WO 99/ 04909 PCT/ US98/ 15303
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I ncorporated herein 5 by reference. Technical Field The
present invention relates to a nethod for applying a lubricant filmto
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by di ppi ng the disc into a bath containing a small amount of |ubricant,

e.g., typically less than about 1% by wei ght of a perfluoro- or
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Patent Application Serial No. 60/053,783, filed July 25,
1997, the entire disclosure of which is incorporated herein
5 by reference.

Technical Field
The present invention relates to a method for
applying a 1lubricant film to at least a portion of the
surface of a magnetic media, such as a radial band portion of
10 a magnetic disc which includes a landing and take-ofi area
for a read-write head.

Background Art
Thin film magnetic disc media are typically

lubricated with a perfluoropolyether coating to reduce wear

15 during the lifetime of the discs. Conventionally, a thin

lubricant film is applied to the disc surface by dipping the

disc into a bath containing a small amount of lubricant,

e.g., typically less than about 1% by weight of a perfluoro-

or hydrocarbon compound dissclved in a solvent. However, a

20 drawback inherent in this process is the consumption of

large gquantities of solvent, resulting in increased cost and

concern with environmental hazards associated with the
presence of solvent vapors in the workplace.

Another drawback attendant upon dip lubrication is

25 the non-selectivity of the method, in that lubricant is

applied to the entire disc surface. In some instances, e.g.,

with zone-textured media having a specific radial band
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enabling the application of a lubricant film £free of the
aforementioned drawbacks of conventional dipping.

20 Summary of the Invention

An object of the present invention is a method for

. applying a thin lubricant film to a magnetic recording

medium, such as a wmagnetic disc, which overcomes the
drawbacks and deficiencies of the prior art.

25 A further object of the present invention is a metzhod
for applying a thin film of lubricant tc a preselected radial
band portion of the surface of a magnetic disc.

Another object of the present inventicn is a method
of applying a thin polymeric lubricant film to a magnstic

30 disc, wherein the lubricant is fracticnated in-situ into a
material having a narrower weight distribution and lighter
mean molecular weight.

A further object of the present invention is an
apparatus for applying a thin film of a lubricant &tz a

35 preselected radial band portion of the surface of a magnetic

disc.



mean nol ecul ar wei ght. A further object of the present

I nvention is an apparatus for applying a thin filmof a lubricant to a
35 pres radi al band portion of the surface of a et | di sc.
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3 A still further object of the present invention is an
apparatus for applying a thin film of p&l ynmeric lubricant to a magnetic
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invention. The objects and advantages may be realized and

obtained as particularly pointed out in the appended claims.

20 According to the present invention, the foregoing and
other cobjects are achieved in part by a method for applying
a lubricant film to a surface of a magnetic media, which
method comprises: vaporizing the lubricant; forming the
vaporized lubricant into a beam of wvaporized lubricant

25 molecules; and directing the beam towards the surface of the
magnetic media.

In a preferred embodiment, the vaporized lubricant is
formed into a collimated molecular beam by expanding
lubricant wvapor 1in a source chamber through a first

30 collimating orifice and then passing the vapor through at
least one additional collimating orifice located in a wall of
at least one further chamber positioned downstream of the
first collimating orifice.

In another preferred embodiment, the lubricant is

35 converted into a non-collimated molecular beam by entraining
vaporized lubricant molecules in a carrier gas, and applying
the lubricant at ambient pressure.



at | east one further chanber positioned downstream of the first
collimating orifice. I n anot her preferred enbodi nent, the
| ubricant is 35 converted into a non-collimted nol ecul ar beam by

ent r ai ni nFO99/049Papori zed | ubricant nolecules in a carrier PEFUSRIE303

appl yi ng the lubricant at ambi ent pressure. WO 99/ 04909
PCT/ US98/ 15303 4 4 In an
enbodi ment of the present invention, an apparatus for generating and

appl ying a colli mat &3 mahecehaedimentbeafh ofhkubpreaabtoninvantienst an
sel ected poLtd a e 0 di u L S8S;

a heatablegbggg?ggs fﬁrﬁ% Eh&céﬁ?a?ﬂFmg H§ % 86?95@%%??2?%65??aﬁf

| ubri cant, Paams&fr céuéﬁaﬁeét W | 8fngleRst awsiglessiad oRORE¥PRg af f fr st

CO||InBtInng§hét§@ gggbgamngo&edluanﬁﬁi aeaporized |ubricant nol ecul es
t her et hy ough; econd chanber in fluid conmuni catjon with the

