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i nvention relates to disc drives.
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A typical disc drive also includes one or more
transducers supported by a hydrodynamic air bearing
which flies above each magnetic disc. The transducers
and the hydrodynamic air bearing are collectively
referred to as a data head. A drive controller is
conventicnally used for controlling the disc drive
system based on commands received from a host system.
The drive controller controls the disc drive to retrieve
information £from the magnetic discs and to store
information on the magnetic discs.

An electromechanical actuator operates within
& negative feedback, closed-loop sexrvo system. The
actuator moves the data head radially over the disc
surface for track seek operations and holds the
transducer directly over a track on the disc surface for

track following operations.
Information is typically stored on the

magnetic discs by providing a write signal to the data
head to encode flux reversals on the surface of the
magnetic disc representing the data to be stored. 1In
retrieving data from the disc, the drive controller
controls the electromechanical actuator so that the data
head flies above the magnetic disc, sensing the flux
reversals on the magnetic disc, and generating a read
signal based on those flux reversals. The read signal
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retrieving data fromthe disc, the drive controller 30 controls the

el ectronechani cal actuator so that the data head flies above the magnetic
di sc, sensing the flux reversals on the magnetic disc, and generating a -
read signal based on those flux reversals. The read signal WO 98/ 02880
PCT/ US96/ 1182198/02880i s t hen decoded by the drive control | erpd@ydsee@yer the
data represented by flux reversals stored on a nmagnetic disc, and
consequently represented in the read signal provided by the data head. 5
In current generation disc drive products, the nost commonly used type of
actuator is a rotary noving coil actuator. The di scs thensel ves are
typi cal ly mountied tihena degpded"byrthehaltive sontroliter dfo aelpovell 8bs DC

spindl e notor. ghe &ebatgeﬂ@édwﬁugf réberéﬂgt@lceréﬁ on B! nk$;precisely
controlled by nptor drive circuitr

¥ controls Q% ILm ng and the
power of commut}i%n Yy FAREeREBRE %dr?EF??ﬁP tiy nJFﬁé ségPehe notor.
The hub struct grevisledobyt tbéydatailesdl.t 0 a shaft via a set of bearings.

The hub incjudes a sleeveyld,rredit g@aétﬁaucrxpalswﬁw%rm&t CRETies

magnet. Interaction betmeen t he net and the stator causes controlled
rotati on of thd3ith CHVER t’h‘éSE‘Fta"f ‘ﬂfeaﬁé&F‘Fﬁﬁs"?rF‘txl?éa:ﬁé’ AQVandot or are
typi cal ly | ubrimssiledagttdcar mat dMieal a1 dxed phenselbsesn @Pe thipdicdllyl m which

separates the Ql?oq{ﬂt%% §_Hr; a'cs%%'ck"sgﬁh:he hub structure of a brushless
DC spindle motor. The rotational speed of the spindle
10 motor is precisely controlled by motor drive circuitry
which controls both the timing and the power of
commutation signals directed to the stator windings of
the motor. The hub structure is rotatably coupled to a
shaft via a set of bearings. The hub includes a sleeve
15 or back iron portion which carries a magnet.
Interaction between the magnet and the stator causes
controlled rotation of the hub about the shaft.
The bearings in the spindle motor are
_ typically lubricated with a material that provides a
20 fluid film which separates the bearing surfaces. Such
bearings are conventionally small, grease lubricated
ball bearings, self-pumping hydrodynamic fluid bearings,
or oil-saturated porous metal bushings.
In a disc drive, the bearings in the spindle
25 motor have a limited oil supply which must last the
lifetime of the drive. However, lubricating materials
which have good lubricating properties also typically
wet surfaces which they contact. Because of this, the
lubricant tends to spread or migrate out of the bearings
30 under the influence of gravity or capillary attraction.
Such a property is especially undesirable for small
mechanisms, such as motors in disc drives, which must be
lubricated only once for a single lifetime. )



bearings are conventionally snmall, grease |ubricated ball bearings,
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m gration fromb ' | i a ny, p rited solutions
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However, these sgabgarfixa10bheht ent inkRipbrRES¥ENteHLaKRASA can be lost
from the grease. :
10 Therefore, capillary and labyrinth seals are
used in some bearings in order to prevent migration.
However, these seals do not effectivély prevent leakage'
under all conditions. Further, rotary type seals, such
as rubber bushings, are not useful in the disc drive
15 industry because of the regquirement that such seals have
an extremely long lifetime, and also because such seals
typically generate wear particles which rub off during
use. These particles are extremely detriwental to the
disc drive.
20 Films which are commonly referred to as
"barrier films" have also been used in an attempt to
control migration. Such films repel o0il and are
typically applied to surfaces where oil is not desired.
However, barrier films are usually invisible and are
25 therefore difficult to apply with any reasonable degree
of control. Further, application of such films requires
an additional manufacturing step, which is also
undesirable.
Non-spreading oils referred to as "autophobic"
30 oils are also known in other industries. These oils are
principally used in the clock making industry.
Autophobic oils do not readily wet their own films and
therefore show much less tendency to spread. Howeber,
clock oils have relatively high viscosity and surface
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A disc drive includes a disc and a wmotor

10 having a rotatable portion and a fixed portion. The

fixed portion and the rotatable portion are separated by

a bearing, and the rotatable portion supports the disc.

