Title: SINGLE DI SC CLAVP NUT FOR DI SC CLAMPING IN A DI SC DRLEQ

oY

i i nf or mat i EHPS

Abstract An a us and nethod for securing an in HERRO!
within a di scp?@t i ncor pdYCRtPEETEIA ECTAL MRLPERTYIORGSNIZATIAN I Ot .'»'JJA’ ndle h

oS AP A el o e g

rotata 1) In tiona Patrné ss"&cé"fo . ) ; - :
fnes a middl paomethdi PdicsRaNGBEL | ON §PH (S
nntfgéeggg 'H@%ﬁc ©3% oad force to [cAhpress the disc clanp down onto %ﬁe
?mPor Tation—storage—di-se—The _pre-l oa 43?8‘?8'@“"?“9‘15’&?‘13’&%‘ C U l2&@ctoben20001125. 1GH0)S
' ' tri f a i ndl e notor axis of

ot ot | o el el ety &3t oo iR b AP o rRets ¢ hat
secur eg%?ﬁ%““g‘%““efﬁ‘t‘ﬁa"dsa di s ¢k PO he hub. The pre-1oad force is
reIeasE% once the disc clanp nut is posit8¥ed so a tg secure the disc

niérnational seq

report,
Prigrity of the disc drive spiindle notor. A“Serf®s of _
gtgg{)#ntiaﬁﬁzgral I eﬁﬁ‘ﬁ'ﬁ@%@m su%%ces on the disc clanp nut, disc
cl anpjand hub ensure that the pre-|oa

force is uniformy applied to ':nq;

i ' ' faces between the disc cla
i nf or B iapieatit! QERAPE FhSf Ebtié@ epent sur
hub apd i%gmtécmvﬁiym,&ggsm ] g'g%g]a?foal so be co-planar. WO 00/63901

S C CLAMPING IN A DI SC DRI VE
PCT/UqQQ&&Q@ZQn§inLEd% SC CLAMP_ NUT FOR DI S

erence, den; 2983 Dunes Court, Long-
mont, CO 80503 (US).

(74) Agents: BRUESS, Steven, C.; Merchant & Gould P.C,, P.O.
Box 2903, Minneapolis, MN 55402-0903 (US) et al.

(54) Title: SINGLE DISC CLAMP NUT FOR DISC CLAMPING IN A DISC DRIVE

207 . 204

s
209
ofp210] 183, 194 % gq7
8102 Hcsiaq 198
HY 160 144 105 19 |5 /211 108
Y 176 15 132 184 105 p
o — ——
NPRGL LT 777777 Ll ll 227777
~1 »
02 174
172 156162 188
130 140 f130 15416410352 8

(57) Abstract

An apparatus and method for securing an information storage disc within a disc drive incorporates a spindle motor,
hub, a disc clamp and a disc clamp nut. The disc clamp is positioned on the rotatable spindle hub to clamp the information storage disc to
the spindle motor. The disc clamp defines a middle annular raised portion for accepting a predetermined pre~load force to compress the
disc clamp down onto the information storage disc. The pre-load force is perpendicular to the disc clamp, and is applied symmetrically
around a spindle motor axis of rotation, The disc clamp nut includes a flat engagement surface that secures the pre-loaded disc clamp to
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Field of the Invention 5 This application relates to magnmzdw 2@0368 s
‘and nore particularly to an i nproved di-sc drive spindle not rsﬁga s .
for nmount W@0W/63Per mati on storage disc within the disc dri \ﬁ{“@%}é und of
the invention 10 Disc drives are data storage devices that ‘store %ﬂgt al

data in magnetSINGIE DISGCEAMP FORIDISCOCLAMPING IN) A DESC

storage disc. Mddern disc drives include one or nore rigi at are
coated with a nagnetizabl e nedium and nounted on the hub of a spindle

notor for rotation at a constant high speed. Information is stored on the
discs in a plurality of concentric circular tracks 15 typically by an array
of transducers ("heads") nount ed Riddafithe Iavemdionuat or for novenent of the

)
heads relsative to.Eﬁ,.ge . SCS. .éach of the concentric tracks is generally
di vided i*nto a pl |aPP!PHPn§ et in Bpgnelig discsdrives and anerepactiandarly ¥n

read/ write tngeekdcdibe df ; lstive read/wite head, is used to
transfer data between a vcrf?a |urug?:l graﬁgéﬁghaftﬁrmﬁﬂ% SHYARIhFfRMRZE During a
write 20 opedise within thediscidsiver i tten onto the disc track and during a read
operation the head senses the data previously witten on the disc track
and transfers the information to the external environnment. Critical to
both of these operations is thg ac | qcati ng of the head over the
center of the desired track. ‘ et ee- via flexures at the ends
of a pluOality ofDiscttivésdre daf storage ddvides Rhatistirk i Bhtai wardcfrom the
actuator body. The actuator body .a%ei_vots about aﬁsﬁgguﬁolﬂ%‘:{'%f?% di sc
drive housi fff :$t0ERgp ediume an @i rotating infaripativerstompe disu! Modern BsEdest he

di . Th | | L | ith th ' f tati f th
Spindi e ot Gr2A8de SREYY b 1180 B nalretcoated o mgmctisntie pedioen anth o |
ot ating spindie hub. | ooroar oh el moet R Ot aTRSAR G hes” A i s

rotating spindle hub journaled to a non-rota

clanp is tyﬂp@m%@@mfeﬁonmqﬁwsmaqﬂmww ofidondémrib eitchar &% a downward
axi al f?SCGﬁﬁaﬁiSeb mount ed informatiqQn storage | PCT/US00/ 10670 discs and
di sc spacer S P Typi Path §12% drapsducery Ghepdsompunted to dgediabaciudtor for ¢ hr ough

a series of nicveineht of RO Bbdds RBAVSR BYGisk" BHGIof B LohdiSeiPingl g hub- The
generally divided into a plurality of separately addressable data sectors. The

read/write transducer, e.g., a magnetoresistive read/write head, is used to transfer
data between a desired track and an external environment. During a write

20  operation, data is written onto the disc track and during a read operation the head
senses the data previously written on the disc track and transfers the information to
the external environment. Critical to both of these operations is the accurate

: ; locating of the head over the center of the desired track.
~ The heads are mounted via flexures at the ends of a plurality of actuator

25  arms that project radially outward from the actuator body. The actuator body

pivots about a shaft mounted to the disc drive housing at a position closely
| adjacent the outer extreme of the discs. The pivot shaft is parallel with the axis of

rotation of the spindle motor and the discs, so that the heads move in a plane
parallel with the surfaces of the discs.

30 Spindle motor assemblies often utilize a rotating spindle hub journaled to a
non-rotatable spindle shaft. A disc clamp is typically secured to the rotating

spindle hub to exert a downward axial force on the mounted information storage
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radi al positioning of the screws is beneficial for exert ‘i?'n'g-ci‘é' i
‘on the spindle assenbly because the force is exerted at-thf eSHE[FP]S)f

the cl anp Wo ob/6sdopser proximity to the nounted infornation storage discs - =
f

and disc spacers. However, the peripheral positioning of tFETASM/EST7

screws in thegges dc‘*{-%p;b causes.the downward force to be exerted in a

non-uni form manne%rﬁl. n- &ﬁ"?o?ﬁ?‘ﬁ%n&%ﬁsmawwmmwmm@e

vari ations i nthréughl Dsetics of eadi@N posiGoried’ cause fhe top nounted .
W posborid SRt et il e Spiogl

i nf or mati on th?gr ge .disc to be physically spigdlshuboThet ¢ he
top disc.  evcidBy Pasitioning of thesscreds i leneficianfoe exefid dfiftink forcB BRI | 0N
n

errors durin ol d reprodquction of data on'the or ma

st or age d:ssc?sli n g%é@%ﬁ%ﬁ%?%‘ﬁ?ﬁ%?@%t%@mkyofﬁe claphp'il € shaft
and spi ndbe dloser proximai t6 e 3 bear i sl eeve. Here, a single
screw can be sedp 15 to secﬁg%‘ﬁ%%g@%?‘gﬁ&%%w@ﬂ%m@emi ndl e

shaft becausd1@Weves,Hae peripherabpositiding b thee 0 the

non-r ot at abl mgﬁ g\/nere | ur al i tyg of $crg@mg()ﬁu§csrtg99§£&g(ﬁﬁctqﬁmd. about
the shaft). Gt e W‘P%?faé’gf%%é\%mgiwcmanapinifgnhonaxmr.mbﬂxﬁiﬁhﬂgl e
screw si m | arcldngpih. .the plurality of screws

surroundi ng tchdé@nogn?)rrg?g?g ?%thg%%,gc ?%‘%‘é‘"ﬁée Jéaa? forge apdh| as aresnlth hi gher

torque 20 t oCRuse the topl mowmted mfortiition’ 2bRbk YRCh an | ead to a
nunber oio pr §béte]rf£s i r{ﬁl udi ng over - st re_sgi ngc?hg)gs%lg%@#@ @ﬁ"g bearing and
the generati on'g Oﬂaﬂft "c?@sdm‘dtﬁVmQYtahéltﬂ@asqwmmimaﬁs;caﬁ toNi gh-tor que

rel ated probbgéfiti RS aring and . lead to failure of the spindle
motor. Currently, t g{;}g IS aé}lgegtar%ﬁqg ?‘Pfgfepr@wgmofama ancthe ieformationt he
short com ngsstofageldisct r adi ti onal single screw disc drive 25 spindl e notor

assenbly as well as the non-rotatable nultiple screw spindle shaft spindle
notor. Summary of ‘& HECPRAY &YRe ofspingis moﬂakgnmgqhggpmdkggafpagégﬂhgli nventi on
e

has been devg} esent invention is_an apparatus and Kod for
uni form y | oading f’?\ﬁg@rfa %ﬁgo‘gé' W&d&eéﬁsé{ﬂm singlespiendtan teised . 2 0 2

