MAGNETI C RECORDI NG MEDI UM AND MANUFACTURI NG METHOD THEREOF TECHNI CAL FI ELD
OF THE | NVENTI ON The present invention relates to a nagnetic recording
medi um and a nmanufacturing nethod thereof and, nore particularly, to a
har d- di sk magnetic recording nmedium constituting a hard-di sk device and a
nmet hod of manufacturing a protective filmand lubricating |ayer thereof.
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main component of hard-disk devices — has made it necessary to reduce the head flying

height and make the protective film and lubricating layer thinner. Additionally, the

medium’s rotational speed has been increased as a result of the higher transfer rate. This

requires that the tribological mechanical strength be maintained for the magnetic recording

medium in conjunction with the enhancement of its recording density.

The magnetic recording medium, a component that magnetically records information, is
successively laminated with an undercoat film, magnetic film, and protective film on a

substrate, and further coated with a lubricant.

Normally, the substrate is made of an Al alloy, with the surface thereof protected by an

NiP-plated layer. Further, a glass substrate is used if improved shock resistance is required.

The magnetic film for recording information is made of a Co-based ferromagnetic

substance, with a Cr undercoat film applied for enhanced magnetic properties.

The magnetic film is further coated with diamond-like carbon (DLC), a hard

carbon-based protective film that offers excellent lubricity and high wear resistance for



with the G undercoat filmand the nmagnetic film or by the plasma CVD

nmet hod using hydrocarbon gas as a raw nmaterial. Perfluoropol yet her (PFPE)
is conmmonly used as the lubricating | ayer applied on top of the protective

film The lubricating layer is formed by di pping or spin coating by
diluting perfluoropolyether with a solvent. The lubricating |layer is
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The lubricating layer on top of the protective film is divided into two types. One of them
is a layer (bonded lubricating layer) combined with (chemically adsorbed to) the protective
film, whereas the other is an uncombined layer (mobile lubricating layer). Experimentally,
the lubricating layer, which remains unremoved after rinsing thereof with a solvent such as
fluorocarbon, is the bonded lubricating layer, whereas that removed is the mobile lubricating
layer. Having the effect of repairing the lubricating film shaved by sliding, the mobile

lubricating layer has a considerable impact on the sliding property.

PROBLEM SOLVED BY THE INVENTION
However, the thick mobile lubricating layer has resulted in problems including adhering
of the layer to the head, affecting the head flying height and stiction between the magnetic

recording medium and the head, stopping rotation of the magnetic recording medium.

Moreover, because the magnetic recording medium rotates at a high speed, the mobile
lubricating layer moves toward the outer perimeter {(spinoff phenomenon). This movement

results in the area deprived of the mobile lubricating layer becoming easily worn and the



area on the outer-perineter side wth accunul ated |ubricant readily
adhering to the head. A spinoff phenonenon-free bonded |ubricating | ayer
has been hitherto provided to suppress wear in the event that the nobile
| ubricating layer is worn away (e.g., refer to Japanese Unexam ned Pat ent
Application Publication No. 11-172268). For this reason, it has been
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a magnetic recorn(lﬁlrlllg medi um according to the present invention conprises
the steps of formng a magnetic filmon a non-magnetic substrate, form ng
a protective filmon top of said magnetic filmand formng a lubricating 3
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To achieve such an object, a magnetic recording medium according to the present
invention is successively laminated with at least a magnetic film, protective film, and
lubricating layer on a non-magnetic substrate, in which 90% or more of the area of said

lubricating layer is not chemically adsorbed to said protective film, and in which said

lubricating layer is an average of one molecule layer or less in thickness.

It is preferable if a surface of said protective film is at least fluorine-added or

fluorine-terminated.

It is further preferred that the contact angle of the surface of said protective film with

respect to water be 90 degrees or more.

It is also preferred that at least part of the surface of said protective film be a

fluorine-added amorphous carbon-based protective film.

