1 DESCRIPTION MAGNETIC DI SK Technical Field [0001] This invention
relates to a magnetic disk adapted to be nounted in a magnetic disk
apparatus such as a hard disk drive. Background Art [0002] WMagnetic disk
apparatuses such as a hard disk drive (HDD) have enployed a CSS (Contact
Start and Stop) systemin which a magnetic head is held in contact with a
contact sliding region (CSS region) pﬁovided in an inner peripheral region
on the surface of a magnetic disk while the apparatus is stopped, then at
the time of start-up, the magnetic head is flown up while sliding in
contact with the disk surface in thge&BRpeRHQN and then
recordi ng/ reproduction is carried out on the surface of a
recordi ng/ reproduci ng disk region provided outside the CSS region. Ina
finishing operation, the magnetic head is retreated fromthe
recordi ng/ reproduci ng region to thAGMNETIEDI®K and then is | anded while
sliding in contact wwth the disk surface in the CSS region so as to be
stopped. In the CSS system the start-up operation and the finishing
operation where the contact sliding occurs are called CSS operations. In
such a CSS-fatintal Fegdetic disk, it is necessary to provide both the CSS
regi on and the recording/reproduci ng region on the disk surface. Further,
in order to prevef00&psorpti on between the nagnetic head and the nmagnetic
disk while they are in contact with each other, it is necessary to provide a
convex- concave shEpie imeriting ralades tad magnetigsisk adapiadde benmeuelegip@ace of 2
the magnetic di sk. [0003]

magnetic disk apparatus such as a hard disk drive.
Background Art

[0002]

Magnetic disk apparatuses such as a hard disk drive (HDD) have
employed a CSS (Contact Start and Stop) system in which a magnetic head is
held in contact with a contact sliding region (CSS region) provided in an inner
peripheral region on the surface of a magnetic disk while the apparatus is
stopped, then at the time of start-up, the magnetic head is flown up while sliding
in contact with the disk surface in the CSS region and then
recording/reproduction is carried out on the surface of a recording/reproducing
disk region provided outside the CSS region. In a finishing operation, the
magnetic head is retreated from the recording/reproducing region to the CSS
region and then is landed while sliding in contact with the disk surface in the
CSS region so as to be stopped. In the CSS system, the start-up operation
and the finishing operation where the contact sliding occurs are called CSS
operations.

In such a CSS-system magnetic disk, it is necessary to provide both the
CSS region and the recording/reproducing region on the disk surface. Further,
in order to prevent adsorption between the magnetic head and the magnetic
disk while they are in contact with each other, it is necessary to provide a

convex-concave shape having a certain surface roughness on the surface of



In order to suppress damage due to the contact sliding between the magnetic
head and the magnetic disk during the CSS operations, there is known a
magneti c recording mediumor the |ike coated with a perfluoroal kyl pol yet her
| ubricant having a structure of HOCH2- CF20 ( C2F40) p- (CF20) g- CH2OH accor di ng
to Japanese Unexam ned Patent Applicati én Publication (JP-A) No. S62-66417
(Patent Docunment 1) or the like, for ex&anple. Further, Japanese Unexam ned
Pat ent Application Publication (JP-A) No. 2000-311332 (Patent Docunent 2)
di scl oses a nmagnetic recording medium coated with a lubricant in a
conbi nat i onthaf magawtt diskt ri phosphazene-based |ubricant and a
per fl uoropol yet her-based | ubricant, that can inprove the |ubricating
properties and t h@OOSF properties w thout deconposing the |ubricant even
when a |l owflying magnetic head is used. Further, Japanese Unexam ned
Pat ent Appl i cati oln Guler ite auppiess dRmggendue kothe aBradcliding kefweepdbanent 3)
di scl oses a magnetic disk with a highly adhesive |ubricating |ayer that can
stabl y oper atagneliehead angethedvagneticdisk gyuring the CahgpesEtignRs, WREE that can
suppress m Rr ation, using a lubricant in &1\ c&nbi nation of a
per f | uor opoKy@YRA& Magpaie (AR ARgiMediEMeibsHkeSaated With2 o terminal group
and a perfluqropolyether. conpound, havin hydr oxyl group as a term nal
gr oup. [Ooﬁﬁﬁruﬁé?%Kﬁp%@m%ﬁbriqanjEB&'H@&%QW%M Pat ent Application
Publ i cation - A ~06 at.gnt . : S i,ned
pat ent - Appl HEReHeR PR SrFa0hr rF 1O G 2cspgia b1 AR EIRRE Y
Japanese Un 1 Pat i catibo bk kg - Q) . -152460 3
Di scl osure E?%Z‘GH%H%WEH%@@%P@ lgg g%?%éqzéﬁéﬁeeﬁl%%m%ﬂ% c%OOOS]

the like, for example.

Further, Japanese Unexamined Patent Application Publication (JP-A)

No. 2000-311332 (Patent Document 2} discloses a magnetic recording medium

coated with a lubricant in a combination of a cyclic triphosphazene-based

lubricant and a perfluoropolyether-based lubricant, that can improve the

lubricating properties and the CSS properties without decomposing the lubricant

even when a low-flying magnetic head is used. Further, Japanese

Unexamined Patent Application Publication (JP-A) No. 2004-152460 (Patent

Document 3) discloses a magnetic disk with a highly adhesive lubricating layer

that can stably operate even in the case of a very low flying height and that can

suppress migration, using a lubricant in a combination of a perfluoropolyether

compound having a phosphazene ring as a terminal group and a

perfluoropolyether compound having a hydroxyl group as a terminal group.

[0004]
Patent Document 1:  Japanese Unexamined Patent Application
Publication (JP-A) No. S62-66417
Patent Document 2:  Japanese Unexamined Patent Application
Publication (JP-A) No. 2000-311332
Patent Document 3:  Japanese Unexamined Patent Application

Publication (JP-A) No. 2004-152460



Recently, LUL (Load Unl oad)-system nmagnetic di sk apparatuses are being
introduced in place of the CSS-systemones. In the LUL system a nagnetic
head is retreated to an inclined platformcalled a ranp | ocated outside a
magnetic disk while the apparatus is stopped. Then at the tinme of start-up,
the magnetic head is caused to slide fromthe ranp, after the magnetic disk
starts to rotate, so as to fly over the3nagnetic disk to perform
recordi ng/ reproduction. This sequence of operations is called an LUL
operation. In the LUL system as conpared with the CSS system a w der
recordi ng/ r e RSHGE BY tHEHvaRtié@n be ensured on the surface of the magnetic
di sk, which is thus preferable for increasing the information capacity.

Further, siPegsblein foshe8blveddsstbarisvémtionpr ovi de t he convex-concave shape for
CSS on the surface of the magnetic disk, it is possible to significantly

snoot h the surfac@oob]the magnetic disk. Consequently, the flying height of
the magnetic head can be further reduced. Therefore, it is possible to
i ncrease the S/ N RateotlypfLUL {Leadrdnlogdssypiam magnetic disk appasatgses areabl e.
[ 0006] Because of the significant reduction in magnetic head flying height
fol | owi ng t heingrintroducad iorplace ohthe CESssystermones. hik thekbksysteiiid ed that a
magneti c di sk stably operate even in the case of a Iom/flying hei ght, .of 15nm
or |ess. Howanetic hemers setreaiadi @nHaelinedplatienim called araIPJaFaigdolsidene
magnetic disk at such a |l ow flying height, there has arisen robl em t hat
fly sticti@rinagnetigdsk g ttz@rapegraiﬁs ?Sa$tpep%§- '@?ef‘t akthe;ticae P?é (Wi 1516
occurs. The fly stictiaqn failure i failure in whjch the flyi sjure or
the flying MsnglE headds ﬁﬁl;]ﬁpeﬂcbsh'fg'%ﬁo@gb@ raue: apeﬁwemaﬂﬂ?{'%éﬁg%@?ﬁ f%/l ng,
foll owed by .irreqular fepro tion t C endi .
ci rcunst ancé%t?{eas asﬁlﬁd e:?\{ecrqﬁ%p@wﬁ%ﬁ#&@ﬁ%ﬁ%ﬁﬁ@aﬁmgﬂ E@Wﬂ%t into
contact wt r I f.L Vi u head faj aclhe
corrosion fjﬁﬁaféeh“%i@ q‘fg?’%érﬂezg}sr{g&hﬂﬁggrlf% eﬁneer%{@ﬁ'or lrﬁ)h%%glgl'gyétﬁaﬁgr?gti c
head is subpgehathd Qithhé TP 8ydient AURRIeR rdddtdRigfrebfbducing region can be
ensured on the surface of the magnetic disk, which is thus preferable for
increasing the information capacity. Further, since it is not necessary to
provide the convex-concave shape for CSS on the surface of the magnetic disk,
it is possible to significantly smooth the surface of the magnetic disk.
Consequently, the flying height of the magnetic head can be further reduced.
Therefore, it is possible to increase the S/N ratio of a recording signal, which is
thus preferable.
[0006]
Because of the significant reduction in magnetic head flying height
following the introduction of the LUL system, it has become required that a
magnetic disk stably operate even in the case of a low flying height of 15nm or
less. However, when a magnetic head is flown over the surface of the
magnetic disk at such a low flying height, there has arisen a problem that fly
stiction faiture, head corrosion failure, or the like frequently occurs.
The fly stiction failure is a failure in which the flying posture or the flying
height of a magnetic head goes out of order while it is flying, followed by

