thié structufe is calied a quenchihg
structure. According to the quenching structure, if two -
or more layers are formed at the upper side, since very
thin layers must be depo_sited, two or more layers are not
preferable in view of an accuracy administration of a £ilm -
thickness, thereby it is difficult to prepare. In this

case, the upper side comprises a single Ge-N layer or
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Ge-N-O layer, thereby there is genérated such a merit that
it is 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, according to
the structures shown in Figs. 3_ and 4, in various views,
such a structure that a semitransparent reflecting layer
comprising Au and a semiconductor material (for example,
Si, Ge or the alloy whose base is S8i, Ge) is added to the
- substrate side (lthe side which the light is incident on)
of the recording layer can be used (not shown).

Figs 3 and 4 show such a strticﬁure that an upbermost
layer is provided with the overcéat layer 6. The overcoat
layer 6 is only disposed in order to suppress an influence
due to water, dusts and the like re.la't.ive to the protective
layer and the recording layer of the optical information

‘recording ﬁ\edium. Accordingly, for example, such a |
structure that a dummy substrate is laminated, such a
structure that two plates are laminated with the over coat
layer surface faced to an inner side, or the.like is
appropriately ﬁsed according to a usual method.
Furthermore, although the drawing is omitted, in order to
laminate plates, a hot melt adhesive and thé adhesive of
the ultraviolet curing re_si'n or the like afe applied.

In order that the cycle performance can be enhanced,
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more effectively,-the'barrier-layér 8, that is, the Ge-N
layer or the Ge-N-0 layer is formed at the substrate 1 side
of the recording layer 3. Since fhe laser beam is incident
on the substrate side, a temperature at the subsﬁrate 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,inanotherview,whénthebarrierlayer,
that is, the Ge-N layer or the Ge-N-O layer is formed at
the reflecting layer side of the recording layer, in
addition to such a merit as to enhance the cycle
performance, such a merit as to enhance the erasure
performance can be obtained. This relates to the
following phenomenon. That is, when the recbrding layer
is irradiated with the laser beam so that the film is
amorphaized, in general, a solidification starts from the
portion whose temperature is lower. That is, it is
assumed that the structure of the recording film
composition and the interface at the side (usuélly, the
'reflecting layer side) where a cooling starts is a
principal factor for determining the condition of a
generated amorphous solid. That is, it.is assumed that
the barrier layer enables to suppress the atomic diffusion
from the protective layer to the recording layer, the

recording film composition at the interface is also held
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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
transmitted, when the light cannot be incident from the
substrate side, note that this case is contrary to the
above description. That is, in this case, in order that
the cycle performance may be enhanced, effectively, the
barrier layer, that is, the Ge-N layér or the Ge-N-0O layer
is formed at the side opposite to the substrate 1 of the
recording layer 3. On the other harid, in ordef that thé
erasure performance may be enhanced, effective_ly, the
barrier laye'r,. thai: is, 'Ehe Ge-N layer or the Ge—N-O-layer
is formed af the substrate 1 side of the recor;din'g léyer
3. Anyway, if the Ge-N layer or the Ge-N-O layer is formed
at both sides of the recording layer, the above two merits
can be simultaneously achieved.

Table 1 shows a layer structure corresponding to
Figs. 3Ato3HandFigs. 4Atp 4H. 1In the. table, Sub denotes
a substrate, DL denotes a protective layer, BL denotes a
barrier layer (GeNO), AL denotes a recording layér, RL
denotes a reflecting ‘layer, and OC denotes an overcoat
layer. Furthermore, in the protective layer, the layer
applying the barrier material, that'is} the Ge-N layer or
the Ge-N-0 layer is represented by DL (GeNO), and the layer

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

Table 1 An example of layer structures of the recording

medium
FIG. _ layer structures
32 | Sub|DL  |BL(GeNO) |AL| DL
|rRLjoc
3B Sub | DL | AL |BL (GeNO) | pL,
|RL|OC
3cC Sub|DL | BL(GeNO) | AL | BL(GeNO)
|pL |RL|OC
3D Sub | DL (GeNO) |aL| | oL
|RLjOC
3E Sub | DL |aL| .| pL(GeNO)
"|rL|oC
3F Sub | DL (GeNO) |AL| | DL (GeNO)
| |RL|OC
3G Sub | DL | BL (GeNO) |AL| DL(GeNO)
|rL]OC
3 | Sub|DL(GeNO) ~ |AL]BL(GeNO)
|pL |RL|OC
4A | Sub|DL | BL(GeNO) |aL] ' DL
|oc _ _
4B | sub|pL | AL | BL (GeNO) | DL
| joc
4c Sub|DL . |BL(GeNO) | AL | BL(GeNO)
| DL joc -
4D | Sub|DL(GeNO) |aL| DL
|oc
4E Sub | DL " |an| DL(GeNO) |oC
4F Sub | DL (GeNO) |AL| DL(GeNO)
|oc |
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4G Sub|DL | BL (GeNO) |AL| DL(GeNO)
1 Joc |
4H | Sub|DL(GeNO) | | AL | BL (GeNO)
| DL |oc |

Next, as a typical barrier material, an appropriate
composition range of the Ge-N layer or the Ge-N-O layer
will be described below. FIG. 4(sic) is a triangular
diagram showing the composition'range of the Ge-N layer
or the Ge-N-O applied to the present invention. In the
_ apprOpriate composition of the Ge-N material which does
not contain oxygen, thé Ge density has a lowest limit value
of 35% to 40%. If the iowest limit value is reduced to
‘less than 35% to 40%, the adhesiveness to the recording
layer is reduced. 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 exceeds 90%, in a process
of repeat;ing recording and reras.ing, Ge is included in the
recording film, thereby the cycle performance tends to be
reduced. The appropriate Ge density in case that the Ge~N
layer is formed at thé substrate side of the recording
 layer is more or less different froin that in case that-'the
Ge—-N layer is formed at side opposite to the substrate.
The latter is little more highly set than the former,

thereby the adhesiveness is higher.
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For example, the apprdpriaté region of the_Ge
density of the former is 35% to 60%, on one hand, thé'
appropriate region of the latter is 40% to 90% (preferably,
40% to 65%). When the former and ﬁhe latter are formed -
under the same condition, the appropriate Ge density is
ranging from 40% to 60%. According to the present
inventioﬁ, since it is not necessary that both of them are
formed under the same condition, the appropriate Ge
density whose is within the rénge from 35% to 90%
('pre'ferably, from 35% to 65%) is the effective composition
region. Within the range from 65% to 90%, the cycle-
performance tends to be relatively reduced. |

Ge-N-0 system containing oxygen is described below.
" An average compositioﬁ ratio of Gé to N to O in the Ge-;N-O
protective layer is shown in the triahgular diagram_
showing the three-element compoéition Ge~-N-0 in FIG. 5.
The average composition ratio can be expiained by using
each composition point, that is, Al, Bl to B5, Cl to C5,
D1 to D5, El to ES,.Fl to F5, Gl to G5 and H1 to H3.

B2 (Ge89.7N9.800.5), B3 (Ge86.6N6.706.7), B4
(Ge83.4N3.3013.3), |

C2 (Ge64.4N33.801.8), C3 (Ge58.8N20.6020.6), C4
(Ge53.9N9.2036.9), '

D2 (Gé59.5N38.502.0) , D3 (Ge53.8N23.1023.1), D4
(Ge48.8N10.2041.0),
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B2 (Ged9.6N47.902.5), E3 (Ged5.4N27.3027.3), E4
(Ged2.3N11.5046.2), “

F2 (Ge42.4N54. 762 .9), F3 (Ge38.4N30.8030.8), F4
(Ge35.5N12.9051.6), and

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

a composition line B1-B5 connecting thé composition
point Bl (Ge90.0N10. 0) to the comp051tlon point B5
_(Ge80 ONZO 0), .

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

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

a composition lJ.ne ElrE5 connect:.ng the compos:.t:.on
po;nt El (Ge50.0N50.0) to the composition point E5
(Ge40.0N60.0),

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

a composition line G1-G5 connecting the coniposition

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

(Ge30.0N70.0),

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

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

a composition liné Al-H4 conheoting the com_pdsition_
point Al (Gel(00) to the composition point H4 (N20.0080.0).

