J. 4 DEC 2005 1 ELECTRI C SPINDLE MOTOR AND METHCOD HAVI NG MAGNETI G 4 BEC 2005
STARTI NG STOPPI NG DEVI CE FI ELD OF THE I NVENTION 5 The present invention
relates to a high precision spindle with hybrid fluid bearing system and
starting/ stopping assistant device. It has the advantages of high speed,
hi gh precision, |ow acoustic noise, |ow power consunption, shorten
starting/stopping time and reduced risk of contanination. The spindle is
suitable 10 for applications such as hard disk drive, DVD drive, printer
and ot her suitable cases. BACKGROUND COF THE | NVENTI ON 15 Descri ption of
Rel ated Art WELECHRIGERINDLEOMQTORAND METHOD HAVING MAGNETIOr e i S
required of a hard disk dr} i | ' and ot her notor-driven
storage drives. It is expe%?‘égﬁlﬁé{%??lgéogggﬁ%apabi lity of a hard disk
drive will be much higher with 20 shorter read/wite tine. Besides the
| arger storage capacity, the hard disk drive is also expected to have
characteﬁﬂEL%U@Fo|1EdNéEhHH@@ttic noi se and better reliability under
extergal shock and vibration. The higher requirenments result in each
conponent in hard disk drive to do nore and performbetter. 25 There is no
exception for Thesprawdng immntion rERgesey d AR BleckiGiPispifldfe WXhOKybridSfldig
provide a disk drive with turning power that is rotatablg st abl e and
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DEC %805 for applications such as hard disk drive, DVD drive, printer and other suitable

cases.
BACKGROUND OF THE INVENTION

15  Description of Related Art

With the advance of computer technology, more and more is required of a
hard disk drive, optical disk drive, and other motor-driven storage drives. it is
expected that data storage capability of a hard disk drive will be much higher with

20  shorter read/write time. Besides the larger storage capacity, the hard disk drive is
also expected to have characteristics of lower acoustic noise and better reliability
under external shock and vibration. The higher requirements result in each

component in hard disk drive to do more and perform better.

25 There is no exception for a spindle motor. The key task of a spindle motor
is to provide a disk drive with turning power that is rotatably stable and reliable for
many years. The ideal spindle motor should possess the characteristics of lower
repeatable runout (RRO) and non-repeatable runout (NRRO), lower acoustic
noise, lower power consumption, fast starting and stopping, and higher resistance

30  to external shock and vibration.




2 1t is difficult for conventional ball bearing spindle rmtors,!tS d'l%?t al |
of these requirenents. Therefore, a conventional ball bearing E

notor is not likely suitable to be used in next generation of hard disk
drive due to its drawbacks of higher non-repeatable runout as well as

hi gher acoustic noi se. The drawbacks of 5 ball bearing are caused by the

| nperfect geonetry on the inner race, duter race and balls or rolli ng

el enents of ball bearings. In contrast, fluid film bearings have no surface
contact during operation. Hence, it may be a better alternative for ball
bearings used it is difficultdos&omieintional Hall Héarirfg splddlblmmoln@w magt alhofthese
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15 One of the major difficulties with a fluid film bearing in a hard disk drive is
leakage of liquid lubricant. The leakage of lubricant degrades the performance of
the fluid bearing. Besides, the oil droplets that leaks from the bearing may
contaminate the surfaces of disks and cause the failure of the hard disk drive.

20 In this aspect, the aerodynamic bearing is attractive because there is no
risk of lubricant leakage. The spindle motors using aerodynamic bearings are
described in U.S. Patent No. 5,283,491 to Jabbar et al. and U.S. Patent No.
5,760,509 to Chung et al. However, the air bearings have relatively lower load
capacity and stiffness compared with oil bearings at similar geometric conditions.

25  Furthermore, with a pure aerodynamic bearing system, the hub and the base of
spindles are electrically insulated during the operation of spindles. The electrical
insulation blocks the discharging of static charges from the base of spindles,
which would otherwise result in possible damage of magnetoresistence (MR)
head and cause failure of hard disk drives.

30

The air bearings also have relatively higher wear ratio, especially during the
starting and stopping times of the spindle motor. -Besides, the prior inventions




The air bearings also have relatively higher wear ratio, especially during
the starting and stopping tines of the spindl e notor. Besidgs, [iEfeZglh or
inventions 1 4. DEC 2005 3 cannot prevent the contam nation caused by the
tiny particles out of the bearings, which are generated by the wearing of
bearing surfaces, especially at the nonent of starting and stopping of
spindles. 5 The present invention atter13pts to overcone the above-nenti oned
drawbacks in prior inventions and provides a hybrid fluid-bearing system
spindle wth the advantages of power saving, fast starting, contam nation
free and caowiot pefvant the eonthiniSaidABYuSd Bihe IMEDEITION: sowtasfehalbealingst i ve
of the present invention is, to provi a power_saving, .fast starting,
cont am navtwi%'Sﬁ of¢ generaled -bé{fstP%(‘,"ﬁ%\%‘Q %3?91%5““8 SiesEsvEsReciRlyEt dhe maree

beari ng W@rﬁhpfﬁndfﬁbgpiﬁbﬁfs‘émd{@s_and ot her storage devices. The present
15 invention will overcone the |imtations and drawbacks of the prior art.

