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THI N FLEXI BLE PARTS Rel ated Application 5 This application clains the 9
benefit oWwoOW28121Br ovi si onal Application Serial Nunber 60/ 2%7/usv6/49f13| ed B
Decenber 20, 2000 under 35 U.S.C. 119(e). Field of the Invention The
present invention relates to the field of disc drives. Mre particularly,
this invention relates to a nethod and apparatus for folding the tail 10 of
a Flexible Circuit On Suspension or Traces Suspension Assenbly that are
used in a disc dr METHEDKNRRARAIUS FOR FOEPINGTHIN RelXtBhBonent of any
conputer systemis a device to store gm Comput er systens have many
different pl ac®®there data can be st S one 15 common pl i ng
*massi ve amount s in a conputer systemis on a disc @Mmmwm\@b
basi c partm\mmﬁ@w‘ﬂﬁ\ rive are a disc that is rotated, an at
noves a tr vari ous | odRdlatedApplieatiobme di sc, and el etf*Ycal

‘circuitry that is sed O wite an and fromthe disc. The
disc drivé also i ICE'F%‘EJHW ?neghefgga%S’rwaﬁlaméénnl.la@nqw Seih be

successf ul | y xliid 8493730620 Wbl 20020 RFwfeSSs LS g1ggy ocessor

control s nos t he operations o e di's rrve |ncIu retrieving and
storing data onto the disc. The tremeldlodfellehﬁfe_ug_ncally pI aced on a smal |
ceram c block which is referred to as a_ slider, The slider is

aer odynami cal |y deSe@resantigvenion relies iq the fﬁi‘%‘éf‘ilﬁ’ drivssaMeraci ng

| at hi t
the sl aer o8Aelib P Beuddhplifsd S BolBah 8 15 SRungeTm oo, ©
particul ao deshPeskifle Citeaitdhi Suspbssidd or Trat@ISuspensidneA skesibantet 1€t ween t he

di sc surface and the transducer. The fly height elimnates the friction and
resul ting we#ped B digodie occur if the transducer and disc were in

mechani cal contact during disc rﬁl‘ﬁ“ﬁgld‘f’gp‘ihe'ﬂ ﬂé Eg“on that is in the form
of data is stored on the surfac a is divided or
grouped toget her @hed@tcdhipopeitiof @imscaiputér syedsm 'is amlelize to sti¥e dagd. S1218

PCT/ USOL/ ~19113 disc. On sone discs the tracks are a nultiplicity of
concentric ciGopmusgr systamr diavihinpey diffesanhplaces whaye dpfe cen he ktored. e cont i nuous

spiral o ong sids gl e g Do, dhine AYS SIPALS SODLiAULSd Lo read

and wite’in ore
tracks. disc dnve. The most basic parts of a disc drive are a disc that is rotated, an

actuator that moves a transducer to various locations over the disc, and electrical
circuitry that is used to write and read data to and from the disc. The disc drive
also includes circuitry for encoding data so that it can be successfully retrieved

20  and written to the disc. A microprocessor controls most of the operations of the
disc drive including retrieving and storing data onto the disc.

The transducer is typically placed on a small ceramic block which is
referred to as a slider. The slider is aerodynamically designed to pass over the
disc in a transducing relationship with the disc. As the disc rotates various

25  forces act on the slider so that the slider flies over the surface of the disc at a
particular desired fly height. The fly height is the distance between the disc
surface and the transducer. The fly height eliminates the friction and resulting
wear that would occur if the transducer and disc were in mechanical contact
during disc rotation.

30 Information that is in the form of data is stored on the surface of the disc.

The data is divided or grouped together on certain portions or “tracks” on the
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There is typically one transducer | ocated on each side of a storage disc.
The transducers read and wite information to/fromthe storage di scs when

t he transwo®eise218re accurately positioned over one of the PEG¥ISYNA®EE tracks
on the surface of the storage disc. As the storage disc spins, the
transducer is accurately positioned above a target track where the
transducer is able to store data onto a 1o track by witing information

St or age. o sc . SuEEH daroe BRRHE L RONBIGH ECorsEINh PABAE an —
appropriat e yalonifld fadifohdids ShotdinTo il of SRIYESSE BE AfB0C di SC.

During operation o rive, t I's noved radially across the
*15 tracks by Dibedrvd syatents #s senfiguyed t6headdingdkwvidte iinformatidr thbt is goteiomoves t he
actuator assenbly to the appro?ri ate position using servo information. The
servo i nf or méhe &igc nsong oy gnere ofithedragkt-d t he transducer in a steady position