That is, preferably the average composition ratio
of Ge to N to O in the Ge-N-0 layer is within the fange
surrounded by four composition points, that is, Bl, B4,
G4 ,. Gl inthe triangular diagran_\ showing the three—elément
compoéition Ge-N-O shown in FIG. 5. Within this range,
there are such an effect that the oyclé performance and
the erasure performanoe can be enhanced as described
above.

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

On the contrary, when the barrier layer is formed at the
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substrate side of the recording lalyer' (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 layer is applied
to the composition region whose Ge density is considerably
high.

Accordingly, even within the composition reg'ion'
Bl—B4-—G4-Gi, when the barrier layer is formed at the
substrate side of the recording layer (at the side which
the laser beam is incident on), the composition region

surrounded by the four composition points, D1, D4, G4, Gl

'is preferable. When the barrier layer is formed at the side

opposite to the substrate of the recording layer (at the
side which the laser beaIﬁ is not incident on), the
composition region surrounded the fouf: composition pbints
Bl, B4, F4, Fl (preferably, Cl, C4, F4, Fl) is more
preferable. |

| When the Ge density rexceeds the composition liné '
B1-B4, there is more possibility that the Ge atom is
included in the recording layer, thereby sometimes the
characteristic of the i’ecording layer is changed. On the
contrary, when the Ge density is too less than the
composition line G1-G4, gas-state 'oxygeh and nitrogen
included in the film are increased. Accordingly, for

example, when a laser-heating is performed, the oxygen and
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nitrogen is outgassed relative té the interface to the
recording layer, thereby sometimes there _is occurred such
a problem that the Ge-N-0O protective_,layer is peeled from
the recording layer, etc.. However, any way, if the |
Ge-N-0 protedtive 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.(refractive
index) when the structure of a recording device ié
determined. For example, in case of Ge;N,~GeO,
composition line, the closer a real part n and an imaginary
part k of the complex refractive index n+ik approach'to
the Ge;N, side, the lérger they become. The closer the r_eél
part n and the imaginary part k approach to the GeO, side,
the smaller they become. Accordingly, when larger n, k
are necessary, the composition contaiﬁing much nitrogen
can be selected. When smaller n, k are necessary, the
compoéition containing mueh oxygen can be selected.
However, the higher the GeO, density becomes, the
lower the melting point of the film becomes. When the
melting point becomes too low, since a deformation is -
occurred due to the repeated laser irradiation, and the
protective layer is mixed with the recording layef,,an
excessively low melting point is not preferable as the

protective layer. Furthermore, since GeO, itself is
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subject to melt into water, when tGeoz dehsity becomes
higher, there is such a problem that 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, Ge40N5505), the good mdisture—
proof and cycle performance can be confirmed. In view of
a repeating performance, in the region B1—l§3-G3-G1 having
a relative’]_.y less oxygen component (in addition to the -
composition points Bl1, B3,. G3; Gl, for example Ge40N40020;
Ged42N5305, Ge35N35030), a good repeating performance can
be confifmed.

In the composition whose oxygen density is low, _for
example, in the composition having a less oxygen component
than the composition line Al-H2, the rigidity becomes
little larger. Accordingly, compared to the composition
having more oxygen component, the éomposition having less
oxygen density has'él little tendency to génerate the crack
and the peeling.  However, a little oxygen is added to the
composition having less oxygen density, thereby such an
effect that the peeling and the crack are pre\}ented can
be obtained. As described below, even in the composition
having less oxygen than the composition line Al-H2, if the |

thickness of the Ge-N-(0) layer is about 300 nm, there is
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no practica_l problem. Accordinglly ' this region can be
applied'. | |

When the Ge-N layer or the Ge-N-O layer is applied
to the barrier layer, the film thicknesé thereof is needed
" to be at least 1 nm or more, pref.erably 2 nm or more, more
preferably 5 nm or more. When the film thickness is less
than 1 nm, such an effect that the diffusion is suppressed
is reduced. Furthermore, the diffe.renc'e bet_:ween 2 nm and
5 nm is an allowance relative to the power. Even if the
thickness of 5 nm needs a hi_gher power than 2 nm, such an
effect that the cycle performance is enhanced can be
obtained: according' to the diffusion and the chemical
reaction. When the film thickness is 5 nm, a basic
diffusion suppression effect can be sufficiently obtained.
if the thickness is 20 nm or more, the above effect can
be more reproducibly obtained.

When the Ge-N layer or the Ge-N-0O layer is used as
the protective layer, it is necessary thét the thickness
thereof is. formed in such a manner that it is thicker than
thickness of the layer used for the barrier layer. in
case of a usual optical disk, the film thickness of the
dielectric protective layér can be only formed in order
to have at most 300 nm. Accordingly, the thickness of
about 300 nm is applied to the film thidkness of. the Ge-N

protective layer or the Ge-N-O protective layer . In case
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of Ge-N layer or the Ge-N-0 layer; there.is no problem,
and the crack and the like are not observed. Furthermore,
in this point of view, there is such an'adva_ntage that'the
material sjrstem containing oxygen is not subject to éraqk.
It is assumed that oxygen is included, thereby a structure
flexibility is enhanced. |

Nexi:, a method of preparing the optical information
recording medium will be explained. The multi-layer f£ilm
_constittiting the recording medium according to the present
invention can be'formed.by a gas phase deposition method
such as a vacuum deposition method, DC sputtering method,
a magnetron sputtering method, a laser sputtering method,
an ion plating method, a CVD method énd the like. Here,
the example using the DC sputtéring method and the
magnetron sputtering method will be described.

FIG. 6 shows an embodiment of an apparatus for
preparing the optical information recording medium. FIG..
6 shpws a generally schematic structure. 1In the first
place, a vécuum tank 11 of a sputter chamber is a positive
electrode. The vacuum tank 11 is connected to a plus of
a direct current power source 13 via a power source switch
12. FurthermOre,_the.vacuum tank 11 is switching-
connected to a matching circuit 15 connectéd to a
high-frequency power source 14. Thereby, both of the DC

sputtering using a direct current discharge and an RF
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sputtering using a high-frequency discharge can be carfied

out. The matching circuit 15 matches an impedance in fhé

sputtér chamber to the impedance at the power source.
A bottom portion of the vacuum tahk 11 is provided

with four negative electrodes 16, 17, 18, 19 (negative

electrodes 18, 19 not shown) which also serve as a water

cooler. BAninsulatingmaterial 44 is disposed around each
negative electrode 16, 17, 18, 19, thereby the negative
electrodes 16, 17, 18,. 19 are insuiated from the positive
electrode. Furthermore, the negative electrodeé 16, 17,
18, 19 can be grounded via switches _20; 21, '22, 23 (switches
22, 23 not shown). | |

- A Ge-Sb-Te al_loy target 45 bonded to a copper Backing
plate, a 2Zns-SiO, (Si0, : 20 mol%) mixture target 46, an
Al-Cr (Cr : 3 atoms%) ailoy target 47 and a Ge targét 48
are fixed to the negati\}e electrodes 16, 17, 18, 19 via
an O ring by a scréw, respectively. Each target is
ldisc—shaped, having a diameter of 100 mm and a thicknéss_
of 6 mm; Furthermore, a permanent magnet (not shown) is

accommodated in the negative electrodes 16, 17, 18, 19,

thereby a magnetron discharge can be carried out.

An air outlet 24 is disposed at a side surface the
vacuum tank 11. A vacuum pump 26 is connected to the air
outlet 24 via a pipe 25,_'theréby an exhaust can be carried

out in such a manner that the sputter chamber is high vacuum.
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An upper portion of the vacuum taﬁk 11 is provided with
a rotating apparatus 27. A disk holder 29 is mounted to
a rotary shaft 28 6f the rotating.apparatus 27. The -
substrate 1 is attached to the disk ho'ider 29. A numeré.l‘
30'denotes a shutter. The shuttef 30 is closed so that
a pre-sputter is carried out. Furthermore, the shﬁtter '
30 is opened and closed, thereby a sputter start and a
sputter cdmpletion are controlled.