SEP 200F5PCTiblseat: H6dic bR OARE ARGEn i ferred method of the
present i nvetgt i on, an é"’hﬁlﬂdl@ sHaft because the shaft rotates with

€ screw (as opposed to the non-rotatable shaftbwhere a plurality of screws must

be positioned about the shaft). However, in order to develop a clamping force
with a single screw similar to the force developed by the plurality of screws
surrounding the non-rotatable shaft, it is necessary to apply a much higher torque
to the single screw. This relative high torque can lead to a number of problems
including over-stressing the spindle shaft bearing and the generation of particles

during the torquing process. These high-torque related problems can damage the
bearing and lead to failure of the spindle motor. Currently,

20

there is a need in the

relevant art to overcome the shortcomings of the traditional single screw disc drive

25  spindle motor assembly as well as the non-rotatable multiple screw spindle shaft

spindle motor.

Summary of the Invention

Against this backdrop the present invention has been developed. The

present invention is an apparatus and method for uniformly loading information
30  storage discs onto a spindle motor.



‘i nformation storage disc i's assenbl ed on a hub of a dlscdq|2;$gi'5 &iﬂea
motor and a- disc clanp is positioned on the hub so that an ‘oW % hery
of the diWOW63 engages a top surface of the assenbled ip¢trAisBIdesy
storage disc. A predetermned 5 pre-load force is applied to the disc
clanp. A disc cl alipactorddnte PG 4 bRAGFedih - ed di.sc clamp to
secure the djsc clanp to the hubpand, ongéﬂageogﬁe:%l{egﬁﬂénveﬂ 22 /ad force i's

rel eased fr olpf@mRationstorage disc isTansepbledam a hutvefd 40 deive spinfileR6toP Gnd

i npl emrent ed ?i?c@lagipsﬁ drj.vg?cfgi rrlgil e notor assembly including a spi nal e
having a shafte andPa &PFHQDed en W@(%ﬁ%ﬂﬁ'&ﬂml&waﬂhydmﬂo}mﬁ from
t'he shaft, téngaperd top fuetadd extendi.ng above a top
surface of téhig gyl [ r?gr[cal ﬁg%&&é&ﬁ@g&%ﬁ%&% %?Fﬁg' 38@5@“&“@@5 are
mount ed &n tRe-ledd fores iscapiplibdito the discselampa ) dise\Aadsp ifufGe §iflbnddRSH tg,gr e, an
I nner annul ak;r _ég\cfegc(#i?‘ipcirtlon, a m ddl e annul ar rai'sed portion an a

peri pher al eﬁg TP 80 &gcure the diseelamp to thaihutpared, loave $deardd) BRr

annul ar contprelodPforéois 1k FOHALE 4IRS surface of the hub while the
peri pheral edge engages the top surflace of*“the information storage disc.

The niddl e annul aTherpliesmﬂmﬁbmmmmﬁ%eiﬁg%ni&%ta%é&ﬁ{eace [ the hub
. n

and is adapted to rg)@ ive a pre-|load force disc clanp w ﬁg a
contact sur fEAYEL ASF E@%N‘?g‘&%g’m@lﬁélﬂVM$Mﬂ andri eylindficdl hubextenllinghe di sc

clanp i 30f agh tu nd .secures the pre-loaded disc 20
clanp to the (ﬁglﬂfoTﬁé%E%%“%%ué’%&‘ﬁﬁﬁ”@@‘iP&Pé@feamfl extenditgant ages

whi ch char a@beve z eop suracp o€ 8 GylinAMEAHD) Ghd br ; Spparent from a .reading
7 of the foll ow n% detail ed desgri tion and a lr’re@lséw chm}aﬁ n % d&?"éd

d; aw ggs. SFF%?’ R@@PP&N eylingri b)r&l(ljisgslaﬂpll}avﬁng ceimiapaﬁ,ﬁ\?& ol andyi ew
of a disc gver remved to illustrate ‘a singlé nut disc
cl anpi ng assé“dréfgﬁyﬁ‘lh% %%:n§€$3§ﬂé°é”\ﬁq"ﬁ%¥° iﬂ"é’iaér’?'é@ Pestion @ndarperipherahe

i nvention. Bdga isZitted cvef €Y tAFARER EtuM i Lew,of a di sc clanping
assenbl éS of the resent invention sﬁ%\%lﬁﬁg tgpgilngkc/@ué%omff’t BfgoRi’c clanp

exp } 0 g el igsq&agg toptusiacedf thebovhite thei petiphelul RdgenagesTE 16 03
§fface of the information storage disc. The middle annular raised porti '

on extends
above the top surface of the hub and is adapted to receive a pre-load force. A disc

clamp nut having a contact surface for engaging the inner annular contact portion
of the disc clamp is fastened to the threaded stud and secures the pre-loaded disc
20  clamp to the hub. “ |
These and various other features as well as advantages which characterize

the present invention will be apparent from a reading of the following detaiied
description and a review of the associated drawings.

Brief Description of the Drawings

25 - FIG. 1is a top plan view of a disc drive with a top cover removed to

illustrate a single nut disc clamping assembly in accordance with a preferred
embodiment of the invention.
FIG. 2 is a representative sectional view of a disc clamping assembly of the
present invention showing a disc clamp nut and disc clamp exploded above a
30  threaded stud of a spindle hub.




FIG 3 is arepresentative sectional viewsinilar to FIG anlggp
the disc clanp positioned on the disc drive spindle hub and¥e: f@kde 5 gied -
to a top WOOPEaM10f the disc clanp. FIG 4 is a repres’ent\%; ﬁe’ct‘i"oh'al“ B
view of -the disc clanping assenbly 5 simlar to FIG 3 sho H06705

clanp and di sc cl aFpGNYLs PRASkdsE . di sc, .Erive spindle hub. FIG 5

is a flow chart show ng thﬁg%sg%@ﬁ?eo%é@%?w @Hﬁg?@lm@ﬁugﬂm

cl anpi ng asse#iS¢ glamp positionedon ehendisd dBveSHAGE hes Qgiaeatof . the present

i nvention. 10 atai | @? (B;scri ption A di siﬁgri ve fgggconst BBB?%W?WP
accordance w ﬁeﬁf HiScelaBhhodi nent of  the present invention is shown

in FIG 1. The dispgirg | des.a base plate 102 to which various
conponentg of the disc %ﬁ%@gﬁfggé#es% ¥ﬁw&@ﬁﬂm§mmgammﬂ)ﬂpm) '
cooper at e wmmﬂmwmasm@iﬂm&maﬂnp' Qb eal.ed environnent, 15 for
the disc dri Vc@' 02 gonvent ional ~manner. Theméghpo e t?"?ﬁ’@ﬁiﬂ@n@%ﬁl%

drive notor Upierpdleubnhy 104 (FIG 2) which includes a spindl e notor

106 (FIG 2) that t or Joor.e information storage discs 108 at a
constant hi gh speed. '%?3}0%%"5{1“10&%metséﬁPsth%ﬁﬁ@nb@wﬂiersingléhﬁC&Sc 109 on

the di scs 108&lanipingigsse ineEordhn@nw ly 110 which rotates
about a beari. n‘gé\ghaft gisbgenbl y 112 20%%??%%%%%&%‘%%? thepresent s 108.