“duri d ' I an. | pcal l ith
[ near or rotary |nerar ey QR uslMReBrblALeby PRI N SlHBURE Y Dol

that contri buthe tta@sdiRetsraidand wetedhfogmation torfeoin thecRorage disthwhd ibhper
position during a read or wite Q?erati on. Rotary actuators typically
i ncl ude a pi VgRsdusers g yccuratelypeaitionsd ovepRee effhe dptignatgthirasks odthenpr e ar ns

whi ch of ten eqglhd diohyd6AR R8s Al dReafle ghiibah. Assebl o RuIGT co cOi

yoke assenbly i nc €s a Vol ce coi p1vo

assenbl y abowyosifiofdtbdHovt @ tagsi frackiwhehethe tansdlidecis ableme ktopadith hoar t r acks
on the discs. One end of each ,armis coupled to the pivot assenbly and the
ot her endOof tagkhy sritinggnfpsmation reprasemipting afslate ande thegitoreg disgsenbl y. The

head gi nbal S ly_incl S uspensi.on_or | m.:hat serves to

Support "the Cranenyeids e Pad SRR R a R RS BT BOUEDEhe B 1 25 o anc
ci rcunf erent itﬁhscﬁ@eﬂdtfo@étah@ﬁﬁro?ﬁatb h@cldiriCreading Y sidtled haacigifohatheassenbl y
i ncl udes a gi nbal that WO 02/ A218 PCTIUSOL/.t9113 all ows a transducer to

pitch and rolsforagedlis®l | ow t he topography of an inperfect disc surface. The

transducer on the,slider of. he i I sanmbl v | ttached to a stiff
| ead. The stiff | &3“&‘“@&’ eﬁaéwé%? ﬂ%fe@?cc(g“{%%[e Sﬁéerulg g}f% £ %%%@?‘1 yacgcfsé ﬁ%ﬁ s to and

from the y5r angeki®y the @ctub®r aSBIBIET Theldik &iivd dontroBsystein inopesa@k! y a copper
wire that protrudes fromeither a polyamde flex cable which is comonly

referred to astuator pesrmbiy touhe appropidppesitiophusng serge dormationOFhy sgrver a
i th i S. t, of i mbl v. (" TSA") . th FOS
o’ T dovi bR pisd et o A CRBREIRECE, G Rolitop g a1

structural |y capgite@bgghtidical | y connecting the devices to sonme other portion

of the disc drive such as a printed circuit board or an adjoining stiff
| ead. The tails oflheretustosassethbicia tucallyesithgy bineas gntatgryianatrd. yAf abri cat ed

oy 3100 1S5k e S B bonfSheh % OGRSl BB 2
tails. Manualthg/transducers in the proper position during a read or write operation. Rotary
actuators typically include a pivot assembly, a voice coil yoke assembly and one
or more arms which often each include an associated head gimbal assembly.
The voice coil yoke assembly includes a voice coil motor that rotates the
25  pivot assembly about a shaft to position the transducers over particular tracks on
the discs. One end of each arm is coupled to the pivot assembly and the other
end of each arm is usually attached to a head gimbal assembly. The head gimbal
assembly includes a suspension or load beam that serves to support the
transducers and restrict motion with respect to the radial and circumferential

30  directions of the disc. A typical head gimbal assembly includes a gimbal that
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15 folding the tails also results in inconsistent bend quality, inproper
fold | ocations and damage to the current carrying portions of the tails due
to excessWO2fAz@l i ng. FOS and TSA tails are al so aut onat i RGI/D§01H481ded by
using a roller toroll the tail over an anvil. During the rolling operation
the roller rubs against the tail 20 as it plastically deforns the tail to
formthe bend angle. As the roller is forcibly nmaneuvered over the tail,
the roller often damages the cover coat_ of the tails and/or the

cur r ent - car r yallegrsadppaduoer ipqutehapd golhard follow the tapgiraphy gk ar imperfesbded is a
met hod and ap Q{gﬁﬁgefor folding thin parts such as the tails of FOS or TSA
devices in a disc drive. Mdre specifically) what is needed 25 are a nethod

‘and appar at us t hatTketrarabhoer dRAhe sl of gitHeyd piaitdbads@iBbly & dcachiéd S and TSA
devices that are used in disc drives. These thin parts nust be fol ded such

‘that they ar etifileagedherstiffdeadistan bevaw deviee that é wed theardisignalirtowed WO
02151218 PCT/US01/ ~9113 Su ry of the-nventiaon The present invention
el ates 0 a TR MSHUFINGE & 5 SORHT. JAPCCE R I PLHLY b ZPPPe5 e et bl e
circuit on S#Bﬁﬂ&és%ﬂ?&it&fh@%ﬁ@m ; rb%bfé%vlﬁ&?ﬁ@ﬁﬂr%&n'ﬂﬁ{efé{e% HS6d in a

di sc drive. e nethod 1 nc S securing a portion of the thin part and

t hen directi rigxaithivon saéspehdien drhinpemant (“FOBp d aaaspensdear thiaeds ppor éfiaon of t he
thin part relative to the secured portion of the thin part. The present
invention is t@@é”@??%ﬁ@&mﬂyéﬁ%‘ggar atus for folding a thin part of a
disc drive. The a ' ; P ; ' ne thin part and
a fluid emtter p%oﬁﬁﬁ?rg%{dﬁéag%{aﬁlg% W%% %lgﬂ%ia?og%%f %ﬂ%lohﬁ?cgl %‘?Lt he thin

part 1 o guc _fhiclshﬁtstrh&t@rafll}/ dhd eleenidslly fshrlebiing R /devicel @tsbine diertpdfridd Xt ure.
In one enbodinent, the fluid emtter is integral with the fixture and