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

is used as the gas containing both of N and O, and the
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sputtering can be also carfied outf in the mixed gas of Ar
and them. | |

The method of preparing the optical information |
recording medium having the structure shown ih FIG. 3A aé
an embodiment of the optical information recording medium
according to the present invention by using this apparatus
will be described below. Here, simultaneocusly, such an |
example that the Ge-N layer or the Ge-N-O layer as the
barrier layer is disposed at the substrate side of the
recording layer will be éxplained (henceforth, in case of
no particular explanation, an explanation is made in an
order of Ge-N, Ge-N-0).

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

1 x 10°¢ Torr or less. Néxt, a main valve is throttled,

and at the same time, Ar gas is introduced into the vacuum
tank, thereby a degree of vacuum reaches to 1 nTorr. The
disk holder 29 is rotated, and the poWér source switch is |
turned on, thereby RF discharge is. started by the zZnS-
Si0, target 46 and the négative electrode 17. The |
pre-sputter is carried out with 500W power for five minutes,
and after the discharge is stabled, the shutter 30 is
opéned. After a ZnS-Si0, film having a predetermined
thickness (according to the embodiment , as described above,

91 nm or 86 nm) is deposited on the substrate 1, the shutter
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30 is closed. The protective layor 2 comprising the
ZnsS-sio, film is formed on the substrate 1 provided with
the groove track portion 7. o

After the discharge is completed, once the ni'ain
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 total pressure is set to 20 mTorr ..
Next, the RF discharge is started by the Ge target 48 and
the negative electrode 19. After five-minute pre-
sputtering, the shutter 30 is opened, and the reactive
sputter is carried out with 500W. The barrier layer 8
whose main component is Ge-N hav1ng a predetermlned
thickness (accordlng to the embodiment, as described above,
5 nm or 20 nm) is formed on the previously formed 2ZnS-
Si0, protective layer 2 (since the opening and closing
oﬁeration of the shutter 30 and the valve operation are
similar to the case of forming the following layers, the
explanation is .omitted) . When the barrier layer whose
main component is Ge—N—O is formed, in the above process,
instead of introducing the Ar gas and the N, gas 'at the
ratio of 50% to 50%, the Ar gas, the N, gas and the 0, gas
can be only introduced at the pressure ratio of 49.5% to
49.5% to 1%. Only this poini;. is different from the above

case. Similarly, the succeeding process is carried out.
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Since Ge has more tendency té form the oxide rather
than the nitride, for example, the O, dens.i.ty can be set
considerably less than the N, density. | In some cases., the
mixed gas of the Ar gas and the gas containing an N
component can be only used as an introducing gas, thereby
the Ge-N film containing oxygen, that is, the Ge-N-0O layer
can be formed. In this case, such an administration that
the degree of vacuum is set within a predetefmined range
before introducing the gas, etc. is carried out, thereby
_the O density in the Ge-N-0 layer can be controlled in such
a manner that a desired O density is obtained.
| The ébmposition of the Ge-N layer and the Ge-N-O -
layer can be identified by a combination of an auger
electron épectral method (AES), a Ruthurford back
scattering method (RBS), Inductive Combination high-
frequency plasma spectral method (ICP), and the like. The
compositions in this case are Ged44 N56, Ge40 N40 020,
respectively. r

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

as described 'above-, 20 nm) can be obtained. The formed
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recording layer 3 is in amorphoué state.

Next, the ZnS-5i0, £ilm of the upper prbtectiﬂre layef
4 is formed under the same condition as the lower
protective layer 2 of a first layer in such a manner that
a predetermined film thickness (according to the
embodiment, as described above, is.nm) can be obtained.
Finally, the Al-Cr target 47 is CD sputtered in the Ar gas
atmosphere of 2 mTorr with 300W pbwer_. The Al-Cr élloy
film of the metallic reflecting layer 5 is also de'posited
ata pz_:edetermined thickness (according to the embodiment,
as described above, 150 nm), thereby the multi-layer film
having a predetermined five-layer structure is formed on
the substrate 1. |

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

According to the above example, as the method of
forming the Ge-N layer or the Ge-N-0 layer, f.he 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 gae of the Ar gas, the
nitrogen gas and the oxygen gas a?e used so that the film
is formed by the reactive sputﬁering method. However,
there ere othef methods.

Other methods are as follows. Instead of the metal
Ge, a Ge-N compound (preferabiy, Ge;N,) is used as the
target. The reactive sputtering is carried out in the
mixed gas containiﬁg the rare gas and the nitrogen so that
the film is prepared. Furthermore, a Ge—-O compound
(preferably, GeO, GeO,) is used as the target. The
reactive sputtering is carried out in 'Ehe mixed gas of the
rare gas and the nitrogen, or in the mixed gas of the rare
gas, the nitrogen—-containing gas and the oxygen-
containing gas so that the film is prepared. Furthermore,
a Ge-N-0O compound (for example, the compound of Ge,N, and
GeO, or Ge0O) is used as the target. The reactive
sputtering is carried out in the mi#ed gas of the rare gas
and the-nitrogen—containing gas, or in the mixed gas of
the rare gas, the nitrogen-contaiﬁing gas and the
oxygen—-containing gas so that the film is formed.

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

to the case that the impurity is not contained can be
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obtained. That is, preferably, the impurity density |

contained in the nitride and the oxide forming the barrier
layer 8 is about 10 at % or less. In case of an admixture
for positively enhancing the characteristic, the density
is not limited to this range. For example, Cr can be added
up to the same density as the Ge density at maximuzh, thereby |
Cr largely contributes to enhancing the adhesiveness to
the recording layer, eté. . |

As a sécond method of forming the barrier layer, for

__exaznple, the material of the recording layer is applied

to the target, and the nitride and nitriding-oxide being
the constituent elements of the recording layer are formed, |
thereby the bafrier layer can be formed. For example, in
case of a Ge—-Sb-Te system recording iayer, the Ge-Te-Sb
alloy target is used so that Ge~-Sb-Te-N and Ge-Sb~Te-N-0
can be formed. In case of this method, for example, in
the first place, after the protective layer is formed,. the
Ge-Sb-Te target is used, a_zid the reactive sputtering is
carried out in the mixed gas. of Ar+N,, thereby the Ge-
Sb-Te-N film is formed in order to have a predetermined
thickness. After then, Ar is used as the sputter gas, and
the Ge—Sb-—Té recording layer is formed. | By this process,
only one target is used, thereby the barrier layer and the
recording ‘layer can be formed.

According to the embodiment, such an example_'tha;t
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the process of forming the recording layer is performed
.in inactive gas is shown. The nitrogen can be contained
in the recording layer. In this case, the N, paftial
pressure is appropriately adjusted. In case of forming
the recording layer, compared to the case of forming the
barrier layer, a low N, density is selected, thereby the
recording layer containing the nitrogen and the barrier
layer can be Iaminated. Here, the example of preparing
the optical information recording medium having the
structure shown in FIG. 3A is shown. For example, as shown _
in FIG. 3F, in case of the structure having the protective
layers comprising the barrier material at both sides of
the i‘ecording layer 3, the protective layer comprising the
nitride and nitriding-oxide, the recording layer and the
protective layer comprising the nitride and nitriding-
oxide.can be formed accbrding to the above process.
Furthermore, for example, as shown in FIG. 3E, when
the protectlve layer comprising the barrier material is
formed on only the upper surface of the recording layer
3, naturally, the films can be formed in the order of the
recording layer, the protective layer comprising the
nitride and nitriding-oxide. 1In case of this method,
since the composition of the recording layer is common to
that of the barrier layer or the protective layer. there

is le_ss fear that the chemical reaction and the

-64-



interdiffusion are occurred. Acc.ordingly , a higher
adhesiveness canbe easily obtained. Extending this view,
for exé.mple, when the Gé—Sb—Te recording layer is used,
it is advantageous that the cbnstituent 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 protéctive layer themselves. In this case,
the metal Te and the metal Sb are used as the targét,' and
Te-N, Te-N-0 and Sb-N, Sb-N-O can be selectively
independently | formed, re'spectively. In any case, the
effect corresponding to the Ge-N-O layer can be obtained.
In case of the barrier layer and the protective layer using
the nitride and the nitriding-oxide, for example, as shdwn
by the case of Ge-N-0, the composition ration 6f the -
nitrogen element, the oxygen element and the metal element -
is not limited to the stoichiometric composition.
According to the present invention, when a heat is
applied, in the constituentrelement of the recording layer
~and/or the constituent element of the dielectric material
léyer, a material movement is suppressed. The layer
‘having a higher adhesiveness to the redording layer and/or
the dielectric material layer is adhesively formed 'on at
least one surface of the recording layer. If this
requirement can be only satis fied, the constituent element

of the recoi:;ding layer is not limited to nitriding—oxide;
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Accordingly, éven if the constitﬁent element of the
recording layer is a carbide or a fluoride, the constituehﬁ
element can be.applied. For example, the consti_tuént
element of the recording layer méy be same as the
constituent element (for.example, Zn-N, Zn-N-0, 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 db not contain Ge are uséd
as f__he' recording material, the Ge-N f£ilm and the Ge—N-.
0 film are effective. |