10 souPce chanber 9|ahFﬁ§aFﬁF%t HHFFRe, ChARBSEecdid cifgifdining an
conpri sing aapakhzmngtlmQuhavlngracaacondheobbuﬂaé|ﬁnambeficempr1s1ng a
posi ti oned S f flrst II| t orifice;

hol der for g%??t§8ﬁﬁgégah§§§che ff% ‘g?bne|%§ng °§%§kﬁ%|%@eﬁ%ﬂ?uﬁ?Fn an
evacuabl e chasbang Upposnzedt@ebse@@m¢:mblanﬂﬂaannnanpuhndugha for
|mpinging the cotlluipddrtprdgliber, RPN E0ANLAIEALTLR WELh TLAD Of
| ubricant on at |east t ected port

enbodi h&nt ?ﬁeraae@wb@moavh@umeorflrstgémrfd{q%g Bhe sesioyichgchamber
non-col |'i m@ﬂpﬂpbeﬁgl arwabplarp&ftl?&a Hadbir £ ankeoBha é‘élifﬁé&lﬁgs&l:fﬁiég

portion of a su | ordin dIUW] mhlch arat
Ponpr seq: BosTE1888a gRnanraBne Cdoloh HidE q and
vaporizing liquid | abhotdet; for positioningaar serfgas smuﬁhefmmgﬁ@ppbylng

a flow of 'PSJ’:{: é?ng %éi&:f. 8% Qk%&ﬁ%ls0%51%%19%@3”85{3%%&99% Lol o
vapori zed ecul’és th trans
condui 5 havFaglamating emdfice,t &om riamimging dieordgl bimated sb@mcvec@znarrber

and having geam t8E£E8f, t& B aertdntr?rﬂﬁl’?@df”ﬁubhéa'ﬁ@zéheat"‘fﬂ@éét negpbe 30

transfer conduit _supplies vaporized Ilubricant nolecules
selected portion.

Another embodiment includes an apparatus for
generating and applying a non-collimated molecular beam of
20 lubricant onto at least a selected portion of a surface of a
magnetic recording medium, which apparatus comprises:
a heatable source chamber for containing and
vaporizing liquid lubricant;
a carrier gas source for supplying a flow of inert
25 carrier gas into the source chamber for entraining vaporized
lubricant molecules therein;
a heated transfer conduit having a £first end
terminating interiorly of the source chamber and having a
second, remote end terminating in a nozzle, wherein the
30 transfer conduit supplies vaporized lubricant molecules
entrained in the inert gas to the nozzle; and
a holder for positioning a surface of said magnetic
media, at ambient atmosphere, in close proximity to the
nozzle for impinging the non-collimated lubricant beam
35 thereon teo form a thin £ilm of lubricant on at least the
selected surface portion.
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FIG 4 is a cross-sectional schematic diagram of a second enbodi nent of
t he present |nvent|on for, prodUC|ng a 25 non-col | i mat ed beam of vapori zed
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distributions of a polymeric lubricant in the liquid and

15 vapor phases. _

FIG. 2 1is a dgraph showing the molecular weight
distribution of a prefractionated polymeric lubricant in the
liquid and vapor phases.

FIG. 3 is a cross-sectional schematic diagram of a

20 first embodiment of the present invention for producing a
collimated beam of vaporized lubricant molecules for
application to a surface of a magnetic disc.

FIG. 4 is a cross-sectional schematic diagram of a
second embodiment of the present invention for producing a

25 non-collimated beam of wvaporized lubricant molecules for
application to a surface of a magnetic disc under ambient
atmospheric conditions.

Description of the Preferred Embodiments
Lubricants conventionally employed in manufacturing
30 magnetic recording media typically ccmprise mixtures of long
chain polymers characterized by a wide distribution of
molecular weights and include perfluoropolyethers,
functionalized perfluoropolyethers, perfluoropolyalkylethers,
and functionalized perfluorcpolyalkylethers. The molecular

35 weight of a lubricant affects the mechanical performance of
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perfl uoropol yet hers, functionalized perfluoropol yethers,

per fl uor opol yal kyl et hers, and functienalized perfl uoropol yal kyl et hers.
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I ndi scrim nate applicati ‘ubricant coati ng, er eby reSLC|ng
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Af ter Inveﬂaxmaél%pé&wépeéw@mgtlea al t pa¥BScular f Qg thate since
t he nol ecul_ar Eg% dlstrlbutlon of th comonl y enpl.oyed poly rlc
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mean nol ecmwrmmng, thetrbbyaﬁéﬁﬁcﬁhgm.tﬂﬂtdd:aﬂwIdtmé.urﬁptliibrphﬂﬁia
t he vapori; vébfh qgn | iguid |ub 1gant can advant ageously be

