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1 - - FLUI D BEARI NG SEAL AND SUPPORT STRUCTURE e
BACKGROUND OF THE | NVENTI ON 1. Field of the Invention. 1P
This invention relates in general to a bearing structure for a spindle

notor, and nore particularly to a fluid bearing seal and support structure

for use in a spindle notor.. - 2. Descripti-on of Related Art.
Di sk drives are conputer mass storage deyvices fromwhich data may be read
and/or to which such data may be witten. In general, they conprise one or

nore randomy accessible_ rotating storage nedia, or disks, on which data
i s encoded by various MQBE‘%R@E@AIC NB SUPRORY STRUGTHREs encoded as

bits of information including nmagnetic field reversals grouped in tracks
on the magnetically-hard surface of the rotating disks. The disks are
stacked in a BACKGR DOFT ENTI

1. Field of the Invention.
This invention relates in general to a bearing structure for a spindle motor, and more

particularly to a fluid béaring seal and support structure for use in a spindle motor.

2. Description of Related Art.

Disk drives are computer mass storage devices from which data may be read and/or to
which such data may be written. In general, they comprise one or more randomly accessible
rotating storage media, or disks, on which data is encoded by various means. In magnetic
disk drives, data is encoded as bits of information including magnetic field reversals grouped
in tracks on the magnetically-hard surface of the rotating disks. The disks are stacked in a
generally parallel and spaced-apart relationship and affixed at their inner diameter (“ID”) to a
common hub which is rotationally coupled to a stationary spindle shaft by a pa_ir of bearings,
typically ball bearings.

With the growing trend toward even lower height form factor disk drives, the length
of the spindle shaft and spacing between the upper and lower bearings becomes a significant
c;(.)nsideration in meeting specific drive height constraints. As drive height is decreased, a

proportionately shorter spindle must be accommodated within the decreased height



génerally paral |l el and spaced-apart relationship and affixed at their inner
dianeter ("ID') to a comon hub which is rotationally coupled to a
stationary spindle shaft by a pair of bearings, typically ball bearings.
Wth the growing trend toward even | ower height formfactor disk drives,
the length of the spindle shaft and spaci ng between -t-he upper and | ower
beari ngs beconmes a significant consideratdon in neeting specific drive

hei ght constraints. As drive height is decreased, a proportionately
shorter spindle nust he acconnmodated within the decreased hei ght

] gh
2 const rai nCSHRRT Wthasoneitany shorieh sracias 26ilable Refwasmihe dpres anbloween t he
upper and |ower bearings supporting the hub on the spindle.
Rot ary spi ndbearings $ipgomiag thedwup onithe spimdlei ngs f or supporti ng the rotary
nmenber rather than traditional ball bearings typically include a shaft
havi ng at | east oRetag)spaidletthotosthaping fleid tearthga fdristpportitigathe wtayy imemberrrathay y
hub, having a sl eeve portion generally enclosing the shaft
' than traditional ball bearings typically include a shaft having at least one axial thrust plate
and a hub, which may be a rotary hub, having a sleeve portion generally enclosing the shaft
and thrust plate, thus forming a journal bearing with bearing fluid disposed therein. The
bearing fluid will form capillary seals at one or more ends of the shaft that are exposed to
ambient air pressure.

The problem with such constructions is that under certain conditions the capillary seal
may break down and fluid may leak from the bearing. Disruption of the seal may be céused
by shock or vibration. _Under certain conditions the rotating portion of the bearing may be |
displaced along the axis of the shaft. In the normal course of events, Iubricant flows around
the end of the thrust plate from the side with decreasing clearance to the side with increasing
clearance. If, however, because of sudden shock or vibration, the lubricant flow around the
thrust plate is impeded, fluid will be pushed toward one end of the shaft or the other, possibly
breaking down the surface tension which holds the seal in place.

Leakage may also occur when there are inaccuracies in the fabrication of the
patterned grooves used by the thrust plate’s upper and lower surfaces to maintain a desired
net pressure gradient. The object of the grooves is to create a high pressure region in the
middle of each thrust plate surface and to create ambient pressure zones at the inner diameter

of the thrust plate, adjacent the shaft, and at the outer diameter in the gap between the readily

outermost edge of the thrust plate and the sleeve. This type of pressure distribution



and thrust plate, thus forming a journal bearing with bearing fluid

di sposed therein. The bearing fluid will formcapillary seals at one or
nore ends of the shaft that are exposed to anbient air pressure.

The problemw th such constructions is that under certain conditions the
capillary seal may break down and fluid may | eak fromthe bearing.

Di sruption of the seal may be caused by 3hock or vibration. Under certain
conditions the rotating portion of the bearing nay be displaced along the
axis of the shaft. In the(ggrnal cou%ge of events, |lubrjcant flows around

the end of tHEWRR eI IAoAiIsRlasameHof Bragae fpid thafds ettt Prossusi %illce to the

side with increasin cl earance. (1 f, however, because of sudden shock or

vi bration, t$eaiggnHongner fpagmtign faserraciss do perup e dess diltdn the besgngaeicrny othsr d
wi |l be pushed toward one end of the shaft or the other, possibly breaking
down t he surfhysisaliphardnenayend dieshiacigss aah altes dlel préssurp balarce in the bearing|flvidk age may
al so occur when there are inaccuracies in the fabrication of the patterned
gr ooves usedrebyitihgin fldw acsdss fedeaing. dhp owafiteadriogfinidsan dessasne the stafacd ai N a
desired net pressure gradient. The object of the grooves is to create a

hi gh pr essurg@ndigféeanaticithdr B&d offthélBdacin® hndats thdflwid to BAlAt FheSitidtRa®s and to
create anbient pressure zones at the inner dianmeter of the thrust plate,

adj acent t hepshafidiy R0 abihe it ?meeernd@ihewégmé EnalecQaRNREE WRSBpdRRA

readily outernost "edge of the thrust plate and the sleeve. This type of

pressure di Slto(;Viepwrfa&% of the thrust plate may create a net flow which is near the capillary seal at the
upper surface of the thrust plate.