irreguiar reproduction output changes. Depending on circumstances, a



recordi ng/ reproducti on. Depending on circunstances, recording/reproduction
may be di sabled or a corroded el enent may expand to cause danage to the
surface of a magnetic disk while flying. [0007] The present inventors have
got know edge that the occurrence of the foregoing failures becom ng
noticeable in recent magnetic disks may be resulted fromthe occurrence of
the foll owi ng nechanism Wen the fIying4height of a magnetic head becones a
|l ow flying height of 15nmor |ess, the magnetic head repeatedly exerts

adi abatic conpression and adi abatic expansion on a lubricating |ayer on the

surface of maERENeHisk sHPk madHakkdbaRl majbleasrobight Wt tentbbywhi each other
Consequently, the lubricating | ayer tends to be repeatedly subjected to

heating anddgeed fiyitig td'causé arteal cradhdaiiws. in  nol ecul ar wei ght of a
| ubricant formng the |ubricating layer tends to be pronoted. If the

mol ecul ar wei ght The icherokiorfadamst is iasfailedunadhich aa démiedt pgrtionrafreeases so
that its adhesion to a protective |ayer decreases. It is considered that

t he | ubri camagwietit hehd i$ subjeatesttof dartasiaryto causeamirbubledd and deposited on
the nmagnetic head |ocated in an extrenely close positional relationship to
make its fredondinpiiepmdacting: abBepending sy GyMsiarees; mecerdingiePrceduwiionai | ur e.
Particularly, a recently introduced magnetic head wi th an NPAB qgjrhegative
pressure) smayere disableg i aiepaded elementinay expand 1o ealtserdamaged? theon
phenomenon because it tends cﬁq? Eﬁclﬁ the lubricant due to a strong vacuum
created at 8UTRRe ehd SANELE Agk YR TiRGneti ¢ head. The transferred | ubricant
may produce acid @? as hydrofluoric acid to thereby corrode an el enent
portion of the ma@% lc head. Particul arly, a head nounted with a

TRt oo St v 505 S e R 8 el el B il
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resulted from the occurrence of the following mechanism.
When the flying height of a magnetic head becomes a low flying height
of 15nm or less, the magnetic head repeatedly exerts adiabatic compression
and adiabatic expansion on a lubricating layer on the surface of a magnetic disk
through air molecules while flying. Consequently, the lubricating layer tends to
be repeatedly subjected to heating and cooling. Therefore a reduction in
molecular weight of a lubricant forming the lubricating layer tends to be
promoted. If the molecular weight of the lubricant is reduced, its fluidity
increases so that its adhesion to a protective layer decreases. It is considered
that the lubricant with the increased fluidity is transferred and deposited on the
magnetic head located in an extremely close positional relationship to make its
flying posture unstable to thereby cause the fly stiction faiture. Particularly, a
recently introduced magnetic head with an NPAB (negative pressure) slider is
considered to facilitate the transfer deposition phenomenon because it tends to
suck the lubricant due to a strong vacuum created at a bottom surface of the
magnetic head. The transferred lubricant may produce acid such as
hydrofluoric acid to thereby corrode an element portion of the magnetic head.

Particularly, a head mounted with a magnetoresistive effect element tends to be



head does not contact-slide on the surface of a magnetic disk and, thus, it
is difficult for a lubricant once transferred and deposited on the magnetic
head to be renoved by transfer to the magnetic disk side. It is considered
that, in the case of the conventional CSS system a lubricant transferred
onto a magnetic head tends to be cleaned off by its contact sliding on a
CSS region of a magnetic disk and, therefore, these failures are not
actualized. [0009] Recently, in order to increase the response speed of a
magneti c disk apparatus, the rotation speed of a magnetic disk is

i ncreased. dhweoded.ati on speed of a small-dianeter 2.5-inch magnetic disk
apparatus suitable for nobile applications was conventionally about
4200rpm while, r@d@8}1y, the response characteristics are enhanced by
rotating it at a high speed of 5400rpmor nore. |If the na%netic disk is
rotated at such aFtitiér, Speprseat pventare heve igot kaewieggeAbat ihe Mk systam
lubricating |ayer noves (mgrates) due to a centrifugal force caused by the
rotation sofaciiatesiiee papereressobiesadailuigs.i chhaspeesyfeund gatBiadsiNiBAuNi f or m
in the plane of the magnetic disk. [0010] Furtgfr, 8 ause of a significant
reduction i Aasraghlde Uk eystem. asmppaseddathg cassai bie g ystejn %\W%%“ﬁe

{nat cont achee does a0t A et ekt on T BHEAGa Ors MACKRIC teatdnindSdr iy o ©
Contact v t ik T3t BAeeAaY SR8 trasflrecL S BRS Gt AT e (RgmaigHER e
%E; EEZ%:Q@? ?é%ﬁyéﬁ?’?’ef}i’*;%?_ﬁﬁéﬁfiﬁ%t;??dé@?‘%wgi of S i e : “: ~
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friction | Ref@RAIHY BhdPEEnbARM ARV EtheNildingl 9 5 9B%egidh dfsa concer ned

that a possibility beconmes higher an conventlonal that~a material of a
| ubricati ”gmdgﬁ)éﬁé Rk ANE therchares tifset tARUEBENE ok agiuakizé@. ther mal |y
o the

deconposed due€ t

[0009]

Recently, in order to increase the response speed of a magnetic disk
apparatus, the rotation speed of a magnetic disk is increased. The rotation
speed of a small-diameter 2.5-inch magnetic disk apparatus suitable for mobile
applications was conventionally about 4200rpm, while, recently, the response
characteristics are enhanced by rotating it at a high speed of 5400rpm or more.
If the magnetic disk is rotated at such a high speed, a phenomenon is
actualized in which a lubricating layer moves (migrates) due to a centrifugal
force caused by the rotation so that the thickness of the lubricating iayer
becomes nonuniform in the plane of the magnetic disk.

[0010]

Further, because of a significant reduction in magnetic head flying
height (10nm or less) following the increase in recording density in recent years,
a possibility becomes high that contact or friction between a magnetic head and
the surface of a magnetic disk frequently occurs. When the magnetic head is
brought in contact with the surface of the magnetic disk, there occurs a case

where the magnetic head does not immediately go out of contact with the



generation of heat, so that data read/wite is subjected to failure due to
adhesion, to a magnetic head, of a lubricant thermally deconposed, reduced
in nolecular weight, and increased in fluidity. Further, in consideration
of data recording/reproduction in the state where a nmagnetic head and a
magnetic disk are in contact with each gther in near future, an influence
of heat generation due to the constant Bontact is further concerned. [ 0011]
Taking this situation into account, it is desired that heat resistance
required for a lubricating | ayer be further inproved. Cenerally, it is known

that the hgatadeesi hleanagnsndier, butrlides dvilyfricion kA wailé.heFomhecul ar wei ght
of a material used therefor. However, for exanple, when the nol ecul ar

wei ght is becaesssidebyrdimy/remedogidrneefenudbpthd highrsperdoioEtionodf s

per fl uor opol yet her - based conpound generally used as a | ubricant

convent i onafrlagnetib disk ihascénrigreans ps clelserivedhabotdendat glustto contact bairaiioe, t he
head corrosion failure, or the like tends to occur and thus the reliability
of a magnet iscgengirated morethanmeanvestienal. i I hemiereddris goneemedithat awhen a
lubricating layer is forned on a protective |ayer, |aong perfl uoropolyether
mai n chai n pessibiitydeapmees hngherb‘mme@ﬂowéhpe/ areaierigeof alupricaling educe a
possibility that hydroxyl groups at  term nals are di sposed on the surface

of the protEW?TQBTW%§Eﬁa@%8fﬂﬁﬁ@aﬂﬁéﬁCaﬁhé%ﬁﬁﬁnﬁﬂyﬂﬁ@OBWEﬁégﬁﬁﬁﬁoﬂa?er is
sekeren, Sokskunba WS e als ARG 5 Bk A b e
resi stance by, usin a mxture obtai ned b ding,a ,aterial wth heat
resi stance SaudeoRty aih Sedd. §LAER-BAntREHd AR By She ST
e o PP RRE ani e ARB iy RS F R bl 1
e hons OISR R g SRR SR g o
i ncreasi ng hRah dRtcirEacH ér P HedXfutiite, an influence of heat generation

due to the constant contact is further concerned.

[0011]
Taking this situation into account, it is desired that heat resistance

required for a lubricating layer be further improved. Generally, it is known that

the heat resistance can be improved by increasing the molecular weight of a

material used therefor. However, for example, when the molecular weight is

increased by increasing the length of the main chain of a

perfluoropolyether-based compound generally used as a lubricant

conventionally, there has been a problem that the fly stiction failure, the head

corrosion failure, or the like tends to occur and thus the reliability of a magnetic

disk is low. The reason is considered to be that when a lubricating layer is

formed on a protective layer, long perfluoropolyether main chain portions cover

the surface of the protective layer to reduce a possibility that hydroxyl groups at

terminals are disposed on the surface of the protective layer and thus the

adhesion to the protective layer is weakened.

