DESCRIPTION MAGNETIC RECORDING MEDIUM TECHNICAL FIELD [0001]The present invention
relates to a magnetic recording medium and a manufacturing method thereof, and more particularly to
a magnetic recording medium suitable for external storage devices of computers and a manufacturing
method thereof. More specifically, the present invention relates to a magnetic recording medium which
has a lubricating layer including a perfluoroppbstRarrcoragpound having a perfluorotrimethyleneoxy
repeating unit in the main chain and a cyclic triphosphazene structure and which makes it possible to
reduce the head flying height, and riseNneTa O aRBEGERROING MéEDAd)thereof. The present invention also
relates to a method for reducing the head flying height and improving the electromagnetic conversion
property of a magnetic recording medium by changing the mixing ratio of the perfluoropolyether
compound in the lubricating layer. BACKGROUND ART [0002]In order to improve durability and
reliability of a magnetic recording mediuml@&CipEikCAlarFd Bhdgnetic disk) and also to reduce a friction
force generated between the protective layer of the magnetic recording medium and the head, it is
necessarj@60hpart a [lbecairesprobeity\enitd anagediEchesotting nmetimet For example, a
lubricating property has been improved by forming a lubricating layer including a perfluoropolyether
lubricant hagipca polanedd ynoamdueh aaruUfatsxut grgumataocblébeieenfs demabmibiiee carbon
(DLC) film that is typically used as a protective layer for magnetic recording media. [0003]Further, WO
2007/04F@0tdesiclipEd Yhd (e aaureagfifeiplingrecdridangy nged oy usintitabdelbedpolyether
lubricant represented by Formula (V) and having a cyclic triphosphazene structure in a molecule with
the objecEi¥&@F adrovkydeadiRdkten fihappaytedsdartdnadiantfia¢dsuding decomposition
ability (see Patent Document 1). Further, WO 2006/009057 describes the feature of forming a
lubricatingedsthythiakgafmixtiters Sesapddedhi p Eneamr gaseffpolnalitH BE 2 in Formula
(V) (see Patent Document 2). WO 2008/140121 describes the feature of forming a lubricating layer by
using a peFhakssobetr NAIRaki RaiRGAEANS tNehEpRaYedEBtrasrawkir dgeidfi%umber of

perfluoro?olyethe_r side chains (see Patent Document 3). [0004][C 1] )
ayer including a perfluoropolyether compound having a

perfluorotrimethyleneoxy repeating unit In the main chain and
a cyclic triphosphazene structure and which makes i1t possible
to reduce the head flying height, and also to a manufacturing
method thereof. The present invention also relates to a
method for reducing the head flying height and improving the
electromagnetic conversion property of a magnetic recording
medium by changing the mixing ratio of the perfluoropolyether

compound in the lubricating layer.

BACKGROUND ART

[0002] In order to improve durability and reliability of a
magnetic recording medium (in particular, a magnetic disk) and
also to reduce a friction force generated between the
protective layer of the magnetic recording medium and the head,
it Is necessary to impart a lubricating property to the
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Rt2 -CH2CF20(CF2CF20) F2 kICF2C1[42[- p = 13 [0005]A lubricating layer formed on a protective
layer can be assumed to be constituted by two layers. The first layer is a layer bonded to the protective
layer (referred to hereinbelow as "bonded lubricating layer"), and the other is a layer present on the
bonded lubricating layer and not bonded to the protective layer (referred to hereinbelow as "free
lubricatingdgyrrti Eremdbe ¢laity pedt RAMMpPrevdtg theapioperties, Kuppiefareddghat the lubricating
layer have a structure with a thin free lubricating layer and a thick bonded lubricating layer.
[0006]Homeyee rHeljowiag reeent tieskoiedraasefo denaidy af halgnétatacugdingyeedia (magnetic
disks), more stringent requirements have been placed on the lubricant properties. In order to meet
such reqiirerbadtend iaimeoerfdnide gpsdsedbropathility inf et dsaniimyagneiad diskerahd a lubricant
material is needed that will make it possible to bring the head close to the magnetic disk (to reduce the
head flyirg-beighfu £ 0ad naadujtchiny xtyd ngmixep of nase snio heluoll eherecndy aroatbpbikerd disk
drives are used not only for personal computers that are used indoors, but also in outdoor environment
such as matdie d€Diced ahd kar thaaiyaiisn typtecad hasugednay/lerpthetect tisk ddyeis used in
an outdoor environment, in particular, a high-temperature and high-humidity environment, such
environmEar mzkgsettditficutdonral mmgyresid kad slider to levitate. This problem is apparently
attributable to cohesion of moisture contained in high-humidity air. Therefore, the problem of disposing
a lubricaid@e@]accurktetytbe the YO 286V D4tk tidescarthepsmtariifeatgnetiofiisk) used in a
hard disk drive is of major importance. [0008]In order to solve this problem, it is important to reduce
the heighfertHingoreclidbaieabingl thayeienitiotsdinte duheiahl oarpe @ lateEharfim. Fomblin
(trade name) Z-dol (Formula (Il)) and Fomblin (trade name) Z-tetraol (Formula (1V)) lubricants, which
are presdiiiyriysiealy ned RFendqebtRMetordind medyd, ABDRIFBEoRetE Ebfpounds having a
hydroxyl group at either end (in the formulas, p and g are integers equal to or greater than 0, but the
case in whkdPpesphayrscRidedy Hobeofe A rokecwle o ththe objective of

improving the adhesion to a magnetic recording medium and
reducing decomposition ability (see Patent Document 1).
Further, WO 20067009057 describes the feature of forming a
lubricating layer by using a mixture of a compound with p =1
and a compound with p = 2 in Formula (V) (see Patent Document
2). WO 2008/140121 describes the feature of forming a
lubricating layer by using a perfluoropolyether lubricant
having a cyclic triphosphazene structure with a different
number of perfluoropolyether side chains (see Patent Document
3).
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,H2CF:CF20); F20),,CF2CHt. [0010]The specific feature of the compound represented by Formula (I11)
and/or Formula (1V) is that when a lubricating layer is formed by coating on a protective layer, C, F,
and 0 contained in the molecular structure are arranged randomly. This specific feature is affected by
the molecular structure (hydroxyl group present at each end) represented by Formula (1) or Formula

(IV). Dueftogesgom arranpeidiatdtive Meigen omadacethahpdeisiet(iront sajese sida), rather
than the protective layer side. As a result, the adsorption of contaminating substances is enhanced
and the asisogsifyien the eadciidst tliaetlisonpcreeseda§eets phempmera catsd ay@riation in
head flying property. [0011]Therefore, in order to decrease the head flying height and improve the
flying stabiitya allabeeationaateried istheeqadtbat tave deyeical@taftureatiffe@nt from that
represented by Formula (lll) and/or Formula (IV). In this regard, IEEE Transactions on Magnetics,
"LubricariiétieanbefloliraaBhifibiFfele d. ubibamtsatiinDifleasetrBickband SthectoriserVals43a, No. 7,
July, 2011, pp. 1837-1841, reports (see Non-Patent Document 1) that a lubricant pickup by the head is
different Wageia jpbacantts osedhieatdasdbd stultureatpregehtegeyy Bocmuolat()beimdbdias a
different main-chain repeating unit. [0012][C 3] 0 Rf -0'OH 0;0H -CH.2CF(CF:CF20),,CF2C [0013]In
the case bb cainemiooteliblivantlayeainioethe voadhdimdhepedsareddby &orivifitze@ll) and/or
Formula (IV), the head flying property has been improved by optimizing the additive to be added and
the mixinfuatid aadreog tHayss Him thivkoestoe tretiaindpakittia9€r, Bnpinde baumdebdeatio. However,
the problem is that when such means as the decrease in the total film thickness and/or Increase in the
bonded rRfi® BEIIAE®R. Infdro¥s tid BEad AeMgtiraetncothubpipaiirg dlisatsty Raeha like) of the

magnetic recording medium (in particular, the lubricating layer) are degraded.
structure with a thin free lubricating layer and a thick

bonded lubricating layer.