i ncl udes a plaftiad disgdiirfe suolz a3 2 printedicirdiit beardonen pdigirdngstiff leed.t Bhey part from
di fferent angl gs | ati.ve the.thin part. In t.her odi ment, the
fixture incl 38@53(’%&‘?73{?5raBFILﬁ‘féEe‘f“éesﬁf)esﬁ?‘ﬁaﬂﬁgﬁn@&]?@rﬁéteﬁ%ﬂm%rt such t hat
the fluid whi J j y i S1&H ki & i n 15 part

agai nst the r%:atgvlrauezlregsltﬁ8 f@ﬁgﬁg@?hggmﬁh&d{%ﬁ%ﬁ g}tﬁé gg?ﬁ?%éﬁgfﬁ%l&mflﬁc}l ding a thin
part of a di sonsiming aad enmbatomodee ef thie eniataturt kianofhtheualsl WMimlatly ng t hi n

parts. In addition, the method and apparatus, elimnate any_contact between
the t hi n Yar tieldingsha rajls also resylts tsbmgowﬁq%ée%@ualmmgwéb Glacipnssi nce

Lhere |5 10 GO ARk e P MERIoLN% 20y WoR B dren il ARk ighs: e et hod
handling.
FOS and TSA tails are also automatically folded by using a roller to roll
the tail over an anvil. During the rolling operation the roller rubs against the tail
20 as it plastically deforms the tail to form the bend angle. As the roller is forcibly
maneuvered over the tail, the roller often damages the cover coat of the tails
and/or the current-carrying copper traces that are part of tails.
What is needed is a method and apparatus for folding thin parts such as
the tails of FOS or TSA devices in a disc drive. More specifically, what is needed
25  are a method and apparatus that reliably and consistently bends the tails of FOS
and TSA devices that are used in disc drives. These thin parts must be folded

such that they are rugged and stable over the life of the disc drive.



undamaged thin folded parts resulting in a robust disc drive that is nore
dependabl e over its life. Brief Description of the Drawings FIG 1 is an
expl oded WoOd/5¢218a disc drive with a nmultiple disc stack. EEIH/B0EHA3I s a
perspective view illustrating an apparatus for folding a thin part that is
used in a disc drive with the tail of an FOS device positioned within the
apparatus. FIG 3 is an expl oded perspective view of the apparatus and FOS

device shown in FIG 2. 4 WO 112/51218 PCT/USO1 /-1L9113 FIG 4 is an

enl arged perspective view of a poémw@wmf I tus shown in FIGS. 2
and 3. FIG 5 is | de vi . ti . r.at 0 in FIG
4 illustrating on?é%?ﬁef%{ﬁ%gfeg{l%%gﬁ%%&ég r@‘%‘@é}@*%ﬁ%@é%&ﬁﬁé@ﬁ?&bﬁp 5 FIG 6

‘i's a side Vi efe$ilbf AfleiblelirGuit bn bildpusdisodt HgaobRekion Akdentbly fHat hdee net hod
of the present invention. FIG 7 is a side viewsimlar to FIGS. 5-6

i | lustrating waedtimadisgskiveohhemetheod ineludpsseerringtapqition ehtheithingartiand. FIG 8

‘is a side viewsi,nmlar to .FlGS. .5-7 LILlustrating still _.anot.her. portion 10
of the rretshod&%? d’frﬁcetmﬁrae@élﬁta &%ﬁ\;helﬁtp Flf)trtf.) g?ﬂ n@s?%urgﬂ Bptgen &gfﬁtg“%rﬂaftar to
FIGS. 5-8 il lsdtiveio i steire@pOtibe of BRthingarof the nethod of the present

invention. FIG 10 is an enlarged perspective viewillustrating the tail of
a FOS device. t5 FI® present snvgnigreigatsordinegtedto arpparatos for ffeldingsthitg t he t ai |

RGNS Eh R TN ST R e
Descri ption ofndthuidrelifer paitloRBPAL B fixture to direct a fluid at the thin part
10 such that the fluid bends the thin part relative to the fixture. In one embodiment,
the fluid emitter is integral with the fixture and includes a plurality of nozzles
that direct the fluid af the thin part from different angles relative to the thin part.
In another embodiment, the fixture includes a mandrel that is positioned near the
thin part such that the fluid which is gjected by the fluid emitter bends the thin
15  part against the mandrel.

The method and apparatus described for folding a thin part of a disc drive
are much more efficient than manually folding thin parts. In addition, the
method and apparatus eliminate any contact between the thin parts and any
moving tools during the folding operation. Since there is no contact between the

20  thin parts and moving tools, the method and apparatus produce uniform and
undamaged thin folded parts resulting in a robust disc drive that is more
dependable over its life.

Brief Description of the Drawings

FIG. 1 is an exploded view of a disc drive with a multiple disc stack.

25 FIG. 2 is a perspective view illustrating an apparatus for folding a thin
part that is used in a disc drive with the tail of an FOS device positioned within
the apparatus.

FIG. 3 is an exploded perspective view of the apparatus and FOS device

shown in FIG. 2.



