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RECORDABLE/ REPLAYABLE OPTI CAL RECORDI NG MEDI UM AND OPTI CAL RECORDI NG METHOD
THEREFOR Background of the Invention The present invention relates to a

" recordabl e/ repl ayabl e 5 optical recording nmedium and nore particularly,
to a recordabl e/replayabl e conpact disc (,CD) having a netal or non- netal
recording layer and an optical recording nethod therefor. Optical mediuns
are wi dely used as a hi @ECdrpssUEyRESLAYABLECGFTICAY ¥RTRRDONG iMEDXUMthe required

recording area per unit recogdi ng. %ﬁéﬁw%,géog tﬁﬁn% of a

conventional magnetic recordi ng nedium e opt recor g medi uns are
largely classified into three types according to their functions, i.e., ROM
(read-only nenory) available for only 15 repl ayi ng recorded information,

WORM (wri te-once aual | fQor recording one tinme only, and RW
(rewritabl e) avai g e bt ﬁ%& o%e-recordi ng after recording. The

recorded i nfornmati on BfoPrEseRt layeatian selates ppay rechodablederplyymble
recordi ng nesli umopttbes], reberdfied mBadkn, %ha.rkﬂlﬂfedﬁéﬁtfic%@ar_ly,m kype

[ [ d d houl d
nave ref Lectivi( FoREtIOvE SR ERE (Smrre Tles (6L E5VEEp i waFa) v nod-
Recor dabl e opti caBetakomceragngrddyansande proepiteal nfegoxdingmardiog a change

inreflectivity dgerdspfhysical 25 deformation, a phase change, or a
ng | ayer, before _and after recording. To be

change of nmagnetism of .a recordi s )

usedgas reco?di ng rrecf{p&ﬁﬁaio'fﬁ?gf‘}“ | St ACBDYSEE cfh &c PAER ISV he opt i cal
recordi ng nEdi unwshmdidxghae@-dno!sgpsé diiel réquiaed heqirdieg cardangesansitt i vity
in addition to tBgcdidihgl %&gﬁ ¥l ia13@0 Shn enkfSLCNRSANE EFalENt | ONEd

above. Various optical, recordi, ) ) . .
gagnetlc recording wmedium. The optical recording wmediums are

largely classified into three types according to their
functions, i.e., ROM (read-only memory) available for only

15 replaying recorded information, WORM (write-once read many)
available for recording one time only, and RW (rewritable)
available for erasing and re-recording after recording. The
recorded information should be replayable in a player for a
ROM-type recording medium. Thus, the "Red Book" standard for

20 ROM-type recording medium should be observed, that is, the
fecording medium should have reflectivity over 70% and CNR
(carrier to noise ratio) of 47dB.

Recordable optical recording wmediums reproduce

information using a change in reflectivity due to physical

25 deformation, a phase change, or a change of magnetism of a
recording layer before and after recording. To be used as
recording mediums compatible with CDs (compact discs), the
optical recording medium should have long stability and high
recording sensitivity in addition to the high refléctivity and

30 . the CNR features mentioned above. Various optical recording
mediums have been proposed and partially implemented by using
diverse materials to improve such features and facilitate the
manufacturing of the wmedium,



medi uns have been proposed and partially inplenmented by using diverse
materials to inprove such features and facilitate the manufacturing of the
medi um 2 According to Japanese Lai d-open Patent Publication No. showa
63-268142, as shown in FIG 1, a recording nmedium has a structure
conprising a substrate 1, a sensitizing Layer 2 made of gelatin, casein or
PVA overl aying substrate 1, a thin net al 25 film3 of C, N, or Au
having a thickness in the range of 50- 500A overlaying the sensitizing

| ayer 2. In such a recosdiimg gedidpanesd a.atif-opetetratedt Imbabsoriks suri ng

optical recordinguLiksz) 4?,'3&%51093 g, {hus eé&%iﬁsnzﬁééﬂug.i Rgslaver 2
and thin netal film3 are deforned so that recording pitsTare 1 for med.
However, a recortfirNGtHER|iIpFPELsLR aukitr@éeute shaSnitAriRg| tayemm2 made

mai nt ai ni ng | ongeft geMhtimbichsbin Y eva tdierlaeidlistbstxtdte 2| ea ahpasaerall. S.
Patent No. 4,973;.520.d] oses techno r ROr for. obt al ni _
superi or regor d?fnlg%# 8aét>€$é§’o§£‘r %erogg %%&%f%yﬂ%gﬁcﬁg%% = %H?néa%{é;aggfslq m 2a
of a three-| ayer¥®Asoractayiagothe, sensitizinonlayemi2.f i uth a ragcadiagi de

and a second t higpaighal cdd leliz mddd® EDTEenkavsy edretd Wpkibs ssuerhippsed on
a substrate la as shown in ngever, since re forned. on

FIG 2. the pits
the thin metal fH9iHt3aa%y? 1286T Re38 ’?‘?'or‘?h{’ﬁer%’r?ys?'BS:L‘BzéQ% Y& ¢nand
recordi ng pits, thdoometalg filmb} |ardey dafemedesondmti nédanddng pitsshoen in FI G
3, US. Paggnt 'C\#Bmédg]?f?bw‘é%@rp_tﬁ RRGbSaidy HRARENSR! SudiPla SUALLHYRPLEES and

di scl oses techn ‘c%ct{y . : L. . .
difficulty in maintaining long-term stability since the

recording pits are exposed.

U.S. Patent No. 4,973,520 discloses technology

purportedly for obtaining superior recording feature over 50dB

15 by forming a thin metal £ilm 2a of a three-layered structure
of a first thin metal film 1, a metal oxide and a second thin
metal film 2, the three-layered structure superimposed on a
substrate la as shown in FIG. 2. However, since the pits are
formed on the thin metal f£ilm 2a by laser radiation thereby

20 exposing the recording pits, recording stability also becomes
inferior.

As shown in FIG. 3, U.S. Patent No. 4,983,440 purports to .
compensate for such problems and discloses technology of
forming two-layered thin metal film 2b and 2b’ as a recording

25 layer 2a on a substrate 1b and forming a protecting layer 4
for protecting the recording layer 2a thereon. However, the
recording medium using this technology cannot be used as a
medium compatible with conventional CD players since
reflectivity is under 20% due to.-the absence of a reflective

30 layer. B high-power light source is required if this
incompatible medium is to be used in an otherwise conventional
CDh player.

Also, according to U.S. Patent No. 5,039, 558, as shown
in FIG. 4, stability of recording pits is improved by

35 symmetrically adhering with an adhesion layer S a pair of



formng two-layered thin netal film2b and 2b' as a recording 25 | ayer
2a on a substrate Ib and formng a protecting |ayer 4 for protecting the
recordi ng | ayer 2a thereon. However, the recording nmediumusing this
t echnol ogy cannot be used as a nedi um conpati ble with conventional CD
pl ayers since reflectivity is under 20% due to the absence of a reflective
30 ‘layer. A high-power light source i¥ required if this inconpatible
mediumis to be used in an otherw se conventional CD player. Al so,
according to U S. Patent No. 5,039, 558, as shown in FIG 4, stability of
Irecordi ng pits i@ﬂsméeagckdmnaic' oﬁyxwg.:t&ifr tEd |ntétaﬁfﬁrlim@gz&\1iatrial a]p ?ﬁhle on
ayer 5 a pair g strates, 1c.a c tal . filnms 2c
and 2c' and prot tieﬁguﬁ%qalyserﬁc&aﬁgd de are aeé’\gn Q tI% gh |‘r§etﬁ89hod
however, the thlhpwat the tbigoretad Ql;lmscannimd act mﬂi@@ra@mtly as a

reflection fil m(%lﬁui‘réhﬁﬂji ébéoféitlb&@l&r@ﬁim%nd aSPlpc}Hi:aEbé@Eﬂt@.%' Yi$eh does
not reach 70% even.in t ent No. , 813,

Accord
a thin metaP fil$R {"%¢2pr ’8‘?/%1(?85 %tyadf’ﬁﬁd}% %ﬁa‘%hygg o §ﬂb%’f’7"§ﬁ€ eand a
solid netal oxide | agecordingotodil St.hRatsmrr No. eéhi3aAce813heal oniy nekak

stability of recanged sz%ﬁhédaa@ r@é&?&ﬁh&' iéﬁze‘fpoﬁoa "s%%béz@ate Ghgosgh 60%

However, it is a praoblemthat remal NS er, U S’ Patent
Nos. 4,990, 388 aﬁﬂ}ié %%317??516? slaY8§e1% efams‘iicfé’;?rs?nff& ﬁPh@“%ﬁw tBRgERE dye
| ayer 6 as a recome agabidjey off mecouded rdigaallsl anddréfifarichgity rugf kecdoson

10 through 60%. However, it is a problem that CNR still remains

low.
Further, U.S. Patent Nos. 4,990,388 and 5,155,723

disclose technology of forming an organic dye layer 6 as a
recording layer on a substrate 1d and forming a reflection

15 film 7 and a protecting layer 44 thereon, as shown in FIG. 5.
In recording information in this medium, a dye layer absorbs a
recording laser beam and generates heat to deform the
substrate. Thus, information can be recognized according to
change of reflectivity before and after recording in a

20 deformed area so that compatibility with conventional €D
players under the condition of over 70% reflectivity and over
47dB CNR after recording can be available.

