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(57) Abstract

The performance of a leaf spring disc clamp can be enhanced 320 /‘210
by increasing the flatness of an annular contact surface while the _ / ]
clamp is in its fully deflected, installed position. Such a disc clamp /MJ

exhibits substantially improved flatness at a minor expense in applied
axial force. It has been determined that a lapping process can be used
to achieve a desired level of performance without fully deflecting
the clamp prior to installation in a disc pack.

370

340 /340
210
N mZ

ﬁ//// 777 7 7

420 320

a0 210

X me g

Yeey—mn

= e A e
_’t_ ‘3(20 "IC“_"

530 535




Bel gium BF Bur ki na Faso

BG Bul garia BJ Benin

BR Br azi |

AU Australia AZ Azerbaijan BA Bosnia and Herzegovi na BB Barbados I?E1 UgA z[m
S

Canada CF Centra

dlvoire
Dennar k

IL Israel

CM Caner oon

EE Estoni a ES Spain
Kingdom GE Georgia GH Ghana GN Guinea GR Geece

IS I cel and

African Republic

F

IT Italy

BY Bel aru

CG Congo CH Switzerland O Cote
CN China CU Cuba CE Czech Republic
Finland FR France

DE Germany DK

GA Gabon GB United

HU Hungary

|E Irel and

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Augtralia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cdte d'Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FIL
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
I8
IT
JpP
KE
KG
KP

KR
KZ
LC
&

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

ITreland

Tsrael

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People's
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
-MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
5G

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

St
SK
SN
SZ
™
TG
T3
™
TR
"
UA
UG
us
vz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




JP Japan KE Kenya KG Kyrgyzstan KP Denocratic People's Republic2of OCT 2003
Korea KR Republic of Korea KZ Kazakstan LC Saint Lucia LI Li echtenstel n
LK Sri Lanka LR Liberia LS Lesotho LT Lithuania LU Luxenbouré],

Latvia MCYDWHUWIND Republic of I\/bI dova I\/G I\/adagascar or mar
Yugosl av Republic of Macedonia M IMN _Mongolia MR Ivaurl tania MW
Mal awi  MX Mexi co W’I‘E&DEG&L MB bAPRING PROCESS 7eal and PL

Pol and PT Portugal RO Ronmania RU Russi an Federatlon SD Sudan SE Sweden
SG Si ngapore

Technical Field

5 The invention relates generally to disc drives and specifically to disc drives

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
3 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
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rel at els ggner actugtor rmg; Jde goif isdmmgried Meverticabmpgnetic BeldpEemageties  havi ng
severa i sc pkat. . MR ly. More
specifically, &%‘ﬁeél{‘l%n éﬁ'@gﬁggeﬂ&lg%%%e%qﬁm%g{oed d@?%ﬁlgf%a&ﬁi‘?g% %/o secure
a disc pl at t enagaetivalbpermeablespale pioces.nWhesr contgelledalinectgyrrent (DG isPasspdr

manuf acturing .t he a ' : X ' | ves are data
storage device ¢ %Pa{hegﬁggg%%f?g?@f? &gaqe;&) ﬁsﬁaglég’{lhgﬁngags%ﬁtgﬁﬁ% rotating
st orage nedi umagnetic fikld of thé/mdgnetic cirani talcausethe cahprmeve inacconlancerwithe ri gi d

discs that are typically coated wth neti zabl e nedi mount ed
on the hub of the g’%‘#‘ﬁ”‘%ﬁ‘o‘?’e%ﬁqﬁ%{‘s Hgﬁq%qmg %ogﬁssttgcn M ‘33 ﬁ%@p@‘éﬁé

| nf or mati on i sabsiitaheplvarhithanddheheads mowt aotoss tk idisy swrfaceso rifienictuator ci r cul ar
tracks typically by transducers (" he&?és" . mount ed act uat or assenbly

for novenment WS allgls fedgad toanoye back an 3p afcyate éﬁﬁ%"ﬁﬁ“&%% e

operation, datigndr$adiMs dnki @R oftef fAdiub bethéltisss. t rack and during a read
operation the head senses the data Pr,evi ously .
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

2




20 written on the disc track and transfers the information to the e 4r@gl 2003
environnent. Critical to both of these operations is the accurate

| ocating of the head over the center of the desired track. The heads are
each nmount 3P 632 | exures at the-ends of actuator arms PHHPSONEE) ect

radially outward fromthe actuator body or "E" bl ock, The actuator body

25 typical |y porien adigasaithe serev loctions vithedisomswhatdedicedlews!iof elampiggi ng

adj acent the QitedxeREd PP ri8lpoitidf beiweEPthe Ik6w Mckins S Meistvatistiongn al l el to

the axis of rotation of° the Spin_ notor and the discs, so that the heads

move in a pl aplemping forcefantmpechanically, distostcthe discs in p phegiomerpn spipplinesl | y, such

actuat or asse ' NQLCe L Lat | e heads
Wi th respect ?%L#%?ogggé&és(%r}g@gé ) "%%kelh%/gi?%tgé g%r??&frbg'ltt%rﬁ{&ynﬁ%ggwky i ncl udes
a flat coib nolampackeivsaieziisptagdd further thanehespattionsfof theelisa betwaerothe body opposite
the 1 2 1 OCT_2003 WD 00/ 63902 PCTI USOCO 10671 actuator arns. The coil is
i mrersed in a’%&¥Yi cal magnetic field of a magnetic <circuit conprising

