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| MPROYED SUSPENSICN DESI GN FOR A HEAD G VBAL '
ASSEMBLY WO 98/4 " BACKGROUND OF THE | NVENT| ON PCT/US97/17228
The present invention relates to a disc drive 5 assenbly. In
particular, the present invention rel ates to an inproved
suspensi on design for supporting a head relative to a disc

surf ace. Disc drive systens are known which read data
froma disc surface durin eration of a disc drive. 10 Such disc
drive systems include Ebﬂ% aSUSPRNSION DESIGNsFOR vBs and

optical disc drive systens. cal | lve systens operate
by focusing a | aser beam ontoéﬁh-b GIMCAS{%M ia an optical
assenbly which is used to  ga gKGR(S@? éi@t;_\}‘;é énﬂml \ c surface. Di scs
are rotated for ' 15 operatl FT Ve f/'gr'v' Indle notor to
position discs for readi ng*§aP&EeFFBH bﬁvﬁm'-ﬂ-Pﬁgrééﬁ§eﬁot° a“disc V&t ed
posi tions om th%.s@eﬁfbls'urfaﬁepartlcular, the preseﬁﬂOMVQﬁti.ﬁm rélaees i es

include an objegtive ens _and a rsion lens (S i ch
o 198 50 Cpbs il Sl dTRESSg, SERBEDEIER GRFIEn S S RReT i & peat!
surface. The Sl relatios ttlooraedmeryuadfmto the data surface of
the disc and is described U ARk dl@aaea Ole
et al., which issued Juneﬂé%c ?23'; o cifs arec}mowrb%&%%tégg _a 2
5,497,359 to Marfitemid flisc guxtace dupingi opesatiwnciets a 10bsc driviehese

optical SySi®ns s ashic drive sysPE&RE) §8chAules brifdri: {dieal Shh svcﬁ@ an
objectlve | ens. IL1s referablé carried on a sli and t he

sl i der dise p%}‘f?%n%ﬂgc98§éclaé tHeF Qi YELLGr FYEEEMSse oppﬁr}cﬁ
i Nncreases st or agE atedsiitg. system8perate by fddiesirsd iaddmsers beganerdld y

surface | @ % mEsReRi e bE ey, SRSy RRICETAT fetiE od'
i ncl udes a IeadM’ﬁﬁdad@é’-aarfd-”Om thei fling suyfackot aPisss are rotated for
15 operation of the disc drive via a splndle motor to
position discs for reading data from or writing data to
selected positions on the disc surface.

Known optical assemblies include an objective

lens and a solid immersion lens (SIL! which is

20 positioned between the objective lens and the disc
' surface. The SIL is positioned very close to the data
surface of the disc and is described in U.S. Patent No.
5,125,750 to C. Orle et al., which issued June 30, 19352,

and in U.S. Patent No. 5,497,359 to Mamin et al., which

25 issued March 5, 1996. In these optical systemé, a laser
beam is focused onto the .SIL using an objective lens.

The SIL is preferably carried on a slider and the slider

is positioned close to the disc surface. Use of an SIL

~ increases storage density..

30 The slider is generally formed of a
' transparent material and includes an air bearing surface
to fly the SIL above the disc surface. The slider
includes a leading edge and a trailing edge. Rotation
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-2- of discs creates a hydrodynamc lifting force under the . ' N
| eadi ng oglgesmésst he slider to lift the | eading edge of PATBSHNIREr t 0
fly above the disc surface in a known manner. The slider preferably
flies with a positive 5 pitch angle in which the | eading edge of the
slider - flies at a greater distance fyomthe disc surface than t he
trailing edge. The slider “and SIL are supported above the

dise surf ace Yaadsaysoeaaton 23RN BRD TIPSO lad digam and

gi mbal sprln er 1s-cou 'oad beam via t
gi mbal spri nglesddngogdaseaf the Ebpﬂf—‘ﬁsta L4588 tbecéepdingeedigedef VI a a

| oad button. ghe Bl@.dé}.adt@UERQna%f\ﬁen%é‘rHﬂééSSQQQHEeV\’ferhat R@owd der

itches and rolls at l,i der 15 r ef er abl

Iroe5| lient in f“ﬁ&nﬁ\ﬁl'"lt'ch g? ‘seH;SBESEgBﬂbI fill ‘é‘t"ﬁe p?lsll&éy oy

fol l ow t hs t opagraplangife tive @hieh the Reddimpl ;dget dfs tiesi s@ddelrat the
o1 mbal. SPT N0 hiee ar! b0bHehBok81bRaRLAErdl BAL! 8 6LOKLLRLTE kAR oC! So

i n-plane slidér positionrn exure o gl spring
permt the th@umrbeAnnsgeégeder to pitch and roll as the slider flles '

above the disc surface. ghi |S§_ﬂdggorgr§&1tsig HRENtARIHdAed abBy8XithHd Y Of
the SIL and slider relative,to the disc surfacé tq nmmi,ntai n the proper

focus of Ii ghfh?G fHEL2Ge Biaca sIngnansien aeaemihy f"é‘rlcé’ptlﬁ?'&lu%%@ drive
lSySéI egs 10 dlbfﬁdl beaﬂmlahaag&mbaat sphiengl sgurem&sa&ﬂd&aﬂcwdb&@ﬁﬂe@ |

oad beam and t i opha rin to stably an ccuratey
support the SitP %&g ib 8pg’ oFg‘Fh Imba1 HPEEEr | vghsy}f:@%\ Bea R soin a
nagnet o- opt i caple@)s wlca;ttﬂa:qcea tmdriet gl ideansdimea tbadebutitorncarri ed
o e ant o Tele1ck Mukkenlakahgs! IR dhi6 aHELECHnith thedbidaer

i nport ant to accurat el y sup£ pOSi tic transducer
el enents rel aPikebes apd wekls via %E&E‘Paauﬁp’ﬁbnﬁperé‘fh%ﬁldﬂﬁméslw O

system 15 ‘preferably resilient in the pitch and roll direction to
enable the slider to follow the topography of the disc.

Preferably; it is desired that the gimbal spring be.
rigid in the in-plane direction for retaining precise
in-plane slider positioning.

20 ' The flexure of the gimbal spring permit the
air bearing slider to pitch and roll as the slider flies
above the disc surface. It is important to maintain the
proximity of the SIL and slider relative to the disc
surface to maintain the proper focus of light to the

25 disc surface as is known for optical disc drive systems.
It is important that the flexure system including the
load beam and the gimbal spring be designed to stably
and accurately support the SIL during operation of the
disc drive system. Also in a magneto-optic (M-0)

