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i nventi onw@hpé®s t o protecti W“M“‘l\mor obj ects, and p@f’b?&w7a Jy to
protective coatings for COWDOAm\mm drive systens useo( or the
storage and/or retrieval of data, jgpgbuding, for exanple, read/wite heads
and storage discs. BACKGROUND OF THE I NVENTI ON to Advances in many

t echnol ogi es have created enhanced denands on materials used in the
production of ; i i .'Iﬁ‘;"i‘ Mall } i has
decreased tol e?gp(?ﬁebsggp? %’(?%ﬁ?:ﬂ%?ﬁ%}f‘ eirzﬁ)rr}ﬁaﬂ;\ggi #gmte‘?f@nt S.

. Coating technol ogy has becone extréméb%g%$t ant since coatings can be
used to alter 15 the surface properties of the conposite while maintaining
desirable properties of the yjger By EfgoN N particular, thin

. coatings can serve to protecr_.é‘%E—UﬂUW‘%wmﬁrmate froma variety of
assaul ts. 5Rot at i nFhmagmethtionomtlatesal toaprbtegtive abatingador oljadts, ahadr age 20
devi ces use data storage discs wth heads unted to aerodynamc.sliders to

read data t o REFGCUATIYY fQ PT@RCEIVEr 6aRERES dPS cCorrRensntydr HRA GHE% an air
bearing surf t S ] ' S "flies"
a predeterm %tﬁgt%%f%%%es%gég%ﬁg/ %ﬁ%&? ﬁlebgflgﬁae’ilgtcggqlﬁhi %gr at a
rapid rate. 2xabhple, deadpwritohedds anst sioagee dmesuse one or nore discs with

a nedium for the storage Rinf rmation. 1n the ca .o a magnetic or

magnet o-opti cal disc drivet d chadesyiaNe gidtively thin magnetic
| ayer on non- mag§s 4 uhstr. r or a}ﬁj]{'
| ocat i onsl%al ong conceénrg(ﬁ%cqgatrggﬁyag%rﬂgéggsl 31 av?nEt ﬁ?ﬁa%tg ?24; a s(%egr age

zones. * G-tdemaid@s 0vh9 hex2rials e WROthd 7pretudtivrerofi tat entictpndfact
bet ween t he fAi der and the disc surface causes wear of the disc surface and
of the sliderdeviersyr sPaeifically, migjadurigation has,deprspsed soleranes lavelim wear

and corrosion, :ar V. : gpgnet i%@] di sc
surface and/ o}rlﬁéqﬁ%gééﬁpgeﬁelgh?@acgg ll%rﬁgltult}g?ng t'he'cﬁ%gﬁg re?i gﬁ%ﬁ

over coats redmebesamne dxttrahelyninapeltant dmice woatingshenrs be desedatodaltérsc whi | e
mai nt ai ni ng ptoper aerodynanic interaction bghﬁen t.he slider and the disc

surface dri g BUHpFSPTAREFtfF Pingicr eBPaFte Fle mAinFRnIeE deseaplte
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can serve to protect the underlying substrate from a variety of
assaults.

Rotating magnetic, optical and optical-magnetic data stofage

20 devices use data storage discs with heads mounted to acrodynamic
sliders to read data to and/or write data from the disc. The slider
includes an air bearing surface that confronts the disc surface. In
use, the slider "flies" a predetermined distance above the disc while
the disc is spinning at a rapid rate.

25 Disc drives for data storage can use one or more discs with a
medium for the storage of information. In the case of a magnetic or
magneto-optical disc drive, the medium includes a relatively thin
magnetic layer on a non-magnetic substrate. The data are stored
at specific locations along concentric data tracks, usually within

30 data storage zones.
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To obtain higher storage densities on the disc surface, fly heights between
the read/ wite head and the disc surface are being reduced. For exanple, it
IS not unuspahpigzrequire fly heights as snall as 10 nano for
hi gh density disc drives. is Reducing the fly height inprg?ggh%ﬂgpﬁ%bnetic
interaction between the head and the disc surface to all ow correspondi ngly
hi gher data storage densities. Thus, it is inportant that protective
coatings are thin enough not to excessiMely increase the effective distance
bet ween the magnetic transducers of the head and the nagnetic 20 materials
near the disc surface. Consequently, where fly heights of 10 nmare

requi red, the protkotimittendcbntactiisstivdeherhiehsliderpaatiettrbdisnetrigeeat er
than 1 nm Carbon coatings _have been used to form protective |ayers on

substrates. THIKSaWEAY, OThdedisce surfare 3k of fbesylidamg Toepriest bise t he
surface and gﬁa%c“élﬁ%éé/ 'aggaf/g}ébﬁ{er ifer FOHS wefa;i”arxgé%ﬁsibﬁ Q€ RLegduct i on
grt

of magnetic SCs, any p rmance 1 nprovenen om'a reduction

in fly hei ghtagapldiedcovet ehedniyndthe mediGnd bid 192 21iBEHUIRSd dAd7/bt -3
presence of protective coatings and the like that result in an increased

ﬂi stance bet }Aﬁaﬁkiﬁ@r ﬁbléf#lc&néﬂ}@lwéiimgh@theédneﬁ@flﬂ‘;%pﬁelf%@éﬁtﬂ??‘,—lc? ul I er ene
as rmgnet | o d'ees FRErbahATadhricR R HSMRETRRE o8 e BORELaiplg o0 o1

exanpl e, descpidieg HBgIBianit $6terattidn fiidtmeenatheosliderr ad ehe rdibti | ayer

full erene having a thickness between about 30 and 150 Angstrons (3 to 15
nanomet ers) . gedurimg ratatian apddyring xlsgrellcaad ilagding s Eretsetive her ei n

are sinply to i e - di RY l.Y: i equi nts. The
pr esent inven&Y%b%&o%?‘%ggoaaggpﬁgitér%et%gst'%‘é %ﬁ?ﬁ)?ﬁﬁ%‘?@bﬁ%ﬁég nd
of fers ot her @dﬁ@@pﬂg@sgﬁgaﬁ@%ﬁﬁbgﬁorﬁrt. SUMVARY OF THE | NVENTI ON The
present invention Is directed to a process of formng a 1s coati nﬁ on a

Y

substrate. A nultiTayelbptainahighgrostoragy denpitiasopacthesdiscisudagnsilyed on

t he substrate I r th | 1 r Lng_ar v l.eavi ng an
appr oxi mat o nBRGTL P EEEr s SR B T Shb e SR U o
Preferably, thahicdd.emieckasmbyjoyad iwiiheubhal t@rfegu&*eUﬂy Hdightieasubstrate
remai ns bel ow at | east 20 about 200 C. |In _sone enbodi nents, a beam

- generator is sefalstay 460 prajyyseterspéarm) aferanyigh demsiBakdisee drives.

| nadequat & toRBUERH ot P PhERF ML e Bad I GG Ko, S
coating. 25 The: beath disd dheeliteduaiackhts dlldw icbasposeidhglfthishebideak t he

full erene-to-fullerene internol ecul ar, bond. In one enbadi nent, the beam
generator is aiorege dessitiesndhasetl isdmpustariethafaprotectivg ¢oatings @er oduce a

beam having ay;, enough not to excessively increase the effective distance

between the magnetic transducers of the head and the magnetic

20 materials near the disc surface. Consequently, where fly heights of

10 nm are required, the protective coating should be thin,
preferably not greater than 1 nm.

Carbon coatings have been used to form protective layers on

substrates. The coating, however, increases the spacing between

25 the surface and the underlying substrate. Thus, for example in the

production of magnetic discs, any performance improvement

resulting from a reduction in fly height can be countered by the



WO 01/91J22 PCT/ USO01/ 17s-tl -4 current density between about 0.05 and 5.0
mA. I n other enbodi nents, the beam generator is a | aser beam generator or a
gas ion clwebeyidpeam generator. In another enbodinent, theppp /ﬂ)@{)ﬁ%‘ﬂl of

full erene nolecules 5 is forned by applying a solvent to tﬁe mul tiTayer
coating. The solvent has a strength adequate to break the
fullerene-to-fullerene internolecular bond of the nultilayer coating and

i nadequate to break the fullerene-to-suastrate association/ bond of the
coating to thereby dissolve the fullerene in the coating that is not bonded
to o the substrate. O her features and benefits that characterize the

. present i nvenpiesanog | of rosppiarenoatipgs asddihng like theltl mvislmlg ghetagi | ed

descri pt i d f th BRI CRIPTIC]\ICFTHE
DA NGs -5 phereaeistincd Befbedk 6 Bl (S ey h aspects
of the present '”"Iﬁﬂi'é%c%ﬁlﬂ}befﬂfe%ﬁéck% H:éeﬁ’sexﬁro‘l'eérﬁs'a Ehfib] ons of

t he apparatus and process of formng fullerene nonol ayers i accordance
with the presaosting mazifeerrala“dranhgdetrerdesu@fs $iheh psesmgneticvéists an.a 20

DETAI LED DES | PTI,ON OF | LLU RATI E NTS FIG 1 erspective
view of a cll sdisgr V¥310(}1|31 %/Br*q{g%é%/g ﬁ%nﬁ%ﬁpf’s a§§q HPes O sc

