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i nformation recording medi um produci ng nmet hod t hereof anb OQTOBES 2003
recordi ng/ erasi ng/ reproduci ng i nformati on TECHNI CAL FI ELD The present

invention relates to an optical information recording nmedi i W th
an optically detectable information recording |layer, the mm%mnmm’ t hod
t hereof and a nethod of recording/erasing/reproducing in .

BACKGROUND ART A recordin rericalmidit n Til mlayer conprisi hg'® metal thin
filmand an organic thin ??F?n ?s rormed on a di sc-shaped or a card-shaped

subm cope il SRR BT FRCATING e Broddlind B 0 Tayer,
th by y I L atd i i isal | .
Ther eby e et i el | oe DEUBbRRL I SEMI) PEpEBIRER ™Y S o ¢ ey

wel I k pecifically, when an optical magnetic material thin film
and a B%’t’gs]%r%/%{éga material thin filmare used for a recording layer, it is

easy to rewite the signal. Accordingly, this technique has been actively
studi ed and 15 OCTOBER 2003 devel oped. For exanple, in case of the

opti cal ' rding nedium a difference of a rotating angle on a
pol ari ?ggﬁgﬂﬁ:éi‘e%mﬁreflect ed light generated due to the difference of a
magneti zation,state is _used as the reCﬁ%g.&sF rt her nor case of the

e, |
phase change PHPAG e KA HHOR B 9 &1 &R%%C‘I‘rght relative to a
i ght having a, specific velength in a crystallipne state.is different from
that irt %%Fbﬁ&‘uéfe&%\%;nq ‘}mt%oﬂi‘-épgr@ﬁ@ AR QPEdcadlhe record. A
| aser output is_nodul ated between a record | evel having a relatively higher
pover SfRFegtabieyddfiQxratiani Rgcerddng LAYer ohke PEREUCIAH t he
nodul ated output is only irradiated on a recordi ng nmedium Thereby
si m | amethedatheyeaf Ands& metbed iof such a characteristic that the
record erasure and the record of a new signal can be sinultaneously
per f or metgrdingd epessing éreproducimig drnfrermacbon) . The infornation
signal can be rewitten for a short tinme. Usually, the optical ~magnetic
recordi ng nmedi um and t he phase change recordi ng nedi um conprise, for
exanple, a multi-layer filmshowm in FIG 1. That is, on a substrate 1
conpr i BACKGROVBNDNARTat e of a pol ycarbonate and PMVA
(pol ynet hyl -nmet hatacryl ate), a glass plate, or the like, usually, a
recordi ng | ayerrécbdrding mateyiaxhl tlexs of plinobagesrptiomprd siltgy phase change
material and the optical magnetic material inserted between protective
| ayer s mbttalll tBin film and an organic thin film is formed on a

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

Accordingly, this technique has been actively studied and
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15 OCTOBER 2003 4 conprising a dielectric material is formed. Furthernore,
a netallic reflecting layer 5 conprising an alloy of Au at8iQGTOBER 2003

i ncreasing an optical absorption efficiency on the recording |ayer 3 and
for acting as a thermal diffusion layer is formed on the protective |ayer

4. These layers are sequentially |lamnated by a sputtering nethod, a vacuum
deposition nethod, or the |like. Furthernore, an overcoat l|layer 6 is forned

on an upperyost Jayer in_such a manner th scrat.ch .and dusts are not

at't achecgé)‘{%fgﬁggé I 2}? r §% 1 ¢n gaisﬁé’?ft Eggrrpp 167di MaAReYifn a si de of
the substrate.1. In ny cases,.a front surfac f, the substrate 1 is

or ovi dEePSPETLE T BIRcH Lk dh FEE EFBE0ES: PRCR BPERLRE AREYSRIBA pi t
sequence as gui de nmegns for_quidi the | asef beamto a predeterm ned

oot t1 apEar EReds b T (h i G brechied Thght GRECHALAS IS Coxanpi e of
materials fQrnmi ng each |layer are as follows. In case of the recording |ayer
3, whethedbfiferencaRf natBrgRetizatdan shakeoysnreed @isn the m whose
base comprises Te and Se, for exanple, a Ge-Sb-Te alloy thin film a

Ge- Sh- eSRrdr | ofurkhermang, okn | @ass- ¢ iheophase ehangean Ag- I n- Sb-Te
alloy thin film an In-Se alloy thin film_ and the |like are reported. In

t he nediefPXding Bedhuphass amangt ohterefllecteat Lighdr riedativeirradi at ed,
t hereby the si gﬁlal is recorded and reproduced. As already -3 15 OCTOBER
2003 ddwerd Hagyhtwhaeingea epecibict wavedengthedm ascoyistalidne ated at a
strong level and a weak level, the laser beamis irradiated onto a

revol vistpteds diififemeatitufirom hat iimmanrameli phedssttate heéhanalyy power is
locally nmelt in an instant, thenceforth, the portion is quenched. Thereby
t he portherdiffarengle iedusedd ashthe gedorids r &cdaged: cutpguterimore, at the
portion irradiated with a relatively weak power, the anorphous-state

porti omodubated bétuewn edyréboerdolieval ilmavwingt al krezadivaild, t he recorded
signal is erased. In order to reproduce the signal, the power of the |aser

beam i shiglee gsbveee agid AN ertibdure TRAAET habdnd e dleoive Dy lidwee | S not
changed, and the |aser beamis irradiated. At this tine, a strength of the

ref | ectgpswér ghhnds thet aoidRdateedl sdepher ishenk9r ireadiladtat e Wi th the
| aser beamis in the crystalline state or the anorphous state is judged,

't her ebyrddéraiggahedsuntpr eteaby Higniflely A HLhalgirti Pl ve | ayers 2
and 4 conprising a dielectric.material are, for exanple, as follow 1 ) the

recor diglget@8Vitd sutHhOtREFQEtEIABAL hatl tRb FEEHANI M sEPERAR 2 ) 2
t hermal danage such as a roughness on the surface of the substrate, a break

?1; . rfi%lgéﬁ]éeﬂdhgdkﬁb/arnéﬁ%féh&]!%%@ 8imfl € afeOUI I8 petE drndgpeat edl y

(it is possible to overwrite the record). The information
signal can be rewritten for a short time.

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

comprising the phase change material and the optical

magnetic material inserted between protective layers 2 and



-4 15 OCTOBER 2003 signal are reduced, thereby a repetition of rewiting
the signal can be increased; 3 ) an interference effect o0f5 @CTOBER2003
reflection is used so that an optical change can be enhanced; 4 ) an

i nfluence froman outside air is intercepted so that a chem cal change can
be prevented. As the material conprising the protective |ayer for

sati sfying the above objects, heretofore, an oxide such as Si 02, A1203 or

the 11 ke.copPiEhde SHRD aPest 206, nab¥raalt ey | £éemean acid nitride such as

Si-ON or e (for exanple, disclosed in Japanese Patent Application

Lai d- -1040 ] ; g bi d
ald-o |‘§?%Fﬁ?%% g%étalilwkg'fg%c%i @%ygji?r?ogg}%s%és%ﬁ% gh carbiae

such as I r'ke, or "a m xed natert al or the like

(di ool QePflokofoAANEAA B3 2 AMIGALIAD 4| S LPER1NILSBEPIONTS ) |

pr oposed, ahd one par hémi's pract S Two | ayers are provided

to the ' I h, - I he agt er KStiG reof be
enhanceég‘{gilﬁggb§§n8%%gfe b%(;%p %Jélté&c%ggg‘{e- ?egépd?f%% r?eg}ﬁuﬁiasg Isclosed in
Japanesg_ Pat ent | i cation Laid-ope D217 {15, dielectric
| ayer c@?ﬁwg' n‘af\?ﬁgsr’rppr ?Bxefsf’i‘mfﬁ&%ﬁ)”gr?z‘jﬁ ﬁé%&taer |d‘éé ?‘ag%e) is used
at the side contacted to the optical.recording |gyet as the protective

| ayer of' t HENQDEi Laversc & f ‘i‘é%{;l?ﬁgﬁ’ugfaﬂg‘r@eénﬁyzﬁs or a conpound
including ZnS i;s used as the outer Iggen Qf the -5 15 %IIT]EBER 2003

di el ectgPettaydng meghody A ¥acuym depositiongethed, Qefhe fikeny

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

| ayer iBupthesmose, AR @verroasdlayiey HascEarmad-on atp BPRIMAHL Lai d- open
No. 5-217211, a filmthickness of the SIN, ALN, SiC layer is ranging from5
nmto Stayer Eorshehma mannexrithabsaseratabapbde dpgtéantargdiokati on

Lai d-open No. 6-195747, the protective |layer has two | ayers inserted

bet weerathachedortd rthesg clayeustheUsubdiyvat & larer beam dyer contacted to
the. recording | ayer conprises Si3N, |ayer and the other |ayer contacted to
t he subkncadentofmons as side 6if02hleagubstittedreedy. t I diagiyectages) ayers are
formed. The Si3N4 | ayer facilitates a crystallization of the phase change
mat eri cd fepat. sthefao@npf ethé shbstxatenll negnprovidedonditly aredi umi s

di scl osed in Japanese Patent Application Laid-open No. 4-219650. Here, the

di el ecteonchepeicoanrdgcgedove tirackulmat raatecomeavewoonaesr pitand one | ayer
contacted to the substrate is a silicon oxide film thereby an

addhesi ygqaencel dshensids tniedns afdrt geidingeche dasayerbeamebbaaced.
Furthernore, the other layer contacted to the recording |ayer conprises the

corrpoungr@aet@g-npj_qtéa dsogitibheonl Wwhedaiidlbereby it is possible to prevent
a corrosion of the magnetic recording |ayer occurred due to that oxygen
fromthe siligompstidn! 8¥eéadéRdl¥péLrad s fbncrete example of
materials forming each layer are as follows.
In case of the recording layer 3, when the phase
| change material is used, chalcogenite thin film whose base
comprises Te and Se, for example, a Ge-Sb-Te alloy thin
film, a Ge-Sb-Te-Se alloy thin film, an In-Sb—Te alloy thin
film, an Ag-In-Sh-Te allby thin film, an In-Se alloy thin
film, and the like are reported. In the medium using such

phase change materials, the laser beam is irradiated,

thereby the signal is recorded and reproduced. As already



-6 15 OCTOBER 2003 through the substrate are penetrated into the

~recording layer. As disclosed in Japanese Patent Applicat1®90CPOBER2003\0.
4-219650, preferably, the nitride conprises Sn-N, In-N, Zr-N, C-N, Al -N,
Si-N, Ta-N, V-N,- Nb-N, Mb-N and WN, and the filmthickness thereof is
ranging from 10 nmto 20 nm Furthernore, as disclosed in Japanese Patent
Application Laid-open No. 4-321948, in the sane view of Japanese Patent

Appl i Cﬁéaﬂrfaéd- ORBLIN the ol bfetHbelagerl bdaeiscpaifg ed to the

substrate has twd layers. one |l ayer near the substrate conprises one

o1 ™" Sl fsPLaOKEOE SELBRLP VATAIDURA Rvefy cie Msoll - T, Ca

and Al e € adhesiveness e dielectric layer and the substrate

s enh@eﬁi%%ﬁé%%&%%%%dtégﬁo% %véfg%?@&ééfaﬁﬂ% RedifnPPt ixcal magnetic

recordin e ntiride conpri si one or nore kind of .

nitride selecte f  QUP ' : s o T ; Al ,
therebi’@'&i’éﬁsﬂﬁ%&é&gga %zgi?‘ “0§;ﬂ,ée§£gﬁ§5mg§gre¥?§-gmi?ﬁéag i g{#%gyer are
penetrated and _diffuseq,into th ec [ sl ml.aye i;scl osed in
‘Japanesd? F%’?eﬁ?skﬁﬁﬂl irc W%%?’gt%peﬁﬁ%oggﬂtﬁ%ﬁ (ﬁ%%ﬁﬁlhg%t hi ckness of
the nitride layer is ranging. from50 nmt.o 200 I n, general , the

refl ect'-ﬁ'l?ﬁf?lﬂe?:—{"g PR SLE) ?\’B‘Pﬁph%@ﬂ'a?n&&% ,S’Efgr,laﬁli 15ag or the Iike
and the alloy based upon these netals, and.the reflecti ncg I%r 5is

di sposéiecordedecTipErhesyore, atchhe ReRRLPY; LEFadItRAMGH & fect and an
effective optical absorption of the recording thin film ¢an Qe obtained. As
descri keilabbvelyi wegdndawer a Shet aRprrYoMstPte RAELARPIASosi ti on
method or the like is used as the pethod of preparjng _the recording nedium
Fur t herannealady e flieneby fihe pehliant Asd crysiceldl keednafnthdhf tride can

be contained in the thin film For exanple, as the nethod of producing an
abl ati arecorded signal is erased. In order to reproduce the

signal, the power of the laser beam is reduced enough in
such a mannér that the recording film is not changed, and
the laser beam is irradiated. At this time, a strength
of the reflected light is detected, and whether the portion
irradiated with the laser beam is in the crystalline state
or the amorphous state is judged, thereby the signal is
reproduced.

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

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

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

evaporation, etc. occurred due to repeatedly rewriting the



type wite once nmedium such a nethod that Nis contained in the

Te-contai ning recording | ayer by the reactive sputtering 13 O0BOBER2003
Japanese Patent Application Laid-open No. 63-151486. As disclosed in
Japanese Patent Application Laid-open No. 63-151486, a m xed gas of Ar and
nitride is discharged relative to a telluric seleniumalloy target. After
the recording filmcontaining tellurium seleniumand nitride on the

substrate lsqf e i r 4l sq a0 n gas is

i ntrod clé%‘{'g%n%%@%{%%gﬁ %ﬁ%ﬁ%%yﬁs%%ﬁléﬁa%%% %grgglgﬁ%éms%?:?%ge | ayer
havi ng a. hi ni_tregen. densij than an inside of the recording layer is
for ned.sﬁ%gguf:?&cg’%o;h?‘%éééé§gfdi ng filmis nitrided, thereby a

weat her pr oof s ..and,a sensitivit . . ower

tol erance i srficarlbd‘élé:tfr ehFe reoé/gfe%éﬁeoﬁfs]?ﬁgﬁgglpﬁgﬂn%gﬁggkllgﬁr i's
rangi ng. from2~ to ~ referably, it Q3 is ranging
from 29%% 0188 Sq:’rté’faeﬁ' a%‘i‘y‘?p{:ﬁg hpbﬁ@s_ cﬁ&%&rﬁﬁgg‘gégvayer i s ranging
about from1 pmto 10_pm Fur%herm)re, i:he exanpl e of {:he abltat' on type
recordi ng matd}ia® IRflyepce StPPseR PH §é9§n@gg B8t tRAECRAGFRER i on

Lai d- open No. 63-63153, The target conprising a material containing Te and
Se i s sytEBaEda shemieal grhgngei ganyRe PreVeRtedyi oxi de gas or a gas
containing a nitric dioxide, thereby, the |ayer containin Se and Nis

Te,
formed in theb$ deip Mater bgbconpyridingdhe P&'é"iﬁ%"c’r%é&%f% FFanese Pat ent

Application Laid-open No. 4-78032, the surface of a netallic target is
sput t ersat by Exingh&hen P ie (PR ek S ackebeteherfet AN PEIMde BN substrat e
is reacted Wi th oxygen gas or_nitrogen gas, thereby a netallic oxide film
or a neasl 8i0,ni Alp@e oy |Eheslikened. ide freh af tHdalhh diNted in the
drawi ngs, in order that an oxidization of the optical information recording
medi umaer theallikehnan afidiusitridecsuch peeSanPelf oxudihes lsikaict ure t hat
the overcoat layer is placed on the nmetallic reflecting |ayer 5, such a
struct u(for example, disclosed in Japanese Patent Application
Laid-open No. 3-104038), a sulfide such as ZnS or the like,
a carbide such as SiC or the like, or a mixed material such
as 2ZnsS-S8i0, 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,
thereby the characteristic,thereof can be enhanced. The
example of the phase change recording medium is disclosed
in Japanese Patent Application Laid-open No. 5-217211.
- That is, the dielectric layer comprising the nitride (SiN,
AlN) and the carbide (SiC) is used at the side contacted
to the optical recording layer as the protective layer of

the optical recbrding layer including Ag, and ZnS or a

compound including ZnS is used as the outer layer of the



that an ultraviolet curing resin is used as an adhesive so that a dumy

substrate is llamnated, or the like is proposed. However15 QCTOGBER2003 hat

t he phase change optical recording nmedium has the foll ow ng problens. That

is, -9 15 OCTOBER 2003 when the thin filmconprising a nmaterial whose

base is Te, Se, etc. containing Ge, Sh, In, etc. is used as the recording

| ayer, and further the thin filmconprising an oxide system nateri al

i ncl Udidl%lsét:@)ff LGByl epiRaeabaleVeit, die, AN fdydr GoRigiedi,ng a sul fide

system materi a én%%f.ng such as 2nS répres'ent ati vell}y, or the thin film

conpri gi ' . : terizal 4 ' T t he above
?:H%ﬁ"b J&Hﬁlﬁl?j\%;ttsl‘?ﬁ]% 1?(% ﬁwld?fécf_dlhntﬂmg'i%co%d“fng‘?fg e

two thin IS use e protective layer, a laser 1 ion is

carried out. :Th b r:eco .er he 5N j signal, and
the |i %@d;%el;egégtéﬁ?kgﬁgr@%y& H%Qgé? @ﬁ%ﬁ’g{}? feerdlt'st f&gsag% E?Ltﬁésgra ecordi ng

| ayer and the protective. |layer. h . reflecti Vil v, bsorptivity
and théh fjlléga)rp%ﬁﬁe&c%%ﬁﬂ{éd&ggé%é?‘g#%& g,glguc égx %éngn-é%mﬁhfa a recording
character) sti.c. ar an _erasure r ristic.is s j t he signal
is rep dt]é%llts’urcgﬁ??ﬁﬁeﬂ? %‘Er%’g@' ?ﬁeﬁ'r éfﬁéegtagﬁc’éqg]gﬁglgl%}fﬁrﬁﬁs reduced,
an anpltude of _the signal /i.s gradually reduced, or.a fitter value at a

mar ked %mt?%nsbf e Re b@%o%?cﬁé’rggféf,”f FRBYCER error rate
of the _recording sjgnal becopes higher. T ereilgfe, when the signal is

r epr odF@deENta ARRRRt LPRJka L d-gREN N Ry 6 ndhe PEREEE VS uch a
problemthat a possible times of rewiting is limted. Principal causes of
this cHa¥er dvas &g daysss insperted hatwgRthgyeeending lager cause is
that an S conponent and an O conponent are diffuse and penetrate fromthe
pr ot ectéind theepubstmate ecdraragongydayeash aortachedakp, thee conmponent
such as Te, Se, etc. having a relatively high vapor pressure anong the
conpongreconiiing layerccompnigesn pdnlNediayer and tdig oxhen d@weamhe recording
| ayer to the protective |ayer. Furthernore, another cause is that one part
of the qontactede tioaydie nemkstrbties compriices yZn@ag8iog ayerthe recordi ng

| ayer. It is considered that the change is occurred due to either of the
above dahewsbydtwa diwbectriconlafetrbcapddormesdisesThe $if,Ngtlayearcording to
an experiment by inventors, etc., in the optical disk applying a Ge-Sb-Te

recordifigeiiitntes acaiymtdl DRzatbbawt che pyase diende matearet s

di scharged fromthe protective |layer due to the laser irradiation.
Consequeyféy. it is observed that an S atomis penetrated fromthe
protective layer to the recording layer. Furthernore, it is. also observed

that the othefhgie le If eher&;]s\@ﬂcﬁa:tﬁn@tﬁcadédbﬂiﬁgmﬂimthe
recording layer. In this case, although it is assunmed that other elenents

are easys g3 dENEsE En P 4O PaferiV App lalcit i bh a.diEThepes M her eof s
not clear. The phenonenon and the mechani sm have not been clearly reported.

In 'Casenifﬁ?ss-be. Nibrede ¢Hd naiélgrtpskudiaierS OKt a8€edlbol Hesed as the
protective layer,

substrate has two layers, and one layer contacted to the

substrate is a silicon oxide film, thereby an

addhesiveness of the substrate and the dielectric layer

is enhanced. Furthermore, the other layer contacted to

the recording layer comprises the compound of the carbide

and the nitride, thereby it is possible to prevent a

corrosion of the magnetic recording layer occurred due to

that oxygen from the silicon oxide layer and water passing



-11 15 OCTOBER 2003 the S conponent is not discharged, differently from
t he above exanple. On the other hand, an adherence to thel5 @QOTOBER 2002
~of such a nitride is lower than that of ZnS-SiQZ film For exanple, under
an environnent having a high tenperature and a high humdity, there is

anot her problemthat a peeling is occurred. That is, when oxide such as

Si 02, Taz05, A1203 and the like and nitride such as Si3N4, AIN and the |ike
are useh@@sugh dEKéestibseratieehrd petidtifatedhintdi thectecordineial is |ess
adhesive to a phase change type recording naterial, for exanple, under the
hi gh-t t urgg aggsBh gl danili jap&ese OpPERBht WiplesAtignand crack are
occurrg. .ere}gsy, tﬁere IS furthéé? probl em t hat oxi de such as Si Oz, Ta205,
A1203 hspbhkhe 2nd g gk ele b5 3Whe ALNrdEé Ebspiilkescannot be
appl i eg"'l’tckoCi 28%%2@%1% cﬂléayer' terial .]'S%’A' deterioration n‘gchani smis
sumarigzed, |4}, Lhe glt_[ﬁt -aﬁ,e’AJEII\?, ray ! e IN MREDS NERREAMO | S

i ncreased, the note the’ above’ atom diffusion and chem cal reaction are

proceededy (pseguanthy, £3 15PERANINAALL | EhdBEoECER" ShAgikay Trawe | argel y

vari ed, { variations o ctance, e absorption and the |iKke,
and the variatio f er i aract 8¥ LSt | a leZd 1 on”
sensi ti tﬂmzﬁ%r}[(ﬁe rélp'as r c@%ﬂg%fgfiégigi%g&gggg?gﬁ ?g fa?lon sensitivity

and a c¢rystalljzation rate). are _actuali zed, { S SUPRO - 15

oCcT OBEI?QZI%% thBP&i“ﬁattr?eo’brId?égt-Ppgnl g{?e‘r% ajc%l()érr%%hi "gg gglgt & Change of the
optical characteristic, the conposition changed, thereby change t hat
a nechdmeYPiRRARESY E#@&%&gpi’c%g%?’nl ag‘iﬁ"Bgn %S?idzﬁggisgo ZnS- Si 02
filmw dely_applied . as _an excellent grot ecéhve I ggir as.a high

adhesi vdiesdiedeqteia Hayghicrnticted kP the BRESEX M 1BRr and this
results fromthe atomc diffusion. Furthernore, it is also considered that
such a dayvessri vEergyepne hayartRear che fuliskrate GAMPLYSeHOM% peat i ng
times. . Relating to a material_containing Ag and S, _.that is, fhe elenents
whi ch 0% rexe kindrefkieside sehected Era A SWPsebF sty Yhe reaction
is disclosed in Japanese Patent Application Lajd-gpen No. 5-217211.
HoweverMg; h®if,oMagwiGr) andvAls thereby the pdheshvenssde of iheart. That
is, relative to the phase change recordi ng nedi um such as Ge-Sb-Te system
| n- Sb- T@éie}etemiandayer | akd bbengulbstatatpedis oenhanggd-i cati on as the nost
possible material system in order to enhance the cycle performance

t her eof Furhhelrapare cotlpe | othegrt Aayen erontacted to kherioptical
nitriding-oxide, etc. is forned between a dielectric protective layer and a
phase ahaggetiec wetondingefilnTioonprises | tyer natrddes layerrier |ayer for
preventing an interdiffusion and the chem cal reaction between the

r ecor di aompa)ieri o o mume ki ofy e tifide feelected figom ke OCTOBER
2003

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 and diffused into the recording film layer. As
disclosed in Japanese Patent Application Laid-open No.
4-321948, the film thickness of the nitride layer is
ranging from 50 nm to 200 nm.

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

upon these metals, and the reflecting layer 5 is disposed



nore specifically, Ge-N or Ge-N-O is superior as the dielectric protective
| ayer material which does not substantially have the abovts Q@GHDBER 2003
material has al so an excellent perfornmance 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 excell ent

‘weat her - proofness is not yet achieved. In order to solve the above

probl eng giicr & ABnACEhal! al PEARBESER! olrBLRA! LA b BERKCAS v i UM

struct i'Zing a phase change optical recordi ng medi um having the

excel | ent, repeatin haracteristic - S t pr oduci ng
nmet hod ‘Dt%te’r%%f, ggﬁgrgtgﬁq}u?? o\a&ér e%%?gfﬁg?l%?r}%%?g E@i Eana% nf or mati on
si gnal usi n@ t he recording medium SUVMMARY OF THE | NVENTION In order to
sol ve ‘b‘? bl ens, according to one aspect of the present invention,

there is provided an.optical infornmation tecordin ' I sing a
recording | aé@r 8&&&&?&{)‘%4@%8"&\@?ﬁ%}%r%%afengg%&?iwc %glargr%{'be optically
detected according tq.an irradiation.of.ap _ener teria
| ayer fhVERUUR ﬂﬁggﬁl§lﬁé}?‘?gﬂoaa?/’é?:h1eo}ﬁg8 Jr%u%%{)ggiglﬁ‘ﬁﬁtg{ east one
surface of the recording | ayer,, wherei,n an atom. ¢ diffusion and -14 15
OCTOBER B (pBePar angh e 1eGAing nmgdiiif-c d Hé:ttmn(?]ﬁ%' pfotective | ayer
and the recording | ayer ;are sugpressed eg t he barrier,ugéf . A material
const i tiragklvaspattesingdyethod s nsadporkhalithe ny € CaP e appli ed
to a protective layer material as it is. In this case, nore specifically,
it is dereerbained time thetthinvEilyer using the barrier material”
According to another aspect of the present inventjion, preferably, there is
provi ded an dn¥ axampies s ithe method of producing an ablation

type write once medium, such a method that N is contained

in the Te-containing recording layer by the reactive

sputtering is disclosed in Japanese Patent Application

Laid-open No. 63-151486. As disclosed in Japanese Patent

Application Laid-open 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 sputtering 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 and a sensitivity are enhanced,'and further a

power tolerance is increased. The nitrogen density of the

nitride layer is ranging from 2% to 10%, preferably, it
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cordi ng medium wherein a barrier material |ayer is disposed at both

ides of a recording layer. According to a structure in wh OGCTOBER2003r

terial is applied to a substrate side of the recording |ayer, an effect
r suppressing the atomc diffusion and the chem cal reaction between the
cording |l ayer and the protective layer is higher, thereby a cycle
rformance i s enhanced. According t4 the structure in which the barrier

Leri alg I A0RhLCHrbi bBCLS! £6s OPPAELESrhBIYhCL REDERE BKReRls Fe T ecording

/ or enhancing a stability rewite performance is -

i gher, _th b li.ahl |} i in which
g gcrirfrtlg%?gﬁ&é Jﬁ_érgeb%pi y%%ﬁggﬂ gtg%%qlt Qo niym{\heosﬁ_guﬁiﬁd{re in whic

ial pri sides of the recording | ayer

nanced. - BF EhBERET e kLS CoR ke RIATR BBt 1 e or esent
_ - 18 CeFeaeR 200 A i thes _ s
i um Peﬂfaeﬁéﬁn%ﬂﬁaﬁﬁféahﬁé% Eaérspclﬁéciffeé’f?%?@.g% P fdeahBhe’ E’?tk%a:i’sbr (where,
2 ) . X
o o PR dirasonal Bo® 83783, (Mbe rangedo 2 "gae component

( atb , .the ratio of 1 barrier.material .l ayer a bstrate side
reId??éBF}SWQﬁuﬁ'mﬁﬁﬂF% (CORLRHRLIBY, ?e?nﬂagér%glgpésgﬁ&g¥fthe si de
posite to the substrate, According to further.gspect of the present
vent i bR, appdtEdgding-Rie 928 praRikHlGn bﬁ??gglgﬁﬁfBFmﬁj recor di ng
dium further conprising a netallic reflecting_|layer. Accqrding to.further
pect contadnimganeitriedieoxide, therghy thedayersCepsfiddd%n opti cal
formati on recording nedium wherein the protective |ayer using the
rri erTent &e @nd Havisgfarman inhithen&ecqndong nkd¥ertess is applied
tween the netallic reflecting layer and the recording layer for a
enchi ng. ThEnEhyﬁannE%tanadﬁa@ioseﬂ Lay depan@sePat@ldted, a preparing
ocess can be sinplified. Furthernore, since a cooling effect is enhanced,
er ebyAppiltierataon riaifdeopeneNost Yest8 Bt orthegsnsface of @luced, an
formati on signal can be densely recorded. That is, the structure is

vant agieead Iid&argdt O6T§pattaded by Ar lgagh andsonthesurfiace Mre
eferably, in this case, the barrier layer is also applied to the

bstrapg sheemetalllldd edendinty substivatiddiseeactied witds oxygetio obtain
e medi um which can realize a higher cycle performance and a higher
nsitygaaC¥dini®rogen gas, thereby a metallic oxide film or a
metallic nitride film is formed.

