DESCRI PTI ON : PHASE CHANGE OPTI CAL RECORDI NG MEDI UM

METHOD OF MANUFACTURI NG THE SAME, AND 5 - METHOD OF RECORDI NG
| NFORVATI ON ON THE SAME TECHNI CAL FI ELD: . The present
_invention concerns a phase change opti cal recordi ng nmedi um having a

recordi ng | ayer of changing phase 10 between a crystalline state and an
anor phous state in accordanceg#&Fﬁééﬁfgﬁntensity of an irradiation
beam and, in particular, it relrate 0 a phase change opti cal

recordi ng medi um capabl e of making an initialization process
unnecessary, a manufacturing nethod thereof and a recording 15 nethod

t her eon. BACK : I e rs, study and
devel opnent have been %%lg éﬂm@l%"o#%% Fgﬁﬁéggﬁ cgﬁb%ﬁﬁbr mat i on recording
media as means 20 fqr recordi | rasing enor nous anount
of ' i nformation. %ﬁ "ﬁzhloglr %Wi’g@@{gﬁ?@"%ﬂ@%a@@ opti cal

ever sibl e phase crARBIR IR RIReBPaRRg NEGRMRMAY il mm, s8y c7yelal i ne
and anor phous states have been 25 considered prom sing since they have an
advant age that new i nformati on can be recorded

sinultaneouslg whil e erasing old

The present invention concerns a phase change optical

recording medium having a recording layer of changing phase
10 between a crystalline state and an amorphous state in
accordance with the intensity of an irradiation beam and, in
particular, it relates to a phase change optical recording
medium capable of making an initialization process
unnecessary, a manufacturing method thereof and a recording

15 method thereon.

BACKGROUND ART':
In recent years, study and development have been made

vigorously on optical information recording media as means
20 for recording, reading and erasing an enormous amount of

information. Particularly, so-called phase change optical

disks conducting recording/erasing of information by

utilizing reversible phase change of a recording layer

between two crystalline and amorphous states have been

25 considered promising since they have an advantage that new



i nformation (hereinafter referred to as "overwiting") by merely

changi ng the power of a |aser beam As the recording materia
for the phase change opti cal 5 di sk capabl e of overwiting, chal cogen

all oys such as I n-Se series alloys having |low nelting tenperature and
hi gh absorption efficiency of | aser beam (refer to Appl. Phys.
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the like) disposed to the recordi
Al alloy OrL ett. Vo ) 50, p R 16, 1987) and Ge-TeE%b alloy (refer to

10 Japanese Patent Unexamined Publication Sho 62-53886) have
been used mainly.

On the other hand, in a case of actually conducting
recording/erasing by using the chalcogen alloys, a dielectric
layer comprising at least one material selected from oxides,

15 carbides, fluorides, sulfides and nitrides of metals or
semimetals is usually disposed tb either one or both of the
surfaces of just beneath and just on the recording layer in
order to prevent deformation of a substrate, oxidation of the
recording layer, material migration along grooves or

20 deformation of the recording layer due to heat upon
recording/erasing.

Then, the phase change optical disk of a three layered
or four layered structure having, on a transparent substrate,
a recording layer comprising a chalcogen alloy, a dielectric

25 layer disposed just beneath and/or just on the recording



| ayer on the side opposite to the substrate is predom nant, si nce
this is desirable in view of recording/erasing 5 characteristics.

In a usual phase change optical disk, the material of t he recording
| ayer is heated to a tenperature higher than the nelting point by
irradiating a | aser beam at a recording power to a recording |ayer and
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by a 2 sputterin thod or a vapor deposition nethod. Since the
recording | aﬁﬁﬁﬁléﬁiﬁgr the deposition is in the anorphous st at e,
t he disk is usual supplied after irradiating. a.laser beam._t o
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Rc and the reflectivity when the | ayer
power to a recording layer and then quenched; so that the

10 layer turned into an amorphous state with the result that a
recording mark is formed. While the material of. the
recording layer is crystallized with the result that the
recording mark is erased by irradiating a laser beam at an
erasing power to heat the material to a temperature.higher

15 than the crystallizing temperature, followed by gradual
cooling.

The phase change optical disk described above is
manufactured by forming thin films constituting each of
layers successively to a substrate, for example, by a

20 sputtering method or a vapor deposition method. Since the
recording layer just after the deposition is in the amorphous
state, the disk is usually supplied after irradiating a laser
beam to crystallize the entire surface. The process is
generally called an initialization process.

25 The phase change optical disk of the three layered or



I's in the anorphous state as Ra. The reflectivity when the 5 recording

| ayer- is in the anorphous state is not a sufficient val ue for stable
focusi ng and tracking by a usual driving apparatus. Then, a sufficient
reflectivity can be obtai ned by turning the recording layer into the
crystalline state by applying an initialization process. 10
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642123 Al) and_ Japanese, Patent Unexam ned Publication Hei 8-63781
di scl ose §H§§glgﬁaﬁ@elnltlallzatlon process.

10 However, the initialization process requires a time

which it is about one minute and less than one minute in
order to initialize the entire optical disk of 120 mm
diameter even by a laser beam irradiation method which is
most efficient, so the step is attributable to the increased

15 cost in the manufacture of disks. That is, considering a
time necessary for processing one optical disk in each of
manufacturing steps for the optical disk (cycle time), the
time required for the initialization process is longer
compared with a step for molding a substrate or a step of

20 depositinglfilms. Accordingly, when the cycle time in the
film deposition step is, for example, 8 sec, at least 6 to 7
sets of initialization apparatus which is extremely expensive
are required in order to eliminate the time loss upon
transfer to the initialization process. As a result, the

25 manufacturing cost for the optical disks is increased by the



5 optical disks in which a relation between the reflectivity (Rec)

when the tecording layer is in the crystalline state and t he
reflectivity (Ra) when the layer is an anorphous state A =7
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| i ght vVity aye I'n the anorphous state

' > Aa (th < Pat ent

IU?\exa(r:n ned Pl(Jb| ?éré't?%n%heﬁ%ngvgggzn s ?éE@gQ %%g%léescple;g tﬁatech <

R A t | a light

absor pt Fo&’u%‘il%%y@r npdc 7otk ol T g A1 Bydr o TaPene Y gt Doy

J t t .U bl -63781 d bes t hat RC <

RZ"?Qﬁsﬁe lq}me” @;éb?ﬁgigsta Fiep é&eﬁ'ﬁ#ﬁld nSipPLRReORRATS O o t ’
rotection layer, faqr etween a r r rate.

Burt hop. \RRESCEL: CLRES 4B PRIGH 1% Dratims %@Hﬂe&e. ?’?‘?yrepfe%s%

si nce the relation between the |ight absor, when the
ecor di ng (RE)ewhEs £he, FECergLae 1a¥es dedd e brystalifnd gt %ttfsan& ity
25 the/(Aa) when the |l ayer_is in the annrphous state becones
Ac > Aa, Fh& Eﬁfllﬁﬁtéf’li:ﬂe(gﬂbﬂ@?ﬁ the layeryis, ﬁﬂowmﬁu%pﬁﬁﬁﬁﬁ/erW| ting
can be suppressed Thi s can decrease jitters caontained in read |ight
to obtain Jiﬁ-glﬂ‘c Ra. o IARANRSE PaientgUrasamtaeqd iRubldcatiog, Bedqgde

recordi ng 5 _capabl e of high density recordin . . . . As descri bed
above, a SOSBTA BiSClepeece phase @Ange optical diskaiv kol @ no
|n|t|aI|zat|on process and high, recordi ng/ reading characteristics can

be oblfi naeliationebetween the light absorptivity (Ac) when the
recording layer is in the crystalline state and the light
absorptivity (Aa) when the layer is in the amorphous state
is: Ac > Aa (that is: Rc < Ra).
Among them, Japanese Patent Unexamined Publication Hei
15 7-78354 and Hei 7-105574 describe that Rc < Ra or Ac > Aa can
be attained by disposing a metal layer or a light absorption
layer between a recording layer and a substrate. Further,
Japanese Patent Unexamined Publication Hei 8-63781 describes
that Rc < Ra can be attained by properly selecting the film |
20 thickness of a protection layer formed between a recording
layer and a substrate.
Further, when setting the relation of the reflectivity
as Rc < Ra, since the relation between the light absorptivity
(Ac) when the recording layer is in the crystalline state and

25 the reflectivity (Aa) when the layer is in the amorphous
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mar k edge recording by a phase change optical disk with the 10 relation of
the reflectivity being Rc < Ra. However, it has been found by the
study of the present inventors that when overwiting is conducted with
no_initialization process in this phase change optical disk, CN
(carrier to noise ratio) upon first recording is lower than ¢/ N upon

overw itigate Joecomes Ac A AWDI QsstOFtide o¥ aaRNisnapeeBi @A 1S to obtain
hi gh recordi ng Characteristic a ready fromfirst recording even
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| oner tha ékﬁ %ﬁﬁlect|V| n ﬁ gl in the anorp Hg 5 state,
wherein t (ﬁlﬁf ﬁ%} Psle opea %P%ugﬁﬂq?ss and PBhous state for
the entire sur ace a That

is, the pha<¥ 25%@$@t|g%ﬁﬁﬁ?ﬁ?*ﬁf%ﬁﬁﬂ?ﬁﬂ BQB&BFelﬁB St he present

| nvention i qgl Uéj ee'S rbe%ordz.ng by a phase change optical disk with the

10 relation of the reflectivity being Rc < Ra. However, it has
been found by the study of the present inventors that when
overwriting is conducted with no initialization procesé in
this phése change optical disk, C/N (carrier to noise ratio)
upon first recording is lower than C/N upon overwriting.