Anot her objective of the present invention is to provide a spindle notor
W th cnagneti Si.sti tartinglstoppi ng device jch reduces the
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contam natjon caused by worn particles. A further objective of the present

i nvent i orWitl the) agvantages £fawerdssadng. fagt stesing rcontgaminatien dree/ end sostt es,
whi ch co%&igé hydr odynam ¢ journal bearings and aerodynam c thrust

beari ngs. th the hybrid design of the bearing system 25 the total power
consunption is reduced. By neans of ferrofluid seals, the bearing system

obtains s i jnation free condition. The basic
constlguct Whﬁél’f&%m%gﬂ'&ﬁ'g system conpri ses two hydrodynam c
journal bearings and two aerodynam c thrust bearings. The journal 30

beari ngs are seal ed by neans of magnetic fluid seals.
A general objective of the present invention is to provide a power saving,

fast starting, contamination free, cost-effective, spindle motor with hybrid fluid
bearing system for hard disk drive and other storage devices. The present
15 invention will overcome the limitations and drawbacks of the prior art.

Another objective of the present invention is to provide a spindle motor with
magnetic assisting starting/stopping device, which reduces the friction and
wearing during the moment of starting/stopping, therefore, results in a fast starting

20  spindle motor with reduced risk of contamination caused by worn particles.

A further objective of the present invention is to provide a hybrid bearing
design for disk drive spindles, which comprises hydrodynamic journal bearings
and aerodynamic thrust bearings. With the hybrid design of the bearing system,

25  the total power consumption is reduced. By means of ferrofluid seals, the bearing
system obtains substantially a contamination free condition.

The basic construction of the hybrid bearing system comprises two
hydrodynamic journal bearings and two aerodynamic thrust bearings. The joumnal
30  bearings are sealed by means of magnetic fluid seals.




1 4 DEC 2005 4 An additional objective of the present invention is to
provide an electrical path for discharging the static charges § & br@etilbo
protect electric charge sensitive devices, especially for

Magnet or esi stance (MR) head di sk drives. 5 In one enbodi nent of the present
I nvention, the aforenentioned hybrid bearing unit is assenbled to a disk
drive spindle. The spindle conprises a4rotational hub assenbly and a
stationary base assenbly. The hub assenbly consists of a hub onto which

t he magnetic recording di sks can be nmounted, a shaft sleeve housing that
i's securely fiAedddiianaé objdutivevad thmgmesent invegtiants tovprdlites aal élagtricaings

that are fi.xed to the.upper ,and bottom ends of the shaft s|eeve hqusing, a
shaft sl SRR 0% diBehr _ R@eﬁﬁﬂﬁgﬁeaﬁéﬂg,oraﬁf@rp@ie%ﬁ'%teepFﬁ@%%ﬁwf5V%. g
magneti ¢ @aliess, @8Petiafy forhadndtbRibistIRGe ARG n@ag K drivensi sts of a base,

an electric notor stator, a shaft that |s$|xe to the base, a thrust
plate that is also fixed to the base, a magnetic starting/stopping device
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bear i %g sg/s emthat is usefl in the spindles as described in FIG 1. 30
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magnetic poles and their back iron. The base assembly consists of a base, an
electric motor stator, a shaft that is fixed to the base, a thrust plate that is also
fixed to the base, a magnetic starting/stopping device that is located beneath the

15  lower cover of thrust bearing, respectively.

The invention will be described in details with reference to the drawings.

DESCRIPTION OF THE DRAWINGS
20
The features of present invention will be more apparent by reference to the
following detailed descriptions together with the following drawings:

FIG. 1 illustrates an enlarged cross-sectional view of an exemplary hard

25  disk drive spindle in accordance with the principles of the present invention.

FIG. 2 illustrates an enlarged cross-sectional view an exemplary hybrid
fluid bearing system that is used in the spindles as described in FIG. 1.

- 30 FIGs. 3.1 and 3.2 illustrate enlarged cross-sectional views of exemplary

magnetic seals in accordance with the principles of the invention.



5 FIGs. 4.1 through 4.8 illustrate enlarged cross-sectional views -of
exenpl ary hard disk drive spindles with variations in the staﬂtméﬁsg%ﬁpi ng
assi stant device in accordance with the principles of the present

i nvention. DETAILED DESCRI PTION OF THE INVENTION 5 FIG 1 illustrates an
exenpl ary spindle assenbly for a high performance hard disk drive. The

spi ndl e assenbly conprises a stationaryd sub-assenbly and a rotating
sub-assenbly. The stationary sub-assenbly includes a base 11, a shaft 10,
a thrust plate 29, a stator 24 and two conponents 51 and 52 of a 10
starting/ st opgilis. adsl shenighded.BediusTiae r etlatgeny crubs-gssiotly «ivwy igies a

hub 23, a nmmgnet .ring 2? Zlgd its, yj)ke 2%5 a shaft sleeve 13 . and its
housi ng 1#CHRBTY a5 e s e SRINAlefy VIS varigtions hinyithy slaging/stepeinguno
seal i ng Fé%is%téhﬂﬂai/ié@inaé&oré%c@ﬂﬁhttH\%gHﬁ@P%s d?'tﬁé?r ¥eivepfioand 28. 15

