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d e hub.
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PCT/ US00/ 10670 SI NGLE DI SC CLARE H | SC CLAMPI NG I N A DI SC DRI VE
Field of the Invention 5 This o magnetic disc drives

and nor dOpar ti culDist drives &8 data storage devices that store digital data in magnetic form

on a storage medium on a rotating information storage disc. Modern disc drives
include one or more rigid discs that are coated with a magnetizable medium and
mounted on the hub of a spindle motor 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") mounted to a radial actuator for
movement of the heads relative to the discs. Each of the concentric tracks is
generally divided into a plurality of separately addreséable 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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20  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, there is a need in the

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

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.
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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.
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I nvention showing a disc clanp nu 2 2 expl oded above a 30

t hreaded stud of a spindle hub. 3 0 2 SEP 2003 PCT/ US00/ 10670 FIG 3 is a
representative sedtdisodtive/100¢dustFuctad id o bplLustrating the disc clanmp
“posi tioned Ol‘lrl]p tphe di s(‘:, drive spindle hub aﬁ‘ﬁ"%‘g%‘be@rgmeﬂéhoémm@g
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. ponents 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
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Lorentz rel ati onsfthPpedthot ' 6.moves, . the actuator assenbly 110
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135, “one o TS B B BB BB s o waniao o o
clanmp nut 13bhe 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
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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
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tator cofe 164 0 o AP T 1S8R Bl Hitaiaperiurei0du dehs ( hus
rotation, behonider 206chating 4 acenpagymbmthifass 208 Fdr %%CQ{% X}itfglleaa astgglpll, a; gst

102 and the s 'nd#ﬁ)clé%}g of the present invention.

shown in FI @‘Hjﬁce ¢l 19€ dnner appularspindle contactcportipe 1941 6£thé Ydsc Y LTl
annul ar spi ' 4, a middl e annul ar raised portion 196
and an ggt J%Z‘%#Sﬁ%‘%%ﬁ’fﬁﬁ‘%ﬁﬁzﬁmwr tRaxalel 10 thelpadingisyrfaze do2iofig
peri pheddl ¢ugmnhP flahbés176 and LLyre,192 of the disc
clanp 134 is g)g;nt ed %ver theﬁdﬁagd%ng%gk%ggug&tlkg' ?B’Frﬁﬁqcé’l%. The

i nner annul 3Bt ismider 20¢ prafereblypiochidenart Bitideeht passide HahterPFLiRS6 200 t hat
's flat anduik Gl % the respective inner 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




‘posi ti Oned_ in ’a.;'p'l ane substanti al |y parallel to the | oadi nd}). 172 of |
the 10 annul ar flange 170 and the hub flat engagenent surf%?ggpezéééd o
clanp nut YW38WeW#Ying a central threaded aperture 204, defiﬁgis' a  shoul der”
206 having a flat engagenent surface 208 for interacting wi ’Béhuflgf"“t op

surface 210 ofirecy above and i itewits i tact portion 194 of the disc
clanp 134. T@e f | at__ engagenent lsura*e}?g% iaggé’@‘?féiéﬂg? 178rofithehub.o t he
a

| oadi ng sur f adBFerthe disc Wﬁﬁntﬂo&iﬁoﬁlo&éﬂﬁe%%% ub flat T
engagenent SLHIE&S&HH% The di.sc ¢l a nut shoul der gﬂgr%f erably

i ncl udes an inside an g‘ﬂl‘?’g‘?"lfgﬂi?‘i‘??@t rcezghommmsmoﬁmzﬁ 1ib@ the
respective irtodlemmdlwuﬁxﬁﬂar%'§ ; 213 (FIG 2) of the annular
flat en_gag_emani surface 178 o %hgﬁlsoéijirj?gﬁ)ﬁﬁés‘i MPAS edoadh forog ed _
above, it7i s 3KiRH¥ compressesithe dise cldmyp 139 86WH BR e Mj}?%’l e %8'.2 8 of the disc

clanp nut 13 e...n nul ar spindl e contact “por Hen di sc
clanp 134 an m{%% qiscy eng'g%E?Fel‘??d derce 202 isiptefendbly beppilien Uy'ﬁiﬁf)}e9§ur nnul ar

shoul der 166bai mayBe SUHSTied Yy Y. rallel to the |oading surtace I72 of
the annul ar flanjge 1?%? a% ‘ﬁiéér{ccé’p@’é"sﬁmm- fbiseavisioned ¢hat thehpre-

