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isc drive systens. Magnetic disc drive systens fr nt act
jtart stop (CSS) system In the CSS system a rec pgg
| i der contacts with the surface of a magnetic storage disc int and

ondi tion where the disc i s YAPORIUBRICATION OF FRACITIONATEDs f or ned
het ween the head slider and the surface of the disc, Dggn rotation of the

disc at a present speed, to di sSAIBRECANE ONTHIN FILM G$nth di sc during

the recording or reproduci ng operation. During operation, the dISC and the
head slider may

The technical field of the present invention is the lubrication of discs for disc drive

systems,

Magnetic disc drive systems frequently use the contact start stop (CSS) system. In
the CSS system, a recording-reproducing head slider contacts with the surface of a
magpetic storage disc in the stand-by condition where the disc is stopped. Conversely,
| an air gap is formed between the head slider and the surface of the disc, upon rotation of

-_— et —— b aa

the disc at a present speed, to disengage the head slider from the disc during the
recording or reproducing operation. During operation, the disc and the head slider may

i : be abraded or wear at the time the head slider moves away from the surface of the dise,
! or the head slider accidently contacts the surface of the rotating disc during the recording
or reproducing operation, instead of being maintained in a position floating above the
surface of the disc. Contact during rotation of the disc can lead to scratching or other
damage of the disc and the head slider.

Some protection of the magnetic recording layer is obtained by an overcoat, where
various materials have been reported for use as overcoats. For example, U.S. Patent No.
4,069,360 uses an amorphous inorganic oxide layer formed on the thin film of a

| magnetic metal medium and a silicon-containing lubricant layer coated over the

| amorphous inorganic oxide layer. A silicon based oil or silicon type surface coupling
agent serves as the lubﬁéant which adheres to the inorganic outside layer. U.S. Patent
No. 4,152,487 employs a non-magnetic alloy disc substrate, a thin film of a magnetic
metal medium applied on the substrate and a polysilicate layer to cover the magnetic
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bF abr’aded or wear at the tine the head slider noves away fromthe surface

of the disc, or the head slider accidently gontacts the surface of the
rptating disc during the recording or reproduci ng operation, instead of
bging mai ntained in a position floating above the surface of the disc.

ntact during rotation of the di.sc can |lead ta scratching or ofher d
(?F the di sc and T’F@tﬂ@‘gﬂmsﬁ‘gwq @%?‘?%‘H%'ﬂ%@“%ﬁ'@ﬁéﬂ’@'&'
| pyer is obtain r 5?%
Eported for us?%@‘over?é?tjss% r exarrp @%ﬂaﬁ n?é%yﬂ%%?use
an anor phous i Nogchifirifg 2 Rir¢Gokak gfvup faﬂmemdnmiiaklam:iwitﬁ»tiﬁgmcm .
met al nmedium and a silicon-containing lubricant | ayer coated over the
amor phous i nor galfi& RasentiNo! 4,529,65%uses aildhricantpomprising adluoginated bydrocathen
surface couplin
I P gpolymer having a terminal carboxyl group which forms a salt with an aminosilane layer
i chemically coupled to z silicon oxide layer applied on the magaetic storage medium of a
disc. U.S. Patent No. 5,227,211 employs a perfluoropolyether lubricant for coating onto

a carbon overcoat.

Japanese patent publication No. 5-234066 teaches the use of perfluoropolyether
! _ (average molecular weight 2.5kD), which has been repeatedly extracted with a polar fow
' molecular weight organic solvent, as a lnbﬁcant layer for magunetic reco:dmg media.
I Japanese patent publication No. 6-325360 teaches the use of perfluoropolyether as a
lubricant on an amorphous carbon film overcoat of 2 magnetic recording disc. U.S.
Patent No. 5,331,487 teaches the use of a lubricant vapor transport system cooperating
with a reservoir to maintain Iubrication of a magnetic recording disc. Japanese patent

| publication No. 4-344318 teaches the use of a perfluoropolyether derivative as a
lubricant for a magnetic recording disc, with a ratio of a fraction, soluble to solvents, fo
that, insoluble to solvents, in the lubricating layer of 0.65-1.22. U.S. Patent No.

j 4,327,139 employs one or a mixture of perfluoropolyether oils. WO 94/08334 discloses
.4 a perfluoropolyether with a surface energy of less than 50 ergs/cm2. Japanese patent

] publication No. 6-004852 which uses a perfluoropolyether lubricating layer of

2X 10 - 9m thick.