D so drive 108 Far ket R e f“*h R PR of b O EgeE MlRRnS 2
spi ndl e not orhagingnothatioveys, bbtweserdaboutBé)nqmd(lSSO Bingpstreank (386 IEncI udes a
plurality of indiuvi dual dis 107, mﬁ%@h ar unt egﬁﬁor co-rotation about
central axis BBBOMELEFS)q; sciSQW‘F‘éFc"e Tat BYFEEE heRHRES der 110
that is nmountg $hetéiny Grd Wnd V¥ /{%1;9 fesenth Uég%lﬁ -1
conmmuni cati on %S&Eo%e gon?qr onting I8ﬁrst(§)osur1?p(ce lﬁ—ie cf%sl&g 10 B?ncl udes
a slider mruhmgihe requaregeento Thy @iesert irnmerdisp pravieds i scluetmrf ace of an
i ndi vi dual ﬁc of dis ack and a ansduci ng,head 111 arragnged to
wite data totgndnded aPaO%%ﬁ? é’h%W c,Ot Ctr ‘f?snt&ﬂe?h%veé”oﬁ? onting
di sc surface. lig t,he exanple shown in FIG 1, head-sliders 110 are
supported by Fs’uspen5| ons 112 which are in turn attached to track accessing
arms 114 of an actuator 116SUMMMARYIOR THIE INVENEHONY a voice coil notor

{VCM 118 to rotate_the actuator, and its attached heads 120, agbout a pivot
_Shaft 10 120. Rot atitéh PoeSeRl %WOH@ ﬁiwe%edt%ahsa%esacﬁgﬁgﬁngr%uate

path 122 p t OV e di sc
i nner di a?rsgt e(?ééi%lé)gﬁdg% I sc outgr é{ ggﬁg‘?%\%‘g@%}% not 3§s| 18 is
“driven by serisodepexitednincthd stibsthede oandllay«:nst obtdar dnuRBapaseshiimg si gnal s

generated by the heads f head-sliders 120 1s apd a host c g&t{t er (not
shown) . Read &FIT&PPYed deaBrEcth ePPEPEMAEJIPRE %Y&éc?oé‘ﬁm&? ]ler%%.l’d 128

to supply si gﬂﬁhﬁc gst%&‘? t%@g. sI| Ee'PrQé%S’lXO”ch@aﬁﬁlér@ﬁQ {sr pihevsE pack

|06 by the rea ers 110, and to supply wite signals to
the wite headrhmlfe tiwdteshpelmtur&l@f tthe wsulbhstratizt aetminbebelosc wt BasRot ati on
of discs 107 b pindle motor in the direction of arrow 232 generates
wi nd al on@othé EQQeQ)f the disc. Sliders 110 react with the wind to

"fly" a design d' SHANGSE" SRBAEnHHEAGE Warh NEAESREF Y Gdftisted to

produce a beam arranged to break the fullerene-to-fullerene

intermolecular bond of the multilayer coating and inadequate to

break the fullerene-to-substrate association/bond of the coating.

25 The beam is directed at the multilayer coating to break the
fullerene-to-fullerene intermolecular bond.

In one embodiment, the beam generator is an ion beam

generator/ion source that is adjusted to produce a beam having a



The aforenentioned Dykes et al. application describes 25 ultrathin
protective coatings conprising a nonolayer of purified fullerene materi al
on a cl eaRy@®i/@do2or sem conductor substrate surface such tp@*/UE?ﬁ 2541

full erenes are strongly bonded to the surface. The full erene-mnme A7

sem conductor attraction is stronger V1' O 01/91922 6_ PCT/USQOL/ 17s~1
than the fullerene-fullerene attractions between | ayers. C60 fullerene is
the preferred coating material due to iLis strong adherence to the substrate
and relative availability. Fullerenes are carbon cluster nolecules with an
open cage structure characterized 5 by four to six sided polygons or rings
al ong the surduacentbfderstyobetwden dboudn®.06r mnd He 0CGAAmDI énubétlsemr e

spherical, somewhat resenbli a soccer ball, and are sonetines referred to
as having a 'SBReEMERLS, %%Bg%m EFDGRIRIC % PelaSAE | REGTR N TBIMePE oS

. include, for I 8@% ckm r fullerene, also known as to
"buckybal | s )ggégoﬁg,a% an%ﬂeg%ﬁ%érene nol ecul es have a dianeter in the
range of about 5 Angmtsthres dmbedimnént] thédngstclager cOfullereacahnoltculed
nanoneter) . Fullere nol ecul es exhi bit very strong adhesion to_cl ean
netal andJ3serd c@ﬁﬂlﬁ’é{]g’b’ sprivpgsa sU¥eRy te dheospglilayer spatinge JHhe
reasonabl e try 1 i | L nger
bonds to cl eaér?lp‘%rggggﬁll&%g gg%ﬁ%iﬁ?@%%%?ﬁ%% t afr;e %ﬁ%}g%gﬁf IJ(i)é)ot her
ful | erene noliatatneslechAtardésaid bédhbemeiltilayar amaitingg aefd inhdeyerte general |y

is fornmed on the ta r sem conductor substrate. The _coating may be 20
formed by deﬁg§?kint§’gf hﬁfﬁrﬁnprt@r@faléstﬁ%ﬂeeﬁﬁogsat&ﬁﬁvq% of iBS1soRtmE 1 | s

i nportant th S : f : ! h may
interfere wt e%ﬁy or rral?léltgﬁeo %kﬁbﬁgﬁ?r%%ﬁn%ﬂg%%ghgsﬁéﬁfg er enes
and a cl ean reaulsstmieonduct or surface. For exanple, oxides on the

substrate surface C&fgﬁ dim nish the 25 strength of the assqciation/ bond
bet ween t he ful | er@HEmdeaidincasanddesraiEs Biats ehpreasigtizeoths passent e.

Appr oaches t - the -fequl f 'Sk fi u e {S
descri bed i nqugﬁglf) Igr gvr%[eln? #o%@gﬁ%rl‘(tegl%g?l g{ﬁ&%&gﬁﬁgaﬁﬂéﬁﬂﬁ%pg@% 0

full erene coatescription) bif¥ll BRdew/of tHeTddd50Ht¢d Sdrhwingdeposi ted onto a cl ean
object containing a magnetic material at an operating pressure |ess than

- about 10-7 ton. The | owrRlEE QESCRIBTION O ThH: L3¢ &2nce of oxygen and

wat er. Moye parti r r : { I
pressureslrsof 5 bo'tc}w(%x%/égr# gﬁﬂéé/\%ttgqug‘g (ﬁ.nggiﬁl%??lr‘% |‘5%H€%(%§yﬁ1hggondi tion,
" bel ow about Idf-thet praserd iaveationBhal  presiceenduct or surface is obtai ned,
for exanple, by form ng the surface under a high vacuum by processes such
as chenical or vagdiGRegotiareoiussratipnspkie @@Rﬂf@t%@az@rg%ﬁﬁ of hi gh
vacuum wi t h efl r £0C fullerene es
attach to thgfo?:llqg%% %!%Ie%gr %%%Slgéﬁrfﬁé@o%é%ﬁgég (régt gjllé/}\fttﬁ%aps reg{r} h t hat
exceeds that mfef¢edredi ethbodidneats af thel presseneihveritibher ene bondi ng. The
strength of fullerene bonding to another u_ can be estimted by the 15
t enper at e at DiaHteReDE LT HALIVE BMBO) D fromthe
condensed phase at e r rotd on. r e (LS fe ed to
t he associ ati on/ bo%%ﬁs%ﬁgn%?%?%%%@mggﬁﬁ%eﬁil ISeér g%%a?%lytl e‘mélur gzée.

G eat er desormteisent ievgetion us esefule Disdidratd Y80 dhchidesngdowsispeaiitdi i ons,

and vice versa. For_sone
a base 102 and a top cover (not shown). Disc drive 100 further

i

includes a disc pack 106, which is mounted on a spindle motor
25 (not shown), by a disc clamp 108. Disc pack 106 includes a
plurality of individual discs 107, which are mounted for co-rotation
about central axis 109. Each disc surface has an associated disc
head-slider 110 that is mounted to disc drive 100 for



20 surfaces, the surface and the fullerenes may react at a tenperature
| ower than the desorption tenperature, in which case the reaction

t enper at urgp R{/PMhEes a lower limt on the bond strength. lECHﬂ@Oﬁfﬁf of
multilayer fullerene coatings, that is fullerene coatings having ni b pl e

| ayers of fullerene nolecules as a coating, 25 the initial desorption
tenperature is indicative of the fullerene-to fullerene internol ecular bond
strength. The desorption tenperature otéﬁhe fullerene-to-fullerene bond is
generally between 500 K and 570 K. The desorption tenperature correspondi ng
to V1' O 01/91922 PCT/USOL/ 17s~1 8 fullerene-to-netal/ sem conductor

. attraction, wimmusicatidincwitly theotohfrontngatisatduafddeontieatirgditiginl i t he
attraction of, full erene nolecules to the netal or sem conductor surface, is

625 K to 725 IRCHMEhRgHIEr Sractuse ssranged Batlympasnseasiasiated dise a
- substrate usifgea. .'f'(?‘iftim{h@&af His'c%faf‘s%- géé'kpfc?é es&d ‘E:Q;%gﬂh s, the
e 0O a Clean tal or surtace.

