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; ghi j e3eT"JD6zTI 1 LOAD BEAM AND ME' | " HOD FOR DESI GNI NG SAME Field of the
Invention 5 The present invention relates to a | oad beam for a head
s suspension assenbly of a magnetic di sk storage drive, and W/@B
C

articularly
to a | oad beamfor a head suspension assenbly of a magneti H@/M’IM e
drive that has relatively high resonant frequencies. 1o Ba Mftghe

I nvention As is known, in a disk drive a head actuator assenbl*§oes head

carriage assenbly %g‘?jé%%%ﬁ Aﬁ?ﬁ%’#%ﬁ?@éﬁﬁﬁé@@g? §§§I€at a track on

a magneti c storage ne ,on Whi orima 1'S™S 5 retrieved
magnetically. A typical head actuator assenbly conprises a rotary actuator
arm a voice coil notor, and a head suspension assenbly. The voice coil
notor is mounted to a back end dfielchef the nvenid®mat or arm and t he head
suspensi on assenbly (HSA) is attached to the front end of the rotary
actuator arm Wen current is supplied to 20 the voice coil, the voice coil

not or cguses t MEh@prEsé®f irfichtich fetafés &baUbattSedih\ot .a RBHdidlisheRiGe a
read/ wite head, mounted at the end of the, head suspension assenbly, to

t he desir ecasiemably afla oragnrtierdisiesteragedaiys, ] anony partistdardyde 2o

FIGS. 1A a |.or ;art.head suspension enbl 00,.c rises a
oad beam 1988 bedfira fidd, (ERR-BERAE ALY 57 Fitete, HERpiamE 1 s
provi des t hgriveaHahialserelfavely Hightfe8ofihhé ¢fe diés.secured to the ginbal
110. The ginmbal 110, in turn, is secured to the distal end or free-end

portion 117 of the |oad beam 105 by a nunber of welds 114 on the | oad beam
105. T proxi mal end or 30 unting end.portion 118 of the | oad beam 105
has anr@peni ng 120 to which Q\Q% 031‘54]8fﬁ'i%&?%e%??%ched for securing the
| oad beam 105 to the rotary arm (not shown). The | oad beam 105 conpri ses

three 2
As is known, in a disk drive a head actuator assembly or head

carriage assembly positions a read/write head over a desired data track

on a magnetic storage media, on which information is stored and

15 retrieved magnetically. A typical head actuator assembly comprises a

rotary actuator arm, a voice coil motor, and a head suspension

assembly. The voice coil motor is mounted to a back end of the rotary

actuator arm and the head suspension assembly (HSA) is attached to

the front end of the rotary actuator arm. When current is supplied to

20 the voice coil, the voice coil motor causes the actuator arm to swing

about its pivot, and this moves a read/write head, mounted at the end

of the, head suspension assembly, to the desired data track on the
magnetic storage media.

With reference to FIGS. 1A and 1B, a prior art head suspension

25 assembly 100 comprises a load beam 105, a gimbal 110 and a slider

115. A portion of the slider 115 provides the read/write head, and the

slider 115 is secured to the gimbal 110. The gimbal 110, in turn, is

secured to the distal end or free-end portion 117 of the load beam 105

by a number of welds 114 on the load beam 105. The proximal end or

30 mounting end portion 118 of the load beam 105 has an opening 120 to

which a base plate 125 is attached for securing the load beam 105 to

the rotary arm (not shown). The load beam 105 comprises three

R
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'portions, a nounting portion 130, which enconpasses the opening 120 at the
proxi mal end 118, a support portion 135 that extends longitudinally to the

wdistal end 117, and a relatively narrow resilient portion 140 between the
nmounting portion 130 and the support portion 5 135. At the resilient
portion 140, an opening 142 inprove the gut-of plane flexibility, or reduce
the spring rate, of the |oad beam 105. The head suspensi on assenbly 100

Pt ch ar 1 oneoftiamsys AERURAIY pBIoh P "Woldie cHRARTHsS Y dbthine 520,
air over thgtufsel proRiEmalrénge 111(8 ofa auppett Modick (86 tphawekteMlan the

disk is rotati n(t; the slider 115 is supported by aerodynam ¢ buoyancy
produced bylangitudinallhgo dihekdistall ensed 1t7hea@dsﬂ< rﬁlﬂth‘tﬁtl}’rmlapi“hgeﬁﬂ@ns‘,l i der

cal e {ne paraeng SEReBIRHE e FhniRing BetUbharSy Rd PfeShbboet BeHiohe . oo

agai nst g helssawtoﬂ@é Yeﬁlilﬁﬂﬁts%kﬁﬁtﬁﬁ@ 1280 aaﬁprdiﬁnngMQ 1@1&8%\% tee quaree of 1
to 3 gram force exerted t he reS|I|ent portion 140 of the | oad beam

105. I'n addpiansnt emlmhtxaau w@amelths PRYNG TOHe %thmtc@dobea@pl% mat el y 20
Newt ons per net ( Wien the disk . atin t he naernqdynam ¢

force on"the oI TheMGAR sSEERGIRE APtinbiy, OB ¥pen omRRISE RS o'
portion 140p OQRIBIEﬁFSQfe heprpdticieead Irite héadt whtich | MW thehgdiges | ase of
the rotating disk n seek node the head act uat or asserrbl¥ ositions the

read/ writ e tepitchver rell @ssit fids gar a cushian of ainevdr she iting surkacef or
the re ﬁg ga@ gﬁ f) fl osition over the desired data track, 25
i ncl udi Egtql 498 ‘rack is called the seek tinme. During
seek node, the Waéh Wihé edgadis Sro'ﬁ&t’lﬁ% ra%aéhuepet%erisseh aiab?

tracks to gain access to data stored in the tracks. Wth the advent o
m cr opr ocesgor@iym1©ﬂmquam<at pmoguecdslpseetb@ retadingalisk e angr wihiery theount

of informati,on that tor tea e, storage. ne 0 Su

mmgnet | ¢ di Sietss pas roitune the SeREATs i patk Ship HbidteRatta %ﬁm. te
i nfornati OnS{lf‘&%th the cﬁ%Rf %l‘i‘m'l‘ﬁ’é %all@ﬁ”’é}%llfﬂ}kllﬁ AR, ‘%‘\t thée 15@1‘15
shorten the seek tine to allow faster access to data a Duri'ng seek
node, tie rzemé¢whe slidend i ls pm:smd ggamséltéms'@mmm'ytmt: mefgt:efby asome
period of tine_at maxwrumv r naI ecele at i ttling
Bown_over 1 RBTHE f0gs O mrfos et Bt ol Fred 48 (Eh Ereed 3Bt

accel er at i OfgsiR€n¥§ldrtidh Ilhétopfhéj%‘é& Vedlnh qrt)s 51ﬂ ﬁdkl'i‘ﬁéiht 2RE Yohdi 15@n
However, faster deceleration contributes towards hi gher transient inertial

force, whi chOfehasrespaihverates pf appnoenmatalygaooNemtenamr widteat(Ngmhodes
of the head;actuator senmbl cuI . ant vi br at,i on es of
the | oad bega? 3}1 stgd@i ’fq eqd [)‘gte égﬁaﬁlcgﬁ ng?g

d! stur bﬁd‘cecbﬁﬁt&%dtﬁé’ g&@ﬁ)a'aofcﬁ{:br&’ tl-& E'éﬁheﬁ@@m%h%@t (IQOt ra'rf&'i:&u%@s YRWant ed
vibration of the |oad beam 105. The resonant vibration can be divided into

t hree pri mashdendds t@cﬂmﬂonﬂytoyeritbuersuﬁm:@nf theratating siisle. Nanely, they

are | ateral respnanc a trapsvers ndi n resgnance

o Cthe load heall 286K R e Bead BRERARR aoteBBRY Rosfigns Be rRdal RFEE NG

15 notion dHgaHOopér CHEERed BaPRAREEK! Sn IR d@é‘l@eqﬂeal@irﬁe Siaked fheghecan

cause the read/wite head to oscillate and be di spl aced away fromthe

target trackeadfeitenbdadate gett btoathonposition eadrwilie eidsemﬂ wldtla beacksett| e
resuj t

o © e e ARSI R B S0k, 1o KA Bk oot e,
seek mode, the read/write head is moved radially between selected data
tracks to gain access to data stored in the tracks. With the advent of
microprocessors that operate at higher speeds, and the ever growing
amount of information that is stored in re-write-able storage media,

30 such as magnetic disk drives, there is a need to reduce the time take to
read/write information from/to the storage media. Consequently, there

is a need to shorten the seek time to allow faster access to data.



"20 can be transferred. Wien the lateral or sway resonance is excited, the

| oad beam 105 vi brates excessively in the sane plane as the novenent of the
«/ oad beam 105 when noving to a position over a desired data track. Since
the lateral resonance of the |oad beam 105 interferes directly with its 25
control |l ed seeking notion, the accuracy @wth which the | oad beam 105
positions the read/wite head over a desired track is adversely affected

q ! on.. . :
resonance. i o exBishe TR #Rle Bkt draficherd s ML et teiiiand,
105 to tw sthehAatdadtt orl suttet petiiodl ofapihfe adanékiraanh Relésiad/bufote fitRdly 1 S

mounted onto the slider 115 at a height bel ow the | oad beam 105, the
twi sting notesplesatingeandasetibing downcayen thaglesizred track.alershonten e of

the read/ wi : Ly.¢ & . 4 tW St ng, . 0f I eam 105
di spl aces t ﬁéglfggfgg m}%gﬁéﬁﬂgﬁéy %ngmr?%@np&ﬁ Yv?’gr?scg)%‘?’t %ﬂ‘ge%eggﬁ’tg%idat a
track onsthes iAewithBY ¢hided. Mdwrdee fadtér aldRiératidie dopadibitel etomaidrt | on.
As is known, the data track density of nagnetic nedia has 5 increased to

100 t housandigher keansdent irertiadifosca,pwhich meay éhen raduerselyoexqgits attangeng
the read/ wri he ver. a. desired a tragk cur at el S be re
stringont - PhEcREAta ¥R Rdd A heRR R ABEIS b S PR R, o
the | oad beaHe lf¥sosidithgibraltRyimeaeYi sot@tbad Béaiha OFaH Wdditiohsast | S
for the | oad beam 105 to be made with a very lo stiff structure to inprove

(rj i gi dity of higler @g@ﬂ; m‘rdﬁosx«a?rlgwliwinﬁbﬁé%turbanw iqu%ertnearga@mg
' ion. K . SLi ' | b
erpl oy L0106 A Ctribls iR et s OB K 10 L aRRR 08! 34 %,

ot her reinforcemept fedchdhe vEdRRIH dae®r beodividéd ahté trkeaskikiaryeaipddsd
structure. However these nethods may increase the nmass,

according to their motion characteristic. Namely, they are lateral
resonance, torsional resonance, transversely bending resonance of the
load beam 105. Among the vibration modes, the lateral and twisting
15 motion due to structural resonance is most undesirable since these can
cause the read/write head to oscillate and be displaced away from the
target track. Under moderate vibration, the read/write head will not
settle quickly to its desired position. As a result, the access time will be
extended to allow for time for another rotation of the disk before data
20 can be transferred.