The shaft 10 is fixed to the base 11 press-fit and/or bonded into

a suit adPETAILER DESGRIRTION @F THEINVENTOMase 11. A shaft sleeve 13 is
co- cylindrically situated and rotatable around the shaft 10, and is
securély attached to a housing 14. The shaft 10 and the shaft sleeve 13

forma fixed s t1 jigiratds aheHenitlafOahingl aééé?ﬁblyvmi%hh@iﬁzpé}%rhﬁdnce

vi bration resistance than that of a rotating 20 shaft configuration.
Ther ef or ardglisk deivey Jiherspindarassembly eampsisps ef statienarnyrsubaassendblylandr i ve

200l i ng. lblatis T AREkiI] e sbmoRRR, Sb-6RBTHOF Inctile S BesRal” B
sl eeve holi agtHrdst 2Matee2pecsd i stator. 24handy i ddoragbnémses1 sand a5 ¢f at he

sl eev?) 13 tR. ether with the cylindrical outer surface of the shaft 10
coopéelat i%ﬂ?‘g ??megt%"'%%%v%mﬁe fRlgfng subsassendly Zompfises2a hbe o |
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radi al | dadgeetjastalingaingss15 bhdeshagngeéspardivhitgbesealiaglipale rings 17 and

18, and two thrust plate covers 27 and 28.

15 The shaft 10 is fixed to the base 11 by being press-fit and/or bonded into a
suitable sized opening 12 defined in the base 11. A shaft sleeve 13 is co-
cylindrically situated and rotatable around the shaft 10, and is securely attached to
a housing 14. The shaft 10 and the shaft sleeve 13 form a fixed shaft journal
bearing configuration, which has better vibration resistance than that of a rotating

20  shaft configuration. Therefore, the fixed shaft configuration is preferred in hard
disk drive application.

Two magnetic rings 15 and 16 together with corresponding sealing poles
17 and 18 are fixed to the upper and bottom ends of the sleeve housing 14,
25 respectively. The cylindrical inner surface of the sleeve 13 together with the
cylindrical outer surface of the shaft 10 cooperatively define two hydrodynamic
journal bearings 21 and 22. The oil lubricant is filled into the gaps of journal
bearings 21 and 22. Compared to aerodynamic journal bearings, the oil journal
bearings provide higher radial load capacity and stiffness as well as higher radial

30  damping.
A spindle hub 23 is attached to the sleeve housing 14 and supports one or
more data storage disks. An electrical motor is provided to rotate the hub 23 and




30 danping. A spindle hub 23 is attached to the sl eeve housi n,leﬁ Engq
supports one or nore data storage disks. An electrical notortiss E o] Oéed
to rotate the hub 23 and 14 DEC 2005 6 disks relative to the base 11 and
the shaft 10 at a predeterm ned angul ar velocity. The notor includes a
stator assenbly 24, a rotating magnet 25, and a ferromagnetic flux return
yoke 26. The magnet 25 is fixed to the @ nner wall of the yoke 26, while
the yoke 26 is fixed to the hub 23 as shown in FIG 1. 5 An upper annul ar
t hrust bearing cover 27 and a | ower annular thrust bearing cover 28 fit
secur el y disks radatingbto2Be baseht Land ghatshaR A0 at 4 preetbt¢ronihbe angplar velrity.of a

thrust plate supporter 30, and,a | ower en f the thrust plate supporter 30
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thrust bearing covers 27 and 28 provi wo aerodynam c thrust Eearl ngs 33
and 34. TyakerZivhilenbaniokg2@is fixed to2he bupradsas shews iaFtG 10 and the sl eeve
13, nd the axial bearings 33 and 34 conprise the thrust plate 29 and the
t hrust” 15 bearings 27 and 28. It is preferred that the materials of these

parts have cqamlWtamyulgpahfds@it@éﬁrﬁwgotooé\e_Q:?fftbn@X@aa%prhrﬁiumetﬁrhgt ot or

as well as the frictional |oss of bearings w enerate heat during

oper at | onPeATINCERNEE 28t sesirrlyde dhe bub23e Akaiust plate 20de fised & thenupper pl at e
29 and t ' ' Lty far t and
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and the S2raig 25%re0ietwBudiBdhathicthilst Be3nh§ebalahd §4.ati vely softer than

The radial bearings 21 and 22 comprise the shaft 10 and the sleeve 13,
and the axial bearings 33 and 34 comprise the thrust plate 29 and the thrust
15 bearings 27 and 28. |t is preferred that the materials of these parts have
complementary coefficients 6f thermal expansion since the motor as well as the
frictional loss of bearings will generate heat during operation and cause the
expansion of the shaft 10, sleeve 13, thrust plate 29 and thrust bearings 27 and
28. It is preferred that the shaft 10 and the thrust plate 29 are made of stainless
20  steel or carbon steel, and in these cases a bronze alloy is chosen for the sleeve
13. Alternatively, the shaft 10 and the sleeve 13 may be both formed of stainless
steel. Or, the shaft 10 could be made of stainless steel AISI 440C that can be
hardened and the sleeve 13 could be made of AISI 303 that is relatively softer
than AISI 440C.
25
The bearing surfaces are preferably finished to an ANSI surface finish of
approximately 0.2 ym root-mean-square, or better. To increase the load capacity
and stiffness of the bearing system, the outer cylindrical surface of the shaft 10
and/or the inner cylindrical surface of the shaft sleeve 13 is engraved with
30 herringbone grooves. The upper plane surface 31 and the bottom plane surface
32 of the thrust plate 29 or their matting surface of thrust bearing covers 27 and
28 may also be grooved with herringbone or spiral grooves.