A data transducer is coupled to an actuator to move

relative to the disc to access different portions of the

15 disc. The bearing includes a lubricant having an

additive of perfluoropolyether with a reactive end
group.

BRIEF DESC TION OF E _DRAWINGS

FIG. 1 is a block diagram of disc drive 10

20 according to the present invention.

FIG. 2 1is a side sectional view of one
embodiment of a disc drive motor according to the
present invention.

ETAILED DESCRIPTION QOF THE PREFE D _EMBODIMENTS
25 FIG. 1 is a block diagram of disc drive 10
according to the present invention. Disc drive 10
includes drive controller 12, servo control processor
14, power amplifier 16, actuator assembly 18, disc stack
assembly 20, preamplifier 22, data and clock recovery
30 circuit 24, and error detection circuit 26. Drive
controller 12 is typically a microprocessor, or digital
computer, and is coupled to a host system, or another
drive controller which controls a plurality of drives.



conmputer disc drive spindle bearing due to the high 5 power consunption
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FIG 1 is a block ram o rive 10 accor ngto resent
i nvention. i sc?laﬁﬁvé“{@a??l(ﬁ%m ar poecnd murdecer 342, %‘é’-? ot ol

processor 14, posgd 3amédt dnclfide afdritintriaseradisy £68, rdcéﬁvﬁig?ldﬁdasserrbl y
20, preampl i1ier g2.;0g' gaa0c ¢! Aok FEG0VSI %130 oGRS Aodii] BrT 0T

detection circuit | ve con S typlcally a mcroprocessor,
or digital conputde tapekss Sogpred ab taaﬁlsgtwlssﬁh dmclpdegrondidiragki ve

controller whichpeenkifksca i Wnd By Qheflin/Q%ch track in the group
10 is located a common radial distance from the inner
diameter of the corresponding disc 30 upon which it
resides, is referred to as a cylinder.
Actuator assembly 18 includes an actuator 36
supporting a plurality of actuator arms 38. Each of the
15 actuator arms 38 is rigidly coupled to at least one head
gimbal assembly 40. Each head gimbal assembly includes
a locad beam, or flexure arm, rigidly coupled to actuator
arm 38 at a first end thereof, and to a gimbal at a
second end thereof. The gimbal is, in turn, coupled to
20 a hydrodynamic air bearing which supports a data head
above the corresponding disc surface, 32 or 34, for
accegsing data within the tracks on the disc surface.
Actuator 36 is rotatably mounted with respect
to discs 30. As actuator 36 rotates, it moves the
25 transducers coupled to the head gimbal assemblies 40
either radially inward, toward an inner radius of the
corresponding disc 30, or radially outward, toward an
outer radius of the corresponding disc 30. In this way,
actuator 38 positions the transducers on head gimbal
30 assemblies 40 over a desired track (and cylinder) on the
discs 30.
In operatian, drive controller 12 typically
receives a command signal from a host system which
indicates that a certain portion of a disc 30 on disc



WD 98/ 02880 PCT/ US96/ 11820 -5- Disc
stack assenbly 20 includes spindle 28 which supports a plurality of
coaxially arranged discs 30. The discs are nounted for rotation with

spi ndl e 28 about axis of rotation 29. Each of the discs 30 has a 5 first
surface 32 ¥P8M8Bcond surface 34. Surfaces 32 and 34 boticTarssé/udm
concentric tracks for receiving and storing data in the formof fl ux
reversal s encoded on the tracks. A group of tracks which includes one track
per surface 32 and 34, wherein each track-in the group 10 is located a

comon r adi al distgg e@gg\the I nner, di aneter of the corresponding disc 30
upon which it r8ERgeas8embly;el dgyte e acgesfrinddn rAEPARSDItuERENDI y 18
i ncl udes an act cammand6sigpabst idrdva pantakillgrofiacpuevrddesar mexg8. Each of

the Lo, actuatocagis® 8obsqsbdl duy eauipl ad gaualidieasionne Yaduol nba

assenbly 40. Each head giI nbal assenb I hc] udes a | oad exure
arm rigidly coﬁﬁb‘lile‘ba‘i%f &Pﬁﬁ?b?u%{?‘%%‘é‘fieé PVEEL WRIRP tafkv@ser dAd to a
gi nbal at assecbad:aapdstbﬂcmdfead‘l’@ﬁnlgahbalsembhem 4r nSecwlRontrbd 20 a

hydrodynar s L grcdigo UG GURPER. Db Lab DRALRURNS JlSRapesnor
surface. Actuat 6%9%1 i Whieh a%ﬁbﬁvphbtgjmcbdbw pAveEspEBlifieyi d6sasd. As
actuator 36 rotptésiddd HE\REUaRer28ssehb RASIRICEI T GkPondet @ot Behead
gi mbal assenbl igﬁaf@g position signal, actuator 18 positions head

10 gimbal assemblies 40 over a desired cylinder.