The actuat or MRE8HMY v 110 includes a plurality of actuator arnms 114 which
extend towards the discs 108, with one or nore flexures 116 extending from
each of fghe actuator arns 114. Nb!ﬁ eg ZE the distal end of each of the
flexures 116 is a head 118 that i ¥PDhearing slider (not shown)
enabling the head 118 to fly in close proxinmty above the 25 correspondi ng

surface of the asdodisatifive 100 onsBhéed iR hif 108 The radial position
of the heads,118 is controlled through thg@ggg%ﬁﬁgwﬁeﬂ? ehodimentof (VoM

124, which t5iPrSiepynvartionde shown i FIG. 26 The aibadive 10 f&i‘aeae%%agé ssenbly
110, as wel | 1g351090 Cﬁr‘,ﬁn{;%ew&e?roganen% maé;net s 128 that establis R
magnetic field in whic SOTROpents 8T the disgdrivectD0 arh encomedd: oAlt6gl cover
appl i cati on (@bt Sdwn)rcoepdrate®with ShE Hi s.magneti ¢ interaction
bet vvee.ndghe er manent .eng%nets 128%&1’?2%?@%?%“ %%&os?ﬂ%i eRviEonmEnk 126
nmoves in-ac FW driyein eonwettionahmanner4 The components include a disc drive

motor spindle assembly 104 (FIG. 2) which includes a spindle motor 106 (FIG. 2)

that rotates one or more information storage discs 108 at a constant high speed

Information is written to and read from tracks 109 on the discs 108 through the
‘use of an actuator assembly 110 which rotates about a bearing shaft assembly 112
20  positioned adjacent the discs 108. The actuator assembly 110 includes a plurality
of actuator arms 114 which extend towards the discs 108, with one or more
flexures 116 extending from each of the actuator arms 114, Mounted at the distal
end of each of the flexures 116 is a head 118 that includes an air bearing slider
(not shown) enabling the head 118 to fly in close proximity above the
Corresponding surface of the associated information storage disc 108.
The radial position of the heads 118 is controlled through the use of a voice
coil motor (VCM) 124, which typically includes a coil 126 attached to the actuator '

assembly 110, as well as one or more permanent magnets 128 that establish a

magnetic field in which the coil 126 is immersed. The controlled application of
30  current to the coil 126 causes magnetic interaction between the permanent magnets

128 and the coil 126 so that the coil 126 moves in accordance with the well known
4




0 2°S E P 2003 PCT/US00/ 10670 Lorentz rel ati onship, .As the &ﬁ?‘éﬁ'}éﬁ oves;
the actuator assenbly: 110 pivots. -about the bearing shaft at6eoflily Zéﬁél,an‘d :
t he heads WYPV&Wicaused to nove across the surfaces of thecgiugegdfs A
r epr esent ati\rllﬁosectional view of the disc drive spindle notor assenbly 104
of the presenkotentzenelationships; Adwheroil 126 . ' ' i ndl e not or
assenbly 104 qeneral ly i r?::l)lsudes a spi n(lglllﬁevegrr’ottl%-Ira ?%g&rﬂol%igtlﬁpbvo?pi ndl e
130, a beariﬁ@“&%@@%@%&@brﬂZ@nﬂ thieclieards ummmw&h&c&&@f& a’”
y

disc clanp 1 ' nut 136. In nore detail, the general

rect angul ar ﬁ%g@ga‘%éggﬁ‘%l‘%‘g@ﬁz acts as a 10 platformfor the disc drive

spi ndl e notor asseAlepreselthtivy settional vicy P ,rmgn ' 38 that provides a

cylindri cgl \gl%lélé\fmo ext endi ng vertical | y%pmrﬁé%ﬁ“ﬁé“‘?}%éssc&b& e 102.
g

The beari dhe present invicatomis mmﬁﬂGszeﬂﬂﬁdﬁﬂﬁwépiﬁcg@n?& 4 nterior
ned wmthin the

central cavit The bearing sleeve 132 is positio

confines 15 %?e%%tlggﬂfﬁgﬁ'clgfzﬁ\%ﬁ ‘19 m@‘emos K06 fa rotatablespindlesiBa) at hat t he
exterior sle ingsleeve82i 5né6€MbfintnRAkiol i or. engagenent surface 142
of the cylindrical wall 120" Thg?églggrl n§°§?@§%@%§ﬁ@?é{5€WWp 1341 146
i s al so cylidadpadhsc damphepk36and defines a central cavity receiving a

rotating shaft 156 of tHTe}éﬁp"bndle 130 within the central cavity of the
bearing sl eeve 1327 Bffg + Bfegesrally,Fectangular shaped base plate AR skeays 132

bot tom sur f ane ot L R UE PRSI R asteriy [ifioy dphbgamiodeanaion
peripheral  A3%hthat poovides arcylindritad wallt40hexicpdideOVerti &R "}ﬂ g gﬁéﬁ%@gl ate
ndl'e : e

154 for suppog&i the rotating shaft 156 of "the sp i ndl e
130 i ncl udesPE' aded stud 158 at a top end of the shaft 156. 25 A hub

160 extends radi aff}, éz{r&@ ' e shaft 156, The shaft 156 is
cylindrical and pre gra yﬁ%ggﬁg%ggﬁ%esfﬂreix?gm&ﬂqu wall| 144; and| antinteriar i ng
grooves 162 cantraheaVitylvealED46. Ik Bedrin® stHeVOY8P i i lWRLE Gat i ng. the shaft
156 whi | g the ghaft 1 being rotat o Wthlxﬁftls?};edggieog{epr@%@&/@ 85 The

shaft 156 i sOf B cxlindrical wall 140 and istofal diamvtet yuchathht thé/éxs&iow@eb@@ahng
e

sl eeve 132 spu4 shaft 156 of the 30 spindle 130 is anchor to the
base plate 102 %‘&%cx{rg@n%;l Jr%]smkf'é)é FYeqssmaptriace 1 2, pfithe cylindrical wall 140.

The bearing sleeve’s central cavity wall 146 is also cylindrical in shape and
defines a central cavity receiving a rotating shaft 156 of the spindle 130 within the
central cavity of the bearing sleeve 132. The bottom portion 148 of the bearing
20  sleeve 132 defines a downwardly extending peripheral ring 150 that forms part of
the bottom surface of the base plate 102. Interior and adjacent to the peripheral

ring 150 is an annular notch 152 for receiving a thrust plate 154 for supporting the
rotating shaft 156 of the spindle 130.
The spindle 130 includes a threaded stud 158 at a top end of the shaft 156.

25 A hub 160 extends radially from the spindle shaft 156. The shaft 156 is
cylindrical and preferably includes a series of helical oil lubricating grooves 162
coined thereon where the grooves are for lubricating the shaft 156 while the shaft
is being rotated within the bearing sleeve 132. The shaft 156 is journaled to the
central cavity wall 144 of the bearing sleeve 132 so that the shaft 156 of the

30  spindle 130 is anchored to the base plate 102 but remains freely rotatable within
the bearing sleeve 132. A lower end 164 of the shaft 156 is secured to the thrust
plate 154 where the thrust plate 154 provides the spindle 130 with surfaces for

5




the bearlng sIeeve 132 A Iower end 164 of ‘the shaft 156 IQ‘ e red to the S
thrust ~plate 154 where- the thrust plate 154 provides the p?nﬁg.ep ,
surfaces fwo da/gB¥el/ USO0/ 10670 absorbing the thrust |oads generated” the‘
rotating of the disc drive spindl e notor assenbly 104. Therﬂﬁ’sm‘ t he
spindl e 130 hgs f%% e 165 whi further defines a top interior
annul ar shoul der d‘?‘?‘f Y Shekotating ofcthe diserdaiverspinglebmd®g. The:
end of the peasse‘xhblyallo‘;rl ng defl nes an annul ar flange 170 having a | oading
surface 172 for receiving a bottom i nformation storage disc 174. An

annul ar di sc_spaceFheid @@ftthclspnidtcnlmkas mhi 351&{, di sc
on the disc sp

174. A top i r-naL.lon e d| 77 |s stacked 176.
Wil e two d|££? l@; "i t“é‘c"s q?t PwmardZypchmnmpmﬁl figgd t hat

mor e t han St wol680 m&&a@m #{}ﬂl qer 176 be used wth
the current anéentllg;t tl;ur rmre g%éﬁ‘i fang &ﬂy@ﬂmmasses t he
use of a si ngP¥dmgsusfaca Zﬁormtaw&@aﬂdt&ﬁn%ﬁﬁﬂﬁ% bof t om

annul ar flan ‘1]70 and the _%esc clanp 134. The td*[;&lbirlt@g;afs%:i‘%ﬁ r‘f{ﬂ

shoul der 166 FhEISC spacerl peb AR the battome infoFmatich tbiage dR) 194 apent to

t he t hreaded t6p Hiforkp h Pref erabl t he fl at
engagement S;Jd?? ati:%' 17393%&%% (ﬁ?é |ntszﬁc%8‘ﬁ OQ%F‘FU@'&F SE%FG{lMér Whikawios f or ned
subst anti al | yises hndl1‘1)arbhho¢vﬁaﬂmssw annul ar  flange
170. An iqder&t atlo‘g 182 is formed adj acent%?ge%ﬁe top E%WF@PD&W Qul ar

66

shoul der Wsrmmemmu@mxbemmmhbeade@hﬁﬁ%é , for
20 receivi ngmﬂgﬂmﬂs tﬁég{gg ut 136 as descri bed bel ow. The threaded stud
158 defines extern t AEE QP@B%W@%M?@GR@mgldmfmnbmdl e

assenbl y axi stordgerdiscatiured BEeen theOBgRN L eral ring 168
of the hub 1?84 The threaded stud 158 nee onIy %@ﬁéﬁ&q 56 glampand si ze

to effectivefy"™mate with the disc clanp nut 136 as is described in greater
detail 25 bel ow. ndle 13 rot ated about the spindle axis of

r ot atlon§é83 by aﬂ@ @ﬁld'le 'Frﬁ‘PB’I? 1%'8 l%s definps-a flat engageniedd safasend whi ch
a coil 1 |]578/\(F]Gd2)a BEfoAthe kel or _core 184 to rotate the
spi ndl e 130 f’rs a cyli n(gﬁéca édmtﬁ&]f5§£ﬁﬁle Spm‘ﬁe shaft 156.

eferably, the flat engagement surface 178 of the top interior annular shoulder
166 is formed substantially parallel to the loading surface 172 of the annujar
flange 170. An indentation 182 is formed adjacent to the top interior anmular
shoulder 166, surrounding the vertically extending threaded stud 158, for
20  receiving the disc clamp nut 136 as described below.

