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TITLE OF THE | NVENTI ON Phot omagneti ¢ Recordi ng nmedi um and ﬁFﬂnﬂﬂérH?€}5
‘Met hod BACKGROUND OF THE | NVENTION Field of the Invention Thi s

invention relates to a magneto-optical recording nedium and, nore
particularly, to a magnetic field nodulation type overwitable

magnet o-opti cal recording nedium The present invention also relates to a
filmformng nmethod for formng a dianond-like carbon filmon an object,
such as the above- nentioned magneto-optical recording nmedium by RF

pl asma CVD. Description of the Related At . Up to now, a |ight

nodul ati on system or a magnetic field nodul ati on system has been used as
a recording systemfor the magnet o-opti cal recordi ng nedi um Wth the
magneti ¢ TETBEJOF TWEIUIMNENTI@GYStem an objective lens 49 for |aser |ight

radi ati on and a magnetic head nodul ation head 48 are arranged floating
over a KhghemasnptieaReelpsdimg mediuh@nd iFilpm FJorming Methpdi h t he
magnetic field nmodul ation sgsten}cgpe current allowed to flow through the
magneti c RASECRBUNP aPF ohf e LUV 4S8t § varied, at the sane tinme as the |aser
Iight'beaghgq cggtkggogﬁbgnti£$luninated on the disc, for varying the
magneti c ielg or  overwiting new signals irrespective of the direction
of  magneti zatrhgl Phvide€idEcRNdedsSt@nalnfagneto—opt R4 ErFddirdidgFingd 2umt he
magnet o-opti cal disc 50 has, as a =~ recording layer 56, a dielectric film
52, a magretd c hoken Pirtdcularly, to a magnetic field modulation type
overwritable magneto—optical recording medium. The present
invention also relates to a film forming method for forming a

diamond-like carbon film on an object, such as the above-
mentioned magneto—optical recording medium, by RF plasma CVD.
Description of the Related Art

Up to now, a light modulation system or a magnetic field
modulation system has been used as a recording system for the
magneto—optical recording medium. With the magnetic field
modulation system, an objective lens 49 for laser light radiation
and a magnetic head modulation head 48 are arrangéd floating over
a magneto—-optical disc 50, as shown in Fig.1l.

With the magnetic field modulation system, the current
allowed to flow through the magnetic head modulﬁtion head 48 is
varied, at the same time as the laser light beam is continuously
illuminated -on the_disc, for varying the magnetic field-for
overwfiting new signals ifrespective of the direction of
magnetization of the recorded signals.

Referring to Fig.2, the magneto—-optical disc 50 has, as a

recording layer 56, a dielectric film 52, a magnetic film 53, a



2 dielectric film54 and a reflective film55, layered in this order
on a pol ycarbonate substrate 51. On the reflective layer 55 is further

| ayered a photocurable resin 57, such as UV curable resin, for preventing
corrosion of the recording | ayer 56. Al t hough the magnetic field
nodul ati on head 48 and the magneto-optical disc 50 are out of contact

W th each other, they are proximate to each other, so that sone externa
force occasionally gives rise to physical contact between the nagnetic
field nodul ati on head 48 and the magneto-optical disc 50. There are also

occasi ons wherein the foreign matter is |inruded into a space between the
magnetic field nodul ati on head 48 and the magneto-optical disc 50. In such

case, the photocurable resin 57 directly transmts the inpact caused by
contact ofjdihe«diisC M id 54 hgnaaanatd @ ddtahd nodwl add ony Heack 8; 1 ¢ RYs
intrusion of foreign matter to the recording surface 56. = SUMVARY OF THE
| NVENTI O rder on bt pbdythebehate subsbreté Hf. t On priesarf liertenei dayéo
provi de a magnet o-optical recording nedi um whereby the recording | ayer
may be priﬁ/elrﬁ d@rthgm Lapaced caphedosyrapbe wmpl%? suebneadiv surehdedi sc
with the netgﬁ{fleld modul ati on head 3 & not her_ obj ect of
the preseh®Sthveils RFTEHIRA FO L0 198g Rt §P§pf BE]F H%Eo ‘?fg Hedi um
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_ prol ongedmbgh®eo-optical disc 50 are out of contact with each other, they

are proximate to each other, so that some external force

occasionally gives rise to physical coﬁtact between the magnetic
field modulation head_48 and the magneto—optical disc 50. There
are also occasions wherein the foreign matter is intruded into
a space between the magnetic field modulation head 48 and the
magneto—optical disc 50. In such case, the photocurable resin 57
directly transmits the impact caused by contact of the disc with
the magnetic field modulation head 48 or by intrusion of foreign
matter to the recording surface 56.

