LUBRI CANT DEPOSI TI ON ONTO MAGNETI C MEDI A BACKGROUND [ 0001] In the hard disk
drive industry, there are generally two ways to coat |ubricant onto a
magneti c recording disk: a dip-coating process and a thernmal vapor phase

| ubrication process. In the dip-coating process, post sputtered disks, held
by a mandrel, are imersed in a lubricant solution, and then lifted from
the solution. The lubricant thickness can be controlled by controlling the

| ubri cant concenfEBRPOANTIDEPOSITIONONTOMAGNETEE MEDIAVEr, there are
sone di sadvant ages associated with this process. For exanple, it involves

using a |large anmount of expensive and volatile fluorinated sol vent, which
adversely adds to the cost of the process and al so causes environnent al

i ssues. [ﬂ)&@ﬁbﬁ@g@ern&l vapor phase |ubrication process involves thermnal
vapori zation of a pertluoropolyether (PFPE) lubricant in a vacuum foll owed
by condensation of the lubricant vapor onto a roomtenperature thin film
magnet i ¢ [00014 In Hetere diskalnive dndusbactherefare gereralpotwo ways ocoahlabricané PFPE

| ubricants supplied to the ta storage i ndustr re npt pur but rat her
e bt B eyt G AR PhateoerS i & Mermi e Rbuse” Each
mol ecul an,piafibh pFRERO BN di’;‘;-_cbﬁﬁlg"ﬂr&éﬁ,ﬁ)&gg@g@tefgdfcﬁﬁ{s?ﬂéld bgROr pressure,

and as a result, the mxture is fractionated by nol ecul ar weight as the
deposi t i arendredcars smmerrgdds ¢ debricant solution, dind then pifisd denge thesgolutions Ehent ti mes

of the praocess. have a different.avera | ecul ar. wei ght _af 1 ubri,cant
Gepos: t eI iinH BB R oFfon S Aol iEs 1 ek e abty he
process aifind)§reil F tHErdisK. HRIweever) tiikrs ke JorteadisadlBRtagdcdsCodddted wathtthizat eri al
to heavier material repeats itself each time the lrquid lubricant is

r echar ge®99$6% Fonexamplpoi Hivetves Asingedage gmpnphelexpentiraendiedlatéiet i on of

| ubri Camﬂuurihgi%d ggl%r?t' Wh% gd\(ygrsgl& adast & t(iili %{’?‘L"?%C Ogﬂagégs%ﬂh als3' RO nts will

i nvol ve a separate evaporation process s ach conmponént. A third
dr awback ensirditgentsldsqaiks.hi gh tenperatures for extended periods of tine,
which may | ead to thermal degradation of the PFPE materi al.

[0002] The thermal vapor phase lubrication process involves thermal vaporization of
a pertluoropolyether (PFPE) lubricant in a vacuum, followed by condensation of the
lubricant vapor onto a room temperature thin film magnetic disk. However, one
drawback of this technique is that the PFPE lubricants supplied to the data storage
industry are not pure, but rather are mixtures consisting of a distribution of molecular
weights. Each molecular weight component of the mixture has a different vapor
pressure, and as a result, the mixture is fractionated by molecular weight as the
deposition process progresses. As such, disks processed at different times of the
process have a different average molecular weight of lubricant deposited, with
lighter materials on disks near the beginning of the process and heavier materials on
disks later. The cycle of light material to heavier material repeats itself each time the
liquid lubricant is recharged into the evaporator. A second drawback is that
deposition of lubricant films containing two or more different chemical components
will involve a separate evaporation process station for each component. A third
drawback is the use of high temperatures for extended periods of time, which may

lead to thermal degradation of the PFPE material.



SUMVARY [ 0003] A nethod, in one enbodi nent, can include punping a gas into
a reservoir that includes a lubricant. In addition, the nethod can include
changing the gas into a supercritical fluid that extracts | ubricant

nol ecul es fromthe lubricant resulting in a m xture of the supercritical
fluid and the |ubricant nol ecules. Furthernore, the nethod can include
utilizing the mxture to deposit a lubricant nolecule onto a nagnetic
medi a. [ SOMMMARYanot her enbodi nent, a system can include a nozzle and a
reservoir coupled to the nozzle and for holding a lubricant. Additionally,
the system can include a conpressor for punping a gas into the reservoir
and for ¢800U3] @ inethedain dndleaibddimétt SGaUMEudE plriing @SRk Wtb fa.reddpvsipver, the
system can include a heater for changing the tenperature of the reservoir.
Not e t hathat freledesgrlubricant. dn additienba methadgenpeclnds chaggipg the B8 k2 gas i nt o
a supercrjti cak i i thin the. ryval | L, cant

nol ecul eghﬁérr %ﬁé‘ﬁ]gﬂid&g&q %‘gﬂr??t Sr@@?ﬁaﬁ ?%Sye?%fe%%%tthgﬁggrg[%hfWgﬁll? &%gr?gri tical
flui d anchikfuee bithe isaportritical daid A8l the fubaiddhttmheleculed Funhemherectha be for
outputting the mxture towards a magnhetic nedia. [000?] In yet anot her
enbodi mefiethod GaBrpgde wzing thedBixguRe Agpostt gdubricanpmelecplegniopr t nat

i ncl udes @ Rbif Aediy of lubricants. The method can al so include altering
the gas 1 nfo a supercritical fluid that extracts |ubricant nol ecul es from
the plurality of lubricants resulting in a mxture of the supercritical

fluid anﬂ%ﬁ({lﬁ I H@Jthé‘q%’i@o’&%&ﬁ“& ?)%tenh: UEd BRI ozEfé.eath‘l%trE@v(ﬁﬁgodﬂi'é‘d ude

outputti e mxture fromthe teservolr to deposi ubricantsonto a
magnet i c talthekozile @66 for\Nuldiag pautinicaut. ayddétidmtliyphasgstém can ddwtierece Wit h t he

i nvention have been specifically described w_.thin tﬁjs Symmary, it is noted
that the“PRPERITIAT BIHBPIEG 835 Mthdhe restsy e endiRrcontrgilimgfBintemdl t ed in any

way by tBes6.eTPal BN Gir. Moreover, the system can include a heater for changing the
temperature of the reservoir. Note that the compressor and the heater can be for
converting the gas into a supercritical fluid within the reservoir that extracts lubricant
molecules from the lubricant resulting in a mixture of the supercritical fluid and the
lubricant molecules. In addition, the nozzle can be for outputting the mixture towards

a magnetic media.

[0005] In yet another embodiment, a method can include pumping a gas into a
reservoir that includes a plurality of lubricants. The method can also include altering
the gas into a supercritical fluid that extracts lubricant molecules from the plurality of
lubricants resulting in a mixture of the supercritical fluid and the lubricant molecules.
Furthermore, the method can include outputting the mixture from the reservoir to

deposit lubricants onto a magnetic disk.

[0006] While particular embodiments in accordance with the invention have been
specifically described within this Summary, it is noted that the invention and the

claimed subject matter are not limited in any way by these embodiments.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] Figure 1 is a block diagramof a
hard di sk drive fabrication systemin accordance with various enbodi nents
of the invention. [0008] Figure 2 is a block diagramof a |ubricant

deposition systemin accordance with various enbodi ments of the invention.
[0009] Figure 3 is a block diagram of another |ubricant deposition system

I n accor%%ﬁ%ﬁ@ﬁlﬁﬁoﬁz@ﬁ% t\’%ll@& the invention. [0010] Figure 4 is

a flow diragram of a I'n-accordance \%ith vari ous enbodi ments of the
i nvention. [0011] The drawings referred to in this description should not

be. under §4 QR il 96 HLE ek n SF A S FHEERlE hioRREE L5RH o MOt e

accordance with various embodiments of the invention.

[0008] Figure 2 is a block diagram of a lubricant deposition system in accordance with

various embodiments of the invention.

[0009] Figure 3 is a block diagram of another lubricant deposition system in

accordance with various embodiments of the invention.

[0010] Figure 4 is a flow diagram of a method in accordance with various

embodiments of the invention.

[0011] The drawings referred to in this description should not be understood as

being drawn to scale except if specifically noted.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to various embodiments in accordance
with the invention, examples of which are illustrated in the accompanying drawings.
While the invention will be described in conjunction with various embodiments, it will
be understood that these various embodiments are not intended to limit the invention.
On the contrary, the invention is intended to cover alternatives, modifications and
equivalents, which may be included within the scope of the invention as construed
according to the Claims. Furthermore, in the following detailed description of various
embodiments in accordance with the invention, numerous specific details are set forth
in order to provide a thorough understanding of the invention. However, it will be
evident to one of ordinary skill in the art that the invention may be practiced without
these specific details. In other instances, well known methods, procedures,
components, and circuits have not been described in detail as not to unnecessarily

obscure aspects of the invention.



DETAI LED DESCRI PTI ON [ 0012] Reference will now be nmade in detail to various
enbodi nents in accordance with the invention, exanples of which are
illustrated in the acconpanying drawi ngs. Wiile the invention will be
described in conjunction with various enbodi nments, it will be understood

t hat these various enbodi ments are not intended to limt the invention. On
t he contn 1t I i 1S . > ) & J :

nodi fi cat[?‘f)%g Fg%e ég%?\%"gr@tld s aﬂﬁ%?%%qﬁg?}g%gﬁ%gbﬁlgé%&{w%tﬁ?%g} scope of

t he i nventéaydams vatnedrions dnbodmnahtaef the invieatidi. diomsxarkples thehawt disk i n t he

follow ng det.ai] ed descriptjon of various enbodi pents .i n.accordance with
the i nvediiVefabricatien systen EQQFW fnclydehytds net mé‘é?dnq%o? fstHn ?‘llfnd’?%%‘f"tl?o provi de

a thor Ou%bd‘ib[‘ﬂlﬁfiéét?d?lcgy_%npfozt, Iﬁ@uﬁrﬁ‘éﬁf‘&ép@&ﬁoh‘@%&ﬁr1706! indMd dadigorRyi dent to
one of ordinary skill "in the art that the invention may be practiced

