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ANTI - SHOCK SUSPENSI ON CUSHI %mwwmlm‘ he I nvention The present inventio
relates to disc drive storag re 5 particularly, the present

i nvention reVRWE%E cushions placed on head suspensions of a RGTESHIIm® to
provi de enhanced shocﬂﬁgqf % .:k QRO ILIB%:IE‘QQ)% él'dﬂ’@ ¥ gi cal

excur si ons and danpe 0 o e—st Hofr—and—t+he—attached head.
Background of the Invention 10 FIG 1 illustrates a typical conputer disc
drive 20 that includes one or norerididssfthe InveRtiohed on a hub 24 for

rotation about a s_g{ndle axis 25 (FIGZJ. The drscs 22 are typically

coated with a nagnbhe presestiinvenfion redatesrtagliscolrivdistyiragel devicksr More on in a

plurality_of cirtcular, concentric.data tracks.. A Ei dl tor rqotates the
hub 24 andl ¢ ETUERarDn e RIPseod inyengitilingsia Cistiians plaed oahead susrpsiancef

"slider" 26 : < Vd : | » h di sc
surface and :agdégé{i{l#olr%%gﬁlggte romg%g{o\/cv‘rE Pi‘ggﬁﬁ’ﬂ gg%eftlmetgg b? gﬁﬁlﬁgg gé{tgcgfr acks.

The slider 2Gxtearsiondhafddhnipéihgabion@Mir suspenbio abl Gfekattadkédigead, speci al |y
etched air bearing surface that forns an air "bearing"” as the disc rotates

beneath the slider. The hydrodynamc lifting force provided by the air
bearing surface causes 20 the sli qgr 26 to I'!Et off and "fly" a very snall
di stance above the surface of the r n Bspins up to its
oper at i ngaspeed. - Del fy . Sly : ' I

~fracti onggf am cf@@qﬁ EPsgh?ﬁ nt'yﬁc?ﬁé o) :Etclgrdl cgtﬁ {Avggr?qﬁﬂéggfl?%eémé% ngonrg t he

di sc 22 preveaiiécs 2danagned on & hab 24 dgr roeatioR ab&itiaGpireidd axig2 S (FINQ)sThé ace of
the disc. The slider 26 is preferably noved between data tracks across the
surface of 28lisose2dre typicallycoated adth amagnetis sprdinm ferxorage pf digital r ot ary
voice coil motor. The.actuat.or 28 includes ar 0 (FIGS. .1 and 2) attached
Vo each of ¢ etterples ursetERy of Sroe EeRmAt Mdacks ExpinudBfiktofi3s
essential |y GRERGD 34%nd1He aaxacﬁémgcsh@ta%uﬁaé fad 25 RGh1I&% G'Hedd Br Ciabi 04 €d

preload force on the slider 26 in the vertical direction (i.e., against the
surface af t hamyinpcel@@romsagnbtouransduédro [2iss ovéreagh disoadffcarand ré&d suppl i ed
by the suspension 32 effectively, counters the hydrodynam c force generated
by the sli defnfosmatan frog,emwateifformationto the ddatiagksng t 0o far off the

surface of the di sg,2dijefbh NONBRANE fRHed Hot & L&A Blobitniifig ¥ SpédiiR)

direction, the suspension
etched air bearing surface that forms an air “bearing” as the disc rotates beneath the

slider. The hydrodynamic lifting force provided by the air bearing surface causes

20  the slider 26 to lift off and “fly” a very small distance above the surface of the disc
22 as the disc spins up to its operating speed. Although the fly height of the slider
26 is only a fraction of a micron, this thin film of air between the slider 26 and the
disc 22 prevents damage to the fragile magnetic coating on the surface of the disc.

The slider 26 is preferably moved between data tracks across the surface of

25  the disc 22 by an actuator mechanism 28 such as a rotary voice coil motor. The
actuator 28 includes arms 30 (FIGS. 1 and 2) attached to each of the sliders 26 by
flexible suspensions 32. Each suspension 32 essentially comprises a flat sheet metal
spring that exerts a controlled preload force on the slider 26 in the vertical direction
(i.e., against the surface of the disc 22 as shown in FIG. 2). The preload force

30  supplied by the suspension 32 effectively counters the hydrodynamic force
generated by the slider 26 and prevents the slider from flying too far off the surface

of the disc 22. Although relatively flexible in the vertical direction, the suspension
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| ateral direction in order to provide for precise |lateral positioning of

the slider 2§ow¢Bbo78he cl osely spaced data tracks. The suspenspammusd2rz732o
typically includes a relatively stiff |oa®-beam34 (FIG 3) and a

relatively flgxistkRrigelyaekf id6hd Rteraltdiretibmi drder &lprodde 267 prévisd lastal or

proximal 5 end 38 of the |oad beam 34 is attached to the arm30 (FIG 2) of’
the rotary acpesitigingef thgstider 26c0ver thectlgsely spaced data ggeksn 40 (FIG 3) of the

the surface of | nolhr stspenion S biiedlyiheash ibERCriogs braR T BEa) A

second or dis ; : : . \; -arm 30 i s
attached (suc%ﬁaas%l% g%ﬂg?%‘%lgtéﬂae@ﬁn%rgg&%ﬁ @gé!lgﬁe%%ngg*%gé&\lmﬁ%h, in
turn, is f3 xeend 38 bhihedbaddssan?Bd isAnacied tofthd dren 80 (H1Q. 2$6f theedbraglernatsrut out
region defining two parallel flexure beans 44 and a cross nenber 45

defini ng an a28.andmeslatively flegiblaragionde (B1§. 3j of the loastheamethadiacenitbecal | y
trud ithin th t ' th | nbal, .36 th . di,apl t

Chown) “on ¢ hessBEpbamD A0 fepiE Bl Hovint oiete thecouffiet e 2isk 2o e "

slider 26 to Eﬁ%sg@rﬁfﬁﬂﬁeﬁﬁoﬁd%r dd ff&%&eA%‘é&?gcférﬁdith dnld@23df theload 6. The

attachnent pad e gl npal 36 1I's secure e top surface of the
slider, such bearh$4appesiteaht actuatoparinia0 is dwachddefsucteasigawelding) po the inttere a
resilient connection between the slider 26 and the relati velfy stiff |oad
beam 34. lthe flexibla gimbaldhwhich, britupr,ds figeditorshe shder 26nidu erglpofithe gimbel 3ént to .
allow the slide 6 to, pitch a o] . e ' gi mhal " il.e follow,ng the :
Fopogr aphy  20.1udeRa Pl ey BT e e Spame 4 3np Brcas i o
beam 34 and gi i ERAdMpad 36! bt thi bkt these
conponent s m?ﬂggh?@régg;att?r omrgtpscil ngrg‘oﬂgﬁgﬁia%?fﬁ‘g?% far rgﬁggg%ﬁ?nt egrat ed
suspensi on 32 pfointies ivithir) the Ahitolnbregiort dfsthe gmhtzd 3 6s0 it iaedimple (nbeshbemjlon egi on
40 of the | oad beam 34 _ i s effectively countered by tkheﬁ h,ydrgéj}/nam'fc force
generat ed by thfebastomyef thedongye4§gnasscamigcs pitemswgface o€ the slideni0 tortrpaster thee
prel oad fotce | : ' r - 0f the

ps k%&éﬁ%l‘é&' J‘e%ﬁ? ?&t}}e%dgxl %&gg‘fteaﬁagta%%regé ad 4% &tﬂﬁe P56 s

di sc 22 ontce SC stops’splnnin nam Cc force dissipates
(e.g., when tReculdd® the tofesutface of MewHAE sthvR )by dRdhBg v, 36 Sitat e flexdee Of

inactivity, and particularly during assenbly, shipping and handlij nlg of the
di sc drive 20 beahofé pravideia fesBientcomeeting katwegn thesliderciSranditbe relativelyrstiffyi | e
magnetic 30 cqatjng on, t surface of the di.gc,22 ]S .SUS ti.bl e tq.danage
from acci dent ?a(\}é@aﬂ @%{I Jflg"r esiligptcangectign rRWded ?’&é‘?e g8 ag_ﬁéc)l’f ‘gg’_owqéoshock
event. - 2 3 AfloR ROORINOEAQ LRADER AT LSORHAESS Quhifk WRbWirghe tpdptaphprent
of the slider 26 may occur en a disc drive 20°is subjected to a shock of
suf fi ci enR0Omagithcudéating disnze Whie ¥tGudiiltustratestiBOlioad teann 34 and gntkadi 36 as

suspension 32 to nove away fromthe disc, surface (either on the initial
Shock or on a SFREEAMACHR IS RAETsiRod v dhgse CAMPRBSRIA MaK e RRRFA I M 3n 40 -

in the single piece of metal forming an integrated suspension 32 (not shown).

Although the preload supplied by the bend region 40 of the load beam 34 is

effectively countered by the hydrodynamic force generated by the slider 26 during
25  rotation of the disc 22, that same preload force typically forces the slider 26 to rest

on the surface of the disc 22 once the disc stops spinning and the hydrodynamic

force dissipates (e.g., when the disc drive 20 is powered down). During these

periods of inactivity, and particularly during assembly, shipping and handling of the

disc drive 20 before the drive is assembled within a computer, the fragile magnetic
30  coating on the surface of the disc 22 is susceptible to damage from accidental

vertical displacement of the slider 26, such as by a shock event.



