LOW PROFI LE THRUST JOURNAL PLATE FLU D DYNAM C BEARI NG MOTOR

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
priority wo 1do81078¥10vi si onal Application Serial Nunber G@T138R0eB04A8781 | ed
June 12, 2002; entitled, "Low Profile Thrust Journal Plate FDB Motor". The
foregoi ng patent application, which is assigned to the assignee of the
present application, is incorporated herein by reference in its entirety.
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rolling on tigks of a magnetic disk medium, the actual information being stored in the form of

magnetic transitions within the medium. The disks themselves are rotatably
mounted on a spindle, the information being accessed by means of read/write heads
generally located on a pivoting arm which moves radially over the surface of the
disk. The read/write heads or transducers must be accurately aligned with the

storage tracks on the disks to ensure proper reading and writing of information.

[0003] During operation, the disks are rotated at very high speeds within an
enclosed housing by means of an electric motor generally located inside the hub or
below the disk. One type of motor in common use is known as an in-hub or in-
spindle motor. Such known in-spindle motors typically have a spindle mounted by
means of two ball bearing systems to a motor shaft disposed in the center of the
hub. One of the bearings is typically located near the top of the spindle and the
other near the bottom of the spindle. These bearings allow for rotational movement
between the shaft and the hub while maintaining accurate alignment of the spindle

to the shaft. The bearings themselves are normally lubricated by grease or oil.

[0004] The conventional bearing system described above is prone, to several
shortcomings. First is the problem of vibration generated by the balls rolling on the
raceways. Ball bearings used in hard disk drive spindles run under conditions that

generally guarantee physical contact between raceways and balls, despite the
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outgassing of contaminants into the sealed area of the head disk housing. However,
air does not provide the lubricating qualities of oil. Its low viscosity requires smaller
bearing gaps and therefore higher tolerance standards to achieve similar dynamic
performance.

[0007] Thus, in the case of the fluid dynamic bearing employing a liquid lubricant,
the lubricating fluid itself must be sealed within the bearing to avoid loss of lubricant
which results in reduced bearing load capacity. Otherwise, the physical surfaces of
the spindle and housing would come into dry contact with one another, leading to
increased wear and eventual failure of the bearing system. In addition, the failure of
such a seal or other effort to contain the lubricant within the bearing system could

cause the entry of contaminants into the head disk interface region of the disk drive.

[0008] One shortcoming of known fluid dynamic bearing assemblies is that they
frequently require long axial structural elements for supporting the axial and radial
loads, as fluid dynamic bearings do not have the inherent stiffness which results
from mechanical bearing assemblies. It is difficult to scale the fluid bearing

assembly to fit within the smaller disk drive dimensions currently in consumer
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[0008] One shortcomi ng of known fluid dynam c bearing assemblies is that
they frequently require long axial structural elenments for supporting the
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extrenely linted in their height. The present invention creates a fluid
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axi al, radi and u i f.f This 1s acconplished by rempving the
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stiffness since the journal bearing can be, when placed on the outer
diameter of gf3¢ t gl A BrmBELLR such as 1.8 inch drives, are extremely limited in

their height. The present invention creates a fluid bearing on two or three surfaces
of a traditional thrust plate to provide axial, radial, and angular stiffness. This is
accomplished by removing the journal bearing typically located on the shaft and by
providing a journal on the outer diameter of the thrust plate. The present invention
provides a low profile sleeve/thrust plate/shaft assembly since it is not necessary to
have a long shaft to accommodate a journal bearing. Instead, radial stiffness is
provided by the grooved bearing on the thrust plate outer diameter. Such a
configuration conserves power without compromising radial stiffness since the
journal bearing can be, when placed on the outer diameter of the thrust plate, better
aligned axially with the rotor center of gravity than when the journal bearing is placed
on the outer diameter of the shaft. While especially useful in small form factor disc
drives, the concepts herein are useful in drives of all sizes and may be included in

fluid bearings used in environments other than motors.

[0012] Thus, the invention provides a thrust plate for use in a spindle motor in a
disk drive having a cylindrical shape with bearing grooves on its outer

circumference. In addition, a shaft extends from either the top end or the bottom

3



aligned axially with the rotor center of gravity than when the journal
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surfaces. Thadftheskkead dad icoustepplatd arastitimap). eeve. The thrust plate may
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plate may have, in addition to grooves on the outer diameter, grooves on one or
both axial surfaces. Alternatively, there may be bearing grooves on the structures
adjacent to the axial surfaces of the thrust plate; that is, the sleeve or the counter
plate. If there are grooves on one axial surface, the fluid dynamic bearing motor will
further include means for establishing an axial magnetic bias force between the
thrust plate and one of the sleeves or counter plates, depending on the configuration
of the system. If there are grooves on both axial surfaces, an additional magnetic
bias force is not needed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 is a top plan view of a known disk drive in which the low profile
thrust journal plate of the present invention is especially useful.

[0016] Figure 2 is a vertical sectional view of a fluid dynamic bearing
incorporated in a disk drive.