T characteris
enpl oyed in't ure of “magnetTc fecordi ng nedia such as

magnetlisc d| scSs Aftﬁ@r eimmﬁtelgaml dutd nepxpwr jmsEntatrien ] ubid caras
shown in FlgRindl- 2 K£d0L; 2080 1@ I?fﬁﬂféd{ﬂra%o%é/ﬂﬁ@rd* §QHB§EEon ofauaid abl e

from Ausi nont , horo are, hbm/Jersey) the 25 ™ol ecul ar
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that of theydriepdldl phaserandk ishd of lighter mean molecular weight than

the associated equilibrium liquid phase, the vaporized rather
20 than ligquid lubricant can advantageously be employed in the
manufacture of magnetic recording media such as magnetic
.discs. For example, considering the polymeric lubricant
shown in FIGS. 1-2 ({Zdol 2000, a perfluoropolyether lubricant
available from Ausimont, Thorofare, New Jersey), the
25 molecular weight distribution in the wvapor phase is
significantly narrower than that of the liquid phase and is
centered around a peak corresponding to a substantially lower
molecular weight. Moreover, as is apparent from FIG. 2, the
effect is obtainable even with pre-fracticnated lubricant.
30 It was found that use of lubricant vapor rather than
lubricant liquid by vaporizing lubricant liquid results in an
in-situ and on demand lubricant fractionation method, thereby
obviating the need for a separate pre-fractionation process.
Alternatively, a pre-fractionated lubricant can be employed
35 with a somewhat different vapor phase molecular weight
distribution (comparing FIGS. 1 and 2).
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heati ng and vapori zing the [ubrican eat er ated 1Ln
25  of thewablr perERgrbd af source chamber 1 1s formed with a first

collimating orifice 5 for passing vaporized lubricant

molecules. therethrough. Source chamber 1 is provided with a
20 heat source for effecting heating and vaporization of the

liquid 1lubricant. In the illustrated embodiment, source

chamber 1 is surrounded by oven 6 including resistance heater

7. Other suitable apparatus can be employed for heating and

vaporizing the lubricant, e.g., a heater located interiorly
25 of the source chamber 1.

At least one intermediate chamber 8 is provided in
fluid communication with the source chamber 1 wvia first
collimating orifice 5, and comprises a wvertical wall in
common with wall 4 of source chamber 1 and an opposing wall

30 9 formed with a second collimating orifice 10 for passing a
beam of vaporized lubricant molecules therethrough. Although
the illustrated apparatus includes only one such intermediate
chamber, several additional, similarly constituted
intermediate chambers can be provided. Intermediate chamber

35 8 is in fluid communication via second collimating orifice 10
with an end chamber 11 having a vertical wall in common with

wall 9 of intermediate chamber 8 and an opposing wall 12
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sur

fractionated_l ubri cant on at |east a selecCte port I on of Face
of magneti BOAEE 158 poPt iTGRRLGh et 9% ldimated bepdl def 1bubviransi ve
the col |l i nabgdcheam ekiltubhi Eadm the fIHLCcWSS Bdding dropmtbe;inal

collimating orifice 13. Rot at abl e di sc holder 16 wth
magnetic disc 15 10 thereon are |ocated within vacuum chanber 17 at a
spacing 19 f r 8pthitadlecofil sonthofderi fi€e with malglmettlie: gikust Lat ed

e”bOdiﬁentthere$ﬁCHH€1l&@@@@ M %é%%ers %ﬁﬁqﬂvbhdﬂ%eg Y gtdu Fgggéngm%gation

with the internmedi ate and Vi & con r eby
a common vAEQEM pimgt nﬁPlﬂé“ﬁlﬂﬁl pridd cerohdver , Isonthet silBustmabed

connect ed bALAISABALAL € vackaRUUBIABLL The ReSSERGM t i tf
chanmbers bet wee orifices shoul d be kept f |C|ently

tin
| ow so that® mmuanﬁE1ﬁﬁanF?‘eé:}t‘?at’nmg‘?r‘t“ﬁ‘él?E%rPﬁﬁnﬁnénlcé'@ﬂh,ﬁsrﬁ $1 atger
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pressyge i t ce es. CAh be gaintaine m ni mal
purrplgg, ‘Qt%g?%%% eﬁo‘g%kéei’th%%gaglﬁr aces? (?l?ecf)Bnecge\glt F18 P OBFRADRT S
pressures YRCHHAE E@Pyﬁérl cThepreasuse avitbbm the chambers between the

collimating orifices should be kept sufficiently low so that
the mean free path of the lubricant molecules is larger than
that of the inter-orifice distance. In addition, a low

20 pressure in the inter-orifice spaces can be maintained with
minimal pumping, as by cooling the chamber surfaces due to
the low vapor pressures of the polymeric lubricants at room
temperature and below. The combination of the molecular beam
and rotating disc defines a radial band of lubricant on the

25 surface of the disc. The width of the band can be determined
by the diameter of the final orifice and the position of the
disc in relation to the lubricant beam to coincide with any
desired zone(s) of the disc, e.g. the landing and take-off
zone.