When the lateral or sway resonance is excited, the load beam 105
vibrates excessively in the same plane as the movement of the load
beam 105 when moving to a position over a desired data track. Since
the lateral resonance of the load beam 105 interferes directly with its

25 controlled seeking motion, the accuracy with which the load beam 105
positions the read/write head over a desired track is adversely affected
due to the excessive resultant lateral vibration.

When the torsional resonance is excited, the resultant torsional
force causes the load beam 105 to twist about its longitudinal axis.

30 Since the read/write head is mounted onto the slider 115 at a height
below the load beam 105, the twisting motion of the load beam 105 can

translate into lateral motion of the read/write head. Consequently, the



“and hence the inertia, of the | oad beam 105, and the increased inertia
limts the seek speed for a given torque, which is applied by the rotary

warm Typically, torsional resonance of the |oad beam 105 occurs at a 20
| ower frequency than | ateral resonance of the | oad beam 105, however,
torsional resonance of the |oad beam 1054has less gain than lateral
resonance of the | oad beam 1In shortening t he seek/ settling tinme,

d ble t t f f d.b 05 t

ar oat or val ESFiSRepE Ui 04 el MR srlbERb TR *rBU oA Bid AREY érganbga?n
105 from adiey sisitishl 86kt Nhel iR spId BN ERK MQh@eM{Mﬁ%S%lﬁﬁa%ﬁ&St em
100 at speeds at, or below, the maxi num desired seek speed

known t o onedwsbbeaffmt&ﬂm rgad/write nagsatamt stiffness of the | oad beam

105 has a si gnlél cant actt Oentfini?ri 5 ral. tres?nance o fre%(l ies and
gai n characteri vi css ﬂe %t 3 fag s FaRte P % BFYRe"PBad
beam 10%  inceedSedabeDO0 N2 Pfhdks- )ztéfﬂlﬁéﬁ (b TBI)e(thteOreﬂiﬁH:ﬁ@nt

ea

Magnetic Corporation of the USA, teaches a m having a W de
structure vfortpesitiening vheyendgwritet head oscr faf dte@sf;d \datartrpcb\aca@saxlyn gher

| at I f t he t f
5" Van ase: SORQ R BTG SFANTY  Neoup ot SR PO ISP DG Wk | <
taught in %%tc%tb?&ﬁgﬁﬂd? thé l%’é'&ioﬁéémelog|duﬁﬁﬁ' 1986%1 IS e fetilP YhStioRNd

Communi cati ons Technol ogy Corporation of the aving a high torsional
resonance fmfethmnayd/ wuite thmad & forathe bsshbhram ﬂOéqtcebcymaﬁeZatthua|Ve$yl oad

beami s, | ow. scl osed in t. . .9850319 Tan assi.gned
Lo hut o nesifl ARG RISl ReE BBl bf thhdoamReas 105 et RogEs i ded
w th an optiyd g@éhﬂ@ggrlat{épipdleect\{%ch di stributes mass transver ser and

over the longitudinal |ength of the | oad beam based on enpirical data. The

resul tant | oad Kaamrhamethmd:eaﬁeshffonm@rthb s ucsvoe aofc bathbdaanear to

resonance frequenci However e, | npr f the firsg on

frequency o?mgﬁ (rﬁ%?%rpe@mowlﬁg‘a Qr)%cfuﬁ Ctyng, %t%&dsdré@ﬁst he
k ti

seexk 11 ne rP@H'éPgRBTerg?elﬁfc?rc@hﬁé Vt\%gné’ e_( ﬁﬁ%nﬁ% ;f‘o%zﬁxgq@mgdm@ 15Rgern

hi gh- per f or mance rives esign eam there 1s also
a concerm wbeduns ﬂOéksﬁemtutanEbw@mp&re&s@ mthedbtnmyapmneaaeltﬂmsmaﬂd;l l e

| t f t di sk h t d
por tabl e auRRGVEH the daGEes, OF tHE e Wﬁb@a@pﬁgﬁ&]ﬁt’%éﬁéﬁe@%su ¢
for wi thst afpgiifgtRE GedRY eﬁéedjfcﬁpé g’i{}@n tlé e, WhiSHlus héﬁh tHerékasy

25 stationary, i1n non-operating node, escri bed earlier, he sli der 115
is pressed agai nst the parking zone by a prel oad force provided by the

resilient porti 14Q.of the | oad beam 10 en |ve [ subj ect ed
to a mechani cal Cig'ﬂ?b 1Y»tWéS%aSéFS%&%n%9?B%V\ﬂ%Q§F&Wli;? SQEHER 2425 r om t he
surfacepf tg%xdfrétﬁue thrd th%epatet&%@xafrftfecef e 1881 Babesids, HOwPLr, i on
14, the slider 115 retu ns towards, and collides with, the surface of the
di sk. Such tmtsiomlonssaumndamgélet head deinar 108 lhaeadcss egedar than tlhgemilsk
drive unusable. To | ovIe tdhg shock
resonante ot oad bea
In shortening the seek/settling time, it is desirable to raise the first
torsional frequency of the load beam 105 to a greater value to prevent
25 the first torsional resonance of the load beam 105 from adversely
affecting the performance of the read/write head system 100 at speeds
at, or below, the maximum desired seek speed.
As will be known to one skilled in the art, the mass and stiffness of
the load beam 105 has a significant impact on the structural resonance
30 frequencies and gain characteristics of the structural resonance

frequencies of the load beam 105.



6 resistance, two known approaches are typically adopted. The first is to
decrease the vertical stiffness of the |oad beam 105, and the second is to
«i ncrease the bending resonance frequency of the |oad beam 105. A nore rigid

| oad beam provi des a hi gher separation shock resistance, 5 however, the
flexibility and agility of the | oad beangare conprom sed. Cbnversely, a
thin and |ightwei ght | oad beam may al so i nprove shock resistance, however,

Rel ati vel'y simy s Fatehf 8, ReSeBos By WaRRS S SERRT IR ARBHET M hetis
and the w dCbrpbrdtisl dTediv WSA, atgltheYa Hbﬁdﬂééaﬁﬁ Bavingda wide %ﬁﬂl(ﬁ%ﬁ'et he
conflicting requirenents for a 'l oad beam wi t h_hi gher |l ateral and torsional

resonance fWé@JéntqléﬁlVeb‘s high latgrahisgiiresse svbichnpeovisiesea Haigheal lagersd k. 15

Brief Summat Th re inve n seeks t vide .a
Poad beam aiepaneica LG, cHENEBE AR, eI PeagiRdt s e UL oo
reduces ¢ hemug%%hﬂnﬁéaﬁf pptaasively 1de. ConVersdly, a2ﬁaﬂ€2ﬁ@flé|ad193e\é,ml n
one aspect, the present invention provides a | oad beam conpri si ng:

el ongat e nertbdrughitnin sUSsBet: | Npt y5®azaﬂ@dtan o’ﬁegqurs @brﬂjbt@%ﬁlgaleda@s

bet ween a | end ;pprtion an t nber
naving a | acomaufrc a8l Can aiuBt das TERRRIGR) CotrealBnsof SR B5%5 the
| ongi t udi nahavigsa NigBI Rirdidhel xte%b@ra&ﬂceCFr@qaeﬁ@y,t bl theslat¥lsebshantkal |y
paral l el sides conprising: a shorter side; and a | onger side; and wherein

the | at er al frequency ef Zasouns load beadess lowendi ng between the 30 shorter

o1 de A the AR Rl dey b BROVAG! \ISPSELdD PLESERL LN PILARA B 90
Hutchinson Technology Incorporated of the USA, a load beam is
provided with an optimjzed upper profile, which distributes mass
transversely and over the longitudinal length of the load beam based on
empirical data. The resultant load beam has increased torsional

15 resonance and lateral resonance frequencies. However, the
improvement of the first torsional frequency of the Tangren’s load beam
is inadequate, and does not meet the seek time requirement of 0.2
millisecond (ms) or less, demanded in modern high-performance disk
drives.

20 When designing a load beam, there is also a concern with shock
resistance. Compared to desktop applications, mobile applications of
magnetic disk drives, such as in laptop computers and portable audio-
visual products, a higher non-operating shock characteristic for
withstanding accidental drops and bangs is required. When the disk is

25 stationary, in non-operating mode, as described earlier, the slider 115 is
pressed against the parking zone by a preload force provided by the
resilient portion 140 of the load beam 105. When a disk drive is
subjected to a mechanical shock, the slider 115 may be momentarily
separated from the surface of the disk. Due to the preload force of the

30 resilient portion 14, the slider 115 returns towards, and collides with,
the surface of the disk. Such collisions can damage the read/write

head, rendering the disk drive unusable. To improve the shock



"7 a) defining a design domain beamto produce an i mage of a proposed design
of the | oad beam b) perform ng topol ogy optim zation on the i mge of the
«proposed design of the |oad beamto produce a topol ogically optinzed i mage
of 5 the | oad beam and c) processing the optim zed i mage of the | oad beam
to produce a manufacturable design of thg | oad beam Brief Description of
the Drawi ngs to An enbodi nent of the present invention will now be nore

fully descrj | r.ef d i -of
whi ch: (16 TPStarke, "o Koot abifipabhtd e GRRIAG bAoble MM o
si de vi ew ofletreasger thg varticdlostiffhesasnof thellcadlbeds FO6, a2l sheowscanglian

view of a |load beamin accordance with a first enbodi nent of the present
i nvention; P dcomasenthe bensding resenagice: irequengy mfathe doad hsegant@ wit h

R

cross-sectional” vifews o eamin ance W

enbodi ment hbwdver pties diexibilitgndhdradility o2 AheHoad BPaghewne compadinised.
conparing the performance of the first_ enbodi nent of thi%g_resent i nvention
in FIG 2A forwersely, & thinoand, lightweighd lgadlheqnamaypalieoli@PEOYs $Ho¢Kew of

a | oad bea"}-:%%sf’%@%dq{&?e\%ﬁ htl?is??eﬁagoﬂﬂelgf}%ggitggn{o&fioﬁgﬁ dHBReral

i nventi on; shows a si’dé Vi ew 0 am’i n accordance wth
the second egdmtin@freqlichBiespr esent invention in FIG 3A; FIG 3C shows
cross-sectional _views of the |oad beamin accordance with the second

embodi nent of t Rélgfiealgnsimpleedesign methogls that maeddyrhe thiskiesss thechart
conpari t erfo ce. C e ' t.0f 11 e t 1l nvention
compar! 19, Bref el THE-G 8 b gRa ROt B o' ol rtroare b
address the conflicting requirements for a load beam with higher lateral
and torsional resonance frequencies, as well as higher resistance to

mechanical shock.
15 Brief Summary of the Invention

The present invention seeks to provide a load beam and method for
designing same, which overcomes or at least reduces the
abovementioned problems of the prior art.

