WO 03/ 041071 PCT/ US02/ 36079 HYDRODYNAM C FLUI D BEARI NG CONTAI NI NG

LUBRI CANTS WTH REDUCED BUBBLE FORM NG TENDENCY FOR DI SK DRI VE APPLI CATI ON
Cr oss- Refwpanoeiorp Rel at ed Applications This application ecaiusezbenefit of
United States provisional patent application 5 serial nunber 60/338, 216,
filed Novenber 8, 2001, which is herein incorporated by reference.
Background of Invention Technical Field of Invention The present invention
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drive data storage devices, known as "Wnchester"” type disc drives, are

wel | kno@roks-Réferemchiid Related Applicatioass er disc drive, digital data is
witten to and 15 read froma thin layer of magnetizable material on the
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head Is associ at eac I sc surtface. The heads are selectively noved
under t heefecaniaeol of electronic circuitry to any one of a plurality of 20
circular, concentric data tracks on the disc surface by an actuator device.

Each slidgr, bod di Iug oft self-acting air bearing surface. As the disc
rot at es, beneath the air bearing surface, which
develops a lifting force that causes the slider to lift and fly several

m cr oi ncmeshaical Fiekkeofinventionf ace. I n the current generation of disc drive
products, the nost comonly used type 25 of actuator is a rotary noving

il tuator _ The di th [ tynpi [ d.i k"
The hub str uciTtiepEReat TNEToRS aes Jp: e Belioethydradunainis ebond Siidedor
the spi ngh&oPPiR idSdifEGa &S ragR iVt dsSshd AT PartiElilan, 1©' 4 Fbidf Navind a

lubricant exhibiting reduced bubble forming tendency.

Background Art

Disc drive data storage devices, known as "Winchester" type disc drives, are
well known in the industry. In a Winchester disc drive, digital data is written to and
15 read from a thin layer of magnetizable material on the surface of rotating discs. Write
and read operations are performed through a transducer that is carried in a slider
body. The slider and transducer are sometimes collectively referred to as a head,
and typically a single head is associated with each disc surface. The heads are
selectively moved under the control of electronic circuitry to any one of a plurality of
20 circular, concentric data tracks on the disc surface by an actuator device. Each slider
body includes a self-acting air bearing surface. As the disc rotates, the disc drags air
beneath the air bearing surface, which develops a lifting force that causes the slider

to lift and fly several microinches above the disc surface.

In the current generation of disc drive products, the most commonly used type
25 of actuator is a rotary moving coil actuator. The discs themselves are typically
mounted in a "stack" on the hub structure of a brushless DC spindle motor. The

rotational speed of the spindle motor is precisely controlled by motor drive circulitry,
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WO 03/ 041071 PCT/ US02/ 36079 which controls both the timng and the power of
comutation signals directed to the stator w ndings of the notor. Typi cal
spi ndl e nwoeB/0sPeeds have been in the range of 3600 RPM PCOrusens6079
technol ogy has increased spindle nmotor speeds to 7200 RPM 10, 000 RPM and
above. 5 One of the principal sources of noise in disc drive data storage
devi ces iwhigmeontplsnenth thettisaing @nskihgrparenefreamamuiationssigagle diwstatt 1o/theegun
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bear i ngs.3680NRPM IBRarant decitidiegy has indrbaset Spindleyiotor sisegy fat 2200 RPM,

bearing surfaces and is therefore much quieter and in general has 10 | ower
vi br at i ond.@¢hRFM3PERBNRal bal | bearings. A hydrodynanic bearing is a
sel f- punping bearing that generates a pressure internally to naintain the
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t he housing and a rotat’i ng nber o di sc Typical |ubricants
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because thgnpingr Beasty hbar igediefates ag rdssureaitsrnall btbenm‘ntrauﬂ1|@eltflm@twlﬁen
t he rotatlng and fixed nmenbers. I n hydrodynam c fluid bearings

princi pl SeRaEAtgN. fsb&dmﬂqimebearﬂngngeqw@sag@ e@rnﬁhenﬁ?ynzg@ﬁﬁlﬂfb SPUAEALS r om
the b t '
or esour e Taofth 8 ARERnaabiort AL Aot ineeh e Beady SPRRCEUIHE
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of the lubricating fluid. In addition,
In a hydro bearing, a lubricant, such as a liquid or a gas, provides a bearing

surface between a stationary member of the housing and a rotating member of the
disc hub. Typical lubricants include oil or ferromagnetic fluids. Hydro bearings
spread the bearing surface over a larger surface area in comparison with a ball

20 bearing assembly, which comprises a series of point interfaces. This is desirable
because the increased bearing surface decreases wobble or run-out between the
rotating and fixed members.