15 A subject of the present invention is to obtain high
recording characteristic already from first recording even
when recording is conducted without conducting the
initialization process in a phase change optical disk with a
relation of the reflectivity being Rc < Ra.

20

DISCLOSURE OF THE INVENTION
In order to solve the foregoing subject, the present
invention provide a phase change optical recording medium
having at least a substrate and a recording layer formed on

25 one side thereof and changing phase between a crystalline



10 rewitabl e phase change optical recordi ng nmedi um having a recordi ng
Irayer changi ng phase reversi bly between a crystalline state _and an

anor phous state and a wite-once phase change optical rEFISISHEETMEAS BFEN
capabl e of recording only for once having a recording Iayer gmpng@ﬂg '

phase in at 15 | east one direction betmeen a crystalline stere—anrt—an

2?‘;2? gﬂj%'ﬁ%gea tia an, amorphons ReLgLL! #ﬂ?{éu@éa\sﬁtﬁh nae; hed , Lhe

e anor pAous a grap shown 1n Fig. 1is
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states where_the free ener akes rel '
5 amorphous state, wherein the recé?hfng(iayer %%Igg£3sfgeélfﬁylﬂ ni mal

a stable amorphous state.
That is, the phase change optical recording medium
according to the present invention includes both of a
rewritable phase change optical recording medium having a
10 recording layer changing phase reversibly between a
crystalline state and an amorphous state and a write-once
phase change optical recording medium capable of recording
only for once having a recording layer changing phase in at
least one direction between a crystalline state and an
15 amorphous state. |
Referring to the phase change between the crystalline
state and the amorphous state, a graph shown in Fig. 1 is
contained in "Foundatioﬂ of Amorphous Semiconductor" (1982),
p 23 published by OHM Co. The graph shows a relationship
20 between the arrangement of atoms (degree of freedom) and a
free energy in a thin film occurring phase change between the
crystalline state and the amorphous state.
As can been seen from the figure, the free energy is
minimized in a crystalline state (C) and a plurality of

25 states where the free energy takes relatively shallow minimal
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711 values (Alerr], Aerr], Aerr], ---) are present in an
‘andr phous' state (A). Then, it is considered that the thin filmin each
of the anor phous states can override a crest of an activation energy
by_a small energy applied fromthe outside in the form of 5 heat and
light and transfer to the state of other m ni nmal val ue in adjacent

ngref\rm] ; hvalues (A,, A,,MPNQ-LheapBOEPERERL SIRIAS andFphdREPELHEeSIA] &
Then, it is considered that the thin film in each of the
amorphous states can override a crest of an activation energy
by a small energy applied from the outside in the form of
5 heat and light and transfer to the state of other minimal
value in adjacent therewith.

Among the amorphous states, an amorphous state (A;)
which is nearest to the crystalline state in view of the
arrangement and can reach the crystalline state (C) by merely

10 overriding one crest of the activation energy is defined as a
stable amorphous state, while other amorphous states (a,, A,,
~-~) than the above are defined as quasi-stable amorphous
states in the present invention. That is, upon transfer from
the quasi-stable amorphous state (A,, A,, ---) to the

15 crystalline state (C), it is necessary to override plural
crests of activation energy. Therefore, a thin film in the
quasi-stable amorphous state is difficult to turn into the
crystalline state compared with the thin film in the stable
amorphous state.

20 In an existent phase change optical recording medium
with a relation of the reflectivity being Rc < Ra, since the
temperature of the substrate is not controlled partibularly
upon deposition of each of the layers including the recording

layer and it remains at a relatively low temperature (for

25 example, the temperature is 20°C or more and less than 35°C),



which is nearest to the crystalline state in view of the arrangenent

and can reach the crystalline state (C) by nerely 10 over W
of the activation energy is defined as a stabl e anorp v & HASBERY

ot her anor phous states (Alerr], Alerr], ---) than the oveREPIACED
defined as quasi-stabl e anorphous states in the present inventrom

That is, up@n:Lr - h - st ra _(Alerr],
Alerr], ----% tl% ?ﬁ@gﬁi%é&g%hs talﬁhfengegggﬁgn?g%%a{% lﬁ{;?gls%sgél?s?'o override

pl ural t | vati.on Vs Th f Lhip fl ' e
guasi - st abfggéi%r%‘H‘g%%&g#%t%altge'd?ﬁ#guﬁ' tvg{e[%u%rﬁgpﬁﬁé;’?hes &)ﬁﬁ%%éé{]al l'ine
st ate conpar tth the thinfilmin the stab .__.amrphaus state. 20
T an exi SPanofhaEat cfd gl satien pEBGelbn ot drinne TERIRRG Bl i on
of the reflectivjt ei Rc < .. Stnce_the t enperatyre of the
substrate anﬂBFL%%ng?oW%orwzﬁa@ﬂl Q'PV?r in tﬁ%oﬂ‘%‘(ﬁﬁa&ﬂﬁn of each of
the layers including the recordi | ayer and it renmi,ns at a

ol at bl y APORPhERRcrtate o TRETeEdse, B BENELON RUatoRBORLAPE i s 20[ err]C
or nore and |ess_than 35 eré]chg- ) . . 8
it is consFyEPEalihzediie B Stgltdgen pufficieptiyrasfhen, at 95 ¢
anor phous state. That is, _ when recording is conducted . W_thout the
initializaBESRTpEBE’ECORY, FQGATAing.d; 8 R§SPsOL the xgymitadd e &YPRe
recording layer in the quasi-stable 5 anor phous_state. Therefore, a
portion th&iNSRothe Worphous Bantion ofqthe Eegoxding Jiaverehasubeesi ently.

Then, at or after the second recording in a case of the rew.itable
type, tyrped inkoawRe Hahkleamorphoys chate eeferedhis aecezdibgen

10 by the first recording, the portion to be crystallized is
sufficiently crystallized. As a result, this leads to a
phenomenon that C/N upon recording is low in a case of the
write-once type, and C/N upon first recording is lower than
C/N upon overriding in a case of the rewritable type.

15 On the contrary, in the phase change optical recording
medium of the present invention in which the relation of the
reflectivity is: Rc < Ra, since the recording layer is
deposited in the stable amorphous state, first recording is
conducted to the recording layer in the stable amorphous

20 state even without conducting the initialization process.
Accordingly, a portion that should be crystallized is
sufficiently crystallized already from the first recording.
As a result, high C/N is obtained in the recording in the
case of the write-once type, while high C/N is obtained both

25 in the first recording and at or after the second recording
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g
turned into the stable anorphous state before this recording 10 by the

first-recording, the portion to be crystallized is sufficiently
crystallized. As a result, this leads to a phenonenon that C N upon
recording is lowin a case of the write-once type, and C/ N upon first
recording is | ower than C/ N upon overriding in a case of the

rewritabl e;l,VefRe e of the fg%fﬂgnggnEgﬁéy, I n the phase change opti cal
t I nvent

recordi ng neﬁ%un1o e presen lon in which the relation of the
St abl o anor phous A SeSCEibe 8Bokdy ESHEE LA nBEFAIhS 1AGHETs 11"
stabl e anoPshebibeRablEd B ifaRdR: HibeBnbEs HEare uf FOY BhiBe PiGhot '
D ocess, Bt hleofing ndfih 22 SH pROBULE BRENE! HiFEOeld
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recording lLayer is deppsited into the_stabl e anorphoys .,state in the
phase chang ?eforﬁptpﬁ%lm%dm ﬁ%%ﬁeﬂpﬁmb?gt%t%‘@ééﬂpﬂiyﬂgnfz 6n, high
C/'N

initialization process and, as a result, it is possible to
greatly improve the productivity and decrease the production
10 cost.

Further, in the phase change optical recording medium
according to the present invention, since it is no use to
intentionally lower the high reflectivity (Ra) before |
recording.to the low reflectivity Rc by the initialization

15 process, it is preferred to conduct recording without
previously crystallizing the entire surface (that is, without
initialization process). Since this retains the high
reflectivity before recording, inspection before supplying
and various inspections after deposition of films can be

20 applied stably.