30 system, a magnetic transducer element is carried on the
slider to write data to the disc surface. It is also
important to accurately support and position the
magnetic transducer elements relative to the disc
surface during operation of the M-O system.
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-3- An actuator mechanism is coupled to [%@ﬁvs 17228
stispehsi onWABUMHYy to l'ocate the SIL relative to sel ected di'sc
positions for operation of the disc system During novenent of the
suspensi on system, force 5 “i's transmtted through the | oad beam and

gi nbal spring to nmove the slider. .3 Operation of the actuator
mechani sm air bearing surface, and spindle notor i ntroduce external

vibration to the slidesin adfltuatosusnetitaismssebldbupld@®paisli rgheipon
t he mass and | ffness of syspensi on _assenbl i.n ding the
gi nbal spring z];%%]sﬁ%ljé%l% an%sse?('{‘%hflﬁalléd\[/)i EPS??‘Sn ﬁﬁ? gn’eﬁ?cft%?ﬁ% 1%52d
beam and gi mhal sebe¢ted atdisas eposdttions foprquepeyatibus ¢ofie tmputdimt i on
or external vi ' -f ] | , C '
PSR, pu iy Du%v@%h‘t_ bf?tﬁé’@s%gr#o é’%c%% é{éll%éner, EkdYW

unstable 15 fly characteristics a m sal 1 gnrent S .
rel ative to®t hel®isEangpipeed through the logd: beam| ang gimbiadn srying

excitation of téhemove StB@ENSLOAepSSEMDbPerBdishi dBE Mihe NEAdiEwari ed
notion to the slider_and suspensi on _assenb Dependi ng 2Q pon t‘g:reP nat ur e
and frequency OFSTHR2EXR1 t &21on TG Y su’%/q‘?eces'li alt® ndYP*
assenbly may calstreduse onakternalvderilesanibmee, towaythedesigderanemd and
bendi ng node DANGE 5 ol lqpal .Lan r te 0 ti or

tw sting of thes%%éélgny on aa%és)ée"%%' abggggggalah- pI‘é J316}25(§herélxi“ga.?égaBé”ln I ng
node resonkfthce ¢ag| pfr etheesuapensiqp/ despnbdyi onin¢ludéngudgensi on

assembly el at iyfub®)  sprliby dhd WalPOBean SNRKXERARIVI PIBEALIORCIEAFS 1O
It tant to I'm t

i n- pl ane lateral nbtiqQn and tw sting. . I'S 1 npor

resonance noti®FCiteothgsd@ad beampprd  gimbado spadihdler AsHESOTIHIL t he
SIL. I n partifieqiienty, i Shus thenpaphéniotofioskr ektktallorGyataiSh sway
node reso ce, since.they. produce .a transverse notion of the
slider, causing %%aﬁenﬁggﬁﬁ%ﬁégﬂééﬁétantlalfi, thus causing unstable

i5 fly characteristics and misalignment of the slider
relative to the disc surface.

. External vibration or excitation of the
suspension assembly and slider. may introduce varied
motion to the slider and suspension assembly. Depending

20 upon the nature and frequency of the excitation force,
the slider and suspension assembly may cause torsional
mode resonance, sway mode resonance, and bending mode
resonance. Torsional mode motion relates to rotation or
twisting of the suspension assembly about an in-plane

25 axis. Bending mode resonance essentially relates to
up/down motion of the suspension assembly relative to
the disc surface. Sway mode vibration relates to in-
plane lateral motion and twisting. It is important to
limit resonance motion to assure stable fly

30 characteristics for the SIL. In particular, it is
important to control the torsion and sway mode
resonance, since they produce a transverse motion of the
slider, causing head misalignment.
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-4- The resonance frequency of the suspension assenbty
for torsiwoosnasssgway node resonance is related =~ to thePCHUSSIIZ28S oOr
elasticity and mass of the suspensi on system Thus, it is desirable
to design a 5 suspension systemwhich limts the effect of sway node
and torsion node resonance in the operating frequencies of the disc
‘drive while-providing a suspension desith whi ch perm' ts the slider to
pitch and roll relative,to e ut t on vvh| as relatively high
lateral 10 rigidity ana'th& sz'?%%%%ncf%r%%qy na § s EYERSH s&'r%‘
posi tioni ng ofsseabllyi for tboagon heng cawak insde resonance is relatﬁdM\/ARY OF
- THE INVENTIONe g e Stiff fnllg pF @ﬁ.a%@i‘é@%’ 5@' alagdl 0t 9

spring for supporting er ative surface. e gi nbal
spring incl udéslSEGHéQ-@& W@F@“\e Thug nsltéxx%n@?ﬂgrﬁbbm tobgdesiem tshe

gi nbal spi ngsuE?%ns:.onf b?éﬁéﬁt @hiehanemdes qaad ethe%‘épEa(fr Tsda@,e wddeler
coupl ed to t waan;oun ta |tc and roll

relative to t A8 E?gsé'ﬁflf‘&e & °’I‘?%9<%r’é‘ Srrﬁv%‘eﬁ‘lc"&songat ed
menbers ext enaifnghier ahdcheitiase winile pﬂe(ricm:bng ai sadpenémnd da'sieyt ended

end. The 1 XUidcn pedhlesl B6lUds:Accenben aasl L BT HESaIHas Jd Xef end

and the e vVin d and
ext ended end. th& - load bUttqrhl yhigksi has preladieely nfvighed lakesal and

stiffnesggdi Stzfl'gli_'dt:n.t?”aﬁa é@ﬁffﬁ@gé efé:.s n?éifrfﬂafirﬁ"ﬁg precildd e e t he

ends of the flexure ar,ns nor e "dési rabl e reSonance
char act eri st i POSfgioning F?é §|hﬁb§P-1§S|r ﬁ&onghéhﬁ Y8¥ &%dSand extended end
of 30 the flexure arns are SUMMYObFSU'E-IE‘.I giwENTIONCkness to provi de

sufficient in-plane stiffness for ort n sllder artlcul ar,
the reduced mass centertr Srtlﬁﬁsent 33\??1 gnm)]?%l%%% r &8 & r & gﬁ’

characteri sti sprinmg for supporting a slider relative to a dlSC-

15 surface. The gimbal spring includés opposed flexure
arms extending from a base of the gimbal spring. The
flexure arms are designed to support the slider coupled
to the gimbal spring wvia a mounting tab to pitdh and
roll relative to the disc surface. The flexure arms are

20 formed of elongatéd members extending from the base to
define a fixed end and an extended end. The flexure
arms include a center portion between the fixed end and
the extended end having a reduced mass than the fixed
end and extended end. '

25 ' This design provides improved mass and
stiffness distribution so that there is sufficient
stiffness at the ends of the flexure arms while
providing more desirable resonance characteristics for
the gimbal spring. The fixed end and extended end of

30 the flexure arms are formed of sufficient thickmess to
provide sufficient in-plane stiffness for supporting the
slider. In particular, the reduced mass center portion
provides more desirable resonance .characteristics for
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-5- operation of the disc drive. systemand all ows the
pi"t ch™ and ﬁ(ﬂ?s"ﬁé‘? lative 'to the | oad point. B@l@gﬁéﬂé’é’&ﬁ 871 O

OF THE DRAW NGS FIG 1 is a schematic diagramillustrating
5 operation of an-optical storage system FIG 2 is a plan
view illustrating a slider carrying ag-Sl L. FIG 3 is a
top plan view of an enbodi nent- of a suspensi on assenbly of the present
i nvent :c on 10rTb qaqmitom@ﬁatﬁlel desc drive system and-kGlods ghe bdpdehan
view of an e rin sent invention. .
FIG 5is a crg%s sec(flonaq lflclﬂglw njliz%lv%) ogtﬁe i?a% §§ ‘of FIG 3. 15

FIG 6 is a cross-sectionk N REE F THE DRAF of FIG 3.