20 Accordingly, in one aspect, the present invention provides a load
beam comprising:
an elongate member being substantially tapered along its
longitudinal axis between a mounting-end portion and a free-end
portion, the elongate member having a lateral cross-section extending
25 along at least a portion of the longitudinal axis, wherein the lateral
cross-section has two substantially parallel sides comprising:
a shorter side; and
a longer side; and
wherein the lateral cross-section has two sides extending between the
30 shorter side and the longer side.
In another aspect the present invention provides a method for

designing a load beam comprising the steps of:



FIG 4A shows a plan view of a | oad beamin accordance wwth a s third
enbodi nent of the present invention; FIG 4B shows a side view of the | oad
beamin accordance with the third enbodi ment of the present invention in
FIG 4A; FIG 4C shows cross-sectional views of the | oad beamin accordance
with the third enbodi nent of the present7invention FIG 4A;, FIG 5A shows a
pl an view of a | oad beamin accordance with a fourth enbodi nent of the

present inventioR.eEl B i i of .t an.| dance
W th the Todrth SeEBiiTed d%%?ﬁeaﬁfde%gn;ﬂe%%e% | BFodrefl B ddbe &1 Re
shows crosspsepdsahdesigreudiled 1ddiebegag beam in 15 accordance with the

fourth enbodi nent of the present invention FIG 5A; FIG 6A shows a plan
view of a | Bhd bPSHOrHUAECHRRIAEE Qptimizatipnt andhisoémagst obthe Haronossdnt

the 2o 1111 HoSRSLAr WERToaR BRe, 1o BiRRbekIZ oRRIbAIERE ab ity R e,

shows a 4| ovighdsdd hetdi; amg a process for designing a | oad beamin
accordance with the present invention. Detail Description of the Draw ngs
25 A | oad b&hm i Rraeesssingndie wptimized pnagenef thedaadoheass taprdisate
support port| I I end and a distal end, where
the width oH%&é%&%ﬁ%#@%%ﬁ%ﬁ%gqudgég)ﬁ%the proxi mal end to the distal
end, and where the thickness of the support portion 30 tapers laterally
froma thicker |ongitudinal central portion to thinner side portions. A

| ateral cross-section of thBriaifpesaripféenoftheDeawings al ong its

| ongi tu%nal axis conprises two substantially parallel sides, a 9 shorter
upper side, and a |longer |ower side; and two sides that extend between the
shorter upper shdeeatlsbdingehodIethd Preserst evertion! willl haRMbERHorHFullst hod
for designing the | oad beamw th such structure, in accordance W th the
present i nvéaseBheddbywayof esammasvyitihreferencets tn drayings pbwhiche

t hi cker central rti,o nd the . thinn si.d orii ._The thicker central
portion advant a§2§u;‘ﬁy£l2‘g‘ﬁgﬁ B%fbgfe%%?c%nﬁgﬂi %ﬁ%@%ﬁ’havi ng a higher
torsi _onal resongpGe 18 %W@Wsic@nﬂekh@f tHd Eﬁ@lf it d6ad Weckingia RIGy ant ageousl y
contribute towards the | oad beam having a higher |ateral resonance

frequenty. lo WAG. 2% shovee a plan cew2g{ angagBbeam dacrensadares with a

accor dance \fuith a f@st Eit i_nment oft.t‘r)e resent invention is an el ongate
menber that lﬁﬁgew mﬁa& e PRGRTE >;n N8Nt i ng portion 230 with an

openi ng 220 at g, PBO$hEWs £_iHOVicPBhth8do&d hdadh tih Atcbi8anee SWiPRGhe
portion 235 extending to the distal end or free-end portion 117; 15 and a

resilient pérst embpimenti afithiespresent éavertiondn Klige Ydunt i ng
FIG. 2C shows cross-sectional views of the load beam in

20 accordance with the first embodiment of the present invention FIG. 2A;
FIG. 2D shows a chart comparing the performance of the first
embodiment of the present invention in FIG. 2A with that of a prior art
load beam;
FIG. 3A shows a plan view of a load beam in accordance with a
25 second embodiment of the present invention,;
FIG. 3B shows a side view of the load beam in accordance with the
second embodiment of the present invention in FIG. 3A;
FIG. 3C shows cross-sectional views of the load beam in
accordance with the second embodiment of the present invention FIG.
30 3A;



" portion 230 and the support portion 235. As is known in the art, the
opening 220 is for attaching a base plate thereto (not shown) for securing
the | oad beam 205 to the rotary arm (not shown). Typically, the | oad beam
205 is bent at the resilient portion 240 to generate a 20 prel oad force,
however, the | oad beam 205 is shown prigy to bending. The support portion
235 has a thicker central core 250 that extends anng a Iongitudinal axi s

251; and two o r t d sse

relative to thgII ?’engf %gge gg%}rp?'é&ﬁ\?léﬁg%g’% gfforﬁ'b%rbée E)P(gﬁlél of

general | y t:a@t%@nﬁé@ﬂbf e PreseARin @ént26n TAUNLG. nsAarafthlﬂti?att@f & hsrich aﬂal or
free end 117, and nore particularly tapers fromthe resilient portion 240

to the di stead beam;17. The support portron 235 has symetrical 'y shaped

si des, each si cQo sin ai.r_.of ent .curved-in sections.260 and
362" Chat - ext and 1 eI 817 PR apidive A sC At edied 30 ot Rl WifiE g I en
porti ons24Qhirdoe@bod@meit S freRe eﬁ@hﬁveﬁ%ﬁ%n and then to the distal end
117. The thicker central core 0 al so has synnetrrcally shaped srdes each

si de corrpri si n@@ &B@b@wmaee@waﬁwmzthpﬂaademagndg aeenndamee with the
resilient n.2 rst int rrredr 5, a first tapered
section 26 {r ?mé%?fc‘oﬁ’c‘f t Ct s SFT V?l?t r’rﬁghg‘% z’g'or nt 265 to a second
internedi ate peigt. 28y, saaelrsa GBSt BpAREdvRReS | 6N Ef8 1wt BeaeNdsn from

the second internediate point 267 to the distal end 117. 5 Due to the
i ncreased wwcgordace mith the thishemdedamentiof |thteermdn§urevmlm Fl6u 4/n

enl arg porti formed,for .each.of .t he,outer. rins The enI arged
or t1 950289 aclf s YE b LR BIERSOF Aulasht bRAES 11B1ACERe
hi gher | at gsalty emq%ﬁtrmwlgkseﬁlt%vg&§ﬁoms | ateral cr oss sectr onal

views of the first enbodi nent 1o of the |oad beam 205 al ong secti oni ng
lines 271-274 FAGFISB shawsTasidéivigeofdbetloat bearm ipsaceardamcekwithathwut t he

| ongi tudi n 51 t Wwo outer d away fromthe

L ongi t udi napult Sminindd othe BegEt SauthBnfR REN FAT Core 2501 o
shorter than thgQd. oWt she® 24 ois-566Li6AR1 I Mewdr 8f 28% RHH theakPPgl and
| ower sides 253 and 254 15 are substantially parallel to each other. Also,
two si dés 282oecanne vichvihen foumths aorticslimgpeof theg@r2senandventonoRlér

| ower side 254. In addition) the widths of both the central core 250 and
the two out®r rinms 255 do not vary correspondingly along the |ongitudinal
axis 251. FI G FHQ, sdRehdwsRplarSfed of o 1643 M [8S RESSRIAHIC With o FRF)

20 282 of a head suspension assenbly (HSA) that enploys the first

enbodi nment fdth ten®¢dimierhieaﬁtlm)§rem invenHRR; 284 of anot her HSA t hat

enpl oys a typi art d beam rati.on is. induc at t i der
when a HSA) coﬁ@bsﬁ%& éfé??t’ Oértgﬁgpagn%easxﬁ HePooqrsancee g?‘aﬁéd in
the segli ngifgh "ee%édtenervthefttﬁéteréééﬂfd iReehtiRAUSNFIG 06AL BR@S HSA coi nci des
with its nmechanical resonance, a sharp increase in thé anpl i tude of the
vibration i s ol¥ér.vedhoves aeﬂawpha,rt slespiling agprocusiscloredesigning eslanhl
resonance f.requenc ofdthe HS@%%B t he g tor art | oad beam occurs at a | ower
frequency tIFEAR AN{ASCOrdRRET X £ NESERLIEN of the HSA with the | oad
beam 205 of the first 30 enbodinent. In addition, the first instance of
resonance 288 of the HSA with the | oad beam 205 of the first embodi nent is
the lateral resonance freqglebaly Descripidmall thedmaziBgsThus, the | oad beam
205 in accordance 11 with the present invention, advantageously inproves
the FRB°of the HSA. This is acconplished with a Ioad beam havi ng a
torsional resonanggafl bEAHFIAYatOHaARG WItR! tfe firelent fiRRNEREY HoR M hat
of the prior art. A spike in FRF at the nmecha resonance frequency of
a HSA, suc relelsgatteesmppmt pagjor ententliagshe tyeeif 2 qroxomal ehdoand teedistal

i tioni d. He HSA with | th
ERE | 5 pr ofectihoNTEF G Huttbmel 186 SROTPOTHOh (ERETS SO PEPREREL T ot
embodi Ment. 305 ¢ohee 3idthBRAR, UiRI WAGR ATPIIRINANhERIRIIAE Frkidrd

because of the reduction in mass and stiffness of the | oad beam 2
However0 t Hapes lateraliyhfronoal thedkar2imgitudinal f ¢entrak plogtione ko thlnner

dvant | d RF, t hat t than t hat fth t
Thi o cnabl cdb oA dakeiat HagsReRERORI tae oronRery patbio SeChile “15

Referring raqtﬁhnggttfgg%lté&&ﬂdaﬁ% c&n@?ﬁ‘és%‘sﬁ%mﬂtléﬂﬁ(ﬁﬁﬁmﬁ siddd) &

second enbodi he present i1nvention also has three portions. ‘A
nmounting portion 330 with an opening 320 at the proximal end 118; a support
portion 335 extending to the distal end 117; and a resilient portion 340,
which is | ocated between the nmounting 20 portion 330 and the support
portion 335. As before, the opening 320 is for attaching a base plate
thereto (not shomn) for securrng t he Ioad bean1305 to the rotary arnt(not

NN " o




25 The support portion 335 has a thicker central core 350 that extends
along a longitudinal axis 351; and two outer rins 355 that have a reduced
.or lesser thickness relative to the central core 350. The width of the
support portion 335 generally tapers fromthe resilient portion 340 to the
distal end 117. The support portion 335 @as symmetrically 30 shaped sides,
each side conprising a curved section 360 that extends froma slightly

ext ended segt i i r oxi Jal «asi LL.en i , to
a tapered sﬁ?ﬁgﬁ%e, C&th@t% efr?lgéﬂlsé%il oloﬁ“ﬁ% édlagt a %leml’o 1%3&'?"&?%%@&%
central corbet¥¥éerntlse shasteryuppér stk And thafderger itaser sileh si de conpri sing
a first tapered sectiqgn 364 that extends fromthe 5 resiljent portion 340

to a first int eT%dPﬁflel_)?ﬂ%‘inn?ngﬁg}e mh&dsggoﬁﬁswgé@esglﬁq Seansavithat
SRS v e e e

3C shows cross-sectional’ views o

305 al oy serissothmg dimeasiilalBy4oiforin the IAicRére ceatidli pdtion eid ahecor e
350 is thicker about the |ongitudinal axis 351, and the two outer rinms 355

extend awaytlingar side dpeitieRs nadihenthdcleen ceptsalipasitian rrdeantagequrdy
central COf@o&é@bﬁ?essgﬁfréﬁds hﬁ‘é‘goéci‘g %99{"?{ @xgg% ﬁ%‘he‘}ftotrgf‘o&aﬁ%%éhaﬁ%e
pp g 58N ar y | el