The threaded stud 158 defines external threads that are both perpendicular
to a spindle assembly axis of rotation 183 and concentric with the peripheral ring
168 of the hub 160. The threaded stud 158 need only be of such length and size

to effectively mate with the disc clamp nut 136 as is described in greater detail
25  below.

The spindle 130 is rotated about the spindle axis of rotation 183 by a
spindle motor 106 having a stator core 184 around which a coil 186 is wound.
Cooperating with the stator core 184 to rotate the spindle 130 is a cylindrical
magnet 188 mounted to an interior surface 190 of the downwardly projecting

30 peripheral ring 168 of the spindle hub 160. When current is supplied to the coil
186, a magnetic field is established around the relevant pole of the stator core 184




‘magnet 188 nounted to an-interior ‘surface 190 of the downwardl y projecting =
30 peripheral ring 168 of the spindl'e hub 160. :\Wen currexﬁzgg&wmjﬁd ‘to
the coi |l wiBsyesoimagnetic field is established around the rPEb‘ apt S e of =
the stator core 184 6 02 S E P 2003 PCT/ US00/ 10670 causi ng W %nd

thus rotati ogandpeg fatl rycylindrical wall 140 of the base
plate 102 and the g@%d%gﬁﬁfa}g*awﬁe%ﬂpqm eflindnieal walkt40ofanp 134, -
best shown i thebaSe phate 102 hndige sPif1302bf the ! rture 192, an inner
annul ar spindl e cgﬁtsagt portior?ﬁ194, a mglglpg&‘gfﬁﬁ%lvgf&ﬁai sed portion 196

and an outer peri [discodamp 334, bast shown BheFIG2; incladesnven ' i ng
peri pher al eglg&nﬁ. F |l lustrates that the aperture 192 of the disc
clanp 134 is rmu%?se%’ %&&P&%?ﬁﬂ@ﬁiﬂ%m&m 94, nanidgierahelat fdisedThe

i nner anrful aportionri96and Aftcutdr gefiphé: Wﬁ%ﬁ?tdﬁhh bott om surfage 200 that
i.s flat and preferably lgﬁc;sitiﬂgngd x?rn a plane su%%@ﬁf‘flﬁwp PEISCHREt 0 t he

| oadi ng sur f B&¥épheral edge FIG o il stratefs| thatghe dpinme 493 Bﬁth@ld%cf‘h@l? 134
engagenent sgr%&&q# ‘;Be. tlIhﬁgd'dEé cla nut 136, having a centra r eaded
aperture 204, detines A MsHEH ﬁ“’fogmﬁhﬁg’ladblm.éﬂlgégmnhuhﬂrface 208
for in‘teractgpmm&a@ﬁo}@é i f f I nper annul ar spindle
contact portion 194 of "the %ijsagd% anﬁ@?&&%&%%ﬁgﬁﬁ@ﬁﬁﬂ“g Yace 208
i s generalIwmﬂmaplamhebdtaaﬂMp@aﬁaHeiﬁﬁﬁxel&ﬁihgés ckig28pp ar ! ange
170 and fghe B fkﬁ%&ggﬂggpen%gt surface 178. The disc clanp ' n shoul der
206 pref er atielaR d theibyb flat engageniensuifaged?8r 207 and 209 t hat
are equal to the TiRsE ' | outer dianmeter 211 and 213 (FIG 2)
of the annular flat gcfléglg%gn%lﬂ?géhr a ammﬁme@%uﬂeﬁm.a As has

been not ed sbowider 206 havingry flat thent .surface 20 208
grmt heﬁifgr?ﬁer ansﬁllﬁflagér h?p.f‘ﬁgﬁgg“?gﬁng é’é apé?‘ttf’l’.)n 194 of

of the disc cl é’% ut 136, i
the disc cmé of the dnner apalacspindje centactsporfiow 294 36the fdise g3gnterior

annul ar  shqtye anti al | arallel to the |oadi'ng surface
172 of the annﬁfagf‘j’&‘&f"g’lﬁlg“e&‘iff@%@%as R lel 10 the: loading surfacetlM2rof The

"paral | 45i s the demiue fang ¢ 36 and the HfbESat g £ qhguni, £ of i
pre-loading the djisc clgarrp 134 teo cl arrpe%ﬁgem%é{ ?‘%?%?32?1 glrl?e r‘éﬂEPdi sScs as
di scussed i AUtthonlder 206 peaferablyl ipoludemaniinsidetand otiside GhRBERr 3§ ah26Si t i oned

h h f th ‘
over the t flﬁ@QFedeM tiig Erses%ect}veemner and outer diameter 211 and 213 (FIG. 2) of

the annular flat engagement surface 178 of the spindle hub 160.

As has been noted above, it is important that the flat engagement surface
20 208 of the disc clamp nut 136, the inner annular spindle contact portion 194 of the
disc clamp 134 and the flat cngagement surface 178 of the top interior annular
shoulder 166 all be substantially parallel to the loading surface 172 of the annular
ﬂange 170, and hence be parallel to each other. The “parallelism” between these
surfaces is important for uniformly pre-loading the disc clamp 134 to clamp ﬁe
25  information storage discs as discussed in greater detail below.
- In use, the disc clamp 134 is positioned over the threaded stud 158 of the
spindle 130 as shown in FIG. 3. The disc clamp’s inner annular spindie contact

portion 194 engages the flat engagement surface 178 on the inner annular shoulder

166 of the hub 160 while the middle annular raised portion 196 of the disc clamp
30 134 projects radially across the spindle hub 160 without contact and the
downwardly projecting peripheral edge 198 contacts the top surface 180 of the

information storage disc 177 at a position adjacent the spindle hub 160 and

7




‘spirndl e 130 ‘as shown .in FIG 3. The disc clanp's inner annf}d csppn L e
contact portion 194 engages the-flat engagerment surface 1 ?;ngbﬁaer e
annul ar sbYPWEPOL 166 of the hub 160 while the middle ahnul%@%}l‘gd e
portion 196 giu_the di sc clanp 30 134 projects radially acros $10ndl e
hub 160 wi t hodirectigrabaeé andih fiftcwi BIYA | Mol Qj_ECH peri pheral edge 198
contacts the (ég‘rpﬁtﬁurtace 180 of !ttﬂe I'n orl)r?'gtaingﬁa 1300f thehulat a
posi tion adja ¢ Hisclampl 134 fsiib pbSitioavePthe &%E%&PQ&-MOO/ 63901 -
PCT/ US00/ 106 ir “&H abovg and in line wth the spacer’al76 and radi al
flange 170 of the hub - °eHEEIdpre-inad-force; showsin FIG.i haspasowi2en &\Yﬁbﬁwe
n Fl G

t hr eaded st udo iBmidile RhRGG ' . rd pre-]oad force, showh i
3 as arrg%/ 202, is applied ‘?{ggéﬁgﬂlm %@éﬂﬁ@ﬁ%d%- sEie prerloadforé®6 of the

di sc clanp. #Kiallycempoesses the discTlaup 284 dowh he disc ¢l amp 134 down
on the spindig egﬁ né.grmat | oar?‘p storagegg:tﬁs‘%%@d};mﬁ%wﬂr@fqrﬁoﬂorce
202 is preferaB{%Lus}%Fp ‘e %Qf%loﬁd&@s@ﬂlés,prefenablyraupﬂ}edwpm'%&gm}}g ot her
conpr essi on beriAgy bé%uﬂ)ﬁie@rbxi&il&rb% that the pre- load force be applied in
a symmetrical ly annul ar’ fashion ar &ﬁﬁgsf%én?ﬂﬁﬂ&@%lstnnedalmshwﬁmtot ation