Thus, the present invention provides methods and devices comprising magnetic

! recording discs coated with a narrow molecular weight fraction of a terminally
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ent- 'serves as the lubricant which adheres to the inorganic outside |ayer.-
U S. Patent No. 4,152,487 enpl oys a non- naggetlc all oy disc substrate, a
thin filmof a magnetic netal nedium applied on the substrate and a
polysilicate layer to cover the nmagnetic metal nmedium Further
| ubricati on may e obt ai ned usi ng quorlnated ol yethers. U. S. Patent NO.

41268, 556 enpl oylnsticrslized peflporepolyethes having 3 olecylanvaighteof at least gbeugH; ki Fhe

acordi g dr sca. iae s Faih e 6 AVER £ 1idae o HPbd Tihor Ot 18R o

fhuorinated hydr gaghd Bfovides protection against stiction for extended periods of time.

i In accordance with the present invention, methods and devices are provided for

i protecting magnetic recording discs by vapor deposition of a protective layer of a

| functionalized perfluoropolyether of a predetermined thickness. The perfluoropolyether
is of a molecular weight of at least 1 kD, and usually not more than 4 kD, generally in
the range of about 1.5 to 3.5 KD, having at least 90 weight percent, preferably at least

i about 95 weight percent, within a 2 - 3 kD range, preferably within 2 2.5 ~ 3 kD range.

] The molecular weight range of the fraction will be less than about 4 kD, usually less than
| about 3 kD, preferably less than about 3 kD and may be in the range of about 0.5 t0 2

| kD, preferably in the range of about 0.5 to 1,5 kD,

The magnetic recording discs may be varied widely as to the magnetic material,

nature of the overcoat, and manner of construction.

1 The magnetic material may be a cobalt-based alloy e.g,, cobalt-chromium/nickel or
] cobalt-chromium/tantalum/platinum; iron oxides, such as gamma-ferric oxide; etc.

i The overcoat or protective coating which is deposited on the magnetic layer may be
[ any one of the common coatings, such as a carbon coating, where the carbon has been
applied by vapor deposition, RF plasma or glow discharge, DC magnetron sputtering, or
the like, which coating may be doped with hydrogen and/or nitrogen. Other protective
coatings include silicates and silicones, polysilanes, silicon carbide, boron nitride, etc.

This g heet
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pol ymer having a term nal carboxyl group which forns a salt with an

am nosi |l ane |l ayer chemcally coupled to a skllcon oxi de | ayer applied on
the magnetic storage nediumof a disc. U S "Patent No. 5,227,211 enploys a
pnrfluoropolyether | ubricant for coating onto a carbon overcoat. Japanese

at ent publication No. 5-234066 teaches the use of. perfl uor o et her
aver age nol ecul ar \iheghiters nex b anyaf tp conyentiensh %\P/&E’B@U% th
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ne use of perfl {e?@ﬁh&gt&%gl %mk&ﬂ}rlbéi‘gﬂﬁnﬁﬂnan anmor phous carbon -film
rding drsc

vercoat of a nmagnetic teco Pat ent No. 5, 331, 487 teaches
the use of a lubricant vapor transport system cooperating

The polyflucroether compositions are terminally functionalized with any one of a
variety of polar gfoups, which groups include hydroxyl, carboxy, amino, or the like,
| These fiuorinated oils are commercially available under such tradenames as Fomblin Z-
' Dol, Fomblin Am2001, Fomblin Z-DISOC (Montedison); Demnum (Daikin) and Krytox
(Dupont). The commercially available terminally functionalized perfluoropolyethers are
fractionated to provide for relatively narrow molecular weight fractions. Fractionation
' can be achieved by distillation, chromatography, e.g. HPLC, or other techniques which

allows separation by molecular weight.

E To provide the lubricating coats, the disc is vapor coated at an elevated
' temperature, where the perfluorinated polyethers are vaporized and allowed to deposit
onto the surface of the disc in an enclosed environment, generally at ambient pressure.
Temperatures will generally range from about 150 to 250°C, preferably about 175 to
225°C. Conveniently, 180°C and 200°C are found to provide reasonable deposition

| times. Deposition times will be at least about 5 min and not more than about thirty

i hours, preferably not more than about twenty hours. The thickness should be at least
| about 0.5nm, preferably at least about Inm, more preferably at least about 1.20m and
will generally be below about 3nm, preferably in the range of about 1 to 3nm,
conveniently about 1.5 to 2.5nm. Fractions of particular interest which provide higher

film thicknesses are fractions of molecular weight range 2 to 3 kD,
After sufficient time for the desired lubricating layer thickness to be achieved, the
magnetic disc is now ready for use. The resulting disc is capable of maintaining a level