"par al | el i snfoaddersede applistin &syhmeSkally ai r for yni for.n
plroe-l oadi Ing ) gi sc.cl 111134 to c?ngrgﬁt he gg&%@%ﬁ?&?&%y@é@p@ SCS as
di scussed in g?g f‘g‘f‘t‘%fgi’ndd@ divectlyraligned MmﬂldliJE@oP}O?&ﬁle%é §l§805i tioned

over thdot hr arskisheat he  spindle 130 as shown I n The di sc
clanp's i nngr gg‘;\rtﬁa atygts%?ﬁéﬁ 'Ie]d%dﬂ?t%?m@@@q ¥ime) predetenyained atnoant éfre-
engagenent dload force 203 thi cafi@ i c?dﬁépﬂi ulder = 166 of the hub 160
while the m'chlgtIFe néjb;gd.rqe}ése por[?tlo @E“’%]?‘Pr%maibgequaﬁmdcb@m
projects ra i elamypiinihl the leopids Sedids it and

e o s, YL b 13850 of

downwar dl y 13§ giaggly [ pheral . edge 198 contacts the
t he inforrratiogéastw%gg%f"gé{‘%ﬂﬁ% the prindle ito secaidé theqre-lédided gcnd! € hub

160 and 0 2 chaEmp @OG8 RN AR HAE 0y 0 . directly above and in line
with thesspacer. 176 and radi al ff‘a%{é’p%df‘%%hehmvmw@mmm cl anp

134 is Ih pdadioms applied thtedisoaciaing bssich thaSo rni ned . downwar d

pre-load fopgge “%Jg?vm in FIG .3 as grrow 202, 1}12 lgg{psﬁﬁg%%u?‘ifst" orgigd| e

annul ar rai sed %or i'8 fee thsrdisq clagp wt d3Gonto tiéehreded SRR §81GRe 5 axially

conpr esses spiadldi130. cl anp 134 down on the spindle nounted information

storage disc 177. The pre-load force 202 is preferably supplied by air
sgqmpa

B 2550 b B ot ST e ® 411 o4
PT Sibstantially 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

8
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l'oad force be applied in a symetrically annular fashion ground the spindle . .
“notor axis of rotation 183.and be directly alighed with @&El&ﬂﬁﬂf
rotati on. WQ UMl so 10 envisioned that each spindle notor weGesAeRE Sane
predet ermi ned anount of pre- load force 202 thus ensuring little clanping

force vari at isurfatel T8:efithe spindie b Ritétior dﬁﬁﬁ&ﬁ&%o%érei“qg&gitegxscx?lﬁtlga%i s in

the conpresse osition, the disc clanp nut 1 'S “nmat eaded

stud 158 of P?F&Qsﬁlemﬂ@rmmdmehm-mmm&@fagelmwe mount ed
i nf or mati on Wgﬁﬂ%s ]%’Zbgjfé Hs envjaioned that the pre- 15 load force
applied to tRe disc clanp . hiq s SPigy e axisofyotatioal83unces of torque be
requi red to secur eFinaRy isSllustla@din G, 436 ; readed sjud 158 of the
spi ndl e 130. , Fl 4 shows a deflec?gg; gl. gclgg*egcnl%i}@iﬁac ﬁ?ﬂ&? HemPeen t he

substantial | ¥ teddty predoaddorce202; ﬂmtdieﬁnna'lﬁﬁﬁlaﬂﬂ?inaféoéﬂn%ipﬁfﬁénace 208,
he top surrac

the flat 20 ot ,surface 178 of the hub 160, e 180 of

the top inf o%%gtg ?gﬁ@%&li‘a& %F?BWP?’?' JGCHBE perapheanal esigef198aftHedist t he

annul ar f| anglamp/ the flite: Rieheairk ! I el ar i ation of the surfaces

178, 194 and 208 with S cnt sl e%ggrgggﬁtdﬁl tI@ﬁé’%gbgéoﬂ:?Wswo‘)f

di stributed hsaaformation storage disd mmapptmmmelyt&pphﬁﬁq@%b&;?w@

I nformati on ;ngrgﬁ e. di SC§ 31‘77. An equal ~and opposite reaction torce, 25

bet ween bot t i sUr PR EAh pahess Thesubsiantiallyiparalichand apprexiniagly odipisnat74 and