25 The bearing surfaces are preferably finished to an ANSI surface finish
of approximately 0.2 pmroot-nean-square, or better. To incr %ET?%nmPad
capacity and stiffness of the bearing system the outer cyli [

surface of the shaft 10 and/or the inner cylindrical surface of the shaft
sleeve 13 is engraved with 30 herringbaone grooves. The upper plane surface
31 and the bottom pl ane surface 32 of £ he thrust plate 29 or their matting
surface of thrust bearing covers 27 and 28 may al so be grooved with

herri ngbone or spiral grooves. 14 DEC 2005 7 Two magnetic seals 41 and 42
are applied at the upper end and bottom end of the journal bearings The
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seal conprises a iagnet ring sealing rin rical
of the o fl71theusylindrica @Uﬂ’f@DBLﬂ)fdthﬂe?slnaﬂ t1|9eagd{ﬂhee‘elmﬁlmdt4% indlbe igep ring
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di fferent exen‘BI ary designs of magnetic seals. Except the design

consi der a3hathdOran r‘}'&%ﬁ@'frpﬂwﬁaﬁl in tth% gakc bebyeats then sealing NBgl‘l&amﬂldV\fé‘@ge in

FIG 3.2 t
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beari re) Two oil absorbers 48 and 49 are attached to the bottom end and
upper end of the sleeve housing 14 to absorb oil and prevent it from

contam nating g, &.5kind 3 iREELEI Yo | ArbRft VLAY 885ighs Wisnaghgtid | on
of extrene | ow environnment pressure.
seals. Except the design considerations for magnetic path, the recessions in Fig.
3.1 and wedge in FIG. 3.2 also function as the reservoir of the oil when it is
pushed out due to the temperature rising of the bearing system. Therefore, the
15 magnetic seals effectively prevent the lubricant leaking from journal bearings.
Two oil absorbers 48 and 49 are attached to the bottom end and upper end of the
sleeve housing 14 to absorb oil and prevent it from contaminating the disks
surfaces due to the evaporation at the condition of extreme low environment
pressure.
20
The magnetic starting/stopping device comprises a stator lamination 51, a
coil 52 and a magnetic platter 53. By a control circuit, at the starting moment,
current is supplied to coil 52, which together with magnetic platter 53 generates an
axial force to separate the whole rotary sub-assembly of the spindle from the base
25  sub-assembly rapidly before the spindle rotates. While in stopping process, the
magnetic force generated by the starting/stopping assistant device holds the
rotating portion of the spindle motor quickly and helps the spindle motor to reach
steady state in shorter time. Therefore, the device effectively reduces the friction
and wear of thrust bearings, resulting in fast starting/stopping, and results in a
30  worn particle free condition. Together with the oil sealing devices 41 and 42, the

“contamination free condition is safely guaranteed.




20 The magnetic starting/stopping device conprises a stator |am nation 51,
a coil 52 and a magnetic platter 53. By a control circuit, at Tt‘faéErns{iaﬁﬂﬂﬁng
nonent, current is supplied to coil 52, which together with magnetic
platter 53 generates an axial force to separate the whole rotary
sub-assenbly of the spindle fromthe base 25 sub-assenbly rapidly before
the spindle rotates. Wiile in stopping $rocess, the nmgnetic force
generated by the starting/stopping assistant device holds the rotating
portion of the spindle nmotor quickly and hel ps the spindle notor to reach
st eady state iFGshor4dgr418 nsholhenatioue, hhendéve cecwmifigeeatiorsl y ofedthges t he

friction .and ar of thrust bearings, resulting . in fast starting/stopping,
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confi gur adewes of the starting/stopping assistant device. The electric
spi ndl.e notors described are the sane as the spindle showmn in FIG 1,
except5 for variations in the starting/stopping device. 5 FIG 4.1

il lustrates anFigxenp! alllis@hRS! HnC Siinfslhl MEGTichapind® ot PRI Yan
~starting/stopping device conprising a stator lamnation 61 with a“colil 62

and a magh@mplapl stering/sigppingedeasica eompesinga $tatordaminadiond 1| witiz aznod 62

securely fi t phorter . T net J I er 63 i
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downward towards the horizontally-oriented magnetic platter. In operation, when

current is supplied to the coil 62, a magnetic field is created which attracts the

magnetic platter 63 towards the lamination 61/coil 62. Because the magnetic

15 platter 63 is securely fixed to the hub 23, this action moves the rotating assembly

away from the base assembly fo allow freer rotation of the rotating assembly.

FIG. 4.2 illustrates another exemplary electric spindie motor having an
_exempiary starting/stopping device comprising a stator lamination 71 with a coil 72
20 and a magnetic platter 73. The configuration of the starting/stopping device is the
same as the one illustrated in FIG. 4.1, except with the addition of a magnetic
washer 74 which is securely coupled to the hub 23 and the magnetic platter 73,

and together with magnet 25 creates a magnet preloading. '

25 FIG. 4.3 illustrates another exemplary electric spindle motor having an
exemplary starting/stopping device comprising a stator lamination 81 with a coil 82
a magnetic platter 83, and a magnetic washer 84. The configuration of the
starting/stopping device is the same as the one illustrated in FIG. 4.2, except that
the magnetic platter 83 has embedded (or disposed thereon) a permanent magnet
30 ring 85 which creates a magnetic preloading to prevent free movement of rotating
assembly during shipping, and generates additional thrust and journal bearing

force to stabilize the bearing system.