Wi t hout tphesesingexsicni ¢ 1@etssuch, the hact digr diivis fahnicatson system kifbean net hods,
procedures,, co nent s, a jrcuits ve not been.descri.bed.in detail as
o to. unraEE BN Sl hir3aen BelReEng O mogh ebRR B8 fup e qure 17 s
a bl ock diapge@dimefiiaaogard di sk drive fabrication system 100 in accordance
wi th various enbodi nents of the invention. For exanple, the hard disk drive
fabrication system 100 can include, but is not [imted to, a thin film

nmagnet i Céomdu %pEﬁhE&lB@Wi@ﬁh ﬁn\ésthﬁnﬁlﬁp%a%?etﬂcl{ﬁm faBAtatRRgStetd A2, s¥sbem 106,
and an additional processing system 110. As such, the hard disk drive

f abri cat imnre gy fidmmametiamediaoehdisksi{aigd 104 &andyd fabdcatd®@whithtcaadeh i ncl ude

one or mpre lubricated thin film magnetic. nmedia 108. l.. Specifically,
wrthin o RseytlR ine RS il ena RRBATaH P RGhA IO apleddbitugBR o [ ore Vhi
fil m nmagngire ehifEdinannetlt Sledid & Asks 1DA4hn b8 FaiR afedlh iaGAEdaidty @i can be
eventual |y incorporated into one or nore hard disk drives. It is noted that
t he one d&faypdfas expmplefinone gmbadiment.fhelpre o maresthin filpymegnetisanedipdPdat ed in
a wide vari f i X Jd e i : nore thin
R R R L S
a tribol agaglof ddatimogpHduatcarboal udes a | ayer of thin anmorphous carbon.
[0015] Wthin Figure 1, once the one or nore thin filmmagnetic nedia or

di sks 104 have been fabricated, one or nore of them can be | oaded or

i nsert ed [00W5) Witlkin Rifiire 4 aB8hcetRP 8¢ b MBresthit £l Mnet{dwedih@adiis 10pe or nore
| ubricants can be deposited onto the one or nore exposed surfaces of the

thin fil kevebesatfpbricated, ana onmgss efghemyap be doaded @ainserted mtQitsdubricash process
in accor . W i ' t ] [ g odi nent ,
the-one. arbgidl RSO OncETRRRLTRE G o5 i Hicak ah u8 Appd e BB LS, TET
104 to poevenmocoexpasedsurfacds 6 Dthptithdidin migrietio mdded Ny wkdmmag eupekcritidabr d di sk
drive head.cones. jnto contfact with if. Note that specific .operations of the
| ubri panﬁd"a(ﬁgﬂmtﬁoamrg@ﬁéi gﬁﬁ%e@am WHB spaRemgdimeRta of ngng%mi Fents are
descri bednber®biimdAt th@bfe Hdhote lﬁbxtiﬁ.ﬁiltsl fe AUGdLited bn{osthpﬁiiﬂtfﬁﬂ_rﬁégneh@at the
one or nore lubricants utilized wthin the Tubricant deposition system 106
can be i mpidéativt tocbrevens coniralgory and wtproett ivirps bding daxragmif @ hard disk dovs
enbodi ments, the .ope or nore . ri cants can include, but, are not [imted
o, one. OFaees ik ePlact Stk e BREbRec T ensBate REMA BpBE Ty one

enbodi MeigepositidredysRRY 06HYaceSidhhdtow IR QhNSlishibodhhEE afedesOebddtienélnunder t he
product nanme of Fonbline(r) Z Tetraol (r), can be the lubricant utilized

wi t hi n t fhat argmot Hewted depusdi Hiippoigiestaatihed the angtorinzorg dubricapistuéidized such.

within the lubricant deposition system 106 can be implemented in a wide variety of

ways. For example in various embodiments, the one or more lubricants can include, but
are not limited to, one or more different types of perfluoropolyether (PFPE). In one
embodiment, a tetrahydroxy perfluoropolyether, which may be found under the product
name of Fombline® Z Tetraol®, can be the lubricant utilized within the lubricant

deposition system 106, but is not limited to such.



[ 0016] Once the lubricant deposition system 106 produces the one or nore

| ubricated nedia or disks 108, they can be | oaded or inserted into the

addi ti onal processing system 110. Note that a wide variety of activities
can be perforned on the one or nore lubricated thin filmmgnetic nedia 108
by the addi tional processing system 110. For exanple in various

enbodi ne can

i ncl ude, ]psh%ﬁgglhlghm&dngg I%HSM&%T)@Q FH fO(ﬁ?l%hl]}” n%ﬁr%%qgﬁaﬁone or
nor e Iubmedai@dllsktsl 198§ theyncambe btaided nenhsa“téthato(hlwmaddltmagl Hrecessihgrred to as
"tape buff/w t he .one Lor brlctedthlnfllmrr(gl%netlc

" t estin
o 5 o8veah L0 et TR Wigk drigd ot S TRES can e o B GRd St 015 TulEer Cany
def ects, @pRaRd thindRRAA@ctiRnddie 1 G8BY e aﬂam%nb%bésaing@ymfnm 10l Fop magnetic
nedi a 108 into one or nofe hard disk drives 112.  In thi's manner, the
addi t i onaxampledeyations esyhodiments,ohe setivitieschidke additional prcessing systim k1Qir i ves

di <ks 1085 oty U EpRTa Ao Bt SRR sl o TR b o ¢ on

system Zmricateaqmrfdmﬁ@glmbhne@uw e ey merefered t¢ he"thpwention. 1t is
poi nted out that in_an_enbodi nent e |l ubricant degom ti on system 200 can

be an i nprEfERe R testingthetone or piore h@ﬁpat@éﬁugltlmanagv arpdiplg toj gure 1), but
t | di sk
IZZOn?s mhﬁgbﬁ&eﬁpe%ﬂmyéﬁ\g’ﬁ%ﬁyge%?{oadﬁtg ((?;e}éc?kﬁ er%flg%&ﬁ nql(f)b%tellfrll&e C os ?re 2I4;

of the sytai@md2@bort dubricatedrthior filirymagidtictmeafia 1 08rints oné¢ bainose harthdiskant
depositiqgn process i.n accordance wi th an enbodi nent of the invention can
deposi t GH¥CO}H v this maRne othe addisigngl nrecessing systerp ld 0 6an pradugs pR% Y
surfaces cants
224 can lr)nedr%g%glsdl?%te oetrslt1 gbttwg etg ﬂ‘? nemaxe%hggggwgﬁ @%m@&lﬁ%@l{ﬂgﬁ’r? gmjilg*rrlg?%ve its

r esi st anoediacorabsksd¥8on and to protect or guard it from being worn when a
head of a hard disk drive cones into contact with it. After which, the thin
filmmagnetic di sk 240 incl udi ng deposited | ubricant can be unl oaded or
renoved {0017 Figareddd oblock digram 50 b deinicant depositibe sydrem 200 limacmpdesice ¢ di sk
240 i ncl udi n de Oslbﬁd | ubrj cant may be event ual |I¥ i.ncorporated as a
conponenf”‘@f aglols pbadigientsqfithe myegtion. {tyis pointeshaudthat in gp & Nfent, the

| ubri cant,AgBRSdnk BQﬁbsﬁYo%t%gfeﬁlofb(ﬁ@aﬂ Ui ﬁﬁ%?ﬁerﬁ‘atﬁiﬁpcﬁftﬁé Ibieahe 1 uid

| ubrication process in order to deposit one or nore lubricants 224 onto the
thin fil depasginetsystedi 506 Fdgure Ehrbuelsa'rqnlhmlteld tasueniyoidhindigyre 2, admnressed gas

2 e R i S9EBL sy Y S0 o8P BB AAE o o
| ubri cantg edddsuit Qﬂ@@f MetsHitBmtI0® fobB EdnssR rg‘éﬁ&o’iﬁ't oP@fe s6%haA ldq{i'bn@nfn xture
230 can be created or generated that includes the supercritical fluid of

gas 220 derpsitinsyprafesh imedcerdanes with atrlreenhﬂdemmt Oﬁﬁreemlvemmn@amdgp%zwne
Ther ef or Gt mfopei h%ﬁ@gntg EM R;gtg eonieug'pdo(ggﬂf 9?%&) sed f%%o%élctﬁgt 1{1%51 and a

deposi tor e one or (OS] te(e:l onto

t he thi nefbbdinteagnké bke 6t BbreAdbricants zmlecaar‘daaiépaﬁfw onao thepkindilni i cal fluid
is a substance | ocated between a gas state and a |jquid state, thereby
i ncl udi n@asﬁ%tlcpms%é@ﬁpé% Igprog it r%svféanj;s@ awaoqlwqenddtosnrafteetsor gatd st ance can

be changgdyPpei vate%g%h% é‘féHzPr I i\féaéoxrfekk'ﬁtgc%ﬁ?t\!vftﬁlttg [\Erature and

pressure are e yon its t ernodynamc critical point te that
t he t her mhas ¢hei thlmﬁim m@etmdlsk 2441 maluslu@dqmmﬁeddahn&mt daf berenloadedt he

conbi ned m ni rru rat n| nmum pr ess at whi ch ubst ance
bl S OB e TR Drsisne dsare i SURGAUTY o e bk i maeteie k2l oot ¢ hat
a super C'iﬂcflﬁdi?%déﬂdditgd lu%nélt}lt‘%né}pbeo@v%ﬁtdah?%?pdﬁreﬁhb §|c§glg8néhtr6@9ner simlar

to a gas e same tine, the supercritical fluid is able to function as
a sol venhaidrdisk dsvme@rg.sii?)i ar to a li quid.

[0018] In one embodiment, the lubricant deposition system 200 can implement a
supercritical fluid lubrication process in order to deposit one or more lubricants 224

onto the thin film magnetic disk 240. For example in an embodiment, a compressed gas



[0019] Wthin Figure 2, the lubricant deposition system 200 in one

enbodi nent can include, but is not limted to, a punp 202, a gas reservoir
207 which can store one or nore gases 206, a conpressor 212, a controller
or conputing device 214, a voltage supply 218, a heater 228, capillary

val ves 208 and 232 a reservoir or vessel 226 which can store one or nore

| ubri cant.s 22 0 e.m xture ices (or
nozzl es) Z?Q hfglgbn%anlt dB?‘iS“é"ﬁ’tSyatSB‘o&ﬁf ag\rlpeecﬁgygggeﬁd?glt%ﬁgjpe gggpl |l aries
204, 210,fld ﬁlat eskéntiadBAacts ab3solveinordfé ond br mbrellabiit itk 224 stbiedtwithin an

enbodi ment, the lubricant deposition system 200 does not include the

deposi t i She Bibeiced viessep220. Avwishya minture A30i @R BE creaies, rgenerated that t he

| ub t:

| ubr i cantac138 b} b HERE LGS0 D6 AR WBl: Mbctibe G BPEn0r ABEE |

i hrrpl errentlebhdamsazlm Therefure, ettzwsxqierwaml lfli:ﬁgrof@aam earn att uak icotuter gmbmdl ment s,
the one o re l.uybricants can incl ude re no t , one or
more dif Pgﬂniorf){} ONG{OT FTE mﬁ%‘&él é{\ﬁwheﬁr&aepq#e ﬂ%togl%gml h@ﬂt a
tetrahydnp %%wﬂ@Hﬁk%ﬁbQBﬁ%¥$h?§PuH§$Ter tﬁﬁlﬁ&@ﬁgag rmEhﬂmRﬂQdUCt name

of Fonmbline(r) Z Tetra nol ecul ar wei ghts), can be the
| ubri cantbePPetn dogas state amt a liqlmiidtsmde ttbersbgcimclddmg/taﬂ lpmmrtmstnfdbnﬂnﬂlt gast he one

or m)relurjc ts 224 i ncl but , are t.,limted to, nbl i ne(r)

2 ool (aHG AT SR 7 POSNSF Cobhagssd SLRmyERd i » afsretisl TR eout ar
vei ght 's) venVB temEbifatir&ahd FRSARE Gt SFEFIRY BiybAD it M?ﬁﬁ amidbftitdle |ike. It
is pointed out that the gas reservoir (or vessel or cylinder) 207 can store
or hol d theintoNeteghatithe élegagéssﬂaa%cnmleomaf atsmstame can b¢rd¢fén@aa§ébe 206 can

be inple eyt s. For exal or nore
gases 2oRomptied ol Embaab s i mit B pissus OV e BoBR%.S, DUt ot
limted te&hﬂﬁ‘t@'bbﬂﬂth@'p%eﬁ@es(o@@@as afi®h MiqoRl. It@b"ﬂbmtdﬂtdiﬂlﬂﬁat ﬁ@aﬂ)@bmtl@ﬂ hyl ene
(C2H4), water (1120), nethanol (CH3OH), ethanogl (C2H50H), acetone (C3H60),
propane (teB¢# ablatopass dguehmaletalsgy a mannghumalgn ok ssnAt thesamedinage
extracti f. r. S can be
cxtract ! e Bl RAPH, s IS 055, 12 Sl i APy ks
secondary gas/fluid can be added to the primary gas/fluid 206. The

secondar / lude i , carbon
di oxi de, %Prgfsﬁ \&ltﬂmdli %‘érﬁ?dﬂé yf“é de éolp Syﬁ%?ﬁ% gteﬁg’r?g}rﬁe a¢ one,
propane, iaclddgbapislmnéimiled?2,1d pudhp D02) aFdag véservdir zmhﬁhha@aﬁte Stepsisi tion
system 200 (in one enbodi nent) can i ncl ude, but js not limted to, a

| ubri cantMRERERe 30802 GonPressey 233 eontiphler erawmm%wasdemcsﬁlém voltage  For
exanpl e i ude,
but s nonPfD ZECRAAEY 8, biflery ¥aleRabs B) 55 5 BLbrly br Festolal e T

| ubr i cantcan 2@®4¢ omhor hhee lnbataats 204 dlowg withithe 12128u1fed?r30hemdr lslgapementrubr i cant

vessel 226 along with its c nt to a certain t e t hat the
e | canteUter REACBHOMATD B2 Eoh by Cet BP TR Shegre 700 pRPgHes

recei vi ngoghe 218 B34S o84 24 3460 M ik 8m@é2f@ft@l§a?% art srbodiRAEItRe t he
capillary 216 can be coupled to an input or inlet of the lubricant vessel