Next, the formed recording medium is init.ialized..
The initialization is carried out by the laser irradiatioﬁ,
as described below. Any other method, for example, the
method using a flush exposure can be applied. Here, the
‘disk medium is rotated at linear rate of 5m/s at uniform
rate, and the laser beam having a wavelength of 780 nm is

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

: medium is located in such a manner that the longitudinal
directibn of the oblong spot thereof is a radius direction.
The crystallization is sequentially carried out at a pitch
of 30 pum/rotation froin' an outer diameter to an inner

diameter.
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Thereby, the method of prex;afing the optical
information recording medium according to one embodiment
of the present invention is shown. If the number of laYers
and the Iayer t_hickness of the disk are changed, the above
method is substanﬁially’ similar. Furthermore, the medium
having various structures as shown in Figs. 3A to 3H and
Figs. 4A to 4H can be similarly formed.

Furthermore, a disk comprising a plurality olf'
laminated recording layers in whie.h a multi-layer
recording can be carried out, and a disk comprising two
laminated disks with rear surfaces thereof in which the
record can be reproduced at both sides can be applied to
the present invention'.

Next, the signal is recorded on the eptical
information_ medium prepared by the above method, and the
method of reproducing the record will be explained. 1In
order to estimate the recording and reproducing
characteristic, a deck is used. The deck is pr_ovided with .
a semiconductor laser light source whose Wavelength is 680
nm, an optical head mounting an objective lens whose
numerical aperture is 0.6, a linear motor for guiding the
optical head to an optional position of the recording
medium, a tracking servo mechanism for controlling a
positioning, a circuit for the. tracking servo mechanism,

a focusing servo mechanism for controlling an attitude of

-67 -



the optical head and for irradiat;ing a recording film
surface with a laser spot, a circuit for the focusing servo
mechanism, a laser drive circuit for modulating 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 recorded or overwritten, in the
first place, the disk is .rotated at a predetermined rate.
The lineaf motor is operated so that the optical héad is
moved to the optional £rack position. Next, the focusing

servo mechanism is operated so that the laser spot is

focused on the recording film surface. Next, the tracking

servo mechanism is operated so that the laser beam is
trac;ked to an optional track. Next, the laser drive
circuit is operated so that the power of the outputted
laser is modulé;ted corresponding to the information signal
between an amorphizing pulse portion having a power level
whose irradiation energy is relatively high and a
crystallizing pulse portion havinlg a power level whose
irradiation energy is relatively low, as shown in FIG. 7.
The optical information recording medium is irradiated
with the laser beam, thereby such a state that an amorphous
state and a crystalline state alternately exist is formed.
A peak pulse portion comprises a usually so-called

multi-path formed by further narrow pulse sequence.
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After the irradiated portion in 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 pbrtion is
annealed, thereby the portion is in the crystalline state.

Next, when the signal is reproduced, the irradiation
- power of the laser bea:ﬁ is set to é. reproducin'g power level
lower than the power level used for the crystallization
in such a manner that the optical information recoxdiné
medium is not further changed. The optically changed
portion is ii:radiated wit.h the laser beam, and a detector
receives and detects a strength change generated
corresponding to a difference between the amorphous state
and the crystalline state of the :eflecting light or the
transmitted light.

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

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

A signal system is EFM, a shortest recording mark

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

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

signal amplitude and the jitter value (the ratio (csum/Tw)

of 0 sum, that is, a sum of a standard deviation o of the

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

For a comparison, thr‘fee kinds of disks (A), (B), (C)
are made on an experimental basis and estimated. The
disks are as follows: (A) tv}o disks comprising .the
structure according to the embodiment (a disk Al is a Ge}N
barrier layer' disk, a disk A2 is a Ge-N-O barrier layer
disk), (B) a disk comprising a coﬁventional structure,
that is, the structure of the disk (A) except for the Ge-N

barrier layer or the Ge-N-O barrier layer, and (C) a disk
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comprising the conventional struc;ture 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 item, after the record
is repeated at 100,000 times, the jitter value (measured
by'such'a method 'that the jitter between each mark front
end and the jitter between each mark rear end are
independently measured) is estimai:ed. Such a case that
both of the jitter bétween the mark front end and the front
end and the jittei:' between the mark rear end and t.he rear
end are less than a reference vélue ahd the jitter value

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

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

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

repeating, the jitter slightly exceeds the reference value

is represented by A. Such a case that after 10,000-time
repeating, the jitter value already exceeds the reference
value is represented by X. The power for estimate is set

to a higher value by about 10% than a lowest limit jitter
value, where the lowest limit jitter value denotes the

value when an initial jitter value satisfies the value less

than 12.8%.
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According to a second estin;ate item, after
100,000-time repeating in the above experimental track,
the amplitude value is observed, and the resﬁlt 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 are left to stand under a high-temperature (90°C)'

and high~humidity (80%RH) environment for 200 hours and

for 400 hours, the disks are examined with a microscope.

‘Such a case that no change is found even after 400 hours

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

a case that a slight peelihg is observed in 200 hours is

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

The above experimental results are shown in a table

2. Thus, the structure according to the present invention

is superior to the conventional structure in view of the

repeating characteristic and the weather-proof.
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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,lthe
- result of a comparative test is shown. A disk (D)
comprising the structure shown in FIG. 3B in which the
barfier layer is used only at the reflecting layer side
of the recording layer in the table 1, and a disk (E)
comprising the structure shown in FIG. 3C in which the
barrier layer is used at both sides of the recording layer
are produced by the above method. The disks (D) and (E_).
are initialized. The composition of the reflecting layer
and the recording layer is same as thét of the disks (A)
and (B). | |

The disks (D1) and (D2) compr'i‘ses a laminated-layer
structure, in which a ZnS—SJ'.'O2 protective layer (86 nm),

a Ge-Sb-Te recording layer (20 nm), a Ge-N or Ge-N-O

-73-



barrier layer (5 nm), an ZnS-SioO, pl‘:otéctive 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 ZnS-Si0, protective layer (86 nm),
a Ge-N or Ge-N-0O barrier layer (5 nm), a Ge-Sb-Te recording
layer (20 nm), a Ge-N or Ge-N-O barrier layer (5 nm), |
ZnsS-8i0, protective layer (12 nm) « and an A1-Cr reflecting
layer (150 nm).