I

it Z . e = mimemme

heet Has Been Replaced

- \\ll\l\\\lll\\\\\l\l\\ll\



RECEIVED @6/085 0@:37 1996 AT 532-7149 PAGBE B (PRINTED PAGE 8) 1]
! B4-JUN-1996 17:280 . J.MILLER & CO _ 01714390275 P.@8
th a reservoir to maintain Jubrication of a magnetic recording disc.

apanese patent publication No. 4-344318 teaches the use of a

er f | uor opol yet her derivative as a lubricanf for a magneti ¢ recordi ng disc,
th a-ratio of a fraction, soluble to solvents, to that, insoluble to

pl vents, in the lubricating |ayer of 0.65-1.22. U S. Patent No. 4,327,139
pl oys one or aofrstiztion ¥p wF20,000f CSHeyajes bff Eshthan dg,| preferablydlessGB8G3g afidscl oses
perfl uoropol yether with a.surface energy of less than 50 [err]. Japanese
pat ent publ i cat i PARtieearlycorefenred pot mere Ut28ser f | uor opol yet her | ubri cati ng
| ayer of 2 X [err] mthick. Thus, the present invention provides nethods
anpd devi ces conprising magnetic recording discs coated with a narrow

npl ecul ar wei ght fr agfel Bflowihg dxdrfplEs 638 biftred in way of illustration and not the way of

®DOWST QS

limitation.
| EXPERIMENTAL

i Following the procedure of Coffey et al., IEE Trans, Magn, 30(6), 4146 (1994),
; magnetic recording discs (glass ceramic substrate, chromium underlayer, cobalt alloy,
! hydrogenated carbon overcoat) were coated with various fractions obtained from
y Fomblin Zdo!2000. The Fomblin Zdol2000 has a molecular weight range of about 700 to
] 15,000 Dal, with a number average molecular weight of about 2,000 kDal. The
fractions obtained had a narrow molecular weight distribution, with the fraction number
indicating increasing molecular weight. The Fomblin Zdol2000 was fractionated by
supercritical fluid fractionation. Twenty fractions were obtained. Using the above
| procedure, the rate of deposition at different temperatures for a single fraction and the
1 film thickness obtained for a number of different fractions at 180°C for 1h were
' determined. The following tables indicate the results.
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f.pnctlcﬂ*?af"fwegas é?f%auoropol y«g'tlrth Vi ng a nol ecul ar wei ght of at Ieast

about 1 kD: The coatings are vapor deposited to provide a thickness of at
| east about 0.5nm The resulting coating prvides protection against
stiction for extended periods of time. In accordance with the present

i hvention, nmethods and devices are provided for protecting magnetic
rpcordl ng discs by vapor depositionvabPOR IUBRICATION KINETICY a

Enct i onal i zed perfluoropolyether of a predetermned thickness. The

p

rfluoropol yether is of a nol ecul ar weilgfricast Thicknesséam) kD, and usual |y
Ft nore than 4 kD, generally in

Temp.°C 150 180 | 200
Deposition time, hours

0.5 0.5 1.7
: 1 1.2 - 1.8 1.9
': 5 1.7 2 2.1%
20 1.9 ==&-5-——_— 2-7
*Deposition time was 6 hours

VAPOR LUBRICATION OF FRACTIONATED ZDOL

Zdol Fraction No. Film Thickness, nm
2 0.6
5 0.8
8 1.1
| 9 1.3
" 10 1.8
11 1.4
5 12 1.2
| 14 - 0.9
117 1.2
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tthe r'aralaej"'gﬁlg%%oﬂ'zi. 5to SIEILka? 8'h(fa?vi ng at | east 90 wei gr?t1 1percent, o
referably at | east about 95 wei ght percent, within a 2 - 3 kD range,
referably within a 2.5 - 3 kD range. The bl ecul ar wei-ght range of the
fraction will be less than about 4 kD, usually | ess than about 3 kD,
referably |l ess than about 3 kD and nay be in the range of about 0.5 to 2
kD, preferably in the range of about 0.5 to 1.5 kD. The magnetic recordi ng

over coat . and. manner e ey NS BN or AR GHEF COSAEEH MR ApE BT
ciobal t - ohr omi amHAESHRE RS o b R B ) dilnid{sition, The discs were vapor .
lerltmc/-er The OVer Cognldt 894C 1P 0hE B ingherigial dompoton ks Obniche Somome! |
i supplier at a thickness of 0.7 nm, fraction 8 at a thickness of 0.6 nm and fraction 10 ata
1 thickness of 1.6 nm. With no Iubrication at all, stiction reached 9g within 2000 cycles.

| With the original composition, stiction had reached between 6-7g within 2000 cycies. By
i way of contrast, stiction was constant at 2g for both fractions 8 and 10 out to 20,000

cycles.