full erenes are appli ne em conduct or n one

embodi ment, tiead ulllleagnresedr & #Pit ideda tte, andwechdc@atdl frbir) cdn¢astitidn chanber
by form ng a vapor of fullerenes by heating a to source of fullerenes to
form a vapor Weckswin faeiemiranting gipe savfades dasihe seample shewn it he

Dykes et al. | {catiqn.. a cin vapor, ;of erenes
by sputteri ngﬁgﬂf %ﬂ ?%%lgnseh@ars ggfd \%?%%Jéﬁ{og? éecg?)&oﬁu%)e%ﬁ@g&égcﬁ“g%% in a
copendi ng andar¥ inlltieneattathielli oethapht 2bdesainy igaid A4t of Bykasngitoa! .
entitled t s "Process For Production Utrathin Protective Overcoats."”

o
Regar dl ess oflife Appiateenl Leds dBveredosit velke ¢eil Maeiwrcy @AY RS &ubstrate

surface, nor e f. i M!'f iple

| ayers of f uleﬁotet?ggge ggg%%i %lngnl}ﬁ aﬁh%ﬁ?%%%@%tﬁ’e%@@géh]e tpr 0 {ect ive
layer. | neaddi200nRotdttorddiddtoatdr [ agemsved the heddearigsanracoate st abl e
since the fullerene-fullerene internolecular attraction is significantly

| over than tHealdt A8Rgtoapesition dir beadr onct pedgsitecedattragkdoiVesh @et al  or
i conduct f . \Whi.le 4 be,. ibl g to | «th iti
oo SOt Rl oty IR BRCORMAL AR W B80T L Lor,

to control theolepadig ivarendby isefsno elece@ifies inbludedr obusevat Beagd ayer. |f
nore than a nonol ayer is deposited, it is desirable to renove the

- addi tional | al@®sbaged ary sigmads ganrradefiday ithg herdssof disgdyslideps 3§ /91922

-9 PCT/USQ /1 t er 0 e th l.e . 1 uct or
surface. ?o r%ﬁrr%v%ht%%g C&%‘gp{{?ong}%\éf%}q%)éngg%dt %ﬁd%@egfggl@g{%s;?xg can be
"heated to a tgperrailudedtén ddsaiib Hdednib8i o eulpplersioridls fral tey &ivgs wi t hout
di srupting the nonol ayer, as described further below. This s selective

desorption i sCoOPsIteT baged orodeatferend Grgkfissaek 4000w Hemmashherds he
) erenes, ot Beas LR, o L FRIAUSAE S hAL Bkl ad 811 P
head-sliders 110 to write data to the discs.
20 Rotation of discs 107 by the spindle motor in the direction of
arrow 132 generates wind along the surface of the disc. Sliders
110 react with the wind to "fly" a design distance from the surface
of the respective disc.
The aforementioned Dykes et al. application describes
25 ultrathin protective coatings comprising a monolayer of purified
fullerene material on a clean metal or semiconductor substrate
surface such that the fullerenes are strongly bonded to the

surface. The fullerene-metal/semiconductor attraction is stronger



In the Dykes et al. application, a nonolayer coating of 1o fullerene is
formed by heating the coated object to above about 500 K to 570 K and bel ow
about 625 Wol@ofgsorb excess fullerenes by rupturing the ... S01/17541
fullerene-to-fullerene internolecular bond without rupturing the

full erene-to-netal association/bond. By heating the coating to between 500
K (about 225C) and 625 K (about 350C), is the coating is reduced to

approxi mately a nonol ayer coating. The thickness of the resulting nonol ayer
of fullerene is between about 5 to 10 Angstrons (0.5 to 1.0 nanoneters),
which results in an ultrathin protective overcoat for the object. However,

. many conponenfHan Stigd AslldreechR®Arreht detireefibpsePetRled hiy@#irsC dOg¥e, 20
can not withstand tenperatures of up to 225C required for desorption of the

ful | er ene-t o-fllarenenés birl. pedermedngaating naatesial advst toi diss tdreng

tenperatures | xcess, of; a 0 i suf fer..n rse effects that
adversel y af f%@?gﬁ%cep r&b‘? %ﬁﬁ%g%g? gpﬁe}ﬁqug{é? aﬁlﬁlgg%]:hggeﬁgﬁ%ﬁ%ﬁ oh is
directed to acafhdi ERfsIer hibledlles weithreakpas cabe shadiuld enarstédzéd! | er ene
i nternol ecul ar bond to reduce nultilayer coatings to nonol ayer coati ngs,

wi t hout subj ebyiiogirt ke sikj sidedt polygghst enpengs wlerg tthat suffghe dethaj uri ous
to the object, 0].@%1923 - 1~£CT¢|USU1/ 1731. 11 . | a,cgfrdancehvm' th the
present i _nvenlfqo(;?l?u n BPS PH&e _ ffo ‘E?Igﬂ% CYEP PEY SR&CLS ’isﬁ’dn?‘g’ 2&hi eved
from nul til aygdsee9Bling $Ssdbtet SRl aaEard Sdinebin®airdflfred to as having a

full erene-to-fullerene internol ecular bond w thout breaking the

ful | er ene- t o- Sasser dvall"agydedwlar ostrbontres Wel knewnufullbnenes ingljdehe
substrate to jnjurious.te ratyres. Mre particul arl a Jlaser beam ion
beam el ectro IJbeSMF\/gET%’or(é&c%é?mtsé%rhn?&h%mp&er‘%?%yelffl?%nbr 88k the
ful'l er eneyd o- fyahdigfieRs"|,NEhMELCHRT GONd FRlREME VRICRNES| R¥eE goati ng

on the substrate. 1o Wile the present invention is described as achieving
nonol ayer coadiamsteninote sigd eldabout ReAngstromns| toratedynl @ dngstiroms

est abl i shing resenc f an absglute single layer is problematic.
Consequent | y, Ed;g’ t%s%&mﬁtef&oﬂ?n?ﬂ’_gle?‘gr m "nonol ayer" " as applied to a coating
of fullerene nmeanspyllepdhd NAoRAVIIEY XPRRRXVEMT elringn8dhésieh i® Qéahul | erene
nol ecul es, although the properties of the coating are not significantly

affected i f tmetebaandgsamicondyietory svofacesy nicsist edrapsiannandl pyevide

Mor eover, ile a ol aver. of fullerene ecules genergll agks into a

t wo- di rrené%,w(;nﬁ?astq’%an &l ﬁ%ﬁﬁ%bg‘tcr iPLPRPENS, ¢ esglf)@?rre el e?%llegef%tﬁ]é‘ coati ng
"W th m nor Ia&iﬁoe@feelecf)&gﬁ th'clbA R#RtAPBP! tyficonBYcitit sabé@htdshendgsi rabl e

properties of the Tullerene Iai/er and woul d be consi dered an approxi mate
monol ayer . | ntlagly faras do ather fulldrenenmeolesidtsayer protects the substrate from

corrosion due to t er vapor, and.wear_ and rovi de sati.sf.actor

| ubrication with ;\%Su(ﬁ?sfc e|dnﬁl 1:516}]713? ascl?ﬁhgﬁn%yffl@Fre&eeg?%er yﬁwsa_ %%Plgg dat a
storage conpopantise Heedl beasHicoheluiead sulshi=der s Taiedcomamet iaydbecs.

~|l I erenes can be ;ﬁnt hesi zed usi ng various nethods and sone fullerenes have

been wel | 2¢hafemned ibvedepauitingrtbedtillgrene nydegules varte the sulgstratsoiiti7a- 41

comercially available fro var, et S e kncl udi : earch of
comer o otV BhbARE T e UL S bRl Sha I8 kM-SR Rsacar oh o
of organic di $Ratf shaPneirfdrel WRhakrsforsnmiionsf wtidhgshlttEcticr batwetna
colums. The purified fullerenes are 5 deposited onto a clean substrate.

One way to neéhetfidlerenghrangne ¢lgar reredhsemiresidudar esigfaemmefori s by
formng the s trate under a_hi V, ess S . o ical or
vapor deposi tl‘%%%m ’b?xgl%gar?f]hg@]t@he su%g%lg%t%{rg%cc?erce% hﬁggﬂugg%u&%@with a

sputteringsor seteithPsOERSassokaiba / tissid beteeé? khe Falletdratdledhlesenes
. onto the clean substrate is described in the Dykes et al. application,

wher ei n ful | ep&e meledromsenticendustaresubptragedAppreachasuse B6FVdhe and
otmer Ul { el 96 1P AP TRESALHGS BGHARE" 7 ARULrBRR G700 T

aforementioned Dykes et al. application where a Ceo fullerene coat



s about 10-i ton to about 10-1 torr and generally |less than about 10 -8
torn. The fullerene nol ecul es are deposited onto the substrate in the
vacuum chgrdeiopy, sublimation. U trahi gh vacuum naintains g-gL&aR7sY" f ace
for the deposition of fullerenes. The selection of a substrate naterial on
which the fullerene 20 is deposited al so depends on the specific use and
performance paraneters of the coated object. The substrate will be a cl ean
metal ., sem conductor or conbination thereof. For magnetic heads, suitable
substrate materials include, for exanple, N, Co, N Fe, CoFe, CoZrNb,