30 The series of collimating orifices of the inventive
apparatus provides successive collimation of the vaporized
lubricant molecules into a finely focussed beam. The ultimate
diameter of the beam is determined by the size of the final
collimating orifice 13, typically circularly shaped and with

35 a diameter in the range from about 0.20 cm to about 0.60 cm,

with about 0.40 cm being preferred. The spacing 19 between



tenperature and bel ow. The conbination of the nol ecul ar beam and
rotating disc defines a radial band of |ubricant on the 25 surface of the
disc. The width of the band can be determ ned by the dianmeter of the
final orWQBU04HH t he position of the di sc in rel ati onPEEUSA¥1330Dr i cant
beam to coincide wth any desired zone(s) of the disc, e.g. the | anding
and take-off zone. 30 The series of collimating orifices of

t he inventive apparatus provi des successive collimtion of the

vapori zed the Edabeailcamnifisleedid eand nthearbasingf désssekb beantyPhealllyi mat e

di aneter of.the-Reambie detsr Ahnaed obyn h%x%f?eerapﬂ éﬂaenéwaio cm. COl I i mating

orifice 13, typically circularly shaped & dianeter in the
range from about 0PRT18f CESABSICTD. GtEJh%nPressuﬁFt hRabd®t 3F 4beest benfg

preferred. ifherapachng tHabbbweand the final WHEAHBH4909 maintained at
PCT/ US 8/15 03 he final orifice
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preferabl ylafouroff.cm A suitable Ilandgtly dper athenditecpi@sswie thet he

at least o r f ntai ned
at 5 abouPS}aEE?F %Pg%;gga% ou@%%g[err] oPa'rac ié% er%‘%f{ﬁ%o%gﬁ& EglO-B
Torr. A soheabkt fp@h@h¢sqlprq3ﬂymﬂ$et@|@hOGt tllaeC"1 to capduat @dem,

mol ecul ar Eéﬂr%l&lh%b%hﬂ %Q)Stcrﬁmewhf'iérHEQh&‘t%ble 1ipbes s f ohet Baae
pressures 1s about 10 ¢cmto about preferabl y about 20 %mg whi |l e

a sui @bl echemgeR df RN A F™m c‘h‘anﬁ?Pqu‘lQb&H‘[ RF R T3P BhodPoU
pref er abl ycabouth@0lengthm £ Te&cheagt bhef ckatbe o ¥helchapbagsupbhl tHepend

upon t he u anbers | the an ratus...The overall . length of

an s enbl UBPEn Shp e tRRLe, P e e, ARE R T T oyl 15808k 88 oy

and is preaeralslsyn@ﬂo’utofmclcambera&sEm@nmme range ci ab&ut iZuidm to

pol yneric %HQEI 88NELm . 2 an&05Rr .}ingraqﬂ b%‘?ftf' cIq‘pol yet her was supplied
y

to source chamber 1 of an ppar at us s stantlal as depicted in FIG
3. Acollimted beam of |ubricant nol ecules was formed by first

expanging Example

A liquid polymeric 1lubricant 2 comprising a
perfluoropolyether was supplied to source chamber 1 of an
apparatus substantially as depicted in FIG. 3. A collimated
beam of lubricant molecules was formed by first expanding
20 lubricant vapor 3 from source chamber 1 thrcugh first orifice
5. The wvapor pressure and molecular weigh: distribution of
the lubricant source 1 were controlled by selecting an
initial 1liquid phase distribution and then heating the
lubricant 2 by means of oven and heater 6, 7 to a temperature
25 in the range of 100°C to about 290°C. A thin film of
lubricant was thereby satisfactorily selectively applied to

the landing and take-off area of a magnetic disc.
Another embodiment of the invention for producing a
non-collimated molecular beam of lubricant is shown in FIG.
30 4. The FIG. 4 embodiment advantageously orerates in ambient
atmosphere. As schematically shown in FIG. 4, apparatus 20
comprises a suitable wvessel 21 for ccntaining liquid
lubricant 22 which is subjected to heating by heater 24 to
form vaporized lubricant 22 in the space aktcve the liquid. A
35 carrier gas, typically air or an inert gas such as nitrogen,

argon, krypton, or neon, preferably nitrcgen, is supplied



20 lubricant vapor 3 from source chanber 1 through first orifice 5.
The vapor pressure and nol ecul ar wei ght distribution of ~the lubricant
source 1 were controlled by selecting an initial liquid phase

di stri but t hen heating the | ubricant 2 by means 0Qf n_and
heat er G,ngt@m tenperature 25 I n the range of 100[6”]%&[}8152%&3{’