However, such a disc has problems including weak heat-

resisting and light-resisting capabilities as well as

25 employing expensive organic dyes. Further, the dye in a ligquid
state (being dissolved by an organic solvent) should be
deposited on the substrate by a spin coating method. Since
reflectivity sharply varies according to the thickness _
deviation of a coating layer, high-priced equipment which can

30 control the thickness of the coating layer within deviation
between £3% is required, and productivity is lowered due to

the accuracy requirements for the dye thickness.

Summary of the Invention
To solve the above problems, it is an object of the



15 film7 and a protecting |layer 4d thereon, as shown in FIG 5. In
recording information in this nedium a dye |ayer absorbs a recording |aser
beam and generates heat to deformthe substrate. Thus, information can be
recogni zed according to change of reflectivity before and after recording
in a 20 defornmed area so that conpatibility with conventional CD players
under the condition of over 70% reflecti¢i ty and over 47dB CNR after
recordi ng can be avail abl e. However, such a disc has problens including
weak heat- resisting and light-resisting capabilities as well as 25

enpl oyi ng expens PY&SeRtydRVEntiars topravHEer, a t1eeogyabliad rarlaupile SPRt@ Y bei ng
di ssol ved by an Qégafti:imgsmbaﬁmlt )anatmulo@tbﬁan&}aeskaﬁ@ aBthde v&&bﬁtiﬁtehby a
spin coating mnet i,nce | Vit [ ordi to t he

t hi ckness devi at P.-gﬁp% IJai(écvd'él |€§g%’%%éelr‘%ﬁa2i%%6r&¥%€% aglcﬁjglg%%er?t%\%ﬂ? c%-rcan 30
control the thicRAEeE wWMufARtWEAG FRFY apdrhight BreduRdbivaEY on bet ween 3% s

requi red, angl productiwiilsyahscHe@Webpskrdye ¢k pbResSRCUhIENt IR0 bl SFdAlae for
t he dye thickness. Sumgati) })f he Ii}i\e/en%i.orﬁt To solve thg. abov grobl ens, it
i s an object of FhE®TA é?e’éeé’brfy??\ KEFLE*T FeFPBVA e Mg tum and an

r ecor dabl e/ r epl apebicalopererdingemethtid aminti @rhaghl refleptivdigly andor di ng

met hod which is ¢QEPAiiny BigAdl) GRGMERHLORM nCRRbANRYSid beegal | ows for
| ower manufacturing cost ggg hi gh producti vi t}/i_B 5 . It is another
obj ect of the presentPiRFERISn L8 IFOEVELRE PREET FREPEFF e 8bt® opti cal

recordi ng nedi unpaodided a recordable/replayable optical recording medium
comprising: a light transmitting substrate where a pregroove
for guiding light during recording is formed; a thin metal
‘£ilm formed on the substrate; a reflective layer disposed on
recording the thin metal film; a deformable buffering layer

15 interposed between the thin metal f£ilm and reflective layer.

R Also, there is provided a method of optically recorxrding
on an optical recording medium comprising the steps of:
providing a thin film on a pregroove substrate, providing a
buffering layer on the thin metal recording film, heating the

20 thin metal recording film between the pregroove substrate and
the buffering layer with a recording laser beam to cause
deformation on at least one of the pregroove substrate, the
thin metal recording and the buffering layer, and forming pits
where the deformation occurs.

25 Through the above-described steps, optically
recordable/readable pits may be formed. Here, the pits
represents portions deformed by the laser beam. The term
*optically recordable/readable pits or pits*" generally include
optically readable or detectable marks of all kinds. Also, the .

30 deformed portions of the substrate and thin metal layer and
buffering layer having different optical properties from those
of undeformed portions.

The method of optically recording on an optical recording
medium preferably further comprises the step of directly

35 heating the buffering layer together with the metal layer



optical recording nmethod having a high reflectivity and recording signal,
whose recording stability is inproved. Accordingly, to achieve the above
objects, there is 10 provi ded a recordabl e/ repl ayabl e optical recording
medi um conprising: a light transmtting substrate where a pregroove for
guiding light during recording is fornmed; a thin nmetal filmformed on the
substrate; a reflective |ayer disposed on®recording the thin netal film a
def ormabl e buffering | ayer 15 i nt erposed between the thin netal film and
reflective | ayer whAllsoradilaginegithepiavexiedan, et hddimf anpbirgalicy dyecaridibng
on an optical recandlhe PHUM AIPLSh 10t LEPENE b rBePMld hOge, Lhi N
filmon a pregroove substrate, providi ndq a buifering layer on the thin
netal recording filmTheds RPCI¢Ad Pecordipg FedigPapcsaddrdi Hif PFRRAFRet ween

t he pregroove sulisiveatsorgndcet he grefésibleg thay e pwedilvcrer e60rgliidgng asigfhtbeam

to cause defgr rratiisogoﬁge(%hopl gﬁgtsugggr%e tdgﬁ%fpé g,r%gga/ﬁl _.ubst rate, the thin

metal recording and t fering [ ; tormng pits where the
def ormati on occurs. 2&lso, the waterdabHorhEorminge e sdinpretak £43m Ras jacal |y

(r]I e]gor dagl g/ r eﬁda:iﬂa&u@i 19 Ry al einfagh AR pueeeofl tah o ek E[epfaa&agbglim i ons
eformed by the | aser am_The term"optic ecor e/ readabl e pits or
pits" generally ipﬁc??ﬁﬂagg a’p?FEag‘fefry%i‘%‘é&égﬁs‘@r %’epe Jt'a%?el?m%llfg of all

ki nds. Al so, thep3eferaldef chatdheothichnesef off Haestivat metal dderhirangest al

llayer and byjferifgnl soRred13¥bR9 Al fhelkiter9Ri | £ cRE ORAM! heSal Ml hose of
undef ornmed portiqgns. The nethod of optical Iééerecordl ng on an optical
recordi ng medi um*SREF o etr b SatEFt D FHFPRs tgﬁgu%t"é’g‘sb?t’dfgr &t Py 33
heati ng the buff aginpt) ayer ctpget,het, Wat nd hee,netadn ladjey thereof is

preferably adopted.
Also, it is preferable that the thickness of the
15 buffering layer ranges from 50A to I0,000A and the glass
transition temperature ranges 60°C to 180°C. Further, in order
enhance the recording stability, an organic dye may be added
to the organic material of the buffering layer in the amount
of 30% or less.