thrust plate and one of the sleeves or counter plates, depending on the
configuration of the system If there are grooves on both axial surfaces,
an addit i waoedoosregadt i ¢ bias force is not needed. BRI EF DESOR2pB/@BISOF THE
DRAW NGS [0015] Figure 1 is a top plan view of a known disk drive in which
the low profile thrust journal plate of the present invention is especially
useful. [0016] Figure 2 is a vertical sectional view of a fluid dynamc
bearing i nco[P{%i at eg'gp'f? 4 183 RMAifigR VeDigal pross geetiors of @ hulyshaiiintuse plate
vertical crogsseffsfy.i on of a hub/shaft/thrust plate assenbly. [0018] Figure
4 is a sinplified vertical cross-section of a hub/shaft/thrust plate
assenbly. [0019] Figure 5 .is a sinplified vertical cross-section of a

hub/ shaft / t P8t pl HEkEE é%r?orsw"f'%@z@ftmﬁl ginse-sgchian gf gi hydy/shafiébruse pldte al
cross-sect i agssefmbdy. hub/ shaft/thrust plate assenbly. [0021] Figure 7 is a
sinplified vertical cross-section of a hub/shaft/thrust plate assenbly.
[0022] Figure 8 is fg cross-sectional view of a hub/shaft/thrust plate
assenbl y al §80%®hcorlp8iig: P iy Sobimplified yetiicak crgss-gealjask ot pi b/ sipitithrusEplate
DESCRI PTI ON ddserhigly. DRAW NGS [ 0023] Reference now will be nade in detail to
exenpl ary enbodi ments of the invention, exanples of which are illustrated
in the accorraﬁanﬁi nﬂF.draV\g'irg s. While the invention will be described in

conj unct i on B%h t HedWeebilo& sigmlited yvertical ergsssedinnepk s Jut/sheéitthiusk plate
descri bed erggdinBBnts are not intended to limt the invention solely and
specifically to those enbodi nents, or to use such enbodi nents solely in the
disk drives that are illustrated, On the contrary, the invention is

i ntended to [R¥ker dT9WPNAHS Fe¥MPliiRA Vedisel eiess-apetianqeli o 1ubfahaftithaist piaje be

i ncl uded w tadsemblye

[0022] Figure 8 is a cross-sectional view of a hub/shaft/thrust plate assembly also

incorporating other features of a disk drive.

DETAILED DESCRIPTION OF THE DRAWINGS

[0023] Reference now will be made in detail to exemplary embodiments of the
invention, examples of which are illustrated in the accompanying drawings. While
the invention will be described in conjunction with these embodiments, it is to be
understood that the described embodiments are not intended to limit the invention
éolely and specifically to those embodiments, or to use such embodiments solely in
the disk drives that are illustrated. On the contrary, the invention is intended to
cover alternatives, modifications and equivalents that may be included within the
spirit and scope of the invention as defined by the attached claims. This invention is
particularly useful in small form factor disk drives; however, the concepts herein are
useful in drives of all types and sizes, and can be included in fluid bearings used in
environments other than motors.

[0024] Further, hard disk drives are well known to those of skill in this field. In
order to avoid confusion while enabling those skilled in the art to practice the

claimed invention, this specification omits details with respect to known items.
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spirit and scope of the invention as defined by the attached c _
ilr[:vention is particularly useful in small formfactor disk drives; however,
t he concemos2on®rgB41 are useful in drives of all types amtuzess/ oisrsd can be
included in fluid bearings used in environnents other than notors. [0024]
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view of a flgpiyh giypam c bearing incorporated in a disk drive. Figure 2
shows a spindle notor including a central fixed shaft 50 having a thrust
plate 52 on one end. The shaft/thrust plate structure may be a single

i ntegral paf®028) i tFige Beis wo vertiealr eegiionab ieusr bt ad eﬁhndepwe&ﬁ@ léeémb

t rust structure.
Stch conf i i oTHraR h 3dctie $ifte's Sheb SahotbitiiofBlutingd srmauiadr 1
coupl ed t o 6haftSAr@ving afuet plefe 5D entdmeusid. pTad ehaﬂt/ﬂﬂustTm@tesgm,fC{uréQnéys
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of sleeve 54 lurd f
\rl\glj: af)f b:g(?%%‘u 5‘H1 Occhrbgteplb{?a g£ SI'[S W|th|n a recess 56 defined by the sleeve 54 and a

counter plate 58 supported on the sleeve 54. It can be seen that the counter plate
58 is fixed in place on the sleeve 54 by being pressed or similarly fixed inside a
shoulder 60 on the hub sleeve 54. Journal or radial bearing 40 is located in a gap
between the shaft 50 and the sleeve 54. Grooves are located on either the outer
wall of shaft 50 or the inner wall of sleeve 54. Fluid fills the gap in the radial bearing
40.

[0027] At the opposite end of thé shaft 50, the shaft includes a shoulder 62 which
rests on an upraised portion 64 of the base 66 in which the motor is mounted. A
shaft extension 68 extends through an opening 70 in the base 66; and a threaded
mounting end 72 of the shaft receives a nut (not shown) which fixes the shaft in
place within the base. A hub 74 is supported on the outside of the sleeve 54, and a
magnet 76 is located on the same surface of the sleeve and aligned with stator 78
supported from the base casting 66. Energization of the stator establishes a field
which interacts with the magnet 76 to cause rotation of the hub. One or more disks
19 are supported on the surface of the hub. It is readily apparent that because
transducer 23 (Figure 1) flies closely over the surface of each disk 19 that it is
6



40. [0027] At the opposite end of the shaft 50, the shaft includes a
shou{der %2 whi ch rests on an upraised portion 64 of the base 66 in which
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fluid dynamic bearing of the present invention is useful in both stationary and non-
stationary shaft designs.

[0029] The sleeve further defines a surface facing the first axial thrust plate
surface and the outer diameter surface of the thrust plate. There is fluid in the gaps
between the sleeve surfaces. The fluid aids in supporting the sleeve. The thrust
plate may have, in addition to grooves on the outer diameter, grooves on one or
both axial surfaces. Alternatively, the bearing grooves may be located on the axial
surface of the counter plate that faces the second axial surface of the thrust plate or
on the surface of the sleeve that faces the first axial surface of the thrust plate. If
there are grooves on one axial surface, the fluid dynamic bearing motor will further
include means for establishing an axial magnetic bias force between the thrust plate
and sleeve or counter plate, depending on the configuration of the system. If there
are grooves on both axial surfaces, an additional magnetic bias force is not needed.
Figures 3-9 show various embodiments of the fluid dynamic bearing described
generally in this and the previous paragraphs.



