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having several disc platters stacked together to form a platter assembly. More
specifically, the invention relates to a lapped disc clamp used to secure a disc
platter assembly to a drive motor, as well as a process for manufacturing the
lapped disc clamp.
10
Background
Disc drives are data storage devices that store digital data in magnetic form
on a rotating storage medium on a disc. Modern disc drives comprise one or
more rigid discs that are typically coated with a magnetizable medium and

15 mounted on the hub of a spin motor for rotation at a constant high speed.

Information is stored on the discs in a plurality of concentric circular tracks
i typically by transducers ("heads") mounted to an actuator assembly for movement
| of the heads relative to the discs. During a write operation, data is written onto

the disc track and during a read operation the head senses the data previously

20  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 each mounted via flexures at the ends of actuator arms that
project radially outward from the actuator body or “E” block. The actuator body

25  typically pivots about a shaft mounted to the disc drive housing adjacent the outer
extreme of the discs. The pivot shaft is parallel to the axis of rotation of the spin
motor and the discs, so that the heads move in a plane parallel to the surfaces of
the discs. |

Typically, such actuator assemblies employ a voice coil motor to position

30  the heads with respect to the disc surfaces. The voice coil motor typically includes

a flat coil mounted horizontally on the side of the actuator body opposite the
1




BG Bulgaria BJ Benin BR Brazil BY Belarus CA Canada CF Central Azr1i DQE illE)
Republic CG Congo CH Switzerland C Cote d'Ivoire OCM Caneroon CN China

CU Cuba CE Czech Republic DE Germany DK Denmark EE Estonia Spain FlI
Finland FRONWEE GA Gabon GB United Kingdom GE Geor §FHUSEYGhana N
Quinea CR Greece HU Hungary. IE Ireland IL Israel 1S lceland IT Italy
\|]< P JapaE - EE lemgiar anas. (Epe g9 isiemmerspibinayepicabmagnetic. Bd of Smagstis| i ¢ of

or ea ep : r I Jabts ' lankde €Ct enst ei

(K S Lanka, R cbiprBPle phGoitpeAtak hughés 53 Veickfipdocd phet SCTL ENSL €1 T

magnetically permeable pole pieces. When controlled direct current (DC) is passed

through the coil, an electromagnetic field is set up which interacts with the

5  magnetic field of the mégn,etic circuit to cause the coil to move in accordance with
the well-known Lorentz relationship. As the coil moves, the actuator body pivots
about the pivot shaft and the heads move across the disc surfaces. The actuator
thus allows the head to move back and forth in an arcuate fashion between an
inner radius and an outer radius of the discs.

10 Modern disc drives typically include one or more discs mounted to the spin
motor. Spacers are used to provide the separation between discs necessary for the
actuators arms to movably locate the heads in relation with the disc surfaces. The
discs and spacers collectively form a disc stack assembly, or disc pack, that is
mounted on the spin motor hub and held together with a leaf spring disc clamp.

15 Disc clamps can be either stamped or milled. While milled clamps are
more rigid and less prone to deflecting the abutting disc surface, they are
relatively expensive to produce. Consequently, stamped leaf spring disc clamps,
which are substantially less expensive, have become popular. The clamp is
typically a circular spring-steel, sheet metal structure having a central portion and

20  arib portion at or near the OD of the clamp, with an annular rib formed in the rim
portion of the clamp. The central portion of the leaf spring disc clamp has a
partial aperture that is bent or deflected toward the center of the clamp, forming a
leaf spring above the level of the annular rib, and includes a plurality of screw
holes spaced symmetrically about the central portion of the clamp. The screws

25  used to mount the disc clamp springingly bend and deflect the central portion of
the clamp toward the upper surface of the motor spindle as the screws are
tightened, thereby forcing the annular rib into firm contact with the uppermost
disc surface and applying a clamping force to the disc stack.

This type of disc clamp is not without problems. The disc clamp is
30  secured with a plurality of screws, typically 3, circumferentially spaced around the

center of the clamp. The majority of the clamping force is exerted by the rib
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2003 clamping force can mechanically distort the discs in a phenomenon sometimes

referred to as “potato chipping,” meaning that the portions of the disc nearest the
5  clamp screws are displa-ced further than the portions of the disc between the
screws.

One solution to “potato chipping” is to increase the number of mounting
screws used to secure the disc clamp to the spin motor hub. As more screws are
used and are spaced closer together, the discrepancy in clamping force is reduced

10  but not eliminated. A disadvantage of this approach is that the use of additional
screws complicates the manufacturing and assembly process.

Mechanical distortion of the disc surface can, in turn, lead to undesirable
variations in the read/write signals detected and written by the heads of the disc
drive. Since the heads will fly at Varying heights around the circumference of the

15  disc while attempting to follow a distorted disc, the signals used to read and write

data on the discs may be inadequate to ensure reliable data storage and recovery.

Summary of the Invention

Against this backdrop the present invention has been developed. The
20 performance of a leaf spring disc clamp can be enhanced by increasing the flatness
; of an annular contact surface in its fully deflected, installed position. Such a disc
a clamp exhibits a substantially improved flatness in the installed state at a minor
expense in applied axial force and thus has a more uniform force distribution
applied around the annular contact surface. It has further been determined that a

25  lapping process can be used to achieve a desired level of performance without

fully deflecting the clamp prior to installation in a disc pack.