183 and be dlaaddercp belappliediin syinib@icatty Snfifia" ion. Lt is.also 10
envi si oned tgﬁ% ggzh.spig dl e rm)?.](])l? rlggg*ve t e%@%%%ﬁé@%%ﬂé@%unt of
pre- |oad force® 5’23'??\‘5 quqtlb'talignemwahm%;gfp&aty(ﬁ{iﬁ% 0 bet ween

spi ndl e.1070t éxvisiehudt i | e disc cla Is in the conpresse 3osi tion,
the disc cl am;, lsrllﬁydl%%t éélmé sﬁ%{'@dn?%r f??@“’f’ggfem@etm& ainoiiCofptend! € to

secure the ﬂpadfmedédzmlscengim{gqj : ed information storage disc

177. 1t is envisigped that the pr%]-ecg%l%gﬂ#o?wqﬁ’ﬁae%ﬂt&PWMm cl anp

be such that"BHi ﬁg&%dmampdthmbefcompf@m pORRidnC e digga‘%ﬁmséﬁﬁﬁ t he
e o

di sc clanp ngin, t hreaded stud 158 of thé spin G 4
shows a defl ect ga%qgﬁis]%:&cr SE@APS%M%MCMSM%M&IQ&&H@H ially

paral | el surclaue® thé hdmted wforkla S ui#er surface 208, the flat 20
engagengnt surface 178 of the hugaﬁg%?ég[ehdg&t 's‘ﬁﬁ%@lqwtbatthb@m-op

i nf or matv on P&‘geamﬂigdtqmtdémuamﬁbb@ﬁaﬂmﬁﬂ{,flggg ig,g,?_ﬂof tp’? annul ar

fl ange 170. . tantiglly parallel orientation o Huces rgue 173,
194 and 208 iR EB B e o Jampqut k36 onth ehalitseadedl sl B8tsthé | but ed

| oad i s uni $pndledd@. nornal to the top

]

=) -

FIG. 4 shows a deflected disc clamp 134 compressed between the
substantially parallel surfaces of the disc clamp nut shoulder surface 208, the flat

20  engagement surface 178 of the hub 160, the top surface 180 of the top information
storage disc 177 and the loading surface 172 of the annular flange 170. The
substantially parallel orientation of the surfaces 178, 194 and 208 with surface 172
ensures that the disc clamp’s distributed Ioad is uniform and normal to the top
N surface of the information storage disc 177. An equal and opposite reaétion force,

between bottom surface 214 of the bottom information storage disc 174 and the
loading surface 172 of the spindle hub annular flange 170, results from the normal
force. The two forces (normal and reaction) create a friction force in the plane of

all mating surfaces which prevents the components of the spindle assembly 106
from shifting relative to each other when the disc drive 100 is in use or is

30  subjected to high levels of shock and vibration.

An additional feature of the present invention is that in selecting the

diameter of the disc clamp nut shoulder surface 208 and the flat engagement
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sUrfaCeb‘f-';-t;_hé i‘_nf'br,rra‘t"i’.onl,s"‘t-'c')"r age dISC 177. An equal ~and._qpposi ei’i‘r:eé'c:t:i‘pfrif;g,_, |
“force, 25 between bottom surface 214 of the bottominf o‘r.‘rrgt c& + AU '.diisc,v“f,

174 and t WO %¥e¥BI ng surface 172 of the spindle hub annul arpd968A0 60,
results fromthe normal force. The two forces (nornmal and reaction) create
a friction fenfacé 178 bethplspindletub HtéricFoinhiGr ich prevents the
conponents of the spindle assenggal 106 fromgw |§§6\rq§|b§ﬁq§@ﬁf’&°ﬁléch
other when t QHg; Y normpkforerexered on thastoprinfosmaiomsstbiape disk femaiigh | evel s

that in sel oBrTauekhats afthedBlier. 'R spiadle s ghptation 8ol cer surf ace 208
and the flat engagPBimRny, £@M§%’ﬁ%@4sﬁr§ﬁgéﬁﬁt§$th‘tgﬂgnﬁﬁi dl e hub

interior annul ar_shoul der 166 to be equa I8P force
exerted t Hedeflested bypredeaddoreet202a gt diesianereigilas spﬁgfeq%gﬂ@jc@ phﬁ{an and not
rated

offset, tot ldi.e axis of rotation 183. Finally, as illus in
FIG 4, it iggﬁgkﬂg‘i&%‘i‘g@% ¢ {RWRwarkprejesting pempheraleedge f198aifabe Gigc pr e- | oad

f 202, t tlainpt e fl Rirfep rtion 194 of the disc
c?gfne), t he domnvip/grd p?(r)b?g%%%iﬁir%gi per i pﬁgggfmg%hi’a‘@ﬁgf&?mw@eéﬁgm t he

flat engagentitinfumption storge disctlT? HeuppiokinaBl dobﬁaﬁﬁpana%g .180 of the
I nformati on %I'Rg% e diﬁ%&‘ 1“;% b@&ap roxi mately co-planar and su antially
paral | el wi t PATEALVI Fach othex o ‘The substantially parajist aad approxitnA¢lp coXlamire! v

co- pl ana0 10alipnn@niBPiheQ f l.bs..ensure that the disc clanp's
di stributed | oad remien%%gpgilbrgn an@g%?#gﬁdlf%aﬁwa § Hptributesklead i on st or age
di sc as the fsmamsouniforincamd eoimalapihé &F ihforindorfi ! LS, I,s a flow
di agram show ng t he ﬂ?t eps. for securi ﬁ)g a disc c%tg{r?ﬁgf@%pasotﬁegrﬁ%aé drive
spi ndl e asséefbSs aPPHgd fothe diseclmpt erred enbodi ment of the present 15

invention. In opeggy.i | nf or.mati on storage disc is assenbled on
the hub of the disc ’(fr)ilg\?é?%bfl{%gf“én&b‘{wg & SRS SR secyRing andise tlampi k34 ¢l anp

i s positionan a disedriza spindle asset 6hAh ' .spi.ndgle notor. In
operat i ?S 302, a uni folr,m.pr e-| %uf or c%g?ﬁg%gﬁeﬁgﬁib% to?(ﬁ? Regesent
i nf or mat * on '8Y&H9Be 1nioperation 298,tthe inferinhation storageidise iscdssembled o

predet er m neg e, sition.. In operation 304, 20 while ttﬁcehg?e-l oad
force conpresses@%gﬁ%%}lﬁ‘gﬁqomrmmﬂeﬁﬁogt Pathe discsdampds gosiionsbacer, a

di sc cl anp wower aminformeRda dtopdpel dige ﬁm@@kyﬁxgir?&gg%,? flﬁfé‘f%ﬁgto%gg' sc clanp to

the spindle assenbly. Finally, in opera »Rorce is
r el eased uniform preé-load force is applied normal to the information storage disc so as to

deflect the disc clamp to a predetermined compressed position. In operation 304,
while the pre-load force compresses the mounted information storage disc and disc
spacer, a disc clamp nut is threaded on the spindle hub to secure the disc clamp to

the spindle assembly. Finally, in operation 306, the pre-load force is released
7 from the disc clamp.

20

Therefore, the method entails an evenly distributed predetermined pre-load
force being applied to a disc clamp on a spindle motor. The spindie motor has a
series vof parallel surfaces that interact together under the pre-load force to ensure
a uniform loadjng and consequent reaction force to secure the information storage
disc on the spindle motor. Th¢ predetermined pre-load force ensures that the
force and reaction force are aligned with the spindle axis of rotation and thus that
30  the disc clamp is uniformly loaded onto the information storage disc.
In summary, the preferred embodiment of the invention described herein is
directed to a method of securing an information storage disc (such as 108) within a