1t is evident from the above results, that by employing narrow fractions of
i functionalized perfluoropolyethers, one ¢an achieve stable lubrication over extended
periods of time. By vapor deposition, one is able to avoid the necessity of having specific
functionalities for co:valent bonding to the surface, so as to greatly simplify the manaer
of lubrication. Uniform coats are obtained, which are substantially maintained during use
of the magnetic recording discs.

It should also be evident that such lubricating layer may also, in addition or
alternatively, be applied to the head slider.

All publications and patent applications ménﬁoned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specifically and individually indicated to be incorporated by reference.

! The invention now being fully described, it will be apparent to one of ordinary
] skill in the art that many changes and modifications can be made thereto without

This
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ny on84TNTRE c&FiFdN coatlngngéﬁbﬁJas a carbon coating,.where t he carbon
has been applied by vapor deposition, RF plasma or glow di scharge, DC
magnetron sputtering, or the |ike, which cohting may be doped with hydrogen
and/or nitrogen. O her protective coatings include silicates and silicones,
pol ysi | anes, silicon carbide, boron nitride, etc. 4 The sliders may be
any of the conv g Frofil the edope of theppénded vlhinis. a vari ety of coatings

conmpatible with the dISC coatings. Slider coatings include dianond-I1ike
clar bon

——t Ak .
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ated sliders, or other chémcally |nert thin film The pol yfluoroet her

mpositions are termnally functionalized with any _one of a varl ety of
| ar groups, which groups include hydroxyl® carboxy, am no, e.
ese fluorinated oils are comercial ly avail abl e un S as
mblin Z- Dol, Fomblin AnR001, Fomblin Z-DI SOC (ant m,"tgﬂﬂg?ﬁr

I kin) and Krmm(@upont) The commercially availabl e ttetm ma

nctional i zed perfl uoropol yethers are fractionated to provide for
| ati vely narrow nol ecul ar wei ght fractions. Fractionation can be achieved

distillati on6 chrx%cefgﬁp%ﬂxm ﬂ’ﬁ" HPLC gﬁ ot her t Chmhﬂ@:{e ch
.| ows separation by sﬁ‘gyﬂ‘}ats
e discis Vap%mﬁﬁﬁﬁgeﬁllﬁhcﬁﬂtg%ﬁy,aéh‘iﬂctemcd in that said layer:

is at least 0.5 nm thick;

o oS+t ~TIHT OO

— —

comprises a terminally functionalised perfluoropolyether having a weight average
molecular weight in the range of substantially 1 kD to 4 kD; and

| is vapor deposited at an elevated temperature.

2. A disc according to Claim 1, wherein said terminally functionalized
perfluoropolyether is functionalized with a member of the group consisting of hydroxyl,

s e L .

carboxy, Or amino.

3. A disc according fo Claim 1 or 2, wherein said weight average molecular weight
| is in the range of 2 to 3 kD.

4. A disc according to any one of Claims 1 to 3, wherein said layer is in the range
of substantially 1 to 3nm.

5. A disc according to any one of the preceding claims, wherein said disc comprises
a maganetic layer, a carbon overcoat deposited there over but beneath said lubricating
layer. '

6. A disc according to any one of the preceding claims, wherein said elevated
temperture is in the range of substantially 150 to 250°C.

i ///
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tenpeérature, where the perfluori nat ed pol yethers are vaporized and—afttowed

to deposit onto the surface of the disc in X enclos _
general |y at anbi ent pressure. Terrperatures will gen mﬂnw iﬂgﬂg about
150 to 250 C, preferably about 175 to [err]. Convenient Ler k

are found to provide reasonabl e deposition tines. Dep05| tion times w I I be

at | east about ¥.mi nAamethodof preparing-rlubriestes discs sqid ymethed COMPERIBE-er abl y not

et erably at | east SRR o ah v EporamrS 4 roiraty floctiiber 00 1 o

é:j::H Qonvent ent HErEdHPARK haviBy vl ftf""-"?%‘*é&o Lk it e A

; aln ;2 pr f‘é' gekhlﬂbﬁnuﬁny Mtb b'l&*ﬁ@&ﬁ&&l&é@eﬁmmﬂmﬂpﬁed{ﬁhmaght
magnetic layer for sufficient time for said terminally functionalized perfluoropolyether to

deposit a layer of at least 0.5am on said disc.