It shoul d be understood tgwg they gr g AL aif én“ilfiﬁg{-_}fgg poses
and are not_necessari]y drawn : aéMQ ﬁe géc la% Al LED DESCRI I%T

THE PREFERRED MRSIHHicwroL an °Pt1°a1 stqnpagge 18Y&teMsi nplified di agram

DILFO0

illustrating an opt igEE. 201908 pYSheRriw N uftdthi dgmBr 8ledekens
(SIL) in accor dance W|th on%{_errbodl ment of the present i nvention.
Opti cal system 'optlcal di sc 25 12 having a data surface

whi ch carries opti cal I y efeder is a toopl plemt vdew Bfsanlémbotimentabdut

spindle 14 and Js dl ez no 1? iy d 8. A
slider 20 is rmdvab?usgﬁg%%érgﬁed %m?ﬂé’g tge di éggsu ace te Qﬁgggli%goén
act uat or retharfuppartim a Sllder The slider 20 supports an SIL 24 for

focusi ng a | aser beam®f 241 OR! ke pIvdl PTeRNoENEndeRBo8Y MbAE of
for reading optically-encoded informtion. The, actuator mechani sm 22
preferably incl& L FREG 9 i Poesent inYeRtiPRder 20 is coupled to

the voice coil notor viaBIG. 5 is a cross-sectional view taken along
line 5--5 of FIG. 3. :

15 _ FIG. 6 is a cross-sectional view taken along
line 6--6 of FIG. 3.

It should be understood that the draw:.ngs are
-for 1llustrat1ve purposes and are not necessarily drawn
to scale. _ .
20 DETAILED DESQRII.’TION OF THE PREFFRRED EMBODIMENTS
FIG. 1 is a simplified diagram illustrating an
optical storage system using a solid immersion lens
(SIL) in accordance with 6ne embodiment of the present
invention. Optical system 10 includes an optical disc

25 12 having a data surface which carries optically encoded
information. Disc 12 rbtat_es about spindle 14 and is
driven by a spindle motor 16 mounted on base 18. &2
slider 20 is movably supported relative to disc surface
12 via an actuator mechanism 22.

30 The slider 20 supports an SIL 24 for focusing
a laser beam of an optical system on the disc surface
for reading optically-encoded information. The actuator
mechanism 22 preferably includes a voice coil motor 26.
The slider 20 is coupled to the voice coil motor via a
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- 6- suspensi on assenbly 28 The opt i cal systemincludes an ., optical
head 30 wibefsdauef erably is coupled to the act uat'or MECTASENTRZE and
operated thereby. The opti cal head 30 i ncludes a | aser beamwhich is
focused onto the 5 disc surface via the SIL 24 in a known manner for
operation of the optical disc drive system FIG 2
illustrates the slider 20 and SIL 24 ~6-construction. Preferably, the

l'id f d of t t h bi
The SIL 10 oATRSBERR AIIFILY 49 et o058 Lo4L | BFASERVERGIoPRE 2R | der

20 and SIL 24opeichdk hermded of mdchntpg!ﬂérably mierdcahpled hivoedtheom a

singl e piece 9&&5@%& n 22°4BASerd (s CHSUHY SOrRplofe: 801 °1 | 00

20 can be orne T 6/ Fo a S|n e prrece 0 ransparent
mat eri al suchhead 3¢ d % lay lagegir bl;ﬁ!!\ Whlcboﬁ-ycé@b@ﬁﬁdeonhoathﬁown
nmanner. Tge shiger s&Q‘f‘a‘&‘é‘ U\‘i'fé the 3ETNPBERT HYT HAGEKSGn ARnRdOWBE Al T
beari ng surface 32 , g ace not visjble in FIG 2) which is forned.in a
known nmanner PREFRAPRE 184 tq"'r"?gv“? oFXRE®®- 20 the slider 20

. and the lens 24 via rOtEIGOHZOfLIDﬁEtﬁates thdi #tidari 20 deDvETDBRRGET .

Lo the act uatSrnEiRERioRy “o-ReRuaRiNs The oL B057heY 2Rul¥ S0 & 5 e
suspensi on 25trmspm1ytlmm,asm@dabeammc & imwentiiang }S‘hatSIBG -
and a giypal $prigIp3Rded ¥ tfﬁé'”éii‘&ei" §5e0§6 I3 cerndtOURIBY, tenkhe

actuator nmechanism 22 via stak In a kndéwn nmanner . Preferabl y t he
| oad beam 34 $514®¥ n@§ And SI&‘n %‘%oﬁ'@é(t RE f FoxmBre ot 81 AnWAFEALI ncl udes

side rails 3Qnéﬂeﬁ@l&tﬂmﬂné@bfﬁdmf‘&lvs ié)él.dlé&ét@ﬂ dydea1a | pyer
surface of |oad I% gt a ext dsffd f fcﬁ 2 beam§4. Si de
rails 40 prov?’é%??ér Pa %ﬁ%e E? s%’a%raﬁe
connecti ng wi fesmed thy sl.unj@n:tlon Aplding &0 88hg3841 piece
PCT/ U897i§722§ransparent material such as a commercially available
polycarbonate in a known manner. The. slider 20 includes
an upper surface 31 and a lower air bearing surface 32
(surface not visible in FIG. 2) which is formec'i""_"in a
. known manner to provide a hydrodynamic lifting force to
20 the slider 20 and the lens 24 via rotation of optical
disc 12 in a known manner. '
The slider 20 is supported by a suspension
assembly 28 operably coupled to the actuator mechanism.
In particular, as illustrated in FIG. 3, the suspension
25 assembly includes a load beam 34, a mounting plate 36,
and a gimbal spring 38. The mounting plate 36 is
coupled to the actuator mechanism 22 via stake 39 in a
known manner. Preferably, the load beam 34 is formed of
an elongated flexible material which includes side rails
30 40 and a load tab 41 having load button 42 (on a lower
surface of load tab 41) at an extended end of the load
beam 34. Side rails 40 provide lateral and bending
stiffness and a means for connecting wires to the slider
20.



-7- The gi nbal spring 38.is coupled to the |oad beam 34
and supports slider 20 relative to the |oad . button 42. ng"@g Sﬁ@

coupl éd t oWOP8MB84Abal spring 38 so that the |oad button?®: ?f 3

| oad force to 5 the upper surface 31 of the slider and al so defines a

gi mbal pivot about which the slider 20 can pitch and roll relative to
the di sc surface. The |ower air beari.ng surface 32 of the slider 20
(not shown) faces the di st surface so that rotation of disc 12 provides

a 10 hydrodynanmic lifti nrhé Of£RbSD bb@tinthSS'llsdQIOL?,;Ql.édl@é the akawe the
di sc surface t;éread?% |te data to

surface. | oad .
force counter ﬁW%’&%aﬁ}&gFﬁ t%ongr?g?'éé‘l%o oWﬁe-Ez? d
consi stent fly buttdrei4ht f{Thetbsbidéerdes aﬁulihedngoopheagn.mbaaf stplre.r@ sc 15

mintain a statle e thEE fhe; 168 Backoh %e ddeiihe 5 1ofREHRER Y |
The gi mbal Sprithe d#PE% §\3§§éﬁ§| T §’§S(§ﬂﬂl§| plider gndwalspedsfines 20 to

pitch and rol | gaiedl VEivett BBod® whieH tBQénéﬁaei:hQTo CarflepigB8ncamd ol | ow
t he topography of _.the disc surface, Althou It is _desifable tqg have

slider 20 pitchht FL'SI:'-IB":L’VIe i €0qddis afiect & ?ﬁ%n n The pwex_ @ighe, or
| ateral stiff nemr;tmg r@stfacé Bat efakhe sliddyd @O otnctnhesﬁbwﬂeer faledd | Ve

to the disc surface hat de d_trackin

Accordi ngly, l?e c Zscsigsﬁarcaeol ﬁa €t5%§S§‘g€ Pg%y#er?cl%dl ng
a ginbal siri ngxmommq: ebifti;mg faree abo nbhetrenheoa’sllder 20e fdliieger .
During operati Ubo .J.@etﬁg I‘angr i J SR de%?L %v%ltttée ééjéé)eeg e

assenbly to position t relative to sel ected
positions on t HEL]F scsurfac§urfaceTh35l né@afhe fOXSEenFHNEGERERF| s thre

nmechani cal hydsd®panie Bysteny hﬁér@eréal ﬁréeﬁaéaaceohégﬁ%my faty
whi ch ext ernal m)I Lon of VLRr at LLon L %m:c)i | f.ied. us ¥l\0 9 /45841
PCT/ US97/ 17228 height for er 2 uring operatlon of t isc