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

However, it is known that the phase change optical

recording medium has the following problems. That is,



According to further aspect of the present invention, preferably, there is
provi ded an optical information recordi ng nedium wherei n15 OCTEBER 2803ir e
( a rather slow cooling structure) necessary for a dielectric |ayer having
a thick thickness of 80 nmor nore between the netallic reflecting | ayer of
the recording layer and the recording |layer, the barrier layer is applied
to at |east one side of the recording |ayer. Thereby, usually, in the

rat her yHeVtHOkhit Filuctonpriadimpaanaterdiatywhbsaibisdda Tegring ef f ect
and a large thernmal damage, the cycle performance can be |argely enhanced.
Accor digyg, tox&Ur EBaf 35185 ©é, t 5B, Praseetd.nisntuged adethei s provided an
optical, information recording nmedium wherein the thickness of the barrier

layer i t ,LBaa Fup¥hier 2hemthIhefeby cofprdldng efif ect can be
obt ai n%%%?géatﬁg,é%t hgﬁt hi ‘clkness is 5 nmor nore. %her eg‘;{ even if a

| aser u “1:&%5{ b 193 he10hgher sudie £ ferd, can be obt ai ned.
Furthe%%ﬁ%e, %grggfeg{e era %ﬂ H}g t hi c%ess is 20 nm or nore. Ther eby, a
further_ef : t alned r TR, Enkr&f shdkiye the - 17 15
OCTOBER gg%ﬁlgg%ngésﬂp’s%gn?nhgﬁ tﬁg(rie 'Pﬁ"é)r%%/ qe gher reproducibility
can be gbtained in_prepari of, ¢l r eati9kikhe present
i nvent iWt?ﬂeygkﬁggﬁﬁo%nﬁg‘l%ﬁ%p%l?%lg?a% %rgéflniat oengégcoréii ngtwrfedi um
wherein the barri.er terial cqQnt ai_ni ~ i1s used as the
barr i ero%flé?i %F‘."%%i?@@%%gbghg‘r E“g‘g{é{ed(’:}% gy%%hpﬁgggﬁ?a‘:lnventi on,
preferably there i s praovjde n opti,cal i,nfornatiop,.tecaqrdi nedi um
wher ei ri‘-%z;%ﬁd@-gN 'Ges*\éiogﬁg‘f"'&qpnaltﬂedfﬁo‘f% nﬁ‘ﬁ%l ?géﬁa? lg'g{ég lsrgl3 des of the.
recording l.ayer as the barrjer h‘%éer or_t.he prot ectivetl.a¥1er., regardi ng a
densi t a@dadgadhe arIEeThive. hayerae A IGTEY FEredAAtAON d8u0 ) / ¢
Ge+N+O ) , the density in Ge-N or Ge-N-O Jlayer at the supstrate side of the
recor di¢Rrried: aut « eiThexely, | Bhgerecrxd @H‘éi SLARRLR G eN- O | ayer at
the side opposite to the substrate of the recordin Iager According to
f urt herinfpumatdion reigralenpndhhe jldke pﬁ!é?e?ﬁlaﬁgt? r &¥herel¥%yi ded an
optical information recording nmedium wherein (Ge-N_conpositjon region
havi ng epticadnsharackerhgticemofsdkhe moerding) dayed. angt &hreferanly,
the range from35%to 65%is selected. According to further aspect of the
pr esentprotenttiiore layeie(abich afer aefdgatenieyl, an apsor®At ey mat i on
recordi ng medium wherein in case that the a Ge-N layer is applied to the
subst r sdrdsilie lifké harecchadged.l ahecordisglylssachGephengaenon

that a recording characteristic or an erasure

characteristic is cﬁanged. That is, the signal is

repeatedly rewritten, thereby the reflectance of the

medium is reduced, an amplitude of the signal is gradually

reduced, or a jitter value at a marked position of a

recording mark becomes larger, thereby an error rate of

the recording signal becomes higher. Therefore, when the

signal is reproduced, a readout error is occurred.

Accordingly, there is such a problem that a possible times

of rewriting is limited.

Principal causes of this change are as follows.

-10 -



(at the side which a laser beamis incident on), the Ge density ranging
from35~ to 60~ is selected. In case that the Ge-N |ayer 15%‘%@3&&2603%
side opposite to the substrate of the recording |ayer, the Ge density
ranging from42.9 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 nmedium wherein in a triangular diagramin

FIG 5ol a0 bRESEs 648 R knEd ﬁ%&?@gaﬁfen@ahﬁ%n BeedmpbABHAROS! t i on

regionis wWitHin a range ‘surroun r conmposition points, Bl (Ge9o. o0,

.9 5 PR, o Beflekhek ol FRaiordeh e Tindr o Bho .20

No. ss) i's region; ecfst cycl e performance

i s enhanced and an_erasur r f i S oLdi-ng 0 further
aspect r(ﬂ‘cc?lﬁ"zlﬂgeggxggi’n\?gh%ﬁloenfg%%%bI@%ﬁgﬁg?g%goégggd atgn opti cal

i nfor ion recordi redi u wher eif_in t - | ayer is
applie et'ogﬁeegﬁbsﬁggf‘ggs?cr}]ee]o‘?’t{"ﬁ%f}’eco@gslr%éj %égkg%z‘ﬁ%t %Q&gge whi ch the
| aser beamis incident qn),. t region .surrqunded b c osition

poi nt s (FBBOBERIE. q‘,’Z‘Bh ?&45.&8%)‘_’&."9 gﬁﬂ%‘i,c‘%ﬂé%é%ggp N65.0), G4
(Ge31.1 N13.8 055.1) .is appropriate. In. case that the.Ge-N-O |layer is

appl i edht%ts‘{‘%% o %d’ﬁp‘{)‘%’: 1LY &G iﬁé’f BFOFﬁQ%P‘é(@oi%Vﬁé.‘I ayer, the
regi on surrounded by four, conpositign Q:gxl nts Bl Ge65.£ &315.0), B4 (Ge54.3
-19  Puxkhepepreoosnethexgganse g8 tdal, gng,Raxt oLuFPGunded by fc 4
(Ge53.9 N9.2 N12.9 061.6) is (Ged42.9 N57.1), F4 (Ge35.5 N12.9 (61.6) In
this cawoteetiveabpyer: Rategdiadn isurhepisadily seastias ¥ikh thss5. 0 N35. 0),
036.9), F1 (Ge42.9 N57.1), F4 (Ge35.5 appropriate. Simlarly to the case of
the Ge-nec¢oydingwlayarme A& NO ¢epsideredothad dithe thange dBposite to the
substrate of the recording layer (at the side which the ' |aser beamis not
i nci demcoarredi due pgrocetther pfcthe @barel @rwseRy, OFhére is |ess
possibility that a Ge atomis included in the recording |ayer. The | ayer
can be cxdmlbingplioad ab the abopescauses.egi on having a considerably high Ge
density. On the contrary, when the Ge-N-O layer is fornmed at the substrate
side of the rEmofathg hegerding tdhamniekpenhimenthbyl dsventead i s i nci dent
on), there is nore possibility that the Ge atomis included in the
recordiewgel ayen. the optiatalprdiisk dApplying ahGet8pelei xeappidisdyto t he
conposition, region having a considerably high Ge density. As descri bed

above, f£itmGnd 4 @S- Bi0)prerdetiveyimyes, diied conparterst menner t hat
the atomic interdiffusion and chem cal reaction generated between the

recor didiPséBuege Fridie vhet pebibectiaxerlaenl dyectopthei Agsewli el ectric
material are suppressed. There is such an advantage that the Ge-N | ayer or
the Ge-{\Palareion’0 Consequently, it is observed that an S atom

is penetrated from the protective layer to the recording

layer. Furthermore, it issalso 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 mo{re by a separation of

the S atom, the mechanism thereof is not clear.

The phenomenon and the mechanism have not been

clearly reported. In case that the nitride thin film

including Si,N, and ALN is used as the protective layer,

-11-



15 OCTOBER 2003 has a hi gher adhesiveness to the recording |ayer, conpared
to other nitride filnms such as Si3N4, A1N, etc. and a carbs @GCTOBER 2003 as
SiC, etc . The reason that the Ge-N | ayer or the Ge-N-O | ayer has a hi gher
adhesiveness is as follows . Conpared to other nitride filnms such as Si 3M,
ALN, etc. , the Ge-N layer or the Ge-N-O |ayer enables to formthe film
wth a relatively | ower power at a high speed ( for exanple, when a

i amot GPE'S fooRanPBLlEE o, FRGHATILA, ol BrsRnEly 'ardfiRnel 8] 0 5
am SOTRROS “una, P T or _ | 0 50
The 1 iRate | eReRBIar OF ey arier TRbde dp APIgEeiRalts Tl 17 cs 11

adhesi veness. ,However, this i§ not gl ear. Accordin o .fynt her aspect of
the pr&&SRTdingnipyser &lyefséJr";bI%/ RHeF e 1B, 9?’8&8 tg.‘r?rbpl{tl% Iofnf ormati on
recordi ng medium, wherein a co iex refractive_index value N+ k applies the
Go-N orZTES=500; TyHR- s APS(GFABDLRe HAAGE BP SnyiEonpent havipg ol |~
0.8. Morre preferably, when the ba[rieg material layer s formed at the
subst r & dighidemperatpseopacng hagbr! u{“l’réu@é’-'Ntc;’rgr(%-ll@ éh Tsatisfying
the range of 1.7 < n < 2.8 and 0 < k < 0.3 is_appl.ied. \Wen the barrier

mat er i Probiem thatopnpeedingndssPeeudFeski t ShaF dify WHRR (%@t he Ge-N or
Ge-N-0 layer satisfying the range of 1. 7 <n <_ 3. 8 and 0 < k< 0. 8 is
appl i esucin apt Bd&,, cFAas@antAl O camyddheackbkei agdt ikrigde sWho to N in
the -21 15 OCTOBER 2003 film when O is less, the optical constant,
beconesas 8SigHy, AMetand tlse hike arbaisgd asah ddedctriomediassiahal | er.
According to further aspect of the present invention, preferably there is
provi deshi poeopuictala idieleatrdio mat@niial hedless adbesiiven t@tarial thin
fil mwhose main conponent is Ge-Sb-Te is used as the recording |ayer.

- Accor dipigage éhahber tgppetecolrdigy matsanial n\for icrgmplef exmdéey there is
provi ded an optical information recording nedium wherein the nmaterial thin
filmwhese HB§R-€efipereitiuté afitbhligh-huanidityasnveidoahmenti ctheot ecti ve

| ayer material used together with the barrier layer. According to further
aspect SéelfgPika¥tad et beBurked . er ablardbiey ehiexepisviulethan opti cal

i nformation récording nmedium wherein a naterial |ayer containing a main
conponegopRERI thiatd ok ild 'Huth Qs $i0,," Ta,00; i, 0 daditlealikeast one

ki nd of” el enent selected fromthe el enents constituting the recording |ayer

'S Uselagd i PAG AR HR'S1 1], APN@ind LReIPIE Yanrit BeugppRiad! ri de
material s [ess adhesive to a chalcogenite naterial, the barrier |ayer

Contai”EBQF”EHQfg%éEiEii%kQE”'a Iydgapei ng the el enent constituting the

recordi ng lNayer 1s used, ereby the elenents in the barrier |ayer is

conmon to theaCqERAIIYr £ F5R thebhahitnl 4w Slufiflak 2480, ATRORMNY, the
first place, the more the times of repeating is increased,
the more the above atom diffusion and chemical reaction
are proceeded. Consequently, a composition in the
recording layef is largely varied, thereby variations of
the reflectance, the absorption and the like, and the
variation of the recording characteristic (an
amorphization sensitivity) and the erasure

characteristic (a crystallization sensitivity and a

crystallization rate) are actualized. It is supposed

-12-



'15 OCTOBER 2003 adhesi veness can be enhanced. In this case, it is possible
to suppress the interdiffusion and the chem cal reaction PBOGEOBER2003
recording |layer and the protective | ayer whose main conmponent is the
dielectric material. Thereby, the phase change optical recording nedium
havi ng the excellent repeating performance excell ent weat herproof ness can
be realized. According to further aspect of the present invention,

f rding to f spect. of the present invention,
bher of At | LECEne pRERMEIY U Cecdmpaienchy) EReI EhadarC, ™
her ei ndt | | the frecord: AiErTas or
The' roch drig Ty ea-RhpkaB T ae , DI donndé fEPon BGRERdNe have:

the fil,ns_ hayi i td (W T t re, | probl em
ol ati fgebopkeuh A PafdE bl BethERECati o LS KRgERM U
recordi ng nediu aving.the excellent repeating pettornman and, the

excel | e‘?f’(gc'\?\}éﬁt hgigrgﬁpngfs cé)&}?ltfiee%% a?ngﬂg—gd‘%érg?‘ﬁlﬂ‘ 39U her aspect of
t he preseni{éi vention, a hod of gre aring an opti cal 'bnf rmation

r ecor di¥RPHEBAUARSE AN SIGR-heRhPRBEGEIVEDI o g’bﬂ%r?s *§™a vacuum
deposition nmethod, DC sputtering nmethod, .a magnetron sputtering nmethod, a
| aser SHfRes8ivepess Raitveen i the ppEPEaGtivendRYer &R A nkhRod and the Iike.
-23 15 OCTOBER 2003 According to further aspect of the present invention,
a met horePraingataygr andghisdresyles rﬁ&t%hhemm%ghﬁefﬁlmn preferably,
wherein a sputtering nmethod is used, a single target conprising the,

mai n, cHpehBarmeres, ikelsakseconstidered t&laﬁtsﬁ atarggecmi sing M a
nitric-oxide target, or an oxide target is used in order that the barrier
mat er i alayayepubstiagvtieal 1y cconbtainsr aaddmid Pltkhe | rgppatéd@Tied out in a
m xed gas of a rare gas and the gas containing a nitride conponent or the
m xed gatmes.the gas containing the rare gas and the nitride conponent and
the gas containing an oxi de conponent, thereby the barrier material |ayer
is formed. AReladtipgtvofaimaterizdpecntaeinimy AgeandtS) rbtet iis), a net hod
- of preparing an optical information recording nedium preferably, wherein
Ar and Hie ¥lemsets athidlearereagpto dhenidaddytvedott, tthe astdedd of the
present invention, a nmethod of preparing an optical information recording
medi um o Pr ghppelelssindeties nrélct fotiste Addddloged LAnFapanegd he nitride
conponent, and OZ is used as the gas containing the oxide conponent. Wen

the barpageneBAgplikaltdsl Laid-ep@iinat, s-RhgR1gi.desicRievéie, raEor di ng
| ayer, an N2 density in case that the barrier nmaterial |ayer is fornmed at

the sideopRBRLG® Vi % TP dRE1Ghednin' erer dhbbgel prabr artiohly set

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 application 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 for preventing an
interdiffusion and the chemical reaction between the

recording layer and the protective layer. Furthermore,

-13-



-24 15 OCTOBER 2003 that in case that the barrier material | ayer is
formed at the substrate side of the recording | ayer . Thet2®CTOBER 2003
structure having a further higher weather-proofness can be obt ai ned. .
According to further aspect of the present invention, a nmethod of preparing
an optical information recording nmedium preferably, wherein Ge is used as
the main conponent Mof the barrier material, a Ge target, a Ge-N target, a
Co- -0 18 @ChpRic it Fally 2! gL srustie® (Dalsiperiopchiverputiering is -
carried out, thereby the barrier material layer 1s formed. More preferably,
a Ge3N4 Iyl O £5v8s 1058 rCadt di fietwh fcPeBoe@MRRJ ti On is used
as the ggggggég%%%é%e3m6e%%m xed target is used as the Ge-0-N
target-séﬁ(s‘%%bc[&%lt HYJ ' EheP abe gfrr 1% G#Als AR AN hafs et hod of

|

preparing an optical” information rec g nmedium nore preferably, wherein

Ge is u%fgSﬁ?t&cﬁignﬁﬁfggﬂgﬁ\%%;a%{}?}ﬁ@a@ﬁfeﬂ%ﬁéﬂ' , s the

reactiv erTng 1S ¢ pressure a sputter gas is

nore thap ﬁg@l’(r)?g_rsao gg%%%ojaadS nr’rq:'%rer é)%bdr_es ¢ Wthin this range, a high

sputterl§a rSchar ge ca&an ‘be obtal ned. According to further

£ th : ; g b 2 cal
o o mati on rEBOEdRAy o KT pf EFUPEBES, TFel S re B2ed as the main
-25 15 ER 2003 t M aof t.he barri i aly, th
eact | VEXSERIEHY FRRSCLRR CHesAe anE i dy e cREettet ed gas
cont ai nin t least Ar and, NZ _.a % rtiﬁl. ﬁr ssure raﬁi 0 of '\%Li S rangi ng
from 508egt PRRRERGSS 4§ At YO LeRERLENEDser FB AEACE BRAF U YRt ter

weat her - proof ness can be obtained. In thjs casg, lWnen the harrier layer is
used atthpeabioye mreblens, oft 18 AL QRASKE 19k Fhe present 4 pressure
ratio of N2 is ranging from 12%to,60%gpreferabl , 50%.0r Jess ) .

Fur t her ibventiium tdxeyidera megdiumsstsugtyre fOLs r@a lbhRIt to the
substrate, the partial pressure ratio of NZ is ranging from5%to 60%

( pr ef er phage adbange opsicalmacqording mediumbBaying the pxagkertng t he
repeati ng performance, when a nitride partial pressure in the sputter gas
i s | ow, repeating ckarattertstiat amhiwesthen-proofnegen ehiats in the
protective |ayer, the conmposition in the recording filmis
changedpaodupany avetthod therebvifnganideasingthod pife relsordiey tand
characteristic cannot be obtained. Furthernore, when the nitrogen partial
pr essur eepirdduec Sy tare rirgiormget Soh i gmah, bynudisyyllei recaradipg exi sts in
the film thereby simlarly to the above case, the better repeating

char act meiddfune, cannot be obtai ned. Regardi ng the weat her - proof ness

(adhesi veness), when the nitrogen partial pressure in the sputter gas is
hi gh and nuch surplus nitrogen exists in the film after -26

SUMMARY OF THE INVENTION

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

of the recording layer, wherein an atomic diffusion and

-14-



15 OCTOBER 2003 an acceleration test, a peeling is occurred. However, when
the nitrogen partial pressure is |low and the surplus Ge nts QOTOBERI2003t he
nitrogen exists, the peeling is not occurred. It is assumed that since Ge
contributes to a conbination with the recording film the peeling is not
occurred. According to further aspect of the present invention, a nmethod of
preparing an optical information recordi ng nedium pref e[r'abl y, wherein Ge
i s used t he [ e t [ ] e reactiyve
sput t orf AR EeET TeEPEERR el bba pEtadth die BYedoud 1har's, |00
| east Ar_angd, NZ_a spuiter.power density |s h 1 cnP, and a film
form ngal?gt ghﬁs rfé’ﬁ*ﬁ?uu}gy\ég r?g: e.sug:i’c"lo%saé%%e?g ?ﬁ?t Héz:\y&?gct of the
presentli nvention, a nmethod of preparing an optical information recording
nmedi um*P¥EFerably, wherein Ge is used as the nain conponent M of the
barrier materjal, when the reactjve uttering_ is_carrjed out., the sputter
"gas is the m&%@%@%%ﬁ%%ﬁ%“ﬁ%nﬂzﬁﬁ BﬂFrd'%df i&?thQa BEhYEE for ned i n
such a manner, that, the conplex refractive i ndex value.N+tik may satisfy the
range Materjal)sigsel ‘EBQ g%?@ﬁ@%r}'&i?i%ﬁ’gﬁ?%ﬂﬂ@nlﬁﬂ%ﬁ%arri er
material |ayer .is formed at the substrate side of th%,reﬁrdi ng{:Iayer, such
a fil mPRERERAGLc Afidth I as kb Wit d F35@ nMPEREPECHIACRILYY gt .27 15
OCTOBER 2003 0 < k < 0.3 is selected, Wen the barrier nmaterial layer is
formed b8 enpresgedb@fosithe mratrctivertayer Yadndathe Rerdifthg condition
as to satisfy the range 1.7 < n < 3. 8 0 <k <0.8is selected. Accordinhg
to furtmekexdgdct of the present invention, a nethod of preparing an
optical information recording nedium preferably, wherein at |east one
el enent anongActerddng talanatherx aspecigof the presentginvertips ,used as the
mai n conponent of the barrier material layer, its single elenent target,
its nitpredferablst, therei isi proyigdedian opeical informaddararget is used,
so that the reactive sputtering is carried out the m xed gas of the rare
gas andréberding amdiwmmpgwheeedin reodemricismpanateraalt Aay®rxeds gas of the
rare gas and the gas containing the nitrogen conponent and the gas
cont ai ndbgpblsed atgdrothnpiddest oft ermdyordingi Layes.f orned. According to
further aspect of the present invention, a nethod of preparing an opti cal
informati on rReoodidigigramh uan spraéenzkel in whdich rthdebant keral itsel f
constituting the recording layer is used as it is as the main conponent of
t he barmaterimleliisalapplyicsd tha sabgtirdtey diatarioy thiee reeoydiimg | ayer, its
nitride target, its nitriding-oxide target, or its oxide target is used, so
that theayeagt avcefpettefofupPpeessing e dtemid xEiE Hpsion 4@ rare gas

and the gas containing the nitrogen -28
the chemical reaction between the recording layer and the
protective layer is higher, thereby a cycle performance
.is enhanced. According tg the structure in which the
barriér material is applied to the side opposite to the
substrate of the recording layer, the effect for enhancing
a stability of rewrite performance is higher, thereby a
reliability is enhanced. Not only the structure in which
the barrier material is applied to both sides of the

recording layer combines both characteristics, but also

both performances are further enhanced.
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15 OCTO8ER 2003 conponent or the m xed gas of the rare gas and the gas

. containing the nitrogen conponent and the gas contai ni ng 1"59OQOKOBER 2003
conponent, thereby the filmis forned. According to further aspect of the
present invention, a nethod of preparing an optical information recording
medi um preferably, wherein the material itself constituting the recording
| ayer is used as it is as the nmain conponent of the barrier material |ayer,

0 at leas! GALABEARNLER Ul hé AR BRLLI0 pHednt! i ABeRt idrl eCOr di ng

| ayer formation conp er a process of formng the recording

Laver I0-UBLERKINP AGNSELY 16" ol 0R% CAR' 8hESBYL! iR fidd g oponent i

o i
M SRl A g A
of ;?spj%%% CoAbviftorkfeh. Ufthiee Goplisn? sl ffi@ﬁé Sompohent my

L?ggfgeﬂ?ﬁgggle?vieew ?ﬁt ' nS avEgl.\?;I:égz&glg. ggr%\tﬁlurjggf Q:ng change

opt i calOF egBFdRIENeRES Ry chroper 20MRIREA BT Somiri ™S f%uqa$ ayers.

G 2 152 oroesysectional vl ew shou g an stiuctlne exarmle ol an opL ca

a cross-sectional view show ng, another structure exanple of the_ opti.cal
i nf or et ofhpesvb@tipte side is relatively higher than that of

the barrier material layer at the side opposite to the
substrate.

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 material” having a thin thickness of 60 nm or less
is applied between the metallic reflecting layer and the
recording layer for a quenching. Thereby, since the
number of layers can be reduced, a preparing process can
be simplified. Furthermore, since a cooling eff_ect is
enhanced, thereby a thermal interference between
recording marks is reduced, an information signal can be

densely recorded. That is, the structure is advantageous
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medi um according to the present invention. FIG 4 is a cross-sectional view
showi ng anot her structure exanple of the optical infornmat18©OCEOBER 2003
medi um according to the present invention. FIG 5 is a conposition diagram
“for explaining an appropriate conposition range of a Ge-N layer or a Ge¢ N-O
material |ayer applied to the optical information recordi ng nedi um
according to the present invention. FIG. 6 shows a structure exanple of an

appar ategs af hlgepaldni tyeregbrding.nf poral ipyefecabllyngimedhins accordi ng
to the present invention. FIG 7 shows an exanple of a |aser nodul ation

vavef orgagal £REOhHLRY et dakRY GdUalRG Applied By itdik Yulirdeéative to
the optical information recording nmediumaccording to the present

ocor di Sp g T e e e T o e oot fcal
I nf or mebheR; he kel inlsh 1A WHLBACeRH NedLidideaPheghRl icjeend i on.
performance and a higher density recording.

According to further aspect of the present invention,
preferably, there is provided an optical information
recording medium, wherein in the structure (a rather slow
cooling structure) necessary for adielectric layer having
a .thick thickness of 80 nm or more between the metallic
reflecting layer of the recording layer and_the recording
layer, the barrier layer is applied to at least one side
of the recording layer. Thereby, usually, in the rather
slow cooling structure having a tendency of high heat-
storing effect and a large thermal damage, the cycle
performance can be largely enhanced.

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

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

can be obtained. Furthermore, more preferably, the
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- 30 "I 5 OCTOBER 2003 FIG 9 shows another structure of apparatus of
preparing the optical information recordi ng nedi um by usi §QCEOBER 2003
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

di fference of an adhesiveness by using the sputter gas pressure. FIG 13

shows ttl_"y; gkagg%e ﬁ:ﬂeof‘dﬁi6§éven@ﬁérb}5 Isignthfdigesputter gas pressure.
FIG 14 s ows a re atlon ip between a nitr gen partial pressure in the

sputter,. %ﬁoaﬂ@ﬁ’:’lﬂﬂﬂ C@énCBESBBEEun@dGJ.nl%L%FX‘fJ.BBe rel ati onshi p between

the nit’r
According to further aspect of the present invention,

there is provided 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: Ge—-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-0O layer, that is,
(N+0)/ (Ge+N+0), the density in Ge-N or Ge-N-O layer at the
substrate side of the recording layer is relatively larger
than that in Ge-N or Ge-N-0 layer at the side opposite to
the substrate of the recording layer.

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

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

is applied to the substrate side of the recording layer

-18-



partial pressure in the sputter gas and the optical constant. FIG 16 shows
a relationship between a total sputter gas pressure and tHe Q@TOBER 2003
constant. 1 Substrate 2 Protective |layer 3 Recording |ayer 4 Protective

| ayer 5 Metallic reflecting |ayer 6 Overcoat |ayer -31 15 OCTOBER 2003 7
Concave-convex groove track 8 Barrier |layer 9 Contact |ayer 10 Defense
plate 11 Vacuum tank 12 Power source switch 13 Direct current power source

L0 PSSRV Y St BB T0 PSRl By 7 g g, O roce
appar atHén%ﬁt‘?ro}:gﬁéi%hgai‘&om 35% to 60% is selected. 1In case that |
the Ge-N layer is applied to the side opposite to the
substrate of the recording layer, the Ge density ranging
from 42.9% to 90% (preferably, 42.9% to 65%) is selected.
According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein in a triangular diagram in FIG.
5 showing three-element composition of Ge-N-O, Ge-N-O
composition region is within a range surround by four
composition points, Bl (Geyy os Nig.o) r B4 (Gegs s N3y.3s O13.3) s
G4 (Gej;.;r N34, Og5.1)r Gl (Gey 3sr Ny gs). In this region,
there are such effects that the cycle performance is
enhanced and an erasure performance is enhanced.
According to further aspect of the present invention,
preferably there is provided an optical information
recording medium, wherein in case that the Ge-N-0O 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 (Ged8.8 N10.2 041.0), Gl (Ge35.0 N65.0), G4
(Ge31.1 N13.8 055.1) is appropriate. In case that the
Ge-N-O 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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29 Di ak holder 30 Shutter 31 Gas pipe 32, 33, 34, 35 Mass flow neter 36,
37, 38, 49 Valve 40 Ar gas cylinder 41 Kr gas cylinder 421890GQROBER 2003r
43 N2 gas cylinder 44 Insulating material 45 Ge-Sb-Te target 46 ZnS-Si Oz
target 47 Al-C target 48 Ge target -32 15 OCTOBER 2003 49Vacuum
cont ai ner50Ai r outl et51Gas suppl yi ng openi ngb3Rot ati ng appar at us54Sputter
gat e55Cat hode BEST MODE FOR EXECUTI NG THE | NVENTI ON An enbodi nent of an

OpticaINQDuoumﬂJeyyrmﬂchbmg.Beﬁsunuqchﬁdumézalsruamrwaawi.spvention i's
shown in FIG 2 . FIG 2 shows the enbodinent in case that a barrier |ayer

embodi meat L e Unel 1a 1 s g S rol yoay borare Tel T sUbstrate
havi ng guroufithss B foufy Eonpuh 2t lbRBS At 8Tc124Lews . FiINTs. ¢,

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 recording layer (at the side which the
laser beam is not incident on), in a process of recording
and erasing, there is less possibility that a Ge atom is
included in the recording layer. The layer can be also
appiied to the coﬁposition region having a considerably
high Ge density. On the contrary, when the Ge-N-0O layer
is formed at the substrate side of the recording layer (at
the side which the laser beam is incident on), there is
more possibility that the Ge atom is included in the
recording layer. It is not preferable that the layer is
applied to the composition region having a considerably
high Ge density.