15 platter 63 is securely fixed to the hub 23, this action noves the
rotating assenbly away fromthe base assenbly to allow freer rof qdorpyg
the rotating assenbly. FIG 4.2 illustrates another exenplary electric
spindl e notor having an exenplary starting/stopping device conprising a
stator lamnation 71 with a coil 72 20 and a magnetic platter 73. The
configuration of the starting/stopping Yevice is the sane as the one
illustrated in FIG 4.1, except with the addition of a magnetic washer 74
which is securely coupled to the hub 23 and the nagnetic platter 73, and
together with magnet 25 creates a magnet preloading. 25 FIG 4.3

illustrat X | | ectri i ndl t . havi exenpl ar
starti ngl ot oppl I Ak 1LEYEGANSIRS SresTBEB SIotin RRIEHS STOt NG - 63
a magnet i gxdthplahestafithg/aldpph ESmPRSIe a %tor-ll_?ﬁ]il’féﬁ?a‘h' SRR 202 t2he

starting/stopping device is the sane as thé one illustrated in FIG 4. 2,
except t hamnd aimagnelihelatter pBatTher c@digunatiamoblctecdartiog/stoppiog ddvichds 8un) a

t t 430 i 5.whi.c r es a i c_prel.oadj r event
ree moverie ot tiophblyradlat fi6! 3ot S Peh Bl thg mapEeGERERty 3 fas
addi t i onagmbbrdsd (aﬁdjis'gmbaaﬂhemani APerimahedt htadgreling 885 Wiish Readtes %
system 14 DEC 2005 9 FIG 4.4 illustrates another exenplary electric

spi ndl e nB@SPeHaVRIRlPating drepvany keear moNgmenbpli refatieg i assendhlpr deingy a
stator | ag:RALIO ] ' t] I r. 93, ..k

conf i gur T BEgr apd delietteS dporsfind@Rady MG il Han it e

I | [ ustrateeanng $ystermd4. 1, except that the magnetic platter 93 has enbedded
(or djsposed thereon) a pernmanent magnet ring 95 which creates a nagnetic
prel ing to prevent free novenent of rotating assenbly during shipping,

and, dener e P ARyelS4 ot LEERly MOIERARIE Ryl 47 L1

nmot or havéxgmplary starting/stdpping device comprising a stator lamination 101 with a coll
102 and a magnetic platter 103. The stator lamination 101 and coil 102 are
securely fixed to the thrust supporter 30. The magnetic platter 103 including a
15  permanent magnet ring 105 is securely fixed to the inner wall of the hub 23 and/or
the lower annular thrust bearing 28. In this exémplary configuration, the stator
lamination 101 and coil 102 are oriented in a manner that the opening of the
lamination 101 faces upward towards the horizontally-oriented magnetic platter

103.

20

FIG. 4.6 illustrates an exemplary electric spindle motor having an
exemplary starting/stopping device comprising a stator lamination 111 with a coil
112 and a magnetic platter 113. The stator lamination 111 and coil 112 are
securely fixed to the thrust supporter 30. The magnetic platter 113 is securely
25 fixed to the inner wall of the hub 23. In this exemplary configuration, the stator
lamination 61 and coil 62 are oriented in a manner that the opening of the
famination 111 faces radially outward and is vertically offset above the magnetic
platter 113. In operation, when current is supplied to the coil 112, a magnetic field
is created which attracts the magnetic platter 113 towards the lamination 111/coil
30 112, This magnetic attraction causes the magnetic platter 113 to move vertically
upward so that it is more aligned with the lamination 111/coil 112. Because the
magnetic platter 113 is securely fixed to the hub 23, this action moves the rotating



exenplary starting/stopping device conprising a stator lamnation 101 with
a coil 102 and a magnetic platter 103. The stator |ami nation o4 Darldl 2806 |
102 are securely fixed to the thrust supporter 30. The magnetic platter
103 including a 15 pernmanent magnet ring 105 is securely fixed to the inner
wal | of the hub 23 and/or the lower annular thrust bearing 28. In this
exenpl ary configuration, the stator |3dRination 101 and coil 102 are
oriented in a manner that the opening of the Ilamnation 101 faces upward
towards the horizontally-oriented nmagnetic platter 103. 20 FIG 4.6
i |1 ustratassennblgxemgpy droym ehecdbasec aspemblyetoraliow fresti ngation ofxXheplogating
starting/stoppi,ng device conprising a stator lamnation 111 wth a coil
112 and aasff"‘f?é'ﬁ%,li(i c platter 113. The stator lam nation 111 and coil 112 are
securely fixed to the thrust supporter 30. The nmagnetic platter 113 is
securely 25 fixed to the inner wall of the hub 23. In this exenplary
confi gur at i on, FiGhe4 gt dlustratdsaanotier cexetripland etamitiic 6pirstle roofoerhading rara
manner_ that the opening of the, lamnation 111 faces radially outward and
e Vert i caarPns SEREsBerii i sompr iRt e Bt EinEfo g2l Pith A Slhen
current if2zupdld Athgnetit peattedi 1231 12he %ogﬁg?r%&ibﬁ dfitRé Gtating/stbEthg Hetec h

e

attracts the magnetic platter 113 towards am nation 111/corl 30 112.
Thi s nagrigtihe s8Meaasitbs ens Jbustigied iaghiél.i 4.6plexcept withdthe additionvef @ cal |y