The command signal from drive controller 12
also indicates the particular sector to be read from or
written to. If the particularly identified disc and
sector are to be read, the read transducer on the

15 corresponding head gimbal assembly 40 generates a read
signal containing the data. The read signal is provided
to a preamplifier 22 which amplifies the read signal and
provides it to data and clock recovery circuit 24. Data
and clock recovery circuit 24 recovers data, which is

20 encoded on the digc surface when the data is written to
the disc surface. The data is recovered from the read
signal provided by preamplifier 22. Data and clock
recovery circuit 24 operates in a known manner.

Once the data igs recovered, it is provided to

25 error detection circuit 26 which, in this preferred
embodiment, is based on an error correction code (ECC),
such as a Reed-Solomon code. Error detection circuit 26
detects whether any errors have occurred in the data
read back from the disc.

30 During head positioning, drive controller 12
provides a position signal to servo control processor 14
causing actuator assembly 18 to position the head gimbal
assemblies 40 over a selected cylinder {foxr coarse



either radially inward, toward an inner radius of the correspondi ng disc
30, or radially outward, toward an outer radius of the corresponding disc
30. In this way, actuator 38 positions the transducers on head gi nbal 30 °
assenblies 40 over a desired track (and cylinder) on the discs 30. In_
operation, dMQ®¥®% roller 12 typically receives a comand®GigIeNI8Et om a
host system which indicates that a certain portion of & disc 30 on disc
WD 98/ 02880 : PCT/ US96/ 11820 -6- stack
assenmbly 20 is to be accessed. In responsé-to the command signal, drive

controller 12 provides servo control processor .14 with a positi,op,signal
whi ch indicates Bof)hﬂ?wgﬁr’ 8ot Aot QS%F‘E%"-&E"—&&’FUQ‘?%P%’ B’ltp’ilg to
posi tion head giabstracisskinr ifdsedposBeiamingdnt rol processor 14 converts the

position signal into an afalxg Sighal whiehsbsr fomll i bys pQwWas sanplifier
16 and provided to.actuator a sen%lé%t%g‘. I n reg onse to the anal og position
signal, actuatof*1% pB8FPFo # 9 YR nbaF RIEERBFi SSVEPLIOBr a

desired cyli AderDrive soremnd2 signabedr em dr ispdnddat motber t&2 rakave
i ndicates the paé%iﬁ&ﬂ@fzgSSﬁ&OinéﬂQx&&% 5e5ubd k@M aShhEEhd ‘fixghti}rt he

particularly identiftied disc and sector are tq be rea he read tTansducer
on the 15 corrasRihgtRe kP nbét asdBniAXiss0oferOrtatésna 48adssi gnal

contai ni ng the daéerdils, deddnsdgnalthes 1pngitwtihal axis of shaft 46.
Motor 42 also includes rotor assembly 50. Rotor

10 assembly 50 includes bearings 52 and 54, bearing holder
56, hub 58 and magnet 60.

Bearings 52 and 54 are disposed about shaft 46
and are supported by bearing holder 56. Labyrinth seal
62 and Ferro-fluid seal 64 are disposed generally at

1s opposite axial ends of bearing holder 56 and seal a
bearing compartment 66 which helds bearings 52 and 54.
Hub 58 is fixedly coupled to bearing holder 56 and has
a flange 68. Flange 68 supports magnetic discs 30 for
rotation about axis 48.

20 Bearing holder 56 includes a back iron or
sleeve portion 70 which is generally cylindrical in
shape and is preferably formed integrally with bearing
holder 56. Seal holder 72 is formed of a non-magnetic
material and is mounted to an inner surface of sleeve 70

25 to support Ferro-fluid seal 64.

Sleeve 70 has an cuter periphery defined by a
generally cylindrical surface 74. Magnet 76 is coupled
to outer surface 74 of sleeve 70. Magnet 76 is a
generally annular-shaped magnet disposed about outer

30 surface 74.