In hydrodynamic fluid bearings, a principle design issue is preventing leakage

of the lubricating fluid from the bearing during operation. Leakage can result from the

25  continuous pressure cycling during start-stop processes of the spindle motor. At high
pressures, air gets trapped in the lubricating fluid, and when the pressure is reduced,

the trapped air forms bubbles and/or foam in the fluid. This bubble formation results

in premature failure of the bearing and leakage of the lubricating fluid. In addition,
foaming and/or bubble formation reduces the stiffness of the hydrodynamic bearing,



foam ng and/ or bubble formation reduces the stiffness of the hydrodynam c
bearing, 2 WD 03/041071 PCT/ US02/ 36079 i ncreases the response tine, reduces
heat trameDas/o4mnd results in a higher operating tenperatarassat/béoed which
are undesired in hydrodynam c bearing operation. Therefore, there exits a
need in the art for a hydrodynam c fluid bearing having |ubricants
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suppotted by the rotatable nenber and is magnetically coupled to the
stator. At |east one data storage disc is attached to and is coaxial with
t he rot aDistlesoeeroéinvehtionir o bearing i nterconnects the stationary nmenber
and the rotatable nenber and includes a lubricating fluid conprising a
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features of The present invention are attained and can be understood I'n
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the pres nven
rotatable member and includes a lubricating fluid comprising a base fluid and an

15 additive for reducing the tendency of bubble formation in the lubricating fluid due to
sudden pressure fluctuations.

Brief Description of Drawings

So that the manner in which the above recited features of the present

invention are attained and can be understood in detail, a more particular description

20 of the invention, briefly summarized above, may be had by reference to the
embodiments thereof which are illustrated in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.

25 FIG. 1 is a top plan view of a disc drive data storage device in accordance with

the present invention;

FIG. 2 is a sectional view of a hydrodynamic bearing spindle motor in

accordance with the present invention;
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FIG 2 is a sectional view of a hydrodynam c bearing spindle notor in
accordance with the present invention; 3 WO 03/041071 PCT/ US02/ 36079 FIG 3
i s a di agwermmsiogl secti onal view of the hydrodynam c spi nalCa/uso2/aq79 t aken
along the line 3-3 of FIG 2, with portions renoved for clarity; and FIG 4

IS asectlonal W 0 hdrod nam ¢ bearing with conical bearjin

sur f aces. ﬂé: E’e‘& @éﬁ%@ BAMANC §ECHD ?é?'?‘@cpféﬁﬁomqfﬁﬁynaﬁ@ gplgg%n{notor

i nventio e tr. ynam c or
hydr ost aF?“c Bofly Mo e e T8 DI SR PSS Pl o 'a”%défé@npos. {i on
that exhibits a reduced bubble-form ng tendency for the uniq

requi rement s &lGaddisse skdtiopal Fie® of a dydradypapliarbearioy wfthacam@ldﬁarhﬁgsc
drive 10 |Hﬁ10 whi ch the present invention is useful. Disc drive 10

i ncl udes SYABESi ng base 12 that 1is conmbined with top cover 14 to forma
seal ed environnent to protect the internal conponents from contam nation

by elﬁrreme‘iaifléd)me@uﬁ@}iimbflpréf@ﬁdemzmbddim&mnt- Disc drive 10 further

i ncludes a di sc pack Ich I's nounte or rotation on a spindle notor
(not shown) by a disc clanp 18. Disc pack 16 includes plurality of 15

i ndi vi dual ﬁ-@§ RERSRM é’i“éer}’?'ﬁﬂnt'%daf QISCC@TWGt M%nsm devieart havingxias .