Ni FeCr, Al Si Fe, N FeRe, conbinations thereof and 25 alloys thereof. For
magneti ¢ di sés depositadl| enteud sli¢aat ebjedtecomtiasningca utdegnetialmatesigdhatas cobal t

and cobalt alloys, e,g., Co-N, Co-(Cr, -Ni-Fe, Co-N-C, Co-Pt, Co-N-Pt,
Co- Cr-Ta, Co@& OPEratisg presquse less Ft}?aeogﬁpuwogt foaF- E}I‘hﬁ%w RfafEMieal s,

conbi nati ons f_.an 1/ - 7Sx al | her eof .
O her netal s atgng&gfl %s%dﬁgl\agé%, a?)cg)fgﬁéﬁa#gl gqé’t&ﬁh%&%%r Rhfix‘?rsz CoPt ,
CoCuPt, Au, gadtitheulykihe Toox pregsatcoapsuesl tiditshe partiadl nedessieresnef or nor e
rare earth el enents and one or nore transitjon netals, for exanple, TbFeCo,

GdFeCo, 5° ToROBZPXyESiFael VeRieT GRSy Fa Bl iR Bigh) Faceyat €onditioms i | ayer
coating 200 I ic10] ul S/ tgﬁ%.f e: 202. As
expl ai ned i ngtelgée‘ya%%élgpnggt i 1%g)(ri;ie:'d &%}%%QGI?@%Q- 6%%%11?6(};6{%1%%1?9% s%érea%% 202 is
a metal or sebtaprdydopexanipdé,lag fortohiaig tise suifatantridelrlayhigteeacium

contam nants 1o prior to deposition of the fullerene nol ecules. The bottom
monol ayer of BYUPFRGESEES fbichicas shemrical op HARPT HiFRASHIoR, QLY Elganing of
substrate 20 F et D€ 1E UL =1 QeHbPst ti trength
is at least a gugﬁﬁg&%mg?aeforai gggﬂm%&gﬁ (S us%a ?9&6? O\gqub(l‘))u elio

kcal / mol .10 Theprdesss.pti on tenperature of the fullerene-to 1s substrate

nonol ayer i s above_about 62S K, and usually above about 700 K (about 425C).
Conversely, the f(ierBHleregef @@@F@ﬁf‘é patach s tesRer cleami mctah PR

desor pt [ 0N { ey 4T, AELUBSR RGN QAR 87 Kl2ERGH000 m e

enbodi nent of € 1nventi rated partic I'n 20 enpl oys

a beam sour cénfainélecabgedulleratis-esfullefze@mbirviinguchThs strengtt i of phot ons
(in the case of a |aser beamor other intense light), electrons (in the
_case of an elfBderar Heemgingr tpnanothehn Oieat ¢ chg ecHimated oy at

P

b
b . figi
oo L g I PO ISR B b o) o

energi ze

"l evel adequatfeoino thieeadoridemiskdl |stisste-4to-fhe | surdaee. i ntEheodesortpiorbond of
mul tilayer coating 200, but_ not adequate tQ break the fullerene-tosubstrate
associ at i on/ HSmPETRKAre iglirgladad| tpRBE opgsociation Strengip bgiveaep?

PCT/ USOL/ 175'&%[% fu&l%nﬁ?é‘%nﬁ%e"?ﬁrtﬂ?@: "GRGLEY Be %hste%pg%% s af as to
not deconpose the tullTérene nol ecules or ofherw se cause themto react.
Power densi t \inidscatiwo dfostrengeghaswdidtadng,oanld héad ivegsdue Rar tsbenener gy
flux is not excessive, The substrate surface generally is heated to 5

t enper at BPes Fwdaces dhe splacermpd the fulierncsemsydicashat 3 gperature

lower than the desorption temperature, in which case the reaction
temperature provides a lower limit on the bond strength.

In the case of multilayer fullerene coatings, that is fullerene

coatings having muitiple layers of fullerene molecules as a coating,

25  the initial desorption temperature is indicative of the fullerene-to-

fullerene intermolecular bond strength. The desorption

temperature of the fullerene-to-fullerene bond is generally between

500 K and 570 K. The desorption temperature corresponding to



t han about 150C and in other enbodi nents no nore than about 100C. The exact
paraneters of the beam are dependent upon the energy, flux and duration of
t he beam gslomAay22l so depend on the angle 8 of the beamtopéﬁg dinkLgr ene

| attice on the substrate. In 1 o preferred enbodi nents, beam %2‘ i's focused
on a small area of the nultilayer to allow heat fromthe beamto dissipate
t hrough the substrate to a heat sink or coolant, w thout heating the
substrate to injurious |evels. Mre par_?icul arly, where the substrate is
part of an object that could be adversely affected by rai sed tenperature,
~s such as sone magnetic heads, the beam energy and size are chosen to

~al Ibow heat t(fxﬁﬁémiepai—mdthl/oﬁgimmdgedauhmmmm vdzlﬁcheigﬁmd&bafti;@nmft he
substrate without injurjng_the substrate. Beam 252 can be nov as

i ndi cat ed by ther mSQ%tiOﬁl/émsS%ngaat of h&he e gtkracten y ofi r’f?ﬁﬁ@reynq npi nge

. the entire e f : ' ti:0goHar £vant
portion ther )ég?.%%%% roeﬁgffpf/egapné¥ }Sgﬁn%&%}é@ég@lﬁ %%’ é%%f‘ g’clt{tttg ﬁ]ej %tka‘am wth
sel ect ed por tarehhighfert he substrate. In sone cases, beam generator 250 is

noved relative to the substrate. In other cases, it may be nore conveni ent
to nove sébstrat e fodnllerng icpating £aB BeARRfigktatdrsubsiraiepusing |8y wher e
t he substrat 1 b | LLo i : a sive
swat hs. The Ecg?%gg§%a sf@%ggbh%'l e;nﬁg}éﬂgteﬁéoc}/%#g?&elﬁgerﬁgt éﬂrl%m élcu aefssbond,

t her eby reducdrega?bnednw bl aah htiatr@neendedndgcetos sutfacel akerorfaul | er ene
coating. WO U1/ 91922 -14 PCT/USOL/ 17s-tl |In preferred enbadi nents the
process of fcmabadinaert, nthe| Billerenss carl BRI Hot Re sgaipsey ¥athim @hanber
where the ' t f 3 d Ler deposited. This
has t he advaﬁ‘{ég:glyrgf&ln%ﬁﬁhegicgrx\%ﬁﬁéggbs p?)gt %fc é%ﬂéhggdgfﬁq%? 5 & nospher e

that is fiee sfuresywienlleteheadd forana vagortat sibimiat@rs UPRis appraosvter vacuum
reduces the scatter] n% of the beam by_ atnospheric gases and correspondi ngly
n

decr easi ng t H& dascrigiegnbyrtber indher bykss atorl PRPVCAHOR: ndRoREPEIACHThe
presence of %8}(; %@BHH‘C%%%% %aféggvc?ﬁfdlpe% d sy %@Q&eﬂgg%{ ?ﬁﬂeﬁeﬁ%@a& &t fsur face

fromlo recon s ng e Surftace. reov € process o

form ng the rpRBl aver cletrde dswaghictied ddscribed tpar ajopepdidfe apriver | evel
and duration of the beam shoul d be adequate to break the

_ ful | er ene-t o-gimulianenaisiyt Bledoasemb raplivgtisn feubykaseetsély aatitled i ng t he
full -t 0-, i,ati iy foa l b
the 11 oqudney PARESSPRaRfefn B ORRENIY rol b BDEARGM B 1 200T oA

"reacting the full erengdedseelitias appesactx aizpieo dusiasit tes Olsren@s®r i ons,
| aser energy in the ultraviolet range may cause di sassociation of the

ful | erene i ntibegpabsirate surfase. Biaserthesnaimpaakayer o dullereaesympy e

ul traviol et ] m : i -ord d er qﬁw | d these
condi tions bg(?%gn%r&%;aéd,wﬁuéggﬁgg}%é’?e@@%@r?étsoggge%%?ﬁlgoﬁhag aser ftrequency
to bel ow the thitkaedsotethe progtectivd laget.hén\vididitiba, dic adtitdoral lagege. Under

ot her operatiang conditions (tenperature, pressure, ngL ating operation of
the | aser20 et ) fulisteneaserreendiody piblg tsiacel 1y reRanye'CReRC provi de

better result. i ful l.erene-4 Q- I e nte I r bond
whi | e not advlzlrt g%wgfegﬁ%%t%%tuﬁ% flgl ’%r%éfﬁl%ﬂ%{ sl‘é%@? r g%a(eﬁ ags}{sggcsﬁgﬂ n/ bond.
Under these attadibiOb8RzedtCiné&fdliétectiesland bleapnthetalarssermicomayidier

desirable to operate the laser in the ultraviolet range. In preferred
embodi nents, $Wdafefser or other |ight source