Accordingly, an aspect of the invention is found in a method of

manufacturing a leaf spring disc clamp for use in a disc drive to clamp a data storage
disc to a spindle hub of a spin motor. The method includes the steps of forming a
30 piece of spring sheet metal into a generally circular leaf spring disc clamp having an

annular rim portion and a central bowed leaf spring portion. The clamp is then
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present invention.
FIG. 4 is a view as in FIG. 3 showing the application of clamping force on
25  the central portion of the clamp in the force application step in accordance with a
preferred embodiment of the present invention. '
FIG. 5 is a view as in FIG. 4 showing the flattening of the annular rib
during the lapping step in accordance with a preferred embodiment of the present
invention.

30 FIG. 6 is a cross sectional view of the disc clamp as in FIG. 3 after the

lapping step and after reversal of the clamping force.
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ensur e r ol | abraen MR BN ccovery. summary of the fnvention
25 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 and return plates 128
which are spaced apart and establish a vertical magnetic field between them in
which the coil 126 is immersed. The controlled application of current to the coil
30 126 causes magnetic interaction between the permanent magnets 128 and the coil

126 so that the coil 126 moves in accordance with the well known Lorentz
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aspect of the gem¢fed bythe héadf 218 18uring adedd@pbraBioN. | "I‘I&G fiek assefibig M midAfes
fastening a data disc to a disc spi.n notor hub in which an annular rim

portion forns at afcnbrackenl34 fopcomypyni¢agen @rqulghfheatﬁmﬂeak 100 Wtalisc dgive f ace
thereon for Bt (bbb (9nle df@d @ disc. 10
These and ot h«%%?g?trﬁurnes as&mtgpf) as %Wa?\%glggs tnﬁgitdpgﬁﬁai?gg?erl ze the
present inved®.on will be apparent froma reading of the foll ow ng
detail ed scrlptl fq t I Bri ef
Desri pti o of ¢ he Ths 885 108 sl Bla if 235 SPE UL B A RegY | 2

i ncor por at i ng aparsfashioy As Hlnstedtenip HIG. 2 ahxree)dﬂasrwaawalﬂermnml)eitmkecbd

enbodi nent of th |nv ntion h the d ri,ve cover renoved.
FIG 2 Te an SESSHENE Sreeet o8 b AR b Forhn SR oRteseBE R AR | 1 g

three | eaf Sprabsaﬂnblilfﬁﬁcnah @iEpcrived Bereinkiftba)) CAnydokibiratied 6ff didcs @08 aiabodi ment  of
the 20 invention. FIG 3 is a cross sectional viewtaken along the |ine

3-3 of FIG 2 Spaceisgg0 cgp ecassemblad togefhsy to fgrm a dise perk; Thestagkedspt® with a

pref er red Rbcd s an@fspdcBd 220 bR IfdHteki Wﬁ@%}?lﬁﬂlotd:h% vt thSdige Madfyv @s in
FIG 3 show ngléhe appl | cation of clanping force on 5 the central

portion of thel@| This cpmbinptionroddises H)§sn wﬁqrﬁzﬂsﬂl@%wmmﬁ% with a
pref er r ed embq g:}ﬁ@ax@f'errgé totagg dﬂﬁﬁé@ﬂ& opMQJBaEQnPJeF {aﬁa ?lﬁéesrrx&mvlh was in FIG

4 showi ng the attening o e annt appihg step in
accordance w tskrews (noe shemnpare aindsiad isensret dissfclanipethe 2Hktorthe spin motor hub
230 using threaded bores 222 in the hub 230.

25 FIG. 2 shows the leaf spring disc clamp 210 according to a preferred

embodiment of the present invention. The leaf spring disc clamp 210 has a bowed
central leaf spring portion 218 that has a central aperture 216. The clamp 210 also
has an annular rim portion 240 that forms an annular rib 330 (better seen in the
sectional views of FIGS. 3-6). As described hereinaftgr, annular rib 330

30 preferably provides the contact surface between the disc clamp 210 and the upper

surface of the uppermost disc 108. In the embodiment illustrated, the leaf spring
6



I nvention. 30 FIG 6 is a cross sectional view of the disc clanp as in

FIG 3 after the |apping step and after reversal of the clanping foﬂc&.ﬂm 10%3
2 1 OCT 2003 WO 00163902 PCT/ US00/ 10671 Detail ed Description of Preferred
Enbodi ment ¥OR0§3%% drive 100 constructed in accordance gﬂ’ﬂs"a’"ﬁﬂef erred

enbodi nent of the present invention is shown in FIG 1. The disc drive

100 i ncl udes 8ispelamp 2Hbhas aitefal gfithepe sea6 Biqunting helss 2kt anddhree ppanpirsc dri ve

