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[ Techni cal Field] [0001] The present invention relates to a nethod of
manuf act uri ng magneti c disks to be | oaded into magnetic di sk devi ces such
as hard disk drives, as well as to magnetic di sks. [Background Technol ogy]
[ 0002] In magnetic di sk devices such as hard disk drives (HDDs), a contact
start and stop (CSS) systemis enployed in which a magnetic head is brought
into contact with a contact slide area (CSS area) |l ocated in the
inner-circunferential area of the magnetic disk surface when stopped, and

t he magnblagectin Bag apil Method pidfadufagtintirgg Sainiedi ng in contact with the disk
surface b@gﬁhe Sgi area and then recording or reproduction is conducted in
a disk a eI f or recordi ng and reproduction that is |ocated to the
out si de ghﬂphe CSS area when activated. Wen an operati on has been

conpl eted, the magnetic head is withdrawn fromthe recordi ng and

reproducti on BHAiesertifvehtich (lals & Rethd sfehantAbehng AExTROAREI 16 bbORAEIGRSCENdS
while sliding in contact with the disk surface in the CSS area and cones to
a stop. thagitelied€SEvioes suehms bdnddisipddinat,iae nsll af tosdagndticdigkand termi nating in
whi ch sliding contact occurs are called CSS operations. In a magnetic disk
enployinBﬁFH§“€5%T§9§PBﬁ¥]it is necessary to provide both a CSS area and a
recording‘ﬁgﬂ reproduction area on the disk surface. It is also necessary
to provi % uneven topography having a certain surface roughness on the
magneti c di sk WX i £ d, PRERek i ot
adhere to eaCﬁﬁﬁﬁﬁg%?aﬁgﬁ&?%gg%ﬂ?gg?gqﬁ%kﬁggﬁggD?ﬂbadanagghggﬁigéjg%g he
magnet i csyseads smpldydiin whichthaattiotchdisbhmightao @bntect Hithla cdhithétREdRE (CSS
operations, a magnetic recording nmediumin which a coating of a

per t | uor ¥ad)lgdad| 1y gheharercirpmifergntial gfea 1of the snagnaticudisk B WIBR2GPPEKE Badibe

bat ont  PUBFIZCS P [ograsRac iSO i Eonist Uhy dobatihe THDF GRofee o Bl

Simlarl j r.dj ' ' L . .
chrougn FaraRERE e RAEU AR S Bl ahaa ot o bidlreflofuckB e i 6.
(Pat ent  Reie] ®RECodidePdTdnd €SS fba Waen deblvakéd3 SR Ber RadpRRlioRRlsPe8\Ctphbled, IH3004]
Recently, magnetic di sk devices based on the | oad-unload (LUL) sSystem have
been i nt maghstie dieakissulisirawnufrers tho recotdagCa8 spredwetion hreatihie thé LSS yesdag afiert he
magnetic head is withdrawn to an_inclined base, called a "ranp", positioned
beyond t Whichfheumagpetic hsadyissecads wiilsrsliding incontagt wittvibe diggsistereindae(Ss gexands ed
to rotate,_ after_ whi t magnet.i ¢ head slides over, the magnet,i. isk from
the ramtnteb R Bdnt G T ahs epFiitet St il ebbFrd e iions
i's referggeho QcaR alel QR AIPeRBSns. Si Nce a broader recording and
reproduction area can be ensured on the magnetic disk surface than in the
CSS system the inhnetiy disle einployig sher @88 systear, itcls htc@ssarygo ir@ilide balitDs WBBiaga
capacity. Further, since the uneven topography enployed in the CSS system

i s not r kA reudingandyspradeption frea g Sik dﬁg sirfce, [t isadsomaepsenry to piddde auunteame can

be made extrenel.,y snooth.. Thi.s permts a significant decrease in the flyin
hei ght | ORI HAKBE Actsritin SHrfice SPehhesm on g Hagssle ik s9TiE6e 50 RPLUE THEAFICS) N
ratios f I i S " i Lon of the LUL system as

t he nagn@%?gﬁﬁg%%kpg9?%%pﬁg?%%¥¥%E%%ﬁﬁﬁggkégggég%gd sharply in d

di scont i nuousT$ aslhiécOe dﬁllﬂﬁ%er QUSHIE e in h8ad BT i Cofladtivia] MBInagRRRY at €
even at an extrenely low flying height 'evel of 10 nmor |ess has energed.

However , digh eduringe CA8 g npdrationke ad miagnatiov edondimgi diegliuwhi ihewhichi agcatieg dthe
surface of . the magnetic djsk at an extreneléQIOM/level there are 5rob|ens

in that Perfiyeregliypqlyrger i lbrigantyeh ithey sugtias HEGHp-6 S r@ACHHB R ERMN-CHe@HuiEnt | v

occur. [ - "Fly-sticking”.i Frment . refers to i i.r nent. .0t f or m of
ol at | PRIt SR iR Eh LhieRiied iR ERR (bR
flying. Nb, 62566a%T @MANMR&GERE 1) regul ar reproduction output. In some cases,
the magnetic di sk contacts the magnetic head during flying, causing the
head to crash and danaging the nagnetic disk. "Corrosion" inpairnent refers
to inmpairment in the formof the corrosion of elenents of the nmagnetic head -
that creates problens during recording and reproduction, and in sone
causes, 2 renders recordi ng and reproduction inpossible. The corroded

el enents soneti mes expand, damagi ng the surface of the magnetic di sk during

flying. 1




‘Recently, the rotational speed of the nmagnetic di sk has been increased to
enhance the response tine of the magnetic di sk device. The rotational speed
of 2.5-inch magnetic disk devices of small dianmeter suited to nobile
applications was fornmerly 4,200 rpm but has recently been increased to
5,400 rpm and above to enhance response characteristics. Wen the magnetic
disk is rotated at such high speeds, a phenonenon occurs in which the
centrifugal force acconmpanyi ng novenent causes the lubricating |layer to
mgrate, resulting in nonunifomuty of the thickness of the |ubricating

| ayer within Sih@aghgmﬁip ieriing mediaced’ high008% Hunabidity arbénavn tioveb dJaphesehe

| ubricatjing layer is jncrease he outer circunferenc ortion of the

di sk, fl y“%iar“é‘{ﬁﬁ ri’gﬂt%{ﬁ‘gﬁ%@ﬁ% ?‘SﬁgAﬁDe"alﬂSf‘e MNPs HT%&%B%‘F*F rPeﬁ%?ngcce ﬁbj apy Heigeiyr
when t hengagPeki romthe outer circunferential portion of the
di sk durphg aﬁ5§%U?%%@#§%%§%§3 en the thickness of the lubricating |ayer
is reducpgogn the inner circunferential portion, the reduction in

| ubricating performance tends to cause head crashing. The lubricating

t echni ques deBaenthe dnagnetab disk -deviced biat et theelbad-ealemis (1)L )2systend hadvet bath have
been enpl oyed thus far were primarily devel oped with enphasis_on inproving

CSS oper HitPdhred aspwbstiteteelor the CSSystepedn the LU sysigay bempgastisthead Wivgthdravnhe
frequency of. the abovesdesc¢ri bed inpairnments is.high nd jt.hsS already

di fficul ?6 Pgnedingd B el 3 aremgt; ppoidnpd, g%"ﬂié‘“r"é%‘e‘_ﬁ?ﬁ‘@"&!%% e actvaledi  ed
Of MRaN el Gnebhéife isk Y Uipsed 13Kiald2Rr WHRMTRe FAGIAE Red BB U8 D Fral A ARTEN
of highcapacity, high S/Nratio, rapid-response LUL-system nagnétic di sks.
Based onfreiche pnpbloadBduct Reoiding<@a trepradtetidn. OThid &sicé 6f opckBiofd]satferrédtopisovi de

a magnetic disk, particularly a |oad-unload nmagnetic disk, equipped with a
hi ghl y abHbgiperationsp Sinsa eibragderayeardinhand feproduntion hrsa odn herasgused dmhe miagnetici on

t high rotational ds of &, 400 d_ab d that. | bl
of pr ovelth et s e G Sl el Siiiis sEnme RSt volt e sk koG 0w
flying | gyel: | O ot one |
(obo79 s He Tardd AP LT oS e RS RIS S AR TR IE o

wer e sol iaghelly disk Sudfite et nfapsetis Qiskf@Ffhde dag bl Wiadé BareRieBS&Rdot. NYES phidits Was
devi sed on that basis. The present invention relates to: (1) A nethod of

manuf act sipnificantrdepreasd in thié 8idisg boightrlewdl nfjthe megetitlicad, Ingakéng, it pospiblet te athive
| ayer, agﬁ ) ..
igh S/N ratios for recording signals.

With the introduction of the LUL system, as the magnetic head flying height level has
decreased sharply in discontinuous fashion, the requirement that a magnetic disk stably operate
even at an extremely low flying height level of 10 nm or less has emerged. However, when the
magnetic head is moved rapidly while flying over the surface of the magnetic disk at an extremely
low level, there are problems in that “fly-sticking” impairment and head corrosion impairment
frequently occur.

[0005]

“Fly-sticking” impairment refers to impairment in the form of modulation in the position
and flying level of the magnetic head during flying. It is accompanied by irregular reproduction
output. In some cases, the magnetic disk contacts the magnetic head during flying, causing the head
to crash and damaging the magnetic disk.

“Corrosion” impairment refers to impairment in the form of the corrosion of elements of the

magnetic head that creates problems during recording and reproduction, and in some causes,




a lubricating |ayer on a substrate, in which a lubricant al pha conprising a
conpound denoted by chemi cal formula [Chem I]

HO CHZ- CH( OH) - CHzZ- O- CHzZ- CFZ(- O CZFQ) p- (O CF2) g- O CFZ- CHz- O CHz- CH( OH) - CHz- O
H wherein p and q are natural nunber, and a conpound denoted by chem cal
formula [ Chem 2] HO CHZ- CFz(-O CzF4) m (O CF2) n- O CFz- CHZ- OH wherein m and
n are natural nunber, is fractionated by nol ecul ar weight to prepare a

| ubri cant a having a wei ght average nol ecul ar weight (Mv) of from 3,000 to
7,000 and a nol ecul ar wei ght dispersion of less than or equal to 1.2; a

| ubri cantengers aecouling jasd mepraduction aupesitienoffee dosrodddeclehents cametinasnerpand, Chem
3] HO -CFZ(-O CZFQ m (O CF2) n- O CFZ- CHz- OH wherein m and n are natural
nunber , famagingths YA theymagpeticdisksuripgllypg: t o prepare a lubricant b having

a wei gnt averﬁ%gntgp e thedtond Oslpgeirgit ot M{'&V )r]rrée}%n(g}cr @é‘lﬁ ﬁﬁs E%entf?la’?dss‘g) ?Ou %rﬂ]ange tee

nol ecul ar weig rspersion ess rican

conpri si RGpdhsdWinié f Be Rfaghdd disk ABYide. aATTRMIGtatraPspREEHAY Rhch AAtheic Hisk Biviles
| ubricant ¢ is fornmed on a protective |ayer provided on a Substrate to form

a |ubri cef smadl diayeter suited tol hebile bppdidativhs wasn draetly 4200 rpaghethas rateslysbeah (1)
above wherein the fractionation by nolecul ar weight is conducted by
super cri #eEated & +Wapmend aljoyy torenbanes respense ehamgieeifticst ur i ng nmagneti ¢ di sks of

(1)o7 (2 ofie, Yoo W53 6 4.3, Rchales B SRk g, o Carpp 1 on
centrifugal force accompanying movement causes the lubricating layer to migrate, resulting in
nonuniformity of the thickness of the lubricating layer within the magnetic disk surface.