In the follow ng detail ed description of the preferred enbodi nents, 20
reference is made to the acconpanying drawi ngs which forma part hereof,
and i n whwoh2&xm8shown by way of illustration specific enRegi/vsmusiiBn which
the invention may be practiced. It is to be understood that other

enbodi mrents may be utilized and structural changes may be nade w thout
departing fromthe scope of the present invention. 25 The invention
described in this plication is useful with all nechanpical configurations
of disc drives haﬁ&lg‘ké‘i"c‘h arged BETSPEGHVE YIRW AL aRortich pighe 2pRAralBi t i on, t he
invention is ; ly 4 |l types of disc drives including hard disc
drives, zip gl?év\%lglsdjpﬁ%gpdfafsc drives and any other type of drives. FIG 1
is an expl oded vi &MG0f isonside yieer affthapattien ofithe\appdr@fis showndn BIRE@ rot ary
actuator. The_ disc drive 100 includes, a Ease 112 and a cover 114 that 5

WO 02/ A218 Pétystising onsnaryon of eaneihetoldhe Pissentdnvanlent abl y attached to the

base 112 on an actya!l of SUAL LichlGrmbis: TS wilehas SAIRHER oethe act uat or

assenbly 120 i ncl s aco i ke structure I'ng a“plurality of arns
123. Each of nidierdseflias picgerfimientid® on the conb |22 include | oad beans or

| oad springs 124. Attached at. 5 the end _of each load spring 124 is a slider
126 whi ch carri es FOnmhgetide viewsiaHecte F1g5o5-0Hustegting apothompaghiemot he

t ransducer 1{}%1{1%3%%% .résehb’iﬁ’liv&ﬂlohy referred to as the head. It shoul d be
sl'i

not ed that nmany ers have one transducer 150 and that is what is shown
in the figures. |FIGhdid dsidt siewbemilat eFIGRas-7tilusrating atill iaasthérspeetieal | y

applicable to _sliders_having nore than one transducer, such 1 o as what is
referredfo 8Ethg methed ohihePEssentiBesdionye head in whi ch one transducer 150

! to a8ty ! BERS _ cer 150
he end of The. actish oI SHAF S8 imAR 1965, % s 3R Be'yel AitorHontl 150% g

the sliders b2theirfiethod/ 6f the peescht ihvéhtioAt t ached within the enclosure are a
first magnet 130 and a second magnet 15 131. As shown in FIG 1, the second
magnet 131 is ass&&PalQl apioniprgedeepwsetive vigw ilustrating the taihaf aEOSnd magnet s
130, 131, anqe‘;ipg voice coil 128 are the key conponents of a voice coil

not or whi ch applies a force to the actuator assenbly 120 to rotate it about

the actuasor shaf FIG1BL isA \pw Bih®art®FIG. lilsillastetingnheiagdbiFIGE tewhase | 12.
The spindle nmotor includes a rotating portion called a spindle hub 20 133.

In this partF@ﬁ%haﬁb%bﬁt‘&%@gEmépﬁﬁfﬁﬁ%lpémﬁﬂloérf’fmeW%qii?ﬁwﬁlﬂf@fhub 133. In
FIG 1, a nunber %FG.df;]Zsl%sas%l?félmgtrgei tozixgtagggh ergﬁ??rg'pi ndl e hub 133. In other
e di a ai er’ o

di sc drives a sing sC or erent n di scs may be attached to

t he hub. The invention descniegt_a_?btnﬂ.raitnePsemmalﬂ;m[)a@m.é,ﬁabl e to disc
drives which have a plurality of discs as we as disc drives that have a
singl e disc. The Esthedoovingrctriled dpssaiptioiepbthg preferedembedinienty, appl i cabl e

Lo di SC df i Vet s SRIATh oo TRbGHarl ik Rlis WlH ook iEpddfenbotout  Under

in which are shown by way of illustration specific embodiments in which the
invention may be practiced. It is to be understood that other embodiments may
be utilized and structural changes may be made without departing from the scope
of the present invention.

25 The invention described in this application is useful with all mechanical
configurations of disc drives having either rotary or linear actuation. In addition,
the invention is also useful in all types of disc drives including hard disc drives,
zip drives, floppy disc drives and any other type of drives.

FIG. 1 is an exploded view of one type of a disc drive 100 having a

30 rotary actuator. The disc drive 100 includes a base 112 and a cover 114 that



FIG 2 is a perspective viewillustrating an apparatus 200 for folding a
thin part that is used in a disc drive 100 of the present invention. The
appar at uswp 026Q®18s adapted to hold a | oad beanml24 that is PEFABMHIEA3IdI sc
drive. An FOS 30 device 204 is secured along the side of the | oad beam 124.
The FOS device 204 6 WD 02/5121'$ PCT/USA /-19113 is oriented such that a
tail 208 (not visible in FIG 2) on the FOS device 204 is positioned within

th tus 200 j der tg b ' f the tail 208. i
al'so Lo Fi o T s spimise JLoBGhy kbt Y frea v mashialiahif ol 220 "
posi tioned Orilé'fteanbééa{%to’r'agsqmﬂl?12_@;”@ﬁ@bct_&’élt§r2a§sgéiﬁl?Q2©@§<ﬁué’és?a are aligned

relative to one another by inserting a pin 0 an opening in the top
of the base 2dd@bdike stuctore E@dmvitigwplopdity ofpriud3 v Esctbd£thiesepangte of t he