one or nore per nanend solRighed $podatalchigping”datd iicregsa cechumber éf mowadiet i cal |y
per neabl e pol e pieceg. Wien controlled direct current (DC) is passed

b ough ¢ ho SRV \RE 1 0L b SArTS f 16 9 oGt ASAEReTeNt B act s i ¢ h
the 5 magnet i gsediagdl dreQpadetd Gloser gopeihks 1 distrdphndyGn clambig fétee 3Qkducéd nove in
accordance with the well-known Lorentz relationship. As the coil noves,

the actuatl@r et pimiseied. Aubvatvapiige pf thisePRIRashds BAhe we Haddidombye acr oss
the disc surfagess cobipticaes Hdmahufadnlthy adl hQ¥ALI, BRocBgad to nove back and

forth in an arcuate fashion between an inner”radius and an outer radius

of the discs. 10 My@ehanicalidistortion ofdhe dighiuetaeq Gan; indpmelsadipaindesigblee di scs
mounted to th Jn s 0 : ' ration

bet ween di scsg%%églggsslg[@é [?%dr/wtﬁ Eezsq&glétdg%?g#a;ﬁg‘rﬂn% nlt% 8%#0%3%%?%%@%& t he
heads in rel adiieny Sin¢enthe headslvikflys atrvheyingsheightserowdd shescirgmmifesquae off the

col l ectively f.or disc .stac I ' th ,S. .. ount ed on
The opi n St of kb s At manb R SUET AGRRe 4R%, P SpnaBBR g len D1 S

D sc cl anps cdmaloe tiei disee mag beinadauate tognshre deliableidatm stordge and ceaveps are  nore
rigid and |l ess prone to deflecting the abutting disc surface, they are

rel atively expensive to produce. Consequently, stanped |eaf spring disc
clanps, which are substanti al | Sunu&S oPXREMYetdn have becone popul ar. The
clanp is typical lé a circul ar S@;I ng-steel, sheet netal structure having
a central portion Agins gigbackdsop die present sgversionhagpeep develgpedt There ¢l anp,

with an angul e téidindeVraBEhf sitidghsc claflp AR bE bitAn@f by MRrébifghe AkRRssCent r al
portion of the leaf spring disc clanp has a )
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

3




partial aperture that is bent or deflected toward the center of the &An%m 2:
formng a |eaf spring above the level of the annular rib, and includes a
plurality of screw holes spaced symmetrically about th r portion
of the cl affP "2 screws 25 used to nount the disc cl an%ci’glg °H§47hgly bend
and deflect the central .port a oward. t he upper .surface of
The ot or spi AIRee oh emRalbifGRoan e doro s AR Gy he PR LR Sort AL e
annular rib i Mphrﬁallmaleﬂ@nthaeénmal Iﬁohumfwﬂmmlmrprmﬁﬁanmd%ﬂewddrpbaﬁm and
applying a cl disc Thi G f? anp i

not w t hout p?% gﬁeia%ﬁ'g acE hﬁTe ey 1§h‘§%m§)‘éc(puré3 %H{;'JB eqap pg'?%s |ty of
Screws, typ| catt¢b}ad3and:mmuwﬂm@mwfahdl}msmgewfam&ﬂdﬂqnhdaannobm@tacbf t he
clamp. The Qr‘i‘chXn %gm{; £nping force is exerted by the rib 2 21 OCT
2003 WO 00 63 02 PCT/USOJ 10671  portion ad1 acent the_screw | ocations,
with a somewhat refnetber apreglaf therinventionds fynd My lead spsing digccrlamp fone rib

por L ion bﬁt V\/egéfbte'hhﬁ aata@iyc koL dikd @ﬁﬁnot'cmius nYﬁ'hicHEuh aﬁmlaanmcﬁoan?lfﬁﬁas; orce can
mechani cal ly disto enol referred to as
"potato chi pplaﬂé’"‘"ia\’ré‘hﬂ?aﬁgastaﬁgf %'%8 §°e er?ﬁ‘d‘f"é’i’"ﬂ@ar est the 5

cl anp screws altstnminsgxtlanpadgfancretdnmrthctdlmﬂmche port| ons of the disc between
the screws. S i i nunber
of nounti \rl@ scr e\/\gilet%é aﬁ)od] ?thersfeea(?‘%%sgést e‘ﬁh”é :gé)‘%: %es it cRar%l ﬁ@ﬁz‘é?ﬁerp rEJ@?tO hub.
As nore screwsnwhision m&ﬂ appuilexmfmmsqmmcﬁng aﬂtbsbllowmgdbﬂaﬂed delsdnptldn awlr epancy

: in clamping force i Sehe %85 but not elimnated. A disadvantage of this
| approach is tR4EVIEHRE %éss(c}?mtﬁ WPih&hal screws conplicates the

manuf acturi ng and assenbly process. Mechanical distortion of the disc
surface can, in turn, |ead toundeswable varlatlons inthe read/wite
signal s detected and written ByiefBs f4 g drive. Since the
heads wil1;sfly at FﬁﬁwquwV@éwfanlwmﬁe&ﬂ&srp%taiﬁgafsmrm&imﬁlhe 15 disc

while attenpting to follow a distorted disc, the signals used'to read and
| wite data orceondanes witha prsfersd embediment of thetipyeation with the|dis grike epYem st or age
1 and recovery. ng défn F gthe Invention Against this backdrop the present

; i nventi on has “be evel oped. The 20 performance of a | eaf spring disc
clanp can be enhanEIQt Zoig an pxpiaisd viey theeXMMEQSCPWWH‘&WHIamgcont act

J i bi s a sunuehise) sfie uRE bRy i MPhEkERB AT 0 coliihed M8, 0T

m nor ex@¥nsdnventi@ppl i ed axial force and thus has a nore uniformforce

distribution appl bed &,0und, LA, A0 M S QML 18525 Tac! 4 of S T LN

disc clamp prior to lapping in accordance with a preferred embodiment of the

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.