15 drive. = During operation of the disc drive, it is

important to maintain a stable fly height for slider 20

close to the disc surface.
_ The gimbal spring of the suspension assembly
allows the slider 20 to pitch and roll relative to the
20 pivot point.so that slider 20 can follow the topography
of the disc surface. Although it is desirable to have
slider 20 pitch and roll, it is desirable to maintain
the in-plane, or lateral stiffness, to restrict lateral
motion of the slider relative to the disc surface so
25 that desired tracking may be accomplished. Accordingly,
it is desirable to have a suspension assembly (including
a gimbal spring 38) which restricts lateral movement of

the slider. )

During operation, the actuator mechanism 22
30 moves the suspension assembly to position the slider 20
and SIL 24 relative to selected positions on the disc
surface. Since the suspension system is a mechanical
system, the system has certain resonance frequency at
which external motion or vibration is amplified. Thus,



- 8- dependi ng upon the constructi.on of the suspension = assenbly
i ncl udi ng the -slider 20, the frequency of the external forces , may .
coi nci de wo %8mds84the resonance frequencies of ‘the spepaissi/om2s

system causing the 5 external notion to be anplified. Vi bration of
t he suspensi on system corresponding to torsional node resonance and
sway node resonance nmay interfere with accurate positioning of the '
slider 20 relative to the di sc surface. Typical excitation forces are

fairly I ow 1%eﬂérﬁ].9@1c¥1golnesEhEhané%tgggttgn dPUSnd ! 4 &bl e

‘to design a suspension as ective utlon of mass
and stiffness aSFEBHMN din"clhladlng thes sHdidar A% Eheofrsauancy xhdris on

system whil e exte¥ri dlﬂgr&%:l reghy i ncah.ﬁeﬁdét I M‘Leass thed fdescsihde
operational characteristic ensi on assenbl
%‘F? ng 38

TPl ustrated | Eiecuengies “8g | theq, EBSBﬁnﬁ?T‘BBdl SteBs LRI
of the 5 pr essmErnialyvemotbonf dro. shppamplidisd.der VAbraksicahoofi, the the -

gi mbal spring 38 Fr}g n 4 2 =48, 50;
cross beam 52; aﬁj Légfl "P ?&ﬁ%s%%n o%’oof thn nlgate portlon
46 defines a mﬂﬁﬂﬂaﬂfe an ﬁWEMnMQﬁefI@@Qﬂ%ﬂQﬁxﬂﬁYngntﬁgﬁﬁnﬁxwl%@r|ng 38

to a | overy ifrA%e sitfh?oﬂﬁ% @Paﬁhé)"lslfﬁ& 58 rala@iendo thdromthe
‘el ongat ed portj.on 46. 0SS be %@f I s coupl ed ~ to extended ends of arns

48, 50, and q fyrEages, Typi SR Bty FSFFFﬁtﬁraa%aJs’SlYo]r%a
bet ween sacedErequeddxurlesy hadd 1dS,Q>oo Hz. Thus, itlhe sdddlefaplel udes a

| eadi ng edge 56 a tr e 57 d the |stanc etween the
| eadi'ng 30 ea:goe Bgal?r ai P nszg%léeé]ég}% YI oﬁb gua‘-i‘rf\ale cerh V€ of
the slider. Thbidtonigutidimabfexnaas (ﬁnd h@ts.lfrf@elssmto cotsolfithent to

accormodat e Slzles%ﬂxa’ﬂ& t%BE:QE&Qﬁ %t thwrgaggehgao@%é@&nt Ry g1 &bal
spring 38 to the up surface slider_ 20 and sufficient surface
“area to- vggf 4p@esired 1n plan_e stiffness and £fly and

PCT/ US97/16/22%perational characteristics.
The suspension assembly illustrated in FIG. 3
_illustrates an embodiment of a gimbal spring 38 of the

present invention for supporting slider 20. As shown,

the gimbal spring 38 includes an elongated portion 46;

20 flexure arms 48, 50; cross beam 52; and mounting tab 54.
A portion of the elongated portion 46 defines a mounting
portion for fixedly securing the gimbal spring 38 to a
lower surface of the load beam 34. Arms 48, 50 extend
from the elongated portion 46. Cross beam 52 is coupled

25 to extended ends of arms 48, 50, and mounting tab 54
extends therefrom into gap 55 formed between spaced
flexure arms 48, 50. _ -

The slider includes a leading edge 56 and a

trailing edge 57, and the distance between the leading

30 edge and trailing edge defines the longitudinal extent
of the slider. The longitudinal extent of the slider 20

is sufficient to accommodate SIL 24 and to provide a
surface for mounting the gimbal spring 38 to the upper
surface 31 of slider 20 and sufficient surface area to



- 9- provi de a contact surface for the |o6ad button 42 to exert a
Ioad force to the upper surface 31 of the slider 20 and _acc &%e
wi're term WR9846843ads 58, 59 ‘for el ectrically connecting ’@ﬁgﬁ
transducer (not 5 shown) for witing data to the disc surface:- for a
magnet o-optic systemin a known manner. The SIL 24 is posi ti oned toward
the trailing edge 57 of the slider sugh that the dinension between the
| eadi ng edge 56 and SIL 24 is greater than the |ongitudi nal extent

bet ween 10 the pn’mildMQaed:gmtE?:tamjmﬁm:éSI Eoz24 th&d@adebuthemeem to ‘the
| eadi ng edge 56 f d rGe:a
applied toward t an![igr%é Féré&! éécﬂﬁ‘%}&&%?eé%q}r o 3 %? ts:Il}fQ'f %gl"'g%
surface area i £0 an Br @rceamocs t@cdﬂﬁ\%d&?@mﬁélp@r mm. 68 .pR £8r 59.