290[err] C A thin film of Iubrlcant was thereby satisfactorily
selectively applied to t he | andi ng afd take-of f area of a nmagneti c
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practice, PHeSPUAEp| yeondapokyneeans 5(npubrsbamns stmh asipplying the
per f | gor pol-yethess, égeak'qy'ﬁa&éb%hﬁ?néressu 82 d b%g%[ ??%Jy hgﬁggngP a

t enper at ure of fron1about 100 Eerr] out pre
about 200[ ¥APPEized lubrican TH@O%%W%%? g}%ﬁe%%’t}?ceaw i fel msseﬂ@he

control and:avrlerplg%%SWﬁ:hr egtb-al fle dTRARS ri ahh@m)cafr&r n@llé@:lﬂ'e@;g tee 10
carrier lat a rate and %&egﬁl ure s ff|C|fent toden rain ) ori z%d
| ubri cant %DPGC&P sOCh&FEPR 4ndVt8 CAGEEETe COR UlCa?rlngdgg hen
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21 in the vapor Space at 15 a ove the | i
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of the sele%t%geare %Ee%hgrggdg Ee mealum tguw%&%%ha lubricant film

is selectively applied, e.g., the landing zone of a magnetic

20 recording medium having an inner diameter of about 0.20 cm to
about 0.60 cm, preferably about 0.40 cm.

In the FIG. 4 embodiment, a magnetic disc 29 is
positioned in close proximity to nozzle 28 in order to
prevent expansion of the vaporized lubricant stream prior to

25 condensation on the disc surface. In addition, the disc is

rotated during lubricant application via motor 30 in order to

" form a radially extending band of lubricant on the disc
surface.

Heater 31 is provided adjacent conduit 27 to heat the

30 major extent thereof, including the nozzle portion 28, to a
temperature about 10°C to about 50°C, preferably about 20°C
higher than that of the liquid lubricant, for preventing
condensation of vaporized lubricant on the inner surfaces
thereof. As in the embodiment shown in FIG. 3, the source

35 vessel 21 may be contained within an oven, in which case
heater 24 may form part of the oven or be located within the

liquid lubricant 22. Apparatus 20 can also include a numbexr



is selectively applied, e.g., the landing zone of a magnetic 20 recording
medi um having an i nner dianmeter of about 0.20 cmto about 0.60 cm
pref erably about 0.40 cm In the FIG 4 enbodinent, a
magnet i c WiD 9904209 | S positioned in close proximty to nperivgesifsspn order
to prevent expansi on of the vaporized |ubricant streamprior to 25
condensation on the disc surface. In addirtion, the disc is rot at ed
during lubricant application via notor 30 in order to forma radially
ext endi ng bEndtied ubsacanésorhtibh dirsc, forsuhkaemke of illustrab@ateer 31
is provided.adj C uist 27 tao heat.th l-or_extent thereof,
i ncl udi ng gﬁggﬁgggﬁ 'p%@%igﬁpigFe%d §%Ch agtggﬁggg u?BSaEXBstoYSﬁPfé'to
about 50[ eteBeratefrer adyschouandOcemtjm©llers hi gher uthdd tyhat £ ofvhiiled
l'iquid |ubtg .f pr. j i of vaporized | ubricant
GPE R {cHla P AR shoul £ 4 Ak

on the inner sur enbodi nrent shown in FIG 3,

the sofirce 35 ves$BlVPrRipmedakadicEmie ivh e RERASSRR WAVeRtdave
heater 24 gmy beor BxpapleObrt hesOMER19EybarkOsAbRE WhEhBBsERebed il @Wed

| ubri cant 22. A%%aratu 20 can_al so |n%§ude nunbe . WD 99/ 04909
PCT/ US98/ 1E365¢€ disclosure. It is to be un erstooéthat th&r la%fﬁélltlon

f eat ures whischapeblef of the akeldr idnwiviaratdntes and isi Bpkiceptyblrobf

depi ct ed, t . S S nm. ure.sensaor.s._and
controf | er SHAgRY BHIRALANGOIARS S BHEES ere, sodrdiet AHECIREERE Te
appar &At . cencept (s) asOpresardfest rderaigodi ments of the present invention

and an exanple of its utility are shown and described in the pr esent
disclosure. It is to be understood that the invention i s capabl e of
use in other environnments and is susceptible of changes or