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

is such an advantage that the Ge-N layer or the Ge-N-O layer
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pol ycar bonate has such nerits as a low humdity, a |ow cost and the I|ike,

t he pol ycarbonate i's superior as a material used for the $2QCTQBER 2803e
fromthe polycarbonate resin, a glass, an acryli4 resin, a polyolefin
resin, a vinyl chloride and the |like can be also used. Although a netal can
. be al so used, the nmedi um nust be designed in such a manner that a light is
incident fromthe side where a filmi-s forned. Any way, a kind of the

substr af, g i g (y : | L Sur t he

subst  pEs; € idhet Rt dehoBe i BB r KPR RGN o o S diFa LR |12 e
concave - . 0, r qov 7, , having a
dept h O?B%Y}ﬁén%: n}%ﬁ’@%@ﬁéﬂaggﬁ%ﬁ%ﬁﬁﬁgy g%aééﬁaand&é ‘TEan J;:i)grti on w dth
of 0.74.v,Un_j.S.faQr al ver e fac e tq: er._ filmis
For med. ETHY BR. 98 B6 o8 chaptns: e Ch 5505 FEelsEH LavaEEr i de.

t her eby | asef, _heam for, recordi and . r ept i.ng. an_ i tion signal
can be ﬁﬁ@eggtg @nié‘b’ff OHQ% %J&Sﬁ%ﬁ.a%gglﬁgﬁﬁgg b %%lr}fcﬁ PY¥%e | aser
beam a_.continupus servo nethod, usi t he i ral;.shap roove or a
concent FPBRARFY o Nt St e o Ll i S AR STeRRb A 6 Fo- o

peri odi cal | ranged signal _pi equence_ ar.e. known.. Accor di to the

mot hod ERediraNHAYRE TEDE BBaNCaf EROE ARERECB SO FSHE CASLT OHP at el y
formed on bhe s%lrt‘)Pstrati gk this does not ai% relate_to a substance of the
pr esent W EPA TSRt LR LY ALY PMRF #6503 & 1GHERPREN LOX & AIRIGY Iy a
protective layer 2 conprising a ZnS-Si 02 Si02 : 20 nold ) m xture |ayer,
a barr i\ﬂ"epa9e$1BtEBH’teapﬁitW§e@3al\FéFgG§- R}‘Q, the gubetrage 25498 conprising
a Ge2Sh2.3Te5 alloy thin film a protective |layer 4 conprising a ZnS-Si OZ (
Si 02 : my,ndfd theritarget | weseaddameterais d-q%eﬂ‘%cltﬂ mpedyckhe is forned
on a surface where the concave-convex groove track 7 of the substrate 1 is
formed Bilm som e farmed wihhub0PHvias 40 ooy iteg Slesim/minukel.as an
adhesive layer 9 , thereby the sane resin plate as the substrate 1 is

| ani nat Adcasddnpkynskt plsitas sionedvidhat hsingce rdrerintgmnal Btress OCTOBER
2003 8 is Ge-N, in an order fromthe protective layer 2 to the netallic
refl ectingtheyfilm itshdowemckides GE-Ndayderyamr tile Gapler®i kayeor9l nm 5
nm 20 nm 18 nm and 150 nm respectively. Wien the barrier layer 8 is

Ge- N- O habnal hilgher ledhéisiwenessof Hawevieayerthis siexjusot icleégr86 nm 20
nm 20 nm 18 nm and 150 nm respectively. In general, the material formng
t he protecti vAccapretingtanfhrdther aspedteofrtite pateverst inweintiors, soneti nes
called a dielectric protective layer. Aside fromZnSSi Oz, the materials

whi ch apeeferably othélg dsegprdoviddd amodpticed limfrmdtide optical
recordi ng nmediumcan be applied to the protective layer as it is. For
exanpl eregoreMirmtpmedditim CohRireding contp Insit eefriade idfe indespwaldeoxi de etc.
such as Al, My, Si, Nb, Ta, Ti, Zr, Y, etc., a nitride |layer conprising a

nitridensdkhapplibs Bhee-Nior G&-NHO 14vercbatisfyitly thederdnyer
conprising a sul fide such as ZnS, PbS, efc. , a sefeni'de |ayer “conprising

Znse. ebe- 1.y QALPIAS | §YERACOIPK! &1 098% CuoPEC prefdidifty dSKeHP! ! ST N
CaF2, LaF, etc., or a mxture of the above materials suchh as a materi al
| ayer cgggri Si ng ZnSe; Si Oz

barrier material ﬂ\izg-rq_se c%.‘mecti1 rlatbghlésseu strate side
of the recording layer, the Ge-N or Ge-N-0 layer satisfying
the range of 1.7 <n<2.8and 0<k<0.31is applied. When
the barrier material layér is formed at the side opposite
to the substrate, the Ge-N or Ge-N-0 layer satisfying the

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

constant is changed according to a ratio of O to N in the
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The material formng the recording layer 3 is a phase change material to be
changed into a reversible state by receiving an irradi ati $h QCTOBER2099
beam such as a | aser beam etc.. Mre specifically, preferably, the
material -35 15 OCTOBER 2003 is reversibly changed between an anor phous
state and a crystalline state by the irradiation of the |laser |ight beam
Typically, a systemcontaining Ge-Sb-Te, Ge-Te, In-Sb-Te, Sb-Te,

Ce- Sb- Te- Pd, Ag-Sb-In-Te, Ge-Bi-Sh-Te, GCe-Bi-Te, GCe-Sn-Te, GCe-Sh-Te-Se,

Ge- Bi - TELE®, whenddiskeses- thewpiical constant Keqgesdangeri ke, or the
systemresulted fromadding a gas adm xture such as oxygen, nitrogen, etc.
to t hes@hepsQenisS depree ubsdoﬁhmgakrﬂgnstﬁmh berpmes SMadr@: the thin
filnmse are in the anorphous state . Wen the filnms absorbs an energy such as
the | aser beaRfcerding thdurther aspeatyefdihe present Ln¥enptien are
practically used as the recording nedium the recording filmbeing in the
anor phopsefeatabMhethehe fisl prioyifdedrean iephicalodsifpravatsiian | i zed by usi ng
such a method as a | aser beamirradiation, a flush light irradiation, or

t he |i keecorelimsmediaam wherein a hatexdd]l thdnt idlmrwisosé Imain recor di ng
filmis irradiated with the focused |Iight beam Accordingly, the irradiated
por t i oncompamenthi ¥edGessbt-Tet ilsharswd i asl thenseaprdinge layd, thereby the
record is carried out. By the above change, the changed portion where the

above record pgcerdimffiteUturther aifcttcofWiid predent inekarddn aser beam
not as to further change the recording layer . A variation of a reflecting

light spigfgiinidly [EReyar Hat ?i'b\ﬂfdéﬁ tamnopti£8d HnFohrniEtioth is
detected, thereby the -36 5 OCTOBER 2003 information is reproduced. Wen
the inf Eé%rx‘dEiq%%ﬁnéS%ht,t%ertéﬁx | a5 mat 8P aReRinS Fillnddileégd. and the

anor phous port IS re-crystallized, thereby a recording mark 1s erased.

After LREiH WifondnfeWs’ GrRAiY TR lidet Tl MR luidederql! bed bel ow such

an overwite an erasure operdtion and a recording operation are
carried j i f Hi P9 PERI G- PEeper f or ned.
As descp?}%tgg%%‘?/%,%%{.qrrltéé;)ttéérffjg??l%%/%g i{ﬁ% e% %gt weeil'rvlﬁgt he pr o? ective | ayer
2 and t?gggspording | ayer 3 as the barrier layer 8 is operated in such a
manner tan atom c diffusion and a chemical reaction between the

di I ; - ' . h
recordi ng | ayBPc T £B AFEREY RO oB P RN 1abRRAE, o7 o
havi hi gh I £ i nt d. i gh ht . t , It
nevessaPp kAR e HhPge! G e e CoeCERBI ARSI < hard 1o

t with the material tituti t he r. di I d the dielect
pr ot ect FEEIRAAY MRTMgHBPEEIT: Romatan e Ll SPNIRIoDEs it is

necessary .t hat the terial la¥er conprises the mater. al which,is not
i‘g{ %+

peel ed SRS OMPTHP AL (F BEHEFAE I PR etc .
F le, th terial ided with th b h teristi th
i ARG AL SRRE ORRRA (0 ¢ PPPREnJohaceed ST Fh BMAe of oxygen
a carbidi of -37 15 OCTOBER 2g03 . .

elements constituting the recording layer is used as the

barrier material layer.

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

element in the recording layer. Accordingly, the
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nitrogen and the like is appropriate. Preferably, any material has slightly
| ess oxygen and nitrogen than a stoichionetric conpound cHoCTOBER 2003t
is, for exanple, when a stoichionmetric nitrogen conmpound conposition of the
el ement M and the nitriding-oxide are defined as M-Nb, MaNb - MoQd (where,

a, b, c and d denote a natural nunber), the conposition of the material

| ayer used for the barrier layer is required to be expressed as MaNbl ( b 1
< b ) adhebliNenedd-@an(be &nRancedl dIh ¢thdig cadéjeitpasifically, when
the barrier layer is applied at the side opposite to the substrate of the
recor dipgsbiapdie tor stppaidss thNinterdd ffus jorrehd/ie chidniara) b2 < b and
d2 < d). Accordingly, even in case of such a conposition as Si-N, Al -N,

Si - 0- N, r@acthien Hetwdde €0aPpetbraingslayeicanedthae prothdtive <_ 4,
preferably m <4 ) , AINnz (nR2 < 1, preferably n2 < 1), f S13 NnB- Si O

(M8 < 41 2pdrshnse A LhCEBRPLNERLS ik FKe Ndisldctret Materihlnd M < 2 )

thereby " there is increased a possibility that the conposition can be

appl | edrﬁﬁghg:? dbﬁhbi ﬁﬁﬁgéyé’ﬁanglé%ﬁ‘fiﬁiered’wiﬁB%Mﬁﬂt Haviygr is forned

at both t es of t recor ayer, an adheSiveness to the recording

| ayer hg sighst j Is [ 2 Qﬂ?}ZOOS t hat at
t he si Z%h%p%om tzl%[’g‘t' ?’ﬁéebgégé'?lﬁgtégﬁ%aééﬁg%fétgélglﬁgegg.fg the recording

| ayer |l afi vy hi { veness, and the opposite side has a | ow
adhesi3§§8§§ﬁaﬁgn§%§.%gpg?F§§%?a° result, when the barrier layer is fornmed
at the substrate side of the recording,l MWLt is. |a | ifter .from

t he stoichi onBtFPE &&gp{égi{]‘f%*ﬁb&?'ﬁ&p stj 8&/?%?16 Pﬁf&sﬁé’ﬁ{‘g‘?eﬁﬁ?gﬁ‘vm i's
represented b Xb (where, Mdenojes an aggregate af non-.gas el enents M,
v S PR ek anin e PEL T a, RrosAded A SOEI GHT SutlrMAEEY © P
regarding a ratio of a gas conponent b/ ( atb ) , the ratio qf the barrier
mat er | a?.gcpayémdtm%% ub¥PeZEd Isiate 1%a%|faflﬁvép§2ﬁpgh9ft that of the
barrier materjal |l ayer at the side opposite.,to the substrate . Accordingly,
t he nedFﬁﬁPRQHQQ;kﬁY%&chﬁI%%ﬁrﬁgﬁgh@F-B%BB#H@Q§¥9%¥%§3¢§9ﬁﬁ9Q&ted. Her e,
typicallé, the exanple using Ge-N or Ge-NO is showm. A Ge-N layer or a
Ge~N-0 Fheeparaiiem LayaE| dde farmadst Ge and N or Ge, N and O The Ge-N

| ayer or the Ge-N-O |l ayer may, al so include other elenments such as Ge-N-(O),
Ge-Si-N-(O), Tn-thim @nsecesince the resomding Jayer and thee. The ot her
el enents are, for exanple, A, B Ba, Bi, C Ca, Ce, O, Dy, Bu, Ga, H In,
K, La, nMhtrNde\blayér op, the rdtrdic-sbidenlayer haveTithey faimsb, zri, Zr,
or the like. -39 15 OCTOBER 2003 Furthernore, as described bel ow, the

mat er i ahadnyg reg high beontdnuityertorgadie othéagedhleyet Hes rliess de and t he
nitriding-oxide of the material conposing recording |ayer . For exanple,

when t hproblent aglerebhgotot ther adhedivgnesmser aocorsdtinglyf htlee el ements
anong Ag, In, Sb and Te, an interface |ayer can be Ag-N-(O, SbN-(O),

- 1'n- N (Qpptied} (Oformat ion reoorfind mediunhhaviAg-tbe Mxd@dllaiben the main
conmponent of the recording ' layer is Te-Si-Ge, Si-N(O, G-N(O),
Te- N ( Grepeatithdl gétforpandee AL e exoel BeptiPveatters -N- (O . O and
proofness can be obtained.
According to further aspect of the present invention,
a method of preparing an optical information recording
medium for solving the above problems, comprising a vacuum
deposition method, DC sputtering method, a magnetron

sputtering method, a laser sputtering method, an ion

plating method, a CVD method and the like.
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- shown in F

Al are added to Ge-N and Ge-N-O thereby the adhesiveness can be enhanced.
Mre specifically, the addition of Cr enables to obtain a1l @GTRBER 2003
effect. At an additive density of about 5% or nore, the adhesiveness can be
enhanced. A preparing condition which can formthe barrier |ayer having an
excel I ent adhesi veness is expanded. Wen the additive density exceeds 50%
the cycle performance tends to be reduced. The reflecting layer 5 conprises

the material AwvéPainghtdFurtiiaehapeR Pl the peg@ntOshvention, nst ead of
an Al-Cr alloy, a single Au, Al, Ag, Pd, N, C, Ta, Ti, Si, Co, etc. or

the al lpymabRes bas ﬁéﬁ@f $h§ h AN DefUsRdL ity YRRl EngAU- O,
Au-Co, Al -Ta, A -Ti % AgCr, Aﬁ- Pd, and the |ike preflerabl e. Acco('rqdi ng to the

above Gyl PRAL i BPefaSabIRAS WHEWEiAQ sphtt T RERCOR3aWg sdde barrier

| ayer is applied, such an exanple that "the barrifer |ayer iIs appfied to the
interf e i %?ﬁp I L te side and
t he re%%ﬁéﬁa&ggﬁs@sﬁéﬁgiﬂiﬁp% rotr%l‘ét’/ e‘gélg%ﬁtgn?%%@%ﬁét here are
differ p.ati Sshown_i 0. ElLgs. i.gS, to 4H as anot her
exanpl gg%]fﬂ]\'[?—%}é h‘?%%lggha%eﬂégkg ﬁg }éoéoqeee‘?l_%&ggﬁg lgg't§l 9 g@eré)and t he def ense
plate shown.in FLG . 2 are omtted. A thqugh the, str we of FIG. 3Ais
e ad i COpkife Bk PRe A aAdd PRI S RS et S and
Figs. - t |G_3A 1S ai. n,shown._ For gxampl.e, wh t.he barrier |ayer
s used e cFhey Bagr i RafERidr 18Vs KE FEPHBAG S8 HhAC R rate si do
of the re00£di ng Ia¥ﬁr as shown in.Fl G'\?ﬁA, but . al 82 theoé)arri er layer is
used attERECHSP SRUFHGTAR!SSYEr 1o h YthaprMred HRY of a &kt h si des (

| G EC a sinlar effect can be obtained. Eurther(gore, even
if thi IS E eaﬁaﬁi%%rlwnav&am e SemRaneR AL bhe MixXedwn in FIG .
3D ) , all oyer an upper protective_|ayer shown in FIG ., 3E ) , or all
over tIRA%oREr they &0 'F%%B&Pigvé:hea)}é?"éé(g§ﬁoﬁﬁdi the @3.-“3-]:&? not as the
barrier layer, but as the protective |ayer using the barrier material", the
si mi | arc@peBentansk Wit agABdCoRGRINIPHI 2N PR1ARGCOgRORERE ¢ ot al
dielectric protective layers 2 and 4 at both sides .of the recording |ayer
3 are ftherabyy thee harwrien mpseriadorkayer nyst forp@d. er -41 ' 15

OCTOBER 2003 material, Ge-Nor Ge-NO In this case, this nmaterial
According to further aspect of the present invention,

a method of preparing 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 th.ical information recording
medium, preferably, wherein N, is used as the gas
containing the nitride component, and 0O, is used as the
gas containing the oxide component.

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

to the substrate of the recording layer is highly set than
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| ayer has a nuneral 8. Furthernore, according to such a structure that the
barrier layer (where, a Ge-N layer or a Ge-N-0 layer) is 15@CHOBER2003
substrate side of the recording |ayer 3 and the total protective |ayer 4
conprises the barrier material (where, the Ge-N |layer or the Ge-N-O | ayer)
at the side of the reflecting layer 5 (showm in FIG 3G, the simlar
effect can be obtained. On the contrary, according to such a structure that

fggeﬁ °E?h§%re9E§§§%éevééé?§h§t§%iéﬁE??‘?%’?%QZ{ %Aﬁéﬁlé’f% e a?é‘i“%?rf%yterhe N
| ayer  SEhE PBRIRA TS sidle ohne Prgosfifie taydelll trdy bt neo The

upper protective layer is thinned thereby the structure is_designed in
stch a REEHGEUNENETANG 2 EHE s RaheT e ERBr arfeTaRRTs SR he

metal | i rej |l ecting |layer is reduced. This structure is called a quenching
struct uP&. S y to the quenching structure, if two or nore |ayers are
formed at the_upper,.side, since very thin_layers nust be depagsited, two or
nore | ayers af‘@cﬁ’é'tdlﬁ?‘b?lerfj-kﬂé“?ﬁ 'P&ﬁto?fﬁ%BEﬁlsﬂﬂF éBFfPHI'%s"ﬂrh'ti on of a
filmthickness, thereby it is difficult to, prepare. In this case, the upper
si de cofpfieddod, of BrePaEing| e ORflCadb infoymabEehpEe BE-N-O | ayer,
‘thereby there is generated such a nerit that it is easy to, prepare. FIG 4
shows tmedimmycirreferahlynewhereddt iGR) 1nywsedsapefbfedd¥dm t he structure
in FIG 3. Figs . 4Ato 4H correspond to Figs. 3A to 3H Furthernore,
accor di ggmpenent M ok thebagnier mateyial 3 afie £argetara £8-Ni ews, such
a structure that a semtransparent reflecting |layer conprising Au and a
sen contaciget net Ge-N-0 targewkomla GesiQ t@ragt tie usedysotikatbase is Si,
Ge ) is added to the substrate side ( the side which the light is incident
on ) of thiee nesmrivagspuyteriay ds wsatk jedtoghowtheri@hys thend 4 show such
a structure that an uppernost |layer is provided with the overcoat |ayer 6 .
The ovebaratidmpetefisl bayprdisforadd.n dModer preferpirlgssaaddeyf | uence due
to water, dusts and the like relative to the protective |layer and the

r ecor di e@nipvsit Don tie uyed asl thefEerRitarget s e de@ conpasitiPonor di ngly,
for exanple, such a structure that a dunmy substrate is |am nated, such a

struct uig ubeld 8o thleaGes-Oatargeti,nahaddGeLl [-C4® nlseed coatgetyes surface
faced to an inner side, or the like is appropriately used according to a

usual ngishell.aduEhdeGaPOeN &lalytgh the drawing is omtted, in order to
| am nate plates, a hot nelt adhesive and the adhesive of the ultraviolet

curing resin aeddiRlingeodf@reREr ibedtlodrtles pridferithénteittidies f or mance
can be enhanced, -43
a method of preparing an optical information recording
medium, more preferably, wherein Ge is used as the main
component M of the barrier material, when the reactive
sputtering is carried out, a total pressure of a sputter
gas is more than 1 mTorr, and it is 50 mTorr or less. Within
this range, a high sputter rate and a stable discharge can
be obtained.
According to further aspect of the present invention,

a method of preparing an optical information recording

medium, preferably, wherein Ge is used as the main
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15 OCTOBER 2003 nore effectively, the barrier layer 8, that is, the Ge-N
| ayer or the Ge-N-O layer is forned at the substrate 1 si#® QGTOBER 2003
recording layer 3 . Since the |laser beamis incident on the substrate side,
a tenperature at the substrate side tends to rise, thereby the conposition
change is easy to generate . Accordingly, it is assuned that the effect of
the barrier |ayer beconmes considerable. Furthernore, in another view, when

the barg&bfipondt! ‘M of hehel baririerCondtd @€l , oghéhethe Mdhdtavee is forned
~at the reflecting | ayer side of the recording layer, in addition to such a

mer i t aéghet%’i:lﬁf&:eié hear¥£t@ B6LT OLABNEButELE gadMald s hdx&dhance the

erasure performance can be obtained. This relatés to the follow ng

phenoneagﬁé?leﬁ%ihipgﬂgemém m%caggizpﬁ g SFtifligrashaled-4¢id the laser

beam so~t s anor phi ze neral, a solidification starts

f th tk i i i i d that
2 ROcPR. AGDHHR SR oo Bghoiommelley |3 sdrtggessured (ha

m conposi tion d the interface at the

o fﬁgf Béfﬁ' skigld B éeﬁﬁ%f‘*n‘?ﬁ#nfﬁg Hpekisk i"?%%ﬁs?f'%én@ﬁ%? Bl or phous
id. [T j Pty i ; j .
The ai HPCORFEENERsn FROARERC 70! ol M bRFri e T aFBE Ao br - i he

recording film conposition at interface is also |d -44 . . 15 OCTOBER
2003 byag %ba%@%?sﬁ&? Bidﬁh‘étfﬁ reg ’b‘?i‘g"’f%‘?’f sithe Rt idbstrate 1
conprises the materi,al ch as the nefal i i C e light .cannot be
Crans BEEBBARRRSERE PF Jacl & BARGLIGCL F iAo Bre A TR o si de.
note that this case is contrary to the ahove description. That is, in this
case, i p0&re@vrlesm) .t HuELheEmgERy oWvhen dhekprsd eanhhayesdisdisedtively, the
barrier layer, that is, the Ge-Nlayer or the Ge-N-OQlayer is fornmed at the
ai de opptsthe sisle appogiidie hodhe spbskratenctBemprtial pressur@e ot her
hand, in order that the erasure performance nay be enhanced, effectively,

t he barratdd efeN, imatanginghbras-3$ |ty &0 o prefaalnly, | 4Q&rors fornmed at
the substrate 1 side of the recording layer 3 . Any way, if the Ge-N | ayer
or the Tesl,Onanerprefévabdy at3Ifotdr slews) of the recording | ayer, the
above two nerits can be sinultaneously achieved. Table 1 shows a | ayer
struct ure corRegpantdiny the Fepeatidy performancie gvhendd nitride | n the
tabl e, Sub denotes a substrate, DL denotes a protective layer., BL denotes
a barri partayd predénreAindehes esputtteac ogals nijs| dper,, siincemmel a
reflecting | ayer, and OC denotes an overcoat |layer. Furthernore, in the

prot ect pueplayerGe thet! epmbineRl Wa G tittPegéencexdate ijal ,thdat is, the
CGe-N layer or the Ge-N-O layer is represented by DL ( GeNO ) , and the
layer ngrotiidtive 1dpePdr thel cBRpeEidionier the reRIAsEIM§df DYm- 45

is changed, accompanied with rewriting the signé.l . thereby

a better characteristic cannot be obtained. Furthermore,

when the nitrogen partial pressure in the sputter gas gets

too high, much surplus nitrogen exists in the £ilm, thereby

similarly to the above case, the better repeating

characteristic cannot be obtained.

Regarding the weather-proofness (adhesiveness),

when the nitrogen partial pressure in the sputter gas is

high and much surplus nitrogen exists in the film, after
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" 15 OCTOBER 2003 only DL. Table 1 An exanple of |ayer structures of the
recordi ng medi um FI G | ayérstruct ures3ASub~DL ~BL( GeNO) ~AL15 OCTOBER 2003
DL~RL~0C3BSub~DL( AL~BL( GeNO) ~DL~RL~OC. 3CSub~DL ~BL( GeNO) ~AL~BL( GeNO) | DL
| RL1 OC3DSub~DL( GeNO) | ALI | DLI RL~OC3ESub~DL~AL~

~DL( GeNO) | RL~OC3FSub~DL( GeNO) ~AL~~DL( GeNO) | RL~OC3GSub~DL ~BL( GeNO) ( AL~

DL ( GeNO) ~RL~0OC3HSub~DL( GeNO) ~AL~BL( GeNO) ~DL ~RL~OC4ASub ~ DL ~ BL ( Ge~l O

gmgbﬁg#gﬁé?%géﬁﬁaﬁi%&%@Sﬁ%ﬁﬁ%%@&g@@@%%f Z0GeND) AL~
~ - .. 15 OCT R_20 ~ =~ ~Al ~ '
DLg Ge[\l(%'h&'ﬁéﬁbr}-btf&gﬁﬁ) Pg%i’ﬁﬁ( gﬁéﬁg% %%&%&Ia@shea%{uﬁﬁlc%ﬁ barrier

t t it - N. -
e s AR df%za:rs;%%%#gzs%ﬁ%%g%d B SRR h e e O ©
tecongositionra e .of the Ges aer.rta_ - \- %q__p' té)the

Rkt W 1% AdSaned HhRY RifbsL 08 SRl natiRe B

%?(S:ﬁntjoes not cBnt ain oxt\'/ E‘EP ?Le G d Esi tSIy Ias a Io.vv:st. | i mn?t S;: 3|e of
355 t o 9EBDIARLION LER CRE FECOEATRG S1lly tB pRelINng is 'not

occurred.

According to further aspect of the present invention,
a method of preparing an optical information recording
medium, preferably, wherein Ge is used as the main
component M of the barrier material, when the reactive
sbuttering is carried out, the sputter gas is the mixed
gas containing at least Ar and N,, a sputter power density
is more than 1.27W/cm?, and a film forming rate is 18
nm/minute or more.

According to further aspect of the present invention,
a method of preparing an optical information recording
medium, preferably, wherein Ge is used as the main
component M of the barrier material, when the reactive
sputtering is carried out, the sputter gas is the mixed
gas containing at least Ar and N,, the film is formed in
such a manner that the complex refractive index value N+ik

may satisfy the range 1.7 < n < 3.8, 0 <k < 0.8. More

specifically, when the barrier material layer is formed
at the substrate side of the .recording layer, such a film

forming condition as to satisfy the range 1.7 < n < 2.8,
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| ess than 35~ to 40~, the adhesiveness to the recording layer is reduced.
According to an accel eration enviro nnent test, a peelingl®QCHOBER2003
exhi bited. Furthernore, the Ge density has a supremum val ue of about 9 0 ~
| f the supremum value exceeds 9 0 ~, in a proce s s of repeating
recording and erasing, Ge is included in the recording film thereby the
cycle performance tends to be reduced. The appropriate Ge density in case

that t -N layer is forned at _jhe bstrate side of t recording | ayer
o tor & o K o0 4 ERePeiBChRcn « MEh Fhebatinier masrkatal LAl | Tor mod
at side opposite to the substrate. The latter is little nore highly set

t han t Hes foprmped atetdi®y aide nppesibacte thenpybstrates7 such & OCTOBER
2003 For exanple, the appropriate region of the Ge density of the fornmer is
35~ t o Bk formirg icontit hen gsptomataiefy ddiconangethe’ Kat Ke¥. 85 40~ to 90~
(preferably, 40% to 65~). Wen the former and the latter are fornmed under
the same €ondkt pQB, ilesapecepdi.ate Ge density is ranging from 40~ to 60~.
According to the present invention, since it is not necessary that both of

e a0 BSeUPASh L6 AT SPAUo Uy BRRLRA ShGefEHRIS) (Y Vee
o112t Y SCHBASY, Phast i, Y5 DD, ANAB-DATL° obrtltng P cvl e
medium, preferably, 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
_sputterihg 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 invention,
a method of preparing an optical information recording
medium, preferably, wherein the material itself
constituting the recording layer is used as it is as the
main compbnent of the barrier material layer, the target
for forming the recording layer, its nitride target, its
nitriding-oxide target, or its oxide target is used, so
that the reactive sputtering is carried out the mixed gas

of the rare gas and the gas containing the nitrogen
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Ge-N- O system cont ai ni ng oxygen i s described bel ow. An average conposition
ratio of Ge to Nto O in the Ge-N-O protective |layer is sh9@CTOBER 2003
triangul ar di agram showi ng the three-el ement conmposition Ge-N-O0 in FIG 5.
The average conposition ratio can be explained by using each conposition
point, that is, Al, Bl to B5 Cl to C5, D1 to D5, E1 to E5, F1to F5, Gl to
G5 and HL to H3. H2 (Ge89.7N9.800.5), B3 ((Ge86.6N6.706.7), B4

(Ge83. %né@ﬁan@ orCA HEaRTk d833aB0 b8 lhr 4 £€5§a8NAA B AHe Gas T4
(Ge53. 9ND. 2036. 9) . D2 (Ge59. 5N3S. 502. 0), D3 (Geb3. 8N23. 1023. 1), DA

Ge48. 481 2903 . s 5)ng E3
EGe45. %@F%g%.ﬂ% Fh§4ﬁ(“é‘é:}f§.53“N1E1. 5046. 2) agl?l?z(t(@%: ?%z?%%lzr%’)i? F3

(32 908 SRY0R cHpdEat: AU Gl Sl ShaHEZ 0000),

poi nts at whih-50g: b LW HAREREL S W HE B 58Tt EndBfit ion,
a method of preparing an optical information recording
medium, preferably, wherein the material itself
constituting the recording layer is used as it is as the
main component of the barrier material layer, in at least
either a recording layer formation start time or a
recording layer formation completion time, eithér a
process of forming the recording layer in which the density
of the gas containing the nitride component in the sputter
gas is enhanced, or a process of forming the recording
layer in which the densities of the gas containing the
nitride component and the gas containing the oxide
component are enhanced is used, thereby the recording
layer formation can be achieved.