20 Brief Description of the Drawings
. The above objects and advantages of the present invention

will become more apparent by the following detailed
description of preferred examples thereof with reference to
the attached drawings in which:

25 FIGS. 1 through 5 are cross-sectional view illustrating
the deposition structures of conventional optical recording
mediums (discs);

FIG. 6 is a cross-sectional view illustrating the
deposition structure of an optical recording medium (disc)

30 according to the present invention;

FIG. 7 is a schematic cross-sectional view illustrating
the structure of a pit being a recorded portion formed on the
disc according to the present invention;

FIG. 8 is a graph illustrating the reflection variation



5 while radiating the | aser beam by adding an organic dye which can absorb
the | aser beamradiated to the buffering layer. In the optical recording
medi um accordi ng the present invention, it is preferable that a pregroove
for guiding light 5 is formed on the substrate during recording. Also,
the material for formng the thin netal filmhas a value (k) of an

i mgi nary part of a conplex refractive inélex preferably greater than or
equal to 0.01. It is also preferable that the t hi ckness of the thin netal
| ayer ranges 10 m 30A mater| or the thin netal
(iTm at Teast ofsesafis o bis K Frmtns HeTifaeD ohnrbErig talea * ag.
Pt, Cu, C, N, Turiffg zewprfing withnregdesy tmé?heothnf@mpserema@ltyoad@taed
A'so, it is prefenahl getdak:ifed RhE kiiaRS abéodditgléo thebpidsdricng | ayer
ranges from 50A too 10 QOOA and the glass transition tenperature ranges
60[err] C to 180 & FREI®Rirther, in order enhance the recording stability,
an organi c dye may beFmidedlscntQmpbr@armiscrm th¢ wiriaheorhtf eri ng | ayer

in the amount of é@%@éldneaépex?éln oBdref tﬂfa&felsewa&&aeioﬁk& B BukfAgsinghe
above objects and advant age present i nvention wll becone nore

apparent by the fG¥PBvith %Ge?’aﬁq é‘&cﬂ’é"sﬁéﬁ E‘Pl‘%}’r‘i" Bressntt dPVeRFieRinpl es
t hereof with referencerg 01‘0hm & igrapiedilduavtatgngi thewvachat2n of writing GS.

1 through 5 are LAsS" econ%co\ﬂd? idd HS%%%%E??‘E&% depgsd tdrggeﬁéructures

of conventi onal ptIC ng |uns
10 1nvent10n,

FIG. 11 is an AFM image of a substrate/thin metal layer
on a recorded portion; and
FIG. 12 is an AFM image of a buffering layer on a

recorded portion.

15 Detailed Description of the Invention

The optical recording medium of the present invention has
a layer structure as shown in FIG. 6. A substrate 10 having a
pregroove for guiding light during the recording, a thin metal
recording film 20 formed on the substrate, a buffering layer
20 30 and a reflective layer seguentially deposited on the
substrate 10. A protecting layer 50 is optionally disposed on
the reflective layer 40 for protecting the recording medium.
In the present invention, a concentrated recording laser
beam heats the thin metal recording film 20 when optical
25 recording is performed, and the heat is transferred to both
the substrate 10 and the buffering layer 30. A portion of the
substrate 10 adjacent to a portion of the heated thin metal
film is deformed by an thermal expansion, and the heated
portion of thin metal recording f£ilm 20 swells up into the
30 buffering layer 30 to form a pit. When the recorded
information is reproduced, a recorded portion (i.e., pit) of
the substrate 10 and a deformed portion of the thin film 20
bear lower reflectivity, relative to an unrecorded portion,

due to the following principles.



FIG 6 is a cross-sectional viewillustrating the deposition structure of
an optical recording nmedium (disc) 30 according to the present

invention; FIG 7 is a schematic cross-sectional view illustrating the
structure of a pit being a recorded portion forned on the disc according to
the present invention; FIG 8 is a graph illustrating the reflection
variation 6 dependi ng on the thickness7variation of a buffering |ayer
during recording with respect to the thickness variation of a thin netal

filmof the disc acceadsng dhe Ebﬂdf?:rcesfﬂ:fyé iisUY&F%ﬂe@natéé to dest:;]ucﬁtliﬁ;_e Slz is a
graph illustrating the_ variation efl ection pendi ng.on e thickness
variation of a bﬁ'%feerr Fﬁamfeafg}‘s?%ocfyh 1%?%0“5@%%?3 ' Eﬁmfl o"=lg it ?@’sgﬁfgace

i nvention; FI G hsrveenathe fyhstratesdfatnddhehehimametal grecotdimg tiidg pomer

and CNR accor di nghd @ight | ¥l eBXMHr8mOh BRBIRFE SRMEadd berwbBYHd ON; FI G
11 is an AF |r’r§%1ef of "F} ubstrate/thin nme on a recorded portion;

tal layer
and FIG 12°% s e 3% B F%‘Fi’?ﬁﬁfﬂé@’e‘% SAYSE Ao Yor BFon. 15
Det ai | ed Descri pthoym oh FI® Fnvehd itbacKiessopfi el bofberisignayedi3vmiofard he

present inventi OhRderded PREiSH IUCEYES HocahMRe Bs Pl & AxaUPEiate 10
having a pregrooye for_guidi nqgﬁé}l | ght during, the recording, a thin Tetal
recording film 23’1?0?‘?@%"5?1% ns BB treftectiy ey hpyey i4lgapdeaht e

reflected from the thin metal film 20 in a pregroove of the

10 substrate 10 constructively interfere with one another. In a
recorded portion, the substrate 10 and the thin metal film 20
swell up into the buffering layer 30 by thermal expansion and
cause buffering layer 30 to deform. Thus, the thickness of the
"buffering layer 30 becomes thinner, i.e., to a thickness vd,"

15 at which destructive interference takes place. Moreover, the
swelling up in the buffering layer 30 also causes the
reflective layer 40 to deform. Accordingly, the reflectivity
is lowered due to the destructive interference caused by light
"a" reflected from a boundary surface between the substrate 10

20 and the thin metal f£ilm 20 and light "b," reflected from a
boundary surface between the buffering layer 30 and the
reflective layer 40.

The above phenomenon results from Fabry-Perot effect, and
as shown in FIG. 8, the reflectivity of the recording medium

25 varies according to the thickness of the buffering layer.
Thus, the buffering layer should be manufactured using
materials which can be deformed as much as the thickness "d,,"
which is suitable for destructive interference resulted from
deformation of the thin metal film 20.

30 Second, the reflectivity drops due to scattering of
incipient light by the slanted and rounded walls formed in the
recorded portion. That is, the substrate 10, the thin metal
recording film 20 and buffering layer 30 are deformed as shown
in FIG. 7. Since there are slanted and rounded surfaces on

35 both sides of the recorded portion, a recording beam becomes



20 30 and a reflective | ayer sequentially deposited on the substrate 10.
A protecting layer 50 is optionally disposed on the reflective |ayer 40 for
protecting the recording nedium In the present invention, a concentrated
recording | aser beam heats the thin netal recording film 20 when optical 25
recording is performed, and the heat is transferred to both the substrate
10 and’.,the buffering layer 30. A portion &f the substrate 10 adjacent to a
portion of the heated thin netal filmis defornmed by an thernmal expansion,
and the heated pércetegrest aththe mdtdal waldesoplithy fefonr2d portion of € o t he

30 dbuf](‘jeri ng |tﬁ¥§ruae?&1t t@_iirﬁ)rz@,as«piéha_t:/\b@ﬂlfédt%%viﬁﬁg{rt%gt}éﬂfQEGBgé&rthES
reproduced, a recorde rtion (i.e., pi of. the_substrate .10 and a
GeFor med por t1 on BFETITen PRECI iBepe, Bertrdhias PrEARFOT Oy ShF ohand A8t o
an unrecorded poreeran, Adwerdingllye the |respndedpomtign deaturesy 1IBwest, t he

reflectivitysis hapes@d«duge txandast diddo¥-ged %%i&{,e%etﬁw%%grbauééi%t
reflected froma boundardy surface between the substrate 10 and _the thin
metal recording PFIRFSFIdHIqgationdagcbe Aveddabie FyEntRSPes difFEprence
bet ween the 5 olfuféfirdcndvi tay detdlerm et hecordelcarid warteaymwieddPortials | S,

as shown in FIG : ' ess of the buffering layer 30 in an
alepld s

unrecorded portion | etermned as "d[err]" to make light "b[err]"

refl ected fromthe refhigds | hen &perthim mAERl (AR 2¢ abparhe dedireiianthe
thin metal 16| m 28cordimgPbegi Gadetnd dbaerpion pbrtidny ake1ddalagnaésued syel y

j[ Elt ﬁr ];TS: :I W:c It Ihmo ggat‘?‘q%teh %Empér%t%rg erCiOJe%eghgx%‘lt I, Oghe tmggegya Sst E)%t glae]‘q:h?.gd the
metal film 20, the adjacent substrate 10 and the buffering
layer 30 are locally thermal-decomposed so that the total
reflectivity is lowered causing the reflection light "a" and

15 "b," shown in FIG. 7 to decrease. An AFM image of the
deformation on substrate 10 and thin metal f£ilm 20 after
removing uppper layers shown in FIG. 11. And FIG. 12 shows an
AFM image of the deformation on the buffering layer 30 after
removing the reflective layer 40.