226. In tlhbmcanadmltlommstemrﬂﬂﬂsbs&dot}asluﬂedlediﬁmosmoxmmieﬂlrb?ﬂ he conpressor
212 into the lubricant vessel 226 where it can be m xed with the one or
nore |lubricants 224 stored therein. In one enbodi nent, to inprove

ext r act i dA02H]fTheilebrzganbfeseiveir@2é oftherimbecintdepasitidrssyaea) 2@¢heanoontrn e

f ﬂgl E:Io\r/rgfo‘g%g)girt?lg fgg gre gnotreO lutbncan S 552 % {s%%te%atﬁagtgg ogg ]:)P II:II%I'CI ltub{'lcs:an S 5‘?4{ essed by

can be implemented in a wide variety of ways. For example in various embodiments,

the one or more lubricants 224 can include, but are not limited to, one or more
different types of perfluoropolyether (PFPE). In one embodiment, a tetrahydroxy
perfluoropolyether, which may be found under the product name of Fombline® Z
Tetraol® (at different molecular weights), can be the lubricant 224, but is not limited

to such. In various embodiments, the one or more lubricants 224 can include, but are



[0022] Furthernore in an enbodi nent, the |ubricant deposition unit 244 can
include, but is not limted to, the capillary valve 232, the deposition
encl osure 242, the vapor shape control devices 236 and 238, and the
capillaries 234, 234', and 234". It is noted that the capillary val ve 232
can control the volume or anpbunt of |ubricant 224 to be deposited onto the
magneti c di gk: i he-va| r i and, 238. In
addi ti on,ngkeglé‘ﬁéégo’;ﬁﬁglb&%ggrﬁ%géag%zfg%'? @%ﬂ&lg%fiﬁ@?g&%% %%g{ 23 tcan generate
a cone shiifferdntaholeeulaf waizhtss bly MaSuraind il Reseaschp@mporatiby (MORESCO)NC| udes
the one or nore lubricants 224. In one enhodi ment, the, pr re within the
| ubr i cantnd&oléke: {gn paied gui shat dhe g%sgemlb&srvesssh% cigen0dicer siobmy
(e.g., hicggfd RE chOV¥LMbrd ERR S0 NS RRNIHE offeloRinfbrt Besel UBE baRps vessel 226
of the lubricant oextrac%i%n un(lﬂt’e 222, tEerdggy ené%?i r?g the m xture 230 that
i ncl udes imptensanpeeriorai wide aariétlywif vays. Fpaex@@pleathd omeloe mdre gasss 20Gban cant 224

to fl . to.the thin filmr tic disk,.240. It i i nted out
et | e B SBL ot Pyl St s S o sbiess B A
deposi ti QEOS))eheUSIHe]CRAY, efifthe Q@H@é,}ét%}ﬁ&@(@%ﬁ\%a*ﬂéﬁmf@ﬁﬁ{e@%bp 242) can

make a difference in the quality o e deposition of the one or nore

| ubr i cant(€H20H).cathanol eHsRH), a¢dtonenthgHed)i propeet (C:R4h angpropyleaedCeti)n an

vossel " o3bonimbREv o da PobBheExRIaRR oy SrPEaR SRR ab i houc

encl osur @224Z)dititegRan 86 dlildddifitd theek@ation2as 266 For 28mpRdnd41l may be nore
forceful and may i ncl ude Iarger droplets of the one or nore |ubricants 224.
¥

[0023] Wembodimsng, g gecondary gay/ Anid cap bmaddeshierthe rrwanagaslyd ROJME can be

| oaded or_.1 i I . r. it : r : e that the
thin fil r%eér@gﬁlyt%ea g/ﬂn@%?éa&gﬁtlw ‘B%R‘@z’lr‘\ﬁ Lscem)f)ggﬁ {elﬁgﬁ’e rll?oﬁlz%ogmﬁ e variety of
ways dur nngthdreeethais, iettyidnegdwpies irhéthindgdy aband,. acEione, prapgrecaridpropglene.

enbodi ment, the thin filmmagnetic nmedia 240 can be positioned in a
substantially vertical nmanner (as shown), which can aid in the uniform
deposi ti g0021f] Whkindigurer2, meriabricHnt depRitondseM0D (ihend ethbodiiment) gagnet i ¢
media 240. In addition, .it is noted that a wide variety of pressures can
exi st wi tirglnde; But i n9bHmited & iat Inbrcaah exteastion upit 222 ppd adibiisankdenosiéiopr essur e
w thin the: b1 I e . : .| t han,
or - subst Al AT LoEARpIS il ESARLC e Ra: BRRLGFHES 2228 inchEe, |
226, but busisnot liMirdtte,dhe tubsicait. veksel 2D@ forai@ingeonearimerautpicasts 224, or

sub- anbi en ressure.can exist within the vapor depgsition enclosure 242,
but is né‘flé Iﬂ%nli‘eta?d upy %Gﬁﬁéziﬁ?rg‘eﬁﬂ% thenulbrh"eanéﬁ%ﬁi ﬁér?ﬁ?n YR &8t pressure
can si gnichytehfRas a@@nﬁﬂ‘%&hﬁérgﬁlgé.w&eYl’?a%t}{mqﬁriéa‘ﬁt eRpciish uRft©33 ¥hk aldbt hi n the

vapor deposition encl osure (e.qg., the deposition enclosure 242 may not

be seal edicludar capillary216 ifor teeelving theicompriessed gads 220 from the zamprdseati2idnt , once
t he vapor_.deposition, en sure 242 is seal ed, a .vac an be created

w thi ne s OHEEs e iR LERH G dotpredot Rt op BT iR S k). as
previ ous2g6NBnthisGRftheRIBY €ompresseR as D20 t&be prkpdd Bbyihe icoiprdaBorIQCESS 1N
accordance with an enbodi nent of the invention can be utilized to deposit

one or nitte thelwbricamtvesseb22@wheredheandre mixed vath thaeag opmorhiibriants 224 m
magneti ¢ gt fhetd? n one embodiment, to improve extraction efficiency of the one or more
lubricants 224, one or more additives can be added to the extraction gas 206 before it is

compressed by the compressor 212.

[0022] Furthermore in an embodiment, the lubricant deposition unit 244 can include,
but is not limited to, the capillary valve 232, the deposition enclosure 242, the vapor
shape control devices 236 and 238, and the capillaries 234, 234', and 234". It is noted
that the capillary valve 232 can control the volume or amount of lubricant 224 to be

deposited onto the magnetic disk 240 via the vapor shape control devices 236 and 238.



[ 0024] For exanple in one enbodi nent, one or nore |lubricants 224 can be put
into the lubricant reservoir 226. It is pointed out that the tenperature
and the pressure of the lubricant reservoir or vessel 226 can be controlled
via the conpressor unit 212 and the heater unit 228. In this manner,

di fferent conponents of the one or nore |ubricants 224 can be extracted
from t he 1 3d6bn 246 6f t1R1Vap i sHaBe o ST ABAALSI R ardtB8ANR gohieriRlafednebr | CaNt s
224 can be extracted fron1 essel 226. As previously nentioned above,
when t he sbapedpdwsedf graesd? 209 iasd 24 supspectivaly,orltich inglutles the one dyaneneen a gas

t at | t | t t d/
or essur o it 228 esmusaimety g Phjestan Bt e it ShERGRE S *" "
super cri bugbr itd éﬂcﬂ)sﬁfe cgn'ZQe 8dferdif (Qéaﬁigﬁéf Or lehRPURs tee }Q@sdﬁ% e closely

toaliquid or nore closely to a gas. his fashion, the density can be
regul at eavithin thedulnigaat mssch 228 offthmmﬂgantgagaqm unifd2de therebyianablingiot ed t hat
by changi e al | the property
of the Salpegrpiﬁ}lrteﬁggﬁh?t%ﬁ desr{ﬁe guspoﬁglca Of(,gﬁybgo g‘{d %o?ecéég%l e in an

enmbodi WEIMbrldaﬁt 1t odRIVE bit sprﬁi}f oﬁtthéthﬁlﬁﬁﬁﬁ infdggietic dllskl do.af isga$nté@0ui s al t er ed
to be closer to a gas, then the supercritical fluid of gas 220 can have

nore enethf I%ecprsm difference begieen dhe lubrieant ypysebdt andthe qum%l t he

Iubrlcan
super or 1 FRAGRRF A7 66 gebBi08 sEARAMIE Bhclodyrs 4 HERBILY Ffrrkhie inthe,
the s upelqualnttylocfalie ddpuslcioﬁfof gaeson220? neas lubaicants22é optwy/she tltun fﬂmtmaagxtetlrml ecul es

fromthe o re Iubrlcants 224 W t.he | ubricant vessel 226. [0025]
Wthin Fi 2&)%% ARSI a0 gRHd IHFHEIE@@WﬂEéﬁFgFEgﬁﬁVSﬂﬂiﬁ?%mrecelV|ng

the conprgsaef tH@ﬁxb%@Qn 'v@ss‘éf‘zmg‘a%omﬁ&n &ﬁ[bsQFe ilﬁa(gﬁdeﬁdaltﬁmcﬁéé ain
tenperature by the heater unit I's noted heater unit 228 in
t he pr eseavithoghtwlioswen?42)athe lnesuhmgnlhbdcatm aemsols 63\? aml 24dmy bemeoreol t age

aciar ] ondieg T afd e el Broplels AL EBF oE MR BPIEPEAZa e wi chin the

vessel 207, when the controller 214 opens the capillary valve 208, the gas

206 r of th I th h il
valve: 20800 hip e enibedhipi Hmampenetis mesib e sk ot etn b lodted dout 1 nto
Lhe COMpEane irk9ile ibgr dfws&faareﬂerogurelzhz' ﬁoﬂéq}lﬁttﬁéitlf?l‘l’hlﬁl hadenbiae control | er