B St AT, EI T R AW e

noves t heplatiém128g 1 4 DEC 2005 10 assenbly away fromthe base assenbly to
allow freer rotation of the rotating assenbly FIG 4.7 illustrates another
exenﬂioary electric spindle nmotor having an 5 exenplary starting/stopping

i atter 123 ThoH &8 Ihatest Bhir Mkehiial) Elechic Spindie ol favifg " | ©
exemplary starting/stopping device comprising a stator lamination 131 with a coil
132 a magnetic platter 133, and a magnetic washer 134. The configuration of the
stating/stopping device ié the same as the one illustrated in FIG. 4.7, except that
15 the magnetic platter 133 has embedded {or disposed thereon} a permanent

magnet ring 135.

While the invention has been described in connection with various
embodiments, it will be understood that the invention is capable of further

20 modifications. This application is intended to cover any variations, uses or
adaptation of the invention following, in general, the principles of the invention,

and including such departures from the present disclosure as come within known

and customary practice within the art to which the invention pertainé.




Is the sane as the one illustrated in FIG 4.6, except wth the addition of
a magnetic washer 124 which is securely coupled to the hub 23 g lg 0
magnetic platter 123. 10 FIG 4.8 illustrates anot her exenplary e? t%qg
spindl e notor having an exenplary starting/stopping device conprising a

stator lamnation 131 with a coil 132 a magnetic platter 133, and a
magnetic washer 134. The configuration 14+ the stating/stopping device is
the sane as the one illustrated in FIG 4.7, except that 15 the magnetic

pl atter éﬁf‘ﬂﬁg enbedded (or disposed ther eon) a permanent nmagnet ring
135. Wil I nventi on has been described in connection wth various
enbodi nents, it wll be understood that the invention is capable of further
20 nodifications. This application is intended to cover any vari ations,

uses or adapthti orAreladiic spindletmotorf odmpvising; i n general, the princi pI es
of the invenU%g ew‘nq | ncl udi ng such departures fromthe present

di scl osure as ﬁ% R n known and customary practice within the art to

whi ¢h the i nveatoeitatilerdstehsbly 1nék@ﬁ§ 206fataté oéVdVextbndiiy eb@@cbhiaélly

spindl e notor, conprising; a base s a rotatabl e assenbly including
a rotat am%rpgneevl@rémﬁaldwga'@%ater@d@reg ayot%@npbms,cwhewem saith rotatablease

pl ate al o Igﬂﬁ,{ vg% eSal d rotatable assenbly is
‘supporte y?%é{ d'?% Gioa%(%%ld eﬁ“%tnary shaft securely coupled to said
base pl ate, analsttiveadi slgafmediurely cipledtcesaid balsedatend extardimnaithiaxi s
and spaced %Iﬁeirefromto dJlne afjrst to clearance gap; a liquid fluid

si tuat ed SA¢ HFRE&EENY sgd fpiadipRak axi§apnd cspasedy therefioms: ta é’&ﬁﬂe a first

10 clearance gap;
a liquid fluid situated within said first clearance gap for providing at least
radial stiffness for said rotatable sleeve;
a thrust plate securely coupled to said base plate;
a thrust bearing securely coupled to said rotating assembly, wherein said
15 thrust bearing is shaped complementary with said thrust plate and spaced apart
therefrom to form a second clearance gap;
a gas fluid situated within said second clearance gap for providing at least
axial stiffness for said rotatable assembily;
a stator for causing the rotation of said rotatable assembly; and
20 a magnetic device for moving said rotatable assembly away from said base
plate substantially along said rotational axis so that said rotatable assembly is less
supported by said base plate during rotation of said rotating assembly.

2. The electric spindle motor of claim 1, wherein said magnetic device
25 comprises a stator lamination with coil securely coupled to said base plate and a

magnetic plate securely coupled to said rotatable assembly.

3. The electric spindle motor of claim 1, wherein said magnetic device
comprises a stator lamination with coil securely coupled to said rotating assembly
30 ‘and a magnetic plate securely coupled to said base plate.




