«;e3edHd D| Xf 6TH*c~z* 1 26 Decenber 2002 DESCRI PTI ON | NFORMATI ON RECORDI NG
MEDI UM AND | NFOM'MI"WMWDI NG METHOD TECHNI CAL Fl ELD RELATI NG TO THE
| NVENTI ON AND P present invention relates to an information

“recor di ng medi um wheggi«ecordi ng |layer is partially tr I ween
crystalline state and 5 anorphous statel by being heaté%ggkﬁecoorggggo t hat

a signal is recorded in the recording |layer with the partial deformation of
the recording layer, and a nethod QE§%$¥§kﬁQNng an information in the
information recording nmedium 10 JP-A-61-2594 discloses that a m xture of
telluriumand telluriumoxide as a recording |ayer including oxygen is

deposi 11 on or sput teri ng. LTI RSY EBRGROINE M BB R "2 o rmoune
including telluriumis dep0f&§5§h£¥&éﬁe%ﬁ§§§§éﬁéf¥ﬁiﬁgﬁr1substrate by a

sputtering in a gas m xture oOf argon an the recording | ayer
i ncl udi ng oxygen. 20 JP-A-63-58636 discloses that a conpound i ncl udi ng
germani um oxi de and telluriumas the recording | ayer including oxygen is

geposi t ed onzﬂgt%mf@pﬂ @fﬁﬁ%%@g@ﬁé abgE Né&@rf&ﬁcmdﬂnpﬁfgg} %gﬁor

~~~U~~~~ Decenber 2002 n, and a conpound inc

telluriumis deposited fHe thee £ S8¢0T Thvdn FESH UFRR BAPSL r g e py the sputtering
in the gas m xture of argon and oxygen to formthe recording |ayer

i ncl udi ng oxypreforma i Te AEA HY/MEN1 &l Whibsd NVEDTFEh QM SPbecigof the
present invention is to

partially transformable between crystalline state and

5 amorphous state by being heated and cooled so that a

signal i1s recorded in the recording layer with the

partial deformation of the recording layer, and a

method for recording an information in the information

recording medium.

10 JP-A-61-2594 discloses that a mixture of
tellurium and tellurium oxide as a recording layer
including oxygen is deposited on a recording medium
substrate by an electron-beam vapor deposition or
sputtering.

15 JP-A-2-252577 discloses that a compound
including tellurium 1is deposited on the recording
medium substrate by a sputtering in a gas mixture of
argon and oxygen to form the recording layer including
oxygen.

20 JP-A-63-58636 discloses that a compound
including germanium oxide and tellurium as the
recording layer including oxygen is deposited on the

recording medium substrate by the electron-beam vapor

ATV
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~provide an information recording medi umand an information recording
nmet hod, by which nmedi um and net hod a change of a recorded information with
the 10 passage of tinme is restrained, and/or the recorded information is

«clearly and securely read out. Particularly, the' obj eCig ‘Hecgpr?%é?rféﬁft
invention is to provide the information2recordi ng medi'um and the

i nformation recordi ng method, in which nmediumand 15 method a crystalline
state part of AeBe8L8LAY.| 8}€r 2sGPMPAHARNdNEA VSR Op AEId UFdum dfS r ecor di ng

| ayer is prevented frogmgrowi ng epitaxially into the anorphous part of
recordi ng Iay@??oﬁﬁHPGr°g BBENASFPTHENABRYLNE SNESFEGEE B¥r tth&F recording
| ayer and the cr¥§tallin$ Zg state 5§rg of r%cording I%rer surraqundi ng the
anor phous par FPBFLPELBAAIRg ey 8PS BIETETE 2 3TF0T: ARd RXYIGd Spread of
so-cal |l ed opt%cal Eésks durhgg tEe rec Ht ﬁ@?ﬁs’ t he optical disks becone
to be used ant®Efordd GRURFABPe 5ETE! 8& FCPoRNEYISE “Therefore, it is
necessary to inprove a reliability of the optical disks. As a result of
various durability experinments regardi ng the above described materials in

26 Decenbeg agggEEfiﬁNﬁigghﬂg$9t0Fi?HﬁaiNV%NQQOhhat a signal quality such
S after a

as fitter was deteriorate ong term storage of the disk with the

nvi ronment . By 5 det ai 1 ed P RSGSt Poatl o aoaa t ey ae ¥ ognd that a
provide an information recording medium and an
information recording method, by which medium and
method a change of a recorded information with the

10 passage of time is restrained, and/or the recorded
information is clearly and securely read out.
Particularly, the object of the present invention is to
provide the information recording medium and the
information recording method, in which medium and

15 method a crystalline state part of recording layer
surrounding an amorphous part of recording layer is
prevented from growing epitaxially into the amorphous
part of recording layer, and/or a boundary between the
amorphous part of recording layer and the crystalline

20 state part of recording layer surrounding the amorphous
part of recording layer is clear and smooth.

In a wide spread of so-called optical disks
during the recent years, the optical disks become to be
used and stored under more severe conditions.

25 Therefore, 1t is necessary to improve a reliability of

the optical disks. As a result of various durability

experiments regarding the above described materials in



.crystalline part contacting an anorphous mark grows epitaxially to change a
shape of the anorphous mark. It was also found that no change occurs at a
central area of the anorphous mark, that is, a portion not 10 contacting

the crystalline state. For overcomng this problen1 a f@ﬂﬁ%dé% gpg 02
conposition of a recording |ayer are chdnged to increase an ac?lva I'ng
energy of the recording |layer so that a stability of the anorphous is

i ncr eased, bthiFh¥i§WnPPéPtphéﬁoW@ﬁoﬁ°P§d058GFréd51FP@ﬁiﬁh@@éiﬁhtters it

was understood t hat thi henone on C not Verco b ncreasi ng the
vt e ovErth s h BB o Ao e IPR s Abtere 2 LM HBETEL abi Ly of

nventors 20 FOURASPr B VAP BU8<cBRCRASPS: FOSSTRER BUSAEDR TSR REdiFove
probl em thal A9ohTREGNENESL:A" pRA HhALRACE SMSLUECD G ARLANOUG T k and

the crystalline“sta art e recor ayer 1 s 'signirican

| mpor tant , s angt b1 ghoy ﬁv85995s@a8 s S0 dhaflD LONt ent

of Oxygen In t e recordil ng n an i nformation recor I ng ne I

conpri sing a ék‘%%éﬂfn@”?aétr EBHrtﬂb'Eg.nba)é%r afidr FB%u%UQI%E‘i@tg‘i‘:vo

recording |layer being partially transfofnmabl e befween 26 Decenber

2002 crystal |éﬁft&kﬁ&fl?néoaehaﬂgépBoéﬁa%batﬁ R¥ebaimdsppids aldrk .heated and
cooled so that a signal is recorded in the recording | ayer by the partial

transformati ont waygeDsbnebufdadthytt he changedi bgcuaseatd af @Entdals a change
of the transfornmed part, particularly a recrystallization of the part of

t he recordi ngateyeoft thasamomptofisomairke ¢hwpst dlsl,i ae peptratient motthe anor phous
state, so that a change of the recorded information in the passage of tine
is 10 rest@ai centagtingethecoryshglliner stadeeri Eogx ofveGEoBinge thise,

I n-Sb-Te type, Ag-1n-Sb-Te type, MA-Ge-SbTe type (MA involves at | east one
of Au, Cu, Pdprgbleny armateriyl gnd zgempysifdonCof mWpremordiag Ru, Co, Rh,
Ni ) Ag, T1) S, Se and Pt Sn- Sb-Te type, In-Se-T1l 15 type, In-Se-T1l-MB
type (MB i nvol@¥er aarecghangad &P Aﬂcreﬁsepén ¢§t1MFt#P9 s@erwy'nf Zr, V,

Nb, Cr, M, M, Fe, A Co, _Rh, Ni) Ag, . T1, S, Te and Pt) Sn Sh- Se .
the recording’ layer so that a stability of

amorphous 1s increased, but, the similar phenomenon

15 occurred. From these matters, it was understood that
this phenoménon cannot be overcome by increasing the
activating energy of the amorphous state to improve a
thermal stabllity of the amorphous state, and an
improvement on a new polnt is necessary. The inventors

20 found from various considerations for overcoming the
above problem that an improvement of an interface
between the amorphous mark and the crystalline state
part in the recording layer 1s significantly important,
and the above problem can be overcome by adjusting a

25 content of oxygen in the recording layer.

In an information recording medium comprising

a substrate and a recording layer on the substrate, the

recording layer being partially transformable between a



.type or the like is usable. If a content of oxygen in the recording |ayer
20 is less than 2 atom ~ of a total content of all atoms in the recording
| ayer, it is difficult to obtain a stability of the recorded mark fornmed by

the partial transformation of the recording layer. If oxygen
in the recording layer is nore than 20 25 atom~) it iggg?%ﬁﬁéggéngzeasily

carry out the transformati on between the crystalline state and the

anor phous st acgystalliner 6&8itrgante agt 5O ust sttt e o drar k, 3- 15
atom~ is preferable, and 8-14 5 26 Decenber 2002 atom % is nore
preferabl e. | PashiBLey hRatedcardi F9OLEFe SO Fhati @ S49N&%bIS the oxygen in
the recording | ayer. and restrains i.n the recording |layer a diffusion of a

constituent 5FBSPTPAoAPakBeoFerREGiNge pigud Y& and/or the

talli t t . and/ tall] h fromt talli
tate part | nEBSTAECHIBE SRS CETREE BAFTIRLiY 4 KESHATS B ncl udes

t he oxygenB?:rgékgsﬁnéoalEhépﬁgrﬁgoEggnqrE%¥§§%éﬂ%§lﬁg§% Ge, Sb and Te, it

is prefera e recor ayer toinclu east a part of Ge as

oxide. It 1S BhebgeaRhe1(0h ?eE?kgttiaTﬁ.Qi?Q'% | i GO af the at

| east a part I'n recordin content b 15 of

anot her part kALt C ' r # t art of
Ge as oxide tgggg‘f\?\n&?ﬁi Egg["gcg%ghg%ﬁ% by O.t(l)ltfh%&gé(%gal?ibd)éa?%éS p | f

the recordingthayge hRerpHBHsCatabl,23¢ thatl fa ichdigd @il for the
recording layer to include 20 at least a part of Sb as oxide. It is
preferabl e foredorded information in the passage of time is
10 restrained. As the recording layer, materials of GE-
Sb-Te type, In-Sb-Te type, Ag-In-Sb-Te type, MA-Ge-Sb-
Te type (MA involves at least one of Au, Cu, P4, Ta, W,
Ir, Sc, ¥, Ti, Zr, V, Nb, Cr, Mo, Mn, Fe, Ru, Co, Rh,
Ni, Ag, Tl, S, Se and Pt), Sn-Sb-Te type, In-Se-Tl
15 type, In-Se-T1-MB type (MB involves at least one of Au,
Cu, P4, Ta, W, Ir, Sc, ¥, Ti, Zr, V, Nb, Cr, Mo, Mn,
Fe, Ru, Co, Rh, Ni, Ag, Tl, S, Te and Pt), Sn-Sb-Se
type or the like is usable.
If a content of oxygen in the recording layer
20 1is less than 2 atom % of a total content of all atoms
in the recording layer, it is difficult to obtain a
stability of the recorded mark formed by the partial
transformation of the recording layer. If the content
of oxygen in the recording layer is more than 20
25 atom %, it is difficult to easily carry out the
transformation between the crystalline state and the

amorphous state. For increasing the stability of the

recorded mark, 3-15 atom % is preferable, and 8-14



.relationship between a content ¢ of the at |least a part of Sb as oxide in
the recording | ayer and a content d of another part of 5b in the recording
| ayer other than the at |east a part of Sb as oxide to be within a scope 25

defined by (0.01 Sc/(c +d) s 0.2). Wien the recording¥%ﬁ¥§é%%gég&ﬁ%%_§g,

Sb and Te, and contents of respective aPons are 10-30 a
atom % of Sb and 40-80 atom % of Te) _or 26 Decenber 2002 35-65 at om % of
Ge, 10-30 at oftOMof 36 BRFS3IBrE5eZ@BdLw of Te, a phase change between the

anor phous phase and the_crystalline phase can be .easily carried out so that
arewite of the infor nﬁ(léi \éﬁa %'eéag?e E?%E%ilﬁg e (i tyFéjr %M 1-10 atom

W, O, Vo netaBly' RS eBYSe 1yt rerpralbuslavsr AR whtEALE bt om
a temperature,forner yakalllaal han of ol NG AULBIOUE o Achdi ddigfeased, of
an activating energy i'STirfcreased. en the recording layer 1ncludes Ag,

In, Sb and5Te8FE% E§0Hr35§ggglgnkgrtthah%gﬁﬁghggéﬁ@ﬂ@'ﬂ&%ﬂ!ﬁﬂ%?q?zﬂ

| east.a part n as oxl is preferablle for a relation etween a

content a of %get Beyatah33nk 3tBRE! pairt!,N 2@/ @€ driydtha INeeOIdhidiH ayer
and a content of another part of I'n in the recording |ayer other than the

at least a pagkofif the asyaxhdaihe Beate! batta intepanéefdntadHaug 0. 01 S e/ (e
+ f) 0.5). 20 When the recording layer includes Ag, In, Sb and Te, it is

preferabl e fogthlte pagerdithatl aner reeordingdaayerd dasilumemrtheof Sb as
oxide. It is preferable for a relationship between a content g of the at
| east a part ekyfenaasowiddei.n the recording 25 [ayer and a content h of
anot her part of Sb in the recording | ayer other than the at |east a part of
In as oxi 0@ to be wi t hi Afatheopecdeiiimgd Layef0 iOt18dgs et B @ 2) . 26
Decenber 2002 When the recording |ayer includes Ag, In, Sb
Te, 1t is preferable for the recording layer to include
at least a part of Ge as oxide. It is preferable for a
relationship between a content a of the at least a part
of Ge as oxide in the recording layer and a content b
15 of another part of Ge in the recording layer other than
the at least a part of Ge as oxide to be within a scope
defined by (0.02 = a/(a + b) = 0.5).
If the recording layer includes Ge, Sb and
Te, it is preferable for the recording layer to include
20 at least a part of Sb as oxide. It is preferable for a
relationship between a content c of the at least a part
of Sb as oxide in the recording layer and a content 4
of another part of Sb in the recording layer other than
the at least a part of Sb as oxide to be within a scope
25 defined by (0.01 = c/(c + d4) = 0.2).
