STL 12810 A FLEXURE | NCLUDI NG CONTROLLED STATI C ATTI TUDE AND LOAD PO NT
CONTACT FIELD OF THE DI SCLOSURE 5 The disclosure relates generally to flexures,
and nore 85”291(9ul arly but not by limtation to flexures for data storage
systens. BACKGROUND OF THE DI SCLOSURE A typical data storage systemincludes a
housi ng that encloses a variety of 10 conponents. For exanple in a disc drive,
the conponents include at | east one rotating disc having data on one or nore
surfaces that are coated with a nedium f-&+ storage of digital information in a
plurality of circular, concentric data tracks. The disc(s) are nmounted on a
spindl e notor that causes the disc(s) to spin and the data surfaces of the

di sc(s) to pass AEXURIPENCLUDINGrOMNEROE.LEEXSTAJ IS AddATLIEDEur f aces. The
sliders carry transducers, WAND WDAT2POINT QGONTACD and read information
fromthe data surfaces of the disc(s). An actuator mechani sm noves the sliders

fromtrack to track across th%IEHbf@f? I@blﬁ@ﬁ(ﬁﬁﬁ@@ under control of

electronic circuitry. The actuator nechanismincludes a track accessing arm

and a suspensi Gie disflo@aeeRitédgsnerdhe t6 YRREAS] andimercigasicaldrbabubaenbpnd a
gi mbal (or flexure). The 20 | oad beam provi des a preload force, which forces

t he sl i dedintitatéordict fhexidies forglaté ageage Iysemgsnbal is configured to couple the
head to the | oad beam Therefore, the ginbal is positioned between the slider
and the load beam or is integrated in the load beam to provide a resilient

connection that allows th %@OP&%@%P@"&&L@%{%EDM |l e follow ng the
oa e

t opography of the disc. 2! e pre orce, "provi y the load beam
applies a force gfpichledstal f#8fagl systerh AALluRIRS B ho@ﬁgrtﬁht ¥nclbb&® h QagiePPioRt i s

| ocat ed such that"the preload fTorce is applied to the slider through a feature
such 38 acdmpoinents: Henexappler ircal disaddrigse, the components include at least one
rotating disc having data on one or more surfaces that are coated with a medium for
storage of digital information in a plurality of circular, concentric data tracks. The
disc(s) are mounted on a spindle motor that causes the disc(s) to spin and the data
surfaces of the disc(s) to pass under respective hydrodynamic bearing slider
15  surfaces. The sliders carry transducers, which write information to and read
information from the data surfaces of the disc(s). An actuator mechanism moves the
sliders from track to track across the surfaces of the discs under control of electronic
circuitry. The actuator mechanism includes a track accessing arm and a suspension
for each slider. The suspension includes a load beam and a gimbal (or flexure). The
20  load beam provides a preload force, which forces the slider toward the disc surface.
The gimbal is configured to couple the head to the load beam. Therefore, the gimbal
is positioned between the slider and the load beam, or is integrated in the load
beam, to provide a resilient connection that allows the slider to pitch and/or roll
while following the topography of the disc.
25 The preload force, provided by the load beam, applies a force on the slider at
a load point. Generally, the load point is located such that the preload force is

applied tc the slider through a feature such as a dimple or hemi-spherical radius



STL 12810 -2- formed in the ginbal or |oad beam The preload force counteracts
t he Iifting force fromthe slider's hydrodynam c bearing surface. Precise
control of %H%wpreload force results in a slider that will fly above the
disc(s) at a desired fly height (or contact the disc surface with a desired
contact force in direct-contact or pseudo-contact 5 applications). As disc
drives continue to be inproved, there is a desire to increase performance
whi | e decreasing size and manufacturing -@ests. As a result, the size of the
suspensi on assenbly that provides the electrical and mechanical interconnection
bet ween the slider and the actuator nechani sm has al so been reduced. |nproving
10 per f or fiemoed amdhe gimbahgr bwst beame Therdreloadi fogcobpenteracs tha Hfting éoret or e,

can be difficult to, achieve. One of the St .connbn suspensi on ass ly issues
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i nteracti gRscbehyaen whe ol ddske@nshrithe MeQkUM WikdctRBntabaks psefdblidotadtn poor
data storage. If the slider is too close to the nmediumthen “nechanical contact

bet weeh t hepHtatilens)and t he spinning nedi um can becone too frequent, or too
severe, or both, (for non-contact applications) thereby affecting the
reliability of Ashelisn skEivesi gentimgtoy bt mpprovedp dhstg db ded$idien 19 HBcssas8er and
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of the nedetineer thd Hiiddeaid tige actifagnemethanibe kas dso beenniduped alrhptovingt he
surface of the disk when the head is presented, then
performance and reducing costs are conflicting objectives and, therefore, can be
difficult to achieve.
One of the most common suspension assembly issues is the position of the
slider relative to the medium. Vertical separation between slider and the data track
on the medium is one type of position issue. If the slider is too far above the data
15  track the electromagnetic interaction between the slider and the medium will be
weak, resulting in poor data storage. If the slider is too close to the medium then
mechanical contact between the slider and the spinning medium can become too
frequent, or too severe, or both, (for non-contact applications) thereby affecting the
reliability of the disc drive. Poor vertical separation between the slider and the
20  medium can be the result of deviations of the load force applied by the load beam.
Besides deviations in load force, poor vertical separation between the slider and the
medium can be the result of the suspension failing to present the bearing surface of
the slider in a parallel fashion to the surface of the medium. If the bearing surface of
the slider is not parallel to the surface of the disk when the head is presented, then

25  the gimbal will deflect in order to allow the slider to comply with the medium. This

gimbal deflection results in moments, or torques, opposing the deflection. These



25 the ginbal will deflect in order to allow the slider to comply wth the
medi um This i nhbal deflection results in nonents, or torques, opposing the
deflectioﬁﬁ“*ﬁgse STL 12810 -3- nonents can be devel oped fromeither pitch
rotation of the ginbal, or roll rotation of the ginbal, or both. The
mechani cal integrity of the suspension is another factor that can affect the
positioning of slider. Specifically, shock and vibration can be the nost
serious. Small 5 sized disc drives that3are nmounted in portable consuner
devices (e.g., notebook conputers and portable nusic players and other types of
devices) are especially susceptible to shock and vibration. It is fairly easy
t o acci demaheytsaropbeadaicdopett froen ethet pick yetagion of thiei gimbal, érsrollpxptetden Such
accidental drops can cause significant shock pulses to pass through the

vari ous c@ﬁﬁ&ﬁ@ﬁﬂ%ﬂu@ﬁbﬁda-the di sc drive and can 10 cause the slider to lift
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damage to the ernore, ng peri od of

the shock ,ev@ihind BEsIfddrigheGRMIFOIRNES] $RRATBhRaAMRKNE TRGAL sEHBREBThAN. Such
separat i oﬁ can deform and damage "t he ginbal. A need exists for an inproved

desi grs of siged pdissidriveastattire anofotedsin gertablel Gonhahee suices (sugf,f netebodk | oad
poi nt contact force and control of pitch and roll static _angles independent of
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| ongi t udi abclepiBears pasPiirough theaaBous components within the disc drive and can
10 cause the slider to lift away from the medium, and then crash back against the
medium causing severe damage to the medium, head, or both. Furthermore, during
the lifting period of the shock event, the slider can sometimes separate away from
suspension. Such separation can deform and damage the gimbal.
A need exists for an improved design of suspension assemblies for sliders
15  that ensures sufficient load point contact force and control of pitch and roll static
angles independent of the load point contact force.

Embodiments of the present invention provide solutions to these and/or

other problems and offer other advantages over the prior art.