Each di s h |
drive 10‘“¥8fd”y‘"§ﬁﬁ°}un?Eaﬁ?ﬂg’%ﬁﬁhaﬁﬁm@ Spiridle, HiofeR, Wit 4 ChiRicRting id | |
FIG 1, keap®slionartieat saxhibitst ed reduééd xbulstsed@rmingi cténdﬂrrmyl riort uhe amtomehed
to head nounting ar 24 of . an tyator, body 2. The ct.u r shown in
FlG 1 iearament,alc g i E?éob’am@@ﬂ%w@w - Nipicdl g e 10

i ncl ygles \gcgg hpye GRRe I tor
28 rggat é@ lﬁg%ﬁtfgg’bhgdmy% gho'ﬁ ?ftu g aﬁéachedﬁﬂ u@éZSOga oggy@aﬁﬁsltflg? th

30 to po#d combirteshwih20posaver d ddtesforeda dwaled ea\zlkomhengtoaprcaeciumemrmnal 31

Wiile a rotar atatorlsshwn in FLG .1, the nti.on i s al so
usef ul i FoRReReRG FobLanGmRmon prelepaals oM BEBIFE sealRa i3 fmicdy,
actuators. 25 FIG 2 is a sectional view of a hydrodynanmi c bearing spindle
motor 32 in Disc drive 10 further includes a disc pack 16, which is mounted for rotation on

a spindle motor (not shown) by a disc clamp 18. Disc pack 16 includes a plurality of

15 individual discs, which are mounted for co-rotation about a central axis. Each disc
surface has an associated head 20, which is mounted to disc drive 10 for
communicating with the disc surface. In the example shown in FIG. 1, heads 20 are
supported by flexures 22, which are in turn attached to head mounting arms 24 of an
actuator body 26. The actuator shown in FIG. 1 is of the type known as a rotary

20  moving coil actuator and includes a voice coil motor (VCM), shown generally at 28.
Voice coil motor 28 rotates actuator body 26 with its attached heads 20 about a pivot
shaft 30 to position heads 20 over a desired data track along an arcuate path 31.
While a rotary actuator is shown in FIG. 1, the present invention is also useful in disc
drives having other types of actuators, such as linear actuators.

25 FIG. 2 is a sectional view of a hydrodynamic bearing spindle motor 32 in
accordance with the present invention. Spindle motor 32 includes a stationary
member 34, a hub 36 and a stator 38. In the embodiment shown in FIG. 2, the
stationary member is a shaft that is fixed and attached to base 12 through a nut 40
and a washer 42. Hub 36 is interconnected with shaft 34 through a hydrodynamic
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accordance wth the present invention. Spindle notor 32 includes a
stationary nenber 34, a hub 36 and a stator 38. In the enbodi nent shown in
FIG 2, tweo3stmri onary nenber is a shaft that is fixed amdTaiSvzsdeed to
base 12 through a nut 40 and a washer 42. Hub 36 is interconnected with
shaft 34 throu hydr odynam ¢ -4 WO 03/041071 PCT/ US02/ 36079 bearing 37
for rot atbe@ﬁnagi?utors'ﬁmttonsalbmsmf .3 Baaiingulie naludasaradiar workings suifacass

por ts. 54 M Eﬁ&‘?‘bﬁ%@&%{%é{f’#@% el Re Sl el ips o4 s

ci rcul at iand 5&ehad snupblyllobgcatmg fluidr 80 rgrds dsdisicies ciedulafigy bl@@ﬁlultgalong the
Lubrlcatlngflwd 60 is plied to shaftfiﬁa%aflwd source
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P A5 Bl (7t SHOWRFiAt R 6AifHiR fo R Rich o 5ha A AHdith hipifier.! e
it Rl bl i wchem';??ﬂgs e o, &l
Sprodl o MisrBhoisliiaRecchs g B of BYBasUnaRi: BearBer i ohueie Rt es Boarn
hub 26 t @gsRRk woRRNOXR ALY BORE e SIS 98 LRIERAAna R UEARRRRE

fluid 60 from esca bet ween count e ate and
a cent r alto qusiticdt habhd36 witkio spindieemateni3@r @6 Qwingh64 sjaqmomdeddbetwqu