Further, as a method of recording an the phase change
optical recording medium of the present invention, if a
method which the recording marks were made in the amorphous
state and portions other than the recording marks were made

25 in the crystalline state is employed, since this is the same

10



5 can be obtained already fromthe first recording if recording IS
conducted even without the initialization process. Therefore, the
medi um can be supplied w thout applying the initialization process
and, as a result, it is possible to greatly inprove the productivity
and decrease the production 10 cost. _ Further, in the phase
change OptieedlrdifgOREtAGd "Bslitlt for RheOkdiBlehf plSsd @Rfilje | NVention,
since it is no usé to ntentionally lower the high reflectivity (Ra)
bef ore Is rdj I Vi C g ialization 15
process, io tilgsgr g?é?%%gll%rc}ﬁ‘?:%n ucs;?:l g%%?d?grciéev% ?ﬁ%{#{ﬁg tJfﬂ(}'f)revi ously
crystalli zi : : | e s 3%5 Is Lt I Qystdalhzati on
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i nspectio .2 S | I LQUSHLDS tions after deposition
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of filnms Can ed Sta tther, as a net hod of
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process, it rovigﬁs a Herié t hat exis_tenth recq&diqﬁi%gpara us,. can be
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used as t

refleCting%ays in the amorphous state by making only the reading beam
10 irradiate to the non-data region upon recording, the non-data
area can be kept always at a high reflectivity.

The method of judging as to whether the deposited
recording layer is in the stable amorphous state or in the
quasi-~stable amorphous state can include, for example, the

15 following two methods.

The first method is a method of overwriting at an
optimal power (both for the recording power and the erasing
power), measuring a noise level (N1) after the first
recording and a noise level (Nn) at or after the second

20 recording (for example, second or tenth) and judging based on
the difference between both of the measured values (N1 - Nn).
It can be judged that the deposited recording layer is in the
stable amorphous state if an absolute value (N1 - Nn) is
within a predetermined value and that the layer is in the

25 (quasi-stable amorphous state if the absolute value is larger

11



Is Rc < Ra in the phase change optical recording nedium ~according to

the present invention, if the non-data area (the regi on ot her than
data region, such as an index area) is kept al ways i n the anorphous
state by meking only the reading beam 10 irradiate to the non-data region
upon recordi ng, the non-data area can be kept always at a high
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10 the reflectivity upon phase change from the amorphous state
to the crystalline state can be measured usually, the
temperature of crystallization and activation energy for
crystallization can be recognized.

Since the optical constant is different between the

15 amorphous state and thé crystalline state even for recording
layers of an identical composition, the reflectivity changes
upon phase change from the amorphous state to the crystalline
state. Further, since the optical constant usually differs
somewhat also between the stable amorphous state and the

20 gquasi-stable amorphous state, change of reflectivity can
often be measured also upon change from the quasi-stable
amorphous state to the amorphous state.

Fig. 2 shows a temperature-reflectivity curve when a
recording layer of a composition is deposited in a quasi-

25 stable amorphous state and Fig. 3 shows a temperature-
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dynam cal |y neasuring change of the reflectivity while el evating the
tenperature of the filmafter deposition at a constant rate. According
to this nethod, since the change of 10 the reflectivity upon phase change
fromthe anorphous state to the crystalline state can be neasured
usual 'y, the tenperature of crystallization and activation energy for

5 fi 'e'rfé%f‘i%{f {0 B ‘i%ﬂééér p%%%dlﬂgatlglyg?d R I

ref lect | VAR, 32 aeBififedifcn gl AnsrEPREs. bR PRouEStar o (o 1 e
|1 Furth |1y diff

Conehat S <SP s omREYEFURF ratﬂ?%ea{fity&%&#%egnaﬁ‘f‘%iﬁné € fifhs - stabl e

anor phous, change of reflectivjt often be neasured al so
upon chan’g‘ieq?’cﬁﬁ 5§Fu§Faﬁf vatio hous state to the anorphous
state. hows a te eraLure reflectivity curve when a
recorélng IayerIBfFégco%¢x§&QQQn$h%5ﬁﬁ?ﬁﬁgﬂpgd a¥er 17 dgposited dpig o

anor phous state and Fig. 3 shows a tenperature-

12 the quasi~gtable; pmeyrhans Sttty 4% dosPdPRE AdYeFthAvi ng the same
conposition is deposited in _a stable anorphous state. Both of them are
t enper at FRANGES efgliq“\/tlh? geflestipity iy the amorphousjeratea(Rakierature

el evation rate. In Fig. 2, since the recording |ayer is

dep05|tedth¢n2¢fle°thﬂ¥§Yq&B§D éﬂabh%‘%ﬁﬁﬁﬁﬁi&%§65§§?§erlbuﬁd%%efﬁn directly

changes fromthe reflectivity in_the anorphous state (Ra) to
exists a temperature region that shows a reflectivity (RX)

10 smaller than the reflectivity (Ra) in the amorphous state at
a position slightly lower than the temperature at which the
reflectivity changes to that in the crystalline state. It
can be seen by the presence of the temperature region showing
the reflectivity RX that the recording layer changes from the

15 gquasi-stable amorphous state by way of the stable amorphous
state to the crystalline state if the layer is deposited to
the quasi-stable amorphous state. However, depending on the
composition of the recording layer or the film constitution
as the recording medium, the temperature region showing the

20 reflectivity RX may be extremely small and can not be
determined easily. On the other hand, in Fig. 3, since the
recording layer is deposited in the stable amorphous state,
it changes from the reflectivity (Ra) in the amorphous state
directly to the reflectivity (Rc) in the crystalline state in

25 the vicinity of the crystallizing temperature.
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the reflectivity (Rc) in the crystalline state, but there exists a
tenperatute region that shows a reflectivity (RX) 10 snmaller than the

reflectivity (Ra) in the anorphous state at a position slightly | ower
than the tenperature at which the reflectivity changes to that in the
crystalline state. It can be seen by the presence of the tenperature

region showing piq.theah@f FE§! 1 yidre Rbgyanalye8 bECPEM! [BramsneissSanges
fromthe 15 quasi-stable anofphous staté by way of the stabl e anorphous

state to t?fe&fﬂéﬁ %iéf&cmbf} 'fxowgr&?{@raﬂ& éi%&?o}f%ekﬁ the

quasi - st abl e anor phous st weve ependi ng on the conposition of
t he recordj I Il t ' s oo ad e i di um
t he tenperg?gF%%%?rg show rklg Y}lﬁ@@fiﬂ;@g P@:ﬁﬁ@y%&%@ Egigx??lelﬁrrgl y

|1 d b . L.Red | .4 ig. 3,
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Lrectly

o the o PRSP Pddk j°E BRkbanTTy pPphiSL MR, CBhible o, 160 °C;
Fro. 2" anc rrEene SRS Srate BpeERF S shgen in Eigydole
M o 050001 01 PRGEPRLNILIEANR) REbLeReRen | oLTfract Lo patterns (upper
aorphous otate. ot 4Bl ncib! Bhun S0 ek e L3 B el P €9
SO 1 1 Sk et il e BBt B wien grooves ™
10 for guiding a laser beam without heating the substrate and it
can be seen that the film is in the amorphous state based on
the electron beam diffraction pattern. Further, since a fine
structure is observed from the TEM photograph, it is
considered that the thin film is.deposited in the quasi-
15 stable amorphous state.
The TEM photograph in Fig. 4 shows a stéte after
irradiating a laser beam at 3 mW to a portion left to the
groove (large width portion of stripe) of the thin film in
Fig. 5 at an irradiation rate of 4 m/s. The electron ray
20 diffraction pattern in Fig. 4 is a pattern for a laser
irradiation portion and it can be seen from the pattern that
the laser irradiated portion of the thin film in Fig. 4 is in
an amorphous state. Further, it can be observed from the TEM
photograph in Fig. 4 that the laser irradiation portion forms

25 a portion without the fine structure (uniformly black
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filmof Ge[err]Te[err] deposited on a substrate formed with grooves 10 for

guiding a 1aser beam w thout heating the substrate and it can be seen
that the filmis in the anorphous state based on the el ectron beam
diffraction pattern. Further, since a fine structure is observed from
t he TEM phot ograph, it is considered that the thin filmis deposited

in the quasgsortiJc‘i;)smbltﬁeam‘emaeﬁﬁvﬂft&ing lowered, amfeit EMphotograph in
Fig. 4 shows a state after irradiating a | aser beamat 3 niWto a

portion | eféoddiddlRd thatItREYEakéA! fhral it RO Horeiofl cRanES) £xm t he thin
filmin Fig. 5 at an irradiation rate of 4 mls. The electron ray 20
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10 form the stable amorphous state can include (1) a method of

controlling the temperature of the underlying portion on
which the layer is deposited immediately before, immediately
after or during deposition of the recording layer to a
temperature which makes the recording layer into the stable

15 amorphous state and which is lower than the crystallizing
temperature of the recording layer, (é) a method of
depositing the recording layer by a laser abrasion method and
(3) a method of depositing a film by a sputtering method
using helium or neon as a sputtering gas or using a gas

20 mixture containing helium or neon in argon.