SUMMARY OF THE INVENTION

It is therefore an object of the presenf' invention to
provide a magneto-optical recording medium whereby the recording
layer may.be prevented from impact caused by, for example,
contact of the disc with the magnetic field modulation head 48.

It is another object of the present invention to provide a
magneto—optical recording medium whereby the diamond—like carbon
film may be prevented from being peeled from the recording layer

for protecting the recording layer for a prolonged time.

It is yet another object of the present invention whereby



¥

It is yet another object of the present invention whereby

the dianond-like thin carbon filmforned on the object surface may be
prevented from bei ng peeled for protecting the object surface for a

prol onged time. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.1is a
perspective view showi ng a magnet o-optical disc used for recording in
accordance with the conventional magnetic field nodul ation system

Fig.2 is a cross-sectional view of the nmagneto-optical disc shown in
Fig.l. Fig.3 is a cross-sectional view showi ng an enbodi nent of a
magnet o- opti cal di sc enbodying the present invention. Fig.4is a
cross-sectional view show ng anot her enbodi nent of a magneto-optical disc
enbodyi ng the present invention. " Fig.5is a cross-sectional view
showi ng a Hdird heforRiakie@Min c@frbdnM@gnat @oeRticah €hecosibodyingrdde :
present invention. Fig.6 is a cross-sectional view showng a further.
enbodi nemay oé preagnbed- pomcdle idigs peeriirddyiorg pivet grteisent t heavelnj ¢ on.
Fig.7 is a front view showing a DLC fil mform ng device for formng a DLC
fil maccof¥iRFa damhe predengedndimei on. Fig.8 is a

agnet o- ot LR AR RAG A raRRBRE  hention

Fig.l1 is a perspective view showing a magneto—opticalldisc

used for recording in accordance with the conventional magnetic
field modulation system.

Fig.2 is a cross—sectional vie% of the magneto-optical disc

- shown in Fig.1l.

Fig.3 is a cross~sectional view showing an embodiment of a
magneto—optical disc embodying the present invention.

Fig.4 is a cross—sectional view showing another embodiment
of a magneto—optical disc embodying the present invention.

Fig.5 is a cross—sectional view showing a further embodiment

" of a magneto—-optical disc embodying the present invention.

Fig.6 is a crpss—seqtional view showing a further embodiment
of a magneto—optical disd embodying the present invention.

Fig.7 is a front view showing a DLC film~forming device for
forming a DLC film according to the present invention.

Fig.8 is a cross—sectional view showing yet another
embodiment of a magneto-optical disc embodying the present
invention. . |
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preférred_embodimeﬁﬁs.af " a

magneto—optical disc and a method for forming a diamond-1like



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to the draw ngs,
preferred enbodi nents of a - magneto-optical disc and a nethod for

form ng a dianond-1i ke carbon fil mon the magneto-optical
di sc according to the present invention will be explained in detail.

An enbodi nent of the present invention is explained first. This

enbodi nent Is directed to a magneto-optical disc overwitable by

the magnetic field nodulation shown in Fig.3. On the surface of the
recording |ayer 16 towards the nagnetic field nodulation head 1 is formed.
a dianond-1i ke carbon (DLC) protective film 17. The direction of

magneti zation of the recording |layer 16 4orned on a pol ycarbonate
substrate 11 adapted for transmtting the laser light froman optical head
f ocused byarbore Lbjreen voe| epgnetatpRtdiciloddhci saassndiingd thy t he merpsenitc
field nodulation hea? 1 arran?ed f oatinqgg& the surface of the recording
| ayer 16 SPVERE1BPsEILd Bpporpiained ity 4€ 1ight incident side.

The thick t. s .0 : | e.
Tne b chness, o, LiSoRMHETOTae PR AhUBI008 BTy A AR

i ncl dent si surface o

the ~polyca te 11
i's coatedMilsh Gelbbdindtt Curabl @irekesln ltdyera 18na@se SoIRIQGUr 2kl & c
resin, to a thickness of 10 to 18 pm : The recording | ayer 16 has a

t hi ckness wferwirdtabkanmt ethel b@netdc Theld emanhdiang ohagabwih6inSFigde. (gn of a
dielectric film12,

the surface of the recording layer 16 towards the magnetic field

modulation head 1 1is formed a diamond—-like carbon (DLC)

protective film 17. The direction of mggnetization of the

recording layer 16 formed on a polycarbonate substrate 11 adapted

for transmitting the laser light from an optical head focused by

the objective lens 2 therethrough is switched by a magnetic field
modulation head 1 aréanged floating on the surface of the

recording layer 16 of the disc 10 opposite to its laser light

incident side.