[0012]

Further, as disclosed in the foregoing Patent Document 2 or Patent



| ubricating |layer, nore than conventional, the perfl uoropol yether-based

| ubricant preferentially adheres to the surface of the protective |ayer
upon formng the |lubricating layer on the protective layer. Thus, the
material with heat resistance has difficulty in adhering to the surface of
a magnetic disk. Therefore, inprovenent_in heat resistance is not observed
much. [0013] Recently, a magnetic disk gpparatus I's nounted in a car

navi gati on system However, for exanple, even in Japan, there are a region
where the tenperature drops to about -20C in the winter season, for

exanpl e, an@®ogumesyBoit halsaaiso bben perpesedt torenhanse dhe beabmsistadce by 45@gi n t he

summer season, for exanple. Therefore, a magnetic disk to be | oaded in such
a magneti c dinikturamidainedbyfasidinga realeriabwitlyaeabresisianemsuch re@uired to
stably operate without failure over the wide tenperature range descri bed
above. For phospharepeseased eampowbil a goayentianabpedhieropalyetbgirbased not to

| argely change even in the wde tenperature range. The |ubrication

t echni que dé&xicapkd Howeyr!, peeIdIaty araiugkbYBe wresrRNtINverifAis WheasSUsEen
conventional |y used, was devel oped i nl | mMng at. inproving ,the CSS

oper at i ons. alrf'aft%'égwftﬂ eglresisianesa érr‘n%\f/’?%h%ﬁ’ir Yemﬁg’%ﬁﬁﬁﬁﬁgﬂwng?re
occurrence of the foregoing failures.is .pigh.. Therefore, it has al ready been
difficult t8% FEWS?& ouh !f?‘ﬂ%l”lﬁiﬁﬁﬁ‘r‘*\ﬂg‘ et rPé‘éLarﬂcerfﬁﬁH??@?%P@ks.
Further, if the. osphaz - . [ ol yet her - based
| ubri cant apgmg'nqﬂ]@ggrg}nﬁggggﬁ%ﬁmﬁgg@ﬁ&ggaef%'%tﬁﬁoé)’g?%@%@g&ét ent

Docunent 2 . 3 e 1S Q—ﬁﬁ g Wels)
failures te%) rtﬁg{iogladre mﬁgﬁﬂgnn%oﬁa%ﬁ[lﬁ%élt E%rﬁ%@o‘i ond'l3 %ﬁ%snéo.\j\%@ﬁgé@

rgnet i i gl acn R B1AE Surth 9B 1R HRALIVEYRGENARIn RraRY pned over

t he usabl e e tenperature range. er these circunstances,
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has difficulty in adhering to the surface of a magnetic disk. Therefore,
improvement in heat resistance is not observed much.

[0013]

Recently, a magnetic disk apparatus is mounted in a car navigation
system. However, for example, even in Japan, there are a region where the
temperature drops to about -20°C in the winter season, for example, and a
region where the temperature rises to about 30 to 45°C in the summer season,
for example. Therefore, a magnetic disk to be loaded in such a magnetic disk
apparatus for the car navigation system is required to stably operate without
failure over the wide temperature range described above. For this purpose,
the viscosity of a lubricant is required not to largely change even in the wide
temperature range.

The lubrication technique described in the foregoing Patent Document 1,
which has been conventionally used, was developed mainly aiming at improving
the CSS operations. If used for LUL-system magnetic disks, the frequency of
occurrence of the foregoing failures is high. Therefore, it has already been

difficult to satisfy reliability required for recent magnetic disks. Further, if the

phosphazene-based compound and the perfluoropolyether-based lubricant are



and hi gh adhesi on and capable of preventing the fly stiction failure, the
corrosion failure, or the like even in the case of a very |ow flying hei ght
of 1 Ohm or less, secondly to provide a magnetic di sk having a |ubricating
| ayer with good thermal properties and adapted to exhibit stable operation
under w de tenperature conditions, and thirdly to provide a magnetic di sk
particularly suitable for the LUL (Load8Unl oad) system Means for Sol ving
the Problem [0015] The present inventors have di scovered that the foregoing
probl ens can be solved by the follow ng inventions and have conpleted this

invention. mBRRCAnd 68éd ¥s ddBbAbed Weie fare Patdht Woduneerita boRargt
structures. (Structure 1) A magnetic di sk having a magnetic | ayer, a

car bon- baseDopu®eat 8] therd &y2 protsienh taat therfoesgdimg fdilyes temdeto eeesmbst rat e,
wherein: the lubricating |ayer contains a magnetic disk |ubricant conprising
a conpounddépetiding anpthed@hpetere corglittordwhere amagnatichdisk sxysedand/ or
carboxyl groups (if a group having a hydroxyl group is bonded to one of
bonds of t Tikershoephmhewdabilityggannod beabpainad ovas thehusable wide iempgmtwey |
groups) in one nolecule. (Structure 2) A magnetic disk according to
structure 1rangeerein the nmagnetic disk lubricant has a perfl uoropol yether
main chain represented by 9 -(OCF4A)m (O CF2)n- (mand n are each an
integer of 1 or n®Pf#lin the nolecule. (Structure 3) A magnetic disk
according to stru wher ein

hydr oxyl group an@%gére@%a@%oy@mst@%pogtgggt&ﬁﬂ{%ﬁé{l&g}%ﬁ%@} @'g{l\léfq?dntnara;r gup
D Sl % 542 Rl 5P by AR o GpEH 2o
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represent ed.Qy,qion failure, or the like even in the case of a very low flying height of 10nm
or less, secondly to provide a magnetic disk having a ubricating layer with good
thermal properties and adapted to exhibit stable operation under wide
temperature conditions, and thirdly to provide a magnetic disk particularly
suitable for the LUL (Load Unload) system.
Means for Solving the Problem
[0015]
The present inventors have discovered that the foregoing problems can
be solved by the following inventions and have completed this invention.
Specifically, this invention has each of the following structures.
(Structure 1) A magnetic disk having a magnetic layer, a carbon-based
protective layer, and a lubricating layer over a substrate, wherein:
the lubricating layer contains a magnetic disk lubricant comprising a
compound having a phosphazene ring and two or more hydroxyl and/or
carboxy! groups (if a group having a hydroxyl group is bonded to one of bonds
of the phosphazene ring, the compound has three or more hydroxy!l groups) in
one molecule.
(Structure 2) A magnetic disk according to structure 1, wherein the

magnetic disk lubricant has a perfluoropolyether main chain represented by



a general forrmula (I) [Formula 1] R P2 NAP N R6\1 11 /RB R5/ P* N/ P
R4 (in the fornmula, each of R to R6 is a fluorine-containing group, a

hydr oxyl group, or a carboxyl group, at least one of R, to R6 is a group
having -(OCF4A)m (O CF2)n- (mand n are each an integer of 1 or nore) in a
structure thereof and having a hydroxyl group and/or a carboxyl group at
termnals/a termnal thereof, and the pﬁosphazene conpound has two or nore
hydroxyl and/or carboxyl groups in one nolecule, while, if one of R to R6
is a group having -(OC2ZF4A)m (O CF2)n- (mand n are each an integer of 1 or
nore) in a -(6-CyE)M-@©-ORIeoim and rhare exghearhindegendf igoompreltinghe er mi nal

t hereof, the phosphazene conpound has three or nore hydroxyl groups at
termnals modeoed). (Structure 5) A magnetic disk according to structure 4,
wherein a nunber-average nol ecul ar wei ght (M) of the phosphazene conpound
is 300 10 to 700Strucsimeud)t uh en@gneAicrdigihacsardifigsv shitctir@ingr 2owherigione of
structures 1 to 5, wherein: the magnetic disk is adapted to be nounted in a
magnet i ¢ di #le magpetiadisk lafricant bag amydiawy!QyeurR andier fReearbexyhdiaup @fent i on

L5 1.a hegHer B S i U obdh B MR R ooz o
oSl bi'e 1 oCAP ol AJERSHRILHEH PaR QdDRETORNEFREH (- cati ng I ayer wi th
excellent heat (Structure 4) A magnetic disk having a magnetic layer, a carbon-based
protective layer, and a lubricating layer over a substrate, wherein:
the lubricating layer contains a phosphazene compound represented by
a general formula (l)

[Formula 1]

R4 2
N
NZ i N
Re\ | Il /Rq
Ps. _P
R5/ h N/ \R4

R
/
~

(in the formula, each of Ry to Rs is a fluorine-containing group, a hydroxyl group,
or a carboxyl group, at least one of Ry to Rg is a group having
-(0O-CoF4)m-(O-CF2)n- (m and n are each an integer of 1 or more) in a structure
thereof and having a hydroxyl group and/or a carboxyl group at terminais/a
terminal thereof, and the phosphazene compound has two or more hydroxyi
and/or carboxy! groups in ocne molecule, while, if one of R, to Re is a group
having -(O-C2F4)m-{O-CF2)n- (m and n are each an integer of 1 or more) in a
structure thereof and having a hydroxy! group at a terminal thereof, the
phosphazene compound has three or more hydroxyl groups at terminals
thereof).

(Structure 5) A magnetic disk according to structure 4, wherein a

number-average molecular weight (Mn) of the phosphazene compound is 300



resi stance and hi gh adhesi on and capabl e of preventing the fly stiction
failure, the corrosion failure, or the like even in the case of a very | ow
flying height of 10nmor |ess. Further, according to this invention, since
a lubricating layer is formed wusing the above nmagnetic disk lubricant, the
nol ecul ar weight of the lubricant is made |arge and thus the |ubricating

| ayer can have good thernmal properties. 10Consequently, it is possible to
provi de a magnetic disk that exhibits stable operation under w de
tenperature conditions. Further, according to this invention, it is possible
to provide ﬁ# etic disk particularly suitable for the LUL (Load Unl oad)
system Brie€ scription of the Drawings [0018] [Fig. 1 ] is an exenplary

sectional view of i AEti@ BRI Gng B By Unel B SrichyRet @5
Description of %}%ﬁg?@@?gogﬁ%igl%lmgnetlc ﬁp%k 11y 1 dﬁsﬁ? substrate 2a
adhesi ve | ay@kreigb underlayer 3 magnetic layer 4 protective layer 5

| ubricating | ayer Best Mdde for Carrying Qut the Invention [0020]

Her ei nbel ow, t hi sthenvaghétndisk lid abgptdete bebmdunteddataamagaetiodiskng to an
enbodi nent. A magnetic disk of this invention is a magnetic di sk having a

magnetic | appdratus ol g Weload spstetrect i ve layer, and a lubricating |ayer
over a substrate
Effect of the Invention

[0017]

According to this invention, since a lubricating layer is formed using a
magnetic disk lubricant comprising a compound having a phosphazene ring and
two or more hydroxyl and/or carboxyl groups in one molecule, it is possible to
provide a magnetic disk having the lubricating layer with excellent heat
resistance and high adhesion and capable of preventing the fly stiction failure,
the corrosion failure, or the like even in the case of a very low flying height of
10nm or less.