When the recording layer includes Ge, Sb and

Te, and contents of respective atoms are 10-30 atom %

of Ge, 10-30 atom % of Sb and 40-80 atom % of Te, or



.and Te) and contents of respective atons are 1-15 atom % of Ag, 1-15 atom %
of In, 45-80 atom % of Sb and 20-40 atom % of Te, the phase change between
the 5 anorphous phase and the crystalline phase can be easily carried out

so that the rewite of the information can be perforned, in t her
26 BhaBiheP s

atom of 1-10 atom % for exanple, at |efist one of Au, r,
Sc, Y, Ti, Zr, V., Nb, C, My, M, Fe, Ru, Co, Rh, N, Ag, 10 T1, S Se, Pt
and N of 1- 1038rBfh atomnd Pgnﬁératl_Qr‘gof B8y s A Isibzétngr?fb“fsq - Qffrot phous
Plate |9 N Sashd o phhSeachhiall B, Se S e dleremisd e recpaing
Lhe o0 IR BLARRIIRCOKAED, (LS ARG ISP Bladenst
e oo MR L ARSLARLE ToOMne WP alg |y of Lhe
CrLoe |2 o ASERSE SRV, 1306, BRSOy BheloR¥l Y Mise g0
to keep a  of Au, Cu, P4, Ta, W, Ir, Sc, Y, Ti, 2Zr, V, Nb, Cr, Mo,
Mn, Fe, Ru, Co, Rh, Ni, Ag, T1l, S, Se, Pt and N of 1-10
atom %, a temperature for crystallization of the
amorphous state is increased, or an activating energy
10 41is increased.
When the recording layer includes Ag, In, Sb
and Te, it is preferable for the recording layer to
include at least .a part of In as oxide. It is
preferable for a relationship between a content e of
15 the at least a part of In as oxide in the recording
layer and a content £ of another part of In in the
recording layer other than the at least a part of In as
oxide to be within a scope defined by (0.01 = e/(e + f)
= 0.5).
20 When the recording layer includes Ag, In, Sb
and Te, it is preferable for the recording layer to
include at least a part of Sb as oxide. It is
preferable for a relationship between a content g of
the at least a part of Sb as oxide in the recording
25 layer and a content h of another part of Sb in the
recording layer other than the at least a part of In as
oxide to be within a scope defined by (0.01 = g/(g + h)
< 0.2).



.25 surface tension of the part of the recording | ayer high when the part of
the recording layer is heated to be nelted, so that at least a part of a
boundary between the part of the recording |layer nelted and subsequently
26 Decenber 2002 cooled to be cured and anot her part of ' | ayer
surroundi ng the part of the recording | dyer is round a%ﬁigﬁgéﬁﬁ@Fgﬁgﬂ%f "0"
state and "1" state of the signal is clearly and securelg defi ned by the

round and 5 smooth at | &R&N F08 HeHTHNE TR RSHEES RDr dFhg $he
signal onto the recording layer and s clearly and securely. recognized at
The'at Ioast ARTE oRnd COMENE P AR Rt ) AT 12 kTS from th
rego?dingafayefﬁaTQeo rt of, t.he rglordi ayg? q{ er beilg 0 cggr]d So
be cured may B9 tﬁ%aﬁ‘r%rd‘ﬁ sasttoﬂé%, ogﬂoﬂr{’he 5a'noci h%tronﬂ)a t° fSt?h%ng
recording | ayel Y e B e vl Vil Il il o dldEI Ny el Y, the part

of the recording Tayer after bei'ng co nay be'in the
crystalling s I r Hﬁég ' Y be in
t he anor phgus%gkg%’gg%%h?%%bs%c%%%tthh%g c%rﬁﬁat}lr'}%rfeggt y g*%}gc%?vg{lsm
particularly waesiad 8e® HoNEHINSHe devr 11 &5 athe WitFoia f 541 Oih @

spiral groove or a plurality of coaxial grooves on the substrate, the 20

substrate inchddgerobineddl i By dfadmRP\Rvthdrentidn sbstentdebhys,
circunferentially and juxtaposed radially and a plurality of |land portions

ext endi ng subFoaneixampi eGi atumearsantond lof ang jaixt appserh s agj atdy def ween
the grooves and juxtaposed radially, and at 25 | east one of the plurality
of grooves juxtampasedr, v, Nb, Cr, Mo, Mn, Fe, Ru, Co, Rh, Ni, Ag,
10 T1, S, Se, Pt and N of 1-10 atom %, the temperature for
crystallization of the amorphous state is increased, or
the activating energy is increased.

The recording layer 1is partially heated by a’
light beam or an electron-beam.

15 By making the recording layer include oxygen,
the oxygen or oxide prevents at least partially a
direct contact between the amorphous phase and the
crystalline phase to prevent an epitaxial crystalline
growth so that a stability of the amorphous mark is

20 increased.

If the recording layer includes oxygen as
oxide in the recording layer, and a viscosity of a part
of the recording layer is kept high by the oxide
included by the part of the recording layer to keep a

25 surface tension of the part of the recording layer high
when the part of the recording layer is heated to be
melted, so that at least a part of a boundary between

the part of the recording layer melted and subsequently



.radially and the plurality of land portions juxtaposed radially forns
recordi ng tracks on which the signal is recorded, the smaller a radi al
di stance between the 26 Decenber 2002 recording tracks is, the larger the

fecording density is. If the radial distance between t@&;b§§$r I_n dd cks
oReb#9%ha |

Is not nore than 1 a m an effect of th& above nethod i"s | dif
not nore than 0.7 a m the 5 effect is particularly increased. Further, the

snmal | er a ni nFREAECet§t Reorruedamndornoidere @i Rf | iR rrerIEERANd
subsequently cooled to be cured, that is, the recorded mark is, the |arger
the recordi ngt@¥RS SPTFOUNinge the RRFT Ofudhs TRFF HADrIAASON D t he
mar k shape by _the epitaxial .crystalline gro at _the, nmark boundary in
conpar i sgn Winf?uRdsiI%?é1 Wopﬁg"%ﬁf‘? 2fd a?% & ad’rg]tl"?e & e c&ﬁaﬁ??y by
the deformatign of .the rk _shape .are ' _incr d n_the mni mumlength
of the recordéggﬁg}k?‘ngﬁﬁatrﬁrg %ﬂgsﬁgﬁﬂrﬁiyy%wg%nﬁ ealr%r?n%cef’?%ngi s
t t , t ff f b | S, i Wh
ot e Lo afobentah, WIS Hegha! P ABLA I 1SS Yhen

ci rcunferent| ?hedhggﬁ?ailorc’mlt% §ﬂte| ?%E:%zh*l’ﬁ? Q:a%(éxaryhnci g eiatl pladqe above

method is 20 furt I ncrease the medi um*further conprises a
protecting | aggeusaniaslcegniiBedr a0t Aistand gdie ot@gd i ng | ayer

i ncludes at | east oné of oxygen and nitrogen, a

boundary when reading out the signal from the recording
layer. The part of the recording layer after being

10 cooled to be cured may be in the amorphous state, and
the another part of the recording layer may be in the
crystalline state, or alternatively, the part of the
recording layer after being cooled to be cured may be
in the crystalline state, and the another part of the

15 recording layer may be in the amorphous state.

The above method is significantly effective,
particularly when a recording density is increased.
When by forming a spiral groove or a

plurality of coaxial grooves on the substrate, the

20 substrate includes a plurality of grooves extending
substantially circumferentially and juxtaposed radially
and a plurality of land portions extending
substantially circumferentially and juxtaposed radially
between the grooves and juxtaposed radially, and at

25 least one of the plurality of grooves Jjuxtaposed
radially and the plurality of land portions juxtaposed
radially forms recording tracks on which the signal is

recorded, the smaller a radial distance between the



.di scharge of oxygen out of the recording |layer is 25 restrained to hold
stably the oxygen in the recording | ayer. When the protecting | ayer
i ncl udes the oxygen, since the recording |ayer includes the oxygen, a

di ffusi on of oxygen fromthe protecting layer into the gﬁg&fr
2002 recording layer is restrained. WerP the protecti ngzq éggéﬁ}bﬁl udes the

ni trogen, a change of the recording |ayer fromthe anorphous state to the

crystal line sttgeerding §zacks ckyst@re | FRFPoOWIE oFeePPiRI ofeRféty

recording layer of the crystalling state into a rt of the_recording |ayer
Ay e

of the anorphdds st Fhes TaEkdh; -ange jRetyes FeFAFINGont ent of
it [ t tecti | ' 1-50 at % qf total .10 tent of
211 component STAN A e ato e T 1B A BEESEE Bt NS cct 1 ng
| i ncl ud S d Si |f th i ' | t t

of chr ome. ox FE R drtsdned aiali A SS ho R Gindd 0L P iR AL REST O

di ffusion %f GYRENts ti%f’?féhf %]ﬁrﬁfé%&d.ﬂg | ayer and the recording

| ayer is réstrained and ‘conponents e recording | ayer are stable. Wen

the protecting Iayerirugdggﬁbfjmiﬂgtgﬁgﬁibrehcagﬁfmﬁmtfgﬁ§9$ b preferably
o

1-50 atom % Further, it 1s nore preferable for a gradient nitrogen

content in a @y tHE Gess g SdyON mél Bed M@ Ns@bsdphERt L pe

recording layér and the protecting | ayer are adjacent to each other is 1-50

atom %/ nm UWyled Kic trslidddn, tidenid hethe s sbirded agFk i ssheehed to a
hi gh tenperature not nore than a nelting point thereof by an 25 energy beam

such as a | asgrafipamtie retdrdindgaleneiteysis s Sindy genmaghetudé dhe
region at which the recording |ayer and the protecting |ayer are adjacent
to each otilter s ddfioatmeet it citengeark cshape yotlphoesitaxial
crystalline growth at the mark boundary in comparison
with a size of the mark and an effect on the signal
quality by the deformation of the mark shape are
increased when the minimum length of the recorded mark
15 in the substantially circumferential direction is not
more than 0.7 Um, the effect of the above method is
increased. When the minimum length of the recorded
mark in the substantially circumferential direction is
not more than 0.5 4m, the effect of the above method is
20 further increased.
If the medium further comprises a protecting
layer contacting the recording layer and the protecting
layer includes at least one of oxygen and nitrogen, a
discharge of oxygen out of the recording layer is
25 restrained to hold stably the oxygen in the recording
layer. When the protecting layer includes the oxygen,
since the recording layer includes the oxygen, a

diffusion of oxygen from the protecting layer into the



.11 26 Decenber 2002 phase to the crystalline phase, that is, a deletion of
the recorded mark is easy. That is, a superior rewiteable nediumis
obt ai nabl e, because a mai ntenance stability in a roomtenperature and a

-superior deleting 5 performance in a high tenperature %% @Q@e,ﬂggp Pldyss mar k
can be obtained by controlling the oxydéh content of the recording | ayer

and the nitrogen content of the protecting layer. A m xture of ZnS and Si (Z
i s preferabl %Soﬁdﬁﬁge;PXProFstEésﬁFGFBEBPng*ﬁ&?eFPel@qﬁﬁﬁﬁEﬁPQﬁ its | ow

s pref er abl e*aSO8 haget b gh&ger’ | i

possibi 11 1y ofetie a8ffadR EnhoRErFaRdyrr Ruchehor! b8 RIS Besandigd ayer by
I lit LL t | th 0 [ ti

oot 11 cient ora¥Rb FeRl: nRerEplght“E5hPHarS, thaT RavReRl e G0 T 0iccn

And, the chro i d ant.al Lde; i i a er i nitride
are usabl e asg?%gélfm?ré#a?&bf H{Thgi%?ggégbg%%%gﬁbﬁﬁ ?%ég:e,d?tahmé'}é{:nhrgrrel

oxi de i nvoiv i i t i I, +coaf fi ci i | ar ge
to increagg ZE%???§$§§025¥§grg?lg%?agggsgggkggﬁ %ﬁgtghgfb(ﬁjﬁggﬁgiéﬁgnd tﬁe

crystal line ppaserdbbPadnguhhiBreckntael ameRpRopkl @¢lateand an inferior
point of that a stress is large in accordance with a | ayer deposition

condi tion. Theetephdhed, oxi de involves a 25 superior point of that a
cooling effect after the recording layer is heated and nelted is increased
by its large thermal capeclibkyprafidrablenthaitoa pontiendf ofhalitaxdgess of
oxygen easily occurs so that it absorbs 12 26 Decenber 2002 the |ight and
the refl ect ante thedprotasedngThayarusntrs50xadem #voifvas totalperi or poi nt
of that it is significantly stable and an inferior point of that an
adhesi ve 1@r ceonhbenheofeaddldecngpbagstsi ofsthel proffect deyeani umtniltsri de
invol ves a superior point in adhesive force to the recording |ayer, and an
inferior poi nereferableatbatkthhepsotertingagpyeraddclydesoynSom@ntg a
| ayer thereof through sputtering or the like is difficult. These materials
of the protec?i@g | rthe protecting layer includes at least one of
chrome oxide, tantalum oxide, aluminum oxide and
germanium nitride, a diffusion of component between the
15 protecting layer and the recording layer is restrained
and components of the recording layer are stable. When
the protecting layer includes the nitrogen, a content
thereof 1s preferably 1-50 atom %. Further, it 1is more
preferable for a gradient of nitrogen content in a
20 layer thickness direction in a region at which the
recording layer and the protecting layer are adjacent
to each other is 1-50 atom % / nm. Under this
condition, when the recording layer is heated to a high
temperature not more than a melting point thereof by an
25 energy beam such as a laser beam, a crystalline nucleus
1s easily generated at the region at which the
recording layer and the protecting layer are adjacent

to each other so that a phase change from the amorphous



.10 have the superior points and inferior points respectively, but m xtures

t hereof conpensate the inferior points to have only the superior points.