25 | appi ng process can be used to achieve a desired |evel of perforhﬂnem 003
without fully deflecting the clanp prior to installation in a disc pack.
Accordi ngly, an aspect of the invention is found in a nethod ?‘If

manuf act ur MPU§P& | eaf spring disc clanp for use in a dPSHUPIGZ t o cl anp
a data storage disc to a spindle hub of a spin notor. The nethod i ncl udes
the steps of formng a 30 piece of spring sheet metal into a generally
circular |eaf spring di REE, portion and a
central bowed | eaf spri Detdlled Mol gf?%‘“‘?‘?%rrm%&m 00/ 63902

PCT/ USOQ 10671 pl asdisc dnvaluoapppsmlgteémaca@réancawha prefereed ¢mbodigpmt @fd t o t he
central porti n of th i gl t. liopOr ti on of
the clamp fro rrlesﬁrﬁd&v fe ﬁ‘!m%tqpéh OFR)@SIIR? ?%n T'lthgmd/ggghgﬁiioo mu&ggtbé%r]ﬁp gce The
clanp is thentowhetlvariuatomenems ofithe dhsqacpnwg%arefmtedt a\mprcam 184d renove

a portion of therlm ortion to form a. I t

surface on t h&PHmRar CBtr?wa)&h%?Pﬂeé?te ‘gl&a{hftbééqtﬁg @ﬁg‘ﬁ Ift%ﬁﬁrge gund in a
| eaf spring desdroamaditforf e disé &S\teeﬁlamgn\&nﬁiﬂﬁhmmnec Thiis asselhisly issqalled not or  hub
i n which an annul ar, ri m por an_ an ar rib th s, a flat
annul ar cont aétheaé’l.ﬂlﬁca?éﬁ"ﬁ’g' &’Qfﬂ &g CORORIS Gy ed“} i 1 %69‘"@ i ng force
onto the datarghefonel? more§iScsaA08 a0d Coktaiitdhspe. dafonidtiondsweidenant ages t hat
characterize the present invention will be apparent frogﬁsg{né&adl ng of the

fol | owi ng 18et and read femdracks 9ndhe dises 108 thrayghdhe v of phaciuatos dr awi ngs.
Brief Descriphy@n, iy fob s 3 b&it”é%éarf'né shifGssémblyp 18 pisiidned Apicait 4@ di sc drive

i ncorporating a’spring disc clanp in accordance with a preferred
enbodi nent of disekel@8nvention with the disc drive cover partially renoved.

Chree. 1 oaf - opr g Hiactaftllalem) 176 SRS I pitkafiy of A \¥which ! i 2i ng

three | eaf spring disc n“accor dance erred enbodi nent of
the 20 inventekiomi ovet e sﬁrfacss of the disss 198 cvitloonsl orymasevlleaesri16leyalinghe |ine

3-3 of FI 2 of th I r ce with a
preferred 18 n‘ogﬂ’lﬁ}r%aﬁ}l(13 %&, paE‘Ié%EL{ %{ior@{é%ﬂta?@gdﬁg} g{& oj(égés?l (g%\{/&l ew as in
FIG 3 show nglekiies mmhmeadlms vmchaimms agaif beaciag slider fablitgthe bewdr al

portion of the clanp.in the faorc |ication, ste ccordapce with a
preferred embdd® iy inglose REOXHRIL ﬁY f FHRTEP 1ng|§p%ce§f§§a5so\%a§ as in FIG

4 show ng the 4id.apgening of the annular rib during the |apping step in

accordance with a }%r eferred enbodi nent of the present
he spin motor 106 is typically de-energized when the disc drive 100 is not

20  in use for extended periods of time. The heads 118 are moved over park zones
120 near the inner diameter of the discs 108 when the drive motor is de-energized.
The heads 118 are secured over the park zones 120 through the use of an actuator
latch arrangement 122, which prevents inadvertent rotation of the actuator arms
114 when the heads are parked.

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

5



invention. 30 FIG 6 is a cross sectional view of the disc clanp as i@ |} DCT 264
FIG 3 after the |apping step and after reversal of the clanping force.

2 1 OCT 2003 WD 00163902 PCT/ US00/ 10671 Detail ed Description of Preferred
Enbodi ment ¥O63%% drive 100 constructed in accordance \Eﬂ’ﬂsoﬁ’l?ﬂ’ef erred