Further, according to this invention, since a lubricating layer is formed
using the above magnetic disk lubricant, the molecular weight of the lubricant is
made large and thus the lubricating layer can have good thermal properties.
Consequently, it is possible to provide a magnetic disk that exhibits stable
operation under wide temperature conditions.

Further, according to this invention, it is possible to provide a magnetic
disk particularly suitable for the LUL (Load Unload) system.

Brief Description of the Drawings

[0018]

[Fig. 1] is an exemplary sectional view of an embodiment of a magnetic
disk of this invention.

Description of Symbols

[0019]

10 magnetic disk



and characterized in that the lubricating | ayer contains a magnetic di sk

| ubricant conprising a conpound havi ng a phosphazene ring and two or nore
hydr oxyl and/or carboxyl groups in one nolecule. [0021] By the use of such
a magnetic disk [ubricant conprising a conpound (hereinafter referred to as
a "phosphazene conpound of this invention") having a phosphazene ring and
two or nore hydroxyl and/or carboxyl grodps in one nolecule, since the
phosphazene ring is present for increasing the nolecular weight to thereby
contribute to an inprovenent in heat resistance and, further, the hydroxyl
group i s present @tk @ bsfafenal in the sane nolecule as the phosphazene ring
for increasing the a He5|on to the protective layer, it is possible to form
the lubricaping | ayessifangyeg both functions of inproved heat resistance and
i nproved adhesion. This invention can solve the problemthat when, as
conventionaphy, aumderrgend having a phosphazene ring and thus mainly
provided with a function of heat resistance and a perfl uoropol yet her
conpound ha§i ng ambhygdetixidyegroup as a termnal group and thus mainly 12
provided with a function of adhesion are m xed and used, the

per f 1 uor opotyet heproteciivedayel preferentially adheres to the surface of a
protective layer and thus the material with heat resistance has difficulty
i n adhering5to thlebsoatingleyef a magnetic disk, and therefore, inprovenent
in heat resistance is not observed nuch. If both hydroxyl and carboxyl
groups are BesisMadeifer Gaaying @elthe IByentitd phosphazene conpound of this
invention, it is sufficient that the total nunmber of the hydroxyl and

car boxyl groups i902@b or nore. In terns of i nproving the adhesion to the

car bon-based protective |layer,.it |[.s preferable that at.l|least.a .hydroxyl
group be present .ﬁﬁﬁﬁ%lo"‘%ﬁﬁé W@Ebﬂ%%ﬁ@e 98%3?%8' ?aﬁﬂiagc?fﬁi%lq
preferably ha 8.stﬁucture having, in addition to the hydroxyl and/or

car boxyl gr%@%g R he phosphazene ring, a perfluoropolyether nain chain

represented by - (OGO §i&k PR vERtion is a magnetic disk having a magnetic

layer, a carbon-based protective layer, and a lubricating layer over a substrate
and characterized in that the lubricating layer contains a magnetic disk lubricant
comprising a compound having a phosphazene ring and two or more hydroxyi
and/or carboxyl groups in one molecule.

[0021]

By the use of such a magnetic disk lubricant comprising a compound
(hereinafter referred to as a "phosphazene compound of this invention") having
a phosphazene ring and two or more hydroxyl and/or carboxyl groups in one
molecule, since the phosphazene ring is present for increasing the molecular
weight to thereby contribute to an improvement in heat resistance and, further,
the hydroxyl group is present at a terminal in the same molecule as the
phosphazene ring for increasing the adhesion to the protective layer, it is
possible to form the lubricating layer having both functions of improved heat
resistance and improved adhesion. This invention can solve the problem that
when, as conventionally, a compound having a phosphazene ring and thus
mainly provided with a function of heat resistance and a perfluoropolyether

compound having a hydroxyl group as a terminal group and thus mainly



and n are each an integer of 1 or nore) in the nolecule. This is because the
| ubricating perfornmance suitable as a magnetic di sk |ubricant can be
obtained by including the above perfluoropol yether structure. Further, by
adjusting the Ilength of the perfluoropolyether main chain to an appropriate
range, the nolecular weight can be adjusted. For exanple, by increasing the
| ength of the perfluoropolyether main chdin within an appropriate range,

t he nol ecul ar weight can be increased to reduce a change in viscosity of
the lubricant over a w de tenperature range, thereby inproving the therm

properties ?Foxhcﬂ‘@d wﬁtHQf fu‘ﬁ@ﬂ?n oTBéhé§6ﬂta|ﬂe ﬁflxéd‘ﬁntﬂ%@.éhuﬂfe%bqjﬂbi@ﬁdb%! et

chain is not particularly If the length of the main chaln S

too short, tHRBUNE pae@aém|a4®%rd¢1efréseto ﬂh@@dr@%@toftaeﬁt@ﬁedtmeb @vaRrpihaked or
t he good Iubr| cating performance cannot be obtained, while, if the |length

of the mai ntEhmiateridl wibohéatnesistamechdssdiflicfp a@mmg & theaugfacehsd arol ecul ar
wei ght increases to contribute to an inprovement in thermal properties, it

i s di fficul mdgmetitisk)ddakgtefgre imprivenhtent imheatulesistamgenisnadt observed

di sposed on the surface of the protective |layer and thus the adhesion is 13
reduced. Themshor df both hysirpryd bedalarteoxybgraupssarerpresenntdn aneamoleculencfithet he
perfluoropolﬁether mai n chain be in the range of 2 to 80, preferably about 3
to 60. [00R psphrazretnleeaompw@nb@mmen@om@w@@uﬁm@ﬁ that theitatebaumber of
preferably has a structure having oxyl group and/or a carboxyl group
as terninal g BYRroxH andearbayy! ijldg%' %vmrdmomdngﬁrmﬁ@ f pBPrAving: igol yet her
main chain, to at | east one of bonds of the phosghazene rlngg In this

nmanner, Wit ﬁdhﬂ@OQttﬁaﬂ&Q ga@anbam RIRtestive nayescit ISP eierablfet loRgb8ne ring

at its one hernln the hydroxyl group and/or the carboxyl group at its
ot her term REAOXY QWWR € PIES606h the perfluoropol yether main chain, the
heat resi stance, [ dhesion, and the lubricating performance are all well
exhi bited, which us particularly preferable for this invention.

However, if a 9" O Re AN BAaTery 5 A88LNnG LPHRS IR0 PefePati) Fial'a SANMSTe

having, in addition to the hydroxyl and/or carboxyl groups and the phosphazene
ring, a perfluoropolyether main chain represented by -(O-CzF4)m-(O-CFz)n- (m
and n are each an integer of 1 or more) in the molecule. This is because the
lubricating performance suitable as a magnetic disk lubricant can be obtained
by including the above perfluoropolyether structure. Further, by adjusting the
tength of the perfluoropolyether main chain to an appropriate range, the
molecular weight can be adjusted. For example, by increasing the length of
the perfiuoropolyether main chain within an appropriate range, the moiecular
weight can be increased to reduce a change in viscosity of the lubricant over a
wide temperature range, thereby improving the thermat properties of the
lubricant. The length of the perfluoropolyether main chain is not particularly
limited, but if the length of the main chain is too short, there is a case where the
lubricant tends to be evaporated or the good lubricating performance cannot be
obtained, while, if the length of the main chain is too long, there is a case where
although the molecular weight increases to contribute to an improvement in
thermal properties, it is difficult for the hydroxyl group at the molecular terminal

to be disposed on the surface of the protective layer and thus the adhesion is



of the phosphazene ring in the phosphazene conpound of this invention, the
conpound has three or nore hydroxyl groups. [0024] As the phosphazene
conpound of this invention, it is preferable to cite, for exanple, a
phosphazene conpound represented by a general formula (l1). [0025] [Formula
2] R 2 N~ PN R6\l Il ERs R5/ P\ NP\R4 [0026] In the fornula, each of
Rl to R6 is a fluorine-containing group, 13 14 hydroxyl group, or a carboxyl
group, at least one of R, to R6 is a group having -(OCF4)m (O CF2)n- (m
and n are each an integer of 1 or nore) in a structure thereof and having a

hydroxyl gr gae,cand/ fﬁhe?ef@?é bﬁéﬂe@?é’&@f@#thﬁﬁh%@@rﬂrﬁatrﬁ‘-’rrrWn“ﬁ‘lle t hereof , and

t he phosphazene conpound has t nore hydr ox and/ or carboxyl groups in

one nol ecul gerfldrdpolyéthePRtai®Eh&n BetinRBeirange Bf 24P 80N pMf8EAbIy about 3 to
-(OCC2FA)m (O CF2)n-" (mand n are each an integer of 1 or nore) in a

structure thereof and having a hydroxyl group at a term nal thereof, the
phosphazene conpound has three or nore hydroxyl groups at term nals

t hereof. As the f[00&3]ne-containing group, -OCH2CF3 or the like is cited,
for exanple. In the phosphazene conpound represented by the general fornula
(1), the nunmber oFudhér, hyzipbasphamensaonuzounsigfl thigriovestiampreierabiy kasiae is
two or nore. However, for inproving the adhesion to the protective |ayer,
the nunber stcthyeinaying aehyriroxylgiewoant/ajraotasboxyl gsaup @siterninal gwupsks er abl y
four or nore and further preferably six or nore. Hereinbelow, illustrative
conpounds oterfteal giedphardad WemmLing perfluoropolyether main chain, to at least

one of bonds of the phosphazene ring. In this manner, with the structure in
which one molecule has the phosphazene ring at its one terminal and the
hydroxyl group and/or the carboxy! group at its other terminals/terminal through
the perfluoropolyether main chain, the heat resistance, the adhesion, and the
lubricating performance are all well exhibited, which is thus particularly
preferable for this invention.