shaft designs. [0029] The sl eeve further defines a surface facing the first
axial thrust plate surface and the outer dianmeter surface of the thrust
plate. Theoe0p31d7841i d in the gaps between the sleeve surHGvesnosihersil ui d
aids in supporting the sleeve. The thrust plate may have, in addition to
grooves on the outer dianeter, grooves on one ordboth ﬁXI al s:Jrfac](cas. f
Al ternati vel he heari r gov be | ocated on the axial surface o

t he counter [é(ﬁ*gi e tngYes gg‘%g ?'H@ﬁgﬁ%’a(’@x‘?@?s@%‘!’tpﬁc@ Yeevaiehaithusst pitat e
or on the sussanblyofFighe 35B6WS ahkAtbdoares Hfd 4 F&étir?gj‘éﬁéfﬁé#‘ippﬁefigsﬁéwg he

I al rface, t ynam c
bear ng. mot 8803 SPUERds SPARIAICHNERNS Ao souBledall housipiaiaiate. nigmet |
bi as force hghepsnrfideeoftthfuds biakd Qé@i%vﬁ{ SCYR, e Sﬁfé?td%{r%ﬁgrgéftnngggg?g 'ng

on the configuration of the system ere are grooves _
surfaces, amVRdasheenat Shgmstthe lowersurface of thsusigiata S06dsl shéwgat 8$2.33% show

' ki : ey .G.b ' describ enperal Ly i
Uhi s and T haheaes 8 (@hricant wrich . PBETESe G300 $ERG0A B PR 3P e btata
cross- sect i Gi¥40andsinaer wak FRt ¢ft Sleerst 31ﬁ.amecc§3sﬁnblb§ehisg$%mr2ﬁ %ISSI 8 ?(glft')shaft
[ t | Aat.] . Figure shows hu cou
S04 whi on 1 SPe B, (Ao BRoRORL I bl P SrtieEn T olheR siinser S BRI
thrust pl at ©f 80Bstimats B6Grandtth€ Bing hefacss ef thaisierieed 1 6dnd dHimedr pritags 306 i s
shown at 310, and the | ower surface of thrust plate 306 is shown at 312.

i ndi I ' ' 1Sy 1N LS case, di sposed between shaf;
val | 324 of ol "3B4E Bipoolhert hiolss 3. dhere Bavibren BB cso o ket | <
seen at 318366uplhetk isorsl rediadabéé:ﬁhg&huhtélr Umnmﬁtgrgmgf 1{ham§t?%t@@,96,bﬁ‘r§d/\ﬁf afdﬁcestgfe

f L 1 3 of thrust ate an e facing s
the sl eeve 318 Bermgd s OFn8 elalbaSindss o e bohe' wiSaI e mskalgir o
there are tRB0Geaheanbihgs aalal beatsy iPbatibe HHtoml BEHEd 51278 thadi Ilaté)ge]é.' ng
ter 310 thr ate 306, and two axi al bearings. e of

on outer di f S I ) . . . : e
the axial b ﬁﬁ?ﬂ'&éh'? ETBROYTR G B@’frp@a‘?ﬁté@@nﬁe@ the radialfstd gynereic deeringisd
anot her axi &categiodr @ dReOMameerENot GthRIE hREES 3642 I@Leféﬂ%ﬁgéttcf RlftE 8391% .
Thus, in this erroodiérergt of the present invention, the radia ui d dynam c
bearing is journal or radial bearing was located at the gap 40 between shaft 50 and sleeve 54.
Thus, whereas the radial or journal bearing was located between the shaft and
sleeve in prior art configurations, there are, in the present invention, no bearings
located on shaft 304. instead, there is now a lubricant 314 between the inner wall
322 of sleeve 316 and wall 324 of shaft 304. Fluid or lubricant 314 is maintained

within the gap due to capillary action (seal 320).

[0032] Figure 4 also is a simplified vertical section of a sleeve/shaft/thrust plate
assembly as described above. Figure 4 shows an embodiment of such an assembly
with a stationary shaft. Figure 4 shows a hub 402 coupled to a counter plate 418.
Shaft 404 is coupled to thrust plate 406. Thrust plate 406 has an upper surface 408,
an outer diameter radial surface 410, and a lower axial surface 412. There is
lubricant at 414 disposed between the inner wall 426 of hub 402 and the outer walls
of the shaft 404 and thrust plate 406.

[0033] As with Figure 3, Figure 4 is an embodiment where there is one radial
bearing on the outer diameter 410 of thrust plate 406. In addition, there are two
axial thrust bearings. One of the axial thrust bearings is between the upper surface
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| ocated on the outer dianeter 310 of thrust plate 306. In reference to
Figure 2, the journal or radial bearing was |ocated at the gap 40 between
shaft 50 wackoss/eesa 54. Thus, whereas the radial or jourprcalUuse@vdisTgiwas
| ocat ed between the shaft and sleeve in prior art configurations, there
are, in the present i nvention, no bearings |located on shaft 304. Instead,
there is now bri cant 314 between the inner wall 322 of sleeve 316 and

wal | 324 of 4 P ha¢st Plate 408 and the irging sHrfaceof eounterrplatierdd, wnd rtihertaxéal gap
due to capi |l&éHnga§be%ér§lﬁﬁion33@}ace[4p@38ﬂthFde@gr e 408l Btnéf%e@cgmtdc%'o?d

vertical section of a sleeve/shaft/thrust assenb
above. Fi gurdeevessashian 431eMoaii ﬁemthé:ﬂgtga@hwaﬁremsnmay canfiguraticrtsad iamiiedr y

haft. Fi I 418.. Shaft 404
e coupl eq (5 1OHTE BRafhng W ecied oh, Gl Jrand vf B RAboR R 58P an kR 4os,
an outer di dhefeeis nadadial beafing onsdeft 404 dnstemdr tmzegoléalgc]gea{nﬂgeslﬂreggfdaﬁ% :