Moreover, a method of manufacturing a magnetic recording medium according to the
present invention comprises the steps of forming a magnetic film on a non-magnetic

substrate, forming a protective film on top of said magnetic film and forming a lubricating



as to ensure that 90% or nore of the area of said lubricating |ayer is not
chem cally adsorbed to said protective film The nethod further preferably
conprises the step of fluorine-termnating the surface of said forned
protective filmby deconposition of a carbon fluoride-based gas. It is also
preferred that the step of formng said protective filmconprises a plasma
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fl uori déo grad etptegiive idm. been added. EMBODI MENTS OF THE | NVENTI ON Embodi nent s
of the present invention will be described belowin detail. In the
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(tetrafl uoronet hane) or C2F6 (hexafl uoroethane) using plasm, W

i rradi ati ont iseil€o preferred that the step of forming said protective film comprises a reactive

sputter method using carbon as a target material in a spuftter gas to which carbon

fluoride-based gas has been added.

EMBODIMENTS OF THE INVENTION

Embodiments of the present invention will be deseribed below in detail.

In the manufacture of the magnetic recording medium according to the present
embodiments, at least a magnetic film, protective film, and lubricating film are successively
laminated on top of a non-magnetic substrate. Here, as the aforementioned conventional
method ean be used for the steps of forming the magnetic film on the non-magnetic substrate
and forming the protective film on top of the magnetic film, a description thereof will be

omitted.

Next, prior to lamination of the lubricating layer, the protective-film surface is covered
with fluorine (fluorination), followed by the formation of a mobile lubricating layer of one
molecule layer or less in thickness, thus forming a lubricating layer substantially free of a

bonded lubricating layer. For fluorination, any of the following methods can be adopted:



2) A fluorine-added anorphous carbon-based filmis used for all or part of
the surface of the protective film For this, a fluorine-added anorphous
carbon-based protective filmis formed by the plasnma CVD net hod using
hydr ocarbon gas to which carbon fluoride-based gas such as CF4 or C2F6 has
been added as a raw material. 3) A fluorine-added anor phous carbon-based
filmis al, I t: - : cLl film For
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fluoride-based gas such as CF4 or C2F6 has been added. The present
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free of the spinoff phenonenon, and this is presuned to be due to the fact
that the protective-film surface and the lubricant both contain carbon
fluoride. Thereéeheinvehiith B theeforgthaabdtOnzddin tRitflaabhiltaubficaping\Brk bfighet he
spi nof f phenonenon and reducing the thickness of the lubricating |layer. 5
molecule layer or less is provided without forming a bonded lubricating layer on the
fluorinated surface of the protective film, unlike the prior art (Japanese Unexamined Patent

Application Publication No. 5-174354, for example).

Of the bonded and mobile lubricating layers, the mobile lubricating layer contributes
considerably to the sliding property. In the conventional method of using the bonded and
mobile lubricating layers to comprise the lubricating layer, the mobile lubricating layer
moves to the outer-perimeter side due to the spinoff phenomenon as a result of rotation of the
magnetic recording medium, resulting in reduced thickness of the mobile lubricating layer.
In contrast, the present invention prevents chemical adsorption of the lubrieant by a method
including fluorine termination of the protective-film surface, thus providing a mobile
lubricating layer of one molecule or less in thickness, without forming a bonded lubricating
layer. The mobile lubricating layer of one molecule layer or less thus provided is free of the
spinoff phenomenon, and this is presumed to be due to the fact that the protective-film
surface and the lubricant both contain carbon fluoride. Therefore, such a configuration is
effective in preventing the spinoff phenomenon and reducing the thickness of the lubricating

layer.



Here, the thickness of the one nolecule | ayer has been determ ned
experinentally to be the saturation val ue obtained when increasing the

t hi ckness of the bonded lubricating layer in the lubricating |ayer by heat
treatment or Wirradiation, and the maxi mumthi ckness of the bonded

| ubricating layer in the lubricating |ayer applied by the vapor deposition
nmethod (e.g., refer to Japanese Unexam ned Patent Application Publication
No. 2002-3243 10). In the case of Fonblin Z-dol used as lubricant in the
enbodi ment Hddesse thiekhabebe ohdiRolebile tiRe 555 BdentddCerafigedibaGMb 2 allayeFe
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the lubricating layer is substantlally nade of the nobile Iubrlcatlng
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measured from the maximum thickness of the bonded lubricating layer, was found to be

approximately 1.4 nm.

The fact that no bonded lubricating layer is formed indicates that the lubricating layer
is substantially made of the mobile lubricating layer. Here, the term “substantially” does not
mean that all of the lubricating layer constituting the lubricating layer must have fluidity,
and it suffices for the percentage of lubricant having fluidity to be 90% or more. It is

preferred, however, that the percentage thereof be 95% or more.