Nevertheless, prior axial bearing support structures have not simultaneously address
preventing oil from leaking out, maintaining the bearing integrity under shock, reducing oil
evaporation and minimizing distortion of the active bearing surface. Rather, existing designs
have addressed only a fraction of the requirements, e.g., only evaporation and shock induced
bearing separation or distortion and evaporation.

For example, U.S. Patent No. 5,490,021, issued February 6, 1996, to Johannes C. A.
Muller et al., and assigned to U.S. Phillips Corporation, herein incorporated by reference,
disclosed a dynamic groove bearing for a hard disk drive. The dynamic groove bearing
includes a sleeve-like housing having a locking piece that includes a bearing disk portion
which cooperates with an annular bearing disk provided on a shaft. A pressure member is
adapted to compress an annular, elastically deformable sealing element to thereby seal the
interface between the'housing and the locking piece and to pretension the locking piece
against a seat formed on the housing. However, Muller et al. does not address evaporation

and shock induced bearing separation.



3 ordinarily results in no displacenent of bearing fluid, that is, the
static pressures will equalize. However, fabrication inaccuracies do
occur, as does tilt in the bearing, or any other physical phenonena, and
these factors can alter the pressure balance in the bearing fluid
resulting in flow across the bearing. The flow of bearing fluid can
overcone the surface tension seal at either end of the bearing and cause
the fluid to |l eak. The situation is particularly acute at the thrust plate
end where pressure inbal ances between the upper and |ower surfaces of the
thrust plate nay Efadiesesp hakthere s nepd s ap axiglbsgringisuprosisiri¢tureyhat pedvents t he
upper surface of the thrust plate. Nevert hel ess, prior axia

beari ng supp®# fromteakinggub sndinteies the beaingintegritevudst shoak dedesss oilmveneatingdoi |
fromleaking out, maintaining the bearing integrity under shock, reducing
oi | evapor aminimizasdistoitionmf theragtivh tetuinig suefaceof t he active bearing surface.
Rat her, existing designs have addressed only a fraction of the
requirenents, e.g., only evaporation and shock i nduced bearing separation
or distortion and evaporation.



For exanple, U S. Patent No. 5,490,021, issued February 6, 1996, to
Johannes C. A Miller et al., and assigned to U.S. Phillips Corporation,
herein incorporated by reference, disclosed a dynam c groove bearing for a
hard di sk drive. The dynam c groove bearing includes a sleeve-Ilike housing
havi ng a | ocki ng piece that includes a bearing disk portion which
cooperates with an annul ar bearing di sk pisovided on a shaft. A pressure
nmenber is adapted to conpress an annular, elastically deformable sealing
el ement to thereby seal the i &ousing and the | ocking
pi ece and to pretension the | o€kt Y seat fornmed on the
housi ng. However,_ Miller et al, does not address evaporation and shock

i nduced bearing S-E‘b%l‘feéﬁomﬁhe limitations in the prior art described above, and to overcome other

4 It can be seen that there is a need for an axial bearing support
structure t hbmitgioay that will bgcpme apperdaneupdniepdingtand nederstaniding thepeesontar i ng

i ntegrity under shock, reduces oil evaporation and mnim zes distortion of
t he active bspecifipajionithé present invention discloses a bearing structure for a spindle motor.

The present invention provides a fluid bearing seal and support structure that
simultaneously addresses preventing oil leakage, maintaining the bearing integrity under
shock, reducing oil evaporation and minimizing distortion of the active bearing surface.

A system in accordance with the principles of the present invention includes a dynamic
fluid bearing for a spindle motor having a thrust plate secured to a shaft and a bearing plate
and load plate securedjto asleeve. The load plate urges the bearing plate towards the thrust
plate. An adhesive is interposed between the load plate and the thrust plate.

Other embodiments of a system in accordance with the principles of the inventié)n
may include alternative or optional additional aspects. One such aspect of the present
invention is that the adhesive is an UV epoxy.

Another aspect of the present invention is that the system further including a diffusion
barrier disposed between the load plate and the shaft.

Another aspect of the present invention is that the system further including a diffusion
barrier disposed between the sleeve and the shaft.

Another aspect of the present invention is that the adhesive maintains integrity between
the load plate and the bearing plate when a shock condition occurs.

Another aspect of the present invention is that the system further including an O-ring

disposed above the bearing plate for sealing a gap between the bearing plate and the sleeve.