Here, when the Ge-N layer or the Gé—N-O layer is
formed at the reflecting layer side of the recording layér ’
compared to the case that the Ge-N layer or the Ge-N-O layer
is formed at the subs_trate side, the pressure ratio of the .
N, gé.s relative to Ar gas is reduced. The gas is introduced
at the ratio of 80% Ar gas to 20% N, gas, or in the r_atio
of 80% Ar gas to 19.5% N, gas to 0.5% 0, gas. The sputtering
is carried out at the total pressure of 20 mTorr. As a
result, the average composition of the Ge-N layer at the
reflecting layer side is Ge65 N35, and the composition of
the Ge-N-O layer at the reflecting layer side is Ge60 N30
o10. | |

The disks (A) fo (E) are rqtated at the linear rate
6ém/s, and the result is recorded according to the above
method. Here, a single signal having a 3T mark length is
.recorded. And after C/N ratio is measured, immediately

the overwrite of a 11T signal is recorded. Thereby the
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3T signal is erased, and a damping factor ratio (a degree
of erasure) is measured. WNext, 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 ratio more than 35dB is obtained. O denotes that -
the erasure ratio more than 30dB is obtained. A denotes |
that the erasure ratio more than 2_6dB is obtained. X

denotes that the é;rasure ratiois feduced to less than 26dB.
Thereby, the Ge~N barrier layer or the Ge-N-0 barrier layer
is applied, thereby the erasure performance is enhanced. |
More specifically, when the barrier layer is formed at the
reflecting layer side of the recording layer, a higher_
effect can be obtained. , | |
Table 3 Result 2 of comparing the charactej:istics of
the pptical disk applying the interface layer according

to the present invention to those of the prior art

Estimate Item
Disk Immediatel 100H 200H
y After
Al © O A
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Henceforth, according tomore detailed experimental
data, the present invention will be explained in detail. |
FIG. 9 schematically shows a film formation apparatus used
for the following experiment. A vacuum pump (not showh)
is connected to a vacuum container 49 through an air outlet
50 so that a high vacuum can be kept in the vacuum container
49. From a gas supplying opening 51, the Ar gas, the
nitrogen gas, the oxygen gas or the mixed gas of them can
be appropriately provided at ai constant flow rate on_demand.
A numeral 52 denotes a substrate. The substrate 52 is
mounted to a drive apparatus 53 for rotating the substrate
52. A numeral 54 denotes a sputter. target. The sputter
target 54 is connected to a negative electrode 55. Here,
a disc-shaped material having a diameter of 10 cm and a
thickness of 6 mm is used as the target. The negative
electrode 55 is connected to a diredt current povéer sourcé

or a high-frequency power source 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 layér structure shown
in Figs. 3A and 3B (a disk (1) and a disk (3) in a table
4) are made on a experirhental basié . The recording layer
3 comprises a phase change material Mubs'e main component
is a Ge2Sb2.3Te5 alloy, and the dielectric protective
layers 2 and 4 comprises a ZnS-5i0, film. When the film
is formed, the gaé is supplied in such a manner that each
total pressure of the Ar gas becomes 1.0 mTorr and 0.5 mTorr,
respectively, and each of the powers DC1l.27 W/cm? and
RF6.37 W/cem? is introduced into the negative electrode 55,
respectively. Furthermore, when the reflecting layer
(AlCr) 5 is formed, the Ar gas is supplied in such a manner
that the total pressure becomes 3.0 mTorr, thereby the
power DC 4.45W/cm? is introduced. |

In the disk (1), after the dieléctric 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 layér 8 is formed; In
this case, Ge is used as the target, and the mixture of
Ar and nitrogen is used as the sputter gas. Furthermore,
the sputter gas pressure is 20 mTorr, the partial pressure

ratio of Ar to nitrogen in the sputter gas is 2 : 1, and
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the éputter power is RF700W. Sinc;e 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 £ilm thickness of each layer is as follows: the
disk .(1) comprises the dielectric protective layer 2
having 86 nm, the barrier layer 8 having 5 nm, the recording
layer 3 having 20 nm, the dielectric protective layer 4
having 17..7 nm and the reflecting layer 5 having 150 nm,
and the disk (3) comprises the dielectric protective layer
2 having 91 nm, the recording layer 3 having 20 nm, the
barrier layer 8 having 10 nm, the dielectric protective
layer 4 having 15.2 nm and the reflecting layer 5 having
150 nm. As a comparative example, the conventional
structure shown in Fig. 1 (a disk (0)) having no barrier
layer is similarly produced, and it is compared to thé
disks (1) and (3). The disk (0) is provided with the
dielectric protective layers 2 and 4 comprising the
mixture of ZnS and SiO,, an:d. each layer f£ilm thickness is
91 nm and 17.7 nm, respectively. Furthermore, the
recording layer 3 comprising a Ge2Sb2.3Te5 alloy has the
film thickness of 20 nm. The reflecting layer 5
comprising AlCr has the film thickness of 150 nm.

The repeating characteristic of the disks (1), (3),

(0) is shown in a table 4. In the table 4, the repeating

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

When the shortest mark length becomes 0.61 um, the marks

3T to 11T are recorded. The value resulted from dividing
the jitter value between each front end and the jitter
vélue 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 repeaf.ing
record, both of the jitter value between the front ends
and the jitter value between the rear ends do not exceed

13% is represented by ©. The case that after

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

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

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

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

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

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

repeating characteristic is enhanced.

(Example 2)

All the protective layers at the substrate side of
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the disk (1) in the table 4 in thé example 1 are changed

- to the Ge-N layer or the Ge-N-O layer, thereby a disk (5)

ié formed (accordingly, the Ge-N protective layer or the
Ge-N-0O protective layer whose thickhess is 91 nm is formed
at the substrate side of the recording layer).
Furthermore, all the protective layers at the reflecting
layer side of the disk (3) in the table 4 are changed to
the Ge-N layer_ or the Ge-N-0 layer, théreby 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-0O layer can be formed in such a mann_e'r
that the Ge-N layer or the Ge-N-O layer can obtain a
thi.ckness necessary for the protective layer.
Furthermore, even in this ‘case, the excellent repeating

performance can be obtained.

(Example 3)

Next, the recording layer 3 compfises a phase changé
material whose main component is a Ge2Sb2.3Te5 alloy, when .
the barrier 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
structure shown in Figs. 3A and 3B are formed (a disk (2) .
a disk (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 indisk
numbers (2) and (4) in the table 4. | |

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

comparative example.

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

?

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

| Next, when the layer struc_ture is constructed as
shown iﬁ FIG. 3A, and Ge is used as the target for forming
the barrier layer 8, the range of the film formation
condition whidh can obtain a better char'acte_r_istic is
examined.

According to the embodiment, the total sputter gas
pressure is conStantly set to 20'merr, and the partiall
pressure ratio of Ar and nitrogen in the sputter gas has
three kinds of ratio, that is, 2 : 1, 1 : 1and 1l : 2. The
sputter power of Ge is RF100wW, 300w, 500W, 700W, 710W, 750W,
1 kW, 1.5 kWwand 2 kW, That is, since the target is the -
disc whose diameter is 10 cm, when the sputter power is
converted into the power density, the respective sputter
powerslare changed to 1.27Ww/cm?, 3.82W/cm?, 6.37W/cm?,
8.91W/cm?, 9.04W/cm?, 9.55 kW/cm?, 12.7 kW/cm?, 19.1 kWw/cm?
and 25.5 W/cm?, respectively. Thereby, the filmis formed, .
and the characteristic of the disks is examined. When the
partial ratio of Ar and nitrogen is changed.td 2 : 1, 1:
land 1 : 2, respecti\;ely, the flow rate of nitrogen ié
constantly set to 50 scom, aﬁd the flow rate of Ar is
changed to 100 scdm, 50 scoem and 25 sccm corresponding to
the flow rate of nitrogen 50 sccm. The main valve of the

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

The layer structure is construéted similarly to the
disks (1) and (2) .. The £ilm thickness of each layer is as
follows. The dielectric layer 2 is 86 nm, the barrier
layel_: 8 is 5 nm, the recording layer 3 is 20 nm, the
dielectric layer 4 is 17.7 nm and the reflecting layer 5
is 150 nm. The repeating characteristic is examined by
the method shown in the example 1. The result is shown
in a table 5. Furthermore, the adhesiveness is adopted
as the estimate item of the weather—proéf. The
acceleration test is carried out at 90°C at 80%, a sampling
is carried out in 100 hours, 150 hours and 200 hours, and
the sample is observed with an 'optical microscope in order
' to find whether the peeling exists or not. The result is |
shown in a table 6A. In this cé\se', thé .generatéd peeling

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

the case that the sampling after 200 hours is not peeled

at all. O denotes the cabe that although the sampling

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

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

the case that although the sampling after 100 hours is not
peeled, the sampling after 150 hours is peeled, even if

slightly. X denotes the case that the sampling after 100

hours is peeled, even if slightly.
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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 31 1:1 1 :2
100 X X X
1300 @) 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 forming a film of a
barrier layer applied to a substrate side of a

recording laYer and a weather-proof

Sputter Power|(Ar partial pressure) : (Nitrogen
partial pressure)

(W) 2:1 1:1 1: 2
100 | o | o X
300 O O X
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500
700
710

750
1000
1500
2000

olo|le|oelo|le|o
©le|le|e|le|o|o]
@|e|o|o|>|x|x

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

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

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

be formed.