Stator windings 78 are rigidly attached to
base 44 and are selectively provided with commutation
signals. Interaction between the wmagnetic field



to a preanplifier 22 which anplifies the read signal and provides it to
data and cl ock recovery circuit 24. Data and cl ock recovery circuit 24
recovers data, which is 20 encoded on the disc surface when the data is

witten to t i surface. The data is recovered fromthe read signa
provi ded by Sﬁ%gwgﬁpfier 22. Data and cl ock recovery circ*%?nmgélgg§rates
I n a knowmn manner. Once the data is recovered, it is provided to 5 er r-or
detection circuit 26 which, in this preferred enbodinment, is based on an

error correction code (ECC), such as a Re&d- Sol onon code. Error detection
ve occurred in the data read back
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assenbly 18 to position tBeahgatk Gonhal £ L £s: 40 over. a sel ected
cylinder (for ngﬁﬁﬁber-QQD 98/0288ﬁ] ,%&%bhhgélééke with 3ne ot
PCT/ US96/ 11820 -7- posi t1 oRPRGFECitidYagvaitriklie dybrérantse pbeidien within
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r 42 is used

a | . . ]
rive notor 42 ap@okgeRgesd bieh PXESRN V%ﬁhbogaa? Pé{s%gﬁggélm a4 shaft

as a spindle notor to rotate spindle 28 and includes a ;
46 fixedly atta%he& F6°PHadl Eﬁplatﬁﬁea?FérEﬁgﬁo%%?%@ﬁ#ng}excgﬁ&&nﬁﬂly
defined by the CORBRELEIhHY awishoftiehai¢adilisc interface.  These
lubricants are based primarily on natural and synthetic
10 hydrocarbons and synthetic ester lubricants. All show
varying, but similar, tendency to migrate from bearings
52 and 54,
When such migration occurs on a flat surface,
it is referred to as “spreading". The tendency of a
is5 lubricant to spread is typically tested by placing a
small volume of the lubricant under test on a flat,
clean block of the bearing construction materials, with
various surface finishes. The area covered by oil from
the lubricant is then measured over a period of time.
20 For 1liquid 1lubricants, capillary migration is also
tested by measuring the rise of fluid in a clean gas
capillary. These tests together are predictive of the
migration performance of lubricant from the bearings 52
and 54,
25 It has been found that certain types of
synthetic lubricants referred to as perfluoropolyethers
(PFPEs) reduce migration when added to other lubricants.
The PFPEs that provide this benefit include reactive end
groups. The reactive end group is a chemical structure
30 that is intended to chemically bond to a surface,
anchoring the PFPE molecule in place. Examples of DPFPEs
with reactive end groups are commercially available as
a series of PFPEs under the commercial designation
FOMBLIN Z produced by Montefluos SpA/Ausimont, of



Motor 42 also includes rotor assenbly 50. Rot or 10 assenbly 50

I ncl-udes -bearings 52 and 54, bearing hol der 56, hub 58 and magnet 60. .
Bearings 52 and 54 are disposed about shaft 46 and are supported by bearing
hol der 56. L Mo seal 62 and Ferro-fluid seal 64 are disposed generally
at 15 opposité axial ends of bearing holder 56 and seal af 6H§n“ -
conpartnent 66 which holds bearings 52 and 54. Hub 58 is fixedly coupled to
beari ng hol der 56 and has a fl ange 68. Flgpge 68 supports nagnetic discs 30
for rotation about axis 48. 20 Bearing hol der 56 includes a

back iron or sl aeye-RARNONNERN I&dY | S cipRe BFbs GYid HelacRliveNegfape and
is preferably forned |ntegraII¥ vw%i#apearhgg ?oldgg 56. Seal holder 72 is
formed of a non-FEgHE AFenaPEPFEF: Y33 ERLE MR FOPMERFTAte of
sleeve 70 25 tdesignadionFdiEMNUM Ufbrs caileih Shemsharl7 0Comsamn oof er
periphery definesk s a fgaeral IpheCWarRAELEMN S8 al4 ae¥agRsEidg, | S
coupled to outer_s rfgceg%% of zleeve 70. Nﬁgnet 76 1s a generally

annul ar - shap@d ﬁﬁ&ﬁeF Bi SHETEF2 A AFEUSERER  3310ng  Mitde The TBYREGRL Wi ndi ngs
78 are rigidly athacteristhasecofda amuintaee ofelthet IPFPER provsbeen wiid h
commutation signglisie 1. I Nteraction between the nagnetic field WO

98/ 02880 PCT/ US96/ 11820 gener at ed

by stator 78 and magnet 78h€agbe¥ecBREF®| phgwn in Table 1 have been
tested and adequately perform according to the present

10 invention. Also, the above PFPEs are compatible with
the head-disc interface in the disc drive.