5 : SUMVARY OF THE | NVENTI ON To
overcone the limtations in the prior art described above, and to overcone

other Ilimtations that will beconme apparent upon readi ng and understandi ng
the present specification, the present invention discloses a bearing
structure for a spindle notor. The present invention provides a
fluid bearing seal and support structure ghat sinultaneously addresses
preventing oil |eakage, maintaining the bearing integrity under shock,
reducing oil evaporation and mnimzing distortion of the active bearing
surf ace. Theso\and sarqus otkercadi aaeseandifeatures of npyslty syhishcharagteriza ghepr esent

invention includes a dynamic fluid bearing for a spindle notor having a

t hrust pl at einvengion ard ppipted oytsith pamirglagtybia gheiclagmpanaexed hergtd and Sump rattdesef ur ed
to a sleeve. The |oad plate urges the bearing plate towards the thrust

pl ate. An adiesiver fors bettdrengsadinget Wednvention, itomisantdges, andithe objaes dttaineat

pl at e. O her enbodi nents of a systemin accordance with the
principl es dy itshige, irdfereideishduld Beyiadet6 thedieavahdsevhivhtfoniea Riitherpait erads, addbt i onal
aspects. One such aspect of the present

accompanying descriptive matter, in which there are illustrated and described specific examples

of an apparatus in accordance with the invention.



invention is that the adhesive is an UV epoxy. Anot her aspect of
the present invention is that the systemfurther including a diffusion
barrier disposed between the | oad plate and the shaft. Anot her
aspect of the present invention is that the systemfurther including a
di ffusion barrier disposed between the sleeve and tHhé shaft.

Anot her aspect of the present invention i s/ that the adhesive naintains
integrity between the load plate and the bearing plate when a shock

condition occurs. e f il e invention is that
the system further includiﬁggégféggénd Qﬁéﬁia e bearing plate
for sealing a gap bfet ween the bearing plate_and the sleeve. ,
6 These aR&fcUHIgngWLo biafitawings R yyhighdike seference UMPES represvel ty whi ch
characterize the invention are pointed out with particularity in the
cl ai 5 annexé&errespprding patd tropgdeut: part hereof . However, for a better
under st andi ng of the invention, its advantages, and the objects obtained
by its use, ref er Eigecéilbismattschniexplodetbvitw of imaghetioktongge sisteathy f orm a furt her
part hereof, and to '

Fig. 2 illustrates the configuration of a fluid bearing seal for a spindle motor

according to the present invention;
Fig. 3 illustrates the top cross section of the spindle; and

Fig. 4 shows the bottom cross section of the spindle.



acconpanyi ng descriptive matter, in which there are illustrated and
descri bed specific exanples of an apparatus in accordance with the

i nventi on. 7 _
BRI EF DESCRI PTI ON OF THE DRAW NGS Referring now to the drawings in
which i ke reference nunbers represent corresponding parts throughout:
Fig. 1 illustrates an exploded view of a nhgnetic storage system .

Fig. 2 illustrates the conflguratlon of a fluid bearing seal for a spindle

| lustrates the
ws—t he bottom cross

notor according to the pr
top cross section of the

section of the sp &1? 9h|e ?‘(ﬂlowing description of the exemplary embodiment, reference is made to the
| accompanying dr_awings which form a part hereof, and in which is shown by way of
illustration the specific embodiment in which the invention may be practiced. It is to be
understood that other embodiments may be utilized as structural changes may be made
without departing from the scope of the present invention.

The present invention provides a fluid bearing seal and support structure that may
simultaneously prevent oil leakage, maintain the beétring integrity under shock, reduce oil
evaporation and minimize distortion of the active beﬁng surface.

Fig. 1 illustrates an exploded view of a magnetic storage system 100. The disk drive
100 includes a héusing 112 and a housing cover 114 which, after assembly, is mounted
within a frame 1!16. Mounted v_ﬁthin the housing is a spindle shaft 122. Rotat_ably attached
to the spindle shaft 122 are a number of magnetic storage disks 124. In Fig. 1, multiple disks
124 are attached to the spindle shaft 122 in spaced apart relation. The disks 124 rotate on
spindle shaft 122 which is powered by a motor (not shown). Information is written on or
read from the disks 124 by heads or magnetic transducers (not shown) which are supported -
by sliders 126. Preferably, sliders 126 are coupled to the suspensions or load springs 128.
The load springs 128 are attached to separate arms 130 on an E block or comb 132. The E -

block or comb 132 is attached at one end of an actuator arm assembly 136. The actuator arm
assembly 136 is rotatably attached within the housing 112 on an actuator shaft 138. The
rotary actuator assembly 136 moves the integrated transducer/suspension assembly in

accordance with the present invention in an arcuate path across the surface of the storage disk



8 : DETAI LED DESCRI PTI ON OF THE | NVENTI ON _ In
the follow ng description of the exenplary embodinent, reference is made to
the acconmpanying drawi ngs which forma part hereof, and in which is shown
by way of illustration the specific enbodiment in which the invention may
be practiced. It is to be understood that other enbodinents may be
utilized as structural changes may be madé wit hout departing fromthe
scope of the present invention. The present invention provides a

fluid bearin e u t..structure that si nu] t aneousl y prevent
oi | | eakage, ‘i’%«%i lﬁ{)g%%gttioggg@gﬂ nehs aﬁ‘{\g&lrr?%n%g@/m%)%gmow%?@a%@ be
evaporation and mnimze distaortion of the active bearing surface.