100 are nmount ge 244t PRe GRAMRE sib 214 aRRRM P Ridnhihd durn theBRiplycOOPer at es
I | ed nment

with the base 102 to forman internal, sea envir r the disc
drive in a coprpeess Sithoutthesp spannerisiots Zidsthaidisy clamp a0 weuld simply satateli sc

assenbly (HD ' . | 0 L ch, rotates one
or nore di sc?gslﬁt}gtflﬁ@g%&&?&gﬁé %?Jgﬂaggg%%%‘?ﬁ@g%%n 'oﬁ#@e%tlhf ten to 10
and read f¥$ onspanmr lsbts4iniay bdireptased @8h holeofog hectiving gaide pfnsan act uat or
assenbly 110, whi r ot at bout .a.beari shaft assenbly 112 positioned
adj acent the di sc@%&@.b%'lnﬁgédg%a?ﬁlgtdsgecﬁg% ?gp%ggoqeﬁsdn&a@gdagcem urality of
actuat or ar mswith4 préféredd enthotliartk of iy prédent ifvenfiarcem befusddjestds ey 108, with
one or nore fletﬁures 116 e@vendi ng 15 from Each of the l(;1ct ugt r arnms 114.
Mount ed at t W& ASPIARE GHEP BAVIng 2oy, Iypber RE sqrews polpyand £agsalsq beappliehtor 18 whi ch
i ncl udes an ahkolldRsmhiN€ il eTheSiavdAtibNE deftgibbiPRtein $id phichthy | N cl ose
proximty above the correspondi ng surface of the associated disc 108. The

spi n ot o0 108°TrEnce y,p sampsd el sering ic AR HEIRIng areqiicsevsel s EMPBYY. i s not
20 10 use TOr feRRGRsh RSO The dieciibl End BAflAy drbfksBla v ed over park

zones 120 near the inner dianeter of the discs 108 when the drive notor
i s de- ener gi zEgnufactyre thesexelampsigillypteateddn JI@S §er the park zones 120

t hrough t he use OfAﬁQm?Watr agﬁtivéﬂcg%a@hgwq@%ﬁﬁﬁ%méﬁ topevent s

| nadvertent rotation of the actuator eads are parked.
25 The r adi al dyringith¢ lapping probess bfthelpreseh8inventionn FI@| 4 illdsttatesshegh t he use of a

voi ce coi [ ically i.ncludes.a coil 126 attached
to the ac? %a?@‘?s(‘)‘{%“(s“ g%%]?% ?’%%é’g H\c/\t/ie%{i’veagmgry%plgg DS CRCHEFNEIMS t magnet s
and return pl kcatbnBa8. Thheffdet offthe dgflective farpétdn berseeraia tibligprd batheer ti cal
magnetic field between themin which the coil 126 is i rsed, The

cogt rol | ed apB?s?tpgﬁfgqpu@Plegt]Jpworg@ %zhéelég'fel to é@p‘fﬁ@faﬁ%ggisf?m&get iC
interaction bplne420 refiesehs Hi¥BnsRing KaeHe bba ﬁﬁ%@&ﬁi&n@d@ﬁﬁésemg—aﬁatso t hat

the coil 126 noves_in accordance with the wel| known Lorentz 5 WO 00/ 63902
PCT/ US00/ 106 73urfags fom Syhigh rplativepopitigns n pe desgribadves, the act uator assenbly

110 pi vot go about ti@pinp@a bedth chbedhk 16aP SRR ke Likmp@0 1k 18 are
caused to nove acr%@gmgh.e egurfaces .ofs%t%%g glicscsp108. %?#ggqggienbly 130
provi des the feflgeied ps werinddGr ¢ FIG.cbillnsteatss disc slamp210 after lapping has

been completed. The annular rib 330 now has an annular flat contact surface 335
that épproximately corresponds to the portion of the disc clamp 210 that contacted
the lapping surface. Because stamped materials can present variations in

25  configuration, it is possible, indeed probable, that dissimilar amounts of material
may be removed from the annular rib 330 in creating the annular flat contact
surface 335. 'I_‘his is illustrated in FIG. 5, in which annular flat contact surface
335 is represented as having an uneven width. The annular flat contact surface
335 is wider, for example, at location 530 in comparison with location 535.

30 FIG. 6 shows the leaf spring disc clamp 210 after lapping and after the

deflection force applied in the previous lapping step has been removed. Central
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5 the actuator assembly 110 while allowing pivotal novenent of the & 1 QCT g

actuator assenbly 110 during operation. The flex assenbly includes a
printed circuit board 132 to which head wires (not shown) are connect ed;
t he head wiVY8882ng routed along the actuator arns 11FPCHFVHE: | exures
116 to the heads 118. The printed circuit board 132 typically includes
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heads 118 during a_read operation. The flex assenpbly termnates at a flex
bracket 134 f oflamR#Hnincampesison with . 3.Hecap be seendlat anmogartfiat epnticsc dri ve

printed cirecui gurﬁgpg(ﬂg dopQks SRRW atmﬁ‘t"?ﬁ’sﬁgaﬂtﬂg’“%ﬁ t%?oﬁlécg%omong he disc

drive 100. 15 T sCs 108 .-are secure a spin notor
106 i n spackd-ofanaylar flag contant surface 335 can twiat ardleflect Fo a flanat positionctinees 108

vertical spact dgdeeard ke OREh Aiforth R i RRRRANA A donilar B GRET | o
hereinafter). sunfacec3BStiierasflaas pofsitlé when thOHsc21® is MpRNET, SIt 22P n6iche e

assenbl ed toge Qer rtlo forg}aﬁl %idsc.ﬁ)ack. The stacked set of 20 discs 108
and spacers 2207380 BARPSEfISeld PASYINAR, i b ot or 106 via the disc clanp 210.