In one example of the present invention, the
additive FPOMBLIN Z-DOL was blended into a commercially
available refined paraffinic petroleum hydrocarbon that

15 has otherwise been proven suitable as a hydrodynamic
bearing fluid. The additive was blended in several
amounts between, and including, about 0.05% by volume
and 1% by volume of the additive with respect to the
bulk lubricant material. The spreading and migration

20 tendency of the mixture was greatly reduced over that of
the original oil lubricant. The area covered by a
droplet of the lubricant containing the additive after
96 hours at room temperature on a stainless steel block
(surface finish to better than 5 microinches) was

25 approximately 25% of that covered by the lubricant oil
with no antimigration additive, under the same
conditions. After one month, the area covered by the
droplet containing the additive was less than 10% of the
area covered by the droplet with no additive. Also, the

30 fluid 1lubricant with the additive climbed a glass
capillary only 50% as high as the fluid without the

. additive. At some higher concentrations, the PFPE
formed an emulsion in the fluid, with the precipitate
settling to the bottom of the container. When the fluid



rotation of rotor assenbly 50 about shaft 46. Bearings 52 and 54 are

| ubricated with one of a nunber of commercially available lubricants. The
disc 5 drive industry has devel oped several lubricants (liquids and
greases, such as Miultenp SRL) that have excellent properties in mniature
beari ngs i n®aasreggoexcel | ent conpatibility with the head- decseusesmissy f ace.
These lubricants are based primarily on natural and-:synthetic 10

hydr ocar bons and synthetic ester lubricants.. Al show varying, but

simlar, tendency to m'grate from bearinéds 52 and 54. Wen such migration
occurs on a flat surface Is referred to as, "spreading". The tendency
of a 15 | ubri¥aft 9pG3RLF aﬁr‘?'% PYRF cEth PIRSHRIF LS pitaciwig £9994 | vol ume
of the | ubricanthandgre bastimdgrat {dmtpropesanes|oft khef £10bd heatadingd
construction matgrials, with various surface finishes. The area covered by
oil fromthe lubricant is then nmeasured over_a _period of tinme. 20 For
liquid lubricants, capi | @RoFhgratramrle o5 ths PESPRRE PINYANION ng t he
rise of flued i poMBLiNamMgasoLapdd abyendddsdntestthd ogahberraaiaenr edi ctive

of (e m or ati op. perEALIEIGE 8 LN SANLALAT UHE BEBL PGS, 02 a0d o4, 20

It has been cer S efrc FapfTcants referred
to as perfluor oﬁ@‘!‘?e@ﬁeﬁ%’f GWPES‘PH@%%&%@%&W@MM@PM Z-®0bt her
| ubri cants. Thez®gkBESvd hat provide this benefit include reactive end

groups. The reactive end&%{jo% s a :é?lerri cgl st uct ht} that is _
i ntended to chenically b 5 a Ste, ’éﬁ'@% ‘g{ PrEESTSTECuUl e in
pl ace. Exadpl esinveftiyEs, FOMBLIN AM-2001 was blended into a
commercially available synthetic ester lubricant that
has been found to be a superior £luid £for use in
miniature self-pumping hydrodynamic bearings. The fluid
was found to have a slightly greater tendency to migrate
15 than did the refined paraffinic petroleum fluid
containing the additive. However, significant
improvement was obtained over lubricants containing no
additive. A number of concentrations were mixed such
that the additive made up between (and including} about
20 0.05% and 1% by volume of the bulk lubricant material.
The area covered by a droplet containing the additive
after 96 hours at room temperature on a stainless steel
block (with a surface finished to better than 5
microinches) was only about 40% of that covered by the
25 o0il with no antimigration additive under the same
conditions. Also, the fluid with the additive climbed
a glass capillary only 70% as high as the fluid without
the additive.
In yet another example of the presgent
30 invention, FOMBLIN 2-Dol was blended into a commercially
available synthetic ester lubricant that has been found
to be a superior fluid for use in miniature self-pumping
hydrodynamic bearings. The fluid was found to have a
slightly greater tendency to migrate than did the



Wi th reactive end groups are comrercially avail able as a series of PFPEs
under the:comercial designation FOVBLIN Z produced by Montefl uos

SpA/ Ausi nont , of WD 98/ 02880

PCT/ US96/ 1182?, dgst OWN, New Jersey. Qther PFPEs with reactive end groups
are conmerci a Py ava| | abl e under the commercial designati on"BEMRGAEI0m

Dai ki n Chemi cal Conpany, of Osaka, Japan. The particular commerci al

desi gnation, 5 and the chem cal structure, along with the typical
characteristics of a nunber of the PFPEs-afe shown in Table 1. The above