5 l.oad beam 34 and the resilient nature of the ginbal 36 tend to haa A}&R 2003
slider 26 against the disc surface even as the actuator arm 30 noves away

fromthe div§50$,3@07§1 sufficiently large shock (e.g., a shock 3Q8nis9gB832hhe
acceleration of gravity or 200 "Gs") w l-I3typically overcone the prel oad

force and cause tRgrifchi diepladdné® oPtheRUULER6 ffal debid WhichCa it 8620 khe return
i npact of the slider 26 against the disc surface can 10 cause severe damage

to the thin subjpesed to achaek nfsufficientemagnifudedo oduse itlee atitwator drin Ithandstheck event
duri ti .of 1t he di drive, .t d to the di ti
Tmy Creat e HGRES PO 32 By Sutk Bpmihe dfic SaTedt (shBerohine nira) | oos
f d i : I k
of data st Orsgﬁci? ¥r Bﬂf%trelgﬁfnﬂ'ﬂn e ihitfal %}&??iag?%'y@ tihe B0 e ?Jn?‘g)e%qggove,

events typically occur ring periods Vi as descr

when the sslibad bdfmils andshd resiliesit ddmrelofige Sifnbiah 36 tendadhald tROElder260T
"l anding region" of the disc 22 not used for data storage. Regardl ess of

whet her t he agapast theodisasusface evéreasdhe actnatgr amn 30 mdves hwaylfmm thediso2208 t he
di sc 22, the inpact i gal eneyr ates. debri articles that, can_mgrate
across the siﬁfgg’é’ét]b%g%é’o&}‘iﬁg??sé‘?% 00 umes %ﬁféﬂa‘(‘%ogmv‘ﬁ’é%?‘;ﬁgg
surface of t YNNE : i r, j QRS of
The di sc o2 s DiHieichly SRESHYHE BElbAPAOIRCC G SIfa 2% eianen

operatio
"crash." Preyffonsdiet burfdce. The retaininact dfthablided 2depainstbe disbeadac cap”
phenonmenon have focused on either increasing the preload force applied by

t he bend @ egtanse sevess danaaectoribe thiremagresicaroating on thepawnkaroaf e disst WEde t he
" bend region 40 and the head .or slider . e, to the resiliency of the bend
Fogi on 40 of S5E SVERKPeRUS AUERE oprrafi oftHs ARl vey T ahe 1 BF BssGoarine
portion of t USRELSH i 3 i er m nes
the lifting ?‘g?'?e ap%f?‘gjdga?% ﬂt&r'\t?ngdlrisgg?; ggthg?r%:i ndé]la% @ﬁ%‘g 1%3%%@&%& is,
i f the forcestossddimthat porfioh bf thealisee dibvwoeves, ok largé slidck dvimts dipicallywccace -

as nmeasured by the accel eration of the shock event (the nupber of Gs)
mul tiplied butingperindsiof aractxily asdesorided abena, whenshaislides 26 isr pesitionsd t he

or oo aphli catons 3pitnct Saidhotion§ et fibiord s a8t S3hFY v BRG AL From
the disc sur§Refel Reghridlad§ of Whetheh®e imph@beeds ifl GfeCdatdRgioh (ke 1aﬁbﬁ.§ef ore,

a reduction in the mass of the suspension 32 distal to ~ 2 3 AP R 2003 WO
001 30078 PCTregsanoithg dizc-22, thedmpaeidypicgjiyogenetatesdabristperticlesdbatcan origiate t he

Shook por f or REGEIFQPTRIRBLRE dist oBT uRertei AEY L ArdRaens SrTasE OF s of the
suspensi on 3g; i¢C I : i GREPdi i ses.
For exanpl e, gltl %%69318%:%? c?}ea%ﬁ%gﬁpggtﬁ)e cﬁrg Prrl\fgap%e%ﬁ\é%ng]sésiﬁg‘% gth‘rjle suaslgéennsi on
32 entai2® sbpetadonangd possibdyidadimg toh didec‘csashfensi on bet ween the bend regi on

40 and the slider 26. However, shorteni n%wt he suspensi on tends to increase
the variation in tHevipuss tognigpmizs Hhe ahove desqribed | hgadslany phenomenam e

shorter susp I {8 | j . d
anal o of "t ho Tab PruEabrlin ¥Ry X  BERHIINAT Sobfed Y L onl Bl if 40 BF
suspensi ons  gedubhgdthe Yiade of thesuspension B2 MRewdédn thd Beld RvAY Bidake hefldrt | Ng
from manufacturing tolerances in the bend region 40, while shorter

suspensi ons ts}idde%eriamw@etbemsﬂiqncpefﬂ!orhmdceqmmnfgwé@ad/bnana34,dhi§ in the
prel oad rce due.to these e nuf aciyri ng tol eranges, in the bend angle
B St e béna. Py Sbs manetIBe ExCPRHYPF irsEpendiona hng) oyt BATREOBT ¢ he
prefoad Torcoinal dtmfifdd diy ARRBBALIEpRSY (e 1R Rllind hbek eleriler 26,
any significant variration of the prel orce nmay cause damage to the
fragi |l e surf aimt é¥, iftthe fotcs endihg tdpdil theoltead| o slidedd6coffi thet disc sunfase oés t he
suspension 32 typically reduces the stiffness of the suspension and can

adver sel y af fraeasuradeby the ércelryaien ofghershask eyent (the rymbes of §s) multiplied hyr e

dl f, wh h I f LS. d : f th
Cupensi on 33hF Sombied sy BF Bisciter 2L thE priencal i afpedsioh 37 Bieflp e 1"
frictionsgnd yearepioRdbe S grbtet hﬁn?ﬂgéﬂemaa%&celtaﬁfoﬁ@d:@y tHetloddSbdatt 34, B&DECt

to these and ot her  backgrotnd considerations, |Iimtations and probl ens that
the present itheaslitiér®6 willssepamate/feoim the disc surface resulting in a “head slap” as

described above. Therefore, a reduction in the mass of the suspension 32 distal to




Summary of the Invention 25 The present invention relates to a di EdAP/R 2003
assenbly having a suspension that includes a "cushion" to protect e

slider attache@dobgovgach suspension by limting the vertical ercuusPoIR20f
the slider and danpeni ng any vibratory ne#i-on of the slider when the disc
drive assenbl the befid rpiars 46 icaionka rdadtion ih thefoede applietiowht blidenee duingament
of the present invention, a suspension is 30 provided for connecting a
slider to an Heeksgvent aad husftoimproyed ghqckgerfoppansg Sprehe dish drde 0-ai ns t he

slider substanti al n ed with a di surface Ln_Qn referred
embodi nent i ncl ude X%lvgr:gechg%ta? {nﬁssa(ﬁghc aSPelgfongﬁcaitP'B'tcﬁﬁy geﬁgs g’fﬁf‘h? | oad
beam 2 3 AGBLRARAAARRRHRRIH. USHUZABRO by TR ritisielor tetuginfl exi bl e
menber that allows limted pitching and rolling notion of the slider while
mai nt ai ni g athstmdsk of themispensionii2tantails sherténibey thepottioa df theesusberdionect i on. ~1
"cushion" (i.e., a notion limter and/ gr danpener) attached to the .
suspensi on exbawgen therhend zegign #0 and thesliderside dowaver. shertening ihs susnsnsiant s

anot her surfage W thi di,sc drive to.l.imt vertical excursions and to
danpen ot 1 onteap {oelbat i Sefii M Fislcdn soitt hoalfth by e pEERIRLTEG g
head sl ap or @ sheAst suspshsfon@nhBEYPRYRY héconRthodutd Rialibhd@ the€Bshddrdle of he
cushion may conprise an external féature attached to the suspension, such
as a foam or thedsidd beanu3hadthe bend regionctiidniotier avwvrds)tongesduspanions 820f t he
suspensi on. 10 The present jnvention can also be inplenented as a disc

drive as slénb! Proyis lower vanasiass e pealaad fopgeedtinirem meanufastuting at | on_about.
or B ai'sc. A ORI B uahdteiolio e Pl FRbeiRloRt yRATRARNR ot 1 O

the slider supgtaiianet for R IRAativnk ih therélbst fored duReE thefe Safidi on ext ends
vertically away fromthe suspension. The 15 cushion defines a contact

sur f ace spacenhanufactuimgdoleranees igithe bandanglemtitmbond gegiem®#dit Duatd thee wi t hi n

the disc drive, and thg con t. . surfa contagts the. engage t surface to

it vert] cal<auREmen GRS CAABER o D TEHob! [OFFRALSITEOR OV BTPANFERC: he di Sc

dri ve Undey 90g5c2c300RyAKE ider b, £0SI AR MEibhion of reGRORAE FREE may f ace
ace o0 a ] X

conpri ses a contact sur acent cushion tending veftically

from an adj acesiseddmage s the.fragile surfaek of theadise/22. eAtiditionatly] reduting drgagssrent
surface conprises an adjacent suspension itself so that only a single
cushi on at t achEthersyspansion A2pypisalbnhreducss the giffnegpotihe susppnsionayki®si ons. The

present i nvent o GaaebH'thl holif hARIRIRI §inédrif 8.5¢ drive having a

Furthermore, regardless of whether the preload force is increased or the mass

20  of the suspension 32 is decreased, such a “solution” can lead to increased friction
and wear problems at the head-disc interface.
It is with respect to these and other background considerations, limitations
and problems that the present invention has evolved.

Summary of the Invention

25 The present invention relates to a disc drive assembly having a suspension
that includes a “cushion™ to protect the slider attached to each suspension by limiting
the vertical excursions of the slider and dampening any vibratory motion of the
slider when the disc drive assembly undergoes a shock event.

In accordance with one embodiment of the present invention, a suspension is

30 provided for connecting a slider to an actuator arm of a disc drive. The suspension-
maintains the slider substantially engaged with a disc surface and in one preferred

embodiment includes a load beam with a gimbal at a distal end of the load beam.



25-suspension maintaining a slider substantially engaged with a sugfxgﬂpg1
a disc and neans for limting vertical excursions and for danpenin 2003

of the suspwasiocgmoighen t he di sc drive undergoes a shock eventPCTTUS®¢7320d
various other features as well as advantayyes whi ch characterize the present
i nventi on wi Mhelgémbgpaa daxible mamber thavallogvsdimitduepifahingoanidngllhgtmasdti@to30

d I pti d ' f th lated d ] .y . 2.3 AP R 2003 WO
00130078 PCTASSHSEDYaH6 Magnsnitgra B EommsEeaviR e lider i lsserpl dirctions o
001 30078 P 275200 B e TTE: | NGSIR &

paneti ai al 1yt st e ntgos Dt SO e Ree dhc B S eXhpnchsion. .

within the diesends verticallyoftdmithe Suspessionl Thel dudhiohabhtaets BhotAEr sUrfacs WAGNSI ONs
connecting read/ wite heads or "sliders" to the arnms of a rotary actuator.

FIG 3 is5anthendise duv toilyitwerticel excumiafs and taidpepei moticr ofthe suspebsinat i on
o esont 1 v R 2 Shorkeevent et SRR e et Sae BT Brlcist BAuERRdR severity |
subst anti al | y.¢i f b -4 . ' ' d view
of the  suapedtp depiinehabSiant ThedGetfof nlh chhbist an pxiett®l AL B ARERT V]

FIG 3. FIG tle $uspénsion)euch dsa foarVor@lastisoushidiy) or Rthyadhiprisd 8¢ kntégtahi ons
illustrating both the elastic and danpening properties of the cushions. 15
FIG 6 is an feathrgrafdhe suspenssm.view similar to FIG 4 illustrating the

ant i shock . cushi ons.conpressed such as f.or. | padi ng, t he,.suspensi on/ sl i der
conbi nat r%ns and t &%ﬂm’é‘ﬁﬁ'&tk‘”’c‘@? Is9ke i m&w@wg@@vqﬁssgrﬁéﬁm sc

" drive. FIG %agﬁlﬁga | HeWfish mbREF b .hfl‘m?‘ T&?B%ngﬁ%@%tsﬁ)iﬁ@&hs ﬁgc??ﬁ on

shown in FIG gle roma foamnateria S an en ged,

i sonetric vi astuafordor raoving ahactuau aith aboveasarface 6 adist.aatsuspdimioar i al with a
hol low interior and an air port in accordance with an alternative preferred
enbodi ment ofcoppgetpg didento theaseatos arm to mairgain thesslider sybistantjaldy engagedt ri ¢

vi ew of an ant.,-shogk ¢ o) de froma plastic terjal wth fo si des
and a hol | ow‘Y‘h} @‘F%g cs’luﬁggc'c YRR XD Vgﬁtbqaﬁgla%% g\‘;ﬁgfﬂ"\?émﬁr rred
enbodi mens ofcutki6n BEMSEH conti¢eSiirf8 spacefa p&de&rﬁﬁhﬁrﬂiﬁﬁxﬁ@%oﬁ gRMetric view

of a suspension/slider combination in accordance with an alternative
preferred enengagenmnt sdirfadesvithin therdisd driren andthewostaet sunfacacritacthithek cushi on

e o " oabn S S e s o B Bt o
e oo PR AL SBE T gaR bl g, 17 Suspension I
I nvention. "_ ~ A.lnoneembodiment, the engagement surface comprises a contact surface of
20  an adjacent cushion extending vertically from an adjacent suspension. In an
alternative embodiment, the engagement surface comprises an adjacent suspension
itself so that only a single cushion attached to one suspension separates two adjacent
suspensions.
The present invention can further be implemented as a disc drive having a
25  suspension maintaining a slider substantially engaged with a surface of a disc and
means for limiting vertical excursions and for dampening motion of the suspension
when the disc drive undergoes a shock event.
These and various other features as well as advantages which characterize the

present invention will be apparent from a reading of the following detailed

30  description and a review of the associated drawings.



