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drives, aue . ical Field of Invention

The present invention relates to the field of hydrodynamic bearing spindle
10  motors for disc drive data storage devices and, more particularly, to a motor having 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 circuitry,
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that occurs enfh ehpurdieBiing,t 4 fubricamtd shith &5 Bkduid 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,
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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;

-3-




rot at abl e menber and includes a lubricating fluid conprising a base fluid
and an 15 additive for reducing the tendency of bubble forrgtm%g In the

| ubricating fluid due to sudden pressure fluctuations. Brikf 2lib; ption
of Draw nggo380hfidt the manner in which the above recitedhaahs®gs of the
present invention are attained and can be understood in detail, a nore

particul ar description 20 of the invention, briefly summari zed above, nay
be had by refefFtacd is @ diagraromaticlisestienal ey obthewhydrodynamid spipdieametdri n

t he appen L QOS;~ 4 b . £ N ppended

dr awi ngs ﬁ@%ung@% g%o"n eyét—?;qf(ﬂ?' E’e‘r&@% Ir}gﬁﬁ&éﬂ#@ﬁ%ﬁ%%pﬁon and are
therefore not to be considered limting of its scope, for the Invention
may admit to oflar46gumisegtiarfal afaw wof 2 hpddimamic. bedring ®ithlcdnicah beapngl an
vi ew of asﬂi:_f?éasdri ve data storage device in accordance with the present

I nventi on; ‘2 is a sectional view of a hydrodynam c bearing spindle
notor in accordance with the present invention; -3 - 5 MAY 2006 WO

03/ 041671 DraalledbDeS on of Brefery podimentati c sectional view of the
hydr odynam ¢ spindle notor taken along the line 3-3 of FIG 2, with
portions renov f Fibt Yo aNGe FL Gyiod | ti V] fr.a,;

hydr odynam c bgg?i %es\(/émhfh'h{é%'mogaﬁs bégpﬁséghﬁg%ﬁ%%ess. gb%ep%%dh%é%r? ption
of Pref er hgdragybamicneort hildeogbaties dvdaringv espindten metar dviic alr lubecaliriga fatidr age

devi ce having a.. hydrod 1Cc or drostatic, beari i ndl.e tor With a
bt | cat | KEMPoaEn” REPRRRS & reiteat B ol dendbistn e Tho  whins

t endency féquitdntents bfidedisd afive.r FI@N $s aftop plars dieW biva tyditdk disc dever10@p pl an
view of a typical disc drive 10 in 10 which the gresent invention is

usef ulld Di We\mea@ti'warweess HsefblisPisg doixe d O1ipcludes a hausingriseet® thet h t op
cover 14 §ochabifed WtRtcoVEY 1401 RN 4 SeRbAtdRirohMBnt T Brdlétt thé MIBRRENT S
fromcontam nation by elenents fromoutside the seal ed environment. Disc
drive 10 famppaentsfiom eentamingtion byiements figm eutside the sealed enyirondeat i on on

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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shaft 34 in a known manner. Spindle notor 32 further includes a thrust
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hub 36. Hivackéonrici magaetar . e Rotarl magnet 78caamnioe fortesicasca unitany, eendar ri6g,
whi ch 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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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 hydrodynamlc 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 (PAO'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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22;5; aFli 2%@2 5a$1y rb‘ubbl@sahatsb&h Ithé»‘émamtl elther gatiapse o epeet ep tealidwathe gdfsto

f 6 t
Cohr | aht | Fsore; At thapredent by ot ediartagsoupl (edicdd GeJERita of it
oper at ison. foﬁﬁamﬁrth@ﬁfbrﬁaﬂdr?ﬂumffmhb%b yihemEiiiAg 'aﬂéqd@tetﬁiﬁnéysj [r@SPUMBET C

bearing 37 continuously increases and then decreases, dissolved gas
separ at es t0e, heatitransier. and @peratingiemesrateeafthe hydrodynamisheasRgd 87ui d 60

because of the mﬁﬁ,@ﬁ etﬂétegawfo‘é UJeJdJﬂtH%é ggészegll RnGBh qﬁélﬁé%gfo g@ﬁ){}ﬁ S

present invention rrcation uid conpri ses
at | east c(amcmb,tpalryacrcdatesedlganwg:qplwb/maam&uqsocarhen tbmpaunds) such fisr m

bubbl f

(preee) . “dorery, SR IEPEg doal Sin e VeRd i B, Blseht RN e

hydr ocir baFGMBLNOSZ-O0lef and cFOMBLINT AM-2800, nbbttd&:_ochmeltoedly asditable dframnn