However, if a group having a hydroxyl group is bonded to one of bonds
of the phosphazene ring in the phosphazene compound of this invention, the
compound has three or more hydroxyl groups.

[0024]

As the phosphazene compound of this invention, it is preferable to cite,

for example, a phosphazene compound represented by a general formula (1).

[(0025]
[Formula 2]
R, R
1\p/z’
NZ N
Re\l Il /Ra
Pa P
R5/ h N/ \R4
[0026]

In the formula, each of Ry to Re is a fluorine-containing group, a



represented by the general formula (1) will be cited, but this invention is
not limted to those conpounds. 15 [0027] [Formula 3] x ON N= EO0-2U
oU LO UN Od2 cclL Cl. U co0O LLani NcOEi i U N 2

14

hydroxyl group, or a carboxyl group, at least one of R, to R is a group having
-(0-CoF4)m-(O-CF2)n- (m and n are each an integer of 1 or more) in a structure
thereof and having a hydroxyl group and/or a carboxyl group at terminals/a
terminal thereof, and the phosphazene compound has two or more hydroxyl
and/or carboxyl groups in one molecule, while, if one of Ry to Rg is a group
having -{O-C.F4)m-(O-CF2)n- (m and n are each an integer of 1 or more) ina
structure thereof and having a hydroxyl group at a terminal thereof, the
phosphazene compound has three or more hydroxyl groups at terminals
thereof.

As the fluorine-containing group, -OCHCF3 or the like is cited, for
example. Inthe phosphazene compound represented by the general formula
(1), the number of all hydroxyl and/or carboxyl groups in one molecule is two or
more. However, for improving the adhesion to the protective layer, the number
of hydroxy! and/or carboxyl groups in one molecule is preferably four or more
and further preferably six or more.

Hereinbelow, illustrative compounds of the phosphazene compound
represented by the general formula (I) will be cited, but this invention is not

limited to those compounds.
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[0028]

The molecular weight of the phosphazene compound of this invention is
not particularly limited, but, for example, a number-average molecular weight
(Mn} thereof measured using a nuclear magnetic resonance absorption (NMR)
method is preferably in the range of 300 to 7000 and further preferably in the
range of 500 to 6000. For example, by adjusting the length of the
perfluoropolyether main chain in @ molecule to an appropriate range so as to set
the molecular weight of the phosphazene compound of this invention in the
above range, the lubricating layer can have, in addition to good lubricating
performance, high heat resistance that can prevent thermal decomposition even
if heat is generated due to contact or friction with a magnetic head at a very low
flying height and that can continue stable recording/reproduction without failure,
and good adhesion to the protective layer and further can have good thermal
properties over a wide temperature range.

[0029]

In this invention, it is preferable that the molecular weight fractionation
of the lubricant comprising the phosphazene compound of this invention be
carried out by an appropriate method to thereby set the molecular weight
dispersion (ratio of weight-average molecular weight (Mw)/number-average
molecular weight (Mn)) to 1.3 or less.

In this invention, it is not necessary to particularly limit a method for
molecular weight fractionation, but use can be made, for example, of molecular
weight fractionation by a gel permeation chromatography (GPC) method,
molecular weight fractionation by a supercritical fluid extraction method, or the
like.

{0030]

When forming the lubricating layer using the magnetic disk lubricant

comprising the phosphazene compound of this invention, it can be formed by



0O 2 18 [0028] The nol ecul ar wei ght of the phosphazene conpound of this

I nvention is not particularly limted, but, for exanple, a nunber-average
nol ecul ar wei ght (M) thereof neasured using a nucl ear nmagnetic resonance
absorption (NVR) nethod is preferably in the range of 300 to 7000 and
further preferably in the range of 500 to 6000. For exanple, by adjusting
the length of the perfluoropolyether meith chain in a nolecule to an
appropriate range so as to set the nolecular weight of the phosphazene
compound of this invention in the above range, the lubricating |ayer can

have, in addiihg@nsdligti@pidwhichrthe ajtirignt Redifpesedead disghlvéeat anesi st ance
that can prevent thermal deconposition even if heat is generated due to

contact or &ppropriate solvénteanthgratingcthbesatltion, fonexaynplevby aldippigg meétbbd. and
that can continue stable recording/reproduction without failure, and good
adhesi on t oAt tlee polveat; tiseedndye predemibiyumiader for @xampie, efcotuerina-pased
properties over a wide tenperature range. [0029] In this invention, it is
pref er abl e stlsent (radeviasme Vertrelelfyhr the lite Menatacieddryy BuBontalitseiant
conprising the phosphazene conpound of this invention be  carried qut by an

appr opr i at eFlusrorhemisalstee ebid.ketA file forpieg methoduiardhe lubricativadav #+@lti o of
i ght - I I i gh / nunber - I I I gt Vh
to 5 o °| Girser pokimEed Fuibmanaye doping ehofesiss oy pomeaedtianmy I m ¢
t hod f 10| I i ght fracti ti but b de, f
exanpl e, of BN YO0 sisch e arsriE Epafing s 2seral Tpefgabr gyaPor '
chromat ogr a ha/. (%GPC} thod, nolecular weight fractionation by a
supercriti cg? 419G ‘raction nmethod, or the Iike. [0030] Wen formng

the lubricating | ayars USbAfbd 16+ RGP irhSrori e WiHeSHM of the formed
lubricating layer to the protective layer, the magnetic disk may be exposed to an
atmosphere at 70°C to 200°C after the film formation. Since the phosphazene
compound of this invention is excellent in heat resistance, there is no possibility
of decomposition due to this heat treatment.

[0031]

In this invention, the thickness of the lubricating layer is preferably set to
5Ato 15A. If itis less than 5A, there is a case where the lubricating
performance as the lubricating layer is lowered. If it exceeds 15A, there is a
case where the fly stiction failure occurs and there is a case where the LUL
durability is lowered.

[0032]

As the protective layer in this invention, a carbon-based protective layer
can be used. Particularly, an amorphous carbon protective layer is preferable.
Such a protective layer has a high affinity to the phosphazene compound of this
invention having a hydroxyl group as a terminal group and thus good adhesion
can be obtained. The adhesion can be controlled by forming the carbon
protective layer of hydrogenated carbon and/or carbon nitride and adjusting the
content of hydrogen and/or nitrogen. The content of hydrogen is preferably set

to 3 to 20at% when measured by hydrogen forward scattering {HFS). The



conprising the phosphazene conmpound of this invention, it can be fornmed by
19 wusing a solution in which the lubricant is dispersed and dissolved in an
appropriate solvent and coating the solution, for exanple, by a dipping

met hod. As the solvent, use can be preferably made, for exanple, of a
fluorine-based solvent (trade nane Vertrel XF or the |ike manufactured by
DuPont-M tsui Fluorochemicals Co., Ltd.30 A filmforming method for the

| ubricating layer is, of course, not limted to the above di ppi hg net hod
and use may be made of a film form ng nmethod such as a spin coating nethod,

a spray met Egﬁ\ggﬁéf RirbgeRtis phe do\ds &b 0@, 134194 When Infe&dlirb@'by X-pdy f urt her

i nproving t esion“of the formed lubricating layer to thé protective

| ayer, the @ldctrofll speci%chsy sed to an atnosphere at 70C to 200C
after the filmformation. Since the phosphazene conpound of this invention

i s excellent in hegier g@sihg tied egrbonhgdsed Frosttivesaydriin ithig inwntidacirerasi tion
due to this heat treatnent. [0031] In this invention, the thickness of the

| ubri cati ngbkdyetied, Soperdrapebby asBC magnétfon sputfeking Mmeitttod.s It salsd han 5A,
there is a case where the lubricating performance as the lubricating |ayer

i s | owered. ptdfeiabheac astrphsus catheneprotedciive daees foimeed by laeplabmast Vet i on
failure occurs and there is a case where the LUL durability is | owered.
[0032] As rteshgr.ot Rarticularlyaiy & prieferahlysan amerphairs hydregenaledgsean pr ot ecti ve
| ayer can be used. Particularl ¥| an anor phous carbon protective layer is

pr ef er abl e. prateetivedayeoiosrerhy thgyasad W mMefRods finity to the phosphazene
conpound of this _invention having a hydroxyl group as a term nal group and
t hus good adhesi olP038hn be obtained. The adhesion can be controlled by

R i e Mk

? I)r %?gogggg{a%ﬁ%hggﬁéégﬁigﬁt@ndte(?(cg’lletn? in2 gr%to%(i#r@e%g anc lﬂrs(aig sB?(at%%ro :
increase in recording density. As the glass substrate, an aluminosilicate glass
substrate, for example, is cited and, particularly, a chemically strengthened
aluminosilicate glass substrate is preferable.