Fi gl.O 1ill usﬁ?’é‘F‘ég" ik @BP?)‘H& an tQrapegevise desgikediabovet or age syst em 100. The
di sk drive. 100 includes a housing 112 and a housing cover 114 which, after
assenbly, is nountigd? Lstraiesihaconfignstion ¢f a fiuidibrating sk 200 for dwpindtarmotoy i s a
spindl e shaft 122. Rotatably attached to the spinQIe.shaftllzz are a
nunber of magererding totths prerentdinwdation. 2Hydrbdynkiniy. préssurerisl gehqrhted afi thékaxial badkirgy €
attached to the spindle shaft 122 in spaced apart relation. The di sks 124
rotate on spltatidahsinddltbedrtiz pidie 21 whenthebuagial duyfaces 106,018 RQbtaSHHOWD -

I nformation is witten on or _
respect to each other. Therefore, bearing plate 214 must be very flat. Distortion should be
minimized during and after assembly. This is accomplished by placing the O-ring 222 on top
of the axial bearing plate 214. The O-ring 222 is placed at the interface between the axial
bearing plate 214 and sleeve 230 to prevent oil from leaking out. Compression of the O-ring
222 is provided by load plate 240 through the fingers 242 or other means.
It is important that load plate 240 should not impinge the bearing plate 214 duriné thé

_ assembly or thereafter. Therefore, a nominal gap, such as a tenth of a millimeter, is desired.
A gap at the axial bearing 210 can suddenly form during a vertical shock. The gap at the
axial bearing 210 creates a vacuum that pulls air in because the O-ring 222 is highly
compliant. This mechanism is prevented by applying a few adhesive droplets 250 between
the load plate 240 and the axial bearing plate 214. The adhesive 250 is applied through a
hole, e.g., at least two holes 180 degrees apart to maintain balance, in the load plate 240.
This allows the load plate 240 to be installed immediately after oil fill and installation of
bearing plate 214 and Q-ring 222. The adhesive 250 can then be applied through the a hole

252 in the load plate 240. The hole 252 allows the use of a UV cure aerobic adhesive 250.

This also allows adhesive 250 application at the same station as adhesive seal application at

T -



read fromthe disks 124 by heads or magnetic transducers (not shown) which
are supported by sliders 126. Preferably, sliders 126 are coupled to the
suspensions or |oad springs 128. The load springs 128 are attached to
separate arns 130 on an E block or conb 132. The E block or conb 132 is
attached at one end of an actuator arm assenbly 136. The actuator arm
assenbly 136 is rotatably attached w thinibhe housing 112 on an actuator
shaft 138. The rotary actuator assenbly 136 noves the integrated

d / cordance with the present invention in
an arcuat e pURERLPER e RENGIYF 230 map e oh s SPEPAHECaIAUY e of the adbesive

9 124. However, those skilled in the art will recognize that the invention
is not meant 2°8c#alsq begerfogmedst thesampstetien. par ti cul ar st or age devi ce
descri bed above. Fig. 2 illustrates the configuration of a fluid

beari ng seal 200 mﬁfu@rﬁpmm 260n@70are dispesed néanthe tap dfltiee shafe pendutside/eithd on.

Hydrodynam ¢ pressure is generated at the axial bearing 210 and the axi al

bearing pl at ¢opddal hbaringthe ateartheigtom dfaleeshaf it oubids TR Hottb@trhdigl behrdidy
272. The diffusion barriers 260, 270 typically include narrow gaps that offer significant
resistance to flow and mass transfer of lubricant vapor.

Figs. 3 and 4 show details at the top 300 and bottom 400 areas of the spindle
respectively. In Fig. 3, the top cross section 300 of the spindle is .shown. The load plate 340
which secures the opposing plate of the axial plate 314 forms a first level of barrier because
of the small radial gap 360 on the inner diameter near the shaft 380. The second barrier is
formed by the narrow radial gap 382 and the relatively narrow axial gap 390. Radial gap 382
is located between the load plate 340 and the sléeve'330. The axial gap 390 is lbcated
between the axial plate 314 and the load plate 340.

Fig. 4 shows the bottom cross section 400 of the spindle. At the lower radial bearing
end, a small axial gap 492 is provided between end of the sleeve 430 and the top end of the
mount flange 496. The mount flange 496 is a press fit on the shaft 480. The stator mount
494 is a press fit on the mount flange 496 and is used for mounting the stator lamination
stack 498. A long narrow annular cylindrical gap 470 is formed between the end of the

sleeve 430 and the stator mount 494. Both of the above mentioned axial 492 and radial 470

gaps form effective labyrinths offering significant resistance to mass transfer of lubricant

vapor.,



respect to each other. Therefore, bearing plate 214 nmust be very flat.