Embodiments of the present invention will be described below.

EMBODIMENTS

Embodiment 1

In the present embodiment, a method of fluorine-terminating the protective-film surface
by the plasma CVD method will be deseribed. A magnetic disk 65 mm in diameter was used
as the substrate for the experiment. An NiP film, Cr undercoat film, CoCrTaPt magnetic film,

and nitrogen-added amorphous carbon protective film were laminated in succession on top of



the Al substrate for use as a sanple. Fluorine termnation of the
protective-filmsurface was conducted by the ECR (el ectron cyclotron
resonance) plasnma CVD nethod (refer to Japanese Unexam ned Patent

Appl i cation Publication No. 2000-144429). The manufacturing conditions were
as follows. Pressure reached: 1.3 x 10-4Pa or less M crowave: 200 W
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t hi cknesses fromthe anmount of absorbed infrared radiation. The thickness
nmeasur eneh&ivewasd'real Citated fromthe difference in absorption between
before and after application of the |lubricating layer. O the lubricating
| ayer s, -~tHReactparnresshzag: OWala ri nsed with the fluorocarbon sol vent was
regarded as the nobile lubricating | ayer, whereas that which remai ned
unrenové&g'aa\ﬁlélé’wrﬁ‘tég%ﬂ%?é'a as the bonded lubricating layer. It is to be noted,

however ,. tugsaktatg%gnguggt trh. Oobogégnecgia!tglberi cating-layer thickness renuains
unchangeg‘ efore and arter the Xperiment, the

A lubricating layer of 0.5 nm to 2.5 nm was applied on top thereof. The lubricant used
was Fomblin Z-dol made by Ausimont. The layer was formed by the dip method, with
thermal treatment (100°C) provided for approximately one hour. The sample was subjected
to a spinoff test in which the sample was rotated at high speed (10,000 revolutions/min) for
10 days. The thicknesses of the mobile and bonded lubricating layers were determined before
and after the spinoff test. Here, the lubricating-layer thicknesses were measured by infrared
spectroscopy (IR). As the lubricant contains CF bond, infrared absorption resulting from CF
vibration appears near 1270 em’!, thus enabling determination of the lubricating-layer
thicknesses from the amount of absorbed infrared radiation. The thickness measurements
were calculated from the difference in absorption between before and after application of the

lubricating layer.

Of the lubricating layers, the part that was rinsed with the fluorocarbon solvent was
regarded as the mobile lubricating layer, whereas that which remained unremoved was
regarded as the bonded lubricating layer. It is to be noted, however, that because the
bonded-lubricating-layer thickness remains unchanged before and after the experiment, the

post-experiment thickness was used. More specifically:



post - experi nent thickness was used. More specifically: 7 (1) Measurenent
was conducted by IR prior to application of the lubricating film (2)
Measurenent was simlarly performed followi ng the application of the
lubricating film and prior to the spinoff test, and the total

| ubricating-1layer thickness before the spinoff test was determ ned from
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thickness after the spinoff test for use as the mobile-lubricating-layer thickness after the

spinoff test.

The properties of the fluorine-terminated surface will be described in embodiment 2.
The spinoff-test results are shown in Table 1. The bonded lubricating layer was hardly
formed due to fluorine termination of the protective film. When the mobile-lubricating-layer
thickness before the spinoff test was less than 1 nm, the layer barely span off, remaining
unmoved even after the spinoff test. When the layer thickness was 1.5 nm or more, 1.2 nm of
the mobile lubricating layer remained. The value, smaller than the thickness of the one
molecule layer of Z-dol (approx. 1.4 nm), is close thereto, and it is clear that an
approximately one molecule layer of the mobile lubricating layer remains. Therefore, when
the average mobile-lubricating-layer thickness is greater than that of the one molecule layer,
the film thickness is reduced to approximately that of the one molecule layer by the spinoff
test. On the other hand, when the average thickness is less than that of the one molecule

layer, the film thickness remains basically unchanged by the spinoff test.