In this invention, the main surface of the substrate is preferably
ultra-smooth with Rmax of 6nm or less and Ra of 0.6nm or less. Rmax and Ra
herein referred to are based on the JIS B0601 standard.

[0034]

The magnetic disk of this invention comprises at least the magnetic
layer, the protective layer, and the lubricating layer over the substrate. In this
invention, the magnetic layer is not particularly limited and may be a magnetic
layer for an in-plane recording system or a magnetic layer for a perpendicular
recording system. Particularly, if it is a CoPt-based magnetic layer, high
coercive force and high reproduction output can be achieved, which is thus
preferable.

In the magnetic disk of this invention, an underlayer may be provided
between the substrate and the magnetic layer if necessary. Further, an
adhesive layer may be provided between the underlayer and the substrate. In

this case, as the underlayer, a Cr layer, a CrMo, CrW, CrV, or CrTi alloy layer, or



20 content of nitrogen is preferably set to 4 to 12at % when neasured by
X-ray photoel ectron spectroscopy (XPS). Wen using the carbon-based
protective layer in this invention, it can be fornmed, for exanple, by a DC
magnetron sputtering nethod. It is also preferably an anorphous carbon
protective layer forned by a plasma CVD nethod. Particularly, it is
preferably an anorphous hydrogenated cardbn protective |ayer forned by the
pl asma CVD nethod. [0033] In this invention, the substrate is preferably a
gl ass substrate. The glass substrate is rigid and excellent in snoothness

and thus i stikel eli@nd@As the GidABSIYeldydrea® NIAINS AIRDSAIIOY- lafér dhiBedikess
substrate, an alumnosilicate glass substrate, for exanple, is cited and,

particul arl g ciegchem cal ly strengthened alum nosilicate glass substrate is
preferable. In this invention, the main surface of the substrate is
preferably Exhmplesnooth with Rrax of 6nmor |ess and Ra of 0.6nmor |ess.
Rmax and Ra herein referred to are based on the JI'S B0O601 standard. [0034]
The magnetic di sk[Mf35{ his i nvention conprises at |east the nmagnetic |ayer,
the protective layer, and the lubricating | ayer over the substrate. In this
i nvention, the mafeeinbeloay &iis invendion el ge@lﬂsarib@d in furthed detadl bageden a
magnetic |ayer for an in-plane recording systemor a nagnetic |ayer for a
per pendi cul 8k@mpl@ser di ng system Particularly, if it is a CoPt-based
magnetic | ayer, high coercive force and hi gh reproduction output can be
achi eved, P8 Hhus preferable. In the magnetic disk of this invention,

an under| ayer may_be provi ded betwe e substrate and the net.ic | ayer
i f necessary. Furfler SNOWS @ gpaaneic qﬁgyigaﬁﬁ?/rdsﬂég %r%@i%go '&Qﬁgﬁﬁl'ﬁe
under | ayer and t.he substrate. In this case, as the underlayer, a C |ayer,
a &M, cWYeMP%r o Ti alloy layer, or 21

The magnetic disk 10 is fabricated by forming a non-magnetic metal
layer 2 composed of an adhesive layer 2a and an underlayer 2b, a magnetic
layer 3, a carbon-based protective layer 4, and a lubricating fayer § in the order
named on a substrate 1.

[0036]

{(Manufacture of Magnetic Disk)

A 2.5-inch glass disk {outer diameter 65mm, inner diameter 20mm, disk
thickness 0.635mm) made of a chemically strengthened aluminosilicate glass
was prepared as the disk substrate 1. The main surface of the disk substrate 1
was mirror-polished to Rmax of 4.8nm and Ra of 0.43nm.

On the disk substrate 1, the adhesive layer 2a, the underlayer 2b, and
the magnetic layer 3 were formed in this order in an Ar gas atmosphere by the
DC magnetron sputtering method.

As the adhesive layer 2a, an NiAl alloy film (Ni:50at%, Al:50at%) was
formed to a thickness of 300A.

As the underlayer 2b, a CrMo alloy film (Cr.80at%, Mo:20at%) was
formed to a thickness of 80A.

As the magnetic layer 3, a CoCrPtB alloy film (Co:62at%, Cr:20at%,
Pt:12at%, B:6at%) was formed to a thickness of 150A.



the like is cited and, as the adhesive |ayer, an NAl or AlRu alloy |ayer or
the like 1is cited. Exanples [0035] Hereinbelow, this invention will be
described in further detail based on exanples. (Exanple 1) Fig. 1 shows a
magneti c di sk 10 according to the enbodi nent of this invention. The
magnetic disk 10 is fabricated by fornin%ha non- magnetic netal |ayer 2
conposed of an adhesive |ayer 2a and an derl ayer 2b, a magnetic |ayer 3,
a carbon-based protective layer 4, and a lubricating layer 5 in the order
naned on a substrate 1. [0036] (Manufacture of Magnetic Disk) A 2.5-inch

gl ass disk (out er sghasgiértlyospiitedrt Rhs hAR &t (AMFh ErSén tdribCingss

0.635mMm) made of a chem cal'ly strengthened al uminosilicate glass was

prepared asaimgsgharl of dbsixeal gaslof dAr gas and W haregeh ghbghpidlgenypstrate 1
was mrror-poli s‘ﬂ'hed to Rmax of 4.8nm ag%gRa of %?4%nmg 061( ﬁebdi lsglfl%substrate

1, the adhesbnient 39%) BathetD® maghestiaysputiingandthodh theraby ésrming &yer 3 were
formed in this order in an Ar gas atnosphere by the DC magnetron sputtering
met hod. As plaeetifeckayeed lchygdraenated darBbndb ladyickness bNR5AO0at % Al : 50at %)
was formed to a thickness of 300A. As the underlayer 2b, a CM alloy film
(Cr:80at% Mb: 20af0@37Ahas fornmed to a thickness of 80A As the magnetic

| ayer 3, a CoCrPtB alloy film (Co:62at% Cr:20at% Pt:1 2at% B:6at% was
formed to a thickhbes, bk lubigatinglaysuwse fererad i the joliawing iganegy. carri ed out

usi ng a carbon tar%et in an o i )
There was prepared a solution in which a lubricant (Mn measured by

the NMR method was 4000 and the molecular weight dispersion was 1.25)
comprising a phosphazene compound of this invention (the illustrative
compound (4)) having been subjected to molecular weight fractionation by the
supercritical fluid extraction method was dispersed and dissolved in a
fluorine-based solvent, Vertrel XF (trade name) manufactured by DuPont-Mitsui
Fluorochemicals Co., Ltd., at a concentration of 0.02wt%. Using this solution
as a coating solution, the substrate formed with the layers up to the protective
layer 4 was immersed therein and coated therewith by the dipping method,
thereby forming the lubricating layer 5.

After the film formation, the magnetic disk 10 was heat-treated in a
vacuum furnace at 130°C for 90 minutes, thereby adhering the lubricating layer
5 to the protective tayer 4. The thickness of the lubricating layer 5 was
measured by a Fourier transform infrared spectrophotometer (FTIR) and it was
10A. In this manner, the magnetic disk of this Example was obtained.

[0038]

Then, an evaluation of the magnetic disk of this Example was
performed according to the foliowing test method.

(Evaluation of Magnetic Disk)

At first, a lubricating layer adhesion test was performed for evaluating

the bonding performance (adhesion) of the lubricating fayer with respect to the

protective layer. At first, the thickness of the lubricating layer of the magnetic



at nosphere of a m xed gas of an Ar gas and a hydrogen gas (hydrogen gas
content 30% by the DC magnetron sputtering nethod, thereby formng the
protective | ayer 4 of hydrogenated carbon to a thickness of 25A. [0037]

Then, the lubricating |ayer was forned in the follow ng manner. There was
prepared a solution in which a |ubricant (W neasured by the NVR nethod was
4000 and the nol ecul ar wei ght di spersi or@¥vas 1.25) conprising a phosphazene
conmpound of this invention (the illustrative conpound (4)) having been

subj ected to nol ecul ar weight fractionation by the supercritical fluid

extraction grkHehivasfhHBesLheasdred HFHeVETIH Mmethod hH@litivigs peAed sol vent,
Vertrel XF (trade nane) manufactured by DuPont-Mtsui Fluorochem cals Co.,