According to the abowe processes, a supply of the

gas constituting the nitride component and the oxide
component may be stopped when a recording layer portion

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

FIG. 1 is a cross-sectional view showing a

conventional structure of a phase change optical recording
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anot her. The conposition lines are as follows: a conposition |ine Bl-B5
connecting the conposition point Bl (Ge90. ON10.0) to the t2REPBER2003 nt

B5 (Ge80. ON20. 0),

a conposition line Cl1-C5 connecting the composition point

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

| ine D1-D5 connecting the conmposition point D1 (Ge60. ON40.0) to the
conposition point D5 (Ge45. ONS5.0), a conposition line ElrE5 connecting the
conposimédiufwictmgri g {ieg0£ONr4 1ayer® .t he conposition point E5
(Ge40.ON60.0), a composition line F1-F5 connecting the conposition point F1
(Ged2.9N57. 1)Ft@a.t Re icomastds9Ps@othbnhd (Ee3B8.sHNGFidy, afl conposition |ine
Gl- G5 connecting the conposition point GL (Ge35. ON65.0) to the conposition
poi nt Ghtrélturkd XARBPER 86803n optical information recording

medium according to the present invention.

FIG.

3 is a cross-sectional view showing another

structure example of the optical information recording

medium according to the present invention.

FIG.

4 is a cross—-sectional view showing another

structure example of the optical information recording

medium according to the present invention.

FIG. 5 is a composition diagram for explaining an

appropriate composition range of a Ge-N layer or a Ge-

N-O material layer applied to the optical 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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(Ge30.0ON70.0), a conposition |ine Al-H2 connecting the conposition point
Al (Gel00 ) .to the conposition point H2 (NS5 . 005. 0 ) ,150CTQPBER 2003

| i ne Al-H3 connecting the conposition point A1 (Gel00 ) to the conposition
point H3 (NS5O . 0050. 0 ) , and a conposition |line Al-H4 connecting the
conposition point Al (G100 ) to the conposition point H4 (N20. 0080. 0 )
That is, preferably the average conposition ratio of Ge to Nto Oin the
Ge-N-O layer is within the range surrounded by f our conpos ition points ,
that i s , B FIGB49 sbows1anathae stracsnre of [APRAFELSS RF t he

three-el ement conposition Ge-N-O shown in FIG 5. Wthin this range, there
are sucphrepagtingttheaaepticadydindqiavatoiomneecarding nadkyrebPer f or mance
can be enhanced as described above. Simlarly to the case of the Ge-N
layer, usicgpcthe phesestNioviemtdonawhen the ,barrier |layer is forned at
the side opposite to the substrate of the recording |ayer ( at the side
whi ch the | as&IGedf ishows andififerenee) of ian n1epedtdngss of recordi ng and
erasing, there is less possibility that the Ge atomis included in the

r ecor di charaarer ¥etbcdbyghpingha |sputtenngde pppisisada.o t he conposition
regi on whose Ge density is considerably high. On the contrary, when the
barrier |ayer FI§.f dlneshewst the- 84 f feirenoeT CBEERI2®0Bepebttingg e si de of the
recording layer ( at the side which the |aser beamis incident on) , there
is norechesHdieriytibabyt e ity allmmaputtet udad predsmirecordi ng | ayer
Accordingly, it is not preferable that the layer is applied to the

conposi tion reginn Mhosttows dediifferienceons dai addiNebigenedrdiygi ngly, even

wi thin the conposition region
using the sputter gas pressure.

FIG. 13 shows the difference of the adhesiveness by
using the sputter gas pressure.

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

FIG. 15 shows the relationship between the nitrogen
partial pressure in the spuﬁter gas and the optical
constant.

| FIG. 16 shows a relationship between a total sputter

gas pressure and the optical constant.

Substrate

Protective layer

Recording layer
- Protective layer

Metallic reflecting layer

A U W N =

Overcoat layer
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- B1l-B4-4-Gl, when the barrier layer is fornmed at the substrate side of the
recording |layer ( at the side which the |laser beamis incil8©CTOBER 20063
conposition region surrounded by the four conposition points, D1, D4, 4,
GlL is preferable. Wien the barrier layer is forned at the side opposite to
the substrate of the recording layer ( at the side which the | aser beamis
not incident on), the conposition region surrounded the four conposition
poi nts ?1, B4, F4, F1 %oreferablé C% , F4, F1) is nore preferable. Wen
the Ge fensi t §OBRAYETSINVER FBeVEi 5h2Ffne H1-B4, there is nore

possi bigity tﬁ&%r&@% @%jgfnnis included in the recording | ayer, thereby
sonmetines the characteri'stic of the recording |ayer is changed. On the
contrary, wheGohhac®e ldgrearty is too | ess than the conposition |ine Gl- 4,
gas-state oxygen and niitrogen included in the filmare increased. -

Accor di b8l y, BﬁﬁeéﬁﬁnﬁLétQmela.Iaser-heating i s perforned, the oxygen and
-51 OCT, gﬁuﬁpqgﬁﬁétrogen is outgassed relative to the interface to

t he recordi ng layer, ereby sonetines there is occurred such a probl em

t hat t hg2 GCe- Ne&wpliOlserirce swiechi s peeled fromthe recording |ayer, etc.
However, any way, if the Ge=N-O protective |ayer is fornmed at |east one

si de ofl8he rR&Begtngunnent poperdeour@ened effect can be obtained. The
conponef% ratéo RL %ﬁé en to nitrogen can be selected according to the

opti cal t&onst BREOTE N PAER%) SRHER®t he structure of a recording
device j§ detgaEl-R8ehq fAr&xpEpl e, in case of Ge3N4-Ge02 conposition line,
the closer a real part n and an imginary part k of the conplex refractive
i ndex n¥6k afprdh 19 t heathsdlé side, the |arger they become. The cl oser
the real part n and the inmagi nary part k approach to the Ge02 side, the
smal | er2@heg¢ lpecde. 2AccoPWikghy, when larger n, k are necessary, the
conposi?'on Cgﬂ%aiilﬁﬁ ch nitrogen can be selected. Wen smaller n, k are
necessa @, th oﬁ%b on contai ning nuch oxygen can be sel ected. However,
the highsr thpjgeO2 density becones, the |lower the nelting point of the
filmbecones. en the nmelting point becones too |ow, since a deformation
is occu2bed dVacumm fpumpepeated | aser irradiation, and the protective |ayer
is mxed_wth_the recording | ayer, an excessively low nelting point is not
pref er aple asRPﬁéﬁ&QQGQRPék?Fé er. Furthernmore, since GeQ itself is -52
15 OCTOBgR ZORthﬂ?<gﬂaf@ melt into water, when~Ge02 density becones

hi gher, there I's sudch a problemthat a noisture-proof of the protective

| ayer i29redupgdk 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 cylinder

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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In the conposition region surrounded by the conposition points Bl, B4, 4,
Gl (in addition to the conposition points Bl, B4, Cl, C4,150CTOBER2003
exanpl e Ge35N30035, Ge37N18045, Ge40N5505), the good noi stureproof and
cycle performance can be confirmed. In view of a repeating performance, in
the region Bl1-B3-G3-Gl having a relatively | ess oxygen conponent (in
addition to the conposition points Bl, B3, G3, Gl, for exanple Ge40N40020,
Ced2N53@p, CRARNASR3Containedood repeating performance can be confirned. In
t he conposition whose oxygen density is low, for exanple, in the

conposi%@ on R ngutlékss oxygen conponent than the conposition |ine Al-H2,
t he rigj{dity becones iittle | arger. Accordingly, conpared to the

conmposity on” IF8A RURBLELBGy §BE onent, the conposition having |ess
oxygen nsi t -y ency to generate the crack and the peeling.
Howevers,d‘;ea i %@%@ géﬁb}ﬁ?a}%ﬂd to the conposition having | ess oxygen
densi t y54 t hergpytsechgateef fect that the peeling and the crack are
prevented can be obtalined. As described below, even in the conposition

havi ng 9%ss &aftedehan the conposition line Al-H2, if the thickness of the
Ge-N-(0) layer is about 300 nm there is -53 15 OCTOBER 2003 no practi cal
probl em Accordingly, this region can be applied. Wen the Ge-N | ayer or

the Ge- I L.S..2RRJ t bartj.er er, the filmthickness
t her eofB%é}n@éﬁéd%ﬁ)&@mtﬁgtgﬁ%ﬁh&ﬁ]# , preferably 2 nmor nore,
nore preferably 5 nmor nore. Wien the film{hickpess is |less than 1 nm
such an effe(ﬁ‘%/t?f&}?ogh@eﬁﬁ Pés?&n%’ﬁ?&lprﬁéé%ﬁn?glpédﬁeé’&’.r her nor e,
the difference between 2 nmand 5 nmis an allowance relative to the power.
Even i MedkumAegeedingita the pregent anyedtids shawninRIGyuch an
effect that the cycle performance is enhanced can be obtained according to
the di f4usiBHkS adshawsdiherenodigant én cageithatcatharrierdia®ess is 5 nm a
basi c diffusion suppression effect can be sufficiently obtained. If the
t hi ckneiss wsedoatmaosuhstrateecsidey ofefar gmceraing kdyerr.epr oduci bly
obt ai ned. When the Ge-N layer or the Ge-N-O layer is used as the protective
| ayer, it is Amcesding toattheheenbodiment,t hesadfstizaterbredlsi a such a
manner that it is thicker than thickness of the |ayer used for the barrier
| ayer. discashapeds palysdarippnate tesin tdubdttratéhhakiags aof the
dielectric protective layer can be only forned in order to have at nost 300
nm Accthiiiékgegs Ofc 06 aheandod dbamietid odn 130apml.i ediheet e film
t hi ckness of the Ge-N protective layer or the Ge-N-O protective layer . In
casgI - Yolydarboha®¥eRh3ag0Such e it ¢ agea low hineiGi-tY Oal Bywricodthere is no
probl em

and the like, the polycarbonate is superior as a material

used for the substrate. Aside from the polycarbonate
resin, a glass, an acrylio resin, a polyolefin resin, a
vinyl chloride and the like can be also used. Although
a metal can be also used, the medium must be designed in
such a manner that a light is incident from the side where
a film is formed. Any way, a kind of the substrate is not
limited to the present invention.

A surface of the substrate is optically sufficiently

flat. Furthermore, a spiral-shaped concave-convex
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and the crack and the |like are not observed. Furthernore, in this point of
view, there is such an advantage that the material systenl8@CEOBER)200§gen
is not subject to crack. It is assunmed that oxygen is included, thereby a
structure flexibility is enhanced. Next, a nethod of preparing the optical
information recording nmediumw || be explained. The nmulti-layer film'
constituting the recording nmedi umaccording to the present invention can be
f or med a d i 1.0 th ' C si tion nethod,
e opur SEPPYE SRR Y S AAbIE, (Havt] LUt U IIRE  Fori no

met hod, L.on_pl at.i 0 t anrgd .t |.i.ke ‘'t he exanpl e
“usi ng tﬂggﬂggsgg’ﬁ%éqqﬁéjﬁﬁn}}gdaf ?n’??f’rﬁr?&%e ?%ﬁ%g’&%%?%y{n(&%od will be -
described. FIG 6 shows an enbodi ment of an apparatus for preparing the
opti cal O nPordatibils cko¥Bedgadddioyiar mie SUEFRGE Whg&®erdl |y schematic
structure. In the first place, a vacuumtank 11 of a sputter chanber is a
posi ti vieudkdetlaycer fillwe ivadommeadank The concavescianven shapesobf a direct
current power source 13 via a power source switch 12. Furthernore, the
vacuum thekgtbove W iapuergeednest &dghdde, nehelreby @& lasdr Ieamnnected to
a high-frequency power source ~ 14 . Thereby, both of the DC sputtering

usi ng afdir eecordimntant aEprgduabigaan REnfbrmatinrOGEEHER 204038 sputtering
usi ng a high-frequency discharge can be carried out . The matching circuit
15 nat chesmeGetmpe @l Gpt fohak Pesitonchanbed nietide ofmpadaibegat the
power source. A bottomportion of the vacuumtank 11 is provided w th four

negati vehel e@lgerdased®, &7cohinhdusegRtvy emétRedr a8angl&he9 not shown)

whi ch al so serve as a water cooler . An insulating material 44 is disposed

around Egiﬁ'aﬁ.‘i%fﬁépyé'd %lr"o%t\fé)gf_aléonééntﬂ’ca]lg.h%tbﬁﬁé@’gfegvg%%i ve

El echod s 16, 17,718 19 are insulated fromthe positive el ectrgdg.
t : 18+ i
Sui tchea BomEIE SR HECALACKEADT B, R cRicA 1T e g T
i xtur ot B SRS PO KnGinp AGroBaiay BT ESHF o) G ral get
48 X e il 1 g 8l 1 i Oring b
Wd PEL SRS HREIEARKE BeBil, Whoden the ' Rrobde’ B Do ”§f 100
'3 accoRRBREG e Y, £ HRy S Bt 4 r@*}?g?@@%ﬁﬁ’aﬁ%&r‘%hysg"m )

h . . ' o " on | .
o do suPPRASE 1 W SRRPPaRRR . P R it i B oM ect ea o the it
nner Chat (PRBRRRE o S A Ve PRk RBRR PSeR R Rty L Sueh @

protective layer 2 comprising a ZnS-S8i0O, (SiO, : 20 mol%)

mixture layer, a barrier layer 8 containing Ge-N or Ge-N-0,
a recording layer 3 comprising a Ge,Sb, ;Te; alloy thin £ilm,
a protective layer 4 comprising a ZnS-Si0, (S8i0, : 20 mol%)
mixture layer and a metallic reflecting layer 5 is formed
on a surface where the concave-convex groove track 7 of
the substrate 1 is formed by a sputter method. An

ultraviolet curing resin is used as an adhesive layer 9,
thereby the same resin platé as t_he substrate 1 is

laminated as a defense plate 10. When the barrier layer
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-56 15 OCTOBER 2003 An upper portion of the vacuumtank 11 is provided
with a rotating apparatus 27. A disk holder 29 is nounted1$ OCTOBER 2083af t
28 of the rotating apparatus 27. The substrate 1 is attached to the disk
hol der 29. A nuneral 30 denotes a shutter. The shutter 30 is closed so that
a pre-sputter is carried out. Furthernore, the shutter 30 is opened and

cl osed, thereby a sputter start and a sputter conpletion are controlled.
One sidg Qf ipe. 3 e ‘ . i.s scenngeted to the

m ate Go Ry B Enlorasy BEBH EhilhRoRRULLTR B5ds LERTERE

vacuu is-“connected to an Ar gas
cyl i nder_ 40 . Kr . .nd - [Wale n NZ gas

cyli ndef“ej?lvf car%ggggﬁ.h& %Yé%sss%l%é,%gﬁgxgggaﬁg éé \i}egag%,ﬂ\%?, 38,

39, respectively.. Thereby,, aside. fromighe usu utteri in.an Ar gas

at rmsphé‘rse,s?%‘éggﬁﬂl??gyi é& iW'a%r%asigtﬁ@Spﬁgri&aa'}éxggog S’of Ar gas,

Kr gas and Nz gas at nos gére &g{ r__exanpl Ar+§|Z. q_ng'_&ed gas of Ar
gas, Kr rg?&’&?e‘r'\fgl‘éﬁilyand Bat %@Eﬁ'@g ](e-q%?re affl FE AP N2+02) can be
carried qut.. The gas caontaining the nitrogen conponent is t limted to
the No gadnikaF Lux s EhiGHRATE Olopach LaYEFeHS| HeRHEBY 1At 10hE bgas

contai ning the ni trogen conmponent . However, considerin n apparat us

cont ani M4 of0 Bie. 20 pRUgdfet andicl AP Bl FE€SReGtAYBLE: When the Ge-N-O
layer is formed, NZ O NO NOZ or the like is used as the gas containing
both of N andI® geRpEab, - the matexdpdpHiormbng shher Briote@akvee al so
carried LOUt i;ni% hedn;xed giaj{sgof Ar and the.m]tThe .rrethod of preparing, the
opti cal liayew and ¢ dsr Qi ept ieedanigk hwhdhudspemerdmesin FIG . 3A
as an enbodi nent of the optical information recording medium according to
‘the pres@aitledvandiedectnis mrotectippatlayes .wi Aside dami Hra—bel ow.

Her e, simul taneously, such an exanple that the Ge-N layer or the Ge-NO

| ayer as$idyg bhermateripds whidhspoeeconvehhd onatislty atsedifdr thet he

recording layer will be explained ( henceforth, in case of no particular

expl anatprste@bigsplayelri of ithenopticalarevalading medMimGeaN B I n the
first place, the vacuum punp 26 is actuated, thereby the vacuumtank is

exhaust%gaﬁpi@dhtahthécwmt@bt]we IGyehoras it | £ss. MNextexampidie valve is
throttled, and at the sanme time, Ar gas is introduced into the vacuumtank,

thereby s dsgige DhyeC¢ompreiaigs 4 osingler oxiliee ol sk Behgoundd is

rotated, and the power source switch is turned on, thereby RF discharge is

start ed diddee¥B85S508nt agIall Aiggndit,havbeasd ) vei gl e} redeeté. ,The
pre-sputter is carried out with 500Wpower for five mnutes , and after the

g;ifgar&eﬂﬁﬁa@ fayekhepﬁlgﬁitseﬂn@% in3 taRdedsudht 85 ALZNE, Swp? film
g a predeterm ned thickness (faccording to the enbodi nent, as descri bed
above, i NPOr 746 98, éfc PRSI di16RR SEBRDIAEnly of BR1EIW eF
such as ZnS, PbS, etc., a serenide layer comprising ZnSe, L ?

etc., a carbide layer comprising SiC, etc., a fluoride
comprising CaF,, LaF, etc., or a mixture of the above
materials such as a material layer comprising ZnSe-Sio0,,
Si-N-0, etc. can be used.

The material forming the recording layer 3 is a phase
change material to be changed into a reversible state by

receiving an irradiation of an energy beam such as a laser

beam, etc.. More specifically, preferably, the material
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-58 15 OCTOBER 2003 30 is closed. The protective layer 2 conprising the
ZnS-SiOz filmi's formed on the substrate 1 provided with 15©GFOBER 2003 k
portion 7. After the discharge is conpleted, once the main valve is
entirely opened, the degree of vacuumis returned to 1 x 10-6 Torr
Thenceforth, the main valve is throttled again, the Ar gas and the NZ gas
are introduced at the ratio of 50%to 50% thereby the total pressure is

‘set to o , ' i S by 4t arget 48 and
t he neg%%i g%g%%g&mecﬁgﬁggﬁt eIF% I ver?er%‘%u?rgégﬁe‘gggt %éé:ra{l}‘ﬁ%%?%eéshutter 30
IS open .ne react iwe s t L§scalrie Wit e barrier
| ayer ﬁ%%ggi%é{}’ne csgf%%%e}?&’ ?@éé;:ﬂgﬁé\%?%& na%f)‘:(r) g%‘e (%rgn%én]ggl‘v}(%ﬂgkness
(according to the.enfigdj nent escri above, &5 nm or 20 is formed
on the i'out]@’ﬁcmé’d' fhs%Ygge r%&é&%‘%&ﬁﬁgy@? gb(?leﬁcg%t f?‘eg%peni ng and
cl osing_opgration_of the shytt 30.and t al oper af.i e simlar to
t he cag]énogf)f' g‘lﬁm ﬁg"’tﬁﬁa’ TL%%\T%%—ggygggTQSﬁinéﬁ%’a% _i%t%—%%%tted). When
the barrier.layer whose nain_conponent is -N:0_is forned, in the above
pr ocessé;'ei'ﬁ%t-gygd (ﬁe'l'gﬂ'r"gﬁucpﬁﬁ 'g%rsegas%ﬁgt‘i'w&_ﬁf'gge’ﬁe? he ratio of
50% to 50% the Ar._gas, the N2 gas and the OZ gas, cap,be only jintroduced at
t he pre%%ﬁ%‘lé'rﬁﬁr§bo'fr9¢r§%%]§‘b'§@' .IWE?T)C?O/@ngW?afhﬁ@p‘BFn"Eh?s di ff erent
fromthe above case. Simlarly, the succeeding process is carried out. -59
15 OCcTapERtenosesphteddroms @ﬁéﬂ%ﬁ@}"%’ﬁ'—m@ P2 8,Q%KIBt her t han
the nitride, for exanple, the OZ density can be set considerably |ess than
the N2 Rithspgen, etoncteathese: Byshens ¢@R be BRedar gas and the gas
contai ning an N conponent can be only used as an introducing gas, thereby
the Ge-N fil nWhentthesadthkydonlms lgate formeady thenthinafbimsaaree for ned.
In this case, such an adm nistration that the degree of vacuumis set
wi t hi n &nprlkelcironphedsr ahgtebef Wheni thecfliutinaggbserhasanenergyg carri ed
out, thereby the O density in the Ge-N-O | ayer can be controlled in such a
manner shah asdese rleaker deran} etic. pithe fddnsMare onystiaiized. t he Ge- N
| ayer and the Ge-N-O | ayer can be identified by a conmbination of an auger
el ect r obf syfee thidlmsrairteo presfESl)ca I JRuisked asrtheéadcorcdi hgmedium} hod (RBS),
| nducti ve Conbi nati on hi ghfrequency plasm spectral nethod ( ICP ) , and
the |ikehe Foeosdinesifiiilwbding Hirs thas anrpiedd OHte GeHén NdRe O20,
respectively.

film is formed is previously crystallized by using such

a method as a laser beam irradiation, a flush light
irradiation, or the like. The laser beam is thinly
focused, and the crystallized recording filmis irradiated
with the focused light beams. Accordingly, the irradiated
portion is amorphized, so that the optical constant is
changed, thereby the record is carried out. By the above
change, the changed portion where the above record is
carried out is irradiated with such a weakened laser beam
not as to further change the recording layer. A variation
of a reflecting light strength or the variation of a

transmitted light strength is detected, thereby the
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Next, DC discharge is started by the Ge-Sb-Te target 45 and the negative
el ectrode 16, thereby the recording layer 3 is forned. Tht5 QCTAQBER 2003
“introduced so that the degree ~of vacuumis set to 0 . 5 nflorr . The
sputtering is carried out with 100Wpower in such a manner that a
predeterm ned fil mthickness (according to the enbodi nent, as descri bed
above, 20 nnm) can be obtained. The forned -60 15 OCTOBER 2003 recording

| ayer 3% AP heys t, Zr]é ' | . ts upper
pr ot ect %\&}gqrgrﬁ/er é.'?i'ggf 5?#?9%%% er t@gglams c?ﬁ'g‘lg?iigégggh t%re]sel ower
protective l.gyer 2 a.first .l.ayer .in such L. that_a,predeterm ned
Pl Pt nEeeraRene £har gy dBt sthient, Telei8ka e e R ObEE 1S iy “can
be obt ai_ned. ,Fi nal | the.Al-Cr target .47 i sputtered in.the Ar gas
at nos pneRBERNORERREL 161 { SoBTRFEREAL e ERPERBYLS TR B Bhe ot al i ¢
reflecting.layer 5 is, also deposited at a predeterm ned,hickness(according
to the BRB3UREASE el bt N GRASUERY (fieW [RIVHRAMALRE | - | ayer
filmhaying a predeterm ned five-layer structure is formed on the substrate
1. The f& fREMREH uAs depgrdbestbeliow v SBGHNRRLRSTYI 14RdthAL ABtallic
reflecting layer 5 is coveredq with the ultraviolet curing resin. The dumy
subst r afEASNNHARRERELOR 2RE aoveraldiBgaPPesatdQnaiaFaryteds so
carefully not as to generate a bubble. In this state, the ultraviolet is
i rradi aP8§, BHULRG ceReelotafdonfof Hhe | ¥eqording B@ding &3k nbes cur ed,
t hereby an adhesive structure provided with a contact layer 9 and a .
prot ect Pe¥fpamede platel 0. According to the above exanple, as the nethod
of formng the Ge-N layer or the Ge-N-O layer, the netal Ge is used as the
target, and t A8 desastkijedotbove, Athgamaherisl layerotvcerrd003
between the protective layer 2 and the recording layer 3
as the barrier layer 8 is operated in such a manner that
an atomic diffusion and a chemical reaction between the
recording layer and the protective 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 which is
hard to react with the material constituting the recording
layer and the dielectric protective layer and to generate
the atomic diffusion. Moreover, it is necessary that the
material layer comprises the material which is not peeled
from any layers and further is hard to .generate a crack,
etc.. For example, the material provided with the above

characteristic among the nitride, the oxide, the carbide,

the nitriding-oxide, an carbide of oxygen, a carbide of
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the nitrogen gas or the m xed gas of the Ar gas, the nitrogen gas and the
oxygen gas are used so that the filmis forned by the reatb QGTOBRER 20039
met hod. However, there are other nethods. Qther nethods are as follows .
Instead of the netal Ge, a Ge-N compound (preferably, Ge3Na) is used as the
target. The reactive sputtering is carried out in the m xed gas contai ning
the rare gas and the nitrogen so that the filmis prepared. Furthernore, a
Ge-0O co und referably,. .50 . Ge02) is as anget. The reactive
sputtor PG HGoeh! fhdl Tl LRT AL PaREoBtasE L h R BRI L A F e
nitrogen, ,or_in the mxed.,qgas of the rare gas,, the nitroggpn-containing gas
and the“@&fg‘éﬁﬂ)ngaﬁn?ﬁdgﬁg%&?%toﬁﬁgepi ARG o ‘?'?—Jdgﬂf—‘f}r?herrrore, a
Ge-N-0 cqnpo nda% Lor. exanmpl e, the congogmd of ?ESN, .and 02or CGe0) is
used as SHRFTAFFRELLFRe URAd QYBPPELFAGN s TAAE & ot n the nixed gas
of the rare gas and the nitrogen-containin as, or in the m xed gas of the
rare ga®X @ t WBEBn ac &tk W@EElﬁnﬁlgﬁg%ngi ning gas so that
the filmis formed. Wien the filmis fornmed, in case that inpurities such
as Ar, lKgompositiencof thetelementMiard $he mtridingnokidecAEfber are
contained in the barrier layer 8, if the inpurity density is 10 at % or

| ess, tdefsimedaas Mihget M, i O0gatwheneat ahebi npuandydj depetecant ai ned can
be -62 15 OCTOBER 2003 obtained. That is, preferably, the inmpurity

densi t y nednia heduinbethe rnile ickmposithenorfdéhieomateriat bayerer | ayer 8
is about 10 at ~ or less . In case of an adm xture for positively enhancing
t he chanmmddfict ithe beemiensiltayes isorekudinest tioobehexpresged aBor exanpl e,
Cr can be added up to the same density as the Ge density at maxi num

t her eby MN, | aflgkl ¥ bynandbtt,Ns =i 0phaid ng b hendddiskvdnessMbaret he
recording layer, etc.. As a second nethod of formng the barrier |ayer, for

exanpl e, : i I ri d J rget, and
Cha'h { RARLETLANS, phohithd BEpLdean dgueisd popailet hd B

el ements of the
recordi a s Y~ Eh ac.L| ayer be fornmed. For
exanpl e%él@%gé% g? fg'%&e- R e s€€t%¥n ?ggo?%f%rgrqlgyyirl,gfﬁg’@- Te-Sb al | oy
target i t hat ., Ge-, Qb 3oD-_Fe n_b . I n case
of thi spr%r:e%ﬁ%g?ﬁ?&’ gxbé??pl(g? %}ﬂh:‘ﬂﬁ r'%ﬁbl -ali\?c"ed,;IS 3§%r<tﬁeg§rag?gcti ve | ayer
IS forrre<d, he Ge-Sh-Te target is used, acid the reactive sputtering is
carriedout’in the mxed gas of Ar+N2, thereby the GeSb-Te-N filmis.
formed in order to have_a predeterm ned thickness . After, then, Ar is used
as the sputtePRRrAIRGIYmce¥ENSENTE2BEBE (FHGH| ByePMPOSEELA 258y ¢ hi s
process, only one target is used, thereby the barrier, |ayer ,and the
recor di mtTHyeRlcln $a 1 bMhePr Atker Fhﬁltﬁ%é:m%%ﬂ 18uch an exanpl e
that - 63 15 OCTOBER 2003 the process of formng the recording |layer is
per f or MEBKP¥ES gt 35S glimi dhswh, pRefarabéyemlcant be 2P aI(MLd in the
recording layer. In this case, the NZ partial pressure is appropriately
adj ustek 1pn preferhblgr mhg<the, recording | ayer, conpared to the case of
formng the barrier layer, a |low NZ density is selected, thereby the
recording |@Mer SNt aigh nY 4 i iid Q99N prdrehariay P leoveia gy be
| ani nat ed? Hete, tht ‘exanpl e of preparing the optical infornation recording
medi um havj ng_the,structure sh in,FlG, 3A1s _shown, For examle, as
shown 1 £ Aot 5 428 HE R\ AReiRRy FRS TReIBPEPERE | ayers
conprising the barrier nmaterial at both sides of the recording |ayer 3, the
prot ect iR@S$ hbdi itymphiat dhe neompesisdorngan the APRLbRAJEC recor di ng
| ayer and the protective |ayer conprising the nitride and nitridi ngoxide
can be foapelencdoy@ng to the above process.