nodi fications within the scope of the inventive 10 concept (s) as
present ed therein.
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Ilﬁbri cant }‘Alv-'f% 'ltg %H’WMWHMM a magnet i clﬁedi Q, rrs\;”hgﬂ ];rg'[ hggpl ying @

conpri ses; vapofi zt ng the |ubricant;

f or mi ng ?ﬁ89%%%%?ized lubricant into a beam of 5 vapor FLaPP¥bPPE ant
nol ecul es; and directin% t he nol ecul ar beam toward the
surface of the magnetic nedia to rrmpinge thereon, thereby depositing

a fihf.ﬂz fthe.l l.cagnt. on at |east a presel ected portion of
t he surface. ¥ 1k %LA%WEID g."' The met hod according to claim 1, wherein

t he | ubricant is solvent-free. 3. The nethod according
to claim2, wherehn thep thddIbELgantL ! ise 3caRe! Vg C
mat eri al havi ng a medi_st ributi o%po%q% ecu[SLgPrw(e:?glht sﬂglr% %%ea

pol yneri c FHEERCE of a maggyefis:mesha edvhigl Bethedr¢AMDRESEAY a narrower

nol ecul ar 5 wei gmapozdizjtfrfgi _tlg;ﬁ{é qn_%bﬁ%&%t; I gyver tmealn . wei?)ghtWh during
vapori zati on. . : e _net ho ccordin o, claim 3, erein
t he pol yneric EQFMi0ENt Ehgt é’ﬁpﬁr:‘&ﬁfﬂr &E‘é’§l§gnl‘:ed§tt%né kSR r obf

t he5group weapsiritiedg labrieahicuamcdeaduylstderand f uncti onal i zed

per fl uoropol yethers, . f ropal l.ethers nd, 5

functionalized perfl 3&%’85@%}&{ E&F,e é}ré?.uii%r &)%am towar? gheTﬁélrﬁgf:ﬁoaf
accordi ng tbecmagmerionmeddian tichempinge |tibereomt thepebgedepoabhdngr ac oi l

or a high yapar o &8I BibricantobhdalBUQER! -3 preselected fortidh€cfethod
accordi ng "tzlglncl aiml, wherein the magneti ¢ nedia conprises a nagnetic
r~

disc, furt EHIPAFSi-ng rotating the disc during deposition of the
| ubricant film and

2. The metnod according to claim 1, wherein the

lubricant is solwvent-free.

3. The method according to claim 2, wherein the
lubricant comprises a polymeric material having a
distribution of molecular weights and the polymeric material

is fractionated into a material having a narrower molecular

5 weight distribution and lower mean  weight during
vaporization.
4, The method according to c¢laim 3, wherein the

polymeric lubricant material comprises at least one member of
the group consisting of perfluoropolyethers, functionalized

perfluoropolyethers, perfluoropolyalkylethers, and
5 functionalized perfluoropolyalkylethers.
5. The method according to claim 2, wherein the

lubricant comprises a monomeric oil or a high vapor pressure
sclid material.

6. The method according to claim 1, wherein the
magnetic media comrprises a magnetic disc, further comprising
rotating the disc during depositicn of the lubricant film and

applying the lubricant to a radial band of said disc, the



applying the lubricant to a radial band of said disc, the WO
slag/ 0;1909 r adi al band“mu'ull”mum,”u'ml ng andpgﬁg‘sgﬂ 1§§2§ for a read-

write hewd99/04909 * 7.1 ThHe rfet hod according to cl ai nedrussngsdzsi ng
form ng the lubricant into a collimted nol ecul ar beam

8. The nmethod according to claimzi13, conprising expandi ng

| ubri cant vapor in a source chanber through a first collimating
origice antdadbebh PpasdiigIbdingpolandiowglaned take-offl @asie goe adgeéadonal
coIIinatiggﬁog%f%;gdlocated inawll of 5 at | east one further chanber
posi tione ownstTedm of t he first collimating orifice;

mai ntai ning the pressure in the at | east one further chanber
sufficiently low s t %ga&pd h p

| ubri cant nol eczv e:ffll]es 'F@ghéec?%tl an %egleteﬁgt%ﬂa i) ec%lm ln%i"%ﬁ Péfﬁﬁ

| east one ¢h€théhréﬁaﬁﬁeint° a collimateggy QHe s Rgdkes of the at Ieast
one further chanber, mhereby m ni mal vacuun1punping is required to
maintain said syfficigntly | ressure ng_t he colllnated
nol ecul ar beam Phr ough™@ T jo 5 acc°5$+?$cet%rl%}af§ iplnﬁ?ﬂ% 3P Peast