Ltd., at a gesedtd atiowen Ofhed, @avriagndic Bk diitRissotam plerwasiimmeess inng
solution, the substrate fornmed with the layers up to the protective |ayer 4

was i mmer sethd thegriienbaset solabridVénret ¥Wifoh1 yinutee dypihienigymetsiardin theher eby
formng the lubricating layer 5. After the filmformation, the magnetic disk
10 was heat stiveat, @driionsaof thadubrinatiogiayer with peoGdhesi@ard dispetsedtarst eby
adhering the lubricating layer 5 to the protective |ayer 4. The thickness
of the | ubrdisaolvag in #yesolsenhdbut pedionsarittbstreng-adhesion CAARSM&IMPN e ar ed
spectrophotoneter (FTIR) .and it was 1 QA In this manner, the magnetic disk
of this ExaRfitectivesager aithen, theoosegneticisk wasnreayedirpahthersalvantaighet i c
di sk of this Exanpl e was erformed according to the,fgllom%igﬁtesg t hod.
(Eval uat i onths thighgess o the E‘!b)"cﬁ'”g |ayst wag medsyredaasdy Puiag 8@18AC+ est
was perfor for eyaluatin t bondi n rforpance .(adhesi on), of the
| ubri cat i ng‘? gyafo QX&W t%é“é‘ﬁ%é? oi]ﬁ]e[ WB”C%I?'E{)%H?{ 9@& f%lf,‘éél‘l_m%Slqn indpe ¢ he
t hi ckness of the |ubricating |layer, of the magnetic 23 . disk.of.this Exanple
was neasur eEIOlH?n& Wg gfﬁﬁkﬂ%%]g@%gdubqlq&_ﬂwgga[@r .fgge OUPEIRE ! btgse. Then,
the magneti g, dh 3K anbl'aSiubHeM F1aes adhd&S s fdlid Bonded ratio). It can be
said that the higher the bonded ratio, the higher the bonding performance of the
lubricating layer with respect to the protective layer. With the magnetic disk of
this Example, the bonded ratio was 92%. Since the bonded ratio is judged to
be preferable if it is 70% or more, it is seen that the magnetic disk of this
Example is excellent in bonding performance of the lubricating layer.
[0039]
Then, a lubricating layer coverage ratio evaluation was performed.
The coverage ratio of the lubricating layer was measured by the X-ray
photoelectron spectroscopy known from United States Patent No. 6099981.
As the lubricating layer coverage ratio is higher, it represents that the surface of
the magnetic disk is coated with the lubricating layer more uniformly, and thus
the head crash failure or the corrosion failure can be suppressed. That is, as
the lubricating layer coverage ratio is higher, the surface of the magnetic disk is
more protected with a smaller exposure degree of the surface of the protective
layer and, therefore, the lubricating performance of the surface of the magnetic
disk is higher and, further, it is possible to protect the surface of the magnetic
disk from substances that tend to cause the corrosion failure or the fly stiction

failure, such as acid-based contaminants present in an atmosphere inside a



the fluorine-based solvent Vertrel XF for 1 mnute. By the immersion in the
sol vent, portions of the lubricating |ayer with poor adhesion are dispersed
and dissolved in the solvent, but portions with strong adhesi on can renain
on the protective layer. Then, the nmagnetic disk was renoved fromthe
solvent and the thickness of the lubricating |ayer was neasured agai n by
the FTIR method. The ratio of the thickdfess of the lubricating |ayer after
the immersion in the solvent to the thickness of the lubricating |ayer
before the imersion in the solvent is called a lubricating | ayer adhesion

ratio ( bondﬁfér%;h@iib Qlsk Agparafushs siiéti‘ira]ge-bﬁﬁéd thRtahiahets. t heithendedgnatic o, the

hi gher the bondi ng performnce of | ubricating | ayer with respect to the

protective Hkes thititanigle, tedoBlicating Iakecdoverdge rdtioawnt @8%4.heSipeaded rati o
was 92% Since the bonded ratio is judged to be preferable if it is 70% or
nore, it islubgieatindg yer boverageattio igljugligedfto beiprefdEablent i is 30%xarahbentt i n
bondi ng performance of the lubricating layer. [0039] Then, a lubricating

| ayer cover sgeandhiabthevmiagactiodiske thiethxampd is highdn dalyrécadigg layeri o of t he

| ubricating |ayer was neasured by the X-ray photoel ectron spectroscopy known
from Uni t edcotarage rain and exbibitsdbe paaferakde preparties.i cati ng | ayer coverage
ratio is higher, it represents that the surface of the magnetic disk is
coated with the | [#40tating | ayer nore unifornmly, and thus the head crash
failure or the corrosion fail|ure can he, sup is, .,as the

| ubricating | ayer Te@tedtbblibeag U@Oﬁﬂ)@%??iﬁ{yﬁégg‘gﬁ ;’g%%HFGQ e magnetic di sk
o Sk g LR RS o BB el le sur Lace of the
of e eanet 1 Sh3tl Syl BLRD anlihh e 0B AR B EubB M oot (e
cort oo o e A habhYTBRR D 3 PAYBn B D aRR ERE
o) b e RS ATAGi. ASIodl BRI o P Sparm e e
coverage raph@id fourttbith @ MagReRY&sidNeftdct lelerhenB@IMRA elBRIcRt) 44 a

reproducing element. A shield portion is made of an FeNi-based permalloy

alloy. By causing the LUL-system HDD to continuously repeat the LUL

operations, the number of LUL times endured by the magnetic disk up to the

occurrence of failure was measured.

As a result, the magnetic disk of this Example endured the LUL

operations of 800,000 times with no failure at a very low flying height of 10nm.

In a normal HDD using environment, use for about 10 years is generally

required for the number of LUL times to exceed 400,000 times. Since a

magnetic disk is judged to be preferable if it endures particularly 600,000 times

or more, it can be said that the magnetic disk of this Example has extremely

high reliability.

The surface of the magnetic disk after the LUL durability test was
observed in detail using an optical microscope and an electron microscope and
was found to be excellent, i.e. no abnormality such as damage or dirt was

observed. Further, the surface of the magnetic head after the LUL durability

test was examined in detail using an optical microscope and an electron



is seen that the magnetic disk of this Exanple is high in lubricating |ayer
coverage ratio and exhibits the preferable properties. [0040] Then, an LUL
(Load Unload) durability test was perforned for exam ning the LUL
durability of the obtained nmagnetic disk. An LUL-system HDD (Hard Di sk
Drive) (5400rpmrotation type) was prepared and a magnetic head with a
flying height of 1 Onm and the magnetic 2%i sk were nounted therein. A slider
of the magnetic head is an NPAB slider and is nounted with a

magnet oresi stive effect elenment (GWR elenent) as a reproducing elenment. A

shi el d port nfgros8op@ead Wasouhahb Heasee!eer N8l h@¥bnaimalty sBrh eeusdmagd he
LUL-system HOD to continuously repeat the LUL operations, the nunmber of LUL

ti mes endur eddbywabebseoretard, dithenino tubrida@t adhesionentite nfaghetit eadwas
measured. As a result, the magnetic disk of this Exanple endured the LUL
oper ati ons ab cod@sOCfailureewasiobbervedt ai | ure at a very low flying height of 1
Omnm In a normal HDD using environnment, use for about 10 years is generally
required for the M0#I¢r of LUL times to exceed 400,000 tinmes. Since a
magnetic disk is judged to be preferable if it endures particularly 600, 000
times or nore, iltrheanaﬂésgaiw tashwasterieigest i d 0Qirsagoetia disks pkkiel e has
extrenmely high reliability. The surface of the magnetic disk after the LUL

durabi | ity Egampigwergpaniiaciured ard iy peréorAyna s digeites! using egdlisleieashd an
s damage oidia (oG e a SLB0RY e st PaTamest osnes Shefie HAGHER Y head
o e Lo SRt 5300, SURBR IR YD FohetPhaRaibesl ok,
O E bt B BEERE Bl ook BB MR iy ™
observed. [ §Qdidring a signal of a piezoelectric element bonded to the glide head, the
occurrence of fly stiction can be detected. As a result, with the magnetic disks
of this Example, the fly stiction phenomenon did not occur and the pass rate of
the test was 100%.
For evaluating the thermal properties, the LUL durability test and the fly
stiction test were performed in atmospheres of -20°C to 50°C. With the
magnetic disks of this Example, no particular failure occurred and the good
results were obtained.
The evaluation results of the magnetic disks of this Example are
collectively shown in Table 1.
[0042]
(Example 2, Example 3)
Magnetic disks of Example 2 were manufactured in the same manner
as in Example 1 except that the illustrative compound (1) (Mn was 2500 and the
molecular weight dispersion was 1.2) of this invention was used as a lubricant
for a lubricating layer. Further, Magnetic disks of Example 3 were
manufactured in the same manner as in Example 1 except that the illustrative
compound (3) (Mn was 4000 and the molecular weight dispersion was 1.2) of

this invention was used as a lubricant for a lubricating layer.



Then, a fly stiction test was perfornmed. 100 nmagnetic disks of this Exanple
wer e manufactured and, by performng a glide test using a glide head wth a
flying height of 5nm the test was perforned to see whether or not the fly
stiction phenonenon occurred. Wen the fly stiction phenonmenon occurs, the
flying posture of the glide head suddenly becomes abnormal and, therefore,
by nonitoring a signal of a piezoelectr‘% el enent bonded to the glide head,
the occurrence of fly stiction can be detected. As a result, with the
magnetic disks of this Exanple, the fly stiction phenonenon did not occur
and the pass rat eApfevaluzgiohes thavemaghRBidkerweregbartdrivdl inlthetsaaigral
properties, the LUL durability test and the fly stiction test were
performed i maahepapleEzample 120@ ¢xceloh redithwehe obtaigedboth idi Bxemple 2 hi s
Exanpl e, no particular failure occurred and the good results were obtained.
The eval uat angir Exampie 3fike hrosenignetdropléi sk sThe evaluatidix remuilts see
collectively shown in Table 1. 90042] (Exanple 2, Exanple 3) Mgnetic disks
of Exanpl e @olgstivelymhomacinuiabie 1n t he same manner as in Exanple 1 except
that the illustrative conpound (1) (M was 2500 and the nol ecul ar wei ght

di spersion was 1.2) of this invention was used as a lubricant for a

| ubricating |ayer. Further, Magnetic disks of Exanple 3 were manufactured in
the sane manner as in Exanple 1 except that the illustrative conpound (3)
(Mh was 4000 and the nol ecul ar wei ght dispersion was 1.2) of this invention
was used as a lubricant for a lubricating layer. 26 An evaluation of the
magneti c di sks were perforned in the sane nmanner as in Exanple 1 and
excellent results were obtained both in Exanple 2 and in Exanple 3 like
those in Exanple 1. The evaluation results are «collectively shown in Table
1. 27