The thickness of the polycarbonate substrate 11 is 0.8 mm,
as an example. The laser light incident side surface of the
polycarbonate substrafe 11 is coated with a UV light curable
resin layer 18,_as a photocurable resin, to a thickness of 10 to
18 um.

The recording layer 16 has a thickness of, for example, 1950
A. The recording layer 16 is made up of a dielectric film 12,
such as a SiN film, to a thickness of 500 A, a magnetic film 13,
comprised of an amorphous. alloy composed of a rare e;rth metal,
such as terbium (Tb), and a transition metal, éuch as iron (Fe)

or cobalt (Co), to a thickness of 250 A, a dielectric film 14,



such as a SiINfilm to a thickness of 500 A, a magnetic film 13,
ctonpri sed of an anorphous alloy conposed of a rare earth netal, such as

terbium (Tb) , and a transition netal, such as iron (Fe) or cobalt (Co),
to a thickness of 250 A, a dielectric film 14,

5 such as an SiNfilm to a thickness of 500 A and a reflective film
such as an alumnum (Al) film to a thickness of 700 A, |ayered together,
| ooki ng fromthe side of the polycarbonate. . I n this nmagneto-optical
disc 10, the recording layer 16 is sequentially forned on the

pol ycarbonate substrate 11 by the sputtering nethod. The DLC
protective film17 is formed by plasma ch®nical vapor deposition (plasnma
CVvD) in which a discharge voltage is inpressed across a raw material gas
under vacgdfhoprsreguddl- figmesdgr & dhiickassent ff 300 Md@didhg diedweditd¥Rar ge
for produgi, a plasma state of the raw.mater,i al as . for actiyvati,ng
t he elec?ﬁgﬁ'sﬁgf saFoPWlﬁﬂﬁﬂlﬁdmbﬂéﬂﬁcghq%baéPi8h§' dimexs © eg§§p63ition
and |inka h e r tjve fil o] | ng
Tayer 16 (RPLEy EoBULABEy Boklif (G e Sadel B terbol pFalGGRIEL!

hydrocarbons, sHCbhas defrSite-opBidaaNisc ROQPEAEG, retbyleng, | Hidr e i
tol uene are used. It is assuned that the DLC protective film-17 is

f or med u=gqugnitialdge.fodntesr gt  therppprdgdaobonhtke pebstrbbaate dybstitreat e

11 and the recording |layer 16 forned thereon is installed in a
sputtering method.

The DLC protective filmllﬁ is formed by_p;asma'chehicgi :
vapor depositiog_(plasma CVD) in which é discharge voltage is
impressed across a raw material gas under vacuum or reduced-—
pressure environmentlfor inducing glow discharge for producing
a plasma state of the raw material gaé for activating the
electron st#tes for induciﬁg chemical reactions such as
decomposition and linkage on the surface of the reflective film
15 of the recording layer 16 thereby producing a thin film. As
the raw material gas, hydrocarbons, such as benzene, methane,

propane, ethylene, styrene or toluene are used.

It is qssumed thét the DLC protective film 17 is formed
using methane. A target comprised of the polycarbonate substrate .
11 and the recording layer 16 formed thereon is instqiled_iqﬁgﬁ?:
processing tank. Methane is then introduced at a pre~-set fla;.
rate by a gas inlet pipe. The high—-frequency voltage.at 13.56
MHzZ is impressed across RF electrodes at a power of 1 kW for 10
minutes for forming the 100 nm DLC protective film 17.

The DLC protective film LT is. a carbon&ceous thin film

having a diamond structure and has a high hardness and



processing tank. Methane is then introduced at a pre-set flow rate by a
gas inlet pipe. The high-frequency voltage at 13.56 MHz is inpressed
across RF electrodes at a power of 1 kWfor 10 m nutes for formng the

100 nm DLC protective film 17. - The DLC protective film1l7 is. a
carbonaceous thin film having a dianond structure and has a hi gh hardness
and : 6 lubricating properties.

The thickness of the DLC protective film 17 is herein set to not |ess than
5 nmand to not nore than 500 nm |f the thickness of the DLC protective
film17 is less than 5 nm the DLC film8%s formed as an island and cannot
cover the reflective film15 in its entirety thus allow ng the progress of
corrosi onlubriikatipnBepténaidniess ofhehehBHgrsotodcttheeDEE| prdtectdyvee€dim500
nm the DLC protective film 17 becones excessive such that the filmtends
to be peetedsoferein setThpgsnot ke CPADHL AR AT iYMPE E8TesEPpres O