20 As described above, the disc according to the present
invention allows a reflectivity of 70% or higher in a
unrecorded portion by installing a reflective layer 40 on a
buffering layer 30 and adjusting the thickness of the
buffering layer 30 so as to make light "b" reflected from the

25 reflective layer 40 and light "¢" reflected from the thin
metal film 20 constructively interfere with one another.
Particularly, the Fabry-Perot effect can be maximized by
adjusting the reflectivity of the buffering layer 30 by adding
or not by adding dye to the buffering layer 30.

30 In the aforementioned disc according to the present
invention, substrate 10 is transparent with respect to a laser
beam and can be manufactured of polycarbonate, polymethyl-
metacrylate, epoxy, polyester or amorphous polyolefin, which
has excellent impact intensity and is expansible by heat. The

35 glass transition temperature for the thermal deformation of



swel | up into the buffering layer 30 by thermal expansion and cause
buffering layer 30 to deform Thus, the thickness of the buffering [ayer 30
becones thinner, iTe., to a thickness "d[err]" 15 at which destructive

i nterference takes place. Morreover, the swelling up in the buffering | ayer
30 al so causes the reflective layer 40 to deform Accordingly, the _
reflectivity is |owered due to the destrudive interference caused by |ight
"a" reflected froma boundary surface between the substrate 10 20 and

the thin metal fifiHss625ad9 Fgnges firepr §0°G &p| WQ°€dand orA RrpBewrhlyy 1801¢ ace
bet ween t he buf f erd rgoPay efor3Gu bdithgt hﬁerﬁaeect;%ahe dha%@g &Qoriﬂgg a,tsgovteh
phenonmenon result LR ryz Per Qt %ggt a as_s | , e
reflectivity of t%effor eco%: |'nétn£%ﬁluer%gé “Par 78S oac%%b\rl%rﬁget ? tthe

thi ckness of the RRPEFEPTHGAVAHEra dpRES, of BE baf45dninnend @y eidehmAl @.beto
manuf act ur edsusi ng 2@t eri al s whi ch can be defornmed as nuch as the thickness

"dlerr]" which is suitable tfor _destructiive interference resulteq from
def ormati on of the th%ﬁn?’?ett F ?lﬁl}nmﬁg‘f"fisfﬁ' m 20 funckrons@s EReatsr | ectivity
drops due to scatgesefraging layer ficanabsoxiiingby tdverdimntledearitbanoanded wal | s

di h i ) (g Hhes t Q) . i t al
| otording 1 m Sgeaeedt Rl besh anll 8 pashid 11 S0 b8 SariBipidl coltfad! o)
Since there are %‘%ﬁf%oﬂ &fF%{% 9rding o £he FposBtion paLR andddheot the

recorded poifi onrefleeciomdishgubbde bensmmes. A diisabld eedrail tae side walls
of the deformed RaGLiRNPLe! H6A Y BoBR! & drahhAdkicfOs L Isk el Vi ty
drops relative to_the | ) T
sorption of 5-95%. Moreover, non-metal film such as silicon
and its compounds like silicon nitride, silicon germanium,
silica and SiO can be used.

15 Accordingly, as one of the optical properties of a
material for forming such a thin metal or non-metal film, a
complex refractive index preferably has a value (k) of an.
imaginary part being greater than or equal to 0.01. If k is
less than 0.01, the absorption during recording is lower and a

20 recorded portion is deformed to a lesser degree, which leads
to a lower recording sensitivity. From a computer simulation,
it has been determined that materials for the thin metal film
or non-metal f£ilm with k values that fall within a pentagon
defined by the vertices 7.15+3.93i, 7.15+5.85i, 8.96+6.281,

25 9.56+5.901i, and 8.14+3.77i in the n, k plane does not provide
the effective recording sensitivity for a desirable compact
disc-recordable.

If the thickness of the thin metal film 20 is greater
than 500A, recording signals become smaller for the following

30 reasons. First, the deformation of a recorded portion becomes
less due to the hindered expansion of substrate 10 by the thin
metal film 20 during recording. Second, as shown in FIG. 9,
the thicker the thin metal film 20 is, the smaller the
reduction of the reflectivity depending on the thickness

35 variation of the protecting layer during recording, which



unrecorded portion where scattering of incident |ight does not occur.
Accordingly, the recorded portion features |ower 5 reflectivity than an
unrecorded portion, “"so that reproduction of recorded information can be
avai l abl e due to the difference of reflectivity between the recorded and
unrecorded portions during playback. Third, when the thin netal film 20
absorbs the incident 10 recordi ng beaf®and the absorption portion is

| ocally heated so that the tenperature rises shar the materials of the

| )
thin mtal film 36werhehadraranetobRsteh Bha GoSAEIah 8 IS FRECPHAS 30
are locally thergsektimaanposed so that the total reflectivity is |owered

causing the reflect! off lhdhln; &neB%bel 3ne cndl BEdL £10RMSL 143 bl thakd

decrease. An AFM i nagé o eformation on substrate 10 and thin netal
film20 after redBhi nghaiheptraenaratton Kente ke absarptigR YA 12 shows an

AFM i mage ofst he rdebriifRt befoiy bhg1IuH, @hid) vhRyeric3Qinficilcr eanadfegut he
reflective | ayer ﬁ()) 2% As descri bed above, the disc according to
the present invefPPEHF2S 3% a reflectivity of 70%or higher in a

unr ecorded portion byAlisest &f | heg theynsfll confuativaywrof4ghenthinhpetal fidm™ ayer

30 and adj usti ngahheg thaakBe Shadf of tf £&rduwyenb@y Hea8lchots t 0 nake
light "b" reflected fromthe 25 [e ctive_ layer 4

l, nd. | i ght !
reflected from t REREHIGFaNE G ¥ REDD f&gﬂs%q N anting n&‘é’?’f“gr ge\cf\ﬂcﬁingne
anot her. Pardi cukadlyeatting &migy tRerigtseef bewt boaninsreadxisnirapddby adj usti ng

the reflectivity laldid Q4 LEMROchENTin RO Utk D G DXk BUadlldf no dye

to the buffering layer, . n the aforenenti oned di sg accordi ng
to the present | B¥ERRIIRT, asprRdetarrings tempsrature Reromgs Hiifacpttt §6 a
| aser beam and cap tke mRAUisgtiy edseibleo! yhardianad® theokgereidesi| portions

may be increased to reach an adjacent track. Thus, the thermal
15 conductivity of the thin metal film should be set to 4W/cm°C
or below.

A linear expansion coefficient of the thin wmetal film 20
is preferably 3x107%/°C. If less than this, cracks may be
generated in the thin metal film 20 by the expansion of the

20 deformed substrate 10 during recording, thereby reducing the
possibility of obtaining a uniform recording signal value.

As materials for the thin metal film 20 sufficient to
fulfill the above conditions, at least one metal selected from
the group consisting of Au, Al, Cr, Cu, Ni, Pt, Ag, Fe, Ti, Ta

25 and an alloy thereof can be adopted. The thin metal film 20
- formed of such a material is deposited on the substrate 10 by
a vacuum deposition method, an electron beam method or a
sputtering method.