15 %lfé@iﬂt&él N doMped@singn @f hagnatﬁeal t§9ﬁéaﬁcer (88tshown
inFIG 3, I n ta IS, aJ %ato couple tral%%‘Pg edge
57 of the d 10 Ent ta 54o; é:%rﬂ'éﬁcofmér %‘F%tl 2 short

menber extendl m;;g‘rrecﬁn optlcﬁrs;mémeam@ ltmbmufaéméﬁ t rehér 8ILi rg &@bge of

slider 20 20 e ud al te et we t he
trailing edge %Péyfqn?%e ésﬁ% Eré ggghfg ﬁ‘ﬂ% 5% :ﬁ) %f Sif"gﬁ 54 is
formed of a corauth dhdtadhecdimenision betm&erﬁ@hegheddnngcedgeuﬁﬁ enghe

shape of 1ens &rr JN%s gredQdll UAM (REO S AL NExEOHA! HBGWERR 57 54 to

be 25 positioned in ose proximty SI'L maxi mze
area whi | &% nithe %@ ildag @ﬁig@hsafametlh@ﬁnlpr?d: The; ggtent iaﬁewesnus

the length of giﬁﬁ)auleaﬁdh[rigflgacifg?e (36 &and SILfiQXiJées@ff@cﬂt@nt 58) thhat ai s

dt 1 b. 54 rt d. .
e beal v oo AR B ee, can DB PRI “LoyRed W TCERE RS, 9 the

preferably de5|@rBIhBozmaanﬁheso thaxt enuf fietiersn tsimer faeedi ag*eedgasSG and
SIL 24 is stlg\; ] ﬂ]qﬁ‘n Ied
to | oad beam3 andidsz%tlf couple v%{'fe ﬂ?§9{6£%§€® Sg
PCT/ US97/ 28 ' Preferably, in the des:Lgn of the gimbal sprlng
38 shown in FIG. 3, mounting tab 54 is aligned to couple-
to the trailing edge 57 of the slider. The mounting tab

54 is formed of a relatively short member extending from
cross beam 52 to couple to.the trailing edge of slider

20 20 along a relatively short longitudinal extent between -
the trailing edge 57 of the slider and the SIL 24. The
_mounting tab 54 is formed of a contoured face 60, which*
is designed to contour to the shape of lens 24. The
contoured face 60 allows the mounting tab 54 to be

25 positioned in close proximity to SIL 24 to maximize the -
bonding area while minimizing the length of the mounting
tab 54; and, thus, the length of gimbal spring 38 (i.e.
flexure arms 48, 50) that is required to accommodate
mounting tab 54 is shortened.

30 As previously explained, slider 20 of the
present invention is preferably designed so that the -
extent between the leading edge 56 and SIL 24 is -
sufficient so that when the gimbal spring 38 is coupled
to load beam 34 and slider 20 is coupled to gimbal -



-10- spring, there is suffi.cient.length between the |eading edge
and SIL that the |oad button 42 can be | ocated close to a center C
posi ti on wé oghssger 20 and can al |l ow for area for W re HOIVUSHAAYI28N pads
58, 59. If thereis 5 not sufficient area, SIL 24 will restrict placenent
of the | oad button 42 toward the center of slider 20. Preferably,
the load button 42 is formed by an etchjng process. The | oad button or
di nple 42 formed by the et chi ng pr’o’c%‘ss requires |less surface area to

formthe 10 | t radifi LIV diyopl es, Thu he | oad
button 42 for%}gﬂ%@’ tﬁg&e% cﬁ?n%ugfr]%cc]éés/%t ﬁeﬁﬁh tl?r?;t‘?eens l?? alz aél?’gg
required for edge | aad &8 tthak ovhele Loddalbutton otat Fen dfe thecabed force
relative to téposdi€l6ra2Beabdr posREQBhI8ssEhl gge%fg S&ngci %n aaéfi‘o&o mount ..

the mounting 15 tab 54 and wire term nation pa tive to the
upper surfacet¥d ¥ea KO Wiks tegmination pads 58a558kowkE Ehexardésarns 48,

50 are prefermdt ysuffidemecavéa £l SN ad € dedENHas st e e Hp Bxd&amént Nogpaced

ena 61 1 coudtaPa% i ghde Foaia, cPhE FeRs SR o o sgadea - al | gned
toward the | eRxirrably edgee cloadenstitiaier420is Huermexk tignden enchifg is
morbers and 10 GeRer ol | aisodvRl Hirelh WERER AT bl TPTLEL ¢ o
of the slidere®eRing Rrogess KrJyires lsgs Sudnce rarea teankesr tBecoupl ed
bet ween pxt endiffble tBAHS t9AdQki9PAGRY fAcYrdE RMuP1ds. SGHu: SUPRert
nmounting tab 54 hered tq the trailing edge of the s]jder 20, As
previ ousl y exﬁ?%‘?ﬂ%ﬁ‘ftc?rh 44 &oxmedy yoFggoeg?hﬁn%iPFB%‘Fe§§r'JrH§lEﬁ05\H? t he
required ext esmrfmtevearea requiiveetl ferdthe hoddexsingedhrsdide idealni ni zed
RS o SUEEIELIRANNL 26t SIRATEYS LAk 3R 3"
PCT/ US97/ 1722xovide sufficient surface area to mount the mounting
15 tab 54 and wire termination pads 58, 59 relative to the -
upper surface 31 of the slider 20.
As shown, flexure arms 48, 50 are preferably
- formed of elongated wmembers which extend in spaced
alignment and include fixed ends 61 and extended ends
20 62. The fixed end 61 is couple_d to the elongated
portion 46 and is generally aligned toward the leading
edge of the slider 20. The extended end 62 is spaced
from the fixed end 61 at an opposed end of the elongated
members and is generally positioned proximate to the
25 trailing edge 57 of the slider 20. As previously
explained, cross beams 52 is coupled between extended
ends 62 of spaced flexure arms 48, 50 to support
mounting tab 54 adhered to the trailing edge of the
slider 20. As previously explained, in the design of
30 the gimbal spring shown, the required extent between
fixed end 61 and extended end 62 is minimized via the
shortened mounting tab 54 since additional length is not
required to accommodate a longer mounting tab 54.



-11- The flexure arms 48,. 50 ate preferably forrred of

pl anar nenpers having a generally uniform thickness al ong. | engt h of
the flexur ¥O8@843 "50.” “In the enbodi nent of the ginb H&z 8
shown in FIG 3, the 5 flexure arns are designed to have a varied w dth
al ong the extent of the arns 48, 50 between the fixed end 61 and
the extended end 62. In particular, the.yadth of the flexure arnms 48,
50 is reduced at an internediate portion 64 between the fixed and

ext ended ends while 10 s‘]]hiélﬁl@ﬁhré!\nad&rﬁsI@B,pwad'édp&'éf%&ﬁbl@lfm&i? to
prowde sufficignt ffnes [ heflexure ar op Q limt _
I n-pl ane or ot hcgj'i1 %fgd%as]f r“é%'%bn%f aving a genera 1¥h‘éni8868‘e&5\?a°&ﬁ”r$so% t he
arms 48, 50 al chvpndethe lengtdy rm'rli%ill@ phexuoe 8xmsedificesSq he Amsshef the
flexure 15 ar gnddimbnil 9P% ﬁg@% RrLf | gxur
&Pslg? elntggg%gtéh i e %X tEhe

arrrs 48, 50. The reduced nas ate portio
i ncreases cert o FEFEED AR ?F%q@%ﬁé?nﬁ@d‘ég have Fn"ﬁﬁi‘-ﬁficm’llétth |aH-CtnfEa

design illustratiesl éxcdntc of, thécarms 48JusedbabhéefictiBealixedn&rRRsEs t he

torsional and 20 .bendin anc de frequencje al t h .