20 SUMMARY
A suspension assembly is provided having a load member, a flexure and a
slider. The flexure is coupled to the load member and includes a longitudinal axis.
The flexure includes a base centered about the longitudinal axis and a pair of beams
coupled to the base at fixed-ends on opposing sides of the longitudinal axis and
25  joined by a cross-beam at free-ends of the beams. A tongue extends from the cross-

beam along the longitudinal axis between the pair of beams towards the base. The



coupled to the base at fixed-ends on opposing sides of the |ongitudinal axis
and 25 jOislngg R‘y a cross-beam at free-ends of the beans. A tongue extends from
the cross> peam al ong the | ongitudinal axis between the pair of beans towards

t he base. The STL 12810 -4- slider is coupled to the tongue. A bend is

positi oned across each of the beanms, transversely to the |ongitudinal axis,
whi ch di splaces the free ends relative to the base. O her features and
benefits that characterize enbodi nents oft--the present 5 invention will be
apparent upon reading the follow ng detail ed description and review of the
associ ated drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates an
expl oded phdepéccovpledi wthd tengis. aA shandadfe poyidionerl agos eaclp of |thgsheamss a top

pl an view of a suspension assepbly with i gh .enbadi nents of the present
P vent | on ATV GRERLIO T B R et et BOICh APIAGaP IEd erds TIREYE 67 tHegi mbal
iIIustrat%gsén FIG 2. FIG 4 illustrates a side view of the ginbal

€

illustrat in FIG 3. FIG 5 illustrates a side view of the ginbal illustrated
in FIG 3 as agnpebliesturddah@ SQEPRNENLS cRirabReizeUsRBOdiABSSE M Yrodenk! G 2.
FIG 6-1 illustrates a |load function of a ginbal beam when anal yzi ng gi nbal
beans as davriticev evill eamppafdr®. uper? rehdingt thet &sllawvisige detafiledcdessnipdionaagil nbal
beam when anal yégntng gi nbal &*Jeams as cantilever beans. 20 FIG 6-3 illustrates
a nonment FEREV Sithgrsspdated AraWddgs when anal yzi ng gi nbal beans as cantil ever
beans. FIG 6-4 illustrates a slope function of a ginbal beam when anal yzi ng
gi nbal
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates an exploded perspective view of a data storage system.
10 FIG. 2 illustrates a top plan view of a suspension assembly with which

embodiments of the present invention are useful.
FIG. 3 illustrates a more detailed plan view of a gimbal illustrated in FIG. 2.
FIG. 4 illustrates a side view of the gimbal illustrated in FIG. 3.
FIG. 5 illustrates a side view of the gimbal illustrated in FIG. 3 as assembled
15 to components of the suspension assembly of FIG. 2.
FIG. 6-1 illustrates a load function of a gimbal beam when analyzing gimbal
beams as cantilever beams.
FIG. 6-2 illustrates a shear function of a gimbal beam when analyzing gimbal
beams as cantilever beams.
20 FIG. 6-3 illustrates a moment function of a gimbal beam when analyzing
gimbal beams as cantilever beams.
FIG. 6-4 illustrates a slope function of a gimbal beam when analyzing gimbal
beams as cantilever beams.
FIG. 6-5 illustrates a deflection function of a gimbal beam when analyzing

25  gimbal beams as cantilever beams.



beans as cantil ever beans. FIG 6-5 illustrates a deflection function of a
gi nbal beam when anal yzing 25 ginbal beans as cantil ever beans. STL 12810 -5-

FIG 7 ilPiktfdtes a rel ationship between an instant center with respect to a
| engt h of ginbal beans and a distance froma |load point to a free end with
respect to a length of the ginbal beans. FIG 8 illustrates a plan view of a

gi nbal in accordance with an enbodinent 5 of the present invention. FIG 9
illustrates a side view of the ginbal il-bustrated in FIG 8 in accordance wth
an enbodi ment of the present invention. FIG 10 illustrates a side view of the
ginbal illustrated in FIG 8 as assenbled to conponents of a suspension
assenbly in acEFdsdandasimiates aanelehbmiupémtwaéntaﬁemsl@ltmee@@nwmhnnﬁépﬁcfow aFl G
11-1 illustrates a trg sverse bend in beam i n accorgdance with an

enbodi mentengthi gipbakiaeams agd At Iﬁtﬁmrﬁf@ni Oazfl PPN de pdresend WAl regpedttansver se
bends in a am dance wth an enbodi nent of the present
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i nvention? es a plan view of available space for performng

restoration pwe.eS%ﬁést%e@a%ﬂHm&ebeaac PRI NA Bc¥bAdAnEO &y il 88 RMbANURM:T ON.
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE E | MENTS FIG 1 is an expl oded

per spebt i of the preseht mvensiondri ve 100 in which 20 enbodi rrents of the present
invention are useful. Disc drives are commpn data storage stens. One or nore

embodi ment s of HéedpHaswates ﬁmﬁ%‘h ofhe ﬁlf%]@)aldgéﬂﬁ?teﬂﬂncﬁiﬁ’e iniaggRedasrce dat a

storage andit}rllgir{ edaboadnsi{e%tc %gﬁl

resen’c Winvention.
FIG. 10 illustrates a side view of the gimbal illustrated in FIG. 8 as assembled
to components of a suspension assembly in accordance with an embodiment of the
10 present invention.
FIG. 11-1 illustrates a transverse bend in a gimbal beam in accordance with an
embodiment of the present invention.
FIG. 11-2 illustrates a pair of transverse bends in a gimbal beam in accordance
with an embodiment of the present invention.

15 FIG. 12 illustrates a plan view of available space for performing restoration

processes on a gimbal in accordance with the present invention.

DETAILED DESCRIPTION OF [LLUSTRATIVE EMBODIMENTS

FIG. 1 is an exploded perspective view of a disc drive 100 in which

20  embodiments of the present invention are useful. Disc drives are common data storage

systems. One or more embodiments of the present invention are also useful in other
types of data storage and non-data storage systems.

Disc drive 100 includes a housing 102 having a cover 104 and a base 106. As

shown, cover 104 attaches to base 106 to form an enclosure 108 enclosed by a perimeter

25  wall 110 of base 106. The components of disc drive 100 are assembled to base 106 and

are enclosed in enclosure 108 of housing 102. As shown, disc drive 100 includes a disc



Di sc drive 100 includes a housing 102 having a cover 104 and a base 106. As
shown, coggg %ﬂﬂ attaches to base 106 to form an encl osure 108 encl osed by a
peri met er E*al | 110 of base 106. The conponents of disc drive 100 are
assenbl ed to base 106 and are encl osed in enclosure 108 of housing 102. As
shown, disc drive 100 includes a disc STL 12810 -6- or nedium 112. Although
FIG 1 illustrates nmedium 112 as a single disc, those skilled in the art
shoul d understand that nore than one di sé-can be used in disc drive 100.
Medi um 112 stores information in a plurality of circular, concentric data

tracks and is nmounted on a spindle notor assenbly 114 by a disc clanp 116 and
pin 118. ®pimellienslhbiAdth | illugtrates anesBumetiden a singtadistnigiope skideda

iﬁiiiﬁ?o?ﬁ)_ Pl APDLI ealonirch (PRI o Pk Fisg 39 UL PEge SR Y I ducer s
R O G e e 2 T

turn, attachefintdd bh agkiile essbh st%ﬁ[ﬁ¥ 124 bofa diBc AehHP1 T andPaard. SPIrkAS.
Actuat or nmechani sm 126" is rotated about a shaft 128 by a voice coil  notor 130,