While it may be possible to control the deposition time and

25 conditions to directly deposit a monolayer, it may be difficult to
control the deposition conditions to comfortably produce a
monolayer. If more than a monolayer is deposited, it is desirable to

remove the additional layers of fullerenes while leaving the strongly



operates in the visible or infrared portion of the spectrum The s |ight
intensity and beam size can be adjusted to produce the desired desorption
rate of fwdeenwes beyond a nonol ayer while maintaining th Cﬁ% 01 7k”
tenperature of the substrate at desired tenperatures. The substrate can be
cool ed by contacting the substrate with a cooling system such as a
circulating liquid bath 1o with an encl osed cooling coils or by bl ow ng
cool inert gas past the substrate. In thernative enmbodi nents, an el ectron
beamis used to renove excess fullerenes. Generally, the beam energy shoul d
be |l ess than about | kilovolt, and nore preferably from about 250 15 volts
. to about 25 vadhered Tienoldyanbnothd bkl esdtadvrosamaanricabt surfadd, om about
0.01 to about | anperes, and.in sone_enbodi nents is fromabout 0.05 to

about 0.2 anpk? gemovaethy egélitipeg! dpllersacsedhe eoaiedi sinbstratecaBahecurrent,

can be sel ect d t [ i amis
scanned acroslggettggscgoa gg %?%89%%58%%@%& E@%ﬁ?&%&?#@gﬁﬁgﬁgssa ected
such that thewfthbliea@iRiptaNoOtiay efiowlpges s dbscrivds fiaher Beldwc aHis not

di srupted while the additional fullerene |ayers are renoved. In the case of

an ion bedm Sdectiven <HRIYGPLRd tise HeRshbleux dddul & betheow SHOMPSTt o avoid

deconposing t f Al 25 1 j r-.or ed I | ecul es.
An ion beam C%se;]sogiégtgoe er g}déi({ilg f%ﬁ; %@?a%flg%%% bt%nb%g{edi(ﬁlég}é %‘Ig{eéguggr fl ow
wi th high eneggiicohdeictons shiefaceesutlative i @i zaheon fafictdife-fmleeenees. The
resul ting ion beam can_be directed using electrodes to direct the ion WO

01/ 91922 - 16 iptruderriabandeam I n sone enbodi nents, the accel eration
vol t age shoul d be hetwee bout .10 d: vol ts. al though under some

ci rcunst ances the_I\l?oI _ gz)yﬁﬁef beé gg %{E)%l%%tgog? kﬂo&%ﬂ%lg Cﬁa&nﬁaﬂ ly, the
beam currgnt fgRSéhd iMdim&e byhéheng ahgeoate®bBiEct TohKkbvet &bdutdSo®V cn?

(mI1liAnperes per _square centineter), although the current density will, in

part, be affeBtied>Hy Formst bejser ahavlf Pap dhde edesorprespess duliessnfs BV ur e,
etc.). H gherpﬁgte%g}’ R ?ﬁ@&felﬂselh{’o‘ihﬁlé}%{lgVﬁlt@%o‘i’ee&ﬁ ngﬁgé%{ ! Holgk that

t he beam m gh 0SE€ er ene: n-sone e a gas

cluster ion bﬁ.@ptﬁﬁb% Bee gONERRC tOIShE@] ia@@o@ihﬁgﬁgro@nﬂav Byohedtigg @REC NBSS

approxi mating that of the fullerene nol ecul es. re particularly, a C6o
~full erene nol esaling tabesweandr@ Knfalsouin225{@Avanddb23 10 (alhergt 3PBHES),have
significantly,smaller AMJs (Argon ions have .an AMJ of 40, for 15 _exanple).
By enpl oyihg B¥aARAGRS 4p JE¢ FS@ HOARPTQH! & %B?Biﬁyﬁﬁtq ngheTﬁﬁss of

“the full ereneypkgedd 6611AFeRAL oh%1a'fyyreﬁtfuﬁe€érgm BévddhCatitht 51 ayer
fullerene coating to thereby break the fullerene-to-fullerene

i nt er nol ecul ato déhd\ngstrdmmsr (A5t itbayér nandmeters), f which eresulisndhager on a
nmetal or sem Cﬁgdtkljctor subi.trate Zogﬁu%fa&g. Chus ers gg)n be faornmed by
expandi ng an PHE? naag,rofseﬁ eagvglfcé’ , ¥ ﬁgﬁ £ uper W FoZ278Y Cool | ng
upon expansi ogofapbAkabs,t f8cH Q&7 tige HREHL4IRdrncdihpohent foPrimat #ig8.ddiwg)s can be
formed follow ng cluster formation using an el ectron beamor an el ectric

arc. In aPb al can anet vithstarad ntkempefaitires epk wp| @ uP38°¢ heemiredsfozrs can be
somapéggodi nts, the heamis

ionized to forma fullere i gni c beam . |

directed at afgi@PEF, gugﬁﬁcg@ﬁé’nﬁ Ot'ﬂ‘&fé§%§t ’20§% ° brEeekHte

full erene-t O'ﬁﬂé&@c%%dt”{;ﬁﬂ@llaﬁau{&fé?%ﬁr@é ihhex&dld @F st YShat
structure fromthe V~''0 01/91922 PCT/USOL/ 17a.11 -17 upper |ayers of the

coating. Angl witheytbeswuidring ecadwersontefiscthetiat ordanrsaly | aiffesh tthe
Zﬁbisglr’]aggémor p%ﬁo@ngﬁ%}e ec?TfD ijé) ri'leta%.t hIE‘l'u'-}c lfalrézseefnetn1eriveensc{)oenC iig lcii}fec!tgdtthoeacase of

25 process to achieve breaking of the fullerene-to-fullerene

intermolecular bond to reduce multilayer coatings to monolayer

coatings, without subjecting the object to high temperatures that

might be injurious to the object.



beam angle relative to the surface between about 25 and 75, or in 5 other
enbodi nents bet ween about 40 and about 65, may be enployed. In
sputtering/d gf@dd | i ng generally and in the present c~ise,,sglgat{-9] of the
angl e invol ves a bal ance of factors such as renoval efficiency and:
selective renoval of only desired material. In the present enbodi ments, the
beam shoul d not renove the to nonol ayer. Hi gher energy beans nay have a
nore gl anci ng angle. A person of skill_%@_the art can select a preferred
angl e by enpirical adjustnent along with the beam energy and the anmount of
time that the beamis directed. FIG 4 illustrates the conpleted substrate
~ 200 having a 1s noplaayerd@ife obithuthe praserdcinviaition | ed appsexifage 206.
Through use of the laser or ion beamtechnique, the npnolayer of C6o is
fornmed from amemolayesyailorene ceatingaisi arfrievask friom ennlidayer tegtingohy | evel s.

This feature ] Lcu g i.n oatin f_sliders,
magnet i ¢ headée%gﬁgé%%%eﬁﬂcﬁeﬁ%%?t z;%t qﬁﬁgﬁ?eﬁgpﬁﬁ@eﬁﬁntehg{l%{&lﬂgﬁ? gtoa
desor ption t epped aritheupbrédking the@leRhehicdbebstrhfe ass6&iaien#ppRa@di ment ,
i nstead of enploying a beam generator to break the bond between the

ful | er ene Hol aed| withomtssubiaating the sibsisatendo ingnitiens, tayaperataressar bon

o drssolve t Me ghareipls b Plelhoth, B bHRRT GIOSHER' bedBy Sfefly 1E°

nonol ayer 21007 ldthiet tedlegigut I employdd tol bfsakothe falletetto-filyerbfeused to
agitate the solvent_ using an ultrasonic transducer, such as WO 01/91922

-1$ PCT/ USOL/ intsrmelecudae z bendctiol caahieyss duc sronglayee cortingl 9antthes
contacti ng thg &gérégrene. The ultrasonic agitator is particularly useful
where the subgt %as an i rregul ar shape. The solvent and contact tine

with the fal | er enenad ech®bpeedertl Enveheehedst debiBYE tdie a&fing | ayers
of fullerene, |eaving a nonolayer of fullerene nolecul es on the substrate.

Preferably, tHoEdayahcopsings, dittiase skilledain afhe eetawll mgceptigerthat

evapor ates. The _pk. S .4 refera carried out.af a te rat ure bel ow
about 100C. andaRUSHET? the PRERRLO! ¥p o SPSloRp S SREBRIY L he
substrate on @anebqibAtlyUhkaiREhdRIAPIE ttef "hioridap@d dsSapsliedtdphect ed to
tenperatures that mght otherw se be injurious to the substrate, or the

obj ect for m bgoatieg effislermne meansa conlang heyig approximateli ere layerf or m ng

full erene n [S. 0N nefic ads ;a head-sl.i der. gombi nations for use
I mmgnet 14 apb (iR rRntES s BRIRT0Re JRReRteS G B8 palhe iE T
optionally funbbgigrdifiehtlg &fddtbdiifané chbadfl i9\@ighitRenidik! 1888 thaAt ecti ve
nonol ayer. Suitable |ubricant |ayers include polyner, for exanple,

fluorinated pelywectayerucMarsoper.f whieopangeelawes dnigligeenes anolpedlesher eof .