For exanple, a conbination of the chronme oxide and the al um num oxi de, a
.conbi nation of the chrone oxide and 15 the germani um nhkLrd de ionat i on
of the tantal um oxi de and the al unm num bki de, a conbi ngﬁi%%c%f'g?ﬁg@lzum num
oxide and the germaniumnitride and so forth are the m xtures. Further,

anot her mat er PRRSEt F&r thiga STVFE 2dPdve PIaSS bddatatleti £ MBI Lifled to

t he above 20 protecting |ayer terials. t he another material other than
the above desEhenE@oRAten MK Gsopadye, 0dhatl G5 fORDREST Cocr. PHO

w3, Cis Ay Brgaerhpdl pehra e Vagnlld naliehenatens
GeS , GeSe , 2 S(, SnSz( ,SnSe, 2, PpS, PhSe.. B Bj 2S3,
Vor2, Cors, | cRREULTERY T O e A ST IR O

ke 12 USSE erMENAR OO e P AN o Al lechond A
vol une, and tE‘én@’&égg?;tt%;]l?x%%”tggfgo%r{:fdlltﬂﬁg g:%cor%rl ?é’cﬁ{tcecﬁc}?'lgfs In a

t hi ckness direction ere ng layer, ar eristi a conponent

5 diffusion beheeadradnlAaayelr W 9 itibdedy Yortith d@Vale CONt acting
the recording layer is deSirably set, and changes in viscosity and

refl ectance begiragertling Jdviedce of nik@urec¥edizng laaersiandian interior of
the recording | ayer can be desirably set. An 10 adjustnent of the oxygen

concentr at i onpirafefrablec @sdianthatadal f et protedttiitig [@ayer oxi di zi ng
treatment of the recording layer in a gas including oxygen after the

r ecor di nglbay decasskonifed t sol.oan taedrmslnewn duic tdxyigen axphagdd at i on of an
envi ronment gas during a deposition 15 of the recording | ayer. \Wen the
oxygen concentegbirddnignseasdded viirtgm a Homesteanit itdlene misid eqesibilfty he
recording |layer toward at | east one of surfaces of opposite sides of the
recordi ng | ayef ithath& thi dhdsspatierd@li difdfusese i3k a dhe dienpiddng - t he
conmponent diffusion between the surface of the recording |layer and the

| ayer cont act LAYEENEYr &c BAdirRd Uty Of rewrd&ings,apt AfFs than QUG at

;Egszuib:t EQH %::lrl ﬁ_mt(cj)dlc a%%ientanOfoptt ecarle%%re%iﬂ%ilea terofu q:qleer J:t'ehceorat{r:il.)nrgp hous

15 layer so that a reflectance 1ls decreased. And, the
chrome oxide, tantalum oxide, aluminum oxide and
germanium nitride are usable as the material of the
protecting layer. In these, the chrome oxide involves
a superior point of that the optical coefficient is

20 large to increase a difference in reflectance between
the amorphous phase and the crystalline phase with a
multiple interference effect, and an inferior point of
that a stress is large in accordance with a layer
deposition condition. The tantalum oxide involves a

25 superior point of that a cooling effect after the
recording layer is heated and melted is increased by
its large thermal capacity, and an inferior point of

that a loss of oxygen easily occurs so that it absorbs



.25 When the oxygen concentration increases fromthe substantially m ddle
point of the recording |layer toward each of surfaces of opposite sides of
the recording layer in the thickness direction of the 14 26 Decenber 2002

.recording layer) the conponent diffusion between the sygf
recording |layer and each of the |ayers ldontacting the ?Eéggﬁyﬁée{29gg IS

restrained, and the reflectance at the substantially mddle point of the 5
recordi ng | ayEReuhdightt ApdakBeprefisephancei dskapcrringrd .|t The preferabl e
t hat the oxygen concentration i ncreases fromthe substantially mddle point

of the recor dRhEPLBYR, OXbHAr 4NVALVEE RefUPeBARToPOdRL: 8 dhGt difpdsi te
Tayer by at | BRSRLEAReE RESE5RBiRoandy g tBoREIAE: BOROE AE et ad o o
St a1 B B B SRR RRS, 4k, RS, T
| ayer ool rEhLRERLLACALERLAE 1000LPLE] 20BHpbRTR BEIEY, Sn WARHEA O O

thi ckness di rf&ﬂg?”th tfoerESSQEI%QﬂJéE%EE af Qns‘?ig%&ii%&r %%gﬁt{ %fa“ vely

closer to the reflection layer In thickness directio

recording | yehat 2R0hhiR PKKOERECOBCERRLELEORNAN chBBabiy ForflliiAGe (O he

oxygen concentration at a firs fomthe first sadr wer than

the oxygen congpatrehbp8o8NthPEu§RCEPALtEEIAGEoLOkhENG1R%Yg@N concentrati on
at a second 25 depth fromthe second surface, the second depth being

substanti al | yaegpatul .t hehébeshadepils blethsypedteendnant nalieen on the
first surface is increased toward the oxygen concentration on the second

surface with hitee tHé 2Gpeeiepbpoif€62andi dnferiomr @binhe first surface by
t he oxygen passing through the resin substrate to nake the oxygen

concentr ati onsespethivelyf abet mixbtppesi thexedéscompeheatiei ¢keess direction
of the recording layer uniform 5 The reflection |ayer is generally
met al | i ¢, andirfepk9gepopriaetpi have ondvethei supexiosr polakst.haFosf the

example, a comblnation of the chrome oxide and the
aluminum oxide, a combination of the chrome oxide and

15 the germanium nitride, a combination of the tantalum
oxide and the aluminum oxide, a combination of tﬁe
aluminum oxide and the germanium nitride and so forth
are the mixtures. Further, another material other than
the above described materials may be added to the above

20 protecting layer materials. As the another material
other than the above described materials, CeO,, La,0,,
S10, In,0,, GeO, GeO,, PbO, SnO, SnO,, Bi,0,, TeO,, Sc,0,,
Y,0,, Ti0,, Zro,, V,0,, Nb,0,, WO,, WO,, CdS, CdSe, ZnSe,
In,S;, In,Se,, Sb,S,, Sb,Se,, Ga,S,, Ga,Se;, GeS, GeSe,

25 GeSe,, SnS, SnS,, SnSe, SnSe,, PbS, PbSe, Bi,Se,, Bi,S,,
MgF,, CeF,, CaF,, TaN, Si;N,, AlN, CrN, BN, Si, TiB,, B.C,
SiC, B, C or the like is usable.

When an oxygen concentration is a ratio of a



.Substrate made of a resin. As a material used for the reflection |ayer, Au,
Ag, Cu, Al or a material including at | east one of 10 themas a nmain
conponent is preferable because of a significantly high reflectance
.thereof. Wen only one of themis used, the reflectancggat |
significantly high, but a recording sens3tivity is dec?géggégﬁégggggzbf
significantly large thermal 15 conductivity thereof. On the other hand, a
materi al incl byMRgrapf] exygednateomsTito @ numpemof &gl gtoms, immaa se S
Ge, Pb, Ga, As) Zn, Cd, Sc, V, M, Fe) Y, Zr, No, Mp, Tc, Ru, Rh, Pd, Hf,
Ta, W Re, OCsUnif vplumeangRéndte erygem camFeadmatdiar diferddi as a main 20
conponent thereof has a_low refl ectance, but .a.low thernmal, conductivity
preferabl e foFeFREABEAAVRE §@ﬁ§ﬁ@§v#ﬁyﬁ'ﬁthHﬂﬁ§§Eaiﬁqﬁ§%9¥3 tthf the
bef ore nmenti oned ghgﬁg §UCh as _Au.and the el enent. of the |ater mentioned

e

group such asT$F° AYRE «r & Icél@fr'ia&fqr&f S6% & SRR 4 gh _
5 s Sl e o e o] i o
the like is aacgag% .t‘éo?l{%mli?)gf '%‘?%Ag:e%‘}d&'l’ﬁ éL]aSre%E; i@e;d?%l?ﬁtt? 2 Cu also

can formthe re I on Tayer e highre ctance a er mal

conductivity.FQerahgecaéﬁg%%i?g?ggghbggfy1daa1§g%ﬂgdggnégﬂg€§¥3ééﬂ the

oxygen conceniration at t pth 5°fromthe first surf s hi gher

than the oxygeReCgReeRlebrORNAN rek@rINeed sy a5 G il R0l
concentration at the second depth fromthe sécond surface, the second depth

lbei ng substanthal kecegdangt Qalie CansbelAs)rabdyaet .of Ahe recording
e IS10 adjustment of the oxygen concentration in the recording
layer may be carried out by an oxidizing treatment of
the recording layer in a gas including oxygen after the
recording layer is formed, or an adjustment of oxygen
concentration of an environment gas during a deposition
15 of the recording layer.
Wﬁen the oxygen concentration increases from
a substantlially middle point of the recording layer
toward at least one of surfaces of opposite sides of
the recording layer in the thickness direction of the
20 recording layer, the component diffusion between the
surface of the recording layer and the layer contacting
the recording layer is restrained, and a reflectance at
the substantially middle point of the recording layer
under the amorphous phase is kept high.
25 When the oxygen concentration increases from
the substantially middle point of the recording layer

toward each of surfaces of opposite sides of the

recording layer in the thickness direction of the



.10 included by the information recording nedium the reflection layer is at
a relatively inner side in conparison the substrate in the information
recording medium and a tenperature at a relatively inner position is nade

.higher than a tenperature at a 15 relatively outer poshki i
i nformation recording nmedi um by recordilyg and/ or reprogééﬁﬁa%npgggggfgen
y

concentration on the second surface is increased toward the oxygen
concentrat i onreporfiéngi Layesur theecampangngr ddé&sd@rotoeddesinz ditheon of the
second surface by a 20 diffusion of oxygen fromthe protecting |ayer so
that the oxyg%ﬂr%@ﬁ@eﬁ?r§b¢0ﬁ§06ﬁdﬂﬁ§ iéﬁ?§c§§doﬁa6ﬁp&§tP?QﬂLﬁ%?q%lthe

t hi ckness direction of the recording | ayer are nade unifaorm ¥£e t he
oxygen concentPRERERLINECFREsEECPTEATI5 1eHETs dFs C&FHFAINP Y AR %hﬁrn of

e T eoor Ol LAY EL L QU e R BLELeRNE 20Ty Rl o Wskien difect] on of
recor di ng b ayEPCoTAbRS: RY5Ry HUACEoRBEn AFREED I EPBRSo T PRy RO |
substantially m ddl e poipt . qf r.di I r rd the second surface
in the thickness directanigfp%g?ﬁégﬁggokggﬁgq%gyéﬁ, Te pair of the

recording | BYgbRchicERELHdnBYeblg! RO RN RIRAYALNA P14 N

[
reflection | ayer rs atrve i nner side I n conpari'son

substrate in %HEnic“B?fEﬁE! eecbea%gi A9 yaediteilardndnid @ anRaaigHe g the
relatively inher 10 position is made higher than the tenperature at the

relatively outgerReskt b@NopPokhtei B ALERLIFOR el GVCBHEL NE didiabyird he
recordi ng and/ or reproducing, a proceedi ng of oxidization at the

subst ant i abl ytRedghecrakBs Gfirtkeibacerdithe reyerdihg asyer nad.atls Wen
the recording layer includes a first area on which the informati on can be
recorded and peastondoatémebr o whiec bxyglen @onemndcadtiicon adf ttee previ ously
recorded information is performed, it is preferable that a difference in
oxygen cont ensubstastnallyt médfilespodnd ofcdhd aeswrdinadiavasre than 18
atom % When the medium further comprises a
reflection layer for reflecting a light, the recording
15 layer is arranged between the reflection layer and the
substrate, the recording layer has a first surface
relatively closer to the substrate in the thickness
direction of the recording layer and a second surface
relatively closer to the reflection layer in the
20 thickness direction of the recording layer, and the
oxygen concentration on the first surface (or the
oxygen concentration at a first depth from the first
surface) 1s lower than the oxygen concentration on the
second surface (or the oxygen concentration at a second
25 depth from the second surface, the second depth being
substantially equal to the first depth), the oxygen

concentration on the first surface is increased toward

the oxygen concentration on the second surface with the



It is preferable that the difference in oxygen content between the first
and second areas is not nore than 18 atom ~ after deleting the recorded
signal and recording the signal on the first area is performed by a 25

.plurality of times so that the transformation of at | érfﬁo?he
recording layer on the first area betwdén the crystallTne state and th
anor phous state is repeated by the plurality of tines. " 18 26 Decenber

2002 Wen theoxifiteather Ph thegbhresncurfapet R¥ePehOXMICS PASSANGh which
the informati on can be recorded as descri bed above _and the second area on
whi ch only t hthrepgbdtbei 5Asdh sHBESEFAFROLSI Pakec 5N @*¥9e mation 5 is
carried out is nore than 18 % a_difference i% refI%a%?nc ween

becones | ar geceBCeRbFations aps fheuFBTEaresneti RPBP T d%%?ﬁ%f& t he
After the recoRuPRBSRayBIrpEtiER ad pho: Sbsharel Agver SR tiHE on The
descr i bed 3bob8S FREIERESR LBAEEnCE GPeRe ay, et AT Y
substantiallyaggggé éggggéﬁgggﬁﬁ;tﬁgrhg§ti%h%m%ﬂﬁb§ckﬁﬂﬁﬁ%ﬂgttJFEQHéSt and

second areas equal to each other and a problemon the

repr oducti on 988§ PgEeOﬁgaé,o?uE ?Q%Enlhe information is recorded on the
y en% e

second area b 0Sseéd pits, differences in oxygen diffusion with the

passage of tinme and pengtr gt haRe®ha@xvgea fFoemtde Péfalddtiiomladcaused by
a difference in shape relative to the first area on which only grooves and

a internedi at gyar gg, behvesn bheagna®eed aflon ndladieeprat N@aste dny ref.
Further, because a atom c configuration changes only on the first area of

t he recor dpngthameasWaenathe campoaeatdiisg prefeaabiled bmdause af laaast one
time, the oxidization or a discharge of the oxide is accelerated in
conpari son w shghtifisaatdy adgh akfilectancer dihegeod.er Whareronle ane/gen i s
previ ously included by the 19 26 Decenber 2002 recording layer, it is
difficult forofheéhamoie psed.erbet refdeciianse dhenant dis ference in oxygen
content significantly high, but a recording sensitivity is
decreased because of a significantly large thermal
15 conductivity thereof. On the other hand, a material
including at least one of Ti, Cr, Co, Ni, Sb, Bi, In,
Te, Se, Si, Ge, Pb, Ga, As, Zn, Cd, Sc, V, Mn, Fe, Y,
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt,
lanthanoid element and actinoid element as a main
20 component thereof has a low reflectance, but a low
thermal conductivity preferable for the recording
sensitivity. A mixture of the element of the before
mentioned group such as Au and the element of the later
mentioned group such as Ti enables the reflection layer
25 to have the high reflectance and the low thermal
conductivity. Au-Co, Au-Cr, Au-Ti, Au-Ni, Ag-Cr, Ag-
Ti, Ag-Ru, Ag-Pd, Ag-Cu-Pd, Al-Ti, Al-Cr, Al-Co, Al-Ni,

Al-Nb or the like is a concrete example. Au-Ag and Au-



_between the first and second areas can be Iimted not nore than 18 ~ after
the passage of time or the 5 recordings of the plurality of tines. In an
i nformati on recording nethod for recording a signal by transformng

.partially a recording |ayer between crystalline state Qﬂyf tate,
conprising the steps of . heating a pad® of the 10 rec%?g?ng §€€?692 be

mel ted, and cooling the heated part of the recording Iager to be cured so
that a si gnalCwerksaeapuheEn BYe aRefherthart 1ayernet, E86r 88§ | ayer ot her

than the part of the recording |layer is forned, the recorded signa
i nvol ves "0" %%%}%CB%HCQIaHQSg%Va Rergal S?Hgﬂﬁtiﬁltgfate and the "1" state

to be recorded is defined by at |east a part of a.boundary between the part
of the recording | ayer ¥agRtHReQ¥YFER 5§PFeBErFﬁé°Pe88r5¥ﬁg%ﬂé§gr, and t he

ded f the "Q" d the "1" ' '
{E;ig{ " p‘ér”? Sirtge vbenatis ofReP fenrerdatigh afet R todbtyen as
oxide to e ' | [
Tayer hi ght byEeal BOFae el SuEbhbar vrb CHELREL O tnRRC BE bygehs LoCT LN

the part of t i ng.. | i b q hat the at
t he at | east €8%§§?£%§9%ﬁ% %un giié offaLEfirhe %ogekhg 0 epha € a

etween the another parf  of the

recording 'ay@?né‘é‘ﬁtféﬁwﬁf&tOEhéhﬁeéSﬁ&rééﬁﬁm 2y8f eael adcbagbe cured
after being nelted

surface, the second depth being substantially equal to
the first depth), a pair of the recording layers 1s

10 included by the information recording medium, the
reflection layer is at a relatively inner side in
comparison the substrate in the information recording
medium, and a temperature at a relatively inner
position is made higher than a temperature at a

15 relatively outer position in the information recording
medium by recording and/or reproducing, the oxygen
concentration on the second surface is increased toward
the oxygen concentration on the first surface with a
proceeding of oxidization of the second surface by a

20 diffusion of oxygen from the protecting layer so that
the oxygen concentrations on the surfaces of opposite
sides in the thickness direction of the recording layer
are made uniform.