The method (1) includes @ a method of heating a
substrate or the underlying surface immediately before
deposition of the recording layer thereby previously
elevating the temperature of the underlying portion for the

25 recording layer, @ a method of starting heating for the
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10 formthe stabl e anorphous state can include (1) a nmethod of

controlling the tenperature of the underlying portion on whi ch the
| ayer is deposited inmediately before, immediately after or during
deposition of the recording |layer to a t enper ature whi ch nmakes the

e e et el T %
gﬁéhod of(3 R e{)(ﬁsflfiong g})e _rc}ed_S'(r)Q)rqE ii:nfii Eag;? gﬁa;?? ab:gli%;a r.ret hod
T i g e ol
forr] o et AT Figud Siiilgsen seorom p RS i 2
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underlying portion of the recording |ayer, ‘_Eherr a nmethod of . 5 heating the
substrat e dayere andpgdiia; setbodf af eStaenhitdig deposikior of M onpl eti on of

t he deposition far the recording | ayer and [erre].a ne d qof..startin
the deposi tegwrdinghdayer impediatiely [hHer FH&HL‘&P@?&%‘P t%ﬁ rﬁc]’d?e | eti o%
of the film . deposition taken, place just before, utjili iena(;l:the heat 10
gener at ed iSleposd tdeposnpkennPLagRuttsd e Uhd1dzpRg; the

10 generated by the deposition conducted before the deposition

of the recording layer and accumulated in the substrate. The
heating method can include a method of irradiating a light
including heat rays to the deposited surface of the substrate
(underlying portion for the recording layer), a method of

15 heating the substrate holder itself by a heater or the like,
heating by radio frequency induction, heating by flash
exposure and by plasma treatment.

When the method (1) is adopted in a case where the

recording layer comprises a Ge-Te~Sb series alloy and the

20 substrate is made of glass, it is preferred that the
substrate temperature during deposition of the recording
layer is from 35C to 150°C. That is, the Ge-Te-Sb series
alloy forms a stable amorphous state if the deposition
temperature is 35°C or higher and causes crystallization if

25 it exceeds 150°C. A substrate temperature of 45°C or higher
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of the recording |layer and accunmul ated in the substrate. The heat i ng
met hod can include a nethod of irradiating a |ight I ncl udi ng heat rays
to the deposited surface of the substrate (underlying portion for the
recording layer), a nethod of 15 heating the substrate holder itself by a
heater or the |iKke, heating by radi o frequency induction, heating by

flash duiRgSHESosTEi By d¥ &HER recebiRY! 1ayer is prefef%@%nshhéenﬁthOd
(1) is adopted’in a case where the recordi ng | ayer conprises a

Ge-Te-Sb ggel ﬁél@é'féd@é‘ﬁ%*&fe@: INOLhe2ESrs€ PEclrdinglli@ss, it is

preferred that the strate tenperature durlng deposition of the
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10 recording l um wi th th rel ati op of .the refleﬁtlvitxpglcgg i Rc <
i ch

Ra can incl ude |qﬁﬁpl rucgpre top the phage chapsg

corrpri(§ esfr:ecor J.Islgblﬁttaéﬁ;f wjith trﬂJl Y Ra%:.{)rexfclaf C1t:1|1é) nref_lectJ_v:Lty being

Rc < Ra can include a constitution, for example, shown in Fig.
6, which comprises, on a substrate 1, a multiple reflection
layer 2, a first dielectric layer 3, a recording layer 4, a
second dielectric layer 5 and a reflection layer 6 in this

15 order. In Fig. 6, reference numeral 7 denotes an UV-curable
resin layer for protecting the surface of the thin film. The
multiple reflection layer 2 is a layer for causing multiple
reflection of an incident beam between itself and the
recording layer 4, and the relation: Rc < Ra is attained by

20 the presence of the multiple reflection layer 2 within a
certain range of a film thickness for the first dielectric
layer 3.

The multiple reflectionllaYer 2 can include, for

example, a light absorption layer comprising a metal, a semi-

25 metal or a semiconductor, a dielectric multi-layered film
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| ayer 2, a first dielectric layer 3, a recording |ayer 4, a second
dielectric layer 5 and a reflection layer 6 in this 15 order. In Fig. 6,
ref erence nuneral 7 denotes an UV-curable resin layer for protecting
the surface of the thin film The multiple reflection layer 2 is a

| ayer for causing nmultiple reflection of an incident beam between

i tself and dhisied by AEEQERAESY 3 :f&u?.pd hg G36ReLORic Rateddal df
attai ned by 28 tKe presence %f ﬁle nmu igfre re?%ect?%hclayer w thin a
certain ra 0 b 8,4 i : ' | i | ayer 3.
The mul ti pF%%Pe%FggtgFg%b %a§£3ré5§%§l§]%[ r%%agfé’ftﬁ%r‘q‘l"%ffé&a%p|léfw a light

absorpti onf&x_gh:fii}gggi Silgt%f ?Lﬁ.ﬁﬁi:agbsgrﬁfmﬁ 1a%;ér ré%ﬂxalingﬁ.uaefem conduct or,

a dielectric nmu ére 17
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el ement ™ conpr’i ST Ag™Ar, I I Idn,
Sn, Sb, Te,,Pb, Bi_or Ta,. ar an_all oy containi el ements sel ecte
fromthe grgup®r an alloy contl"’??é‘:‘t%&lt?ﬂ‘e%ﬁsﬁe ﬁ‘??%ﬁ & 19EOPel ectric
mul ti - | ayer.ed film t he ltiple reflection. layer 2 is preferred
since the rel ati orf§ sLa¥eLe °&ﬁ&g1§ﬂtb i%‘f%ﬁ%&lﬁ?ﬁ&%ﬁ myEtin gh.
The dielectric terjal of high _refractive index in .this case is

pr ef er abl yr]ﬁl’faﬁf@ giﬁi’ﬂ ag theymilbiple. sedlertinn AXg% s is preferggd; i des
such as Sb[serr]S err], CdS and ZnS and nitrides such as Si 3N4 and

Ti N. The dPFéPEet the relation &% Row Raf pREt AReoPhiRad jdpntrast is also

10 high. The dielectric material of high refractive index in
this case is preferably oxides such as TiO,, CeO, and %ro0,,
sulfides such as Sb,S;, CdS and ZnS and nitrides such as Si,N,
and TiN. The dielectric material of low refractive index is
preferably, fluorides such as MgF, and CeF, and oxides such as

15 sio, and Al,0,.

For the first and the second dielectric layers 3 and 5,
those materials having high heat resistance and a melting
point of 1000°C or higher, for example, Si0O,, a mixture of ZnS
and Si0,, Al,0;, AIN and Si,N, are used. Among all, the

20 mixture of zZnS and S.iO2 is preferred.

As described previously, since the relation of the
reflectivity of the phase change optical recording medium is
Rc < Ra when the multiple reflection layer 2 is disposed and
the thickness of the first dielectric layer 3 is within a

25 certain range, the film thickness of the first dielectric

18



preferably, fluorides such as MgF2 and CeF3 and oxi des such as 15

Sigerr] and Al[err]Of[err]. For the first and the second
dielectric layers 3 and 5, those materials having high heat resistance
and a nelting poi nt of 1000[err]C or higher, for exanple, SiJerr], a
m xture of ZnS and SiJerr], Alferr](Jerr], AIN and Si[err]Nerr] are

d A , ot B . f ' | f .
x%edescr?gg'gg%rke\%} gﬁs‘fly,uglgarl)é'se]‘:l-ir enorae?gﬁﬁgﬂggfé%aeﬁfe inelpgo[vg.gg.lngi jE:glleof t he
h . : s . < ¢ .
phase ohangRi8Lbe ber EREALOBRYINP. e, < o T ol Weflphir' ©
?Lglﬁfﬁgic&%%ﬁgét?? 5 g%ﬁé%{kﬁkiéﬁi certain range, the f||ﬁ1t25ckness of

o e e oot vl Al RGeS SRR Ch G MRty PRy 5 ot 1 "
constit

tion. ._The fil hi ck .of t di el egtric |
575" had 1t B38ct0obe; Fot L, Ve 1R AR FAPRE 40T oKF LR L e e ne

velocity and_the |like. That_js, when the |inear recqrding velocity is
rel ati vel y VERCLFYr 2B he L1k gTHRL 1 dvhen fhe (ilnFﬁFcKﬁ‘égEd:b‘th he
second dielectric layer 5 is preferably made relatively.thin.to forma
phase chany®loFit¥als Eel? ‘fély P Hiruﬁ?‘BF‘Pl?ap?%llé éul \é:@estfl’-l],rﬁ‘t ure"
and, specifically, it _is prefqrabl¥ from50 Ato 500 A. If it is |ess
than 50 A, thdcknesssofithe $poond GH@LeGTTdfsiayerty 18 RIRtembdyamadei ¢ ¢
S exceeds 500 A no sufficient overwite cyclability can be

obt ai ned. Yrelatively thin to form a phase change optical recording

10 medium of "rapidly cooled structure" and, specifically, it is
preferably from 50 A to 500 A. If it is less than 50 A, no
sufficient recording sensitivity is obtained and, if it is
exceeds 500 A, no sufficient overwrite cyclability can be
obtained.