8. A method according to Claim 7, wherein said terminaily functionalized
perfluoropolyether is functionalized with a member of the group copnsisting of hydroxyl,

carboxy, or amino.

; 9. A method according to Claim 7 or 8, wherein said clevated temperature is in the
range of substantially 150 to 250 °c.

Thxs Sheet Has Been Replaced '
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After - SRSt 1T for the! Ltlj’e5| red | ubricating |ayer thlckness to be

chi eved, -the rragnetlc disc is now ready for use. The resulting disc is
apabl e of mai ntai ni ng a | evel REPLACEMENT SHEET 5 of stiction up to
0,000 CSS cycles of less than 4g, preferably Iess than 3g and particularly
referred not nore than about 2g. The foll ow ng exa%s are offered in way
of illustration and not the VAPOR LUBRICATION OF FRACTIONATED

| LUBRICANT ON THIN ¥ILM DISCS

ABSTRACT

1 Lubricated magnetic recording discs are provided by vapor deposition of narrow
| molecular weight fractions of a terminally functionalized perfluoropolyether. The
coatings are found to provide stable lubrication over extended periods of time in CSS
cycles.
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|im.tation. EXPERI MENTAL Fol | owi ng the praqcedure of Coffﬁl et al., IEE

Trans. Magn. 30(6), 4146 (1994) magneti ¢ recording di scRERMABEMENT: SHEET
substrat gt e "cba! & al l oy, hydrogenated carbon overcoat)
wer e coa ; anr |0F$ tlai ned from Fonblin Zdo12000. The
Fombl i n g t‘ AP @;@ <01 RS t range of about 700 to 15, 000 Dal,
with a npnf et ageP etUPpa of about 0Q_kDal . Thefractlons
obt ai ned] nad r&“’l‘%@ow dpeﬂagﬁé& d| Stri bugié thg tion
nunber i hdd chstraet nd?aé%a gomagect '? wei ght gd 2&
fracti onpted by SUperC“tIC%l;fallgl d frgactionation. Twenty fractions wer
obt ai ned| DATEJOFNREGEWE... 13[/Y96 REPLACEMENT SHEET
VAPOR LUBRICATION OF FRACTIONATED
LUBRICANT ON THIN FILM DISCS 12 DEC 99

" The technical field of the presént invention is the lubrication of discs for disc drive

systems.

-Magnetic disc drive systems frequently use the contact start stop (CSS) system. In
the CSS system, a recording-reproducing head slider contacts with the surface of a
magnetic storage disc in the stand-by condition where the disc is stopped. Conversely,
an air gap is formed between the head slider and the surface of the disc, upon rotation of
the disc at a present speed, to disengage the head slider from the disc during the
recording or reproducing' operation. During operation, the disc and the head slider may
be abraded or wear at the time the head slider moves away from the surface of the disc,
or the head sﬁder accidently contacts the surface of the rotating disc during the recording
or reproducing operation, instead of being maintained in a position floating above the
surface of the disc. Contact during rotatioﬁ of the disc can lead to scratching or other
damage of the disc and the head slider.

Some protection of the magnetic recording layer is obtained by an overcoat, where .
various materials have been reported for use as overcoats. For example, U.S. Patent No.
4,069,360 uses an amorphous inorganic oxide layer formed on the thin film of a

';'-magneuc metal medium and a ﬁhcon-contauung lubncant layer coated over the
amorphous inorganic oxide layer. A silicon based oil or silicon type surface coupling
agent serves as the lubricant which adheres to the inorganic outside layer. U.S. Patent
No. 4,152,487 employs a non-magnetic alloy disc substrate, a thin film of a magnetic

metal medjum applied on the substrate and a polysilicate layer to cover the magnetic
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procedure, the rate of deposition at different tenperatures for a si ngéﬁ
fraction and the filmthickness obtained for a nunber of diHEPé.ASEMENT EET

fractions at [er were determ ned. The follow ng tables indicate
the results. 6 REPEXTRMENRRS x KI NETI CS Lubricant Thickness (nm [err]
150 186 ———— 209

112 DEC 1994 |

-\—...

metal medium, Further lubrication may be obtained using fluorinated polyethers. U.S.
Patent No. 4,268,556 employs fluorinated polymers having a low molecular weight and
containing a functional group at the termini as a lubricant for magnetic recording discs.
U.S. Patent No. 4,529,659'uses. a lubricant éompﬁsing a ﬂuorinate_d hydrocarbon'
polymer having a terminal carboxyl group whiéh forms a salt with an aminosilane layer
chemically coupled to a silicon oxide layer applied on the magnetic storage medium of a
disc. U.S. Patent No. 5,227,211 employs a perfluoropolyether lubricant for coating onto

a carbon overcoat.