This conbi nati on ofWhknsfisallk@Sthedidc lpap S1EmaPRbt haved at bhinflarGomaetC! anp 210
or disc pack. Preferably, three

can be ref g@rgﬁ()jg}%r%%@ﬁdi sc,_assenbl | K |
nount i ng r etREreY Sufirely plagace Jhe pRipg progesy issreferahlyragTied optio to t he
spi n motor hubwhif3fle 8¢ A8mp BICRS fgﬁfmd&%&e&nTh&s?vJﬁﬁbm%?r&m&E FIG 2

shows the | eaf spring disc clanp according to a preferred ~“enbodi nent

of the presentanuplgeepniashsurfppr335avquldsherqvemflaties if lanpingogkimladeawhils theowed
| | eaf j ' : Th |
central |ea Sd?ﬁxhﬁ‘ﬂl(p?istfhﬁy‘d&lje&e&ﬁ@ﬁ d&zl%gud% xﬁ@'&?rg?thn% 2%5%#?3?%?'5?1.’ e _clanmp

210 al so has an ‘annular rim portion t ha n a b 330
(better seen 10t [Whenghe ¢larop 210 isifidiysdefiéctdd (@Sinstaled),. it wislergpacrplastie d

herei nafte . i, 3 r ahl rovi des .t he co ct surface
bet ween t thS diat%c ci éorf{') Igfc’%gﬂ'g"g‘f ﬁ'épé}%%g?efxgngﬁ”f%?g&ﬁhsf ﬁlé‘mﬁ%@P%st di sc
108. In the endvoutiumihfinal instatiationt exd,a redudt, itdaprefepred tgt the AOcRAHH 2306 :
PCTI USOO 10671de§i(§c tcI arrP .210 h«%&m%ﬂt %t I (rJFfLg t hree screw mounting, hol es
212 and t hr ee SHEATEP @ POPIGOR ARPIOKIMAtely §lg‘?¥}¥ fweep gp undsflacted position ang o

al i gnment  dur iafylly deflead cifdthiled ppsiGereduring Wpbiag UThish8fispoRdinpgr sl ots 214,
the disc clam élo. alr})uld sjnply rotate as one attengts to tighten the
first nountindelesi¥Giqrefodurng lanping that ispbeyt 79 percenidhat of tha fores applied © 214 rmay
be repl acegp vviﬁ,éw@ylm&%pamggﬁ_vi ng guide pins. It should be noted that
t he defl ection and_| appi ng process in accordance wth a preferred

enbodi ment of the pRRARh¢aNbeaeqemplivhed ina yasietysafananoers. Ascopdiziatign ofni t h a

spring clanp haud H A4 applied to
a solid or mlled cl anp.ré?% e ilﬁ\g‘je’r?tﬁ?%u% Fgﬁhglgérapg"e%%ﬁeetfgjé?ﬁ ‘g\n?atpﬁ'%gart i cul ar
10 reference tstatign inchidescadflat plane bearing gn ebrasiveahatenial suitable2o ragndvesmall SCr ews,

o ocoss uoey (oBhs SRR A0 B BRENES BB THE ol B e PRG 5' a
downwar d 025 | emtiety ef fnaterials, aitheyghl statrdesa ste¢l igiprefeersd. s TheMatipiine of @gat i on

lapping station moves relative to the disc clamp 210. The flat plane can be square,

circular or some other shape and can either vibrate, oscillate or rotate at a speed

sufficient to remove material at a desirable rate. Alternatively, especially for low

volume production, the lapping station could be stationary and the disc clamp 210
30 could be moved about on the abrasive surface. Preferably, only a small amount of

material is removed from the annular contact surface. In a preferred embodiment,
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during the | apping process of the present invention. FIG 4 illustrates
the 15 positioning of the downward or deflective force applied near akPDC‘ m%
screw hole location 340. The effect of the deflective force can be seen
in this figoreesisg2 the position of central |eaf spring porU$mee30
relative to | appi ng plane 420. Lapping plane 420 represents the working
surface of a lleptangbot 81004 inchesds reapvet eMbe mefetably, the ambemtef trateniabwhi ch

o e o s atal8 SN oy B Pl SRR BT R 2 1S 5
FIG 5 illustratesTp followingibn-Bhfingfekafiplé fleiizd Al to HRSRate 60! et ed. The
annular rib 330 now has an annular flat contact surface 335 that

appr oxi mat el y PESFFEmidiEneplPitbrinyfHioRon of the disc clanp 210 that
contacted sthe |apping surface. Bewmmgd mat eri al s can present
variations in 25 configuration, it is possible, indeed probable, that

di ssi mi | ar anpunt sS@rdasdpreducsipn stampedydamps ey progesend acepsdiagtather rib 330 in
creating the : contact surface 335. This is illustrated in
FIG 5, in m?@?&e{ﬁ%ﬂl{og@%‘ef at contact surface 335 is represented as

havi ng an uneven wedtDefleXickhmprioaipasitidn approxomstely halfvayfbatween &85 i s wi der,
for exanple, at |ocat| i 0. [1S,0 i th: | ion.535. 30 FIG 6
shows the | eaf spri ntémgelrhse‘éﬁg(g?%{rﬁ‘))ﬁ%%ggpﬁe@ﬂ%eggfnﬁgﬁgdhgog’gﬁnér t he