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

the recording layer at the substrate side is different from
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Furthernore, for exanple, as shown in FIG 3E, when the protective |ayer
conprising the barrier material is forned on only the uppth QRFOBER 2003 he
recording layer 3, naturally, the filns can be forned in the order of the
recording layer, the protective |layer conprising the nitride and
nitriding-oxide. In case of this nethod, since the conposition of the
recording |ayer is conmmon to that of the barrier layer or the protective

layer . ¢hia@l 8ti€hé eidd eppdditie et Kb rdeact iThe dubdteaté4 15
OCTOBER 2003 interdiffusion are occurred. Accordingly, a higher

adhesi VgaeRs SENcRE PaSbrAiR) ald\psk Kxé eadkagathiely e or exanple, when

the Ge- recording layer 1s uUsed, It is advantagéous that the

const | t uglo o RIROLS  Qlnd ReGpUaTee X Hadth Levaldnddshehssstie ni tride

and nit I ng- oxi de such as Te and Sb are used as the barrier |ayer and the

br ot ect kye] aerot BEMBRLYERL Jdbifis GRsE chicoiRialrTa Ak L netal Sb

are used as get, 0 and Sb-N, Sb-N-0°can be

el g L LA e
B e s ke
LA, STty Ui e elenent, andd he el elgneply e o

invention, when a heat .is applied, in the_constituent elenent of the
recor di KyNekRr MndeBPtese athRAI eRAEe PEBAR- GRS RIS R (Mic materi al

| ayer, a material povepent is suppressed. Them%g ?ﬁ/er hfvi ng a hi gher

adhesi viaeas -tro a1k % ARRALRE LhecpIFFGIGLS &F R1eMelhEt &aral |ayer is
adhesively fornmed on at |east one surface of the recording layer. If this
requi r efent - ehn ¥RIBKA|NGaR BAL 1R OF I@egéﬁr%‘?m?%ﬁﬂtebéh%ﬁg)of R@e recording
| ayer is not limted to nitriding-oxide . - 65 15 OCTOBER 2003

Accor di mgiti,0 efethier bars ieshmaterdal dayesnatothe rrubstsatergidayer is a
carbide or a fluoride, the constituent element can be applied. For exanple,
t he condts tmeelhativelwnhighearhehawothiatgof avhe bayriersamtesiahe
constituent elenment (for exanple, Zn-N, Zn-N-0O, etc. ) of the dielectric

pr ot ect laydmptr theustideroppesite to theeubatndts . locorndingkyef the
conpound except for nitriding-oxide can be applied. Even if In-Sb-Te and
Ag- | n- Sithke nsadiwmshaving ahi ekced lent weather-groofnessdcan béee recording
material, the Ge-N filmand the Ge-NO filmare effective. Next, the forned
recordi gprnehwsted.initialized. The initialization is carried out by the

| aser irradiation, as described bel ow Any other nethod, for exanple, the
met hod using ¥drelshteppeally,cahd adiiplecdusiiegecet-Neoti He-medi umis
rotated at linear rate of 5ms at uniformrate, and the |aser beam having a
wavel engf R PfgH&nIm i s formed in such a manner that an oblong spot of 1
~tmx 100 ~.un (a half value width) is formed on the disk. The di sk nmedi um

is |ocated inasyeh YERER of NRlod-Ne-0 N MRl onll y erié PAdEf athe obl ong

spot thereof is a radius direction. The crystallizatlion Is sequentially

car 11 ed 10 @loalid fbiPGed0n'HRd ©.2 B G800 Ay SH R £HbAGELRL ! © an i nner

di anet er.
layer may also include other elements such as Ge-N-(0O),

Ge-Si-N-(0), Ge-Sb-N-(0), Ge-Cr-N-(0), Ge-Ti-N-(0), or
the like. The other elements are, for example, Al, B, Ba,
Bi, ¢, Ca, Ce, Cr, Dy, Eu, Ga, H, In, K, La, Mn, N, Nb,
Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, Ti, V, W, Yb, 2Zn, 2r,

or the like.
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15 OCTOBER 2003 Thereby, the nethod of preparing the optical information
‘recordi ng nedi um according to one enbodi nent of the preseh® QGIEBERR003
shown. If the nunber of layers and the |ayer thickness of the disk are
changed, the above nethod is substantially simlar. Furthernore, the nmedium
havi ng vari ous structures as showmn in Figs . 3Ato 3H and Figs. 4A to 4H
can be simlarly forned. Furthernore, a disk conprising a plurality of

| am nat ed recg{%gitﬁgljn@ieé,s %%&?gggﬁje@Iﬁc'ﬁrsc%(vzy\;e\.nﬁ?%eﬁg{:gkg_glcan be carried

out, and a diskconmprising am nated rear surfaces thereof

rssont PRI B PO EEY A% R PER A
Cocord WAL AR ST o R et g

oo corbERSP L3S St Bt AP oA <o ol
o ToRegEROER L et G AT AR Porartie coorl v
f or thmeIPl'a§ < etso ﬁﬁgﬁr% ace fRYST nge8e g%@ﬁdﬁ%&%? 2 ered

controlling an attitude of -67 15 OCTOBER 2003 the optical, head and for

i rradi aﬁrﬁé)a ASET(AY « f TemPsUa X i iR BtREEePEs Fhem FUGR @Bt for the
focusi ng servo nechanism a |aser drive circuit for nodul ating a power of
the | asBg-SR-NMEO) nt SFhen Bhel Padn companerti af khei resordding of the
reproduced signal, and a rotation control mechanismfor rotating the

opti cal layer. ishebetHb—6egnSi-ts (@Rror@edNofOdveMaNt(EH, om the first

pl ace, the disk is rotated at a predetermned rate . The linear notor is
oper at edligturienpft hbeppmayabehefariexamplbd, tGetBd-BptPdnal Crrard positi on.
Next, the focusing servo nmechanismis operated so that the | aser spot is

f ocusedAdnatreeaddedr Honge Nl and 8d-<0, Neherebyecthe aclieriweness nechani sm
is operated so that the |aser beamis tracked to an optional track. Next,
t he | aseandbevenhameed. i sMoper apedifdcalidty t itheadditionhef otitputt ed

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

anor phi enadpl@s seo pobtadn Radempikabler ef feek .whate anr makilittiiven energy is
relatively high and a crystallizing pul se portion having a power |evel
whose i deadiialy avf eabogy 5% rcat aiowe) ythewadhesivemess dditsbe. The opti cal
information recording nediumis irradiated with the |aser beam thereby

such a ghplahiddl®l ) prepakeng Tord tivh avkiyht abhi Torat ajtke al ternatel y
exist is forned. A peak pul se portion conprises a usually so-called
barrier layer having an excellent adhesiveness is expanded.
When the additive density exceeds 50%, the cycle
performance tends to be reduced.
The reflecting layer 5 comprises the material having
a high reflectance and-a low corrosiveness. 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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mul ti-path formed by further narrow pul se sequence. -68 15 OCTOBER 2003
After the irradiated portion in the anorphizing pul se por15 Q@CTOBER 2803i n
an instant, the portion is quenched, thereby the portion is in the

anor phous state. the irradiated portion in the crystallizing pul se portion
is anneal ed, thereby the portion is in the crystalline state . Next, when
the signal is reproduced, the irradiation power of the |aser beamis set to

duci I I th t I d,f th
oyt ar MAERY S Bat Y 1RVEE L0 pb T Felly Bheh HR, e $RRRLEOR bR or i ng
di i t furth h d. Th ticall h d ti LS | di at ed
W th t hENS AT eI xR 4 Riepeliad FocEReeLnERGacroPEE S el FBRyt h change
t di to.a djff bet t h t at dth
Oyt al P e SR ECO SRCPiPPeL eV RE 7% e SULER dhe,sue AR FRGNt - A pul o
waveformis né)JIBnI imted to the waveform shown in FIG 7. For_exanple, as

shown i ¥ AENG (k3yerd & f¥ 2 RPisie £ am theygrxamed &) OEnELR -t he

anor phi zi ng_power |evel and the |evel, | ess than the reproduci ng power

| evel , @B) %&ﬂ%ﬁ gdes dififenentevar kafplons Shew I Figs pu’IPsécOagé! relatively
| onger than the pulse width of a internmedi ate pul se, (C) the anorphizing
pul se wiadchFigiges 48qt@l4H @p) anatherrexampie @EFHRG s 2anol'pei sBapew t hout a
pul se nodul ation, the beamis irradiated, (E) such a period that the pul se
has t heofokbe gtoove,esombact Neaye® and $heCieEERs20p3atepsbdwni ng power

| evel is necessarily provided before and/or after the anorphizing pul se, or
t he wavéioFTs.a2 amewomihted). t altBoughe tbenbtradtireond BIG.hERA, etc. .
Ther eby, various recording systens, reproducing systenms and erasure systens
can be dmpldamke s sthyatl ofyEI6m 25 EPYN sdngldrfiyedy re&cmompagisenk | ength is
0.61 ~~m and a shortest bit length is 0.41 stn. The disk is fixed to a
turn talimngURIG: 32 ami Fieks at3R@463HYNFIAL BRAeipoagainnshbeae recording
radius is 28 mm (linear rate 6ms), the overwite of a random signal for

recordi ng a nidy |etgipley twhent bher bage iloromaylert oid Idsed,t 89edr oove track
is repeated. The change of the signal anplitude and the fitter value (the
rati o (dfibtWnly 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 protective layer (shown in FIG. 3D), all over an

upper protective layer (shown in FIG. 3E), or all over the

lower and upper protective layers (shown in FIG. 3F) not

as the barrier layer, but as the protective layer using

the barrier material”, the similar effect can be obtained.

For example, in FIG. 3F, the total dielectric protective

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

formed by the material layer containing the barrier
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of a sum that is, a sumof a standard deviation 6 of the fitter value of
each signal mark 3T-11T to a wi ndow wi dth Tw(= 34ns), thel5 QCEOBER 2803an
be only 12.8 or less) is exam ned. For a conparison, three kinds of disks
(A , (B) , (C) are nade on an experimental basis and estimated. The disks
are as follows: (A) two disks conprising the , structure according to the
enbodi nent ( a disk A1 is a Ge-N barrier |ayer disk, a disk A2 is a Ge-NO
barri ermh@weiadi SkQe-N Bbracd-mkoconmni thig xazmyethisnmbteriied ure, that
is, the structure of the disk (A except for the Ge-N barrier |ayer or the

Ge-N-O ipas,@iremd@ygrmma@ﬁlaﬂ_ €.) a disk -70 15 OCTOBER 2003 conprising the
conventional structure in which an Si3N interface layer is fornmed instead

of the Ge-N bp{ik®lediwd, dcddidiity NoOshahr aattavenref the ghek (A)
according to the enbodi nent. According to a first estimate item after the

record bﬁggc&{éﬁgtl%q,@f (%ggétré’POa (A 1 dyir fdt teicaal-us (apasyred by such a

met hod t friter ween each mark front end and the fitter between

each ma ‘g‘_dgp n I u | tyi d gh a case

t hat bo¥1 eg‘e%?:hgﬁ% taé{tgaré et \/\geﬁf?%e&rimngﬁéf f:g%%)rél‘nicﬁr%d hlg %rﬁt end and

the fitfer 6 KT agpen ss than a
LRk Ql%tt"&af;%i'?ﬁgg?ibe 33 E%?'nql %S[%:Lgf%%? the ﬁa@rdﬁiéle

ref erenCe val ue ‘a Itter ue is y change s represented by
ot PaRgiSR (oLl HAGAIE, LAbLE! oFeLNE hAIE SR [caf Lot value
care, ntbeCLith SO RRSHATEAERT ARG, & NErbhtl T BELITIEY  SERESES 11
et | e bhehe"abHopRl SRSt e SESEERES L U 2 1 oo
105 than adorest Wil st value, MILe e sl LiLler, value
than 12'Il.%'ye_rnz comprises the barrier material (where, the Ge-

N layer or the Ge-N-O layer) at the substraté side and the

barrier layer (where, the Ge-N layer or the Ge-N-O layer)

is applied at the reflecting layer side (shown in FIG. 3H),

the 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 recording layer and the metallic reflecting

layer is reduced. This structure ié called a quenching

structure. According to the quenching structure, if two

or more layers are formed at the upper side, since very

thin layers must be deposited, two or more layers are not

preferable in view of an accuracy administration of a film

thickness, thereby it is difficult to prepare. In this

case, the upper side comprises a single Ge-N layer or
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15 OCTOBER 2003 According to a second estimate item after 100, 000-tine
repeating in the above experinental track, the anplitude ¥2QCGTOBER2803%ed,
and the result is estimated. Such a case that |ess change is found is
represented by 0. Such a case that about 10~ change is found is represented
by Q Such a case that about 20~ change is found is represented by p. Such
a case that the anplitude value is reduced to nore than 20~ is represented
by X. AGekN-® tayiergt thetreiy thereehs lgengratodd sukfht ermehnetdilbat are | eft
to stand under a high-tenperature (90C) and high-humdity (80~RH)

envi ronfrentisf @asypOtboprepamwe .f or 400 hours, the disks are exanmined with a
m croscope. Such a case that no change is found even after 400 hours is

represented bprQ. HusHows adrestiractairs wheh tieelveflleeting 1syépund after
200 hours is represented by Q. Such a case that a slight peeling is

obser veglgi Peridrdtd Uitom tHE R @seREeHe bin FIGUCH, a2 EBgE. tHAtL8 4Arge peeling
I's observed within 200 hours is represented by X. The above experi nent al

resul t ScaireeHPIH ith Fidb! SR tolREs. Flethiorn@drd & A5EOFding £8 the
present invention is superior to the conventional structure in view of the

repeat i ggeCBREMIAFSS | nhdPd 1NF 1AL NPl WOf -in GAriches FIGRER 2003

Table 2 Result 1 of comparing the Characteristics of the opti cal disk
R R e R
o) AACERRICE 9 8 LABA RGO, B (45 MLl Y
COMDAL ACGREBY: HRg° TSRy, g phll SATBLL A9 HEssdsacty prgiom |1
= e of SRt e CUED, 44 Wt B 1 0L 3 o LR = 1o e
of the recording layer can be used (not shown).
Figs 3 and 4 show such a structure that an uppermost
layer is provided with the overcoat layer 6. The overcoat
layer 6 is only disposed in order to suppress an influence
due to water, dusts and the like relative to the protective
layer and the recording layer of the optical information
recording medium. Accordingly, for example, such a
structure that a dummy substrate is laminated, such a
structure that two plates are laminated with the over coat
layer surface faced to an inner side, or the like is
appropriately used according to a usual method.
Furthermore, although the drawing is omitted, in order to
laminate plates, a hot melt adhesive and the adhesive of
the ultraviolet curing resin or the like are applied.

In order that the cycle performance can be enhanced,
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barrier layer is used at both sides of the recording |ayer are produced by
t he above method. The disks ( D) and ( E) are initializ¢8OCTHOBER 2003
conposition of the reflecting |layer and the recording |layer is sane as that
of the disks (A) and (B). The disks ( D1 ) and ( D2 ) conprises a

| am nat ed-1 ayer structure, in which a ZnS-Si 02 prot 'ective | ayer ( 86 nm
a Ge-Sb-Te recording layer (ZO nm, a Ge N or Ge-N-O - 15 OCTOBER

2003 ba a - ye m and an

e e ng%%%‘éél 7 thes rﬂﬁ‘;ﬁe ayBOBocthue 18 {‘hé &%E@) and (E2)

conpris nS-.Si,02 .protective | ayer
86 n r ecordi ng

("85 L 2YeF é?ﬂﬁ%e%ﬁﬁﬁ&%%%ﬁﬁﬁms’a el PR hEE

| ayer ZnS- Si rotective

| ayer (%%zgﬁ%recaﬁalaﬁ 16V0F $ror FGH S PRLRRF Bk 45 Lt g8nbhon *fhe

Ge-NIa r th |sforrred at th refI si de of

the rec PdT'ﬁS ?’é@@&a(?&ﬁéa\éd f FeNReTatyr ?t‘?é't Pges Sfirfﬁg? Y@? the Ge-N-0O

| ayer fo nqg at, t he ubstrat side, the pressure ratio of the NZ gas

rel ati V%e[n(gf SArty é;slsf%' I \3 %%‘QPP?FRPPOGHGBHea%Stﬁ@si’a'f—?o of 80% Ar

gas to 20% N2 I n the ratlo of 80% Ar gas to 19 . 5% N2 gas to 0. 5%

02 gas 9eheTr& tte@?ﬂ rdingdy.i d& 6§ta§§umﬁ9-FB@§|tb?e§§Geeto@ 20 milorr.

As a result t he, average conposition of the Ge-N layer at the reflecting

| ayer sthe @%B%rhééyeénd’qm%n%@@ﬂ-dﬁﬁaéﬂ-et he Ge-N-O | ayer at the

reflecting |ayer side is Ge60 N30 OL0. The disks (A) to (E) are rotated at

the |inear rafardhermerd, tiranesher vievestharethedear niey kayerhe above

nmet hod. Here, a single signal having-a 3T nmark length is recorded. And

after CtRatatisy ithenGaN olayermeyi the| GetlfeOclayeri is Hdrmediatsignal is

recorded.. Thereby the -74
the reflecting layer s:.de of the recording layer, in

addition to such a merit as to enhance the cycle
performance, such a merit as to enhance the erasure
performance can be obtained. This relates to the
following phenomenon. That is, when the recording layer
is irradiated with the laser beam so that the film is
amorph%ized, in general, a solidification starts from the
portion whose temperature is lower. That is, it is
assumed that the structure of the recording film
composition and the interface at the side (usually, the
reflecting layer side) where a cooling starts is a
principal factor for 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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15 OCTOBER 2003 3T signal is erased, and a danping factor ratio (a degree
of erasure) is neasured. Next, after another signal is rethQEHIQOBER 2003ks
are left to stand in a dryer at 90 , the overwite of the 11T signal is
recorded, and the degree of erasure is neasured. The leaving tine is two
conditions, that is, 100 hours and 200 hours. The result is showm in a
table 3. In the table 3, O denotes that a,sufficiently high erasure ratio

nmore theg 35¢Fdle aéedordd. oP ddeotlekd hat the erasure ratio nore than 30dB
is obtained. p denotes that the erasure ratio nore than 26dB i s obtained. X

denotes that AbgodaNnylsy) aifceé Sthedgads tiratdesh ébﬁFriﬁéﬁ- tHeereby, the
Ge-N barrier layer or the Ge-N-O barrier layer is applied, thereby the

er asur empebkaA PG CH Sa @ RECGREtaMPif GRECH khd Mighh&hdherbgeri er |ayer

is formed at the reflecting | ayer side of the recordlng | ayer, a higher

ef f ect €2AnRAi¥ NGfhen 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 layer or the Ge-N-O layer
is formed at the side opposite to the substrate 1 of the
recording layer 3. On the other hand, in order that the
erasure performance may be enhanced, effectively, the
barrier layer, that is, the Ge-N layer or the Ge-N-O layer
is formed at the substrate 1 side of the recording layer
3. Anyway, if the Ge-N layer or the Ge-N-0O 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. 3Ato 3Hand Figs. 4A tep 4H. ; In the table, Sub denotes
a substrate, DL denotes a protective layer, BL denotes a
barrier layer (GeNO), AL denotes a recording layer, RL
denotes a reflecting 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-O layer is represented by DL(GeNO), and the layer

not applying the barrier material layer is represented by
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Table 3 Result 2 of conparing the characteristics of the optical disk
applying the interface |ayer according to the present irnvthQGFOBER 2082 of
the prior art Estimate ItenDi sklnmediatel y After 100H200HAL 1o IO lo -75

15 OCTOBER 2003 A2~0DBODXC~0XD1QO0D2~~0E1QOOE2~~0 Henceforth, according to
nore detail ed experinental data, the present invention will be explained in
detail. FIG 9 schematically shows a filmformati on apparatus used for the
follomﬁgglixqﬁ%jnent. A vacuum punp (not shown) is connected to a vacuum
container 49 through an air outlet 50 so that a high vacuum can be kept in
t he vacuum contai ner 49. From a gas supplying opening 51, the Ar gas, the
nitrogen gas, the oxygen gas or the m xed gas of them can be appropriately

provi dedi g1 2 1C0R% a¥anfd1WdAUS YL WM ures of the recording

medium
FIG. layer structures
3a Sub|DL | BL(GeNO) |AL] DL
|RL|OC
3B Sub | DL | AL |BL (GeNO) | oL
|RL|OC ,
3C Sub | DL | BL (GeNO) |AL|BL (GeNO)
| DL |rRL|OC
3D Sub | DL (GeNO) |avL | | DL
|rRL{oOC
3E | Sub|DL |AL| | DL (GeNO)
" |RrL|oOC
3F Sub | DL (GeNO) |AL| | DL (GeNO)
|RL|oOC
3G | Sub|DL | BL (GeNO) |AL| DL(GeNO)
|rRL|OC
3H Sub | DL (GeNO) | AL | BL(GeNO)
| DL |RL|OC
4A Sub|DL | BL (GeNO) |aL| DL
joc
4B Sub|DL | AL | BL (GeNO) |pL
|oc
4C Sub|DL | BL (GeNO) | AL | BL (GeNO)
| DL |oc
4D Sub | DL (GeNO) |aL| DL
|oc
4E Sub | DL " |AL| DL(GeNO) |oOC
4F Sub | DL (GeNO) |AL] DL (GeNO)
|oc
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A nuneral 52 denotes a substrate. The substrate 52 is nounted to a drive
‘apparatus 53 for rotating the substrate 52. A nuneral 54  #2QGEOBER 003 er
target. The sputter target 54 is connected to a negative el ectrode 55.
Here, a disc-shaped material having a diameter of 10 cm and a thickness of
6 Mmis used as the target. The negative electrode 55 is connected to a
direct current power source or a high-frequency power source through a

switch (ot _sSh - -yrther vacuum con M rqunded,
~ther eby théGva?\A%’?“bcl ai ne i‘gcfmthe substra[%}"% b&r@? N?%P 15 OCTOBER
2003 kept a posi tlioge el ectrode (Exanmpl e 1) The optical di sks havi ng t he
| ayer styucture shn 3Aand 3B ( ad aldisk ( 3)
in a table ﬁl) a % giexperl ment al basi smf'"'ﬁ@](fs) d| nd | ayer 3
conprises ~ a Jhalsm:. change rf@Cerial whose main conponent is a C:eZSb2.3Te5
alloy, and the dielectric protective layers 2 and 4 conprises a ZnS-Si 02
film Wen the filmis forned, the gas is supplied in such a manner that
each total .prrextreasfa tipiNaPrmmdeamaatbrihbien apprdpbriateorr,
respectively, and each of the powers DCl.27 Wcne and RF6.37 WcnR is

I nt r oduggfpotia idie | §8 €hecteonel aher' 63Pebld \GIN-FULiPermore, when
t he reercR ng | ayer Cr) 5is formed, the Ar gas is supplied in such a

manner {hay H@ea&@hlsésssamwbecwes @ idpris adherebnddimmponer DC
4.45Wcn¥Z is introduced. In the disk (1), a r the dielectric protective

diagram showing the composition range of the Ge-N layer

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

thereby the adhesiveness is higher.
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| ayer is fornmed, sequentially, the barrier layer 8 is forned. In the disk (
3 ) , after the recording layer 3 is forned, sequentiallyl5 OGTOBER 2003
layer 8 is formed. In this case, Ge is used as the target, and the m xture
of Ar and nitrogen is used as the sputter gas . Furthernore, the sputter
gas pressure is 20 mlorr, the partial pressure ratio of Ar to nitrogen in
the sputter gas is 2 . 1, and 77 15 OCTOBER 2003 the sputter power is

RF700W Si nce el is di_s¢ di ter is:10, ¢ converted into
a sputter powg?) d&@?@%efhgﬁgpﬁiﬁg\gﬁmtré ?;e?%'}§§ PE g.h§7 n2 . The film
t hi cknegs _of. .each.l gayer i s _as f.oll . th isk (1) c rises, the

di el ect aﬁ—é’ﬂdﬁa‘{ e%#is €| fpxmer Ha?/i%ES%onﬁng h8nb§>rnﬁ S{Q)r}c(\;lye;hg havi ng 5
nm the recording |ayer, 3 having 20 nm ,the dielectric protective |layer 4
havi ng 2PDFORR Ltke deatah ORcthe AChRR 18 S0b tRe (5 BRALaRAPLYe di ok ( 3 )
conprises the dielectric protective |ayer. 2 having 91 nm the recording

| ayer 34RA3%vit®y &% hm Whenbhe; fprmgrepnd th@ dgttemhmre Hommedect ric

protective |ayer 4 having 15.2 nmand the reflecting layer 5 having 150 nm
As a cohpdex ithe Same|eondhtiennyEhe approprighe Ge denwmity F6g. 1 ( a
disk ( 0) ). having no barrier layer is sjm’larlél produced, and it is
conpar e§anginge EreRs40%) tan$ (%) . Apeerding (9 theppsesesd with the
dielectric protective layers 2 and 4 conprising the m xture of ZnS and
Si 02, aABvVethony&lNn¢e mt hischobdedessaryhatl botly ofnthemspret i vel v.
Furthernmore, the recording layer 3 conprising a Ge2Sb2.3Te5 alloy has the
filmthEormest widep the Tame eforstition| apbe Bpproprisitey G¢ Or has 't he
filmthickness of 150 nm The repeating characteristic of the disks ( 1) ,
( 3) ,dengity swhkbsenisnwditthdhl eehle .ramge hErombB6%4 ta 90% epeati ng record
characteristic is exam ned by the followi ng nmethod. _78_ 15 OCTOBER 2003
(preferably, from 35% to 65%) is the effective composition
region. Within the range from 65% to 90%, the cycle
performance tends to be relatively reduced.
Ge-N-O system containing oxygen is described below.
An average composition ratio of Ge to N to O in the Ge-N-0O
protective layer is shown in the triangular diagram
showing the three-element composition Ge-N-O in FIG. 5.
The average composition ratio can be explained by using
each composition point, that is, Al, Bl to B5, Cl to C5,
D1 to D5, El1 to E5, Fl to F5, Gl to G5 and Hl1 to H3.
B2 (Ge89.7N9.800.5), B3 (Ge86.6N6.706.7), B4
(Ge83.4N3.3013.3),
C2 (Ge64.4N33.801.8), C3 (Ge58.8N20.6020.6), C4
(Ge53.9N9.2036.9),
D2 (Ge59.5N38.502.0), D3 (Ge53.8N23.1023.1), D4

(Ge48.8N10.2041.0),
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That is, as described above, the EFM signal systemis used. Wen the
shortest mark | ength beconmes 0.61 ~, ~m the marks 3T to 115 QGEOBE&ER2003I.
The value resulted fromdividing the fitter value between each front end
and the fitter value between each rear end by the window width T
(henceforth, referred to as the fitter value) is examned. As a result, the
case that after 150, 000-tinme repeating record, both of the j fitter value
bet ween the fppn{ceads eNyl fdw2i5f|tEsr (G@Mt&MWemz'vhs&re@_m' ends do not
exceed 13~ is represented by ~. The case that after 150,0 O-time repeating,
al t hougfgaa 2l egatl Hdderz2yhe f fitter value between the front ends or the f
fitter value between the rear ends exceeds 13~, after 100, 000-tine

repeating, bosj g&eu_he.mm RS2 %;,eeﬁbl%ceiz%.rmw@@ﬂ@gsyy @4 The case
that after 100,000-tine repeating, at |least either the fitter val ue between

the fro d ry t figter | ue between the rear ends exceeds 13~ is
represeﬁ%ggbébﬁz.'%eré%@,’ ?iréat he di sk provided with the barrier |ayer 8

having the StEyCiUESseARIAiqgn 19) | NEIPIBRYY. diyenioen, qomeared Lo the

prior art, the repeating characte i'c'lI's “énhanced. 2) Al the

pr ot ect) a e rate: side of ,-? . 2003 the disk (
1) in «%%3#' é%ﬁ';ﬁngng%]h%f;ﬁ)}.gémcfeefhféa(?easgﬁgﬁgggmp%%@%i% J?%V%r or the
Ge-N-0 |ayer. thereby sk ) i s .f.orme accordingly, the Ge-N

or ot ectdbeTighy GiE ELELTKpG Eolodiiol o tpdfiBEE Bl iaRts 1% 01 nm i s
formed at }__P‘e sub&ér@ate side, of the,recordi ngaesl gﬁle{% Furthernore, all the
pr ot ectFRVBP&Yer s ﬂ?é“ﬂ%q*ié{:?{‘nslpﬁﬁerarﬁ Oth@Wdfsk ( 3 ) in the
table 4 are changed tp the Ge-N_layer or the Ge-N.0 | ayer, thereby a disk (
6) is for rreoa(cég%?%ﬁ-%ﬂ},l’c% Bds"Re &%}t@ﬂﬂ}ém%rwﬁp HEIRBN- O
protective |ayer whose thickness is 25.2 nmigs forned at the reflecting

| ayer SPQENHf gtlhe(GQ}Q:Q)*(‘(?QUL\Q-pzhy*e'f:’) therigonpeehtiag PRAN&ECES i stic of disks
(5) and (6) is exanmined by the same nethod as the exanple 1. Both of them
can si n{¢@BPyObRt0ait) t he result ~. That is, the Ge-N layer or the Ge-N-O

| ayer can be fornmed in such a manner that the Ge-N | ayer or the Ge-N-0O

| ayer can obtaicompositikonskime st wdmreathing tdtes comped idyion
Furthernore, even in this 'case, the excellent repeating performance can be .
obt ai negpRiNEXEAP|(GEeH5 NEMB5 . Ohe toeddredicoppeyitiGncpopnits&S a phase change
mat eri al whose mai n conponent is a Ge2Sb2 .3Te5 all oy, when the barrier

| ayer 8(Ga5000bM5d,.0, is used as the target, and the m xture of Ar and
nitrogen is used as the sputter -80

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

a composition line E1rE5 connecting the composition
point El (Ge50.0N50.0) to the composition point E5
(Ged40.0N60.0),

a composition line F1-F5 connecting the composition
point Fl1 (Ge42.9N57.1) to the composition point F5
(Ge33.3N66.7),

a composition line G1-G5 connecting the composition

point Gl (Ge35.0N65.0) to the composition point G5
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15 OCTOBER 2003 gas. On the above condition, the filnms conprising the
structure shown in Figs . 3A and 3B are forned ( a di sk (12O0CTOBER 2003 4
) ) . Inthis case, the filmthickness of each |ayer is sane as the

t hi ckness in the above case that Ge is used as the target. The spatter gas
pressure of the barrier layer 8 is 20 nlTorr, and the partial pressure ratio
of Ar to nitrogen in the sputter gas is 3, to 1. In this case, the result of
t he req&;ﬁjmgoghen@qt’eristic is shown in disk nunbers (2) and (4) in the
table 4. According to the table 4 , conpared to the case that Ge is used as
the target sq pbmpddieeibhMire AA-1EH coninldedligly L Bumbesi@fidepeat abl e
times is inferior, better repeating characteristic can be obtained than the
conpar gid Mer AL 00 pHl & theRestiposi tdforf YAt A2 (R95¢0@5a@e i stics of
the optical disk applying the barrier |ayer according to the present

i nvention to 4 Reapddidi6n i aAa-n Pedhndetditid 0 cohpestiwielar get of the

Barrier
point Al (Gel00) to the composition point H3 (N50.0050.0),

and

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

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

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

On the contrary, when the barrier layer is formed at the
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Layer Repeating Characteri stic(O)FIG 1No Target X(1)FIG 3AGe~o(2)FI G
3ASb( 3 )FIG . 3BCGe~06(4)FI G 3BSbO -81 15 OCTOBER 2003 TEQCTOBER 20831,
when the |l ayer structure is constructed as shown in FIG 3A and Ge is used
as the target for formng the barrier layer 8, the range of the film
formati on condition which can obtain a better characteristic is exam ned.
According to the enbodinent, the total sputter gas pressure is constantly

t ot i & Al f i1 & inth
put t o SapEERae Ml o B kRodkERY  fob 8! Pab! cRb 258e"yhigH®) k2 "
Th [ 0 7 1 kW 1.5
kﬁaagughg&ggﬁgbgé{“%?Ir%égféggg?ggf V¥% ?g\é!%ﬁtgcg ogsé; |§5T§¥'\&r Is 10 cm
wh th t S, t | nt [ t he respective
Sput t er PR %S RERY cily SHELIARA T %ﬁ%&%@%ﬂa ;3‘2%%%\,%{;28. G1W o,

9. 04W . 9.A25 kW , 2 12.7 kWenR, . 19. np 5.5 ,

res pecf%gpf&ﬁfg]r%'gg‘? 18 89Y Pﬁ?%grﬁ@#ﬁﬁbag]@“? t}??rlvcﬁﬁrl&c?@i%?pc of the

di sks iie am ned. Wen the (farti I rabio of Ar apd nitrpgen i’i changed to
2 ;1 1, FOTHRAFOMPOSITIRR Fae Jr%l‘*@‘P*‘t% e FQRS LE¥e BCMTIARERPLY constant |y
set tonﬁggﬁzcm and the flowrate of Ar is changed to 100 sccm 50 sccm and

25 scc esponding to the flowrate of nitrogen 50 ~ sccm The main

val ve of the vacuum.punp is thrott{led, thereby the sputter gas total -82
15 OCTOBER 2089coydddgi¥y j@veriwithin #hs composition region

B1-B4-G4-G1l, when the barrier layer is formed at the
substrate side of the recording layer (at the side which
the laser beam is incident on), the composition region
surrounded by the four composition points, D1, D4, G4, G1
is preferable. When the barrier layer is formed at the side
opposite to the substrate of the recording layer (at the
side which the laser beam is not incident on), the
composition region surrounded the four composition points
Bl, B4, F4, F1l (preferably, Cl, C4, F4, Fl) is more
preferable.