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

100 i ncl udes &° ﬁ&@snncﬁs the £Qjl 136 meves, 4hq astpatos assembly 140 Pyptshent desc dri ve
100 are mount %@arm@smpassamg; 1804hd mé&@mm%ééaaéehxo fildle AYGY theCOOPET AL €S
with the base 102to forman internal, sealed environnment for the disc
drive in a comwdases ofithe disesd@8r . This assembly is called a head di sc
assenbly (HDA). Th t otates one
or nore discs 108 §ttﬁ§q§:§gns alﬁ?lpﬁﬁg#gglsg%@gh ]gahgr{lhfl on 1s %/{rﬂ?{({ en to 10
and read fSomtheragtuhtor assembiy 1840 while db&/ingpivaa maviment ©€ thefacwmatorct uat or

assenbly 110, osi tioned
adj acent the aﬁ@b@%é@ﬁﬁﬁﬁ@:emﬁ h%tﬁgggssgngly ﬁ&%s Qﬁﬁﬁ éscu?itjbé urality of
act uat or arnslntbwlnclchead&meel(ld)tshomn) aﬂeeomectEQaBSheaﬂ wifee belhgromted08, Wit h
one or nore flexures 116 ext n 5 fro h.of th tuat r arnms 114.
Vounted ot -t nhalt S aenar o Aaen br Temserile i e s 1§ ohe siied 155 v o
i ncl udes an aicircli€Byatd B2y pictaly lﬁdmiaé tir@itiyner bsbadlling i Wl@tefchtk‘eﬂtﬁ cl ose
proximty ab ve the correspondi ng surface of the associated, disc 108. The

spi n not or 010GW@“F?/B‘F@54@9@@“@’&&‘&4“288“%@&“@Iﬁ%‘ PSEyiRg 1egdbsigmsl i s not
20 in use for exRRfRnmPaEdI9TIES &frlnk'arf@ad opbRiSE AthS ﬂ@ﬂ-gss@rhﬁel a@fdegver park

zones 120 near the inner dianmeter of the discs 108 when the drive notor

i s de- ener gi zdta flexybracksbbidfon @uupynication thrqugh Sedase deek He% to adisealsive 20

t hrough the u taﬁla(‘n t I g@d\ﬁ! events

I nadvert ent ﬁgftepgﬁ&cl)@;o g{:sth 845?0'?&51%&”&@&%%4 glggtg thﬁigg s&;re par ked.
25 The radi aI 180siti on of the heads 118 is controlled through the use of a
Voi ce COI| not or |cal | 6 attached
to the actluat or a@s(ec%ﬁsjlagﬁvg%ﬁ&tBXlPe&%Zw&yr@uygﬁﬁ)&g‘?z%&shaé nmagnet s
and return pl apasfaiiién. M1lmktra¢dan§11>@cz:dhmpdls¢s wadreeeﬂiteaiahvdy\stackmbrt I cal
magnetic field between the oil 126 is i rsed. The
Control I ed apdPEstist WHRsHE gof ek otte e Verlb smm secessaiL ot Slec | o
interaction bQESé@xBE fufitgioP Elebaribed herBBgree). SAnk ddnbiEtiéd6f diek 108 #nd6 so t hat

the coil 126 noves in accordance with the wel| known Lorentz
spacers 220 can be assembled together to form a disc pack. The stacked set of

20  discs 108 and spacers 220 are mounted to the spin motor 106 via the disc clamp
210. This combination of discs 108 and spacers 220, along with disc clamp 210
can be referred to as a disc assembly or disc pack. Preferably, three mounting
screws (not shown) are used to secure disc clamp the 210 to the 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




5 WD 00/ 63902 PCT/ US00/ 10671 rel ationship. As the coil 126 noves, the

actuator assenbly 110 pivots about the bearing shaft assenbly 112 aﬂd‘tw 10%3
heads 118 are caused to nove across the surfaces of the discs 108. A flex
assenbly 13@ %6302 des the requisite electrical connectiBA/B¥0RA% X or 5 the
actuator assenbly 110 while allow ng pivotal novenent of the actuator ;

assenbly 110 €s¢ Flagp dHbhasiteial of fifee foren mauntingibplps 21Rcanddbise spapRarnt ed
circuit boardgod 324t Papasler Eusaqlwe%ﬁe&fapmi@ﬂﬁmﬁuamg&e BRABH ed; the head
14 an he exdr

Wi res being routed along the actuator arns es 116 to
t he heads 118progese Mvithqutahese spanpeyisiotsiidy the 430 clagpi23® woyldisimplyidsate ci rcuitry

for controlli N el tetidhbbn R Yolo] N h 18 during a
wite operati %mgnc ‘bt% b:‘rlﬁg“é..&‘ yi n’é‘ é@lg@ﬂé%&éﬁgf@?sﬁ&gﬁ 'rgfdgﬁméyéfhe heads
118 duri ngSa smaukrslotr2ddinmy be Tépdactd with halsefub regeivimgguidapims. at a fl ex

bracket 134 for c niGat i thro .he se.deck 102 to di sc drive

printed circuit boaft- ﬁ%tno%ﬁéhv%gheﬁgﬁ%b@ﬂm{% aaNe %S‘Eefso%ag‘foa%nfﬁ the disc
drive 100. 1witilh@reérsgienibodiment of tigreseritntentibmeantbe nsed3Ost@$ edilgpi N not or
106 in spaced-gﬁpart f(ﬁshi on, illustrated. in FI.G

As 2, thre i scs 108
are al ternati VAP g SEHng.qlamp havie any, apmbar of screw holes.and san i‘lﬁ%\{’e Wﬁ?‘ﬂﬁe t he
vertical spachgglidaeaerdimg. OTheiavdatbPls de@SibeRirdin with phitiefal descr i bed
herei nafter). Any conbination of discs 108 and spacers 220 can be

assenbl ed 19 ogEafeiice te)a ftampgddes]spring fisciclampilizing twegjscsqys, as exempliscs 108

and spacers 2gf) qadcRipfidtirfifdest dly.. MPhesiRbIELHOR bt lagiife MoBest igadd sc clanmp  210.
Thi s conbi nati on ofpdi scs 108 a}Ind spacerls 220aﬂ§§go%g vsm'th di sc clanp 210