350, and the upper an ower Si substantial'ly para

to each ot hirequbhey, dnd thiedehirdoer eidensbribietad®anthpeoabr centtibpee si de
353 and the | onger |ower_ side 354, In _addition, the widths of both the

central cortowadsithe lopd beambazing adighss latgrgl esonasse@eagePcyl ong t he

| ongi tugj nal axy t f n se
functi o (Fre) B3Y7 3ftestnEe S RIESE A BeL2E, A Fod bedly RTHRIS4RRRRS
second 20 ewidfhreit ephbbiinenadf bhaPré8ént anekritich MREn3Sbniatemaétnder HSA
that enploys a typical prior art |oad beam As before, a spike 386

i ndi cat es tHeat ey shaee rredticmee NaraghenaymsuntiagHeAr tipnh 280 With o ar t

| oad beam i S . y a first Jnstan f
esonance. S0BAfhE E26 Sl thE, pf¥SimAl SHE pididiiRg LhY AREANI94) o
enbodi ment . shppafidpbditich Zﬁsaeit'errﬁﬁn%l’t&t&l@c@is@él €186 OrARES-eBBpoFtidd 11HSA
with the | oad beam 305 of the second enmbodinent is the |lateral resonance

frequenty ofngha resibenemarson 21Kl swhieh psf lncated Heetwean thgnimBomnting

The roa - rrbtiieh EadidiRg dhe SUFEHCPouIi BREVES B iRy heidf. ot

resonance fd_spaﬁﬂlf:gnmais f6€ Witadhiriy ki Mhgye pletsieheyetd1dnot Nehewhprioart .
13 A spike in FRF at the nmechani cal resonance frequency of a HSA, such as

the spi ke 3securing B doakbeagniR® tecthe sotagy arm (edi shewmig Typically,

From tne. FrErGanedTRESnRORTH, BehE &, Uit Bektifiat BRRALACS40"0 RpBicch o
305, hago a prelbad fetrdd,doweverirheliodé Heaan 20TkiPshewnaptiopes beseling. t he

reduction in mass and stiffness of the | oad beam 305. However, the HSA wth
the | oad beam 3bBeosuppert aeentipedddi hast 2athigkesgeontna) errs iR thatrr

(hat 12, Soatistos g ) ol DB 2o D B P
a | oad beany4@duicedasiClisdantRickness relative to the central core 250. The width
of the support portion 235 generally tapers from the proximal or
25 mounting end 118 to the distal or free end 117, and more particularly
tapers from the resilient portion 240 to the distal end 117. The support
portion 235 has symmetrically shaped sides, each side comprising a
pair of adjacent curved-in sections 260 and 262 that extend from a
slightly tapered section 263, proximal the resilient portion 240, to an
30 intermediate point 261, and then to the distal end 117.
The thicker central core 250 also has symmetrically shaped sides,

each side comprising a curved-in section 264 that extends from the



with a third enbodi nent of the present invention has two portions. Nanely,
a nounting portion 430 with an opening 420 at the proximal end 118 and a
. support portion 435 extending to the distal end 117. As 15 is known in the
art, the opening 420 is for attaching a base plate thereto (not shown) for
securing the | oad beam 405 to the rotarpd arm (not shown). The support
portion 435 has a thicker central core 450 that extends al ong a
| ongi t udi ngl .:RxX| .\ g . 2 eﬂ%@ﬁ'@ or
| esser thi ﬁsﬁgégfrpgﬁé{%?at o\f\?t#e)%tgggtlég cef)lcrﬁ%téggém:e?gsd’dlgtﬁ%% e gupport

portion 435edtasna266i thet ektaed € rfdopoithe ofirstStteridediatdipines365 hat ai s
| ess than that of the thjcker central core 450. The width of the support
portion 43se¢rmeintermedisde PaingRQheand & srepndfapered sgctive dp8tHiatend

117. The s i e Lags si de
conpri si nggg&gg%sr H%rfr}l aﬁéaggﬁﬁz?ﬁﬁgﬁégo%?% ZZE@Qﬁg Cﬁ%@t %%(?afelz'end
from a sl i Dhid Yo ttheelrasteased i witthoaf thdjleadribedm 20S at ekenmtemnedidtd, to
an i nternedi ate goi nt 461, and then to the distal end _117. The thicker
central coPelin5god; 8y enlargod partiosnidy isHepmedsiarerachof dheputegaims
conprisin C ed- 4 cll 4 r i J t he
o oxi ol | o251 1t §nldtedrbofivg 2 BbafitdERity (BRALRALY 0B, 7

that extentisad beant ROS5 hawinged hagleerpkitetal4@Sohanee frédqueantye di stal end 480,
whi ch stops short and does not extend to the djstal end 117. Typi.cally, the

thi nner free- eRlGp@K shawsdaterad czosseantipnal yiewrok the first emhadiment; ne

the 1o b s 0B, Rat, 204 AIAHE Jeetbnihe e 27127 Y BE FAR A TRE ©
relative te¢hidkerentfalPedrd 280 iBatidkemhbbutithe Mehgitedinglbakiz251, hhd

torsional resonance frequency of the |oad beam 405. In_addition, to
generat e athe éWeeutesEms A5p @xtend mway frars thedpngitudinal pxis 2Rd- g&et i on

456, proximal _ to_.the r | st d 0 0; C b'tqm t tLvealy,
t he | oad b@rﬁeko%ﬁga%ggl(gfo%ez c%ielﬁfana(f‘é% ?géi 15 gﬁ?p%gr |orh tﬁhol% iwr%i %%@ed by
broken |ings4 efithd oentradl coed RSO dritk th® upiper G Idwen sty 288 dritk 254ppor t
portion 435, to provide a preload force. nother alternative is to have

bends 4% bere swesteswially nansdiel i tonsagboothnr. 4850, Theo |3des R erisnds

shown prio in = el S | . bgam 405
at the int g’?%@ﬁ?ﬁﬁg’epg?ﬁféigﬁpéﬁ Sie&r}? grs g%géﬁgoﬁkl ‘#nr‘ijé%gi)ﬂf\gé g%drféé?%ﬁ O?ﬁeach
of the out gdditioh, 4é widkles efbathate@rtt sincskeN 50 \wait dge ewsl yueenimsbut es
towards the | oad beam 205 havi ng_a higher | ateral resonance frequency.

However, tR5S de nedivasyeeoraespaondiogli alkng the tongitudinaliaxis 28al resonance
f . He i J L.on: 4684 b
et ar i md 1o BiPants RERPE et SeF of & bRl 3edpbnBetipRBothe |0 O

resonapge DB wENai BeadFkGspeasitiVas serdly SEISAprdlatveaypslogs the fitdt d
enbodi ment of the | oad beam 405 al ong sectioning_lines 471-474 in FI G 4A
The t hi ckeenpeodisnentiof dheelogsh beam RAkeanddie FiRte 28shof annther HRAs 451,

and the t ri . ext er f i { ! . The
pper 5i de i85 eBrpioE a dnpicRl IR, BBk BERE ulstAtdr B TaBk A 0
of the cengliderc@herd20 HRAJ dosistingr ofNdad oveansi grfibabared dslidelr, aise
substanti allypggral |l el to each other. Also, two sides 452 extend between 30

t he short eacaplssated i thessepking lireetiger Whete theidiavipgafregrengyiafit®e t he
Wi dt hszg f I?%K éoqgcﬁfe%t \rv‘%h W g‘ne%%%n%ggl }'&eor{é’ﬁ)ce?ué %@mrrbnﬁuc%ggsg(h the
amplitude of the vibration is observed. For example, a spike 286
indicates the torsional resonance frequency of the HSA of the prior art
load beam occurs at a lower frequency than a first instance of
resonance 288 of the HSA with the load beam 205 of the first
30 embodiment. In addition, the first instance of resonance 288 of the HSA
with the load beam 205 of the first embodiment is the lateral resonance

frequency of the load beam 205. Thus, the load beam 205 in accordance



15 not vary correspondingly along the longitudinal axis 451 up to the
freeend portion 456. Referring nowto FIGS. 5A and 5B, a | oad beam 505 in

.accordance with a fourth enbodi nent of the present invention has two
portions. A 5 nounting portion 530 with an opening 520 at the proximl end
118 and a support portion 535 extendingito the distal end 117. As before,
the opening 520 is for attaching a base plate thereto (not shown) for

securing thg::ho Hﬁ%%% r t: fqvp. p

portion 53§$ﬁglseget [ ckggqgfgﬁpﬁg%’cgggé%%ﬁ%%wtlﬁéx eﬁdgﬁgﬁ?ﬁg gp%e

| ongi t udi nallSAxi Ths liswiaicdeotmplishedr witlrsa Sldad Hadamatmvdingedutersional esser

thickness relative to the cenfral core 550, . In addition, the support

portion 535G§QBagceHreaeney dbakRgCHEs @it gh higherfreaugncy téx%&%a{) phthe s

| ess than é&g&rg} the thicker central core 550. The width of the support
portion 535 generdlly tapers fromthe proxinmal ~5 end 118 to the distal end
117. The supporA spikéiianFRESahake synethhhicdl tesoshairedfiregdencyesth 1$8de

conprising a curved section 560 that extends froma slightly extended

secti on 56Fuchipscidn spike R86pFaRafversaly atfgct eontrof @égh@cp@%&mnm 562,

which ext engs, tond PerflEheld CHlnbE! o B RA N GKELGFaP! LlootRER FRE0 18! SO
as symetrical 'y ‘shapéd Sides, eath side conprising a’first tapered

section 564ptdfetreex s theoRRE PONthadii8aewitl lilke loadi edmeofi tid Jirko an
i nternedi ate point 565, and a second tapered section 566 that extends from

t he .i nt er medBodimenti2@85hes a higher dibration ampdidudanihan st,h@pﬁrlf@h@'rt agd
. _ 3 ! : _
borti onose s of the Vedliidh i Mad hnd MlAReed of tHE 1paurRFdsl PBS.°00,