9




fromthe disc clanp. Therefore, the nethod entails an evenl ;qrgu ﬁggbb d
predeterm ned pre-load 25 force being applied to a disc clahp & § ﬁﬂdl-e,

mot or. TheWSPAW3PM notor has a series of parallel surfaces Lbﬁé af jnperact
t oget her under the pre-load force to ensure a uniforml oadil;ng #8}%‘%“

consequent r edistideive (Such as 100)5 CTHE ' tion.storage  disc on the
spi ndl e motor, The predeterm’ﬁed prﬁle- oafgepggg%sﬁlﬁgﬁ*’%&“ﬁgéﬁqmz?@rm and

reaction for cifarmeation;storege dise (smhasiﬂswehani(@cgfasrm?&g . . thus that
30 the disc cf eiln?o uni f.0 rﬂﬁﬁlioaded onto the informatfon stor & disc. In
summary, the p@g@e é‘&'%@ﬁ‘? tHoRypg (FRch; as v step 300 deecdisd Sh'hsi S
directed to al¥®ticaad ' | tion storage disc (such as 108)
within a 9 02 %?P 20%%%?%%% Bg%hpléé‘%%gé gﬂ%s° ??IrR%LE%@Hclhss 90 Yof thehe
met hod i ncl uddisc elamprwiti the top stface(sitch 5 F50) 29 &le ﬁﬂon%dﬁo%rs%t | Oﬁsagg,?{ age

r

di sc (such as ]@ﬁ} _a hub_ (such, as 160) of a disc drive &g Bt or
?Rd thn(posi}fsl "ng\ﬁ&@cﬂ{ CWBQQBK’B@G)fOICh_dsubhsash %ﬂ@mﬁaﬁmﬂggs?u)gﬁa?%?ﬁ) on
e hub (suc : uter periphery (such as 197) of the

di sc clanp w ttﬁﬁ%%%%%&sﬁgggg?a@gc% é\lgc E@Bﬁp‘g‘f‘ (W%RB asri36) isopasitioned so age
di sc (such s tos8ure tiextre-loaded ik icip - ree (such as 202) is
alppl i fadu(sucrt a@l ?}H st%%Z%Z?da ai nst F(ﬁgmgl{l@c&@?gg% dilv&i(sgf,m gﬁ@rnu%
R S i el e o e lemprt posiiSncl o8 o Sl 4 L©
e hub q e4:SDin or. (such as in ste )
di sc clanp nut i?&%?&aﬁ%‘?ﬂﬁﬁ@-%&ﬁm&% s 10 reloeased fromthe
disc cla such ds ahsthét epfd) : rred enbodi mrent of the
present imr::v(entio , the neltﬁ-ﬁf)d ie(%#dgggg&lt%%?ﬁégéﬁ‘ﬂﬁmo&r the methegacer
Esucﬂ as igg{“‘% tsémmlmc_cnpafm(@u?g& I’{Q%ﬂ§%fg§§°%@° E thet Eub
'such as C e _spi notor _(Such as . Further, the
pr edeée[rr:i ne(éogige;f%agﬁ@pﬁsggqgﬂéﬁ ﬁ'gb &?anézlﬁﬂb@fthﬁ d?g%ri%pﬁﬂlﬂ@bgj’,cal ly
aroun e sfsuo t such as and can be
per pendi cul ar to thgﬂt ?}o“rglgf’?dggg&)(gch aésd)ﬁfgdfa(gformésqch%mmm st or age
di sc (su@ﬁ adPPied symmetricaly eourdr thé spindik @S BN AR )

i nvention, t IS¢ Cl am.
B ((.jdnsbe perpe%cular to the top surface (such as 180) of the information
Storage disc (such as 177).
In another preferred embodiment of the present invention, the disc clamp
defines an inner annular spindle contact portion (such as 194), a middle annular
20

raised portion (such as 196) and a peripheral edge (such as 198) where the step of
applying a pre-load force (such as step 302) occurs only against the middle annular
raised portion (such as 196) of the disc clamp (such as 134).
In another preferred embodiment of the present invention, the hub (such as
160) defines a peripheral ring (such as 168) having an annular flange (such as
25  170), the annular flange (such as 170) defining an information storage disc loading
surface (such as 172). The hub further defines a top surface (such as 165) having
an annular shoulder (such as 166), the annular shoulder defines a flat engagement
surface (such as 178) that is substantially paraliel to the loading surface (such as
172) of the annular flange (such as 170), and the step of positioning the disc clamp
30  on the hub (such as in step 300) includes positioning the inner annular spindle
contact (such as 194) of the disc clamp on the flat engagement surface (such as
178) of the annular shoulder of the hub.

10




defines an inner annul ar spindl e contact portion (such as

| ; 194), a8
annul'ar 20 raised portion (such as 196) and a peripheral 39659u
198) wher WO&3¥aep of applying a pre-load force (such as SRISB6)
only against the mddle annular raised portion (such as 196) of the disc

clanp (such as 13#)another pregérred eﬁb%ﬂ&?gfgi%%egﬁg}tvgﬁ&?ﬁ,h egé)gégt?tta%arlGS) o

i nvention, the hub (such as 160) defines

havi ng an ariRifdle contagt gertion(shicknas P9) b @he dist eladip ($hek ad iﬁ{)qgg&s}g%’éda_sr h170)
e

defining any ' storage disc |oadin surface (such a )

hub further %ﬁ%‘;@é Qg{]‘i}ﬁa%ﬂf‘g‘é‘ cqi(SHch as 1%8))ofithe anoulanshoalder (such a§ioul der

(such as 16%@%@%%%@&?@&%' nes a flat engagenent surface
all'y

(such as _178) that is substanti pardllel to the |oading surface (such

as 172) of the dnapother pleforel dmbudimant Gfi8k preesk faven Bd?icd?ﬁﬁ LN ng

the di sc cl IR 30 ét}&ghub ésuch as in_step 300) includes posi S ng the

i nner annul gr gﬁ’isr*g?)e ciings @ shoulder (sichas 206))haying: 4 Hatiempagerhentigusfice he | at

engagenent st . 1. npul ar shoul der of the hub. 10

o.g %EP 2oo§ 3&#%&%%%6 o“f‘%zgk%étq %@g?%f‘@?‘i- Y Potke hulpfsuchas jr esent

i nvention, st J0dhincludentheatep opplacihge ﬂi@ﬂit%haém‘ﬁﬁ Qﬁfs%@cd)a% e’#@i) of the
e flat” enga

s 134).is _positioned between t f’fsurface

di sc cl anp sucgp g .
(such as 173)° Of° AP Athin wbstantialiviparalielafignment with)thefide éfgagélhet C! anp nut

(such ag0 13Gurface (hid ref enbodi nent of the present invention,
a disc clanp nut ( (gﬁagabggaﬁ%%ngﬁ%&ﬂ&&ﬁﬁaf#@%mw(w@l)ashavi ng a
flat engagestepB04urface (such as 208), and the step of positioning the

di sc clanp nut OE the hub (such as in step 304) includes the step of

pl acing the flat ipeeferred embodingent off thespragit iﬂentibﬂ,ethg'gﬁﬁﬁﬁﬂfiﬁﬁp nut in
urta

‘subst anti al I iannent . Wwth he flat engagenent 10 s te (such
as 178) of Jt)yhtgggﬁlf ka%p g\kﬁto(g\mgg‘?s ](%(m %ﬁ%etfpemclum Mading theadiscadampt ep
p

304). | n animméespipiietenti® HoPitP Gubk 2 1 %@%@@?g@ﬂ%ﬁ%&ﬁ@%&g&&t he

positiop ng of the disc clanp nut (suc i ncl udes
pl aci ngﬁlt heARiFmaleligo-planarto thpianniilar stonldee (sueh sk 166) Gfﬂl‘élimﬂzs&ﬁ% and

2eeaf (Sl L o 00FBL8 bon Sotge s oo 179,
In another preferred embodiment of the present invention, the inner and
outer diameters. (such as 207 and 209) of the flat engagement surface (such as 208)
of the disc clamp nut (such as 136) are substantially equal to the inner and outer
diameters (such as 211 and 213) of the flat cngagement surface (such as 178) of
the annular shoulder (such as 166) of the hub (such as 160).
In another preferred embodiment of the Present invention, the positioning

20

= of the disc clamp nut on the hub (such as in step 300) further includes the step of

Ll

aligning the respective inner and outer diameters of the flat engagement surface of
25  the shoulder portion of the disc clamp nut and the flat engagement surface of the
annular shoulder of the hub.

A further exemplary preferred embodiment of the present invention
includes having a disc drive spindle motor assembly (such as 104) having a spindle
shaft (such as 156) and a cylindrical hub (such as 160) extending radially outward

30 from the shaft. The spindle shaft (such as 156) further includes a threaded. stud
(such as 158) extending above a top surface (such as 165) of the cylindrical hub

(such as 160). An information storage disc (such as 108) is mounted on the
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160) and top surface (such as 180) of the information storage disc (such as =~
177).  In another preferred.enbodi ment of the present i ‘nve‘ﬁh' oﬁEék@O&ner o
and out er WOLe891s (such as 207 and 209) of the flat eng'agff’g:ﬁlg’%gﬁ”rfa‘ce c
(such as 208) of the disc clanp nut (such as 136) are subs 7"3qua|

to the inner idFibal | erns h 11 and 213) of the flat
engagenent su‘??ace ((sgﬁ;;l:)h@%s 'oﬁdéﬁglg%?ﬁ‘fci‘rassﬁﬂmg@MMas 166) of -
t he hub (sucrRP§suneGEuch an204)phin érinep asduddr’ B Q{W pr esent

i nventi on, t%@g;i t.ionin of the disc cl atrzr‘p nut bﬁﬁ%ﬁ%ﬁ%@%&’&@ﬁ‘as in

st ;ap SgQ) f ;JI’ ' fﬂfﬁ‘{]ﬂ; gog ﬁ@@@é&@{aﬂdea ngbg? gsﬁapgﬁigsl)gs SREE t and

out er di anet yve thhad surface .o e shoul'der portion
of the disc cl alr'rpenut and&%ﬂzggﬁ%?qgﬁg‘g € dnfer aapulay cantact partioml ar

shoul der 9f t(snchias94yed theensp e " i nent of the
present i nventﬂri%\ripﬁi ngGl ufjneggbﬁavi np a di §§ﬁ3ﬁs?§5§§f%gr%¥@r”d§9&ml y