Fluorine termination of the protective-film surface made it possible to almost completely



the filmthickness is reduced to approximately that of the one nol ecule

| ayer by the spinoff test. On the other hand, when the average thickness
is less than that of the one nolecule layer, the filmthickness renains
basi cal |l y unchanged by the spinoff test. Fluorine term nation of the
protective-filmsurface made it possible to alnost conpletely 8 elimnate
the bondahsl H0EALRLLEM I ine MDE! GA5:KE DI (G dIRBhLShUBE 68l 4nd | aver
an average of one e of fess 1nt 5kness ena nearly conplete
elim natab&ragmfdnayﬁﬂeculdurqmeﬁ$hlﬁla¢u§&mcmbd ReatReohPidayisphied f 1hpst . Tabl e
1 Sanpl eNo. 1No. 2No. 3No. 4 Mbile-lubricating-layer thickness before

spi nof f thiekrtesd r&ilikti&RinSthe nfjdajepinb#f téstbr i cat i ng-1 ayer thickness after
spinoff test [nm 0.40.91.21.2 Bonded-1|ubricating-layer thickness [nn] 0000
Conparative Exanple 1 For conparison with enbodinent 1, a simlar test was

conduct ed ehﬂwagnetlc disk withits protective- filmsurface not

f | uor i ne—terrated—Armaghrette—di-sk—65—+mih—dgrareter—was—used—as t he
substra%gy&&; t he experlnent An Nlp film Cr ugﬂgﬁcq@t fﬁhﬁh S@CrTaPt
mag_netl c it —andntroger—added—armorphous—caborrmt UL eqgttveFrrrmwere

| am nat) @hpip- 1ub%&£%ﬁﬁ§§%@9tlﬁ£kﬁe@§b8£re PhoflteSUDS LI € |flor Use; ag o sgnpl e. A
| ubricating | ayer 5 nmto 2. nm was appllied gn tog therjeof. [The

| ubri camimpsed was Fonblin Z-dol nade by Ausimgnt. |The llayer |was flormed by
the dip nethod, wth thermal treatnment (100C) provided fdr apgproxijmately
one houMobilhdutgénaping layes tiscbjess b fber spmoff tegti [nof f| Oteest| 0. wHiZh |t slanpl e
was rotated at high speed (10,000 revol utions/imn) |[for 10 days. The
t hi cknedendedsubripatinglayerthigiaessamlied | ubricatil®y | aers Mere |det erlri ned

before and after the spinoff test.

Comparative Example 1

For comparison with embodiment 1, a similar test was conducted on a2 magnetic disk
with its protective-film surface not fluorine-terminated. A magnetic disk 65 mm in diameter
was used as the substrate for the experiment. An NiP film, Cr undercoat film, CoCrTaPt
magnetic film, and nitrogen-added amorphous carbon protective film were laminated in
succession on top of the Al substrate for use as a sample. A lubricating layer of 0.5 nm to 2.5
nm was applied on top thereof. The lubricant used was Fomblin Z-dol made by Ausimont.
The layer was formed by the dip method, with thermal treatment (100°C) provided for
approximately one hour. The sample was subjected to a spinoff test in which the sample was
rotated at high speed (10,000 revolutions/min) for 10 days. The thicknesses of the mobile and

bonded lubricating layers were determined before and after the spinoff test.

The spinoff-test results are shown in Table 2. A bonded lubricating layer was found to be
formed on top of the protective film, with the mobile lubricating layer thinned by the spinoff
test. Even when the mobile lubricating layer was reduced to a thickness of the one molecule

layer or less, the majority thereof disappeared in the 10-day spinoff test.



The spinoff-test results are shown in Table 2. A bonded lubricating |ayer
was found to be formed on top of the protective film with the nobile

| ubricating |layer thinned by the spinoff test. Even when the nobile

| ubricating |layer was reduced to a thickness of the one nolecule |I|ayer or
| ess, the majority thereof disappeared in the 10-day spinoff test. 9 Table
2 SaaneNoqhngZ 6No. 7No. 8 Mobil e- Iubrlcatlng Iayer t hi ckness before

spi nof ftest 0408122 1T {nmj—Mbirte-tubricgting=fayer thickessaf ter
spi nof f| shesple 0. 10. 150. 250. 3 [ nn] Bonded- | ubrijgaf sngnoay ef Nb.W dkiness
[nm 0. 150.20.30. 4 Enbodi nent Z A description|will Bbe gi ven of |[a nefhod of