FIGS) in the bottomof the drel ,216..The ndrel , 21 ngd .t he base 212
may %)e secur @0 ogetth Cﬁ’gﬁbﬁgafu& P@%é?@ beatt OrTrgﬂ “gﬁqt’;g- gﬁ‘?&%ﬁd@r known
‘met hod i ngl ugy W3] £9.c1:4e! 16| ; i .o The

appar at us%O?ﬁﬁﬁﬁcwgﬁl #Jieﬂsgtgjhc gﬁgagrzlglsmgd?@ﬂ?ﬁfa@éggw nounted to

upwar dl y ext endsdugersisoeVithe|sEd&224, wit? 8 tansducer Iinfdrm whiat € typicellsi dewal | s

228A, 228B each include openings 232A 232B that are axially aljgned
relative to &Hemethirasdhe bgd: éﬁﬁ%@rs} %&j’f%fgf%'aﬁfﬁaﬁwl rsahﬁaem?(raw o 236

extends thro i is : ndrel 216
to rotatabl yq?rgﬁ%‘?ﬁlf?st"ﬁ%?%%ﬁg’ﬂégg&t%g? %é]qgrgﬂn !He)?lgcgﬁ%ﬁg%ﬁgﬁhggggr atus 200
al so i ncl udesnwanfibniis@qeastist ApplicalsA8 id siaterd Iavpgahbdiedhadomg@amsdicei,aclbase 2| 2.
The fluid emtter 248 includes nozzl es 252A, .252B, 25%(3:: that are inserted

i nto openf ng@s Whatds refemes toasaMR prprgnet fegistive hepd in whieh ongdrapsduselas 252,

252B, 252C ar i ; t i i 1248 ~20 t hrough
hol es 260A, %ggg@%@?ﬁéﬁ‘?ﬁ&g ét}lﬁftngglf %ﬂ%gﬁ#rﬁf&f H&?Omnégt iogln with the
outl et of theheedafeie hibbor atmAssenatidy T20 bppasite thedlohé spriigad 26 had tied t hough
the fluid emtter 248 is positioned against and aligned relative to the

base 212, th&liggrgilep ismivoiearcodla@8eoul d be aligned relative to any other part

of the apparatus i i i F erring
to FIGS. 4 and 5, %‘ggﬁ%érdtn‘ﬁélﬁq?g‘ge@?‘;ﬁeeﬁ? gitﬁg%ngﬂlﬁagl@%‘%‘?‘ég%m is
secured hetwaen Abeh®IRIHFILR G, AiedGetdid mugndt £31 id hésoslatdid withAthetbagse is an

exposed section 210 of the tail 208 | ocated adjacent to the hol es 260A,
260B, 260C i n liheThe firshandyecord magnets A30,dgbyandthe poiee cgl 124 arethe kehg

oper ati on begj i i } i e first
ozt 30 oo uipobiEtiancitd Rt oley Whith BHGRCE R/ oUd acthalbPUAbAP | |0
exposed sect i190ito ro¥td A 2boitARSadtaaibLEHAY 1189 Kl shiddl® nivftortib @lsbahduntddBo The
fluid is traveling with suffjcient velocity to bend the exposed section 210

of the tail Hwbaseltd i The sindlemoterdnsludesigptatias porion celed agpiadkeiybd has
bent th d ] . of i 4 g is deli d
Phrough Phe” dasontRgpituts B ok SpmalioBOR Bt dan 4 LS £0L VT

directs the addit @RHb. 1f, buiuchbai of discsebddasesttaeied ioahe gdiidiefhublg3t & | 208

(see FIG 7) to further bend the exposed section_ 210 of the tail 208. As
shown in FI Gottgr disndavestresingladiscior i fsrentawadsrohdisss reayBo pitaghed four t her

bent the exp S I; . ] il IOl |.i vered
t hrough t he ?l ﬁelerﬂlg ' ﬁlgltzegﬁ?‘%néég89%&%?)&2%%{4{5%8%&%% gg%%w{?ﬁ%ki% &°260C directs
the fluid frevmidhigve aiphdaligzfidiscd 2@ Weltas tise diilesahmdmed asaglé disc.2TRe of the

tail 208 to further bend the exposed section 210 of tcﬂie . .
25  invention described herein is also equally applicable to disc drives with spindle

motors which are within the hub 133 or under the hub.
FIG. 2 is a perspective view illustrating an apparatus 200 for folding a
thin part that is used in a disc drive 100 of the present invention. The apparatus
200 is adapted to hold a load beam124 that is used in a disc drive. An FOS
30 device 204 is secured along the side of the load beam 124. The FOS device 204
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tail 208. The fluid is preferably no | onger delivered through the first
nozzl e 252A before the fluid is initially directed through the third nozzle
252C. Fl Qvodrshitigstrates that in another enbodi ment of thePCRUSIDGIIZE
position of the fluid emtter 248 is adjusted one or nore tines to
facilitate bending the tail 15 208 of the FOS device 204. It should be
noted that although the fluid emtter 248 is preferably noved cl oser to the
exposed section 210 of the tajl 208 before the fluid is initially directed

fromthe thi A8 oRested suchshet a tayh 208 (not yisthie in KIG.2) anthg F QR dgviged04ts any tine

during the b i ¥ ] e I t he
pr esent inveﬁ?ggﬁgﬁ$ﬁﬁéggkgggﬁﬁhﬁﬁgéqﬁﬂ@g&éhﬁggiéthﬁgﬁgé&%gﬁggghnved
‘toward the exposedr&eging@idowlaléh ©FIGNS, thaiabpatetBs 000 irlchides a bhsel 21 2emidtat er 248
engages the exposed section 210 and plastically deforns the exposed section