214 can be coupled to and controls the operation of the conpressor 212,

t her eby erealid omdjsk 240 camtiar misitemed ila wodsedrictpof waysadnnr@thc Ilubri¢elsﬁ red
pressure ,of the receiv 06. As essor onpr ess
D or oss (PP TS S s AmE B i9ee Syiocont e AE BB aE e f Rrs R cbsec
gas 220 ¢hbé pesifedid iharsyibstdftiallSi veeteal Rinhétas Swin)! WERK\@H hidiaGhé s coupl ed
to the capillary 216 in the present enbodi nent, the |ubricant reservoir 226
can r ecelpEorm depesiinneaisheionmer Mo lubrganin224 entiel theathincbm megecticanediy punped
into the ] 2; ressed
gas. 220 P07 sgRl "R s Biteh i KOUBE FAREY of feseirboahldie il 1S ViBHE

conpr ess@epgsitsor’élssare D2, Fonseiniplel the prbsairg adthimihe vapsiudepositiohi cal f 1 ui d.
For exanple in gne enpodi nent, while the caplllary val ve 232 is closed, the
| ubr i can€nFlesur ¢47 Fambegtentsr thap leas thae. Jsubyantigllysimilantodhspressse st or ed

therein camiPmheRlbHGAL FéieﬁvBlrEBzgeB‘B% %Hhﬁlt@cpﬁsvs%cﬁ NeuriHaRhIRIYDabenf " 1 Li cal
poi nt of the conpressed gas Mor eover e conpressor 212 can conpress
or pressprésg@eton euln:—ambreaas presswasarP@Usttwitlin pireeapor depusitomceniciosutelP42rody nami ¢
critical ,point r.the co sed gas .220 is received by t he
bt | canbBrisdit e 35 Bichy Nol BHER S8 BRGNS e ueRutR ah SRy

pressuri ged n@QBé’cﬁal‘ difort WEJ RGY Wn?ro%x‘e&du?é%wtﬁﬁi Ak fvaﬁér b&iflod | Me the
conpressed gas 220 can be altered into a supercritical fluid which can in
essence guelosurk@42 (spl therdeppsition preclovee 342 my @of Mmatfaimlzsut mtémt@d wi thin
t he Iubrlcan eservoir 226. nseq uent rcritical uid of gas
290 can o PERESin 8F FrBhPRREL SRE° I vabPehBPR ahe'2585242 for ey

resul ti ngedled, thacganeabe oreateld wiktdn i (sigUrappa3@midetyni ® 108 dry B s&nt

reservoir, 226.
limited to such). As previously mentioned above, a supercritical fluid lubrication

process in accordance with an embodiment of the invention can be utilized to deposit



[0027] It is noted that in one enbodinent, the capillary valve 232 can be
coupled to and controlled by the controller 214. Accordingly, once the

m xture 230 has been generated, the controller 214 can cause the val ue 232
to open thereby enabling the m xture 230 to be released fromthe | ubricant
reservoir 226 via the capillary 234. As such, the m xture 230 can travel

t hr ough i hape
cont rol gﬁgpkggﬁég%nggﬁ ﬁgﬁénﬁb Qgﬁﬁﬁeghggg gﬂﬁﬁg%U?gléggm¥§qgﬁ¥%ut from
t he vapor48hape control devices 236 and 238, the supercritical fluid of gas
220 can evaporate fromthe mxture 230 resulting in |lubricant aerosols 239
and 241 that include the one or nore |ubricants 224. Therefore, the out put

spray or [0024) Fok ekdigple i bhe€ ambodigicas ohs o2Bdralutriddhts 224 caretsapiit into t he
deposition of the one or nore lubricants 224 onto one 3 nor e sur{aces of

the thinthe 1Wﬁﬂ§ﬁ%9cer‘f,°1h%%ﬁ 3t ig pomted.out at the tempsralivis 98 mressturf‘eo ubri cant
aer osol s ﬁé@lbﬁ@%ﬁ% é’e‘}‘ hab @af?Pe Ectffitel 3id the cbﬂ@?és 1@%‘8 to the
nmagnetic ne con ense on IS surfaces. 0|nte out that the
supercri tth@:héatérlumutdzzsf Ingthss 1A 2itheewdiffereat esmponemntstdf ehemmd mrrmo@ﬂ@bmdmts out put

fromthe por . shape coptro| devices 23 nd 238 since the supercritical
fluid of Zégméw Akl ﬂewdé? VRSPl O Al dRGePTBRONGRY A 4he @R IdRRRENt | y, t he
super cri Yjdants Wutalbe IRGacteP r6RANHE @E@Ef 2229k 6;1'9&'19@5!1 Phetlfdnedbove, 0028]
Wthin Figure 2, it is pointed out that the [ubricant deposition system 200
can i ncl wdenghsganpessedrgas é%w supgrmmalqhsdzlw hetween agasi state wnd Ai n t he
vapor de osifion encl uri or after xture. 230 i s output
fromthe ’\ﬂg srtatgh‘gﬁ%’rg {yr BV a Hl%@‘%ﬁ%peéﬁt&rez orﬁgpssgggaqﬁ)tﬁ% in an

embodi meRfiperthitical AT oIBRQD! theAe RN STIHE Supfetitieanfliig oF@uPbBBlcdnhd he punp
202 via the gas capillary 246, therebg enabling the punp 202 to renove the
remai ni ngrahelly oharieed ie bhmoveplosely tma dinvides regre iclosekydo 242s. Ingdhisher nor e, t he

PP, 202 A6 RUBLI Bl OSBRI ChIATISL S8 RO 27

recover eds gasd & by Bhanginethg AendiBsEtHObupeddiitical fluidifgasadniahe pidperty ecover ed
gas 206 can be reused within the |ubricant deposition system 200. |n one

embodi et the fpesstitisalfhnd of a2 Gesdicshangeda Ror @@mM®In AverpBodimente it r ol | er
214. A
Funct 1 onayd goifiet pf HRSUBEIRHEGN Fd G580 € AR S Lo bORCRT. Fellndhe | o,

shape conup@atritieal flnébof gas 220zah sye RAdfe mﬁgy%a)enamtbmddmloemted in a wde
vari ety of ways.. For. exanpl e, each o or_s contr.ol deV|ces (or
nozzl eg) | aéﬁc?%é’é‘“&%ﬁ%‘é‘gpﬁﬂtéﬁ%ﬁ{%%g] R G R ftle a
funnel Orsu?é}@ﬁﬁé’él fﬁt@@@&s%ﬁ'&ﬁloﬁﬁﬁed%@@%)we@t@ﬁ ﬁc%/ﬁ? &, tRén AR'sG5&tri#GA2! €, and
any type of spray nozzle. In one enbodi nent apor shape control device
236 can Hlid apgasrdftoad hiave morapovesr tdlexlfrwamlettuﬂmrfmméhwm mérgpe control
devi ce 2 i.ce vers n _additj in an enbodi nent, the vapor shape
control j‘gqﬁc@gs é%‘anﬁ%eaﬂuhﬁfaéﬁgﬁisgh%n a manner simlar to the vapor
shape control device 238, and vice versa. 10030] Wthin Figure 2, it is

ted th | | | 08 and 232 be. i. ted i
e ey b o3t i Fie O R prsiintuo ol B L e Gir 228 et 1 omp 1 1 'y
val ves ZanﬁP&sgcﬁgas%O lban leAbb 8T QElca BdhealidltolaTeR8in thinpblafife b? theahgul sed

sol enoi d valve that pul ses on and off. Note that in an enbodi nen
deposi t i digater unipg28. It is noted that the heater unit 228 in the present embodiment can be

coupled to and controlled by the voltage supply 218, which can be coupled to and
controlled by the controller 214. Additionally, since the gas 206 can be stored under
pressure within the vessel 207, when the controller 214 opens the capillary valve 208,
the gas 206 can travel or traverse out of the gas vessel 207, through the capillary valve
208, and through the capillary 210 to be received by or input into the compressor unit
212. Furthermore, it is pointed out that the controller 214 can be coupled to and

controls the operation of the compressor 212, thereby enabling the controller 214 to set



one or nore |ubricants 224 onto the one or nore surfaces of the thin film
magneti c nedia or disk 240 via the lubricant aerosols 239 and 241 can be
controlled by the capillary valve 232 instead of by the anmount of tine the
magnetic nedia 240 is in and out of the deposition system Accordingly, the
capillary valve 232 of the lubricant deposition system 200 can be utilized

to contrgl S%{Fﬁ“m%g&mg pgégﬁ’r 'otfitt%}eﬁ?lvgcp a%ﬁ.e%g s88H, 8 dofng ’JF{Egr 2%}16

capillary can eac to d contr

conput i ngatlesthpe}s Srlpressried theascdi veieR 206 Whigh diosanronkput lae theprengiressed of each
of them For exanpl e in one enbodi nent, the contrqller separately
transmt 8ah23 watt ?eaaaﬂla;w&ﬁa Sipge the lubyicag} rteéergplgﬁgﬁ)ls ?%lpif‘écfﬁaﬂ? t he

capi | | ar ﬁa@&‘éﬁﬁéﬁ% 121‘3 @%m‘?f@ﬂi?ﬂbn?%éﬁ% € f}eée_?vd?f’% &dn &E&%@the[ 0031] In

one enbo he co l'er 214 can ectrically coupled to the punp

202, t hecompyesssisgas 220 2hat twes (aral may eostinuplty ba)lincmedahedthe oapilierylHsét er 228,
and the ga%l | ary val &ﬁl 208 and 232 In this manner, the controller 214 can
i ndepend@¥it %B%F?SSF e operations of the punp 202, the conpressor 212,
the heater 228 via its voltage supply 218, and t he capillary val ves 208 and

232, It i ted that the f nctlonallty perations 0 controller
214 can lﬂ‘iozt,ﬁirﬁ fieg theceprepTesss §§%%12 ety yet c rTc?‘?trﬁﬁ/a"rrémrB ‘t’ﬁ rdwar e or

by any cegdijpat i@Ro Fs%s gasb chi bg%ndenréutogéh&fgeémbasupafeﬁﬁan in an

enmbodi ment”, the cont 214 can be part of a uUser interface for the
| ubri cantﬂumayﬁos cxampieswen@anﬁﬁﬁmepomﬂqethbc@ﬂﬂamtvab'z;iéﬂusrelnsgi the accor dance

wth var s enbodi ne invention h erf d.wth a

bt | cant UBEURETERT 298 Albiearih 1HRPRE ot tes TBFRES A2% HRPBPEBI e fem 200
of Fi gurge %reHéQtred%(ﬁ'ﬁé}h}f__‘erht'ﬁré)z{b%veXﬁ@ﬂhbﬁ%ﬂgnhﬂl@&ﬁﬂ,*aﬁﬁ&ﬁ?oﬂhbh an

enbodi ment, 2 grans of Fornblin(r) Z-Dol 2000 were added to a stainless

steel extemprassedgas 0. Merepver, tesempiessop 26) canfgmenprrss ar@ressusizsdel (e. g.

226) was heated to ressed. carbo as (e. g ,
320) was “PRPTStRT Sk 22005 = PresSu bby@y  BERLEARRICRRID RO T el b
pressur e after thb@omptdseed s 22058 fceived g?;xhe'zlaﬁmcma@slamlrm Bars, the valve
(e.g., 232) was opened. It is noted t iven these conditions within the

ext ractoﬁomé%éqd gas 240 CaQQGPe%P@a%P@F@W%aWC\}@ thermpdynargiz)crifigal opened, a
ks ure b8ind at vAi) B OGRL SRS AL £ WlHY JhldnfXS LR }a{mwﬁaa' (e.g..

226) that I nc e a sup ercr rca urd of car 220) al ong

wi th nol emme&nah etsshﬁcé adilikeandolveat fbr the2ad®)or rﬁhﬁﬂ&lﬁtﬂﬁﬂtslMA store¢ t he val ve
(e.qg., 232ehﬂvvas opened, the,  |ubricant ’é was. deposited onto one
or more %&@éu'a?caphwﬁa@ﬁé@ﬁc RseARentl; gw sueeresltlcuﬂwg 25 %%fe Fourier

transf or g Bfrk ﬁﬁ)léc'ﬁ'@s Mot & C&He%'n‘i’d}e lﬁﬂ?ﬁa \é%ﬁgﬁerlﬂt}b&‘s&lﬁﬂ% iff fHeCkness on

the surface of the magnetic was ab gstrons (A) or
1. 2 nanoigeneratsor{ einthe mixture 230 w1th1n the lubrlcant reservoir 226.