2 3- APR'2003 WO 001 30078 PCT/ US99/ 27320 "7 FIG 11 is an enl
section viewsimlar to FIG 4 illustrating a single, |arger ant%sgﬁg 2003
cushi on att agedeelzdess t he top and bottom suspensi ons and to onepat/uUsyH27320
opposi ng suspensions in accordance with aé6-alternative preferred enbodi nent
of the present invention. 5 DraéfiRdcidpa6n oPiieMra¥ingfe Preferred

Enbodi nents The disc drive 20 TTTustrated tn FIG_ T Includes a rotary
actuator 28 for 10FKE 12ig axsp pisniviry ef héisd duve inswhigh thie prgsend imventiomis sur f ace
of a disc 22. Thﬁ aﬁt u@.or 28 utilizes a voice coil notor 49 having a voice
coil 50 that NGBS PEHZRdy Wwithin a magnetic field in response to

el ectrical signals it i L y si de
of an E bl ook 52 (a7 lf%gfe?)érﬁtreg?gtei%g {gﬁ%&gbd&@g}%xhzﬁiﬁﬁegfj% o )
centered ¢on aFM&rl ilhatradng pridart aspdasidhns sbmoting rdatiGiritd heddworogiidatt © si de
of the Eblock 52 includes a plurality of parallel, spaced-apart actuator
arns 30 (Fl G thgprmypka repryastiakst t om act uat or arns 30 each attach a single

i 32 f j | i 26 i the t bot t f
(53 and 60) of {nel {0 rLeRBERsEEleamEnBInear o sbpen R Al d A R

actuator ar ms, 30l Rk RukNBn HERIbAhRceSWRRE Prd aabddndehe piLLur face
an(% % 0155 ?dher d&IlSC 2%.

60 of one disc the top surface 5 ano us, novenent
of the voi ce fiwehtiddD causes rotation of the E-block 52 about the axis 56
and novenent of the sliders 26 over the surfaces 58 and 60 of the discs 22.
Al t hough Yeveral efilfodt iseamenlasged ssetiqn-vew tekensubstentiplyzin dhgplane phling 4-4

descri bed bel g i t.h..re ct to the rotary voice i t.or.49. it 1S,

under stood t hgl}tl\ﬁt@hé’ B["@&gﬁ?g %9@1‘??‘8 H?hgﬁg%enalgg{fﬁ%rt W%?atb‘f%@d tk"?/ ﬁ%t"of
actuat or coMyYck cHiHibnZ@dwin¥igc3 drives, such as a linear actuator (not
shown). Furthernore, while three discs 22 and six suspensions 32 are shown
in FIG 2, it is URH&rSiscosthedatic view of tws epposingy/ami-slack rayhibes hlasesting al | y

used with any, nunber of discs. The Ioad_bea}m 34 conprises a netal sheet
havi ng a nom heth theelagreand dampening pronextiesnt dhg,cushions. 5 ¢ housandt hs of an

inch ("m{gs"). Thegihr { Al e . 8. t 4 1ncludes a
circul ar inS(S;I e 86 fgﬁd"'a ESaﬁ?@%gﬁﬁl%naﬁgggé%lg‘{fotﬁgef hgﬂgsr%%ﬁgg]ﬂ?eh%dnact uat or
arm 30 of t heslodRlcastiodcdrfpressed such/asfasiBading iife shpdrsida/siider 66@binaGotshe

| oad beam 34 to the actuator arm 30 to ensure that the relatively stiff

| oad beam 34 apdths anticfbople cushians between thedisesrof 2ig disgrddpeni ng 90 f or med

adj acent the proxi nd 38.0f the |oad .bea 4 def. nes two relatively
narrow spring ele s‘?,’s. an~gnlz_1r_gec$, 150metric view tf}\“pﬁ‘qb%ﬁxﬁbsw‘éﬁ% in

PCT/ US99/ 2732@1G93 niade Hoft a fdhn REteBgNt downward to provi de a predeterm ned
preload force to the remainder of the | oad beam 34. The relatively flexible
spring el20rent s 92 FiGd8+lhis aneularged, iSémethio vievo npan amdi-shekisashion aupde fropda of

t he suspension 32, and, the portion of the | oad beam 34 extending distally
fromthe behdpFaéSFB}?t‘?I@HW%lF‘ﬂ ?‘Wé'°bﬁ‘é46‘hﬂfr8°?‘é?ﬁ“é°°f‘ga’1°ﬁ8"§1 er 26. The

| oad beam 34 i A red% i i D ng distally fromthe
bend region 4%“3&8%8&#% s|dd€ﬁ%)lgggésmg?{}{e?égﬁggg@bg@faanqn34 to enhance the
stiffness of the | &iG. Berinad4nlargednisometiici vial oflhui eeti-shock cishionanddedtdm a
stiffening rails 96 termnate at, the tongue 48 at the distal end 42 of the
| oad beam 34, p&w@cmmrrm@ﬂbfouemémdpdm%omn(w insaespFdance withanethgp| y
fabricated.on the underside of, the tongue 48 for | ying ~.7 the prel oad
A5 ¢ n @GRS BisTHREL GrbadBet R0 epreshat BveBBI Y6 e gi moal 96 1

force fro

formed from a rel atpigebys hiemiaffel AsomRE VidwYf A8usBerdor/Sider COMBIRASS irPf
approximately 0.5 mls. The relatively thin flexure beans 44 thus allow the

slider 26 to "agtoddahde witlhah altié¢raatiieppéferrédembedioen) of the fpo¢sentinvemioni windre ng
and 15 rolling, notions _ of E,he,di sc 22 ?s desqcfri bed above. It will be
under st ood by thpaati-skagk qushionis anitegral feature of the USRSISIN on 32 may t ake a

nunber of al ternati ?’I?}.flﬂrigin eﬁg%ed, isometric view of a suspension/slider combination

30 similar to FIG. 3 illustrating two anti-shock cushions offset from a centerline of the

““A?“'

suspension in accordance with an alternative preferred embodiment of the present

invention.



that the | oad beam 34 and the ginbal 36 represent only one prefe d
enbodi nent of the suspension 32. For exanple, the suspension 32 %@ AER 2003
formed as aygigg8bes | ntegral body (not shown) rather than a crmbuswebirsia of

a separate | oad beam 34 and 20 ginbal 36.7FIGS. 3-7 illustrate one

preferred enbodi mepG. pf isain ealirgedsdRotn Oie6NiBNadQFIG. afillistRatRp ASaidle,

invention attached to the suspension 32. FIG 3 illustrates that the

cushi on 100 lasggurasfiehapk qushianaastaeled to the topmndhottauesuspensisns ahé td euedofbeam 34

bet th i ils 96 and adjacent the distal end 42 of the |oad
peam pr oxi B POPOINE SHSPENSRTS AT SesRARCE HUha AMESBe PAC T AR EReans

such as an a i el may be used to attach the cushion 100 to the
top surface ?ggéc?}‘gsteﬁgﬁlgglggl%eam 34 so that a contact surface 104 of the
cushion 100 extends a predeterm ned di stance above the top surface 102 of
the | oad beam 34. The precise shape and position of the cushion 100 on the
| oad beam 34 may be chdetailed/Deseription oftt ehjEe mbpgimentsni ze 30 t he

D ] o

cushi oni ng propertjes,. descrihe el ow. -Addit.i qnal | t he cushi 100 may be
attached to the git[lll?ﬁéillsc_ g _r’rﬂk}gff‘ée‘#/v'&rbr 'dlli'%q‘é%isaqyfp?w t?ﬁ%ﬁﬁ&rt of the
zﬂz Eiegf] ! ‘i’g 0381ov?:§g HRSLS d0SHadr 26 fa@r,%%?fhe%ﬁﬁée' of3Fig¥a2 Fehd %@i_’:&f&f 2 ufiififes
~ ., .y_  2aS0fcRoR rRG0B49\EaiA% 30078 BT BOWERThGWR Mterally withibe nrighed T or
use with a variety of different suspensions 32. Thus. it is understood that
__the inveH i ofieldinresponerdo elertrienl sigaals sentite thexeoib 3 hTmeoib¥ rigewred fensi on
-+'32 shown in Fig.. 3. /A ar.a ien 100 is, preferab t to each
~ suspensi on SQng?d% ogﬁgﬁﬂf)ﬂ( %f&ﬁﬂﬁ%g‘ﬁ Ot gﬂPB‘ﬁgalFﬂﬁ&as}%ﬁgéégﬁl‘ggl y sized

to leave a géﬁm&ﬁg_oﬁ’ﬁi%ﬁﬁ&l%ﬁ SEORN Bt st ROSS. 204 HRlopBeNiREEY of thS L ONS
100 so that the adjacent cushions do not contact each other under normnal
condi ti ons ( bleek,52iincludes aplueality obparallehspakedapart 3ctuatorsarms| 3@ (FYAR)1 Tthei s

preferably mai ntaj ned between a top cushigon 108 and a top.cover 110 (FI G
4) of the di $ep #q baftogpactyatopamms itkeach ariach sinaleusmnsion iz der halging a 10 and

a base p!l ate sﬁ&é}' ﬁfa tf”eﬁg% gﬁd i@%ong Qﬁf&%gsg'gﬁd @N &"i’ﬁcik Fb%gféf@???s’é? 2300 and

thus theiT coOrréspording sliders 0 nove a sha vertic nce’

rel ative to higletngiotahore dfteriedift aftuaoe adis I&ttath 3o Separate suspdndonsSI2 Thi s
freedom of novenent allows adjacent sliders 26 to nove I ndependently as

necessary t o t¢ 8ie hottonnsurfasa66@0f onedisc 2aand the topsurfres J8nfangther dise 22.