[0006] However, following recent trend to increase in
density of magnetic recording media (magnetic disks), more
stringent requirements have been placed on the lubricant
properties. In order to meet such requirements, It is
important to ensure compatibility of heads and magnetic disks,
and a lubricant material is needed that will make i1t possible
to bring the head close to the magnetic disk (to reduce the
head flying height).

[0007] In addition, the number of cases in which the
recently developed hard disk drives are used not only for
personal computers that are used indoors, but also In outdoor
environment such as portable devices and car navigation
systems, has grown. When the hard disk drive is used iIn an
outdoor environment, iIn particular, a high-temperature and
high-humidity environment, such environment makes it difficult

for a magnetic head slider to levitate. This problem is
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[0014]Patent Document 1: WO 2007/043450 Patent Document 2: WO 2006/009057 Patent Document
3: WO 2008/140121 [0015]Non-Patent Document 1: IEEE Transactions on Magnetics, "Lubricant
Pickup of Ultra-Thin PFPE Lubricants with Different Backbone Structures", Vol. 47, No. 7, July, 2011,
pp. 1837-1841 DISCLOSURE OF THE INVENTION [0016]An objective of the present invention is to

provide cappgnetaBeostiog inedimldateaestrRizPdngb £lerdPsiagneticOondgrsen prpperty by
reducing the head flying height, without degrading other properties, and also to provide a
manufactufighrheihpd tiegreni. 001 THenagoetc radusdipganddivnodcedi dingsérilge first embodiment

of the present invention has an underlayer, a magnetic layer, a protective layer, and a lubricating layer
on a nonihagneétastbsitate, wbetaratied prajecttied agenifialte es fcarbonagaed fiwe lubricating layer is
constituted by a mixture of a lubricant represented by Formula (1) [C 4]

recording medium (magnetic disk) used in a hard disk drive 1is

of major Importance.

[0008] In order to solve this problem, it Is important to

reduce the height of the molecule and control the orientation

of the lubricant on the protective film. Fomblin (trade name)

Z-dol (Formula (111)) and Fomblin (trade name) Z-tetraol

(Formula (1V)) lubricants, which are presently typically used

for magnetic recording media, are perfluoropolyether compounds

having a hydroxyl group at either end (in the formulas, p and

q are iIntegers equal to or greater than 0, but the case iIn

which p = g = 0 1s excluded).

[0009] [C 2]

HO—Ry;—0OH (1)

HD/\E":\D—F{fg—D/\{lD:\DH (V)

Rz = -CH,CF,0(CF2CF20),(CF20),CF2CH,-

[0010] The specific feature of the compound represented by
Formulla (111) and/or Formula (1V) is that when a lubricating
layer is formed by coating on a protective layer, C, F, and O
contained In the molecular structure are arranged randomly.

This specific feature is affected by the molecular structure



(in the formula, m is an integer equal to or greater than 1), and a lubricant represented by Formula (lI)
[C5]0OH 5 Rf2 =-CH2C ,)0( 2 F )p(C F112- (in the formula, p and g are integers equal to or greater
than 0; the case in which p = g = 0 is excluded). The lubricant represented by Formula (ll) is described
in Patent Documents 1 and 2. [0018]A magnetic recording medium manufacturing method according

to the seqengheavpdingediys theeaent dvession irelddes-asiisenfesningarormenayer on a

non-magnetic substrate, a step of laminating a magnetic layer on the underlayer, a step of laminating a
protectivg IYE) innludiogmalzon(@ve nageeto layandond asiemgeineming adtlkeating layer by
laminating, on the protective layer, a mixture of a lubricant represented by Formula (1) [C 6]
2CF2CF2(eC XD R8) faE@CHZE (et forowiafrahan sutefacequdde pi gregthethan 1), and
a lubricant represented by Formula (Il)

than the protective layer side. As a result, the adsorption

of contaminating substances i1s enhanced and the adsorptivity

on the head slider surface is iIncreased. Such phenomena cause

a variation in head flying property.

[0011] Therefore, iIn order to decrease the head flying

height and improve the flying stability, a lubrication

material i1s needed that has a chemical structure different

from that represented by Formula (111) and/or Formula (1V).

In this regard, IEEE Transactions on Magnetics, “Lubricant

Pickup of Ultra-Thin PFPE Lubricants with Different Backbone

Structures”, Vol. 47, No. 7, July, 2011, pp. 1837-1841,

reports (see Non-Patent Document 1) that a lubricant pickup by

the head i1s different when a lubricant i1s used that has the

structure represented by Formula (1) which has a different

main-chain repeating unit.

[0012]  [C 3]
HD/\/\D-Hf—D/\(\DH ()
OH OH

Rt = -CH,CF>CF,0(CF2CFCF20),CF2CF ,CHy-

[0013] In the case of conventional lubricant containing the
compound represented by Formula (111) and/or Formula (1V), the

head flying property has been improved by optimizing the



[C7] [C8 OH 5 -H2CFr2)(_;( C F20)g C F2CH2- (in the formula, p and g are integers equal to
or greater than O; the case in which p = g = 0 is excluded). [0019]A method according to the third
embodiment of the present invention is a method for reducing a flying height of a head and improving
an electromagnetic conversion property in a magnetic recording medium that includes an underlayer, a

magneticdgydrt hyeroestive |ayfddec! agio g eaedart ainta iuptitating&yes P achenrpagadtic
substrate, the lubricating layer being constituted by a mixture of a lubricant represented by Formula (1)
film thickness of the lubricating layer, and the bonded ratio.
However, the problem is that when such means as the decrease
in the total film thickness and/or increase iIn the bonded
ratio 1s used to improve the head flying property, other
properties (durability and the like) of the magnetic recording
medium (in particular, the lubricating layer) are degraded.
[0014] Patent Document 1: WO 2007/043450
Patent Document 2: WO 20067009057
Patent Document 3: WO 2008/140121
[0015] Non-Patent Document 1: IEEE Transactions on
Magnetics, “Lubricant Pickup of Ultra-Thin PFPE Lubricants

with Different Backbone Structures”, Vol. 47, No. 7, July,

2011, pp. 1837-1841

DISCLOSURE OF THE INVENTION

[0016] An objective of the present invention is to provide
a magnetic recording medium that can realize high
electromagnetic conversion property by reducing the head
flying height, without degrading other properties, and also to
provide a manufacturing method thereof.