di sc 10ar erumeReibln PoaTh i & ' Relb M hydichnaic.feffingr e fodlzprayents "
per manenty aﬁmwanﬁ@ﬂum@Gfr@ﬁh@ébépﬂq&b@tw@éneéolﬁﬁé\@%térezoéndm% 86, Wm ch acts

as a rotor for spindle notor 32 re 65 is formed of a magnetic materi al

and acts as aHubadR- includeson eenjralt care. 6Roand angingecanrcareniiert 66.nwdichs a

magnet &' CAAPOHS Bid6 A TG 4wy o FRGCTY R oo Sift shefiad PlsbiiR e

nmagnet i z¢@ld @rf digd eadiedr mepilsernBENgY idisc 2tarng! €8 - (affoabh6WASini FIG! t1ached to
base 12 and includes stator |am nations 72 and stator w ndings 74. Stator

Wi ndilhgs PRIMARENLMAGEREJOrs atiehadito dhe orer dameer af hub s which a6is apdced
radial 1y 56000 9hiRbI B 320 ddte 3 Yol o PRI rASRAF NG BctPas a

back-iron for magnet 70. Rotor magnet 70 can be formed as a unitary, annular ring

or can be formed of a plurality of individual magnets that are spaced about the
periphery of hub 36. Rotor magnet 70 is magnetized to form one or more magnetic
20  poles.

Stator 38 is attached to base 12 and includes stator laminations 72 and stator
windings 74. Stator windings 74 are attached to laminations 72. Stator windings 74
are spaced radially from rotor magnet 70 to allow rotor magnet 70 and hub 36 to
rotate about a central axis 80. Stator 38 is attached to base 12 through a known

25 method such as one or more C-clamps 76 which are secured to the base through
bolts 78.

Commutation pulses applied to stator windings 74 generate a rotating
magnetic field that communicates with rotor magnet 70 and causes hub 36 to rotate
about central axis 80 on bearing 37. The commutation pulses are timed, polarization-

30 selected DC current pulses that are directed to sequentially selected stator windings
to drive the rotor magnet and control its speed.
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rotate about a central axis 80. Stator 38 is attached to base 12 through a
known 25 nethod such as one or nore C-clanps 76 which are secured to the
base t hr owgh3obolt s 78. Commut ation pul ses applied to statrer/usonsionygs 74
generate a rotating nmagnetic field that connunicates mﬁth rotor magnet 70
and causes hub 36 to rotate about central axis 80 o

. Th
commut ati on pli thes eabedimapiashqisn an iFiG: Qoﬁpﬁ@l%@ﬂ(@@f 33 '@@ q@é’rﬁ“%dﬁ’@@s
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I n which stator 38 has an axial positiaon that is bel ow 36. Stator, 38

al so haSeeureddoan 'BB@T diagretenauriace 82«(ElGad) QfdaHUPﬁt@@S 7&&5‘ an ltemativey
wi ndi ngs g M‘)o%ﬁentsﬁﬁé” t ﬁthBH&& vﬂwghu?“ 088d(tb! falow) th&f hub.

| am nati ons I've st ator 1s positioned
within tn‘heml@tormndmadadlal besmmntthat iSLmtherTmermlabdhedwb baextesnalddi al
position_ that B’elther ntern

th he h |
b t1 onthe Reb-s i AdBORo Gr SuRcle ROk sEcah Pee & biedl e cdstiniin Fig-d -,
or a rotgj h%téﬁn@f hafl. ”In"‘ar@?a@hﬁ’%aﬂ‘ﬁlhdl%%afﬂretﬁ@ﬁé’énngt iéeloéél%ﬂ' Btwesn

| ocat ed between e rotatin t and an outer statlonarafl sl eeve that is
coaxi al thd rotatirg shnfhand@nsduiélt staﬁm:ﬂv@leeya thahisatosgiad it the retadingeharft. vi ew
i ndl e,.nDt or 3 al.ong

por t18ne T enob i Bop &1 dirsiegamafe, ssPI Ve SeleaMiedialla SHESmAllY B2 or

Wi ndi ngs t4idbn avehgfﬁn@@—mﬂm@l Mifith BEHiORs maeéd & cﬂé\% SatdrEs pellesd.
Stator wi ndings 74 include phase wi ndings W, Vi, Ul , V2 and U2 that