[0027] 1t is noted that in one embodiment, the capillary valve 232 can be coupled to
and controlled by the controller 214. Accordingly, once the mixture 230 has been
generated, the controller 214 can cause the value 232 to open thereby enabling the
mixture 230 to be released from the lubricant reservoir 226 via the capillary 234. As
such, the mixture 230 can travel through capillaries 234, 234', and 234" to be output by
the vapor shape control devices 236 and 238. Note that once the mixture 230 is output
from the vapor shape control devices 236 and 238, the supercritical fluid of gas 220
can evaporate from the mixture 230 resulting in lubricant aerosols 239 and 241 that
include the one or more lubricants 224. Therefore, the output spray or flow of the
lubricant aerosols 239 and 241 can result in the deposition of the one or more

lubricants 224 onto one or more surfaces of the thin film magnetic media or disk 240.

10



[0033] In another experinment in accordance with one enbodi nent of the
invention, 1 gramof Fonblin(r) Z Tetraol (r) 2000 and 1 gram of A20H(tmnm)
2000 were added to a stainless steel extractor vessel (e.g., reservoir
226). The extractor vessel (e.g., 226) was heated to 45C and conpressed
carbon di oxide gas (e.g., 220) was introduced to the extractor vessel
(e.g., 2 i t? re | ext.ract I . | reached
125 bar s,%g%aﬂg}ﬁ\gg%h\?%en ’:thgg) .Eu?’%%g%ae\%\%so }So%[;eg na)ég_ﬁ?tchlﬁ g\ég%iﬁﬁtag%?s(gg?al%ﬁ%@ gi ven

t hese conrdisighopsathwb tiy magiteeic exddia24@indamdense(od. igh sur2eés) Itdpdoineddone t he
valve (e.g.,. 232) was opened, a mxture (e,g., 230) had been generated

wi t hin t eatdhe supstesiticgledwid of gas 220 evapgratgsEam itheompzdwe 238 hen Ryt cal f1 ui d
of carbo I QX] ) i .

Iubrican?g gﬁﬁ&@°§§%§?°%§§%fﬁ?%g?g?y%ﬁg%ﬁﬁﬁﬁﬁﬂgﬁ3@9%%58%?ﬂ§§5¥Q%%s opened,
t he | ubr 221 so (onger bei2@ égmpresedde hosted aCbmaquentipethe supmrerticall fllakes of t he
magnetic nedia (e.qg.,.240). Utilizing the Fourier transforminfrared (FTIR)
cal cul at igﬁﬁg£$ﬁ@1 ’EeBF%Ibaé%goc%lfé%%aSc?pgt he lubricants (e.g., 224) on the
surface of the magnetic disk (e.g., 240) was about 21.1 A or 2.11 nm In
addition, the FTIR cal cul ation showed that the |ubricant |ayer contained
19. 4 A (dP028]g¥ithimyFigure 2o gf1is pointed-aud thet thedubrcany deposiiign syptein 204 g8 2000.
[0034] Thgy ' kil t : lof ' W de

vari ety g@%@;@sbﬁ or f%)%gpr%:e}elhgn%eg%aé 22;'%0 ?%Itﬁ%?s Q{?ﬁﬁewﬁigbra?gradné?oﬁgposi tion
syst em 2@Aclosurel2d2 autiag edafierahe mistura28(t is pugput fopr the veporghspscamrol. , 220)

can be punped into ubri cant .reservoj.r 226. I n an enpodi ment, the
| ubri can;égg’éﬁ%é?({ ?‘5%@;/ i: PESHame HL gabedimshe eS@ppﬁg?potstn\Fgﬁﬁﬁurg hape
control dgyicGkde (:_Qﬁplg@?o_zt:hg ?h{rlgy%Z%ri‘?th%%%s Eﬁptmr 2l épﬁx_e%g%gsﬂfﬂ&gm@ separate

| ubricant reservoir simlar to the lubrica rvoir 35] Wthin
Fi gure 2 putipe2Q2ubrémave thdepmaininigogas 206 tieom #@0/apandépositiodenclosurei2d2 not

limted th 202, h 207, th . 212, th
cont 1 ot 1 FryerfoB R pamp:200 e S8R0l IEEle e gaf by ToE VRSt REfipdetE |
vessel 227 V‘izhﬁheggé vaqml@rg)&oamhel?e%?,enathﬁlgqa@Fhﬂnﬁrziog% 48d'the3d&bverclibyas 234,

234', 234", and 246, the.vagor shape control devices (or nozzles) 236 and
238, and 20Rdntedhogistresmivein e bduthis mppnersgheaeeovsstd gasiZQ0an dbapotsedrent , an

o Put A RAIRZR o5 SR 56, oL AR NG BRCLY 27,

an input cotipleleo shgunedsied by ik sondrollBE2 KR Pickb@ingly, tRe antirdilRe2tapad | ary
val ve 208. An output .of the conpressor 212 can be coupled to an input of

t he | ubriceaye! thegrsrotpn (rfengionalityrotthsipumr302216. An out put of the

| ubricant reservoir 226 can be coupled to the vapor shape control devices
(or nozzles) 236 and 238 via the capillaries 234, 234', and 234" and the
capi | | ar JOURA Jeismoted thet gl giithegrpemhape perral idsvicesn©r sezales) 230 apdA39e

coupl ed | : : : gt il troller
214 can a0 8 hPRitenf i A58 VRO e WaDs 53 £ Rble, Blok of e vaOPSRRE 00 G
232, t he contmplrdeyses (lidzzlas) Achend\23B8tcan &e smplemenfi8vith)ibahisamn tindted t he
heater 228. [0036] It.is not that the |l ubricant _depositiqgn system 200 may
not i ncl Gt Ppad{f cpRigal B ARYic (P8 SR eFOLYPEPERFTESO noggles ¥EAI 1y, t ho
| ubr i cantyslegiaptdy @2y i 618 GébdAB D el VAR EITRBE Eshitd? dedic 496 oG, Of T e

el enents l'ustrated by Figure 2. s polnted out that the |ubricant
deposi t i emplywnéss idOmaEer Bfaent thanstic gaparsphpnemtrotidévica?38, madnee sim | ar
to that C\i/%rss%.r fnba itpoenr, T a4 en%%di}n%n{z ?ﬁe \llalpg} ghea%e tcc?nt%tﬂccﬂa'vice 236 can be

implemented in a manner similar to the vapor shape control device 238, and vice versa.

[0030] Within Figure 2, it is noted that each of the capillary valves 208 and 232 can be
implemented in a wide variety of ways. For example in one embodiment, each of the
capillary valves 208 and 232 can be implemented with, but is not limited to, a pulsed

solenoid valve that pulses on and off. Note that in an embodiment, the deposition of the

11



[0037] Figure 3 is a block diagramof a |lubricant deposition system 200" in
accordance with various enbodi nents of the invention which includes an
array of vapor shape control devices (or nozzles) 250, 252, 254, and 256.

It is pointed out that the elenments of Figure 3 having the sane reference
nunbers as the elenents of any other figure herein can operate or function

in any ”BH@th mdtd TubAtart923 48k t0 RS EAd ﬂgﬁ?ﬁé%ﬁh&s JPiie BEPHRRnaghéfid ed to

such. Note that in one enbodi nent, t ubricant deposition Ssystem 200" can
be an i nplediveortdisk 240 vih thdlabtichrtiacmnsols 23Pand débomi bé cmtwyled bpnthed6 (Fi gure

1), but is.not limjed to such. [0038 ecifically . n ane odi nent, the
|2.Ibl’i canf’aﬂiﬁﬁ‘ys"ia{l‘feoiﬁs%}%t%‘fr?%bthL@B’r?ul‘hgqotﬂm%{hfrfn%#égﬁnb 13214 100 8¢ apor
shape coght ot thel @¥pdsRfonVysRAZ AcBSrdifzlf the efllarg3dlve2B2.ofddiuBEbantt hat can be
utilized for depositing one or nore lubricants (e. 224) onto each

surface @epasiieon systent 20(hsanghprilized beehingrod @ lubrigant gﬁé}sitiqmmsweomdﬁ@ i cant

the. ubr SEiskD o, bk Epeifl vt s gh g2 Bl fock 8 Louplep R EBARORRGSE o7 5 o

in a mangempéting déficd) Q14 hhicH ¢Hrih@&rhd e BA®ntroDihe Dy etatioh 30Cadbfoffthgur e 2,
but is not imted to such, It is pointed out that in one enbodi nent, the
| ubri canforerple inenegmbadimsnty thegontrpler 2 43 ap serarafsly raSMIAR t he encl osure

242. [ 00 10 L Qur I hC it 1:ean

i mpl errent% %tn\sééggklghrlﬁ%'gégﬁmﬁﬁ Slgggll)tﬂ‘g?‘{ldgac??oeng%r?@%gé’é%#gg%@&%%&Hg%osi t one
or nore kales eshtts op2doneibse.t he thin fil mnagnetic disk 240. For exanple in
one enbodi nent, within the lubricant deposition system 200', a conpressed
gas 220 can be converted into a supercritical fluid that in essence acts as

a sol ven{og3aj Ir bge e@nbodimenn e donkrbllerdMdscad e edéotri il ywouplied té the guniy | cant
vessel 226. Consequent lzﬁ a mxture 230 can be created or _generated that
i ncl udes 20hehe coyapressariZd &y the valtegesupply2 18 09uplsd de Hherhegier R28xAnddhe es of t he

one of - MREEILUAIGAN08 afd432 AP uSHElinnd: e SUREHIR s 6B ildeplithienfy 925 220 can

act as a carrirer an epositor o e one or nore ants 224, which
are to beonteglaké dpatativits@f theepunhp BOZ,ithercompyesdor @12, th&k h@atér 208avid ite array of

vapor shapge control_ devices (or, nozzles) 25Q, 252, 254, and 256. [00401 In
one e_rrb_()(‘JPIr%%?ts,‘lpP]Wezh ujb‘?chlﬁﬁﬁplgéb’o‘éﬁl‘quzqgé‘ygtzéiI%Efommﬁ%ﬂla?_ lude, but is
not 11 m taghibRalitd ahd/or bﬁ&%or@ﬁnfgﬁ&&dxﬁ%u@flk @ﬁzob@évﬁn%nla&‘l%f maRffeddgposi tion

. b14 : :
unit 244" . For exanple In an enbodi nent, the ricant extraction“unit 222

can i ncl seftwaieuby fisnwate, by hatdsdre or, byt érey domrinataomt theree § dlut Ba®t finvitedttor i ng

one or nor bricants 224, .and, the heater it or coil 228.for. heating the
b | cantuse BRI B SRbodRER FEeTiRIER 'ty B neFita R B Eackatt o)

i s not edtHd1abriédhe depdiitichaykteBX2@0ACt i on unit 222 can al so include the
capillary 216 for receiving the conpressed gas 220 fromthe conpressor 212,

wherein the capillary 216 can be coupled to an input or inlet of the

| ubri canfoos2f sRlte habexpefintchtsSinfadsdtifite Wil RIB RO GRS ARO ikRAtiHE punped
by the conpressor 212 into the |ubricant vessel 226 where it can be m xed

wi t h t hehayrebesn performediwith @dnbricanp deppisisioncsystamrsiinfar forthe ibsieidi ment, to
P01 NG SRRt SR PSR! SOPARARE v o
conpr essaf eRpoliteent, MPaLS DI Foiblin® Z-Dol 2000 were added to a stainless steel

extractor vessel (e.g., reservoir 226). The extractor vessel (e.g., 226) was heated to 45°