def | ecti orniof or ce applRefdvé fshdlEanisuayofankaeriah (pprogintitedp0.004 inokes)fromamoved.
Central 7 WD 00/63902 P /USOO‘106E%1\ | eaf, spring portion 320 can be seen
inits undeflected pdr4arsANtAG] Tifg ok Aamp using a mapdieh opa e ¢ her away from
an imginary |ine dr ayhsegéenfmspebiitfh ud@ér LificRiscdpl Snditata that hdbPmAélal | N
conparison wwth FIG 5, it can be seen that annular flat contact surface
335 ‘appears narrower W6 remeyved frem thannulanepngact Yingiaresp insradial aligamentpor t i ons
5 of annular flat comi@%e&g“f &. 335 can twist or deflect froma planar
position once the deflective torce has been renoved. It is intended that
the annul &S fl at cE8ivedisc packs werersse8didysing thefpregessed clowpssiand Evewwens t he di sc
210 is install I J I osition.
When install e(??&fnﬁgh d F%%u%?écﬁgs%?%mﬁgdyﬂ]eoweﬁgﬁ/éﬁ%ﬁgrlcgpgg%ﬁﬁﬁ%g‘rggégnt act 10
surface 335 t hak0 pacentin thetigc pdchaasing théprobaspydi disg chunps £ Average flatadser abl y

carried out i.l.e the disc cl 10.is,0n artially deflected. Thus,
Whi | et o r es histuss b Pedl oaderaudnra SIS Blsl i e R bERRF ae (o 1
| appi ng t ook FOGeRemNIThE rolighly cdritepondsl tieBathddd bfandritlampéddsc. T ul |

defl ection may structurally anan%e t he cl amg)‘_h 210. Wien the clanp 210 is

fully deflfcted (alhfumas.hefpvention pxpleesmethod ofspanulastyripg.d plaRin®dN. 1t i s
; rrplor t an: It lha:qigalcﬁﬁ?é@cﬂa; nrofr?r h_wth_atﬁs& bﬁ@tg&ﬁggtiw %%‘Qp g_@éta st@xlﬁgé” g% i Ib
mal install atj on. result, it is pr rred tha e, disc clanp e
defl ected to &! g?ic P%ﬁsbﬁﬁrs&?fiwléfs?"hﬁaéﬁ? 25RIp oL (Sigh avHPe)- | Bhet ed
position gnd r&tﬁdgli?clyudéefdnﬁm' fgeqbiecé Ofspihgd shldet[msal' iﬂt@ﬂgdﬁfailylgirduwwaﬂg. Thi s
corresponds t ctive urin ing that I.s ut .70 percent
that of the f %Prgneg Cgsﬁ‘p Wa‘s‘fcg ag%@?lb%véngf %Jnlg"f"f/&F'pr{g? g?'%‘%’b{sg?haq’?%&@ﬁq aLappi ng
can be acddnplcestradbowed lmmwmoo[su@MBb.Mcbmsmhaé 219) sfplacedat he and
mandr el can beygtingAhirla Ul aforkeR Byt & AL beRal Sar Bl HoktH (subn bAPPI NG
218) of the clamp (such as 210) to partially deflect the central portion (such as 218)

of the clamp (such as 210) from an undeflected position toward the lapping surface.

The clamp (such as 210) is moved relative to the lapping surface to remove a portion
30  of the rim portion (such as 240) to form a flattened annular contact surface (such as
335) on the rim portion (such as 240).




station includes a flat plane bearing an abrasive material suitable,t T 2003
renove small anpbunts of material fromthe spring disc clanp. The clzagrpoc 2

can be rrad‘g?ﬂ@%ﬂza 25 variety of materials, although st @Si?sfog_ét eel is

preferred at pI ane of the |apping station- rmvesP to the
di sc clanp 210. The t plane can.be uare, ~ CLIC one ot her
shape and can eit éﬁfe' @B’rtget@ce EQPFI' t"'lﬂ\tsgqb in deflstting e‘?f E%é SPTIEE i ci ent
to renove rratlmtrmml(swhaazmesfmabllampl(snbleasMblmmlt\mb'mtm&pﬁei ally for |ow
vol ume produ | on: and the disc
clanmp 210 SOC%dd%ﬁtej Bt (\g‘gaglhggo {aﬁédnp%?lﬁ gth%a{é)p%l gagylyﬁneqfvgsr ably,
only a snual | lgssdeantabert 0.004 inch¢saif mabnaléi‘mn/@elarmubnnnmﬂmmr(mmas A0t act
surface. I app f{fﬁ%&d"eﬁmbﬁmﬂ% fﬁeaﬁnulaﬁ M&%Qﬁﬁ%? Tio] 4:1] RAGY a&&ﬁ&&aﬁ less

t han about 0. QO nches i s renoved. M referab e anmount of

material thi Bk E‘%’sasPé??ﬁh/”éhaﬁ@“Wé@ﬁ@é?ﬁe%@tsmcmqgﬁmulmnﬁﬁout 0.003

I nches. The fgkthethérepbnnon-limting exanple is intended only to illustrate

one preferred enhodi nent. of l.nvention. .0 e Standard

product i on starrpreTE’r%Frgﬁﬁé‘h Qg meﬁa&@&%ﬁé&ﬁ%&@wﬂm ng

procedure: [240) ksta pdxlrainpofsnrea/}mdml(iucms Epnh&xﬁhfmglefdy fdseningahe disat ween an

undef | ect l ] ed Slt

Renove a g&nal qg’éﬁn{)%}’ta%ago) : %S ’X?IQE s‘r‘%’m %é‘t)efif b&)ﬁhdpﬂ%ﬁ leﬁirom

annul ar cont atotdefi¢chtpe clamp I(smb asu%lﬂhlg applnd substahtiably equallytdithe cenlabsequent