can be ref er r B@Nufertye theseylasapsds lupmrated in FIGS.sk6.pack. Preferably, three
nmounting screws ( : . ' 210 to the
spin notor hub 23‘8%@%@%@‘&%&%%%@1%%? i %li&ﬂeu bﬁ(gg](?u@g FIG 2
shows t he | eafluringrthegppingprocdssiofithe peseat mwentiong FIG. 4illpsteakesitheed  enbodi nent
of the preseni inventi.qn. l.eaf Al disc. clanp 210 has.a bowed
central |§§f é%srnlwr{%lgﬁgr idg;rgg‘gfg%? H%tfe@ ‘éegigﬁceggpﬁ{eggleara?ﬁc Yif'e %6. The cl anp
210 al so hasloastionr340. The effeer ithé dedloctié Gorcé edn HeaesiBinaliis figurelbather i b 330
(better seen in.the_, sectjonal. views FIGS. 3-6). As cri bed

her ei nafter, _B?Fmﬂné’rf ¢ “B“@%‘%pﬁ"éﬁ M?%%HF?“Y%%%DB@ Ppﬁéqg‘in gsur f ace
bet ween the dplase 420a8Frestdd tiRWorking siutRio€ bf a Rppih@&itticlanll RépréteReh fASt di sc
108. In the enbodipent illustrated, the |eaf spring 6 00/ 63902

PCTI USOQ' 106 7rfies from vitigh rolptive positigns; g Be deseribedr e screw nount i ng hol es
212 and thgee spani@ping can begin once the leaf spring disc clamp 210 has been partially

deflected as seen in FIG. 4. FIG. § illustrates disc clamp 210 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

7



slots 214. The spanner slots 214 are used for alignnent during the &1 QCT 2403
assenbly process. Wthout these spanner slots 214, the disc clanp 210 |
would sinply rotate as one attenpts to tighten the first nounting screw

(not shown)WOM634Wsi red, the 5 spanner slots 214 may be FEHSQUWE t h

hol es for recej vij ng guide pins. It should be noted that the deflection and.

| appi ng pr oces¥af SATAE PoFHiom prlecan ke seen dn Ky widetlscied pesitienineiieh bis t he present

i nvention can Revaedurthes hwaSr@R an intaginghy! tthe Arsw dchdds ool JY iR Yjs@NY
number of screw holes and can also be applied to a solid or ml I'6d” cl anp.
The invention ¢lampakd Ingemparison with\llGhS,jbeanibe s¢enrthat gnouddr flatenntact 0 a

st anped | eaf sy | lih Z 1 a |ary, for
deacri pti on. pur oo et el yyhelifbeds i MkRbs @ISR
manuf act ur 5 t hefsangatflgs contact surfage 335dan dwistorefBSt fidmG pldnad positivaratice

defl ective for W | hy,, SCI ew. | ocation . during the

| appi ng proc estglgglff?etcﬁ%o‘lgtcgg%ﬁe%# E%%OEJ? if'oﬁ b ‘ﬁ%&i‘er&%‘ﬁ? (the, pnpylag flat contact | 5
posi ti oni ng of surfaee 385/e\anflat asposhitfié wheni thedifn2106is mpalléde dit RRARhoERGE SCT ew
hol e | ocation e ef ftic%{iof .Lhe deflective force can be seen in this

ﬂ%42\'e Th &
figure by the DH5SHRR fH1 BHCESIFE PAH9% ot spring portion 320 relative to

| appi ng pl ane 420. Wheaihsiglled pthedisc daGp RHPMES A6l have 4'at Whiltdrten@et! f ace of a
surface fromwhich rel ative

| appi ng station an epr esent fla . |

posi tions tan %‘éfaal s &Lt E’é‘ﬂﬁSi trTBe EBPInG BEgCSS rRreferahly qagriel o%pri ng di sc
clanp 210 has WE®heakd tlahp 210 dehlygakiRty asnes@eN This, Wik ik resgltfe 5
illustrates disc cla 210 after | at)pl ng has been conpleted. The annul ar

rib 330 now ha¥mylar W_SA‘Ffa‘Fq%@ﬁ k Recavers flatten ifdappim ook placeayhiledhei mat el y
corresponds t ofye2100k s (Y @ineLBE Al SheChidATRa cthilfl td&r\f/l%eﬁ%{ ﬁgnngt Ihﬁ 25

| appi ng surface. Because stanped nmaterials can prese 0
confi gur at i on,210t Wkengheselamp 310 is fallyaisfieatesiabinatalledhqt udiesgobsplistic anount s of

mat eri al y ved. f.r o) lLar. rib 330 in. creati t he annul ar
flat cont aggta &s%gorr?’gce %g'ﬁlﬁ i spﬁlsa %ﬁﬁgfff’g't‘aglan Pﬁmﬁp c’gf“pizﬂgﬁﬂi ch annul ar
flat contact sosctraml fifkid Mmsiatlationp risseretult itdsprofesred thatthe dize vRfp'BIbE. The
annul ar flat cpptact, surf er, for exanple, at Focation 530