Relating to the nitrogen partial pressure, in case

?

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

1 : 2, better characteristic can be obtained only within
the sputter power range more than 710W. When the-_nitrdgen

partial pressure is higher than an appropriate condition,

since a surplus nitrogen not combined to Ge exists in the
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 sputter power is
increased, there is reduced a possibility that the Ge atom
" sputtered on the target surface is combined to the ni*_trogen
until the sputtered Ge aﬁom is attadhed to 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 compqsition
ratio of the barrier layer 8 which can obtain better
characteristic, in any caée , the average composition ratio
of Ge, O and N is within the range surrounded by four
composition points shown the three-element composition
diagram in FIG. 5, E1(Ge50.0N50.0), G1(Ge35.0N65.0),
G4(Ge31.1N13.8055.1), E4(Ge42.3N11.5046.2){

In general, when Ge or Ge-N is used as the target
and the mixed gas of the rare gas and nitrogen is provided
so that the film is formed, there is a tendency that if
the sputter power is relatively small, the Ge-N-0 £ilm
containing'é lot of oxygen is formed,'and if the sputter
power is relatively large, the Ge-N film whose oxygen-
content is only an impurity level is formed.

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

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

nm/minute. -

(Example 5)

Next, the difference .of the disk characteristic is
examined ac_cordihg to the difflérence of the partial
pressure ratio of the sputter gas press'u_re and the nitrogen
partial pressure in the sputter gas. Thus, the layer
structure comprises the same structure .in Figs; 3A and 3E..
Ge is used as the target, and the sputter power is
constantly set to RF700W. When the total pressure of the
sputter gas, Ar partial pressure and the nitrogen partial
pressure are changed, the characteristic is examined. A
FIG. 3A-type disk comprises a ZnS-SiO, protective layer
whose film thickness is'._86 nm, a Ge-N or Ge-N-O barrier
layer whose film thickness: is 5 nm, a Ge-Sb-Te _recording'
layer whose film thickness is 20 nm, a ZnS-8i0, protective
layer whose film thickness is 17.7lnm' and an AlCr
reflécting layer whose film thickness is 150 nm. A FIG.
3E4type disk comprises a ZnS-Si0, protective layer whose
film thi_ckness is 91 nm, a Ge-Sb-Te recording layer whose
film thickness is 20 nm, a Ge-N or Ge-N-O barrier layer

.whose film thickness is 17.7 nm, and an AlCr reflecting
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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. Furthermore; marks
are represented two by two, where the left mark and the
right mark correspond to the result of the FIG. 3A-type

disk and the result of the FIG. 3E-type disk, respectively.

Table 6B

Relationship between a sputter condition of a barrier
layer applied to a substrate side of a recording
layer and a disk performance

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

' (mTorr) ‘ratio stic
2A | 2E 2A 2E

(0) - "= @ X

(5) 1.0 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
(9) 30.0 1 : 2 X X X X
(10) 1.0 2 :3 A X X X
(11) 3.0 2 :3 Al x| O O
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(12) 10.0 2:3 A X O O,
(13) 20.0 2 : 3 Al x|lol o
(14) 30.0 : 3 A1 X O O
(15) 1.0 1:1 O A X X
(16) 3.0 1:1 Ol A | OO
(17) 10.0 1:1 O A O O
(18) 20.0 1:1 O A O O
(19) 30.0 1:1 ol alo| ol
(20) 1.0 3 :2 O A O O
(21) 3.0 3:2 O A O O
(22) 10.0 3 : 2 O AN | O O
(23) 20.0 3:2 'O A O O
(24) 30.0 312 ol a| O] O
(25) 1.0 2 : 1 © O X X
- (26) 3.0 2 :1 © O O O
(27) 10.0 2 : 1 © | O O O
(28) 20.0 2 :1 © @ O O
(29) 30.0 2 :1 © O O O
(30) 20.0 80r: 20 | © © O O
(31) 20.0 85 : 15 | © © O O
(32) 20.0 88 : 12 | © © | O O
(33) 20.0 %0:10| ® | ® | x | O
(34) 20.0 95 : 5 © © X O
(35) 20.0 100 : 0 © X X.
(36) 10.0 75 25 | © © O O
(37) 10.0 80 : 20 | © © X O




(38) 10.0 85 : 15 | © | © X O
(39) 10,0 | 90:10 | © | ©
(40) 10.0 100:0 | © | ©

X

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 FIG. 10, the film formation condition'which can
obtain better repeating characteristic is the caée-that
the total'pressure of the sputter gas exceeds 1 mTorr.
Furthermpre, when the total pressure is 10 mTorr, the
nitrogen gas partial p.ressure in the sputter gas is ranging
from 25% to 60%. Furthermore, when the total pressure is
20 mTorr, the nitrogen gas partial pressure in the sputter
gas is ranging from 12% to 60%.

Furthérmore, as shown in FIG. 12, the £ilm formation
condition which can obtain better weather-proof
(adhesiveness) is the case that the total pressure of the
sputter gas is more than 1 mTorr, similarly to the case
of the repeating characteristic. In both cases of the
total pressure 10 mTorr and the total pressure 20 mTorr,

similarly, the nitrogen gas partial pressure in the
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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 f£ilm formation of the barrier layer conditidn which
can obtain better repeating charaqteristic 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 pressure is
20 mTorr, the nitrogen gas partial pressure in the sputter
gas is ranging from 5% to 60 %. 'Furthermore, as shown in
FIG. 13, the film formation condition which can obtain
better weather-proof (adhesiveness) is the case that the
toial pressure of the sputtef gas is more than 1 mTorr,
similarly to the case of the repeating characteristié. In
both cases of the total pressure 10 mTérr and the total
pressure 20 mTorr, similarly, the nitrogen gas partial
pfessure in'the sputter gas is within the range less than
40%, preferably less than 33%.

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

5, the average composition ratio is within the region
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surrounded by four points, D1 (Gé60.0N40.0),
D4(Gé48.8N10.2041.0), G1(Ge35.0N65.0),
G4(Ge31.1N13.8055.1). |

Furthérmore, when the material layer is disposed at
the side opposite to the substrate of the recording layer,
the average compdsition ratio is within the range
surrounded by four composition points ; Bl (Ge90 .0N10.0),
B4 (Ge83.4N3.3013.3), Fl(Ged42.9N57.1),
F4(Ge35.5N12.9051.6), more preferably, the cqmposition'
range surrounded by four composition points, Cl
(Ge65.0N35.0), C4(Ge53.9N9.2036.9), F1l(Ge42.9N57.1),
F4 (Ge35.5N12.9051.6).

Regarding the repeating characteristic, when the
nitrogen partial pressure in the sputter gas is low, sincé
é lot of surplus Ge not connected to the nitrogen exists
in the barrier layer. Adcordingly, the composition of the
recording layer is changed, accompanied by the rewrite of
the signal. Thereby, better characteristic cannot be
obtained. Since a temperature rise at the reflecting
- layer side of the recording layer is lower than that at
the substrate side, a degree of the atom diffusion is
relatively small, thereby the condition that the N,
partial pressure is low can be used. On the contrary, when
the nitrogen partial pressure in the sputter gas is too

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

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

| As described above, in order to obtain the disk
having better repeating characteristic of the record and
theadhesiveness,thesputtergascondition(gaspressure,
component ratio) is clear. When the sputter gas total
préssure exceeds 50 mTorr, the film formation rate becomes
small. Accordingly, it is not practical.

The film formation condition is the case that when
the Ge-N or Ge-N-O layer is formed, the power density to
be introduced into the target is 8.91W/cm?*. When the power
to be introduced into the target is more'thén 8.91W/cm?,
a time ﬁntil the Ge atom sputtered on thé target surface
is attached to the substrate surface becomes shorter than
the above case, thereby nitriding and nitriding-oxidation

are hardly generated. Inthis case, accordingto the rate,
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the nitrogen partial pressure in the sputter gas is
appropriately increased, thereby 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
Initrogen partial presSure can be only adjusted in such a
manner that the nitrogen partial pressure of the sputter
| gas is appropriately reduced.

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

the film formation rate ..2 18 nm/minute.