I nspection u i rial was renoved
P :ﬁiﬁﬁr orfsibh G5 2785 ARGnd Qith GAhEL: e ’lg{ a{?&é}

fromthe ann contact fing 1n areas In ra ment with the screw
holes. 15 Five di sr‘eprs&e%emhq%en%eféhmwﬂgmwf@ndmabpf)spggséracdaran:rps and
five were asez@mlszﬂb @&%W&&%Sﬁcﬁhmﬁto a Ui sPhSEAG Bl force was
reduced b 5& ﬁ%ﬁ&ggcent I n the disc g& S using the processed di sc

cl anps. B spring, fise. elamyp, (Such-as 240)dgs 3 geng Xcé‘é’é"él Bfation at an

| E r ?fjl us) vvash?pddmbdy/wufg)a bahe&ltentrilﬁedﬁ@;ﬁrﬁ@@bmof[ (suSh Msﬂn}d afi @ArfuR® IOOHFS to
t he at ness of _an in ntlo nvol ves a
met hod of mnu‘f‘gg?'ﬁ?psﬁ'&iag%g)af 55?1“&@5!’“&%"6{‘]%@%%2@% Sﬁf@) or use in
a disc drive z(psmmh(sadlﬁmyi)merethfoaglpamllﬂmlmceﬂtaperags (swthas212y mobindas 108) to

a spindle hu bthé §elﬁ&£5 ?&?rt\gé; %%\choafs Zi‘ﬂ%ﬂj ‘ﬂe kg {hf: g SC c(::l %Séxllb%s)r?épgﬁg?vplgﬂ 28? ar

i ncl udes formng
| eaf sprzthg m¢t9thltbl(w¢ba(m¢hwm®)lom(§whrag2w) fmuhannuiarmbmmchl on (such

as 240) and Qmﬁﬂgr The
clanp (such Zass%»g(io ace gﬁﬁ{ézt fé%oﬁ%ﬁ?%&i%e?&gngkﬁﬁ?@g S
applied to trréaremﬁfoeaeop@éhe%m?ds‘yba& 8 (such as 218) of the clanp
(such as 210) to Mf&rhlﬂ Ituemefaﬂnma&csmtﬁefaeer@&chraesss)ﬁesm%&m 218) = of

t he clarrp(su a man eflected position toward the | apping
sur f ace. Thep aY?ﬁ? %‘?d’ orqt )“u §sﬁw@§ the glampi(speh a2 10his defigstsdng sur f ace
to renmove2s pomahimalldDposition. Nk a préfersdl eribodimesit b adfulad 46htack Surfags M a

flattened an n@\kc%ras gg}thgsc 1tn ascgrrn];n%ﬁ %l & \lijvﬁerrll tfsxle'S central portion (such as 218) of the

D:s

clamp (such as 210) is deflected to a position between an undeflected position and
an installed position.
The invention also involves a disc drive (such as 100) having a data storage
30  disc (such as 108) carried on a spin motor (such as 106) for rotating the disc (such as
108) and an actuator assembly (such as 110) for moving a read/write head (such as
118) over a surface of the disc (such as 108). The disc drive (such as 100) includes a
leaf spring disc clamp (such as 210) attaching the disc (such as 108) to a hub (such

10
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335) on the rimportion (such as 240). 9 2 1 OCT 2003 WO 00163902 ‘
PCT/ US00/ 10671 Preferably, the force applied is effective in defl elt} IQS'T JUL]
the central |eaf spring portion (such as 218) of the clanp (such as 210)
about hal fwoayedet ween t he undefl ected position and anpgTngsoaiocsad

position. The | apping step preferably renoves |ess than about 0.004

i nches of matar236) offtiecintixtors(sueh bH106).i Thehinip @iich(as 300) haSan’ABllar m | N 2
preferred enbdi nnul ri artion f(such.as Q) includes an
annular rib @géll}?gﬂ%og pé%@?g?%%%@”@%ﬁ?@?&ﬁ&é“@é&#é €%8hape bearing
t he annul ar cw®ntastirntg thedisd (auh as he8) eodistribite tlemping forcet th ehekiot(suah ad eaf spring
portion (suc 8 -0f 1 . (such as 210) has a plurality of screw
hol es (such glsoggtlf t g{%%ﬁ%ﬁ{glﬁ{rfor fastening the disc 10 clanp (such as
210) to the spi ndiTae nyentjosgisp inyslvesndisc deive (el 190) havingfacinestomgpl i ed t o

defl ect the cfj 625! €08) BTi inth 684 d I to the
central por;{r;?r;(&zcsuch d%s Zﬁm?rp(?und edz;g%a%F %Eﬂ@é‘?‘t‘ﬂtﬁ%@%@%&ch as