Di stortion should be mnimzed during and after assenbly. This is
acconpl i shed by placing the Oring 222 on top of the axial bearing plate
214. The Oring 222 is placed at the interface between the axial bearing
pl ate 214 and sl eeve 230 to prevent oil froml eaki ngout. Conpression of
the Oring 222 is provided by |oad platdl240 through the fingers 242 or

ot her neans. It is inportant that | oad plate 240 shoul d not i npinge
the bearing plate.214 duri he ssenbly. or thereafter .Therefore, a

o nal - gap, " sucHiAS &Py ok Pt igfiRe B iefioRhy bABGEA I Tare UL B el
axi al bearing. 210 .can suddenly formdurjin ertical shock, T ap at the
ot 2l boar | STty f PisfBtion Ty e seierond st RostlEcua REERR ng 299
is highly conpliant. This mechanismis, prevented by applying a few

adhesi ve dr Spristbs isoorpogrted prayided manufachying pad essembly leyel Wﬁ@na%@ipamb@aw ng

pl ate 214. The adhesive 250 is applied through a hole, e.g., at least two
hol es 180 dexjthwutcauping surfage intarfereace Gapsdanges than@.05mem nepybepbestanlpif 0. Thi s
allows the |load plate 240 to be installed imediately after oil fill and

i nst al | at i orcalehlatedewass transfelr edtes aPel abceptablé)-For expn@iddfor 7 resliah dépesfiO252ai0 (T an
then be applied through the a hole 252 in the |oad plate 240. The hole 252

al l ows the ubsusaddtifoftdM ifdh) &t DdisieteCofSHhaahd £1edf of 2 hith forahetAndr) AlGlated
adhesive 250 application at the sane station as adhesive seal application

at ' evaporative loss at 70C amounts to about 3.25 mg over 5 years. To meet mean time between
failure requirements, sufficient reservoir capacity will have to be provided so that the loss of
the lubricant does not affect the functional performance of the spindle bearing system.
The foregoing description of the exemplary embodiment of the invention has been
presented for the purposes of illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form disclosed. Many modifications and variations are

possible in light of the above teaching. It is intended that the scope of the invention be

limited not with this detailed description, but rather by the claims appended hereto.



10 location 242. The adhesive 250 may be an UV epoxy, wherein a W cure of
t he adhesive 250 can also be perforned at the sane station. .

Di ffusion barriers 260, 270 are disposed near the top of the shaft just
outside of the top axial bearing 210 and at the bottem of--the-shaft. j.ust
outside of the bottomradial bearing 272. The diffusion barriers 260, 270

typically include narrow gaps that offer $?gnificant J Hﬂnﬂlﬂwlﬂﬂf
and mass transfer of |ubricant vapor. Fi gs.

at the top 3QA1negs boWiEAR0 areas of the spindle respectlvel V. tn i g
3, the top cross section- 300 of the spindle is shown. The | oad plate 340

vhich sectres o008 ol Sl e 8081 AL b k1

of barrier because ! on e hea
t he shaft 38 econd arr| er or e narrow radi al ga

and the rel a? § rs?gﬁ'rfng\ﬁl ?(?’éﬁ’llmbda‘ﬂatg@ megg‘ﬂ?ggevﬁa‘ﬁh‘@%é the; %@Rﬁ‘%t’@gs g’ét ween
the |l oad plate 340 and the sleeve 330. The axial gap. 390 is |ocate

bet ween tﬁe ing platefpwards the thrystipipte. ;ppd whespinep adhesive is interposedfbetyveen theHouds

the bottom cross section 400 of the spindle. At the |ower radial bearing
plate and the thrust plate.

2. The dynamic fluid bearing of claim 1 wherein the adhesive is an UV epoxy.

3. The dynamic fluid bearing of claim 1 further comprising a diffusion barrier

disposed between the load plate and the shaft.

4, - The dynamic fluid bearing of claim 1 further comprising a diffusion barrier

disposed between the sleeve and the shaft.

5. . The dynamic fluid bearing of claim 1 wherein the sleeve is operatively
coupled to a stator, the stator rotating the sleeve upon receiving a drive signal, the bearing

further comprising a diffusion barrier disposed between the sleeve and the stator.

6. The dynamic fluid bearing of claim 1 further comprising a diffusion barrier
disposed between the load plate and the shaft, the sleeve being operatively coupled to a stator
and the stator rotating the sleeve upon receiving a drive signal, the bearing further comprising

a diffusion barrier disposed between the sleeve and the stator.

7. The dynamic fluid bearing of claim 1 wherein the adhesive maintains integrity

between the load plate and the bearing plate when a shock condition occurs.



end, "a small axial gap 492 is provided bet ween end of the sl eeve 430 and
the top end of -the. .mount flange 496. The nmount flange 496 is a press fit
on the shaft 480. The stator nount 494 is a press fit on the nount fl ange

496 and is used ' stator lam nation stack 498. A |long
narr ow annul ar J“’"Mﬂ"lﬂ"“ﬂlumbo is formed between the end of the sleeve
430 and the stator frouht %945 Both of thel3above mentioned axial 492.and

radial 470 gaps formeffective labyrinths offering significant resistance
to mass transfer 8of | ybri,cant. ay s are

Qr . . . These ga .
between rotating and Staby SHLF J @P?F?ré{tgeog clajmy! H‘B?f@mBléeear‘lihgslﬁ"m“ftging%‘tegmﬁl
effective in this functioon in the range of 0.025 to 0.050 mm Gaps snaller
than 0.025 ﬂ?ﬁtw%?Bdli‘%%%Plﬁtﬁéﬁ?BB S Pg%w Hpaerbing fisrances ot thyloadplats aad ths| v
| evel tolerances perm.t them without causing surface interference. Gaps
| ar ger t han 5208 plate yhgn His shedropditign peeursca) cul at ed mass transfer rates are

acceptable. For exanple for a radial gap of 0.025 mm (1 thousandth of an
inch) at a dianeter of 5 mMmmand a length of 2 mmfor the barrier,

cal cul ated 9. The dynamic fluid bearing of claim 1 further comprising a diffusion barrier
- disposed between the load plate and the shaft, the diffusion barrier preventing bearing

lubricant from léaking between the load plate and the shaft.