. 335 i | , 1.
in conparison _ﬁ*'iﬂtt(g(?é’toflggf?gﬂ%‘?%aﬁ\gé %y ReRsRR ap Hadeflected Rasition andy; sc

clanp 210 af t erfullppefieogd Anstalifitpesitisrn@uring &fpbRE AR chbREHBn@ARkLI €d in the
previ ous | appi ﬁ step ha beggpprermved. Central 7 WO 00/ 63902
PCT/ USOQ' 1067 1efigegye E‘BF‘? g that isbput {0 percent dhat phthe foyce anplied oct ed

position iz V\hh&fhllytinsiaﬁedélﬁxhﬁbimd y further away froman i magi nary |ine
drawn across the bottomof the disc clanp 210. In conmparison with FIG 5,

it can be seen thal-appingsaabepeemplivhed ica varietyr of apang 85 Axopbimatiomadt r ower  at
l'ocation 635 th80ad mAddfe bALEL we® alhdddhi G 145BIn% 'sBH5n is preferred. A lapping

station includes a flat plane bearing an abrasive material suitable to remove small

amounts of material from the spring disc clamp. The clamp can be made from a
25  variety of materials, although stainless steel is preferred. The flat plane of the
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,

8



5 of annular flat contact surface 335 can twi st or deflect froma pl anar
position once the deflective force has been renoved. It is intendedgthzgu m%
the annular flat contact surface 335 be as flat as possible when the disc

210 is inswalds®o2 [t may not be as flat when in an unde€T/esemTposition.

When installed, the disc clanp 210 may not have a flat annular contact 10.
surface 335 t hest thas about 01004 incldsdasismovddieMompefanablyr the aswuntof pratetielr abl y

carried out ile the disc, clam, 2 .S .onl artially.deflected. Thus,
whil e the res\é\ﬂflﬂqﬁ rempyeg)t 'Pe%‘X%FHtaB%‘{jf%sdﬁ?if‘%‘?‘?y %@é"%@rd&gb‘&ﬁ%en flatter if
| appi ng t ook pl aceThbiollewink @on-Gnaig eRdfply@sinteatdel YnKab iiRstfe ond Ul |

deflection may structurally damage the clanp 210. When the clanp 210 is

fully defl ect Pgeferzed qmbogimeniofythe iayentigRier goes pl astic 15 deformation. It is
i mportant tshat plastic deformati orwedkitdBxdthpie c! amp 210 not occur until
frmal installation. As a result, it is preferred that the disc clanp 210 be
defl ected to a posStandad progucsion amped claapsrwosg Pr9eqsiadarcosding tathe | ect ed
position and 1d gafleected, installed position during Iapping. This
corresponds toféla“gg?{rgctlh\?e force during |lapping that is about 70 percent
that of the force apMefled clamp t@@ positionf appioximately halfveay betwaerpa 10. Lappi ng
can be acconplished i [ ] e lpati.on of | athe and
mandrel can be used, ug?%zggég (%}e{%fl(é%%?ﬁgﬂs eﬁ?ﬁtéérl(?rﬁg%ﬁ%)dji?gel?ornéd. A | appi ng
station inol udes aef [Reinopd @smalbansunnef Bdieriib (approxitnatel €.004inches) fradl € to
remove small amounts of material fromthe spripg disc clanp. The clanp
can be made from a Zmyice’f“ﬁct&ngr?ﬁ?lé‘?‘?&f@gaglaf‘lfgltﬂj‘f?lé'ﬁ’&i nless steel is
preferred. The fla{ phedguenl inbge6rion MG \EicPdsdpe iMlicARM at FrRkenhtéGalt O t he
disc clanp 210. The flat plane can be square, —cjircular or sone other
shape and can either Wasbeaved frgmthe qugplar epntachring B aggas ip ragiabalign@edts i cj ent
to renove materi al atwigﬁtg@ﬁgv@p&g&rate. Alternatively, especially for |ow
vol une production, the |lapping station could be stationary and the disc
clanp 210 130 coul dFiyve disopacks sereiasseoblediveing itheapsoogssed olaips; and Aiveweneabl v,

| | . ' i B t
ourTace. T o tBlea Biins EREGEAAD chaiod, *R SRARL 8 iR FMUREABITSEC) css
t han about 0. @020 percdne in the disepaskeuking\the propessdidalisitiampst Avempofiathessf
terial thi i s bet 0..001 inch d about 0.003
hehes The f TTGTIRGEHE] THRrek AerRaICA B0 R RS LNBLEPEe] OY A500F | st 7 at o
one preferredogeiedt M roahly é@responad ol theflathes b dinngmEai &isoSt andar d
e

production stanped_ cl anps were processed according to th .
20 In summary, the invention involves a method of manufacturing a leaf spring

t

disc clamp (such as 210) for use in a disc drive (such as 100) to clamp a data storage
disc (such as 108) to a spindle hub (such as 230) of a spin motor (such as 106). The
method includes forming a piece of spring sheet metal into a generally circular leaf
spring disc clamp (such as 210) having an annular rim portion (such as 240) and a

25  central bowed leaf spring portion (such as 218). The clamp (such as 210) is placed
on a lapping surface, and a force is applied to the central leaf spring portion (such as
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).