di di f . Ho v el N 06 i fdaCl |1
o subotant | - pFheday theaire i 1 P g T E Ll il s
a shock eventsg faGHoedRent 86 HeS1ia0I 28°0VERhE skrfRted 58hnd b of tHE discsd 22. t he

preferred enmbodi nent shown in FIG 4, although the gap 106 nay be adj usted
for optii2@l pdtioughsaveraldmbpdimentsof therppeset imventidif are praferablyedeseritfedr

di fferent spacing hetween adjacent discs.22. 2Q_ln.essence, ch disc 22
W11t ypi cat BRI BRGR TSoRAtt b e aige Sopkmato a9 i REPRee AR e piesnt o
drive 20. 1t 4 r ; | ‘ﬁ"%@l QtilB¥EirAdisEr t ai n
freedom of nﬁbg?r&éﬁg ﬁ#?ﬁg&@ﬁlﬁ %g{&glérﬁgg% ?g%ci%dgéif% own%hel con!ttgdulrs and
the notion ofdrives, stich@s alink&cRtuatdr (hétshgon). IPartikeinoes whildjtiree discs 22 hndns
100 did not exist (i.e., if a single cushion was attached to both adjacent
suspensi ons 33 suspemsions 32 argshewn gn Ky 2 itis upderstopd ithas therpresentiyeRPn n t he
vertical ,directi % anej. aqfi tigna ,.varigble.forces would be applied to each
of the sl4°der®d _Pﬁ" D RNV AY Y §°§$‘\§§Se friction between (and thus
damage to) the sligge @ RAR Mh%n%pﬁs]g@&ﬁxeﬁ{l sh&t® hdVing admidilahickfiess WF t hout

the air gap 106, the relatively sti cushions 100 (which are necessary to

limit and danygmproxiedandly 2<0-2.5IthousendtbsieDareinab (‘tmils”) s Hbe Kisst onpraximalendiZ8 30

fficientl liant to_all i rpeded mption (i e.. th 1, .fast
osci | at1 ond) SOReions s oot FREABTRNARS 4o whchis s Bad P 0T vo

00130078 e of the actuator arm 30 of the E-block 52 (FIG. 2). A base plate 88 (FIG. 2)

30  secures the load beam 34 to the actuator arm 30 to ensure that the relatively stiff load

2

beam 34 moves together with the actuator 28. An opening 90 formed adjacent the

proximal end 38 of the load beam 34 defines two relatively narrow spring elements



~ 3 A PR 203 PCT/US99/ 27320 - 10 Thus, the cushions 100 are prefer y
separated fromone another, and fromthe top cover 110 and the bas?ogl éPeR 2003
114, so as (& fleohdterfere with the normal operation of the gepesshdng 20.

It is only when the disc drive experienceg.a shock condition that the

cushions 100 ' I 5 di scs

22. Such shoc%qg(a)tﬁl ?’f?gﬁgﬁggﬁm@é@?’%&h‘??ﬁg %%g%%?%ﬁ;g%@ﬁg?% ttsor(:}ﬁ?tlri ve 20
(such as whenemaimler ofthe idadbeamcdinpitieaelavibely dlekibde shringesldnsentp®? and thg) , but

more typically occur during manufacture, shipping or installation of the

drive 20 wit FP§niREA s eamprise the bendiregiqnd0 of the tigpensions 21 8ud therpertiom

simlarly to r 41, t i d slap”. phengnenon.and prqtect the

di sc surfacesoﬁg%ﬁ)]%ggé%lgij’#gg x?%%%@tcgsil&h @8%‘ﬁ? ﬁgndsﬁ%gi?gr@q%?feﬁ &.pr %%hd 5
illTustrate thgrgerishierdiRer oper ati on of the cushions 100. In these FIGS. 4

and 5 the discs 22 can be considered either to be at rest with the sliders

26 in contact wi thThehlead beam Sdaisadeduds vertitabailo 96 eatehdinp alistaiiy fromtthe di scs

22 can be considered to be spinning so that the sliders 26 are "flying" a
very snal | dibendiegionfd alongdhe sideedges of therlpadtbeam 34 g enhancecthe stiffpess of

cushi ons 100 .ar Sitli tact..an adjacent cushion..l or. top

cover 110 or tﬁggoea%%egrﬁmeﬁﬁiyé ??{ﬁ? ﬂéﬁrgété?ﬂ' ﬁhéa‘?ér?‘f?i st %’Bn%Fan%égrmlnate
experiences oy %ﬁ@&hgﬁm afl the Qistdl efd 87 bF theIbdOBAnt 4, @ad 2 dirfpleor €ttihed 98st°f

the load beam 34. In this manner, the cushions 100 act first to limt the

mot i on ofl0t hgnbostehwing aspréferably fabrichted on thoumizrsideaofithe kemgat #8 dor dplying .
contact with the disc_ surface 58@@0 or 6Q.. That is, due to the flexible * ™.}
connecti on ofthe peelead forge fromithe band regjgm 48 dirgethutothe sideg 26i nbal 36, the

slider 26 may renaipn, i. i e di f u he, | oad
beam 34 is verti g:’?' F@él&@g?g%g%nﬁ@ésﬁgﬁ r(flmstl?gl ?g{nar\?\ig@_ ﬁégtma{vﬂgg aglngsrém%l _
surface. Fbwemwmssfoftabsro&ﬁﬁaelquf.s HiR, Theedativelpttin Aek@abkams a4 g aliew | ft
the slider 26 off the disc surface, the cushions 100 serve to limt the

vertical di sphashderb tof“girhkal’sabane thextimple (antishomay) b follomthe pitchingaod ce of
the return i ct betwee he. sl.jder, 26, a t he_ di surface.,.|n addition
e o iy TRD e moterat the dis? 025 edibad tbavae Ibeideabtdpndte
preferabl v seffied f (032t URELSHEISAN 12/0BY (aRE 2 HiBMtkr S ARImd Ve FETHC End

vi brations between the slider 26 and the disc surface. Thus, the cushions
100 pr ef er abl thaetheildrd: beath hamkthee ggmbal 3peepresent dnlypme pesferredembadicheheafn 34

fromrattling between the disc surface and an adj ac%gt cushion_1Q0 (or top
cover 110 or ¥ESHSRSNEOR 324 XPr pxAMp)G; thesuspension 32 may be fprmed as singlgir —nn~ wo

cushi ons 100 TR bRR9 SnoCHERRT Ry Bhlra b AnANRAY QSR TRRIGA 4 T,
pref erre@eenbgighsaens. of the cushion 100 shown in FIGS. 3-7, this danmpening

characteristic is Er ovi ded by form ng the cushion 100 froma viscoelastic S
foam material . SucKl@S\3-ddlesteate one prefarred embpdimenbof spantigshesk ushien 169 ci ent -

t hi ck i bed i t i | bel ow, |i.ght

conpr ess: on- of EREresgS iy Ao iE i dvemis ot 1hdofe 8 Slheateeafllabe, v
during a shockusy&ioMIPr&leftBl Athshédid aliBp sinTRRC02 FiheldhdB&iHh 3 Wehiden 100,
bot h cushions may undergo a sl’ight conpression or deformation to absorb the

ener gy of t hetlehapplosifg rails 94 drel aljaveht the disted eng 42 of thiedeadlaptpmxinataver t ed
into the work required to E%lcf?}rrgress t he foan%ﬁushi ons, 100). . A simlar,
S

danpeni ng2ef f the sigthal 36 angd degj 26y | (ePrVERNFSh MEARTSUSH 25 2% ahesTveRatery
(%t fd%%f?l’r@l'&h&%e&r%éﬁ%' d

cushi on 108 ag&ﬁ@%#ﬁ%@gﬁéﬂ%ﬁ hitn 1%3&5"?&?&0@@&@ 02 bf thre’load be

t he base pl at the danpenfng C

vi scous porti @it aQlontabEsubfack i1 64 efiheusion Pe0exteids Spreti@emingddisante dthwe t he
cushion 100 exhibit an elastic quality as signified by the schematic

springs 122 s tiwopisarfated 0250f tit tpad|beamidd. Thewprecisss shapeand pasitimsofthe i s
necessary to ensure at cushi, ons O retain their s .and functionalit
over theyl i feCHF#‘PHéE)&PEéh% P@Bﬁ%%gm@&f@‘ﬁé@ *?"q @%ﬁ%ﬂﬂ?@%?#%?éfml{zﬁ; Y
cushi ons o " | me . . e R4/ i i

o oterred o (EEuRbnmfropbAict BECHORPRIBR, ARG e TIRIFA00 kdF be,

t hey are prepatchddrodhsgintbal 36 otihae he €vrimedintgratlyonith ocprnof the t he
elastic nature of the viscoelastic cushions 100 allows the cushions, 100 to

be initially cospmsioackd, ppdessrbediin greatendataihbelow. Fughermose. the pashiqmy; sc
drive 20, as shown in FIG 6. For exanple, the | oad beans 34 of a pair of

25 adj acent suspensions 32 that nust be inserted between two discs 22 can

be pressed together so as to conpress the cushions 100. The conpressible or
"viscous" nature of the cushions allows the cushions 100 to remain

conpressed whi.l e. the.opposing suspensions .32 and their.attached. sliders 26 .- .
are i.nserted- between the di scs 22 as shown in FI'G 6.- Furthernore,. the: - -

o .= ey Y b1 - A NN 1 o M ”~ o - A NN 2 o B v




5 external shocks to the disc drive. However, the mcrocellular f203

slowy conpressed (on the order of a second) to allow for initial placenen
of the suspirsioingrs32 and the attached cushions 100 between tper@ksgHs
during manufacture of the drive 20, as descri bed above. Wile one skilled
in the art mi%g%é dibeHefoR u¥SHwitR b Waf by D diffore Rt RSFdrsitheh2f 98M. 10smat eri al s,
it is preferred to utilize a foamthat exhibits relatively low |l evel s of
out gassi ng siundersmot glas slealinyemtpuuis diot hmyjted ¢x thepagticalapcusiien #0&ands ur f aces
and ultimately i nt.erfsrﬁ wth_o grati on of the disc drive 20. Additionally,
the di mensi oSYSRENSIORA2ZHS %’Rlﬁ‘rglg iffer fromthat shown in FIGS. 3 and 7,
provi ded that ther SEEY f I e vertical
di mensi on of the b%gﬁﬁ%tgcigl%{r g%‘f%@’%{m%%%cgg‘gﬁtes‘ia%rgr‘g%’%lﬂﬁg‘g%%gs el astic
charact er §st ishswheh PREA. dihkfcasidohs Dosdre ?Pﬁeﬂaﬁ@- siZedto GeeveRl g@r) 105 @e@ichi cal

di rensi on of the cushion 100 shown in FIG 7 is approximately 20 mls {or
about 0.5 ni Ith¢ pentact siirfades i@d of adjeeant sishionsdl G0rsottha the adjasept cushidnz eo

di ff t di i f h hi 100,0 tili f terial
0 erent O el She Ll eSS 00, Ty, Wl g g eamamier el
L5 20 000 1R, hiabll Bl S S oA Rl v Dy B 0G0 e 1