are muntaralnamms 7@eand istatpawindingo R4, whichrae 9@@29@! wthdpmjsma%etf?ﬂ #8d 15

axi o 0. obHFA PR SCor Bl pehrhERe WM. 937 L VR R AR,

to centr @2 st ardWoundagiodndwee indamindtiorgs72i4 TaedoHEseolvintjrsodienianmed
bearing 37 are forned by the  outer dianmeter surface of shaft 34 and the

i nnedS di @msols thalr have aoeoik axisrthat innerms! to padiialerseatkicegtraliakigc@Q 40rand
46 are separRiedse®wittihg Rt RAs B B &1 8¥hth&lis normal to central axis 80.

Radial working surfaces 44 and 46 of hydrodynamic bearing 37 are formed by the

outer diameter surface of shaft 34 and the inner diameter surface of central core 65.

Radial working surfaces 44 and 46 are separated by a lubrication fluid 60, which
20 maintains a clearance ¢ during normal operation. ‘

As described above, when the pressure inside the hydrodynamic bearing 37
continuously increases and then decreases, dissolved gas separates out and foam
and/or bubbles form in the lubrication fluid 60 because of the sudden pressure
fluctuations. In accordance with the present invention, the lubrication fluid 60

25 comprises a base fluid and at least one additive for reducing the tendency of the fluid
60 to form bubbles and/or foam. Preferred base fluids include perfluoropolyethers
(PFPEs), esters, synthetic hydrocarbons, and highly refined mineral hydrocarbons.
Most preferred base fluids include diesters, short chain alcohol esters, polyol esters,
and polyalphaolefins (PAQ's). These base fluids can also be blended in a variety of

30 combinations.

The additive is selected so as to change the surface tension value at the gas-
lubricant interface of the lubrication fluid 60. The additive is at least partially soluble
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20 mai ntains a clearance ¢ during nornmal operation. As described above,
when the pressure inside the hydrodynam c bearing 37 continuously

I ncr easesward/osteen decr eases, dissol ved gas separat es out pamiishzager and/ or
bubbl es formin the lubrication fluid 60 because of the sudden pressure
fluctuations. In accordance with the present invention, the lubrication
fluid 60 inghedaseifiid anchhee & law susage densien stalumsompaired e therbasedfiditing
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e
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can be ‘used %E&né NEmBOARGSHt bMMASih98ntch, VI- UBGIrDY &fifhce® WmEsS! & e

avai l abl e from
lubrication fluid 60 is less than 35 dynes/cm, preferably in the range between 12 and

35 dynes/cm. The additive causes the lubrication fluid 60 to preferably have as
surface tension lower than that of the base fluid alone. For example, the surface
20 tension of a typical base fluid (e.g., ester oil) is between 28 and 35 dynes/cm. The
additive comprises between 0.02% and 0.5% by volume of the lubrication fluid 60.
Such a ratio of the additive to the base fluid reduces the surface tension of the
lubrication fluid 60 to the desired range. In addition, the ratio of additive to base fluid
is selected such that it does not sacrifice desirable [ubricating properties, such as
25 anti-oxidation, anti-corrosion, and anti-wear performance, or it does not behave
antagonistically with other helpful additives present in the lubrication fluid 60.

In one example, the base fluid comprises TMP ester or di-2-ethylhex| sebacic
acid ester having a surface tension between 27 and 33 dynes/cm, and the additive
comprises silicone fluid having a surface tension between 20 and 22 dynes/cm. In