340). A pref SHOBLdAARss{amp{suchps 21 fastsnian the disci(wich & A98) tohespineat spri ng

(Cjil sc clanp grﬁuﬁfr‘](sﬁ?&aglﬁl')). ﬁ?édi&@cﬁ?@%ﬂuﬂlﬂasﬁl@?ﬁm&g&ﬁs%aﬁs%ﬂﬁﬂe disc &Q@l EO ah

isc spin notor. hu uc S .. Jhe leaf spring disc clanp (such as

210) has a ge@@b&ﬁ?}f‘)i?rf&ﬁa&gﬂgﬁegﬁtﬁ%h‘i‘ﬁgﬂtm fqese hetwseathe disht r al | eaf

spring port i auanfs(sudh 2a210):AJ thadiic GncteasroB)ab mikimiRe@itice ARtorEdaT RS 240) .

The central s‘?{?l(ggh%pidd&on (such as 218) defines a central aperture (such
ough an

as 216) therethr has spaced apertures (such as 212) around the
central aperture (iswillibezteathar)thé presembinmeniting istwedl abmed ©l attaip thesdndd) as 210)

to a spin 20 230 The rimportigp.(such as 240) forns
an annul ar rlagiﬁ%’g%agﬁg&aé&g%aa? Wgﬁa%Qgseﬂﬁ‘%‘@m|%léanf% Ysur f ace
(such as 335)pre¢faredanboimenthastbeéndeséribgd forlparpoie’ @f oy distldiiep t he data disc
(such as [108). Preferably, the flat, annul ar,_contact surface (such as 335)
lies in aljsco roub?lgwges\mpérrpetrwge (‘9’&‘ il readily susgest thempelyes tothgse of t he
clanp (such a%illed &) thé aredaf Which &€ endmpaedih the i dfokk RQskibd on. 1N a

preferred enbgdi ment, the, annul ar contact surface (such as 335) lies in a
common pl ane 9K5tosed a1d ag defined in the appepded clairan as 218) of the clanp (such as
210) is deflected to a position between an undefl ected position and an
installed position. The invention also involves a disc drive (such as 100)
having a data storage 30 disc (such as 108) carried on a spin notor (such
as 106) for rotating the disc (such as 108) and an actuator assenbly
(such as 110) for noving a read/wite head (such as 118) over a surface
of the disc (such as 108). The disc drive (such as 100) includes a |eaf
spring disc clanp (such as 210) attaching the disc (such as 108) to a hub
(such 10 2 I OCT ZW WD 00/ 63902 PCT/ US00/ 10671 as 230) of the spin notor
(such as 106). The clanmp (such as 210) has an annular rim (such as 240)
portion having a flat annular contact surface (such as 335) thereon
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contacting the disc (such as 108) to distribute clanmping force to t\fzﬂ'gg? 2003
(such as 108) to mnimze disc distortion. 5 The invention also invol'v

a disc drive é/such as 100) having a data storage disc (such as 108)

carried on™ 2 notor (such as 106) for rotating the PEEESSEh as 108)

and a disc clanp (such as 210) fastening the disc (such as 108) to the :
spin notor (such as 106). The disc d€lims (such as 100) includes nmeans on

the disc clanp (such as 210) for substantially evenly distributing a
clanping force between the disc 10 clanp (such'as 210) and the disc (such

as 108) to mi Wihatiig elaimedfiice distortion of the disc (such as 108). It will

be clear thatythe ] o0, i adapted to.attain.the ends

and advant g’;\geé maﬁd'? %g%gﬂéfa%@&g%g%a lte%fos?ghé%l eC?%BrR 1%{ REAp gise awﬁ‘% a

present |y 2 prddmR  dale gomeriseene spindle beleof agpinamateretie frsthop commrisirg of t hi s

di scl osure, Ithe fiegs®FfOoUs changes may be nmade which will readily suggest

t hensel ves to thoz§ sﬁ)illed in the art and which are enconpassed in the
spirit of the inv&Hti ofP™MiFE2PIeGe iFPHpgishset metal inte.agensralli sireniasdesfied cl ai ns.

11 2 1 OCT 2098ngMisOQ4GBRAHgRETAMER Giml f3lch 4 aiceiral BthedilGaf Ghrflgmed 1S 1. A
met hod of rraéri%g&%turing a leaf spring disc clanp for use in a disc drive

to 5 cla ata storage disc to a spindle hub of a spin notor, the

met hod co{%ri si ng (®)t hepladiegithe oimp ah a fapping mgfaae;pi ece of spring sheet net al

into a generally gircu ; i i sc. Cl .Hav n annular rim
portion and a cent%!r)glle Jlpg\[/%'/eulcf Iegf%d;&%?%ggf%gt}o itgﬁl;}"%% dfﬁ?“‘%]"a%‘? the clanp
on a | appi ng ROTHopEth °F‘E‘P f%?ﬁb?’y‘i"\‘#@&&teﬁ@9%‘@ntt@W4rﬁﬂledmngamrfmrmdon to
partial ly deflect ()he meving Bk claR@idliti@ tdfhe lapfing bidfiRe forr&ﬁb%aﬂbﬂ%%f : etc_t ed t
np relative to

position towald the | i surface; and (d) moving the cla

t he | appi ngmg’tgg}eélé%p?rg&ﬁg E%Wba at"[%"rdt%‘ﬂa’d’f’m?‘ﬁémiﬁ}cﬁpb&etl’lnbppftl@l-f orma