radial stiffness for said rotatable sleeve; a thrust plate secq&ggy ﬁo ged
to said base plate; a thrust bearing securely coupled to said r E dﬂﬁ
assenbly, wherein said is thrust bearing is shaped conplenentary with said
thrust plate and spaced apart therefromto forma second cl earance gap; a
gas fluid situated within said second clearance gap for providing at |east
axial stiffness for said rotatable assé@&bly; a stator for causing the
rotation of said rotatable assenbly; and 20 a nagnetic devi ce for noving

ai d rotatabl e, ass from said base te subsatlall | ong said
?olt ational axi% :O%pl%cﬁﬂ%sp@p Eﬂﬂt%r q E'@Hcﬁlbaf gh%% B abY %’é’g gsai d
base pl atrﬂagHéﬂl@geéioﬁJaFédﬂl@e%aﬁiﬁbberé)atl@tllhﬂﬁi ﬁtﬁéﬁfﬂ?hysa@ firstGeSaRES 'da®

spindle notor of claiml, whereih sald magnetic device 25 conprises a
st at or | awhergin saidvat Hleaﬁilwne;mgratrp aenlpttcnrnpmsasappletbasd Ipivet enagnktic

magneti c ed to: s t abl e _assenb el ectric
Coonel o el o PERNE labuen Bt Saiet Rl oI BRBle® SaSReT dolorsaid Becter s o)
| ang nat i cand\b4ill st aﬁ@camcﬁwr@ml@ﬂﬂdtsmewahd@ehatshaﬁ assembly 30 and a
- magnetic plate securely coupl ed to said base plate. 4 DEC 2005 -12 4. The

electric spindle nmotor of claim1, further including at | east one rmagnetic

seal to reducexl eak i i ' id. fr.st 4 gap
wherein said :? I ea-!;?ggﬁéedﬁ(ggg r[d!%Wg(gtgf' of (9 ' 3%6%‘& é%ﬁdm%ﬁgtﬁca%éélnetl c
seals to (rordplmees] 23kalg nﬁgsﬁspbsbdq:\mﬁnfdtalaih &l vesaidateayeand kncorgbcisai d
sl eeve nd sajd shaft, and a | ower end of said sleeve and said shaft. 5.

The el ect\m afisiriepter mutase ot saif shaftawharrin g fRmefivid gap@dstsbebwgen said
t f
CORpI i Sessé’ahﬁﬁahhgggar{d %Idjls?l%ﬁsﬁﬂ raz;éwén@ feﬁapu.an&% Smag ltlﬁeéﬁﬁcﬁiﬁ‘% gap

cont act rinmeter surface of said s erein erro
exi sts bedlamedsamxlrinateseald seplingninatal hedd dakhfeiofiua witbe saidafefreftuil | ui d,
and a rragnet|c struct e

gap, whérein saia magnetic structure includes a magnetic ring situated around

said sealing ring.

15 | 6. The electric spindle motor of claim 5, wherein said ferrofluid gap is
formed by a recess in the sealing ring, wherein said ferrofluid gap is formed
between a wedge shaped inner surface of said sealing ring and said shaft.

7. The electric spindle motor of claim 1, further including upper and
20 lower liquid absorbers situated proximate respective upper and lower magnetic

seals for absorbing said liquid fluid if it leaks.

8. The electric spindle motor of claim 4, wherein said magnetic seal
provides an electrical path for discharging static charges from a surface of a disk

25 disposed on said rotatable assembly.

9. An electric spindle motor, comprising:

a base plate;

a sleeve extending substantially perpendicular from said base plate along a
30 rotational axis;

a shaft extending within said sleeve along said rotational axis and spaced

therefrom to define a clearance gap;




di sposed proximate said sealing ring to hold said ferrofluid wt hllﬂzeéamﬂ
ferrof luid gap, wherein said magnetic structure includes a maénét r @
situated around said sealing ring. 15 6. The electric spindle notor of
claim5, wherein said ferrofluid gap is fornmed by a recess in the sealing
ring, wherein said ferrofluid gap is forned between a wedge shaped i nner
surface of said sealing ring and said-3Baft. 7. The electric spindl e notor
of claim1, further including upper and 20 |ower |iquid absorbers situated

proxi mate respecti.ve, upper and | .aower . netic seals for, absorbi id
Piquid fluid 14 iy TUESTUaied wiln said Flearansenan roRavicsto 8l east Bdigher ei n
sai d magngffiness e saiPsRevdes an el ectrical path for discharging static
charges froma surface of a disk 25 disposed on said rotatable assenbly.

9. An el ectri catdpasidore magnsticceradto sedyce leaking of phigt iquid fidéoem eaidendi ng
substanti(ﬁ%%nggrgﬁndi cular fromsaid base plate along a 30 rotational
axis; a s ali] ng wthin said sleeve along said rotational axis and

spaged ther efd aitatadidslaéiarably sipparad & GadPbadd plte 2895 -13 a liquid fluid
situated within said clearance gap for providing at |east radial stiffness

for said sl eev@Mmagnefiedevicgder mayna saidJetatable assambly awaxifiem saidhsse
l'iquid fluyi j . : I ed by
sai'd basd B A LRBTEY Al SRIOGEnR s So A 1 GRS B E R
away fr orsuppodiedadsesaiglbate pdatesiuringi ratdtipnadfeadd sotatihg assdmblgal axi s so t hat
said rotatable assenbly is I ess supported by said base plate during
rotation of said rotating assenbly.

10 10. The electric spindle motor of claim 9, wherein said magnetic seal
comprises a sealing ring disposed proximate an end of said sleeve and in contact
with a perimeter surface of said shaft, wherein a ferrofluid gap exist between said
sealing ring and said shaft to receive a ferrofluid, and a magnetic structure
disposed proximate said sealing ring to hold said ferrofluid within said ferrofluid

15 gap.

11.  The electric spindle motor of claim 9, wherein said magnetic device
comprises a stator lamination with coil securely coupled to said base plate and a

20 magnetic plate securely coupled to said rotatable assembly.