[0017] A magnetic recording medium according to the first
embodiment of the present invention has an underlayer, a
magnetic layer, a protective layer, and a lubricating layer on

a nonmagnetic substrate, wherein the protective layer includes



[C9] .-CH2L,S2CF20(CF2CF2CF (in the formula, m is an integer equal to or greater than 1), and a
lubricant represented by Formula (1) [C 9] -CH2C50(CF F.20):A 20)q (in the formula, p and q are
integers equal to or greater than 0; the case in which p = q = 0 is excluded), the method including a
step of changing a usage amount of the lubricant represented by Formula (I) and/or a mixing ratio of
the lubriceat mrpnigsemad tiyd-aronia daepddghd dpricansrepsasaried tyd-apua [ xN29]In the
magnetic recording medium in accordance with the present invention, a lubricating layer constituted by
a mixtureodf acdmippinaneprespresdntedrnylakt ithatliaclgeiys a -(CF2CF2CF20)m- structure in the
main chain and the compound represented by Formula (ll) is provided instead of the lubricating layer
includinggCgderally used lubricant having a -(CF2CF20)m(CF20),- structure in the main chain,
thereby making it possible to reduce the head flying height and realize the magnetic recording
medium surface with_high durability. Further, it is found out that this effect is made more prominent by
setting the Heided amouGt®F tH& compouiidtrepresented by Forfilula (1) (see Patent Documents 1 and
2) equivalent to thedilm thickness oA to 3 A. By reducing the head flying height, it is possible to
improve the electromagnetic conversi of the magnetic recording medium. BRIEF
DESCRIPTIOR:ORGFHED m%@@%ﬁ?@%{mﬁﬁﬁ& atic diagram of a device for evaluating
the head flying height of a magnetic recording medium. FIG. 2 is a graph showing the relationship

between {inagsies BRI 81 AR Y4 281 A BegeViiLENIORLN G gpela de CoEReRaflye Example

1, and Comparative Example 2
and a lubricant represented by Formula (I1)

[C 5]

(1)

z-n

HD/\(\O —Ryy—O0——

OH
6}

Rz = -CH2CF20O(CF2CF20),(CF,0),CF2CHo-

(in the formula, p and g are integers equal to or greater than
O; the case 1n which p = g = 0 is excluded). The lubricant
represented by Formula (I1) is described in Patent Documents 1
and 2.

[0018] A magnetic recording medium manufacturing method
according to the second embodiment of the present invention
includes a step of forming an underlayer on a non-magnetic
substrate, a step of laminating a magnetic layer on the
underlayer, a step of laminating a protective layer including

carbon on the magnetic layer, and a step of forming a



FIG. 3 is a schematic diagram of a device for evaluating the head flying height of a magnetic recording
medium. FIG. 4 is a graph showing the relationship between the added amount of ADOH and the
TD power in Example 1, Comparative Example 1, and Comparative Example 2. FIG.5isa
schematic diagram of a device for evaluating the durability of a magnetic recording medium. FIG. 6 is
a graph illugieiioge efetiayder dgiemaininga bregkios peié prdtec¥ive drapbshowing the
relationship between the added amount of ADOH and the breaking point in Example 1, Comparative
Examplerdi odKeovFatativabrdoapie 2 Bhesditied MYRFOARRKANGIQUT THE INVENTION
[0022]The magnetic recording medium according to the first embodiment of the present invention
includes godijmagnetic substrate, an underlayer, a magnetic layer, a protective layer including
carbon, and a lubricating layer. [0023]Various substrates with a smooth surface that are known in the
related art can be used_as the nopsmaghetic substrate. For example, a NiP-plated Al alloy (Al-Mg or
the like), reififérce glasgﬁ?fd@@?s,t\a]ﬁgg\o(ﬁ'iass, which are usedi in the conventional magnetic
recording media, canibe used as thelhbn-magnetic substrate. [0024]In the present invention, the
underlayer may be et é e(‘.%éo entratj agnetic flux generated by the head in
the magnetic layer \?ﬁghf}#ne?aﬁgﬁéi % éé@@m@%&ﬁé&gﬁkrformed, an intermediate layer for
forming a magnetic layer having good magnetic properties by controlling the orientation of the
magnetic{ayertRSERSNAMILDT imroving thereipsvatiaialiivarskadiiesidbrofiharnteynediate
layer, or a laminated structure thereof. [0025]A soft magnetic underlayer can be formed by using a

crystallingmaatariausiehcamice Fap raskpardl sy edrmudiioy(I1 1)
[C 7]

(i)

Riz = -CHzCF,0(CF2CF;0),(CF;0),CF2CH,-

(in the formula, p and g are integers equal to or greater than
O; the case in which p = g = 0 is excluded).

[0019] A method according to the third embodiment of the
present invention Is a method for reducing a flying height of
a head and improving an electromagnetic conversion property in
a magnetic recording medium that includes an underlayer, a
magnetic layer, a protective layer including carbon, and a
lubricating layer on a nonmagnetic substrate, the lubricating
layer being constituted by a mixture of a lubricant

represented by Formula (1)

[C 8]



or an amorphous material including a Co alloy such as CoZrNb and CoTaZr. [0026]The intermediate
layer is used for controlling the crystal grain size and crystal orientation of the magnetic layer and
preventing magnetic coupling between the soft magnetic underlayer (when such is present) and the
magnetic layer. Therefore, it is preferred that the intermediate layer be nonmagnetic. The crystal
structure of the intermediate layer is appropriately selected according to the material of the magnetic
layer. For exampleywham-the-magretic [ager positioned directly thereabove is formed from a material
based on Co and ing a hexagong|yclosely packed (hcp) structure, the intermediate layer can be
formed using a material having a hcp or a face-centered cubic (fcc) structure. Alternatively, the
intermediate |&et rhdyhdvd-i rfot-Erystalfife Sthueinre FEkdtaples of the preferred materials for
forming the intermediate layer include Ru, Re, Rh, Pt, Pd, Ir, Ni, Co, and alloys thereof. [0027]The
seed YR YERE MEHAGIRHICH G EtaHning gs?oedyéwe‘i#%er'r@g%\%?te{ﬁm i'%d,the
non-magnetic substrate or soft magnetic underlayer (when such'is present) and controlling the
orientatiogllnq tge ire}spﬁggim? ?F‘e%i%%ﬂ eﬁgqjﬂlgfgorgiq using Niw, Ta, Cr, or an alloy
including Ta and/or Cr. The seed layer may also’have a layered stfucture constituted by a plurality of
layers incg@digg the aforementioned material. [0028]In the present invention, the magnetic layer can
be formed using a crystalline magnetic material. The crystalline magnetic materials that can be used
include ferromagnetic materials such as alloys including at least Co or Pt (for example, Co-Cr-Ta,
Co-Cr-Pt). In this case, the axis of easy magnetization of the ferromagnetic material should be oriented
in the direction in which magnetic recor’ging is performed. In order to perform perpendicular magnetic
recording, the axis of easy magnetizationsef the materg| of tHe magnetic layer (c-axis of the hcp
structure) shélld 6% oriehtedim thedirectior pé glar td the surfage|gf the magnetic recording
medium (that is, todire main plane o'?‘thgf:ﬁ'an mag ubstrate). Alternatively, the magnetic layer
may have a structure in which magnetic crystal grains ageseparated by a non-magnetic body (the
so-called granular structure). In this case, it is'preferred that he magnetic crystal grains have a
columnar shape with a diameter of several nanometers. It is preferred that the non-magnetic body
have a subnanometer thickness. Re-méter&lsfof traing M s§ifetid)chsiéidsains include alloys
based on magnetic elements such as Co, Fe, and Ni. It is preferred that materials for forming the
magnetic crystal grains include materials obtained by adding a metal such as Cr, B, Ta, and W to a

CoPt allo§ I Mt nlier el fateRiad b fortifg W RER MGt bdR) iREILAESIRSs dhdftides of

Si, Cr, Cq, Ti, or Ta. [0029]In the present invention, the carpo terials for forming the protective

layer inclgdeié%?orﬁﬁ s & rﬂga'éﬂb Biamdhdrire dﬁbSﬁ?EE@éB{ OBthwérl‘ﬁﬁEg?ffyer, magnetic

layer, and prqtective layer including carbon_are formed using means typically used in the related art.
g et bR

[0031]Th& g 18y &g d 08 AP ALRi AN Y B S iaA 88 wiHINd 53¢&ent invention

can be foyed 4SIG MY E SEANEIES "SErSReY RSB dbio of tne

lubricant represented by Formula (1) and the lubricant
represented by Formula (I1).