I npact on_the _ recaording |ayer G 1T the magnetic f4 el d,modul ation
head 1 i%m'(:onltfagﬁéadg\}/’\i?]hn? e OH%SE#& ))S-Egpf)r%g?u |Vsegn€’01mun1 erlse%tegrsngﬁa"

i npact, thusmpProhechiede i [8CPE W 4QVEL dftand and AWt lce3kiroRnEf the
present invention is explained by referring to Fig.4. I'n the

present eabpsitmat filpaLbSivrits ¥MGReAlS tRugl 4 Blow Dng hase mfogdee spogvi ous
enbodi ment are denoted by the sanme reference nuneral s. In a

magnet o- opbrecasioni sc 130 ofthehdhpcésens @fbodiaePtC phetBL€ipeofédni ug fil m

17 is formed on the surface of the recording |ayer 16 via a UV curable
resin IayéF°S$¢s 500 nm, the DLC protective film 17 becomes excessive

" such that the film tends to be peeled off.

Thus, the DLC_protectiQe film 17 can suppress impact on the
recording layer 16, even if the magnetic field modulation head
1 is contacted with the magneto-optical disc 10 under external
impact, thus protecting the recording layer 16. |

A modification of the present invention is explained by
referring to Fig.4. In the present embodiment, parts or
components similar to those of the previous embodiment are
denoted by the same.reference numerals. In a magneto—~optical
disc 30 of the present embodiment, the DLC protective film 17 is
formed on the surface of the recording layer 16 via a UV curable
resin layer 31.

The UV curable resin lgyer 31 has a thickness of, for
example, i pm -and exhibits corrosion resistance prohibiting'
corrosion of the recording layer 186.

The DLC protective film 17 has a high hardnéss and high
lubricating properties and can suppress impact'on the recording

layer 16. Moreover, since the UV curable resin layer 31 provided



The UV curable resin layer 31 has a thickness of, for exanple, 1 pm and
eéxhi bits corrosion resistance prohibiting corrosion of the recording

| ayer 16. The DLC protective film 17 has a high hardness and high

| ubricating properties and can suppress inpact on the recording | ayer 16.
Moreover, since the UV curable resin |layer 31 provided

7 between the DLC protective film17 and the recording layer 16 exhibits
corrosion resistance, the magneto-optical disc 30 can protect the
recording layer 16 frominpact by contact with the nmagnetic field

nodul ati on head 1 and from corrosion. A second nodification of the
present invention is explained by referrpng to Fig.5. In the present
enbodi men

, t ts sim.l tqg th f th .
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32 is formdiertt RBeU¥ecdralhe Na5eR hBYEFroRlimpact byhé$nid¥ with the
magnet o- opti cal disc 35 can exhibit higher har dness, lubricating

properti esna@metdor fdsildnmpdsgilat iomehéad 1 sid divglny qoratosdbinng t he recordi ng
| ayer 15 from shock or corrosi on. A third nodification of the
present inventifoferenéxprél hikpt lopy of et BE rPPRFQTY Fnyeption i ewel piraknt
enbodi ment, parts of . E9RYNCHLS SN Ao 1O LNOSE Shui il Ss o
components similar to those of the previous embodiment are
denoted by tﬁe same reference numerals. In a magneéo—optical
disc 35 of thé present embodiment, the UV curable resin layer 31
is formed on the recording layer 16, and a DLC protective film
32 is formed on the UV curable resin layer 31.

Thus the magneto—optical disec 35 can exhibit higher
hardness, lubricating properties and corrosion resistance for
strongly protecting the recording layer 15 from shock or
corrosion. .

A third modification of the present inven;ion is explained
by referring to Fig.8. In the present embodiment, parts or
componeﬁts similar to those of the previous embodiment are

denoted by the same reference numerals. In a magneto—optical
disc 40 of the present embodiment, DLC protective films 41, 42
of different harnesses are layered on the recording layer 16.
The DLC protective £film 41, formed in contact with the reflective
film 15 of the recording layer 16, is lower in hardness, that is

softer, than the DLC protective film 42 formed towards the

magnetic field modulation head. Meanwhile, the DLC protective



denoted by the sane reference nunerals. |In a nmagneto-opti cal di sc 40 of
fhe present enbodi nent, DLC protective films 41, 42 of different

har nesses are | ayered on the recording | ayer 16. The DLC protective film
41, formed in contact with the reflective film15 of the recording |ayer
16, is lower in hardness, that is softer, than the DLC protective film 42
formed towards the magnetic field nodul ati on head. Meanwhile, the DLC
protective film42 represents the surface of the

magnet o-opticai disc 40 towards the magnetic field nodul ati on head.