Caverage hol cBURaPRSPEHES bk Rl Bk R s HaE s tanite FRLb ot Ry or
Dal t ons), Fonglibstrét&5 a( AMérerab @shtide, ¥8th AMiomndttiesrddfscts Zml Yhe AMN =

about 15,000 AMJ). The Fonblin perfl uoropol yethers nmade by Mntedi son
( Ausi mont P0 S. moRolaxey apay |Ref &ﬁé\ﬁben@%&bhrp#mﬁé@fo edullerene

CF3~( CF2CF20 F%: r . v el rticul ar oduct s
wi th average pé’lcéggaug ar @elfi\é\ﬁgsceéggl spggin%rlx %Ei% \I;agit%%'?% ﬁjnoqqgoé%?rcdaré%
preferred enbegidrents hdldrehlee Mrablspdr! asmtaok t tige dise®ssiaté agpRave a
full erene nonol ayer. Due to the weak
corrosion due to water vapor and wear and may provide
satisfactory lubrication with an ultrathin layer suitable for use in
25 magnetic data storage components, such read/write heads,
sliders and magnetic discs.
Fullerenes can be synthesized using various methods and

some fullerenes have been well characterized. Fullerenes are



WO 01/91922 -19 PCT/USOL/ 17s-41 interacti ons between full erene nol ecul es,
the full erene coated head should not stick strongly to the full erene coated
subst r at ewd@ebrese enbodi nents in particular, a lubri can,;c#,gy{ﬁy”pﬁ t he
substrate surface rnay not be needed to obtain desired tribologic
performance. The present invention is directed to a process of formng a
coating on a substrate. A rnultilayer coating (200) of fullerene nol ecul es
is deposited on the substrate (202), angd._layers of the nultilayer coating
are renoved | eavi ng an approxi mate nonol ayer to coating (210) of fullerene
nol ecul es on the substrate. In sone enbodi nents, a beam generator (250) is
adjusted to pondneeciaﬂjaeami(&ﬂﬂ@)fram angaricty dir salairddse including SES

" fullerene-to-full erene internol d of the multjl ayer coatlng and
i nadequat e L KRz Ohd1Parion, ﬂl%@&@%r@@é €S BEHICHo FUSHNRS & t he
. coating. 1 s Hﬁngl i ak the
full erene-to- ;6 rgﬂ%aé?lﬁt eé%@?@guﬁaBréaglgn?lggxanpﬁ%s&g?lﬁl'%ﬂ%ébégﬁ glener at or
include an i as bdttmsikcerat alumina etclution bTam penificat dnllaedes hmser beam

generator. |In other enbodinents, the nonolayer of fullerene nolecules 20 is
formed by Sappleposted angp\a Rlearpsubeirain. (Onaywy tomesighemeauisment has a
strength ade t f O, r ar bond
of the mitineydt Absfi Aosiiifn UpiEhEREnkli by, it The' St

ful | erene-t o-umdest aaheg}as&mumhl by prowgssés thecle i idhgniioal er efyyodi ssol ve
t he fuIIerene in the coating that is not bonded to 25 the substrate. The
sol vent is sélcPOSEPRSPY e@%@%@%ﬁ%“@ﬂeﬁ&h@ vagnyEnwithhenzene,

carbon tetra oC, 1}9{% i de and m xtures thereof. WO 01/91922
-20 PCT/ US@%%&?%%%{)W dEhegil%g"e]sent i nvention has been described with
referenceiot o over dom¢ stéciniqagnddr cdaijsitihg, falleferfes head/ thedeleri and

di scs of a rragnetlc or nmagneto-optical _disc drive, those,skilled jn the art
will recogni zsélh gtEatet e drsesibed imvikier Dorkesagt Rl sappheationd whersinot her

vor e cot " minGetélie dpRitilothe BRkOek? SERCLOBE AERANeAIEERTE o

coatings and dtHbf iigAiudtied & HMlteditosa tedjeratild bytwée! @belt r450°0 n
coatings are required. It is to be understood that even though nunerous

. charact eri st iagsl dfD°Avianaayesuom \chamlper m@tatbr&tsaoprﬁmrprkesht
i nventi on hav e t fort for cription, ether with
vor ol s op TRy fou & aPeuhabiE sod S8 Rl ERS st trek B GH E

“invention, thssodi Sehotlirdrie iﬂdlébﬁilé@%k&@ie?&'s}teda&@tocﬂféﬁgﬁﬁst@% ke made in
details, especially in matters of the 15 structure and arrangenent of the

coating and tthe rmmmmofchaardber nbymﬂuhliragzboncoau Rigahighl vacmiim wi t hi n
t he principl es of e_pnesen nv ntot tb& tent i ndi cated by the
broad general™ B ASHERR utrtﬁ'cﬁsnf Fﬁmegﬂsi él 8 EH°%1 aims are

expressed. For exarmé BeldR@on 6fhaguisiteaRNEftERN] \W WHIGRaREi filleZéhon the
particular application for the protective coating while nmaintaining

subst ant i 2l | yist depesitas falsetdeprids pmm‘thho%mecuﬁ@ausﬁ: rand rmnfqrmammpe and
spirit of the pres vention, Thus e |nvent| scrlbed in
connect i on WIREﬁ‘ ?eqeﬁ e‘% ﬁ% @ﬁ%‘g Olh-'?fét pr t’?f&d&’dﬁnﬁ ‘?E‘]'nayer
coatings to %ﬁef&ngéﬁﬁé‘én&ﬁ@ﬂdﬂﬂ%dﬂlgﬁ{a&ﬁq W' iFdradabiefic %‘é’d@ty of
ways w t hout adver sel y raising the tenperature of the coated object, such

as mechani calsuitablec hohstrate ynamrialsviscludpi ifer taxamplee Vi, odoj Niffescr i bed
In connecti Oan\f? e, CC%?'Nfbl,Jll\lh%re%rll, ’Aléﬁ‘%, NiFeRe, combinations thereof and

25 alloys thereof. For magnetic discs, suitable substrate materials

include metals, such as cobalt and cobalt alloys, e.g., Co-Ni, Co-Cr,
Co-Ni-Fe, Co-Ni-Cr, Co-Pt, Co-Ni-Pt, Co-Cr-Ta, Co-Cr-Pt, Co-Cr-Ni-

B, Co-P, Co-Ni-P, other similar materials, combinations thereof and



WO 01/91922 PCT/ USOL/ 17s-41 -21 principles are fully applicable to other
hi gher full erenes, such as C-6, C?s, Cs4, C90, (C9a., (C9s and any ot her

full erenevayoi®ogcul e with fullerene-like properties. Ath <
i nvention is described herein is directed to a specific tegﬁﬁ/pailzﬁt’g

achi eve nonol ayer s coatings, it will be appreciated by those skilled in
the art that the teachings of the present invention can be applied to
formation of controlled multilayer coatifgs, w thout departing fromthe
scope and spirit of the invention. V\d 1/91922 -22 WHAT IS CLAIMED I S:
PCT/ USOLJ17s. 11 1. A process of formng a coating on a substrate, the

process conprdifyRdtheeof. eORNENEdtalessd eliloyskiudayer ekbhleepavaoat i ng
| eavi ng an approxi mat e nonol ayer coating of fullerene nol ecul es on the

substrat e, et Ré, fTa,| €0BheCoSuRtinviiad ane Itee tliee.t hpemaagnatoof t he
substrate remai.ns.,ng nore tha bout 200 degrees C,, 2., The process of claim
S oherern ¢ bt afsCt et nRAE e 6 OB SR carth HletiB R aPE FRer anout
150C during tdie nRiyevalrafkitiod | ei&ass,f rom aetlthpld, aymsrdadler easecoat i ng. 3.

The process of claiml, wherein the substrate is maintained at a
t enper at use ribiaeZt, RyFebowand BIDWEeCag the removal of fullerene froma

i ver L e oot ot i fee TIC ARESS: Ol My WPERSIREToV 1O,

?ﬁﬁrﬂe?gzgf ?2%8}%;?2%)2%%%&@&@ GhtPAIRbStPael 20K, Wieexplained in the
aforementioned Dykes et al. application, substrate 202 is a metal or
semiconductor substrate that is substantially free of contaminants
10 prior to deposition of the fullerene molecules. The bottom
monolayer of fullerene molecules is strongly bonded to surface 206
of substrate 202. For example, the fullerene-to-:s,ubstrate attraction
strength is at least about 35 kilocalories/mole and is usually above
about 40 kcal/mol. The desorption temperature of the fullerene-to-
15 substrate monolayer is above about 625 K, and usually above
about 700 K (about 425°C). Conversely, the fullerene-to-fullerene
bond is weaker, exhibiting a desorption temperature between about

500 K and 570 K (225°C-300°C].
One embodiment of the invention, illustrated particularly in
20 FIG. 3, employs a beam source 250 arranged to direct a beam 252,
such as energetic photons (in the case of a laser beam or other
intense light), electrons (in the case of an electron beam) or inert
ions (in the case of an ion beam) at substrate 202. Source 250
produces a beam 252 that has sufficient energy to energize the
25 fullerene molecules on the surface of substrate 202 to a level
adequate to break the fullerene-to-fullerene intermolecular bond of
multilayer coating 200, but not adequate to break the fullerene-to-

substrate association/bond. The individual photons, electrons or



I nternol ecul ar bond of the nultilayer coating and i nadequate to break the
fullerene-to substrate association/bond of the coating, and a2) directing

t he beam &g bheopul til ayer coating to break the full erene-f,g.E/TUg&lI/ﬁgﬁne
i nternol ecul ar bond. 5. The process of claim4, wherein the beamgenerator