t he preselexp&ﬂdpngtlmblrlca nt vagosadird assobace, chadbel:retm:dugho& fhest

| mpi ngi ng QS?glhétm ori#gLer rﬂfdtﬂén '27]% @%Oéhéabgp&“%hxo&dac;{ﬂ cgy and
posi tioni ng e fEgnet 1o recor I'ng ne

chamber. least one addigiomml metlhicdnatciony dimidf iae dicdaned igompwhsilngt

forenng s 1085R0NEP FhiEhEH PRLGHEATLDEA M oned downstreamt®f thH8e
met hod according _to claim 9,  conprising entrai ning vapori zed

| ubri cant hbFeeufedlimahingr préfigss

maintaining the pressure in the at least one further
chamber sufficiently low such that the mean free path of the
vaporized 1lubricant molecules is larger than the length
10 dimension of the at least one further chamber;
cooling the surfaces of the at 1least one further
chamber, whereby minimal wvacuum pumping is reguired to
maintain said sufficiently low pressure;
passing the collimated molecular beam through a final
15 orifice prior to impinging at least the preselected portion
of said surface, and the width of the impinging beam is
determined by the size of said final orifice; and
positioning the magnetic recording medium within an
evacuated chamber.

9. The method according to claim 1, comprising forming

a non-collimated molecular beam.

10. The method according to claim 9, comprising
entraining vaporized lubricant molecules in a carrier gas
comprising air or an inert gas by flowing the carrier gas
through a heated source chamber containing the lubricant;

5 directing the lubricant entrained carrier gas toward at
least the preselected portion of the surface through a

conduit terminating in a nozzle comprising a heated tube of



conprising air or anji Wi ng the carrier gas t hrough a
heat ed source chanbe“"m#mlﬂ (’L il ubricant; 5 directing the

| ubricant entrained carrkertc d at | east the presel ected
portion urface through a conduit termnating_in nQzzl e
conpri si %o%ﬂﬁg ted tube of WO 99/ 04909 lgCT/US%IIS u3

PCT/ US98/ 15303 14 presel ected
i nner diameter positioned in close proxtfity to the surface; and 10

depositing the entrained | ubricant nol ecyles on at | east . 1 he
presel ect RFPOFLEORSE 188PY ddPPELETaPOSHEIONE D ds e proximity to g9

An appar at tise cOAPf a8eNJand a hol der for accommodating a nmagnetic

{ﬁ grding nEdiu%%PaFﬁginga@ge %&&ﬁ%ﬁﬁed 1&3%?5%35”&6%%%%&%%%8% 5g2¢%§%€t i

magnetic re app
accor di ng the gpeeseléecteaticperniohectf said swiafkce oxt apybiemy phessubei cant
conpri ses neans for applying a collimated or non-collinmated beam of
| ubricant nol ecul es onto at |east a selected portion of a surface of

the magnetic 51%- Aﬂeéﬁparﬁﬁuﬁeépmiﬁ/ﬁ@%i n the selected portion
conprises a a holééfi gbr b@é&ﬁﬁo@a@'ﬁﬂ%%'rﬁa@hé@i@%dﬁfhﬂ%%e&@ﬂ@hpg and
t ake- off area for a read-wite head. 3. The
appar at us ardor di ng to claim 12, wherein the hol der is adapted to
rotate the nmagneéansresorappilgyivegliailubricantdani hhei mgpgmgenente obrdieg
| ubri cant ‘gggmlm 14. The apparatus according to claim12, for
generati ng " and applying a collimted nol ecul ar beam of | ubricant,
conpri si ng:
12. The apparatus according to claim 11, wherein the
means for applying the lubricant comprises means for applying
a collimated or non-collimated beam of lubricant molecules
onto at least a selected portion of a surface of the magnetic
5 recording medium, wherein the selected portion comprises a
radial band of a magnetic disc comprising a landing and take-

off area for a read-write head.

13. The apparatus according to claim 12, wherein the
holder is adapted to rotate the magnetic recording medium

-during impingement of the lubricant beam.

14. The apparatus according to claim 12, fcor generating
and applying a collimated molecular beam of lubricant,
comprising:

a heatable source chamber for containing and vaporizing

5 said lubricant material, said source chamber including a wall
portion having a first collimating orifice therein for
passing vaporized lubricant molecules therethrough;

a second chamber, in fluid communication with the source
chamber via the first orifice, the second chamber including