When the oxygen concentration increases from

25 the substantially middle point of the recording layer
toward the first surface in the thickness direction of
the recording layer, the oxygen passing through the

substrate is prevented from reaching the substantially



.20 26 Decenber 2002 is round and snooth, the one of the "0" state and the
"1" state is clearly and securely defined during the recording of the
signal onto the recording nmedium and clearly and securely recogni zed during

.the reproduction 5 of the signal fromthe information ' hym by
the round and snooth at |east a part ofl7a boundary betagg%ég%ﬂg%g?gbgf t he

recording |ayer and the another part of the recording |ayer. The part of
the recordi ngnidgee BPiBE BEi hBecEBregdinghda¥hred may be in the 10

anor phous state, and the anot her Qart of the rec rding | ayer may. be in the

cry;talling statg, mhiIEhFHetBQrF|XFePhQOPEEBFHP ¢ona a5&ES By cool ed

to be c in t talli , h

recor di Erg:l ayble nﬁyﬁga?pﬁiﬁhﬁaﬁﬁflbﬂguigi%lit g2 5 g8t Males®! ot 1 he
art t ' ' h b i i.ati f

Do Oheic CEEFREATALTHSEoh3 DEREEH! 2aSIE LSRR ettt o Of 5

and a secogd §$§°fég§89d£§§ega§é§))tﬁg bﬁﬁr%ﬁg‘iﬂecﬁ}%%% 18 AT be

changed abTt up ween th I'rS§t "and“second recordi ng Iayer

comparison Wil melaaixaeﬂxceﬂseﬁzhfayna@isthgﬁgrPanbhﬁefdiw 3t second

recording layer), an oxygeh concentration o irst recording |ayer as
an 25 averagerip)actibakigagardikeqti @ReMpy 18R iRy AR eN@iqanaxt hird of an

oxygen concentration of the second recording | ayef as an average in the
thi ckness dirgghpaPisefdthet Bupkieateoint el HhForimatadloh F@doBdmng
medium, and the temperature at the relatively inner

10 position is made higher than the temperature at the
relatively outer position in the information recording
medium by the recording and/or reproducing, a
proceeding of oxidization at the substantially middle
point of the recording layer is restrained.

15 When the recording layer includes a first
area on which the information can be recorded and a
second area from which only a reproduction of the
previously recorded information is performed, it is
preferable that a difference in oxygen content between

20 the first and second areas is not more than 18 atom %.
It is preferable that the difference in oxygen content
between the first and second areas 1s not more than 18
atom % after deleting the recorded signal and recording
the signal on the first area is performed by a

25 plurality of times so that the transformation of at
least a part of the recording layer on the first area
between the crystalline state and the amorphous state

is repeated by the plurality of times.



.21 26 Decenber 2002 may be | arger than a thickness of the second recording
| ayer. The recording |ayer may include a plurality of the second recording
| ayers, and the first recording | ayer may be arranged between the second

.recording 5 layers. BRI EF DESCRI PTI ON OF THE DRAW NGS Eb #e. ematic
sectional view showi ng a structure of a8phase change ( type
I nformation recording nedium 10 Fig. 2a is a sectional view show ng a

substrate with grooves Wien | Eheisdiblerense| ki BYgen: Fengrpbvestysen

recording layer according to the present |nyention, taken alon di al
direction: Fighe FARSE AFeD RN WRAFR HERE rin T WEMa 5L RLGARNBA oBPTARA

bstr at which th di di to th t t
S pl nced (a SR RECATGNE THL R of FEARd TP B AN MPLER BT ant al | y

adial S?EQEL%V RF M SO T e T SREOURER FPoPRRRY LHESERERIRR. ) of
the substantial i %C&*;ﬁ&{ o IRl ERbenphng 0LOGYSEeLERAS hixtaposed in

t he radi al i'sa s I c di agram show ng

relat'onSh'pﬂ%¥f53¥hﬁhéE%ﬁ%fhﬁ@%&é@ﬂdeESméé ldrge so that it is

difficult for the informations on both of the first and
second areas to be reproduced by similar methods.
Generally, just after the recording layer is formed by

10 sputtering or the like on the information recording
medium including the first and second areas as
described above, the oxygen contents of the first and
second areas are substantially equal to each other so
that the reflectances of the first and second areas are

15 substantially equal to each other and a problem on the
reproduction does not occur, but when the informétion
is recorded on the second area by embossed pits,
differences in oxygen diffusion with the passage of
time and penetration of oxygen from an exterior may

20 caused by a difference in shape relative to the first
area on which only grooves and a intermediate area
between the grooves for the recording are formed.
Further, because a atomic configuration changes only on
the first area of the recording layer when the

25 recording is carried out by at least one time, the
oxidization or a discharge of the oxide is accelerated
in comparison with the second area of the recording

layer. When the oxygen is previously included by the



. 2S status and "0" status of a signal to be read fromthe record mark or
recorded by the record mark. The one of "1" status and "0" status of the
signal is read and 22 26 Decenber 2002 recorded when a | evel of the

.record signal is changed; Fig. 4 is a schematic parti Hﬁﬂﬁ' h@W
showi ng that the recording |ayer nmay bé9confi gured bngsgﬁﬁ%a |ty2%92layers

so that the concentration of oxygen 5 is varied in a direction of
thi ckness; armeddxding i bayngriin shol FElauttl 60T oRBAi APBEPWRERPLRES
concentration of oxygen and a shortest length of a record mark and fitter
af ter an acceterbe etpized. and the. dEfferanegr i SKBAPRGCANTEPAL i onshi p
Rccel er at ed NeaTe REPERRELFEN R \ERREH ErabpRs | RRENRP GRS S BNt
| nvention mﬁl$o£§e€§§§rigeg gg%Q?’the passage of time or the
5 recordings of the plurality of times.
In an information recording method for
recording a signal by transforming partially a
recording layer between crystalline state and amorphous
state, comprising the steps of : heating a part of the
10 recording layer to be melted, and cooling the heated
part of the recording layer to be cured so that a
signal mark surrounded by another part of the recording
layer other than the part of the recording layer is
formed, the recorded signal involves "0" state and "17
15 state, one of the "0" state and the "1" state to be
recorded is defined by at least a part of a boundary
between the part of the recording layer and the another
part of the recording layer, and the recorded one of
the "0" state and the "1" state is recognized at the at
20 least a part of the boundary,
when the recording layer comprises oxygen as
oxide to keep a viscosity and surface tension of the
part of the recording layer high by the oxide included
by the part of the recording layer when the part of the
25 recording layer is heated to be melted, so that the at
the at least a part of the boundary between the another

part of the recording layer and the part of the

recording layer cooled to be cured after being melted



.15 in detail by using enbodinents. [Enbodinent |I] A substrate |a fornmed of
transparent material of dianmeter of 120 mm and thickness of 0.6 mm (for
enbodi ment, pol ycarbonate resin, glass or the like) 20 with substantially

.circunferentially extending grooves 1' and lands 1" ju gsed.in
radial direction (that is, concentric @o helical) as s?%ﬁﬁe?ﬂ“99526§%ww

prepared. In one enbodi nent, the radial distance between the center of the
groove 1' andishzoundtandosmosthhethdj aoenct| he 10 wssade7anBurtheThi s
substrate la was placed in a first sputtering chanber in sputtering 23 26
Decenber 2002 équﬁbﬁﬁﬁt1ﬁa9iﬁgréYpPDﬁaFﬁ99régYsﬁﬁﬁﬂéﬁﬁnéuéﬁémbéhﬁ and

provi ding good uniformty and reproducibility of |ayer thickness ._ A first
overlaid |ayeF39°5¢ivgzﬂé Fheosiorpd onteothgorerarddngepeddam and o with
t hi ckness of 92 nnlmas formed.on_the suybs r?te la Q sputterjng . in argon
gas with a m KtGRELHr 2BASSERPT &L ¥, T§SOIREZPJe LU HREN FRgr FEPTORUS trate
was noved pnto.a_second sputteri chanber first protective |ayer 3 of
G20 it HFEkRES<ohnag FrPhaEhac s BE Rt Sgns FRFPEATAG Mstegon B0 gas
with CzO as t : r atte LSS r ate \ into a
third sputterFﬁ% gégﬁge?gaagﬁgégpd%%giﬁéggra45%%§ ggpé@?%g % %t hi ckness of

16 nm by SpUtégE%QQniEhérEQPtgéf é@éhréhekﬁﬁﬁgtﬁg%§§$%§%5Q£%-% %@%e&2+5’

20, 22.5 and represent-atomc as a targ m xed gas o

argon and oxy LD ri| S f oxyge i % i e in the
third sputter?ﬁgtgggn%gé g%agrgﬁgal?g ggof g%g g%%§|9gr%gé%§?f%€n tg%e

period to oOxi ﬂagertaftéyrBaiﬁgoéoa_léacebd'begch@éar midy bReAn ithR substrate
was noved into 20 a fourth sputtering chanber, and a second protective
10 amorphous state, and the another part of the recording
layer may be in the crystalline state, while the part
of the recording layer after being cooled to be cured
may be in the crystalline state, and the another part
of the recording layer may be in the amorphous state.
15 It i1s preferable that the part of the recording layer
is heated to be melted by an irradiation of a light
beam.
The recording layer may includes a first
recording layer (4b) and a second recording layer (4a),
20 the oxygen concentration may be changed abruptly
between the first and second recording layer (in
comparison with the oxygen concentration changes in the
first and second recording layer), an oxygen
concentration of the first recording layer as an
25 average in a thickness direction may be not more than
one-third of an oxygen concentration of the second
recording layer as an averagde in the thickness

direction, and a thickness of the first recording layer



,layer 5 of

( ZnS') ea ( SiOz ) zo ( 80 and 20 represent mol %) wth

t hi ckness of 18 nm was deposited by sputtering simlarly to the formation
of the first overlaid layer. Then, in a fifth sputtering chanber, a first
.reflecting 25 layer 6 of AI9,Cr6 ( 94 and 6 represent 1C_%

deposited in thickness of 35 nm by sputflering, with Algbqgkgﬁy%égegﬁy%rget.
Finally, in a sixth sputterlng chanber, a second reflecting |ayer 7 of
A199Ti 1 ( 99 &\ be langen t%%%n%théﬁerFép?EsEB? fergre @@Cﬂ5§165p05|ted
in thickness of 35 nmb

tt rin th A1T3 a r
Cbstr ot o on Mayen. [ Y ehderdlalliotes nay Tadind, & aluriidEyoptar

| ayer were de

ul traviol et éﬁ%gg&ggypﬁ.5?%95@%$gél$%§%?tggﬂgggéﬁp%#ﬁgtgﬂeFﬁgsggg ?QSe?nby

spin coatlng
Sioz ) zo (

e T

Cr203, a recof é&l layer 4' of Ag2, 5Ge20Sbz~, 5Te55, a second protective
| ayer 5 O %?% eo ( SiOz ) zo ( 80 and 20 represent mol %) , a first
reflecting Iayer 6' of AL9,Cr6 ( 94 and 6 represent atomc %, a second

reflecting layer 7' of A199Ti1 (99 15 and 1 represent weight % and an

ul traviol et agesr NSSsER PEPEIGStOFeTHRYBRARINGSE deposited on anot her
simlar substrate |b, and the two substrates la, |b were lamnated in a

face-to-face manner thrpygh 1hesuhtseNembeicCoe€dioRELNVRER 8BbIWYAgl ayers
8, 8 inside 20 the | am nated substrate, using an adhesive |ayer 9 At this
time, when the siituetefe 06f t HephabestNangeyetransfotmhessn)hagpéld8 mm
separation at the adhesive |ayer due to inpacts caused by such as dropping
was nore unl iiefgriaot boruwecéodingpemedtamei ng | ayer 4', 25 oxidization
process was perforned simlarly to the recording |ayer 4. After the
recordi nglQ ayers 4, 4' Ekge 2arhed: sevtianakividewoshdwiRkgsanples with
respective various 25 26 Decenber 2002

15

20

25

substrate with grooves and lands raised relative to the
grooves on a recording layer according to the present
invention, taken along a radial direction:

Fig. 2b is a front view showing two
embodiments-of the substrate on which the recording
layer according to the present invention is placed (a
concentric surface shape forming a plurality of
substantially circumferentially extending concentric
grooves and lands juxtaposed in the radial direction,
and a helical surface shape forming the plurality of
the substantially circumferentially extending grooves
lands juxtaposed in the radial direction);

Fig. 3 is a schematic diagram showing the
relationship between a record mark and one of "1"
status and "0" status of a signal to be read from the
record mark or recorded by the record mark. The one of

"1" status and "0" status of the signal is read and



.contents or concentrations of oxygen in the recording |ayer fornmed by
changing a period of tine for applying a m xed gas of argon and oxygen onto
the recording layer were initiated by irradiating themwith a |laser 5 beam

.having an elliptic beamw th wavel ength of 810 nm beaml h,..0f and
beam breadth of 1 mm Then, the disk w&? rotated so as@teoﬁggé'gpﬁr 26%ij

approximately 6 mis of |linear_velocity, a sem conductor | aser beamw th
wavel engt h of TEBOF MR VIERER o | 28YRY 8% EhﬁbeEPFgesF@Héllésthﬁﬂg@gﬁ and was

irradi ated through the bstrate onto the recording.layer .so_that. recording
and regeneration were p€£$0rﬁeﬂ$ ?o?cpﬁ@ﬁFﬁFnB?rkégéfgﬁﬁE e V4 power

dul db d - d d
Z?gﬁgftsewerit ot abaE T e, AR Fal8r o MRB5 BRTE L RRR B H
R e R S R R R S S e

ot her thargt%s@&{g&tiﬁraékd%g%ggigﬂf tBErE?}EiEkﬁeésvssgfi Recordi ng was 20

made on both e grooves and e Jitter t he signal recorded

as described above was pf%?ugegs aDagrsR! 8hakegt 8ste?hithBaRKAG the di sk
under an atnosphere of 90T and 80% for 100 hoursS was perfornmed, and

subsequent | y Bdievddi t €fie 250M@En fBAEU6RA0RIBkRgedi hhar & BAbetesand after the
accelerated test with the respective various contents and concentrations of

oxygen in thelgregch dbfoda | byesrarraskoandbeloverFaEtber anr accan etaged
el ectron anal ysi s 26 26 Decenber 2002 nethod was used for measuring the
content of oxtyesn. in
10 Fig. 6 1s diagram showing a relationship
among the concentration of oxygen, a track pitch and

jitter after an accelerated test.