the | odd ngal en€E 8f th ' hub annul ar  fl ange 170, results

from the normal forge;%%w%&glpswé%ﬁmen‘ﬁfcéﬁ@l’rse@ém ted lopdat e a

friction forismains utiform andmonhal tolthe (99t ihfFmS al ch prevents the
% OB nfeimaticy A fme MR Bt PECThgd.

conponent s t he sg%dl e assenbly 1 froms gre ach
ot her when tTE<H 2PPRRY t9dhe disc clamipa use or is 30 subjected to high levels

of shock and vi brgid o iﬁﬂ: 11ional feature of the present invention is
that in selecti ngﬂﬁigls i anvggg#}a&s Wﬁ?}?cs‘?ﬂsafﬁbs%ﬂngmﬂimjdmﬁace 208
and the f| atonendisgdrive spiRdlE/atiendiy 08i{Ans el {En%ﬁ fodld&Shindl e hub

i nteriogpcannul ar. shoul der 166 to %g equ%l et@eeac %ng)toﬁg??mt‘ﬁéﬂ"nm‘ force
exerted!dn tRYFDLGR. (Ipopemtion 398, she infommationstoragediss is 26¢mbRAioUh@hyb 2Nd not

offset, to typ Lod}; ls of rotation 183 Finally, as illustrated in

FIG 4, it isﬁf)erse eg’;@?%ﬁ{“ﬂ%{“ erﬁ‘twwgéo& theslisq cJampfis positidnday pr e- | oad

force 202, ket ad inforniition sfofdpel disc GiPj L RQrLian 4_of the disc

clanp, the downward proj ecting pecri ptﬁgggﬁ‘dgeﬁ‘géeﬁgﬁ(??"?ﬁen&?’ cdcl anp, the

flat engageHBHOIE pre-inad faree issapplibé nbrral 16 thea irtfoithftidnORomye %‘:eso%%of the
nd subs

i nf or mat i ongsh QL ALl gﬁm%ga%gecﬁ?mgdnc%%rgssgg i)gsliggx?.r In operation 33:,t ety
20  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
; from the disc clamp.
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
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paral el with each other. The substantially parallel and apg)@xiq@pbehy. .

co-planar 10 alignnent of the surfaces helps ensure that th

di st ri but e®WQWHINIr enmi ns uni form and nornal to the top inf 01;%0:850 t or age

¢ 1 ow
di agr am show discidnive $éueRas 100).S ' . i | .13 n a disc drive
spindl e assenply uti I$i zi ng th)e %?ﬁﬂerreg girlrlggsd hﬂg?ﬁ‘ﬁgaﬁ%g@hﬂ”)la -
i nvention. | nitipenationstoragadise (such as 408pon @hub (SRR %gﬁaﬁgs enbl ed on®
I on , L

e O o8 iy 5 BB Ao Srisaisdn 3op 300y e i oty it
force conpres of he. nmpunt ed i nformati on storage di sc an aqrgge ’§%g“é‘§h a
di sc cl anp nu%e@gs‘t ﬁ‘é&@éﬁ exmiped; praslgad forcs ((rhsas 2023 is K5plidil $Auch a5 1t O
ol cased 1ot ) gl ke oy ORI SR s osth 46,43 fcpasitiomsesb y