Thi s advantHeeevery thkl HBA tiehf iy Iba@Mbegin™06 of thieefirspémbadimhehatt o
have a reduced spring rate and reduced inertia relative to theéﬁélor art

| oad beans,adyantagsorishi papvidegradRil ¢habfis tsmeoeidiesi Gran that @fdheeprior

frequency of .t ] o I i 4 .gener at relo orce, a
eail font pot ranec88aBRAY kater LOuBET O B PSuBHIRE, fr In8l SRt ¢
distal end 13¢&d. 16 can be bent. Alternatively, the | oad beam 505 can al so
be bent at a resilient portion 540 indicated by broken |ines, and | ocated

bet weerl5t he mounRefesries t new 390 BIGS + iA sapgordB par t lasd sBeam 5309 oint de

t he prel oad I A e J i v . ot e

osi 1 ont 2sRrfRpce B L sB L5 Wbt BLONY BplSit et ol s
bendi ng. F|tﬁre§¢g§ﬂ%\ﬁs.cﬂ\0$§q1§ﬁﬁtﬂg0 attiyhe3800owithhen @g@h*ﬂngrmiéteme of
t he | oad beam 505 al ong sectioning lines 571-574 in FlI 5A" The thicker
central corrrasgmalsendi bk aapapporthporidagi 334di extenging tosthe sigtalend wo
outer rins . e fr ongt ' IS he U r

si de 553 of P?ﬁ’e&féén{'?%ﬁﬂgélf & 03@8}‘!554%‘%?%%?9% 034? tgﬁeb qtgzsveép é&edren]og'gh&gg t he

cent r algocorgofiidh 330dahbethepPeppaitdpbeidi 383/68s Heford)dhedpeatiag 320 is
substantially parallel to each other. Also, two sides 552 extend between

t he short erfoippdaching simsenplateethereder(nodviownydosseecuningddia legd t he

cérreZpgndi y recﬂgog RV IR I E (et S Pi ’g %% {2 ? ion
Sor r espondi 1Y 355 PhaatERhframedherd. by ans ol Beama (S iy
556. Ref er rhét A@WheOrdsilEént pOrebfl $4) 1 orerdieadnrehdd fere) HReeerM th a

fifth enbodi ment of the Bresent invention is substantially simlar to the
| oad beam 548 lsrad heamodvbiis slsyn peiar. toThendisgsl beam 605 of 20 the fifth

enmbodi ngnt i ncl S..an._.el ongat e opep 690 that extends,fro resilient
porti on 682 toﬁgggssﬁﬁggﬁféggﬁug%gﬁﬁigga%ﬁ%'%ngFﬁd: a}e geégghéﬁégring
rate of theesftehds aaair?gctl mrigitedidd1exi® 3% 1heaid 606 durkakrinig 355 that Bave ng
rate of the fourth enbodi nent of the | oad beam 505. A sim|lar opening can

al so be i ncorpdnged®rilgsserthiskngss selatiedtnting contral €orea3bhekbine #ddthi t h

t he openin t endi_ng from.,t he i |ient rtion 482 war ds. the di | end
119 OO Th e B E MM SRS S ashefAup Skl 5715, bR 3eSRidnl natdds
speci ficatigpe tof tHéSasstal tehd ha 7. a8k Bapport Portioh 888 has synemeedcanyt |
305 of the second enbodi nent, 405 of the third 30 enbodi nent, 505 of the

fourt h @rhoshaped sides) each pidecomprisigiabeariedapectirn\3ef@dhatiextends
SRS S SR E R e e T S R i M

Supporti ng




17 within a design domain of 15 mmin length, 5 nmmw de and 0.076nm t hi ck.
Par amet ersPri or 18t (205)2nd (305)3=d (405)4~ (505)Art1Bt bendingl 6621 3261
. 3170 9680 978kHz. . ... 18t torsion kHz3.6955. 9045. 2345. 9215. 2691 et
| at eral / sway 18.365 11.959 12.675 12.695 13.861kHz18t cantil ever
kHzp, 3590. 3410. 3120. 3420. 326spring ratey25. 01220. 53118. 98115. 44214. 979N
mift-off (or shock104.759223.593202. 465299. 02680. 099resi stance) (G g) TABLE

15 A conp dra% 8hot gs g%&ﬁ&@g@@ﬁ% 385 (x;hgé% o tl{?eﬁ‘flsta? g ourth

enbodi mant are provf ove, parameters
now fol |l owlIlhe first bendi ng resonance frequency |s due to out-of plane to

{he mounti ng. pOE BHCBET CRB AP T5canDi eIt SHHIRF Hacalii SBRPaGr et o
(18 1 LoSab oot Y FHOBARI SN ISR ol ohregt | 0.
| oad beam absilieritt pottioni 340i toah firstsintdharediatepoint 1863,handli a secomdsi onal
resonance fégg}’ee sect11<:)1qe3(? ou%%%re);ctgg (sjlfg‘(l)r(l)'lnts:hg Sﬁergt ?rgt?ertrrrl]edlate point 365
to the distal end 117.
FIG. 3C shows cross-sectional views of the second embodiment of
the load beam 305 along sectioning lines 371-374 in FIG. 3A. The
10 thicker central core 350 is thicker about the longitudinal axis 351, and
the two outer rims 355 extend away from the longitudinal axis 351. The
upper side 353 of the central core 350 is shorter than the lower side
354 of the central core 350, and the upper and lower sides 353 and 354
are substantially parallel to each other. Also, two sides 352 extend
15 between the shorter upper side 353 and the longer lower side 354. In
addition, the widths of both the central core 350 and the two outer rims
355 vary correspondingly along the longitudinal axis 351.
FIG. 3D shows a chart 380 of a frequency response function (FRF)
382 of a head suspension assembly (HSA) that employs the second
20 embodiment of the load beam 305, and the FRF 384 of another HSA
that employs a typical prior art load beam. As before, a spike 386
indicates the torsional resonance frequency of the HSA with the prior
art load beam, which occurs at a lower frequency than a first instance
of resonance 388 of the HSA with the load beam 305 of the second
25 embodiment. In addition, the first instance of resonance 388 of the HSA
with the load beam 305 of the second embodiment is the lateral
resonance frequency of the load beam 305. Thus, as before, the load
beam 305 in accordance with the present invention, advantageously
improves the FRF of the HSA. This is accomplished with a load beam
30 having a torsional resonance frequency that occurs at a higher

frequency than the prior art.



" sane as that used when determining the first bending resonance frequency.
Specifically, the nmounting portion of the | oad beamis clanped while the
.slider's surface in contact with a disk is restrained 20 from novi ng out of
pl ane. The first lateral/ sway resonance frequency is due to the conbined
notion of tw sting and in-plane swi nging3d Such node of vibration can 18
be catastrophic to positioning of the read/wite head, however, the first

| at |/ f | ' f
han the 11t ™ SR ORI Faea e MFctignBal Rebonahkt Aol O orid FET Y

t he bandw dulchods pheidpike 3861t caah adwbeselp adfdotrovntirolgof tiee positioninigesfl /
sway resonance frequency the sanme boundary conditions _as that used when
det er ni ni n§he rr@aﬂi/wgtlteoilﬁarin- HerevnandeAaith ia selatiyely smapothesoRRFcIs

: i 3 | . : _
out ~of - i aRSEeFEeEr o Yhe KRR 88 e e i 100 MM R e o 1 ©

canti | eger ehtbsdiznenan GO, rlegsienbyghdheibrativ amplrideonhah the pritadapeam i s
clanped while its ti{) is free to nove out of plane. Wien subjected to

excessi vehgﬁéelé,setq{elfrﬁagﬁépptaioneuumw ancestifingsscof the doadibeamy3QPessed
0Tt DBl 13 W SR b 0ROUR S kROl L e

di sk. This nreferre 0 as sl ap. eris ea ap can

be reducedadvahitiegdmaslysprpedss enFREStEN §s batbothkpwhaauilyal ehthegitor as
this reduces the inertia force of the head. Lift-off acceleration is

defined as &heThi® gnablesoheder santroholwhe postidoningal theaeaddmirde with
the di §§ Sllglreface I.e. the acceleration which 20 lifts the slider away from
the di Sk surfacée, such that the reaction force between the slider and the

di sk surface i WihntefedeiiteeloyFEES 04Al dnd B, £ WH@Yeant BDT id hcodiddrice
cal cul ated based on the follow ng equation as suggested by Jen et al , "On

Suspensi on VO adithdrd ;mppdiment defr the presentriaveationo hgso iWRLDAELEPRS. Vol .

33, No. 5, er, 2. LV . , = i a , 2~ X
She 19t conPERe N moRfing Bpftibh P48 Wit opliilng #26 | Jl e bFoxitial
ei genval ueenkic] 18Gar@G sujspott portibh 438 extarnding & tlod disd endl 197, /AsTeq -
10-3 x Gnmeg - ( 10-3 / neq) x G 19 Spring rate is the out-of-plane

stiffnéds dpdsnewa i theeagbnphe qreming 820 &3 for adaghingd ikascoddates when
a unit for ?ﬁefestoaﬁ%t' &90&’7}1) f5¢ securing the load beam 405 to the rotary arm

(not shown).
The support portion 435 has a thicker central core 450 that
extends along a longitudinal axis 451 with two outer rims 455 that have
20 a reduced or lesser thickness relative to the central core 450. In
addition, the support portion 435 has a thinner free-end portion 456
with a thickness that is less than that of the thicker central core 450.
The width of the support portion 435 generally tapers from the proximal
end 118 to the distal end 117. The support portion 435 has
25 symmetrically shaped sides, each side comprising a pair of adjacent
curved-in sections 460 and 462 that extend from a slightly tapered
section 463, adjacent to the proximal end 118, to an intermediate point
461, and then to the distal end 117.
The thicker central core 450 also has symmetrically shaped sides,
30 each side comprising a curved-in section 464 that extends from a point
adjacent the proximal end 118 to an intermediate point 465, and a

tapered section 466 that extends from the intermediate point 465 to a
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.thickness, rinsthicknessl/3 of fulland front) 1/3or no rins atthicknessof
fullallthickness18t bendi ngl. 3801. 3260. 9681. 405kHz 18t

t or si on5. 1435. 9045. 9216. 747kHz1 sc 13. 821 11.9S9 12. 695

9.847| ateral / swaykHz18t cantil everp, 3450. 3410. 3420. 355kHzSpri ng

Gl R D

Art) Thi cknegnad df1@,1Thi nned ri s, Thi nned ri nsZerori nst hi cknessl / 3 of
fulland front,thickness, orthi cknessl/3 of fullno rins at allthicknessl18t

bendi ng kHz1. 33PYpicelly, ¢he1thignest fregrend partien. 456shagssubsimntially the 16

Soakre. . siTRo vakEeg 58 CRY T o1ER Bur Ay R tadéctdat aflons®
G160. 0375202tl196553£}d08ﬁﬂ?dkiﬂ;4&1tT68|tﬁeao&ﬂtﬂka{:ﬁf £08Nge haVe TBeButedbopringt he

first torsional resonance 5 frequency of a HSA with the | oad beam 205 of
the first erfgdamghredusedeinersia wrlativg tontheiguior tartt lead deameanvigds of

the second ,inimal degradation of the torsional resonance frequency of the load

beam 405. In addition, to generate a preload force, a resilient portion
482 of the free-end portion 456, proximal to the core distal end 480,

10 can be bent. Alternatively, the load beam 405 can also be bent at a
resilient portion 440 indicated by broken lines, and located between the
mounting portion 430 and the support portion 435, to provide a preload
force. Another alternative is to have bends at both the resilient portions
480 and 482. The load beam 405 is shown prior to bending.

15 Due to the increased width of the load beam 405 at the
intermediate point 461, an enlarged portion 469 is formed for each of
the outer rims 455. The enlarged portion 469 advantageously
contributes towards the load beam 205 having a higher lateral
resonance frequency. However, this is achieved at the cost of reducing a

20 torsional resonance frequency. Hence, an appropriate size for the
enlarged portion 469 is to be determined to balance the requirements of
both higher torsional and lateral resonance frequencies.

FIG. 4C shows cross-sectional views of the third embodiment of the
load beam 405 along sectioning lines 471-474 in FIG. 4A. The thicker

25 central core 450 is thicker about the longitudinal axis 451, and the two
outer rims 455 extend away from the longitudinal axis 451. The upper
side 453 of the central core 450 is shorter than the lower side 454 of the
central core 450, and the upper and lower sides 453 and 454 are
substantially parallel to each other. Also, two sides 452 extend between

30 the shorter upper side 453 and the longer lower side 454. In addition,
the widths of both the central core 450 and the two outer rims 455 do



enbodi nent, is better than that of the HSAwith the prior art | oad beam

Al so, the third and fourth enbodi nents of the | oad beam 405 and 505 have

| ower spring rates. In addition, the third and fourth ip enbodi nents of the
| oad beam 405 and 505 can achi eve higher torsional and | ateral resonance
frequencies and al so nmaintain sufficieng out-of-plane flexibility, which is
the inverse of spring rate. The perfornmance provided in TABLE 1 is

acconplis | ] BT r hayi t.hj _
0. 076mm 1ot 4y, efrrBsBhfufray JBHe i hHe RAY st 351 LEBHE, Bhe
enbodi nenteéhd poaeargdice with the present invention can achieve even
hi gher torsional and | ateral_resonance frequencies, and shock resistance.