10.  The dynamic fluid bearing of claim 1 further comprising a diffusion barrier
dfsposed between the sleeve and the shaft, the diffusion barrier preventing bearing lubricant

from leaking between the sleeve and the shaft.

11.  The dynamic fluid bearing of claim 1 wherein the sleeve is operatively
coupled to a stator, the stator rotating the sleeve upon receiving a drive signal, the bearing
further comprising a diffusion barrier disposed between the sleeve and the stator, the

diffusion barrier preventing bearing lubricant from leaking between the sleeve and the stator.

12.  The dynamic fluid bearing of claim 1 further comprising an O-ring disposed

above the bearing plate for sealing a gap between the bearing plate and the sleeve.



evaporative loss at 70C anounts to about 3.25 ng over 5 years. To neet nean

tinme between failure requirenents, sufficient reservoir capacity will have
to be provided so that the loss of the lubricant does not affect the
functional performance of the spindle bearing system The foregoing

description of the exenplary enbodi nent of the inventio

presented for the purposes of illustratiom and descri pt ”mmllm'ﬂ:'n”r”'y”m’

i ntended to be exhaustive or to linit the invention to thhe‘préci%e §or4n
di scl osed. Many nodifications and variations are possible in light of the
above teaching. I8 sA spinsiegmator.isamprifiee:scope of the invention be linited
not with this detailed description, but rather by the clains appended

her et o. a shaft; 12 WHAT IS
CLAI MED 1 S: 1. A dynamic fluid bearing for a spindle notor '
having a thrust plsikdeee Baving andniied periphetyednt] an bateppekiphary,ithe yiteat defininy 4 dialkl

pl ate secured to a sleeve, wherein the |oad plate urges the bearing plate
towar ds the HublonSthe BLRE poripBélgh; Wherei n an adhesive is interposed between the

| oad
a shaft rotatably supporting the sleeve;
a stator for rotating the sleeve; and
a dynamic fluid bearing disposed between the sleeve and the shaft, the dynamic fluid
bearing further compris;ing a thrust plate coupled to the shaft, and a bearing plate and load
plate coupled to the sleeve, wherein the load plate urges the bearing plate towards the thrust
plate, and wherein an adhesive is interposed between the load plate and the thrust plate to

maintain integrity between the load plate and the bearing plate when a shock condition occurs

to the spindle motor.
14.  The spindle motor of claim 13 wherein the adhesive is an UV epoxy.

15.  The spindle motor of claim 13 further comprising a diffusion barrier disposed

between the load plate and the shaft.

16.  The spindle motor of claim 15 further comprising a diffusion barrier disposed

between the sleeve and the shaft.

17.  The spindle motor of claim 13 further comprising a diffusion barrier disposed

between the sleeve and the shaft.



pl ate and the thrust plate. 2. The dynanic fluid bearing of
claim 1 wherein the adhesive is-an U epoxy. 3. The dynam c

fluid bearing of” I conprising a diffusion barrier disposed
bet ween the | oad mm,’m maft 4, The dynamic fluid
bearing of claim1l fﬁthLhem ce® Si ng a diffusion barrier disposed between
the sl eeve and the shaft. Ihe dynamic fluid bearing of claim

1 wherein the sleeve is operatlvely coupl ed to a stator, the stator

tati th I r.ece n t he bearln f.urt her
(r:grrgr: Qigng S Zi fe ﬁgm OR %ﬂ’r"?ﬁ%ﬁlﬂ\c”%ﬂ’f §5§§1 Igﬁletaﬂlées’é'fema‘ gegﬂ‘é{ stator.
6. Th d fl f 1f th sin di ffusion
bar i er ) AR S dDARLAe SHLIDE BTG DI PRSP RE CUTRINE o o108t Baipiang g

oper atlvely coupled to a stator and the stator rotating the sleeve upon
recei vi ng a beatingeplate yhen the shackiserditionodewst her conprising a diffusion
barrier disposed between the sleeve and the stator. 7. The
dynam c ‘fluid bearing of claim1l wherein the adhesive maintains integrity

between the | oad (pl at epaghdidmoRear iifkeh B BfSer BhBH B R B si SRR e PO RRCUT S

between the load plate and the shaft, the diffusion barrier preventing bearing lubricant from

leaking between the load plate and the shaft.

20.  The spindle motor of claim 13 further comprising a diffusion barrier disposed
between the sleeve and the shaft, the diffusion barrier preventing bearing lubricant from

leaking between the sleeve and the shaft.

-21.  The spindle motor of claim 13 further comprising a diffusion barrier disposed
between the sleeve and the stator, the diffusion barrier preventing bearing lubricant from

leaking between the sleeve and the stator.

22.  The spindle motor of claim 13 further comprising an O-ring disposed above

the bearing plate for sealing a gap between the bearing plate and the sleeve.

23. A method for providing a dynamic fluid bearing for a spindle motor having a
thrust plate secured to a shaft and a bearing plate and a load plate secured td a sleeve, wherein
the load plate urges the bearing plate towards the thrust plate, the method comprising the
steps of applying an adhesive between the load plate and the thrust plate and curing the

adhesive to form the seal.