210 agai nst trAdyeldbatositioged gn the basa? kn dlhemepdsel ]S apd dae Rase dd2 are

tail 208 Bof dVETELARHE S eRtalbiter By IR EE £ RA 22 on tPe BB 20T T

208 is pref ergihhy/babe i gaad a corréspehdiflg opertifig (v WistA€ il My ¥ ke FEER) ihS
preferably bent along the thinner section 270 to &rsormte a nore consi stent
bend angl e. Thebettomeéthesaaidre 2167 Fhemandeel 246 pndthe bage2 12dary bonal |y, or

alternatively, include recesse rti.Q 4 274h at the edges of the

t hi nner sect isgﬁurﬁ‘g&ge_ﬁﬁﬂ?wg g%%ﬂ?ﬁé‘%&fi}é‘g%y?%ba@l oglﬁe kflﬁgntnﬁ%ﬂ%‘ir section
30 270 to furhblgdinkasitinot BnGied R Wekdifnbr RBRGvAY of the tail 208. WO
02/ 51218 PCT/USQL/. 19113 The nethod and apparatus 200 described for folding
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view of a conputer system Adyvanta sl y,, the |nvention js,well-suited for
use in a corrgﬁ? Eﬁg@&@h‘% Ke %ﬁg‘%?gﬁﬁﬁ'ﬁé?e @%@8@(}860 Iy Qe cal | ed
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includes the folded tail described above. The information handling system
2000 may al saoznles A 2252Bn R0 angtopenedoigsjerd alp ouhef the (uidgmigter 24her al

devi ces, such, as 1 4 0 and 2022 may be,.attached to
the i nputZ%oyBBWgﬁ_g‘g%%%@&% P éﬁ%@gﬁ@é@é atr?_ﬁﬁ/mitﬁ’d%ﬁ AU sc dri ves,
nmagnet o opti G\ﬁi'thﬂ{e'o\ﬁﬁ&offth@ﬁcfﬁéleg'ZSQAQZSZE?,%SZCDR%B&H&be kékaaRdtds and ot her

such peripherals. 20 In conclusion, a nethod of folding a thin part such as
the tail 208 abthough thedluad emitier 34¥/isqositioned agasust dnd slégned relavd todhel. The

met hod i ncl udes t of. securing.a portion 209 of the thjn.part 208,
and directi ng’aﬁe#%iﬂ%’ ﬁ'ﬁateﬂjéﬁ?r%“ cﬁﬁﬂtbet 1ngcLE?[1]aéwe3%§%ﬁt?lgﬁpa§%ﬁt£8n 210 of
the thin partapd@@nise0s! in¥Rding parts R6LEhBAnARKAd PIGL09 of the thin part 208.
Securing a portion 209 of the'thin part 208 may 25 include securing the

portion 209 wi t hi rRefefringtta FEGS.0bandThe neirtiasc209ef the tapl 208yondhe 5OSnc| ude
ejecting a fluid from one re _nozzl e 52 252 C t.0 d the thin
part 208 suc englzogﬁsesepmﬁée%%ghetcﬁ@np%@ﬁaﬁé e%@.@%ﬁé SPT}M?‘\%{ my be
initially di igglegdard B debfisi 211P87the 1408 1hOtePadifchP® tAE héles® before the
~fluid is initially directed froma second nozzle 252B, and may be initially

directed frord6®4, 260B260C imthel{mi®&nlten48.0/e shewi bF16F. 6t thedoldinger the fl uid
. Is initially o%le;a?i%h%ggins by delivering a fluid, preferably air, through the first nozzle

30  252A into a hole 260A. The hole 260A directs the fluid at the exposed section
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fluid may no | onger be directed fromthe first nozzle 252A before the fluid
is initi amoy2gitzi8cted fromthe third nozzle 252C. The fl uiRCEUSGIH8113248 or

any one or nore of the nozzles 252A, 252B, 252C may al so be noved relative

to the thin part 208 before the fluid is initially directed fromany of the
nozzl es 252A, 252B, 252C. The present invention also relates to an

soper s s 20039 1t D st AR St Ml byl B2 g TS

devices in a |sc es-a fixture for
securi ng t he ekposedpastion?Z®), ofainettail 208 weldtiventotthesecddd pooisert 209 édhdeahe t he
fixture to direct a fluid at the thlnlp;&t 208 such that the 1o fluid bends
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thin part 208 froma different angle relative to the thin part 208. In
addi tion, thdugthsrtbgnd thegrppsrd seetionm 0pf tamiatl082 Yo shawn in ElGdsiopfoned near

the thin par tthetzﬁl?ld font tﬁ%@oﬁﬁozﬂe%ﬁﬁ‘éﬂ%ﬁ%ﬁ% Pgﬁ?etéé g:a)nlge\fd ge@ﬁorﬁ &Hﬁ demtter