b i ne
ot er wal 1 Sanefd 40 SPARET ERRRT MO HRBChal R the BRu0den it Bagdr e 5
Figure 4 is thareelsbnmilsepartate/vlsmeeet hesteatl s homeloRaidi @dnfig@aui t@ga&ﬂaé Besl?ﬁeﬁgt

di t 41 te 406. dditi there are two axi al
b'eZ??nSE. o °"6‘? h'8§@§ 20 e "E%’&ﬁl , (& SV the uh sa8 beseppEie 408
of thrust pledraerBbhatrate faterdcactogethatint %n&%ﬁ%ﬁrnmeaérﬁ 418, and ot her

axial bearing is between bottom surface 412 of thr usth pl ate 4g6 \fmd t he
facing surf f s ection 421 ai n, Fi gure ere in
prior gart cg&ﬁ gur afi ﬁ "i’ OAIET SO T fgu P %@ér‘f"ﬂga%ﬁﬁe pheneawogdimania
shaft, int MOwnihndhmIﬁsenEemedlﬁbaﬁb@lahﬁ dthert ABGdiIM@Nf00f tAE ipRd s HVeRFoPn

haft 404. In the radial bearing is on outer dianeter 410 of thrust
ot 06, NBE Shan el B SearBO At i haokAay PECWAONT 8 e &rt.ngor

separate sl exampld, n%@ﬁ@atté\‘db g bs &@K)ifdngk_!ﬁ&ﬂ/e%c’ h@Fang%Egé‘ ﬁb@ﬁé’sﬁ spiral
eeve and t

However, in this and al|l other enbodi nents, "t he sl an be

separate el &ENSS: tsﬁé'tso'gﬁ‘egf%?%n@ép ﬂ“@’e@ﬁé’@rm@ﬂ Ayystaeping: deitdvgs dmothhe

art. [0034] phéthbde @m@%, Matsiypwn in Figure 4, as well as the other
enbodi nents shown ?n t he present speci fication and ot her enbodi nents of the

ntion
present | nve[: 0035] Figure 5 is a simplified vertical cross-section of a hub/shaft/thrust plate

assembly. Figure 5 is an embodiment of a rotating shaft assembly. The
embodiment shown in Figure 5 shows a single thrust design instead of the two
axially-opposing thrust bearings shown in Figures 3 and 4. Figure 5 shows a hub
502 coupled to a shaft 504 which is, in turn, coupled to thrust plate 506. Thrust plate
506 has an upper surface 508, an outer diameter 510, and a lower surface 512. In
addition, there is sleeve 516. In this case, sleeve 516 also acts as a counter plate.
Additionally, there is a seal shield 532. Lubricant 514 is maintained between sleeve
516, thrust plate 506, and seal shield 532. In this embodiments, as in other
embodiments, seals may be used to maintain lubricant between various components
of the hub/thrust plate/shaft assembly. Such seals may be radial seals, centripetal
seals, traditional capillary seals, reverse capillary seals, or other seals known in the
art.

[0036] In this single thrust bearing embodiment, there is one radial bearing, again
on the outer diameter 510 of thrust plate 506, and only one axial or thrust bearing.

The one axial or thrust bearing is on lower surface 512 of thrust plate 506. Since
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not shown herein, the bearing patterns may be of any type known in the art.
For exanple, such patterns may be chevron grooves, herringbone grooves,
spiral greemsyiEs4ausoi dal grooves, and nay be fornmed bycIveszpiangs7seoi ni ng,
or other nethods of patterning materials. [0035] Figure S is a sinplified
vertical cross- secti on of a hub/ shaft/t hr ust pl atg assenblhy. Fi gulr:e 5 |55an
enbodi nent o tin ft asse i ment shown in Figure
shows a si ng{hg e“?r ¥°Bg r@ﬁ beingdy m%l% Pire ’PHS%?%‘P“W 19 5RBnép meniain
bearings shopvapenakiaggess theathelist bekfigyr Subh DiMoré: BaP e Uh QLR rjié?c
shaft 504 V\:h#ChIS n turn, coupled to thrust plate 506. Thrust p 06

has an upper O Provideddw agﬁcqnﬂe@f MRAORAEPRA 5@9‘” magaetzoffsshdnot shovak e TBQZ
[n addi t1 on, bib8eseelis sAORE Y S3A-In EAGKBhSIUBASS PRIRLE JhdficAt SR AFigyas. @

counter plate. Additionally, there is a sea rican
nai nt ai ned bEEREERNgs \é’é%”@l‘h"veﬂﬁmer@il%t%’ewewnméi%aad 56Ri el d 532. In
this enbodi nents, as in other enbodi nents, seals nmay be used to maintain

| ubri cant be[bﬁ!ﬁj?n VAIsbOskal %ﬁméé’ts ek ah%(lat?‘éhééwalgﬁltac%?ﬁtq ey &Lgh that

assenbly. Such seals may be radial seals, centr sea i onal
capi |l ary sdhicaverseysh axerbangs phity iRfesmost é@ct@nhﬂae wepsr ssukfaceu50Bnoft theusar t .
[0036] In thisiedoagl e thrust bearing enbodi nent, there is one radial

beari ng, again on the outer dianeter 510 of t hr ust pl ate 506, and only one
axial or thrust bearing. The one axial or thrust bearing is on | ower
surface 512 [8938t hr USiEUIS GBSO S'Slpﬂﬁ:é@ﬂﬂéfﬁlecrbiéﬁ -seftipnai@ hub/sisft/bamst iplje a

bias force rassbnipf. aﬁ&\hh@‘é di8idriapy QH%ﬁet grglﬁt]% B dwvePh W&ﬁl 002( é aq§$%q/¥3(a(gd by

t hrust bearing. Such bias force can romagne
a secondary Geaglesttodhe shaft 8@bwhiehimisttunt ¢apled todbe h“hosbrp)lateme Fihasst btee is

shown at 53%06I X drF Ssurt=48'6p8 24k oB{émleﬂﬂetghév\gt' %n%may\'/seé%a#f% 611?81;5@;]?1e

beari ngs Wmle e 1S I n operatron are nd’
Al so, seal ﬁﬂdéloﬂ, 5RRrenbtshows acerdrpeathl ®haektritigap) suaeaﬁdlﬂmhtemat 662.SWlid t hat

it covers ar&égé%gﬁﬁ%ﬂ’?eoaﬁet\/vtegn 'cgﬂ rlpg%? sealegéé %]rusp Sla%lep 88é J ht%: %0?08 of

thrust plate
capillary seal is shown at 620.