whi ch bs cootor glsbedblyy 13&nrotaten madsiirc 112 watisipgwits iata isnrfacenko giass gindet 32.
ol ative TETRISEP DR AR eI SHT Ao, 60 RARAC BB 144 Pahana o sc
oni o emoagtmaed Bafel ieneh Bieiteatiel oA LS el P MU RARAERR, 000
i ncl udes aud heaas or ginbal 234 (shown partially in dashed |ines) positioned
at a distal end 236 of the suspension assenbly, a | oad beam 238 and a nounting
pl ate 240 posi nothedexatnple 2hopvoin NG, ehdslzie?s dR0 tdre sygpetesi by aspentiby .
@ nbalm 23@59&%)11\:{1;@%%822} &%ﬁc%egrg?ﬂi t(t:,l?:lll, attached to track accessing arms 124 of an actuator
mechanism 126. Actuator mechanism 126 is rotated about a shaft 128 by a voice coil
motor 130, which is controlled by servo control circuitry within internal circuit 132.
Voice coil motor 130 rotates actuator mechanism 126 to position sliders 120 relative
to desired data tracks, between a disc inner diameter 131 and a disc outer diameter
15 133
FIG. 2 is a top plan view of a suspension assembly in which embodiments of
the present invention are useful. Suspension assembly 222 includes a flexure or
gimbal 234 (shown partially in dashed lines) positioned at a distal end 236 of the
suspension assembly, a load beam 238 and a mounting plate 240 positioned at a
20  proximal end 242 of the suspension assembly. Gimbal 234 provides the mechanical
connection between the slider (not illustrated in FIG. 2) and load beam 238.
Although FIG. 2 illustrates gimbal 234 as a separate component from load beam 238,
it should be noted that gimbal 234 can be formed integrally with load beam 238.
Load beam 238 provides a preload force (as discussed in FIG. 1) that urges the slider
25  towards the spinning medium. The preload force is applied at a load point 244. The

load point is the point or localized area at which the load force is transferred from



connecti on between the slider (not illustrated in FIG 2) and | oad beam 238.

Al t hough EJF,LGIZ% illustrates ginbal 234 as a separate conponent from| oad beam
238, it § our'd be noted that gi mbal 234 can be forned integrally with | oad
beam 238. Load beam 238 provides a preload force (as discussed in FIG 1) that
urges the slider 25 towards the spinning nmedium The preload force is applied
at a load point 244. The |load point is the point or |ocalized area at which
the load force is transferred from STL 7810 -7- the |oad beamto the slider,

t hrough gi nbal 234. Typically the load point is defined by a |oad protrusion,

such as a hem -spherical dinple, which can be formed in either the %ibnbal 234
or the | o#ee Insshbezag to ithe slidere tiwsuighegimbal 784 dT vipicelly $he kradepoind is gefmed 234.

Mount i | at 40 Vi d t h hani cal ti bet | oad 5, 238
and .t Pabk HoaaeP Ry ot 27 BETUAPD A NRRARNIE OFaRR M ATEe ] ng
arm 124 OFh%gn BLIOI34EL A A Qr%@n'z% n%néeggﬁfdéong@%%sdiﬁ{cple% rhid Rt i on,

electrica uctors are not shown. ectri dctors can include a

m ni at ur eﬁiﬂ@aﬂ' bie MbuAthE atet 2ACHrBAE EheOffech&hiREl cdraiedtion§ bapievh dbay
el ectrical” conductors aré possible. 10 A slider enploys self-acting

hydr ody nabeamb@3® iamghs at tracle cagcessitge afrmi of | am achettore enedlamissh) daech asdtraeldi um

The bearing causes the _recqording head to fl ve i ose proximty to

t he nedi uﬁ?c%ﬁ%e%’i“orpésé’gnﬁ‘ﬁ?gﬁ%? nb‘?‘%%‘mé’% ?féollnt (fﬁg ?'o‘lsfjé’ri tl?uéB?ﬁelsoP%i ng the
nom nal flyi -hei gh i C pumin
direct- coﬁ@@&lgaglpcﬁ’ él@ft%ﬁ'écr?i ?,Snéﬁé%?rsa%teesﬁ@i 53‘?.‘“;#? gﬁé%%ﬁg%ln%%%gtoﬁg ﬁéﬁ %ﬁﬁ ét he

vari ati onaififihttird Fleedi8RirchRrolC@Rt@ednd @t6M) OthBE fdHhdTBf préﬂﬁ@ﬁ%] @Rc@ical 0ad
beam 238 is to supply a preload force onto the recordi ng head that counteracts

the lifti ngndfidpeearerpmssibbe sl i der's hydrodynami ¢ bearing surface. If the |oad
boos Tt P or e Aneliden Bmploys Yelk-cting hydrodynamic bearings 10 reduce the Tction = ¢

between the slider and medium. The bearing causes the recording head to fly above

or in close proximity to the medium. Suspension assembly 222 plays an important

role in controlling the nominal flying height (or the force at which the head contacts

the medium in direct-contact applications), and makes significant contributions to

15  the variation in flying height (or contact force). The primary function of load beam

238 is to supply a preload force onto the recording head that counteracts the lifting

force from the slider’s hydrodynamic bearing surface. If the load force is controlled

properly then the slider will fly above the medium at the desired flying height.

FIG. 3 illustrates a more detailed view of gimbal 234 illustrated in FIG 2 for

20  use with embodiments of the present invention. Although gimbal 234 is shown as a

separate component from load beam 238, it should be recognized that gimbal 234

can be integrally formed or be a single continuous piece of a material with load

beam 238. In addition, it should be noted that the present invention is not limited to

a gimbal shape as illustrated in FIG. 3. Other gimbal shapes are contemplated by the

25  present invention.



FIG 3 illustrates a nore detailed view of ginbal 234 illustrated in FIG 2 for
20 use with enbodl ments of the present invention. Although ginbal 234 is shown
as a sep&?la]té conponent from | oad beam 238, it should be recogni zed that

gi nbal 234 can be integrally formed or be a single continuous piece of a
material with load beam 238. In addition, it should be noted that the present
invention is not limted to a ginbal shape as illustrated in FIG 3. Qher

gi nbal shapes are contenplated by the 2B-present invention. STL 12810 - 8-

G nmbal 234 incl udes a l'ongi tudinal axis 235, a base 246 centered about the

| ongi tudinal axis, a ginmbal tongue 247, a pair of nbal beans 248, a flexible
cross- beam 25@Girntel Q?)&oadupissmtloihgzﬂtud'fm pas Q3bfagqaﬁ©@ﬂ6matﬂiedwoaﬁéhsl ender,

have o | R DBINACE] S BIRbN WOBICVAR) é’%%?rié%@ﬁ? balbegnintle, Blenblo ot e
| ocated o eeac&@?lgglagfogd Cﬁzmgyﬂﬁgeam % %ah%cﬁégjgrfglgﬁa&]nqﬁzx 4 and

fi xed-end ransverse ongi tdi nal

axis 235 %%%Qﬂﬁ%?cﬁlﬁdﬂe%ﬁoﬁﬂﬁggiﬁﬁg sﬁiesgjff%ﬂi%) 221477arfd)h:§xfee@1 254 of

the pair of ginbal beans 248 t ongue ext ends al ong | ongi t udi nal
axis 285 {Legndhnidr stwieltid (R&2). tTiwapais digimbalibearh 28Brdrallotated wa 41 dide of
configured to attach to a slider of a suspension assenb!% usi ng@( an attachnent

mechani smlorgitrliagl axinedpand Blfé‘éd?ﬂlﬁereél c%:ﬁe’féﬂ(béixﬁé e%ﬁeﬁ g grosst t he

pai r of ginbal 48 and c ure tta | oad

suspensi o eﬁ‘%‘s%%ﬁ?’ggﬂé? ﬁ'ﬁnﬁﬂerﬁ? ﬁ’ﬁﬁ{ 2%5 ﬁm&%ecésﬁ HP@??‘?%S%f | aser
spot wel dg, s | gtiglize (RCB)
from15 f reeé’gﬁ%l R%@E %glﬂr?b{aﬂ@@%gg%s%%g%pﬁﬁkhough %?%Hpggél%??sﬁl?r Z%les | oad

poi nt 244 tseswetl7 eteddshRingt longiiadal aqfs 2f5nba 234 entt252houtaddbbasnpis. st ood

t hat I oad ng{br;tl toz;m c%r} al ;fer natci vely be fornmed on | oad beam 238 (FIG 2).

gue 247 is configured to attach to a slider of a suspension assembly using

an attachment mechanism, such as adhesive. Base 246 is connected to fixed-ends 256

of the pair of gimbal beams 248 and configured to attach to a load beam of a

suspension assembly using an attachment mechanism, such as a plurality of laser

spot welds. Load point 244 is positioned on gimbal tongue 247 a distance (Rgs) from

15  free-ends 254 of gimbal beams 248. Although FIG. 3 illustrates load point 244 formed

on gimbal tongue 247 of gimbal 234, it should be understood that load point 244 can
alternatively be formed on load beam 238 (FIG. 2).