8. The dynam c fluid bearing of claiml wherein the adhesive naintains
integrity between the |oad plate and the bearing pl ate by absorbing-.

tol erances of the load plate and the bearing plate when hock
condition occurs. 9. The dynamic fluid bear 0ﬂ@ﬂ? ”)ml
further conprising a diffusion barrier disposed between c Hmnd
the shaft, the diffusion barrier preventildg bearing | ubricant frdm Feaki ng

bet ween the | oad pl ate and the shaft. 10. The dynamic fluid
bearing of claim her c r|5| Lon barri di sposed bet ween
the sleeve and tHe sh Fmefhﬁ’ c?%g?gﬁerﬁlﬁﬂ}ea o venp 1§°Hear i ng

| ubricant from | eaking between the sleeve and the shaft. 11.

The dynamic fluid bearing of claim1l wherein the sleeve is operatively
coupl ed to a stat2r, ({lhenstmtiofclin 23 whygeih lthe sdhesereenaieins meageity/beatgeen thie | ve
signal, the bearing

load plate and the bearing plate when a shock condition occurs.

26.  The method of claim 23 wherein the adhesive maintains integrity between the
load plate and the bearing plate by absorbing tolerances of the load plate and the bearing

plate when the shock condition occurs.



further conprising a diffusion barrier disposed between the sleeve and the
stator, the diffusion-barrier. preventing bearing lubricant from | eaking
bet ween the sl eeve and the stator. 12. The dynamic fluid

bearing of claim Hmuuuﬂillﬂﬂm Iml ng an O-ring disposed above the bearing
plate for seal|ng o e bearing plate and the sl eeve.

14 A spln e "mofor’ conpri ki ng: a shaft; a
sl eeve haV|ng an inner periphery and an outer periphery, the sl eeve

defining a disk.,-hub ,0 out riphery; a shaft rotatably
supporting the 57 eve &Sé&?‘e & apnsﬁ‘gt or for rotating the sleeve; and

a dynamc fluid ggerln glsgg d bet ween the sl eeve and the shaft, the
dynamic fluid BoEFTRG°POPEREFS tonpr|5|ng a thrust plate coupled to the

shaft, and a bearing plate gnd
an actuator assembly mcludmg at least one actuator arm having a sensor disposed at a

distal end of the actuator arm for reading and writing data on the at least one disk;
a spindle shaft, coupled .tol ihe at least one storage disk, for rotating the at least one
storage disk; and
a spindle motor, coupled to the spindle shaft, for rotating the spindle shaft; the spindle
motor further comprising: |
a sleeve having an inner periphery and an outer periphery, the sleeve defining
a disk hub on the outer periphery, the sleeve being rotatably supported by the spindle shaft;
a stator for rotating the sleeve; and
a dynamic fluid bearing disposed between the sleeve and the shaft, the
dynamic fluid bearing further comprising a thrust plate coupled to the shaft, and a bearing
plate and load plate coupled to the sleeve, wherein the load plate urges the bearing plate
towards the thrust plate, and wherein an adhesive is interposed between the load plate and the
thrust plate to maintain integrity between the load plate and the bearing plate when a shock

condition occurs to the spindle motor.
28.  The disk drive of claim 27 wherein the adhesive is an UV epoxy.

29.  The disk drive of claim 27 further comprising a diffusion barrier disposed

between the load plate and the shaft.



pl ate coupled to the sleeve, wherein the |oad plate urges the bearing plate
towards the thrust plate, and wherein an adhesive is interposed-between_.__
the load plate and the thrust plate to nmaintain integri en the | oad
pl ate and the bearing plate when a shock condition Qccuri“ﬂiﬁuﬁe ﬂﬂ’ﬂﬂﬁ
not or . 14. The spindle notor of claim 13 wher S
an UV epoxy. 15. The spindle M8t or of claim 13 further
conprising a diffusion barrier disposed between the |oad plate and the

shaft. - TH s dl§@r'1vrkd(lf%larlmt2ﬁ ﬁuﬂ'{eréeb\lxlx‘gz'r %?aL Egﬁgpmdséd ng a

di ffusion barrler dlspose bet ween t

The spindle rther conprising a diffusion barrier
di sposed bebpﬁveeen ﬂfe Sle%l'elaéen?\}ee Se{lr? t he shaft.

15

17.

31.  The disk drive of claim 27 further comprising a diffusion barrier disposed

between the sleeve and the shaft.

32.  The disk drive of claim 27 wherein the adhesive maintains integrity between
the load plate and the bearing plate by absorbing tolerances of the load plate and the bearing

plate when the shock condition occurs.

33.  The disk drive of claim 27 further comprising a diffusion barrier disposed
between the load plate and the shaft, the diffusion barrier preventing bearing lubricant from

leaking between the load plate and the shaft.

34.  The disk drive of claim 27 further comprising a diffusion barrier disposed
between the sleeve and the shaft, the diffusion barrier preventing bearing lubricant from

leaking between the sleeve and the shaft.

35.  The disk drive of claim 27 further comprising a diffusion barrier disposed
between the sleeve and the stator, the diffusion barrier preventing bearing lubricant from

leaking between the sleeve and the stator.

36.  The disk drive of claim 27 further comprising an O-ring disposed above the

bearing plate for sealing a gap between the bearing plate and the sleeve.