8-2 il ustratigp cerl100 (PET. 4)0f ey digddeverzn]iafveliss dbtvidea alboRsfushionebi on
utilizing alternative anti shock cushions 130 and |35, respectively. The

.. cushi ons 1030 andc: b6 plate H4GH. thg disc dnivre.3The gap 1 0Gwallasxsthp icushions fsmddhes t hat

" may be used ip place of .the.cushion 100 25 shown in, FIGS. 3:7 and are

b ot or abl y 1 APHBAORFBARLNE Rlers Ab Fmose asrd Vrateal fisianpetalaivgo e

pol yet hyl ene) Gy Lo Sl I t may
concei ve of aotnﬁ"ﬁatl \/Zgﬂ?gt)%gé%{rﬁ@t é:%%f}gget?%%ﬁ@%ﬁ?eﬂ%ﬁg‘ﬁ&o}g@eﬁ{
Speci fi cal | y,allows adjeBitahidé3QR6i to nidve. indepbnientlsi dshirtessacy ol fislibvwotherdhtbrigs t 0
forma sack or a "bubble" with a hollowinterior. The plastic material that
forms the 30 andsveriesl undplations of theiy epseesponding dise swrfase. aYgr, dhesgapt 406t hat

t hion wi |l | l.ast i f ' | t of
Shook ovant, hgatfentlsmaltia ShESaR TSN SorhEl MR ofibe BuireRinte "1 o3
of the cushi o dOtolashakk evéndi EadtPedp 106 ik Bfproximaely efevén ! B fil2iGe VO
001 30078 PCT/ US99127320 -13hollow rnterior of the cushion 130. The air port

132 al so net epreferted emhofliment shown in Fi@ M, altboughdhe gap 13 map &n adjusted dehi on i s
conpressed. In this nner, the air port .132.and the hallow.interior of the
cushi on 130 a%Rt"P?ME@"BWeWm wa;nsgqnts 33?%@&35‘31@%‘?" HPBS@%ﬁﬁféﬁpa&W i npact
experienced hPBisds3%». 5 10 The cushion 135 in FIG 8-2 preferably
t akes the fo%tg@g%%?%aﬁaw ng walls 136 on four sides and two open ends
138 | eadi2®gy to a hid éssenceneazhidisc. 22Tl typichHy Vifiath av evobblefasat spims duripigdi ty to
wi t hstand the types of naon-operational shocks described al%gve Qv)vith m ni mal
defl ection. HeRMdEen ofithe diss drive Bls ks theselors prefesatie forithe,slidses 2¢tohave a
conpressed in I I i : tt R i “%1". wal | s
136 contacti naea}‘(t)aﬁ]rg ﬂgﬁ‘gﬁ]gf il gﬁgﬁhﬁéﬁlgéevﬁ%al‘%%gt%ﬁ”@ ‘ggéé‘ﬁ’g?‘%% S g\?\gﬁﬂhﬁ FI G
6. The cushi onptibR®f i surfuce. Hthé g hi6/bdtvesieadjiéent cbhionis00did sotni | ar
to 15 that of the microcellular foam cushion 100. One potential advantage
of the pl asti exisu@lei,dfmsingle cushion 98s attanhed tebotbadjacentisuspensions 32, thees to
out gassi and.the_fact that plasti¢ materjal.s such.as ,polyethyl .
Cyproal | yoio Riters s geuld Bocnbiraged frommoragia i e ARsan it Sftpnal,
further advan { QUbPRA B alh blcRIIBSSN St iR By N 20
FIGS. 3-8 is ? a?olﬁgorg%a&r)\%@g}%n Pﬁg desi gn {;@et Lle susgensi on 32 or thgy
slider 26 is ceasefrictior betevedn @ind thizadaninge ko)aths slidkri2g andnkd surface bf thieadisc
cushions 100, 130 or 13 5 . However, additional work is regﬁi red to first
form and t hen 23t {Fhehist withoutdhe aingan 406, tharslasivelysiiff gushions 100 Wbichiash 32 of
the disc drive. Thus, EIG 9 illustrate further [ t:he
present i nventFEHSHE? Eméha’ﬁil 4@9?&?6@“@&2?58 H°T£8°’?‘§Q'?a§ rsrre%ts? ﬁ’%"é‘& Rt Ibf'/
with the Sgad shEfRmif: coniplaRCWhlloW i d tBfloh BN thelSthaldf fadttRcifbgAR)Si ON
32 and the sl isder 266’ics 5 30 substanltglpglly as sgown in FIG 3, and&fwﬁus

| i ke portions dfahesiieed6 dddng dbpérationefi the tise dsive20r ef er ence nunbers.

However, in place of the cushion 100 near the distal end 42 of the |oad
beam 34, a three-sided opening 142 is preferably formed in the | oad beam 34
portion and a portion of the |oad beamis bent upward (such as through a
stanping process) to formthe cushion 140. Specifically, the cushion 140

i ncl udes a base segnent 146 that remains attached to the | oad beam 34 al ong
the cl osed end of the three-sided opening 142. A vertical segnent 148 rises
above the top surface 102 of the |oad beamto. approximate the vertical .
" di mension o6f the cushions 100 and 130 .. WD-00}:30078 G



2 3 AP R 2003 PCT/US99/ 27320 - 14 (e.8., approximately 20 m| s)giyh (,P
vertical segnent 148 termnates in a contact surface 150 having ag r8d2003
end 152 thawa @/seqser ed downward toward the | oad beam 34. TheP@FUIVET320
surface 150 and tapered end 152 present -d9snpooth surface for contacting an
adj acent contact sinfsathe ciSiions 1 (raradiedarably sepsited frofiiéhe( aotler.tand fraver 5
110 or a base plate 114 of the drive i t hout danger_. of ¢ two cushi ons

140 becom ng U@k bt a@tgﬁgﬁﬁcs}éﬁ‘% (m% SQ1&7 |9 Bet ‘PerFWeW%Iﬁ"e&?&F’ﬁl formthe

i ntegral cushi ; [ Srifh of: egﬁggij : pon 140
may be for rregbg%n%g?)tf k%f&tgﬂeng%jlq'%%gnngﬁ ra??é eg(g‘c.’c ety g&‘%’@éf%ﬁ%e
cushi on 140 rejdifien figdtMRelcwahions e 00 ango protéct ek Rigilebarfacyd 3%fanded dfapgl beam
34 or may be forned fromthe ginbal 36 to position the cushion 140 nore

closely td t ldiscs2R2d&uckehodkponfisionsean occheduringrepesition of handige drivef 20 med as
an integral 30% itself rat heiiS than from lgl.he conpi nati on, of ,a separate | oad
beam 34 and §HUFHAS VSN auser SIKes §,E0MBeR whilg thedrive isopegati Ut FOE§r al

cushion |40 : : ae . it j,: 2. 15
hodescri bed gD SR Bffe niRGL AR Mol & M BliGE bR HRED0 TR &
sheet havi ng camprerndh eithér@sss dfe cukhiofP1 G funBliet Yimdlafly 2o Fediité 6r oMihingtet he
ginbal 36 typically has a thickness of |less than one m|. Thus, regardl ess

of whet her t lke {headgtap” phesomeneniand pretedtdherdige surfaces from dembgingimmdtsor t he

gi nbal 3? t he C‘fﬁghﬁ” \g_%ll have el astic properties simlar to that of a

metal spifng Wil e SHAeO% ushi on '140 20 will return to its nom nal positi on-.,

(and t hus naint ai f i : n RN

Furt hernore) the 515*}?3%?4%‘11@%%@2&%%)@3ggéd%d:%ge E‘g%ﬁ#?‘asgpgr tén g}es% he

drive (as dediGSbddndrs the Gisc6)2 san bocumsideredeitheoibeas fdsowithahes!idery@a i n

the elastic range of the nmetal spring. Wiile the integral cushion 140 wll

|t |h kel %/hha\z/g ?commbwnbﬁw téécé\ﬂff%ﬁﬁﬁ'égﬁnfliég or, .a&fer,naavqig\étbfr fi?e-ﬁ%%mnhf c?nst am] )t
an the Qam,or stic cushi : o, w 1L IS er st og a

the chot ce_oroaateAte BF spipieRtofing sz baf ieE avep) SpAlEFRBST |

is desirgg tQRhO¥iseSudacd 96 eflhdr\elsd] @i @KoYl Odard poSTHBHePR! doRfaRt &S

A I AU O AL

cushi on jawent¢ushioan r (23 a incthe ac

surface 150. 30 Idzt shoul d be Lurttﬂer. en@hasi zed that theﬂpresent ‘iég%enti on

is not |imitHeFOFRPEHRReEs @spask tatisSpiiciently SiraRe URHSHN BYCUIIRA e o ¢ he

Shoun i Fl G 0 BHELIA] In s lnfer GBI KD bR B o gBaaREeT

00/ 30078 PCT/ lUﬁb Béatd 330n an kfottwo nintatanke slideh D6 irsconddt mith the dizo surfacerfisd

closer to the first end 38 of the | oad beam 34, The two cushions 100 are
equal | y 30f sedr 60: ohhas i% due &9 theflexible conpsetiogy ofithe slides 46 s Hie laad baam 34via

manner, the cyshiang 00 SGKF4 Mad3RER i Bloel MEE bl QAL Bh RN EROT

the | oad beam orstonat "osci| i ons out the centerli

154. Such t or the 98l beAnt B4 vidraditly Gidhlard & Smal i didtrbeaday ffm tHealisd dudRite.26
wth respect to the disc surface and can even cause danage to the disc

surf ace when Hhweser, ifshe forpeof the sheckds sufficiently stromg ilift theslider 20ofithy e.
Furthernore, |t is_possible.to one r.el.at.ivel r cushi 1 rat her
than two smal #5¢ S‘é‘ig&?f @W@f’é‘@nﬁgﬁfﬁf&wﬁlﬁnﬁ‘& V"’ﬁ‘?ak aﬁaﬁc?@?nq\ﬁg;{heesqﬁf” ﬁély be
preferable to i i | : i

suspensi o%s 3ﬁ@%ﬁ%?%&qﬂégﬁﬁénéf¥%§ %‘?& lvm%t% ﬁ: Br%&?%eéqg? glgdeg%g\?g@gbéggc shown
in FIG 4, thsurfgcesent invention enconpasses the use of a single cushion

100 attached to only one of the two opposin sug{gensi ons 32 positiaoned
bet ween two adj aceht addigien telimiting ihe mqslonw@%% beamm 34 the gishionsg0Balspy . o

si ngle cushion 100,is attached onl ne .of .t h DRA i . and
extends towar 8" ‘Ff@bfé'psﬁ&ﬁ Wgabgﬂg:s@%gx}%% %M‘f flbocgtei%?'}twgaw %B’%gﬁ‘g?i% bet ween
the cushion 1@0aRd thd'8idP BB theSHSPRABEO TR, tHelcudhibhs POGHreReaty eiEbit t 0
those skilled in the art that positioning the cushion 100 closer to the

slider 2630 | damppningprypestiestiogeevient the ieadl leamvaxt fromahttiéngbetweenthe disct he
slider before the cushion_contac{s opposi ng cushi on or, a i.on.of the
case 20 (suchSudageandianadiagentcup ’(9“3:606&5‘@}99‘2?’«31 @P& ?S"I-Rl@\%\}grgﬂ"t"ﬁ@“‘é&?ra
mass of the cushion 100 becones a nore significant design factor as the
cushi on approaches the slider 26 since the mass of the distal end of the

| oad beam 34 (including the mass of the slider 26) determines the lifting
force applied to the slider during a shock event. Thus, it is preferred to
choose a relatively lowdensity material for the cushion 100 25 so that the
mass of the cushion 100 will not overwhel mthe mass of the suspension 32.