Japanese patent publication No. 5-234066 teaches the use of perfluoropolyether
(averagé molecular weight 2.5kD), which has been repeatedly extracted with a polar low
molecular weight organic solvent, as a lubricant layer for magnetic recording media.
Japanese patent publication No. 6-325360 teaches the use of perfluoropolyether as a
lubricant on an amorphous carbon film overcoat of a magnetic recording dxsc US
Patent No. 5,331,487 teaches the use of a lubricant vapor transport system cooperating
with a reservoir to maintain lubrication of a magnetic recording disc. Japanese patent -
publication No. 4-344318 teaches -the use of a perfluoropolyether derivative as a
lubricant for a magnetic recording disc, with a ratio of a fraction, soluble to solvents, to
that, insoluble to solvents, in the lubricating layer of 0.65-1.22. U.S. Patent No.
4,327,139 employs one or a mixture of perfluoropolyether oils. WO 94/08334 discloses -
a perfluoropolyether with a surface energy of less than 50 ergs/cm?2. Japanese patent
pﬁblication No. 6-004852 which uses a perﬂuoi'opolyether lubricating layer of
2X10-9m thick.

Thus, the present invention provides methods and devices comprising magnetic

recording discs coated with a narrow molecular weight fraction of a terminally
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functionalized perﬂuoropolyethér having a molecular weight of at least about 1 kD. The

coatings are vapor deposited to provide a thickness of at least about 0.5nm. The resulting

coating provides protection against stiction for extended periods of time.

In accordance with the present invention, methods and devices are provided for
‘protecting magnetic recording discs by vapor deposition of a protective layer of a
functionalized perﬂuorofolyether of a predetermined thickness. The perfluoropolyether
is of a molecular weight of at least 1 kD, and usually not more than 4 kD, generally in
the range of about 1.5 to 3.5 kD, having at least 90 weight percent, preferably at least
about 95 weight percent, within a 2 - 3 kD range, preferably within a 2.5 - 3 kD range.
The molecular weight range of the fraction will be less than about 4 kD, usually less than |
about 3 kD, preferably less than about 3 kD and may be in the range of about 0.5 to 2
kD, preferably in the range of about 0.5 to 1.5 kD.

The magnetic recording discs may be varied widely as to the magnetic material,

nature of the overcoat, and manner of construction.

The magnetic material may be a cobalt-based alloy e.g., cobalt-chromium/nickel or

cobalt-chromium/tantalum/platinum; iron oxides, such as gamma-ferric oxide; etc.

The overcoat or protective coating which is deposited on the magnetic layer may be
any one of the common coatings, such as a carbon coating, where the carbon has been
applied by vapor depdsition, RF plasma or glow discharge, DC magnetron sputtering, or
the like, which coating may be doped with hydrogen and/or nitrogen. Other protective

coatings include silicates and silicones, polysilanes, silicon carbide, boron nitride, etc.
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;‘:I_;he sliders may be any of the conventional sliders and coated with a variety of
coatings compatible with the disc coatings. Slider coatings include diamond-like carbon

coated sliders, or other chemically inert thin film.

The polyfluoroether compositions are terrﬁinally functionalized with any one of a
‘variety of polar groups, which groups include hydroxyl, carboxy, amino, or the like. .
These fluorinated oils are commercially available under such tradenames as Fomblin Z-
Dol, Fomblin Am2001, Fomblin Z-DISOC (Montedison); Demnum (Daikin) and Krytox
(Dupont). The commercially available terminally functionalized perfluoropolyethers are
fractionated to provide for relatively narrow molecular weight fractions. Fractionation
can be achieved by distillation, chromatography, e.g. HPLC, or other techniques which

allows separation by molecular weight.

To provide the luﬁﬁcaﬁng coats, the disc is vapor coated at an elevated .
temperature, where the perfluorinated polyethers are vaporized and allowed to deposit
onto the surface of the disc in an enclosed environment, generally at ambient pressure.
Temperatures will generally range from about 150 to 250°C, preferably about 175 to
225°C. Conveniently, 180°C and 200°C are found to provide reasonable deposition
times. Deposition times will be at least about 5 min and not more than about thirty
hours, preferably not more than about twenty hours. The thickness should be at least
about (.)_._Snm, preferably at least about 1nm, more preferably at Jeast about 1:2nm and
will generally be below about 3nm, preferably in the range of about 1 to 3nm,
conveniently about 1.5 to 2.5nm. Fractions of particular interest which provide higher '
film thicknesses are fractions of molecular weight range 2 to 3 kD.