maki ng } Mdpilel@aidatiagldyethitkdesabdfbrd @pinoff-tedded.4 sur bace py2formng |a second
protectlive filmconstituted by a fluorine-added anpr phoug carlbon flilm by
the pl adma! CVD nmethod, on top of a first protlective filmforned in|advance.
A fludrine-added anorphous carbon film (a-ChH wa$ fornmed i nst ead |of

f 1 uor i ndlabdehibriceting laven thigknseeeitersginoffitestsur|Oake hHY-18hel EER (|-%ct|ron

cycl otr?n fesonance) pl asma C,\/D nmet hod as _srovvn i m enmbodi nent] 1. The

manuf a¢ttFrg—eeondi-tions—were—the-safe—asinrrerbedirent—f exeept—t hat the
react i \%ogmﬁc@{gfaygtmnggs EL0Y! ene C2H] and fpeon [F4 (O,
per cent= TU7g oUY the—contact angteof the protecttve f+imwth

respect t o water is shovvn in Table 3. Here, a freon gas percentage of 100%
in the reactive gas represents the condition in enbodinent 1, whereas a CF
gas per centEileodiheft?? i N t he reactive gas indicates the condition in
conparative
A description will be given of a method of making a protective film with a fluorine-added

surface by forming a second protective film constituted by a fluorine-added amorphous

carbon film, by the plasma CVD methed, on top of a first protective film formed in advance. A

fluorine-added amorphous carbon film (a-CFH) was formed instead of fluorine-terminating

the protective-film surface by the ECR (electron cyclotron resonance) plasma CVD method as

shown in embodiment 1. The manufacturing conditions were the same as in embodiment 1,

except that the reactive gas was a mixed gas of ethylene C2H6 and freon CF4 (CF4

percentage: 70%, 80%).

The contact angle of the protective film with respect to water is shown in Table 3. Here,
a freon gas percentage of 100% in the reactive gas represents the condition in embodiment 1,
whereas a CF gas percentage of 0% in the reactive gas indicates the condition in comparative
example 1. In plasma treatment using 100% freon, the protective film was successfully
formed except for slight etching of the film. As for the sample plasma-treated
(fluorine-terminated) using freon-added gas or that on which a fluorine-added amorphous
carbon film was formed, fluorine was detected by photo-electron spectroscopy from the
surface, indicating that the surface had been fluorinated. The findings also showed that the
water contact angle was large, at 90 degrees or more. From the results, it is apparent that

the surface is fluorinated.
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exanple 1. In plasma treatnent using 100% freon, the protective filmwas
successfully fornmed except for slight etching of the film As for the
sanple plasma-treated (fluorine-term nated) using freon-added gas or that
on which a fluorine-added anorphous carbon filmwas forned, fluorine was
detected by photo-el ectron spectroscopy fromthe surface, indicating that
the surfacegpdy been fluorinated. The findings al so showed that the water
cont act angle was farge, at 90 degrees or nore. Fromthe resufts, jit is
appar entFhidamatiohhe surface is fluorinated. 10 vi@bl e 3 Fl uori naNporfYesNo CF
gas percentage 1 n reactive gas [ % 10080700 a-[CFH T[T mTdrm ng} rat 4
[ N sl { CFlfs @éfeifa@e Bn Whtidve woritohct angl e [ degloo ]116@10710572( On tlop
thereoff, 1 nmto 2.5 nmof Fonblin Z-dol was |appli¢d as {a | ubficatfi ng

| ayer. | afidd &lm s rateiemisbt at ed at hi gh speéd (100004 &¥vol &8i gns/ ni n)
for approximately 10 da{s. The measured thicknesses of {t he npbil g and
bonded chang! bhefore and after t plo@pi nd®% tlddp A'ZZQI*QWn in

Table 4. As for the sanple with a forned fluorine-added anorphous carbon
film(freon gas percentage: 70% 80%, a bonded |ubricating |ayer was

2 g SO s SR B O g L

when t he average ckness o l"ayer S ‘greater

than t hahes saldiesOnGe ¥R Gt RidIPMREd (10RO rbidlipiddRILiNRs sp¥RginA6yqed to
approximately that of the one nolecule layer. On the other hand, when the

aver age dajd. Thpesaswad thieksestdsaif thdmabbitf arid@ndeklubbkaing laydrayefore drdeatfer] m
t hi ckness renmi ned roughly unchanged by the spinoff test. Table 4 Sanpl eNo.
ONo. No the smipoff test are shown in Table 4. As for the sample with a formed fluorine-added
amorphous carbon film (freon gas percentage: 70%, 80%), a bonded lubricating layer was
hardly formed. As with embodiment 1, the spinoff-test results show that when the average
thickness of the mobile lubricating layer was greater than that of the one molecule layer, the
film thickness was reduced to approximately that of the one molecule layer. On the other

hand, when the average thickness was less than that of the one molecule layer, the film

thickness remained roughly unchanged by the spinoff test.