fl attenedlSannul ar contact surface on the rimportion. 15 2. The net hod
according tol ai i arc | ,.ed in step, (c) further

conpri ses appl yi ng%%m Q?%%CQF ];"gg ?El%nen f‘gﬁeg‘g’?h’ég?m‘f 'T‘Pé’hﬁ‘g‘r?ts 21(©) Ton of the
cl anp about CREPHsehaRPlYiRg wivees effhctive tadsflee dicedntmad portibwof therclap aboast al | ed
posi tion. 20 haif whiBetiBdn B uRiEA&tRIBY laf?! ing step (d)

conpri ses renovi ng | ess than a tk%%%E%;&%gﬁf&ggg‘O4 i nches of

material fromthe annular rimportion. 4. The nmethod of claim1l wherein

step (a) 20nci3udesThexhethotbofR i N Whein thé lppifd A4HE) w@n{sgsrpe,ggméfggg having a
curved cross ag%tﬂlﬁol%al ihﬁd@? Qfm n #he annul™ar” 25 contact surface
t hereon. 5. ‘Fﬁe TEEHISE o PO 40N Reher of mpterial framdheannplas rimpertiones r enovi ng

material from the annul ar contact surface.

4. The method of claim 1 wherein step (a) includes forming an annular rib
around the rim portion having a curved cross sectional shape, having the annular
25  contact surface thereon.

S. The method of claim 4 wherein the step (d) includes removing material from
the annular contact surface.

30 6. The method of claim 4 wherein step (a) further comprises forming a plurality
of screw holes through the central portion for fastening the disc clamp to the spindle
hub and step (c) includes applying the force substantially equally to the central

12



30 6. The nethod of claim4 wherein step (a) further conprises formng a
plurality of screw holes through the central portion for fastening zqegﬂ 2003
di sc cl am, ?) °’§%§?a3pi ndl e hub and step (c) includes applying the force
subst anti aW?? Ily to the central 12 WO 00/ 63902 PCTPGIBISON/0§B71 porti on
around each of the screw hgles to partially deflect the central portion of
the clanp. 7PoTRonasayndench oitheserew holes topartislly feflerithe erptral puttion ofithec to a
di sc spin notdampub 5 conprising: a generally circular disc shaped body
having a bowed central l|eaf spring portion and an annular rimportion,
the central spring Eortion defining a central aperture therethrough and
havi ng spaced’-aper& ﬂ@pﬁwdienMMrfaanﬁngidaa@eisdwramig‘c@pinm%g ng the disc
clanp to agspéolihpﬁghgr hub, wherein the rimportion fornms an 10 annular rib
having a flat annular contact surface thereon for distributing clanping
force onto the datgegraly cirgulargliss shapad bedyrhiavigg el bewedadentrad leaf peingli ng to clai m
7 wherei n t hepoktichtand 8 kndlar ﬁﬁ%&féﬁ}th&%&ﬂ%ﬁix?c&ﬁyn'heﬁmﬁé’g&m | ane when

iIs 15 de te

the central portion of the c to an~I ns | ed
position. 9. a?ﬁ%mfﬂﬁfeﬂgﬁﬁgﬁﬁ‘!lgqv spacsdpperuteharanslghe esntralapertfe faher ei n t he
annul ar cont aueuntisgitik dise cling $o 4 $pirPm IR WhraR ere WS PorlibleroRBNY @l Portion
of the cl ] 0sj tion betwee n undefl ected position
and an i ng{rglﬁﬂggéﬂslfa? %ng%ﬂtagﬁnﬁl@:p CoR 8is§’[c'1a°8(|§TWn E‘H@H‘r&“an@awp@z orage disc
carried on a feise antartheglatafdise. rot ating the disc and an actuator assenbly
for moving a read/wite head over a surface of the disc, the disc drive
conpri si ng: Iea%hsgri ng disc clanp attaching the disc to a hub of the
spin notor, the € leptspiing diss qlasnnaccerding toeslaimi Twheesin the flatwamilag a f | at

annul ar cont aohtac WinffRe Hed ih@lc&fmon Hlamd withitttehi® poiisSE of Re %&rﬁf) ibute
to.minimze disc dISPOI’tIOI’l. } di sc drive

cl anpi ng 4fcor to the dis
havi ng a dat ;ag%?cgeﬂéﬁglﬁf@gedé’gf‘f‘?’bd on a spin notor for rotating 30 the
disc and a disc clanp fastening the disc to the spin notor, the drive
conprising: weansppife. di I far substantially evenly distributing
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10. A disc drive having a data storage disc carried on a spin motor for rotating
the disc and an actuator assembly for moving a read/write head over a surface of the
disc, the disc drive comprising:
a leaf spring disc clamp attaching the disc to a hub of the spin motor, the
25  clamp having an annular rim portion having a flat annular contact surface thereon
contacting the disc to distribute clamping force to the disc to minimize disc
distortion.

11. A disc drive having a data storage disc carried on a spin motor for rotating
30  the disc and a disc clamp fastening the disc to the spin motor, the drive comprising:
means on the disc clamp for substantially evenly distributing a clamping
force between the disc clamp and the disc to minimize surface distortion of the disc.
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