15 However, in a phase change optical recording medium of
"gradually cooled structure" in which the film thickness of
the velocity dielectric layer 5 is relatively thick, the
recording speed can be increased since the recording
sensitivity is high. Accordingly, the film thickness of the

20 second dielectric layer 5 may be larger thén 500 &, but it is
preferably 3000 A or less even for the "gradually cooled
structure" since generally the read beam is deteriorated
incredibly in the case of the thickness being larger than
3000 A.

25 It has been confirmed by the experiment of the present
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15 However, in a phase change optical recordi ng nmedi um of

"gradual | y cool ed structure” in which the filmthickness of t he
velocity dielectric layer 5 is relatively thick, the recordi ng speed
can.be increased since the recording sensitivity is high. Accordingly,

the filmthickness of the 20 second dielectric layer 5 may be larger than

500 A, but jhiyehtors tha¥ of ered Ynet®od 119" ikecadopted dtHd mettibadyel | y
cool ed structure" since generally the read beamis deteriorated
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%lcolr:)orgtggégﬁflﬂ byd" angl, G555 Tﬁ gR bﬁ'n?%tﬁi?%g %(!f 1 a ove mca))r/n aet arget or

by 15 addlLigPabiy 2 $a3eRLE, SERL Cal Tigs tJ‘e%cartﬁﬁ%ﬁpa B{n‘é &Y be
10 incorporated, for example, with hydrogen, nitrogen, oxygen,
carbon, Al, Ti, Fe, Co, Ni, Cu, Zn, Ga, Se, Sn, In, Ag, Pd,
Rh, Ru, Mo, Nb, Hf, 2r, Ta, W, Re, Os, Ir, Pt, Au, Tl or Pb.
The elements described above may be incorporated during
deposition of the recording layer from a target or by
15 addition in a gaseous state into the atmospheric gas.

The film thickness of the recording layer 4 is
desirably from 50 A to 1000 A. No sufficient recording
sensitivity can be obtained if it is less than 50 &, whereas
thickness in excess of 1000 A is not preferred since this

20 gives rise to a problem in view of the recording sensitivity
and the resolution.

As the reflection layer 6 used in the phase-change
type recording medium of the constitution described above, a
metal, semi-metal or semiconductor is used generally. The

25 film thickness of the reflection layer 6 is preferably 300 A
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The filmthickness of the recording layer 4 is desirably from50 Ato

1000 A. No sufficient recording sensitivity can be obtained if it is

| ess than 50 A, whereas t hi ckness in excess of 1000 A is not preferred
since this 20 gives rise to a problemin view of the recording
sensitivity and the resolution. As the reflection |ayer 6
used in th prE&% change type recordi ng nmedium of the constitution
descri bed above, a netal, sem -netal or sem conductor is used

generally. The 25,1 hRid] U Eotulhg' BEch 5L A Thyebb®loal ifcRbgLEr 201 Y

The met hod _of form.n h of t ayers n_i.ncl ud vapor

deposi tion %"ﬂ%’& d sgﬁﬂl 1P %tqf‘%éh(ﬁj 8 Ngc% ﬁlpgnmeghod p?téq aHb T hod. 5
BRI EF EXPLA CN CF TH DRAW NGS Fig. 1 is a graph showing a
relation b * position of atons and an energy in a thin film
occurripng phase change between crystalline and anorphous states. 10
Fig. 2 Ts a graph showing a tenperature-reflectivity curve when a

recording layer of a certain conposition is deposited in a
quasi - st abl € anor phous sPB%EE—E£%iaumnunl£&¥533853§§$N§$aph showi ng a

tenperature-reflectivity curve_when a recordjng_| ayer of a conposition
i dentical with 1%19tk%ul§r?IQF?PhZSpgwaﬁﬁoélF%%P##PQihﬁPmﬂQB £B8r phous

state. Fig. 4 is a_TEM (Transm ssion _El ectron M croscope)
position of atoms and an energy in a thin film occurring

phase change between crystalline and amorphous states.

10 Fig. 2 is a graph showing a temperature-reflectivity
curve when a recording layer of a certain composition is
deposited in a quasi-stable amorphous state.

Fig. 3 is a graph showing a temperature-reflectivity
curve when a recording layer of a composition.identical with

15 that in Fig. 2 is deposited in a stable amorphous state.

Fig. 4 is a TEM (Transmission Electron Microscope)
photograph and a copied image of an electron beam diffraction
pattern (in upper right portion) showing a thin film of
Ge,,Te,, partially applied with a treatment so as to form a

20 stable amorphous state after deposition in an amorphous state.

Fig. 5 is copied images of a TEM (Transmission
Electron Microscope) photograph and an electron beam
diffraction pattern (in upper right portion) showing a thin
film of Ge,,Te,; deposited in an amorphous state but not

25 applied with a treatment so as to form a stable amorphous
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phot ograph and a copi ed i mage of an el ectron beamdiffraction pattern

(in upper-right portion) showing a thin film of Ce[err] Te[err]
partially applied with a treatnment so as to forma 20 stable anorphous
state after deposition in an anorphous state. Fig. 5is

copi ed i mages of a TEM (Transm ssi on El ectron M croscope) phot ograph
and an elechr n beam diffraction pattern (in upper right portion)
showi ng a * filmof Ge[err]Te[err] deposited in an anorphous state
but not 25 applj.ed with a Lr S S Js t phous
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Schematic
view illustrating the_relation of an intensi. nodul a waveform (a)
of a | aser beam Jeist 7185 Pogr?BEo§Q9VE)?91ﬁgﬁﬁﬂﬁ4§§5mﬁﬁ8igﬁg$ndex portion

and a data recordi ng portion of recordiqg frack . t

BEST MODE WerebpmeTet Adassr |1??9EN1’F‘83 for recordingip %@P&Ffe& °
enbodi nents of the present invention 15 are to be explained referring to
concrete efanpl es and conpar ati ve exanpl es.

Fig. 8 is a schematic view illustrating the relation
of an intensity modulated waveform (a) of a laser beam used
10 for recording in Example 5 and an index portion and a data

recording portion of a recording track (b).

BEST MODE FOR PRACTICING THE INVENTION
Now, preferred embodiments of the present invention
15 are to be explained referring to concrete examples and

comparative examples.

Example 1:
A phase change optical disk of a layer structure shown
20 in Fig. 6 was manufactured as described below.

At first, on a polycarbonate substrate 1 of 120 mm
diameter and 0.6 mm thickness having grooves for a laser beam,
were deposited a light absorption layer 2 made of Au to a
film thickness of 10 nm, a first dielectric layer 3

25 comprising a mixture of ZnS and SiO, (the existent ratio of
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Exanpl e 1: A phase change optical disk of a |ayer structure

shown 20- in Fig. 6 was manufactured as descri bed bel ow. At
first, on a polycarbonate substrate 1 of 120 nm di aneter and 0.6 mm
t hi ckness having grooves for a | aser beam were deposited a |ight

absorption layer 2 made of Au to a filmthickness of 10 nm a first
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i ol ect i o3 BoEPnd APERECEHEY aVar X EoPrEs Ay, By sans Witariad: A8 | ayer

6 conprising A -Ti (T. existent ratiq: 2 .,ato to a filmthickness of
S0 nm succ il FiFbtigiafeet il A ¥ 55 2 £iuR RIS A, By 04"
sputtering gas. ] Then, after co Ieting t he deposition of the
first ° ajrefdertien 19¥er £ qomprisang fhaldqbhl| epbiteitndatdRis2 each
10 500 W was irradiated to the surface of the first dielectric | ayer
3. The irr &4PEE)okonAsIEYRdehiciness 214 gBysyeresgiEvely b¥%@ 5 45 v and
for 5 mn. Imediately after the |ight irradiation, the filmof the

recordi ng ERpEteripgshekhed 88 Ar gas Twas ard A% @ SPNSEPELNGIP%medi at el y
before starting the 15 deposition of the recording |ayer 4 was 75[err]C
The substrate  Themmafiterucompirbing: thg depasition ednishet f4BSbf t he
deposition of the recording Iéger 4 was 35[err]C or higher.

Then, an uUdiedegbricrtayer whs Eehitednom hadppancbamps (two lamps, each

10 500 W) was irradiated to the surface of the first dielectric
layer 3. The irradiation was conducted at a charged voltage'
of a 45 V and for 5 min. Immediately after the light
irradiation, the film of the recording layer 4 was deposited.
The substrate temperature immediately before starting the

15 deposition of the recording layer 4 was 75C. The substrate
temperature immediately after the completion of the
deposition of the recording layer 4 was 35T or higher.

Then, an UV-curable resin was coated by a spin coat.
method on the reflection layer 6 and cured so as to laminate

20 an UV curable resin 7.