10 a wall portion having a second collimating orifice positioned
downstream of said first collimating orifice; and

said holder adapted for positioning a surface of the
magnetic recording medium in an evacuable chambexr, opposite

the second collimating orifice, for impinging the collimated



a heatabl e source chanber for contai ning and vaporizing 5 sai d

naving & 1 rst col | i mylMEII ml\ﬁﬂmﬂrel nor 0" bassing vapori zed

| ubri cantw@@p/e490® es t her etthr bugh; a second charauses/issod| ui d
comuni cation with the source chanber via the first orifice, the
second chanber including 10 a wal li1portion having a second collimting
orifice positioned downstream of said first collimating orifice;
antls lubricasai Hehnl desrecapt@dEdom padiit dlilng of Jubkdeanef ohhat
magnetic r uahl e, chanber, opposite t he
second colﬁggéglggeggg?ggkéa ggr%!%% l?ihg?'the colllnated WO
09/ 04909 at least one addltlonal chapioFy USSSiwe303 the source

15 15 chuRbbeaninfeaphé hegeasngo éﬂérmbért hiﬂ feimaf é&@ﬁﬁ%@é Bnd

| east the selected portlon and | east one tional ¢ anber

bet ween t heh€BaVEED, allﬂﬂrﬁrt a%etﬁ@dééééﬁé cldben nipelpding a

comvunlcatweml portlohhﬁéﬁﬂhéha &m&rﬁicéﬁﬁ§&aﬂﬂﬁga@ﬂifiééainﬁéﬁﬂgéiate

i ncl udi ng f | | Eortl g E%ﬁa thquﬁgflllnatlng orifice

i nt er medi a &cirst Fﬂg FFst aﬁ& d &5t ISRy ori fi ces.

15. The apparatus according to claim14, further conprising a vacuum

source for maingginipg.t hﬁagéf’ééﬂée éacordlngut B8 sesgud apgd addllippal

chanber(s) at a sufficren re suc at “the TBan Tree
pat h of va@@WPiealnﬂbﬁl@@ﬁpumsSOUf%@I@@UI@élnﬁelham@eﬁhawpre$ﬁur¢emgth

of the Seﬁﬁédséegnd and éﬂgiﬂﬂdﬂﬁd 5H§HB§£Q§)-at a suff1c1ené$%r1?

appar at us according to claim115, furt onprising a coo
cool i ng thErEﬁ?Fé‘ée§u6F that skefaean freeaﬂ%ltlad%lft‘i’%ﬁ%?léﬁérrb’éb{éyant _
17.5The appélatilesccds dilzgder Ckaiam 12hef Oleggtier adf N@dhe secom@d apgpl yi ng

a non- colllggtglonakecH mgege%gtof | ubri cant,

16. The apparatus according to claim 15, further
comprising a cooler for cooling the surfaces of the second
and additional chamber(s).

17. The apparatus according to claim 12, for generating
and applying a non-collimated molecular beam of lubricant,
comprising:

a heatable source chamber for containing and vaporizing

5 a lubricant material;

a carrier gas source for supplying a flow of inert
carrier gas into the source chamber for entraining vaporized
lubricant molecules therein;

a transfer conduit having a first end terminating

10 interiorly of the source chamber and having a second, remote
end terminating in a nozzle, wherein the transfer conduit
supplies vaporized lubricant molecules entrained in the inert
gas to the nozzle; and

a holder for positioning a surface of the magnetic

15 recording medium, at ambient atmosphere, in close proximity
to the nozzle for impinging the non-collimated lubricant beam
thereon, to form a thin film of lubricant on at least the

selected surface portion.



conpri si ng: e chanber for containing and
vaporizing 5 a |ubmH m“ Emnm a carrier gas source

for supplying a flow of knert ¢t ® s carrier gas into the source chanber

for entr pori zed | ubri cant nol ecul es therein;

t r ansf er%&b%&lhavi ng a first end termnating 10 [ nt%ﬁtT’BF?s{/lsﬁq:’ the
source chanber and having a second, renote end termnating in a
nozzl e, wherein the transfer conduit 16 suppl i es vapori zed | ubricant
nol ecul es entrained in the inert gas to the nozzle; and

a holder for positioning a surface of the magnetic 15 recordi ng nmedi um
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16 18. The, ap'@ﬁéaht&éa@ﬁ%ﬁéd'a@ﬂ:&x‘aﬁlga'EB Tdialiraher fapysi
heater for _heating the transf er I'i ne. %

Egarat Us Aaccor |ng to
claim17, WRPeFRTtRE GPenBO&216f %%ee%bazlzl*em @reaéégh Yol esis gy 4 ess

than a di neteéasieh bhetEel esledreyr kageaacearpar bo@®ion. 20. The
apparatus according to claim 17, wherein the holder is adapted to rotate

t he magnetic recordi ng nmedi um duri ng i npi ngenment of the |ubricant beam
20. The apparatus according to claim 17, wherein the

holder is adapted to rotate the magnetic recording medium
during impingement of the lubricant beam.