In general, the DLC protective filmis stgong in residual stress and is

| iable to be peeled off in case the DLC protective filmis forned on the

reflective.film1 I n ( | u res r

enbodinen?fﬁhtgkpgg éggfggkf? 8 %fagg 2 t&?f%ggn%f%hg ne%ggsﬁéﬁg fgyered

on the re¢gidr8y tRYChadbed fﬁHKﬁ”HUduﬁQt&Bﬁhhﬁaallng The DLC

. protective filnms 41, 42 of different harnesses may be fornmed by plasma CVD
enpl oyi ng the DhCgkhkralor thagdDhevpeetecshoewnf i im Hyg. st ras |iat ave sdximladi ned.

O course, the DLC protective films 41, 42 exhibit hardness and

| ubricati ﬁgrsﬁép@ﬂ‘il% liphig, tonbe hreem*epgh@tfé épt Feae HhecPI4D prstedgid ve
present faqurth, enpodi
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stab|I|2|qg k“@ 5?8&%&¥’¥%Jr %eEmggdiﬁ%nt, DLC protective films 41, 42 of
different harnesses are layered on the- recording layer 16 for
preventing ﬁuch peeling

Thg DLC protective films 41, 42 of different harnesses. may
be formed by plasma CVD employing the DLC film forming device,
shown in Fig:7; as later explained.

Of course, the DLC protective films 41, 42 exhibit hardness
and lubricating properties. Thus, in the magneto-optical disc 40
of the present fourth embodiment, the recording layer 16 is less
likely to be peeled off from the recording layer 16 by the DLC
protective film 42 thus stabilizing thé recording layer 16 for
protecting the disc against impact possible applied from the
magnetic field modulation head 1.

In the present embodiﬁent, two DLC_ films of different
hardnesses, that is the DLC protective film 41 of low hardness
and thé DLC protective film 42 of high hardness, are used.
However, a sole protective film having progressively increasing
hardness may be used for fofming a protective film for preventing
peeling or protecting the recording layer 16 aéainst impact.

A fourth embodiment is explained by referring to Fig.8. In



protecting the disc against inpact possible applied fromthe nmagnetic

field nodul ati on head 1. In the present enbodinment, two DLC filnms of
di fferent har dnesses, that is the DLC protective film41l of | ow hardness
and the DLC protective film42 of high hardness, are used. However, a

sole protective film having progressively increasing hardness may be used
for formng a protective filmfor preventing peeling or protecting the

recordi ng | ayer 16 agai nst inpact. A fourth enbodi nent is expl ai ned
by referring to Fig.8. " In 9
a magnet o-optical di-sc 45 of the present enbodi nent, a dianond- |ike

carbon film 46 conprised of a nixed netmo%k of Si2 and hydrogenated
carbon is formed on the surface of the refording |ayer 16. The mxing

ratio of , §LP 4 ydraaanatied 3" Benihe olodelO dnddl el Wilgiamona- The

DLC protectlve Fil m conprise the m xed net wor k al so
“effectiveyike clarmbe\ven1rneS461ua$mp1si§@cssofoa mtik@d FNeQ.'Ew%QM\tﬂ’ Isﬁm;r an@ the

reflective film215 of the recording |ayer 16. The m xed network film
46 nmay behgdnegatetiely cdedbonpdsi g rmadsionartdegasi refmd ea afet temn er eyeosr dima
m xi ng Si 2 and hydrogenated carbon in an oxygen atnosphere. The DLC

prot ecti véa¥ermléf t Hdeaive rénifddiifef mBiOseto ghrdregere (8a marhen AwD
havi ng an RFE power  source Egt is a so- called RF plasma CVD.
191 o0 I:1 y weig

The DLC protective film, comprised of ;he mixed network film
462 is also effective to improve residual stress of- the
protective layer for the reflective film 15 of the recording
layer 16.

The mixed network film 46 may be generated by decomposing
a silane gas and a methane gas and mixing Si0O, and hydrogenated
carbon in an oxygen atmosphere.

The DLC protective film of the above embodiment may be
generated by plasma CVD having an RF power source, that is a so-
called RF plasma CVD.

Referring to Fig.7, formation of the DLC érotective film on
a semi-finished magneto—optical disc, referred to hereinafter as
a test sample, in which up to the recopding layer has been
finiéhed using, for example, a methane gas as a raw material gas,
is explained.

Plural test samples 20 are placed on the side of an anode
25 in a processing layer 21 -and a methane gas is caused to flow
via a gas inlet conduit 22 into the processing layer 21. The
processing layer 21 is evacuated by a moleculaf turbo-pump 23.