foll owi ng procedure: Deflect clanp to a position approxi mately hal fW?yOCT 2003
between an wundeflected position and a fully deflected (installed)

posi tion. ve a snmall anount of nmaterial (approxi . 004
i nches) fr‘é&m”gﬁ ular contact ring of cl arrp usi ng a m?&{@tﬁs%%#ﬁ | at he.
Subsequent inspec

t ed 1 hat material was
renoved fromthe ?ﬁ%ﬂ?@yq@oﬁf‘ﬁ@?ﬁpﬁ {éﬁuvﬁ ftH"grtg Fgg?a?@?'f Ment with
t he screw hol mstioni(Suckiay218) ofthe p]amhssuwbeasella)smuﬂﬂaﬁ‘dvaysaemeﬁhe processed

| df d Th
ol Force vitEndll o AR0aHan Bl R PR SR R BV % e
processed di sless¢hasrppeut 0&%!@9@ Ofmtenelsfmm thevainaiter viespontimd(sirck ds 240).peak
accel eratipn gty Rderkdd eﬁﬁg&lﬂﬁ)ﬁ R Snrdul® hﬁmﬁwwf@h Q&'im) Imluas‘sra%%aﬁuwh 'S

roughly corresponds to the f | at ness of an unc n sunmary,
the i nvent i onfif (925 330)shathasasyrvsd cmﬁﬁf%ﬂﬁmmée@qgé%ﬁmb‘ﬂ egtactdi sc cl anp
(such as 210)sutfade théiéon. N a di sc drive (such as 100) to clanp a data

t di su S i ndl e .hu sugh_as. 23 0 Spi n not or

(such as 108). - ThareTaadi SO It SrPBPHiAD CHIpR oD Breshimrgdtser mot al

into a gener a210yhasiarpburhlity of@ﬁwhoﬁ@r(s@aﬂ“):th&bﬁfdﬁgﬁﬁiﬂ@dlteﬂ‘lﬁmgmf schavi ng an
I 4 d a,25 n ea ring

ngj [ g[l E!Sdl]]c hq&é15 g{f@‘)a%lim t@ﬁF 931? g‘ﬂ%ﬁucgsas ﬁ‘ﬁ i)fe e%q?%t\éggfor%ﬁppe\w appi ng

surface, and 1adﬁfmc&elchmmqylchaﬂlﬂblsmhﬂledmmmbfeqdallsmthngeqnart i on (such

as 218) of tﬁlﬁué‘n‘ %@aﬁw% {alﬂ’%f Qs ﬁdl‘%ﬁ%ﬁ‘gﬁ“ ct the central

portion (such as 2 an undef| ected
position toward t HePEieped erabodimenge! emmx@omsé@ppld(nggbnfspgngggg clamap moved

(Such ae pao) RLlARR I f?%“%‘fg%%%*wgs “"P?rat"t‘%@%“é% e Py
SucC as attened annyl ar._.cont ac u

on the nﬁﬁ M%Qf@@"lfeﬂsp&ggé%s amp sztia as@tY) hegp genppally oireuias gisc

PCT/ US00/ 106 7shafdd®bay keving,a tolved éniraldeat pyting @ortion (REK MIB)/ﬁndiaﬂ afiftldrect i ng

bout hal | vely BERR N WAL B8 el petod b an i peliRetmial °° %1

posi tion. Theapeayp(such &t246) theretheouglvand haesmwd&npex’cmqsdchammmhnd) 004
h f t f . ti

brof or r ed_ ot iab Bt B30 Hr dodkBEEE 1T b3 (eRS A8 b8 oPincosan

annular 20 b l(lstGChvbe(SlCBm%D hEhe rhasoraom(;uMZ&)d@msaaannmmb (sklpe bearing

the annul ar C&@b@)ctﬁatMﬁﬁ%ﬁ#%xﬁ&?swpﬁ@éﬁﬁﬁpkyﬂ ot UidtMutihg ! SPring

portion (such as 218) of
clamping force onto the data dlSC (such as 108).

(=
.":

Preferably, the flat annular contact surface (such as 335) lies in a common
plane when the central portion (such as 218) of the clamp (such as 210) is deflected
25  to an installed position. In a preferred embodiment, the annular contact surface
(such as 335) lies in a common plane when the central portion (such as 218) of the
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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210) has a plurality of screw holes (such as 340) therethrough for .
fastening the disc 10 clanp (such as 210) to the spindle hub (sucz h@m JUL]
230). Preferably, the force applied to deflect the clanp (such as 210) is
appl i ed suweb@memezal |y equally to the central portion (muasoafedl8) around
each of the screw holes (such as 340). A preferred enbodi nent of the

i nvention i s ds@30)bfithe spinl mabr (SyzhiantPE) Fhe ddnin(Buch(as 380) hasan’hlar rith

fastening a i ch as 1 to a disc i N _not ub (such 15 as
230). The | eg(?ﬁcgﬁg?% péﬁfs&én%‘i%ﬁ)a?é{‘f?%‘%nqﬁ’iﬁﬁéﬁ%éu? aégﬁﬁﬁléﬂ“f"% circul ar

di sc shaped bwdiactingthedjsc(sizhae #08) erdistebuté dahiping foreego grrdisc@suck ssich as 218)
and an annul | L Rasd iU as 240). The central spring portion
(such as 21833{03)e¥0i nes %é%ge{lhtl_érta &haper_ture (such as 216) therethrough and
has spaced aper t urlds invention alsg ivebrps adien diiye (ubleasckd) heaingapletistorage (such as
216) for moundiidisuchle168) esriéd HPspiSHebr @gc}f%);(i?@tf& rtatihY tHe %P%. G&f’hl%% hub

(such as 230) he ortion (such as, orns an ann (such

rem . .