I's an ion beam generator. WD 01/91922 -23 PCT/USQOL/ 17s~1 6. The process
of claim4, wherein the beam generator is a gas cluster ion beam generator.
7. The process of claim4, wherein theagam generator is a |aser beam
generator. 8. The process of claim4, erein the | aser beam generator
produced a | aser frequency below the ultraviolet frequency range. 9. The

process of clish§deliveheioei-reddtivelgasugesnef ahergy so ar ol @6t decbrhpase
generator. 10. The_ process of claim4, wherein step (a2) includes:
directing t hdbsehmleengnmadendes vy ethesvise cansst them, ta reaghePewetess of

claim 10, wheyel e i t nd 12, T rocess of
claim4, mher%%gi?{ E(;Spaf%%o%f &ﬁ?ﬁgbm}g?ﬁgﬁ‘%ggﬁ‘?alﬁg%ak%ga%é %%%%%s?gg’( hat the
beam i npi ngesiibgs GRAtd:RGssived Tigd %h!b‘éﬁ’fa\tesdiﬂféc@géﬁefmlyt hehebbst tgte, and
iii) noving the beam generator relative to the substrate so that the beam

successi vél y tenpenadyres beisathdmldbouth@08AC) e ethsrs ethbadlimiendy dessoat i ng.
13. The procegs of claim4 wherein. step (a2) includes i) focusjng the beam
so that the AhEPhJeS Pn%ngdat?ﬁ#&rﬁm&oagpsmwoy%mh% 8ROBt ¢ he

ULy L, beic, T8 e BERASIEA) Bk elel (EckachPIrBPR 2 0

coati ng. W iy 2 fIfZZ2an@ duration of the beam and may also depend on the

angle 6 of the beam to the fullerene lattice on the substrate. In

10 preferred embodiments, beam 252 is focused on a small area of the

multilayer to allow heat from the beam to dissipate through the

substrate to a heat sink or coolant, without heating the substrate

to injurious levels. More particularly, where the substrate is part of

an object that could be adversely affected by raised temperature,

15 such as some magnetic heads, the beam energy and size are

chosen to allow heat to dissipate through the substrate and be
removed from the substrate without injuring the substrate.

Beam 252 can be moved as indicated by arrow 254 in swaths

so that the beam will ultimately impinge the entire exposed surface

20 of the multilayer coating or the relevant portion thereof. The

relative motion can be used to contact the beam with selected

portions of the substrate. In some cases, beam generator 250 is

moved relative to the substrate. In other cases, it may be more

convenient to move substrate 202 relative to the beam generator,

25  especially where the substrate might be repositioned relative to the

beam for successive swaths. The beam breaks the fullerene-to-

fullerene intermolecular bond, thereby reducing the multilayer

fullerene coating to a monolayer fullerene coating.



PCT/ USOL/ 175~ 1 14. The process of claim1l, wherein the substrate is fornmed
of a material selected fromthe group consisting of netals and

sem condugi@pfe@sd conbinations thereof. 15. The process opc-phabifds
wherein the substrate is fornmed of a material selected fromthe group
consisting of Co-Ni, Co-Cr, Co-NCr, Co-Pt, Co-Ni-Pt, Co-Cr-Ta, Co-Cr-Pt,
Co-Cr-Ni-B, Co-P, Co-Ni-P, PtiVIn, Cu, Ru, Rh, Ta, CoPt, CoCuPt, Au, rare
earth elenents, transition netals, m xtyges thereof, and alloys thereof.

16. The process of claim1, wherein the fullerene nol ecules are bonded to
the coating surface with a bond strength corresponding to a fullerene

. desorption tenper aiiir préfeprad hemppaphayes @he aprbe@sd ePOWrnAAR Khel7. The
process of claim1, erein the fullerene conprises C60. 18. The process of

claim 1, wher&andlaysyingondurtaceiie theonmisevagiium ghambear whesadheoat i ng

., includes: a1 i ng.a fuller o] nt_t h Ltilaye ating for
a period of tﬁ%gﬁt% &é&gacteowﬁllsg%}gg'ﬁﬁé %‘ﬁﬁl tgureeﬁ%lthr%p?ﬂcfl%%gs&ﬁeé{ “Phits

i nt er mol ecul ahaBoiMé alvhheagdlbl inhaiyRhirGagat {Hg sabdtidtedaesat gnd dnbrgak the

full erene-to-substrate associ ati on/bond of the coating to thereby dissolve

t he ful | ereneatmosphbervdhahgs tiheg of soxygenboddedddiiamemaiptainine thend a2)
renoving the solvent. 19. Th f claiml18 wh ' | yi th

sol vent gt ot héuhﬁﬁ?}[ﬁ’ a ‘?erf M%@{lﬁﬁ?ﬂ@g&ﬁﬁﬁ% ?C%épp&gﬁéﬁltﬁpaﬁg@%%%ﬁr at 3r e
not ' greater giMd8phelE gaseY HADE6SERAn Bl | R ddiBg theléifidn N6 Process

of claim 18, wherein the solvent is selected fromthe gro(t;tﬂ consi sting of

hexane, tol uetlee yeagsméor danbog aanonoldysri ddhecardssncdi gluhpraaisimand

m xtures thereof. .ANe. A, " ,ANLE...Aa | . &Ns% .A(f‘ .AI%H‘E .A}J\E AAas. AaY
esorbed’ Yrom' the surlacé from

A us . ANs . ARDOANETOVES fhe Jullerencs

10 recondensing back onto the surface. Moreover, the process of
forming the monolayer may be conducted at room temperature.
The power level and duration of the beam sho;.lld be adequate to
break the fullerene-to-fullerene intermolecular bond without
adversely affecting the fullerene-to-substrate association/bond.

15 In the case of a laser beam, the frequency and operation of
the laser should be adjusted to avoid reacting the fullerene
molecules. For example, under various conditions, laser energy in
the ultraviolet range may cause disassociation of the fullerene into
graphite; under other conditions, laser energy in the ultraviolet

20 range might generate higher-ordered fullerenes. Should these
conditions be employed, it may be necessary to operate the laser
frequency to below the ultraviolet range and in the visible or
infrared range. Under other operating conditions (temperature,
pressure, pulsating operation of the laser, etc.), the laser energy in

25 the ultraviolet range may provide better results of breaking the
fullerene-to-fullerene intermolecular bond while not adversely

affecting the fullerene-to-substrate association/bond. Under these
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1o{ { 10{ { (Ijé‘@ég %ﬁes{orption rate of fullerenes beyond a monolayer while
maintaining the overall temperature of the substrate at desired
temperatures. The substrate can be cooled by contacting the
substrate with a cooling system such as a circulating liquid bath
10 with an enclosed cooling coils or by blowing cool inert gas past the
substrate.
In alternative embodiments, an electroﬂ beam is used to
remove excess fullerenes. Generally, the beam energy should be
less than about 1 kilovolt, and more preferably from about 250
15 volts to about 25 volts. The current of the electron beam generally
is from about 0.01 to about 1 amperes, and in some embodiments
is from about 0.05 to about 0.2 amperes. The properties of the
beam, especially the beam current, can be selected based on the
beam size and the rate at which the beam is scanned across the
20 surface. The electron beam properties can be selected such that
the fullerene monolayer adjacent the substrate surface is not
disrupted while the additional fullerene layers are removed.
In the case of an ion beam, the ion energy and the beam flux
should be low enough to avoid decomposing the fullerene or
25  forming higher-ordered fullerene molecules. An ion beam can be
generated, for example, by bombarding a molecular flow with high
enérgy electrons that result in ionization of the molecules. The

resulting ion beam can be directed using electrodes to direct the ion
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beam. In some embodiments, the acceleration voltage should be
between about 100 and 300 volts, although under some
circumstances the voltage may be as high as 3.0 kilovolts.
Ordinarily, the beam current density will be in the range of about
0.05 to 5.0 mA/cm? (milliAmperes per square centimeter), although
the current density will, in part, be affected by other operating
parameters (pressure, temperature, etc.). Higher energy ion beams
should be avoided because of the risk that the beam might
decompose the fullerene.

In some embodiments, a gas cluster ion beam may be
employed using ion clusters having an atomic mass approximating
that of the fullerene molecules. More particularly, a Ceo fullerene
molecule has an atomic mass unit (AMU) of 720. Most ions have
significantly smaller AMUs (Argon ions have an AMU of 40, for
example). By employing beams of clustered ions, -clusters
approximating the mass of the fullerene molecules can be used to
inject energy into the multilayer fullerene coating to thereby break
the fullerene-to-fullerene intermolecular bond of the multilayer to
formm a fullerene monolayer on a metal or semiconductor substrate
surface. Clusters can be formed by expanding an inert gas, such
as argon, through a supersonic nozzle. Cooling upon expansion
through the nozzle results in cluster formation. Ions can be formed
following cluster formation using an electron beam or an electric
arc. In an alterantive embodiment, fullerene molecules themselves
can be ionized to form a fullerene ionic beam.

In some embodiments, the beam is directed at angle 6 to
surface 206 of the substrate 202 to break the fullerene-to-fullerene

intermolecular bond of the fullerene crystal structure from the
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upper layers of the coating. Angle may be selected to control beam
concentration on the substrate, or to impart motion to the
fullerene, especially in the case of an ion beam. For example, a
beam angle relative to the surface between about 25° and 75°, or in
other embodiments between about 40° and about 65°, may be
employed. In sputtering/ion milling generally and in the present
case, selection of the angle involves a balance of factors such as
removal efficiency and selective removal of only desired material. In
the present embodiments, the beam should not remove the
monolayer. Higher energy beams may have a more glancing angle.
A person of skill in the art can select a preferred angle by empirical
adjustment along with the beam energy and the amount of time
that the beam is directed.