A et ok U O 4 e o o1

][ hat interac &tep 3 r Oppe therdise dmmmmmm%@%éjdd&if5& 0
oadi ng god c,@]ggﬁﬁmu{ee(ﬁgérﬁ n f(or e to secure the information storage
di sc on the spindle notor. gmgr&? B8 ‘@e-l oad force ensures that
the force and rednunether grefeered entdig ' spindle axis of rotation
and thus that 30 the di scp}(ézl anpe& uni ?@S’wﬁlﬁy‘épffgg@d"g?&t@%%mﬁmmuon
storage di sc0q¥les loading an anpylasdiscespacet (sudtosli 179) an@seddi thb\‘tpn%{)ﬂ)n
descri bed hegg,}%gi(ﬁsc@ﬁ ect%toﬁﬁ Het hod_ of securing an infornatlon
storage disc (sUch as ‘8’835 ) AP (b lub ¢snckap 160)00f the dRCTariveODIHIEFBIoRi SC
drive (such éuch@9106)Imy | nbliLng (such as in step 298)
an inf ogrgat i on_ st or?ge.ﬁﬁ’@ggﬁ%%ﬁ%ﬁoﬁé tﬂfge %%’GBH‘? 202) cppe of a
disc dri applicd issmmetricallyradouddethe pitidle MBioFS a(stﬂo%iddkaﬁé °R e&gg) t he
di sc clanmp (ﬁ{ﬁ&nabse 134!1%}]‘%51 the hub (such as 160) to enga eh[ ter
peri phery (such as cIsengiculardo the top surfase (snch bs 180) dfohe Safofmifon SUCh as
180) of the ita{a?éagti(gﬁh%qwge disc (such as 108). Next, a predeterm ned
pre-load force (such as 202) 1s applied (such as in

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

disc as the pre-load force is applied to the disc clanp. Fl

defines an inner annular spindle contact portion (such as 194), a middle annular
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).

20

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.
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st ep 302) agal nst the d| sc clarrp A d| sC cl arrp nut (such ad 1
positioned:so  as to secure the pre-loaded disc cl anp ‘to -t Z&é OQO@Q

di sc dri v&OW6AMe notor (such as in step 304). Once the Gicsfy

positioned the pre-load force is 10 released fromthe disc clarrp uch as

in step 306). |n Innmbther pRiteired ERABoSHIRAL bFRIR Ep "(‘éﬁ@ﬁgée N nvent i o(r)tndt hev

met hod i ncl udes Ioadlng an annul ar di sc space

i nformation SPM eQRtacy pottions(suth ml%@ftbmdisbelabiﬁ)(sﬁéyﬁbl E@Q, d’dt he

di sc drlve such as_10 Further, the pred

pre-load force %sucgﬂégenfﬁé Enatng"ﬁfé"ﬁ&‘ ﬁil@ Qﬁlbmnulalasﬂommmadag he

spi ndl e notdrﬁ@aﬂi(th&cﬁsfcdlﬂgg 9?"&? s 183) and can be perpendicular to
the top surface (I;uch as 1 e |n ormation storage disc (such as

177). 1n3anot her lae‘btbclrmstfmmbdnhuﬁmcﬂn‘oﬁthé %s@ﬁleﬁ%ﬂtmﬁegtdlﬁrhm}xﬁg di SC
Suc

clanmp defi r. annul ar. spi ndl e contact portion (
m ddl e annuR&%h dhg)a‘? sﬂéL‘ Wder (suchas mm;ngamﬂaecmgemémrs&fa@dge (such

198) wh df h t 302
oacurs. onl'y agnmar Y pad R Ut BoiBadnd pe B e tésm‘r‘:?tagﬁip Gchiaen of 1 he

disc cla @p(ﬂommcnﬂ thelstepproplacin r sent
I N e 160) der Ffteeefsmaerngﬁ era nﬁ&"@[@‘ﬁa 168)

i nventi on, W fuglsuch as

having an a w&w%m%ﬂmmﬂwanmnamlm flal @p@gerhaidCh as 170)
defi ni ngpan T, | 0 rface ch as 172 The
hubI furﬁters%ﬁg?ég%hggpggjgﬁﬁg%h%g& ?‘ifs'n(%@fuh@) (su be(lsiﬂlizsr)shoul der

(such as 168p 30#)e annul ar shoul der defines a flat engagement surface
(such as 178) that is substantlally parallel to the |oading surface (such