Celsius (C) and compressed carbon dioxide gas (e.g., 220) was introduced into the

extractor vessel (e.g., 226). While the pressure in the extractor vessel (e.g., 226)

reached 100 bars, the valve (e.g., 232) was opened. It is noted that given these

conditions within the extractor vessel (e.g., 226) and before the valve (e.g., 232) was

opened, a mixture (e.g., 230) had been generated within the extractor vessel (e.g., 226)

that include a supercritical fluid of carbon dioxide (e.g., 220) along with molecules of

the lubricant (e.g., 224). Consequently, once the valve (e.g., 232) was opened, the
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[0041] Additionally in one enbodi nent, the |ubricant deposition unit 244
can include, but is not limted to, the capillary valve 232, the deposition
encl osure 242, the vapor shape control devices (or nozzles) 250, 252, 254,
and 256, and the capillaries 234, 234", and 234". Note that the capillary
val ve 232 can control the volume or ampunt of |ubricant 224 to be deposited

onto the mmwaﬁ%% yox ZD“%élQeﬂds"ﬁe& Bgto;’ Yr ¥R RGFRRELF Be rﬁ‘%%ﬂ g@%le%ﬁp 252,

254, and 256 each o e vapor shape contr evi ces 250,
252, 254(e gnd4(2)561t1¢1amgghm€omuﬂ tmnsfomm isfraged (FPIR)melonfatiney theaverdg®' , 239",

241", 241" cti i nclud r ubricants

224, g 3%%5?%8% %T‘ué rﬁq,cgso§ eﬁil gisﬁkh(g & &%ﬁ W&ﬁggﬂgp}gsi tion unit
244 (or Iaﬁgst%@(ﬁél&-q 22143141)01&%}5 pgnpl fferent (e.g., higher or lower) from
the pressufe within the [ ubricant vessel 226 of the lubricant extraction

unit 222, thereby enabling the m xture 230 that includes the supercritical

fluid of 16533] 2R n&hé é@kﬁﬁ@hﬁﬁ aBfori ARl e\ﬁﬂf‘ﬁ @&fh% dBmEhQVY tRE irSRhBdh,QNt O the

thin filmnmagnetic di I's not e pressure di fference
bet ween tghea bfiBembkn® %/ Eetsall®2060 and 1tgham dEpROF | @008 verosdided tga2 ( or

depositio rea encl ure 2 ke iffer he qualit
of "he. SBULFErI BTACHE SGrsT B 5ot VPiEaRL A SXBOb KOS g CAPAS
magnet i ¢ hged & 2%¢ alfdonfp+ad¥ed 6a1b8n ﬁﬂ&l&@x@‘éé BENDO) Whs ﬁlh%a@cdd&o #d arge
pressure difference between the |ubricant vessel 226 and the deposi tion

anl osur extractor ssed épes 226)o WVhitecthe \prqsmrgtm thecixtracioe vessel) (e.2,1726) esul t | Sg
3
ot AREERSL 63 vRet . 350 v R REOTERR SPGERH e

Fi gure 3conditionewithinadé sethictdrissie.g.| 226) andlbefor e vadve (e, 232pwed to and

controlled by the controller 214. As such, once the m xture 230 has been
gener at e@PFHEdaa FIKNES (cs230) hed bewrr gangratedhwithinrthe extrastorveasel fnged2®e t he

val ue 2344 g QPR Ll ggpgﬂ 'o%@%b%{ﬂﬁld%d%t(gf @Zafoﬁéen l{&hf‘e@@%&' fromthe

| ubri cant reservoir e capl m xt ure
230 can botvetheé hiboicgits Qagl,lzt‘a)r Aesorﬂﬁlgly,zaée theamdzeZBlg 230) b/as opdnedf by the
vapor shgf ﬁqntrol devi ces (qr nozzles) 250, 252, 254, and 256. It is
noted t e MBEPa (st « 728) iexs nostedonte oy opmors syfacenel tagragnstiape contr ol

devi ces 2pMia @37 4%)§4Ut1ﬂﬂﬂg gl%gﬁoutrfclf TGS 5 dr%ﬂlF”IfIJR Eﬂcﬂfatlgﬁsth@%%lcan

evaporate fromthe mxture resu ting i n cant aerosol’s 239", 239"
241' , andhigkdess ohthe lubradantde ghe@2dyen tre suofaee bfithe mneta;c @3 (e. g\s%(l)ch t he

t put | he | ub t | 239 d 241"
ggnpgesﬁe‘fr SRS tt?fe} ﬁgp%%{ 3 %‘f r‘ft‘iﬁg’%oﬂﬁ 0 cé‘%zﬁ Si@%’ﬁ%‘*%@f’ on?g one or
nore sur ﬁtﬂﬁ%ﬁn@lﬁré%nﬁaﬁhé@l 1f9 4 A BRYPANS) ST 0H-2000 akK]. 24105 orl001 OR8) of

enbodi nent, the lubricant aerosols 239', 239", 241 can travel in
an essent Betrapl POXd- of - si ght path to the magnetic media 240 and condense on
its surfaces. Note that the supercritical fluid of gas 220 evaporates from

the m xture
[0034] The lubricant deposition system 200 can be modified in a wide variety of ways.

For example in one embodiment, the lubricant deposition system 200 can be altered
such that multiple compressed gases (e.g., 220) can be pumped into the lubricant
reservoir 226. In an embodiment, the lubricant deposition system 200 can be changed
so that the vapor shape control devices (or nozzles) 236 and 238 can each be coupled to

a separate lubricant reservoir similar to the lubricant reservoir 226.

[0035] Within Figure 2, the lubricant deposition system 200 can include, but is not
limited to, the pump 202, the gas reservoir 207, the compressor 212, the controller 214,
the voltage supply 218, the heater 228, the lubricant vessel 226, the valves 208 and
232, the capillaries 204, 210, 216, 234, 234', 234", and 246, the vapor shape control
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230 when out put fromthe vapor shape control devices 250, 252, 254, and 256
since the supercritical fluid of gas 220 is no | onger being conpressed or
heat ed. Accordingly, the supercritical fluid of gas 220 can revert back to
bei ng gas 206. 10043] It is pointed out that each of the vapor shape
control devices (or nozzles) 250, 252, 254, and 256 can be inplenmented in a

i d i [ I . h . . devi
Cor - nozziEbeSlas 18425 26 SRR, G RE bl B kAR SRR At T00, CO°
limted tembodithemnal owputaxfnhe plimp REP esh bevoupded @anshpwtrof thegas resepeoinf
pe of spr ne enbodj nent, .t he vapor

aer osol zl.e, and_any_t nozzl e. .
shape co%?cﬂla the\rapillary, 204 Aés%tp‘?§lf?1¥ea$ﬂ§ r?%%"‘&égoﬁ%hbeo‘é)up I'ABMRY in a

di f f er ento rROOSEpreMBF 90Y ¢l thé E'a;ﬁﬁag?@t?gqhm capfilary QhivE 268 VAP BHtpaNGPe
control devices 250, 252, 254, "and” 256 can be inplemented in a simlar

manner . 1B@dertipidéson2ih2 Fambie eouledetacin inputtdfcheclupritdm rgsenalin22d Aegheand 232

can be inpl enmen in a w vari.ety of wa For, exanpl.e i.n one

enbodi merfé! ]égc%le(gf“’t %P‘\éwa?g?]ﬁ @ﬁg}ca}ﬁwﬁggv _6a‘f‘?(9 bfsc?un%ﬂ%%g‘el ¥BPenent ed

Wi th, butshise dfdtrol HHiERof RozzlesPP36 85l 274 GRMhScapRlarRs bhAI 23U lng 239N and
off. It is pointed out that in an enbodi nent, the deposition of the one or

mor e | ubrand 4 eapPitaty yalve 28RcAnnatput ofibe depesiticreenslesiira 242 ¢anibe doppledmagnet i ¢
medi a or .di_ sk 240.yia the bri,cant ..aer l.s 239"  ..239", 241 nd. 241" can
be cont r 4P PBEHY Of ﬁ’g R %(}%Ylf} ﬂ@/ea"fa‘?g? %é)‘n SRR 4t%8%§§8%a]?g6? tine

t he magnebhionid :pam%%ﬂ, theicapidlaf) Vil esP08tang 2d2 s icbmpressorstiemindliher ef or e,
the capillary valve 232 of the |ubricant deposition system 200" can be
utili zed oBagosophl 2tSwhichiseneels thefgatnsi22Bon as opposed to strictly time.
The capillary val ves 208 and 232 can each be coupled to a controller (or
conputin%pdevice) 214 whi ch can independently control the operation of each

OT t hem [093@At ismoted thetihe lutnisantalepositipe systam 2@%mafé'emmthede{>ﬁlk¢fathgmlt an
508 and S Hestrlied oy FlatR2; Bagi@RRl ol uBRCM Brndelfor BBleet 00 o ent

t he functdapmalimplenfneddad itededicBinét cldhtentmdtibhdttedbhAFigare e gont rol | ed

or managed_ by software, by firmvare, by hardware or by any conbination
t her eof , PoiRted qutibat the lebricantidspasition systen RGO Aot e nilized s implemesind t he

cont ol | 64 .20 otk BB n A aclortiRiheldH, Hut Aot iitdi shéfpr | cant - deposi ti on

system 2

[0037] Figure 3 is a block diagram of a lubricant deposition system 200" in accordance
with various embodiments of the invention which includes an array of vapor shape
control devices (or nozzles) 250, 252, 254, and 256. It is pointed out that the elements
of Figure 3 having the same reference numbers as the elements of any other figure
herein can operate or function in any manner similar to that described herein, but are
not limited to such. Note that in one embodiment, the lubricant deposition system 200’
can be an implementation of the lubricant vapor deposition system 106 (Figure 1), but

is not limited to such.

[0038] Specifically in one embodiment, the lubricant deposition system 200' can
include an array or multiple vapor shape control devices or nozzles (e.g., 250, 252,
254, and 256) that can be utilized for depositing one or more lubricants (e.g., 224) onto
each surface of the thin film magnetic media 240 to further improve lubricant
deposition uniformity, but is not limited to such. It is understood that the lubricant

deposition system 200' of Figure 3 can function and operate in a manner similar to the
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[0046] Wthin Figure 3, the lubricant deposition system 200" can be
nodified in a wde variety of ways. For exanple in an enbodi nent, the

| ubri cant deposition system 200' can be changed such that nmultiple
conpressed gases (e.g., 220) can be punped into the |ubricant reservoir
226. In one enbodi nent, the lubricant deposition system 200" can be

modi fi ed1§oq>icma&epmﬁﬂxg§§@ém %ge?p&%?é 5 Yut %eyatq&lﬁaéggisggﬂf. rﬂr r:s?gi&éi)ou@??&

254, and 256 can eac coupled t0 a separate rvolir simlar
to the | tiot ircomt emiesbment, theAAbricand A¢pdisitibnesystainr 200a0f Figeredksdedsawt syst em 200
can incl udi, th is1 not limted to, the punp 202, the gas reservoir 207,
the conpr¥didsithe gaclosuie 244 ni v o | er 214, the vol tage supply 218, the heater
228, the lubricant vessel 226, the valves 208 and 232, the capillaries 204,
210, 216, 234, 234' , 234", and, 246, the vapor shape control devices (or
nozzl es) 1958] Widun Figiire 35thg lmanbﬁlﬂomenaw%iwsownémﬁmé 242.