FIG. 4 illustrates the completed substrate 200 having a
monolayer 210 of fullerene Ceo deposited on surface 206. Through
use of the laser or ion beam technique, the monolayer of Ceo is
formed from a multilayer without heating substrate 202 to
injurious levels. This feature is particularly advantageous in the
coating of sliders, magnetic heads and other devices that might not
withstand heating to a desorption temperature of 225°C to 300°C
or higher.

In a second embodiment, instead of employing a beam
generator to break the bond between the fullerene molecules, a
solvent, such as hexane, toluene, benzene, carbon tetrachloride,
carbon disulphide, or mixtures thereof, may be employed to
dissolve the upper layers of multilayer coating 200, resulting in the
monolayer 210 illustrated in FIG. 4. An ultrasonic agitator may be

used to agitate the solvent using an ultrasonic transducer, such as
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1" & 10%b& ()- 10ss4C5567788}[9+! 10bbl'* 10%b& ()-!,* 10%bFb& ()-"
10%& ()-m ;" 10%bUb& ()-m (f 10%b& ()-f 10%& ()- G888889::dB! 10bb!! ()
1098 O Q&' () -& pldselekttir- rakiidiket) WO %RE (SoleckVaR €ontatlibly the
10bb:1 <:>???%?1}1/¥Ie[rlé:ﬂne.l o’tlj‘lt?l!e!él)tris%%cigggitator is particularly useful where the
substrate has an irregular shape. The solvent and contact time
with the fullerene coated object are selected to remove the upper
5 layers of fullerene, leaving a monolayer of fullerene molecules on
the substrate. Preferably, the solvent is volatile so than any
remaining solvent evaporates. The process is preferably carried out
at a temperature below about 100°C, and most preferably at room
temperature. Consequently, the substrate on which the fullerene
10 monolayer is formed is not subjected to temperatures that might
otherwise be injurious to the substrate, or the object form by the
substrate. Hence, the process is well suited to forming fullerene
monolayers on magnetic heads and head-slider combinations for
use in magnetic disc drives.
15 The surface of a data storage disc can optionally further
include a lubricant layer over the fullerene protective monolayer.
Suitable lubricant layers include polymer, for example, fluorinated
polymers, such as perfluoropolyethers and derivatives thereof.
Suitable perfluoropolyethers polymers include, for example,
20 Fomblin® Z-60 (average molecular weight (AMW) = about 60,000
atomic mass units (AMU} or Daltons), Fomblin® Z-25 (AMW =
about 25,000 AMU) and Fomblin® Z-15 (AMW = about 15,000
AMU). The Fomblin® perfluoropolyethers made by Montedison
(Ausimont) S.P.A., Milan, Italy have molecular formulas of
25 CF30(CF2CF20)n(CF20)mCF3, where n and m vary to yield particular
products with average molecular weights of specified values.
In particularly preferred embodiments, both the head surface

and the disc surface have a fullerene monolayer. Due to the weak
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interactions between fullerene molecules, the fullerene coated head

should not stick strongly to the fullerene coated substrate. For

these embodiments in particular, a lubricant layer on the substrate

surface may not be mneeded to obtain desired tribologic
5 performance.

The present invention is directed to a process of forming a
coating on a substrate. A multilayer coating (200) of fullerene
molecules is deposited on the substrate (202), and layers of the
multilayer coating are removed leaving an approximate monolayer

10  coating (210) of fullerene molecules on the substrate.

In some embodiments, a beam generator (250) is adjusted to
produce a beam (252) arranged to break the fullerene-to-fullerene
intermolecular bond of the multilayer coating and inadequate to
break the fullerene-to-substrate association/bond of the coating.

15 The beam is directed at the multilayer coating to break the
fullerene-to-fullerene intermolecular bond. Examples of the beam
generator include an ion beam generator, an electron beam
generator and a laser beam generator.

In other embodiments, the monolayer of fullerene molecules

20 is formed by applying a solvent to the multilayer coating. The
solvent has a strength adequate to break the fullerene-to-fullerene
intermolecular bond of the multilayer coating and inadequate to
break the fullerene-to-substrate association bond of the coating to
thereby dissolve the fullerene in the coating that is not bonded to

25 the substrate. The solvent is selected from the group consisting of
hexane, toluene, benzene, carbon tetrachloride, carbon disulphide

and mixtures thereof,
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skilled in the art will recognize that the present invention may be

5 practiced with other components, including but not limited to

bearings used in the spindle and voice coil motors of the drive, as

well as to other systems employing coatings and lubrication
technologies, particularly where ultra-thin coatings are required.

It is to be understood that even though numerous

10 characteristics and advantages of various embodiments of the

present invention have been set forth in the foregoing description,

together with details of the structure and function of various

embodiments of the invention, this disclosure is illustrative only,

and changes may be made in details, especially in matters of the

15 structure and arrangement of the coating and the manner of

reducing multilayer coatings, and remain within the principles of

the present invention to the full extent indicated by the broad

general meaning of the terms in which the appended claims are

expressed. For example, particular elements may vary depending

20 on the particular application for the protective coating while

maintaining substantially the same functionality without

departing from the scope and spirit of the present invention.

Thus, while the invention is described in connection with

fullerene coatings, the process of reducing multilayer coatings to

25 monolayer coatings might be accomplished in a variety of ways

without adversely raising the temperature of the coated object,

such as mechanically or chemically. Moreover, while the

invention is described in connection with Ceo fullerene, the
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principles are fully applicable to other higher fullerenes, such as

C7s, C78, Cs4, Coo, Coa, Cos and any other fullerene or molecule
with fullerene-like properties. Although the invention is described
herein is directed to a specific technique to achieve monolayer
5 coatings, it will be appreciated by those skilled in the art that the
teachings of the present invention can be applied to formation of
controlled multilayer coatings, without departing from the scope

and spirit of the invention.
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WHAT IS CLAIMED IS:

1. A process of forming a coating on a substrate, the process
comprising;:
a) removing layers of a multilayer fullerene coating

leaving an approximate monolayer coating of
fullerene molecules on the substrate, wherein
the fullerene is removed while the temperature
of the substrate remains no more than about
200 degrees C.

2. The process of claim 1, wherein the substrate is maintained

at a temperature no more than about 150°C during the removal of

fullerene from a multilayer fullerene coating.

3. The process of claim 1, wherein the substrate is maintained

at a temperature no more than about 100°C during the removal of

fullerene from a multilayer fullerene coating.

4. The process of claim 1, wherein removing of fullerene from a

multilayer fullerene coating includes:

al) adjusting a beam generator to produce a beam
arranged to break the fullerene-to-fullerene
intermolecular bond of the multilayer coating
and inadequate to break the fullerene-to-
substrate association/bond of the coating, and
a2) directing the beam at the multilayer coating to break

the fullerene-to-fullerene intermolecular bond.

5. The process of claim 4, wherein the beam generator is an ion

beam generator.
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6. The process of claim 4, wherein the beam generator is a gas
cluster ion beam generator.
7. The process of claim 4, wherein the beam generator is a laser
beam generator.
8. The process of claim 4, wherein the laser beam generator
produced a laser frequency below the ultraviolet frequency range.
O. The process of claim 4, wherein the beam generator is an
electron beam generator.
10. The process of claim 4, wherein step (a2) includes:
directing the beam at an acute angle to the substrate.
11.  The process of claim 10, wherein the angle is between about
40° and 65°.
12. The process of claim 4, wherein step (a2) further includes:
focusing the beam so that the beam impinges the coating at
a relatively small area of the substrate, and
iii) moving the beam generator relative to the substrate so
that the beam  successively impinges
substantially the entire exposed multilayer
coating.
13. The process of claim 4, wherein step (a2) includes
i) focusing the beam so that the beam impinges the
coating at a relatively small area of the
substrate, and
i) moving the beam generator relative to the substrate so
that the beam successively impinges selected

portions of the multilayer coating.
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14. The process of claim 1, wherein the substrate is formed of a

material selected from the group consisting of metals and

semiconductors and combinations thereof.

15. The process of claim 1, wherein the substrate is formed of a

material selected from the group consisting of Co-Ni, Co-Cr, Co-Ni-

Cr, Co-Pt, Co-Ni-Pt, Co-Cr-Ta, Co-Cr-Pt, Co-Cr-Ni-B, Co-P, Co-Ni-P,

PtMn, Cu, Ru, Rh, Ta, CoPt, CoCuPt, Au, rare earth elements,

transition metals, mixtures thereof, and alloys thereof.

16. The process of claim 1, wherein the fullerene molecules are

bonded to the coating surface with a bond strength corresponding

to a fullerene desorption temperature from the monolayer of at least

about 700 K.

17. The process of claim 1, wherein the fullerene comprises Ceo.

18. The process of claim 1, wherein removing fullerene from the

multilayer fullerene coating includes:

al) applying a fullerene solvent to the multilayer coating
for a period of time adequate to break the
fullerene-to-fullerene intermolecular bond of the
multilayer coating and inadequate to break the
fullerene-to-substrate association/bond of the
coating to thereby dissolve the fullerene in the
coating that is not bonded to the substrate, and
a?2) removing the solvent.

19. The process of claim 18, wherein applying the solvent to the

multilayer fullerene coating is performed at a temperature not

greater than 150°C.
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20. The process of claim 18, wherein the solvent is selected from
the group consisting of hexane, toluene, benzene, carbon

tetrachloride, carbon disulphide, and mixtures thereof.