PREFERRED EMBODIMENTS OF THE INVENTION
The present invention will be described below

15 1in detail by using embodiments.

[Embodiment 1]

A substrate la formed of transparent material
of diameter of 120 mm and thickness of 0.6 mm (for
embodiment, polycarbonate resin, glass or the like)

20 with substantially circumferentially extending grooves
1' and lands 1" juxtaposed in the radial direction
(that is, concentric or helical) as shown in Fig. 2 was
prepared. In one embodiment, the radial distance
between the center of the groove 1' and the center of

25 the adjacent land 1" was 0.74 um. This substrate la

was placed in a first sputtering chamber in sputtering



.the recording |ayer. [ Table 1] m xed gasGas infl owOxygenditter(~)fl ow
rate (SCCMtinme (seconds)anount (atomic $)Before accelerated testAfter
accel erated testSanpl e 1200402510. 010. OSanpl e 220030208. 58. 5Sanpl e
.320022158. 38. 5Sanpl e 420020148. 08. 3Sanpl e 52001088. 08.

6200337, 58. 5Sanpl e 7200227. 08. 5Sanpl e &b inf | ow gasl?%gi@.gé&nbﬁr %P%n N O
ON 28 26 Decenber 2002 Sanple 8 whose recordin% | ayer was not
sufficiently 89PdpPeatshawdngi §nrluzadd tyn ofegpartiteing ahagthens gnd

accelerated test in conparison with Sanples 1 to 7. Also) Sanple 1 to which
the | ongest providing good uniformity and reproducibility of layer

thickness. A first overlaid layer 2 of (ZnS),,(Sio,),,
(80 and 20 represent mol %) with thickness of 90 nm was
5 formed on the substrate la by sputtering in argon gas
with a mixture of ZnS and SiO, as a target. Then, after
this substrate was moved into a second sputtering
chamber, a first protective layer 3 of Cr,0, with
thickness of 20 nm was deposited by sputtering in argon
10 gas with Cr,0, as a target. Further, after this
substrate was moved into a third sputtering chamber, a
recording layer 4 was deposited in thickness of 16 nm
by sputtering in argon gas with sintered Ag, ,Ge,,Sb,, .Te.
(2.5, 20, 22.5 and 55 represent atomic %) as a target.
15 Then, mixed gas of argon and oxygen with partial
pressure of oxygen being 10% is flowed in the third
sputtering chamber at a flow rate of 200 SCCM for a
certain time period to oxidize the surface of a
recording layer 4. Then, the substrate was moved into
20 a fourth sputtering chamber, and a second protective
layer 5 of (ZnS),,(Si0,),, (80 and 20 represent mol %)
with thickness of 18 nm was deposited by sputtering
similarly to the formation of the first overlaid layer.
Then, in a fifth sputtering chamber, a first reflecting
25 layer 6 of Al,Cr, (94 and 6 represent atomic %) was
deposited in thickness of 35 nm by sputtering, with
AlCr alloy as a target. Finally, in a sixth sputtering

chamber, a second reflecting layer 7 of Al,Ti, (99 and 1



-5 gas inflow time was applied showed no change in fitter before and after
the accelerated test, but its initial fitter was nuch worse than those of
Sanples 2 to 8. Furthernore, in aforesaid Sanples 1 to 7, m xed gas

-i ncludi ng oxygen was supplied after formation of the 1Qg4 [ Cﬁ%fr to
oxi di ze the recording | ayer, but the rexbrding |ayer n%?lgggggggngl i zed

by form ng the recording |ayer with sputtering in the environnent of m xed
gas of argon BRABreX9BEnwetghthéd n¥rs, depospdedodd thdskaeses: iaded S RMmbove)
in the case where the recording |ayer wiith the content of Ge varied in the
range of 10 tBY38PYEERFLNG, Wﬁghc i@én?l&PYSstérFé€qeﬁ-thghﬁange of 10 to
30 atomc % ang %he contené,oL EE varied in thi range of_ 40 to 80 atomc %
was used, or PRPEREALESBRWKBHEN eZBrPSESF&Vﬁg R¥e&Er FetH et Sont ent of

Ge varied in the ran of 35_t S5.atom c %. the.content qf .Sh varied in
the range of iﬁy?ﬁ §8Sa98ﬁfia%§agayfﬁewggﬁt@ﬁPOS%%?g V&S &8558 M range of
35 to 65 atom.g 9 .r.es Lol ar,_tso_th ri_he ve were
obt ai ned. §5nb§r#%§?%8#2?grﬁhghgh%gg@e§hérgng Fébgﬁgfggaﬁéﬁgfaﬁggérmluding

Ag was used, aLskf bgﬁt%é??’?@% el %egv%d:a#%rﬂ%)&e'bn"“th% Ry qyYssnt of Ag

varied in the range atomc % s ar results were 29 26
Decenber 2002,pbtgifedoakypfhernore, in the case where all or a part of Ag
was replaced and at | east one el enent of Au, Cu, Pd, Ta, W Ir, Sc, Y, Ti,

Zr, 'V, Nb1 Cr! Mo, Nh) Eﬁ! aSSBMiLlQQ1 WB?!, HI ifl'f'@t Birer&ai&eda@reramd N was

added in the range of 1 to 10 atomc ~, simlar results were obtained.
Furthermore, &8 {bas¢agsiohe),e(d0r ang kberkpresenenmofl &he wecording | ayer

4, the second

10 protective layer 3' of Cr,0,, a recording layer 4' of
Ag, .Ge,,Sb,, ;Te,;, a second protective layer 5' of
(ZnS)4,(510,),, (80 and 20 represent mol %), a first
reflecting layer 6' of Al,Cr, (94 and 6 represent
atomic %), a second reflecting layer 7' of Al,,Ti, (99

15 and 1 represent weight %) and an ultraviolet cured
resin protective layer 8' are deposited on another
similar substrate 1b, and the two substrates la, 1b
were laminated in a face-to-face manner through the
ultraviolet cured resin protective layers 8, 8' inside

20 the laminated substrate, using an adhesive layer 9. At
this time, when the diameter of the adhesive layer is
not less than 118 mm, separation at the adhesive layer
due to impacts caused by such as dropping was more
unlikely to occur. For the recording layer 4',

25 oxidization process was performed similarly to the
recording layer 4.

After the recording layers 4, 4' were formed,

several kinds of disk samples with respective various



.10 recording layer 4a with thickness of 2 nmwas fornmed using m xed gas of
argon and oxygen as sputter gas) followed by changing the sputter gas to
argon to formthe first recording |ayer 4b with thickness of 16 nm and
-changi ng the sputter gas again to m xed gas of 15 argo d oxyge Q, form
the second recording |ayer 4a with thi c2&ess of 2 nnIagﬁfﬁ?CWW%gégwjl
carrying out oxidization process by inflow of argon-oxygen m xed gas after
formati on of €RBtEBESr @rngongpatratpenst PécrxyPeindieddienFaarrdidid ect ance
of disks was obtained. Wien 20 the partial pressure of oxygen during the
formation of LREeEcEBFBCRcbyr GhAGILRGe? PETARINGEd tiTe HoTgERMY ks age
content of ox%gen of. the second recordigg | ayer frgm2 atomc ~ of the

g

first recordi RgMiXG8r 988 98 3FIRPC 3D PEYIER: PBLC T M&OHAMS ( he
I ted 25_test showed.sim,l |l ts.to.th h ' ble 1. |
the case wherBOVRE B35 GenDLoNPERn BY the AL Rl M Paybr 4R 173 or
I f th t f.th di I t | ect
of the 35 2BSHBCBABGROHB2 o dR LS PeRte gy Yev e o e A 4R 7O
recording | aygrada; uas hObERY sOfmOBhY BAGHS iR aBn! b il k. T i ng | ayer
, properties very srmlar to ose 1 n the case 0 ormati on ‘on ot h sides

were obtainedypgl 895k"‘@§§t %o%%it‘éﬁ”%%s agf t?oh%bsc%f‘i%”‘ig . iﬂi&{%léﬁgaﬁr 4a was

varied in the range of nm very simlar propérties wer t ai ned,

but when the ghkckpessnbgeayR18cA¥yOr al 3edlcond®etod AU ivddny wiagl eased
and power required for recording increased by approximately 1 nmW 10

[ Embodi nent 2§adesdhgthabe baoaam wakheotaseted bybedidmEictiwaddisaced in
a first sputtering chanber of sputtering equi pnment having a plurality of
sputteri ngochegbEAs0aBdand was irradiated through the substrate onto

the recording layer so that recording and regeneration
were performed. For recording, waveforms with laser
power modulated between 5 mW and 11 mW was used so that
8-16 modulated random signals were recorded. A record
15 mark was formed with a power of 11 mW, and direct
overwrite for carrying out elimination with a power of
5 mW was performed. However, a multi-pulse record
waveform dividing a record pulse other than the
shortest mark into two or more was used. Recording was
20 made on both the grooves and lands.

After the jitter of the signal recorded as
described above was measured, an accelerated test of
keeping the disk under an atmosphere of 90°C and 80% for
100 hours was performed, and subsequently the jitter

25 was measured again. Jitters before and after the
accelerated test with the respective various contents
and concentrations of oxygen in the recording layer are

shown below. Furthermore, an Auger electron analysis



. providing good uniformty and reproducibility of layer 15 thickness . A
first overlaid layer 2 of ( ZnS ) eo ( SioZ ) ao (80 and 20 represent nol
~) with thickness of 90 nmwas forned on the substrate la by sputtering in
.argon gas with a mxture of ZnS and SiQZ as a target. I
substrate was noved into a second sputtZing 20 chanberi,gqge?%é?r %Pgb)ltzg,\cti ve
| ayer 3 of Crz03 with thickness of 20 nm was_deposited by sputtering in
argon gas wi tethod3was usedr §er. mpastRdpg iheecontied ts ofs xataemad noved
into a third sputtering chanber, a recording |ayer 4 was deposited in

t hi ckness of &genﬁﬁggrgyngp&FYGFi-ng in argon gas with sintered

AgZ, SGeZCOShb~~. 5Tebs (2.5, 20, 22.5 and 55 represent atomc ~) as a target.
Then) the substrate was noved into an oxi de formation 31 26 Decenber 2002
chanber and was left in the environnent of oxygen for a certain tinme period
to oxidize the recording layer 4. Then, the substrate was noved into a
fourth sputtering chanber and a second protective layer 5 of 5 ( ZnS ) eo (
S102 ) zo ( 80 and 20 represent mol %) with thickness of 18 nm was
deposited by sputtering simlarly to the formation of the first overlaid

| ayer. Then, in a fifth sputtering chanber, a first reflecting |ayer 6 of
Al9~Cr6 ( 94 and 6 represent 10 atomc % was deposited in thickness of 35
nm by sputtering, with AICr alloy as a target. Finally, in a sixth
sputtering chanber, a second reflecting layer 7 of A199Til1 ( 99 and 1
represent weight %) was deposited in thickness of 35 nmby sputtering,
with AITi alloy as a 15 target. The substrate with the deposited overlaid

| ayer, protective |layer, recording |ayer and reflecting |ayer was taken out
of the sputtering equipnent, and an ultraviolet cured resin protective

| ayer 8 was formed on the second reflecting |layer 7 by spin coating. 20 In
a simlar way) a first overlaid layer 2' of ( ZnS ) eo ( Sio2 ) Zo ( 80 and
20 represent mol %) , a protective layer 3' of CrzZ03, a recording |ayer
4') a second protective layer 5 of ( ZznS ) eo ( SIOz ) Za ( 80 and 20
represent mol %) , a first reflecting layer 6 of A9, Cr6



.25 (94 and 6 represent atomc %, a second reflecting layer 7' of A199Ti 1l
(99 and 1 represent weight %9 and an ultraviolet cured resin protective

| ayer 8' are stacked in succession on another simlar substrate | b, and the
.' 32 26 Decenber 2002 two substrates were |amnated in %s@ac%%%o-f ce
manner through an adhesive |ayer 9 with27he ultravi ol etCcHPERMPEEZP02
protective layers 8,8 inside the | am nated substrates. At this tinme, when
the dianmeter of the 5 adhesive layer is 118 mmor |arger, separation of the
adhesi ve | ayer caused by inpacts such as dropping was nore unlikely to
occur. On the recording layer 4', oxidization process was perforned
simlarly to the recording layer 4. 10 After the formation of the recording
| ayers 4, 4', a plurality of disk sanples for each of two or nore kinds of
contents of Ge oxide and Sb oxide in the recording | ayer changed according
to various partial pressures of oxygen and treatnent tinme periods are 15
prepared, each sanple disk was initialized by a nethod as in the case of
Enbodi ment 1, and subseguently—a—8-—16—+npdul-at-ed—+andgm-sj gnal is recorded
thereon by a drive| Aftergthat, an accel erated test ijn which these di sks
were left in an atnospher@ off 70C and 90~ for |forty 20 dpys was carri ed
out, a regeneration test ®n the drjVe yWaswpekf|orgedaf el the accel erated
test, and a nunber |of| di s%s ind'mhigh tmhecg rori rate ‘iIngé pased by twice or
nmore times relative tpgHat Pefdbre the jaccel erjated Pest~las i nvesti gat ed.