[0006]

When the thickness of the lubricating layer is increased on the outer éircumference portion
of the disk, fly-sticking impairment and head crashing impairment tend to occur when the magnetic
head enters from the outer circumferential portion of the disk during an UL operation. When the
thickness of the lubricating layer is reduced on the inner circumferential portion, the reduction in
lubricating performance tends to cause head crashing.

The lubricating techniques described in above-cited Patent References 1, 2, and 3 that have
been employed thus far were primarily developed with emphasis on improving CSS operations.
When they are employed in LUL-system magnetic disks, the frequency of the above-described
impairments is high, and it is already difficult to satisfy the reliability that has recently come to be
required of magnetic disks. Thus, they have become factors impeding the development of high-
capacity, high S/N ratio, rapid-response LUL-~system magnetic disks.

Based on such problems, the present invention has for its object to provide a magnetic disk,
particularly a load-unload magnetic disk, equipped with a highly adhesive lubricating layer that is
capable of preventing migration even at high rotational speeds of 5,400 rpms and above and that is
capable of preventing fly-sticking and corrosion impairment even at extremely low {lying levels of
10 nm or less, for example.

[Disclosure of the Invention]

[0007] .




conposition B of lubricant b dispersed in a fluorine-base solvent, m xing
conpositions A and B, and extracting lubricant ¢ fromthe m xed
conposition. [0008] (4) The nethod of nmanufacturing magnetic di sks of any
of from(1l) to (3) above wherein after formng the lubricating | ayer, the
resul tant magnetic disk is exposed to an atnosphere of from50 to 150C to
adhere lubricant ¢ to the protective layer. (5) The nmethod of manufacturing
magneti c di sks of any of from (1) to (4) above wherein the protective |ayer
is formed by plasma CVD. (6) The met hod of manufacturing rmagnetic di sks of
any of from (He presehb nvahtorsedissoptroy ebhiftbe aboaekintdd pobbkrst were nmatyad thiycthdi sk
devices., (7). The pet hod of manufacturing magnetic disks of any of from (1)
to (6) alf¥srbiopysetiqeh belpw; e presentigyentian pasdevisshon that basiet r aol  (product name)

made by Sol v i.s | s sel ed as |ubricant al pha and Fonblin Zdol
(product nam%ei’géfgé@egzqn\;glﬁt%%ﬁ exis is selected as lubricant beta. (8) A

magnet i c(18li kel hd it Qisk @B ori il ;

| ubri catg 29 I aygﬁﬂﬂgﬁjﬁgﬁggr&g?ﬁhb?ﬁ whi ¢1 ﬁlS?ﬁghﬁgﬁ%ggﬁi’hgyoﬁéw‘e@aﬁeé’z&ngeen
formed oalubhientipg byewhiawebsiraty,gnh whithi d | ubri cating | ayer being conprised of a
| ubricant c, conprisi ng@a | ubricant a having a weight average nol ecul ar

wei ght (My) of hbFigant alphpepmpsising e gompernd denai¢dy sherpicaldprgita di sper si on of

| ess than or equal, to 112 obtained by refining a | ubricant al pha conprising
the conpound denotl&d®¥ylk he chemical formula [ Chem 4]

HO- CHz- C @qgo - EHz ¢ oL - (A ) Bz @Hgb% @) - CHz- O
H \/\hereiqr?b?%znd @%gﬁﬁ%F%u%an%l% @rﬁ%c(ggg gﬁa denodte ?/%egnﬂ% cal
fornmul a [ Chemvhdpin blehddridre ohtafat mikerq) m (O CF2) n- O- CFZ- CHZ- OH wherein m and

n are natural nunber, 5 and a lubricant b having a wei ght average

nol ecul agndwesoipoundvsiioted byf ¢homical fog@ulao 5, 000 and a nol ecul ar wei ght

di spersion of |ess 5han or equal to 1.2, conprising a lubricant beta
conprising a conp noted by chem cal formula [ Chem 6] .

HO- CHz- CFZ( - Zhed) e (G 170 - CHZ- OH wherein mand n are natural

nunber . [Oooﬁwgﬁﬁgﬁﬁiﬁcgﬁc%?%zﬁﬁa magnetic |ayer, a
protective | ayRdrein aluhdd ardiRifirARldnB&, | ayer on a substrate, in which the

| ubricating |ayer has been formed on the protective |layer, said |ubricating.
| ayer copgracgemgd bycoolpadardvailghn od eckplay a lnbrictheaihavihg & ovaight avradeesivlediilar

HO- CHz- CH( OH) - CHZ- O- CHZ- CFZ( - O- CZFQ) p- (O CF2) g- O- CFZ- CHZ- O CHz - CH( -CHz-O
H wher ei WeightdWiw)@f fpa 300 te AP0Gandtacrolecutag weissbdisrstsing of tesvtharionsgual frel.2;

chem cal o AL SR Pl S T QBRI S AR O - O
[Chem. 3]

HO-CHo-CF(-0-C5F ) m~(0-CF2)n-0-CF,-CH,-O!
wherein m and n are natural number,
is fractionated by molecular weight to prepare a lubricant » having a weight average molecular
weight (Mw) of from 2,000 to 5,000 and a molecular weight dispersion of less than or equal to 1.2;
a Jubricant ¢ comprising a mixture of lubricants ¢ and b is prepared; and
a film of lubricant ¢ is formed on a protective layer provided on a substrate to form a
lubricating layer.
(2) The method of manufacturing magnetic disks of (1) above wherein the fractionation by
molecular weight is conducted by supercritical extraction.
(3) The method of manufacturing magnetic disks of (1) or (2) above wherein lubricant ¢ is prepared

by obtaining a composition A of lubricant @ dispersed in a fluorine-base solvent, obtaining a




and the lubricating | ayer contains -COOH atom ¢ groups detectable by tine
of flight secondary ion mass spectronmentry (10) A magnetic di sk conprising
a magnetic layer, a protective layer, and a lubricating |ayer on a
substrate, in which the lubricating |ayer conprises: a conpound denoted by
the chem cal formula [ Chem 9]

HO CHz- CH( OH) - CHz- O- CHz- CFz (- O CZFQ) p- (O CF2) g- O CFz- CHZ- O CHZ- CH( OH) -

CHz- OH wherein p and q are natural nunmber, a conpound denoted by the
chemcal formula 6 [Chem 10] HO CHzZ- CFZ(- O CZFa) m ( O CF2) n- O CFz- CHZ- OH
wher ei n oompeditinon & ef Inbricantad dispandted rin a dinodrire-lmsnmdvent] nhizivip cgmpositions Anamd &R, ul ar
structure -COOH atoni c group detectable by tinme of flight secondary ion
mass spefitdsHating lubngans ¢ figm theghed compesisiRof any of (8) to (10) above,
wherein pﬁﬁﬂprotective | ayer is a carbon-base protective |layer. [Brief
Descriptiron®of Drawings] Fig. 1 is a sectional view of a typical enbodi nent
of the Mk InsetisHdS ] %ggg-i- i t i es a
nagnetig@gisk, fﬂﬁgﬁ&?@gﬁgﬁg@gk suﬁgfgﬁfg?agpﬁgﬁg?égﬁgiggg@ﬁféégfg?%ﬂ&
denot es formingniet lubridatiyekayerAthel eugtartmagnpticdisCik exp@sddaty @h atn@gshele ddat fstoa
lubricating |ayer. [0010] The present inventors studied the above-described
i mpai r reECH adhgreretiricantgite the projgstielaymive recently become marked, to

achi eve above- st at ed al, discovering that, the follow n chani.sm

pr oducesw ﬁ@ef%ﬁtﬁ%{iﬁﬁl@@l@%ﬁ%_maﬁqgfy %F@c Y f l%%t({) hatf“?f‘é st i ng

hei ght | é&i‘%ﬁa’t"p{%rfmg’ﬂpﬁs‘%éw eaches 10 nmor |ess, the nmagnetic head
e lu

repeat edl y causes cating Tayer on the surface of the magnetic disk

t 0 under @ Thdnaihad bEmEUERHRHE hABndRD dis%f%ﬁﬂbf Bork KN S bve Binpre gl 84 foad-

nol ecul es during flying, thereby causing the lubricating |layer to tend to
r epeat ediyloagrstgien) onagecticidisy davidescool i ng. They al so discovered that this

t ends t0£ rﬁm)te bregki ng down of the | ubricant conprising the |ubricating

| ayer in thd) | of coppridactuppg rmegngtiq disks O& ey prckem dbvim (Ohebpve oligher

nol ecul e I, Chi i e n dhesion to t.he pratective lLayer

decr easedtardstiar by ot FHAATC AN BRGR Bhs] a0 By SaNST ST iR tgd
deposi t PBri¢ACaPRYRRE FdmbIRato]l RRARIEY RRRY mAGSHPYolvACSIIARN i isdlbdidh dsNGbrichsti NY
position and causing fly-sticking inmpairnent.” In particular, in nagnetic
heads w bddia.NPAB (negative pressure air bearing surface) sliders that have
recently been introduced, the [ubricant tends to be sucked off by the
strong nyds magnefic disk cemprivieg g amenadic dyen arsetediive leyernaghetlubeicatingdayenian eh i s

| ubr | cant SSEHE0T NP PR RDRENS HRR Sy of (e R 6® JoPt i FEBH R ases

cor r odi ngyérmgmgloglﬁﬁ%dgfahggcmneti c head. Heads containing nagnetic
resi stance-efféct elenents are particularly prone to corrosion.

comprising a lubricant a having a weight average molecular weight (Mw) of from 3,000 to
7,000 and a molecular weight dispersion of less than or equal to 1.2 obtained by refining a
lubricant alpha comprising the compound denoted by the chemical formula

[Chem. 4]

HO-CH,-CH(OH)-CHa-0-CHy-CFx(-0-CoF)p-(0-CF2)q-O-CF,-CH,-0-CH,-CH(OH)-CH,-OH

wherein p and q are natural number,
and a compound denoted by chemical formula

[Chem. 5]
HO-CH,-CF»(-O-CyF2)m-(O-CF2)n-O-CF,-CH,-OH

wherein m and n are natural number,




[ 0011] The present inventors discovered that the LUL system exacerbates

these inpairnents. In LUL systens, as opposed to CSS systens; the nmagnetic

head does not slide in contact over the magnetic disk surface. Thus,

| ubricant that has been transferred to and deposited on the magnetic head

tends not to transfer to the magnetic disk side. In a conventional CSS

system |lubricant that has transferred to the nagnetic head tends to be

cl eaned away by sliding in contact with the CSS area of the nmagnetic disk,

whi ch woul d expl ain why such inpairnents are not marked. Based on these

resear ch resubrds lubli@nph baving a ivightdverage aoleculaued gt liviw) of tiroey 2,000 toiSgI00 of

t he above-stated goal. As_a result of continuous investigation based on

trial and err#d ampkeukrsight dispastien efdpss dhantas equalivvi. s sgmphgng adusisant beta

i nvention. Fonblin. Ztetraol r ct.na an al cohol -nodi fied

pertluoropoly%‘%l?m§§§8mpﬂﬁgﬁggﬁi femisgt RmiAy Solexi's, is thought to

contain alcohol-nnﬂhﬁh@ngertluoropolyether conpounds havi ng vari ous

term nal group structures, such as nonool conpounds, diol conpounds, triol

conpounds, anHOEH{-EB(-G-OMmHOCF2e0May-(30L@Ni s clearly states that

Fonblin Ztetraol contains the conpound denoted by the chem cal fornula

[ Chem 11] wherein m and n are natural number.