Il Ui ds. carhEaTh oG AR ARSI NeBE yO3PY: ST AefaThE oPRVERE T, ve

i s sel ect gebrfiormatddC efyfih@CokiBe drdr Eéﬁlﬁoﬁﬁa’téd Qfiethipleve SHidé. heAmaZ000 1gbai cant
interface of the lubricCation fluid 60. The additive is at |east partially

sol ubl e  -difunctipneharomatic yeyminated reriugsenclyeihey. sgnmhemadditve, tat qan,Pa and
has a | ow f qrm@ t ébﬂgﬁ ive
causes t heﬁégr@gﬁgé ense‘f?](lﬂ)lr?\(,%t1 h&h% ubrllgggttﬁ)%é? | ul %%tét“g%y gg%ir!@frag‘gﬁ
wher e 1dny \fanslerkils, lo¢caied froNamwalierGonneglicut. ei t her col | apse or open up to
all ow t he gas S t n |ﬂfgé%n o1l
reduces the te?}@er@y%ﬁb%gurg%“ O%tt{]]%rlﬁv '§ﬁ |ﬂlr]1é1 C&Jeéngb&r"l cati ?)é’r?% u?’g){%
t her eby ndubrication figidegleiguessethani 35 dy&rws/crm,emptemaﬁy 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 lubricating 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-ethylhex| 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

-7-




time, heat transfer, and operating tenperature of the hydrodynam c bearing
37. Additives that can be used with the present invention '§nﬁgﬂgﬁna

pol ysi | oxanes (silicones), polyacrelates, organic copol ymars,

f1 uor ocar bgig gMaeunds, such as PFPEs. Specific PFPEs t hatrnsassda® used
with the present invention include 10 FOMBLIN Z-DOL and FOVBLI N AM 2000,
both commercially avail able from Ausi nont, |ocated in Mrristown New

Jersey. Zz-tiypiaboye examplrsntbe poesantinvention deduass: thedeaderayhgl brelubsicationand
perfluori Q%E)cgg? Ff?fo%l tﬁ{?}%l hififer i%%gé)@g%%eqwcmafﬁﬂﬁgt i onal aromatic

term nate uor opolyether. itive that can be used with the
present i nvent ilmandthek/eiboBinddE of §® invention; tiedubsjcatioai fluich6@, donprisiiip thes

Vanderbi I t,_ | ' I j_cut '

vent  on.bard L&y ol 42 ol ot 4 stoled fF ICHEPRSRIR o oah it | oo
tgg_n 35 d;steﬁvﬁg;rthepmibﬁgatw luldn enlhm_ gagkg&dnﬁsua@f renllgloamﬁnt 34l dr;edeeé;:me The
additive causes the ri.catiqn, i to prefer ave as surface
ensi on_ 1 daaeea! tna dubisation s 6l th 6 taipBles Aot annen used b ace
20 tensi Omﬁfoc@nhmi& paarikps?. fhel Itbication. flukf B6'cafiBe stofed i A @Avicdhmdl 35
dynes/cm The “additive conprises between 0.02% and 0.5% by vol une of the

| ubri cat i d@vinguiad peessurgythat aisr lgsso than tai@ogphgriG \REe$HIre.Hdom fxample;i an

d t ' | ' luid 60 to the desired
onaeC®) n EREAmEREn TS Bhedtlrd BewebH A aRE s Rolr! 1) £ 80 10 (08 GBS Tel
that it does ndteferdogiibi EKS.désar bysiredynamic deearing isr efpawn ivdh, hemisiphatcal 5

tT - oxi dat . Pty e _ ' _ . .
bohave  oeal;DRbkad UAER i Usall o Riive: e Hiedichy flETREE Sriuglnol or ERES. M
ljgbrz i cath i ?’Weﬂ?ymir@bfﬂmidz beariveg B)@huwhﬁmcqrp@ratetbie affi;pihdlecmtp_ r 15@&:sThé/Besigher gr

| -2-et . X Se I C acCl S [ avl n a urface t n et an
35 ayron) intiddes e Jott aruib 1 T oo Bl cPuRei 8 shh TRE) T SRa k2o
tensi on beholgdds 3R wbper frentlspiasié Gin cdriveR orish N84 andrADbRer hefmigeee forui d

conprises TWMP ester or di-2-ethyl hex] sebacic acid ester havi ng a surface
tensi dd bEORESRPOrHoRI§6IecRlyed by 8 sleexnd SBhwhighdpiatesrelaliyedpitie shafpEh@ayi ng

a surface | lg.ggopp i FMM 006
WO 03/ 0415‘??%%??%%85#%%@%&9% %gﬁja %&v@%ﬁ%ﬁ&y{ 8? he prdgéteea Iﬁiﬁr:'v%nt [ oﬁa