decr gase the svERP nb el&% ?%g éﬁ ‘th rbq%?'e'?ﬁ ilar { \'7£ﬁt ?’&ﬁlt&’t ;%/rrass
is reduced al or@@nflaxereredmsem Spilor:ts aredidcesd als an intesasd e
torsional and AFt ho etl’i@dﬁ%éﬁq%%c'e%&éﬁéd ”ﬁﬁﬁsd%‘&l igd

operation 25 an e reduced nass decreases dé
resonance ¥¢ eqtﬁhg‘;/m%%t smﬁsdtr‘fbdésf rexpiekdsd ottt tends  Gledaudd ﬁ@sstcgl nbal

spring is accepipdde %ﬂ!ﬁ’fié‘iﬂéné '!ﬁ:lffne%’@foﬁfnéﬁer@_@@:?@féeaﬂﬁ’@%@mm
significantly i nt magnetlc

m ﬁn g acerment of the SIL 24 or
transducer 30 § iR-RbRrAEI OBpebheF oHnfeitedcPeE i8R t he disc
drive system Thus, the Thsignduded Widdlexfr eharadms 48, BEO\UlRRy the MBSS
e "ons S bolBlon o4 SRNLE D phle S Mbrmrn .
WO 98/ 458445 arms 48, 50 along an intermediate ;Rmvigsgzjflm@ flexure
-12- : arms 48, 50. The reduced mass along the intermediate
portion 64 increases certain resonance frequency modes.
In particuiar,, in the design iliustrate'd in FIG. 3, the
reduced mass generally increases the torsional and
20 bending resonance mode frequencies, although it may
decrease the sway mode resonance. In the present
invention, the mass is reduced along an intermediate
portion 64 so as to increase the torsional and bending
resonance mode frequencies to a nore desired operation
25 range. Although the reduced mass decreases the sway
mode resonance frequency, the sway mode frequency of the
reduced mass gimbal spring is acceptable, such that the
sway mode resonance does not significantly interfere
with placement of the SIL 24 or magnetic transducer
30 elements at normal operation frequencies of the disc
drive system. - Thus, the design of the flexure arms
provides a mass and stiffness distribution for
optimizing the resonance vibration and stiffness
characteristics of the suspension assembly.



Preferably, the reduced width portion.is general l'y aligned proxinmate to

a center position of the SIL 24 and distal of the position of the .load |
button 42wo98/i4588hus, the reduced width portion réduces thePGT/USTINILS of © 5
the flexure arnms 48, 50 at the internedi ate position di stal of the | oad
button 42 to allow the slider 20 to pitch and roll relative to the | oad
button 42 while provi di ng suffici ent, stiffness at the ends of the
flexure arns 48, 50 to limt out-of-plane novenrent and 10 provide |ateral
stiffness. |y he e £at el

wi dt h then the extended enﬁZ ]'t%}g I’!:g%l dleéiia?gcriawlééhstaﬁ?]fat%ss at the

~_connecti on ofganeE adilvb A1 igged §r9§1f"§te to| 3 RenefmERSitipRiek 4, in the

enbodi nent sty 24nah8 dEs€al bf thee fdoe&utﬁenabﬁstﬂ& 1684 e tapered from
ed end .62 and, are

the fix end, 61 toward.the, exten spaced

i ni num di st glﬂjc E‘Pt 5?11\7«?‘4%‘ BRF LR AeBiCeRethe 5 t’s’?&b%?sfbf and SIL
24 to prdvi dd:lalﬂemessetarhsmw i 50 at théanatewmediabe tgms:gum'al spring
38 and sl idergs rapl

enbodi ment ﬁ]1 u%.f;t rtélteec}qad ﬁ%ﬂé’e A&E vo aﬁ%&%&rledé esl gned in
an hour gl ass Hiftie yadi ﬁ@éllbyr%?ﬁlmﬁarWytbarmdoLh\&ton 426l BB and an
out war dl y- curwldm@ edg¢i68enthUseiffnesd had NRBe a8d38UIEF adaes define

T a general ly h | ass 25 shape havi_ng .an |nte i at e rtlon of reduced
‘mass and AR 48 80 i ddmd tpgﬁ'd@d and' :
suffici e wpltdviide ldaserradd sitiiffineass.. The cont our ed shape provi des a

mass and stiffness di sty i B9l Orthe fiﬂB&O\éﬁgl 6T Eﬁ%gagcegsr %lbrat i on

" and = stiffness 30 charac erl an view
- of ginbal spriifisgthgn the ﬁPqt@g@ﬁsit i elpdt 162 shapePesvider élfaérermil
embodi ment  ofgdiiFness 4 MR RIS Ut R RAAKERANT P14y i -to

Di nensi ons dare illustrated_in reference to center [ine 70 and base
WO 98/ 45841 load beam 34. Preferably, in the empeﬁpggg /fﬂgﬂp in
-13-. 15 FIG. 3, the flexure arms 48, 50 are tapered from the

fixed end 61 toward the extended end 62 and are spaced
a minimum distance apart relative to the width of the
slider 20 and SIL 24 to provide stiffness to limit in--

_ . plane motion of the gimbal spfing 38 and slider 20.

20 - . Preferably, as shown in the embodiment
illustrated in FIG. 3, the arms 48, 50 are designed in
an hourglass shape defined by an inwardly-curved outer
edge 66 and an outwardly-curved inner edge 68. Thus,

, the inner and outer edges define a generally hourglass

25 shape having an intermediate portion of reduced mass and
end portions (i.e. fixed end and extended end) of-
sufficient width for desired stiffness. The contoured
shape provides a mass and stiffness distribution for

_ improved resonance vibration and stiffness

30 characteristics. '

FIG. 4 is a plan view of gimbal spring 38 for
illustrating the shape of a preferred embodiment of the
gimbal spring 38 of the present invention. Dimensions
are illustrated in reference to center line 70 and base



line 72. Center line 70 divides the 'gi mbal | s'pri ng 38 in half and each
half js a mrror inmge of the other. Base line 72 is re om-a
t ool i hg hoWVO BUSHki ch  * i s ‘aligned relative to | oad beam %&Z@?ﬁé@gl oad
button 5 42 is correctly aligned relative to slider 20 coupled to-

gi mbal spring 38. As shown in FIG 4, the el ongated portion 46 is of
uniformw dth frombase line 72 al ong -13r.ef erence length A and then
curves outwardly along arc «; B. The width of elongated portion 46

expands from 1mlnee}12ent Aenabmnglmet got diGillest ahe Wictda ldedpriodg bys

T erence D 1o SS1ECald Mclf o £ L oHlieo? b, o U Seles, © 1

a radius of O |nc es an

Fl exure arms 453535@)3@% 2Adigereferenced ofras a wekipg dtpbor?4 ovhich

reference C tOlQXhﬂlgﬂédeBé§a@2ve to Y648 Yéam ot &S wiaid Neshdoutbsn and
outer side_edg Qut er e 66 incl uﬂéasan L nwar di% curved

d
portion. dePi ne§§b§7sa?%r@q’%5étaél&%}ﬁq' € §ondé B 20 ceupligth t@nter
line 70 and | ogambdlbwprdiey e dhagseahowm Zth KAE! o) bahe IéItmgﬁtedl nner

Ceferonce . DAFARRE BR Lot PEnURRAPER MARET, G Iy R a0y 7 FAPRRce

di mensi on J froyefeaebcki Aengkh A Bndf thebl yurfess mtwardlm@l:m@fanam
inches, Fis aﬂprox‘rﬂat %Xi@n 53¢ i} Q:J?Fg%.t&ir pBE‘E'lgh' %@pgﬁpéh§%4 Yol 296

inches. Preferably, appr oximat 9 I nches,
| s 10appPEEEREL eﬁy @1@% igfeqant arQTAJ |t§ aﬁpr‘&(‘ﬂ%t ddgfinedo by
inches. referenceAD Sligvh idedtdz EhnEl xe4l, end&eﬁﬂeﬁbﬂrﬁxw eig0

arns 48, 50 in i pne out er c ved e defl rences.
K Tespal dBe, 1AEheRn ik U rRH R HSRRITHEE g 15 ¥ 1515
reference K |51@c0E5 andh@51sn0 1074 timehesdi us of curvature for reference

L is 0.035 inches. ¥ﬁ%xﬁ§leer§’ﬁ-ﬁls eq@s 6§oof ,{gl&%sg??%%%g% PpPoiancl ude -

WD 98/ 45841
- 14- 15 elongated portion at reference C to extended ends 62.