Further, on each sa Ig:agtgg the 2% initializatipn, |the|8-16 nodul at ed
random signals are cer deéd+~repefatedly jat a cgnstant |posjtion of the disk
using the drive, a ber—of [Tegenenatrijon or Tjecording errors was

i nvestigated. A nuIQ§r ofgdi sks | n whi ch 33 {26 pPecenbey 2002 the errors

o
ye

2RE)

i ncreased by tw ce nor«& tijmes| when tijhe contlents off Gel oxi de and Sb oxi de
in the recording | r wele va edniiseshown orf Fabl @ [2.0[The nunber of tines
of repeated recordings n tth@ costesils &1 &9 5 pxikde rapd Sb oxide in the
recordi ng |ayer were vg{i@dtjs shown in TaBIe 2. The lcontents of Ce oxide
and Sb oxi de were feas@r edl @si ng| XP$ equi prent] and were determ ned by the
peak separating of [ XAS®spBctha of Ge and Sb. HBurthernore, in Table 2, a, b,
c and d 10 represent the contjent| of |oxi|di zed CGe, {he |content of
non- oxi di zed Ge of [netal @r all oy, fhe |confent| of | oxildi zed Sb and the

t

content of non-oxidi zed §p of me é agg qL Oi’ respgctlvely.

g = g N ~{ - ™ ~

o3 0O

™ Q0

] 5 o

O @© =

=

Q o~

o 3 o| ol ol o o

e g | < o & 8 A O NP

"o 9 S

n g Q o

o -~ 0 =

O + ~ (o]
—~
W
5

n o

g o ol ol o o] of ol of 2

8~ o| ol o] & o} o o

o - N N Q| 8 8 ] §

Q 3 O

N 0 O

- - O

E W ~

[Table 1]
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 8




.[Tabl e 2] Oxygen partial pressure (10-SPa)keep tine

(m nute)al/ (atb)c/ (c+d) Nunber of disks involving error rate increased by
twice or nore times by accel erated test Nunber of times of repeated

.recordi ngssanpl e 110. 0600. 60. 260/ 1030000sanpl e 25. 0100,50 20/1glogﬁﬁgfanple
33. 0100. 40. 140/ 10110000sanpl e 41. 0100. ZB 071/ 1013000053?‘;) geemoer

51. 020. 040. 022/ 10150000sanpl e 61. 010. 020. 013/ 10200000sanpl e 7Not

oxi di zed0. 010. 0058/ 102068W81% R BhRSenTSCPRANNG dayer 3 @q%ecenber 2002

sufficiently oxidized shows significant increase in
jitter after the accelerated test in comparison with
Samples 1 to 7. Also, Sample 1 to which the longest

5 gas inflow time was applied showed no change in Jjitter
before and after the accelerated test, but its initial
jitter was much worse than those of Samples 2 to 8.
Furthermore, in aforesald Samples 1 to 7, mixed gas
including oxygen was supplied after formation of the

10 recording layer to oxidize the recording layer, but the
recording layer may also be oxidized by forming the
recording layer with sputtering in the environment of
ﬁixed gas of argon and oxygen.

Furthermore, in the condition described

15 above, in the case where the recording layer with the
content of Ge varied in the range of 10 to 30 atomic %,
the content of Sb varied in the range of 10 to 30
atomic %, and the content of Te varied in the range of
40 to 80 atomic % was used, or 1in the case where the

20 recording layer with the content of Ge varied in the
range of 35 to 65 atomic %, the content of Sb varied in
the range of 10 to 30 atomic % and the content of Te
varied in the range of 35 to 65 atomic % was used,
results similar to those described above were obtained.

25 Furthermore, in the case where a recording
layer not including Ag was used, or in the case where a
recording layer with the content of Ag varied in the

range of 1 to 10 atomic %, similar results were



. Sampl e 7 whose recording | ayer was not sufficiently oxidized showed
significant increase in error rate after the accelerated test as conpared
with Sanples 1 to 6, and not only error rates of eight 5 sanples in ten

-sanpl es increased by twice or nore tinmes, but also in u h
regeneration itself becane significantl3ddifficult. Fu?@%@?g%Pé?FQQq%me

condition descri bed above, in the case where the recording |layer with the
10 content of oBka}Befad in the range of 10 to 30 atonmic % the content of

Sb varied in the range of 10 to 30 atom ¢ % and the content of Te varied
in the range of 40 to SHUELHSTAFLwdNydDE CHSE Wheke @ise Whet PATe

recording layer, with the cqontent of Ge varied in tq%ﬁ}S range of 35 to 65
atomic % theP€offelBSofeBlacsd aaY At Heasinple e laans é?fgeﬁ‘bm%u% and

the content of Tevaried.in the nge of, _35.10.65 gfom.c %ypas ysed,
results si m'IgP'tga‘_t'h se1fes |‘:i'bé!§11 g‘ﬂ'dv&%rvte ﬁ’a?#e'd. Fu Ih’e_rl:'rr:"crre, in the
Caze e oas BEESE R toN . ¢ B L TR R adiad A 050
10 atom c % ghEl kahgke®¥! 0S +Wen® ARLA1eE, similar results were
obtained.
Furthermore, in the case where during the
formation of the recording layer 4, the second
10 recording layer 4a with thickness of 2 nm was formed
using mixed gas of argon and oxygen as sputter gas,
followed by changing the sputter gas to argon to form
the first recording layer 4b with thickness of 16 nm,
and changing the sputter gas again to mixed gas of
15 argon and oxygen to form the second recording layer 4a
with thickness of 2 nm again, while not carrying out
oxidization process by inflow of argon-oxygen mixed gas
after formation of the recording layer, the effect of
increasing the reflectance of disks was obtalned. When
20 the partial pressure of oxygen during the formation of
the second recording layer is changed to change the
average content of oxygen of the second recording layer
from 2 atomic % of the first recording layer to 20
atomic %, the increase in jitter by the accelerated
25 test showed similar results to those shown in Table 1.
In the case where the oxygen content of the first
recording layer was 1/3 or less of the oxygen content

of the second recording laver, the reflectance of the



.Furthernore, in the case where all or a part 25 of Ag was replaced and at
| east one el enment of Au, Cu, Pd, Ta, W Ir, Sc, Y, Ti, Zr, V, No, C, M,
Mh, Fe, Ru, Co, Rh, Ni, Ag, T1, S, Se, Pt and N was added in the range of 1

.to 10 atomic % simlar results were 36 26 Decenber i N
RReBENBER 02 1 o

[ Enbodi nent 3] Wth the sane technical 3@dmts as Enbod

the radial distance between the center of 5 the groove 1' and the center of

t he nei ghbori féShr dBFEe®ESA0PY52R i niheRe thgH SLCRNE FRRFEINDBIAYeh a

first sputtering chanber of sputtering equi pment having a plurality of

sputtering chifb¥ps 5ﬁ6m5909PdPH&Y988g ﬁﬁpﬁoPﬁiFFeaﬁérﬁgp Hindty of

| ayer thickness. A first protective |ayer 2 of ZnS ). ea.( SIQZ ) zo (

80" and 20 1 opia¥eR: Hol PEPPREERCEn ek e SIHGLa80 HmEHESS i orF Ao

substrate | a bé ?guttﬁning in, ar .gas wth a, mxture of .ZnS and SiOz as a
f

on.aa
target. Then,® Fog ansﬁBsPPEﬁesﬁgSSH§9§8 Pﬁgélgegécoﬁ&ﬁﬁmn ng

hanber , 15 ' d ' i ' f b
Sput ter| {‘Ssi nté?«éféh%%?o%mf%fﬁésfﬁ%&gﬁ%ﬁkﬁ%gg%&i@f ?%?%%s"effzr%hiﬁ“my
represent atom.c n fﬁﬁi 0 an
odee_fornatigh Eﬁ%ngéPagng?agstﬁep? PW'tﬁg§§ﬁ§??%%%én 5£R%§§§%ﬂ for a 20
certain time pgrLodptgiRXhdi ALt RBchCefedithd ckakd’s bechifen s e syibstrate

was noved into a third sputtering chanber and a second protective |ayer 5

of ( ZnS ) e014r§kP; redbrlMBbniarivith Geicteassd @hd?QowdBMate i
simlarly to the formation of the first protective 25 layer. Then, in a

fourth sputtefbhgrebopeng @&ntetheedi by hppeoximafiteAyO9Tmiw.( 99 and 1
represent weight % was deposited in thickness of 100 nmw th
10 [Embodiment 2]

A substrate la as in the case of Embodiment 1
was placed in a first sputtering chamber of sputtering
equipment having a plurality of sputtering chambers and
providing good uniformity and reproducibility of layer

15 thickness. A first overlaid layer 2 of (ZnS),,(Sio,),,
(80 and 20 represent mol %) with thickness of 90 nm was
formed on the substrate la by sputtering in argon gas
with a mixture of ZnS and SiO, as a target. Then, after
this substrate was moved into a second sputtering

20 chamber, a first protective layer 3 of Cr,0, with
thickness of 20 nm was deposited by sputtering in argon
gas with Cr,0, as a target. Further, after this
substrate was moved into a third sputtering chamber, a
recording layer 4 was deposited in thickness of 16 nm

25 by sputtering in argon gas with sintered Ag, ,Ge,,Sb,, ;Te.
(2.5, 20, 22.5 and 55 represent atomic %) as a target.

Then, the substrate was moved into an oxide formation



. 26 Decenber 2002 AITi alloy as a target. The substrate on which the
protective layer, recording |ayer and reflecting | ayer were deposited was
taken out of the sputtering equipnment, and its top layer was coated with an
.5 ultraviolet cured resin protective |layer 8 by spin cgat iIm | ar
way, a first protective layer 2' of ( BIS) eo ( SOz @ﬂ)&?ergb@aggﬁgo
represent nol %) , a recording |ayer 4', a second protective |ayer
10 ( ZnS ) eochambep ?nQOWPS8ée§ﬁdlEOtPépPBXéﬁPnﬁﬁpt%Pf OX¥ 9eEf [FQ%t iang

| ayer 6' of A199T16 (99 and 1 represent weig 9 and .an ultraviol et cured
resin protectf9e Pé?eFlﬁe B?ElggaEReaxFﬂléﬁcEB§s Sﬁoaﬁléﬁb@ﬁyﬁréﬁm | ar

substrate | b,

d h h h h
15 adnesi ve | BER- othf SUPREERER. MASCHRKANGITAP: i FRETOF FRWGREtiAGr ed
i t ect 8, 8 d At th t wh th
di aret 2?%?%%%%%%5%63 pagerofd §fatfrl ?352?88‘35 Ss8aration at the
dh I t 2 likely t
ocour . For St nbfSlef§il oy 8y $08 50, ERnEbRaRt ekTt R R Mo ed T
simlarly to {heckAsesobet 0§ HECRLd BEpb3 EEalnyVEplickhe e ! oohni oa

limts as Enbodi nent except that rec Ing wa orne only on the 25

groove, the fiiheiaPiyStgnehe r?SQﬁQ%QoﬁSo§e§ﬁé'?@Qs%b%W%rW%idﬂeasured
subsequent|ly an accelerated test in which disks were kept in the atnosphere

of 80C and 90%a¢er.208n8RYr $nWasreathi 8gudtbringdchhfbei!,t @r fiest * 38 26
Decenber 2002 neasured after the accelerated test. The ,fitter neasured
before and afteflébeingceageat edofeal, wn{h(yera@@sspﬁéprabeﬁtessures of
oxygen, keeping tinme thereof, and various contents of In oxide and Sb oxide
5in the IecoaﬂomgclayeWassdeponmtbelmmLtﬁheknesseof536fnmanX|de and Sb
oxide in the recording | ayer were neasured with XPS equi pnrent, and were
determ ned bysputterdhgsepatht AhgroalXP® spest targetl.n Fdaally,Fdmt ler nore,
in Table 3, e, f, g and h represent the 10 content of oxidized In, the
content of noflskhdspetiterning ahambes alSéyonﬂhﬁeééﬁpéﬁpgoﬂaaﬁrdﬂzed Sb

and the content of non-oxidized Sb of nmetal or alloy respectlvel
[ Tabl e 3] of Al,,Ti, (99 and 1 represent weight %) was deposited in

of

thickness of 35 nm by sputtering, with AlTi alloy as a

15 target. The substrate with the deposited overlaid
layer, proteétive layer, recording layer and reflecting
layer was taken out of the sputtering equipment, and an
ultraviolet cured resin protective layer 8 was formed
on the second reflecting layer 7 by spin coating.

20 In a similar way, a first overlaid layer 2'
of (ZnS),,(Sio,),, (80 and 20 represent mol %), a
protective layer 3' of Cr,0,, a recording layer 4',6 a
second protective layer 5' of (2ZnS),,(S1i0,),, (80 and 20
represent mol %), a first reflecting layer 6' of Al,,Cr,

25 (94 and 6 represent atomic %), a second reflecting
layer 7' of Aly,Ti, (99 and 1 represent weight %) and an
ultraviolet cured resin protective layer 8' are stacked

in succession on another similar substrate 1lb, and the



. Oxygenkeepe/ (e+f) g/ (g+h)fitter(%partial pressure ( 10-SPa)tinme (m nute)
"before accelerated testafter accel erated testsanple
110. 0600. 60. 2610. 010. Osanpl e 25. 0100. 50. 28. 08. Osanpl e
.33.0100. 40. 157. 07. 9sanpl e 41.0100. 20. 077.57. gsanpl e
51.020. 040, 027. 37. 9sanpl & 61.010. 010. 0B2 08. Osanpl e 7NGE December 2002

oxi di zed0. 0050. 0056. 715.0 w Nv aN 0,0 N . 40 26 _Decenber. 2002 In Sanple 7
whose recordlﬁﬂol%9B?tﬁﬁ53ﬁowe§ﬁf%?@?Eﬁ??? oRi 8i fage-tretACe: BRNNEG eased

f tl ft th ted t ' t 1 to 6.
AEANEIRE St ?ﬁ:ﬁ%%a&s §axs§§?n{5#f‘° : Hz%?ﬁ%gﬁs%%eﬁ
after the acceée ated are equal eacgsoa &%% L itial fitter
was much wor s ¥ %hpf% ﬁgFeg o 7 ﬁurt F@ ﬁ e aforesaid

Sanples 1 to ?ubstrates. At this time, when the diameter of the
5 adhesive layer is 118 mm or larger, separation of the
adhesive layer caused by impacts such as dropping was
more unlikely to occur. On the recording layer 4°',
oxidization process was performed similarly to the
recording layer 4.

10 After the formation of the recording layers
4, 4', a plurality of disk samples for each of two or
more kinds of contents of Ge oxide and Sb oxide in the
recording layer changed according to various partial
pressures of oxygen and treatment time periods are

15 prepared, each sample disk was initialized by a method
as in the case of Embodiment 1, and subsequently a 8-16
modulated random signal is recorded thereon by a drive.