18.. The spindle notor of claim13 wherein the adhesi ve naintains
integrity between the |oad plate and the bearing plate by absorbing
tol erances of the |load plate and the beari ng pl at e when the shock

condition occurs. The spi il e notor of claim13 further
conprising a diffusio 4‘@ bet he e and the
shaft, the diffusion &ﬁ@&f@ﬂ@rﬁ ﬁ‘ﬁé’@ﬁ%‘rﬂ@ﬁ&% | eaki ng
bet ween theAmcxte and the shaft. The spindl e notor of

c: aim 13 L unttlrsahﬁ ?ﬁ’ﬁét’uﬁd ﬂ% adspitidid th%lt)dirls BREIOSEY Iim&mla stﬂ@@th)’&?ﬂbvidé@ a
ol eove, a0, b RURhE rod o b tR ok S RUEDOSy DAY g,
not or of cl af pre¥&atingr duhblakz{gmpf mamtgnmgdhé bessingrintegrityi ided sixgk s efiredbeingeen
e ooy, B SUEL ot ind HSRR 0 ARG B Vi
The spi ndl estristee 1@¢1U@¢Saﬁ thruss Plﬂ!i‘? {H& ceunlgst tosi Hhglt{A8Q) andrgbeariag piasel andov e
the beari ngld@hapﬁtef &ﬂOﬁ&ﬂpld&o% g@@e t(%mewneiehﬁchbwdd Pléke r(m Qir ghe
:L?%Fe not B;arw%ﬁtﬁ (gllf)‘ toward% the &m& 931519 a%d%/ Q:%Pn%n a clas(iive 52%05 Psg for a.
interposed between the load plate (240) and the thrust plate (314). The adhesive (250)
may be an UV epoxy. The sleeve (230) is operatively coupled to a stator, and the stator
rotates the sleeve (230) upon réceiving a drive signal. The bearing further includes a
diffusion barrier (270) disposed between the sleeve (230) and the stator. A second
diffusion barrier (260) is disposed between the load plate (240) and the shaft (380). The
bearing structure may also include an O-ring (222) disposed above the bearing plate
(214) for sealing a gap between the béaring plate (214) and the sleeve (230).

Fig. 2



thrust plate secured to a shaft and a bearing plate and a | oad pl ate
secured to a sleeve, wherein the |oad plate urges the bearing plate
towards the thrust plate, the nethod conprising the steps of applying an
adhesi ve between the |load plate and the thrust plate and curing the
adhesive to formthe seal

16 24. The nmet hod of claim 23 wherein the adhesive is an UV epoxy.
25. The method of “clai m 23 wherein tH8 adhesive maintains integrity
between the |oad plate and the bearing plate when a shock condition
occurs. 26. The met hod of claim 23 wherein the adhesive maintains
intengﬂq;beqmeen the l|oad plate and the bearing plate by absorbing

tol erances of the |oad plate and the bearing plate when the shock
condition occurs.




27. A di sk drive, conprising: at | east one storage disk
" an actuator assenbly including at |east one actuator arm having a sensor
di sposed at a distal end of the actuator armfor reading and witing data
on the at | east one disk; a spindle shaft, coupled to the at |east
one storage disk, for rotating the at | east one storage disk; and
a spindle notor, coupled to the spinﬁ%i shaft, for rotating the spindle
shaft; the spindle notor further co 1sing: a sl eeve
havi ng an i nner periphery and an outer periphery, the sleeve defining a
di sk hub on the outer periphery, the sleeve being rotatably supported by
the spindle shaft; a stator for rotating the sleeve; and
a dynam c fluid bearing disposed between the sleeve and the shaft, the
dynami c quipEgyari g further conprising a thrust plate coupled to the
shaft, and a' beari pl ate and | oad plate coupled to the sl eeve, wherein
the |l oad plate urges the bearing plate
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.towards the thrust plate, and wherein an adhesive is interposed between the
“ load plate and the thrust plate to maintain integrity between the |oad
pl ate and the bearing plate when a shock condition occurs to the spindle
not or . 28. The disk drive of claim27 wherein the adhesive is an
UV epoxy. 29. The di sk drive of claim27 further conprising a
di ffusion barrier disposed between thd3M oad plate and the shaft.
18 30. The disk drive of claim?29 further conprising a diffusion
barrier disposed between the sleeve and the shaft. 31. The di sk
drive of gfg;n12 further conprising a diffusion barrier-di sposed between
t he sl eev d t¥e shaft.
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. 32. The disk drive of claim27 wherein the adhesive maintains integrity
* between the load plate and the bearing plate by absorbing tol erances of
the load plate and the bearing plate when the shock condition occurs.
33. The disk drive of claim27 further conprising a diffusion barrier
di sposed between the |oad plate and e shaft, the diffusion barrier
preventing bearing lubricant from |edKing between the |oad plate and the
shaft. 34. The disk drive of claim27 further conprising a
diffusio B&éri r di sposed between the sleeve and the shaft, the diffusion
barrier HF n g bearing lubricant from |eaking between the sleeve and
the shaft. 35. The di sk drive of claim?27 further conprising a
di ffusion barrier disposed between the sleeve and the stator, the
di ffusion barrier preventing bearing |ubricant from |[|eaking between the
sl eeve and the stator. 36. The di sk drive of claim27 further
conprising an Oring disposgd above the bearing plate for sealing a gap

bet ween the bearin | ate ahd the sl eeve.
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