HO CHZ- CH( OH) - CHzZ- O- CHzZ- CFZ( - O CZFq) p- (O CF2) g- O CFZ- CHZ- O CHz- CH( OH) - CHz- O

H wherein p and q are natural nunber, (referred to hereinafter as

pertluorqba&jaol conpound), but analysis by the present inventors reveal ed
I

that at l'east the conpound denoted by the chem cal formula [Chem 12]

HO- CHZ- Cfg ( AGh4sAE9 dti &entpridih aGhdahdicTaler QpioReiRl 1?{@9,1 ARG 1Bbrivhngd Bl ofla
nunber, (referred to hereinafter as perfluorodiol conpound) is also
cont ai nesubsf@QiRphithat i s, when the above Fonblin Ztetraol was anal yzed by

nucl ear neti ¢ resonance %NNR) or tinme of flight secondary ion nass

spect r oneriybricine layaylns beep dorgisd ve thepriepidiedexst:rsadl lubsring Ryenednmrisig® t o

be the prinar 0 n ut. t above perfluorodiol compound was found to
be preseﬁ@ny%%%ﬁggﬁﬁéxgkﬁngygﬁﬁTﬂﬂéo 30 nol ar percent as another principal

conponent. O R&feps@fpounds are al so thought to be present as inpurities in
guantities of about the limt of detection. Fonblin Zdol (product nane)
made by BO-CHy-CHIOHY-CSL-CaCHe-Cas(-GEBMS{G-0Dd)qkd-€1F,0ehL fO-Uth-apuOyp idinrGhas e

| ubricant nmade by Sol vay Solexis, is also clearly stated by Sol vay Sol exis
to contain thehgbiopanggarngaraddimberconpound. Upon anal ysis by the present
inventors, this, perfl uoyodi.o s found_.to pe the primary component. O her
conpounds are ‘@@“Wﬂ OW%b% eﬁ?@@@ﬁﬁﬁggﬁinpurities in quantities of
about theliri?héﬁiﬁetection. I n al cohol -nodi fied perfl uoropol yet her - base
| ubricants, based onh the degree of nodification by alcohol, that is, based
on the differ BOCEH-UF(BCHRIRED-CH)MPATIXOH,-gHoUps bonded to the term nal
group of the perfluoropolyether main chain, the lubricating properties and
adhesi ve st r ewbethingf artdreart vidwralommntbenol ecul es vary. Accordingly, based on
the content and generation of various al cohol -nodifjed conpounds such as
monool ¢ 8Mphe HbEcatne Lvereomana nOOH atpwic gxoips detreiable ynme ot Right SCEQRARY it s,
t he chargﬁéeri§%%%%gof the lubricant vary widely. [0013] In the present

rre

i nventi on, PG nt (referred to as lubricant a) is refined to a

speci fi ethoyQl meledt disR caiRpristoSt hhddhié BPerbY pfoifld BRALAdA% RYridRhERYERn a

wei ght a | ubricant al pha containing prinmary conponents in the formof the

above pesibstrate,oh ehich dle lawivpoigiayeaadnmies | uor odi ol conpound. Further, a

| ubricant (referred to as lubricant b) is refined to a specified nol ecul ar

wei ght drsempeiad denptadbyfthechemisaforomga by nol ecul ar wei ght a | ubri cant beta

cont ai ni ng a”f 'na@% conponent in the form of the above perfl uorodi ol

conmpound. A é&ﬂpﬂ bricant (referred to as lubricant c) is 9 prepared by

m xi ng | _eal e D oA Lan WA 6 ISy trhenr G . )

br ot ect 49 PR OB A E RO TR (e G OLH, AR R, DR
wherein p and q are natural number,

a compound denoted by the chemical formula




The content of the perfluorodiol conpound in lubricant alpha is desirably
from10 to 30 nolar percent. Although the nmechani sm by which the
above-stated problens are solved in the present invention is not
necessarily clear, fractionation is thought to control the state of the

al cohol nodi fl ed pertl uoropol yet her conpounds contained in |[ubricants al pha
and beta. Wen fractionation is conducted so that the nol ecul ar wei ght
distribution achieved in lubricant a is a wei ght average nol ecul ar wei ght
(Mv) of 3,000 to 7,000 and so that the nol ecul ar wei ght dispersion when
denoted as t hiChemi- @kt aver age nol ecul ar wei ght (Mw)/the nunber average

nol ecul ar. wei ght is_|less or equal to 1.2, the content ratio of
t he above per%ﬁﬁé‘%@%@@f%‘&ﬁ@ﬁ@@é@%@%, is thought to be increased.
[ 0014] When f&ﬁr%&ih?rp inoag?h%urg% cted so that the nol ecul ar weight

c ubr

di stribution achieved in Ican is a weight average nol ecul ar wei ght
(My) of 2Zad®Corhpoudd B2 N itS tholddathr thSmAD|- OB atongé ?ﬂ)&p dLRasyls by fimehsm
denoted as the wei ght average nol ecul ar wei ght (My)/the nunber average

mol ecul afighesegimdaryn) mass speegemetiian or equal to 1.2, the content ratio of

t he abovE@?erfluoeripl compounds, for exanple, is thought to be reduced.

M xi ng t id) fe megagtie idisk of aay pLEH iR} gbove.ovissinthe Rrefertive faver is p qabonfhassght
to achieﬁ%E%ﬁ&ﬂgt§nt status of the various conpounds, that is, a content
status ( a{lo and ‘st at us of products generated by m xing) of the above
perfluorg&q&m@ghﬂﬁﬁﬂgppggﬁn%ﬂd perfluorodiol conpounds, that is desirable
for solving the above stated problens. An exanple of a desirable |ubricant
al pha i nFigheisprestntl view efd fypitali esnbodifdahi of tiE magnatd diflpsfabiitrtsehiaineantiomda by
Sol vay Solexis. An exanple of a desirable |ubricant beta is Fonblin Zdol

( pr oduct thedigaie, Hideaotsa magnetiy dige |1 elenaies 4 diskupaate, B danates p bass diyer, B derdtdsvay
Solexis Co., .Ltd. 015J The present inventio rovi des a magnetic disk
havi ng a”ﬁﬁ‘beﬂ‘éhyﬁr’{lg?’é’ es aBF%‘?CBXet Ve ?“Q§@Ff‘°tfégr?3ul$r&f’ﬁ?‘? AYng | ayer on a
substratﬂmlﬁhat is, it provides a magnetic disk in which the lubricating 10
| ayer, a fil'mof a lubricant containing the above perfluorotetraol conpound
and per f | uor oThOpreseatROE6hs fsQidiER dhO MR e HABHRIIGHDEIMEs bRXBEneti€ ARk hich- COOH
atom c groups that are detectable by time of flight secondary ion mass
spect r onbaveyre¢eRdyF bSIo.) mankihd rfo tankieyr ths @hvve-stiatehgaal, sdipovaing dhatlibs folloesmar ch
still furtgﬁg, they found that the effect of the present invention lay in
the rel at® E’é‘tﬂwéﬁestﬂr‘f’efoﬂmmét‘]&ﬂ c groups and/or ~FZCOOH atomi ¢ groups

contained in ubricating |layer. AJhat, I en.the |ubricati er of
Che magneti o IGidparhin Bnorthelon MR acidy 1Bl e Bpantiea® el B
det ai | by ZQFmShiEhetit R rebe_afe@ly%al%és thE Rbricddy AT CsuBth QU thedbnattcsii O
atom c groups were present in the lubricating P’ayer. Nei t her the

per f | uor at eddespol adtabatpocomtpremiontané adebdticuspadionl thogp e meblealks auried flyingt he
| ubricant formng the |ubricating |ayer contained -COCH atom c groups or

~FZCOOH Hershy sauging iipeslubticatiog layerde (end thwspestddbcendstgothating and eepding nVeeit dlsn  was

found to,result fraomthe incorporation of- tom ¢ groups and/.or- CFzCOOH
bt o o o tAREre i Ttk e 5 DD R G kRO i L PR Pdubrcating
enbodi ”E%Srériﬂtfal&vé?ﬁ%e%ﬁl‘égt invention, the use of a carbon-base protective

| ayer and”an anor phous carbon protective |layer (for exanple, hydrogenated
car bon pr ot ecWh¢e thedyticant bRtakedbwiyintd l@sdrenolodbleyyaidit) iHtekated a®alinksior@file Of
the lubricating |ayer that was formed thereover, yielding carboxyl groups.
As set f protdstifeunyen decrénedsovihe highhyrfhihlubiget wasatbeavadie trhmsfee tq andaleposgtwindld y an
anor phous carbon-base protective |layer, is thought to be related to the

hi gh af f PR&RSictRsp ’aP‘?,SHEEF- MSHPY éﬁ'ﬂé@.zms uBE dibang epsiEmn aednsairngs ypadking The
- COOH at %%a?r{rﬁﬁigws and - CFzCOOH atom ¢ groups contained in the lubricating
| ayer can bo be detected by TOF-SIMS. Since -CFZCOOH atomi ¢ groups can be
si mul t aneousl @5k g neRicdRAAGHHEP ' R 8rin f
~FZCOOH atom ¢ lggiﬁ)ups detected is included i r?ﬁféﬁfgh%g%nt of-ét(%@fage?gﬁnﬁiego
groups détaebsedecehtle bpeedernduced vthe hibeivan tendi de de auckad) 0t bycthd i sekndastatige a
magnetic | ayer, protective layer, and lubricating | ayer on a substrate,
with the lubricating | ayer containing the above perfluorotetraol conpounds
and perfluorodi ol conpounds, as well as a conpound having within its

nol ecul ar structure-COOH at om ¢ groups detectable by TOF-SIMS. 11 Based
on the information discovered by the présent inventors, the incorporation
of -COOH atom c groups and/or -CFzCOOH atom ¢ groups into the lubricating

| ayer that is fornmed is desirable to achieve the effect of the present

i nvention. The incorporation into the lubricating |layer of a conpound
having within its nol ecular structure -COOH atom c groups detectabl e by
TOFSIMS is al so desirable. In that case, the lubricating |ayer contains the