Wth referencdReferrng ey toil33. afard SBea doad heagn SQRjie |ceardance
hi ck § - : : 21
LR E e it @SobHIP ALt br B0 DrBle | ARSI Rad PuBSfRARACS | 21

t he hi ghermbo@rtirgg poatich 3B aitnas dpatingBI0 at thegproxathhead 1 TBarmt esent
i nvention, as described, provides a | oad beam which is suitable for use in

very: hi gh &I6HPIPOFt Regition o35 extasling; %‘éhz st %@dlf beafisrbeforer thriced
ori or art RSB ER0" 18 A KA RO BaR YIRS, En Gl LR Shhfpr it ® 1 ©

frequency,seagtsd €6k 1688 behaN 605 tdHh& fotaRf\wem (Roeshb®ag, beams, the | oad
beam of the present invention, as described, does not adopt side rails,

ribs or other The fsuppert ]}J@rti@irnf:?@r&ému% théck@mwéraymcsﬁer tbah?n?:e.
and a8 oriepaB BER e RIERET p T B e GIAET RS SRS iAhBlE L o

based on tdheediiced Prelddtrlr fIRidkeide FORtIRS Soathd Neerit@al AbreoBH0, bt ing to
a high level of kinetic energy can gr eferably increase the resonant
f requenci edditmrgrihe support pogtionga3pahadiqthinner fieesengoperip®dIte f act

1 equenci GBI @ AUETCDT B 1 fswnd o dhet e BRPREr 'BrEPtesdebhod.

the | oad brigenwadith be the shfitort PoRfibhOB0S Rk aly thisorPR00 AhE progiaky, 2
e

thi cker portion, and a_ thinner portion. icker . 20 portion has a
profille tendi § 18eftondtehydistal sred Whdn Thewsipperh tprrtion, 536d hase

t hi nner portion.substantially.surrounds. the thicker portiop. Vi.e rom
the. bot t oy P tEiiADY Wi §ices, 3RSk Sam PSR € St rectfend e
thinner padtoaxtedfid Torm W HEhPROEktEndE@sddtforsi 3663, @ldjabent hbckies
portion. As the thicker portion is located 25 centrally on the | oad beam

t he t hi ckaprogmal emd 4 18eter taparedaseation bhle ehricheexteaidscler thedistaht r al
core. Si m'el acHﬂ the thinner portion is referred to as the outer rins of

t he | oad bé’a_ :Fhe. thicker central core of the |oad beamin accordance with
the prgsent i mMegthikeraserfte8CEbREB50! ARBbIAS syhtmEtfichlly @hdpedasidegsonance
30 frequency, however the thicker central core is not sufficiently stiff

when novi epdhasidalcompnising @ Erst tapensid seetippadodethati exteanssy omea wi t h
t he present .inveption s descri bed nt ageous| L NPr QVes 2
| nterar shoinheclabeds 688 miekinakERy FFY 38 4930t nleddRE Poifs SeBy 2kl |
the art, tdakcéha tageréd rdeldBio®2 968 it Satténdkffesin _tlh@ iﬁtéﬁﬁedi@&é !plﬁﬁt
resonance frequency of the | oad beam Hence, a design objective is a

conpr om s S tasegoredistahend 58Ag whighi stepsrahomtand idgiest et extead &
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with %Educti’t? &ﬁ?%ﬁ%%‘ggqrﬂl ative to the thicker central core extend fromthe
thicker centr aiy;ﬁ@hﬁﬂ ehadanhag IpeslendPpoYiiea 556 dads keaiBtentialy thaher

torsional resonance frequency and at | east an adequate | evel of [ateral

r esonance Samgqudickness assthentvm outer simsheBim This bdvpnsageatslpaliawsi ng a
stainless gstegl foil. Aload. b of t re t.ipvention,.can,al.so be
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wi th a photocheni cal machi ning process. For exanple, predeterm ned
30 minimal degradation of the torsional resonance frequency of the load

beam 505. In addition, to generate a preload force, a resilient portion

582 of the free-end portion 556, proximal to the core distal end 580,



" 15 patterns of photoresist are formed on both sides of the foil after which
a photochem cal etching process is applied. The portions of the foil that
are covered by the patterned photoresist are nasked or protected fromthe
etching process, and the nasked portion corresponds to the inner core of a
| oad beam i n accordance with the presentjg nvention. Thus, 20 after the

et ching process, the masked portion of the foil remains intact, and has the

original f tihl S i h ) € 1DOoY L] f the
Foi ' that areh ict TR 2fetdifec’f, the et BrBhlB0S 3% algtf oRELERE
t hrough hol gesikeritopoitdon 1540 pedicaeed by bivkdroliheshahdiocatadbdtwesmnthet h
sides, while a partially etched partion is one that is 25 etched from one
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o . . JaL : g _
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the degree portédred689 AMASE The Wywilbedsi BO5fisWA W fsidh tcﬁﬂeﬁdih%
thickness, 1t is antici gat ed that a |load 30 beamin accordance with the

present inventiBicak BBowsherassrerrtionalaviews ohpbeifatirtiniemrbhediment of

Cponent L2 i, 68 BaA 0N HBRE s bl R KT A RS, Bt =
patterned siificReesentid&lort@30 ioghidker dssuttiesl isegitudiiad HE8BS T and

accordance with the present_invention. For exanple, a first piece of foil
havi ng a | afifetwe WiwiRAeiEs| 0P EBtand asdycErny the dongitudinak axist25 b ‘Phefil e

defi ne or L hi r ¢Centr r e of e._| gad be Then,,.a _segqgnd
pi ece o foli‘lfJB Eﬁ%lér‘]g é;\%(fgfaﬁ%vgﬁ%tr%qrgﬁ%%lg l(%é%rstgf 3&35’0&5@ éﬂ‘é’ﬁf cséaFy
et ched or cy64ioftthetdentpabEbrec586] hitHeotiphBE apidl Riwdr $ides 338 ahdasspeam
After separately fabricating the thicker central core and the outer rim

the two pi e2ess stfbsiantiallys pagallel teotachrathgri drled, 4we sidgedSDgstenrd.
Subsequent | t he t ieces are ad ed each ot her by . of | aser
wel di ng or %?/tvﬁ%eé?\iﬁ&s\qg?fﬁggﬂp@%o cngsélqn‘agggrf%eahﬁﬁvqr&s%%gggéd,nt he

two pieces gd@itisH,deR wWRBeishef béth 88¢ @EAtralIdoirt GHO haeidiHoOtwo ddtet NSt her

hand, if adhesive bonding is adopted, adhesive is dispensed on the abutting
areas o t hedauaricesrespandingly ajong the longitndinal atisPhenp tao et fiege-15

until the a i e en themis cured. According to the first and the
second enbo%’?‘?r}r%\fglog‘ré%’e | oad beam 205 and 305, the thickness of the | oad

beam 205 and 30RefezfigRsnEet WeRIGE06A ahtH BB I¥hd) bddih 6@PdhhacdortiAfckoad
beam 205 and 305, fromthe center of the opening 220 and 230, respectively,

to a di npl ewith adfth cmabediment pbthi¢ prasertiinvention is apbstantdabynsirgilace t he

sPde can's eoue 18R ndeth o og e UERE srtndBReRE ‘THE I8al Hedth AT SHoance
with the prasefifth RHEBbHARendSndasdEs Q&ﬁel{brz%a{t%' @%Eﬁﬁ{% ddExhht @xitenéibe

transverse direction. The flexibility is distributed throughout its |ength.
| n addi ti onfroms thagesilisntopotien 682 tewardsithedistadremd kbgi’ﬁhe (pening

resilient p i oW to_physical Nl of .|l gad bea urin ssenbl y
rocese s 090 RRnCRY Bk DRl Fef o 6RCHM Ghpo@itieRidh MY 108 At
thi ckness, @08tfslative tEHE hs&;ﬂiﬂg tate oo eRenfotirth @mbedanenkt yfefié 9vadn
accordance with the first and the second enbodi nents 205 and 30S

respect i vel eamp Sikhi Aveimilae apemingDcescalaobsnimeorporated in shetdisdonal
resona frequency, .a noy e an _100% enhapcenment .f or the.nonzoperating
Gepar ation GEBBEIREN Y e lad RRam BRI 0F BPEDing chetam roRs B ona
resonance frRGHEREPortibe 48RELWEATS the Ashal éAACEIM th the present

i nvention, also inproves the ?ral n characteristics of a HSA in which the

| oad beamis utWithedfersnce Ito UStBREed below &coptparisen gAhai pérfotmmapeeor
art | 0ad beaun ige. Bi3hg ol AAs ORith Phe5ER" HREKs, 2h0b! e The! H
embodiment, 305 of the second embodiment, 405 of the third

30 embodiment, 505 of the fourth embodiment, and the prior art load
beam, are provided. These performance specifications are obtained from

finite element simulation. Supporting portions of all embodiments are



" subj ected to in-plane accel eration.
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i s enpl oyed. TABLEhk 5 resilient portion 482 and
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456 and 556 can bend nore easily and thus allow inproved flexibility. Wth
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portion 58%lideraditdthé bip of load beam is restrained from moving out-of-plane or

in z-direction.

The first torsional resonance frequency is due to undue twisting of

15

the load beam about its longitudinal axis. When determining the first

torsional resonance frequency, the boundary conditions used are the

same as that used when determining the first bending resonance

frequency. Specifically, the mounting portion of the load beam is

clamped while the slider’s surface in contact with a disk is restrained

20

from moving out of plane.