Table 4

Sample No. 9 | No. No. 11 | No.
10 12

CF gas percentage in reactive gas [%] 80 80 70 70

Mobile-lubricating-layer thickness before spinoff test 1.0 2.5 1.0 2.5

[nm]

Mobile-lubricating-layer thickness after spinoff test 0.9 1.3 0.7 1.2

[nm]

Bonded-lubricating-layer thickness [nm] 0 0 0.05 0.1

Thus, fluorine termination of the protective-film surface or formation of a fluorine-added
amorphous carbon film thereon almost completely eliminates the formation of a bonded

lubricating layer on the surface. Further, when the average mobile-lubricating-layer
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1012 CF gas percentage in reactive gas [ % 80807070 Mbil e-lubricating-I|ayer
t hi ckness before spinoff test 1.02.51.02.5 [nm] Mbobile-lubricating-I|ayer

t hi ckness after spinoff test 0.91.30.71.2 [nn] Bonded-| ubricating-Iayer

t hi ckness [nn] 000. 050.1 Thus, fluorine term nation of the protective-film
surface or formation of a fluorine-added anorphous carbon filmthereon

al nost : L i i j yer
R A R e i e T

t hi cknesstheSng ddeale lajtabvedtide 10fdal REinoffGesIDk G Ed SvhaayiBe avdrige fhidkMess is

t hi ckness decreases to that of the one nolecule |ayer over the 10-day

spi nof f leseshan thiabofths onthewrlechle laweerthg &lm lhickmes semsins bagally vachangad. of t he

one nol ecul e layer, the filmthickness remains basically unchanged.
Ther ef orlderefaegiespingibe mobils Bbrigeineclayermge malesulentdesson Sechnespyuppassey n

mobi |6 RUBETCRTTIG A YA hedaer Ptk an s A et fiiseP PRE PR 6 o g ot °
consi d?ﬁﬁﬂ%gﬁ@ﬁy& ma&%&sg%gx@gte%ﬂtﬁﬁh&g AGEar é&@fataﬁééA RRCKHE ARy fof&ﬂe§

decl i ni ng yi ng hel an I ncrease I n ecor di ng nsity, the
present godlueRd héa flyisg Eéi%]@tﬁiriitl‘x’ 8n ieRPiRIHR H8ehraink UeRsityy id (HaldnD thvkAlSs . AS
for the fluorination nethod, it is apparent that fluorine term nation of

t he pr o4 gfetivefof bhtairdng 4 dltie lblyridahieg dleeo.nposi tion of a m xed carbon

fluori de-based gas such as CF4 or C2F6 and another gas in plasma, or the
formati on of a fluorine-added anorphous carbon filmon the surface, is

et ve, fL TRl LB BLASTRLRISRIRR RSkt L Sha
sputter protective-film surface by the decomposition of a mixed carbon fluoride-based gas such as
CF4 or C2F6 and another gas in plasma, or the formation of a fluorine-added amorphous
carbon film on the surface, is effective. Alternatively, the plasma process may be replaced, for
example, by UV irradiation. It may also be possible to form the film by the reactive sputter

method using a sputter gas such as Ar to which carbon fluoride-based gas such as CF4 or

{2F6 has been added.

It has been experimentally confirmed that it is not necessary that all of the lubricant be
a mobile layer, and that the effect of the invention can be produced as long as the percentage

thereof is 90% or more.