. a o o o B o




In the present invention, the nethod of fractionation by nol ecul ar wei ght
is not specifically limted. For exanple, nolecular weight fractionation by
gel perneation chromatography (GPC) and supercritical extraction are both
possi ble. O these, the use of supercritical extraction for fractionation
of lubricants al pha and beta is desirable. The use of fractionation by
supercritical extraction permts a high degree of refinenent of the

| ubricant. Specifically, supercritical extraction enploying carbon dioxide
as eluting solvent is suitable. Ml ecular weight fractionation by

chr omat opresspiey ginsraper ebepeatle dhe Mulgeetisl headweihiht isf thaght doatxaerbates thal gansfer
possi bl e _based gn retention tinme. Wen the pressure of the carbon dioxide
is adj uste@esHeN RI§NQBEIeB0 kgf /cn and the tenperature to from 35 to 300C, a
desirabl e car LOXI rceritical, state is,achie - Wien 12

i st ed t o v R AR SO Aot B B AR e T e e

di ff er eng@@ding (16t 8 th¥vagithic A8, HBdsSIohtdfli rﬁ%%%ﬁé@ﬁmrﬁ@leﬁg& QiRRnigan be
used for precise separation by term nal group. 10018] When enpl oyi ng

chr omat oge agtigulardygréreno dirmgiode i n a supercritical state and containing the
lubricant is nmade to flow and the lubricant in the fractions eluting out of
the col ulfllls nonitored. For exanple, nonitoring can be conducted by

Fourier transforminfrared spectrophoto r FTIR) and ultravi.ol e

Cbsor pti on- v e R 5P RE ke THhr Sebrt b itie B GFURl: dhe i on
tinme to i § | i L a I et di i hON.
When pr e%girlisﬁég{&rl%gg F)[g%dr%%@{gl @ﬁgﬁegnash%}gqg%&%&g! %%Hrrggé Sbﬁé\‘? I re’f%ﬁ" ?/é%o?g%j@gor in
order tomagiiieviek surthot.f THUY) Ribdéal BatStiaa been €ABBAE] fol 200 JeptBived®: tBE BiagkeEE by

di spersing the two into separate fluorinebase sol vents. The conpositions

ar e t henhagd$indabotyto tranatet terthe neagneticedisk sided Inhaeconventionab C8$ tsystem, dubrigantithain

evaporator to obtain lubricant c. Extraction in this. manner yields a highly
Ui f or m bR ensteTed a the magetic ad ggnds i cleaped awasaésbﬁlts'mgd{l chyact i tﬁﬁﬁéﬁt

Mtsui F ' L5: ' . e. ' base sol vent.
In the p%rgag%ﬁ@}ﬁ%%ﬁ% (?isc’)l%l w}cﬂ %‘Z"BF“?“:?‘E%%‘W Seghp%? g@%@&%éﬁgﬁ%ﬁdl sk to an

at rospher e of BR8q bR the&Ofesdalthl a8 Ghd preBnf RLEMRS ebhiinGePHEE Bt bEHRE! cant
c to the protective layer. This range is |ower than the deconposition

t enper at ahoes-stated lgodlr iAsantsiltafandinopussiovdstigatibn baded omtriabfind eroorivdtimungroust o

| ower no] ecul es is_avoidable. In the present invention, the thickness of

t he | ubrjuphganisgtheydevisedthp prsgent inweptignt o 15 Angstrons. At bel ow 5 Angstrons,

the lubricati roperties of the lubrijcating.layer_ decrease., At ,greater
han 15 Angst PaBnPEGRL TiodichgAFen 47 ARt ORIR Fhuiogio R eyt ket

dur abi | i 1 r n i i Q%%@Q

formati oﬁx%%%ghlgﬁgpggg’t?ﬁg&%%g c,(;n@afgl E??)ggito F%Hﬁ@uﬁi@aﬂg‘%{#‘% I ku%dﬁ
eXposi Nghadving! Garfols eGP laesug wuthics, filthk RbAwRos cainpelintg rgislr edmpoandange has
the effect of pronoting the generation of -COOH and/or -CFZCOOH atoni c
groups i epnpeendsypnd tetiadl sgmpeupds. . SelvayaBdlens temly statest thastFopblin Zpesrapl contains
particul arly an r us car bon-base protective layer, has high affinity
for alco F&HﬂawaH@Hﬁﬁgwﬂvugﬁaﬁgﬂgﬁ? &r conpounds, as set forth further

bel ow. 13 Agﬁghpgggly, formng the lubricating |ayer of the present

i nvention on carbon-base protective |ayer and subjecting it to such a
heat tr eHDOERS-CPEOA}-CHL,-UheHSOEakR sy, ﬁr(tecaﬂquc@;-cﬁgl@fcﬁgtmgifm atomc
groups in the lubricating layer. [0019] A carbon-base protective |ayer nmay
be enpl oyed awhdrtie ppnd{ echamsl haylear, i n t he present invention. An anor phous
carbon protective layer is preferred. Such a protective | ayer has high

af fi ni t y(relgred te dpsinaiesosss peBugseieraal sompewnddt E'éral@b/ﬁlﬁ dunths prsgent insepters

sui tabl e_adhesi gn, strength. The adhesion,str th.may be regul ated by
enployinﬁ?%@%ﬁb%g%k%$%?g%??%ﬁgﬁgvgg%gﬁmﬁ?ﬁwgﬁé Y'Y carbon or nitrogenated
carbon and adjctihi, ¢y the content of hydrogen and/or nitrogen. Wen the

hydr ogen content (hydrogen content in a protective |layer) is neasured by
hydr ogen f or vHOCKHESEF{(@-Csiani-HE-RF2)mOlereH,adH3 to 20 at % is desirable.
When the nitrogen content (ratio of nitrogen to carbon, NC) is nmeasured by
X-ray photoeI%%@ﬁM@l@E@h@?@@@@ﬂﬂﬁ$@malysis (XPS), a level of 4 to 12 at%is
desirabl e.
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When enpl oyi ng a carbon-base protective layer in the present invention, an
anor phous car bon-base protective |layer fornmed by plasnma CVD is desirable.
An anor phous hydrogenated carbon protective layer formed by CVD is
particularly desirable. Wien form ng a carbon-base protective |ayer by
plasma CVD, it suffices to enploy |ow unsaturation hydrogen carbi de,
specifically, a straight-chain |ow unsaturation hydrogen carbide gas with
10 or fewer carbon atoms, such as acetylene. The present invention is
described in greater detail bel ow through enbodi nents. [0020] (Enmbodi nent
1) Fig. @efeimsiie hereimaligres parthdirediol tompeundhisialspbenamdat i on node of the present
i nventi Ofbﬂ}én magnetic disk 10, on a disk substrate 1 are sequentially
formed a e layer 2, magnetic |layer 3, protective |layer 4, and

| ubricating | 4 ' -ng, 4 .S, folne t .of the |ubricant
(referred to g)sé? Ilsﬂg\fhlellégge{ élb%)% g?ﬁPir]{g%%%%@e‘ﬁ a}"%(yé%(ﬁ”g#‘.“ﬂelaﬁ in%sagﬁneqcl ‘ci%lgl%e
descri begqmy & t5Re6l ﬂi%mleéondaﬁ? kcAVhask pceR@haly @OFOSIVI)Eihé WRivk paMlidrotsol

nmet hod of preparing the lubricant will be déscribed. 14 First, Fonblin
Zt et r aol camprogutliets faume Yo bade fimd#p lcomposd] butithe Gt gerfladrodinl asmpanad iveant

al pha bel ow) was selected and procured as the |ubricant containing the
above pefornd,tsy s ReseRLIN cenmisaupidemdO b PP medar percent as @rpfbermiincipalnosperane

col um mount ed.on_a, supercritical flui.d applicati devi ce configuyred
of a supaier R fe Asd PRREGap e dEtrE & PRfiEs df dpuPegt orGe HEV e,
pressuregiggyl ati ng device, FTIR and ultraviolet-visible spectrum
detector. Carbon dioxide was enployed as the nobile phase in nolecular

wei ght fract i kenatilino Addlo (frodet irama) enddbeby Wulvagasbledy, a8b asularbhoMrd@lifiedbased
on supercritical extraction. The |ubricant obtained by fractionation was

r ef er r edparbuaepolygther-basa tubsicantigade by-Sellsdy Sol@dslis ¢lpr demlytstatedrhy) Solmsgl Solsyis

Solvay Solexis (referred to as.lubricant_peta bel o s selected and.

pr ocur ed a3k bl B mﬁue&%t%i%mﬁaﬂ@hedé%%aw B bF e EYY i
Simlarl r i o1 ] i f i renitical
oxtr act | BRI ol 8 0 Bk OBk pBlP  OIE o RGOS o RURFL S e

r ef er r edpregen®ds itnphiities RNjuaktitied BRALOGHR 1LrSit 6f detdd@orsuUper critical extraction

met hod are gi ven bel ow. [0021] When the nol ecul ar wei ght distributions of

| ubri cants a lanttoholirhatifiddgerfvempolyttheritasdumioaets mssiumabe degraegf polificettony |
met hacry] ates of varying nol ecul ar wei ght as reference substances by gel

per neat | BheleaipPbthst Bgieasshn theabtiprongeria themumben ofhydiexy] igrougs bendediprtheigmaina

| ubricant_ a found t e a weight ayerage nol ecul ar i ght - from
5000 ¢ o e RS ob e i B Vi SR es B BieVoulehigh oPbe' The
mol ecul agh¥@h@bledil@tvaiput i on of |ubricant b was found to be a weight
average nol ecul ar weight (Mvy) of from 2,000 to 5, 000 with a nol ecul ar

wei ght di sperAé¢condidly, foaaseth oh. titbcdn@ntland. gendreticiDdfaatibhiralowholghbdiflédSapippunds
indicates the ratio of the we_ilght average nol ecul ar wei ght (Mw)/ nunber

aver age shesumaroohepapeundindiol sorepomnds i tiplo rorfipamds, rand teacd scoopaplsi theon A)
was prepared hy. di spersi.ng lubricant a that had been fractionated in this
nmanner i %PP%‘EFO?&EG[@W@&W , a fluorine-base sol vent made by Dupont
Mt sui Fogig]ocherri cals. Simlarly, a conposition (referred to as
conposition 'B) was prepared by separately dispersing lubricant b that had
been fracti onatifél prasert hiventiGh) 8 aiibricAnt (@sférfcdl to X 1GBHRsUS is RaTiRY o dBeddied
Dupont M tsui Fluorochemnicals 15 Conpositions A and B were m xed and

i nti mat emplesylarr weightt distpipuwioabg frcioneting by mpdsulht erighivi tatnigantadphe andtaningd i n
such a manner that the bl ending fproporti on of lubricants a and b_was 1:1 by
wei ght . primary components in the form of the above perfluorotetraol compound and perfluorodiol

compound. Further, a lubricant (referred to as lubricant ) is refined to a specificd molecular weight
distribution by fractionating by molecular weight a lubricant befa containing a primary component

in the form of the above perfluorodiol compound. A mixed lubricant (referred to as lubricant c) is