30 another example, the base fluid comprises TMP ester or di-2-ethylhexl sebacic acid
ester having a surface tension between 27 and 33 dynes/cm, and the additive
comprises PFPE having a surface tension between 15 and 20 dynes/cm. In both of
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15 Vanderbilt, located in Norwal k, Connecticut. In one enbodi nent of the

i nvention, the desired surface tension of the lubrication fluid 60 is |ess
t han 35 dyoas/erwyl preferably in the range between 12 and P8F/uhyra®/em The
additive causes the lubrication fluid 60 to preferably have as surface
tension | ower than that of the base fluid alone. For exanple, the surface
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PCT/ 6@02/ 36073-}((%%”91?00% (&1 % ﬁ%ﬁ?&% g}ﬁ? ﬁt?ﬁ% {P‘ g‘;r{‘ WV\Q%R‘%F&@%F

t endency befrihgesurfdeesc athicinis U‘sabld t60driv@ fhy tsbghihlire dissl@rive udden FEGessur e
fluctuations. | n another epbodi ment of the invention, the lubrication fl UI d

60, conpriing Mgrednamisdearing ia shaWndperrPeaied in aspindlemptapdd@. The
in a | owyhegSeILey AR 'rétBP'H?f}fub 194 %fé{té]w éohuggérg;% hCéWP‘fﬁé' Uit t@ﬁgﬂ“@ui g

| ow- pressure environne ten y of ubrica
60 to f orimslbddsla@suppelr benﬁsmera/rmrncmm portiphel 54 \ahidod Yiower helpeiapherg 817.

{hat IPs. 1566 RAHIGR RS BHEatTad r 8SBare, 1 TS RtES BRtvEr PBreft T ng
a pressuispahesWeaIylafachetPtd 4%dse 160, which may be incorporated in or supported
from the housing base 12 described with respect to FIG. 1. The sleeve 158 receives
the journal 162 of shaft 152 and has upper hemisphere shaped, concave receptacle
164 and lower hemisphere shaped concave receptacle 166. A fill hole 168 is also
20 provided to a reservoir 159 in (as drawn, the upper end) fixed member 152, to
provide bearing fluid to the hydrodynamic bearing. The rotor 114 includes a
counterplate 170, which is used to close off one end of the hydrodynamic bearing to
the atmosphere. In operation, the bearings shown in this figure comprise
hydrodynamic bearings in which fluid, such as oil, circulates through gaps between
25 the fixed member, which is the shaft and the rotating member, which in this case is
the sleeve. In accordance with the present invention, at least one additive can be
added to the fluid, as described above, to reduce foaming and/or bubble formation
therein.
While foregoing is directed to the preferred embodiment of the present
30 invention, other and further embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof is determined by the
claims that follow. ‘
-8-



10 Referring to FIG 4, a hydrodynam c bearing is shown wi th hem spheri cal
bearing surfaces, which is usable to drive the discs in the disc drive 10
of FI G 1woO o03hetohydr odynam ¢ bearing i s shown incorporat e@Cirrusa2/spirndl e
nmot or 150. The design includes a drive rotor or hub 114 rotatably coupled
to a shaft 152. The shaft 152 includes an upper hem sphere or convex
portion Oddinascd a | ower hem sphere or 15 convex portion 156 received in a
sl eeve 158, which rotates relative to the shaft. The shaft is fixedly

attached . to, a. base 160, which .kncorporated in or supported fromthe
housi ng ﬂagbé%ﬁ VESPIRGF Wsﬁﬂn%gﬁ%ﬁﬁo FIG 1. The sl eeve 158 receives

the journal 162 of srpaf.t 152 ?ng has upper hem sphere shaped, concave
receptacle @& WUSING TBNRY 2HEEpREPe shaped concave receptacle 166. A fill

hole 168 is al s0.20 provided.tq .a reseryoir 159 i s. drawn, .t

end) fixed rAreioness mep ebrt%fﬁi I ga‘?’i\{'hée?l?“tﬁ?d°ﬁﬁé?}? S ?B‘&fﬁ%éﬁﬁwﬁ{h
beari 8g. tHoBehPhIUxist14 i ncludes a counterplate 170, which is used to close
of f one end of the hydrodynam c bearing to the atnosphere. In operation,

t he bearings shown in this figure conprise hydrodynam c bearings in which
flui d, such astapr fixed withireseectita thrijaugBGs bet ween 25 the fixed nenber,
which is the shaft and the rotating nmenber, which in this case is the

sl eeve. | n aadotatableemambertithet jsr eiatabla abeut thenceniral|axis witbniesaaet a the can
be addedtto t&rl))Z fl i as descri bed above, to reduce foam ng and/ or bubble
formati or‘?at{% ME tle foregoing is'-directed to the preferred

enbodi nent of the present 30 invention, other and further enbodi nents of
the invention rogr beppeneddy Wie hotatablelepemben@nidr oragnieticallys cougledpte the
thereof, and the scope thereof is determned by the clainms that follow 8
WO 030489 Cl ains: 1. A disc drive storage system conprising:

PCT/ US02/ 36079 a housi ng having a central axis;

at least one data storage disc attached to and coaxial with the rotatable

member;

an actuator supporting a head proximate to the data storage disc for
communicating with the disc; and

15 a hydro bearing interconnecting the stationary member and the rotatable
member and having working surfaces separated by a lubricating fluid comprising a
base fluid and an additive for reducing the tendency of bubble formation in the

lubricating fluid.

2. The disc drive storage system of claim 1 wherein the additive decreases the
20  surface tension of the base fluid.

3. The disc drive storage system of claim 2 wherein the surface tension of the
lubricating fluid is between 12 and 35 dynes/cm at room temperature.

4. The disc drive storage system of claim 3 wherein the additive is selected from the
group consisting of polysiloxanes, polyacrelates, organic copolymars, and
25  perfluoropolyethers.



a stationary nenber that is fixed with respect to the housing and coaxi al
wth 5 the central axis; a stator fixed with respect to the housing;, a

r ot at abl ewomaibern’t hat i s rotatabl e about the central axi sPartusoz/e®pect to
the stationary nmenber; a rotor supported by the rotatable nenber and
magnetically coupled to the 10 stator; at |east one data storage disc

at t ached 5t of lendisc alsivieastoragersystem b clatirad whereiniibe adgitliveds selesteds fippothei ng

a head proxina t i 0 j } Wi th the disc;
and 15 aor 5 BN 7R SRR A Enge by AT BEREZBoh 0 he
rotatable menber and having working surfaces separated by a lubricating
fluid cogprilse Bscadriveasterddeusybtambf dmimo@iviereinfthe adelitive canplised betderoy of
bubble formation in the |lubricating fluid, 2. The disc drive storage

syst em oP0.Q2%iand0.afe by valumr ok lubieatigdiises the 20 surface tension of

the base fluid. 3. The disc drive storage systemof claim2 wherein the

surf age tengho ol ghiesiok 4 bGgbier Shithd nhef YRS kARG 3R BRke at

room tenpérature. rive storage system of clal wherein the
addi t i ve ansersdroaaterd havimg a pressgrevtiat iless shamagtmdsphelriggiressuiaes,

pol yacrel ates, organic copol ymars, and 25 perfluoropolyethers. 9 WO

03/ 041071, PCT/ US02/,36079 5. The disg dri tor. '

wherei n the TAAAIRY dave stceage Vs BEaRIm < wEPGR iy B F bEMEeP Eang i n
AM 2000, 7&pdrdANLUBE DF-283. 6. The disc drive storage systemof claim2
wherein the additive conprises between 0.02% and 0.5% by vol unme of the

| ubricating fluid. L
9. A motor comprising:

10 a housing having a central axis;

a stationary member that is fixed with respect to the housing and coaxial with

the central axis;

a stator fixed with respect to the housing;

a rotatable member that is rotatable about the central axis with respect to the

15 stationary member;

a rotor supported by the rotatable member and magnetically coupled to the

stator; and

a hydro bearing interconnecting the stationary member and the rotatable

member and having working surfaces separated a lubricating fluid comprising a base

20 fluid and an additive for reducing the tendency of bubble formation in the lubricating
fluid.

10. The motor of claim 9 wherein the additive decreases the surface tension of the

base fluid.