The Buffering layer 30 for absorbing the deformation of

30 the substrate 10 and the thin metal film 20, is easily
deformed and is preferably formed of an organic material
having appropriate mobility. The glass transition temperature
of the buffering layer 30 preferably ranges from 60°C to 180°C
and should be lower than that of the substrate 10. Here, if

35 the glass transition temperature of the buffering layer 30 is



ret acryl ate, epoxy, polyester or anorphous polyolefin, which has excellent

I npact intensity and i s expansi ble by heat. The 35 glass transition
tenperature for the<thermal deformation of 9 substrate 10 ranges from
80[err]Cto 200[err]C and is preferably 100[err]C to 200[err] C. For guiding
the | aser beam during recording of information, it is necessary to formon
substrate 10 a pregroove having a depth éﬂ 30 to 450nmand a wdth of 0.1

to 5 12[err]m Slnethethl nmet al mZOI ctlose}:sdace atgs .
generating | ayer LPEeT 4158r BY 1y 5 e’&"tﬁoafiﬁ‘ég |S;§§8?' daftfénd” génerating heat
and a partial ni Bufferfigg tayebizvi Hormednbf aat omg&micemndrﬁlt aér dbenildiedg,

the absorption r h i’ﬁ lghhge Js%lveneea‘a ‘éﬁéﬁ% %B%dibpea sxtaaamagsul tabl e

material has at es§S of 30At a transm ss 5% and an
absorption of 5- 95%°%|A§OVHS tﬁﬂﬁt r?ef“éf:e’f"rarlrnwgb‘&th dé§sg+‘f‘? 5Hea?1’69"’}"t"§
conpounds |ike swhteimlnwetli deit 4oéd con Janagenbubpgtrsicki skowddbsi Gapkedbe

used. 15 aBCaRd &y E%ﬁ{‘%h. fle 0L e&geofomzécﬁ{ffgi'%rlta&%§ 94 £ set

material for form ng suc non- et a QOTT?
refractive i ndextpriae abrsEInesinivg afe70%)ooPighey nagi ?1%‘?"8? par Ici)'ei ng
greater than or gguedid @ifleDlkhel katigd ofl ssxd hapodbAlis shitaadieor ption

during recording s |Gty 8t fudleria SRELACHARSL B bs ' BRI LY @

| esser degree, which over record sensi
conput er si¥ul at Layer 30 hasllbh@nad’étmlnﬁhwahﬁﬁsmt éth‘Plé’-aPGFaF?léfetsHPn

netal filmor nogsngd:8hathk! Rt hakpoigkyesr taatinf &l ol éthdr @epail @gON
polystyrene resin, an urethane resin, a cellulose resin, a
fatty acid and low molecular weight organic compound. Also,
copolymers of the above materials may be used as the buffering
15 layer 30.

In order to facilitate the thermal deformation of
substrate during recording, an organic dye may be added to the
buffering layer 30. If the dye is added, the buffering layer
30 is also heated during recording, which makes the

20 deformation of substrate easy. The amount of added dye should
be less than 30wt% of the buffering layer material. More than
this amount of dye makes it difficult obtain a higher
reflectivity. A dye that absorbs the incident light during
recording is chosen depend on a short (i.e., high density

25 optical discs)or long {(i.e., low density optical discs)
wavelength of the recording laser beam. Preferably near-
infrared dyes which absorbs in the wavelength range of 780 to
850nm, or dyes which absorbs in the wavelength are of 610 to
700nm are used. For example, cyanine, croconium, squarrylium,

30 phthalocyanine, or naphthaiocyanine can be used.

The reflective layer 40 may be formed by a vacuum
deposition method, an electron beam method or a sputtering
method. Metals such as Au, Al, Cu, Cr, Ni, Pt, Ag, Fe, Ti, Ta
and alloys thereof may be adopted as the material of the

35 reflective layer 40, and the thickness thereof may range from



defined by the vertices 7.15+3.93i, 7.15+5.85i, 8.96+6.28i, 25

9.56+5.90i, and 8.14+3.77i in the n, k plane does not provide the effective
recording sensitivity for a desirable conpact disc-recordable. If the

t hi ckness of the thin netal film20 is greater than 500A, recording signals
beconme smaller for the foll ow ng 30 reasons. First, the deformation of a
recorded portion becones | ess due to thelhindered expansi on of substrate 10
by the thin netal_ fil 0 ring recordi ng. Second, as shown in FIG 9, the
t hi cker the thinsﬁgéaPé$“¥ﬂ¥?0 is, the smaller the reduction of the
reflectivity dependi ny mmwteheindilekeesy 36r prorgriing enretondiagpmedi i ng

llayer during recQhdi Bg.a WihaBparentOndt8HS FHIRHCARS A%k rB8Y ViR@ACcEhe
recorded and the unrecorded portions. |If the thCknﬁﬁé of th§¥}h|n nmet al
h

film20 is |ess thARPSHAENES FATLI RN & YL AT IGUET ¢ E2%Ds SBPEY ofF duri ng
5 recordi 5ig bectpkstesingrlies curting hrawikesay tbedcbdticuby & cspdef ooating

substrate 10. A §0unld e cLIETAPLUENUS Lhd 0 ol Wife! BosviTet ehef 1| m 20

is greater than or equal e eat cannot concentrate on the
thin film20 wheRTREQEERIILRYS Secor di ng 10 and heating using the |aser
beam but instead is rEpindught tlen phessmd iarentiicdnt hes tdeen detatibed] as 2Zheso

t hat heating exc | r LoLpe enp b Aesetdisf el €4l dng EVeN
if the heating i E‘%g%{s%%% ggﬁie%sa %g g?'%t:he&;b:s%g%g%fdet%grt | o%ls:L naXHbaIe

i ncreased t &0 r eadufering deeet andaerflephive layeri hektnghould be noted that

deformation can occur in only one or two layers, depending on
the laser beam power and/or the physical properties (e.g.,
Young’s modulus, thermal conductivity, thermal expansion
coefficient, glass transition temperature, etc.) of each
15 layer. It should be noted that thermal deformation of the
metal thin film itself is uncommon due to its very high
SR melting temperature. Howe&er, the thermal deformation of the
thin metal film can be occured depending on the laser beam
power. For example, when the recording laser beam power is
20 high, the thin metal recording film 20 can be melted to form a
rim around the center of focused light by heating over metal
melting point.
Moreover, deformation can be only in the substrate 10 if
the material used for a buffering layer has stable physical
25 properties (e.g., lower thermal expansion coefficient, higher
glass transition temperature, and/or higher Young’s modulus)
than the material used for the substrate 10. It should be
noted that deformation may occur in a thin metal film 20 and
the buffering layer 30 by the heat transfer in the thin wetal
30 film 20 during laéer‘recording. ﬁowever, the deformation in
the thin metal film 20 and the buffering layer 30 are so slim
that it is very difficult to observe. Also such deformation
has little effect during the recording.
Furthermore, if the material used for the substrate has

35 the stable physical properties compared to the material used



15 conductivity of the thin netal filmshould be set to 4Wcnjerr]C or
below. A linear expansion coefficient of the thin netal film20 is
preferably 3x10[err]/[err]C. If less than this, cracks nmay be generated in
the thin nmetal film 20 by the expansion of the 20 deformed substrate 10
during recording, thereby reducing the possibility of obtaining a uniform
recordi,ng signal value. As nmaterials for tBe thin nmetal film 20 sufficient

to fulfill the abgve condl tions, at |east one netal selected_fromthe _group
consi sting of Au, bugferigg layer AQ, fhen gpforpatign maigly ogruns) &9
t her eof can be adbqune(theThefﬂénmgrmaﬁlr B0l mt2@sf arsegdossitslec bhat mat er i aI S

deposi ted on the SURSILALS n&%@hg%lﬁi%ﬁggg&% ﬁ'x’;c&ﬁ n H@tggoféfréﬁe eloer%%)\l ng

beam net hod or l;1)utter| n ayer abso
t he defornmation oF gdutfering SQhsvhen éhimaé:r?&lﬁhefqrhﬁﬁbmle 19188020, is

easi |y deformed apdferipgelfaabby Ky sedilir hyoi@anpeopaitaesal having
appropriate nobility. .I:};Qe Q%éae%% %‘6‘?&% %I onlltle beét ]H&Sc’%f eg‘hhgﬁ|é@j“{§%r IFS\?ver

| ayer 30 preferably range rom err
than that of the efirdidr #ith pepfeppnes tpre:senplesr HEowgivess it should dwe

tenperature of th@dwsftebangmdtay% p¥eskfit inve@¥dn tikapy MY aeahs, the
recordi ng stabilit d. Th Buffer#%% | ayer 30 fornmed of an
n

organi c materi al T t(ﬁl%ts{;vedsuﬁg TPt éﬁleécag'g nt to then be coated by a

spin coating nethod. At this tinme, a material which dissolves the organic 5
material well but does not damage substrate should be adopted as the
sol vent. The thickness of the buffering Izgé/er 30 is set