The high—frequency voltage of 13.56 MHz shown by RF in Fig.7 is



Referring to Fig.7, formation of the DLC protective filmon a-

sem -finished magneto-optical disc, referred to hereinafter as a test
sanple, in which up to the recording |ayer has been finished using, for
exanpl e, a nmethane gas as a raw material gas, i s expl ai ned. Pl ura
test sanples 20 are placed on the side of an anode 25 in a processing
| ayer 21 and a nethane gas is caused to flow via a gas inlet conduit 22
into the processing |layer 21. The processing layer 21 is evacuated by a

nol ecul ar turbo-punp 23. The hi gh-frequency voltage of 13.56 MHz shown by
RFin Fig.7 is 10 then

i npressed for ionizing the carbon. The regulting ions are vibrated between
a cathode 24 and the anode 25. Since the electrons and ions differ in

Tass, theyhons; &b Pe AECHMHLAL Rk 4 AHET toe [ BIPIGIRD {eu BaRg! Abha0aRe

sel f-bi as voltage This self-bias voltage or a DC bias vol tage added by
circuit tegbpague vMtwelen SaVaatAbie 2y aamdr tA®| @npaeer2sour sgndb ithe
varied for maintaining an ion energy optimm for generating the
DLC protedectveohs| mndt hiaing sdaf Yot t dge megts ,hi Yirer ibhan a2@0 adtumulated n
general, a thin filmcan be generated by setting the ion energy so as to
be 10 eV GPwﬁféﬁtheTﬁ§°Gﬁp@%I§9ﬁtg%ﬂﬁ%%ﬂﬁ95f%wseM@uQﬁP?|Y9ﬁq%W%aﬂ*U§
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fornat'ondﬁic%Jté)égyaable by a variable power source 26 is varied for
maintaining an ion energy optimum for generating the DLC
protective film, that is a voltage not higher than 200 eV.

In general, a thin film can be generated by setting the ion
energy so as to be 10 eV or higher. The upper limit Qoltage, for
which film formation becomes impossible due to simultaneous
progress of film formation and sputtering by self-sputtering is
200 eV. Thus the voltage range for film formation is 10 to 200
ev.

The- film-forming energy is ciosely related with the vacuum
in the processing layer and the with the RF power. For setting
tﬁe thin film energy in a range of from 10 to 200 eV, the vacuum
is set to 1 to 90 Pa, while the RF power is set to 10 to 2000 W
and the self-bias voltage is varied in a range of —-10 to -500V.
This generates a DLC film.

It is assumed that two DLC films shown in Fig.6 are formed
by a film forming device shown in Fig.T.

By impressing the RF power of, for example, 500 W, in
Fig.7, a DLC protectiVe film with a Vickers ﬁardness of,

for

example, 800 kg/cm?, can be formed on the recording layer of the



eV.

The filmformng energy is closely related with the vacuum in
the processing layer and the with the RF power. For setting the thin film
“energy in arange of from10 to 200 eV, the vacuum is set to 1 to 90 Pa,
while the RF power.is set to 10 to 2000 W and the self-bias voltage is
varied in a range of -10 to -500V. This generates a DLC film It
I's assunmed that two DLC filns shown in . Fig.6 are forned by a filmformng
devi ce shown in Fig.7. By i npressing the RF power of, for exanple,

500 W in Fig.7, a DLC protective filmwith a Vickers hardness of, for
exanpl e, 800 kg/cnferr], can be fornmed on the recording |ayer of the
magnet o- opti cal disc arranged towards thenanode 25 by an energy of -50 eV

with a self-bias of -50V. By setting the RF power on the DLC
protective fil

to,, for xanpl e, 1500 W.a DLC protecti filmwth a
0 ckers nipaReby oy & b Fiasienehang Skgh e TRt RPaTC chor'sy 1 360 v
with a self-Bpagy @ftr2Q0sY)s—pTdl SorCOfPIetes two DLC filnms having
di fferent thicknesses. %’hl s conpl etes a nagneto-optical disc,

conprised of applLEetpiRfeché vier | gywdsc 4h tMd LT Wirekees ibar dnas st of ,£Jror
exanple, 800 kg/cnferr] and a DLC protective |ayer 42, with a Vickers
har dness cfxampfler, &5@PpMWe, al30C logodreRtiveydida vath re¥drkeny handreslsd,
nmade :

of, for example, 1500 kg/cm? with an energy of 200 eV with a

self~-bias of -200 V. This completes two DLC films having
different thicknesses.

This completes a magneto—-optical disc, comprised of a DLC

protective layer 41, with a Vickers hardness of, for example, 800

-kg/cm* and a DLC protective layer 42, with a Vickers hardness of,
for example, 1500 kg/cmz, Jayered on a recording layer 16, made
up of a dielectric layer 12, a magnetic film 13, a dielectric
film 14 and a reflective film 15, layered in this order on the

"polycarbonate substrate 1, as shown in Fig.6.