_ For exanple, in the enbodi ment shown .in.FI G -3, the . mass-of-the- . . R
"-microcel lular foam cushion. 100 is preferably approximtely 1/10'"-fhe- mass:

Y b1 N ~ o v o o, o, T T




30:-cushion will vary with the size and mass of the suspensi on/ 3y wdqr,
conbi nati on. While a nunber of exenplary cushions have been de?cai &Po‘% ?ﬂﬂﬂ

t he above d@igdgdRersdescription, the present invention enconmpagSHEs99/27320
alternative types of cushions as well -213~ APR 2003 WO 00/ 30078

PCT/ US99/ 27323focklévent Bhit BampériNg comp@icnBbBthbRusHibfs FShsien For exanpl e,
a rubber or other elastoneric material could be used in place of the
speci fi ¢ foaschamatisaly by thedasbpatal 20 ddl€r.iShed above. The only requirenent

is that the cushiqn act to hoth Limt e nove f the_.suspension 32 and
danmpen any vi brat 3?‘9&‘?15"[5%%?? FB}%OSW‘% °§n§rf6‘ék'°g§5htsﬁ°‘sn P%F&%’%e?’ﬁ“st he
referred e i . . . i : .di h1,:. S
i rect e 1 o ARdipehihe RARFRHAIYs BroVidka Uy i he Rhich P61 5% ELEIAIL® 56,
to an actfat goaramatéisalciSueisa 3B3kocdstia fodra cushiby €00 WoRldhavp aRafRfertSUCh as

34) includes a body havi n% a proximal end (such as 38) for attaching the
suspensi on t dhickeesscasidgsastoed imgreater detdil below, ¢oall¢wacshightsonressiom aftthachi ng

the slider (such a 6). A 10 cushi on (su as 100, ,13 0, ,135 or 140)

xt ends  ver { ESRIPD 190 Ghieshunse 18 SrheRawety Ton Aramplesd Sineatatook st whete.,
104, 110, 11 I h f i ' u I ertical
excur si ons a;bc?g g#pag%]mn%??%dgt% eatdﬂ%&gtuég%lé%gilgg’ ?@l}}%ﬁs}ﬁgﬂsﬁ?y %%%%Xa shock
event. | n anclight commtsdoncst defdrmmtior i atsbry the epe@yTthd sheeltiiedthe sk
surface 15 contacted by the cushion is part of an adjacent cushion (such as
100, 1341013=znergyliadissipated parenyeried inte the yorkrreguized tacompesss thafopmnsi on
(such as 32). The t adj acent ,cushi.ons..are spaced apart from ong anot her
by a predeterCH'Flﬂgas n%t §L§§ ?ﬁdﬁge“_é% %céof)‘f‘ﬁﬁwé_ “%?/8‘??_{‘“%“6‘? % one
preferred emes@ithe 1d Hibﬁ%k%ﬁdﬂl#%ﬁttﬂg%%ralrl@%r'bfétv?&ﬁrt&’%d'fﬁahﬁ&}’shio mls.

20 I n another preferred enbodi nent o e present invention, the surface
cont act ed by klRendubdbase plsathd.as 100, 130, 135 or 140) is either a top

cover (such as . 110), or a base plate {such as 114)_ of the _disc drive (such

as 20). In anot herIndditionte g Ahagcterises (o yisaous nopdon)iofithe t he body

f th i : ' - | h 34
and o gi foal eossBERAE 3 dorbhisel e the HRRIGR 18R OE Gl
proxi mal end dssigtifiedbpthe stismaictspeRgN R SRwORGTI0R 3MThe elabic Afhreadfhe ar M
(such as 30). The ginbal (such as 36) is attached to a distal end (such as

42) of the | cashigasdDQ isnesessary3a pnsuse that eushinns00retainttbeis shaperandsuch as
26). The cushion.(such as .l 0,4.135. 0or extends .vertical ly, from
ei % her the | ?&E}c‘b‘é&ﬁ%’( %%5 ﬁheggtbgigleocpfct%éve&(%ﬁg?ewae,Hggémgg : t%atf{he anot her
preferred e”@ﬁhf&@ﬁO@f‘sﬁﬁﬁ@” Ba&S® Rheit AdRiHal Qghgegﬁkﬁi ﬁnﬂﬁxmi&ﬂ)e(p?b'féﬁeés 140) is

formed integrally with the suspension (such 2) as a vertical protrusion

ext endi n@o0f r cspacimg waithin the gapd@6pfadlomingia Bhack ey4nt sorttiatithey aye pheparedstoch as
36). 23 AP E{ZOOS VWO 00#30%78 PCTNS99/ 27320 - 171 n another preferred
enbodi ment  of CYSHIONH B0SGAUENLSHALK SYFAL ( he cushi on (such as 100) is formed

froma viscoel asti f Bk | of the
present invention, Q%{]ogﬁ%gﬁiﬁﬁl??ﬁ%@g@ﬂgggﬁé?lﬁit%ﬁﬁ@?ﬂ g(?ﬂr)r@gj ro%q a
pl astic mat er tydhions 100 taibeinitdallyonipréssedifor moseinbly betwden tHeadisgse2oemithin the

invention, the cushion (such as_130) conprises a hollow body having an air
port (such asdisgdyive 39, as;shewn imBlGii6: kenexampleothsrieadbeamsai afisepainethi on. I n

135) oo scdigcert SRpenioag o Be FR e bERL 8 disk TR SRS Setel g
two 10 open epfidthed 56 8 RTompRass M1dRioAP$00. ThEEbBpressible or “viscous” nature

of the cushions allows the cushions 100 to remain compressed while the opposing

suspensions 32 and their attached sliders 26 are inserted between the discs 22 as
shown in FIG. 6. Furthermore, the elastic nature of the cushions 100 allows the

30  cushions 100 to return to their normal shape once the load arms 34 have been
released and the preload force urges the sliders 26 to their normal position in contact

with the disc surface.



I n- anot her preferred enbodi nent of the present invention, the cus? anAPg%
as 140) is forned integrally with the suspension (such as 32) as efvi 03
protrusi on wsuampoers 148 and 150) extending fromthe body. |n BCHUSEr27320
preferred enbodi nent of the present inverdRi-on, the suspension 15 (such as

32) defines a | ongileudicoalasieatshions 160 §baveinirBlGS>4)7 aepréferablydfasmad second
cushion (such as 100, 130, 135 or 140) extendi n‘% vertically fromthe body.
The two cushifems agieroseldlas feamamaipripletTheanicrageiwan faaspreferably sxhibits thee

(such a5 42) FR%e-clBe RbFdiesaad b a0l SE Diaeii: R baBotsSb%s,, *1a0)
i's adapted t Qof M G8ér GF azrgllﬁéhrcfngtg% ()?dé?'fb ﬁﬁut?’s%méa@)éxcu}swms andddipeh°0)

within the di'sc drive (such as limt vertical excursions and danpen
t or si onal SOSCEP(tdmﬁllsbmS(S(llb thdthscsdmpberﬁome(,ahehxmce%m)ardumrcgnheslmdy event .
A further exenplary preferred epbodi nent of the present invention includes
a disc drive CQM‘P%‘FC{/)(O(“S@EH“’&SOQ@}CCHH@) epllgw @éagmalmemegbomech as 22)

nount ed on a 5 hub ahou axi s (such as
255 he di ocORRgENnS 32584 T diindadostiBhE1 00 PR the ugP 2D B

recordi ng datgandngureF ikl &eved?0, ¥Ed@RABEPABOVESUCh as 20) further including
an actuator (such as 28) for noving an actuator arm (such as 30) above the

surface (such as 5®&hie oﬁé)};klhéd iMedrtsma}(mlm aaarie®)of sicls magrendiuar fpamch as
32) connects a sl.ider, to . the actuator arm (such as 30 30) to

mai nt ai n1Phe Batedals 1 ( c&§3 ; 5‘“%49&@8%‘?‘5%4"%@%!@%\{?'%9% Iqvels ofi sc

For' Fecat no. Rl Sns® Buaatld Phpdgias RN Redpl of RIS Bl ge e
suspensi on ( Syfthately ﬁxi’érfere %ith opefAtibn 30tz A6 @3 TR dREIRRIRYk1er 320

-18i ncl udes a body having a proxinmal end (such as 38) attached to the
act uat or ar m dimeokiomsof3by b tmyml&'cafromrthat(smwh imE1GS.)3 and Aghreddedthahe

ertical ly 1 rBREHEA SUEGURLPORbMR <ALt 12f8one Heresial dfonaice of bk HosE o104
150 h
2 32,1 ?aci%@‘d?fﬁ‘d‘:?ﬂ@ﬁ?‘% R AL s ke

contact surf anshionsit00.aEBorlékample, Heyerti¢al dimemsitmhofahe (uwhidn K30 $hobM,in130, 135
or 140) contacting the eng aglgr%nt surface (such as 32, 104, 110, 114 or
gly;

150) to i m tFl&&rkis approximgal ARilsee ah@#%mmeéﬁﬁs)ofﬂ‘f‘ﬁ%veﬁ&‘}ﬁéhﬂleénn(such
s 32) when e off 58 SEIACHIBHANRRad0)s HOHR GRERRA 00N UADE » (!