[0020] In the magnetic recording medium In accordance with
the present i1nvention, a lubricating layer constituted by a
mixture of a compound represented by Formula (1) that includes
a —(CF,CF,CF,0),— structure in the main chain and the compound
represented by Formula (I1) is provided instead of the
lubricating layer including a generally used lubricant having
a —(CF,CF20)n(CF20)— structure in the main chain, thereby
making it possible to reduce the head flying height and
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[C 10] OHOH Rf-CH2C 2C 2 (CF2CF2CF (in the formula, m is an integer equal to or greater than 1),
which includes a perfluorotrimethylene repeating unit (- CF2CF2CF20-) in the main chain and has a
hydroxyl group (-OH) at each end, and a lubricant represented by Formula (Il) [C 11] 5
H2CF20(20)(C .20,CF2CH2.- (in the formula, p and g are integers equal to or greater than 0; the case

in which pead FARistgrsudagh oA anrexeoild vf Idethiumbecartaepreseatechliyhormula (1) includes
D40OH (manufactured by MORESCO), which is described in Non-Patent Document 1. As an example
of the lubdigeabrepiasented by #rasmyla ¢l) isclfdes d Dot (waaufadiire ddlRESQRASCnd@032]The

lubricating layer of the magnetic recording medium in accordance with the present invention is
desirablymmnstipsech dnbrity thye matte tbhdaddetrepneserted by tFenedmpdand the lubricant
represented by Formula (lI). In this case the added amount of the lubricant represented by Formula (II)
is desirahte seeseuitel@nbio &dimiHiaki(dsb)of(G8A aiént Documents 1 and 2)

equivalent to the film thickness of 0 A to 3 A. By reducing

the head flying height, 1t is possible to improve the

electromagnetic conversion property of the magnetic recording

medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a schematic diagram of a device for
evaluating the head flying height of a magnetic recording
medium.

FIG. 2 is a graph showing the relationship between the
added amount of ADOH and the head flying height in Example 1,
Comparative Example 1, and Comparative Example 2.

FIG. 3 i1s a schematic diagram of a device for evaluating
the head flying height of a magnetic recording medium.

FIG. 4 is a graph showing the relationship between the
added amount of ADOH and the TD power in Example 1,
Comparative Example 1, and Comparative Example 2.

FIG. 5 Is a schematic diagram of a device for evaluating
the durability of a magnetic recording medium.

FIG. 6 1s a graph i1llustrating a criterion for

determining a breaking point.
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[0033]The lubricating layer of the magnetic recording medium in accordance with the present invention
can be formed by a coating method using a solution including, as a solid component, a mixture of the
lubricant represented by Formula (I) and the lubricant represented by Formula (ll). The coating method
can be a dipping method. Post-treatment such as UV treatment and tape varnish treatment may be
implemented aftef ¢he fubjisating ieyeh hehdeengorned. {e034libesnapnelictaserdinganedium in
accordance with the present invention will be explained below in greater detail on the basis of
exampleathisefoamdoweverf tadpresantliniretionréakdtrignipesi iothgrbetxartieberingd examples and
can be variously changed without departing from the essence thereof. Examples [0035](Example 1)

A magne@omiskraubbiratEwith@l diaieteno Gomoa tzet ivas Examed avith.a protective layer of
diamond-like carbon with a thickness of 2.0 nm was fabricated by a plasma CVD method. A mixture of
D40OH represented by Formula (I) and ADOH represented by Formula (II) was dissolved in a Vertrel
XF (manufactured by Du Pont-Mitsui Fluorochemicals Co., Ltd.) solvent, and a lubricating layer coating
liquid was produced. A nBagiletidQiisk BOBStEAR RSN DEBedHEtoltNEENTrIc2Ning layer coating
solution, pulled up at a rate of 1.5 mm/sec and then dried. The dry coating film was then UV treated
using a UN0Ge2d with drhemisgmegdak wacolkeagytgomest nm/28Cardamg atouting of POSTWV and the
lubricating layer was formed. In this case, the concentration of D4OH in the lubricating layer coating
liquid coreaipathi e DATHENR thEeserEntamMeNEADAOHelUAERDE indhe-NdgoetidE|ayer coating
liquid using the mixture were adjusted such that the total film thickness of the obtained lubricating layer
was 7 A BUBAraketheaMmUndRnésy er ADDMagRiEE ltad ayalditige Prat ectAve 3laye Further,
the lubricating layer was formed such that the thickness of the bonded lubricant was about 6.00 A and
the bondéﬂ@iﬁb}/\i@@ 7SR0%0 D0 FBrhe bt ik Atid kg k2@ ke lubricating layer in the present
invention is the thickness of the lubricating layer at the time the lubricating layer is formed, and it is
measured 91#3d Fouri¥pkd RsteriYRSHERESph¥tbREter 8MRAth TR IrfiRe thitkifdkssaiehe bonded
lubricating layer" in the present invention is the thickness of the layer of the lubricant that is actually
bonded tg@ﬁ’&’earﬁbn%fdﬁ%'@ﬁﬁg pRAtEcRANHEr WiEd Fedit@uPoRe™aanetdisess of the
bonded lubricating layer" is the thickness of the_lubricating layer after the obtained lubricating layer has
been wasShRPILiAS S/ertrECXF S¥aRRAR wRdWF DR !—'%Fi?‘ﬂ/llébl alRYcHeicr 68, the), and it is
measured with a Fourier transform |R spectrophotometer F_'I'-!%Ri%). 0037]The degree of bonding of a
lubricant WMEEAnc ISR B85 2LaREon B ShR RIS aép% tiv&] i&hfpically
represented by the ratio of the lubricating layer thickness after yashing with a fluorine-containing
sovent toBRAUBACAHY CORV RS brBAe R bRt BT Eon SR olbEa and the
percentage v HJe thereof is called "bo deﬁ{[a 10". In the present invention, the "bonded ratio" is
determingﬁ by e ?&%VW%’% a%@h@ e-film thickness prior to washing with the

aforemeni Vertrel XF (manufactured by Du Pant-Mitsyi Fluorqchemicals Cao., Ltd.) (that is, the
el i WTAELs of 6 Eag TgaD) & VE TR i s THEe A R L the fi
thickness of.the bonded lubricating layer). ath. 1 Bonded ratio (99) = [(Film thickness of
Iubricatina ff}?erméa*ﬁer(\g/vga's%inig%y(&ﬁmﬁﬁrckﬁ[ggg %J%%E%‘%é{llﬁg %y@?%ﬁgr{ t'ocwﬁrzﬂ)rfg)] x 100
[0039](C%@98%W80E@m@ﬁel)head in the magnetic layer when perpendicular

magnetic recording is performed, an intermediate layer for

forming a magnetic layer having good magnetic properties by
controlling the orientation of the magnetic layer, a seed
layer for improving the orientation ability and adhesivity of
the intermediate layer, or a laminated structure thereof.
[0025] A soft magnetic underlayer can be formed by using a

crystalline material such as FeTaC and Sendust (FeSiAl) alloy,
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A lubricating layer was formed by repeating the procedure of Example 1, except that the lubricating
layer coating liquid was formed using a mixture of Fomblin (trade name) Z-tetraol (Formula (IV)) and
ADOH. The concentrations of the Fomblin (trade name) Z-tetraol and ADOH In the coating liquid were
adjusted such that the total film thickness of the obtained lubricating layer was 8.0 A and the film

thickness@f AROCimariphd uasitheadiiivei mabuQ dg Rurter dihe dybrinatingdayarorastprmed such
that the thickness of the bonded lubricating layer was about 6.00 A and the bonded ratio was 75.0%.