(Example 6)

Next,. when the film formation condition is changed,
the change of the optical constant of the barrierllayer
is examined. In the first place, the sputter power of Ge
is set to 700w, and the sputter tétal pressure is
constantly set to 20 mTorr. When the nitrogen partial

pressure ratio in the sputter gas is changed, that is, the
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change of the complex refractive index of the film on a
line a in Figs. 10 and 11 is examined. The result is shown
in FIG. 14. Furthermore, the sputtef power is 700W, and
the sputter total pressure is constantly set to 10 mTorr.
When the nitrogen partial pressure ratio in the sputter
gas is changed, that is, the change of the complex
refractive index of the film on a line a” in Figs. 10 and
11 is examined. The result is shown in FIG. 15. Next,
the partial pressure ratio of Ar and the nitrogen in the
sputter gas is constantly set to 1 : 1, and the gas total
pressure is changed. In this case, FIG. 16 shows the
change of the optical constant of the film on a line b in
FIGs. 10 and 11.

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

barrier layer satisfies the range of 1.7 < n < 2.8 and 0.
<n < 0.3. Furﬁhermore, when.the barrier layer is used
at the side opposite to the substrate of the recording
‘ layej:', preferably, the complex refractive index valu‘e 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 thé £ilm

is formed by using the sputter total pressure 10 mTorr,
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the oxygen density is ranging 'about-: from 5% to 8%. 1In case
of the sputter total pressure 20 mTorr, the oxygen density
is ranging about from 10% to 20%, which is little more than
the case of 10 mTorr. |
In view of producing method, even if the film

formation condition such as the sputtér power, the sputter
gas or the like is changed, the film is formed in such a
manner that the complex refractive index of the Ge-N film
or the Ge-O-N film satisfies the above range. Thereby,

better characteristic can be obtained.

(Examp'le 7)

Next, except that the structure comprises a barrier
iayers 8 whose fiim thickness are 10 nm, 20 nm,
respectively, and a ZnS-Si0, protective layers 2 of the
substrate side whose film thickness are 81 nm, 65.8 nm,
‘respectively, a 2A-type disk having the same layer
structure and the film thickness as the example 4 is
produced. The film formation condition of the barrier
- layer 8 is as follows: the sputter power is RF700W, that
is, the power density 8.91W/cm?, the sputter gas total
pressure is 20 mTorr, Ar partial pressure : the nitrogen
partial pressure = 2 : 1, and the gas flow rate is similar
to the above case. |

As a result of examining the repeating
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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 appliéd
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 ﬁhereof. In the table 7, DL
denotes the protective layer containing zZn$-Sio,, AL
denotes the recording layer containing Ge2Sh2.2Te5, BL
denotes the barrier layer containing Ge50N4505, and RIL
denotes the reflecting layer céntaining AlCr. More
specifically, when the material is changed or the material
is specified, the description such as DL(Ge-N-0) is
included in { ).

The estimate method is same as the case of the table
2. That is, the jitter value and the amplitude value are
estimated. After 100,000-time repeatihg record; the
jitter value (measured by such a method that the jitter.
between each_mark front end and the jitter between each
mark rear end are independently measured) is estimated.
Such a case that both of the jitter between the mark front

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

changed is represented by ©. Such a case that although

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

(O. 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, the amplitude
. value is observed. Such a case that less change is found

is represented by ©. Such a case that about 10% or less
change is found is represented by O. Such a case that
about 20% change is foundris represented by A. Such a

case that the jitter value is reduced to more than 20% is

represented by X. The table 7 shows the followings:

1) in case of no reflecting layer (a disk 4'1), the
amplitude value is severely reduced, and the jitter value
rise is large. However, the barrier layer is provided,
thereby it is possible to obtain a considerable effect of

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

2) even if the reflecting layer is provided, when
the reflec_:ting layer id thin, or if the layer between the
reflecting layer and the recording layer is thick (a disk
44 : in general, a so—called annealing structufe) , the same
effect as the case that the reflecting layer is thick or
the layer between the reflecting layer and the recording
layer is thin (a disk 47 : in general, a so-called
quenching structure) cannot be obtained,

3) if the barrier layer is applied to the annealing
structure, a considerable effect can be obtained (disks
45 and 46),

4) in the quenching structure, the barrier layer is
only disposed at one side of the recording layer, théreby
the considerable effect can be obtained.

That is, in the structure having no reflecting layer
or in the structure in which the protective layer having
a thick thickness (for example, more than 80 nm) is formed
between the recording layer and the reflecting layer, the
barrier layer is considerably effectiVe relative to the
jitter value reduction and to the suppression of the
amplitude reduction due to the repeating record. Wwhen
many repeating times is necessary, the barrier layer is
essential. Recently, in mé.riy cases, the above annealing

structure can be applied to the optical disk overwriting
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at a high speed (for example, Noi)oru Yamada et al.
Thermally balanced structure of phése—change opticai'
disk for high speed and high density recording”’, Trans.
Mat. Res. Soc. Jpn., Vol. 15B, 1035, (1993)). Accordingly,
a combination of the annealing structure and barrier layer
generates a large effect. ..

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

be achieved.

Table 7 Effect 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 nml0 nm22 nm82 nm
43 DL BL AL, BL DL © ©
80 nml10 nm22 nmil0 nm72 nm_
44 DL AL DL RL(A A X
90 nm 22 nm80 nm u)
_ ' B 10 nm
45 DL BL Al DL RL(A O O
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80 nml10 nm22 nm90 nm u)
- 10 nm _ .
46 DL BL Al DL(GeNO) RL(A @ ' ©
80 nm10 nm22 nm 90 nm u) '
10 nm
47 DL AL DL RL O A
90 nm 22 nm60 nm _ 150
nm n
48 DL BL AL DL RL © @ '
90 nnl1l0 nm22 nm60 nm 150
. " nm
49 DL AL DL(GeNO) RL © ©
90 nm 22 nm 60 nm 150
50 DL BL AL DL (GeNO) RL © ©
190 nm10 nm22 nm 60 nm 150 '
. nm

(Example 9) |

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

whose thickness is 20 nm, a barrier material layer whose -
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thickness 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 sbuttering method. After
overcoat.ing:, a hot melt adhesive is used so that a defense
- plate is laminated. Next an initial crystéllization is
carried out by the laser method. Furthemore, for a

comparison, the structure in which the barrier layer is
not used is also prepared. These disks are rotated at a
lineér rate of 3.5m/s, and an EFM signal (random signal)

having the 3T mark whose_ length is 0.6 ; m is repeatedly

overwritten, and the cycle performance is estimated.
Furthermore, these disks are left to stand under the

acceleration condition of 90°C and 80%RH for 100 hours,

and the state of the disks is estimated.
The result is shown in a table 8. In the table 8,

regarding the cycle performance, O means that after

100,000-repeating, the effect is obtained. That is,
v _
there is such an advancement that the jitter value rise

and the amplitude value reduction are clearly less than

the reference value. A means that a little effect is
obtained. X means that no effect is obtained.

Furthermore, regarding the weather-proof, O means that
no change is detected. X means that suéh a change as the

peeling, etc. is detected. A means that a little change
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such as the peéling,.etc. is détebted. Thus, regarding
the cycle performance, there is a tendency that both of
groups (A) and (B) are improved. Regarding £he
weather—probf, the group (B) is sprier to the group (A7),
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 gZr - N - O A X O O
58 Ti - N AS X O A
59 Al - N AN X O A
- 60 AL -N-0 A X O O

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

characteristic due to repeating the record and
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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:
1. An opfical information recording medium -
comprising
a barrier layer comprising a barrier material,
a protective layer disposed at one side of said barrief
layer; and |
| a recording layer generating a reversible
phase~change which can be optically detected
according to an irradiation of an energy beam ’
said recording layer being disposed at the
_other side of said barrier layer; and wheréin
said barrier layer suppresses a diffusion
of at least either an element of said
recording layer or an element of said
protecﬁive layer, and/or said barrier layer
suppresses a chemical reaction between an
element of said recording layer and an element

of said protective layer.

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

component.

3. An optical information recording medium according to

This Sheet I
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claim 1, wherein said either protective layer consists of

barrier material.

4.

5.