??\ 372) o:‘ t he pre Hg%cmahnmﬁﬁfb)pre?gg;ﬁMtllsﬁgﬁe s,g&tﬁh%l oni ntgh
‘the disc c S n ste i ncl udes posrtioning the
i nner annul gf;mspl ngwg“‘:#‘g‘iﬂ as(ugﬂie aée k&f&@qlmlmgﬂmmmIMﬁe fl at
engagenent mnerf spisdlé Sotthict dortidy’ | der _of the hub. 10
0.2 SEP 2003 PCT/ Usoy 10830 ghlg? r&p@i&,@ée a9 he present
i nvent i 3PpEoximately emplanar to the annillm- simmmtsu@arag. (,pﬂ,@rbuggmgc%% of the

di sc clanp s 1 | oned bet ween the flat engage surface
(such as 17@*%&&%%‘% %3&" r ?W@anwgeaimaﬂuhaﬁllga) cl anp nut
(such as 136). S5Hi sncih@iprefersel Shfbolfiflert Te4l presem?nvt he present invention,

a disc clanp nut ention, themnerand
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 engagement 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
‘9 of the disc clamp nut on the hub (such as in step 300) further includes the step of
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.

20

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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(such as 136) defines a shoul der (such as 206) having a flat_engagenent . . =
surface (such as 208), and.the step of positioning the di &ZCS%%ZMSM .
t he hub (sWOH0#3%01n step 304) includes the step of pl aci"'ngl',%.gfé Mt o

engagenent surface (such as 208) of the disc clanmp nut in's B P'éﬂly

paral l el ali g?ma}' ' I e nt 10.surface (such.as 178) of the

annul ar shoul der (lggcﬁa(gﬁ%G%)ﬁg?' ?ﬁgigﬁ s‘ﬁwaé 34%%‘&“8@43}31.1"&1n anot her

preferred emARgrenlsudi as 204)pae frenet ahmia Yok LtiQRi of..the disc
0 parOen REEh 5 380 5 it o

clanp nut (s 136) on the hub step includes placing
i nner spi ndl %3%‘?5@? PR fSuch 3¢ 196)andovperipherab edpe(sackihs £9K)Ss ﬁ?g%h as

198) 15 appr @verBethiead t e annul ar . shoul der (such’as ) of
the hub (such as 160) g}mﬁb§3€&°§l?rgf1§§)e‘°(@ﬂﬁ’@amw@m congact portiomat | on

storage d?sc (ushais 194) tétigage the top siffte (m&fgrl@gogﬁq%hgg%f@?e pr esent

I nvention, the . ther and outer dianeters (such a the fl at
engagenent s € peripheral-edge gsuch @s 198)eengages thé&mf)smbe(s%ﬁgﬁigo ) are
ch a

substanti al | YheSfA6Grmati | nner ,and o r...20 dianeters (su 11 and
213) of the fl‘ﬁ":l'éﬂ engggteltrsr{eg)g?ées‘ﬁg‘f ggé'h fssﬂ}c’ﬁ é@e%dm middleannulapraissgoul der

such as 166poniont(sechhastl 96y e I .pre red enmbodi ment of
'Ehe pr esent ipﬁigﬂtion, thgg; oﬂs&?ﬁ%br?i@gg}ghetg?sﬁﬁg&hdéggpﬁJaﬁ%éogﬁhem(ﬂ’@hub

(such as in 2 L90)and)is adapt Teoeiveia pee-lobé force Psueh %Qbiﬂn#@g%ﬁte respective
I nner ang Ouﬁlﬁfn thi“i'ﬁx% r lﬁﬁ)tihe flat engagement surface o 5 shoul der
portion of the Gise gr?% ’sa?ﬁﬂ“F‘ﬁB"F‘Fg‘lfe@ﬂgaﬁmntth&QWh@fem@e

annul ar shoumgtdnclodest & | ary .preferred enbodi ment of
the present éo%g%%i%sg m%%%@% @g@&nﬁ?@%@pm%ﬂm(@pmagsenbl y
(such as 10 0 AFWgh as the disealdm Eag l.i ndr.i cal hub
(such as 160c)lalﬁ§§§&%]idﬁ&tradi ally out walfgsuSO ff%%qté)ﬁ%&g%é@tﬁg‘f?@degﬂﬁ?dl e

shaft (such as her includes a threaded stud (such as 158)

extendi ng above dntRpthel biFEG . 1 of the cylindrical hub (such
as 160). -An information E{. or aaéeé%?@%@%‘u‘?f&%?”f%ﬁ?@nﬁﬁumdxﬂbdmthe 11 0 2
SEP 20035 PCFRUBE(sed62016€5)| furttler definedatbarditis s 1atfRheh & a3 P _(Such
as 134) haviq}gga central apertureA%ss)uch as 202?, ah T'nhe V1882 cont act