PFPEs shown in Ta ay n teste d adeguat I rform cord| ng to
the present 10 rlbnventloﬁgrg lmctﬁ’e aBTve PF%EUS d:re g’% Wth t he
head- di sc i nt er f &litdvehe Howevelr ialgnificane impappeuent V{aﬁeo}atesm

an_elnt lblon tp_e agﬂﬁéﬂ \ﬁ@&@&ﬁhtblt Zomlmdbzlcemdlﬁ?o azcomm&f adtafhy

avai l abl e refine ra rol eum roc on a ot herw se
been proven sui t 8D geggrggﬁéﬁg%ﬁfﬁaﬁﬁe% z‘alrclgn%% ﬁhﬁ aéd)-:llhrfe aﬁ'& was

bl ended i n seéver detwesant andeingdadinghdabentt dioRy, arddik by. 85%b§ <va| ume

and 1% by vol une tqfe theaddigdiane H&t&%&&@ﬁ tmet fa@:eaulé&deli@hl G3ta
material. The sp ang ang ég %&ﬁly the m xture was
greatly reduced fraf°B ai'rh%‘%rtlhﬁl il 15?Yel g%t hourgpat 1M cover ed
by a dropl et of tdwnpleurbltucanonoa)rﬁtalmlngﬂ heealddilidoke (afitbr a98uhbaces at
room tenperature QpianekhakBl asr st e@aP! PGkicroinches) was only about
10 40% of that covered by the o0il with no antimigration
additive under the same conditions. Also, the fluid
with the additive climbed a glass capillary only 70% as
high as the fluid without the additive.
In still another example of the present
15 invention, FOMBLIN 2-DOL was blended with a high
quality, commercially known and available, synthetic
ester-based grease presently used in computer hard disc
ball bearing spindle motors. To test migration of the
base o0il from the grease, a small amount of grease
20 {approximately 0.1 to 3 milligrams} was placed on a
highly polished stainless steel block in a 70°C oven for
24 hours. The grease without the additive showed oil
spreading over an area equal to approximately 3-5 times
the area covered by the grease. Substantially no base
25 0il spreading was observed for grease containing the Z-
DOL additive,. As with the abcve examples, wvarious
concentrations of the additive were tried in a range of
about 0.05% to 1% by volume.
In all of the above examples, wvarious
30 concentrations of the additive between (and including)
0.05% and 1% by volume were used with no material
difference in the ‘properties of the solution. It was
observed that a range of 0.05% to approximately 0.5% by

volume was preferred. Even more preferred was a



(surface finish to better than 5 m croinches) was 25

When the fluid WO 98/ (0288

approxi mately 25% of
t hat ‘covered by the lubricant oil with no antimigration additive, under the
sanme conditions. After one nonth, the area covered by the dropl et
containing the additive was | ess than 10% of the area covered by the

dropl et withwveesaEse ti ve. Also, the 30 fluid lubricant weétrusdsqigeditive
clinbed a glass capillary only 50% as high as the fluid wthout the -
addi tive. At some higher concentrations, the PFPE formed an enulsion in
the fluid, with the precipitate settling2o the bottom of the container.
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While the present invention has been
illustrated in a spindle motor containing a Ferro-fluid
seal, it is to be understood that the present invention
could be used either in conjunction with, or in place
of, the Ferro-fluid seal. Ferro-fluid seals are
presently quite expensive and form a significant percent
of the total c¢ost of the motor. With Jlubricants
containing the present additive, depending on the
sensitivity of the drive to contamination, and depending
on the rotating speed of the drive, such seals may be
substantially unneeded.

While a number of examples of an additive used
according to the present invention have been provided,
it should be understood that the additive could be any
additive usable with synthetic lubricants that repels
the lubricating oil, bonds toc the appropriate solid
surfaces, and is compatible with the head disc
interface.

It should alsc be noted that, while the
present invention was illustrated herein with respect to
a spindle motor, it could also be useful in other motors
within or without disc drives.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes

S were the
q Egneorew R N8P Hel rORBLPIE SR BepPagdbe: iang akn yet



15 than did the refined paraffinic petroleum fluid containing the
additive. However , significant inprovenent was obtai ned over )

| ubricants containing no additive. A nunber of concentrations were m xed
such that the additive nmade up between (and including) about 20 0.05% and
1% by vol umeWOPSPHE bul k | ubricant naterial. The area covePSHUBY/A8Mr opl et
containing the additive after 96 hours at room tenperature on a stainless
steel block (with a surface finished to_better than 5 m croinches) was only
about 40% of that covered by the 25 6P with no antimgration additive

under the sane (i - g t f W Lt Lt ckigped a

gl ass capill ar y&a%ﬁ%/e '}‘%bo aslﬁlh?%ﬁmagg?hég#%ull lvh\:nh[ gut@gghgtgg%i ﬁ‘\% In yet
anot her exanpl echsf spigifr aBdnscee off whentP¥ARtFOVBLI N Z- Dol was bl ended
into a conmercially available synthetic ester |ubricant that has been found
to be a superior fluid for use in mniature self-punping hydrodynam c
bearings. The fluid was found to have a slightly greater tendency to
mgrate than did the WO 98/ 02880