After that, an accelerated test in which these disks
were left in an atmosphere of 70°C and 90% for forty

20 days was carried out, a regeneration test in the drive
was performed after the accelerated test, and a number
of disks in which the error rate increased by twice or
more times relative to that before the accelerated test
was investigated. Further, on each sample after the

25 1initialization, the 8-16 modulated random signals are
recorded repeatedly at a constant posltion of the disk
using the drive, a number of regeneration or recording

errors was investigated. A number of disks in which



.10 the recording | ayer was kept in the environnment of oxygen for a certain
time period to oxidize the recording |ayer, but the recording | ayer may

al so be oxidized by form ng the recording |ayer in the environnent of m xed
.gas of argon and oxygen. 15 Furthernore, under the conghtrﬂ?on dﬁscg B\?d
above, in the case where the recording33ayer with the FHMBE" 8 ari ed
inthe range of 1 to 15 atomc % the content of In varied in the range of
1 to 15 atonithe,exrergohhereasedshyviviea PR MAEer Agesoihes ihe o 80
atomc % and the content of Te varied in the _range of 20 to 40 atonm ¢ % was

used, resul t CARFEREF @5 ERo¥LBRsBRTLER GBLTE WEr ERELEAFREGIPEur t her nor e,
Y i et
Decenber zgozt{mo%f n’ﬁ?\?eag]ei g%ggf?g‘ﬁswgﬁ%ﬁ Eg’gd Pﬁtéﬁkgdpﬁgﬁe 1 was

Dl tral ity B Skt o S aRsarath bne sBH FAERY 338 HY REFS, v "
B 20 (b Mgl ER TAPEENESS TpéofbhTlnRcPETLS bREe o b 2B &
mxture of Zng 2d gb0g rﬂéaéu%gﬁgg%,in-grhﬁﬂs afhepmbRits afidbglirat € was noved

into a second sputtering 10 c a first 'protective layer 3 of CZO

Wi th thi cknesge fhrrkfndf ¥Wosther peaki Beph8aRifgs o KpsCsfectda dff @eget .
Further, after this substrate was noved into a third sputtering chanber, a
recording | ayghd4swas FertRErhorehi ekneaslef 216annbi,ncamgandgas with
sintered 15 Ag2, 5Ge~0Sbzz, 5Te55 ( atomic %) as a target . Then, a m xed
gas of arpon sefrexggenthet bopaehtabfporidizedofieoxrhen coatentl@® is fl owed
in the third sputtering chanber at a flowrate of 200 SCCM for a certain
time period tmowxoxiidizédeGeuofametall arr addpdingheagenténtTioEn) t he 20
substrate was noved into a fourth sputtering chanber, and a second
protective | ageidbzed ZhSasdCehdl gonkienki oknaon-okidd zed ws ofomeda@li n

m xed gas of argon and nitrogen. Then, in a fifth sputtering chanber, a
first refl ectang abhyey.e6respPaALbivedYatonmic % was formed in



.25 thickness of 35 nm with AICr alloy as a target. Finally, in sixth
sputtering chanber, a second reflecting |ayer 7 of A199T11 (weight % was
formed in thickness of 35 nm with AITi alloy as a target. The 42 26
-Decenber 2002 substrate with the stackedt | ayers was ta?§ Qut g §2
sputtering equipnment) and an ultraviolet cured resin p tB?Sf’?m er?@’ 8 was
formed on the top layer by spin coating. In a simlar way, a first overlaid
|l ayer 2° 5 of ( ZnS) eo ( SiOGz ) zo ( mol ~ ) , a protective |ayer 3 of
CrzQ,, arecording layer 4', a second protective |layer 5 of ZnS-SiQz-N, a
first reflecting |ayer 6' of Al94Cr6 (atomc ~), a second reflecting |ayer
7" of A199Ti1l (weight ~) and an ultraviolet cured resin protective 10 | ayer
8 were forned on afother simiar gubs[rage 1o, {(he fwojsulstrates were
adhered to each other through an adhesjve|layer 9 in a facg-to-face manner
with the ultraviolet cured~resin priotectivedaygrs8 &S| Lrside the

| am nat ed substrate .”SAL. tdi % tinme, ®engt hg 152 i gne% gf t he adhesi ve
layer is 118 nmor llargé€r, Jsgparati org ptotthe adBes e ayér| caused by

i mpacts such as droppdn senore ynla keBy | dicull| RseRaral ki nds of

di sks as described ab®ve war@® prepared, 8416 nodul atied fandom si gnal s were
20 recorded by usin é’hé cﬂ.’ll\&}e to neaspre|the erfor frate, gn accelerated
test in which the dirsks—were—kept—mn—t WctlluPpilt:lc of—86€jand 80~ for 100
hours was t hen perforrred the err@r rafe (regenefatijon errqr rate) of the
same pl ace was rreasur_@adoaf.gel"‘ thefdcce| erated test, 25 and {the random
signal was overwitteh g $hé& sam‘z’ pl ace tjo neasure ithe|errjor rate

. ] . . . ,
(overwite error rafey. oA mumber aoff Qi sks|i & WhhbChgrror gdte increased by
twice or more times|after $h€ accd eyl ed |t eSt Thed k(r\eJi by 43 26
Decenber 2002 the corﬂ’eﬁt St SoxFglh ian| the kecordi MY layew constant, i.e. 8
atom ¢ % and setting Yyapi otsgeopc@trations of nitrggen|in|m xed gas of
argon and nitrogen duzi ng gopmam @n of| the second priotecti e | ayer of
ZnS- Si 02-N 5 so t hat ﬁh conbe ¥| nitrogen |in the |second
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. protective layer of ZnS-5102-N was changed is shown bel ow. Furthernore, the
Auger el ectron spectral nethod was used for neasuring the content of oxygen
in the recording layer and the content of nitrogen in the 10 second
-protective layer. [Table 4] nitrogen contentA nunber ofgdhsksApBH3BeR Of

di sksin secondwi th overwitew th regener&di onprotectivée |ayererrof

rateerror rateincreased _byincreased bytw ce qr retwi ce or noretines
aftertimes afteraccel er§f%‘8l1f’egt ¥ éIengFé’JdP@gtm(iﬁJ’rﬁ}érwq% Q¥ ( nunber i n

t endi sks) di sks) Q% 0/.100/101%/,100/.102%®/ 100/,1015%60/ 1Q0/,1025%0/ 101/ 105090/ 10
T 06056) 100/ FHtFLe 3R E0 b e et Bt P and e e Ui O ot

nitrogen |0 g ago0nd PLALECt e LAYED A% Sl i G Al i oY

ni ne di sks inTeN"di SKS Irncreased in regeneration error W'te or

rore e, ibadhgs 316 o8 ska Bobnaray’ et adheewngn 0 v oh

regeneration was extrenely In of the

contents of nihnageR BEl RS LRIV 17ARGRY WyOT L dNGigEXi Sted sone

. g
di sks that incre seg I'n regeneration error rate by twce or nore tines, but

in 10 these dirgkss,apakeRadR®Nan iFBdudhiodh thRgeNeeRfdidtrataolifddo t was not
found. [Enbodi ment 5] After marks of various shortest mark | engths were

recorded on dbgkambOkABR1¥1HFandlyy di¢ Fisadi ment 1 15 with shortest nmark
| ength being varied, the accelerated test in which the disks were kept in

the environnment of tenpeudthetmoired0Enanter elonldivtd dniiebdnimdd 80% for 100
hours was carried out, and the jitters were neasured after the accel erated
test. The radaabvdi sttanthe?Calset wheret thec eeicorddingyrlayer WitdndHhee

adj acent land 1" was set to 0.74 E,imand the recordings were carried out
on both thé grootenindfl &edvaBdeld tine tiner kapgs iforl syt &0 iatomtictd " 1"
state information is set at the mark and "0" state information is set at a
25 portion ot ke chatenteofnSk y¥agiede 1patheedgaasy sfehld tadkh the " 1"

state information is set at an edge of the nmark and the "0" state
information i 8temicyft.gand the content of Te varied in the range of

40 to 80 atomic % was used, or in the case where the
recording layer with the content of Ge wvaried in the
15 range of 35 to 65 atomic %, the content of Sb wvaried in
the range of 10 to 30 atomic % and the content of Te
varied in the range of 35 to 65 atomic % was used,
results similar to those described above were obtained.
Furthermore, in the case where a recording
20 layer not including Ag was used, or in the case where a
recording layer with the content of Ag varied in the
range of 1 to 10 atomic %, similar results were
obtained.
Furthermore, in the case where all or a part
25 of Ag was replaced and at least one element of Au, Cu,
pd4, Ta, W, Ir, Sc, ¥, Ti, Z2r, V, Nb, Cr, Mo, Mn, Fe,
Ru, Co, Rh, Ni, Ag, T1l, S, Se, Pt and N was added in

the range of 1 to 10 atomic %, similar results were



.45 26 Decenber 2002 portion other than the edge of the mark were exam ned.
The jitters with various respective contents of oxygen in the recording

| ayer after the accel erated test changed as shown in Fig. 5. 5 [Enbodi nent
.6] Several kinds of substrates |a which were formed of ,kr teria
(for exanple, polycarbonate resin, glass3ér the |ike) %ﬁﬁﬁggﬁﬁgg€2962f 120
nm and t hi ckness of 0.6 nm and included the 10 juxtaposed radially and

ext endi ng subebtainafiy circunferentially grooves 1' and lands 1" (that is,
on a concentric or helical surface shape) as shown in Fig. 2 and which were
different fromeach other in distance between the center of the groove 1
and t he cente[ of 15 the adjacent land 1" were prepared. After marks of
shortest mar k! FBREELMEBPT037  u mwere recorded onto the disks formed on

he%s SO o RS chic S5 S S
. o 80% 00 , , .
%Z‘Lhézsu‘#?d p¥efbr nBRaECEnd Spdatio ot RtabEe BRI M et pem i n
. " qn . . . .o . . .
selcat a p%ﬁ?%gﬁlg%ﬁéggz ggab§e§§%r§g3%§§2g§{EggggF%%g %égéﬁ%#g%¥$%P&L?2hls
the "1 state,bofgryBtiAn {ReSehndtratecdde At PhacY in2Rddiliay O° state

information is se portion other than t ge of cenber 2002

the mark wer esguafbpgy Ehﬁmb&ktéﬁssphkhe¥§hP0Bﬁu& %! e igtent s of
oxygen in the recording |layer after the accelerated test changed as shown

in Fig. 6. [Epbedaresy 4k BpSubetiageshbmbeiisCAndepeovading @lodd anspar ent

material (for exanple, polycarbonate resin, glass or the like) with
di aneter of 13fiformndyt AhdkpepsodiicQbllomyand laglewdat iidkaeisext aposed
radi al ly and extending substantially circunferentially 10 grooves 1' and
| ands 1" {0hafirst pnohecbhvenlayerol bél i ZalS)si(ISia;e,.s80eands 20hown i n
Fig. 2 and on which the groove 1' or land 1" was divided circunferentially
to a pluralityepfegenbvmopokii whthokhlickoepsr vifo?9 2umd waish FozBedpions
show ng address information were forned
the substrate la by sputtering in argon gas with a
mixture of ZnS and Si0, as a target. Then, after this
substrate was moved into a second sputtering chamber, a
15 recording layer 4 was deposited in thickness of 20 nm
by sputtering in argon gas with sintered Ag,In,Sb,,Te,,
(4, 7, 62 and 27 represent atomic %) as a target.
Then, the substrate was moved into an oxide formation
chamber and was kept in the environment of oxygen for a
20 certain time period to oxidize the recording layer 4.
Then, the substrate was moved into a third sputtering
chamber and a second protective layer 5 of
(ZnS),,(S10,),,(mol %) with thickness of 20 nm was formed
similarly to the formation of the first protective
25 layer. Then, in a fourth sputtering chamber, a

reflecting layer 7 of Al,,Ti, (99 and 1 represent

weight %) was deposited in thickness of 100 nm with



.15 between the groove portions or |and portions substantially along a
circunferential direction along which the groove 1' or land 1" extended
were prepared. After the disks were fornmed on these substrate simlarly to
_Enmbodi nent 1 and the recordings were 20 carried out by %QBOO tine§¥ﬁﬂ%both
the groove 1' and land 1" as recordi ng tBdcks, the acc@CePSERPLEE

whi ch the disks were kept in the environnment of tenperature of 90C and

rel ative humi 3LT§ allegpoason teddrbur s Thes stdsitiradeo@n whiddl dtheonshi p
anong the 25 content of oxygen in the recording |ayer on an area of the
groove 1' or paaliectiva hAVeER.t mecpsddngi Agyemeradc siefilertdng havam

t housand tines, that is, a _first 26 Decenber 2002 area in which

i nformation cH8F8 BePpedspdcHast kekednPukt obf they PN EYEING r ecor di ng | ayer
on an area on which the engois pits indicating address informations or the

like were forREHLIPRRRE . anda1E8 500 AA¥ET: ¥RSS CREMES Wit &My regenerati on

of predetermn info tions,, and.a relationship_.in_reflectance between
Che T irat AndULEEBRShPEaS eRtnboa H PRoLerELva: Hawst & ithe Spm od 1 or
bei ng kept in an gﬁéelerating condition as shown bel ow. [Table 5]
keepingoxygenSxySe ifferencedi fferencetinecontentcontentin oxygeni non

fi t d t ent t bet f T i '
andsecondsecondar easar exl0on ST IaB5o 98950 oL e SaoBIRTE St o Laver 2

h 109298%4.%20 (] h %39 95Q0 22%494.8%% %1000
h83;:25%5%900 gb?zﬁgyézéggggﬁbzgggggg gP;§§gf§§%§%4ﬁ§ o?gggkgn-recording

medi um f or mfgcsgafngemgei:nq: ,CAMBEEShRT prd ek 1kealiQyand a geecor di ng
| ayer on the substrate, the recording |layer having a structure wherein a

signal camnobe(zrsp[,dedoi L, t(ED raadrzh ngeprysn OYmFEr$) 2l éyréfgeawﬁgi ng the
recording | ayer between a crystalline state and an anorphous state by
partially healapgrastl osoAlngiiheooeanddlingepageent weight %), and an
ultraviolet cured resin protective layer 8' are stacked
in succession on another similar substiate 1b, and the
two substrates were adhered to each other through an
15 adhesive layer 9 in a face-to-face manner with the
ultraviolet eured resin protective layers 8, 8' inside
the substrates. At this time, whén the diameter of the
adhesive layer is 118 mm or larger, separation at the
adhesive layer caused by impacts such as dropping was
20 more unlikely to occur. For the recording layer 4°',
oxidization process was performed similarly to the case
of the recording layer 4.