The Vertrel XF (product nane), nmade by Dupont M tsui Fluorochem cals, was
renmoved fromthe m xed conposition with an evaporator, and a |ubricant was
extracted (referred to as lubricant ¢ below). Preparing the above | ubricant
in a clean room kept the purity of lubricant ¢ high. The cleanliness class
of the atnosphere of the clean roomthat was enpl oyed exceeded cl eanli ness
class 6 specified by Japan Industrial Standard (JI'S) B9920 or | SO
(14644-1), or exceeded cleanliness class 1000 (Federal Standard:

FED- STD-209D). [0022] (Manufacturing of a magnetic disk) A 2.5-inch

cheni cal pryparesd iyfroixgedutgicagsa ashiddk A Gl ef luldicanetisthe Soamdonitheyeciedivalagerdo 20
mm di sk thickness 0.635 mm nmade of alumna silicate glass was procured
for use ¥évedheabougrpated moklems. On this disk substrate were sequentially

Bace | ayer 2 TRSupeapd BEBLDROLR RutBhs vt AR B JEORF toniPiEansr .

thin Al RwoRrkp@dnt.i | ma second base layer conprised of a thin GrWalloy
film Magnetic layer 3 was a thin CoCrPtB alloy film Next, plasma CVD was

enpl oyed to fAlthugh mhicotnedibhivia dyawhich 4he( &0vasigsd peobkenisnaré Boleddninsthg pesenpr | sed
of anorphous di anond-1i ke carbon. Wen formng the film |ow straight-chain
hy dr ogenin¥@itign de ngtsecgsarily rghtasyEartionghien ip thoughittoveonirelytbe siatenak thgrai¢oheled by
HFS, it was..found to copntain | S at % .of . hydrogen. xt.,, previously prepared
bt | cartioR Rt hel R St SoRiP o R e A peier 5 AT Ler £ m

formation, nmegpgli ' 1 ed i Q@S%F :

| ubricant c to gﬁrg'? %ﬁn?é\é)él Pa%?uc%ga%ﬂegl? |ﬂlsarﬂvxofal§éﬁ§%n‘;a£ te %ﬁO@%@ﬂ%‘ﬁﬂrﬁl

Measur enkbiicadya f5 bl vtight weadge Gndletafat Gateht\@IW)Pf8100D td ROtTEandOsoAn4l $iid dSculldR
thickn es\?véigl[ntodcj)sigllsiorll E\Swvhen denoted as the weight average molecular weight (Mw)/the number average
molecular weight (Mn) is less than or equal to 1.2, the content ratio of the above perfluorodiol
compounds, for example, is thought to be increased.
[0014]

When fractionation is conducted so that the molecular weight distribution achieved in
lubricant & is a weight average molecular weight (Mw) of 2,000 to 5,000 and so that the molecular
weight dispersion when denoted as the weight average molecular weight (Mw)/the number average
molecular weight (Mn) is less than or equal to 1.2, the content ratio of the above perfluorodiol
compounds, for example, is thought to be reduced.

Mixing the two fractionated lubricants (to obtain lubricant ¢) is thought to achieve a content
status of the various compounds, that is, a content status (ratio and status of products generated by
mixing) of the above perfluorotetraol compounds and perfluorodiol compounds, that is desirable for

- solving the above stated problems.

An example of a desirable lubricant alpha in the present invention is Fomblin Ztetraol
(product name) made by Solvay Solexis. An example of a desirable lubricant befa is Fomblin Zdol
(product name) made by Solvay Solexis. In Japan, both are sold by Solvay Solexis Co., Ltd.

[0015]
The present invention provides a magnetic disk having a magnetic layer, protective layer,

and lubricating layer on a substrate. That is, it provides a magnetic disk in which the lubricating
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(Eval uation of the magnetic disk) An LUL durability test was conducted to
determ ne the LUL (| oad-unload) durability of the magnetic disk 10

obtai ned. An LUL-system hard di sk drive (HDD) (rotating at 5,400 rpn) was
procured and magnetic disk 10 was | oaded with a magnetic head having a
flying height level of 10 nm The magnetic head had an NPAB slider on which
was nounted a reproduction elenent in the formof a magnetoresistive

el enent (GWR el enent). The shield el ement was nmade of FeNi -base pernall oy.
LUL operations were repeatedly conducted with this LUL-system HDD and t he
nunber ofayérk fdmeofat ildmisant hahtaimignéti abodi pérflidotetzsd edmpedndr andf @iflupradiol
occurred was counted. As a result, it was found that magnetic disk 10 of

the presESTEPoUR sumpdaver fhedreiertisg fyerpepntalls Xy efoppeerapRstbat ererdsfectablg by t i s

sai d t haj 1 ars _of use isS requ exceed 400, 000 LUL

operati o{nuélggﬁ%g}t ngﬁg%n%pﬁg%o%mﬁfgﬁmg Thus, negnetic disk 10 of
the present 'W@tﬂﬁk?}&s&!@%\»@hﬁﬁlpﬁmﬁ@d fh@im‘e%earmtiillfﬁ(ﬁ%},!ﬂgéf' {Bshd tHR e FRBL of
occurred with any of the HDDs that were tested. Detail &d exam nations of
t he surf te@raénttibenti@mglagtin ¢hehelatlord bdtvestl thg —COOH momly grotiys dnést -0E,C@0H
conducted by optical mcroscope and electron mcroscope. However, no
scori ng #PmEWRs comraipin thedvidicativgrlayge s Thah s, whenribd labricating lgymriof Biamageetiche
magnet i ¢ head observed. [0Q24] nbodi ments 2 and 3) .l n, Enbodi , the
bl endi ngd'g]f &S&B‘E o ee%r%%f‘é'i ﬁﬁ‘gﬁ%g O‘é{n\‘,fasse’ee&gn‘i%arf% defay Eya‘éﬁkgiﬁﬁa i ght
rati o of gl. bre t 0 rican fhedl t 1. Xkig
rati o of dl(g:coor%}%géidtléi{o_r% giar;[gmg %\lkjgg&vg@?e. F%lbé)cgl(ﬁ;hl evlgdggﬁgevr‘{%ﬂ%&g?%t@i on
by wei ghtubfiéatidg layef NeitheritieieiflvdrdtQrablddiripeadit nob the PRERBroBHE SRS cohbdind,

t hese enbodi ments were identical to Enbodinment 1. Wen LUL durability
testing wathe denigandtfodning thehlubicating tayenemtas:di -+CEMH adtinne rgroups obeCR.COOH
Enbodi nents, 2 and 3 achieved the sane good results as Enbodinent 1. A

det ai | ed R FOVRS- ofscqardingly,nihe eHpst 1y thapesat dveptips yagFwpd do gesulk §rogt theach

of Enbodj . TOF- Sl VB that the tic djisks of
a1 of ¢ IEHheRich I CRO e R w0 G OB Soph gt e BE B i
atom ¢ gfathRss fofindddn kUMM of BGiresert IRRALGH, MEIuSe Of LERSonBESpBRE ive
contained in either the above perfluorotetraol conpound or the a%ove

per f | uor ageradnd cmngooarplehius rRathonveratectibe Yayero(foraéxam@le] hydrogenitedcirbad ppratective
| ubricant beta, lubricant a, lubricant b, or lubricant c. Accordingly, .they

wer e t holiyen farmed by alagine £Vd? wapipund iy mpdily prsteof thelvbricpting layer thifewasdpmiedat i ng
| ayer after the .fqormafion.of the film.o upricant ¢ qn the protective

| ayer . HEERIS viERHR Ry Sraingy Al Fait A e 2y oS
resence,of: i Cap&g, f : I | r aksqEption
gpect r ump &F%lgdz?@%ﬂ{ T%HRE{II C ?Dsagé B\r/é%agvreela a{r)’é%{ﬁh% %rﬁn%}ﬁgie%& tﬁlﬁgﬁj%‘arre f;)r’Et hod
as i n EnhedicoitmolifRd ipedilabropdlidiiter kévipdunds.over a hydrogenat ed car bon

protective |layer formed by sputtering, but w thout heat treatnent follow ng
‘the fornHWiléln of lubricating layer 5. Analysis of the lubricating |ayer by

TOF-SI M5 reveal ed antjty of- at om c groups and- CFZCOOH at.ons  gr oups
that was at ahCORE ‘I‘tPrﬁictgrﬁqpscfé‘ge"&FP%(HOHyatW-%‘P%.mW@ﬁi fhihe Iphrisating ¢

ERE Tt T e T e

exceeded _ cKi'ng 1" hpal wever, _
t r ansf er d@bctddibidnCRRELL-CBGHMRBRE gd&psf}%ﬁ?’co\ﬁ%fobﬁtf@@ﬁ atobiiE Broub{ Gctb@GNEL i C
di sk of Enmbodinent 1, in which - atom c groups and/or -CFz atom c

gr oups wesriechgled érthé emhni of AOGOH atoricgbumgeteaydr, was deternmined to be nore
reliable. [0026] (Conparative Exanples 1 and 2) ) ]
hé present invention provides a magnetic disk having a magnetic layer, protective layer,
and lubricating layer on a substrate, with the lubricating layer containing the above perfluorotetraol
compounds and perfluorodiol compounds, as well as a compound having within its molecular

structure ~COOH atomic groups detectable by TOF-SIMS.
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1n Conparative Exanple 1, lubricant al pha was applied over protective |ayer
4 without fractionation. In Conparative Exanple 2, |ubricant beta was
applied over protective layer 4 without fractionation. When LUL durability
testing was conducted in the sane manner as in Enbodi ment 1, Conparative
Exanple 1 failed at 400,000 LUL operations. Further, fly-sticking

i npai rment occurred in 50 percent of the HDDs tested. Conparative Exanple 2
failed at 200,000 LUL operations. Further, fly-sticking inpairnment occurred
in 90 percent of the HDDs tested. 18 \Wen the magnetic heads of the HDDs
of Conpar at i vBasek emhe agorinatinn di2covered by dhpresentamaintersatire iredrparfatien off- €0 g,
transfer of lubricant to the ABS surface and NPAB pocket portion of the

magnet i c¥RBifdgroRRss s erafO0Rh @temic eovmp antatthe dubtigating) laves)that js dommsdr 15t i ve