PCT/ US96/ 11820 -11- refined paraffinic petroleumfluid containing the

addi tive. However, significant inprovenment was obtai ned over |ubricants
contai ning no additive. A nunber of concentrations were m xed such that
the additive made up 5 bet ween (and i ncl udi ng) about 0.05% and 1% by

vol ume of



t he bul k | ubri cant rea covered by a droplet containing the
additive after 96 hﬂmmmm"lu)lmnﬁmerature on a stainless steel block
(with a surface fini8hed t'o fettffer*than 5 microinches) was only about 10 .
40% of that covered by the oil with no antim gration additive under the
sanme conditiWA9s/02880 so, the fluid with the additive clinbe@dciulbsaiso -
capillary only 70% as high as the fluid without the additive. In still
anot her exanpl e of the present 15 invention,. FOVBLIN Z-DOL was bl ended
with a high quality, commercially knowf-and avail able, synthetic
ester-based gre rPESS tll ug d in conputer hard disc ball bearing
spi ndl e notors. f of the base oil fromthe grease, a small
anmount of greasé- 20 (apprdésicrdréle, Ocdmpmdsdngi:| | i granms) was placed on a
hi ghly polished stainlessg sfigel, block in a 70[err]C oven for 24 hours. The
grease without the additive showeg ol spreading_over an area equal to
approximately 3-5 tinmes the™r%a 88VERedapyreiatafleaRortdenstandially no
base 25 oil spreadi ng was olfs$eedgobAftdiongr ehs e iced pbat Hien tdird €he DOL
additive. As with the above : I {.04s .con igns of the
additive were tried in a rangggg?%gﬁtp%g%?ot%lﬁ %;%B%%?E%é.gYnaall of
the above exanpl es, various 38®2riB@icent tdS onsretataeleiddi worsibat ween
(and including) 0.05% and 1% byuppertimy Waiee giged Wi th no materi al
difference in the propertj (agt?f t%gﬁﬁﬁocleuxt_l QD3 It was observed that a

y 0.5%

range of 0.05%to approximte y Volflife  was preferred. Even nore
preferred was a an actuator coupled to the data transducer to

move the data transducer relative to the
disc to access portions of the disc;

wherein the bearing includes a lubricant
having an additive of perfluoropolyether
(PFPE) with a reactive end group.

2. The disc drive of claim 1 wherein lubricant
comprises no more than about 1.0% by volume of the PFPE
additive.

3. The disc drive of claim 2 wherein the

lubricant comprises about 0.05% to about 1.0% by volume
of the PFPE additive.

4. The disc drive of claim 3 wherein the
lubricant comprises about 0.1% by volume of the PFPE
additive.

5. The disc drive of claim 1 wherein the motor
further comprises:

a Ferro-fluid seal between the fixed and
rotatable portions tending to seal the
lubricant within the motor.

6. The disc drive of claim 1 wherein the wmotor
further comprises:

a labyrinth seal between the fixed and
rotatable portions tending to seal’ the
lubricant within the motor.



X\bongga?ﬂmﬂm"uumll"I"(urlm he additive of approxi mat ergT{).Ui?/c?/bgllsgPu;réZ;idded

to the bdse‘l ubri tant material. At concentration |evels above 5% by vol une,
the additive tended to come out of solution or phase separate, and at 5
concentrati onYORBBAFEY 106, there was no significant inprovenmBaT/UB¢/11820
performance and the properties of the bulk lubricant °"could be affected.
Therefore, concentrations in excess of 1% were -not needed. Wile the

pr esent invention has been 10 illustyated in a spindl e notor

containing a Ferro-fluid al ..it is to he understood that, the present

i nvention could Be used eit¥ePiff ‘i’b’n‘f%ﬁ%t Fg‘?\"'wlt I’f?‘eEFlT’?]“b? YEETIPI ¢ he
Ferro-fluid seatompridesrond |of da geedse hulerigragedntiallqlieeiegpensi ve and
forma signifi Caﬂ%?P&ﬁ i 21ui8 bdd¥8nd., OhAd arf 834 -ShehPe dPHYrous WIH

| ubricants contal hin he present additirve, depending on the Sensitivity of
the drive to conPg8R*haR¥HHP%Nnd dependi ng on the rotating speed of the
drive, such seal 8.may be ubklisantiralvéy cowpeddddg:20 Wile a
nunber of exanples of an addj;tj.ve used according to the present invention
have been provided, it shoul J be upderstood that the additive could be any

additive usable with synt et PREPTIHPREINS s 3t HEATA@PALs RIS 41Wpriit Png oi | |
bonds to the appropriate solidfiked pertfiaegsthe aficked portoapatrditde Wit h
the head disc interface. rotatable portion being separated by a
bearing, the rotatable portion
supporting the disc;
a data transducer; and
an actuator coupled to the data transducer to
move the data transducer relative to the
disc to access portions of the disc;
wherein the bearing includes a lubricant
having an additive which tends to repel
lubricating ©il and which tends to bond
to solid surfaces.
9. The disc drive of claim 8 wherein the additive
comprises a perfluoropolyether with a reactive endgroup.
10. The disc drive of claim 9 wherein the
lubricant comprises a semi-solid lubricant.
1l. The disc drive of claim 10 wherein the
lubricant comprises grease.
i2, The disc drive of claim 9 wherein the
lubricant comprises a liguid lubricant.
13. The disc drive of claim 12 wherein the
lubricant comprises one of a refined paraffinic
petroleum hydrocarbon and a synthetic ester.
14. A motor for use in a disc drive, the motor
comprising:
a movable portion;
a fixed portion; and