io Example 1

An Al thin film of 10nm was vacuum-deposited on a 1.2 mm
thick polycarbonate substrate having a pregroove with a depth
of 170nm and a width of 0.5um and track pitch of 1.6um. A
coating solution formed by dissolving 0.9g of cyano-
SR 15 biphenylepoxyamine in 10ml of diacetone alcohol was spin-
coated at a rate of 2000rpm to form a buffering layer thereon.
At this time, the thickness of the buffering layer of the
pregroove portion was measured by scanning electron microscopy
(SEM) and the result was about 2500A. After drying in a vacuum
20 oven maintaining 40°C for four hours, Al of 1000A was vacuum-
deposited to form a reflective layer. Epoxyacrylate UV curing
resin was spin-coated thereon to then be cured, thereby
fabricating a disc.
The disc was evaluated using an evaluation equipment
25 adopting a laser beam of 780nm. CNR of 51dB and 72%
reflectivity were obtained by 1.3m/sec, 720kHz and 8uW
recording conditions with 0.7mW writing power. In case of
recording speed of 4.8m/sec with a writing power of 10mW and
then a CNR of 42dB was obtained. If the writing power of the
30 above recording conditions is changed, as shown in FIG. 10,
the recorded signal having the CNR of 47dB or higher could be
reproduced at 4mW or more. If audio recording is performed in

an RP-1000CD manufactured by Pioneer Corp., this disc was



to have a reflectivity of 70% or. higher, as shown in FIG 9. At this tine,
the range of 50 to 10, OOOA is suitable. The organic nmaterial which can be
used as the buffering 10 | ayer 30 includes a vinyl-alcohol resin, a
vinyl acetate resin, an acrylate resin, a polyester resin, a polyether
resin, a polystyrene resin, an urethane resin, a cellulose resin, a fatty
acid and | ow nol ecul ar wei ght organi c colgound. Al so copol ynmers of the
above materials may be used as the buffering 15 | ayer uﬂ orger to
facilitate the tKePhayader dRatGoBRacE HFHsPtaes - a3 t?@%o‘?‘?ﬁ

organi c dye nay kecafdiagy chatdrerertibtBrd ngihd e CD3CATY frathpraiyed ts added,
the buffering |l a a t r rdi ng, which makes the 20
def ormati on of sé %%‘,& éﬁ:eLaéé&#%g ggno lécw%a{tgggd dye shoul d be | ess than
30wt % of the buffering layer material. Mre than this anpunt of dye nakes
it difficult obtain a hi gher reflectivi gg pReglyss-3t hat absorbs the incident

| i ght during_recordi hosen e Yy 25
optical di sc%) or | ongﬂt rasl"t ngenm flgsp i (g;ﬁ‘{)%l scg’)% &%?/‘Jje]ﬁgg o ﬁél# t he
recording | aser kdam fﬂmeﬁesama}lgﬁéamtq Ahp afeegond caxappileh ass3EP8 in t he

wavel ength range &inz@%,aaapﬁépnmeseécmywmvaesoms gbmdwiagnavel engt h
are of 610 to 700nm are used. For Croco uq% sguarryl ium
refl

ani
30 pht hal ocya®FRESSEHS HEHAt TS 889%3%2‘ Elé#eoggu%%e Ex3¥R™% 71 &€t i ve | ayer
40 may be for rred fapricatingubhel alissi t Also, nbhé oeconding evatvwrtissaWfdet hod or

a SpUtter'nQ %gfoﬁﬁgaah§tﬁLgﬂé 2amé\bvatliat {4 cgﬁdlﬂﬂonspﬁltﬁ¥1h056,1&1, Ta

and al |l oys t ereo adopt ed_as the mater ple g r.ef | (;7t|ve
| ayer 40, and thé& th-’c:’l'é?e%a‘f‘ﬂ’?eer e SR FRFULE R t the disc ma

thin metal f£ilm had the reflect1v1ty of 73% and CNR of 48dB,
and the disc made of 12nm thin metal f£ilm had the reflectivity
of 69% and CNR of 53dB.

de o

15 Examples 4-8
In contrast with the above examples, the metal was

replaced with Au, Cu, Ag, Ni or Pt as indicated in the
following table, and the disc was fabricated in the same
method with that of the first example to be evaluated.

20 Table 1
Example Thin metal film | Reflectivity (%) CNR (dB)
4 Au 72 50
5 Cu 70 47
6 Ag 69 50
25 7 Pt 73 52
8 Ni 73 52

Examples 9-13
In contrast with the above examples, the material of

buffering layer was changed into a PMMA having Mw of 25,000, a
30 PVA having Mw of 35,000 or a polyethyleneoxide having Mw of
32,000, all manufactured by Polyscience, or a fatty acid



12 500A to 1500A. A protecting |layer 50 for protecting a recordi ng nmedi um
can be a transparent material which has a strong inpact strength and is
cured by a ultraviolet (UV) rays. Epoxy or 5 acryl ate-series curing
resin may be coated by a spin coating nethod and then is cured by the W
rays thus formng the protecting |ayer 50. Although the present invention
has been described as the deformation eackSlayer (i.e., substrate, thin

M AN g cRUEL L B9 KON (D TRELER Gl ML) L imiou d De

not ed that deformation can occur rs, depending on
the | aser beam poWEickaRar AT ehBupfRdrgatayitopera |¥§9’€‘é°‘§ wag, s&efipbRl us,
thermal conducti vibd wsobheaﬁmltmpam lx@aoﬁmfgf eGhRNHtioff| tSS pei-Adidd @R

tenperature, etc.), of each a e t hat t hermal
def ormati on of tﬂélngFgf T??nerf tjl% a%l?gls LchonH ?%ggto its very high
nel ting tenpérature. However, the thernaITubl©ﬁhaI|on of the thln met al

filmcan be occur se—or—the=—taser—bearrpoTer—ror—CRy
rEERepoher MBtEEial @f gn, pRRELeRERVHRL 4F) reEB'Fd ® i | m

the recording | a

20 can be neltedjto form a |i nvatfamdgt hwrezenter of focused |ijght by
heati ng over net Met tT g poi Nt NQL.Eover, Je OT et T o1 can bgomn - the
substrate 10 if tlhe terial used f a bhuffery ng Iavp' has stlabl e” physilcal
25 properties f(e. gi9 | ower therne¥atexpansi on coeffvzlent, Ri gheso gl ags
transition tenper Fturgl andf or nign%Q%Young 5 aurusy Than e naperial

used for the subqtrats—10 t__shou

10 12 Polyethyleneoxide 70 50
13 Fatty acid 72 52
Example 14

In forming a buffering layer, NK125 (Nippon Kankoh

Shikishe Kenkyusho Co.) was added to the buffering layer as

15 much as 0.5wt% of the buffering layer material. The following
processes were the same with those of the example 1, in
fabricating the disc. When recording was performed with the
disc of 1.3m/sec and 8mW, CNR of 52dB was obtained. When
recording was performed 4.8wm/sec, CNR was 48dB. Also, the

20 reflectivity was about 70%. The disc could be used for a CD-R.

As described above, in the present invention, recording
is allowed by adopting a buffering layer and a cowmpatibility
with a CD is possible. Particularly, since expensive organic
dye is not used, the manufacturing cost can be reduced and the

25 productivity can be greatly improved.

It will be appreciated by those skilled in the art that
the present invention has been described by way of exewmplary
embodiments which are illustrative and not restrictive of the
scope of the present invention. The scope of the invention is

30 to be determined by the following append claims.



noted that deformation may occur in a thin nmetal film20 and the buffering
| ayer 30 by the heat transfer in the thin netal 30 film?20 during |aser
recordi ng. However, the deformation in the thin netal film20 and the
buffering layer 30 are so slimthat it is very di U“j ﬂJI" Hmeilﬁe Al so
such deformation has little effect during the recoftisghl 4/ erlilore, if
the material used for the substrate has 356 the stabl e physi cal
properties conpar 0; rial used 13 for the buffering |layer 30,
t hen deformation o % id anga&_?'l “both the buffering layer 30. It is also
possi bl e that defor mattof® 8PeiGrdi FRGOEEGr BAYUR BOMRTISABIsubstrate 10 and
the buffering 30, wheratdidstBies mavih®ra pubgidatee 10 and 5 buffering

| ayer 30 has simlar physi.cal properties. ent | t] i l1l. now be
described in further aaettzll W$%1 Fef &F e e}-?f(;m g?garr% s, géf’gﬁeg\}"g)rg?%%é'shoul d
be understoodSthat thea prefdentivendavier siispasesy ahoverddia mebal irecerding such
speci fic exanpl esgiifd; and Exanple 1 An Al thin
filmof 10nm was vacuum deposited op_a . 1.2 nmthick pol ycarbonate s trate
havi ng a pregroove with ‘%%85'&1?11‘30?“?%%?@'% &Pﬁ?W%SFxogﬁweeFP] ﬁ?’a‘#%?‘tlpack
pitch of 1.6[err] metdl cosording didn and fseidexkfgctiwsdbyeéng 0. 9g of cyano-
15 biphenyl epoxyami\.emno%@iéaloieéd,&ﬁ%qa@dﬂhcgmm\m@ &Pidlaigopted at a
rate of 2000rpmto forma bu fe,rlng I]Fa%‘er t hereon. At thlg tine, .the

t hi ckness oflghe BUFFRST FETPEI&HNgGoF RFRESSELYF JEVET firPPrERd i3k ShtSsur ed by

scanni ng el ectr on reftecsiov@pyayer.
3. An optical recording medium according to claim 1,

wherein at least one of said pregroove substrate, said thin
metal recording film and said buffering layer have a
15 deformation portion.