[0039] Again, as in Figure 5, there is one radial bearing on the outer diameter
610 of thrust plate 606, and one axial bearing, this time on the upper surface 608 of
thrust plate 606. As with Figure 5, a bias force is needed to maintain proper axial
gap of the thrust bearing. As before, such a bias force can be supplied by an
electromagnetic force.

[0040] In this embodiment, the centripetal seal and limiter 662 forms a radial
capillary seal 620 meniscus. The centripetal force of the spinning rotor keeps the
fluid between the centripetal seal and limiter 662 and thrust plate 606. The
corresponding centrifugal force of the lubricant assists in holding it within the seal.
The bias force required is shown at 630, and the net lubricant pumping directions as
a result of the axial and radial bearings while the drive is in operation are shown at

640 and 650, respectively.

[0041] Figure 7 is a simplified vertical cross-section of a sleeve/shaft/thrust plate
assembly. Figure 7 is an embodiment of stationary shaft design. Figure 7 shows
hub 702, configured to also serve as a counter plate. In addition, base 760 is
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[0038] Figure 6 also is a sinple vertical cross-section of a
hub/shaft/thrust plate assenbly having a stationary shaft. Figure 6 shows a
hub 602, wekoas/basa 660 coupled to the shaft 604 whi ch irCcT/wS2008r8BOUpI ed
to the thrust plate 606. Thrust plate 606 has an upper surface 608, an
outer di arreter 610, and a | ower surface 612. In addition, Figure 6 shows a

[ d | t 662, Fluid 614 is
mai nt ol ned. beqIRkEh Bt L aiohde <0y M iPuie thiyehlates 560, Thashisteaos A
capillary selds bs L&i@@W@UﬂéC&?OB &R0 30]er Ahéter F30] Bn&'agfé(/\%g)gurfég@"ﬁz' none

| b he out di anmet 610 of thrust plate and one axi al
lragglr ?ng, e? L:% ”i'c??etﬂlfrﬁeﬂf’n% (R8T '%QF‘?P&ZEZ 6§5P'B@Wta$|al§sarey§hawe a@80. As with

Figure 5, a bias force is needed to maintain proper axial gap of the thrust

bearing. As [oefpr e, AsuﬁanguH@sass ahar 6.eFigare behééll%pénhsfé R fl?e%'riﬂgtérng%?et ic

f 004 i ment, the centripetal seéal an
i g; ﬁg a[ r adi ‘&?mE%%ﬁég ﬁhré'éfa Plag 6P Gr@nd Scsingleaxial @@ﬁtlm patewerf surkage 6T 2tdie

Spi nni ng T otiarusk oA 708° Ad brd)e! RS TorlSs F8BILA. ATk B 1€ BheBAfhdrcd fisk 662

and thrust plate 606. The correspondl ng centri rce nt
assists in HBI% RBLIS tangehinnthenepposiie dirpgiomi @Jdﬂoadrﬂas doreey adains nfatyoba at

630, and t hesypglied Hibéle%ﬁf!%g%ém:' Mdaf." A5l Qg?n ﬁ%gfeeésig%éi‘al é:[enér ﬁaa 630

radi al bearings whi ive Is in operfation
respect i vel yorpedhejwesnghedup 762 ang rthq)bas‘oe @60.v én taidditibn Chreathes esel gr2q§ a

nbodi ment of stationary
:lh::‘a Ye{jzgﬁg%é%{dﬁ%@%ﬁg&géﬁﬂgé%bﬁl g)lcj)lh'ﬁ'itﬁ‘lﬁ?%ocig?n e'QFsgol serve as a counter

plate. In addition, base 760 iscoupled to shaft 704 which is coupled in
turn to thr 843l atRiggnee 7 s sshomisatee cloglatiars emndmﬂpér?Osttrrf ariczZA8,71and

outer di anet@reylztln éﬁ?ﬁ&g 17RNELs P {Ifa?qugrﬂc%hk bw;]oga 'a%rlfgp corpR I%%d l’Agmi fne

breat her | abel at 772 I'lary sSeals are”s /
Fi gures 5 arfiie® o Bhgilee ‘Bmhsa desgngﬁ ecfeadd ab ab‘%htelalg oPd@al tvehtedl JsBigar 710

of thrust pl axi al rin r surface 712 of
t hrust pl alto TE‘,{’720?-'3'%%‘5 nﬁerﬁgsorgggwriq%q:é%ur%r cg %nﬂgéﬁ%"?ﬂ sug(ita icHeylglion eatoar ment
a bi as conduit, though such a path or conduit could be included in these embodiments. The

lubricant pumping directions are shown at 740 (axial force) and 750 (radial force).