Arms 48, 50 are defined by inner and outer side edges

66, 68. Outer edge 66 includes an inwardly-curved

portion def_ined by arc E located by reference dimension

F from centér line 70 and located by reference dimernsion

20 G from base line 72. Inner edge 68 includes outwardly-

| curved portion defined by arc H located by reference

dimension I from center line 70 and located by reference

dimension J from base line 72. Preferably, E is a

radius of 0.476 inches, F is approximately 0.554 inches

25 and G is approximately 0.296 inches. Preferably, H is

approximately a xadius of 0.496 inches, I is

approximately 0.433 inches and J is approximately 0.232
inches.

As shown in FIG. 4, fixed ends 61 of flexure

30 arms 48, 50 include inner and outer curved edges defined

by references K and L, respectively. Preferably, the

radius of curvature for reference K is 0.075 inches and

the radius of curvature for reference L is 0.035 inches.

The extended ends 62 of flexure arms 48, 50 include



I nner and outer curved ends defi.ned by references M and N,
respectively. Preferably, the radius of curvature for reference Mis
0. 020 i najre9s/as3dr t he radi us of curvature for' referenc®CWUSITHTRY50

i nches. 5 As - previously explained, preferably, the
mounting tab .54 is forned of a relatively short | ongi t udi nal
extent. The preferred dinensions for t | ongi tudi nal extent of the
mounting tab 54 is shown in’ referencté to base line 72 with respect to

references 0,;]0.rF ﬁd‘%t%er ldu R I ﬁwsaaegaggdeﬁgeeﬁfg%ﬂesg % Qngef | nes.

t he | ongi tud| na extent t he nountin ext ent Dbetween
references P-B) | 5eeREcEbVglYudi Rarfex 9%%’: thepfrashipns of sFaEvanssers
formed by thefepnireified@dricacembQs o obot hemdAuat bRE teke S4adingf epgbl y; the
di mensions for. 15 , reference IS OXI rT(? (&% 3h ref erence Pis .

h inc

0.3182 i nches“HhtPTFe &Rt ‘?Ee’bc The width of

nmounting $ab 54 is provAsIecpbgv:.ouslpf ee:egsﬂ:azﬂedel aprerﬁeta)b]:ynt ethei ne 70
and wi dth of

20 taken rel a'ﬁl ve %o ct | ne s%%\ékq'%?er aglr egerg %%%%&Y Rg&g&.gnce 519

‘appr oxi mat el ylmmilh%he%x‘@ﬁfmt ¥ ef’%herweeﬁensed dl!ltemt@lﬁ; nEpsstheThe

| ength of thel&h@i’@ahdf'ﬂél @x@&xt& Sof thé)rrfb’ﬁﬂl@ﬂziytéﬁf§4 ef¢esiowh! §hi ve to-
base |ine 72 which bpre er.abl I nC Preferably, 8| nmbal
f

spring 25 38¥¢ e‘F%‘P‘Fr%ot‘?) ape i %ﬁeﬁﬂéh Hﬁ?PﬁS"—at?h?%ﬁﬁe%CeF
appr oxi nao el yPOa:m)J@ | rteh@ar&rideuﬂeﬁmedhef efkt&hai BeEWéen O- Qsaeeineat erial .

FIG 5 i ak I F 3 and
i1l ust r:atseg F%%% :b I O‘S‘Z‘l’ i” gn%\%hh ng‘f‘%‘emf]oré%n‘gu}?t%% iﬁd ég?orngg by
an- et ching expﬁa@tm:mrpre\ﬁemsbyselzp@amsnedha/\&engmadenaé.l enneat

| over surf aceof:"oo;?ﬁoé&? éi&?@ t.taﬁ:% 4B 'f%r%ﬁh% Eﬁef Qém:éurgd | go and

then an upper surface | oad t resse ormrecessed
" portion 84 an®fekheRREYIRGE tab 54 V\OPQ'Sf-ESBQiY' ¢he dimensions for |

PCT/ US97187228Beference O is approximately 0.33bx, refédéhes 42 by known

manuf act uri ng, tgfgglﬂggﬁes%e&l n@fé@ence éshgv\@ i&;l&cg‘;sfam litates

press form ng recesse
. The width of mounting tab 54 is prov1ded by

reference R relative to center line 70 and width of ‘side

~ tabs 78 is provided by reference R-S. 'TReference S is

20  taken relative to center line 70. Preferably, reference

R is approximately 0.0390 inches and reference S is

0.0225 inches. The length of the gimbal spring 38 is

provided by reference T relative to base line 72 which

is preferably 0.3631 inches. Preferably, gimbal spring

25 38 is formed of a planar member having a thickness of

approximately 0.0015 inches and formed of a stainless
steel material. _ '

FIG. 5 is a cross-gectional view taken along

line 5--5 of FIG. 3 and illustrates load button 42. As

30 shown, the load button 42 is formed by an etching

process as previously explained where material on a

lower surface 80 of the load tab 41 is etched to form a

dimple, and then an upper surface 82 of the load tab 41

is pressed to form recessed portion 84 and extended load



portion 84 to formextended |oad button 42. .. FIG 6is a
cross-sectional view taken-along 5 Lipe: 6--6 of FIG 3, illustrati Cross
beam'52. WO 98/4584thown, " cr ost’ beam 52 |s pre$s formed to foffIds ?ﬂ@gﬁ
portion 88 which is ralsed to |ikli‘n.a plane ' above the pl ane of the
flexure arns 48, 50 of the glnbal spring. This design allows the slider
20 to be coupled to the 10 ginbal springs-n a desired plane.

Al t hough the present invention has been described with reference to
preferred enbobukenhs42 by Kiswenanufaldeeting thehaituelsl.| opengngzest hat
changes may; [ or m,a t. w th d t he
spirit and sco 3R§FQBQ§1 ﬁ%éntggn%%é¥if%a§ Qgés %%@-E{ﬁﬂ réﬁ?%&éd

i mproved gi mapoﬁéspgn8ﬁa§0bé@rﬂd@e¢lemld@d load/\/lbtdrttqref@ence to an optical

disc system use of the rre.! el kORrohdUeddiBdAl ikt ik Gl ogyst em
and the gi mhal spring ma¥1 e used_to support a slider carréﬁ ng 2

conventi on8l nagREt i ek, FI&ddPri dddMSEratiagtaRgs beamsidng B the

present invent Isnawns rdﬁosls bl 3D idepress-spemedl eoerﬂaﬁﬁki raer&asbewn. For
exanpl e, dlnen3|ons

| mbal ring.can_be var.i nd t _
o Fon | o nEpRELoR s il 3%, Taentl e i & A 2 "Bt 1o
25 achieve anpﬂ.aner nﬁdlthee frlta:lumedamfssl!mor tdomf the glmbal spring.