porti on (such” SUESHSIEN: Srfiet(ruch aa ) stbsamialy papal e satify 4 fd0) and 2
25 P o 5 v e el G S
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
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‘5 (such as 194) to engage the top surface (such as 165) of. the hub (such-as
160) * whil e the peripheral edge (such as f198)-“engages”;t,heftCﬁ‘z‘ﬁﬁ -2003uch-
as 180) of WA or mati on storage disc (such as 177). The whossdshadds
m ddl e annul ar raised portion (such as 196) extends above the top surface

h 165 kineatd] [ t i :
E)?g?l 023 forz::mrguchtagwgi) %%@%‘ﬁ’%ﬁﬁ?@qgﬂ’ﬁé ﬁ%!&(%%gb\ég%‘gpl%) IS
secured to th%‘“{"“}?ﬁ’éﬁffé@sés of badnfonmatiéiBitorage it (stiéh as"#7)i Ncl udes a g

contact surface (s 08),, f engagi.ng the inner annul ar contact
portion (such as 13}9"3% c??é%tgéeeﬁ"&g?é l{"?@@ﬁna%wsﬂzaﬁapwds@mmmas

pre-| oaded di ami advadtiBes' Mertited referred odi nrent_of the

present invention, the hub top u%gleisl{}lrs]ﬁggggﬂﬁﬁse& W thereiny rd PESEnl¥f i nes an

annul ar s oulwfef(es‘mbdiunmﬁ&)isbealidugcﬁbedfoatpum%ﬁﬁiﬂﬁéi&q% (such as
as ) of the

178) substant] rallel to the |gading surface (suc

annul ar fl angéa ésru%sﬁagxggwy g?ﬁ@dﬁmlhw Fradily snggdstithennelyego@pse sur f ace

(such as 178)skildSh h i as 134).. In_another preferred

enbodi ment of ¢ he p;m;éégtﬁt ﬁ°ﬂ$§&h?@gﬁfgﬁf%§@@8weﬁ3&'°%f tgispindlecmotes 136)

defi nes a shd@vingra thseaded mdﬂ’ﬂﬁinté‘racﬂoigwﬂhalﬁca%b §Héh@g such, as

208) substantj al | arallel to the |oading surface ?‘g}dc as Mncﬁo e

annul ar flanéigﬁfgﬁéﬁreé 1%5@@&@%“@#%4%&&3&%15& red

bet ween t1pe gk4 uch, as ,208). of the disc clanp nut

shoul der (sucsnegts_ 20%9?r?§u£[‘%§‘?‘\(52‘9“@ﬁ§a 81y alh such(modificationt 78) of

t he annul ar <hangesiand kerafitives atdéncofd i as .16Q). - |n
passd ih Iﬁ?%%ﬁ% ofite H{‘Yw'émﬂ’ g‘%sdoé% agenent

anot her preferred epbodi nent of the present on,

surface (sucﬂnéésQﬁ%gﬂdﬂﬂﬁﬁﬁmmwhﬂzhkmm nut (such as 136) has an inner and
outer dianmeter (such as 207 and 209) that is substantially equal to an

i nner and outer dianeter (such as 211 and 213) of the flat engagenent
surface (such as 178) 30 of the hub annul ar shoul der (such as 166). In

anot her preferred enbodi nent of the present invention, the disc clanp

i nner annul ar shoul der (such as 194) and peripheral edge (such as 198) are
12 0 2 SEP 2003 PCT/ USO0/ 10670 approxi mately co-planar to the hub's annul ar
shoul der (such as 166) and the top surface (such as 180) of the
information storage disc (such as 177). It will be clear that the present
invention is well adapted to attain the ends
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and advant ages nentioned as well as those inherent therein. be a
presently 5 preferred enbodi nent has been described for purpo stPhZB(B
di scl osure, nunerous changes may be made which will readily suggest

t hensel vesWE‘o those skilled in the art For exanple, rather than the hub
portion of ﬁésglﬁlmﬁﬂléi notor having a threaded stud for interaction with a
disc clanp nut, the hub portion could define a threaded aperture for
interacti ﬁn with a threaded disc clanp retaining 10 screw having a nmating