[0040](Campacasivazrxample 2) A lubricating layer was formed by repeating the procedure of
Example 1, except that ADOH was not used. The concentrations of the D4OH In the coating liquid
were adj@ie@aijich thatibe ioteeiinethickiess aydhre ebtaimstiubocaivunieyel Wisd.&he Further, the
lubricating layer was formed such that the thickness of the bonded lubricating layer was about 6.00 A

and the hongletadtignasn/se%e [@ovL ] (Evwaduztbn) 1 dmtatlyiog fefglthopadgyeti A flying height
limit was measured using RQ7800 (manufactured by Hitachi) winch Is shown schematically In FIG. 1.
Initially, ol engpgnetn ok qoreivigmtadig mMadraeibpca chwvicdding |dyetfereredidheremfwas mounted on a
spindle motor 12 mounted on a support section 11. Then, the magnetic recording medium 1 was
rotated amd@BI%Gizngkdd hyad 1{vdnena SUThsarsop tegarah)fandretihiey GagiGabiat the distal
end of an arm 14 attached to an arm support section 13 were caused to take off above the magnetic
recording mgeium. [hakeXatee thd &irdnferefiir spded loh thethiital hdsd M8 ctgrabian iy
decreased by controlling the spindle motor, and the circumferential speed at which the glide head 15
dropped BewRaaagReted afddeeary@tahinetiping & caft ihet. TAte gt afRined are
shown in Table 1 and FIG. 2. [0042]Table 1 Evaluation of flying height Lubricant material Total film
thicknessl @YD ®$1 ARPFRINAE3EEAY FRaeRdigH: RARYFAING to the material of

the magnetic layer. For example, when the magnetic layer
positioned directly thereabove is formed from a material based
on Co and having a hexagonal closely packed (hcp) structure,
the intermediate layer can be formed using a material having a
hcp or a face-centered cubic (fcc) structure. Alternatively,
the intermediate layer may have a non-crystalline structure.
Examples of the preferred materials for forming the
intermediate layer include Ru, Re, Rh, Pt, Pd, Ir, Ni, Co, and
alloys thereof.

[0027] The seed layer is used with the object of ensuring
adhesion between the intermediate layer and the non-magnetic
substrate or soft magnetic underlayer (when such is present)
and controlling the orientation of the intermediate layer.

The seed layer can be formed using NiW, Ta, Cr, or an alloy
including Ta and/or Cr. The seed layer may also have a
layered structure constituted by a plurality of layers

including the aforementioned material.
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Comparative Example 1 Fomblhn Z- tetraol + AD OH 8.29 2.31 2.41 Comparative Example 2 D40OH
9.21 0.00 2.33 Example 1 D40OH + ADOH 9.07 0.32 2.33

[0028] In the present invention, the magnetic layer can be
formed using a crystalline magnetic material. The crystalline
magnetic materials that can be used iInclude ferromagnetic
materials such as alloys including at least Co or Pt (for
example, Co-Cr-Ta, Co-Cr-Pt). In this case, the axis of easy
magnetization of the ferromagnetic material should be oriented
in the direction in which magnetic recording is performed. In
order to perform perpendicular magnetic recording, the axis of
easy magnetization of the material of the magnetic layer (c-
axis of the hcp structure) should be oriented in the direction
perpendicular to the surface of the magnetic recording medium
(that i1s, to the main plane of the non-magnetic substrate).
Alternatively, the magnetic layer may have a structure in
which magnetic crystal grains are separated by a non-magnetic
body (the so-called granular structure). In this case, it is
preferred that the magnetic crystal grains have a columnar
shape with a diameter of several nanometers. It is preferred
that the non-magnetic body have a subnanometer thickness. The
materials for forming magnetic crystal grains include alloys
based on magnetic elements such as Co, Fe, and Ni. It is
preferred that materials for forming the magnetic crystal
grains include materials obtained by adding a metal such as Cr,
B, Ta, and W to a CoPt alloy. Meanwhile, the materials for
forming the non-magnetic body include oxides or nitrides of Si,

Cr, Co, Ti, or Ta.
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D40OH + ADOH 8.48 0.79 2.33 D40OH + ADOH 8.72 1.43 2.33 D40OH + ADOH 9.08 3.02 2.33 D40OH
+ ADOH

[0029] In the present invention, the carbon materials for
forming the protective layer include amorphous carbon and
diamond-like carbon (DLC).

[0030] The underlayer, magnetic layer, and protective layer
including carbon are formed using means typically used iIn the
related art.

[0031] The lubricating layer of the magnetic recording
medium in accordance with the present invention can be formed
using a mixture of a lubricant represented by Formula (I)

[C 10]

HD’A“T’ﬁ“o—m-o’ﬁ“Tfﬁ“OH (1)

OH OH
R: = -CH,CF,CF,0O(CF,CF,CF,0),,CF,CF,CH,-
(in the formula, m is an integer equal to or greater than 1),
which includes a perfluorotrimethylene repeating unit (-
CF,CF,CF,0-) 1n the main chain and has a hydroxyl group (—OH)
at each end, and a lubricant represented by Formula (11)

[C 11]

P P
HD’%“rf“o-RQ-D : —0 (1)
N N
OH ~p#

CF,
- 5]

Rz = -CH2CF2O(CF2CF20),(CF20),CF2CHa-

(in the formula, p and g are integers equal to or greater than
O; the case in which p = g = 0 is excluded). As an example of

14



7.49 1.51 2.32 D4OH + ADOH 7.69 2.86 2.32 D40OH + ADOH 9.42 1.48 2.36 D4OH + ADOH 6.51

the lubricant represented by Formula (1) includes D40H
(manufactured by MORESCO), which is described in Non-Patent
Document 1. As an example of the lubricant represented by
Formula (11) includes ADOH (manufactured by MORESCO).

[0032] The lubricating layer of the magnetic recording
medium in accordance with the present invention is desirably
constituted only by the mixture of the lubricant represented
by Formula (1) and the lubricant represented by Formula (11).
In this case the added amount of the lubricant represented by
Formula (I1) is desirably set equivalent to a film thickness
of 0.3 A to 3 A.

[0033] The lubricating layer of the magnetic recording
medium in accordance with the present invention can be formed
by a coating method using a solution including, as a solid
component, a mixture of the lubricant represented by Formula
(1) and the lubricant represented by Formula (11). The
coating method can be a dipping method. Post-treatment such
as UV treatment and tape varnish treatment may be implemented
after the lubricating layer has been formed.

[0034] The magnetic recording medium In accordance with the
present invention will be explained below In greater detail on
the basis of examples therefor. However, the present
invention i1s not limited to the below-described examples and
can be variously changed without departing from the essence
thereof.