[0044] One aspect of the sleeve/thrust plate/shaft assembly should be noted.
Each embodiment of the present invention presented herein includes a “sleeve-like
member.” For example, Figures 3, 5 and 8 show a sleeve at 3186, 516, and 816,
respectively. Figures 4 and 7 do not show a sleeve per se, however, the
configurations of hubs 402 and 702, respectively, are such so as to act as a “sleeve”
or “sleeve-like member”. Even Figure 6, though not having a sleeve, has a sleeve-
like member in the combination of the configuration of hub 602 and seal 662. Thus,
various embodiments of the sleeve or sleeve-like member include a hub configured
to act as both a hub or counter plate and sleeve, a separate hub and sleeve that
may be then coupled in some manner, a hub and seal configured to act as a sleeve,
and any other configurations that supply the surfaces necessary to establish a fluid
dynamic bearing. In addition, it should be noted that although grooves are shown on
that outer diameter and one or both axial surfaces of the thrust plate, it could be the

adjacent sleeve or counter plate surfaces that are grooved.
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force needs to go in the opposite direction. Such a bias force, again, may
be supplied by el ectronagnetic neans. Here, as in Figure 6, a radi al

centri petwlo mexlo7sea forned between the hub 702 and the PageUS26@3/018781
addition, breather |label 772 is placed over the radial centripetal seal to
limt evaporation |oss. [0043] Figure 7 also shows a circulation conduit
770 for lubricant 714. Cir.cul a}aé(%n condujt 770 assures that lubricant is

not drained PRI et EWUFG 8ris SHailas iR £1gWe dnotRWEVersilt Rdditiar & ghowisgrthe dubed
to a "vent edfoBrshaftlgd4, \eiisegiate] 866, A0briche SqEIbBQéérBQb Sslé@éﬂ%q’lhtédgaf: h/ﬁHrh%B 3-6
su

do not show such a circul ation ath or conduit, thou

condui t coul 0%EriyeI89ads CP"r‘f'QtUﬁ%ds@ agkige doHeAs BUb Tine Sle@Me) saaltanduimptenging
directions agfg, %Gmc@%tlgﬁgor(cﬁfﬁ'ﬁo Egtfect At (ﬂ§l{j8’7959n4 Fnadg]h -;gé)%r%e% %%WQNLHE&Ch

One aspect of the sleevel/thrust plat aft assenb
enbodi ment ofgaine ther és"élwlmemeﬂiwmnlrpF@slthedaﬂamm radahddaadag @n the outer

"sl eeve-likey I Fj S and show a sI t 316
516, and 816, Igﬁggégeggtol %Fru@f‘@%ﬁ%@ 7 nrﬁe %)a%lo %‘Pgsaﬁé Hp%?re%\/ 30%
however, t hethumhbla@wBﬁﬁl ﬁhlss @S Uefrlire 4b2zsdode B3D,is rezgpireat i vel y, ar e such so
as to act as a "sleeve" or "sleeve-like member”. Even Fi gure 6, though not

havino 2 ol SRRy DoBifs3b3 uPhid R0 RINETs ! A8 €SS AN Bk L gy

sl eeve or s|dymamit iblearing imeeingimol 962 sinafthaﬂgcdhfgnsglpta@d 9t)ehm@hcm dora, fmﬁae hub
or counter u sl eeve that en
coupl ed in ?(’)(ﬁr)té nanneﬂtgi\éﬁmf%aﬁgg (%t?%romoglﬁre%er?Be‘g'(‘f? 'ésthg?)s{'] ge@ I8nd
?lny gt ger ¢ aruinfiguneslt to cacs atsftgictjh asmbyaﬁdlﬁﬁsﬁ)g@éﬂsaﬁwmgﬁ&ﬁmg 9}36 ﬁtﬁﬁca%hbﬁh a

ui ynami ¢ RO, i tion shou e noted that althou
grooves are é’ﬁgﬂﬁ%ﬁ 'ﬁg%gﬁn«gr 89%?{9%9 r tﬁ‘@%? basnantashoyn W'Eﬂ'@e% of
the thrust pﬂat@he rddlat%bﬂn@enttﬁ@oa@r@féi‘rﬁéteﬁbﬂ?ﬁﬁtt@ust%%@t%% Bh@bfie Sl aces
is simlar to Figure 7. However, In

t hat Fi 8
addi 1 on {0 RBRPITY HLPPRICS6SS R4t B PAHROS: Pien enBoBe Hikace
814, base 8f{s Bé@rmgeg'rdﬁvégr al b%“’@rd&ubB@qg feQlird! D ﬁpezt%& g\?%‘fétt%ﬂ ﬁfﬂj Con

act as both as hub and sl eeve), seal and |mter rin clrc
condui t 870,9YRBIEC PRAMNG esbogimening Frigyreetd Wsera(r@rrdarséo dheatationary shaft

embodiment shown in Figure 8, except note that a central screw 980 couples the
shaft 904 to a cover 990.

[0047] Various modifications to the assemblies disclosed herein may occur to
those skilled in the art without departing from the spirit and scope of the invention as
defined by the appended claims.
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Agai n, the enbodi nent shown in Figure 8 has one radial bearing on the outer
di aneter 810 of thrust plate 806, and one axial bearing at the upper
surface 80® mb3/idisust pl ate 806. Thus, as before, a bi aPdToUs2e0338878i s
required. [0046] Figure 9 is simlar to Figure 8 Figure 9 shows a
top-cover-attach fluid dynam c bearing having hub 902, shaft 904, thrust

pl ate 906, g‘éw nt 914, base 960, sleeve integral with hub 902 (or,

anot her persg 'e is that hub 902 is configured to act as both as hub and
sl eeve), seal and limter ring 916, circulation conduit 970, disk 919 and
magnet 978. 1Agai W fltit eyearhiediesring cemprgingn Fi gure 9 has one radial bearing
on the outer dianeter 910 of thrust plate 906, and one axial bearing at the
upper surface 908ashaft;hrust plate 906. Since only one axial surface has
beari ng grooves, a bias force 930 is required. The top-cover-attach fluid
dynam c bearing earﬁtrdstrmaté mflud?m@ﬁrrSEaﬁd BScoralrakidlisitthéds 4 Ahsuet abhR&! v