reduces t hem thedkousjingbasent2 daseribedtwitthrespect 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. .
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fluid 60 to form bubbl es under sudden pressure fluctuations. In another
enbodi ment of the invention, the lubrication fluid 60, co I e base
o JAY e

fluid and additive as descri bed above, is stored in a | ow

envi r onmenfyo ozf4rgb0r i Ng the lubrication fluid 60 in a | oWHETIBSHsHOD
environment will reduce the tendency of the lubrication fluid 60 to form
bubbl es and/or foam when used in the hydrodynam c bearing 37. The

| ubri cati @lafmhgti d 60 can be stored in an environnent having a pressure
that is | ess than atnospheric pressure, for exanple, an environnent having

a pressure between 1 and 7 r . Referring to FIG 4, a hydrodynam c
beari ng ig'sﬁgiﬁﬁC{iﬁv?ﬁﬁq{gﬁ?ggﬁg&idgy&%ﬁ@ri ng surfaces, which is usable to
drive the dis i [ j .10 of FIG 1. The hydrodynam c bearing
is shown inco$§8$’§9éz'%ivﬁgzacgs%lwrlaé elé’m)t or 150. The design includes a drive
rotor or hub 1 4at’091ta§’ AR dr AHEY € %ixed \@gﬂ@ﬁgctlﬁ)zthe-rﬁ& hhd teéxial With udes
an upper hem sSphere or convex portion 4 a a | ower hem sphere or 15
convex 5porthe oenttdl@xisgcei ved in a sl eeve 158, which rotates relative to the
shaft. The shaft is fixedly attached to a base 160, which may be

i ncor por at ed %igta%sr %R@FH gl eﬁtrgg%é nguémsi ng base 12 described with

respect to Fl eev recel the journal 162 of shaft 152
and_has upper ,hep Semad; BILCaB A TRS RBhtPal A< withcrekB¥R Mo the
hem sphere shaggﬁg‘%ﬁﬁgﬁﬁﬁr eceg{saﬁ?éeﬁl%& A flﬁl ho?e 168 1s also 20
provi ded tstatonagsmembier; 159 in (as drawn, the upper end) fixed nenber 152,
to provide bearing fluid to the hydrodynam c bearing. The rotor 114

hyar odynan ¢ BadiLREs ey ek, WRfbe o MRErRibal fofit 0 BpC,

in thii® fistatoe conprise hydrodynam c bearings in which fluid, such as oil,
circul ates through gaps between 25 the fixed nenber, which is the shaft and

the rotati ngi Hﬁga{%rt’oﬁ@g@tﬁ is?ortflaé Sdigé‘ﬁtaicﬁed ttBeaﬁ%gc%‘égﬁéle\@trﬁ‘iﬁ@rré oW th

t he present I'on, east-one additive can to the urd, as
descri bed méaper, to reduce foanmi ng and/ or bubble formation therein. Wile
foregoing is directed to the preferred enbodi nent of the present 30

i nvention, other fu : di t € Niii.0n eqid€Vips ed

w thout - departi AQURIOEerRE TS T SRSt HENkE" koS PeE o ol
det er mi necomymintieating withnthet dise; ahdl | ow.

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.



-8 - 5 MAY 2005 WO 03/041071 PCTI US02/ 36079 Cainms: 1. A disc drive
st orage system conprising: a housing having a central astq’ '&IA\,S ﬂﬁq_)onary
menber that is fixed with respect to the housing and coaxi a r? t he

central axiygoz@adbator fixed with respect to the housi ng;pcanises/sodp! €
menber that is rotatable about the central axis wth respect to the

stationary nenber; a rotor supported by the rotatable nmenber and
magnet i cals| yTieogipt edve etarage syistermtadictaim awhereirs thecadditilet ia setectestftonitbe

2 head pr o SGELR Zhok. EORE A 20Be VAN URE BFHS U R The ui o

and 15 a hydro bearing interconnecting the stationary nenber and the
r ot at abl e g, MEEEiEC afide Brorages symemioigzlalmrz whemirs HEaadditice tomprisastvéteaen ng

fluid conprisin se fluid ddi.ti ve for reducing the tendency of
bubbl e foﬂ%@@%dﬁ—ﬁﬁ valy[pe E&\eolH ?ﬂgé' Ud " The disc drive storage
systemof claim1l wherein the addltlve decreases the 20 surface tension of

t he bage fA ujik diéc dfive storage dystem of claiaye mmmheﬂumrimtmg Auidhisrstoredtime
surface tension of the . lubricatin n 12 and 35 dynes/cm at

r oom t enp@nAnyranment W@%PQ&GWTQ/&“L{%F% ag [F‘Qﬁ‘? NCAHTEPIS: wherein the

additive is selected fromthe group consisting of polysiloxanes,

pol yacr el @ eppe ars@amv@ S162gb 5yBlef obeldim Z5winsrehl merpve@weﬁmemenm and MAY
2006 O 037/584r10
Oofrr.