4+

m
Ob
E

EO

C

Nb O ~1lom
m JNOEMmM
Oo C coO

O N
m O
C

a
O
N

Ol 2

NoOOOO mUOOOOO

f CNC

oUWOV
OOONN Lbwrnoar

rr
OC EEEEomod ONoooowboO

ob ob

[0043] [Table 1]
a'. O0 0 Nco -
[Tor _Sr_a myr

27

[0043]

[Table 1]
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[0044]

(Comparative Example 1, Comparative Example 2)

In Comparative Example 1, there was prepared a solution in which a
perfluoropolyether compound (Mn was 2800 and the molecular weight
dispersion was 1.07) having phosphazene rings as terminal groups,
represented by R,-OCH2CFx(OC,F4)m(OCFz)n OCF,CH,O-R;: (R and R; are
each a phosphazene ring and m and n are each an integer of 1 or more), and a
perfluoropolyether compound (the above R, and R; are each a hydrogen atom)
(Mn was 3700 and the molecular weight dispersion was 1.08) having hydroxy!
groups as both terminal groups were mixed together at a weight ratio of 1:1 and
dispersed and dissolved in the foregoing fluorine-based solvent Vertrel XF at a
concentration of 0.02wit%. Using this solution as a coating solution, a
substrate formed with layers up to a protective layer 4 was immersed therein
and coated therewith by the dipping method, thereby forming a lubricating layer
5. Magnetic disks manufactured in the same manner as in Example 1 except
the above were used for Comparative Example 1.

Further, magnetic disks manufactured in the same manner as in
Example 1 except that a lubricating layer was formed using only the above
perfluoropolyether compound having hydroxy! groups as both terminal groups
were used for Comparative Example 2.

[0045]

An evaluation of the magnetic disks was performed in the same manner
as in Example 1. The results are shown in Table 1 given above. The bonded
ratic and the lubricating layer coverage ratio were low both in Comparative
Example 1 and in Comparative Example 2. Further, in Comparative Example 1,
failure occurred when the number of LUL times reached 200,000 times.

Further, among tested HDDs, the fly stiction failure occurred in 80% HDDs

(pass rate 20%). In Comparative Example 2, failure occurred when the



[ 0044] (Conparative Exanple 1, Conparative Exanple 2) In Conparative Exanple
1, there was prepared a solution in which a perfluoropolyether conpound (M
was 2800 and the nol ecul ar wei ght dispersion was 1.07) having phosphazene
rings as term nal groups, represented by R -OCH2CF2( OC2F4) m( OCF2) n
OCF2CH2O0-R2 (R, and R2 are each a phosphazene ring and mand n are each an
integer of 1 or nore), and a perfluorop yether conpound (the above R and
R2 are each a hydrogen atonm) (WM was 3700 and the nol ecul ar wei ght

di spersion was 1.08) having hydroxyl groups as both term nal groups were

m xed toget Agibat oPLVEItiahEs Feaiched @00l00b BRds. dFreRBEs athafiedtersAbRd i n the
foregoi ng fluori ne-based solvent Vertrel XF at a concentration of 0.02w %

Using this selfiytstotioasaiurearicuneddel7oet MDD (paselrate 30%) f OAffedtheitebt, | ayer s
up to a protective layer 4 was imersed therein and coated therewith by the
di ppi ng net hagnetib beady weve memgved frobr thealt DI Usedein Codmphtadivetkxamiple& s

manuf actured in the sanme manner as in Exanple 1 except the above were used
f or Conpar al iand Zaadrpkamined-urthen, tramatere ithe bibsicantand taoosioadaiuret he sane
manner as in Exanple 1 except that a lubricating |ayer was fornmed using
only the abveee coafirmasbaiodBABqacket poripoasadiBS syriages okine egopkc as bot h
term nal groups were used for Conparative Exanple 2. [0045] An eval uation
of the magnbeads andRENasoN S dirbasonfirmee oodhe sweases of i MAIPREGMI e 1. The
results are shown in Table 1 given above. The bonded ratio and the

| ubri cati ngd'ISE@/-er coverage ratio were |l ow both in Conparative Exanple 1 and

C":"d ahent Eéfﬁ”&@&atm%“{ht@?%%frn%@or%ﬁ%ﬁ%éﬁg%@vE@@%Meﬁp{rﬂ % among
HDDs, .. .. i cti j I 0% 209 .
- ompar at SULOB RSl Hhspretr icaol 050 Cnatbep aluiell°, {nes
reached 300,000 dd &sr thEhAGFetic FEREEr EGRpatatVe®Example 1 and Comparative
Example 2 and the degree of failure was large depending on the temperature of

the atmosphere.



the fly stiction failure occurred in 70% HDDs (pass rate 30% . After the
test, magnetic heads were renoved fromthe HDDs used in Conparative
Exanples 1 and 2 and exam ned. Then, transfer of the lubricant and
corrosion failure were confirmed at NPAB pocket portions and ABS surfaces
of the magnetic heads and adhesion of dirt was confirmed on the surfaces of
the magnetic disks. For evaluating the 3hermal properties, the LUL
durability test and the fly stiction test were perforned in atnospheres of
-20C to 50C. Then, failure occurred in all the magnetic disks of
Conparative Exanple 1 and Conparative CExg®! e 2 and the degree of failure
was | arge depending on the tenperature of the atnosphere. 30 CLAIMS 1. A
magneti c di sk havii ng Aanggoess diek lhayerg, a magmelio tayersg datbovt-baddd/grotéctiver , and
a lubricating | ayer over a substrate, wherein: the lubricating |ayer
contains a wenetrda titsicatinglayeamivee arqubsiateg whergionpound having a
phosphazene ring and two or nore hydroxyl and/or carboxyl groups (if a
group having a hytheolbticatingulayes contatsd magoetc diskdobdsantafomprisiphasphazene
ring, the conpound has three or nore hydroxyl groups) in one nolecule. 2. A
magnet i ¢ di sekmpovod danng @ pobaphazeneving anchtwher magadtyideoxyll ard/drubri cant has
a perfluoropolyether main chain represented by -(0 C2F4)m (O CF2)n- (m and
n are each &arbdoxyegerps{if @ wpuphiaxing & hyd@xyhinospds bonded 1o pagwébopdsi sk
according to,claim1 or 2, wherein the netic disk lubricant has . a
hydroxyl gr 8lifeaplgsphageearipexiie @Q%B%Ufﬁﬁ@%hfﬁﬁélf m@ﬁdﬁf%%ﬁ@é@@ﬁﬁd’ﬂ gr oup
bonded, through the perfluoropol yether main chain, to at |east one of bonds
of the phosBHgZ@W@ngng. 4. A magnetic disk having a magnetic |ayer, a

car bon- based pr ot gt ¥ @aoh&hisk 38ording Ty L8R 1" RRiR g VidorbiR s T2t &

lubricant has a perfluoropolyether main chain represented by
-(O-CoF4)m-(O-CF2)n- {m and n are each an integer of 1 or more) in the
molecule.

3. A magnetic disk according to claim 1 or 2, wherein the magnetic
disk lubricant has a hydroxyl group and/or a carboxyl group as terminal
groups/a terminal group bonded, through the perfluoropolyether main chain, to
at least one of bonds of the phosphazene ring.

4. A magnetic disk having a magnetic layer, a carbon-based protective
layer, and a lubricating layer over a substrate, wherein:

the lubricating layer contains a phosphazene compound represented by
a general formula (1)

[Formula 1]
Ry R
N/
NéP\N
RG\I I /Ra
VA

2

Ry

(in the formula, each of Ry to Rg is a fluorine-containing group, a hydroxy! group,

or a carboxyl group, at least one of R, to Rg is a group having



the lubricating | ayer contains a phosphazene conpound represented by a
general fornmula (I) [Fornmula 1] RR R2Z NN R6\1 II/R3 R5/ P'" NP\R4 (in the
formula, each of R to R6 is a fluorine-containing group, a hydroxyl group,
or a carboxyl group, at least one of R to R6 is a group having 31
-(OCC2FA)m (O CF2)n- (mand n are each an integer of 1 or nore) in a
structure thereof and having a hydroxyl3froup and/or a carboxyl group at
termnals/a termnal thereof, and the phosphazene conpound has two or nore
hydroxyl and/or carboxyl groups in one nolecule, while, if one of R to R6

is a group -(bﬁ@ingm-(@dﬁﬁmgﬁ@@dGFaaweadmafanﬁe@eraéfﬂ 8RRbréNini NsLeRureof 1 or

nore) in a structure thereof and having a hydroxyl group at a term nal

t hereof, thehergbosmhraeng scCloydrouyIdrbas ahblyore edrboRryleyroNg a0 xermigdlesps at
termnals thereof). 5. magneti ¢ di sk according to claim4, wherein a

nunber - aver sgminaihe®of candutiegitospiiayend compophddraisanens morglydrdxyls 300 to
7000. 6. A magnetic disk according to any one of clains 1 to 5, wherein:
t he magnet i andics kartoxgtigraupd in @neenaiecnles whila, ihomagidtiito R isla grappar at us of
a load unl oad system . .
having -(O-C,F4)m-(O-CF2)n- (m and n are each an integer of 1 or more) in a
structure thereof and having a hydroxyl group at a terminal thereof, the
phosphazene compound has three or more hydroxyl groups at terminals
thereof).
5. A magnetic disk according to claim 4, wherein a number-average
molecular weight (Mn) of the phosphazene compound is 300 to 7000.
6. A magnetic disk according to any one of claims 1 to 5, wherein:
the magnetic disk is adapted to be mounted in a magnetic disk

apparatus of a load unload system.