When the Ge density rexceeds the composition line
Bl1-B4, there is more poséibility that the Ge atom is
included in the recording layer, thereby sometimes the
characteristic of the recording layer is changed. On the
contrary, when the Ge density is too less than the
composition line G1-G4, gas-state oxygen and nitrogen
included in the film are increased. Accordingly, for

example, when a laser-heating is performed, the oxygen and
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The | ayer structure is constructed simlarly to the disks ( 1) and ( 2 ) .
The filmthickness of each layer is as follows. The diel etb QCTOBER 2003s
86 nm the barrier layer 8 is 5 nm the recording layer 3 is 20 nm the
dielectric layer 4 is 17.7 nmand the reflecting layer 5 is 150 nm The
repeating characteristic is exam ned by the nethod shown in the exanple 1.
The result is shown in a table 5. Furtherpore, the adhesiveness is adopted

as the gstirbaen i wighbseerbhatiRicddto the Preerenal @b tigsd is carried
out at 90C at 80~, a sanpling is carried out in 100 hours, 150 hours and

200 houpgco2Bd i1 age@®)! BhietePRSE6MEH il BEraP s GRlcyFFE@SaRE i N or der

to find whether the peeling exists or not. The result 1s shown I1n a table

6A. In 4hSobReR thhe CREUSLRI0 RSt ddt ive SHPPL AN 4 ?ééié&rﬂidw from1

~.un to I0 dun. ~o denotes the case that the sanpling after 200 hours is

| | : | hes i f 00
10 DoCUE, Bbcaiiui ) ORRpRes R oo Bus! Gyt ey papmll o o <t L
cven, | 1GaLAG borBolacd Sayies S Gradn e aiabrg BBk g o 1 100

hours is not p e Sa _ S I'S pee even if
o119 YerXedaal S3hl, (2RI hGAFIUINA APl BRuaSy | ® Peeleds
recor di ng | ayEPeaRRmRoe TATT e, FhnoEVERM £ BOEAAe0 GAPLPEI pressure)
Zlgg;(;g%ggﬁgé%l Rodk ssu&ﬁé%éo@@%%ﬁ@dé&ﬂ%‘b% fﬁﬁffga@,&i!y(ﬁ’ ati onshi p
et veen SagRlduiel She SETLER.S! L0l S bt T Lover ampled o o
part i al Jpressure), - (irogen partial pressure)(W2 . 11 11 -
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 larger they become. The closer the real
part n and the imaginary part k approach to the Ge0, side,
the smaller they become. Accordingly, when larger n, k
are necessary, the composition containing much nitrogen
can be selected. When smaller n, k are necessary, the
composition 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 layer, an

excessively low melting poiht is not preferable as the

protective layer. Furthermore, since GeO, itself is
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15 OCTOBER 2003 50000X700~00X710~0~0750~0~001000~015000~~020000 Thereby, in
view of the repeating characteristic, when the sputter pot@OGCFOBER2003N
RF300W better characteristic can be obtained. In view of the adhesiveness,
when the sputter power is nore than RF100W better good characteristic can
be obtained. In either cases, the higher the sputter power becones, the
better the characteristic can be obtained. This reason is that the higher

t he spustbrjeptwto mebteintohwatersewlen ted) dend dtyelecBrleat i ng to the
nitrogen partial pressure, in case of (Ar partial pressure) :~ (nitrogen

parti al hpghesyr ¢herel is duditld problamehat o noistums- et neg only
within the sputter power range nore than 710W Wen the nitrogen parti al

pr essur€hées plHotedt i v@nl age@PAs0Hddiicedondi tion, since a surplus nitrogen
not conmbined to Ge exists in the barrier layer, it is assuned that the

fﬁgl i_gg is gepsr ahed cipdHithensyepliog Burreifiided by hengane condition of

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 moisture-

proof and cycle performance can be confirmed. In view of

a repeating performance, in the region B1-B3-G3~-G1l having

a rellatively less oxygen component (in addition to the
composition points Bl, B3, G3, G1, for example Ge40N40020,
Ge42N5305, Ge35N35030), a good repeating performance can

be confirmed.

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

having less oxygen than the composition line Al1-H2, if the

thickness of the Ge-N-(0) layer is about 300 nm, there is
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15 OCTOBER 2003 nitrogen partial pressure, when the sputter power is

i ncreased, there is reduced a possibility that the Ge at otd QOUTOBERI2003t he
target surface is conbined to the nitrogen until the sputtered Ge atomis

. attached to the substrate surface. Thereby, since a m xture anmount of the
surplus nitrogen is reduced, it is expected that the region Were better
characteristic can be obtained exists. As an analyzing result of the

aver ag o] s rad.l th iser_al. i ap.abtaj n better
char acr i BPACCACAL \PELB1Eh, | (RebBI oIy Ahih SERETORTBaA Y " "o N i s
‘Wi thin %éﬁ%g_g@e surrounded by four conposition points shown the

three-e nt conmposition diagramin FIG 5, E1(Ge50. ONS0. 0),

uhen Go S’_r%Z'e@?{ﬁp%?i§%ﬁ%§%&§?§%%@hsﬁég?ﬁﬁ%m%éérg%is%?ﬂlﬁée”q 2?2652'?] "and
T e Spum eI Mday aEe Lk EckRREBChEBOF 1 rRAd i i g | ot

is foryned dif the sputt s relatively |arge, the Ge-N

of oxy er._power |

£ 1 m whbQ P At it chim OX MBFeu PERFEFRELY &/BR 98 MQFGRAOLE descri bod
above, preterabl the sputter power has t quwer .densi t) re than 1.27
Wene. \ﬁ’éﬁ%ﬁﬁ@ r MRS PYL s nﬁﬁﬁntﬁé‘ﬁ QIE%E ANQZE t si veness
and recoyded, repeati characterjstic can, be obfained. In -86 15 OCTOBER
2003 th?éaea%é}“[?aSﬂqqﬁﬁf’o?ﬁ%FanLﬁaFeﬂP% IR IR e SuURREes&eDar ti al
pressurg : nitrogen partial pressure =,1 : 1. Preferably, the film .

f or mat i bf If%é‘écﬁ 'm)gérltll?%}' %ﬂtlli‘i%Gﬂ-éfeFBP&@pPStyﬁeﬂegtﬁmtaf@ di f ference
of the disk characteristic is exam ned according to the difference of the
parti al D piBsk&ranrallevwanaensedahive tthdhe eoen. afvemdhithegen parti al
pressure in the sputter gas. Thus, the layer structure conprises the sane
st ruct utkbifknesgs of SAnmnnesds adeigbeuspawer thant2rmge: suchl athe sputter
power is constantly set to RF700W Wen the total pressure of the sputter
gas, Areffectathatesthe ecyadet penfiaormayere pis t éphapcedsoam dvee changed, the
characteristic is examned. A FIG 3A-type disk conprises a ZnS-Si 02

pr ot ectobbaliaper adwmedingntohithienekis fivss B3n nand at re- dhemiG@aIN- O barri er

| ayer whose filmthicknessr is 5 nm a Ge-Sh-Te recording |ayer whose film
t hi ckneseacti2d .nniwherZnh&i Dk lpr thécknesd dyers wiwsea f bagithi ckness is
17.7 nmand an AICr reflecting | ayer whose filmthickness is 150 nm A FIG
3E- t ypedilf fksdompsuppxes sdch Effidcrodr be seffagstentiigsebtainmedhi ckness is
91 nm a Ge-Sb-Te recording |ayer whose filmthickness is 20 nm a Ge-N or

Ge]: :\I— 0 Dfirther thaydmedwsis f20 mmhorknoese, i 8hé7abore effean cHilr
reflecting _87_

be more reproducibly obtained.

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

about 300 nm is applied to the f£ilm thickness of the Ge-N

protective layer or the Ge-N-O protective layér . Incase
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15 OCTOBER 2003 | ayer whose filmthickness is 150 nm The repeating
characteristic is estindted by the sane nethod as the exafplQCTOBER 2008e
weat her-proof is estimated by the sane nethod as the exanple 4. A table 6B
shows the filmformation condition and the estinmate result. In the table 6B
t he disk (0) denotes the conventional. disk in the exanple 1. Furthernore,
marks are represented two by two, where the left mark and the right mark

cor respopdgeont hayetsHr tHe td@-ﬁl@ 1§9ewp%h@r%k iAhd hsrdsbeh} of the
FI G 3E-type disk, respectively. Tabl e 6B Rel ati onship between a sputter

condi t 'é’xngflhé‘JFHé]{ ?hd enerlﬂeela{féi nidt 8bLRSEA! e Fiydh maré gcor di ng

| ayer an sk per ormance Disk No. Total pressure (mTorr)PartlaI
pressur RAQRS R gts%aaheaa aptage that &
stic2 Aéf':j( (°5'§1101 %?%3 ST 2R ACYBNERIE Hhat BhSox(8) 20. 01

ZXXWQ%QQJ.Q].L sygmaﬁélﬂang o§9§éﬁ(ﬂ§)xf6@§ubj%%oto8@;ack

It is assumed that oxygen is included, thereby a structure
flexibility is enhanced.

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

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

sputtering using a direct current discharge and an RF
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15 OCTOBER 2003 (12)10.02 : 3pXOO(13)20.02 : 3pXOO(14)30.02 : 3pXOO(15)1.01
. 10pXX(16)3.01 : 10p0OO(17)10.01 : 10p0OO(18)20.01 : 10pOC(3HGDOBER 2003
10p0O0( 20) 1. 03 : 20pO0(21)3.03 : 20p0OX(22) 10. 03 : 20pOY( 23) 20. 03 .

20p00( 24) 30. 03 : 20pO0(25) 1. 02 : 1~OXX(26)3.02 : 1~000(27)10.02 :

1~000( 28) 20. 02 : 1~000(29)30. 02 : 1~000( 30) 20. 080f: 20~~000( 31) 20. 085 :
15~0000( 32) 20. 088 : 12~~0O0(33)20. 090 : 10~DoXQ(34)20. 095 : 500XQ( 35) 20. 0100

1 0~~0Xgbudereeihepusi 09 GR-Fhetfu difidly digddhavéfe cah be Har@I&BER 2003
(38) 10?%%5 : 15~z9§<u0(s33)§%. 090 : 10~-XX(40)10.0100 : 0C0OOXX Figs . 10 and

11, andofi9S Thé2maenhidgSBPMcheEPES A Eckas &$n Hmpd@aheBesh itie
characteristic and the weat her proof. Here, the nitrogen partial pressure

i's repregsapted Q&héﬁbéﬂ?se'ﬁséﬁ_eaihi Rt Va Pk é aboRe®S BFi-de. I epr esent ed
by an ordinate axis. In the first place, in case of the 3A-type di sk, as

shoun in Fl G alBottBf pokRiba B3 AR (RGN Rankhiion eA Ry Aidy Det t er

repeating characteristtfc is the case that the total pressure of the sputter

gas excgedh FoUlO'Heqdtiv8eETRERrolde 1de 1P 21 8Pr €8S nedatife MTorr, the

electrodes 18, 19 not shown) which also serve as a water
cooler. An insulatingmaterial 44 is disposed around each
negative electrode 16, 17, 18, 19, thereby the negative
electrodes 16, 17, 18, 19 are insulated from the positive
electrode. Furthermbre, the negative electrodes 16, 17,
18, 19 can be grounded via switches 20, 21, 22, 23 (switches
22, 23 not shown).

A Ge-Sb-Te alloy target 45 bonded to a copper backing
plate, a 2nS-8i0, (Si0, : 20 mol%) mixture target 46, an
Al-Cr (Cr : 3 atoms%) alloy target 47 and a Ge target 48
are fixed to the negative electrodes 16, 17, 18, 19 via
an O ring by a screw, respectively. Each target is
disc-shaped, having a diameter of 100 mm and a thickness
of 6 mm. Furthermore, a permanent magnet (not shown) is
accommodated in the negative electrodes 16, 17, 18, 19,
thereby a magnetron discharge can be carried out.

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

out in such a manner that the sputter chamber is high vacuum.
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nitrogen gas partial pressure in the sputter gas is ranging from25~ to 60%
Furthernore, when the total pressure is 20 niforr, the nil5QQEOBER 2003

‘partial pressure in the sputter gas is ranging from 12~ to 60~.

Furthernore, as shown in FIG 12, the filmformation condition which can

obtain better weather-proof ( adhesiveness ) is the case that the total

pressure of the sputter gas is nore than 1 nmforr, simlarly to the case of

the repggt hB?)e&h%&GEféﬁséf%hé“véeﬁﬁmcﬁaﬁk efi e grefaladd aspthe 10 nilorr
and the total préssure 20 mforr, simlarly, the nitrogen gas parti al

pressurg | - R [ 14 range | ess
t han 60§A; f%}:g?gpgg%fq%%fﬁ%ﬁgoég%ﬁqfc%lﬁi%lg? oi:s %%&%fée%l%% di sk, as

shoun 18 EbEarll shdfe! pBMLEOLIR Ok A 1dd SaBpaEREs! VAT Gyl ton which

can obtain better repeating characteris e case e total

bressur g, ol thG SRUYLEL, 9asHRFeadsnl JT0K ThoTHLENSS TR naiepahe total

pressuré 'S mior € nitrogen-gas partial pressurei Sputter gas
I s ranghLRg 4f % t 0% . F e n.thes,t eis 20
mlorr, Pﬁedﬁh%go eng g%gé%%%{: Faﬁ%&eégﬁ{fgef:\r,:’gtﬁhétssgu (Jt%tee(r% gé;ésetl's@éléangi ng from
5%to 60 % Furthernmore, as_sho i.p Fl the filmformation condition .
ohi ch canBEBT AERGAE o ¢ EorRardophle  EmElrrhiEsy) e HRAEE hat the
total pressure of the sputter S ,i:S re than mlorr, simlarly to the
case of 2Pnd s SRERSPAERAFLOREH s HHEToY, BosRUtLEE. sspnthdidial preseure
10 mforr and the total Eressure 20 m@iﬁ simlarly, the nitrogen gas
parti al SBM EFIMPLRELOBUALS PIEY ¢hin the range | ess than 40%
preferably | ess than 33% Accordipng to this analysi,s, the conposition range
of the Ge-N oPneesids |of & a8 M R@N3 bbfar nPEeviednh & FRUFYe¥ic s

exam ned. Wien this material |ayer is disposed at the substrate side of the
recor di €8sl dfeconnectrdntenthaevacnangtipak ddrpodhe @thpragitd@shown in

FIG 5, the average conposition ratio is within the region
of the gas pipe 31 is connected to an Ar gas cylinder 40,

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

is used as the gas containing both of N and O, and the
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-91 " 15 OCTOBER 2003 surrounded by four points, D1 (Ge60. ON4O. 0),

D4( Ge48. 8N10. 2041. 0), GIL(Ge35. ON65.0), (A(Ge31.1N13.8055.15 OCTOBER 2002,
when the material layer is disposed at the side opposite to the substrate
of the recording |ayer, the average conposition ratio is within the range
surrounded by four conposition points, Bl (Ge90.ON10.0),

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

prefera ; i R f o Shi points, Cl
(Gobs. oRBLSFLAT R8T 1y AL A SR ted B A e e R e, 0051 6)

Regar di ng 4 heh&gpeating characteristic, when the nitrogen partial pressure
In the sputter gas is low, since a lot of surplus Ge not connected to the

ecording | ayand detipdoGE' Brebding $EdboRAL RECRARATA | TP 1N
at the. Fetif{ng HEGER Nl g R Yetfodied difn TLERE BRTRE 107 1 °°
t hor oby SThMBSREh o BhErRRt 14T A AT R LB R p R Bl oea. on
e STt R L BR LGB B AL oRISTRNE Rl fh H SRS 07E (2 ot
Regar di ¥3-h P SRR EARRECDoAUY  HEwhn  POUONCHRAGR pr cRSEhcafin i he
Sputter gas is high and a lot of surplus nitrogen exists in the film the

peel i ngeXanekerthal thecCant Lkaver Lhithe cesN-Ovdavamnma s thegen parti al

pressure is |ow and the surplus Ge not conbined to the nitrogen exists, the
peel i ngbarmier gbarest d§. disposed ket et pubstrateosdde ¢t thenbi ned to

the nitrogen and oxygen exists, the higher an affinity for the recording
| ayer cagssedingckayer will be explained (henceforth, in case of

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

In the first place, the vacuum pump 26 is actuated,
thereby the vacuum tank is exhausted to a high vacuum of
1 x 10°° Torr or less. Next, a main valve is throttled,
and at f.he same time, Ar gas is introduced into the vacuum
tank, thereby a degree of vacuum reaches to 1 mTorr. The
disk holder 29 is rotated, and the power source switch is
turned on, thereby RF discharge is started by the 2ZnS-
Si0, target 46 and the negative electrode 17. The
pre-sputter is carried out with 500W power for five minutes,
and after the discharge is stabled, the shutter 30 is
opened. After a ZnS-Si0, film ha&ing a predetermined
thickness (according to the efnbodi_ment , as described above,

91 nmor 86 nm) is deposited on the substrate 1, the shutter
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As described above, in order to obtain the disk having better repeating
characteristic of the record and the adhesiveness, the spld QCTQBER 2003
condition (gaspressure, conponent ratio) is clear. Wien the sputter gas
total pressure exceeds 50 nTorr, the filmformation rate becones small
Accordingly, it is not practical. The filmformation condition is the case
. that when the Ge-N or Ge-N-O layer is forned, the power density to be

i ntrodugedibnicddgwdt arpieé psoBectivkc imyathed ¢bmppdasdng ahze i ntroduced
into the target is nore than 8.91WcnR, a tine until the Ge atom sputtered

on the zAsggicsUEiameiiks fakrimehenh thd Babthdtat e mtovdibded betehes shorter
than the above case, thereby nitriding and nitridi ng-oxidation are hardly

gener atgle brddie €r&€k pogeidmy fo the rate, -93 15 OCTOBER 2003 the
nitrogen partial pressure in the sputter gas is appropriately increased,

thereby the sppibdr t8id @fiséRatf8 GaSednfplletd®, POMBE €RBSKaMn S 8. 91 Wcnk
can be obtained. On the contrary, when the introducing power is |less than

8.91 Wg veSiQ%&ff‘eﬂ&téﬂaéhEH,mqﬁréiédféjé B G¥EUAN P8 S SNEgsSsi vel y
generated, according to"the rate, the nitrogen partial pressure can be only

adj ust edoi 11 ,Syphe 'g?ﬁﬂne‘rhbg@e\ﬁﬂéelﬁ:lﬂ]ttrh@ﬁﬁﬂa%i% P5 ﬁ:ﬁ?ﬁﬁ@t?édt he sputter

gas is appropriately reduced. e nitrogen partial pressure ratio in

th tter ' th bqut 90~, th teri ' . | '
unst abl e08ha7 Enen e pRLE AR oanans Al hidicha B ReaBigr and the
filmf ' [ t.t ti I | ue, wi_t hi i n whi ch

the ni PFa0BEoE0Fr dhefe kTt BEalorFeas OAE LoSEH B2d CBBOBE - pr of er abl y.
the sputter power density > 1.27 Wcng, and the filmformation rate >_ 18

nnt mi niexty theaRpl disFhRage Lghstapted bynther fat targesndBtand is

changed, the change of the optical constant of the barrier layer is
exam nethe| pegeative selgrirede HO spdifitar phiwe-winuse prest to 700W and
the sputter total pressure is constantly set to 20 mlorr.. \Wen the
ni t r ogeBppiterdngyr ceker shpgtiey 30 tie cpenedr gad ithecirgagtiivehat is, the
A sputter is carried out with 500W. The barrier layer 8
whose main component is Ge-N having a predetermined
thickness (according to the embodiment, as described above,
5 nm or 20 nm) is formed on the previously formed ZnS-
Si0, protective layer 2 (since the opening and closing
operation of the shutter 30 and the valve operation are
similar to the case of forming the following layers, the
explanation is omitted). When the barrier layer whose
main component is Ge-N-O is formed, in the above process,
instead of introducing the Ar gas and the N, gas at the
ratio of 50% to 50%, the Ar gas, the N, gas and the 0, gas
can be only introduced at the pressure ratio of 49.5% to

49.5% to 1%. Only this poin£ is different from the above

case. Similarly, the succeeding process is carried out.
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15 OCTOBER 2003 change of the conplex refractive index of the filmon a
line ain Figs. 10 and 11 is exam ned. The result is showASiQCFOBER 2003
Furthernore, the sputter power is 700W and the sputter total pressure is
constantly set to 10 nTorr. \Wien the nitrogen partial pressure ratio in the
sputter gas is changed, that is, the change of the conplex refractive index
of the filmon a line a~in Figs. 10 and 11 is exam ned. The result is
shown in FI G shhedVel nakhfioRd tbAllericss 88 okl tReObxMieapdthBe Ni { T ogen
in the sputter gas is constantly set t0 1 : 1, and the gas total pressure
I's chan I | , WS eoch@oggif Be pat kggl constant
of the ?ﬁ%%(%?%Jﬂ?#é?%ﬁfnféfigégTémgﬁdtT%.OTﬂggegérgp%sﬁarg %%%bined to
t he abo ' ' enni ar.l al : en the

\é%nas‘i%éféﬁiggiéfé‘gﬁueaﬁg ttkl)'xré N e Igf 1{:}1%01@ ‘é%%i‘é;]sg FK\E

barrier lTayer 1s US a ubstrate si € recor ayer,

f |4 h I fd | e he_bgrrier |ayer
g;'?i 21[ ?glsl*t%(%a §% ggEo?ﬁf.r ?@;%ﬁaiv%%”gﬁé égéu%’(}@wrﬁ%rgﬁeﬁm:e, ann t he
b [ I i . d.at t id ife to.th bst f.th
Cecor di FEMERRATE S 1 oh)Y Bred BRNRE A Ter Pabe 0T PRkext 6aPEE N k of < he
b [ Lsfies the range of 1.7 < n < 3.8 and < < 0.8. Wen
Che 111 SHENiBoN FLIR Sentaini BatoxPaetincthnf i3 st REaVsP Ba¥AY e

tt t ot al 0 piforr, -95 15 OCTOBER 2003 t he ox n densit
Ut R BeoEPEREdn 517 Eh35 capR, csugR AN ARMLBEELER AN EEessur o 20

T , th d ity 1s | [ ahout from 10~ to,20~, which is little
Tor e hithe AEGkRR G VASTHBS Saf JHGH T IRAR HRTRAPRGIEABEEN | 1 the
filmformation condition such as the sputter power, the sputter gas or the
li ke i sbeforpdntreducing thegagd eRCsuth AFHAAA Ovkat thaEeb¥Npl ex

refractive index of the Ge-Nfilmor the Ge-0-N filmsatisfies the above
range. Th& Ogensityein dhe Gerd-iGsipyerapande poatral ledianguehy)

a manner that a desired O density is obtained.

The composition of the Ge-N layer and the Ge-N-0O
layer can be identified by a combination of an auger
electron spectral method (AES), a Ruthurford back
scattering method (RBS), Inductive Combination high-
frequency plasma spectral method (ICP), and the 1like. The
compositions in this case are Ge44 N56, Ged40 N40 020,
respectively. '

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

as described above, 20 nm) can be obtained. The formed
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Next, except that the structure conprises a barrier layers_8 whose film

t hi ckness are 10 nm 20 nm respectively, and a ZnS-Si 02 ﬂﬁ&@lg%ﬁ&?@rs
2 of the substrate side whose filmthickness are 81 nm 65.8 nm
respectively, a 2A-type di sk having the sanme | ayer structure and the film

t hi ckness as the exanple 4 is produced. The filmformation condition of the
barrier layer 8 is as follows: the sputter power is RF700W that is, the

pover deasbidifgd 1y, 3the $Auhephdud Ftdtdl essure is 20 nforr, Ar
partial pressure : the nitrogen partial pressure =2 : 1, and the gas fl ow

rate is simligext 0 tHE 2RB0EE 2681 m OF BhEhdr Proedfi N8 dig F epeati ng
-96 ' 15 OCTOBER 2003 characteristic and the weat her - proof “of the di sk,

simlarfqy;to a y | St i be obt ai ned.
(Exanrpl‘ie B ﬁ%&?‘eatoﬁ’}e‘ﬂé SEhe Spufiey BRI LI aﬁféa%‘?éi%f’a’%%ﬂ ed i s shown by

[ ' ' I £ f I St re her . A
Cabl o PEpbaleivEavey, 20of o FLER LAVEE S Y et AR T
ti nat : ; t lp_t t abl 7, DL

donot o< (hECHeb et WELE LRLERRARRC At ing 1o Bfist 22’ The r ecor ding
I ly 0] Ge2Sbh2, 2Teb.,, Bl denotes,the barrier |ayer .confainin
cobona SR SRS G 8% AsBCbed e ot bojaf “EBhc b PREAREH 1oy o

ificall wh t terial i h d th terjal_is specified,
the-dedtinaliyn thert LxCBRESRE &7 18 FRCPBRBCFRY 1 AL Satri o mot hod
is sanme as the case of the table 2. That is, the fitter value and the
anpl i t ReMQePhers ofe< mEQmy wikh 30QWpewers i nEheepdalrngllasbrd, the
jitter val ue (measured by such a nmethod that the jitter between each mark

front chtlmRf tthe matakliematieehing fave¥ daiscnd ser depagdi@dient | y

measured) is estimated. Such a case that both of the fitter between the
mark frafe phedelpgmined thicknessnbtaacondingrtko tha emhodiment ess - 97

as described above, 150 nm), thereby the multi-layer f£ilm
having a predetermined five~layer structure is formed on
the substrate 1.

The formed medium is taken out the vacuum tank 11,
and the metallic reflecting layer 5 is covered with the
ultraviolet curing resin. The dummy substrate is
laminated on the covered metallic reflecting layer 5 so
carefully not as to generate a bubble. 1In this state, the
ultraviolet is irradiated, and a coated layer of the
ultraviolet curing resin is cured, thereby an adhesive
structure provided with a contact layer 9 and a protective
defense platelO.