The first lateral/sway resonance frequency is due to the combined

motion of twisting and in-plane swinging. Such mode of vibration can



"20 distal end 117, to enhance the flexibility of the |oad beamof the fifth
enbodi nent. Yet another nethod of enhancing flexibility of the | oad beam
.in accordance with the present invention, is to manipulate the profile of
the thicker central core and outer rimaccordingly, to reduce vertical
stiffness. 25 Wth reference now to FI G187 a process 700 for designing a
| oad beam in accordance with the present invention, starts 705, with
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5 CONVERSI ON OF CONTI NUQUS THI CKNESS | NTO DI SCRETE THI CKNESS I n order to
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For exanpl e,

i f

phot ochemi cal nachlnlng wi t hout partlal etching is used, a S|ngle | ayer is
possi bl e. Wyerm partitat JetThimy TS atopt g dolidy €rs cam beTeattzed. On
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" 15 described. Step 740 of varying the requirements conprises changing the
initial design domain and design paraneters. The | oad beam of the present

. invention, as described, advantageously has inproved torsional and | ateral
resonance frequency performance relative to prior art |oad beans. 20 This

I s acconplished by a | oad beam havi ng apiel ongate support portion extending
between a proximal end and a distal end, where the wdth of the support
portion ta r ' S . re .t

o ckpnss SR (HECROSIAL OB, RS Ao alo Rl tnHntE

| ongi t udi nahedsighealthpabisional eeddriameys fregdenprdfithesload Béarhat er al
cross-section of the support portion extending along its |ongitudinal axis
conprises two JuisPaEeseIH] invesdian. @ desgeibeda prsides ajlogdr beame whith a

| onger | o l.0e5.q.8 ' t t shor upRer side
and the I\gﬁ%e@]lg%bmgr ﬁssjri gl\gé &Lg'gﬁybaghbgébng{slg r%%ﬁ%%g{bditsg Ifal%ufl %g’rer?’ag@l E{ hr ee
di mensi gnallbydt bednr hdshe rédaked Beigbrntisalightyr | ond apebiitiestithpreredi de
portions. The thicker _central portion advantageously contri butes towards
the | oad b&yRaBG RETEomIYNES r?lﬁtg\reoﬁtalprﬁ@s@ﬁgﬂ@edfbmnmrtmarlwem

t hi nner si [ PG o [ t e beam
havi ng a h?%%%?&f‘a?%?fé Str gglgsgéﬁg?aq??@gééﬁxy%u%%?lﬁe%ﬁé@é&i Hl\pgn I on,

as descri bednvedticies Radobdahes it toaidtthadnt of tlegh@reny idasAtion!)i o
overcones or at |east reduces 5 the abovenentioned problens of the prior
art. It w ldesssibedr edpas edathadant Hdgh 1@ils; wibsi oul sthenbsdiffeming of

the i nyenti n described i etail [iQus di fications

i mpr ov ﬁEntrgﬂzg)%ngpeﬁgt eg%ﬁéplboevfesﬁ 15 & r}‘%mﬁécgpﬁrﬁtf"%@mtﬁgeg%&ji ng
from the sdRensfoft predersivientivteritilodes opfigndl A Hprbfiléd drith e HiOM® of
conprising: an el ongate nmenber being substantially tapered along its 5

| ongi t udi ndeduced thaekmess o ephanasgperfarmencee Suptd dgsignsearmbaged taron,

2 portion- dReoRaREmlE HahPedpe iR pRIRER SR HGpS MR e B 22"
two subst anevell sfykipRtid eftrgsi €8 prefarably Mcreasé el fisotiadR; fréfdedciesa

| onger side; and wherein the |ateral cross-section has two sides_extendi ng
bet ween5t hd hishiftrinsdesiganparadigmiyalsossapported by sag faetathatrstiifeestiance

ith clai . ' | f h |_d | at
the 1 onger "iMETREreRt &R chel"G, dimdted SR b8l il b RBRIAe  RFE
Short er i dReq@eridies P HgResbier f Idhd BedReeMNdpAvGEagANCe i th claim 1

h
wherein at |east one of ghe two sides is substantially concave between the
shorter side ad dhecribed, the load beam of the present invention comprises two

portions, namely, a thicker portion, and a thinner portion. The thicker .
20 portion has a profile that is defined by its side when viewed from the
top, and the thinner portion substantially surrounds the thicker
portion. Viewed from the bottom, the outer edges of the load beam,
which forms the sides of the thinner portion, define a wider profile than
the sides of the thicker portion. As the thicker portion is located
25 centrally on the load beam, the thicker portion is referred to as the
thicker central core or central core. Similarly, the thinner portion is
referred to as the outer rims of the load beam.
The thicker central core of the load beam in accordance with the
present invention, as described, improves the first torsional resonance
30 frequency, however the thicker central core is not sufficiently stiff when
moving laterally. The outer rims of the load beam in accordance with

the present invention, as described, advantageously improves the



"20 longer side. 4. A load beamin accordance with claim| wherein at |east
one of the two sides conprises at | east one step between the shorter side
.and the longer side. 25 5. A load beamin accordance with claim1 wherein
at | east one of the two sides conprises a contoured surface between the
shorter side and the |onger side. 30 3406. A |oad beamin accordance with
claim1l wherein the two sides extending between the shorter upper side and

t he | onger ' re rical , 5 A | oad KN accondange with
claim1l vv_heh%&r%‘g} %Eﬁfsghe%rst %fy%qﬁéegﬁ@' Pﬁewﬁwes?aggeééggﬁg’yaof'ﬁiSc}ﬂgfaclé]nt ral
core portiomhe8arth flpadtheadnter 28T € CedvérisBE | FfeBt 7t imitntdrizgohdl cker
central core conprises at |east one concave portion that extends at |east

lo partial | yesenaned freguemenof ideelandbganneHengse, endesizn ghjectiverésd i n
accordance wth claim erein the longer side.and the.twg.sjdgs define a
thinner out SPrpiRis hofheed e enBiHe A AR fr ik orstdnaf s
wherei n §he re§bhagee THéQieidya high 166860 i #8dnanceeRefueneyC THeayater
portion that extends at |east partially between the nounting end and the

free end. 1rima withdrdashaend thinknessaredativie th thieathicbenicensial core extiemder 20

outer rimincludgs .enl arge ortion that extends_away .f.,rom.th
ongt t ud na et (e thicHRee e et ekt bfPaie et ReN PG et iodrl prm
| ongi t udi nakyigktis higHeARYrdi6hal réSohaBcO®Yt&iudndy) BAId hbNedStahni &déghatent
to the enlarged portion. 25 12. A load beamin accordance with claim1, the
el ongat e nmedtxel didsteral resonancefreguengy. t her et hrough. 13. A | oad beamin
accordange w th,clai F\ﬁlz Wnerei&l t he at Ig)ast one o ro

[

free-end®for i né¥els gWMhe? 11?% Qﬁalrﬁlt% CalbTq %etcpgg’l %%Bg’?g%)ﬁ%%mflﬁf‘tehe

| oad beam gteel foil. A load beam of the present invention can also be produced
from stainless steel foil, where the outer rims can advantageously be
realized by partially etching the stainless steel foil in conjunction with a
photochemical machining process. For example, predetermined

15 patterns of photoresist are formed on both sides of the foil after which a
photochemical etching process is applied. The portions of the foil that

are covered by the patterned photoresist are masked or protected from

the etching process, and the masked portion corresponds to the inner
core of a load beam in accordance with the present invention. Thus,

20 after the etching process, the masked portion of the foil remains intact,
and has the original full thickness of the foil. On the other hand, the
portions of the foil that are not masked by the patterned photoresist,

will are etched. A through hole is formed in a portion of the foil that is
etched form both sides, while a partially etched portion is one that is

25 etched from one side. A partially etched portion, produced in this way,
has a substantially uniform reduced thickness, which may be
selectively produced to be approximately 50%, 30% or 25% of the full
thickness of the foil, based on the degree of etching that is allowed.
Aside from uniform reduced thickness, it is anticipated that a load

30 beam in accordance with the present invention can be fabricated to
have a tapering thickness, exponentially decreasing thickness, and a

variety of thickness distributed along its length.



" 35 14. A load beamin accordance with claim 13 wherein the at |east one
openi ng extends fromthe shorter side to the |longer side. 15. A |load beam
_in accordance with claim 12 wherein the at | east one 5 opening is proximal
the mounting end for nmounting the | oad beam 16. A nmethod for designing a
| oad beam conprising the steps of: a) defg ning a design domain beamto
produce an i mage of a proposed design of the | oad beam 10 b) performng

o produce a 1 ooBrbaruey) SIRESre wlCuRpRREsh sTib Rl afalgRds e
processing §feR] dBill fdgtther "@aE Prodiiee 12086k d aahOiP=ber8ancEewitha¢her abl e
design of the |load beam 15 17. A nethod for designi ng@a | oad beamin

accor dance preserndl ivenBonufdrecxaomplei # Ay st Hrieseepl d¢il lgving anlangerhe
manuf act ur a@l.e, desi gn_of .t he | oad,beamt roduce, a_refi-ne esi t he
"oad boam - Jcenesh i ehiosh e Raubeain .o St R aonE AR B Ther,
cl ai m 1% f ugHiBREr eeARral Yoré of RRe 9688 Kam EThef! ardécenipidee digbildidnge of
the refined design of the |oad beam 25 19. A nethod for designing a [oad

beam i n accarelatieclyismalienthickesaris rghotooehemnically etehed ep caft:infg the
conparing the r f,or.mance of.the refined Lgpn..of the | beam w

oo red" per PEPENBBTRRS S0 iRenSukE R of Fhselt Hetim, dieeaeathldly o
the | oad be%r%&%?@hbﬁiﬂié’kéﬁ?@éﬁtrw%o@@ﬁﬂc?ﬂq@%hft_@f FRAC ehe the pRicesast
design of the 36 Toad beamis adopted as the design for manufacturing the

| oad beam staintgsswataeltihil g alignadcandflappedr toigetber.d8ubgaquentlye thead
s T G W S
SeZT’PZ gq;gﬁ%{a@ngsjngggdmi@behdmg troadeP QP AD 36 ARlIpREHY tRB WD plRes
are welded together at several critical locations. On the other hand, if
adhesive bonding is adopted, adhesive is dispensed on the abutting
areas on the surfaces of the two pieces, which are then held together
15 until the adhesive between them is cured.
According to the first and the second embodiments of the load
beam 205 and 305, the thickness of the load beam 205 and 305 ranges
between 60 um to 102 um. The length of the load beam 205 and 305,
from the center of the opening 220 and 230, respectively, to a dimple
20 (not shown) at the distal end 117, is about 18 mm. Since the load beam
has a small ratio of thickness to span and does not possesses side rails,
as the load beams of the prior art, the load beam in accordance with the
present invention, as described, is relatively flexible in the transverse
direction. The flexibility is distributed throughout its length. In addition,
25 the risk of over stress near the spring region (or resilient portion) owing
to physical bending of load beam during assembly process is reduced.
As compared to a prior art load beam with identical thickness,
width, and length, the load beam of the present invention in accordance
with the first and the second embodiments 205 and 305, respectively,
30 achieve more than 20 % enhancement for the lst torsional resonance
frequency, and more than 100% enhancement for the non-operating

separation acceleration.