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. The disc drive storage systemof claim4 wherein the additive is

selected fromthe group of FOVBLIN Z-DOL, FOVBLIN AM 2000 ;/@%_UBE
DF-283. 6. The disc drive storage systemof claim2 wherein t tive
conpri ses RBtMBEIR7 0- 02% and 0. 5% by vol ume of the |ubri gtggaddoy d- 5 7.
The disc drive storage systemof claim1l wherein the lubricating fluid is
stored in an environnent having a pressure that is | ess than atnospheric

pressure. 1®. THEmdicrof ¢rdimel 1swne|@nethe>amr\7eaé selezted ffomitke groupt tansistiegsur e
is between 1 and 750 Taorr. or co ﬂ'ﬂ havi ng a
central )Qf§>0|V§"C§Qa8?$’OQFHY%P’%F?&eP"QaHQtCQPQ %(ﬁda'%“’ P%@ng@'}gst he housi ng
and coaxial with the central axis; a stator fixed wth respect to the
housi ng; aiﬁﬁfﬁfe?gio@omﬁﬂbﬁmt i@twnrt)aemoﬂ@t abcunﬁv@bsweledt? gmm Lthda GBS og/: th
respect to_the stationary nemer r y the rotatable
member and@MBhEN Zt%P\-ryFQM%-I M309‘?7@né\?émyp§%a[ﬁ%2§§hydro beari ng

i nterconnecting the stationary menber and the rotatable nenber and having
wor ki ng sui4f apes mofhat 4t 0 WHreirt el atitithvieldommrizesbetween 6.0286 and B(B%! ui d
and an additive for reducing the tendency of bubble formation in the

| ubri cat i iy voluroe gf thedubrig@ngdiisk of clai m 9 wherein the additive decreases
the surface tension of the base fluid. 11. The notor of claim 10 wherein
the surfacg t R imbtoP bf bl%ﬁnlngthéaﬁ itfes) |JHri¢aﬁhQSauid2i5 diGtiedeinnant énvirshridnt

dynes/cm at room tenperature. -10 - MAY 1005 WD 03/041071 PCT/ US02/ 36079
12. The ndw@yiNgd piesaune that Wéhmaﬁ&%rlslp&%s%uge -sel ected from the group

consisting of polysiloxanes, polyacrel ates, organic copolymars, and
per f1 uor opgy Y{Rbr 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 rotatable
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 fiuid of the lubricating fluid that decreases the
surface tension of the base fluid.
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13. The notor of claim 12 wherein the additive is selected fromthe group
of FOMBLIN Z-DOL, FOVBLIN AM 2000, and VANLUBE DF-283. 5 -14. MAYie2086t or of
claim 10 wherein the additive conprises between 0.02% and 0.5% by vol une
of the | Ub{viocoygh@gl fluid. 15. The notor of claim9 whereigpdg AR i cating
fluid is stored 1n an environnment having a pressure that 1s |ess than

at nospheric pressure. 16. The notor of claim 15 wherein the pressure is

bet ween 1 1@ndTR&OnAdor rof cldith 18.whersint the surfgpei eneipn of theukbricatingviluid ia
central axis; a siatiqpa nber that is fixed with respect to the housing
and coaxi iﬁe%@ﬁ'hﬁ gﬂ%ggé{ﬁ?%ma%rngzeglpgfagyrefi xed with respect to the
housing; 15 a rotatable nenber that is rotatable about the central axis

wi th respaot The imbtor of chim disawliensimtheradditivectomprisep eiweeh ByY2vhand 01586 abl e
menber and magnetical |y coupled.to the stator; a hydro bearing

inter conngé’t"loﬂ{j“?Hﬁt?@t'é?rf‘@ﬁﬁgg'“ nber and the rotatable 20 nember and

havi ngswor ki ng surfaces separated by a |ubricating fluid;, and means for
reduci ng the tendency of bubble formation in the lubricating fluid. 18. The
notor of claim?7 wherein the nmeans 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 - 5 MAY 2006 WO
03/041071 PCT/US02 /36079 19. The notor of claim 18 wherein the surface
tension of the lubricating fluid is between 12 and 35 dynes/cm at room

tenperature. 20. The notor of claim 18 wherein the additive conprises
bet ween 0.02% and 0.5% by volune of the lubricating fluid. 5
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