The recording layer of the thus obtained optical disk
was in an amorphous state and the disk had a reflectivity at
a wavelength of 680 nm of 16.9%. Further, in the case where
the recording layer of the optical disk was in the

25 crystalline state, the reflectivity was 4.3%.
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met hod on the reflection | ayer 6 and cured so as to lamnate 20 an W

cur-able resin 7. The recording | ayer of the thus obtained
optical disk was in an anorphous state and the disk had a reflectivity
at a wavel ength of 680 nm of 16.9% Further, in the case where

the recording |layer of the optical disk was in the 25 crystalline state,
the reflectivity was 4. 3% 23

Exanpl e 2: The condition for the light irradiation to the
surface pbe first dielectric |ayer 3 was changed to the charged 5
vol t age nd the irradiation tine for 5 nmin, to nmake t he

tS Egsﬁ regf)(rad}[ ﬁgp %gaﬁflgﬁgz)ﬂgzgigéq fﬁi&iﬁ%}éﬂ;gpiﬂg gsef]ﬁfj%‘%é %? e?;

f ; . . e .

gs} g;rte] BE PhR; ﬁ%%?"?%e%ﬁraﬁa&e@ gﬁlgt@ggg‘r‘ﬁ%‘é‘ie‘ﬁ@ﬂre _r Ig?‘%&?g&gcrj e
isilrlé%lrjr{)]?’gigg&@ ‘l’lgeg‘ll&gf)taQ%rthtents mdf%aggggagﬁteﬁ”&r e%oﬂbtu{ s "{l"nl't Q:% ma ‘tha mer as

recordin

| ayer of the thus obtained tical disk was in.an anor phous
state anghﬁhéuéﬁ?\:l%atﬂnﬂeé"f"\té’e:ﬁ &F‘f“?ggf‘tei& b%g‘?/ﬁ/@té\m‘n‘gofth%o nm of

16.5% Further, in the case where the recording | ayer of the optical
di sk wasdproghbion of ckheiraqonddng: darer: b2 ref | dhe subgtrates. 5%
Exampl e 3

témperature_immediately after the completion of the
deposition of the recording layer 4 was 35 or higher. A

10 phase change optical disk of a layered structure shown in Fig.
6 was manufactured quite in the same manner as in Example 1
except for those described above.

The recording layer of the thus obtained optical disk

was in an amorphous state and the disk had a reflectivity at

15 a wavelength of 680 nm of 16.5%. Further, in the case where
the recording layer of the optical disk was in the

crystalline state, the reflectivity was 4.5%.

Example 3:

20 The condition for the light irradiation to the surface
of the first dielectric layer 3 was changed to the charged
voltage at 25 V and the irradiation time for 5 min to make
the substrate temperature immediately before starting the

deposition of the recording layer 40%T. The substrate

25 temperature immediately after the completion of the

24



20 The condition for the light irradiation to the surface of
thé first dielectric layer 3 was changed to the charged vol tage at 25
V and the irradiation time for 5 mn to nmake the substrate tenperature
i mmedi ately before starting the deposition of the recording |ayer
40[err]C . The substrate 25 tenperature inmmediately after the conpletion

of the - . 4 . position
of the rec%e lsrllg}:JIoélygF Xh\(/ava]s:eggf%lrftﬁ C]‘a(}’reII1i4gIVear%'. 3200 or hﬁ‘ﬁgseg'c%gnge

cal di ‘ : : _ ¢ q
Qi to i n (e, chenBUPLEt Bl A bf 1 ¥hydied Srructnrd MSel P
b : [ ' I f i i cal disk
ves in an S menuEaEEhECH Ghifll BY Sng ehit” plapis b Bpdlib S, 1 S
wavel ength}&!‘e q:8 r}mtc%s@dgo r haegdvé.n t he case where t he

Efay r-o ptrc ' SK Was

recordi ng the o I'n the crystalline state, the
reflecfivity vvasTﬁ.SS% bstrate

10. Ex | e, 4: . Si he, .
t enper at ure upon nﬁ?%??‘gbnq Heayerag%ngSSFPFﬁn‘)%‘faﬁeed fqlprq:csit%aé'i §1l§ ric
I 3 45) C_th d it . th di 4
Started | AR an, anpsbhpns, StAES cprbi s el Bacaqbableet B ttuat o five
f the first di tric_l 3, .t ke th bstr at
Cenper at ui TARRIAAD 9T 888 o SE {¥ p ¢ HECBARES (I s e where
di I 42 . Th bstrate t t I, di at el ft
[ he.Corm diti Fest O CaBRRoer 1B Ui FBEh: HRRG MAoBRe | ayer 4 vas |
35[err] C or hi Ilr,. A phase change_optical disk of a
_ cryst% ?Llne sllj:ate, the gefl ctivity was 4.8%.

10

Example 4:

Since the substrate temperature upon completing the
deposition of the first dielectric layer 3 was 45T, the
deposition of the recording layer 4 was started immediately

15 after the completion of the deposition (within five sec) of
the first dielectric layer 3, to make the substrate
temperature immediately before starting the deposition of the

recording layer 42C. The substrate temperature immediately

after the completion of the decomposition of the recording
20 layer 4 was 35T or higher. A phase change optical disk of a
layered structure shown in Fig. 6 was manufactured quite in
the same manner as in Example 1 except for those described
above.
The recording layer of the thus obtained optical disk

25 was in an amorphous state and the disk had a reflectivity at
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| ayered structure shown in Fig. 6 was manufactured quite in t he sane
manner as-in Exanple 1 except for those described above.

The recording | ayer of the thus obtained optical disk 25 was in an

anor phous state and the disk had a reflectivity at

25 a wavel ength of 680 nm of 16.4% Further, in the case

wher e g S@?g{egféﬁgﬂhngf' ﬁd@rnn?qu; 1%.98¢ g@grﬂ{e&k%‘&%ithg e vhere e 1.

crystallin e reflectivi was 4. npar atrve

The substr Lat ur n | etin e Pti . f the first
dieIectric%%gygggggaé§g4§Ti§$Hqugﬂﬁ 4ﬁ%§%8gp§g§ki@$gl in tg% t he recording
| ayer 4 was_started after, 300 .sec e . fr onpleting the film
depositionc5?s%ﬁginFs?€%F%1é%H?iﬁé¥ié¥%1W&§¥rw§stgp%ike t he substrate
tenperature i mredi ately before starting the deposition of the
recording layer 4 33[err]C. The substrate tenperature i nmediately
after tﬂe conpletion of the deposition of the recording |ayer 4 was

| ower than : fase change optical disk of the |ayered
structure showmn in 15 Fig. 6 was manufactured quite in the same manner as
in Exanpl e ITR& Bhstgte fURCYRSEFE aRPIRAMPleting depositipp
recordi ng | ayer of the thus obtained optical disk was in an anorphous
state and ofetbesfingt dielectric Jayerad was 45 Gvauitevdeh deposdbiam of
17.3% Further, in the _case where 20 the recording_|ayer of the optical
di sk in t hofcithe XerpRding layer 4 washstagtedcafier 30R $ers oy more

from completing the film deposition of the first dielectric
10 layer 3 to make the substrate temperature immediately before
starting the deposition of the recording layer 4 33C. The
substrate temperature immediately after the completion of the
deposition of the recording layer 4 was lower than 33C. A
phase change optical disk of the layered structure shown in
15 Fig. 6 was manufactured quite in the same manner as in
Example 1 except for those described above.
The recording layer of the thus obtained optical disk
was in an amorphous state and the disk had a reflectivity at
a wavelength of 680 nm of 17.3%. Further, in the case where
20 the recording layer of the optical disk in the crystalline
state, the reflectivity was 5.2%.
Each of the thus manufactured optical disks in
Examples 1 to 4 and Comparative Example 1 was placed to a
driving apparatus, as it was with no initialization. Then,

25 the disk was rotated at 1800 rpm, and a laser beam (the
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Each of the thus manufactured optical disks in Exanples 1 to 4 and

Conparative Exanple 1 was placed to a driving apparatus, as it was
with no initialization. Then, 25 the disk was rotated at 1800 rpm and a
| aser beam (the 26

wavel ength was 680 nm being nodul ated at 12 mWof recording power and

of 26 mm | PANCLRROLE PR SYO 1 iy pbolifiren ap' L3 I NELIRABE | 07
O 2,12, MRt US g G onmming N oo BRI Vo 0, e
O v ng, ATEIAERECEA% SOOI S0 O b SRR B e o
CIN are shouylneTable 1o a0 L £PSU15 3 0hoy e S I Yocklrallle 107 o°
5 Further, after the identical signal was overwritten at

the same position, C/N and noise levels were measured for

first recording, second recording, third recording, fifth

recording and tenth recording. The results (dB) for the

measurement of C/N are shown in Table 1 and the results for

10 measurement of the noise level (dB) are shown in Table 2.
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27, Table 1 Fi rst Second Th i rd F

ifth Tenth Exanple 1 54. 6 55 4 56. 0 56. 3 56. 6
Exanple 2 55. 0 56. 2 56. 7 57. 0 56. 7 Exanple 3 50. 1 5 5.
6-56. 1 56. 2 56. 2 Exanple4 52. 6 55 5 53. 4 56. 2 5
6. 2 Comp, Exanmplel 46. 0 53. 9 53. 4 54. 6 54. 2