With the same technical limits as Embodiment
1 except that recording was performed only on the
25 groove, the jitter of signals recorded as described
above was measured, subsequently an accelerated test in

which disks were kept in the atmosphere of 80°C and 90%

for 200 hours was carried out, and the jitter was



_wherein the recording | ayer includes an oxygen content of 2 - 20 atom o,
based on the total content of atonms in the recording |layer, the substrate
includes a plurality of juxtaposed recording tracks on which the signal is
.recorded, and a distance between the recording tracks i n
0.7m and wherein the oxygen content inc3&ases froma ggbs éﬁﬁpéfg9bgiddle
poi nt of the recording |ayer toward at |east one surface of the recording
| ayer in a thiekswessd afeerithe saceqberatednpentnt dpef ddtdRTbet veen a
surface of the recording |ayer and a |ayer contacting_the recording |ayer
i s restrai nedre@sume@ beforeptndnaftesr Bhagarealarrieeot&Shg¥idhcl ai m 1,
wherein the recording |ayer_includes Ce. 49 26 cenber %002 3. The
i nf or mat i on- reeBkeMHPREEL & RERSFUTRY ?5 CF¥FRN 1, KGABMBPN '€ recor di ng
| ayer includes Te. 4. The inffrnation-re ord'ng nedi§n1ac o%gin to claim
1, wherein t heER¢EeF di 33| WIEHOTRPOLESD .°§. heXtAfoF n 9488+ di ng
medi um accordjng, to claim 2 erein,the recordi | ayer i | east
Hhe cEeSoraing "TRTEF mhe EnOFECRRAPRy mile. RRECHHRS ¥

a part of e n-recordrng nmédiumaccording to
claim In oxide and Sb oxide in the recording layer were
measured with XPS equipment, and were determined by the
peak separating of XPS spectra of In and Sb.
Furthermore, in Table 3, e, £, g and h represent the
10 content of oxidized In, the content of non-oxidized In
of metal or alloy, the content of oxidized Sb and the

content of non-oxidized Sb of metal or alloy,

respectively.



.5, wherein a relationship between a content a of Ge as oxide in the
recording layer and a content b of Ge in the recording |ayer other than Ge
as oxide is within a scope defined by 0.02 <_ a/(a=b) < 0.5. 7. The
.information-recordi ng nmedi um according 3® claim1, wherz%i Bewﬁbgf’%ﬁ ng

| ayer includes at |east a part of Sb as oxide. 8. The infornmation recording
medi um according to claim7, wherein a relationship between a content c of
Sb as oxide in the recording |ayer and a content d of Sb in the 50 26
Decenber 2002 recording |ayer other than Sb as oxide is within a scope
defined by 0.01 < c¢/(c=d) < 0.2. 9. The information recordi ng medi um
according to claiml1l, wherein a mninmumlength of a part of the recording

| ayer nmelted by the recording | aser beam and subsequently cool ed in not
nore than 0.7 Vim 10. The information recordi ng nedium according to claim

ol
)
= ©l o] o | o] of ©
o Cl | ~| | | o] B
Ho~
o A
la o o
B R
%)
)
o
o !
i o
= ©l of of w| | of ~
o o S| of ~| ~| ~| ~| @
N
o O ¥
“W 0 w0
o 0 0
L © ¥
) © N ol
: & V| -l o o] o 8
gl o . >
- o o
~ e ©
o
o W0
3 ol @l % al 3| 3| 8
9 ol of of of o .
Z o
)
e
of of o o© e
o g 2 gl 2 2 2~ -3
O E N
QO A & e
IS o
b
T °
g © 3 © | o o] o o o] ¥
o A W M I I
< IS I Cl | o] | et e
N e 0o |
N O N o~
C Qo QA -~
-~ | | oo = ] v| ~
| O O O © ®; O
Q - = | ~| =~ =] ~
3 o &l 2 o o 2 &
g 5| 8| 8| ® 8| 8| &
B m| w|l a| ul al a|




.1, wherein the recording layer includes a first area on which the signal
can be recorded and a second area fromwhich only a reproduction of the
previously recorded signal is perforned, and a difference in oxygen content
.between the first and second areas is not nore than 18 %tlﬁm% 11.

i nf or mati on recordi ng medi um according teocl ai m 10, wh&PePRCTRREH; ence
I n oxygen content between the first and second areas is not nore than 18
atom % after del eting t¥e Sampleed ¢hgpal randrdansr 4aygrt Wassingital on t he
first area is perfornmed a plurality of tines so that transformation of at

| east a part s¥fficlienthy dexidizgdr bhethdttersingreassét ween the
crystalline state and the anorphous state_ is repeated a plurality of tines.
51 26 Decenbetigmibiagntivcaftenr e dfcetebrirdgtasli im sePBRFHLSEM 0 clai m
1, wherein the recorded signal has a "0" state and a "1" state, and one of
the "0" stat &4l $aeples Et%?esis Ar$P netnbya@PleedsPEathEr L0888 thoundary

occurrlnggxﬂﬁgggkng time, the jitters before and after the

accelerated test are equal to each other, but its
initial jitter was much worse than those of Samples 2
to 7.

Furthermore, in the aforesaid Samples 1 to 6,

10 the recording layer was kept in the environment of
oxygen for a certain time period to oxidize the
recording layer, but the recording layer may also be
oxidized by forming the recording layer in the
environment of mixed gas of argon and oxygen.

15 Furthermore, under the condition described
above, in the case where the recording layer with the
content of Ag varied in the range of 1 to 15 atomic &,
the content of In varied in the range of 1 to 15
atomic %, the content of Sb varied in the range of 45

20 to 80 atomic % and the content of Te varied in the
range of 20 to 40 atomic % was used, results similar to
those described above were obtained.

Furthermore, in the case where at least one
element of Au, Cu, P4, Ta, W, Ir, Sc, Y, Ti, Zr, V, Nb,

25 Cr, Mo, Mn, Fe, Ru, Co, Rh, Ni, Tl1, S, Se, Pt and N was
added in the range of 1 to 10 atomic %, similar results

were obtained.



~a first part of the recording layer that is nelted by the recording |aser
beam and subsequently cool ed and a second part of the recording | ayer
surrounding the first part of the recording |ayer, and which second part of

.the recording |layer is recognized at the |east part of QQH 13.
The information recording nedium accordi4y to C|ain11,2§ﬂ§?6Intﬁgb02

substrate includes a plurality of grooves extending substantially
ci rcunf er ent | BBMBo&keeRux4 hposed radially, and a plurality of |and portions
extending substantially circunferentlially and_ juxtaposed radially between
the grooves juxtaposed 2 aSMBftyatantaaes| 8sed bheEBbPodpmeptylaiesy of
grooves juxtaposed_ radially forns a first recording track and at |east one
of the plural®3Fed Inmy 5%F?FoﬁBuFE?Féﬁgs%Ba?Bﬁ¥a PySPYELETLBE0Nd
recording track,, and erejn each of the fipst _apd second, recording.tracks
have at | east®SHEPREYhA2THRR ﬂaﬁ%ﬂﬁa;?ﬁguﬂ%af9u€ﬂﬁrgpﬁ FR&m§8F5i8ﬁ9 of the
boundary gfe [ecoon Zablesa urfrstnEGelRE" r80%ducibility of layer
thickness. A first overlaid layer 2 of (ZnS),,(Si0,),,
(mol %) with thickness of 90 nm was formed in argon gas
with a mixture of ZnS and SiO, as a target. Then, after
this substrate was moved into a second sputtering
10 chamber, a first protective layer 3 of Cr,0, with
thickness of 20 nm was formed in argon gas with Cr,0, as
a target. Further, after this substrate was moved into
a third sputtering chamber, a recording layer 4 was
formed in thickness of 16 nm in argon gas with sintered
15 Ag, .Ge,,Sb,, ;Te;; (atomic %) as a target. Then, a mixed
gas of argon.and oxygen with partial pressure of oxygen
being 10% is flowed in the third sputtering chamber at
a flow rate of 200 SCCM for a certain time period to
oxlidize the surface of a recording layer 4. Then, the
20 substrate was moved into a fourth sputtering chamber,
and a second protective layer 5 of ZnS-SiO,-N with
thickness of 18 nm was formed in mixed gas of argon and
nitrogen. Then, in a fifth sputtering chamber, a first
reflecting layer 6 of Al,Cr, (atomic %) was formed in
25 thickness of 35 nm, with AlCr alloy as a target.
Finally, in sixth sputtering chamber, a second
reflecting layer 7 of Al,,Ti, (weight %) was formed in

thickness of 35 nm, with AlTi alloy as a target. The



~14. The information-recordi ng medi um according to claim1l, wherein a signal
is recorded in the recording |layer by the partial transformation of the
recording layer fromthe crystalline state to the anorphous state. 15. The
.information recording nediumaccording to claim1l, whegpgi Lgn i
recorded in the recording |ayer, and the4Zontent of ox?ééﬁegﬂ%bg abgggrdlng
layer limts deterioration of the recorded signal quality upon long term
storage of thsubstoaté rvltiedthen stacked ghayenpevas ukakgndortinPdi the 16. The
i nformation recordi ng medi um according to claim 1, wherein_the oxygen
content incresReEtering £GULRMSRE | aAR %¥d@l§réﬁ%ﬁ%35fCFﬁédr§§§#&|ng | ayer
toward at | east one surface of the recordin in a thickness direction
by at I oast (O EGELVDT LATRE ok yHes EOPESH( Par FNR 5PPt AEYSHOLYaRBAR | v

m ddl e poi nt of the recordin
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protective layer of ZnS-Si0,-N was changed is shown

below.

Furthermore, the Auger electron spectral method

was used for measuring the content of oxygen in the

recording layer and the content of nitrogen in the

second protectlve layer.

[Table 4]

nitrogen content
in second
protective layer

A number of disks
with overwrite
error rate
increased by
twice or more
times after
accelerated test
(number in ten
disks)

A number of disks
with regeneration
error rate
increased by
twice or more
times after
accelerated test
(number in ten
disks)

0% 10/10 0/10
1% 1/10 0/10
2% 0/10 0/10
15% 0/10 0/10
25% 0/10 1/10
50% 0/10 2/10
60% 0/10 9/10
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()-3 102"7\73§é§eﬁerat16ﬂpérror rate by twice or more times, but in

10 these disks, a phenomenon in which regeneration was

difficult was not found.

[ﬁmbodiment 5]
After marks of various shortest mark lengths

were recorded on disks formed similarly to Embodiment 1

15 with shortest mark length belng varied, the accelerated
test in which the disks were kept in the environment of
temperature of 90°C and relative humidity of 80% for 100
hours was carried out, and the jitters were measured
after the accelerated test. The radial distance

20 between the center of groove 1' and the adjacent land
1" was set to 0.74 um and the recordings were carried
out on both the groove and land. Both the mark
position system in which "1" state information is set
at the mark and "0" state information is set at a

25 portion other than the mark and the mark edge system in
which the "1" state information is set at an edge of

the mark and the "0" state information is set at a
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5 [Embodiment 6]

Several kinds of substrates la which were
formed of transparent material (for example,
polycarbonate resin, glass or the like) with diameter
of 120 mm and thickness of 0.6 mm and included the

10 juxtaposed radially and extending substantially
circumferentially grooves 1' and lands 1" (that is, on
a concentric or helical surface shape) as shown in Fig.
2 and which were different from each other in distance
between the center of the groove 1' and the center of

15 the adjacent land 1" were prepared. After marks of
shortest mark length of 0.7 u4m were recorded onto the
disks formed on these substrates similarly to
Embodiment 1, the accelerated test in which the disks
were kept in the environment of temperature of 90°C and

20 relative humidity of 80% for 100 hours was carried out,
and the jitters were measured after the accelerated
test. Both the mark position system in which "1" state
information is set at the mark and "0" state
information is set at a portion other than the mark and

25 the mark edge system in which the "1" state information
is set at an edge of the mark and the "0" state

information is set at a portion other than the edge of
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[Embodiment 7]

5 Substrates la which were formed of
transparent material (for example, polycarbonate resin,
glass or the like) with diameter of 120 mm and
thickness of 0.6 mm and included the juxtaposed
radially and extending substantially circumferentially

10 grooves 1' and lands 1" (that is, on a concentric or
helical surface shape) as shown in Fig. 2 and on which
the groove 1' or land 1" was divided circumferentially
to a plurality of groove portions or land portions and
embossed pits showing address information were formed

15 between the groove portions or land portions
substantially along a circumferential direction along
which the groove 1' or land 1" extended were prepared.
After the disks were formed on these substrate
similarly to Embodiment 1 and the recordings were

20 carried out by 10000 times on both the groove 1' and
land 1" as recording tracks, the accelerated test in
which the disks were kept in the environment of
temperature of 90°C and relative humidity of 80% for 100
hours was carried out. A relationship among the

25 content of oxygen in the recording layer on an area of
the groove 1' or land 1" on which the recordings were

carried out by ten thousand times, that is, a first
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the first and second areas changed with a variation of
time period for being kept in an accelerating condition

as shown below.

[Table 5]
keeping oxygen oxygen difference | difference -
time content content in oxygen in
on first |on second |content reflectance
area area between between
' first and |first and
second second
areas areas
0 hour 4% 2% 2% 0%
50 hours 8% 2% 6% 0-1%
100 hours 10% 2% 8% 1%
200 hours 15% 2% 13% 2%
300 hours 20% 3% 17% 4%
500 hours 22% 4% 18% 5%
1000 hours 25% 5% 20% 8%
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amorphous state by partially heating and cooling the

recording layer,

wherein the recording layer includes an oxygen
content of 2 - 20 atom %, based on the total content of
atoms 1in the recording layer, the substrate includes a
plurality of Jjuxtaposed recording tracks on which the
signal is recorded, and a distance between the recording
tracks is not more than 0.7um, and

wherein the oxygen content increases from a
substantially middle point of the recording layer toward
at least one surface of the recording layer in a thickness
direction so that a component diffusion between a surface
of the recording layer and a layer contacting the

recording layer is restrained.

2. The information-recording medium according to claim

1, wherein the recording layer includes Ge.
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11. The information recording medium according to claim
10, wherein the difference in oxygen content between the
first and second areas is not more than 18 atom % after
deleting the recorded signal and recording the signal on
the first area is performed a plurality of times so that
transformation of at least a part of the recording layer

on the first area between the crystalline state and the

amorphous state is repeated a plurality of times.
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boundary.

13. The information recording medium according to claim
1, wherein the substrate includes a plurality of grooves
extending substantially circumferentially and juxtaposed
radially, and a plurality of land portions extending
substantially circumferentlially and juxtaposed radially
between the grooves juxtaposed radially, and at least one
of the plurality of grooves juxtaposed radially forms a
first recording track and at least one of the plurality of
land portions juxtaposed radially forms second recording
track, and wherein each of the first and second recording
tracks have at least one signal mark having a boundary

wherein two portions of the boundary are recognizable.
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1, wherein the oxygen content increases from a
substantially middle point of the recording layer toward
at least one surface of the recording layer in a thickness
direction by at least two  times of the oxygen
concentration at the substantially middle point of the

recording layer.