t aper ed sHoul demethdd afrsedurleyan iafdrmat Lfdcations, .. changes an

al ternatives are enconpassed in t#gﬁgg??t?%%gfdmt%ﬁgﬁlﬁﬁ\?e‘ﬁﬁ gﬂ"‘%itéecfr{?g@& and
as defined i n“CARISIBSHHURRFR: cl ains. 13 0 2 SEP 2003 Wat is clainmed is: A

met hod of securing in 5 rage disc within a disc drive, the.
met hod conpri sing @epsgﬁ?%{’fg&ﬁé@%ﬁ%ﬂw@ 15 ot #rBek ofe disodrve di sc on
a hub of a disc drivspindismetat;e notor; (b) positioning a disc clanp having
an i nner annul ar spiggdl e contact portion, a mddle annular raised portion,

and a peripheral edf¥ onPR¥EPIRA? diseclamggeingian inrer aphearaspireittgeonedct t he di sc
| ith t i ; i . i t dj sc; | yi
cTam i1 {0 Unken, 08t 8B D90 SR B kbR ™ °

predeterm ned pre-load force only agail ang

portion of the di sctecengage thedjeripberat edgriafighadidi SRy RAR antbh sbPac3FYRE t he
disc clanp to the h#ﬁ?or?& ; thte di S¢ drive spindle notor, and (eg rel easi ng
the pre-load force from¥RRS Q4 9Cam. 2. The method according to claim 1,

wherein the hub defiches @ppefig PpRUGErMINEDpRAY) ul ar, fl e, the
annul ar flange defining a | oa%i g% surfla.cer,) aﬁ%&?}ﬁ% dgggad s{i‘%erm?dg ines a
top surface havi ng YUl Fisedrpostitnefdhe dise plempnnul ar shoul der defining a

flat engagenent s ac ! ti.all arallel to the | oading surface of
the annular fl ange,u(rds ang’o\?\ﬂ@?i}gg% ({l%ed%ﬂlgp‘t‘ﬁa%ﬁ?%e g‘?éibsc(%mﬂ irthebub ebnpri ses
posi tioning the inrtge dandrivaspindipmuddrearkbnt act portion to engage the fl at
engagenent surface (0; t he annul ar shoul der of the hub. 3. The net hod
according to clai m'8) wHEERIRE thegreiead foremfram the disc clnpt ur t her  conpri ses
positioning the inner annul ar spindle contact portion of the disc clanp
bet ween

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.
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the flat engagenent surface of the annul ar shoul der and the disc clanp nut.
14 0 2 SEP 2003 4. The nethod according to claim 3, V\hereb%tgzsgiizﬁb cl anp
nut defines a shoulder having a flat engagenent surface r 3:he

posi tioni gg step (d) further conprises placing the flat engagenent surface

of the diéc clBmpethiod aceordinpsa clain 3) whereianiy disd cladbind0aHes Whhdlugdie 1! at

engage_rrenhaﬁH%trl%@eﬁga Ehe tanl?rllllcar néh ul der of the hub. 5. e nethod

according to &l aim 28RN FHIcRa Teip RierRgsisioning (stop. (M further coraprigesi ses

bl aci ng ¢ Risctiestiecflanmgaantnoaahl-aorsh e SO 36 (PUBLOT A0S e o,
e

peri pheral,.edge approximtely co-planer to the
t he annufﬂégn’@q%ﬂ&gékle Hat engegement sunfice bethe apnidar shagkedt thdigyd Nf or mat i on

storage disc. 6. The nethod according to claim4, wherein the flat
engagerren%} sugqace of the disc «clanp nut has an inner and outer dianeter
that is s®bst inzdlthod @oemading OtoaRIaiMNE! wHarediith 'Eﬂﬁ{ er..of .the flat
engagenent s 0faCJe of .t he annul ar shou[derrof t%]ep(%iut . §n(§teﬁhg’be Yither g
posi tioni ng sCARTTE) PlasMEndie diseprlemps inger gmivlgr tspindiee spriatt p6rtioAngdd and
outer di anetperiph&hl k fibibxi E rfac f the shoul der portion of
the disc clanmp nut an‘g‘@ tlﬁg ’F@%@?gﬁg%%@# tgﬁﬁ]agceélgggemq% surface af thshoul der
of the hub. 7inylaeshesldendf the bob didiiie tep SrRtevAthe MIBFRIHNls %&Odﬁ%j}i oni ng
step (d) further conprises avoiding contact between the hub and the m ddle
annul ar raised portion of the disc clanp. 8. A disc drive spindle notor
assenbl y @onfihe sieti@d a@c&Binedb 8laliAM WHerdi cylindrigal hub
ext endi ng, radi al | y out vvardrgf rom the s%aflltst!?@h%%egl@g%eg?etn}lf Cﬁ&?ﬁ’& ‘gsct hr eaded
stud ext SHRMBULHIS 8 inner gpd suier diamstepfthat lesubsthtiallir équal tolialinné@hnl dthr mat i on