It sh,oumlml I m HH le!'l hat, while the present invention was illustrated
herein w spindle notor, it could also be useful in other

notors 30 within or without disc drives. Al though the present invention
has been described with reference to preferred enbodi nents, workers skilled

in the art woObse28gt0gni ze t hat changes WO 98/ 02880 PCT/US96/11820 ~

PCT/ US66/ 11820 -13- may be nade in formand detail w t-hout departing from
the spirit and scope of the invention. WO 98/ 02880

PCT/ US96/ 11820 -14- WHAT IS CLAI MED | S-1é&- A disc drive, conprising;

a disc; a notor having a rotatable portion and a fixed portion, the fixed
portion and the rotatabl @ PEAries Beparptidihrthedfixed pertiom, and the

rotatabl e portion supportifge wdeadhsGort idal, awhé POSEH YGRS bedRIn@N
actuator coupled to the data traln%jucer to_move the .data trggsducer
. includes a lubricant having an additive
relative to the
of perfluoropolyether (PFPE) with a

reactive endgroup.



disc to access portions of the disc, wherein the bearing includes a
| ubricant ‘havi ng an additive of perfluoropolyether (PFPE) with a reactive
end group. 2. The disc drive of claim1 wherein lubricant conprises
no nore than about 1.0% by vol une of the PFPE additive. 3. The disc
drive of clIWPA$02886 wherein the |ubricant conprises about POT/OS9%ME20about
1.0% by volune of the PFPE additive. 4. The disc drive of claim
3 wherein the lubricant conprises aboqyzo.lwbby vol une of the PFPE
additive. 5. The disc drive of claim1l wherein the notor further
conprises: a Ferro-fluid al tween the fixed and rotatable portions
tending to seal the Iubri3§nt h|§§th tor. 6. The disc drive of
claim1 wherein the not Ly t hbN- C |§ a labyrinth seal between the
fixed and rotatable por?ﬁhwﬁ\t n ngl t he | ubricant mﬁthin t he
not or . WO 98/ 028 ~d
PCT/ US96/ 11820 - 15- .%8 §¥d S c veyof claim1l mhereeisthe beari ng
(S

conpri ses one of a gRgdse uhrl bal b%Eflng, a '
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hydrodynam ¢ fluid bearing, and an oil-saturated porous netal bushing. 8.

A disc’dri've, conprising: a disc; a motor having a rotatable portion and a
fixed portion, the fixed portion and the rotatable portion being separated
by a beari ng, t he rot at abl e portion supporting the disc; a data
transducer; aW@9%8288&t uator coupled to the data transducer tPETMRIS18Me dat a
transducer relative to the disc to access portions of the disc; wherein the
bearing includes a |ubricant having an gggitive-which tends to repel

| ubricating oil and which tends to bond to solid surfaces. 9. The
disc drive of claim8 wherein the additive conprises a perfluoropol yether
with a reactive endgroup. 10. The disc drive of <claim 9 wherein
the lubricant conprises a sem -solid lubricant. 11. The disc drive
of cdaim 10 wherein the |ubricant conprises grease. 12. The disc
drive of claim 9 wherein the lubricant conprises a |iqui ¢l ubricant.

13. The disc drive of claim 12 wherein the lubricgnt conprises
one of a refined paraffinic petroleum hydrocarbon and a synth%§ c ester

14. A notor for use in a disc drive, the notor conpritE!?:
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a novabl e portion; a fixed portion; and WD 98/ 02880 ~ e
PCT/ US96/ 11820 -16- a bearing separating the fixed portion and the novabl @ol s
portion, wherein the bearing includes a |ubricant having an additi

per f 1 uoropol yether (PFPE) with a reactive endgroup. IS
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(57) Abstract

A disc drive (10) includes a disc (30) and a motor having a rotatable portion (50) and a fixed portion (46). The fixed portion (46)
and the rotatable portion (50) are separated by a bearing (52, 54), and the rotatable portion (SO) supports the disc (30). A data transducer
is coupled to an actuator (36) to move relative to the disc (30) to access different portions of the disc (30). The bearing (52, 54) includes
a lubricant having an additive of perfluoropolyether with a reactive end group.