Examples
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1.46 2.29 D4OH + ADOH 6.11 3.05 2.29 [0043]The flying height limit value obtained for the sample
of Comparative Example 2 that used D4OH including a - (CF2CF2CF20)m- structure in the main chain
and the sample of Example 1 using the mixture of D4AOH and ADOH was lower than that obtained for
the sample of Comparative Example 1 using Fomblin (trade name) Z-tetraol including a
-(CF2CF0maEy-20) 2 (sixagipmeingtye main chain. The dependence of the flying height limit value on
the added amount of ADOH, which was an additive, and the dependence of the flying height limit value

on the total film ghigkngastafdhe iwkicatibg tayeravarg tiot abdéavedtEipwefe63amm rasditof using
D40OH or the mixture of D4OH and ADOH, the flying height limit value was improved by about 2% to
about 5%vad8044 (2 rtexv it heightprepdrivje 1 dpeahadh sadtzmnoaiically e F6Erdamy using VENA
manufactured by VENA Co., a program head 25 was heated with a heater (not shown in the figure),
the elementtporaortioi tlenlesad whs2hérnmallywagpahded j aad dwe bienzen basian 6Mbe program head
25 was caused to protrude till the element portion came into contact with the magnetic recording
medium heThedgrotrisionxtthre elehdtPorimpreekeptiaede oyst&oren(dilang(Hdight) detbOeh the
program head 25 and the magnetic recording medium 1. Stable flying of the program head 25 above
the lubricagipg ¢sen e ingirftained bve Whenwte grogsasibviast the eierventtpfioXincreased. A test
was conducted by using drive conditions such as the revolution speed of the magnetic recording
medium £natnefiagiel (ebe®yioPovigviadlddisiiet) hbaamyehendighd ss §e-HDDtdsage conditions.
A contact point was detected with an acoustic emission (AE) sensor 26 at the attachment portion of
the prografl Neat 252860 thd pbwdcagding diayrrtire@abloaddwA b erIBDPRMITR@s taken as

an indicator of the low flying height property. Where the detection of the contactis
A magnetic disk substrate was immersed into the lubricating

layer coating solution, pulled up at a rate of 1.5 mm/sec and
then dried. The dry coating film was then UV treated using a
UV lamp with an emission peak wavelength of 185 nm/254 nm and
an output of 200 W and the lubricating layer was formed. In
this case, the concentration of D40H in the lubricating layer
coating liquid containing only D40H and the concentration of
D40H and ADOH in the lubricating layer coating liquid using
the mixture were adjusted such that the total film thickness
of the obtained lubricating layer was 7 A to 10 A and the Ffilm
thickness of ADOH, which was an additive, was 0.3 A to 3.0 A.
Further, the lubricating layer was formed such that the
thickness of the bonded lubricant was about 6.00 A and the
bonded ratio was 75.0%.

[0036] The "total film thickness of the lubricating layer™
in the present invention iIs the thickness of the lubricating
layer at the time the lubricating layer is formed, and it is

measured with a Fourier transform IR spectrophotometer (FT-IR).

16



delayed (TD power is large), a larger amount of power can be applied to the heater and the protrusion
amount of the element portion increases. Therefore, the distance between the program head 25 and
the magnetic recording medium is decreased and low flying height is made possible. The results
obtained are shown in Table 2 and FIG. 4. [0045]Table 2 Evaluation of flying height Lubricant material

Total filmThigkn€s (A)APEIhEss thigkress (hordepowarriosiamgarkdlye ExappleHeFomblin Z-
tetraol + ADOH 8.29 2.31 42.39 Comparative Example 2 D4OH 9.21

present invention Is the thickness of the layer of the
lubricant that is actually bonded to the carbon surface of the
protective layer. More specifically, the "film thickness of
the bonded lubricating layer'™ is the thickness of the
lubricating layer after the obtained lubricating layer has
been washed using Vertrel XF (manufactured by Du Pont-Mitsui
Fluorochemicals Co., Ltd.), and it is measured with a Fourier
transform IR spectrophotometer (FT-IR).
[0037] The degree of bonding of a lubricant with functional
groups present on the carbon surface of a protective layer is
typically represented by the ratio of the lubricating layer
thickness after washing with a fluorine-containing solvent to
the lubricating layer thickness prior to washing with the
fluorine-containing solvent, and the percentage value thereof
is called "bonded ratio”. In the present invention, the
"bonded ratio” is determined by the following formula by using
the film thickness prior to washing with the aforementioned
Vertrel XF (manufactured by Du Pont-Mitsui Fluorochemicals Co.,
Ltd.) (that is, the total film thickness of the lubricating
layer) to the film thickness after the washing (that is, the
film thickness of the bonded lubricating layer).
[0038] [Math. 1]

Bonded ratio (%) = [(Film thickness of lubricating layer
after washing)/(Film thickness of lubricating layer prior to
washing)] x 100

17



0.00 47.32 Example 1 D4OH + ADOH 9.07 0.32 48.65 D4OH + ADOH 8.48 0.79 48.79 D40OH +
ADOH 8.72 1.43

[0039] (Comparative Example 1)

A lubricating layer was formed by repeating the procedure
of Example 1, except that the lubricating layer coating liquid
was formed using a mixture of Fomblin (trade name) Z-tetraol
(Formula (1V)) and ADOH. The concentrations of the Fomblin
(trade name) Z-tetraol and ADOH in the coating liquid were
adjusted such that the total film thickness of the obtained
lubricating layer was 8.0 A and the film thickness of ADOH,
which was the additive, was 2.0 A. Further, the lubricating
layer was formed such that the thickness of the bonded
lubricating layer was about 6.00 A and the bonded ratio was
75.0%.

[0040] (Comparative Example 2)

A lubricating layer was formed by repeating the procedure
of Example 1, except that ADOH was not used. The
concentrations of the D40H in the coating liquid were adjusted
such that the total film thickness of the obtained lubricating
layer was 9.0 A. Further, the lubricating layer was formed
such that the thickness of the bonded lubricating layer was
about 6.00 A and the bonded ratio was 75.0%.

[0041] (Evaluation)

(1. Low flying height property)

A flying height limit was measured using RQ7800
(manufactured by Hitachi) which is shown schematically in FIG.
1. Initially, a magnetic recording medium 1 having a

lubricating layer formed thereon was mounted on a spindle
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47.27 D4OH + ADOH 9.08 3.02 46.65 D4OH + ADOH 7.49 1.51 47.63 D4OH + ADOH 7.69 2.86
47.17

motor 12 mounted on a support section 11. Then, the magnetic
recording medium 1 was rotated and a 30% size glide head 15
and a PZT sensor 16 (manufactured by GW Co.) at the distal end
of an arm 14 attached to an arm support section 13 were caused
to take off above the magnetic recording medium. In this
state, the circumferential speed of the glide head 15 was
gradually decreased by controlling the spindle motor, and the
circumferential speed at which the glide head 15 dropped down
was measured and then determined a flying height limit. The

results obtained are shown in Table 1 and FIG. 2.
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D40OH + ADOH 9.42 1.48 47.11 D4OH + ADOH 6.51 1.46 49.19 D4OH + ADOH 6.11 3.05 48.51

[0042] Table 1

Evaluation of flying height

Lubricant Total film |ADOH film Flying
material thickness thickness height
(€)) €)) Limit (mm)

Comparative | Fomblin Z- |8.29 2.31 2.41

Example 1 tetraol +
ADOH

Comparative | D40OH 9.21 0.00 2.33

Example 2

Example 1 D40H + ADOH | 9.07 0.32 2.33
D40H + ADOH | 8.48 0.79 2.33
D40OH + ADOH | 8.72 1.43 2.33
D40H + ADOH | 9.08 3.02 2.33
D40H + ADOH | 7.49 1.51 2.32
D40H + ADOH | 7.69 2.86 2.32
D40H + ADOH | 9.42 1.48 2.36
D40H + ADOH | 6.51 1.46 2.29
D40OH + ADOH [6.11 3.05 2.29