ADVANTAGEOUS EFFECT OF THE INVENTION
As described above, it is possible according to the present invention to implement a
magnetic recording medium that is resistant to the spinoff phenomenon caused by high

speed rotation and has a thin lubricating layer suitable for higher recording density.
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met hod using a sputter gas such as Ar to which carbon fluoride-based gas
such as CF4 or C2F6 has been added. It has been experinentally confirmnmed
that it is not necessary that all of the lubricant be a nobile |ayer, and
that the effect of the invention can be produced as |ong as the percentage
thereof is 90% or nore. ADVANTAGEQUS EFFECT OF THE | NVENTI ON As descri bed
above, idy difggrossi ble according to the present invention to inplenent a
magneti c recording mediumthat is resistant to the spinoff phenonenon
caused by high speed rotation and has a thin lubricating |ayer suitable
for higher recording density. 12 CLAIMS 1. A magnetic recordi ng nmedi um
successi velly Almpagnetit edomdibh madiuheagtesaivalgdmaidated withnat lepstot magnevie filin| m and
| ubricating |ayer on a non-magnetic substrate, wherein 90% or nore of the
area of psetpetivedidm; and lubgicatanalayéronrorone magnetisl supstaats o raeint 99 Y repre of
protective fil . .Wherein said |luhricating |ayer_is, on average, one
mol ecul 4§ 878 Ppﬁﬁlgﬁ]&hcaflﬂg faﬁ F’E:‘I?r‘i’@%%}?en’z‘f’aurfr?éllsﬁ%ﬁﬁé‘%/ Fadd Progestiye ﬁbm i um
accor di gl ) [ face of sai rotective, filmis at |east
1 tor i narhsta el Mdea TR R, By 2 86 8nEno B RSP RE SRR, o um
according to claim1, wherein the contact angle of a surface of said
protective filmwth respect to water is 90 degrees or nore. 4. The

magnet i ¢ r e The magnemchetdird apansdiumgctnditk ab Baim 1)Wkérein airfdceadaidd part of
a surface of said protective filmis a fluorine-added anor phous

car bon- pagtediveridinde ot leastiflyomnendded ercfluvoihedermimatellact uri ng a nmagnetic
recordi ng nmedium conprising the followng steps: formng a nmagnetic film
on a non-maghetic substrate; formng a protective filmon top of said

magnetic Ji q%- and form a lubricating,.layer . with an,average thi ckness
of one ol eé(':u % qagvgtl;c %Forpggsm%#u?l @6005?“1 to gl¥um 1, wﬁeremnthe contag: angﬁ o%a

surface of said protective film with respect to water is 90 degrees or more.

4. The magnetic recording medium according to claim 1, wherein at least a part of a

surface of said protective film is a fluorine-added amorphous carbon-based protective film.

5. A method of manufacturing a magnetic recording medium, comprising the following
steps:
forming a magnetic film on a non-magnetic substrate;
forming a protective film on top of said magnetic film; and
forming a lubricating layer with an average thickness of one molecule layer or less on top of
said protective film so as to ensure that 90% or more of the area of said lubricating layer is

not chemically adsorbed to said protective film.
6. The method of manufacturing a magnetic recording medium according to claim 5,
further comprising the step of fluorine-terminating the surface of said formed protective film

by decomposition of a carbon fluoride-based gas.

7. The method of manufacturing a magnetic recording medium according to claim 5,

wherein the step of forming said protective film comprises a plasma CVD method using
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said protective filmso as to ensure that 90% or nore of the area of said
| ubricating layer is not chemcally adsorbed to said protective film 6.
The net hod of manufacturing a nagnetic recordi ng medi um according to claim
5, further conprising the step of fluorine -term nating the surface of
said forned prot ective film by deconposi tion of a carbon fluoride-based
gas. 7. The nuf rin netl r.ecor di ng medj um accor di ng
to cl ai mY groczg%ongas tot%hrmh eg of rb(gnl%aﬁ‘gai %?egtaé"’cat A tef‘“ﬁ#'corrpri ses a
pl asma CVD net hod using 13 hydrocarbon gas to whi ch carbon fl uori de-based
gas is added as a raw material. 8. The nethod of manufacturing a magnetic
recordi ng rseThel Metdf thang fdcturdled fihPneticWB&ik@&inp niddeurs heprdihg folldtinyg sai d
protective filmconprises a reactive sputter nethod using carbon as a

t ar get meieesin dhe $tep of fopuing eridgastettoveviilncdvmpaisboa rdactivr spodteb ameltbdgmtnghas
been a?:gx%gh ag; ?\ target material in a sputter gas to which carbon fluoride-based gas has been

added.
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