248 bends the al nst e 1 nvention

general |y re|o£ﬂfé8taﬂQ08M1@m1hflaﬁ$@e113&@dﬁ1&bu§lﬂflﬁltﬂﬂd floi7ld DSAWinto 2Pthdrn a di sc
drive 100. The a f ratus includes a fixture for securing the thin 20 part

and means f oholf "Hlag zple P60 diects the fugd ﬁop’aﬂlﬁﬂtitﬂslwztl 52Crbthe ui d bends

above desiri SiP 4637%&?%% s 188 o et B (P glieRRaBR0 BEbel o™ wany

ot her enbodi pENLES. WThe fThid igpRAETaH1Y nb@oﬂglﬁf)&élw&edlhﬁﬂdgﬁrﬂ{e ﬁiét hdzzieh the art
upon revi ew n% t he above description. The 25 scope of the invention should

be det er mi ne@>ditheforefties ﬂwées trreilaellrxélu@pﬁgéﬂmuglttlmthmd apeir2¥%G h the ful l
scope of equivale such cl.ai arne ent W0D..02/ s1218
et i< claimed i S1CRETRRRER g el Bl oF et PR ar ¢ ot a
disc drive, bifehd il @ehiGEIASIiS hdjOsttdenSdransredimesto (f@e)mﬁmmg tife ﬁﬁrt i on of
the thin part; and (b) directing a fluid at the thin part to bend an

unsecur ed5 poRB ef ther FOB devine 204 alit shqudd be neted that ﬂW@O%@db‘? Buidgoritteton of t he

thin part. 248 is preferably moved closer to the exposed section 210 of the tail 208 before

the fluid is initially directed from the third nozzle 252C, the fluid emitter 248
may be moved at any time during the bending operation without departing from
the scope of the present invention. In addition, the fluid emitter 248 may be

20 moved toward the exposed section 210 of the tail 208 until the fluid emitter 248
engages the exposed section 210 and plastically deforms the exposed section 210
against the mandrel 216.

FIGS. 10 and 11 are enlarged views illustrating the tail 208 of a FOS

device 204. FIGS. 10 and 11 show the tail 208 before bending (FIG. 10) and

25 after bending (FIG. 11). The tail 208 is preferably designed to include a thinner
section 270, and is preferably bent along the thinner section 270 to promote a
more consistent bend angle. The thinner section 270 of the tail 208 may
additionally, or alternatively, include recessed portions 274a, 274b at the edges
of the thinner section 270, and/or openings 278a, 278b along the thinner section

30 270 to further facilitate consistent bending of the tail 208.



2. The nethod of claim1 wherein the securing step (a) conprises securing a
lo tail on a flexible circuit on suspension. 3. The nethod of claim1l
wherei n tW® B&dUBi ng step (a) conprises securing a tail orPGI/USMEE8113
suspensi on assenbly. 15 4. The method of claim 1l wherein the securing step
(a) conprises securing the portion of the thin part within a fixture. S.
The nmethod of claim1l wherein the directing step (b) conprises ejecting a

fluid through a fifst I e Iuid bends
20 the thin part. %h l?%%é%?%%@%&%@idr%g%%% orll&lﬁggj aﬁ?Q%l ng step (b)
conprises e gads Bgvide 204sdnidhIAce Rfftcie eondnfoal Fading\Wad sdditién, iy n part
such that the fluid bends the thin part. 25 7. The nethod of claimé

wherein the dietbed pnhanparauy 200 disrpate setedies the gontacichetwean thy talk208 | i d

t hrough the first nozzle a p 0, |rrebfor initiall dlretlngthe
b doc nr ougifergy BRSBHEeRsSa8 hlordingasdudty Rinik bbieo b5 5° The
met hod of scl ajefveenWhéetafli 208t4n8 the fuid eﬁﬁﬂérlzweﬁletlﬁetﬁ&i sha @f)hﬁ%stﬂélﬁ)ﬂégh the
first nozzle after the fluid initially directin t hrough the second nozzle.

5 9. The net poedust vodahaged an/delﬁmndablh Qf deyiaes 2 4§@retpe(ub§hscdrrp¢s; ses

ejecting a fluid tho nozzl toward t t hat the
fluid bends the tf#}ﬁ’ Egﬁas gﬁgleﬁle(f R Wt%l%gm V@B@Bﬁ"'{sﬁ’eﬁm recting
step (b) CONBhYEESN igWEIBhited for QseinaQehipieer s$ierh! 2000, trhé esgputene third
nozzle a period of tinme after initially directing the fluid through the

second nozzl eystém 2000 enayealsmbe @a‘lledBacmtlmmhﬁt@nmrmmfdnnﬁmlhagdlmgap (b)
the fi.rst,. second an

o e g xS ng R e eBlral o ting it AP BRR A YSle PR i hr ough
one of the Seiﬁﬁﬁqa@&ﬂh&ﬂhhg sy bhee6o lnlaﬁldesAﬁ‘cé}Rﬁ@gﬁkH%ﬁg)ﬁm{ 27@01' £#9 a thin

part of a disc drive, the apparatus conprising fixture for securing a
portion of thandom apprmpmandZ(BZtmdajS){stﬁHb@ﬂ%@sfpt camadnicetdvely he fi xture

to direct a fluid t he art s that, the fluid bends t hin part
el ati ve to cAEPHTEGPATra Broce e, e e PdomdeSestpaama: 2098 1 ol g