Table 2 5m7able 1 First Second Third Fifth Tent h
Exanple -7 9. 8 -80. 0 -80. 3 -80. 3 -80. 5 Exanple -79. 6
-80. 0 - &—3—_80—4 8 2 Exanple  -74. .1 791 79. 3

79. 5 -79. 6 Exarrple %g-??. $ -80. 1 -80. 3 80. 4] -80. 6
Example 1| 71. 9 orst cand | Thirad -B0F iFth | Tenth

28

[Example 1/ 54. 6 | 55. 4 |56. 0|56. 3]/56. 6

Example 20 55. 0| 56. 2{56. 7{57. 0156. 7

Example 3 50. 1|55. 6 |56. 1|56. 2|56, 2

Example 4 52, 6 | 55. 5|53. 4|56. 2|56. 2

com'
Examiei| 46. 0]53. 9153, 4|54, 6|54. 2

Table 2

First Second Third Fifth Tenth

Example {—79. 8| -80. 0{—-80. 3|-80. 3{-80. 5

Example 3 —79, 6 |~80. 0| -80. 3|-80. 4|-80. 2

Example 3 ~74. 1} ~-79. 1|~-79. 3|-79. 61-79. 6

Example 4 ~77. 5§ |—~80. 1 f80.3 -80. 4({-80. 6

Somp. e ~71.9{-79.3|-79.6|-79.9|-80. 2
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As can be seen fromthe results, in conparative Exanpl e 1, the noise
| evel at*the first recording is rather | arger than that at and after
t he second recordi ng and, correspondingly, C N at the first recording
is rather | ower 5 than that at and after the second recording. In
Exampl es 1-4 di fferences between the first recording and at and after
t he second C i I f ts | | and C/ N

AL SO0 flch T8l Ehe! PLoPld) P dofiatakiye

than those in Conparative res conmparison in
Ex I - 4.t | f t .10, fi di d at d
after ¢ he RERUERE' Fe.5ho; RGTAE Vel BT ema” £i k8t FebRlal 3l BnBET L
[ di at el.y bef th d P f th di ng. | is high
Ther ef or o AHER FORBr BRAY 3% BHh AT tBSe ROGPEAORTeOTeind it al | 7ot on

t h h i cal _.di ith 15 .the,rel gti f th
Fer oot i veoFBERRGIRESLy RO e ¥io, ProdPaing)is ToHIRK 20MEFea by
el evaténgt&lhe sgbstrate e?fgﬁtfm:he?rature i mredi&tel y before the deppsition

of the anetoati Ay an9 BN TPEREI 1R G an I EXpURLeS ot th e at
which the substrate is not deforned, high reqordiqg 20 characteristic can
be obt ai n€dtEEreRayss Pehvesn ¥he diirst recergdingngnd mak (and;afteF, thei s
effect is higher in Exanples 1 and 2 in which the substrate

t enper at uSECORFLEPEPEAING AXR Smallery£oxsbptBnthe ROESe kel RQd &Y8r i s at
55[err] C and 75[err]C. 25 Example 5:

29 than those in Comparative Example 1. With respect to

gomparison in Examples 1 - 4, the difference between the

10 first recording and at and after the second recording is
smaller, as the substrate temperature immediately before the
deposition of the recording layer is higher.

Therefore, when recording is conducted even without

initialization process to a phase change optical disk with

15 the relation of the reflectivity being Rc < Ra, if the
optical disk is manufactured by elevating the substrate
temperature immediately before the deposition of the
recording layer within a range lower than the temperature at
which the substrafe is not deformed, high recording

20 characteristic can be obtained already from the first
recording. Particularly, this effect is higher in Examples 1

and 2 in which the substrate temperature immediately before

deposition of the recording layer is at 55C and 75T.

25 Example 5:
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A sanple disk identical with that in Exanple 1 was manuf act ured except
for formng a concave-convex shape index portion showi ng a data
control information (region other than date region) wthin grooves of
the substrate previously. The 5 disk sanple was placed to a driving
apparatus, as it was with no initializing processing. Then the sanple

was rotated at 0 JAR i%&%ﬁicgigﬁiﬁﬂg&éfc% (H){%Epli? \I}E%angt h of

nodul ati on %isgn S wds conducte y—a | aser ‘beam

680 nm.t 24 \radial _position fromth enter of the s le. 10
The recor AATIERRE R SIEREERE LOF rTomhd 75 Senavestbiyes cotighe o oo

| aser beam between.each of the recaordin ower ., _the erasin Qwer and
the 1 ead; MPCHE SHOvaRg.A PAEa Comtaol dntormal oR 1 eedfal A SR, Bg
8(b), only,the . laser.Light at a | i ntensity,. correspondi ng t he
reading  PRTE SRHLORASVEFRLR! GRAVED G e FEPERER REC A e r BB ng
power s also set .to such_a val ue that, the index gortion can ..be kept
in an ano Sample. wap,PLATE e‘i‘beﬁ'i‘ﬁb‘ﬁﬁngt RPParatus . -as {3 et has 11
mA the erasing power was 4.5 nW and the readi ng power was 1.0 mW The
recor di ng atiteitiald2ing PEOCeSSRGN pEheR, FhRSAMRLS: WS notaged 8F 0. 45
[err] m per. one bit (shortest mark length: 0.6 [err]m. Then, a random
pattern 1800Qyinpomer 8Rd A BATKRAIS KREARLLNG, ¥8dng: Lz BAdelatioRnt| cal
track. After the first recording and the overwiting, 8t0he 25

recorded t¥igmalfa¥asesangyctad braiRperoheangad pj vagelength o
30

nm to a 24 mm radial position from the center of the sample.
10 The recording was conducted by irradiating an
intensity modulated laser beam between each of the recording
. power, the erasing power and the reading power as shown in
Fig. 8(a). In this case as shown in Fig. 8(b), only the
laser light at a low intensity corresponding to the reading
15 power was irradiated to the index portion, and the reading
power was also set to such a value that the index portion can
be kept in an.amorphous state. In this experiment, the
recording power was 11 mW, the erasing power was 4.5 mW and
the reading power was 1.0 mW. The recording pattern was a
20 random pattern having a bit length of 0.45 iUm per one bit
(shortest mark length: 0.6 im). Then, a random pattern
different from the above was overwritten on the identical
track.
After the first recording and the overwriting, the

25 recorded track was read by the reading power and jitter
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(deviation in the direction of the time axis) contained in t he readout
signal was neasured. The jitter val ue was determ ned by at first

anal yzi ng the readout signal by a jitter analyzer to obtain a standard
deviation [err] of the 5 jitters and then calculating the ratio
([err]/Tmb of the standard deviation [err] relative to Tw (w ndow

w dt h). S I f r ng was 5%
and T iBeriabibRith thd addniEh UE *éff??%%ﬁé m%a%‘*s;% doitr iR §

t he i ndex nal e.re he uld.be read [ror
Conparativghgxgﬁ%?ﬁeé Slgégi dhs %E%%‘reﬂltlﬁhe ﬁ B?%@Séﬂaﬁas at first
applied to nm, nuf act ur ed U|te the sa nanner as in
Exanpl e 5. d?ﬁgfm}geéahylé? %ﬁ%ﬁqi NngFSE a?§%§RQ§) | aser
beamirradiated to the disk fron1the side o substrate to make the
recor di ng D&GEer; analyzer kg ahtaja a Stagtiﬁl-”@ dw%%&ﬁ therr]m wi dt h
and 10 Jerr]mlength_and was arranged such that the |ongitudinal

di rectidn ddkters apd thenicaliowlatdnghther setkdief (F{TWIi OF. thee time
required 20 for the initialization was about '3 min. Recording and

readi-ng ch&tasdardsdeeiation Freglatdye do ﬂﬁe(umgﬂowam¢¢%h) ASadplied with
the initialization in the sane nethod as in The

jitter val §€SHiterthPelittay vadus aifﬁgraﬁhetﬁbrsgsre%r&mq WaggSkadnd

satlsfactorﬁ as, about 7% but errors occurred
31 e jitter value after the overwriting was 7%. Further when

the index signals were read, they could be read with no error.
10
Comparative Example 2:

An initialization process was at first applied to a
disk sample manufactured quite in the same manner as in
Example 5. That is, while rotating the disk, a semiconductor

15 laser beam irradiated to the disk from the side of the
substrate to make the recording layer into a crystalline
state. The beam had 1 #m width and 10 #m length and was
arranged such that the longitudinal direction was
perpendicular to the track of the disk. The time required

20 for the initialization was about 3 min. Recording and
reading characteristics were measured for the disk sample
applied with the initialization in the same method as in
Example 5.