FIGS. 4 and 5 illustrate side views of gimbal 234 of FIG. 3. FIG. 4 illustrates a

side view of gimbal 234 prior to assembly to components of a suspension assembly,

20  while FIG. 5 illustrates a side view of gimbal 234 after it is assembled to components

of a suspension assembly. As shown in FIG. 5, the base 246 of gimbal 234 is attached

to load beam 238 such that the apex of the dimple that forms load point 244 faces

and is in contact with load beam 238. This displaces gimbal tongue 247 from the

plane of base 246. Slider 258 is attached to the surface of gimbal tongue 247 that is

25  opposite to load beam 238. Thus, load point 244 transfers the preload force from

foad beam 238 onto slider 258. It should be noted that in this example, the load



FIGS. 4 and 5 illustrate side views of ginbal 234 of FIG 3. FIG 4 illustrates
a side view of ginbal 234 prior to assenbly to conponents of a suspension
assenbly, SIot®hile FIG 5 illustrates a side view of gi mbal 234 after it is
assenbl ed to conponents of a suspension assenbly. As shown in FIG 5, the base
246 of ginbal 234 is attached to |oad beam 238 such that the apex of the
dinple that fornms | oad point 244 faces and is in contact wwth | oad beam 238.
Thi s di spl aces gi nbal tongue 247 fromth& plane of base 246. Slider 258 is
attached to the surface of ginbal tongue 247 that is 25 opposite to | oad beam
238. Thus, |oad point 244 transfers the preload force from |oad beam 238 onto
sl i der 25&r0ﬂrﬂs®hdlﬂscthbgenm6§dcaltﬁlmpe of ehihemisqaingyical dumevla &@esgaomawl 9-

t h th t | h e.. &h
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the tOpography"I%f {oREde theS@tideriviigh FRFiGERL BbddRAh t8$.611¢1}00ch§(i61§0 apﬁwflmel y low
stiffness in a pII?Ch direction D1 (illustrated in FIG 3) aroll direction

D2 (il bustpatrédg irmediith, glinbal 284 ndudetea xelaamellyrlehz\asmﬁfmtgz 1hca/\pﬁth fiireedonin a
vertical direction D3 (illustrated _in FIG iB%(OiI | oad | beam 238 234

. a |
i ncl udes #1 BWW@Wﬂés@qﬂréﬁ 8nfaa rolk dingclgn Instrated| in |- frof t@@)gﬁ)g@?’i es

stai nl ess stee erla al | I roll to
Tt ol owapf%er%s@gx T, PBHREn 20 kit PR afofQBingt B 3 Bl o1 o
causes ?191! ﬁ%'cslh%a@%& iAdubes anewt aﬂﬂfﬁésg RafhRNSdcR AUTRAR mPRINESR JF0 t he
struct ure o} gi mbal 234 fromvibrational shock events comonly includes |oad
poi nt sep3dtakenes stardesdaten] idhon neftetidleal piwebdle diedialtesasibupitclaandirobad beans
248. Load point separation is a condition observable in the assenbly of a

suspe#8i ofiolewdhp t9pEI3Phy Of ek wda@@emyrt@ﬂa@ﬂmehowsfsf pepstpatesigh Eﬂ#ﬁ@ﬁ on
assenbl y V\Qen | galdtopl()) Pragﬁe and therefore prone to damage. Damage to the structure of

gimbal 234 from vibrational shock events commonly includes load point separation .
and deformation of the gimbal features, such as gimbal beams 248. Load point
separation is a condition observable in the assembly of a suspension assembly 233
15 and/or assembly of slider 258 to the suspension assembly when load point 244 is no
longer in contact with the flat surface of the slider 258. Deformed gimbal features is
a condition observable in manufacture when the gimbal has been damaged enough
to affect the static pitch angle, or the static roll angle, or both.
Load point separation can be thought of as a failure mode; that is, it is a
20 condition that is present or is not present. Severely deformed gimbals can be
observed visually, while slightly deformed gimbals are determined by pitch static
angle or roll static angle outside the normal distribution of static angle values. Due
to the fragility of gimbal 234, the normal distribution of static angle values can be
excessively broad. Consequently, a manufacturing process can incorporate
25  inspection systems to measure and accept or reject suspension assemblies during

assembly and/or sliders during assembly based on static angle values. The rejection



| onger in contact with the flat surface of the slider 258. Deforned gi nbal
features is _a condition observable in manufacture when the ginbal has been
damaged eﬁBhﬁﬁm to affect the static pitch angle, or the static roll angle, or
bot h. Load point separation can be thought of as a failure node; that is, it is
a 20 condition that is present or is not present. Severely deforned ginbals
can be observed visually, while slightly deforned ginbals are determ ned by
pitch static angle or roll static angl ellbutsi de the normal distribution of
static angle values. Due to the fragility of ginbal 234, the norma
distribution of static angle values can be excessively broad. Consequently, a
manuf act urategiprspessiovassembbep dusing 2Beinily eodi didesy shusing ewsemdds tresedind

accept or reject suspension a segxl?{?i es .qurin ss%e)fnbly and/ or sliders during
assenbl y BRSO ANGIAYAIEeR foh bevaNgEsTab GFel A FaRt e IanaseBIing Procese of
suspensi on_as | i ur. | dssli St dupin on
static ané?@ n\%/ugcﬂjg)ggaetga%\ g%ﬁ?‘i@%‘?@%{a&%& (éig%i.cg‘elﬁ{??}%f {)Hree%aﬁ%rs]aﬁ%g%% i?\%grf)r ocess

can incor pesahe Tk ALLGARbhCA&ASd deBtdtely deNeas giinbAl 234 hR sitd hadasghell
i nspection’” system The restoration devi'ce delicately deflects ginbal 234 in

pi t ch Bndkirectiohd ab déteredhed ity the aigienhimeadutyneritefatatyi anglespAsumeputer of

static angles, A conputer calculates the amountf of deflection to apply such
b e i

that the postlades thecamennt asgedegtion toarRly such that hs pes§idetigpioR ianeEtipy) |

angle are ¢l pser tao the, desired. nom nal . target har eQy .i. nprovi. h

manuf act uP? ﬁgﬁsr}fr B@@%?nﬁlﬁ apgt a??aq% S }?eg%egglpgerté\%ﬁ%eygé%réﬁ ngfllg?\ |glcgaargaﬁ’e
restorati I Renb kst fg'&@qr%r AR¥ELCHR Al UgR8. Mechani cal neans to
def | ect tﬁ%elgls%%ﬁm'?hgqnechanﬁ cal 1s sfi)em congi stsyof tiny clanps that grip
t he gi mbal beaMhesnaredefd s toff staltie aniglasestagtion eldvinys.dl loofiist kéed oaldgeicet hm
Since smaller sized disc drives_and, accordingly, smaller suspension_
assenhPi eyses meshenisalngepnt tccdefiengthe gopbalalhe mechapiral Rysiemgionsisst of BRY on

device clamps that grip the gimbal beams and deflect the beams as required by a codified

algorithm. Since smaller sized disc drives and, accordingly, smaller suspension
assemblies are becoming increasingly popular, a second kind of restoration device
uses laser energy. Laser energy can permanently change gimbal static angles by

15  quickly melting the skin of the gimbal material at a point or points along the length
of the gimbal beam(s) 248. The area melted by the laser cools and solidifies in a
manner that introduces some residual stress. Residual stress creates a local bending
moment, and the bending moment causes angular deflection of the gimbal tongue in
the pitch direction, roll direction, or both.