12.  The electric spindle motor of claim 9, wherein said magnetic device
comprises a stator lamination with coil securely coupled to said rotatable

assembly and a magnetic plate securely coupled to said base plate.

25
13.  The electric spindie motor of claim 8, wherein said magnetic seal
provides an electrical path for discharging static charges from a surface of disk
disposed on said rotatable assembly.
30 14.  An electric spindle motor, comprising:

a base;




10 10. The electric spindle notor of claim9, wherein said nagaatbgﬁzﬁﬁb
conprises a sealing ring disposed proximate an end of said sl edve

contact wth a perinmeter surface of said shaft, wherein a ferrofluid gap
exi st between said sealing ring and said shaft to receive a ferrofluid,
and a magnetic structure disposed proximate said sealing ring to hold said
ferrofluid within said ferrofluid is-d4p. 11. The electric spindl e notor
of claim9, wherein said nagnetic device conprises a stator |am nation

with coil securel upl ed to said base plate and a 2Q. net.i c ate
securel y coupl%&ot%/‘@%i% rPB?%?%HﬂOéTeéﬁﬁ)éﬁ%Pa?asffndrﬁ@eQ @Qnﬁgﬁ@f%?% "9 not or
of cl ai m@rotuhieiAidxiSand magnetic device conprises a stator |am nation

with coil securely coupled to said rotatable assenbly and a magnetic plate
securel y coupl@dnagnedigi devies éopmaving s3d refatmngementsraway fionubaidrassr  of

G schar gi ORI S HICEAE iR pRE3E BP0 MBS BierBRbL iy dfss
rot et abl esugspopwil by s30 bhée dtingl retitionCofsgid edtataii AlemiseiTpri sing:  a base;
14 DEC 2005 -14 a rotatable nmenber supported by said base and extendi ng

therefromalong a rotational axis; and a magnetic device for noving said

rotating nenb a ' S t4al | t af x onal
axis so that i?'dm%?%% %?ﬁ@ﬁg%ﬁ%&ﬁ%ﬁﬁg@u\%%%@[@%ggjﬁé ssg?ééﬁbd;ésvlie&guri ng
rotati on aimpases wostHtablamimatiber with ScoilTbecweBc coupledptondhil aseramd =cl ai m

14, wherein sajd netic,device, conprises a stator |lamnation with coil
securely @Sgﬁ%p{ggg§ﬁ?webfa%®é%todsa’ﬁdaf?z@?'@ PEACE securely coupled to

sakg rotatabl e nmenber.

16.  The electric spindle motor of claim 14, wherein said magnetic device
comprises a stator lamination with coil securely coupled to said rotatable member
and a magnetic plate securely coupled to said base.

15 17.  The electric spindle motor of claim 14, further including at least one

magnetic seal to reduce leaking of said liguid fluid from said clearance gap.

18.  The electric spindle motor of claim 17, wherein said magnetic seal

comprises a sealing ring disposed proximate an end of said sleeve and in contact

20 with a perimeter surface of said shaft, wherein a ferrofluid gap exist between said
sealing ring and said shaft to receive a ferrofluid, and a magnetic structure
disposed proximate said sealing ring to hold said ferrofiuid within said ferrofluid

gap.

25 19. The electric spindle motor of claim 18, wherein said magnetic

structure includes a magnetic ring situated around said seal“ing ring.

20. The electric spindle motor of claim 18, wherein said ferrofluid

receiving gap is formed by a recess in the sealing ring, and wherein said ferrofluid

30 gap is formed between a wedge shaped inner surface of said sealing ring and
said shaft.



10 16. The electric spindle nmotor of claim 14, wherein said nagﬂi:bg dgﬁice
conprises a stator lamnation with coil securely coupled to sai Gt 5e
menber and a magnetic plate securely coupled to said base. 15 17. The
electric spindle notor of claim 14, further including at |east one

magnetic seal to reduce |eaking of said liquid fluid fromsaid cl earance
gap. 18. The electric spindl e notor of 18l-raim 17, wherein said nagnetic seal
conprises a sealing ring disposed proximte an end of said sleeve and in
contact 20 with a rinmeter surface of sajd shaft, wherein a ferrof|uid gap
xSt between 2k d“ﬁg%é‘l%cﬁgc shipglednats g glaimatt whsrelacsaid magnelie seel ui d,
and a ma i i j i i gﬁ%ﬁhi i old said
ferrofl U?F(Bj}@\t/’\:dt%ﬁlsénﬂ?g%gfc? Ie‘rjgﬂgfque ﬁia%ehg?gﬁ g%tu%:ﬁ é%gﬁae e ecdtqglilriédsa%?ﬁgfﬂg not or

of cl ai mdigposgteerisaidsiatatabegasseimblyst ructure incl udes a magnetic ring
situated around said sealing ring. 20. The electric spindle notor of claim
18, wherein said ferrofluid receiving gap is fornmed by a recess in the
sealing ring, and wherein said ferrofluid 30 gap is formed between a wedge
shaped i nner surface of said sealing ring and said shaft. 1 4 DEC 2005 -15
21. The electric spindle nmtor of claim 17, wherein said nagnetic seal
provides an electrical path for discharging static charges froma surface
of disk disposed on said rotatable assenbly.