According to the above example, as the methéd of
forming the Ge-N layer or the Ge-N-0 layer, ﬁhe metal Ge

is used as the target, and the mixed gas of the Ar gas and
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f5 OCTOBER 2003 than a reference value and the fitter val | el
changed is represented by ~o . Such a case that although H%ebél.rﬁ%ﬁ\?rﬁb@e
is changed, the fitter value itself remains |ess than the reference val ue
is represented by O Such a case that after 100,000-tinme repeating, the

fitter slightly exceeds the reference value is represented by p. Such a
case that after 10,000-tine repeating, the fitter value already exceeds the
r ef er enEBey AL FIER cBRESOKL 5&%}“1)Ke.d'ﬁ\%5£fi%?ep*§oﬁé‘ﬁri thet to a higher
val ue by about 10~ than the lowest limt fitter value, where the |owest
limt fhit&Eogan gasiens sbhe prygenugaghanednseqdi 3o dthat tthe filme satisfies
the value |less than 12.8 . Furthernore,. after 100, 000-tine repeating, the
anpl i t ude foumed dbybthevseactive spudtering methBodhanfjowevemund is
represented by Q Such a case that about 10% or less change is found is

r epr esebthettebyare Glyéramesbedshat about 20~ change is foundis represented
by p. Such a case that the fitter value is reduced to nore than 20%$ is

represent ed bptKerThethaldsca¥feshowtollews ol IInébgad 4f the aaseadf no
reflecting layer (a disk 41), the anplitude value is severely reduced, and

the fitGer, walge-NiGempsuhdr gpreliewtdry, (deN§r ikeiidery &ds i har ovi ded,
thereby it is possible to obtain a considerable effect of the fitter
perfornpaegeand tihe arBudtive Sputeerange isS&arried out in the
mixed gas containing the rare gas and the nitrogen so that
the film is prepared. Furthermore, a Ge~O compound
(preferably, GeO, GeO,) is used as the target. The
reactive sputtering is carried out in the mixed gas of the
rare gas and the nitrogen, or in the mixed gas of the rare
gas, the nitrogen-containing gas and the oxygen-
containing gas so that the film is prepared. Furthermore,
a Ge-N-0 compound (for example, the compound of Ge;N, and
GeO, or GeO) is used as the target. The reactive
sputtering is carried out in the mixed gas of the rare gas
and the nitrogen-containing gas, or in the mixed gas of
the rare gas, the nitrogen-containing gas and the
oxygen—containing gas so that the film is formed.
When the £film is formed, in case that impurities such
as Ar, H, Si, C, etc. contained in the sputter gas and the
chamber are contained in the barrier layer 8, if the

impurity density is 10 at % or less, the similar effect

to the case that the impurity is not contained can be
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15' OCTOBER 2003 (di sks 42 and~'43), 2) even if the reflect] i
provi ded, when the reflecting layer id thin, or if the Iai’g&ggt%@%

reflecting | ayer and the recording layer is thick ( a disk 44 : in general,
a so-called annealing structure ) , the same effect as the case that the
reflecting layer is thick or the | ayer between the reflecting | ayer and the
recording layer is thin (a disk 47 : in general, a so-called quenching
structuegﬁainﬁdn hatt 38 nepreferalily hethomr impuritiyedensiypl i ed to the
anneal ing structure, a considerable effect can be obtained (disks 45 and
46), 4 rontaihedjuenthengitridetand thdexide formiagethé bantiexri sposed at
one side of the recording |ayer, thereby the considerable effect can be

obt ai nellay€&raB is,aboutht0sat tkciorr delsavi ngnnoasefdbfcdn rginiyeir®r in the
structure in which the protective |ayer having a thick thickness ( for

exanpl eforopestitdvell, @hdrcing etk kefawearitdhits € £ prehedidmyety and the
reflecting layer, the barrier layer is considerably effective relative to

the fitisrnyelliamitddaio ehizndahgel,Nerouppranslen @ caebagdddade
reduction due to the repeating record. Wien nany repeating tinmes is

[Eore mates Mndsamkshavey uf chsepidlas PREULH R, PR, 1
-99  1erOpdPEel Y Ubhtributes to enhancing the adhesiveness to
the recording layer, etc..

As a second method of forming the barrier layer, for
example, the material of the recording layer is applied
to the target, and the nitride and nitriding-oxide being
the constituent elements of the recording layer are formed,
thereby the barrier layer can be formed. For example, in
case of a Ge-Sb-Te system recording layer, 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, and the reactive sputtering is
carried out in the mixed gas of Ar+N,, thereby the Ge-
Sb-Te-N film is formed in order to have a predetermined
thickness. After then, Ar is used as the sputter gas, and
the Ge-Sb-Te recording layer is formed. By this process,
only one target is used, thereby the barrier layer and the
recording layer can be formed.

According to the embodiment, such an example that
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at a high speed (for exanple, Noboru Yamada et al. Thernmal Ly %9
structure of phase-change optical disk for high speed andﬁ'%ﬁ%’g@? 03

recording, Trans. Mat . Res . Soc. Jpn. , Vol. 15B, 1035, ( 1993 ) )
Accordingly, . a conbination of the annealing structure and barrier |ayer
generates a large effect. On the other hand, the structure having a thin
protective layer (for exanple, 60 nmor |ess) forned between the recording

| ayer aggd {bﬁ‘rd@é#s#nﬁgkﬁw heP!, qod{a;;[% f%fggf par {efgokﬁé%; Jas the

protective layer r€ Specl e arrpl r mance

Tabl o 78 AR %ﬁ%ﬁ’%@#ﬁ% “oafhe L FEGRRhT Enh PRCSEE B3Rl ayer
struct ur.e

otr ot u%@R@di%ﬁﬁgﬂaﬁ%&sp&%Y&mJ@ B3P et PAEHBb00 nm 22
nmB2 nnd2DL BL AL, DL% Jt lnm 2,2 @g nmd3DL BL AL BL.,DLQxQ8 0 nm
10 nm 2 BESRAIEE e 7ABPRARABE RLIDAH Y880 nhi 2228668f nEPERLB9nm5DL BL

_AL DL R q’lAe Ir(t)ecloordlr%golayer, 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 laminated. Here, the example of preparing
the optical information recording medium having the
structﬁre shown in FIG. 3A is shown. For example, as shown
in FIG. 3F, in case of the structure having the protective
layers comprising the barrier material at both sides of
the recording layer 3, the protective layer comprising the
nitride and nitriding-oxide, the recording layer and the
protective layer comprising the nitride and nitriding-
oxide can be formed according to the above process.
Furthermore, for example, as shown in FIG. 3E, when
the protective layer comprising the barrier material is
formed on only the upper surface of the recording layer
3, naturally, the films can be formed in the order of the
recording layer, the protective layer comprising the
nitride and nitriding-oxide. 1In case of this method,
since the composition of the recording layer is common to
that of the barrier layer or the protectivé layer. there

is less fear that the chemical reaction and the
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15 OCTOBER 2003 8 0 nm10 nm2 2 nm9 0 nm. a )10 nnd46DL
RL(AQ0~080 nm 0 nn22 nm 90 nm u) 10 nmé7DL AL DL RLQQ0 nm@?’ﬁh:#énﬁ%%
150nm48DL BL AL DL RLQ® 0 nm10 nm2 2 nm6 0 nm 15 Onmd9DL AL DL( GeNO)
"RLQ0~090 nm 22 nm 60 nm 150nnb0DL BL AL DL(GeNO) RL90 nml O nm 22 nm 60 nm
150nm (Exanpl e 9) Whether or not the material |ayer except for the Ge-N,
Ge-N-O layer can be used as the barrier layer is exam ned. As a nateri al
candi datrteslififugiios Grei gregprrde, AecRrginglyy, a highet Al -N-O are
selected. In any case, the sputter condition isselected. Two kinds of
conposiadiras ivehaiss san(®® easdtlyi chtamnedi.c Eztensiirigghhasdriedy,t he
conposition containing about 5% nore Si, Al, Ti, or the like than the
st oi chifoetekampdeposihiemithe Ga-db€le déeorddngmlsiyerctis asesd a FI G
3G type structure. The barrier layer has the thickness of 10 nm The nmedi um
struct uke reomdvantageduse-thdr theotemistvitheyer eleamentishiodkindss is 80 nm
the barrier layer, a Ge2Sb2.5Te5 recording | ayer whose thickness is 20 nm
a barrigs-ghteel dledor®inghbager,1@hat is, the nitride and

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

layer and the protective layer themselves. In this case,

the metal Te and the metal Sb are used as the target, and

Te-N, Te-N-O and Sb-N, Sb-N-O can be selectively

independently formed, respectively. In any case, the

effect corresponding to the Ge-N-0O layer can be obtained.

In case of the barrier layer and the protective layer using

the nitride and the nitriding-oxide, for example, as shown

by the case of Ge-N-O, the composition ratio}\ of the <

nitrogen element, the oxygen element and the metal element

is not limited to the stoichiometric composition.

According to the present invention, when a heat is

applied, in the constituentrelement of the recording layer

and/or the constituent element of the dielectric material

layer, a material movement is suppressed. The layer

having a higher adhesiveness to the recording layer and/or

the dielectric material layer is adhesivély formed on at

least one surface of the recording layer. If this

requirement can be only satisfied, the constituent element

of the recording layer is not limited to nitriding-oxide.
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15 OCTOBER 2003 thickness is 20 nm and an Au reflecting lay
t hi ckness is 50 nm deposited on a pol ycarbi de substrate Mgg&gﬁfﬁﬁ@%’?’i S

1. 2 mmby the sputtering nethod. After overcoating, a hot nelt adhesive is
used so that a defense plate is lamnated. Next an initial crystallization
Is carried out by the |aser nmethod. Furthernore, for a conparison, the
structure in which the barrier layer is not used is also prepared. These

di sks aRecontditreglly; evennddr thet ecfstsitineést edementErMf stih@al (random
signal) having the 3T mark whose length is 0.6 ~c mis repeatedly

over w i reeordinty lhgeryita parbddessc e £ buestident €he dondthbtaene, these

di sks are left to stand under the acceleration condition of 90C and 80~RH

for 100ehewent aruntbe appldedf. t Ferdiexample esthenteastituegmsult is shown
in atable 8 1In the table 8, regarding the cycle performance, O neans that

after 1eQefth epfath8gretbediniedlayer ahdpi bedsamieatas sthd there is such
an advancenent that the fitter value rise and the anplitude val ue reduction

are cl e@bh:sdiaﬁﬁeﬁtbuérﬁ@nte@ﬁﬁ@@:ﬂ{\i@pzm—mmﬁ-nhog atbihtbg effect is
obt ai ned. X neans that no efrect is obtalined. Furthernore, regarding the

weat her tReOfie I@FBAIE HPBtel® iRANGR/d:S. dehpet KRrmérEBant it such a
change as the peeling, etc. is detected. D neans that a little change - 102
expected that the mixture of the compound except for
nitriding-oxide can be applied. Even if In-Sb-Te and
Ag-In-Sb-Te systems etc. which do not contain Ge are used
as the recording material, the Ge-N film and the Ge-N-
O film are effective.
Next, the formed recording medium is initialized.
The initialization is carried out by the laser irradiation,
as described below. Any other method, for example, the
method using a flush exposure can be applied. Here, the
disk medium is rotated at linear rate of 5m/s at uniform

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

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

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

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

diameter.
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15 OCTOBER 2003 such as the peeling, etc. is detected. Thgg, {:s?,g)%&%%%o he
cycle performance, there is a tendency that both of group (Q\ re

i nproved. Regarding the weather-proof, the group (B) is sprier to the group
(A ..~ _ ~ . _ ~that is, there is nore possibility that the conposition

containing little less N, Oor the like than the stoichionetric conposi tion
can be applied to the barrier layer. Table 8 Conparison of barrier

t | s AB I of roof 51Si -
&‘SXS%SS? s AR R %ﬁﬁéﬁéﬁqﬁfs“’%&%&zf - NoxCos 721
- ove,
accordl ng to ;ghe presené | nvgn§ on, % [ s posgqﬁ(d%fe orow St?éil?ﬁe opti cal

f h e CcQr
char act 2F hé BHEERIE e o 4 ‘é’;é@%*ﬁaﬁt £P A nalpRRGE BEIARLY e
record QHQ théofayerléu%ﬂ-ﬁégR 39 Q:?he disk are changed, the above

method is substantially similar. Furthermore, the medium

having various structures as shown in Figs. 3A to 3H and
Figs. 4A to 4H can be similarly formed.

Furthermore, a disk comprising a plurality of
laminated recording layers in which 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 optical
information medium prepared by the above method, and the
niethod of reproducing the record will be explained. 1In
order to estimate the recording and reproducing
characteristic, a deck is used. The deck is provided with
a semiconductor laser light source whose wavelength is 680
nm, an optical head mounting an objective lens whose
numerical aperture is 0.6, a linear motor for guiding the
optical head to an optional position of the recording
medium, a tracking servo mechanism for controlling a
positioning, a circuit for the tracking servo mechanism,

a focusing servo mechanism for Controlling an attitude of
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reproduction is |lower and further the weather-proof is excellent he
prgduci ng net hod thereof and a nethod of recording and reﬂﬁcfa&gp@EBl?@m
information. - 104 15 OCTOBER 2003 Clains: 1. An optical information
recordi ng nmedi um conprising a barrier |ayer conprising a barrier materi al

a protective layer disposed at one side of said barrier layer; and a
recordi ng | ayer generating a reversible phase-change which can be optically

det ect etdhec optdicwl thead andadicat i nradiavirgeagyeeeadingaf fdlmecor di ng
| ayer bei ng disposed at the other side of said barrier |ayer; and wherein

sal g bagtir§adeaydt hsa £ epot daldist@it Fortheepsbusihgeseppoe! ement of
o 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 linear motor is operated so that the optical head is
moved to the optional track position. Next, the focusing
servo mechanism is operated so that the laser spot is
focuSedcnltherecordingfilmsurface. Next, the tracking
servo mechanism is operated so that the laser beam is
tracked to an optional track. Next, the laser drive
circuit is operated so that the power of the outputted
laser is modulated corresponding to the information signal
between an amorphizing pulse portion having a power level
whose irradiation energy is relatively high and a
crystallizing pulse portion having a power level whose
irradiation energy is relatively low, as shown in FIG. 7.
The optical information recording medium is irradiated
with the laser beam, thereby such a state that an amorphous
state and a crystalline state alternately exist is formed.

A peak pulse portion comprises a usually so-called

multi-path formed by further narrow pulse sequence.
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recording |ayer or an elenent of said protective |ayer, and/ ' rLier
opr o8 p vont onS.GETORER Woh,

| ayer suppresses a chem cal reaction between an el enent o
| ayer.and an el enment of said protective layer. 2. An optical information
recordi ng nmedi um according to claim1l, wherein said protective |ayer
contains barrier material as a main conponent. 3. An optical information
ording to - 105 15 OCTOBER 2003 claim 1, wherein said either protective
| ayer cAfitiest thd ieradtatedt portiiont. i\nthet amel phifzdmptpuwlse ecor di ng
medi um according to claim1,2 ,or 3, wherein said recording |layer is

bet weenppratieni ivemedyeds iaoahal nsvanbartherpowt tohals .querioweed, sai d
barrier layer , or between said barrier |ayer and protective | ayer

cont ai nthgriedy ithe nBbetionh drd whathé aafoPphousr swRaitRy.i althies represent ed
by MaXb (where, M denotes a single non-gas element or a conpound of a

pl ural i f¥redidtdd@ it Ion- DR ¢ tal Bl g qeNDs€Spsreival Bs gas el ement
or a conpound of a plurality of different gas elenents), a value b/(a+b) of

the barphfeaTRE) khlerébypthd ;tsszéeishngs ifYVEhe ®Y it AD1 PheldtGateder 9y
beamincident side is larger than that of the barrier material existing at
the side oppogble !@hbho Rl e é’fg%‘f dattedl d&?i-rr%laioaoézic%?' .

m &ac cl -4, wherein a

i nformation recording nediu cording to any ofe o al ns

refl ectagelayery s 1dlanosed at ot bey Sd1s HpPahlciREpANEE 1S opposi te

to the &nergy I'nci
lower than the power level used for the crystallization

in such a manner that the optical information recording
medium is not further changed. The optically changed
portion is irradiated with the laser beam, and a detector
receives and detects a strength change generated
corresponding to a difference between the amorphous state
and the crystalline state of the reflecting light or the
transmitted light.

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

that the pulse has the power level less than the
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15 OCTOBER 2003 6. An optical information recording nmediu |
claimb5, wherein protective |ayer is disposed between sai ?ﬁé&lﬁﬁgﬂéq@yer

and said recording |l ayer and said protective | ayer whose mai n conmponent

barri er

i's eithehaddily

el ement .

material has a thickness of 60 nmor less. 7. An optical

I nformation recording nedium according to claim®6, wherein barrier |ayer
di sposed at the energy beamincident side surface of said recording |ayer.
8. ~An opldpiddudingnpbwer Nesaldiig nedesBardlyr Prttvided! Before Wherein
protective |ayer disposed between said recording layer and said reflectlng
layer handAsy tdf €&Peehe OAm8PpATZAnd il s, oAt BRI WaRE FORAr ARt i on
recordi ng medi um according to any orie of clains 2 to 8, wherein thickness

of sai dgWNREECEA VEa) 2¥8M (B hrdN &mBPh8d L8 offe %{ém%ri,né%w ion

recordi ng nmedi um according 'to claim1l,2,or 3, wherein the barrier materi al

-107

! i Phuk EeBBPAIRY BYRTHMs O'r b 5aBk  hdgyathize non-gas

and erasure systems can be applied.

A signal system is EFM, a shortest recording mark

length is 0.61 um, and a shortest bit length is 0.41 um.

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 6m/s), the overwrite of a random signal

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

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

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

of ¢ 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, three kinds of disks (), (B), (C)

are made on an experimental basis and estimated. The

disks are as follows: (A) two disks comprising the

structure according to the embodiment (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 conventional structure,

that is, the structure of the disk (A) except for the Ge-N

barrier layer or the Ge-N-O barrier layer, and (C) a disk
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claim4,

wherein the barrier material is either a nitride

15 _OCTCBER 200_3 11. An opt i cal 1nf or mat [ on recordi ng rrgdi %gaﬁﬁgagﬂ%&g’g

el enent
recor di
such ma
st oi chi
~accor di
anmount

conp05|
10) sai
i nf or na
one of

medi um

or a oxynitride of the non-gas elenent. 12. An optical in
ng medi um according to claim 10, wherein the barrier mater
terial that ampount of at |east nitrogen or oxygen is |ess
onetric conposition. 13. An optical information recording

E%niﬁic:?dﬂ?] d4fe %ﬁb@h&tﬂéﬁxﬂa@ﬁﬁ{cﬁ@fér iﬁ' whi chUGh N N, '
of at least nitrogen or oxygen is |less than a stoichi oret'r i

tlh‘?;'érf]zﬁ:e éa?%&t ¥ oitd@ &mfeecaa a.e.qg{éi t;%gwsaw Xffé.’ggk”

d gas elenent 1s any one of Ge, Sb,

formation
ial is
than a

medi um

al that

iCc

g toclaim
An opti cal

) SR Wﬁ%“*‘?\rﬁ%ﬁ% R ATk ©

RO i i RetP8 15 OCTOBER 2003

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

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

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

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

repeating, the jitter slightly exceeds the reference value

is répresented 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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claiml or 2, wherein said barrier materi al contai ns one qf . - )
Ge Si-N, Ge-Si-NO Ge-Sb-N, Ge-Sb-N-O, Ge-Cr-N, Ge-Cr-M%F@J%B-%%%Ge
Ti-N-O 17. An optical information recording medi umaccording to claim 16,
wherein the barrier material is such material that anmpbunt of at | east .

nitrogen or oxygen is |less than a stoichionetric conposition. 18. ~An
optical information recording nediumaccording to claiml, 2) 3, 4) 10) 12,

or 16 wherei nagictdiaig i €6 ABkebbhld ewdimMdte aitémpshfeag el ement of O or
Al as additive. 19. An optical information recording nmedium according to

claim 1300V)’fm7'(ﬁitﬂixﬁed§é%éh’£iﬁ§_ $al €het abede! ekperan@U1 Hr&Ek0r Al is
equal to or less than the density of said non-gas el enent conponent in said

barrier + @t il i tdde 6819 iiGAloNdE OraaL | @A BRET P 1edi #im according to
claim 16, wherei n such layer containing barrier material is formed on the

surfacegsalinkidy S| dascR’ aSahdel @RI adﬂ?éﬂ%é‘nﬂsafgﬁrﬁ‘éerig ty in said

barrier material at the energy beamrincident side 1s equal or |less than the

Ge dens&:bérié!sé%é‘dq%g@f B | Plodfe Wiats 5o PP LehdfgbNEgener 9y

beam i nci dent si de.

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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15 OCTOBER 2003 21. An optical information recordi ng nedi | to
claim 16, wherein the barrier material is Ge and the Ge dé%s%&&%%gé%3
barrier material is ranging from35%to 90% 22. An optical information
recordi ng medi um according to claim?2l, wherein the Ge density in said
barrier material at the energy beamincident side of said recording |ayer
is ranging from35%to 60% 23 . An optical information recording nmedium
according to claim 21, wherein the Ge den5|ty in said barrier material at
t he side opp03|te to the energy beamincident side of said recording |ayer

40% 0 | f di
SR o SO SR BB falig T Lea: pcecd g, oo U
the side oppositth@tQP"E%a ndi gk Yilmgd-'ehﬁ kapeier daverrecording | ayer

i's ranging froacE¥pding™x% he Predidntc dnviehtdldtiooRhbeeobdi fHeedi Um
according to cI m16 wherein the conposition of said barrier material is
one corrp05|t|oﬁ’ é]>8rst 5 within a region surrounded by four conposition
poi nts BT (Ge90, 0. - I'1I0 I5 OCTOBER 2003 NIU. O ) ~ B4 ( Ge8314 ~ N3.3 ~
Q3.3 ) || &GZ ( Ge35.00 ~ N65.0 ) | &fYimade Ftemsn3 B -~ 5.1 ) in a

thr ee- ellemeng; gRMPosj t | 9peALRAr M WIBSEaYer i Cofod KefEprNotl-
Anmplitude (Peeling, etc.)

Al © © ©
A2 © © ©
B A A ©
C O O X

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

The disks (Dl1) and (D2) comprises a laminated-layer
structure, in which a ZnS—SJ'.IO2 protective layer (86 nm),

a Ge-Sb-Te recording layer (20 nm), a Ge-N or Ge-N-O
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26. An optical information recording nmedi umaccording to claj in.
conposition of said barrier material at the energy beami ﬂf@&ﬁﬁ%
said recording layer is one conposition existing within the region
surrounded by four conposition points D1 (Ge60.0~ N4o.0) . D4 (Ceda. el
N10.21 041.0) | GZ (Ge35.0r N65.0) | A (Ge31l.1l N13.Bl 055.1) in the

t hree-el enent conposition di agram whose vertices are Ge, N, O 27. An

opti cal paRhGIdRtiQfb ¥ %Ofﬂpqgaﬁeﬂkslfsﬁéggigig%ﬁfg%ﬁlgg%ggq gigg el n

conposition of sard barrier material at he enérgy

beam i nglydent ﬂl%ﬂfréﬂ%é%fﬁgr?%ggrl PY80 hi) 088 e&agfgﬁggeg&gxi sting

W thin the regl on surroun onposition pol 65.0 N35.0 )

|84 C B2 Bat®. el ) R 0ed) Flohof8aBea" 1anifaded Loy ( GR35 5 -

Nlz.s O ree-el t OSI'Ti On di agram whose vertices are
Ge, N, 28.. An opiical.infor iqQu.recordi ng.nedium accgrding to claim
27, \Aheg&irrlflc(}'b%%sﬁ?oﬁ.‘b?ﬂsadi %R%EQ?'PNP%‘E%? WVea agﬁﬁeigép%gfe to the
energy beamjncident. side of, said - 1 15 ER 2003 recording | ayer
e oy BBONINT bR Barg 465 hewemntd ) ok 67 SBuARES9TRLaS

conposi ti on poj 65 Cl (Ge65.0. N35.0 ) . I C~ &- 53.91 N9.2 1 036.9 ) I f'1 (
Ged2. 9 aﬂdﬁ-]. 1(%1 INR) . (AcEES TS Qr \$9TBTOBRIF 1LY AaYRE t h? cBMYK enrent
conposi tion di agram whose vertices_are Ge, N, 0. 29. An optical information
recor di AGSTERUPREESEEING LaYeral ke b, and an AE-CHrkeflechingl ue n and a
val ue k_included in a conplex refractive index n+i k of said barrier

mat er i atayed witHd n"MMhe range of 1.7 Sn S 3.8 and 0 <k <_ 0.8,
respectively. 30. An optical information recording nediumaccording to

clai m 29, wheHeme,t twher thenGenl tiayemiar kheénGeale® ilaydr inpl ex
refractive index n+ik of said barrier material are within the range of

1. 7' <_ fiormed] gtarhie ref lecting layepsdidevef the r8tordinaplagat,i nf or mati on
recordi ng medi um according to any one of clainms 2-4, wherein a structure
mat er i abompagmdi toethe diage ithydr the Gethdagethandgthegeeti-al Lafese base is

Te, Sb or Se. 32 . An optical information recording nediumaccording to
is formed at the substrate side, the pressure ratio of the
N, gas relative to Ar gas is reduced. The gas is introduced
.at the ratio of 80% Ar gas to 20% N, gas, or in the ratio
of 80% Ar gas to 19.5% N, gas to 0.5% 0, gas. The sputtering
is carried out at the total pressure of 20 mTorr. As a
result, the average composition of the Ge-N layer at the
reflecting layer side is Ge65 N35, and the composition of
the Ge-N-O layer at the reflecting layer side is Ge60 N30
010.

The disks (A) to (E) are rotated at the linear rate
6m/s, and the result is i:ecorded 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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cl ai m 31, wherein said phase-change nmaterial contains

2003 CGe-Sbhb-Te. 33. An gpt i cal information recording rredl ﬁﬁgéiﬁ@iﬁg
claims 2-4, wherein material of said protective layer and said material is
an optically transparent dielectric material. containing at |east one

el enment selected fromsuch group of O S and Se. 34 . An optical

I nformati on recordi ng nmedi um according to,claiml,2,or 3 wherein said
barri er 3fasdgnal denexasedyi aner at dempingi Bectoroxptiitr (dedefree | east one
kind of elenent selected fromsuch el enments constituting said recording

| ayer. of eAvasuntéfalsiméasueeidan Nextr,dafgeredinokleecosilgnglt @sclaiml, or
2 wherein said barrier material is a nitride of at |east an el enent

conposi kgcatded £tliglidigs k@ yere de HX W igtadfd dfn & dreadr At glpengnt
conposing said recording layer. 36. A nethod recording/erasing/reproducing

an opti gal f 0 tical inf rd|n medi um

provi de?Ill {)ﬂe%t&)er Fn%ﬁ?z}aélpsggﬁg at’ E&coﬁcg%g? ci]gh&ngggrg ange which

can be gt gl dyr 4°1 °hedsRRRH U Hhe A4S 2ELAL' 93 Yo - 118
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 26dB is obtained. X

deﬁotes that the erasure ratio is reduced to less than 26dB.
Thereby, the Ge~N barrier layer or the Ge-N-O barrier layer
is applied, thereby the erasure performance is enhanced.
More specifically, when the barrier layer is formed at the
reflecting layer side of the recording layer, a higher

effect can be obtained.