4. An optical recording medium according to claim 1,
wherein said buffering layer is made of organic waterial.

5. An optical recording medium according to claim 1,
wherein said pregroove substrate and said thin metal recording

20 film have déformation portions and said buffering layer has a
reduced thickness at said deformation portions.

6. An optical recording medium according to claim 1,
wherein said pregroove substrate, said thin metal recording
film and said buffering layer have a deformation portions.

25 7. An optical recording medium according to claim 6,
wherein said reflective layer has a deformation portion.

8. An optical recording medium according to claim 1,
wherein said thin metal recording f£ilm has an imaginary part
of the complex refractive index that is greater than or equal

30 to 0.01.

9. An optical recording medium according to claim 1,
wherein said thin metal recording f£ilm has a thickness in a
range of 30A to 500A.

10. An optical recording medium according to claim 1,

3s wherein said thin metal recording film is made of a material



(SEM and the result was about 2500A. After drying—+ma vacuum 20 oven

mai ntai ning 40[err]C for four hours, A of 1000Ayam T gl sited to
forma reflective | ayef. Epoxyacrylate WV curi ngclmlmﬂmmrmmoat ed
thereon to then be cured, thereby fabricating a dissct The Hi st Was

eval uated using an eval uati on equi prent 25 adopting a | aser beam of
780nm. CNR of 51dB and 72% reflectivity, Wére obtain by 1.3m sec,. 720kHz
and 8m r ecor di n§SY&STE FEAS iSERYD. ARGk 1113 ﬁg Ig‘b ! %/%‘ (?g:éeé'g‘f &cor di ng
speed of 4.8nf seminTih FawFé iang pblwys bhed®AN and t hen a CNR of 42dB was

obtai ned. 'If the writingapomar; Qi (& 30ng medlMadRealadd NG eaghtd,ons is
changed, as shown in FIG 10, the recorded sn(ﬁgg%havi ANR. f; ;47dB or

. . : ng t
hi gher coul d be VagFsiduEedd dthipnetal F5Ferdy oS E‘g?(fl ng 1'& pertormed

in an RP-1000CD paredtad fired Dyrbupnemsioiny oft ks Adi sImds, Culfr,
replayable in a gonmpac T%iDslf;e _F%JgﬁyghoﬁVﬁth’éde” result of recording
‘a CA i

characteristics Uusfing S was proved to satisfy all iteps,of CD
speci fication. Exanpli@s anzopfical recording Jpadide;achorAing &S Fggfme]xanpl e,
the thickness of hbrdihi BalllBasFasishHanged hai a Eniekneesohd wxanpe Ot &0d
12nm (third exangl el rﬁpect I vely. However, the follow ng processes were
the same with thé&Se Qﬁo e Exanple 1, in fabricating the disc. Al so, the
recordi ng eual uati on 38as AtOopticedr ferarddng nedinhecacrording M SLAR 4.

conditions with {Hsgid Rallobidrksing @FRktnasl AgL 468! ckanibiymed that the di sc
temperature within a range of 60°C to 180°C.

14. An optical recording medium according to.claim 1,
wherein said buffering layer having a deformation portion.

15 15. An optical recording medium according to claim 1,
wherein said buffering layer contains less than 30% oxganic
dye.

16. An optical recording medium according to claim 4,
wherein said buffering layer contains less than 30% organic

20 dye.

17. An optical recording medium according to claim 1,
wherein said reflective layer is made of a material selected
from the group consisting of Au, Al, Ag, Pt, Cu, Cr, Ni, Ti,
Ta, Fe and alloys thereof.

25 18. An optical recording medium according to claim 1,
wherein said thin metal recording film has a thermal
conductivity of no more than 4W/cm°C.

19. An optical recording medium according to claim 1,
wherein said substrate has a deformation portion.

30 20. A method of optically recording on an optical
recording medium comprising the steps of:

providing a thin metal recording film on a pregroove
substrate;

providing a buffering layer on said thin metal recording

35 film; and



thin netal filmhad the reflectivity of 73% and G\IR—M%WC
made of 12nmthin netal filmhad the reflectivity of,K 69% and CNR o dB.
15 - Exanpl es 4-8 In confuummum ove
exanpl es, the netal was replaced with Au, Cu, Ag, Ni''PiREuEIARNI ﬁmfed in
the followng table, and the disc was fabricated in the safie frethod with
that of the first exanple to be eval uat ed.8 20

Table 1 Exanple  Thikeatdngl sdid mhin Reftla@ cteadrtiyng %Wilm bENREdByaid

At—

?g pﬁ;g%?%ve substrate %Pdfg%ié buffering layeggﬁﬁth a laser beam50
25 7 to cause defpgxmation %h at least onggof said pregrooverg, g
Ni subst@ate, said thin metsd Exesmlieg £:1h3ahd wcid bagfemiingh t he

above exanpl gs, th terl of buffering |layer was changed into a PMVA
havi ng Mwv of§25, g@%?g'g vg’(?’“%LYPVA havi I‘L&FMN of 35,000 or a pol yet hyl eneoxi de

havi ng Mv of 32, 000, EQrmimgnedte heeRl PRfyFRLEPR €CCBFS q fatty aci d 15
EBP;” acturled by TOkymiﬁa&eineﬁs&daradads%tjleauf&éwoibaingT ba &icpeness of a
uffering layer in_a_pregrogve was adj usted .be, 25 d_then e
recordi ng eval uatToR" Was 5‘%‘? ot r?esdcjl"a‘hi“f%enéaér%% lﬁazn(fferg'gé\}: ‘?%' ﬁ%‘g? L=ét%eq’t &
second exanpl e. Beating said thin metal recording film Tathen qgwami_,g%s a
Material of1g stBgfdectivity (9N CNR (dB)

deforming said buffering layer, said thin metal recording

film and said pregroove substrate.

22. A method of optically recording on an optical

recording medium as claimed in claim 20, further comprises the
15 step of:

providing a reflective layer on said buffering layer.

23. A method of optically recording on an optical
recording medium as claimed in claim 22, further comprises the
step of:

20 providing a protecting layer on said reflective layer.

24. A method of optically recording on an optical
recording medium as claimed in claim 20, wherein said
buffering layer is made of organic material.

25. A method of optically recording on an optical

25 recording medium as claimed in claiwm 20, wherein said thin
metal recording film is made of a material selected from a
group consisting of Au, Al, Ag, Pt, Cu, Cr, Ni, Ti, Ta, Fe and
alloys thereof,

26. A method of optically recording on an optical

30 recording medium as claimed in claim 20, wherein said
buffering layer has a glass transition temperature ranging
from 60°C to 180°C.