Exanpl e - lL.ubri cant s, al ph d beta.were mxed in a.weight rati f 1:1to
ot par o il ERRSF HARE o€ pRS DG Ban gt Pt Bu Bl BBl orsi
durabi |'i bpa b&apdul@n GARAUS RS edullr LSRG 1ER B0 ABiAsohd deERasit BE o
Conparative Exanple 3 tailed at 400,000 LUL operations. Further,

fly-sti cRIMY is alpaidesimble. Wiasthgiesres, ahe thbritatinQ ipef eeithin® thet dbevéipBBueniptrasied i n
the testing. Wien the magnetic head of the HDD was renoved and exam ned

after tes¥nppynds; angdnperdyorestiol] epmponndst ag well lae a@SPourd havingavihinmapnpleelast
portion of fhe eti c head s obser.ved. n the.lubri.catjng | ayer of
Phe. magnichn CRONSr e | R B S ey PEH b g st e
TOF- SI M5 P 1 rﬂﬁ;pg]a&g - gﬂmc 1 re
det ect ed_?ﬁéﬁh%‘glﬁ%@%gtil ng I%E/egframg“)ﬂus, The magnet’c &?éstﬁépg?seﬁ?%ﬁndge
enbodi nefifwhitha temhifidl of HORkirf¢HinQr aIGE SKAX s BENThEdifdaRD S civB6:6/1 GRAE! Sitchd 1N
the lubricating |ayer were determned to be nore reliable. [0028] In the
present anbeinatingriayen nay heiobtairted afop ksanfle by diuaning e fiFemithé progciter lapdr of Bhe
name of @bproduct made by Sol vay Sol exis) is fractiopated by nol ecul ar

wei ght t BPBENR; Sontginng, theg ghevea PRifluprotettord; gomposdss argalupsdil yFurPaRBdsy and( M)

of from 0 . ecul i.ght. dispersion of |ess than or
equal togqg}%gnggi‘%ﬁr%@?g%&ggw Sﬁngérg\gn%flg?rsﬁc% in Zdol, the nanme of a
pr oduct [Mgm;lem&in%%@jmgﬁﬁgnqacti onated by nol ecul ar weight to
obtained a lubricant b with a wei ght "average nol ecul ar wei ght (My) of from

2,000 to]®1Y900 and a nol ecul ar wei ght di spersion of |less than or equal to
1.2; and lubrjicants a and b are m xed to obtain a lubricant ¢ which is
enpl oyed to fbr Heapreseht inventiong whesy @reparigy ibrieane cplubsiesnt 4 AR hibrieant gr 8% des

ti,c.di.sk.in which. fly-sticking.i [ [ ' i t
2o br ovERIRYS e GiRleina tinary rdfion B e AL 2n 20, SV IR
are prevented : | NS _ |
det sot abPoPRyo B T (R mnety e pRERE AR BRI Gon i als S RS in

r Ie| i ab |OI e lubHgmet ischolliphitto Péinta pattlcartly desithile tlatk Corlsblving teabbie-disted ptoblemdhat i s
clalnmed 1s:

In the present invention, the method of fractionation by molecular weight is not specifically
limited. For example, molecular weight fractionation by gel permeation chromatography (GPC)
and supercritical extraction are both possible. Of these, the use of supercritical extraction for
fractionation of lubricants alpha and beta is desirable. The use of fractionation by supercritical
extraction permits a high degree of refinement of the lubricant. Specifically, supercritical extraction
employing carbon dioxide as eluting solvent is suitable. Molecular weight fractionation by
chromatography is preferred. Molecular weight fractionation is also possible based on retention
time.

When the pressure of the carbon dioxide is adjusted to 80 to 350 kgffem® and the

temperature to from 35 to 300°C, a desirable carbon dioxide supercritical state is achieved. When
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1 A nmethod of manufacturing magnetic di sks conprising a magnetic |ayer, a
protective layer, and a lubricating |ayer on a substrate, in which a

| ubri cant al pha conprising a conpound denoted by chem cal formnula [ Chem 1]
HO CHz- CH( OH) - CHz- O CHz- CFz(- O CzF4) p- (O CF2) g- O CFz- CHz- O CHz- CH( OH) - CHz- O
H wherein p and q are natural nunber, and a conpound denoted by chem cal
formula [ Chem 2] HO CHz-CFz(-O CzF4) m (O CF2) n- O CFz- CHz- OH wherein mand n
are natural nunber, is fractionated by nol ecul ar weight to prepare a

| ubricant a having a wei ght average nol ecul ar weight (Mv) of from 3,000 to
7, 000 anadjesterdob edihinethisweigghdiffaterspemsolibiliof dieds slighh dififeences umbletdarbvdghta

| ubricant beta conprjsing a conpound denoted by the chem_cal fornula

[ Chem 3] 2dhesipucioreqf seonawrfenpwns can bsnppd opprerse Eppraimn Wyierminahgiotdind n are

nat ur al @q&gr, is fractionated by nol ecul ar weight to prepare a |ubricant
b havi ng I ght average nol ecul ar weight (My) of from 2,000 to 5,000 and
a nol ecul ar i hSi | O : ; o t c
compr i Sing a e e BoZRE TR ER AR n SR b andcodihE R

| ubr i cantubficdns isfradawsl flow afd the dibeiedrit ethk dvetiond eltihdad of theaohitdsit kdhitortd) f orm
a lubricating |ayer. 2 The nethod of manufacturing magnetic disks of claim
1, wher eFeor xpaplermertitotngeanba condueted by Fouaier tansfphm inferasionentroplstorhgpry (FTIR)

iti t tion. .Th th f factuyri tic dj sks of
cl am 1 8 SR ik rordoras e Gah by ot Mg SRR bon A
of T ubri ¢aflve fradloiRRhIRS a blombibdifh: WifHPASALRRLYENt . obtaining 21

When preparing lubricant ¢, lubricants ¢ and  may be directly mixed, or in order to achieve

a uniform mixture state, compositions may be prepared by dispersing the two into separate fluorine-
base solvents. The compositions are then desirably mixed and stirred, and the mixture extracted
with an evaporator to obtain lubricant ¢. Extraction in this manner yields a highly uniform mixture
state,

Vertrel XF, the name of a product made by Dupont Mitsui Fluorochemicals, is desirably
employed as the fluorine-base solvent. |

In the present invention, it suffices to expose the magnetic disk to an atmosphere of 50 to
150°C following film formation to adhere mixed lubricant ¢ to the protective layer. This range is
lower than the decomposition temperatures of lubricants @ and b, so the breakdown of lubricant ¢
into lower molecules is avoidable. |

In the present invention, the thickness of the lubricating layer can be from 5 to 15
Angstroms. At below 5 Angstroms, the lubricating properties of the lubricating layer decrease. At
greater than 15 Angstroms, fly sticking impairment sometimes occurs and LUL durability
sometimes decreases.

In the present invention, following formation of the lubricating layer, heat treating the
magnetic disk by exposing it to an atmosphere within the above-stated temperature range has the
effect of promoting the generation of -COOH and/or ~CF,COOH atomic groups in the lubricating
layer. A carbon-base protective layer, particularly an amorphous carbon-base protective layer, has

high affinity for alcohol-modified perfluoropolyether compounds, as set forth further below.
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a conposition B of lubricant b dispersed in a fluorine-base solvent, m xing
conpositions A and B, and extracting lubricant ¢ fromthe m xed
conposition. 4 The nethod of manufacturing magnetic di sks of any of clains
1 to 3, wherein after formng the lubricating |ayer, the resultant magnetic
di sk is exposed to an atnosphere of from50 to 150C to adhere |ubricant c
to the protective layer. 5. The nethod of manufacturing nagnetic di sks of
any of clains 1 to 4, wherein the protective layer is formed by plasma CVD.
The net hod of manufacturing nmagnetic disks of any of clainms 1 to 5,

enpl oyedAtardihggdiotming alte Bysstating teygnef the piksek idewmiiaesn aTdadbonbhdeqeotedtive
nanufacturlng magneti c dISkS of any of clains 1 to 6, wherein Fonblin

Zt et r aol layeaBd seiechingis yo she hegs tsampnipespitethr suitable genesaiion @f 26 OPHioRNt

al pha an Zdol pr made by Sol vay Solexis is selected as
IubricangEéﬂggﬁ 8ﬁﬂ§PG¥8%§¥F%|ng a magnetic layer, a protective
| ayer, a Iubrlcatlng | ayer on a substrate, in which the lubricating

| ayer has been formed on the protective layer, said lubricating |ayer being

conpri sed of A datbonibe@nprorctiveolaas insdyniee amplolidd fxame peotdbBive NeRinbi Padsent
average nol ecul ar weight (My) of from3,000 to 7,000 and a nol ecul ar wei ght
di sper si Bwension| dgisandrplipus rcaréquanotqcbvellaﬁerobp@fmdt Sych @ piatdchiee laydrliss highnt

i G- CREER FeAroRsh s e aoieppay her compmizys S Heps cniabls adbesl eseRg o -
H wher ei ?g%@q@gffrﬂg%hgm Wea,legmg&’s; emBidfing 23R %Poqecﬂ% A& MY aolEHG2!

formul a
carbon or nitrogenated carbon and adjusting the content of hydrogen and/or nitrogen.

When the hydrogen content (hydrogen content in a protective layer) is measured by
hydrogen forwérd scattering (HES), a level of 3 to 20 at% is desirable. When the nitrogen content
(ratio of nitrogen to carbon, N/C) is measured by X-ray photoelectric spectroscopic analysis (XPS),
alevel of 4 to 12 at% is desirable.

When employing a carbon-base protective fayer in the present invention, an amorphous
carbon-base protective layer formed by plasma CVD is desirable. An amorphous hydrogenated
carbon protective layer formed by CVD is particularly desirable. When forming a carbon-base
protective layer by plasma CVD, it suffices to employ low unsaturation hydrogen carbide,
specifically, a straight-chain low unsaturation hydrogen carbide gas with 10 or fewer carbon atoms,
such as acetylene.

The present invention is described in greater detail below through embodiments.

[0020]
(Embodiment 1)

Fig. 1 shows a magnetic disk 10 in an implementation mode of the present invention.

In magnetic disk 10, on a disk substrate 1 are sequentially formed a base layer 2, magnetic
layer 3, protective layer 4, and lubricating layer 5. Lubricating layer 5 is formed out of the lubricant
(referred to as lubricant ¢) of the present invention. This will be described more specifically below.
(Preparation of the lubricant)

‘The method of preparing the lubricant will be described.
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- HO CHz- CFZ(- O CZF4) m (O CF2) n- O CFZ- CHZ- OH wherein m and n are natural
nunber, and a lubricant b having a wei ght average nol ecul ar wei ght (Mv) of
from2,000 to 5, 000 and a nol ecul ar wei ght di spersion of |ess than or equal
to 1.2, conprising a lubricant beta conprising a conpound denoted by

chem cal fornmula [Chem 6] . HO CHzZ- CFz(- O CZFQ m ( O CF2) n- O CFZ- CHZ- CH
wherein mand n are natural nunber. 9 A magnetic disk conprising a nmagnetic
| ayer, a protective |layer, and a lubricating |layer on a substrate, in which
the lubricating | ayer has been forned on the protective |ayer, said

| ubri cati ng | EystrFopdripriteiaol (modnonpamm) dnade gt Sedivalp \Soldriz (cdferadaalas fdwicaita

[ Chem 7] ) .