The jitter value after the first recording and the

25 overwriting was satisfactory as about 7%, but errors occurred
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frequently when index signals were read. Wen the anplitude of the
i ndex signals was neasured, it was only about 17% of the anplitude of
the index signals in Exanple 5. Further, during experinment for the
fi.rst recording, defocusing and -5 .out-of-tracking occurred frequently.
As descri bed above, in a case of applying the initializing treatnent

as |0t horRsduaintly! wheh ilkicobigidth were AR Il o SHELISHYE USC IS

necessary and it require processing tine m n*per one side

! ed _ 1 e side
Mt the o i< dnden BioPhtE wed o dired AERR oR Ty MRPRLATY e ™

ref | ecti WHy dnp1i@WRLCELCYAESPAYGE Yo ddhdld 1% 2R2Hb18 dhzadvant age
?ﬁreadsl f%f‘ 1FH§

such as frequent occurrence o errors filex signal s

?RI%U%‘?’L?A A%B% g&%#f‘%btt EBEKLAY fijxss&s d’%iflgri%é'éﬁs 3@%%3‘?‘6%@%@6% , the phase
' A ' j di h t invention is
;hangg(ngdégg 'traCkEﬁﬁfég#Q?E%iEﬁ#%%PC rding to the presen

20 phase change op FUmwi th a rel ation of
reflectivity bejpg,Rc.<..Ra, capabl e _of obtainin suf ficient
R ATSoRRa: ARl

reflectivity ev S g PaPefars ¢ X%ﬂﬂ’ﬁﬁ&Usk | state and
obt ai nin i recordi ng-yeadi ng characteri,stics. in . .mark edge
recordingfngﬁglﬁféﬁgrtfg?é?ﬁﬁéc ratt SIAOT ARt pean DINIARLLZING 3| r eady
g;on}theé&k%&%t%E ogegg&ﬂkggx%y%gelgs necessary and it required a

processing time for 3 min per one side and 6 min for both
10 sides. Further, since the recording layer is made into the
crystalline state by the initializing treatment, the
reflectivity is lowered excessively to bring about a
disadvantage such as frequent occurrence of reading errors

for the index signals and defocusing or out-of-tracking

15 during recording.

INDUSTRIAL APPLICABILITY
As has been described aboVé, the phase change optical
recording medium according to the present invention is a
20 phase change optical recordihg medium with a relation of
reflectivity being Rc < Ra, capable of 6btaining a sufficient
reflectivity even if the recording layer_is in the amorphous
state and obtaining high recOrding—reéding characteristics in
mark edge recording, and high recording characteristic can be

25 obtained already from the first time recording even if
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recording is conducted with no initialization process. Accordingly,

t he"phase change optical recordi ng nedi um of the present invention can

save the initialization process while ensuring the recording

reliability. Further, according to 5 the manufacturing nmethod of the

present invention, the phase change optical recordi ng nedi um descri bed
t her recordi ng nethod accordi ng

fo h565?5@&1}5bi%b%%?ﬁhﬁ%se%%&&a&n%s&a ey L

A a0 o oA P A 2ok PR LRSS, P ing hedll 7 che

33 present invention can save the initialization process while
ensuring the recording reliability. Further, according to

5 the manufacturing method of the present invention, the phase
change optical recording medium described above can be
obtained easily. Further, the recording method according to
the present invention can conduct recording while fully

taking advantages of the characteristics of the phase change

10 optical recording medium according to the present invention.
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1, ed) A phase change optical recording medi um having at [ east

a substrate- aﬂd—af#eceLdlng | ayer formed on one side th f_and

changi ng phgg en a crystalline state and an 5 anor phopFHIS S8HEET HAS BEEN

dependi ng on E Ceéf an irradiation beam and the 'REPLACED

reerct|V|ty un) when t he recordi ng | ayer iSTmthe

crystalline Iower é&?ﬁ&ﬁ%he reflectivity when said | ayer

is in the anorphous state, wher recording layer is forned in a

stable 10 annrphous state for the entire surface at the tinme of this

deposition . A phase change optical recording nediumas defined
im1 gonprisin on t bstrat nul.tiple reflectlon 15

Iayer ?Fst dﬁengéﬁﬁl H?ﬁg r°p 9 glPay@Fd %£

inthis order A phase

di electr c,laver a ection | aye

change obt} tr%xﬁﬁhﬁﬁﬁfiﬁbaPéhﬁag ﬂéFéh%% lgyer formed; ppjope §1dﬁhere|n

the recor dj | ayer a ition containing at | east Ge Sb and
BT hreSt Find Hhab oAt BhaPE PEFYoRR B ISEALl4RgcSEate cand an

recordlng nmedi aving at |l east a substrate and a recording | ayer
formed on ?Wﬁféh %ﬁ§iEbﬂe£ﬁadéﬁan@$n@h%w&aﬁeqﬁaﬁneeﬁ an Reradiakienine
state and an annnphous state depending_on the intensity of an
i rradi ati opeMRafnd the retlectdvityi (9f (said medisum)dwheni th¢ when t he
recording layer_js |n the crystalline state is made | ower than the
reerctiV|¥?g %; diayerayér ipsthe crystalingmtdteudssmade lowerein t he

recordi ng l%! ' :
n the reflectivity when said layer is in the amorphous
10 state, wherein the recording layer is deposited in a stable

amorphous state.

2, A phase change optical recording medium as defined in
claim 1 comprising, on the substrate, a multiple reflection
15 layer, a first dielectric layer, a recording layer, a second

dielectric layer and a reflection layer in this order.

3. A phase change optical recording medium as defined in
claim 1 or 2, wherein the recording layer has a composition

20 containing at least Ge, Sb and Te.

4. A method of manufacturing a phase change optical
recording medium having at least a substrate and a recording
layer formed on one side thereof and changing phase between a

25 crystalline state and an amorphous state depending on the

R
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vl _
5 deposited so as to be in a stable anorphous state. 5. A et hod
of- manuf acturi ng a phase change optical | recordi ng nmedium as defined in
claim4, wherein the substrate tenperature during deposition of the
recording layer is set 10 to a tenperature which nmakes the recording
| ayer into a st abl e anorphous state and which is |ower than the

crystalli zi tenperature _of the.recprding | . .64 t hod of
manuf act u?‘?ﬁgn%l&a%é FThdrgd R Peqn, g?’é‘ﬁg‘ﬁlﬁ FSTHEqavtEY &é\f‘inﬁedoi nO
claim4, wherein_ fhe bstrate te rature during depositi f th
Fecor di ngSRLgRed ) gthen thesspaprathg olavey o 116 the cEysealifie’ 1o,
of manufacturing a ase change optical _. 20 , r ' ' defi ned
claim 4, GHAFe! o WS dpeieatian thel ERFLSC VB Whed gPofy LobsE s
deposition of the recordi | ayer is from35[err]Cto 95 err]C

8. A r éBokle RperRhans g%a§eph83€r€hﬁhﬁ@gcﬁﬁq NG dF¥ErngS 25 nmedi um

having at |east a_substrate_and a recording | ayer formed on
one sidle ffpPeLted P @fltG R pRa3eShablRANQrphous §tatea| | i ne state and
anor phous state depending on the intensity of an irradiation beam and
the reflectivity (of said nediun) when the recording layer is in the
crystalline 5 state is nmade |lower than the reflectivity when said |ayer

i s i Bt he anmBethodsoft marufaglnring e pagenghpageropticmbosit ed

in a stabl e anorphous state, wherein recording is conducted by a

net hod whregorfing geestitim @sndefdnedr dnnebieim it t (wherein the substrate

temperature during deposition of the recording layer is set
10 to a temperature which makes the recording layer into a
stable amorphous state and which is lower than the

crystallizing temperature of the recording layer.

6. A method of manufacturing a phase change optical
15 recording medium as defined in claim 4, wherein the substrate
temperature during deposition of the recording layer is from

35C to 150TC.

7. A method of manufacturing a phase change optical
20 recording medium as defined in claim 4, wherein the substrate

temperature immediately before deposition of the recording

layer is from 35T to 95T.

8. A recording method of a phase change optical recording

25 medium having at least a substrate and a recording layer
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anor phous state and other portions than the recording marks 10 were made

inthe crystalline state, and previously crystallizing the entire
surface of the recording |ayer is not conduct ed. 9. A
recordi ng nethod of a phase change optical recording 15 nedium as defined
in claim8, wherein only a beamat a reading level is irradiated to

regi NS Ot pBimbian dyfléldide theldiOlnal BRERDInAI YRS KRtReld bhe T egi ons

ot her thant taregionin t e anor pho

36 crystalline state and amorphous state depending on the

intensity of an irradiation beam, and the reflectivity (of
said medium) when the recording layer is in the crystalline
5 state is made lower than the reflectivity when said layer is
in the amorphous state, and the recording layer is deposited
in a stable amorphous state, wherein recording is conducted
by a method which the recording marks were made in the
amorphous state and other portions than the recording marks
- 10 were made in the crystalline state, and previously
crystallizing the entire surface of the recording layer is

not conducted.

9. A recording method of a phase change optical recording
15 medium as defined in claim 8, wherein only a beam at a

reading 1e§e1 is irradiated to regions other than a data

region, thereby always keeping the regions other than the

data region in the amorphous state.
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