[0043] The flying height limit value obtained for the
sample of Comparative Example 2 that used D40OH including a —
(CF,CF,CF20)p— structure in the main chain and the sample of
Example 1 using the mixture of D40H and ADOH was lower than
that obtained for the sample of Comparative Example 1 using
Fomblin (trade name) Z-tetraol including a —(CF,CF;0)n(CF20)—

structure in the main chain. The dependence of the flying

20



[0046]The results in Table 2 and FIG. 4 indicate that the power that can be applied to the heater
heating the head in the case of the mixed sample of D4AOH and ADOH is larger than that in the case
of a mixed sample of Fomblin (trade name) Ztetraol and ADOH of Comparative Example 1. The
dependence of TD power on the total film thickness was observed, and the amount of power that could

be appliegdedha hpatei thwgadsed advaniagaddsly vaihohatlesreasson filmHRickneess Rther, good
result was obtained in the samples where the added amount of ADOH was small. [0047](3. Durability

charactesgliti tiveOyrabilityties eepuaidarineusify eidctidy playenliRE1AGnmvenviabtged by
RHESCA and shown schematically in FIG. 5. The evaluation method is called POD. A load of 30 gf
(about 0.8 Njheatemplledfiblan AIPDhiESBalbIS thiepdsaw-acte disfal eye pf @e BemMd@Emounted
on an arm support section 33) brought into contact with the magnetic recording medium 1, the
magneticaieserdiegl mediawelvees rasted besaihy afpindiengobit(2 moutitesl ani awpeort section
31, the ball 35 was moved at a circumferential speed of 25 mm/s, and a breaking point of the
lubricating fay=iOkasiobdsé&hed., Mbhe sfdsificeglyha Fattionl acaficieatdibetweas thaprayredic recording
medium 1 and the ball 35 was measured with a load cell 36 mounted on the arm 33, and the number
of cyclesky aghminitof2imdin ahhita Spid change (breaking sign 61) in the friction coefficient
occurred, as shown in FIG. 6, was taken as a breaking point 62. In this evaluation, it can be
determing@@4et hood I(Bricatk-iiaFdying hivghi givtbpitpRe 5}aned when the appearance of the
breaking point 62 is delayed. The results obtained are shown in Table 3 and FIG. 7. [0048]Table 3
Evaluation of flyf¥iy BEighn Lseheaat-haatiby Tl Ffikf thidkndns A9 IIOMENA thickness (A)

Breaking point (cycles) )
manufactured by VENA Co., a program head 25 was heated with a

heater (not shown iIn the figure), the element portion of the
head was thermally expanded, and the element portion of the
program head 25 was caused to protrude till the element
portion came into contact with the magnetic recording medium
1 . The protrusion of the element portion reduced the
distance (flying height) between the program head 25 and the
magnetic recording medium 1. Stable flying of the program
head 25 above the lubricating layer was maintained even when
the protrusion of the element portion increased. A test was
conducted by using drive conditions such as the revolution
speed of the magnetic recording medium and the initial (when
no power was applied) head flying height as the HDD usage
conditions. A contact point was detected with an acoustic
emission (AE) sensor 26 at the attachment portion of the
program head 25, and the power applied at this time (touchdown
power, TD power) was taken as an indicator of the low flying
height property. Where the detection of the contact is
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Comparative Example 1 Fomblin Z- tetraol + AD OH 8.29 2.31 284.5 Comparative Example 2 D4OH
9.21 0.00 266.2 Example 1 D40OH + ADOH 9.07 0.32 350.8

delayed (TD power is large), a larger amount of power can be
applied to the heater and the protrusion amount of the element
portion increases. Therefore, the distance between the
program head 25 and the magnetic recording medium is decreased
and low flying height is made possible. The results obtained
are shown in Table 2 and FIG. 4.

[0045] Table 2

Evaluation of flying height

Lubricant Total film | ADOH film | TD power (mV)
material thickness thickness
) )

Comparative | Fomblin Z- 8.29 2.31 42 .39

Example 1 tetraol + ADOH

Comparative | D40H 9.21 0.00 47 .32

Example 2

Example 1 D40OH + ADOH 9.07 0.32 48 .65
D40H + ADOH 8.48 0.79 48.79
D40H + ADOH 8.72 1.43 47 .27
D40H + ADOH 9.08 3.02 46.65
D40OH + ADOH 7.49 1.51 47 .63
D40H + ADOH 7.69 2.86 47 .17
D40H + ADOH 9.42 1.48 47.11
D40OH + ADOH 6.51 1.46 49.19
D40H + ADOH 6.11 3.05 48.51

[0046] The results in Table 2 and FIG. 4 indicate that the

power that can be applied to the heater heating the head in
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D40OH + ADOH 8.48 0.79 420.1 D4OH + ADOH 8.72 1.43 526.0 D4OH + ADOH 9.08 3.02 600.1
D40OH + ADOH

the case of the mixed sample of D40H and ADOH is larger than
that i1n the case of a mixed sample of Fomblin (trade name) Z-
tetraol and ADOH of Comparative Example 1. The dependence of
TD power on the total film thickness was observed, and the
amount of power that could be applied to the heater increased
advantageously with the decrease in film thickness. Further,
good result was obtained in the samples where the added amount
of ADOH was small.

[0047] (3. Durability characteristic)

Durability was evaluated by using a friction player (FPR-
2100) manufactured by RHESCA and shown schematically in FIG. 5.
The evaluation method is called POD. A load of 30 gf (about
0.29 N) was applied to an Al,03-TiC ball 35 (disposed at the
distal end of an arm 34 mounted on an arm support section 33)
brought into contact with the magnetic recording medium 1, the
magnetic recording medium 1 was rotated by using a spindle
motor 32 mounted on a support section 31, the ball 35 was
moved at a circumferential speed of 25 mm/s, and a breaking
point of the lubricating layer was observed. More
specifically, a friction coefficient between the magnetic
recording medium 1 and the ball 35 was measured with a load
cell 36 mounted on the arm 33, and the number of cycles at a
point of time In which a rapid change (breaking sign 61) in
the friction coefficient occurred, as shown in FIG. 6, was
taken as a breaking point 62. In this evaluation, it can be

determined that good lubricating layer with high durability is
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7.49 1.51 458.6 D4OH + ADOH 7.69 2.86 510.3 D40OH + ADOH 9.42 1.48 607.2 D4OH + ADOH
6.51

obtained when the appearance of the breaking point 62 is
delayed. The results obtained are shown in Table 3 and FIG. 7.

[0048] Table 3

Evaluation of flying height

Lubricant Total film | ADOH film Breaking
material thickness thickness point
) ) (cycles)

Comparative | Fomblin Z- 8.29 2.31 284.5

Example 1 tetraol +
ADOH

Comparative | D40OH 9.21 0.00 266.2

Example 2

Example 1 D40H + ADOH |9.07 0.32 350.8
D40H + ADOH |8.48 0.79 420.1
D40H + ADOH |8.72 1.43 526.0
D40H + ADOH |9.08 3.02 600.1
D40OH + ADOH 7.49 1.51 458.6
D40H + ADOH |7.69 2.86 510.3
D40OH + ADOH 9.42 1.48 607.2
D40OH + ADOH 6.51 1.46 414 .6
D40H + ADOH |6.11 3.05 430.2

[0049] The results in Table 3 and FIG. 7 indicate that the
mixed sample of D40OH and ADOH of Example 1 had a higher
breaking point and durability is higher than those of the
mixed sample of Fomblin (trade name) Z-tetraol and ADOH of