HO- CHz - CHplspelenty was eplpcted-and. proeyred, py, thedubnieantycaniaining theyaboyperflapipteimal cHz - O

wher ej | d d d by.the. .
chon cal Bl o ol BB & pre R S PRSI S Ep P pyie
wher ei N goRBHioR da¥ige kst of b Eritic@lrfﬁli&f (lih]ﬁlvér&' REJi G2 ehidrah Y R bul B3 RYIBS

-COOH at omi ¢ groups detéectable by tine o | ght secondary ion mass

spect r onpessyre réfuldingedgniet,i ICTIH] sid wlayicletsiisilje 3pod@n aletettot. afaibon dioRidetvest i ve
| ayer, and a lubricating |ayer on a substrate, in which the |ubricating
| ayer coffpPlpysssas the arnbile phase de melectlap yveight fradiiendtionl to fiaetinmats thohdrical by

HO CHz- CH - CHz- O CHz- CFz (- O.CZ -(O-CE2)g- O CFZ- CHz- O - - CHz- O
15 bl PR L RN HEFIRY T DBRRs0l oot e oyabRevas
cheni cal re@é};egw%l{l@ma_m] HO CHzZ- CFz(- O CZFQ m ( O CF2) n- O CFZ- CHz- OH
wherein mand n are natural nunber,

Next, Fomblin Zdol (product name) made by Solvay Solexis (referred to as lubricant befa

below) was selected and procured as the lubricant containing the above perfluorodiol compound.
Similarly, molecular weight fractionation of the lubricant by supercritical extraction was conducted.
The lubricant obtained by fractionation was referred to as lubricant 5. The details of the
supercritical extraction method are given below.

[0021]

"When the molecular weight distributions of lubricants g and b that had been obtained were
measured using polymethyl methacrylates of varying molecular weight as reference substances by
gel permeation chromatography (GPC), the molecular weight distribution of lubricant @ was found
to be a weight average molecular weight (Mw) of from 3,000 to 7,000 with a molecular weight
dispersion of from 1.05 to 1.2. The molecular weight distribution of lubricant b was found to be a
weight average molecular weight (Mw) of from 2,000 to 5,000 with a molecular weight dispersion
of from 1.05 to 1.2. The molecular weight dispersion indicates the ratio of the weight average
molecular weight (Mw)/number average molecular weight (Mn).

A composition (referred to as composition A) was prepared by dispersing lubricant a that
had been fractionated in this manner in Vertrel XF (product name), a fluorine-base solvent made by
Dupont Mitsui Fluorochemicals.

Similarly, a composition (referred to as composition B) was prepared by separately
dispersing lubricant b that had been fractionated in this manner in Vertrel XF (product name) made

by Dupont Mitsui Fluorochemicals
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and a conpound having in its nol ecular structure -COOH atom c group
detectable by tinme of flight secondary ion nass spectronetry. 11 The
magneti c disk of any of clains 8 to 10, wherein the protective layer is a
car bon- base protective Iayer 24
.ALy. ALy. Aly. ALYy. Aly. Aly. Al . ALY. AOy. ALYy. Aiy. Aily. Aly. ALy. ALy. Ay. ALy. Ai \ . ALy.

A|8y Al . AL. AL. A08/ H [
% */ ws* 1Gbzupkf ~ ZU] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca! % #/ 5gq Bf (49oy
, 1"} xr ngb] Xkf Cavhosfiva} dadnd B/vem|roiazd aral]lnia]laﬁd]fcm]eda])madﬁ]ncaa] nixe] cafmaition] cal ¢
a) cay ca]\i:a] caj caU] ca] ca\/] caj ca] C?(LP l&cagla] ca " 0#7#$$°/M_&R& (<§;

(‘,"Eﬁﬁlﬁda] cau

) @) ) v | Mixipg was conductedyjn ¢ plepding prapertien fdplricpe

] ca] caV] '%g]g%%]nca] caU] caj caU] caj ca\ﬂ cal] caV] ca] caV] ca] cal] ca] caU] calcalca-k.p
.z.1/01=
; <=S=X===?BCl mﬁﬁﬁ{(ﬁﬂdﬁct[n%% M‘B? &%ﬁ%ﬂﬁﬂd‘cﬁéﬂ&ﬁl C@JSCIQHB%] cajc

aU] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] cal] ca] ca] ca
EEENFTFq Gafs{ B5GEiked bdthyidsitin® M@V eddgéiaibl,| dnd[ 2 hubtiydnn ivers ¥Slticiddc@derdddc@\dsca) ca
V] ca] cal] ca] ca] ca] cal ca] ca] cal] ca] caV] ca] caV] ca] ca] cal] ca] ca] caV] ca] caV] ca]j
caV]calc gutf ¢ e0"\()"/ 5 Xabbbbceeeegl i ] X] mio;

S LRl o
T L R e e

v| i 8: GJ~lerspEitisiniyba hﬂh@u&l\ﬂdrhh@a(mylwgm sl9lcaleaM ¥ 8t @@V&cﬁ&]@eﬁ]\ﬂr@a} cal

ca] ca] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caU] ca] ca] ca] ca] caU] ca" ekci E/ 5cNSnp

suG\va} xswlash 120§ Fefiaryl] Saiderd] EEPSAP290)] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] ca
U] ca] ca] cal.caV] ca] caV] ca] ca] ca] caV] ca] caV]ca] cal ca 2;
/ 8ARRX{ v&q% Xje [V]]c]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]calc

?! tcgwniélé]?‘gﬂ %@?ﬁ% %%%le?@%i\ﬂ gﬂ gg]ﬂcga} gg]chﬂ:;?ca\/] ca] cal] caU] ca] ca] ca] ca
] ca] caV] ca] Ca]ACZii Gh CRdnsieds 3MheRkLS ia%ﬂl@?lﬂ@ﬁh&ﬁ&t&adﬁ%cﬁhﬂlmeter 20 mm

4% nx~0[ dj gl No~xsni c~Yj e [V]]c]]calcal] ca] ca] ca] caV] ca] ca] cal] ca] ca] ca] cajc

aljcaV]c a]dcsh]lndc]leapcﬁaﬁ nm])]mml]e cﬁ]lam]naaihc:a]: glajscak @ﬁ]cma]i ﬁﬂ]l@eea@_q disRIsulSHARIR () -1 S

#109&' ()-!i"10%n& ( "1096& ()-F i"10%& ( )D "10% & ()-F [ 1-\;
[L"109& ()-! LO]}GhJ@Ldl(s subﬂﬁtqgfe@(;equentlally formed by DC magnetron sputtering a base layer 2
WLO%&' () - /7#10% M i S#109%n& () - @6*, - "?4; 10,

t 109&' () a’f‘ Wi%b%& @ %10% ()- @ %10% ()- @i " 10%IU& ()-i " 109%& ()--./wN

[T MLO%& () - ﬁgs@a)(e} 2 bvas ﬁtglfﬁ‘ec( gy ffomnﬁg Y& Qirdt base layer comprised of a thin AlRu alloy
film a second base layer comprised of a thin CrW alloy film. Magnetic layer 3 was a thin CoCrPtB
alloy film.

Next, plasma CVD was employed to form a protective layer 4 (60 Angstroms in thickness)
comprised of amorphous diamond-like carbon. When forming the film, low straight-chain
hydrogen carbide gas was employed.

 When protective layer 4 was analyzed by HFS, it was found to contain 15 at% of hydrogen.

Next, previously prepared lubricant ¢ was coated by dipping to form lubricating layer 5.

After film formation, magnetic disk 10 was heated in an oven to 100°C to adhere lubricant ¢
to protective layer 4. Heating was conducted for one hour. Measurement by FTIR revealed
lubricating layer 5 to be 10 Angstroms in thickness.

[0023]
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109%&' ()-i"109% ()- 10 10s*1dEmN/ i MLO% <" 109&' () - Mp-

10%& ()- @O0%&' ()-i}109%& ()-i C'10%&' ()-v-

109%&' () - GodENV i MLO% 8@ 0%& () -i/#10%& ()-1/#10%&' ()--J

109 ()-i19% 109& ()-S#J 10%&' ()-% bC MLO%., "109& ()-| $10%& ()-L 109 ()--
109 ()- 10 10 10; s109%&' () -#gq

dEbC MLO%.P109%&' ()-10%& ()-LCA"10%& ()-109& ()-910%& ()-L10%& () -

Bf (0dEbC MLOYS#109%&' ()-L! "109& ()-i"109% ()-10%& ()-<10%& ()-10%& () - oy’
dEbC MLO% 4109%& ()-L,"10%& ()-iL*"10% ()- (109 ()-&10%& ()- %40%& () -
1211 (Bvadi@inf Gonis@nei@ dish) '

109%& () -i F1#109& ()-i F1#109& ()-i F1#109%<& ()-/J .

109%&. () - " O#. 59 @J&@%ewoconducted to determine the LUL (load-unload) durability of the

F"109%&' () - . F109% 1%5 FU109& ()-. F 109 ()-. F"10%& ()-. F"109%& ()-. @<(((;

) =) >) 2) @aRIB7 ied.
s10%& () - ! F" LRAANE_dydtem 'hirdldisd dride D? )E‘o%?r?@ﬁfg%%)‘ﬂ g@%g%‘;a?@fg@eﬁéﬂ _@a

B7 109! 109%& ()- i "10%& ()-yi "10%&
10%&' () - disk 10 was@&aie/Bith hodaghdticht P heeing& {lying height level of 10 nm.  The magnetic head

(i L*#109%& ()-i L*#109&' ()-i L*#10%& ()-9! 10%& ()-9! 10%& ()-@k.mn.o.p.. K/ /~_
@ 10i #10ba @y -NPABoskgley Yonywhieh ovasxanqupted g greproducgion element in the form of a
109&' ()-iL*#10%&

10! D%#10%% Ofﬁﬁﬁ%@éﬁ% f@@@i‘%@&% (Bheshiglel sdggaeny wai madsong FeNI-Rase: ResaRloy: - vs5

5555=67} IZUi,;operations were repeatedly conducted with this LUL-system HDD and the number of LUL
operations that magnetic disk 10 lasted before failure occurred was counted.

As a result, it was found that magnetic disk 10 of the present embodiment lasted 800,000
LUL operations without failing. It is said that about 10 years of use is required to exceed 400,000
LUL operations under a normal HDD use environment. Thus, magnetic disk 10 of the present
invention was highly reliable.

No fly-sticking impairment occurred with any of the FIDDs that were tested.

Detailed examinations of the surface of the magnetic head following LUL durability testing
were conducted by optical microscope and electron microscope. However, no scoring or corrosion
was found. Nor was any transfer of lubricant to the magnetic head observed.