ST cob e et s bl
part whi ci i sncledasrtkelfolMi¢dtan desveibed abavee The infor@ididiand BdBsystem 2000
may also include an input/output bus 2010 and several peripheral devices, such
as 2012, 2014, 2016, 2018, 2020, and 2022 may be attached to the input output
bus 2010. Peripheral devices may include hard disc drives, magneto optical
drives, floppy disc drives, monitors, keyboards and other such peripherals.
20 In conclusion, a method of folding a thin part such as the tail 208 of an
FOS or TAS device in a disc drive is disclosed. The method includes the steps
of securing a portion 209 of the thin part 208, and directing a fluid at the thin
part to bend an unsecured portion 210 of the thin part 208 relative to a secured
portion 209 of the thin part 208. Securing a portion 209 of the thin part 208 may
25  include securing the portion 209 within a fixture 200. The directing step may
also include ejecting a fluid from one or more nozzles 252A, 2528, 252C toward
the thin part 208 such that the fluid bends the thin part 208. The fluid may be
initially directed from a first nozzle 252A for a period of time before the fluid is
initially directed from a second nozzle 252B, and may be initially directed from

30 a third nozzle 252C at some period of time after the fluid is initially directed



PCT/ USO1 /9113 15. The apparatus of claim 12 wherein the fluid emtter
conprises a plurality of nozzles to direct a fluid at the thin part which
is secur eWOWM2tS21I8 the fixture. 5 16. The apparatus of cl aiReETIBSUAHBKEI n each
of the nozzles directs the fluid at the thin part froma different angle
relative to the thin part. 17. The apparatus of claim 12 wherein the
fixture conprises a nmandrel positioned near the thin part such that the
fluid which iggneiRebemdneztResh. T Mdhieirid fiid heRrs rohagertﬂy dreBREL agai nst
the mandrel. 18. An apparatus for folding a thin part 1n a disc drive, the
appar at us cofmm therfgst mzilex5d A effare theefiuid isugitially ditected feon thedhidd 15 neans

for directing a_fluj he, t hin rt such that the fluid bends the thin
part rel ativBo%4e {Z#eéif ?h?&}pgl_eni]gq 2‘%@%‘8}58?3%@105‘?0 the ppzzles gr-ei n the
nmeans for di i i i i j : of
nozzles to d?rgﬁe%’tigcﬁn&?glsgtb@m%%? ﬁ%lgﬁ‘g}atre?ﬁ EIzto gﬁwl c%gi‘ageigree?th}?ggidmlng%/hi n the

fixture. 20. mitigllaipertat firemaiy of themotflesnp¥2Aei252Ba2f2@f t he nozzles directs

the fluid at th [ t, f diff t I [ t t hi
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“10%g& () -f 1%&@}@@1@1@%@ flxlvmo/g&' ()-cHIE g 10%& ()- s10%&’ () - Fg

10%g& () - A0%& ()il QBuhdersts Oy B tﬁ& abdve description is intended to be

illustrative, and not restrictive. Many other embodiments will be apparent to

those of ordinary skill in the art upon reviewing the above description. The
25  scope of the invention should be determined with reference to the appended

claims along with the full scope of equivalents to which such claims are entitled.
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3. The method of claim 1 wherein the securing step (a) comprises securing a

tail on a trace suspension assembly.

15 4. The method of claim 1 wherein the securing step (a) comprises securing

the portion of the thin part within a fixture.

5. The method of claim 1 wherein the directing step (b) comprises ejecting a
fluid through a first nozzle toward the thin part such that the fluid bends
20 the thin part.

6. The method of claim 5 wherein the directing step (b) comprises ejecting a
fluid through a second nozzle toward the thin part such that the fluid
bends the thin part.

25

7. The method of claim 6 wherein the directing step (b) comprises initially
directing the fluid through the first nozzle a period of time before initially
directing the fluid through the second nozzle.

11
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1809/((2) fl(() 2)/(2 i‘? ((V§ _&/ (1 2)0 gec%%nuwkgwg‘ggﬂug‘l fslyigd pyzzle a period of time after initially

directing the fluid through the second nozzle.

11.  The method of claim 10 wherein the directing step (b) comprises moving
one or more of the first, second and third nozzles relative to the thin part
15 before initially directing the fluid through one of the second and third

nozzles.

12.  An apparatus for folding a thin part of a disc drive, the apparatus
comprising:
20 a fixture for securing a portion of the thin part; and
a fluid emitter positioned near the fixture to direct a fluid at the

thin part such that the fluid bends the thin part relative to the fixture.

13.  The apparatus of claim 12 wherein the fluid emitter is integral with the
25 fixture.

14.  The apparatus of claim 12 wherein the fluid emitter comprises a nozzle to

direct a fluid at the thin part which is secured within the fixture.
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18.  An apparatus for folding a thin part in a disc drive, the apparatus
comprising:
a fixture for securing the thin part; and
15 means for directing a fluid at the thin part such that the fluid
bends the thin part relative to the fixture.

19.  The apparatus of claim 18 wherein the means for directing a fluid at the
thin part comprises a plurality of nozzles to direct a fluid at the thin part

20 which is secured within the fixture.

20.  The apparatus of claim 19 wherein each of the nozzles directs the fluid at

the thin part from a different angle relative to the thin part.
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