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

to the present invention to those of the prior art

Estimate Item
Disk Immediatel 100H 200H
y After
Al © - 0O A
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15 OCTOBER 2003 energy beam a barrier |layer and a protectiv
substrate is used, when a signal is recorded and overwitt1érﬁph'a§¢5%0%

recording layer, an irradiation power of said | aser beamis nodul at ed

bet ween an anor phi zati on power |evel having a relatively larger irradiation
energy and a crystallization power |level having relatively less irradiation
energy according to an information signal,, and ' said recording |ayer is
irradiated Wth tdge nodyl at eqg)l aser| bea and |an anmpy phous state portion
and crystallline state portion_are selectively florned; when |t he signal of
sai d recording | aBer isjer asé@, thelirradiation poweX of sgid | aser beamis
set to saidjcrystallization wer | evel which ghanges¢ said jrecording |ayer
into the crystalline state; en the signal of |said recordijng | ayer is
reproduced, [the Ok adi afi on r of sai @I aser| beanf?s irrladiated to said
recording | ayer yWah the POVeS) | eve IeS@than sai d @ystal lization power

| evel and with a reprodici ng power | evel 7 n sugh a ngnner tlhat at | east
said recording | &ler is|not anged, and@y utiflizi n@ an optical
characteris{ic digff erenge acc@r ding|to a@hase changg) bet wgen t he anor phous
state and tfe—erystattfe—state—aHght—strength—or—a—+efl ecting |ight or
atransmtted light fromsaid recording |ayer is detected, thereby a state
of -114 15 OCTOBER 2003' saia,recordi ng l.ayer, .is detected; wherein said
barrier |ayerHRCeEPYthteaPT FrPSr%f“ioé% @%%e#&%emaram%%uch barri er
material that can suppress diffuysion of either_an el ement. of said recording
| ayer diabds ctbaepregentaipvension widl hecexpindned dandeg@drdess cheni cal
reaction of any element of said recording |ayer and any el ement of said

pr ot ectFTe. |%agehematd cal by ishawsea fidne £foramatoion appanatws sisatr si de of
said recording |layer and said protective |ayer, or forned between each of
both for the following experiment. A vacuum pump (not shown)

is connected to a vacuum container 49 through an air outlet
50 so that a high vacuum can be kept in the vacuum container
49. From a gas supplying opening 51, the Ar gas, the
nitrogen gas, the oxygen gas or the mixed gas of them can
be appropriately provided at a constant £low rate on demand.
A numeral 52 denofes 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 direct current power source
or a high-frequency power source through a switch (not
shown). Furthermore, the vaéuum container 49 is grounded,

thereby the vacuum container 49 and the substrate 52 are
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sides of said recording |layer and said protective |ayers. ,37 f
recordi ngl erasi ng/ reproduci ng an optical information accof‘giQS%pﬁ#%%rqs%,
wherein material of said protective |layer of said optical information
recordi ng nmedium has barrier material as a main conponent. 38. A nethod of
recor di ng/ erasi ngl reproduci ng an optical information according to claim 36
or 37 wherein said barrier material contains one of Ge-N, Ge-NO0O, Ge-Si-N,
Ge-Si - NE&)tGS B%’ﬂtf@é 186805 .C - N, Ge-C-NO Ge-Ti-Nand Ge-Ti-N-O
115

AF% AY[ . AY@AFH@ A, . AS[ . AS[. Af[. A [.AS[,.ASH. AfH. AH, . A[, . Aa, . A[. AH, . AH. A
H. A5, . Al. AHr. AH. AyH. AH. AH. A5. AyH. AH. A[ . A . AH. A, H, . AH, . AU. AH, . AH. A5. AH. AH. AH
, - AH. AH é : AH1AH. 6 Al . AH Ay[.AH, . AH. A[, . A5, . AyH. AH. AH, . AH. AH. A5. Al . Al 2. Al E.
A Ay, NERRMRIE AN A A A A A ALA AAALAA.A.A.AS AL ALALA LA,

.AH A5, . AH, . AH AH, . AH AH. A(. AH AH. AH AL AH. AL, An. A . AYH. A5 A . A9[ % AH. A
[r. AL[5iE. AY & ﬁ/lbpt!]‘f:@‘llzég'sﬁs ﬁaVlng the 1 yerxlr s?:[ructure SShc.?erE o[ % 9

]$}c§:1]n::g-i-\6ﬂa§§]§%]?c %g]éc‘:gﬂga g]%]c%g]@] a;{l%]ég]acna %a]dciaglgaa:;c)a]icr?]aca acba]!e(:a] cal] cal] ca
Gb"\ug[br!!tIIw"*&4& & ' +' . " ytnid_Z]]ca] ca] car{éaU] c%%fi:aU] gg_% cal caU] f:a] cajc

a] ca] cat) cafe NNade ) GapEPerduienyahRag k% c Jhapraqudng cHyer . ' 6 ;
utt Ut &(X((((B*h*[,b,e,mr,,,-P.}..%]/~///0P000zupkfa\ W ca] ca] ca] ca] ca] ca]

ca] ca] ci|eanpuisskc a] phpse] chongs patesjicdupbeissaedt goaangrt] cal cal cal ¢
a] calU] cal 0019101v11666H999*: c: <<#<d??] ASAAA~CC

E! EFFFGH wantbe2882) 3We S apt doyeaped e dieleattifc pupdgatdee] ca).cal] ca ¢
a] cal] ca] calU] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca

HI | JKKKK& ek sl 2L siid-M{ cfdniREeh SSUNSABNOy il iflan W ddjem]tded)|fialma] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]ca]c
a! 9YoY4i g[ fHsH],\ the gasbhscSappkied Lfif shéhoT quanvet giiiat feddMl | cal ca] cal ¢
a] ca] caU] ca] ca] ca] ca] caU] ca] cal] caU] cal] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca]ca]c
al] ca] cebealloptéssure of the Ar gas becomes 1.0 mTorr and 0.5 mTorr,

j 8] HKPk™ knnnqqg* gr sst u* v2vCvWwawwxy- z4{ <{ L{{}} ~} xsnmhc] XI fa\ W] cal] ca] ca] cal]

ca] ca] Cﬁb@?b@ﬂiliﬁﬁpﬁ] caklicehehUorawad qsdwet s abeal. 2d] wdnfaheial cal] ca ca] ca
ca

Ul ca] ca] ca

~fn~1 | | Ap§.. S77Wrckd ni ¢l i Hithddliddd daltet Bal wegasi vald ted€pbaal %] cal cal] cal ¢

a] ca] ca] ca] calU] ca] ca] ca] ca] caU] ca] ca] ca] ca] calU] ca] ca] ca] ca

- =n8c7l y¥BKeed VLY Y] | et RaLmaLeq] aadit alitd] eaf Tabeahgall ] ca]ca] ca] ca

] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Es*Jz)”s “ell zupke [ V] ca

| cal calaaksq] 52 s ¥ dedanland 4 gabosd sl redlisp boshcalaed cal cal cal ca

] ca] ca] ca] cal] ca] ca] ca] cal >t _Nvf.ft}xsmhc”Yke [V]c]ca]ca] ca] cal] ca]ca]ca]ca

lcgal call pakcale a Sehtaprastils Becthes] §ab careyl,c atieasy cargal cal ca cal
21: c:T]Z iaigf%féé%‘ﬁ%{%% 55 %ggﬁéﬁa‘%ﬁ -EZ} callca C]a] el cal ‘iau] C;‘]C]&‘]C;“”]‘:
caj] cakaq_cg%apga%;q%%ﬂcg?ié] %g%]e%:ﬁ“g %&cg%%g%%@ b S?L%%]t(ﬁ]é:
T G
) o cof P p R AR D R BN M ol
al cal cakabeal calcaledd £2150] cehaoi aelsaloalgakeg! eal alhghcaa

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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zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] cal cal.c ] caj
ca] ca]ca]ca]ca]ca]ca]calcalcalcaUcalK V " n 3115 8&83&£& 2%%13

| & t % r [/ "PXhFzupkf a[ V] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca! F!

$I[!~! II-PAPO/‘W)X(****+O+ +++g- h- 00

0TO2zupkf "[ V] ca] caU] ca] ca] ca] ca] ca] ca] ca] ¢ca] ca] ca] cal] ca] ca] ca] ca] ca] cal] ca
] ca] ca] thkcspuiiteat Edwert)] i | RE] € ca] Shnee3ube[ 6asges588Ea9dBsk: :

; >>x?2?7??XAAAEQE{ vpkf a\ W ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] cajc
a] ca] caphojsen|dicimeten] La] talfna] cahvetaid dirtad ca| aph BEEESHEBive ) NEPOP_PRRR
ZT1 UQUaUUVWNBX] XXZZZ[\ __ " ~ytni d_ZU] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] caj ca]
ca] cal] dehedltsga) cat];gabpa]:tehi] paiwaat o@énejj:yahsa]&ﬂm]@au cajcal " ia;

~ 000oqqt zupke' [yl ¢all eat habkerlstnbfakaghc abyeal da] as] £6liajwal ¢hkcal cal cal ca

] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca]ca!tttt AuBuuuuuvOvvvv+wf wwix x Ux XX

xxzz @ ~q1 &x¥I1 ) deapl bbsakprUldiad Led €21 6 apealeridiaad cRhgakca] cal ca] ca] ca]

ca] cal ca] ca] ca] ca] caj ca]ca]ca] c a]ca]ca] ca] cal] ca] ca! ~~N

gvlﬁngrgg% {’?m]gga]k\ﬂli'cg‘}h %5? ie f%é%ca | ca] c %a“]nga]e}:lg] xéei:gg]dég]gca] ca] cal eQ
a]nca] ca?gg]e a] cgﬁwj ﬁ] icg] ?féf(%%?a]%ag]?dﬁéé%hgh? vpﬁ?] a\C\e/I\]] ]C]a]cg]a]cg
| ol ca) BAVAIRL dr kol o5 P %?%ﬁ%@%ﬁ‘eé& SopEaLrRL et By Ch oy i‘Lffé‘
- Al cal caghenl fal el Yrbeabiadeantne) spltabealicrheal ark ol ahgaheal cal cal o
Bt it A A
2] EZ] gg]fa Callc ?Ea lapcipcmarba digleqtsic protective

ZV191 @ @ vql f a\ V\]] ]ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal ca] caU] ca] ca] ca] ca] ca]

cal] ca] daped] ahdinng deg ohinjangd ddie ekl et 1880k /¥ 1 8cBaVHRggb] X 1]1] ca]
cal ca] ca%ca] cal] ca] ca] ca] ca] caj ca] ca] ca] ca] ca]lca] ca] ca] cal] ca] ca] ca] ca] ca] c
a] ca] cafl&d) dgt}ca]ltﬁa]%aegm?gqatlve example, e conventional

LXbc| {vql gb] X]]]]ca] ca] ca] caj ca] ca] cag;gg]]sca ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] cataalatxa]shoynale g} ch] 6] al 0y p\havingghgbbaryipesa] cal cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] dayjlenn! moPm@ilarly produced, and it is compared to the

I *5EF/ kG vgl gb] X] ] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] c”a] ca

] ca] ca] ddlsdad c@l paand] ¢3])ca] ThecaicH cH) kal s aprorividedr rstzlupkhea\ W] ] ca] ca] c

a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] c

a] ca] capda|lesd el capeoteatlical dadyentsal cahtt 4X ¢t 184hY the
~ytoje [V]]ca]ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca] cal] ca] ca] ca] ca] ca] ca]
cal] ca] edbaalra]ef|mr and 34dosa] sad] eath! 18yér Pillm 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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TNT{vqgl gb] W] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] al ca
] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca! Eh/ r & 08=" xER1]| rrf'@r 'ﬁ)] §] ca
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(henceforth, referred to as the jitter value) is examined.

As a result, the case that after 150,000-time repeating
record, both of the jitter value between the front ends
and the jitter value between the rear ends do not exceed

13% is represented by ©. The case that after

150,000-time repeating, although at least either the
jitter value between the front ends or the jitter value
between the rear ends exceeds 13%, after 100,000-time
repeating, both of them do not exceed 13% is represented
by O. The case that after 100,000-time repeating, at
least either the jitter value between the front ends or

the jitter value between the rear ends exceeds 13% is

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

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

repeating characteristic is enhanced.

(Example 2)

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

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

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

performance can be obtained,

(Example 3)

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

and the mixture of Ar and nitrogen is used as the sputter
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adisk (4)). Inthiscase, the filmthickness of each layer

is same as the thickness in the above case that Ge is used

as the target. The spéktter gas pressure of the barrier “

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

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

the result of the repeating characteristic is shown in disk

numbers (2) and (4) in the table 4.

According to the table 4, compared to the case that
Ge is used as the target so that the film is formed,
although the number of repeatable times is inferior,

better repeating characteristic can be obtained than the

comparative example.

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

r

Disk Number| Layer | Target of | Repeating
Structure |[the Barrier|Characteri

Layer stic

(0) FIG. 1 No Target X

(1) FIG. 3A Ge ©

(2) FIG. 3A | b O

(3) FIG. 3B Ge ©

(4) FIG. 3B Sb O
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shown in FIG. 3A, and Ge is used as the target for forming
the barrier layer 8, the range of the film formation
condition which can obtain a better characteristic is
examined.

According to the embodiment, the total sputter gas
pressure is constantly set to 20 mTorr, and the partial
pressure ratio of Ar and nitrogen in the sputter gas has
three kinds of ratio, that is, 2 : 1, 1 : 1and 1l : 2. The
sputter power of Ge is RFIOOW, 300w, 500w, 700w, 710w, 750w,
1 kW, 1.5 kW and 2 kW. That is, since the target is the
disc whose diameter is 10 cm, when the sputter power is
converted into the power density, the respective sputter
powers.are changed to 1.27W/cm?, 3.82W/cm?, 6.37W/cm?,
8.91W/cm?, 9.04W/cm?, 9.55 kW/cm?, 12.7 kW/cm?, 19.1 kW/cm?
and 25.5 W/cm?, respectively. Thereby, the filmis fo:med,
and the characteristic of the disks is examined. When the
partial ratio of Ar and nitrogen is changed to 2 : 1, 1 :
1 and 1 : 2, respectively, the flow rate of nitrogen is
constantly set to 50 scem, and the flow rate of Ar is
changed to 100 sccm, 50 scem and 25 scem corresponding to
the flow rate of nitrogen 50 sccm. The main valve of the

vacuum pump is throttled, thereby the sputter gas total
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10toval-[: [ <] ﬁ[h'\é [1)&\1Pe@ gtructure is constructed similarly to the

disks (1) and (2). The film thickness of each layer is as

follows. The dielectric layer 2 is 86 nm, the barrier

layer 8 is 5 nm, the recording layer 3 is 20 nm, the

dielectric layer 4 is 17.7 nm and the reflecting layer 5

is.150 nm. The repeating characteristic is examined by

the method shown in the example 1. The result is shown

in a table 5. Furtherxﬁo_re, the adhesiveness is adopted

as the estimate item of the weather-proof. The

acceleration test is carried out at 90°C at 80%, a sampling
is carried out in 100 hours, 150 hours and 200 hours, and
the sample is observed with an optical microscope in order
to find whether the peeling exists or not. The result is
shown in a table .6A. In this case, the generated peeling

is substantially ranging from 1 pum to 10 um. © denotes

the case that the sampling after 200 hours is not peeled

at all. O denotes the case that although the sampling

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

after 200 hours is peeled, even if slightly. /\ 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)

1 1 :1 1 : 2

(W) 2
100

300
500

700

710

750
1000
1500

OlO|OIO|O0|0O|0O| X
O|01O010[ x| x]x]|X

O10|O0|01O0I0O|0]X

Table 6A
Relationship between a condition of forming a film of a
barrier layer applied to a substrate side of a

recording layer and a weather-proof

Sputter Power|(Ar partial pressure) : (Nitrogen
partial pressure)
(W) 2 : 1 1 :1 1 : 2
100 O . O X
300 O O X
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Thereby, in view of the repeating characteristic,
when the sputter power is more than RF300W, better
characteristic can be obtained. In view of the
adhesiveness, when the sputter power is more than RF100W,
better good characteristic can be obtained. In either
cases, the higher the sputter power becomes, the better
the characteristic can be obtained. This reason is that
the higher the sputter power becomes, the denser film can
be formed.

Relating to the nitrogen partial pressure, in case
of (Ar par{:ial pressure) :'f (nitrogen partial pressure) =
1 : 2, better characteristic can be obtained only within
the sputter power range more than 710W. When the nitrogen
partial pressure is higher than an appropriate condition,
since a surplus nitrogen not combined to Ge exists in the
barrier layer, it is assumed that the peeling is generated

due to the surplus nitrogen. On the same condition of the
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increased, there is reduced a possibility that the Ge atom
sputtered on the target surface is combined to the nitrogen
until the sputtered Ge atom is attached to the substrate
surface. Thereby, since a mixture amount of the surplus
nitrogen is reduced, it is expected that the region where
better characteristic can be obtained exists.
As an analyzing result of the average composition
ratio of the barrier layer 8 which can obtain better
characteristic, in any case, the average composition ratio
of Ge, O and N is within the range surrounded by four
composition points shown the three-element composition
diagram' in FIG. 5, E1(Ge50.0N50.0), Gl(Ge35.0N65.0),
G4(Ge31.1N13.8055.1), E4(Ged42.3N11.5046.2).
In general, when Ge or Ge-N is used as the target
and the mixed gas of the rare gas and nitrogen is provided
so that the film is formed, there is a tendency that if
the sputter power is relatively small, the Ge-N-O film
containing a lot of oxygen is formed, and if the sputter
power is relatively large, the Ge-N film whose oxygen-
content is only an impurity level is formed.
As described above, preferably, the sputter power
has the power density more than 1.27 Wem?. When the power

density is more than 3.82 Wcm?, better adhesiveness and

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

nm/minute.

(Example 5)

Next, the difference of the disk characteristic is
examined according to the difference of the partial
pressure ratio of the sputter gas pressure and the nitrogen
partial pressure in the sputter gas. Thus, the layer
structure comprises the same structure in Figs. 3A and 3E.
Ge is used as the target, and the sputter power is
constantly set to RF700W. When the total pressure of the
.sputter gas, Ar partial pressure and the nitrogen partial
pressure are changed, the characteristic is examined. A
FIG. 3A-type disk comprises a ZnS-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 2nS-Si0, protective
layer whose film thickness is 17.7 nm and an AlCr
reflecting layer whose film thickness is 150 nm. A FIG.
3BE-type disk comprises a ZnS-Si0O, protective layer whose
film thickness is 91 nm, a Ge-Sb~Te recording layer whose
film thickness is 20 nm, a Ge-N or Ge-N-O barrier iayer

whose f£ilm thickness is 17.7 nm, and an AlCr reflecting
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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
27 2E 27 2E
(0) - - © X
(5) 1.0 1 : 2 X X X X
(6) 3.0 1 : 2 X X X X
(7) 10.0 1 : 2 X X X X
(8) 20.0 1:2 X X X X
(9) 30.0 1 : 2 X X X X
(10) 1.0 2 :3 AN X X X
(11) 3.0 2 : 3 A X O O
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(12) '10.0 2 : 3 A X O O
(13) 20.0 2 : 3 Al x | O] O
(14) 30.0 2 :3 A X O O
(15) 1.0 1:1 O A X X
(16) 3.0 1:1 O A O O
(17) 10.0 1:1 O| A | O | O
(18) 20.0 1:1 O A O O
(19) 30.0 1 :1 O A O O
(20) 1.0 3: 2 O A O O
(21) 3.0 3:2 O A O O
(22) | 10.0 3 : 2 Ol aAa | O] O
(23) 20.0 3 : 2 O A O O
(24) 30.0 3 : 2 Ol a | OO
(25) 1.0 2 : 1 © O X X
(26) 3.0 2 :1 © | O| O} O
(27) 10.0 2 : 1 © | 0ol o | o
(28) 20.0 2 : 1 © O O O
(29) 30.0 2 :1 © O O O
(30) 20.0 80r: 20 | © © O O
(31) 20.0 85 : 15 | © © @) O
(32) 20.0 88 : 12 © © O O
(33) 20.0 90 : 10 © © X O
(34) 20.0 95 : 5 © © X O
(35) 20.0 100 : 0 © © X X
(36) 10.0 75 : 25 © © O O
(37) 10.0 80 : 20 © © X O
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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 case that
the total pressure of the sputter gas exceeds 1 mTorr.
Furthermore, when the total pressure is 10 mTorr, the
nitrogen gas partial pressure in the sputter gas is ranging
from 25% to 60%. Furthermore, when the total pressure is
20 mTorr, the nitrogen gas partial pressure in the sputter
gas is ranging from 12% to 60%.

Furthermore, as shown in FIG. 12, the fi_lm formation
condition which can obtain better weather-proof
(adhesiveness) is the case that the total pressure of the
sputter gas is moré 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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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
total pressure of the sputter gas is more than 1 mTorr,
similarly to the case of the repeating characteristic. 1In
both cases of the total pressure 10 mTorr and the total
pressure 20 mTorr, similarly, the nitrogen gas partial
pressure in the sputter gas is within the range less than
40%, preferably less than 33%.

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

5, the average composition ratio is within the region
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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, since
a lot of surplus Ge not connected to the nitrogen exists
in the barrier layer. Accordingly, the composition of the
recording layer is changed, accompan_ied 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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As -described above, in order to obtain the disk
having better repeating characteristic of the record and
the adhesiveness, the sputter gas condition (gas pressure,
component ratio) is clear. When the sputter gas total
pressure exceeds 50 mTorr, the film formation rate becomes
small. Accordingly, it is not practical.
The film formation condition is the case that when
the Ge-N or Ge-N-O layer is formed, the power density to
be introduced into the target is 8.91W/cm?. When the power
to be introduced into the target is more than 8.91W/cm?,
a time until the Ge atom.sputtered on the target surface
is attached to the substrate surface becomes shorter than

the above case, thereby nitriding and nitriding-oxidation

are hardly generated. Inthis case, accordingto the rate,
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gas is appropriately reduced.

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

‘the film formation rate > 18 nm/minute.

4
(Example 6)

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

pressure ratio in the sputter gas is changed, that is, the
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refract:l.ve 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 redording layer,

preferably, the complex refractive index value n+ik of the

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

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

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

When the film composition is analyzed, if the film

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

formation condition such as the sputter power, the sputter
gas or the like is changed, the film is formed in such a
manner that the complex refractive index of the Ge-N film
or the Ge-O0-N film satisfies the above range. Thereby,

better characteristic can be obtained.

(Example 7)

Next, except that the structure comprises a barrier
layers 8 whose film thickness are 10 nm, 20 nm,
respectively, and a ZnS-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 thdckness 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-pioof of the disk,

similarly to the above case, a very good characteristic

can be obtained.

(Example 8)

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

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

ends and the jitter between the mark rear ends are less
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(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 41), the
amplitude value is severely reduced, and the jitter value
rise is large. However, thg barrier layer is provided,
thereby it is possible to obtain a considerable effect of

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

2) even if the reflecting layer is provided, when
the reflecting layer iE\thin, or if the layer between the N
reflecting layer and the recording layer is thick (a disk
44 : ingeneral, a so—~called annealing structui:e) , the same
effect as the case that the reflecting layer is thick or
the layer between the reflecting layer and the recording
layer is thin (a disk 47 : in general, a so-called
quenching structure) cannot be obtained,

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

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

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

structure can be applied to the optical disk overwriting
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at a high speed (for example, Noboru Yamada et al.

Thermally balanced structure of phase-change optical

disk for high speed and high density recording”, Trans.

Mat. Res. Soc. Jpn., Vol. 15B, 1035, (1993)). Accordingly,

a combination of the annealing structure and barrier layer

generates a large effect.

On the other hand, the structure having a thin

protective layer (for example, 60 nm or less) formed

between the recording layer and the reflecting layer is

provided with the barrier layer as the protective layer.

Thereby, more specifically, the amplitude performance can

be enhanced. Accordingly, much more repeating times can

be achieved.

Table 7 Effect comparison of the barrier layer relative

to various layer structure

Disk Disk layer structure Repeating
number ' performance
! Jitter |Amplitu
de
41 DL AL DL X X
90 nm 22 nm82 nm
42 DL BL AL DL O O
80 Nnml0 nm22 nmB2 nm
43 DL BL AL BL DL © ©
80 nml0 nm22 nml0 nm72 nm
44 DL AL DL RL(A JAN X
90 nm 22 nm80 nm u)
10 nm
45 DL BL AL DL RL(A O O
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90 nm10 nm22 nm 60 nm 150
nm
(Example 9)

Whether or not the material layer except for the Ge-N,
Ge-N-0O layer can be used as the barrier layer is examined.
As amaterial candidate, Si-N, Si-N-0, SiC, Sb-N-0, Zr-N-0O,
Ti-N,

Al-N and Al-N-O are selected. In any case, the

sputter condition is selected. Two kinds of compositions,
that is, (A) a stoichiometric composition and (B) the

composition containing about 5% more Si, Al, Ti, or the
like than the stoichiometric composition are tested. The
medium structure lis a FIG. 3G-type structure. The barrier
layer has the thickness of 10 nm. The medium structure
comprises a ZnSe-SiO, protective layer whose thickness is
80 nm, the barrier layer, a‘GeZSbZ.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 sputtering method. After
overcoating'l, a hot melt adhesive is used so that a defense
plate is laminated. Next an initial crystallization is
carried out by the laser method. Furthermore, for a

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

having the 3T mark whose length is 0.6 u m is repeatedly

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

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

and the state of the disks is estimated.
The result is shown in a table 8. 1In the table 8,

regarding the cycle performance, O means that after

100,000-repeating, the effect is obtained. That is,

~ there is such an advancement that the jitter value rise
and the amplitude value reduction are clearly less than

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

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

peeling, etc. is detected. /\ means that a little change
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the cycle performance, there is a tendency that both of

groups (A) and (B) are improved. Regarding the

weather-proof, the group (B) is sprier to the group (a), 7
that is, there is more p0581b1112;‘£;;£ the composition
containing little less N, O or the like than the

stoichiometric composition can be applied to the barrier

layer.

Table 8 Comparison of barrier materials

A B

- Material Cycle [Weather~| Cycle [Weather-

composition proof proof
51 Si - N JAN X YA A
52 Si -N-O0 A X O O
53 sic AN X O A
54 Sb - N JAN X A O
55 Sb - N -0 A X A @
56 Zr - N A X O O
57 gr - N -0 A X O O
58 Ti - N VA X O A
59 Al - N A X O JAN
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 the
recording characteristic and the reproducing

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

recording and reproducing the information.
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Claims:
1. An optical information recording medium
comprising
a barrier layer comprising a barrier materiél,
a protective layer disposed at one side of said barrier
layer; and
a recording layer generating a reversible
phase~change which can be optically detected
according to an irradiation of an energy beam ,
said recording layer being disposed at the
other side of said barrier iayer ; and wherein
said barrier layer suppresées a diffusion
of at least either an element of said
recording layer or an element of said
protective layer, and/or said barrier layer
suppresses a chemical reaction between an
element of said recording layer and an element

of said protegtive layer.
2. An optical information recording medium
according to claim 1, wherein said protective

layer contains barrier material as a main

component.

3. An optical informationrecording mediumaccording to
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1092$& (babrie¥itaterihl.

4. An optical information recording medium
according to claim 1,2 ,or 3, wherein said
recording layer is between protective layers
containing barrier material , between said
barrier layer ,or between said barrier layer and
protective layer containing barrier material and
when said barrier material is represented by M,X,
(where, M denotes a single non-gas element or a
-compound of a plurality of different non—gés
elements, and X denotes a single gas element or
a compound of a plurality of different gas
elements), a value b/(a+b) of the barrier
material of said recording layer existing at the
energy beam-incident side is larger than that of
the barrier mateyial existing at the side

- opposite to the energy beam-incident side.

5. An optical information recording medium according
to any one of claims'2—4, wherein & refiecting layer is
disposed at the side of said recording layer opposite to

the energy beam-incident side.
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6. An optical information Lecording medium
according to claim 5, wherein protective layer is disposed
between said reflecting layer and said recording layer 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 medium
according to claim 5, wherein protective layer
disposed between said recording layer and said
reflecting layer has the thickness of 80 nm or

more.

9. An optical informationsrrecording medium according to
any one of claims 2 to 8, wherein thickness of said

- protective layer is 1 nm or more.

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

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

as additive.

19.  An optical 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 optical information recording medium according to claim 16, wherein
such layer containing barrier material is formed on the surfaces at both sides of
said recording layer, and a Ge density in said barrier material at the energy
beam-incident side is equal or less than the Ge density in said barrier material

at the side opposite to the energy beam-incident side.
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material is one composition existing within a region

surrounded by four composition points Bl (Gegg.qr
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Os55.;) in the three-element composition diagram whose

vertices are Ge, N, O.

27. An optical information recording medium according to
ciaim 25, wherein composition of said barrier material at
side opposite to the energy beam-incident side of said
recording layer is one composition existing within the
region surrounded by four;composition points Bl (Gegs.0v
Nis.0) s B4 (Gey3,5y Ny oy O36.9)s F1 (Gegyor Nipy), F4 (Geys s,

Ni2.9¢ O5;.6) in the three-element composition diagram whose

vertices are Ge, N, O.
28. An optical information recording medium according to

claim 27, wherein composition of said barrier material at

side opposite to the energy beam-incident side of said
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region surrounded by four composition points Cl (Geg ,,
Nis.0)r C4 (Gegy 4, Ny 5, O35.9) ¢+ F1 (Geyy s Nyq,), F4 (Geys s,
Nis.0r Osy.6) in the three-element composition diagram whose

vertices are Ge, N, O.

29. Anoptical information recording medium according to
claiml,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. |

Y

31. Anoptical information recording medium according to

any one of claims 2-4, wherein a structure material of said

recording layer is a phase-change material whose base is

Te, Sb or Se.

32. Anoptical information recording medium according to

claim 31, wherein said phase-change material contains
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34. Anoptical information recording medium according to

claim 1,2,0or 3 wherein said barrier material contains

either the nitride or oxynitride of at least one kind of

element selected from such elements constituting said

recording layer.

35. An optical information recording medium according to
claim 1,o0r 2 wherein said barrier material is a nitride
of at least an element composing said recording layer
or oxynitride of at least an element composing said

recording layer.

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

pptically detected according to an irradiation of an
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crystallization power level having relatively less
irradiation energy according to an information signal, and
said recording layer is irradiated with the modulated
laser beam , and an amorphous state portion and crystalline
state portion are selectively formed;

when the signal of said recording layer is erased,
the irradiation power of said laser beam is set to said
crystallization power level which changes said recording
layer into the crystalline state;

when the signal of said recording layer is
reproduced, the irradiation power of said laser beam is
irradiated to said recording layer with the power level
less than said crystallization power level and with a
réproducing power level in such a manner that at least said
recording layer is not changed; and by 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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wherein said barrier layer of said optical information recording medium has
such barrier material that can suppress diffusion of either an element of said
recording layer or an element of said protective layer, and/or can suppress
chemical reaction of any element of said recording layer and any element of
said protective layer, and said barrier layer is formed between either side of
said recording layer and said protective layer, or foﬁned between each of both

sides of said recording layer and said protective layers.

37. A method of recording/erasing/reproducing an optical information according
to claim 36, wherein material of said protective layer of said optical information

recording medium has barrier material as a main component.

38. A method of recording/erasing/reproducing an optical information according
to claim 36 or 37 wherein said barrier material contains one of Ge-N, Ge-N-0,
Ge-Si-N, Ge-Si-N-O, Ge-Sb-N, Ge-Sb-N-O, Ge-Cr-N, Ge-Cr-N-O, Ge-Ti-N and
Ge-Ti-N-O.
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