ésighb|¥ha;d;;te& g? altows the %Flé%Pb gtFéngn%oéglifitéuéﬂgnsion

conpri si ng® glmbal Spé'ﬁ-ﬁéisédl §p&3@§e}r@ angns forned of elongated
nmenbers. having a | eadi ng ;933 t ithe  present inverdtid | NGaLdIBesArtion

gnd an int erme eastc?:‘lbed with refggé}a.l:gn tct)hepz!'ee ednlrzr']gdedeqr?bg&r.talegpst]aw ng

workers skilled in the art will recognize that changes
may be made in form and detail without departing from

15 the spirit and scope of the invention. In particular,
although the improved gimbal design has been described -
with reference to an optical disc system, use of the
invention is not limited to an optical system, and the
gimbal spring may be used to support a slider carrying

20 conventional magnetic heads. Additiomally, the gimbal
spring'of the present invention is not limited to the
specific embodiment shown. For example, dimensions of
the gimbal spring can be varied and the invention is not
limited to varying the width of the flexure arms to

25 achieve an intermediate reduced mass portion.



bul bous structure to provide .lateral stiffness and the

I nternmedi ate portion ) THI§(§ ucture tapered from the

| eadi ng wiyhgiksai | i ng edge ponfti onsﬂe ’ PPOYUSST/IA2T8e Nt er

portion of reduced nass ﬁBV|de i resonan

and a dinpleless slider tab connected to th

trailing edge portion of the opposed . __ y

head suspensi on assenbly conpri sing: 16 a sli der 'Iﬁ Iultlmeast
a

one transduceng&eafgnbLAIMED . a load beamincluding a |l oad tdb having a
| oad button; _—Waced ginbal arnms separated to form a gap
havi ng a wi dt&-wi der th | FRringacRf a suspension; mgpemdy

i ncluding a | addptededge peuppdft a slider redathidel i ke edge d&%ré ion and

an internedi ate portion, the | eading edge portion having a
bul bous str ﬁé’f"ﬁ’?‘"&s‘f‘g provi de | at er al stiffness and the
i nternedi ate portion foanbdse; .of a structure tapered fromthe

| eadi ng and gposed é:aced flexure arms: ‘extending. fro
trailing edge portions to0 provi por ?IOI’I 0

reduced mass; and shgi h@ﬁ@be%%l@lﬁk@ﬁuwtammrw Eoxmies to t he

trailing edge portion of theoﬁp@%ﬁgaﬂéaﬁﬁémbers having oppcHd® erf@ssupport
the slider in the gap between osed gi nbal arns. 3.

The device of clains 1 or W?éirel na cr oﬁ%%ﬁchgfgﬁﬁporté’d”bfyl%
ext ends between the traili ngthégebpowbenns tife t hetgrmbalasempoatd drhe

slider tab is connected to tg A% | gﬁ}}g ggﬁgor}}a‘;{}? sLiders,cda

The device of clains 1 or ereirn t [ der
mass than opposed ends of the flexure

arms; and

a tab for supporting a slider, the tab being
operably ' coupled to opposed flexure
arms. _ 3

2. A suspension assembly .adapted to support a
slider relative to a disc surface comprising:

a load beam adapted to be operably coupléd to

' an actuator mechanism, the load beam
including a load tab having a load
button extending from an extended end of
the load beam;

a gimbal spring, the gimbal spring including
a base operably coupled relative to the
extended end of the load beam;
opposéd spaced flexure arms extending

from the base, said flexure arms
being formed of elongated portions
having opposed ends and an
intermediate portion therebetween,
the intermediate portion having a
reduced mass than opposed ends of
the flexure arms; and
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is forned of a nenber having | ati vel.y SHoGT |-ongi t udi nal extent. 5.
The device,of claim 1l V\/nerel m M pring is adapted to su ort a
slider i ncWQAS#H§84n opt i cdl I n of -an opti calPeY? %@nbl y.
6. The device of cl ai m 5 whereifl the slider tab ix Jdudes._a face
which is contoured to the shape of the lens for pl acemzrm-llsfsuﬁﬁ HAS BEEN
tab in close proximty to the lens. 7. -17- The devicg of CREPIIRCEWr

wherein the ginbal arns are contoured to forma general I'Yy—etrvet—hottgtas
shape. 8. The device of @ &ah fox aumerémngtheslelaiﬁmg thigetpbrtion

has a greater width than the traili %lg@eo@g{.gbpp Egum@al d& sgphbaeas for

the ginbal arms. 9. The devi ce_of ¢l ai ns or wher ei n t he" gi nbal
arns include contoured inner and outfé-re’%ﬂ'ij%salf"éﬁf orm t he | eading edge,
trailing edge arsd internedit ﬂep(ibtei 8ffiSclaim 1 wherein a cross beam is

-18- 10. The devigce_of, cl rein the _slid | ud n

optical |ens foﬁ‘%ﬁ?&r%t n 8?1 an-s 5 T%ay]gw§c?r’dr?§5e ggge oﬁ che

The devi ce of clfdienu® wmr eind tthe dHakddrs togeralmcy Lmtmsphedat;hemtohtps

contoured to the Wq{é@ﬂ(ﬁ[}s for placenment of the slider tab in
im t t he

cl ose proxim ty ens
The device spring of claim 1 where:.n the tab

is formed of a member having a relatively short
longitudinal extent.

-B

5. The device of claims 1 or 2 wherein the gimbal
spring is adapted to support a slider for an optical
lens to fly above the disc surface for operation of an
optical disc assembly.
6. The device of claim 5 whereln the mounting tab
includes a face which is contoured to the shape of a
lens operably coupled to the slider for placement of the
_ mount:.ng tab in close prox:.mlty to the lemns.
7. . The device of claims 1 or 2 wherein the
flexure arms are formed of generally planar members
having a varied width for defining a reduced mass
portion and an increased stiffness portion.
8. The device of claims 1 or 2 wherein the
flexure arms are formed of a generally curved hourglass
shape to form the intermediate portion having reduced
mass from opposed ends.
9. The device of claim 7 wherein a fixed end of
the flexure arms is coupled to the base and an opposed
end defines an extended end, the fixed end having a
greater width than the extended end to provide stiffness
for the gimbal spring.
10. " The device of claim 9 wherein the flexure arms
are tapered inwardly between the fixed end and extended
end of the flexure arms. '
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claim2 wuesgeisgit he slider inclyides: REPLACED ‘S| L_supporass/izeiseen a
| eadi ng edge and. .a.. +-atHrg—edge=of the slider, and | ocated

et e e e speced tromtte e cHIMIEHI ORI .

| eading and trailing edges; wire terninatién pads dh & pértion

of the slider 11. The debetsash dlfaem{ Qadhéﬁeﬂﬂgﬁlérﬁlesld—re H¥hs
the | oad button_ali ned W th. a _portion sl der

bet ween t he Ieé‘&lcr}d‘ &dg®” afY teRe %?W%qu cigvea edge angd FRndHIRF to a
portion of theoslltlv@e:\dly curved edge thetdedineheaS|finsd texiéntg aftige.

14. A heag, FSPr a ' havihg a
| eadi ng edge am?@ tra | ng 51y 4 #{46d end Ofdthﬁpgosﬁ% %{;
cont our ed gi nha@MS @ Ffecond ?EF&SBFt pﬁglpﬁgeasa.ng width to ay jexdiendady
| oad neans for endRIfYithe FlleSathef akfe . proxi mate to a centre
portion of the %l i der .

12. The device of claim2 wherein the | utton is defined via a
dinpl e etched fromthe | oad tab. | THES SHEET HASI&EE d suspension assenply, of

The device of claim 7 wherein the base
1ncludes a relatively wide portion proximate to the
fixed ends of the flexure arms. :

13. ~ The Suspension assembly of claim 2 wherein the
load button is defined via a dimple etched from the load
tab. '
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