Speci fi calletcrittaPRgidlhqds oD dRbodifhd ¥t HRore Qbridisdacoupl ed to
an i nput % eagas1 reserv%??’tmécoeg@l\ﬂ athe c ?)%1 ary 2%4. An odgt put of the
gas r esepuwithe #0i7 fitamdgnetodisk 2401 Foramamplein onf etfbedinmentrweilsioth€12 via t he

capillary 210 and t.he capillary valve 208. An. output of the conpressor 212
can be cﬁﬂ’ﬂ"éﬂt eBO%fHO’P rflgﬁ{}tﬁﬁomﬂ’ﬁ?rs?eéa%? 228%‘?6%?9’“’?58‘1%}?8% he capillary
216. An oiffeReriticl filidethhtuRekeABS adt§ 8E4 YOI Ent 466the dhe BEnford! Ribfidarit9 20he vapor
shape control devices (or nozzles) 250, 252, 254, and 256 via the

capi | | ar stoged84hinABelubrigant v28sel Z%dlarheqwaﬁi',lamivuma%@etaabz createdort put  of
the deposition.enclosure 242 can..b oupl.ed an input, of .the p 202 via
t he capi gf%eg@teiﬂba? lﬁ%d’eé 61?1et Sfugﬂcéltncglltﬁ’“g% g%sei@otag?tbgp\ygh &%?Ciuﬁ S # © punp
202, theofi@pi hbay MbMedite324 0% suoH, tﬁ@&;e&&ﬁic@pﬂ@lﬂﬁﬁ‘%@{é 220.2an &8s bhe vol tage
supply 218 which controls the heater 228. [0048] It is noted that the

| ubr i canta@igpard 2 deppsigseithe ppoor maye Wwbricanix 22 avhigh argfto bp derqsdgdnt s
illustra ' i b ' i £ stem 200
can'be | Speng i thinabnefibisk 2309 e ol of Wi Bite CRRBPUNIR G0

Fi gur e 3noidled) 250052 264, aut 2656at the | ubricant deposition system 200" can
be utilized or inplenented in any manner simlar to that described herein,
but is not Iimted to such. [0049] Figure 4 is a flow diagram of a nethod

400 i n ape0ADy N6 Hhbodix@hi, BesluBAEAE dBFdtfondysteRe200M vaninb Ride f Wit i¢/fdtNg a
deposition process to deposit lubricant onto thin filmmagnetic nedi a.
Al t hough h§p§ it aclubpesnd exwarsionraitd) 22 angd adubrigant dengsii 44'. For
example in an embodiment, the lubricant extraction unit 222 can include, but is not
limited to, the lubricant vessel 226 for storing one or more lubricants 224, and the
heater unit or coil 228 for heating the lubricant vessel 226 along with its contents to a
certain temperature. It is noted that the lubricant extraction unit 222 can also include
the capillary 216 for receiving the compressed gas 220 from the compressor 212,
wherein the capillary 216 can be coupled to an input or inlet of the lubricant vessel
226. In this fashion, the compressed gas 220 can be pumped by the compressor 212
into the lubricant vessel 226 where it can be mixed with the one or more lubricants 224
stored therein. In an embodiment, to improve extraction efficiency of the one or more

lubricants 224, one or more additives can be added to the extraction gas 206 before it is

compressed by the compressor 212.

[0041] Additionally in one embodiment, the lubricant deposition unit 244' can include,
but is not limited to, the capillary valve 232, the deposition enclosure 242, the vapor
shape control devices (or nozzles) 250, 252, 254, and 256, and the capillaries 234, 234',
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400, such operations are exanples. Method 400 may not include all of the
operations illustrated by Figure 4. Al so, nethod 400 may include various
ot her operations and/or variations of the operations shown by Figure 4.

Li kewi se, the sequence of the operations of flow diagram 400 can be
nodified. It is appreci ated that not all of the operations in flow diagram

21190 nen?ﬁog%g%g‘t caf?]oqeg-l 1 4 Ret c\ré%r a?uéalygggfl %1’01 S Bt §m8\t‘| ttcﬂ'e oper at I ons

y software, rmiar e,

har dwar e 19bridavit 224/ tosed¥pBsitddadhtd ﬁ@rrﬁ@gmub utsklzstormt tHemchbmap@c@mfdl I\/Et hod
400 can i ncl udmr ocesses of enmbodi nents of the invention which can be

cont r ol | élevises Ah2§3d2 3y and BPodusthermery, eash of thecyappr shape sapiERlclsticesinder t he
trol t 3bdnen g1
contr ol SheSrRYS o SURYAIRARE SnRATBE PR RIS BB ey,

execut ablandi2ast, respetividy, (vihicle Gth)desehe dreir@tore lubricaniP@ieln oane dat a st or age
features such as conputer or, conputing device, usabl e vol ati Iei menory

conput er GrOodERE the @resevie vuthia the labricant deposttonadupielis (Pr its fg B?ur?:onput er or
conput i NG 49¢¥iLhe &ﬁ’ﬁ%n? é@sﬁ gﬂ@xt & lﬁ% HdWBLLGFe within thE m?)‘l‘ltc%t or

conputi ng device reada e”an executa Ie |nstruct| ons (or code) may reside
in any tyvpesebﬁ%:ofmmtlmbncrant edrgotion ngit A2%ithereby entbibing tlmaniuxlme 2[3005&1]
Speci fi cal

hod 400 I i
St oS B9 PREa80% S50l FlaRes FAT GRS 012,
In addi tisgRhy dhtd el 1 ARGRSL GBAL & i6 Abicd RAnO AR bigrdadel nt 0 a

| ubri cant dep05| tion enclosure. A supercritical fluid can be utilized to
deposit thstwesmghe tubmoeat veatel 226 and thertepositien enndosure 247 @r dapdsaldmsarez si des
of the thi.

Oan be r ol BUERICZA NG o o RErentPtn B8 Wil Hhe denHiRR PEeond 2

det er m najrinfdte Gdticasts TRASneSthe ehitiBhBAgretie hfedifS2 40 Fohexantfle th énd M magnet i c
nmedia to process | f so, process 400 can return to the operation involving

| oadi ng £mugdiment| Hﬁthﬁsg Hed lapganrgssarg ¢ifferanke betiisen dhefubdens ypssplotencl osur e.
However, a#i tflé déé)e sﬁ%h%ﬁ@i‘o@uﬁg 2&9?&{0 eg‘?s&ﬁ f'é 3&%3& J‘?O%FEHC?%IUE‘QQ& f {hlem magnet ic

nedia to Sse Focess S mafAher,

supercri tresiﬂﬂmg lutbndamaaﬁrobelslmm, 2299240, SRPDE" tmaytse mbrdmf@ﬁilthlnﬂlm@nt s onto
thin filmmagnetic nedia in accor dance with varl ous enbodi nents of the
i nvent i orincl utcl’%)bsaqrdmp letp oF Hiei ang A morgfubricgnis@24. one or nore |ubricants
(e.g., 224) can be put into or added to a | ubricant vessel (e.g., 226) for
dep03|t|on onto one or nore thin filmnmagnetic disks ., 240 It is

poi nt ed d094An¥ithigdEeadeidin auperabediment thﬁmrﬂwwlveﬂ %ﬁd@ COHP éttcy of
ways. For Cc nner simlar
to that c?es ?Hg&gec}hgr el %htg 164%4'%? 'P:%fn t e tggﬂéﬁgefgf% %?fFﬁAt oper ati on
404, a t tgenerhatednm wangaretet desmtie(hhﬂemdtmlco(moljer,2124:@)1 cause thevaloadd2itor
inserted intg a |ubrj ant Si n encl osu e . 242 not ed
hat " operdieh ShFeRyeehfip el TR aR2a0 Ribt rricieed fams Mol aagressryair 228
exanpl e, RpfethpRRrHosh. %ﬂséh%ehﬁ@”'tﬁé‘ﬁﬁ‘itﬁfé 23’@) AR YraVBI fdughicApil@fied O t hat
descri bed herei n but i's not limted to suc

234, 234, and 234" to be output by the vapor shape control devices (or nozzles) 250,

252, 254, and 256. 1t is noted that that once the mixture 230 is output from the vapor

shape control devices 250, 252, 254, and 256, the supercritical fluid of gas 220 can

evaporate from the mixture 230 resulting in lubricant aerosols 239', 239", 241', and

241" that include the one or more lubricants 224. As such, the output spray or flow of

the lubricant aerosols 239', 239", 241", and 241" can result in the deposition of the one

or more lubricants 224 onto one or more surfaces of the thin film magnetic media or

disk 240. In one embodiment, the lubricant aerosols 239', 239", 241", and 241" can

travel in an essentially line-of-sight path to the magnetic media 240 and condense on

its surfaces. Note that the supercritical fluid of gas 220 evaporates from the mixture
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[ 0053] At operation 406 of Figure 4, a supercritical fluid can be utilized
to deposit the one or nore lubricants (e.g., 224) onto the one or nore
surfaces or sides of the thin filmmagnetic nmedia. Note that operation 406
can be inplenented in a wide variety of ways. For exanple, operation 406
can be inplenented in any manner simlar to that described herein, but is

not [im t2§6| v@h%n%ﬂﬁrlﬁéﬁ{)gm%é]va rs?lg]%f ?(ﬁiél%?‘ﬂé\ages 25@?%&2{@’5”(:&{(%6?%1?& film

magneti c nedia can be renoved fr I cant  degosition e osure. It
i S poi nt dck supercritiaal fypé oé gas2P 046 Bo dengeb beingebmipeassation heatedwi de vari ety of

ways. For, exanpl. e, operation 408 can | npl enent ed i.n.an ner simlar
to that d’@g@%?%é& th%?‘&eﬁ“:m}fﬂ ﬁ}uél Hsps E&M%Vf’% ?:ﬁ%'i‘?.bef%%@]r%gt operati on
410 of Figure 4, a determ nation can be nmade as to whether there is another

thin filmpagnetic nedia or disk to process. If , .process 400 n proceed
to oper at['?%??l‘dﬂ Pojntggems thatiepch of the Vﬂ%qreshﬁﬁ’%‘éﬂm&f gﬁ‘ﬁgqsa(ﬂ B‘P\Zzhe‘szg(ﬁat t here

I's not ag@ﬁrﬁ egﬁa ??é édnmegﬁ?%&%'xﬁemdd @i&fvaﬁ%%ﬁ@?ﬁ?]g&r@&ﬁﬁé%cm5ppesS

400 can be ‘en s n at operation C e Inplenmented in a
wi de var itlet yapof shapy sontFalrdegicasfdrenozziper2si 252,230, a2 I6ecanibpl enent ed i n any

manner sim)ar tq that descri.bed herein, but is not ljmted tg such. In
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enbodi nent’s "of the invention. € foregoing descriptions of various
speci fi ¢ skapsodnirehdayiden 250,252 2pv endi26h cam eachrbeamplenertied m Hdisfergpt esent ed

for purposes of illustratio nd description. They are. not. | n to be
exhatist | JEABFT MTROYRR RS IOROBRe o PLE 8P Dar e AEfochsthdes, - anc
many nodificaldi2seeanbd ivplehithteds adifil@aasidete in 1ight of the above
teaching. The invention 1s to be construed according to the O ainms and

their equival ents.
[0044] Within Figure 3, each of the capillary valves 208 and 232 can be implemented in

a wide variety of ways. For example in one embodiment, each of the capillary valves
208 and 232 can be implemented with, but is not limited to, a pulsed solenoid valve
that pulses on and off. It is pointed out that in an embodiment, the deposition of the one
or more lubricants 224 onto the one or more surfaces of the thin film magnetic media
or disk 240 via the lubricant aerosols 239', 239", 241", and 241" can be controlled by
the capillary valve 232 instead of by the amount of time the magnetic media 240 is in
and out of the deposition system. Therefore, the capillary valve 232 of the lubricant
deposition system 200’ can be utilized to control the lubricant deposition as opposed to
strictly time. The capillary valves 208 and 232 can each be coupled to a controller (or
computing device) 214 which can independently control the operation of each of them.
In an embodiment, the controller 214 can separately transmit an electrical signal (e.g.,
3 volts signal) to each of the capillary valves 208 and 232 which causes each to open or

close.