20 Ideally the static angle restoration process should favorably affect the pitch
static angle and roll static angles, and not unfavorably affect other important
suspension characteristics. An example of an important suspension characteristic
that can be easily affected by the static angle restoration process is load point contact
force. It is possible to reduce load point contact force such that the load point

25  separates from the flat surface of the slider it is intended to be in contact with. The

frequency of occurrence of load point separation from the static angle restoration



uses | aser energy. Laser energy can permanently change gi nbal static angles by
15 quicklﬁ nelting the skin of the ginbal material at a point or points al ong
t he | engt TLGP1% he gi nbal bean(s) 248. The area nelted by the | aser cools and
solidifies in a manner that introduces some residual stress. Residual stress
creates a | ocal bending nonent, and the bendi ng nonent causes angul ar

defl ection of the ginbal tongue in the pitch direction, roll direction, or
both. 20 Ideally the static angle restofldti on process shoul d favorably affect
the pitch static angle and roll static angles, and not unfavorably affect

ot her inportant suspension characteristics. An exanple of an inportant
suspensi opradeas dstiecieaséd whératthe sambeneadilogd apdiet teontdry fioee detiveen dhgl e

bor nt conBHEbak GiE EossLRarD AR [or I o 2P A5 eR 5 R 48 (KRB EIEIer PRETS sur f ace
of the slider it is.intend he i n;.cont Lt T . f
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the ginbal and | oad beamis |ow or the angul ar deflection of one or both

gi mbal 5 begimbalddb4 mgedsheed betvoeat il poddeXkd wsd ihasa 246y enditha dutatf-pladeces
| oad point contact force. Nom nal |oad nt contact force is a product of the
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gi nbal 23 oad pol contact fofce can be further

i ncr eased chy bequpibeg igirehald Bp4ormingUgimisaliiBariarsuah a machepnke tevemtd @vgn eat er
out - of - pl ane deflection. Unfortunately, such formng can result in unfavorable
pi t ch1@t agreatangpet-ohplase, deflectionsddutmiunaielyor au¢lonfantisgt sano reswltedp

unfavorable pitch static angle values, and subsequent restoration efforts to correct
pitch static angle reduces load point contact force. The extent of these interactions is
determined by the location and amount of forming on gimbal 234. A further
problem with this approach is that the deflection angle distribution can be

15 unfavorably wide due to, for example, variation in yield strength or variation in
metal thickness. Thus, in addition to the possibility of creating an unfavorable pitch
static angle value on an individual suspension assembly, gimbal deformation may
also create an unfavorable increase to the variation in pitch static angle across a
population of suspension assemblies and provisions for restoration of pitch and roll

20 static angles at the suspension level that do not degrade the ability to perform
restoration at the recording head assembly level.

Embodiments of the present invention provide an increased load point
contact force, provide control of pitch and roll static angles independent of the load
point contact force, and provide provisions for restoration of pitch and roll static

25  angles at the suspension level that do not degrade the ability to perform restoration

at the slider level. All of these characteristics aid in controlling the positioning of the



pitch static angle reduces |oad point contact force. The extent of these
interactigns is determned by the |ocation and anobunt of form ng on gi nbal

234. A furth&f problemwi th this approach is that the deflection angle

di stribution can be 15 unfavorably w de due to, for exanple, variation in yield
strength or variation in netal thickness. Thus, in addition to the possibility
of creating an unfavorable pitch static angle value on an individual
suspensi on assenbly, ginbal deformation-Ty al so create an unfavorabl e
increase to the variation in pitch static angle across a population of
suspensi on assenblies and provisions for restoration of pitch and roll 20

stati c anglider mtlatite t aspedisinarinl erder to battedundetstael haveembedabenistof the
perform restoration at the recording head assenbly |evel. dlnents f the
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restoration ~at the slider |evel of these characteri'stics aid in

contr obl i rgntikeepbearmi eubjegt ©of a 1dwel BTte 428 hnofriznt $bddlWher naddeling gingbatedi um
In order to better understand how enbodi rrents of the present inventiaqn provide
t hese chabgamer 234 iag scanél&ﬁ‘@@pb@énm thengiznbalnbeamna gratassamedotp heve piegHen

def | beh 23 h 23
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gi nmbal as canti ev eamns I mbal beans are assuned to have
section Pp@f toretuctionsaaat. Hmwavéresmskﬂlted ihhke krtl @nghke thateadilini afithei t 1S

assuned that the ginbal Is nmade entirely fromstainless steel foil and | acking
a di ell@ct reixemipdy diusdrated mdﬂ@pé‘r andmneadily agplyaiteto. gindhwdy avith yasyisgi seciani n t he
art cant apiirgpérr’}?esta%?:l(}@r rfgn/qng:; ctixe?ectrzc layers, copper conducting layers or other layers.
In addition, for illustrative purposes, it is assumed that gimbal tongue 247, cross-
beam 250, and base 246 are rigid. Again, one skilled in the art can apply these
teachings to gimbals where these components have known flexibility.
15 Cantilever beams can be analyzed by using beam theory relationships. These

relationships are:

Load = d{Shear)
dx
Shear d(Moment)
dx
Moment _ d(Slope)
FI dx
Slope = d(Deflection)
dx

20  where E is the modulus of elasticity of the gimbal material and I is the bending

moment of inertia.



10 exanple illustrated in FIG 3 and readily apply it to ginbals with varying
section Fp}rojfgerti es and/or having dielectric |ayers, copper conducting |ayers
or ot her In addition, for illustrative purposes, it is assuned that

gi mbal tongue 247, cross- beam 250, and base 246 are rigid. Again, one skilled
in the art can apply these teachings to ginbals where these conponents have
known flexibility. 15 Cantil ever beans can be anal yzed by using beamtheory

rel ati onshi ps. These relationships are:l3oad = d(Shear) dx Shear = d(Mnent)
dx Monent d(Slope) El dx Slope = d(Deflection) dx 20 where Eis the

nodul us of elasticity of the ginbal material and | is the bending noment of
inertia. STL 1P8%8. 6-13andti6chillgstiataredlcgd2fundtiost and @ dlﬂemafdntmmtqfcgmdfmdi a

shear function_of mbal m 248, where at fixed-end 256 of
gi nbal beRAADUYS, W%%fet%ls? omERt f?'tod;’&"éivl %@%Eé#tg@% o 24 Bog the gi nbal
beam 248, 0 red B4 0 [ s
he of st aieet B St tnamher® 2 TR EY P8 8t HiRbal o%@?‘*ﬁbgﬁs SBERSLrTrcs |
the initiglegandint g#%bacpfzs dhdHeab! 022,904 is %ﬁé d@sftaﬂéé’fﬁ@h’l hepamed8 24k 6- 3
illustrates a moment function of gi nbal beam 248, where LGB is the |ength of
gi mbal 5 be&re-2dB254 of gimbal beam 248 FRa is the initial condition of moment at free-end
254 of gimbal beam 248. FIG. 6-3 illustrates a moment function of gimbal beam 248,
where Lgp is the length of gimbal beams 248.
For gimbal beams 248 having constant section with respect to length the
M/EI function has an identical shape to the M function. Integrating the M/EI
10 function provides the slope function, and integrating the slope function provides the

displacement function. These relationships are illustrated in FIGS. 6-4 and 6-5.