An optical information recording medium
according to claim 1,2 ,bf 3, wherein said-
r_ecofding 1aye1_" is between protective layers
containing barrier material , between said
barrier layer ,or between said barrier layer and
protective layer containing barrier material and

when said barrier material is representéd by M.X,

(where, M denotes a single non-gas element or a

.compound of a plurality of different non-gas

elements, and X denotes a single gas element or
a compound of a plurality of_ different gas
elements), a value b/(a+b) of the bérrier
material of said recording layer existing at the
energy beam-incident side is larger than that of
the barrier matexial existing at the side.

opposite to the energy beam-incident side.

An optical information recording medium

according to claim 1, wherein a reflecting layer is

disposed at the side of said recordihg layer opposite to

the energy beam-incident side.
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6. An optical information 'recording medium
according to claim 5, wherein protective layer is disposed
between said reflecting layer and said recording l_ayer and

said protective layer whose main component is barrier

material has a thickness of 60 nm or less.

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

layer.

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

more.

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

- protective layer is 1 nm or more.

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

non-gas element.
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11. An optical information recording medium according to
claim 4, wherein the barrier material is either a nitride
of the non-gas element or a oxynitride of the non-gas

element.

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

a stoichiometric composition.

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

a stoichiometric composition.

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

Ti or Al.

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

Ti or Al.

16. Anoptical information recording medium according to
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claim 1 or 2, wherein said barrier material contains Ge—-N

or Ge—-N-O.

17. An optical information recording medium according to
claim 16, wherein the barrier material is such material
that amount of at least nitrogen or oxygen is less than

a stoichiometric composition.

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

additive.

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

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

the energy beam—-incident éide.
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21. Anoptical information recording medium according to
claim 16, wherein the barrier material is Ge and the Ge

density in said barrier material is ranging from 35% to

90%.

22, An optical information recording medium according to

claim 21, wherein the Ge density in said barrier material
at the energy beam-incident side of said recording layer

is ranging from 35% to 60%.

23. Anoptical information recording medium according to

claim 21, wherein the Ge density in said barrier material .

at the side opposite to the energy beam-incident side of

said recording layer is ranging from 40% to 90%

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

said recording layer is ranging from 40% to 65%

25. An optical information recording medium according to

claim 16, wherein the composition of said barrier

material is one composition existing within a region

surrounded by four composition points Bl (Gegyy.or
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Nio.o) r B4 (Gegs.4r N3 3¢ 013.3) s Gl (Ge35.9s Ngs.o) » G4 (Geyy
N;;. s Os5.;) in a three—element composition diagram whose

vertices are Ge, N, O.

26. An optical information recordihg medium according to
claim 25, wherein compbsition of said barrier material
at t_hé energy beam-incident side of said recording
layer is one composition existing within the region
surrounded by four composition points D1 (Gegy s Nyg.o) r
D4 (Geyg.gr Nyg.2¢ 041._0)) Gl (Gess,or Ngs.0) s G4 (Gesp.1r Nig g
655.1‘) in the three-element composition diagram whose

vertices are Ge, N, O.

27. An optical information recording medium according to
claim 25, wherein composition of said barrier material at
side opposite to the energy beam-incident side of said
recording layer is one composition existing within the
region surrounded by four:rcomposition points Bl (Geg .,/
Nss.0) r B4 (Gesy0r Ny Oz6.9) s Fl (Geyp9r Nipp)s F4 (Geysss
N, s 651_5) in the three-element composition diagram whose

vertices are Ge, N, O.

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

side opposite to the energy beam-incident side of said
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recofding layer is one éompositién existing within the
region surrounded by four composition points Cl (Gegs o,
i‘las.o)i C4 (Ges3 9r Ny ps Oz6.5)s F1l (Geyy s Nsq.1), Fé (Geys s/
Niz.9r Os5.6) in thé three-element composition diagram Whos_e

vertices are Ge, N, O.

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

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

respectively.

30. Anoptical information recording medium according to
claim 29, wherein the value n and the value k included in
the complex refractive index n+ik of said barrier material

are within the range of 1.7 <n < 2.8 and 0 <k < 0.3,

respectively.

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

Te, Sb or Se.

32. Anoptical information recording medium according to

claim 31, wherein said phase~change material contains
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Ge-Sb-Te.

33. Anoptical information recording medium according to
claim 1, whereinmaterial of said protective layer and said
material is an optically transparent dielectric material.
containing at least one element selected from such group

of 0, S and Se.

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

recording layer.

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

recording layer.

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

layer ,a recording layer generating a reversible
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phase-change which caﬁ be opticélly detected according

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

and a third step of forming on the redording layer or

the barrier layér 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.

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

made by barrier material .

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

is at least one kind selected from such group of single
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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.

40. A method of producing an optidal information
recording medium according to claim 36 or 37, wherein
forming process of the barrier layer or forming process
of the protective layer containing said barrier material
is .such process that a reactive sputtéring is executed in
atmosphere containing a mixed gas , and said mixed gas
contains at least rare gas and gas containing nitrogen
component or said mixed gas contains at léast rare gas ,
gé.s containing nitrogen component and gas containing an

oxygen component.

41. A method of producing an optical information
recording medium according to claim 36, wherein said rare

gas contains at least Ar and /or Kr.

42. A method of producing an-optical information recording
medium according to claim 36 or 37, wherein in the
process of forming at both sides of said recording layer
said barrier layer or protective layer containing

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

side is formed..

43. A method of producing an optical information

recordirig mediuin acqprding to claim 36, wherein a non-
gas component of said barrier material is Ge, and said
barrier layer or said protective layer is formed by using
a reactive sputteriﬁg method where said barrier lhaterial

is used as a target.

44. A method of producing an optical information

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

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

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

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

46. A method of producing an optical information
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recording medium according to claim 43, 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%.'

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

50%.

48. - A method of producing an optical information

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

at least rare gas and N,.

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

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

50. A method of prodﬁcing an optical information

recording medium according to claim 43, wherein a complex
refractive index value n+ik of said barrier layer or said
protective layer is.within the range of 1.7 <n < 3.8 and

0<k< 0.8,
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51. A method of producing an optical information
recording medium according to claim 36 or 37, wherein said
target is a single target of one elément 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 co.ntaining'nitj:ogen component, or such

mixed gas of rare gas and gas containing nitrogen component

and gas containing oxygen component.

52. A method of producing an optical infbrmation recording
medium according to claim 36 or 37, wherein Said target
is a target of material for forming said recording
layer, a target of a nitride of material for forming
said recording layer ,r;a target of an oxynitride of
material for forming said recording layer , or a target
of an oxide of material for forming said recording

- layer , and the sputter atmosphere gas is such mixed
gas of rare gas and gas containing nitrogen component,
or such x'n_ixed gas of rare gas and gas containing
nitrogen component and gas containing oxygen

component .
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53. A metnod of producing an optical information recording
medium.according to claim 36 or '37, wherein material.
of the target used for forming said barrier layer or
protective layer containing said barrier material is
same as that of the target used for forming said
recording layer ,and at such time of starting and/or
completing of said forming of said recording layer ,
‘apartial pressure of gas containing nitrogen component
in the sputtering atmosphere gas is increased ; Or a
partial pressure of gas containing oxygen component in

the sputtering atmosphere is increased.

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

wherein recording ,reproducing and erasing information on
thé optical information recording medium according to
claim 1 by irradiating laser beam with controlling power

of the laser beam.

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

optically detected according to an irradiation of an"
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energy beam, a barricr layer and é protective layer on a
substrate is used,

when a signal is recorded and overwritten to said
recording layer, an irradiation power of said laser beam
is modulated between an amorphization powér level havihg |
a relatively larger irradiation energy and a
crystallization powér level having relatively less
irradiation energy according to an information signal, and
said recording layer is irradiated with the modulated
laser beam , and an amorphous state portion and crystalline
state_ portion are selectively _formed; '

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

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

from said recording layer is detected, thereby a state of
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said recording layer is détected;
wherein said barrier layer of said optical

information recording medium has such barrier material
that can suppress diffusion of eithef an element of said
recording layer or an element of said protective layer,
and/or can suppress chemical reaction of any element of
said recording layer and any element of said protective
layer, and said barrier layer is formed between either side
of said recording layer and said protective layer, or
formed between each of both sides of said recording layer

and said protective layers.

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

'

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

information according to claim 55,or 56 wherein said

barrier material contains Ge-N or Ge-N-O.
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