anot her pr ef err resent i nven gagenent

surface conprinafgiaPh£i@my differdit kized @el(ss JeR underbddd (ﬁliat Hrpresdnt @’Weﬁﬁbt@&e nt
cushion (such as 100, 130, 135 or 140) extending vertically from an

adj acent 26uspeeidinited byuthe prefesed embediment ofthe gnshies Hishovoiai FIGS: 3¢ t he
present invention, the f0 nt .15 surfa ri e
present | vent 100, oS ROSRRSHE Nk DB 3 88 £ s,
| nvention, thgysRGREE PRI EhEYImERTBY tiRGRelhl xmeémﬁmtamzﬁ@/ﬂfen(ameanas
110) or a base plate (such as 114) of the disc drive (such 20) .
shock cushions 130 and 135, respectively. The cushions 130 and 135 in FIGS. 8-1
and 8-2 are two examples of cushions that may be used in place of the cushion 100
25  shown in FIGS. 3-7 and are preferably formed from a thin walled plastic material
(such as polyethylene). Of course, it is understood that one skilled in the art may
conceive of alternative forms for the plastic cushions 130 and 135.
Specifically, the cushion 130 in FIG. 8-1 is either extruded or molded to
form a sack or a “bubble” with a hollow interior. The plastic material that forms the
30 cushion 130 thus provides the elastic or spring quality that ensures the cushion will

undergo only elastic deformation as a result of a shock event. An air port 132 is

preferably formed in at least one side 134 of the cushion 130 to allow air to fill the



I n. another preferred enbodi mrent of the present invention, the c '
20 as 100) is fornmed froma viscoelastic foamnmaterial. |In anot ;zp Wpﬁ?ﬁba

preferred nt of the present invention t he cushion ( 30 or
135) is for‘%ggoq rom a plastic material. anot her pref erredﬁ’gﬁ@ég?ﬁéﬁ?

t he present vent egral.ly W|th
t he suspen5|h(5’ (’VSIH §§¥gf)cu5§l°8q§8r f‘?"ﬁél%{%@@%ﬁe%ﬁn&% ogxgo 198" and
150) ext endifigm kkOfshiva merﬁhwﬁém@rr 13%?}{]93&5%5&' B & q'gnérﬁﬂr QHPB%HRM of
the present invention includes a disc drive (such as av

suspensi on (1SQcndabe Boljowrinteriarn ofithe cashgin Hract tikke camreaﬁ)mﬂlahsdhaﬂt ially

engaged with a surface (such as 58 or 60) of a disc (such as 22) and neans
for IimtingbseAoey ar@?@é&“¥|‘@ﬁ§°tﬁﬂeﬁﬁce@§m¢%§1%dt Oon of the 30

suspensi @n (such u nder,goes a shock
event . ? will eﬁiel ear'\‘\(ﬂlg'é{3 bﬁgc‘ ??&éﬁ'ﬁ“"?"ﬁ%&i‘? B}‘?af?’g" Preqedpted to
attain the apslss FIEorRfbGR Bidedad ﬂﬂﬁé;be%%ﬁs 238 Y&Hing% atﬂfb%ﬁr xh{E%F e therein.
While a presently w W 44130478 pCTI US99127324 . preferre

enbodi ment heallsbiérhave suffidien rigiditytorwitdsemdahe types oﬂnmﬁbpmaﬂcmal sheeks ous

changes may be made which w ||l read] Ie( suagest t hensel ves to those skilled
in the art dfacrprdaboxe Mdumipa ion.t Hawepery the apen ends 139allew the

LA e 1 s g 135 BEE shlotdEeRRACOASEuEloR] Minner (60, W RO FBirs S nect i ng
. a slider|ot 0 aceai wallP136EdHtaIng otk Afotder )Y@enﬁﬂﬁe%%l?%{)&%ﬂm Sdwag: 5 a

- body having a proximal end for attaching the suspension to the actuator arm
and a di st alindi. @dapted for attachnment to the slider; and a cushion

urf ace i thin ¢ nndipubiansiial apg 155 arebroreute drmdchi ) BHSSIARE IR
FIEI L Nl it e
cushi on ext efighidgs 180 ahd aB5 yvérrthefoam cushion 100 relates to outgassing and the fact
15 that plastic materials such as polyethylene typically do not outgas compounds in the
manner of foam materials.
A further advantage of both embodiments of the present invention shown in
FIGS. 3-8 is that no change in the design of the suspension 32 or the slider 26 is
required to achieve the shock absorbing benefits of the cushions 100, 130 or 135.
20 However, additional work is required to first form and then attach the cushions 100,
130 or 135 to each suspension 32 of the disc drive. Thus, FIG. 9 illustrates a further
embodiment of the present invention where an alternative cushion 140 is formed
integrally with the load beam 34.
As shown in FIG. 9, the remainder of the suspension 32 and the slider 26 is
25  substantially as shown in FIG. 3. and thus like portions have been identified with the
same reference numbers. However, in place of the cushion 100 near the distal end
42 of the load beam 34, a three-sided opening 142 is preferably formed in the load
beam 34 portion and a portion of the load beam is bent upward (such as through a
stamping process) to form the cushion 140. Specifically, the cushion 140 includes a
30 base segment 146 that remains attached to the load beam 34 along the closed end of
the three-sided opening 142. A vertical segment 148 rises above the top surface 102

of the load beam to approximate the vertical dimension of the cushions 100 and 130



an- adj-acent suspension; and the cushion is spaced apart fromth dj
cushion by a 15 predeterm ned distance in the absence of a shoc% QVAW%OB

A suspensi QRod3s6ki ned in claim2 wherein the predeterm ned pdtAisdnefah S
approximately 11 mls. 20 4. A suspensiongas defined in claiml1, whereln:

Lhe surface ¢OPPhYRERineElyY0 fild)ONHE WRIcaPlldnRnl PeRhiRhRs A a bhifladl SC

drive; and the cushion 1s spaced apart fromthe one op cover and

t he base pl aserfine 150dravtieg £rapemed dndll $2 dhacis taperédhéoverbgad cevartd the Badck event.
25 5. A suspensign as defined in claim4 wherein the predeterm ned distance
i s approxi mabesy 341 The contagt susfage 4 poanrd Bperad ead f Shprgsens a smeoth surfane fasi n: 30

he body f h | I b d lLabal , th b havi
or oxi . enacPaP e SADRGE RO A RER0 Lo e A cul LTS 2R bR "o

00/ 30078 @ 3 / : ' i stal d
of the to%d ggg’% gt% ﬁs} gﬁgﬁﬁéﬁgﬁ)ﬁ%ogﬁﬁgﬁﬂéﬁ?é ???%gmgsﬁéglrs gndetn he

cushi on ext ebdsomimgtintedbtked r om one of the | oad beamand the ginbal. S 7. A
suspension as defined in claim6 wherein the cushion is fornmed integrally
with the suspensi & «irss, oug shilled inghe,ant gayld forax therintearg! eushinroltd ismanye | oad

beam and t he i I 0 8. p ) ef ] In.clai wherein the
cushion is f(g?flﬁ%r}g&f"ya m ﬁ\fieg%l(ﬁ)él a@??@ﬁ%’gm(ﬁ‘&%g?g‘r. eQ%SRm?&i‘BEnsi on as
defined in clgaffehihg WMI6y 86, NALERaGHI it CUisRioh A8 Aay BORAePbA Hd ﬁng&t«ﬁ(' al .
15 10. A suspension as defined in claim9 wherein the cushion fufther
conpri set0 a hotHeendinddlye load beam 34 canmayberfornieat frempld gimbgl 36 to pasitiongthe

conpression of the_ cushion éo 1]h. A suspension as defined in_claim?9 R
wherei n the CUship®h49 mare sloselyiotheslider26: (Eurbermotenthe suspensian 32 ynayrbenal | s

defining two S: ' L.Qr. d i s definped in
ol ai m 1 uner SReHE i infage 80aP RE e SilaR trond s (iR A BT o
a vertical proehmlB Mid ginibansd,ag désceibrd ovROQY this case Ahé s aisdusRiong 40ef i ned
in claiml wherein the suspension defines a |ongitudinal centerline, the

suspensi on f unashes forwed a5 ohnfpatuge ofbtho irtcgrabsispension Bndi ng vertical ly from
e Doy gL {0 ROAESR PO RO 1ed TRl O BRBCRL 51 C O
body, each cuypbl®avAgaricinhPthiRAERGY afproximately 2.0-2.5 mils while the gimbal 36
typically has a thickness of less than one mil. Thus, regardless of whether the
integral cushion 140 is formed from the load beam 34 or the gimbal 36, the cushion
will have elastic properties similar to that of a metal spring in that the cushion 140
20  will return to its nominal position (and thus maintain the preferred gap 106)
following a shock event. Furthermore, the cushion 140 can be compressed during
manufacture of the drive (as described in FIG. 6) so long as the compression remains
within the elastic range of the metal spring. While the integral cushion 140 will
likely have a lower degree of dampening (i.e., a lower dampening constant) than the
25  foam or plastic cushions 100, 130 or 135, it is understood that the choice of a
particular cushion involves a number of trade-offs and it is desired to provide a disc
drive designer with as many options as possible. Additionally, one skilled in the art
may modify the integral cushion 140 by placing an additional dampening material
atop the contact surface 150.
30 It should be further emphasized that the present invention is not limited to
any particular location for the cushion or indeed to the use of a single cushion. As

an alternative to the particular embodiment shown in FIG. 3, FIG. 10 illustrates that



WD 00/30078 2 3 A P R Z003 PCTNS99/ 727320 -22surface within the di&a WPREZUU.? :
to limt vertical excursions and danpen torsional oscillations of the

suspensi on waraorsg0s shock event. 14. A disc drive assenbly haRGTYSEN278mast
one disc nounted on a hub for S rotationlabout a spindle axis, the disc
havi ng a sur twoerimre cagvonsi 1§ not ke pasiteondd stoselrtouke fisss embB§ of the tload

I ncl udi ng an,act uat for nmovin actugtor_arm above the syrface of the
disc and a s&g?f@;@r gl:rect&r?rf’élélﬁlf)ﬁ l(gpaer Fﬂ‘éaifyt?}ﬁfstchg]oﬁcﬁ‘iféf% ne s { ot phithst ai n
the siider sybfBhii 84! Ih GRARBARL thd Suchitfis 100 Sordid Afifipen dif obly fiftical

I ncluding a transducer for reading and witing data to the disc surtace,
and wher ei n witgratifnssefsthe bouid bear GAthuk 8186 torsional dyeiltibmvdbagt theRegsilifRl end
attached to the actuator armand a distal end attached to the slider; and
a cushi ond extl&AdiStgh taspionalLsrijlationsman gaussanisalignment of theslidere26 with gespect

contact surface spaced.a predeterm ned di stance from engagenent, surface
CoTREet BUE LIS B RBER it Bhf G GieD cRisc gt &b the hSrouriacs VERY BB AIGER | mg e
engagenent s%g,?&gtm' &tbake bP e Wi &% gﬁgn%lg. limt vertical excursions and

t t he

danpen notion he suspensi on when I'sc drive undergoes a shock

event. 15. A di sc Furtheemarestiibpassidte @aise oae rdlativel yplargelctishiohq 00 rathéthar 0
engagenent surface conprises a contact surface of an adjacent cushion

ext endi ng vetwpemaller eyshiangd 08 @5 shown indilGod hs That is,ehileat maydbegrefermblstoenbl y
as defin i n_cl.ai 4 .. wherei n .t he agene surface c ri ses an
....adj acent ?@us GUAh b‘gp&%]ylsﬁedﬁu%?l%s Lﬁ]@ggﬁggﬁ%sgﬂp&gmg@% %@PTPWOE"I aim 14,
“.*Wherein the %ﬂ%&ﬁﬁ?%t}ﬁmﬁe&ﬁ& GRAD0 38RoRSn ?I%ﬁytﬂ%oprﬁ&}ﬁ?fnvg%rﬁ base

plate of the disc dfive. 18. A disc drive asse as defined 1n claim 14
wher ei n t he ensdmpassesthd@sé of asidglercashion 108 attahad to enly oacrofiticawoal .