[0045] In one embodiment, the functionality and/or operations of the controller 214
can be controlled or managed by software, by firmware, by hardware or by any
combination thereof, but is not limited to such. Furthermore in an embodiment, the
controller 214 can be part of a user interface for the lubricant deposition system
200'".
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VWHAT IS CLAI MED | S: 1. A nethod conprising: punping a gas into a
reservoir that includes a |ubricant; changing said gas into
a supercritical fluid that extracts |ubricant nolecules fromsaid |ubricant
resulting in a mxture of said supercritical fluid and said |ubricant

nmol ecul es; and utilizing said mxture to deposit a lubricant nolecule onto

a nmagnet i[®4%?¢.li%in Figure 3, the lubricant deposition system 200’ can be modified in a wide
variety of ways. For example in an embodiment, the lubricant deposition system 200’
can be changed such that multiple compressed gases (e.g., 220) can be pumped into the
lubricant reservoir 226. In one embodiment, the lubricant deposition system 200' can
be modified so that the vapor shape control devices (or nozzles) 250, 252, 254, and 256
can each be coupled to a separate lubricant reservoir similar to the lubricant reservoir
226.

[0047] The lubricant deposition system 200’ can include, but is not limited to, the
pump 202, the gas reservoir 207, the compressor 212, the controller 214, the voltage
supply 218, the heater 228, the lubricant vessel 226, the valves 208 and 232, the
capillaries 204, 210, 216, 234, 234, 234", and 246, the vapor shape control devices (or
nozzles) 250, 252, 254, and 256, and the deposition enclosure 242. Specifically in one
embodiment, an output of the pump 202 can be coupled to an input of the gas reservoir
207 via the capillary 204. An output of the gas reservoir 207 can be coupled to an input
of the compressor 212 via the capillary 210 and the capillary valve 208. An output of
the compressor 212 can be coupled to an input of the lubricant reservoir 226 via the
capillary 216. An output of the lubricant reservoir 226 can be coupled to the vapor
shape control devices (or nozzles) 250, 252, 254, and 256 via the capillaries 234, 234,
and 234" and the capillary valve 232. An output of the deposition enclosure 242 can be
coupled to an input of the pump 202 via the capillary 246. The controller 214 can be
coupled to control the pump 202, the capillary valves 208 and 232, the compressor 212,
and the voltage supply 218 which controls the heater 228.

[0048] It is noted that the lubricant deposition system 200' may not include all of the
elements illustrated by Figure 3. Additionally, the lubricant deposition system 200

can be implemented to include one or more elements not illustrated by Figure 3. It is
pointed out that the lubricant deposition system 200' can be utilized or implemented

in any manner similar to that described herein, but is not limited to such.

[0049] Figure 4 is a flow diagram of a method 400 in accordance with various
embodiments of the invention for using a deposition process to deposit lubricant onto

thin film magnetic media. Although specific operations are disclosed in flow diagram
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2. The nethod of Claim1l, wherein said gas conprises carbon di oxide.

3. The nmethod of Claiml, wherein said |lubricant conprises a

per f 1 uoropol yet her. 4. The method of Caiml1, wherein said
magneti c nedia conprises a magnetic disk conprising a tribol ogical coating.
5. The method of Caim1l, wherein said punping conprises conpressing said

0o oe 8, o RSoTEs il SN T BB A LSOy e

7. The matlhaehted byFigurd 4., Alvblen@hs@ioh s islind: w@ions bthes operati orsgnedaird

reservol rv'ariations of the operations shown by Figure 4. Likewise, the sequence of the
operations of flow diagram 400 can be modified. It is appreciated that not all of the
operations in flow diagram 400 may be performed. In various embodiments, one or
more of the operations of method 400 can be controlled or managed by software, by
firmware, by hardware or by any combination thereof, but is not limited to such.
Method 400 can include processes of embodiments of the invention which can be
controlled or managed by a processor(s) and electrical components under the control of
computer or computing device readable and executable instructions (or code). The
computer or computing device readable and executable instructions (or code) may
reside, for example, in data storage features such as computer or computing device
usable volatile memory, computer or computing device usable non-volatile memory,
and/or computer or computing device usable mass data storage. However, the computer

or computing device readable and executable instructions (or code) may reside in any

type of computer or computing device readable medium.

[0050] Specifically, method 400 can include adding one or more lubricants into a
lubricant vessel for deposition onto one or more thin film magnetic disks. In addition,
a thin film magnetic media (or disk) can be loaded into a lubricant deposition
enclosure. A supercritical fluid can be utilized to deposit the one or more lubricants
onto the one or more surfaces or sides of the thin film magnetic media. The lubricated
thin film magnetic media can be removed from the lubricant deposition enclosure.
Additionally, a determination can be made as to whether there is another thin film
magnetic media to process. If so, process 400 can return to the operation involving
loading a thin film magnetic media into the lubricant deposition enclosure. However,
if it is determined that there is not another thin film magnetic media to be processed,
process 400 can be ended. In this manner, a supercritical fluid can be utilized to
deposit one or more lubricants onto thin film magnetic media in accordance with

various embodiments of the invention.
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8. A systemconprising: a nozzle; a reservoir coupled to said nozzle and
for holding a |ubricant; a conpressor for punping a
gas into said reservoir and for controlling an internal pressure of said
reservoir; a heater for changing the tenperature of said reservoir;

[0051] At operation 402 of Figure 4, one or more lubricants (e.g., 224) can be put into
or added to a lubricant vessel (e.g., 226) for deposition onto one or more thin film
magnetic disks (e.g., 240). It is pointed out that operation 402 can be implemented in a
wide variety of ways. For example, operation 402 can be implemented in any manner

similar to that described herein, but is not limited to such.

[0052] At operation 404, a thin film magnetic media or disk (e.g., 240) can be loaded
or inserted into a lubricant deposition enclosure (e.g., 242). It is noted that operation
404 can be implemented in a wide variety of ways. For example, operation 404 can be

implemented in any manner similar to that described herein, but is not limited to such.

[0053] At operation 406 of Figure 4, a supercritical fluid can be utilized to deposit the
one or more lubricants (e.g., 224) onto the one or more surfaces or sides of the thin
film magnetic media. Note that operation 406 can be implemented in a wide variety of
ways. For example, operation 406 can be implemented in any manner similar to that

described herein, but is not limited to such.

[0054] At operation 408, the lubricated thin film magnetic media can be removed from
the lubricant deposition enclosure. It is pointed out that operation 408 can be
implemented in a wide variety of ways. For example, operation 408 can be

implemented in any manner similar to that described herein, but is not limited to such.

[0055] At operation 410 of Figure 4, a determination can be made as to whether there
is another thin film magnetic media or disk to process. If so, process 400 can proceed
to operation 404. However, if it is determined at operation 410 that there is not another
thin film magnetic media or disk to be processed, process 400 can be ended. It is noted
that operation 410 can be implemented in a wide variety of ways. For example,
operation 410 can be implemented in any manner similar to that described herein, but
is not limited to such. In this fashion, a supercritical fluid can be utilized to deposit one
or more lubricants onto thin film magnetic media in accordance with various

embodiments of the invention.
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wherein said conpressor and said heater for converting said gas into a
supercritical fluid within said reservoir that extracts |ubricant nol ecul es
fromsaid |ubricant resulting in a m xture of said supercritical fluid and
said | ubricant nol ecul es; wherein said nozzle for outputting said mxture

towards a magnetic nedia. 9. The systemof Clains 8, wherein
sai d gas 66%{??"1*}1%? SR ARsHptdh &6 vari ific embddmehfi&in S¥SHr&McRiwifd 2l M5 _8,
wherein s[al Iubr?rggnt ECO?Tplpi ses ava[gleorufls %crltl)%%lflyet ﬂ]eer. " cew 11. The

system _oftheo'lnai:nt:mn&avw_lbeerepmscm@djfourpgrp@wmffrﬁnﬁtmtion apd dsesiptionslregtare di sk
compri st g iarlxtetnrdleg ?ol lg)gclaxchaalustfv%aotrltg Himit the invention to the precise forms disclosed,
and many modifications and variations are possible in light of the above teaching. The

invention is to be construed according to the Claims and their equivalents.
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12. The systemof Cains 8, further conprising a controller electrically
coupled to and for controlling said conpressor and said heater.
13. The systemof Cains 8, further conprising an enclosure for receiving

sai d magnetic nedi a. 14. The systemof Cains 13, wherein said
nozzle is internal to said enclosure. 15. The systemof Claim
8, wherein said nozzle is an aerosol nozzle. 16. A nethod

conpri si ng: WHAT IS CLAIMED IS:

1. A method comprising:
pumping a gas into a reservoir that includes a lubricant;
changing said gas into a supercritical fluid that extracts lubricant
molecules from said lubricant resulting in a mixture of said supercritical fluid and said
lubricant molecules; and
utilizing said mixture to deposit a lubricant molecule onto a

magnetic media.

2. The method of Claim 1, wherein said gas comprises carbon
dioxide.

3. The method of Claim 1, wherein said lubricant comprises a
perfluoropolyether.

4. The method of Claim 1, wherein said magnetic media comprises

a magnetic disk comprising a tribological coating.

5. The method of Claim 1, wherein said pumping comprises

compressing said gas.

6. The method of Claim 1, wherein said utilizing further comprises

outputting said mixture from said reservoir via a nozzle.

7. The method of Claim 1, where said changing comprises heating

said reservoir.
8. A system comprising:

a nozzle;

a reservoir coupled to said nozzle and for holding a lubricant;
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punping a gas into a reservoir that includes a plurality of l|ubricants;
altering said gas into a supercritical fluid that extracts |ubricant
nol ecul es fromsaid plurality of lubricants resulting in a mxture of said
supercritical fluid and said |ubricant nol ecul es; and outputting said
m xture fromsaid reservoir to deposit lubricants onto a magnetic disk. 17.
The nmethod of Claim 16, wherein said gas conprises nethane.

a compressor for pumping a gas into said reservoir and for

controlling an internal pressure of said reservoir;

a heater for changing the temperature of said reservoir;

wherein said compressor and said heater for converting said gas
into a supercritical fluid within said reservoir that extracts lubricant molecules from
said lubricant resulting in a mixture of said supercritical fluid and said lubricant
molecules;

wherein said nozzle for outputting said mixture towards a

magnetic media.

9. The system of Claims 8, wherein said gas comprises carbon

dioxide.

10.  The system of Claims 8, wherein said lubricant

comprises a perfluoropolyether.

11.  The system of Claims 8, wherein said magnetic media

comprises a magnetic disk comprising a tribological coating.

12. The system of Claims 8, further comprising a controller

electrically coupled to and for controlling said compressor and said heater.

13.  The system of Claims 8, further comprising an enclosure

for receiving said magnetic media.

14. The system of Claims 13, wherein said nozzle is internal to

said enclosure.

15. The system of Claim 8, wherein said nozzle is an aerosol

nozzle.
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18. The method of Caim 16, wherein said plurality of lubricants conprise a

t et rahydr oxy perfl uoropol yet her. 19. The nmethod of C aim 16,
wherein said plurality of |ubricants conprise different types of
per f 1 uoropol yet her. 20. The nethod of Claim 16, wherein said

outputting further conprises outputting said m xture fromsaid reservoir

via a vapor shape control device.
16. A method comprising:

pumping a gas into a reservoir that includes a plurality of
lubricants;

altering said gas into a supercritical fluid that extracts lubricant
molecules from said plurality of lubricants resulting in a mixture of said supercritical
fluid and said lubricant molecules; and

outputting said mixture from said reservoir to deposit lubricants

onto a magnetic disk.

17.  The method of Claim 16, wherein said gas comprises methane.

18.  The method of Claim 16, wherein said plurality of lubricants

comprise a tetrahydroxy perfluoropolyether.

19.  The method of Claim 16, wherein said plurality of lubricants

comprise different types of perfluoropolyether.

20.  The method of Claim 16, wherein said outputting further
comprises outputting said mixture from said reservoir via a vapor shape control

device.
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