[0024]
(Embodiments 2 and 3)

In Embodiment 2, the blending proportion of compositions A and B was varied fo achieve a
Weight ratio of 1:2 of lubricant & to lubricant 5.

In Embodiment 3, the mixing ratio of compositions A and B was varied to achieve a
blending proportion by weight of 2:1 of lubricant 4 to lubricant 5. These exceptions aside, these
embodiments were identical to Embodiment 1.

When LUL durability testing was conducted in the same manner as in Embodiment 1, both
Embodiments 2 and 3 achieved the same good results as Embodiment 1.

A detailed analysis of the lubricating layers of the magnetic disks of each of Embodiments 1
through 3 by TOF-SIMS revealed that the magnetic disks of all of the embodiments contained —
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1 TL"109& ()-y!L"109& ()-yL"10%& ()-y 10 10 10;

t109& ()-!Doa109%& ()-}7T9C :; X<<}[<~\; 1

*6PHL0%R () - @*6P#L0%R () - @6$#10%& ()- @LC' 109 ()-!LC'10%& ()-LC 109& () -
<S=U=V=WEX==) ?22~\ 0 11 06#109%& () - ! 06#10%&' () - 06#10%4& ()- 10 10 10;

S109&' ()-!*6$#109%& ()- @( AgBBCCEEE{\ =2: 10; s10%& ()-Ly/#10%&' () -

TL#109&' () -!L#109%&' ()-!L#109%&' () - L#109%& () - EEEF~FGG | dE:

10L"109%& ()-!'L"109% ()-F !'L"109%& ()-F 'L"10%& ()-F L"10%& ()-F 10

10, 11 J' LOMWNN ] >3:  10; 7

10%&' () - COPIDA@hic erdubs #HOYE,CQOHLA¢HI0 Yfoupy inltheAll H8ting) layer. These atomic groups
M."10%&' () - NNNN[ QJTUV] H: .

10! i #109#&=te)not jcontgingd 1) cithep tan/gbqve -perfluoigesiscqypagnd pogige ghove peguorodiol
LOVWWVVAL Tl 8ofhd: Yor were they contained in lubricant alpha, lubricant beta, lubricant a, lubricant b, o
lubricant ¢. Accordingly, they were thought to be atomic groups that had been generated in the
lubricating layer after the formation of the film of lubricant ¢ on the protective layer.

Further, FTIR analysis of the lubricating layer revealed the presence of an absorption band
at 1730+ 10 cm™ in the infrared absorption spectrum.

[0025]

A magnetic disk was prepared by forming by the same method as in Embodiment 1 a
lubricating layer 5 over a hydrogenated carbon protective layer formed by sputtering, but without
heat treatment following the formation of lubricating layer 5. Analysis of the lubricating layer by
TOF-SIMS revealed a quantity of -COOH atomic groups and —CF,COOH atoms groups that was
at about the limit of detection by TOF-SIMS. When this magnetic disk was subjected to LUL
durability testing, the number of LUL operations exceeded 400,000 and no fly-sticking impairment
was found. However, some fransfer of lubricant to the magnetic head was observed. Thus, the
magnetic disk of Embodiment 1, in which —-COOH atomic groups and/or —CF,COOH atomic
groups were generated in the lubricating layer, was determined to be more reliable.

[0026]
(Comparative Examples 1 and 2)

In Comparative Example 1, lubricant alpha was applied over protective layer 4 without
fractionation. In Comparative Example 2, lubricant befa was applied over protective layer 4

“without fractionation.

When LUL durability testing was conducted in the same manner as in Embodiment 1,
Comparative Example 1 failed at 400,000 LUL operations. Further, fly-sticking impairment
occurred in 50 percent of the HDDs tested. Comparative Example 2 failed at 200,000 LUL

operations. Further, fly-sticking impairment occurred in 90 percent of the HDDs tested.
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When the magnetic heads of the HDDs of Comparative Examples 1 and 2 were removed
and examined after testing, transfer of lubricant to the ABS surface and NPAB pocket portion of the
magnetic heads was observed.

[0027]
(Comparative Example 3)

In Comparative Example 3, lubricants alpha and beta were mixed in a weight ratio of 1:1 to
prepare the lubricant that was coated on the protective layer.

When LUL durability testing was conducted in the same manner as in Embodiment 1,
Comparative Example 3 failed at 400,000 LUL operations. Further, fly-sticking impairment was
generated in 70 percent of the HDDS employed in the testing. When the magnetic head of the
HDD was removed and examined afier testing, transfer of lubricant to the ABS surface and NPAB
pocket portion of the magnetic head was observed.

When the lubricating layer of the magnetic disk of Comparative Example 2 was analyzed in
detail by TOF-SIMS, absolutely no ~COOH atomic groups or —CF,COOH atomic groups were
detected in the lubricating layer. Thus, the magnetic disk of the embodiments in which -COOH
and/or —CF,COOH atomic groups were generated in the lubricating layer were determined to be
more reliable.

[0028]

In the present invention, a lubricant alpha (for example, Fomblin Ztetraol, the name of a
product made by Solvay Solexis) is fractionated by molecular weight to obtain a lubricant a with a
weight average molecular weight (Mw) of from 3,000 to 7,000 and a molecular weight dispersion
of less than or equal to 1.2; a lubricant befa (for example, Fomblin Zdol, the name of a product
made by Solvay Solexis) is fractionated by molecular weight to obtained a lubricant » with a weight
average molecular weight (Mw) of from 2,000 to 5,000 and a molecular weight dispersion of less
than or equal to 1.2; and lubricants ¢ and b are mixed to obtain a lubricant ¢ which is employed to
form a lubricating layer. Thus, the present invention provides a magnetic disk in which fly-sticking
impairment and corrosion impairment are prevented that is particularly suited to use in LUL-system

magnetic disk devices.
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What is claimed is:
1 A method of manufacturing magnetic disks comprising a magnetic layer, a protective layer,
and a lubricating layer on a substrate, in which |
a lubricant alpha comprising a compound denoted by chemical formula
[Chem. 1]
HO-CHy-CH(OH)-CH,-0-CH,-CF2(-0-CoF4)p-(0-CF2)q-0-CF,-CH;-0-CH,-CH(OH)-CH>-OH
wherein p and g are natural number,
and a compound denoted by chemical formula
. [Chem.2]
HO-CHy-CF»(-O-C2F4)m~(O-CF2)n-O-CF,-CH,-OH
wherein m and n are natural number,
is fractionated by molecular weight to prepare a lubricant ¢ having a weight average molecular
weight (Mw) of from 3,000 to 7,000 and a molecular weight dispersion of less than or equal to 1.2;
a lubricant befa comprising a compound denoted by the chemical formula
[Chem. 3]
HO-CHy-CFy(-0-C,F 4)m~(0-CF2)n-O-CF-CH,-OH
wherein m and n are natural number,
is fractionated by molecular weight to prepare a lubricant » having a weight average molecular
weight (Mw) of from 2,000 to 5,000 and a molecular weight dispersion of less than or equal to 1.2;
a lubricant ¢ comprising a mixture of lubricants a and 4 is prepared; and
a film of lubricant ¢ is formed on a protective layer provided on a substrate to form a

lubricating layer.

2 The method of manufacturing magnetic disks of claim 1, wherein the fractionation by

molecular weight is conducted by supercritical extraction.

3 The method of manufacturing magnetic disks of claim 1 or 2, wherein lubricant ¢ is

prepared by obtaining a composition A of lubricant ¢ dispersed in a fluorine-base solvent, obtaining
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a composition B of lubricant b dispersed in a fluorine-base solvent, mixing compositions A and B,

and extracting lubricant ¢ from the mixed composition.

4 The method of manufacturing magnetic disks of any of claims 1 to 3, wherein after forming
the lubricating layer, the resultant magnetic disk is exposed to an atmosphere of from 50 to 150°C

to adhere [ubricant ¢ to the protective layer.

5. The method of manufacturing magnetic disks of any of claims 1 to 4, wherein the protective
layer is formed by plasma CVD.
6 The method of manufacturing magnetic disks of any of claims 1 to 5, employed for load-

unload system magnetic disk devices.

7 The method of manufacturing magnetic disks of any of claims 1 to 6, wherein Fomblin
Ztetraol (product name) made by Solvay Solexis is selected as lubricant alpha and Fomblin Zdol

(product name) made by Solvay Solexis is selected as lubricant beta.

8 A magnetic disk comprising a magnetic layer, a protective layer, and a lubricating layer on a
substrate, in which the lubricating layer has been formed on the protective layer, said lubricating
layer being comprised of a lubricant c,

comprising a lubricant g having a weight average molecular weight (Mw) of from 3,000 to

7,000 and a molecular weight dispersion of less than or equal to 1.2 obtained by refining a

lubricant afpha comprising the compound denoted by the chemical formula

[Chem. 4]

HO-CH>-CH(OH)-CH2-O-CH,-CF(-O-CoE3)p(0O-CF2)g-O-CFo-CH,-O-CH>-CH(OH)-CH,-OH

wherein p and q are natural number,

and a compound denoted by chemical formula

[Chem. 5]
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wherein m and n are natural number,
and a lubricant b having a weight average molecular weight (Mw) of from 2,000 to 5,000
and a molecular weight dispersion of less than or equal to 1.2, comprising a lubricant befa
comptrising a compound denoted by chemical formula
[Chem. 6] .
HO-CH,-CFy(-O-CoF4)m-(0O-CF2)n-O-CF,-CH,-OH

wherein m and n are natural number.

9 A magnetic disk comprising a magnetic layer, a protective layer, and a lubricating layer on a
substrate, in which
the lubricating layer has been formed on the protective layer, said lubricating layer comprising a
compound denoted by the chemical formula

[Chem. 7]
HO-CHz-CH(OH)-CH,-O-CHp-CF(-O-C,F4)p-(0-CF2)g-O-CF,-CH,-0O-CH,-CH(OH)-CH,-OH

wherein p and q are natural number,

and a compound denoted by the chemical formula

[Chem. 8]

HO-CH-CF(-0-CoF 5)m-O-CF2)n-0O-CF,-CH,-OH

wherein m and n are natural number,
and the lubricating layer contains ~COOH atomic groups detectable by time of flight secondary ion

mass spectrometry.

10 A magnetic disk comprising a magnetic layer, a protective layer, and a lubricating layer on a
substrate, in which the lubricating layer comprises:
a compound denoted .by the chemical formula
[Chem. 9]
HO-CH,-CH(OH)-CH;-O-CH,-CFo(-0-C;F )p-(0-CF2)q-0-CF»-CH,-O-CH,-CH(OH)-CH,-OH
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a compound denoted by the chemical formula
[Chem. 10]
HO-CH,-CFy(-0-CoF)m~(O-CF2)n-O-CF,-CI,-OH
wherein m and n are natural number,
and a compound having in its molecular structure —COOH atomic group detectable by time of

flight secondary ion mass spectrometry.

11 The magnetic disk of any of claims 8 to 10, wherein the protective layer is a carbon-base

protective layer.
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