shaft enbodl nt, shown rgq/é excU%E1 note that a central screw 980
coupl es t he GRSHE rgﬁngtgr Qa"d pargispgrop ragsy grstiierfbaftfexisndingfsorn dhe he

assenbl i es dirstelxes edrfiey 6fithe IFYstqtal! to those skilled in the art without
departing fromthe spirit and scope of the invention as defined by the

appended cl ai ns. G Ablvier ;ilate%évirt? sh QMQI%U@CQ%M@%&&@BHH %kl@gsurfﬁ?:e%?%é -a

t hrust pl at i ncl u%l f| rst and second axi al surfaces an ou
di amet er, }ér gtip'ate /fTesRR 88Phavi ng bearing grooves ther eon and the shaft

ext endi ng fromthe %I rst axial surface of the thrust plate; -a counter
pl ate having an ZkFSFVE GPHRIEE 1 Ak RAURtAE Plsie aRd sarperted farfraleéonfrelaties tdr ust

pl at e acr osshésBaP and &hl@%ﬁﬁl\éfé Qﬁé’@le‘é@e tf@rtﬁé‘reae?ﬂ'ﬁgt ﬁfrfa?h@tfg i %esﬁﬁgp%lgfd

for rotation relative to t haft and thrust
defi ni ng sutiryeiiaiesuriage end the euer @iﬁin@lertshlerSQ opthetterustplbecandind t he out er

di aneter surface of the thrust plate; and
-fluid in gaps between the sleeve surfaces supporting the sleeve for rotation.

2. The fluid dynamic bearing of claim 1, wherein one of the first or second axial
surfaces of the thrust plate, the axial surface of the counter plate facing the second
axial surface of the thrust plate, or the surfaces of the sleeve facing the first axial

surface of the thrust plate includes grooves thereon.

3. The fluid dynamic bearing of claim 2, further including means for establishing
an axial magnetic bias for closing a thrust gap between the thrust plate and sleeve
or the thrust plate and counter plate.

4, The fluid dynamic bearing of claim 1, wherein there are grooves on either the
first axial surface of the thrust plate or the surfaces of the sleeve facing the first axial
surface of the thrust plate, and wherein there are grooves on either the second axial
surface of the thrust plate or the axial surface of the counter plate facing the second
axial surface of the thrust plate.
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-fluid in gaps between the sleeve surfaces supporting the sleeve for
rotation. 2. The fluid dynam c bearing of claiml1l, wherein one of the first
or secondwaxioad/1suif aces of the thrust plate, the axi al Furdszoes/as7st he
counter plate facing the second axial surface of the thrust plate, or the
surfaces of the sleeve facing the first axial surface of the thrust plate

i ncludes grooves thereon. 3. The fluid dynam c bearing of claim2, further
i ncl udi ng me%ns f fﬁé&i? S¥DarBiG brarRg Oiﬁ'%l% TrelyriBen Rckidig eng ocmese meala to
thrust gap betivesnitiddcisarsthetiicive smadhaisesus: 8 él@évlég‘rﬁva']@ﬁaf?l ate and

counter plate. 4. The fluid dynam c bearing of clarm erei'n there are

grooves on either the first axial surface of the thrust plate or the
surfaces of the sleeve facing the first axial surface of the thrust plate,

and wher ei n ¢ her qrarfui@dRNAR Qéhrﬁnig]gdsrteaaihh%, %%%mltﬁéisé%ls%éfc%p@aﬂf sbdl€

thrust plate or the axial surface o0 he counter plate facing e “second
axi al surf ac®lested fiamithe geaupfsedials centripetal, wediceleraaversed aapitayy skalsl ai m 1,
further including one or nore seals to nmaintain fluid between the sl eeve
and thrust plate and sl eeve and shaft. 6. The fluid dynam c bearing of
claimb5, wherein_the seals are capillary seals selected fromthe group of
radi al, cent’i pet'8r, filvidrdynagic hearieg &f s@aime dpiwheieip beagroovas aféehielrongd

dynam ¢ bear{ehghdbong! sirti g,simﬁﬁ@é',@r%msgrooves are chevron, herringbone,
spiral or sinusoldal grooves. 8 A“thrust plate for use in a spindle notor

in a disk drive conprising: -a cylindrical shape; -an outer circunference
havi ng beari ng grooves di sposed thereon; and -first and second axi al

surfaces, wherei i B dlate R¥USEHPa bpRBII Ao} mé'afskﬁtﬁ% E?@E{iéiﬁgzaf I rst axial

surface. 9. A fluid dynam c bearing conpri sing: te of claim
8, -a counter pla gyipaMtaGnhapeaxi al surface facing the second axial surface
of the thrust plate across a gap;

-an outer circumference having bearing grooves disposed thereon; and

-first and second axial surfaces, wherein a shaft extends from the thrust plate
at the first axial surface.

9. A fluid dynamic bearing comprising:
-the thrust plate of claim 8;

-a counter plate having an axial surface facing the second axial surface of the
thrust plate across a gap;

-a sleeve coupled to the counter plate and supported for rotation relative to
the shaft and thrust plate, the sleeve further defining surfaces facing the first axial

thrust plate surface and the outer diameter surface of the thrust plate; and

-fluid in gaps between the sleeve surfaces supporting the sleeve for rotation.