11. The motor of claim 10 wherein the surface tension of the lubricating fluid is
25 between 12 and 35 dynes/cm at room temperature.
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5 7. The disc drive storage systemof claim1l wherein the lubricating fluid
Is stored in an environnent having a pressure that is |less than

at nospherwo opoewsure. 8. The disc drive storage system of PCiraiSor/Ieorher ei n
the pressure is between 1 and 750 Torr. 9. A notor conprising: 10 a

housi ng having a central axis; a stationary nenber that is fixed with
respect ti@. tTiee huwie ofgclaiml 1d vaxéraln thiet additivesisceatectad feom dhe graumeonsistingad

with respect,tg the housing; a rotatable r that i | ¢ about the
central é’i PQ'V\"RW?‘P)F"F“\E@S Bg@@c?%atpﬁeorgfglcsqo&qq@ﬁg% aﬂgﬁ}%ﬂl’forrg%@%ﬁfergu pport ed
by the rotatable nenber and magnetically coupled to the stator; and a

hydro beami ngriehinestepryiesihint o1 2 ehatbint trnakiditivenieseleoted fiom ahat gloup of
menber and havi ng wor ki ng surfaces separated a lubricating fluid conprising

a base 26-OMBLIN £iaOkn FAIMBLIN AM-3P00 cafift VARILURE DFid83cy of bubbl e

fg(rjmation in the lubricating fluid. 10. The notor of claim9 wherein the
addi tkve 4ge f | & ' o of
a1 ai 010 ner s R e (B FAERSREAINS PompRSes belliden 2ol g oy
bet ween b¥ vauind%of dyakibricatiag fluidom t enperature. -10 WO 03/ 041071

PCT/ US02/ 36079 12. The notor of claim1ll wherein the additive is sel ected

f th i sting. aof | ysi . | ' '

copol yrars: 4Re B8 donaery WRREE. e Aot 6 ke i 45 WRlbument ne
addi t1 ve dairkeh BRS LTS RBsUnaaIRbspIROIebsdreDOL, FOVBLIN AV 2000, and
VANLUBE DF-283. "5 14. The notor of claim 10 wherein the additive conprises

bet ween 0. 02% and 0. 5% )
16. The motor of claim 15 wherein the pressure is between 1 and 750 Torr.

10  17. A motor comprising:
a housing having a central axis;

a stationary member that is fixed with respect to the housing and coaxial with

the central axis;

a stator fixed with respect to the housing;

15 a rotatable member that is rotatable about the central axis with respect to the

stationary member;

a rotor supported by the rotatable member and magnetically coupled to the

stator;

a hydro bearing interconnecting the stationary member and the rotaiable
20 member and having working surfaces separated by a lubricating fluid; and

means for reducing the tendency of bubble formation in the lubricating fluid.

18. The motor of claim 7 wherein the means for reducing the tendency of bubble
formation is an additive to a base fluid of the lubricating fluid that decreases the
surface tension of the base fluid.

-11 -



by volune of the lubricating fluid. 15. The notor of claim9 wherein the
| ubricating fluid is stored in an environnent having a pressure that is
| ess t harwatospspheri ¢ pressure. 16. The notor of clai m 15 pardarse2/ssothe

pressure is between 1 and 750 Torr. 10 17. A notor conprising: a housing

having a central axis; a stationary nenber that is fixed with respect to
the housildg aha Weiali @i claimnl8 wyhereiantheapudace tensien af dher lubeeating Auideispect

to the h r rot at abl e about the central
axis w t%g%é"s%‘e?:%%tng :{ﬁéei%é}?&ﬁdﬁg% teﬁ%‘i’at‘u?% rotor supported by the
rotatabl e nenber and magnetically coupled to the stator; a hydro bearing
inter conQ@ctTh&gmdh@r aft claino i 8rwhereirbie aadcﬂti\ldneomptiaesabetweaﬂm@émoandé)ﬁb

haV|ng sur argted by a lubricating fluid; and nmeans for
redUC|n ﬁ&%hﬁ?ﬁ%W' ﬁﬂ%ﬁ%ﬁfornation inthe lubricating fluid. 18. The
nDtor5of cIa|n17 wherein the neans for reducing the tendency of bubble
formation is an additive to a base fluid of the lubricating fluid that
decreases the surface tension of the base fluid. -11 WD 03/041071

PCT/ US02/ 36079 19. The notor of claim 18 wherein the surface tension of the
| ubricating fluid is between 12 and 35 dynes/cm at roomtenperature. 20.
The notor of claim 18 wherein the additive conprises between 0.02% and 0. 5%
by volune of the lubricating fluid. 5
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