By layering the soft DLC protective film 41 and the hard DLC
protective film 42 .on the recording.layer 16, film peeling may
be prevented from being produced, and hence the protective film,
layered as described above, can operate effectively for prolonged
time. This provides a magneto-optical disc the recording layer
of which can be protected for prolonged time.

The above—-described film-forminé device can be adapted for
a variety of object surfaces without being limited to a magneto—
optical disc having the soft DLC protective film 41 and the hard
DLC protective film 42 layered on the recording layer 16. For

example, the film-forming device can be adapted for a reading



up of a dielectric layer 12, a magnetic film 13, a dielectric film 14 and
areflective film15, layered in this order on the polycarbonate substrate
1, as .shown in Fig.6. By | ayering the soft DLC protective film4l
and the hard DLC protective film42 on the recording layer 16, film
peel i ng may be prevented from bei ng produced, and hence the protective

film | ayered as descri bed above, can operate effectively for prol onged
time. This provides a magneto-optical disc the recording |ayer of whi ch
can be protected for prolonged tine. The above-descri bed

filmform ng device can be adapted for a variety of object surfaces

w thout being limted to a nagnet o- opflizcal disc having the soft DLC
protective film41l and the hard DLC protective film42 |ayered on the
recordi ngshAyede 16f EOrmaganpl €isd hemhizhat for vhpg @devi ae canmbgnadapt ed

for a reading 12 surface of
a magnet i cedd sti ngverpretadactiayge dameh -t 0 a nmagnetic  recor di ng/ reproduci ng
drum | f the RF_power of the above enbodinent is continuqusly varied

during film folhatPenRfr AAWSE0 of t bhrasebovg sabgfdivgahplie, comfdnppiesly

protective_fil t he fi.l.m hardness of. whi [ c i-ngousl y_change
t owar ds tﬁ%r%%énﬁﬁﬁlﬁ gﬁ?%ag%fm%;ﬁ$ grPSrﬁgg‘§éﬁﬁq%gye?éda%na?rﬁ?%%EQSrding

layer. 6, ¢#g SHOW blofdd e  f£ilm,BY thl MeRGnt Nfa Phfe DL OtELT iN] i | N

havi ng continuously different hardness on the recording layer 6, film

peel i ng CaBnbEnuously changed towards the recording surface, can be formed
and layered on .the recording layer. 6, as shown in Fig.5.

By forming the DLC protective film having continuously
different hardness on.the'recording layer 6, film peeling can be
prevented from occurring; The thin film, thus formed, may be in
operation effectively for prolonged time as a protective film.
This furnishes a magﬁeto—optical disc the recording layer of
which can be protected for prolonged time.

Since the magneto—optic#l disc according to the present
invention has a proteétive layer of diamond;like carbon on the
side of the magnetic field modulating hedd overlying the
recording layer, the latter can be protected from impact caused
by contact with the magnetic field modulating head.

Also, with the magneto—-optical disc according to the
present invention, since the protective layer is lﬁyered on the
photocurable layer formed on thé recording layer, thellatter can
be protected not only from impact caused by contact with the
magnetic field modulating head but also from corrosion.

Moreovef, with the magneto—optical disc according to the

present invention, since the protective layer is formed'by a



prevented fromoccurring. The thin film thus fornmed, may be in operation
effectively for prolonged tinme as a protective film This furnishes a
magnet o-opti cal disc the recording |ayer of which can be protected for

prol onged tine. Since the magneto-optical disc according to the

pr esent invention has a protective |ayer of dianond-Ilike carbon on the,
side of the magnetic field nodul ati ng head overlying the recordi ng | ayer,
the latter can be protected frominpact caused by contact with the
magnetic field nodul ati ng head. Also, with the nmagneto-optica

di sc according to the present invention, since the protective layer is
| ayered on the phot ocurabl e | ayer formgg on the recording |ayer, the

| atter can  be protected not only frominpact caused by contact with the
magnetic felgy rrwlﬂlna_tc'omag%qngwtmal&paaﬁa,pan £Qld 084 PPon, - the rVRHEAYRE:
with the nmagneto-optical disc according to the present invention, Since
the protectayer| aygeh bé po60BELOY firom impact caused by contact with the

13 mxed filmcontaining the dianmond-1ike carbon, the recording |ayer
can be promegtetidr diel dpacidudatsed Mheacontwitilen thet hecopdigmet layérelid
nmodul ati ng head, while the recording |layer is prohibited from being peel ed
of f fromtﬁéoFéEbH?‘ﬁng%We"P‘?i“g peeled off from the recoding layer.