10.  The fluid dynamic bearing of claim 9, wherein one of the first or second axial
surfaces of the thrust plate, the axial surface of the counter plate facing the second
axial surface of the thrust plate, or the surfaces of the sleeve facing the first axial

surface of the thrust plate includes grooves thereon.
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-a sleeve coupled to the counter plate and supported for rotation relative
to the shaft and thrust plate, the sleeve further defining surfaces facing
t he firstwaxioad/17beiust pl ate surface and the outer di anmtcaruRoeifmesmsiof the
thrust plate; and -fluid in gaps between the sleeve surfaces supporting the
sl eeve for rotation. 10. The fluid dynam c bearing of claim9, wherein one
of the first or second axial surfaces of the thrust plate, the axial
surface of the counter plate facing the second axial surface of the thrust

pl ate, or th1e sur. ach. f the sleeve facing the first axial surface of the
thrust plate I'ncllie uﬁfo‘i’%/”@@"f hee& B, PI. claie {9.uifertigrn dmdleding amieags ofor
claim 10, f usdtimishingrnushti BERR Hi i St i i,C . hias
for closing a thrustg gap %g?meenﬁt&éégioﬁyﬁ’ﬁgp%mrg&% l?%\évgérﬂ gjg@ﬁgﬁl p{ag%
thrust pl at hifesireve o ethryst plate ang therppuintergilaiedynani ¢ bearing of clai m
9, wherein there are grooves on either the first axial surface of the
thrust plate or the surfaces of the sleeve facing the first axial surface
of the thrust plate, and wherein there are grooves on either the second

axi al surfack of Thediuiddynamisbgaengef elaig Sxwagreinuthbecareogrobves aoeitiieeithg! at e

faci ng the sp&opsh ay) I 13. The fluid dynamc
bearing of gFai m é%ﬁ#fﬁ(%et ﬁﬁgpé?ﬂgfﬁéj?{ﬁgﬁ gﬁ%ggﬁécr%%rogﬁ@eegpgv? g th?é’ﬁ% a%ﬁﬁi d
bet ween t he S$rfaeg ef tedhiust plate, indivenesaid tsérecre gasules loaf dithet the Jerend lavist

dynam c beard I i [ OO0V, are chevron, . herringbone,
spiral or siérLljﬂggé) gﬁegbéﬂg\gglgw§'r5ﬁe%4$%F'ga%ﬁ/?lfgtﬁ?c?OB@t&FP Ea&%?rtih%isﬁ ond _ 5
shaft; -a taxigsunihcet e theatirustiphatef i r st and second axi al surfaces and an
outer diameter, the shaft extending fromthe first axial surface of the
thrust plate; -a counter plate having an axial surface facing the second
axial surface of the thrust plate across a gap; " -a sleeve coupled to the

counter pl at'8. andhe dipjsodyrednit deariog af iclaim e ffathier éndladib@nehdfhonsbadid!st
plate, the %eﬁﬁt\éﬁ‘l f“i'é B&Weeﬂ%é HeBY% 3HG {harggtsplgtg%lng%léer\]/g afnldrsshtaftfaxI al

14.  The fluid dynamic bearing of claim 9, wherein the grooves are chevron,
herringbone, spiral or sinusoidal grooves.

15. Afluid dynamic bearing comprising :

-a shaft;

-a thrust plate including first and second axial surfaces and an outer diameter,
the shaft extending from the first axial surface of the thrust plate;

-a counter plate having an axial surface facing the second axial surface of the
thrust plate across a gap; %

-a sleeve coupled to the counter plate and supported for rotation relative to
the shaft and thrust plate, the sleeve further defining surfaces facing the first axial
thrust plate surface and the outer diameter surface of the thrust plate, wherein the

sleeve surface facing the outer diameter surface of the thrust plate has grooves
thereon; and

-fluid in gaps between the sleeve surfaces supporting the sleeve for rotation.
15



thrust plate surface and the outer dianmeter surface of the thrust plate,
wherein the sleeve surface facing the outer dianmeter surface of the thrust
pl at e haswgrmoyeg34thereon; and -fluid in gaps between trTEU®2005018181f aces
supporting the sleeve for rotation.16. The fluid dynam c bearing of claim
15, wherein one of the first or second axial surfaces of the thrust plate,
the axial surface of the counter plate facing the second axial surface of
the thrust plate, or the surfaces of the sleeve facing the first axial

surface of t t .plate.includes, gr.ooyes thereon. 17. The fluid dynamc
bearing of c1l%gi m 5]%%’{‘13‘?3?% o Bﬁ%ﬁ'%?frfga'%ﬁéﬂ’%?mé’@?&é|ﬂil%ﬁnshgr %ﬁ?oasiiazél
magnet i ¢ bi asrfhoes of eithwistplaty, Wisé agiapslreicsestnné Beurtbr EJ_I%Ee ﬁcﬁt{gghg%cg,m

e flui

sl eeve or the.t]hr%st \% te an§ he counter plate. 18. _ ynani c
bearing of && 8% elhFH te gr hegsustares obiheslerue facieg the fist axiahl

surface of tshefatdbtipk tituat SalinédilgeSHobosSmeplont he sl eeve facing the first
axial surface of the thrust plate, and wherein there are grooves on either

t he second axial surface of the thrust plate or the axial surface of the
counter plate facing the second axial surface of the thrust plate. 19. The

fluid dynani1g. bednénguigf doh@hi® Bearihiy’ bhediaim ¢gld] N cRIGINEP" als to
mai ntain flui {jaas))et,ween thg sl ee\_/eagn% t hr u_aslt adz;t Eﬂg‘ﬁg @F@g{/ a'ﬁ%gn;%hzﬁtt.
20. The f1 uiCgaiI$ARg an s magnetic biagifen dosing ertbrust pap bgtweendtie dnmistpleter on,

her ri ngbone anghé albe® oSthB ¥ RsCh e RPHE Sounter plate.

18.  The fluid dynamic bearing of claim 15, wherein there are grooves on either
the first axial surface of the thrust plate or the surfaces of the sleeve fac,iing the first
axial surface of the thrust plate, and wherein there are grooves on either the second
axial surface of the thrust plate or the axial surface of the counter plate facing the
second axial surface of the thrust plate.

19.  The fluid dynamic bearing of claim 15, further incl'uding one or more seals to
maintain fluid between the sleeve and thrust plate and sleeve and shat.

20. The fluid dynamic bearing of claim 1, wherein the grooves are chevron,
herringbone, spiral or sinusoidal grooves.
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