To obtain slope as a function of x, integrate M/ EI as follows:

M., "FF F [ x?
Slope = j—}ﬁdx = J—E-E(X—LGB + Ry Mx :'ﬁ(%+(RGB 'LGB)X)

15
To obtain deflection as a function of x, Integrate slope as follows:

L a ' 3
. GBF X Filx (R - )2
Deflection= | ] 2 +{R . -L.. )x |dx =—| 2 £ X208~ GB
eilect: 6[ 51(2 ( GB GB)] EI( 3 XJ

20 The slope at free-end 254 of gimbal beam 248 (which is identical to the slope of
gimbal tongue 247) is:

Slope = - —X—2—+(R L X
P EIl 2 oB "G

| 5
= ;B + (RGB L )LGB)

LZ
= —| Rgglop __5_3_]



For gi nbal beans 248 having constant section with respect to length the ME
function has an identical shape to the Mfunction. Integrating the MEl 10
function BTIOWJ(?es the sl ope function, and integrating the slope function

provi des the displacenment function. These relationships are illustrated in
FIGS. 6-4 and 6-5. To obtain slope as a function of x, integrate MElI as
follows: LcB 2 ( | Slope= fEdx= El(x - LGB+RG x=EI 2 +\R&B -L&)x 0 15 To
obtain deflection as a function of x, |rftdegrate slope( as follows: Deflection
| =Lf ElI(2 +(RGB-LGB)x)dx=ElIl (+~ROB-LOB~xz 20 The slope at free-end 254 of
gi nbal beam 248 (which is identical to the slope of ginbal tongue 247) is: z
Slope EIl 2 +(RGB - L&B)x F (Lz2B +\RG - LGBl /LGB E RGBI'GB -L2B STL 12810
- 14-  Fr onTFr@aashé@idn, ittis showhahat whah Ruasediedd tod.pdDahe ti@arﬁ?/n opderilthange
in slope will be zero. The deflection at free-end 254 of ginbal beam 248 is as
fol l ows: b8 zepsfThecddflegtien@f fiegBnd-RABH|gbmbal bermP48 is as follows:

L3GB + (RGB - LGB ) L:z
6 ) GB

F LsGB " RGBLzﬁB _ L3GB
ElIl 6 2 2

_ F RGBLzGB W“I__‘fgg)

Deflection = ,fm
El

El 2 3

The deflection at load point 244 is equal to the deflection at free-ends 254 of
gimbal beam 248 less the product of slope at free-end 254 of gimbal beams 248 and
the distance (Rgs) from load point 244 to free-end 254 is as follows:

10

2 3 2
Deflection = ]_EFE Realen ;,_,QB_} _F (RGBLGB - LEGQJRGB

F(RgI2, L R..I*

3
%@’ - RéBLGB}

=7 RGBLZGB -

The gimbal out-of-plane spring rate at load point 244 is as follows:

El

15 kVertical,Load Poiml L3
GB 2 bl
3 +RgsLlan —Roplios



FLGBR®BI'2 B _|I'GB5E 6 +2223 _ FRBLEBLEB E 2 3 The deflection
at | oad p?i nt2 244 is equal to the deflection at free-ends 254 of ginbal beam
248 | ess the B’tﬂoduct of slope at free-end 254 of ginbal beans 248 and the
di stance (Rcs) fromload point 244 to free-end 254 is as follows: 10 3 O GB
Deflection = F L 3G2 GB _ 3B) El [ROBLGB - L3BIRGB 3 2 _ FR LGB R2 LGB +
R&BL&B E 232 3=F(RBI!,,B- L3B -RGLG The gi nbal out-of-plane spring
rate at load point 244 is as follows: Hb5 15 kVertlcal, Load Po@ = 3 L3B
+RGBLGB - RGBL- OB STL 12810 -15- And by expanding the nonment of inertia term
kVertical, LoadPoint E 2WaB (B - 3

And by expanding the moment of inertia term:

EQ W )Te
LS
“”"éq"% + R?}BLGB - RGBLzGB]
_ EWgs Tos
2%, +6RGpL6s — 6R gsLn

k Vertical, Load Point =
1 2(

5 For cases where load point 244 is not located at the mid-point of gimbal
beams 248 one can show that gimbal tongue 247 will rotate when load point 244 is
deflected out-of-plane. The distance to the instant center of rotation relative to load

point 244 is the ratio of the expressions for deflection and slope and is as follows:

Instant Center = Deflection
Slope
F L3
10 _ : ;
i Fata- )
— 6RGBLGB _2L2C18 “6RéB
6R gz —3L g

In accordance with the equations describe above, if load point 244 were

aligned with free-ends 254 of gimbal beams 248, the instant center of rotation would

be located a distance from load point 244 two-thirds the length of gimbal beams 248;

15  or, in other words, one-third the length of gimbal beams 248 relative to fixed-ends
256 of gimbal beams 248. If load point 244 were moved from free-ends 254 of gimbal
beams 248, the instant center moves towards fixed-end 256 of the gimbal beams. If

load point 244 were located one-third the length of gimbal beams 248 relative to
free-end 254, the instant center would be aligned with fixed-end 256. If load point

20 244 were located more than one-third the length of the gimbal beams 248 relative to



12~L3B +RGBL-GB -RGBLEBJ 3 JJ EWBTGEB = s 2LGB +6R z GBLGB -_ 6RGBLz B 5 For
cases where | oad point 244 is not |ocated at the m d-point of ginbal beans 248
one can sioWHat gi mbal tongue 247 will rotate when | oad point 244 is

defl ected out-of-plane. The distance to the instant center of rotation relative
to load point 244 is the ratio of the expressions for deflection and sl ope and
Is as follows: Instant Center = Deflection Slope V' E CRGBLGEB - L3 REGBLG

10 = Q2 El [RGBLGh - B 6RL 2L z GBB (BB &B--6RzGB 6RGEB -3LGB I n accordance with
t he equations descri be above, if |oad point 244 were aligned with free-ends
254 of ginbal beans 248, the instant center of rotation would be |ocated a

di st ance ffreemricatl, phi rinstand cemier o vraisbayivad Bxgl-and$ 256 mifdhe lppanpsl Padns15 or,

in other words, one-third the | ength of gipbal heans 248 relative (o .fi|xed-ends
256 of gi MBEIINkRgIEbaldmse 240| Bhﬁligo% heach pal Saecd f@@%nt spenefbiedisg of

UG T N N L
relative %Re equations described above, the instant center 258 would be located a distance
5  from load point 244 two-thirds the length of gimbal beams 248 or less than one-third
the length of the gimbal beams relative to the fixed ends 256. The relationship
between instant center 258 with respect to the length (Lgp) of gimbal beams 248 and
the distance (Rgs) from load point 244 to free end 254 with respect to the length (Lcg)
of gimbal beam 248 is shown in FIG. 7.
10 To continue the trend in decreasing the size of the slider combined with the
need for relatively long gimbal beams for improved gimbal flexibility, load point 244
of gimbal 234 can optimally be located from free-ends 254 of gimbal beams 248 a
distance one-third or less than the length of the gimbal beams. Instant center 258,
which is relative to the location of load point 244, can be optimally located from
15  fixed-ends 256 a distance one-third or less the length of the gimbal beams.

FIG. 8 illustrates a detailed plan view of a gimbal 434 in accordance with
embodiments of the present invention. Gimbal 434 can be used in accordance with
components of gimbal 234. Although gimbal 434 is illustrated as a separate
component from a load beam it should be recognized that gimbal 434 can be

20 integrally formed with a load beam as a single, continuous piece of material. In FIG.
8, increasing the load point contact force can be achieved by introducing a bend 460
across each gimbal beam 448 that is in alignment with the location of the instant
center of rotation 458 of gimbal 434. Bends 460 are transverse to the length of the
beams and a longitudinal axis 435 of gimbal 434, and are parallel with cross-beam