as 330) that Y98kand & %t"?a&}l’rfﬁﬂcgﬁswﬁfaé@mns&efdﬁéé‘%’%%wsh@t@%)ﬂthereon for
dih st ][ : but i ng metbr(eichrag 106)r The diss drive f(@ﬁlﬂ@éﬂggigﬁﬁcllé_s%% Ghthel 88D clanfyy e}‘ erably,
the flat annular c ct rf.ace (such as, ies.in_a conmon pl ane
when t he centj(lf'ﬁi' aﬁgﬂ{)?gﬁu%gﬂg{}ﬂﬁfg g’é’ig‘)‘m&‘ gnpipg forcs betweepsthodisn | s

def | ect edl0 25ldntp @uchias 21¢)|ahdthe diss (suélnas. 108)to Miiieleettad dRfiagmioTaRt , t he
annul ar cont aquc(%}éﬁgﬁf&%(such as 335) lies in a common plane when the

such a

central portion 218) of the «clanp (such as 210) is deflected to
a position betweedt will berctéarf thatcthepregposinyéntion &nekll mlaptedotatthingkk ¢ndsi ti on. The

i nvention al i di sc _dri.ve.(such as 100 ying a data storage
30 disc (sucﬁa%ggwfgkggi%%lggé%%ﬁ’ega% T ef??iﬂ{e%'ﬂ%h °188°)9°"?]5r rotating
the disc (sughefesed dft@)inmendhabeacdesaibed fo pagokdswf (Bidiktlaarel 10) for nmovi ng
a read/wrf'te head ésuch as bllrﬁ%l O:@Cil g, surface of the disc (such as 108).
The di sc dr i FYTPEQYR fhanges mhay)be;made which will readily suggest themaglues 1. thesey (such as
210) at t achi ngilledén # 8t afBWhith % eARipaised fh the!SpihiSotGhe hfknfod OCT ZW VO

00/ 63902 PCT/ UUSPO/ 10671 as 230) of the spin nmotor (such as 106). The clanp
(such as 210)Jis5isedand a5 definsd in theapperdediglaims. 240) portion having a fl at
annul ar contact surface (such.as 335) thereon contacting the disc (such
as 108) to distribute clanping force to the disc (such as 108) to

m nimze disc distortion. 5 The invention also involves a disc drive (such
as 100) having a data storage disc (such as 108) carried on a spin notor
(such as 106) for rotating the disc (such as 108) and a disc clanp (such
as 210) fastening the disc (such as 108) to the spin notor (such as 106).
The disc drive (such as 100) includes nmeans on the disc clanp

11



(such as 210) for substantially evenly distributing a clanping forcez)1 0cT 2003
between the disc 10 clanp (such as 210) and the disc (such as 108) t
m nimze surface distortion of the disc (such as 108). It will be clear
that the pVOIPP3 nyention is well adapted to attain thBCEHW1063Nd
advant ages nentioned as well as those inherent therein. Wile a presently:
preferred enmbodi nent has been descri HelimoHr purposes of this disclosure,
15 nunerous changes nmay be made which will readily suggest thenselves to
those skilled in the art and which are enconpassed in the spirit of the
invention di Yantdselgimegddsias defined in the appended cI a| ms 11 2 1 OCT
2003 WO 00/ 63P02 RGLLM met hod of
P 59&/ nﬂa@xﬁ? afgﬁfs}m@ dlLC cl rPa for BTCSIE a g*sF %vettg 5 cl anp

manuf acturjng a | eaf sprin use |

a data st ot agdamp adaty 80%8 scrie Péplﬁ‘ﬂbh'éﬁ of spipinptorntho mettoll eomprisingd

conpri sing tthesteﬁsezws of (a) formng a piece of spring sheet netal into a
generally circular_leafl spring dj sc cI anp having an annular rimportion
and a central W&? | e RiPifge O4BFiRg et metal ntg a gensrallyi gireulas lesf anp on a

| appi ng surfaapang disg clapphavingGmanduldr ¢itn po2tidn ¥ad & REHtFaBbowRANEAF SRing© Partial ly
defl ect the ;& al portion of the clanp from an undefl ected position
toward the | dppi ngbsurface; and (d) noving the clanp relative to the

| appi ng slft face t &b)r enplecingithp olamp on a dippinf surfacen porti on to form a flattened

annul ar contact s fac ordi ng to
claiml| wherein, tﬁé foﬁmfei‘ﬁégtngﬁcgg%ﬁ%&%gﬁ o%lFt’? ﬁar%l%prdeﬂg%g’ﬁ app! yi ng

a force effedrips EeﬁlﬁPSl%rt?W@”ﬂﬂ@ﬂamsmfampardbout hal f
way between the uidlef | aetingithp Ofinbirditive i ha b1H§Elﬁ'i‘a|c@f$ BAGVeld r%ﬁlonzo 3. The

met hod of cl 1wh elnthe a nprises re I'ng |ess
than a thi ck?\}’g ot P mt?%éﬁg%‘iﬂf"%‘ﬁ?té\“if?ﬁOFF}GrﬁmPFé’tl@mnul ar rim
ortion. ¥. The net hod of claim1 wherein step (a) includes form ng an

p p g

annul ar rib arougg urved cross sectional shape,
having the annul ar %Ekﬁocféc@)r& é‘t‘g hﬁwieeﬁ%f‘gfr% orce appii mr??i’ﬁgcf‘“&e Tclaim4
wher ei n t he $PBpriesypalyies aifoees effective todpfladt thercesttal portion of theclanpuoat cont act
surf ace. half way between the undeflected position and an installed position.

20 3. The method of claim 1 wherein the lapping step (d) comprises removing less
than a thickness of about 0.004 inches of material from the annular rim portion.

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
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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
a clanping force_ Qfme‘glﬁ%‘ﬂ%cgﬁm?(r:%% r‘ﬁ%%afﬁadmtalﬁg‘efﬁ‘% © BRAUR BOMRACt e sur f ace
distortion ofwfaseliesige common plane when the central portion of the clamp is deflected to

a position between an undeflected position and an installed position.
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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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