(such as 104W geripheral edige (sus a$ﬂ9¥)sﬂnghgas&b&ﬁﬁ9mﬁeegueu%g§@i&al hub

h 160 ks i al.l t 3Q_f th haf t dl
Shart (suoh HERRAHEA ofobédnd GRS, dove icuslamp middicinasiad Elled
ext endi ng abposioa (sagh 3%@%6@%@%%@53@%&@& Cgsl 1{{5{9‘{@? IBRJUb ( iticg ,

as 160). An in mat i on storage disc (suc

SEP 2003 PCT /anddy adapyed Wdﬁbciaéapndaloédmhe@cﬁ@gm%fﬁniﬁ 04 (such
as 134) fvi @Sz rcﬁll r]r? erture (such as 204), an I nner ETa giggcont act
portion (sucﬁ a@ %u &S g)dsé“‘g i the threadedstyh(sucinas 158)¢ whase tho6) and a
eri pher al dnélad&h ' )t t r the threaded stud (such as
258) Ioto al | glvi;/gt_héé i nne%ﬁlglegg%raf?&c%ﬁhaégo gg?{%efie&ﬁa%% sanpylar contacingage

B
‘the t fREIEOR {such aad94)661 the iiscletanip Le the .
perGi pﬁgrzrre&%g‘?ggé%g}@s 198) gn;ages tﬁgélfg%t%ﬁ??égg}?su e'igmi%g@scof t he

I nformation s ¢ (such as 177). The disc clanp m ddl e annul ar

rai sed portion (mUand bgve the top surface (such as 165)
of the hub (such as tll%‘gf an e‘?éﬁlgﬁgéf@a&t‘gepﬁfé@tﬂév@“ﬂﬂemem tépr ce (such

as 202) 15Fi surfage (suchias t6S)Gurtherndgefines ar Stiflar i s se dto the
t hr eaded stgﬂt%such as 158), where the nut ?ﬁgﬁg%ghgh isoﬁ#é??v’é‘graf ace

(such as 208} PIFAEEMERLIURGOE kuich ah &78)awhsthmtiallyquaralid to BieTbidi: SRR as 194)
of the di sc (alch™ 102)'6F @ 3ndiid) AhfeSESA = 1705 Rhe _aln(ljueigreghogid:': flat
engagement surface (such as 178) receives the disc clamp (such as 134).
In another preferred embodiment of the present invention, the disc clamp
nut (such as 136) defines a shoulder (such as 206) having a flat bottom surface
(such as 208) substantially parallel to the loading surface (such as 172) of the

20

annular flange (such as 170). The disc clamp (such as 134) is secured between the
flat bottom surface (such as 208) of the disc clamp nut shoulder (such as 206) and

the flat engagement surface (such as 178) of the annular shoulder (such as 166) of
25  the hub (such as 160).

In another preferred embodiment of the present invention, the flat
€ngagement surface (such as 208) of the disc clamp nut (such as 136) has an inner
and outer diameter (such as 207 and 209) that s substantially equal to an inner and
outer diameter (such as 211 and 213) of the flat engagement surface (such as 178)

30  of the hub annular shoulder (such as 166).

In another preferred embodiment of the present invention, the disc clamp

inner annular shoulder (such as 194) and peripheral edge (such as 198) are

12




cl arrp to the hub In anot her pr ef erred enbodr nent of the pre rn\zentr on,:
the hubto 15 surface: (such as 165) further.‘defines an’ anrﬁ% § =
(such as 1&9“‘!’@9‘%9 a flat engagenent surface (such as 17 SPcrouds, ?9 Ty
parallel to the |oading surface (such as 172) of the annul ar flange such
as 170). The approkintatelp @u!pliaiar to ARIE 7

recei ves the d c clanp y such asmf3héllljgwl n an%%lﬂ&lug@?%%ggaéﬁ?aéé‘? nt of

t he present i g}q:hag §0U0fs%leanfanpatmi)stnutge(cﬁs&4§uaﬁaslﬁﬁl)) defines a -

shoul der (such as | at bottom surface (such as 208)
substantial ly par aﬁ% t?’ac g"%&é P'FFQC%‘IJFY"A’@@DG%M@H mptedk) attdin tlieendgnnul ar
fllange (such ami ddiantagdsiestioned yred between the
flat bottaom surface (such as 208)%9 the&gr SC % presentlyuch as
206) and hePIPeéted@m}mganmtthasbeémdmcﬁB@&mes&oP{m§ l'ar shoul der
(such as 166) 10 t.he hub ggusr?ag as .160) I n anot her&]lgre lr"‘l’r ed

enmbodi ment of® sr%‘?@ﬁ?sm ﬁwlt%wrll E&adﬂﬁﬁggmtrﬂnmse]ués‘ RChodesuch as

208) of the Clslkﬂ!‘edqh AP arpu S n.i.nner nd out er di aneter
(such as 207 and 209) thati:orfg lgt%ajd?e?#%ggl‘fglp%"%ﬂ thﬁﬁémdlﬁmmogut er

di diving thteaded ma ik 178
i ameter (su s Cfan erhdtiorf With aRIRAE Ingﬁﬁoth%ééggﬁgﬁp e )

30 of the hub,_annu der (such as 166)

embodi nent ofd?iﬂ ﬁﬁ'@é@f}t MMﬂwn@m@@ﬁmmmmmpm&hﬂ shoul der
(such as 1094 )scrR¥hfish g 198) are 12 2 SEP 2003

PCT/ US00/ 10673 appr o>§ ngﬁhﬁ "‘g’gﬁé‘ﬁﬁﬁé i(CH%Y ¥s bmﬁhllaﬁdlﬁmndnder (such
as 166) and © mgespndalmhaﬁm:s@w éttoffpadstd)in tle r.oat i.on st orage disc
(such as 177) be cl ear that t he preseﬁﬁﬁfheé%t §WnpgdﬁEﬁFagdapted
to attain théngﬁﬂg¥5§Hdﬂﬂﬁvanpagebﬂmamtroned as wel |l as those inherent
therein. Wiile a presently 5 preferred enbodi nent has been descri bed for
pur poses of this disclosure, nunmerous changes may be made which wll
readi |l y suggest thenselves to those skilled in the art For exanple, rather
than the hub portion of the spindle notor having a threaded stud for

interaction with a disc clanp nut, the hub portion could define a threaded
aperture for interaction wwth a threaded disc clanp retaining
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10 screw having a mating tapered shoul der. Accordingly, all Sﬂi?
nodi fi cations, changes and alternatives are enconpassed in t SSEWZZ%
the invention disclosed and as defined in the appended clains. 13 0

2003 What s clainmed is: A nmethod of securing an information storage disc
within a &%’E%“%i?’ia%‘%dlﬁhe met hod conprising steps of. (a) assenbling the
informati on storage disc on a hub of a disc drive spindle notor; (b)

posi tioni gg a disc clanp having an inner annul ar spindle contact portion,
a m ddl e dnnulhamethad 3£ de@@inli DNinf i j | . e.on.the hub to
engage the peripheral edge 1’gf thedlliélhi%slgn ?I%%Jr%g%\%cta‘kmggt%o%scsﬂweaé grethode

i nformation sf B{%ngﬂt%",‘)f(c) applying a predeterm ned pre-load force only

agai nst the mddle nnu j nartion of the disc clanp;, (d) .
positioning a disc (glé)arrph%t%rtngﬁﬁogsfs%géu?gn?tf?@ sgqrgg; FGPRha heb eivedisedrivd  t he
di sc drive spindl e spindlematoxy (e) releasing the pre-load force fromthe
disc clanp. 2. The ?@t hod according to claim1, wherein the hub defines a
peripheral ring haviMg BOFIEATIRE &S flamgdiaving@n dmmen havuldd spimgie cbatdcni ng a

| oadi ng surface, angoribs, Hddidbtdiel ro98f | top surface having an
annul ar shoul der, the annul ar shou%é?lgﬁjeﬁ}ﬁ??fgngafqeélpﬁergﬁ%é’rﬁh?h%‘Elrface
substantial |y paral lee¢ngage theeperiphetaherigs wffilee diso tlabdpewAR RUbAkuftd@ANEqhe 2N
wherein the positi thitf&ﬂ-[mt eg fa(%% further conprises positioning the inner
annul ar spindle contac 816 P dfs8’ engage the flat engagenent surface of
the annul ar shoul dec)of apphenddBredsterndiiéd BRli C i clajm 2,
wherei n the positioni ng st ep é(1d_ furt hle.r B%oﬁ%??@%s%géga??sgﬂfeﬁ%ﬁe i nner
annul ar spi ndl e cont™¥tar grised; portiqsf oftthedige slempl anp bet ween the fl at
engagenent surface t nnul ar,.shoul der, and the djisc clanp nut. 14 0 2
SEP 2003 4. The rret@gd 2@8@’?@‘:&%‘1‘%%‘%%‘3‘? SM?@W’%CW@W%%MW nut

defines a shoul der the disc drive spindle motor, and

(e)  releasing the pre-load force from the disc clamp.