14 WHAT IS CLAIMED I S 1. A magnet o-optical recording nedium having a
transparent substrate and a recording |layer fornmed on one surface of the
transparent substrate, in which the laser light froma recording device is
i nputted to said one surface of the transparent substrate and a nodul ati on
magnetic field is inpressed by a nmagnetic field head fromthe opposite
surfiace of said transparent substrate, whereby the nagnetic field by the
nodul ati on nagnetic field is recorded on said recording |ayer,

characterized in that a di anond-1i ke carbon fitmis—foermed-on_an _

upper surface of t he recordi ng medi um which is clos !uﬁﬁmsald magneti c

field head than said recording. | ayer. 2. The mag ﬂlmﬂﬂrdlng
mediumas clained in claiml1l wherein sai4l di anond-|

hi gher |nwhg&d@§s§LAlﬁ@Mefgs sai d upper surface than t owar ds the Fecdr di ng
| ayer. 3. The magneto-optical recording nediumas clainmed in claim1l

wherein sai.d di anpagnkitkeopdiban friekBrdsngadR dipmothad ifngr & € #dd8parte@mmar ds -
sai d upper surface and a second filmtowards said recordi ng |layer, said
first fil mubsitmgthi gingr & nréeochioss taaer foheeéeeondnkﬂsnrfac4.ofﬂk?e
magnet o-opti-cal recording nmediumas clained in claiml _ wherein a
phot ocur atirénsgarant a%fetfs‘i“sa%rr’rﬁdwbe?ﬂe\e‘?ﬁ tiser Adghtgf ﬁ@‘“l %yé?c%l't‘ﬁj”tgne

di amond- | Ir%heev %aér bIOQ FER) t.tedg t ma'tJlognf or Jrogace go? dc r skaer Ca{ bon
filmon af%bj%ct!® fiHace RF 1 asnB v opr i of ng htehe ?%p% ot

' substrate and a modulation magnetic field is impressed. by a
magnetic field head from the opposite surface of said transparent
substrate, whereby the magnetic field by the modulation magnetic
field is recorded on said recording layer, characterized in that
a diamond-like carbon film is formed on an upper surface of
the recording medium which is closer to said magnetic field head

than said recording layer.

2. The magneto—opticai recording medium as claimed in claim 1

)

wherein said diamond-like carbon film ie higher in hardness
towards said upper surface than towards the recording layer.

3.  The magneto—optical recording medium as claimed in claim 1
wherein said diamond-like carbon film is made uﬁ of a first film
towards said upper surface and a second film towards said
recording layee, said first film being higher in hardness than
the second film.

4. The magneto-optical recording medium as claimed in claim 1
Qherein a phetocurable resin layer is formed between the
recording layer and the diamond—-like carbon film.

5. A method for forming a diamond—like carbon film on an object

surface by RF plasma CVD, comprising the steps of:



15 formng a first dianond-like carbon filmof a first hardness on
sai d object surface; and form ng a second di anond-1ike carbon fil m of
a second hardness higher than the first hardness on said first di anond-

| i ke carbon film 6. The nethod as clainmed in claim5 wherein the RF
power is set so as to be smaller and larger in a step of formng said
first dianond-like carbon filmand in a step of formnag—sard—second

di anond-1i ke carbon film respectively. 7. The nethod as claim
5 wherein said object surface has a transparent subs1 ﬂ “ﬂtﬁugﬁﬂk ﬂ“dlng
layer forned towards one surface of said transparent

wherein the laser light froma recordingdevice is |nputted to said one

surface of the transparent substrate, while a nodul ation magnetic field by

a magnetic f'e'f%rmag LS pppl i /d foaemﬁb@ o fsn Sf%ﬁ,asse of¢ the ht&anépgre

substrate, whereby the magnetic tield by said nodulation nagnetic field

an upper s fsaGe ob jlehe mgiakce:; apptical recording nmediumcloser to the
magnetic field head than the recording |ayer.

forming a second diamond—-like carbon film of a second
hardness higher than the first hardness on said first diamond-
like carbon film.

6. The method as claimed in claim 5 wherein the RF power is set

so as to be smaller and larger in a step of forming said first
diamond-like carbon film and in a step of forming said second

diamond-like carbon film, respecﬁively.

7. The method as claimed in claim 5 wherein said object surface

has a transparent substrate and a recording layer formed towards
one surface of said transparent substrate, and wherein the laser

light from a recording device is inputted to said one surface of

the transparent substrate, while a modulation magnetic field by

a magnetic field head is applied from the other surface of the
transparent substrate, whereby the magnetic field by said
modulation magnetic field is an uppér surface of the magneto-

optical recording medium closer to the magnetic field head than

the recording layer.