25  450. Instant center 458 of gimbal 434 is relative to load point 244. With this

arrangement, variation in the bend angle will not result in variation in pitch static



free-end 254, the instant center would be aligned with fixed-end 256. If |oad
point 20 244 were | ocated nore than one-third the length of the ginbal beans
248 rel atiPvk'™PY STL 12810 -16- free-end 254, the instant center noves beyond

fi xed-ends 256 of the ginbal beans and into ginbal base 246. In FIG 3, |oad
point 244 is |located |less than one-third the Iength of ginbal beans 248
relative to free-ends 254. Therefore, in accordance with the equations

descri bed above, the instant center 258-i#%uld be | ocated a distance 5 from | oad
poi nt 244 two-thirds the length of ginbal beans 248 or | ess than one-third the
| ength of the ginbal beans relative to the fixed ends 256. The relationship

bet ween i regintIncaliemati?dsembotimespegimba bk chsngate phy shuwbeyiafbgimipdans 248
and the distance (Rcs) fromload point 244 to free end 254 with respect to the
length (LEBMSoInG pagubPeassganiugeadendsinchias hf’F‘é‘LE’%: 10 To continue the trend

i n decreasing ShZ 10 | i conbi | t far L yely
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one-third or less than the | ength of the ginbal beans. |Instant center 258,

whi ch bs stitlat.iAsesioovit e FlG@chbends 460 Hispthaedhatfre2dhdscdad dbf beapisiddirblativecat ed
from 15 fixed-ends 256 a distance one-third or less the length of the ginbal

beanms. FI & agpiappuiafingdday sheibesy #4aiobginbali £44- #1Galgiikpdratesa side yiewrance
ith nbodi f th i ti,on.. G | ., 4 j
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integrally Tormed with a [oad beamas a srngle, contihuous piece

of mat eri alttachiheht @ lod] bemer 4385 iinthd kemboaith peardveenbant 46014i<c & wanldée
achi eved by introducing a bend 460 across each ginbal beam 448 that is in
al i gnABnt withoutsuehladeend. dn FEESt hand A8t iasverse bend 460 is illustrated as having a

sharp angled bend. However, it should be noted that transverse bend 460 can have
any cross-sectional shape and any suitable radius of curvature. For example,
transverse bend 460 can have a radius of curvature 461 as illustrated in FIG. 11-1. In

general, the radius of curvature 461 can be less than or equal to the product of elastic

15 modulus E and a gimbal beam thickness divided by twice the yield strength Ovigp.

However, other values for the radius of curvature 461 are possible. In another

example, transverse bend 460 can include a pair of bends 462 and 464 equally spaced
apart from instant center 458 as illustrated in FIG. 11-2.

For gimbals having gimbal beams with irregular sections, computer

20 modeling, such as finite element analysis, may be helpful to understand the

relationships of slope and deflection to loads applied on a load point. However, a

transverse bend across an irregular section of gimbal beams is ideally located

proximate to the instant center in an embodiment of the present invention. The

distance to the instant center of rotation from the load point can be calculated from

25 finite element results as follows:



center of rotation 458 of ginbal 434. Bends 460 are transverse to the | ength of
the beans_and a |ongitudinal axis 435 of ginbal 434, and are parallel wth
cross- beam 28 %50, I nstant center 458 of ginmbal 434 is relative to | oad point
244, Wth this arrangenent, variation in the bend angle will not result in
variation in pitch static STL 12810 -17- angle. In alternative enbodi nents,

gi nbal 434 can have any nunber of ginbal beans, and each beam can have a bend
such as bend 460. FIGS. 9 and 10 il lustrHt-e side views of ginbal 434 of FIG 8.
FIG 9 illustrates a side view of ginbal 434 in a free state, prior to
attachnent to a | oad beamand a 5 slider. As shown in FIG 9, bends 460

di spl ace th§ f zefe endeuissy -glankdatiection 8f ﬁ@lie@dp(enitfor&glrvhlaﬁ?ecmilhﬂmdwzmhe base
446 of 9' 'F G @héﬂg%ﬁ?éﬁﬁaraﬁt%n SR 14 LYveH for@ JFRRE IAdPoin an

assenbl ed state after it has been attac ed to a | oad beam 438 and a slider
458. As can be seen in FIG 10, the pitch static angle of head 458, after

At tachment t o ISapBGAmEATEISYeEsa handdD in gimbrabever 445 et dnihevoul

be 10 t bend. FI GS. d 10,
U1 ot A305 B RO SNyt hoF kel Ao Rl RS AReRENE Hie At peint: nat
{ransver seohiend (4AQ IRV Bend 60 815 SEEI RG0S gcgggaga@oﬁgy%%tm & radius

of curvature exarrp transverse a radi of curvature

461 as Illralahkrat&ﬂ d inédiGm, Lihid. is! advgetageals 1hheha1:a§kiaue sftitade vakstoratiéhl can
be |l ess than or equal to t he product of elastic 15 nodulus E and a gi nbal beam
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i rregul ar F'Sect i ons, suc |n| ana ySIS may
be helipf umiatdndarsdiandohd ®oint contact force.

Even though the one or more embodiments of the present invention provide
for a wider range of candidate locations for static attitude restoration processes, the
farther the restoration process is performed from load point 444 the greater the
change in load point contact force. FIG. 12 is a plan view of gimbal 434 illustrating

15 an available area 470 for static attitude restoration processes to take place when
gimbal 434 includes transverse bend 460 compared to an available area 472 for static
attitude restoration processes to take place without transverse bend 460. As
illustrated in FIG. 12, available area 470 extends the length of gimbal beams 448. As
illustrated in FIG. 12, available area 472 extends only the length of load point 444.

20 Although care is still required in carrying out the static attitude restoration process,
the margin of failure (i.e., load point separation) is substantially improved.

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the invention have been set forth in the
foregoing description, together with details of the structure and function of various

25  embodiments of the invention, this disclosure is illustrative only, and changes may

be made in detail, especially in matters of structure and arrangement of parts within



rel ati onshi ps of slope and deflection to | oads applied on a | oad point.
However, a transverse bend across an irregul ar section of ginbal beans is

i deal |y | §EL1EY proximate to the instant center in an enbodi nent of the
present invention. The distance to the instant center of rotation fromthe

| oad point can be calculated from 25 finite elenent results as follows: STL
12810 -18- Instant Center = Qut - of - plane deflection of the |oad point for a
given force on the | oad point Change iHAl%i nbal tongue slope for a given force
on the | oad point By providing transverse bends 460 in ginbal beans 448 as
illustrated in the FIGS. 8-10 enbodi nents, for exanple, one can significantly
i ncrease the prowiplpeiofittheSpesenaotvendioneto Bes ifuk exberndmndéied dinghadraad ageous
for positioning the slider, relative to a nedium this is advantageous_jn that
static at SEDNE@é PeiBg Ll e tfﬁfrbwséfé@cgaweb@%éﬁealaaﬁs FIRLRIPIB®SHSs F918 at

| ocations other than on qr r.l int 444.. 1 n _sS@ne_ in cesjiransverse
bend 460 STIQRLe B8 Perifler SERSBe B derditing Do Ao R AT I B e
anywher e %PQHet%lﬁlﬂa?nﬂhﬂe %aimiﬁhgbﬁibs%ﬁm@n@hétgahhe f&ﬁcﬁ@ﬁ;ﬂ{tzl Witheluki ci ent
| oad point contact force. Even though the one’or nore enbodi nents of the
presend i wepattingnfronovhe scofecand spirttest thengesaft ioaadiicat i dddiatonpakhbaghst atic
attitude restoration processes, the farther the restoration process is

per f or ned ahrenbedismpisleserided herrings dinested tea gimbabtor datpoderagsi systesanit act

force. FIG,. is a plan vi of ginbal 434 i) lustrating, 15 an.available area
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448. As illustrated in FIG 12, available area 472 extends only the | ength of

| oad PBi nwithient departing from the scope and spirit of the present invention. Also, the term
“slider” can include a read and/or write head or other types of transducers in other

non-data storage applications.