27. A method of optically recording on an optical
recording medium as claimed in claim 20, further comprises the

35 step of:



buffering |layer 9 PMVA

_ 48 10
PVAC 72 50 11 ”
71 49 10 12 Pol yet hy mmgnml
50 13 Fatty acid Yoc Ie 14|n

formng a buffering layer, NK125 (N ppon Ii@nkoh Shi ki she Kenkyusho Co.) was
added to the bufferingidiagesn askgdRic aydled ASd0pditbil thebuffering |ayer
material. The foll ow r es_were t ose of the exanple
1, in fabricating theﬁgl g‘c %Zih Fe%p&‘(ﬁ’ﬁﬂgy\ﬁ&&:’oﬁgr%?ﬁeﬁnvﬁp[tﬁ ’E‘ﬂe di sc of
1.3n sec and 8MNeCNRigH Sodimvas clitimiedeth dMaém ZGcehdreny wasdper f or med

4.8m sec, CNR wasufl@EingAiL&fbr Tceﬁta?ﬁls 1e§§fdreﬁt 504 lorg¥RSc f%i%ut 70% The
di sc could used f above, in the present

'S esGr i
i nventi on, recor di ngQZI s A ‘f‘%%é’& BY %d‘ﬁf“?% TECBEIS PRET é*}’éﬁc%d a
conpati bility w récerdiDgi sedgioss bl elaiRedt ircidlaihy30,swhexeiox peddittanor gani c

dye is not used, mbfigr rmea&aﬁglrfum BSh CRORE L&Nced AN J ghﬁy%%hose

productivity can ? reat inmproved. It wll be appreciate
skilled in the aFt®% present i nvention has been described by way of
exenpl ary enbodi nent §0\AhACl’metalbd of lapticallyw eeaotilimgt onesi fopeicae of the

scope of thg pr e]?@éﬁﬁ(%lﬁﬁetﬂé&i% ad h& iﬁlg&elxpfclg%g %Vgﬂefecﬂxl Sélé Fte Lp be
determ ned by the f oW ng_append &
heating a thin metal recording film further comprlses the step

of:
deforming said buffering layer.
31. A method of optically recording on an optical recording
15 medium as claimed in claim 21, further comprising the step of:

deforming a reflective layer on said buffering layer.



1. An optical recording nediumconprising: a substrate having a pregroove;

a thin nmetal recording filmfornmed on said substrate; 5 a

reflective |ayer disposed above thin netal recording film and a defornmabl e

buffering | ayer interposed between said thin nmetal recording filmand said

reflective layer. 2. An optical recordi ng,dredi um according to claim1, 10
0S

further conpri si f,-PEOL{CL -I | ed on said reflective |layer. 3.
sBrfE O} tchééem%zl ﬁéuz‘i&o :

An optical recordrng medi um accor claim1l1, wherein at | east one of
sai d pregroove substrat eRECRPABLR{RFPRAYARLE QRTICHIN BEFPRINENMERTM™ bufferi ng
| ayer have a 15 def or nat | snD PETrLCAN RECORPINGOEETRON THEREFGR Ng nmedi um

according to claiml1l, wherein said buffering |layer is nmade of organic
material. 5. An optical recordi rhgr nmedi um according . to claim1, wherein said
pregroove substrate a3 &PEOTdANte ERRYaYARLD IMLAGED FecordingmRasum
def ormati on port hawsng g thahdnduiflf eecdfiingybdydiraand aredpetehl heekndisy at
sai d deformation s. 6. An.aoptical .recordi.n ;mad rding to
claim1l1, wherei nmgglﬁééBt:rr}léaérr'eg?)’f/'.erlsh&bg?tfléftaé, r%a?’%ifxﬁi i ﬁ%ﬁg%&%g%grgdigng film
and sai d buff eri sybrexatie havebin getat didmofommed: ppriche ggbstrate, a7 An
IOloti Calh recogI d; ngeﬂ_@lé@meagsywia&gaﬁ%d:loai ﬁh@ith‘ﬂ‘iecﬁ&ia_ﬂ wixﬁi,d_raei)heﬁémg
ayer has a defornation portion. 8 An optjcal recording | ccor.di ng
to claim1, wher SPHEE ST SERPRS tegr'e?réé:gxgd#%bn o E%Pféémaﬁgfonrén%?n%% eﬁ%r’t of
t he conpl ex1? ef r aodi ¥ epriateerinhdayes fprepretreatiag the dgpositdd layers.0. 01.

9. An optical regaedidthgRdi HiRAGeFEd DY hoHidh™: burfering layer and

compatibility with conventional CD player is possible. Since

expensive organic dyes are not necessary, manufacturing costs
can be reduced and productivity can be greatly improved.
15 (FIG.6)



wherein said thin netal recording filmhas a thickness in a range of 30A to
500A. 10. An optical recording nediumaccording to claiml1, 35 wher ei n
said thin netal recording filmis nade of a materi al 17 selected froma
group consisting of Au, Al, Ag, Pt, Cu, C, N, Ti, Ta, Fe and alloys
thereof. 11. An optical recording nedi umﬁccordl ng to claim9, wherein said

thin netal recordlngfllmls made of a eri al sel ected froma group
consi sting of Au, Cu C, N, Ti, Ta, Fe | lpys thereof.
12. An optical record| ccord| ng to clai id
buffering |ayer has aP a range of 50A BRI!@ROAART)'E 13.
An optical recordi ng nedi um accordl ng to claim4, wherein said bufferi ng

1abLer ] C. 19 Jn AL aMETAor LM ekt ackor d L%M%ﬁﬂ%e”]c i e

said buffering ayer Mavi g a derormacy on, por {tom. 15 ,
optical recordijng SENSIMZANGr HAXER oJcTa# m 1 vaHlsN nMs&TAiLbEiliMrl i j‘l%?er

contains less t ' AT . An opH-eat—tecoraRg—reat

according to cliai m4, SUBSTRATRI d buffferi ng | ayPROTECHNG LANER hafr—3460
or gani c 20 d i r di ng bl Lum.accaordi ng. to claimi,
wh ' id fl ' I ' d f '

erein sai reflective layer is nade of a na er'ﬂbl’f@émﬂeﬂYER 45
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fromthe group consisting of Au, Al, Ag, Pt, Cu, O, N, Ti, Ta, Fe and

all oys thereof. 25 18. An optical recording nmedium according to
claim1, wherein said thin netal recording filmhas a thernmal conductivity
of no nore than 4Wcnjerr]C. 19. An optical recording nediumaccording to
claim1l1, wherein said substrate has a deformation portion. 30 20. A
met hod of optically recording on an opti @4 recordi ng nedi um conprising the
steps of: providing a thin netal recording filmon a pregroove substrate;
providing a buffering layer on said thin netal recording 35 film and

18 heating said thin nmetal recording filmbetween said pregroove substrate
and said buffering layer with a | aser beamto cause deformation in at | east
one of said pregroove substrate, sai}a E;n tal recording film and said
buffering 5 | ayer, whereby formn 1 s ere the deformation occurs.

21. A nethod of optically recording on an optical recording nedium as
clainmed in claim 20, Sr-B8iN—Sai-0 Sp—fmhiaat-i-g -d—-thin nmetal recording

filmfurther conprises g 10 Asfeb of:‘deforning saia Quffering |ayer
said thin netal recordijpg filmand said pregrgaye substat&022. A net hod

of optically recording "//// — 40

bl ldy bZ |d2 +4-30
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recording mediumas clainmed in claim20, further conprises the 15
providing a reflective |layer on said buffering |ayer.
recording mediumas clained in claim22,

providing a protecting |ayer on

of :

optically recording on an opti cal
further conprises the step of:
said reflective |ayer.
recordi ng mediumas clained in claim 20,

20

step

24. A met hod of ogtically recording on an optical

made of organic materi al

25

recording nmediumas clainmed in ¢lai ,
recording filmis nade of a nateri al E@f. !

wherein said buffering | ayer is

23. A net hod of

25. A nmethod of optically recording on an optical

wherein said thin netal
froma group consisting of
—26-——A-net-hod

Au, A, Ag, Pt, Cu, C, N, Ti, Ta, Fe and alloys theregk . of
optically recording on an optical 30 recordi ng medi urh as_clajfe@hin
claim 20, wherein said buffering |ayer has a gl ass transingn_Lgmpef e
ranging fromeo60[err]C Q0] errJC : met hod or optyjcally ragor on
an optical recording diumas clained in claim20, furkjher co S gfre
35 step of: 19 add{ng an organic dye to said buffgring Ia . . 1A
net hod of optically re(_‘angi on an optical recording nddrurrasAl BB |i n
clai m 20, whereinzsaid byffekin contain \Iess t hpn 30% organi ¢ dye.
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5 29. A nethod of optically recording on an optical recording
medium as clainmed in claim20, wherein said thin netal recording filmhas a
thermal conductivity of no nore than 4Wcnferr]C. 30. A nethod of optically
recordi ng on an optical 10 recordi ng mediumas clained in claim 20,
wherein said step of heating a thin nmetal recording filmfurther conprises
the step of: deformng said buffering Iaﬂdﬁ. 31. A nethod of optically
recordi ng on an optical recording 15 medium as clainmed in claim?21,
further conprising the step of: deformng a reflective |ayer on said

buffering | ayer.
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