After sufficient time for the desired lubricating layer thickness to be achieved, the

magnetic disc is now ready for use. The resulting disc is capable of maintaining a level



REPLACEMENT SHEET 7 The discs were then tested for stiction using CSS
cycleés. A strain gauge on an | beam mounted near the head was used to

determ ne stiction. The discs were vapor |ubricated at HEPLACEMEN‘F“;EI-I E‘pr
using the original conposition as obtained fromthe supplier at a thickness

of 0.7 nm fraction 8 at a thickness of 0.6 nmand fraction 10 at a
t hi ckness of 1.6 nm Wth no Iubricatioqj at all, stiction reached 9g within
2000 cycles. Wth the original conposititon, stiction had reached between
6-7g within 2000 cycles. By way of contrast, stiction was constant at 2g
for both fractions 8 and 10 out to 20,000 cycl es.

of stiction up to 20,000 CSS cycles of less than 4g, preferably less than 3g and

particularly preferred not more than about 2g.

The following examples are offered in way of illustration and 'not the way of

limitation.
EXP AL

Following the procedure of Coffey et al., IEE Trans. Magn. 30(6), 4146 (1994),
magnetic recording discs (gl_ass ceramic substrate, chromium underlayer, cobalt alloy,
hydrogenated carbon overcoat) were coated with various fractions obtained from
Fomblin Zdol2000. The Fomblin Zdol2000 has a molecular weight range of about 700 to
15,000 Dal, with a number average molecular weight of about 2,0_00 kDal. The
fractions 'bbtained had a narrow molecular weight distribution, with the fraction number
indicating increasfng molecular weight. The Fomblin Zdol2000 was fractionated by
supercritical fluid fractionation. Twenty fractions were obtained. Using the above
procedure, the rate of deposition at different temperatures fora single fraction and the
film thickness obtained for a number of different fractions at 180°C for 1h were

determined. The following tables indicate the results.




It is evident fromthe above results, that by enpl oying narrow fractions of
functi onal i zed perfl uoropol yethers, one can achieve stabl BEPLACEMENTSHREES
ext ended periods of tise: By vapor deposition, one is able to avoid the
necessity of ' @p@ci'f ic functi o'ngl ities for covalent bonding to the

surfaceg. greatly sinplify the manner of |ubrication. Uniformcoats
are obt pstantially maintai ned during use of the magnetic
recor di . uhd\al so be evident that such lubricating | ayer may
al so, in\addi) tively, be applied to the head slider. All
publi cati - Jications nmentioned in this specification are
herein ingo er SNABOROLUBRICATEORKKBRETKSS i f each i ndi vi dual
ublicati )| i :
P Lubricant Thickness (nm)
Temp.°C 150 - lis0 200
Deposition time, hours '
0.5 0.5 1.7
1 1.2 1.8 1.9
5 1.7 2 2.1*
20 1.9 2.5 2.7

*Deposition time was 6 hours

VAPOR LUBRICATION OF FRACTIONATED ZDOL

Zdol Fraction No. Film Thickness, nm
12 0.6

b ] 0.8

8 1.1

9 1.3

10 1.8

11 - 1.4

12 1.2

14 0.9

17 11.2




application mhs specifically_and individually indicated to be incorporated
by reéference. ~The_inw t:l‘",c'}'@gn w being.fully described, it will be apparent

to one of OgeH 1.t ke art that many changes ®RRp Emﬁﬁggéf can

§ departing fromthe scope of the appen

The discs were then tested for stiction using CSS cycles. A strain gauge on an I
beam mounted near the head was used to determine stiction. The discs were vapor
lubricated at 1805C for one hour using the oﬁginal composition as obtained from the
supplier at a thickness of 0.7 nm, fraction 8 at a thickness of 0.6 nm and fraction 10 ata
thickness of 1.6 nm. With no lubrication at all, stiction reached 9g within 2000 cycles.
With the original composition, stiction had reached between 6-7g within 2000 cycles. By
way of contrast, stiction was constant at 2g for both fractions 8 and 10 out to 20,000

cycles.