storage ¢ SO4Y | indri hub, the information storage disc

havi ng a taggets.qrf.gggl? Péhgéggg&%{ls #%C @Lﬁﬁ"‘&‘l@eﬁhﬂ‘]&ﬂ offbe thyb.eandawhereiner

annul ar ¢entpesitiopiogt stem,(dp fortlek| a)n?mgé 3d1ignirn§i #2drd crtiivgrin{;%ng?fﬁ dg%ri pher al
is e r

edge, the.central aperture of the c cla fitted over fed st ud
to all ow%{aﬁ%et?rﬁ ﬂt@eﬁﬁhmgése@@msa@@cepmq mgﬁbr patigagbthe kiésctobpnsniitfange of
the hub vl fl chfipeRRhI RRGESL t 0 2 SEP 2003 top surface
of the informat%%n st orage dﬁtgg?&gﬁﬁgﬁg@aﬁoggl?%ﬁﬁ’nnul ar raised portion

ext endi ng above the top surface of the hub and adapted to receive

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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a pre-load force; and a disc clanp nut secured to the threaded stud, the
nulto I ncl udi ng a contact surface for engaging the inner a@ﬂl §rEPo%@@3t
portion of the disc clanp. 9. The spindle notor assenbly of claims$g,
wherein the hub defines a peripheral ring having an annular flange, the
Torhge i ot and the. an sorface ot e hon: e i hednid? arn QO LIRY O .
storage disc and th surf.ace. o e hu avi ng (
def i ngs a flat engagghgoﬁltex %%(?QOY%FhertEBé?@qcﬁg’fﬂhfehldi&lﬂ&da_{mﬂ;to aevdivehe
flat engagenment surfageeldal félde maanul ar shoul der is substantially parallel
to the Ioading surface of the annular flange. 10. The spindl e notor _
assenbly 8f" glﬁﬂ'ﬁpg?“tvéﬁ@%r@‘i‘ to theethgtaded 6tulellr7ﬁ1|emut ifﬁ“’di?‘gs“d?"“m%{cfg“?e fdg?v![ Rg
| at bottom i.all ar el. to the | oadi ng sur

gnLuI ar fl ange?%%ﬁﬁ%”@?fs%ﬁy%ﬁ%%?@ ng‘&!i‘rcgdh%@ﬁ%\%léwpt he flat bottom
surface of the disc clanp nut and the flat engagement surface of the

the hub. 11. The i ndl e notor assenbly of claim 10,

| oul r of S ' . .
\E/imnglrjeﬂlts e ff%t s%‘b"t‘? BIPHE @ sembly %Clﬁlﬁbgd’i’hﬁéemdimn : nd:g?eirﬁpergigftea?ﬁﬁ% i ther
o e e A b B b ol
spi ndl e nBfIMaten siesiep difc widahentdrd surfucerofitiie hitehaliSE af bl BREIARAH! a7

spindle c ' and peripheral. edge are approximately co-planar to
'tﬁe hub gégﬁg%gpggé&gﬁgﬁ%‘?méwg“?ﬁ IeeHviag thedige Jamprand nf or mati on st or age

disc. 13. The thpilackmpapahen sasatohtie Shubh dldld2is WB&LSLA, the di sc cl anp
I nner annul ar . spi ndnlgeg?l)nt act portion lzind peri phses\r{ygﬁa%&?glé’ pgfaélei to the
substantial ly 18%‘5% pwface of theannuler Bangel ar  shoul der and the top surface of

the information storage disc. 16

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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