~ o~

" opposing suspensions 32 positioned between two adjacent discs 22. Thus, in the
embodiment shown in FIG. 11, a single cushion 100 is attached to only one of the
15  suspensions 32 and extends toward the opposing suspension 32 while still leaving a
gap between the cushion 100 and the opposing suspension 32.
It will also be evident to those skilled in the art that positioning the cushion
100 closer to the slider 26 will typically provide for smaller vertical excursions of
the slider before the cushion contacts an opposing cushion or a portion of the case
20  (such as the top cover 110 or base plate 114). However, the extra mass of the
cushion 100 becomes a more significant design factor as the cushion approaches the
slider 26 since the mass of the distal end of the load beam 34 (including the mass of
the slider 26) determines the lifting force applied to the slider during a shock event.
Thus, it is preferred to choose a relatively low-density material for the cushion 100
25  so that the mass of the cushion 100 will not overwhelm the mass of the suspension
32. For example, in the embodiment shown in FIG. 3, the mass of the microcellular
foam cushion 100 is preferably approximately 1/10™ the mass of the slider 26.
Finally, it is to be understood that the present invention is not limited to any
specific type of cushion. The choice of a particular type, size or position of a
30  cushion will vary with the size and mass of the suspension/slider combination.
While a number of exemplary cushions have been described in the above detailed

description, the present invention encompasses alternative types of cushions as well



2 3 APR 2003 WO 00/ 30078 PCT/US99/ 27320 -2319. A disc drive assenbf\3aAPR 2003
defined in claim 14 wherein the cushion is formed froma plastic material.

20. A disc dvoeesmssenbly as defined in claim 14 wherein the ®IFNis9273305
formed integrally with the suspension as-d6vertical protrusion extending

from t he body as 2lternaivdiraatendals ¥or the opshicrisn For axansip.aabber oraitdralatomerit

slider substantiall y%ﬁagaged with a surface 10 of a disc; and neans for

limting vert fagrak Fosed inplagenf taaspsericdgamend plaste “’t%@%é?ﬁéﬂbttd)n

o 0306 AFuo. AR THEYHR ARG AR R Sionion RO Rl Wniheb: Hiyptienspf
]1]1156&s! %2>M ssudpersiondsd] '&d]d‘aﬁﬁieﬁﬁﬂh@ﬂ]rﬁ@ @bﬁaﬂ fofa e akkedkCakael cal cal ca

] ca] ca] ca] ca] c”a] ca] ca] ca] ca] cha] c” cal] c&a] calUl ca MB 6's tc[:HcgJdj

] wWr ]n‘nc] X] ]cﬁU] ca] c( e'apm]a]}cel]ec;apfﬁatﬂp@a]b@daﬂxm]exahpla]}uﬂ]tha]mhnm] amd ca] cal ca
calca]calcalc cal.c
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; 111- 27222/ 3>3nchhdes @2d9 Shsanﬁ; apraxiptal 8\ sﬁéﬂ saisaafbf:ala@ﬁhgahééd@a&sq@m

U] c™a] cal] ca] c(a] ca] ca] ca] calca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
al x; the actuator arm and a distal end (such as 42) for attachmg the slider (such as 26). A

U cais caula] cranenesd es) @1y Eleapl i enicall Fon W STheRbERIG ) 1 2
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suspension (such as 32) further includes a load beam (such as 34) and a gimbal (such

25 as 36). The load beam (such as 34) includes a proximal end (such as 38) for
attaching the load beam to the actuator arm (such as 30). The gimbal (such as 36) is
attached to a distal end (such as 42) of the load beam (such as 34) for attachment to
the slider (such as 26). The cushion (such as 100, 130, 135 or 140) extends
vertically from either the load beam (such as 34) or the gimbal (such as 36).

30 In another preferred embodiment of the present invention, the cushion (such

as 140) is formed integrally with the suspension (such as 32) as a vertical protrusion

extending from one of the load beam (such as 34) and the gimbal (such as 36).
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as 100) is formed from a viscoelastic foam material.
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In another preferred embodiment of the present invention, the cushion (such

as 135) comprises a frame having a plurality of walls (such as 136) defining two
10  open ends (such as 138) and an open interior.

In another preferred embodiment of the present invention, the cushion (such
as 140) is formed integrally with the suspension (such as 32) as a vertical protrusion
(such as 148 and 150) extending from the body.

In another preferred embodiment of the present invention, the suspension

15  (such as 32) defines a longitudinal centerline (such as 154) and includes a second
cushion (such as 100, 130, 135 or 140) extending vertically from the body. The two
cushions are positioned symmetrically on opposite sides of the longitudinal
centerline (such as 154) and equidistant from the distal end (such as 42) of the
suspension. Each cushion (such as 100, 130, 135 or 140) is adapted to contact a

20  surface (such as 32, 104, 110, 114 or 150) within the disc drive (such as 20) to limit
vertical excursions and dampen torsional oscillations of the suspension (such as 32)
during a shock event.

A further exemplary preferred embodiment of the present invention includes
a disc drive assembly (such as 20) having at least one disc (such as 22) mounted on a

25  hub (such as 24) for rotation about a spindle axis (such as 25), the disc (such as 22)
having a surface (such as 58 or 60) for recording data, and the disc drive assembly
(such as 20) further including an actuator (such as 28) for moving an actuator arm
(such as 30) above the surface (such as 58 or 60) of the disc (such as 22). A
suspension (such as 32) connects a slider (such as 26) to the actuator arm (such as

30  30) to maintain the slider (such as 26) substantially engaged with the disc surface
(such as 58 or 60). The slider (such as 26) includes a transducer for reading and

writing data to the disc surface (such as 58 or 60). The suspension (such as 32)
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10 In another preferred embodiment of the present invention, the engagement
surface comprises a contact surface (such as 104 or 150) of an adjacent cushion
(such as 100, 130, 135 or 140) extending vertically from an adjacent suspension
(such as 32).

In another preferred embodiment of the present invention, the engagement

15  surface comprises an adjacent suspension (such as 32).

In another preferred embodiment of the present invention, the engagement
surface comprises ¢ither a top cover (such as 110) or a base plate (such as 114) of
the disc drive (such as 20).

In another preferred embodiment of the present invention, the cushion (such

20  as 100) is formed from a viscoelastic foam material.

In another preferred embodiment of the present invention, the cushion (such
as 130 or 135) is formed from a plastic material.

In another preferred embodiment of the present invention, the cushion (such
as 140) is formed integrally with the suspension (such as 32) as a vertical protrusion

25  (such as 148 and 150) extending from the body.

A further exemplary preferred embodiment of the present invention includes
a disc drive (such as 20) having a suspension (such as 32) maintaining a slider (such
as 26) substantially engaged with a surface (such as 58 or 60) of a disc (such as 22)
and means for limiting vertical excursions and for dampening motion of the

30  suspension (such as 32) when the disc drive (such as 20) undergoes a shock event.

It will be clear that the present invention is well adapted to attain the ends

and advantages mentioned as well as those inherent therein. While a presently
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2. A suspension as defined in claim 1, wherein:

the surface comprises an adjacent cushion extending vertically from
an adjacent suspension; and
the cushion is spaced apart from the adjacent cushion by a

15 predetermined distance in the absence of a shock event.

3. A suspension as defined in claim 2 wherein the predetermined

distance is approximately 11 mils.

20 4. A suspension as defined in claim 1, wherein:
the surface comprises one of a top cover and a base plate of the disc
drive; and
the cushion is spaced apart from the one of the top cover and the base

plate by a predetermined distance in the absence of a shock event.

25
5. A suspension as defined in claim 4 wherein the predetermined
distance is approximately 11 mils.
6. A suspension as defined in claim 1 wherein:
30 the body further comprises a load beam and a gimbal, the load beam

having a proximal end for attaching the load beam to the actuator arm, and the
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integrally with the suspension as a vertical protrusion extending from one of the load

7320

beam and the gimbal.

10 8. A suspension as defined in claim 1 wherein the cushion is formed

from a viscoelastic foam material.

"9, A suspension as defined in claim 1 wherein the cushion is formed

from a plastic material.

15
10. A suspension as defined in claim 9 wherein the cushion further
comprises a hollow body having an air port for expelling air during compression of
the cushion.
20 11. A suspension as defined in claim 9 wherein the cushion further

comprises a frame having a plurality of walls defining two open ends and an open

interior,

12. A suspension as defined in claim 1 wherein the cushion is formed

25  integrally with the suspension as a vertical protrusion extending from the body.

13. A suspension as defined in claim 1 wherein the suspension defines a
longitudinal centerline, the suspension further comprising:
a second cushion extending vertically from the body, the two
30 cushions positioned symmetrically on opposite sides of the longitudinal centerline

and equidistant from the distal end of the body, each cushion adapted to contact a
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14. A disc drive assembly having at least one disc mounted on a hub for
5  rotation about a spindle axis, the disc having a surface for recording data, the disc

drive assembly further including an actuator for moving an actuator arm above the
surface of the disc and a suspénsion connecting a slider to the actuator arm to
maintain the slider substantially engaged with the disc surface, the slider including a
transducer for reading and writing data to the disc surface, and wherein the

10  suspension comprises:

a body having a proximal end attached to the actuator arm and a
distal end attached to the slider; and
a cushion extending vertically from the body, the cushion defining a
contact surface spaced a predetermined distance from an engagement surface within
15 the disc drive, the contact surface of the cushion contacting the engagement surface
within the disc drive to limit vertical excursions and dampen motion of the

suspension when the disc drive undergoes a shock event.

15. A disc drive assembly as defined in claim 14, wherein the
20  engagement surface comprises a contact surface of an adjacent cushion extending

vertically from an adjacent suspension.

16. A disc drive assembly as defined in claim 14, wherein the

engagement surface comprises an adjacent suspension.
25

17. A disc drive assembly as defined in claim 14, wherein the

engagement surface comprises one of a top cover and a base plate of the disc drive.

18. A disc drive assembly as defined in claim 14 wherein the cushion is

30 formed from a viscoelastic foam material.
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body.

21. A disc drive comprising:
a suspension maintaining a slider substantially engaged with a surface
10 ofadisc; and
means for limiting vertical excursions and for dampening motion of

the suspension when the disc drive undergoes a shock event.