20 Although care is still required in carrying out the static attitude
restoration process, the margin of failure (i.e., l|oad point separation) is
subst anti-afft inproved. It is to be understood that even though nunerous
characteristics and advantages of various enbodi ments of the invention have
been set forth in the foregoing description, together with details of the
structure and function of various 25 enbodi nents of the invention, this
disclosure is illustrative only, and cf8nges may be nmade in detail, especially
in mtters of structure and arrangenment of parts within STL 12810 -19- the
principles of the present invention to the full extent indicated by the broad
gener al WAl I IoAIME® Serns i n which the appended cl ai ns are expressed. For
exanple, the particular e|lenments may vary depending on the particul ar
applicé%ion Aﬁ@%“f%é°%%ﬁﬁ§ﬁ?mhile mai nt ai ni ng substantially the sane
functionalitg wi fhout 5 departing fromthe scope and spirit of the present

i nvention. Inbas

aéﬁition, al though an enbodi nent described herein is directed to

a ginbal fory %ﬁi@ﬁﬁé&h@@&@@&%&h& basdvht lixB&eABP LA jBRMA BY aldegebadthlaked in
the art that the teachings ‘'of the present invention 'can b€ applied to other

types of fl exuresfresuands abtlmiyeaihexure that supports one elenent relative to
another in other data storage or non-data storage systens, 10 wi thout departing

from the scoptongitt efendingdromrihesrassehram iwiernihe Radioof barang tvrrdsdhe der »
can include a read and/qr wite head or other, types of transducers in other
non-dat a storage Appt ﬁ?&?ﬁgﬂgmﬁﬁurﬁ]&f@o}‘f&tcﬁ&ﬁﬁr@ AIMED IS: 1. A flexure

compri sing: 5 Bef@$Bsitioned across each of the beams.

2. The flexure of claim 1, wherein the tongue comprises a load point and each bend
of the beams is in alignment with an instant center of rotation of the flexure relative to

the load point.

3. The flexure of claim 2, wherein each bend of the beams is located at least as great

as approximately 1/3 of a length of the beams relative to the fixed-ends.

4, The flexure of claim 3, wherein each bend of the beams is located 1/3 the length

of the beams relative to the fixed ends.

5. The flexure of claim 2, wherein each bend comprises a pair of bends equally

spaced apart from the instant center of rotation of the flexure.
6. The flexure of claim 1, wherein each bend comprises a single bend.

7. The flexure of claim 1, wherein each bend comprises a radius of curvature.



a pair of beans coupled to the base at fixed-ends and joined by a cross-beam at
free-ends of the beans; a tongue extending fromthe cross beam between the
pair of &% towards the base, the tongue configured to couple to a slider
and a bend positioned across each of the beans. 2. The flexure of claim1,
wherein the tongue conprises a |oad point and each bend of the beans is in
alignnment with an instant center of rotation of the flexure relative to the

| oad point. 3. The flexure of claim2,-2kherein each bend of the beans is

| ocated at | east as great as approximately 1/3 of a length of the beans
relative to the fixed-ends. 4. The flexure of claim3, wherein each bend of the
bearms i& | ocBhedetns: phelareryjtwhersin the inséamscandéaol vaation ttidheiflexdreinls. 5.

The flexure of claim 2, erein each bend conppri ses pai r of bends equally
spaced by of ??BﬁgP{}’]@ei ﬁe&ﬁf’négﬁgég%‘g H%"t‘ta@?%ﬁ gb‘fefﬁ?é fflroé%F%?‘ Cg‘.a%ﬁénf | exure
of cl ai erel ' ihgle bend. 7. The flexure of claim
1, mhersréi]?éeé’g@ﬁ %’ﬁﬁﬁggﬁ%rggg‘grst%gyg‘%ﬁﬁo?dg@%egrvature. STL 12810 -21- 8. The
flexure of claim2, wherein the instant center of rotation of the flexure is a
rati o of out-of-plane deflection of the |oad point for a given load force to a
change 9.n sThpfertird bleclhiraxi, bileereomtheefléxuretdrel gilvad nheatief arectrnted Jhe
flexure of claim1, wherein the flexure and a | oad nmenber are fornmed as a
cont i nusI¥iplosePiede ofanaterial. 10. The flexure of claim 1, wherein the base is
configured for attachnent to a load nenber. 11. A suspension assenbly
conpri si ng:

10.  The flexure of claim 1, wherein the base is configured for attachment to a load

member.

11. A suspension assembly comprising;:
a load member;
a flexure coupled to the load member and comprising:
a base;
a pair of beams coupled to the base at fixed-ends and joined together by a
cross-beam at free-ends of the beams;
a tongue coupled to the cross-beam and extending between the pair of
beams towards the base;
a slider coupled to the tongue; and

a bend in each of the beams, which displaces the free ends relative to the base.

12.  The suspension assembly of claim 11, wherein the flexure and the load member

are formed as a single, continuous piece of material.

13.  The suspension assembly of claim 11, wherein the flexure is a separate piece of

material attached to the load member.



a load nmenber; a flexure coupled to the | oad nenber and conprising: a base; a
pair of beans coupled to the base at fixed-ends and joi ned together by a

cross- beantal free-ends of the beans; a t ongue coupled to the cross-beam and
extendi ng between the pair of beans towards the base; a slider coupled to the
tongue; and a bend in each of the beans, which displaces the free ends relative
to the base. 12. The suspension assenbly of claim 11, wherein the flexure and
the | oad nmenber are fornmed as a singl€2-continuous piece of material. 13. The
suspensi on assenbly of claim 11, wherein the flexure is a separate piece of
material attached to the |oad nenber. STL 12810 -22- 14. The suspension
assenbly of claim11l, wherein the tongue conprises a |oad point and each bend
of the beans_js in aljgnnentiﬁgg an i of rotatjon fl exure

stant cenpter f the
rel ativé-to TRRSUSRENSIR grpem: arg p@fra#ﬁ%}ﬁ fﬁ%@%@ﬂ%@@ﬁ%ﬁ ﬂfq%f POFEr ei n
h bend, of i [ d . | ; . i | /.3 of
Fori: bRt Bhel BEnlioA e e B B SRS enoh SR RoRRICRS of B OF @

wher ei m@gﬁ@rgﬁﬁqe%tﬁ@g}ag%ti S located 1/3 length of beans. 17. The
suspensi on assenbly of clai'm 14, wherein the instant center of rotation of the

flexure is a ratio of out-of-plane deflection of the |oad point for a given
| oad force applied to the flexure by the |oad nepher to a change in slope of
the tonfue fbRe gpEpensipapssembly of claim 14, wherein each bend of the beamis is located

at least as great as approximately 1/3 of a length of the beams relative to the fixed-ends.

16.  The flexure of claim 15, wherein each bend of the beams is located 1/3 length of

beams.

17.  The suspension assembly of claim 14, wherein the instant center of rotation of the
flexure is a ratio of out-of-plane deflection of the load point for a given load force
applied to the flexure by the load member to a change in slope of the tongue for the

load force.

18.  An apparatus comprising:

a longitudinal axis;

a base centered about the longitudinal axis;

first and second flexible beams coupled to the base at fixed-ends on opposing
sides of the longitudinal axis and joined together at ends opposite the
fixed ends by a cross-beam that is transverse to the longitudinal axis;

a tongue extending from the cross-beam along the longitudinal axis, between the
beams and towards the base; and

a bend in each of the flexible beams and extending transversely to the

longitudinal axis.



18. An apparatus conprising: a longitudinal axis; a base centered about the

| ongitudinal axis; first and second fl exi ble beans coupled to the base at

fi xed- etldd?dh opposing sides of the |ongitudinal axis and joined together at
ends opposite the fixed ends by a cross-beamthat is transverse to the

| ongi tudi nal axis; a tongue extending fromthe cross-beam al ong the

| ongi tudi nal axis, between the beans and towards the base; and a bend in each
of the flexible beans and extending tr&3sversely to the |ongitudinal axis. STt
12810 -23- 19. The apparatus of claim 18, wherein each bend of the beans is

| ocated at an instant center of rotation of the apparatus relative to a | oad
poi nt on the tongue. 20. The apparatus of claim 19, wherein the each bend of

the beans is |ocated at |least as great as a proxiﬂely 1/ 3 of a | ongitudinal
| ength Bt t hEhp aRpaTatEP Afi Jaing 38 pehereiny gacly hggd of the beams is Jocated at™an

instant center of rotation of the apparatus relative to a load point on the tongue.

20.  The apparatus of claim 19, wherein the each bend of the beams is located at least
as great as approximately 1/3 of a longitudinal length of the beams relative to the fixed-

ends.