2. The method according to claim 1, wherein the hub defines a peripheral ring having

an annular flange, the annular flange defining a loading surface, and the hub further
defines a top surface having an annular shoulder, the annular shoulder defining a flat
engagement surface substantially parallel to the loading surface of the annular flange,
and wherein the positioning step (b) further comprises positioning the inner annular

spindle contact portion to engage the flat engagement surface of the annular shoulder of
the hub.

3. The method according to claim 2, wherein the positioning step (d) further
comprises positioning the inner annular spindle contact portion of the disc clamp between

the flat engagement surface of the annular shoulder and the disc clamp nut.

14




having a flat engagenent surface and wherein the positioning step (d)
further conprises placing the flat engagenent surface of ggglgma(anp
nut in substantially parallel alignment with the flat eng ace
of the annul ar. shoul der of the hub. 5. The nmethod according to claim4,

wher ein tfle p8a% Ml agcosding o tpini Brwivesin tROABE 1595 npt @G0, Lhg, gl Sc ¢l anp
i nner annyh@ and peripheral edge approxi mately

he SR ntact portio i phe
co- pl aner t}ao %%Feﬂargggdggﬁﬁggé ageh w tein Bre posisioningrstepaid) Girthat derfipdest he
hub and t hlacingpthe uflitaeza@émédisurfatO dFek O [ i.sc., 6. The nethod
according to claim4 V\:hgl’ ein the Tlat lén(g%gtgirl‘riem %gﬂr"? Substaptiafly pagalled
clanp nut 2HEAen! with{be flateagagement slirface bbthe ahmdlari $osMBSSRRE hagd!y equal to an
inner an outer dianmeter of the flat engagenent surface of the annul ar
shoul der gf tﬁ; hub, and wherein the positioning step (d) further
conpri ses>-al i e mapthdue acaspiagt iovelaimnNe wHaEi®UhE! postli ters of the flat
engagenent SLgof ace of the shoul der portion (l)f %lﬁepoglﬂlso?ﬂ% g{% ﬁ’at hﬁﬁ’ﬂr t he
flat engagenent PEiFy RLasing: the, disgnelamar inphp Andelar opirdiee cbidact portibi€aeet hod

accordi ng to petighdfalt i k Silioni p (d) further conprises
avoi di ng contpgctp bet \?\%%gérﬁgﬂﬁ%bﬁ}éﬁgsél#gﬂ?gg?Ziagrﬁ?éﬁ enhisyeacepef theon of

the disc cl &fpulagshopldgr etthehil endshic neP surfané of th@%ﬁ@ﬁﬂt%n‘%ﬁi@%& fsNg: a
spi ndl e having a shaft and a cylindrical hub extending radiafly outward

fromthe shaft, the shaft including a threaded stud extendi ng above a top
surf ace @f Themethddiaeelrifglto Blalin 426hi0 ' torage.dis¢ nmounted on
the cylindrical hub, the ?%forma_ti on st3ﬁgggaﬂdﬁ%g%§enﬁe£gﬂ‘&acﬁofgﬁcgﬁfrface; a
di sc cl ar‘?%“’l’fé(}'i‘tﬁ&s AN AR 2ad ouise diametsr thmat is substan@allydqnl ©UMiAGEr AUk ON, 2
m ddl e aguhaér of Bk .on,...and eri pheral edge, the central aperture
of the diﬂasﬂ? Clra?rp ?Iﬁ {tj% 1&%1‘{1/%{# SP‘? Cetcﬁrtgﬁa%‘g‘q%rtsga‘ﬂ@%r%ﬂqhé\hub,hféldi wiegeinannul ar
cont act tositioving stemadp fudieert @pnsiises agienRh fHae W01l gt hey per i pheral
edge engggaslﬁeethe é}?ép 2 SEP 2003 tolgu;surfg?:e%of tﬁégﬁ%ﬁ?%rlhg i 3‘?1d s(}ufﬁrage

di sc, an e Ofthe 12 ppgaeement speface of e shogldleeporéinul bfthe alise\tarihGuttaan
surface ¢e fidtenfdempcuddap ' re-load force; and a disc

cl anp nut secur%d(#éto t he thé@ggé@“@?&g@ﬁ?ﬁe&ﬁ&hlfbncI uding a contact surface
for

7. The method according to claim 4, wherein the positioning step (d) further

comprises avoiding contact between the hub and the middle annular raised portion of the
disc clamp.

8. A disc drive spindle motor assembly comprising:

a spindle having a shaft and a cylindrical hub extending radially outward from the shaft,
Vthe shaft including a threaded stud extending above a top surface of the
cylindrical hub;

an information storage disc mounted on the cylindrical hub, the information storage disc

having a top surface;

a disc clamp having a central aperture, an inner annular contact portion, a middle annular

raised portion, and a peripheral edge, the central aperture of the disc clamp

fitted over the threaded stud to allow the inner annular contact portion to

engage the top surface of the hub while the peripheral edge engages the
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engagi ng the inner annular contact portion of the disc clanp. 9. The
splgngl egm)tor assenbly of claim8, wherein the hub defi ne Wg 2?@@@
ring having an annul ar flange, the annular flange defining a Ioa I'n
surface for receiving the information storage disc and the top surface of
the hub having an ari@Ribesfacs Wﬁmﬂediefortriaa?rll st?ﬁfgb'm and {t}étsﬁirﬁpgg%‘ﬁgﬁpgaﬁ%ﬁrface
receiving the di cla at en emen
;ﬁrrul ar shoulgder |sp§§[ eé%ld%“gl Oﬁ%ﬁ’&lt%ﬁu@@etq%éhe hgpatidaglaptedftacerenke t he
annul ar flange 10 apaeloapifeideaingot or assenbly of claim9, wherein the disc

cl anp nut dde a shoulder having a flat bottom surface substantially
paral | el % arnaalart fgcwed tashe Gieadpd stualn rrm:rc mthlﬁr:lgmgg a l@(ﬁﬁ!actt Qﬁ?ﬂéé rC! ﬁmo
S secured bet e disc clanp nut an

fl at engagenent geé Ao?{?rﬁ% %%ﬂrﬂﬁ’ digg clame. hub. 11. The spindl e

not or assenbly of cI aim 10, wherein the flat bottom surface of the disc
cl anp nut hasT AN HP‘Qer and outer dianmeter that is substantially equal to an

i nner and out & kr aggemblsof glaim & hemrinthethubdefiaesea périphbeil angul ar
shoul der hdviidign Bﬂth}lar]t?anggnﬁe sl nggtdg 1n1§§ 38?%%%&15% gi m 11, erein

the disc clanp inner annular spin e con P?ih@rgéheedge
are appr o¥formatpy Si%aaﬁl Chmandttdlettdr;esmwe of v hwly h@hﬁ%'hﬂﬁﬁmﬁé}dshbﬂﬁimtﬂ%{) 'y of

surface Ofef; Q?a!ﬂgf 1%11& '&’% ﬁ% ge disc. 13. The spindle notor asse

‘claim 12, V\}:{'er ein ‘irﬁﬁ"éYmgﬁrﬁﬂléﬁda@Er ad e contact port i on and
per | pher al - edghe AEeruBaheH Lo B bl stieRidel fs ABRAUNY pfanePBhe 7 2N

top surface of the information storage
the P loa ing surface of the annular flange.

10. The spindle motor assembly of claim 9, wherein the disc clamp nut defines a
shoulder having a flat bottom surface substantially parallel to the loading surface of the
annular flange; and

the disc clamp is secured between the flat bottom surface of the disc clamp nut and

the flat engagement surface of the annular shoulder of the hub.

11.  The spindle motor assembly of claim 10, wherein the flat bottom surface of the disc
clamp nut has an inner and outer diameter that is substantially equal to an inner and outer

diameter of the flat engagement surface of the annular shoulder of the hub.

12. The spindle motor assembly of claim 11, wherein the disc clamp inner annular

spindle contact portion and peripheral edge are approximately co-planar to the hub

annular shoulder and the top surface of the information storage disc.

13. The spindle motor assembly of claim 12, wherein the disc clamp inner annular
spindle contact portion and peripheral edge are substantially parallel to the hub annular

shoulder and the top surface of the information storage disc.
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