Comparative Example 1. Further, the comparison of the mixed
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1.46 414.6 D40OH + ADOH 6.11 3.05 430.2 [0049]The results in Table 3 and FIG. 7 indicate that the
mixed sample of DAOH and ADOH of Example 1 had a higher breaking point and durability is higher
than those of the mixed sample of Fomblin (trade name) Z-tetraol and ADOH of Comparative Example
1. Further, the comparison of the mixed sample of D4AOH and ADOH of Example 1 and the D4OH

sample os&mpiRarefve E3AMRIRI 2 ABORP RS aEschitiil ¢heL addidonied ARMOH isaffpdiéveoif terms of

improving durability. Further, the comparison of the samples of Example 1 demonstrates that durability

increaseg viitpdira tricyeasex i beadledear ngttreitAddOth dtetdmpalisbuiefthe fannoes of
Example | also indicates that durability depends on the total film thickness and increases with the

increase irstatdtfidthiscknéss. {e0HE To€ abmyeealancgbed resuitbidgmon$icateleat thehebricating
layer in accordance with the present invention that is constituted by a mixture of D4OH having the
structure cepesentnhbyForhelaganpile \RIFHam thelstdeharesepadsentddhby Formula (11)
makes it possible to reduce the head flying height by comparison with that of the lubricating layer
constitutetlivpithd ad&yeratig neagd esixwirdiof Ebmbiingirads@ame) treetadd add a8DORE Th€refore, it is
apparent that the lubricating layer in accordance with the present invention is extremely effective
means fokbetucingd beyapohgaresanhedd tihd asamphetc akdrdiagpledilinedisd providing a
magnetic recording medium having a better electromagnetic conversion property. Furthermore, it is
determindtidigakesbitityeds tle rahichiity |sependral itheateday thd hitdito haESSH by
comparison with that in the case in which only D4OH is used. Thus, it is clear that by optimizing the
added arabghtisTABOBESIsIddiHiBeo HBekeasend hek@tghgfidifhithicCiieessse durability of the

lubricating layer. i
%0050] The above-described results demonstrate that the

lubricating layer iIn accordance with the present invention
that is constituted by a mixture of D40OH having the structure
represented by Formula (1) and ADOH having the structure
represented by Formula (I1) makes it possible to reduce the
head flying height by comparison with that of the lubricating
layer constituted by the generally used mixture of Fomblin
(trade name) Z-tetraol and ADOH. Therefore, 1t is apparent
that the lubricating layer in accordance with the present
invention is extremely effective means for reducing a gap
between a head and a magnetic recording medium and providing a
magnetic recording medium having a better electromagnetic
conversion property. Furthermore, it is determined that
durability of the lubricating layer is greatly increased by
the addition of ADOH by comparison with that in the case 1In
which only D40H i1s used. Thus, it is clear that by optimizing
the added amount of ADOH it is possible to decrease the head
flying height and increase durability of the lubricating layer.
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EXPLANATION OF REFERENCE NUMERALS [0051]1magnetic recording medium 11, 21, 31support
sections 12, 22, 32spindle motors 13, 23, 33arm support sections 14, 24, 34arms 15glide head 16PZT
sensor 25program head 26AE sensor 27FOD control unit 28chamber 35ball 36load cell 61breaking
sign 62breaking point

EXPLANATION OF REFERENCE NUMERALS

[0051] 1 magnetic recording medium
11, 21, 31 support sections
12, 22, 32 spindle motors
13, 23, 33 arm support sections
14, 24, 34 arms

15 glide head

16 PZT sensor

25 program head

26  AE sensor

27 FOD control unit
28  chamber

35 ball

36 load cell

61 breaking sign

62 breaking point
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CLAIMS 1.A magnetic recording medium comprising: an underlayer, a magnetic layer, a protective
layer, and a lubricating layer on a nonmagnetic substrate, wherein the protective layer includes
carbon, and the lubricating layer is constituted by a mixture of a lubricant represented by Formula (I)
[C 1] OHOH - -CH[CF,O(CI2CF2CF2( (in the formula, m is an integer equal to or greater than 1),
and a lubricant represented by Formula (1) [C 2¢1-A3M&CF10( 2e)0tCF.0)4C 44-12- (in the formula, p
and q are integers equal to or greater than 0; the case in which p = q = 0 is excluded).
1. A magnetic recording medium comprising: an
underlayer, a magnetic layer, a protective layer, and a
lubricating layer on a nonmagnetic substrate,
wherein the protective layer includes carbon, and the
lubricating layer is constituted by a mixture of a lubricant
represented by Formula (1)

[C 1]

HD/\(\G—RF—D/\K\DH (1)

OH OH
R: = -CH,CF,CF,0(CF ,CF,CF,0),CF,CF,CH,-

(in the formula, m is an integer equal to or greater than 1),

and a lubricant represented by Formula (11)

[C 2]

N
P~ Sp
HD/\(\O_R;E-D+ —t0 (1)
M M
OH ~pF
CF4

5

Rz = -CH,CF,0O(CF,CF,0),(CF,0),CF2CHo-

(in the formula, p and g are integers equal to or greater than

O; the case in which p = g = 0 is excluded).

2. A magnetic recording medium manufacturing method

comprising:
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2.A magnetic recording medium manufacturing method comprising: a step of forming an
underlayer on a hon-magnetic substrate; a step of laminating a magnetic layer on the underlayer; a
step of laminating a protective layer including carbon on the magnetic layer; and a step of forming
a lubricating layer by laminating, on the protective layer, a mixture of a lubricant represented by

Formula (1) [C 3h HABPHPHEFTAGERRD)and@ORREH (i the fasmutgnétae integer equal to or
greater than 1), and a lubricant represented by Formula (Il) [C 4] - CH2CF20(CF2CF2FCF2CH2"
substrate;
a step of laminating a magnetic layer on the underlayer;
a step of laminating a protective layer including carbon
on the magnetic layer; and
a step of forming a lubricating layer by laminating, on

the protective layer, a mixture of a lubricant represented by

Formula (1)

[C 3]

HO/\(\G—RE—D/\‘/\DH (1)

OH OH
R; = -CH,CF,CF,0(CF ,CF ,CF,0),,CF2CF,CH,-

(in the formula, m is an integer equal to or greater than 1),

and a lubricant represented by Formula (11)

[C 4]

(1)

Riz = -CH;CF,0(CF,CF,0),(CF;0),CF2CH,-

(in the formula, p and g are integers equal to or greater than

0; the case iIn which p = g = 0 is excluded).

3. A method for reducing a flying height of a head and
improving an electromagnetic conversion property in a magnetic

recording medium that includes an underlayer, a magnetic layer,
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(in the formula, p and g are integers equal to or greater than O; the case in whichp=q=0is
excluded). 3.A method for reducing a flying height of a head and improving an electromagnetic
conversion property in a magnetic recording medium that includes an underlayer, a magnetic layer, a
protective layer including carbon, and a lubricating layer on a nonmagnetic substrate, the lubricating

layer beizg peodtiateivey 4 aysiara ot lidntant saesgnigddyFaomid o €ery ®HyeHOH
CH2CF2CF20(0F2CF2C O)mCF. F (in the formula, m is an integer equal to or greater than 1), and a

lubricant sepresaociedaynedariauls (s Qkdin thhdomubai paniirpakaptagdse gagal to or greater
than 0; the case in which p = q = 0 is excluded), the method comprising a step of changing a

usage anoursof tecédrisgnarepietanted df Foriula-@irand/or epnesentatic dfythedrichat
represented by Formula (I) and the lubricant represented by Formula (I1).

Q)
[C 8]

HD/\(\G_RF_D/\/\OH (1)
OH OH
R: = -CH,CF,CF,0(CF,CF,CF»0)CF,CFoCH,-

(in the formula, m is an integer equal to or greater than 1),

and a lubricant represented by Formula (11)

[C 9]

N
7 Sp
HD/\/\D-F{Q-D+ —0 (1)
N N
OH ~p#
CF,

S

Rz = -CH2CF2O(CF2CF20),(CF20),CF2CHa-

(in the formula, p and g are integers equal to or greater than
O; the case in which p = g = 0 is excluded),

the method comprising a step of changing a usage amount
of the lubricant represented by Formula (1) and/or a mixing
ratio of the lubricant represented by Formula (1) and the

lubricant represented by Formula (11).
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