It is evident from the above results, that by employing narrow fractions of
functionalized perfluoropolyethers, one can achieve stable lubrication over extended
periods of time. By vapor deposition, one is able to avoid the necessity of having specific
functionalitieé for covalent bonding to the surfacé, so as to greatly simplify the manner
of lubrication. Uniform coats are obtained, which are substantially maintained during use

of the magnetic recording discs.

It should also be evident that such lubricating layer may also, in addition or
alternatively, be applied to the head slider.

All publicatibns'a'nd patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

The invention now being fully described, it will be apparent to one of ordinary

skill in the art that many changes and modifications can be made thereto without



REPLACEMENT SHEET 9 CLAI MS: 1. A disc for use in a disc drive system
havi g a contact start head, said disc conprising a |ubricating |ayer,
characterised in that said layer: is at least 0.5 nmthi CREPEWEWSSH’EET
termnally functionalised perfluoropol yether having a wei ght average

nmol ecul ar wei ght in the range of substangially 1 kD to 4 kD; and is vapor
deposited at an el evated tenperature.

departing from the scope of the appended claims.




2. A disc according to Claiml1l, wherein said termnally functionalized
per f1'uor opol yether is functionali zed with a nmenber of the group consisting

of hydroxyl, carboxy, or am no. 3. A disc according t EF”AUEMENJT SHEET
wher ei n sai d wei ght average nol ecul ar weight is in the range of to 3 kD.
4. A disc according to any one of & ns 1 to 3, wherein sald | ayer is

in the range of substantially 1 to 3nm 5. A disc—accQLQLﬂg_LQréﬂzrgfe
of the preceding clains, wherein said disc conprises maganeti c Taye

car bon overgogh deposi ted there over but beneath sai d mm”mnnmlmm[

1. A disc for use in a disc drive system having a contact start head, said disc
comprising a lubricating layer, characterised in that said layer:

is at least 0.5 nm thick;

comprises a terminally functionalised pérﬂuoropolyether having a weight average
molecular weight in the range of substantially 1 kD to 4 kD; and

is vapor deposited at an elevated temperature.

2, A disc according to Claim 1, wherein said terminally functionalized
perfluoropolyether is functionalized with a member of the group consisting of hydroxyl,

carboxy, or amino.

3. A disc according to Claim 1 or 2, wherein said weight average molecular weight
is in the range of 2 to 3 kD.
4. A disc according to any one of Claims 1 to 3, wherein said layer is in the range

of substantially 1 to 3nm.

S. A disc according to any one of the preceding claims, wherein said disc comprises

a maganetic layer, a carbon overcoat deposited there over but beneath said lubricating

layer.
6. A disc according to any one of the preceding claims, wherein said elevated
temperture is in the range of substantially 150 to 250°C. ___________,,_....----—wj
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6. A disc according to any one of the preceding clains, wherein said

el evated tenperture is in the range of substantially 150 _ 7.
A et hod of preparing a lubricated disc, said nmethod conBFPLA@ENENT SHEEQF

~evaporating at an elevated tenperature a termnally functionalized.
per fl uoropol yet her having a wei ght averiage nol ecul ar wei g

substantially 1 to 4 kD, in an encl osed environnent W
- TN U i

7. A method of preparing a lubricated disc, said method comprising:

evaporating at an elevated temperature a terminally functionalized
perfludropolyether having a weight average molecular weight in the range of
substantially 1 to 4-kD., in an enclosed environment containing the disc having a
magnetic layer for sufficient time for said terminally functionalized perfluoropolyether to

‘deposit a layer of at least 0.5nm on said disc.

8. A method according to Claim 7, wherein said terminally functionalized

perfluoropolyether is functionalized with a member of the group copnsisting of hydroxyl, -

carboxy, or amino.

" 9. A method according to Claim 7 or 8, wherein said elevated temperature is in the
range of substantially 150 to 250 °c.

of



magnetic |layer for sufficient tine for saird termnally functionalized
perfl uor opol yet her to deposit a layer-.of at |east 0.5nmon said disc
A et hod according to Olaim7, wherein said termnally fundBERLASEMENT SHEET
perfl uoropol yether is functionalized with a member of the group copnsisting -
of hydroxyl, carboxy, or am no. 9. A {ret hod according to daim?7 or 8,
wher ei n sald el evated tenperature is in the range of substantially 150 to
[err]. _

VAPOR LUBRICATION OF FRACTIONATED
LUBRICANT ON THIN FILM DISCS

Lubricated magnetic recording discs are providgd by vapor deposition of narrow
molecular weight fractions of a terminally functionalized perfluoropolyether. The
coatings are found to provide stable lubrication over extended periods of time in CSS

cycles.