20. A nethod for designing a | oad beamin accordance with claim 16 wherein
step (a) conprises the step of providing at | east boundary condition
.paraneters, external |oading paraneters, and nmaterial parameters. 21. A
met hod for designing a | oad beamin accordance with claim 16 15 wherein
step (b) conprises the step of nodeling 24 structure of the | oad beam as
material distribution in the defined design domain. 22. A nethod for

designing a | oa m I?%Rﬁ th t her
conprises the s?rép var y| ng ﬁ%% a?lgé gg%%&ﬂg{]?é‘ﬁéﬂ%ﬁéﬁg &i%elfl&
ext ernal | otlde ngad benmmtiar sccarddrideewivhi ehé @tre@amnﬁteertsom,t alser impfoves
| ocations within the design donmain._ 23. A nethod for deS| gning a | gad beam

i n accor dantlae gpim @%m%GSW%PEM%w whichdhsr jogesbeam ig b‘&l zgfl. As
det erm ni ng;pn Qﬁtté Ad. hg?jm@ﬁg J&a %tﬂr%g S;?rqofieg%tﬂgoef | 9aQ

beam and su sequen Iy gener ng an op imim desi‘gn of eam 24. A

nmet hod for dimidicams gaiwadrbadiupt pesk| danies Wotsiodlad f@é&la&iﬁ@é ewhest ep
(b) conprises_the step of topology optimzation that 30 enpl Oi’/]d node
tracking. sYpicedatodphplaneacgslsrgtiony Howayerpdhe HPAcedhdthe doad: h

claim16 wh f n a
t opol ogi cal B| mageégft Q&eh?qegg bgrz%é?glggoéé?)?v %Ohltla op€4 lt%l L tlPslr %’gélé}g‘}l
nultiple | ayﬁmamfmqmeeagh wheh ubijettedote theyirhe Edeleadios. ITl@its 5
profiles that are tractable standard fabrjication techniques. A

met hod for 6B ghiledstin pagt, tiéame. absencsy olsige wailsor |thpr¥pad m‘?éflé?frfhe?t ep

(d) co i's f optim zing the size of the |oad beam 10 27. A
met hodnpé gggél%ﬁ;l 12151%5&1?)0&(1 beamin accordance with claim 26 wherein step
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resonant frequency, the thickness of the free-end portion 456 and 556,
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10% & ()- &@%{g&n(l)acc%i%lg%c% \gv)lth the present 1nvexl1{1%§1%ot0}/fe resilient portion
482 and 582, of the third and fourth embodiments, is employed. As, the
5 resilient portion 482 and 582 is located close to the distal end 118, the
thinner free-end portion 456 and 556 can bend more easily and thus
allow improved flexibility.
With a span of 14.5 mm and a thickness of 102 pm, the first
torsional resonance frequency of the third embodiment is 10.7 kHz. Due

10 to the thinner free-end portion 456, the first lateral resonance frequency
is improved as well. In addition, the shock resistance of the load beam
in accordance with third embodiment improves three times higher than
that of the prior art, while the spring rate and mass remain relatively
low.

15 To further enhance the flexibility of the load beam, in accordance
with the present invention, the length of thinner free-end portions 456
and 556 with respect to the thicker central core 450 and 550, of the
third and fourth embodiments are extended. In addition, an opening
690 can be made extending from the resilient portion 582 towards the

20 distal end 117, to enhance the flexibility of the load beam of the fifth
embodiment. Yet another method of enhancing flexibility of the load
beam, in accordance with the present invention, is to manipulate the
profile of the thicker central core and outer rim accordingly, to reduce
vertical stiffness.

25 With reference now to FIG. 7 a process 700 for designing a load
beam in accordance with the present invention, starts 705, with
defining 710 a design domain for the load beam. This step is akin to
defining a design problem and providing initial information pertaining
to the design problem. Design objectives and constraint requirements

30 are formulated and provided as response parameters. A design domain,
which encompasses the spatial distribution of all possible designs, is

defined with boundary condition parameters and external loading
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For example, when designing a load beam for a hard disk drive
having disks with a diameter of 2.5 inches, a design domain in a
rectangular shape is defined with dimensions of 12mm_ 4mm_0.06mm

10 for span, width and thickness, respectively. The design domain is
modeled as a cantilever with one end, the distal end, free to move while
the opposite end, the proximal end is clamped. The design domain is
also loaded with a lateral load at its distal end to simulate inertia force
produced by the combination of a gimbal and slider, as provided by

15 loading parameters, and stainless steel is selected as the material from
which the load beam is to be constructed by material parameters.

Next, topology optimization 715 is applied to the defined design
domain along with the design parameters. Topology optimization is
typically performed by a computer program, which essentially solves the

20 structural design of a load beam as a material distribution problem in
the defined design domain. The objective of topology optimization is to
satisfy the design requirements by varying the design parameters as
they apply to various locations within the design domain.
Conventionally, a physical prototype design of a load beam is obtained

25 through material addition to, or material removal from, a building block
of raw material. Similar to the physical process for producing the
prototype, simulated material distribution is used to virtually
manipulate material by varying the thickness of the structure of a load
beam at various locations within the design domain. After an optimum

30 thickness for the design of the load beam is determined, an optimum
design with complicated shapes and holes is automatically generated as

a contour image of thickness distribution. This is accomplished by
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performance and sensitivity of a design. The response and sensitivity
information is then numerically obtained and subsequently used to
produce an improved design with a corresponding thickness
distribution, which is then used for subsequent analysis and
10 optimization.

After multiple iterations of topology optimization, as described
above, an optimized material distribution for a design of a load beam is
obtained, in which the thickness of the load beam in the design domain
is spatially plotted in grayscale contours. This can be provided either as

15 a display on a user terminal or as a print out. The varying contours
indicate portions of the design of the load beam having full thickness,
portions having intermediate thickness, and portions having zero
thickness. Physically, the portions of full thickness represents solid
portions, while portions of zero thickness indicate material removal or

20 holes within the design domain. Portions of intermediate thickness
indicate relatively thinned portions that are thinner than the full

thickness portions.

MODE TRACKING

25 As is known, vibration of certain resonant modes, for example,

torsional and lateral resonance frequency modes adversely affect
positioning accuracy of the read/write head, while other resonance
frequency modes, such as transverse bending, does not. Consequently,
an objective of the topology optimization step is to increase torsional
30 and lateral resonance frequencies of a designed load beam, in order to

produce a designed load beam that allows a read/write head to be
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10% ()- design domain from the resonance frequency modes that are less
relevant. With mode tracking, the topology optimization step
10 advantageously provides a topology for the load beam that raises the
frequencies of the more relevant resonant modes and reduces the less
relevant resonant modes. Consequently, the topology optimization
software program that is employed incorporates mode tracking that is
based on modal assurance criteria (MAC), which was originally
15 proposed by D. J. Ewins, Modal Testing: Theory and Practice, Research
Studies Press, 1984, for experimental modal testing. MAC is defined as
follows:
MAC = | Drese P |2/(]| Prere Pret|o| Prme Pul)
where @y is the reference mode shape; and
20 ®n is the m-th mode shape to be monitored for a modified

structure.

The value of MAC varies between O and 1. When the MAC value is

equal to 1, the vector @y, is identical to the mode shape ®P.es, and when

25 the two vectors are orthogonal to each other the MAC value is equal to

0. In mode tracking, the mode with the highest value of MAC is
identified as the targeted mode.

After the topology optimization step 715, a topological image in

grayscale is produced. This image shows spatial distribution of

30 material, in term of thickness, within a design domain. However, the

design of a load beam with continuously varying thickness and complex

geometry is very difficult to be realized using standard fabrication
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into multiple layers of distinct proflles that are tractable by standard

10 fabrication techniques. The number of layers that are allowable depends
on the availability of particular fabrication techniques. For example, if
photochemical machining without partial etching is used, a single layer
is possible. When partial etching is adopted, two layers can be realized.
On the other hand, a load beam that is made up of more layers with

15 distinct profiles is possible when of process of joining the layers is also
employed. The joining process can include welding, adhesive or three-
dimensional printing, as in rapid prototyping processing. However, the
final choice of fabrication technique(s) is determined by the cost
afforded.

20 For example, the conversion process for a topological image into a
design that utilizes a single layer of material now follows. Two design
states are allowed within a single layer, namely a solid and a void. To
convert a grayscale image into a monochrome image with two states,
image filtering is adopted. First, a threshold that distinguishes a void

25 from a solid portion is set, say at 1% of the substrate thickness. This
setting implies that, any location with the material thickness that is less
than 1% is deemed as a void. Otherwise, it is deemed as a solid. After
an initial image filtering process, adjacent solid portions and voids may
alternate in repeating patterns. In this case, the thickness of the

30 repeating patterns is averaged before proceeding with a subsequent
image filtering process. After image processing of the designed load

beam in accordance with the post-processing step 720, an image with
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the two states is obtained. In other words, a design with primarily solid
portions and voids is obtained. To further simplify the designed load
beam, small gap(s) or scattered voids in solid portions of the designed
load beam are consolidated. Finally, a post-processed image of the
5 designed load beam, that is more suited for manufacturing, is obtained.
When partial etching is employed, a topological image of the
designed load beam can be realized having two layers. Here, there are
three design states, namely solid, thinned solid, and void. Image
filtering is performed using two distinct thresholds; one for defining

10 voids and another for defining thinned solids. For example, a location of
the designed load beam having a thickness below 1% is deemed as a
void; a location with a thickness that is less than 60% but more than
1% is deemed as a thinned solid portion, and a location having a
thickness which is greater than 60 % is deemed a solid portion. Next,

15 the portions of the designed load beam having alternating solid portions
and voids are averaged and subjected to another image filtering process.
Finally, the solid portions, thinned solid portions, and voids are
consolidated separately and result in a load beam design having two
layers, where the two-layered design is suitable for manufacturing.

20 The distinct profiles of the two layers can be realized, respectively,
by etching from each of the upper and lower surfaces of a substrate,
such as one of stainless steel foil. Where a joining process is employed,
the two layers may be fabricated separately, and subsequently aligned
and joined together to form a load beam. Following the same approach,

25 a topological image can be converted into a design of multiple layers
using multiple thresholds for image filtering. After image filtering is
completed, the profiles of the converted image(s) are reconstructed
using simple lines and curves. Simple geometric construction of the
load beam design is necessary for successful fabrication.

30 After post-processing and reconstruction, the performance of the
load beam design may not be as good as that suggested by the optimum

design in variable thickness. Hence, there is a need to refine the load



/Ke [109& ()- [109& ()- [109& ()- [109& ()- [109& ()- "eF3[10%&k[ 109%& ()-
[109& ()- [[109& ()- [109%& ()- [10% ()- [10% ()- "#(56=>}"D3[10% 109%&' () -
[109& ()- [109& ()- [109& ()- [10%& ()- /Kc >EFMNUV] oUs[ 109%& ()- [109&' () -
[109%&' ()- [109%&' ()- [109& ()- [109& ()- [109%& ()- ]”bcdefghN4[ 109%& ()-
[109&' ()- [109%&' ()- [10%&' ()- 31

beam design by tweaking its length, width and other dimensions. In

other words, sizing optimization is used to improve the performance of

the interpreted design. This is accomplished by a refinement step 725 of

the load beam design.

5 Subsequently the performance of the refined load beam design is
determined 730 using numerical simulation and experimental testing,
and the performance is compared 735 to a desired performance. When
the performance of the refined load beam design satisfies the
requirements defined in step 710, then the refined design is adopted,

10 and the design process 700 ends 745. However, when the performance
of the refined load beam design does not satisfy the requirements
defined in step 710, then the requirements as defined in step 710, are
varied 740, and the process 700 returns to step 715 of topology
optimization based on the varied requirements, and proceeds as

15 described. Step 740 of varying the requirements comprises changing the
initial design domain and design parameters.

The load beam of the present invention, as described,
advantageously has improved torsional and lateral resonance frequency
performance relative to prior art load beams.

20 This is accomplished by a load beam having an elongate support
portion extending between a proximal end and a distal end, where the
width of the support portion tapers from the proximal end to the distal
end, and where the thickness of the support portion tapers laterally
from a thicker longitudinal central portion to thinner side portions. A

25 lateral cross-section of the support portion extending along its
longitudinal axis comprises two substantially parallel sides, a shorter
upper side, and a longer lower side; and two sides that extend between
the shorter upper side and the longer lower side. This load beam
structure distributes mass three dimensionally to form the thicker

30 central portion and the thinner side portions. The thicker central
portion advantageously contributes towards the load beam having a

higher torsional resonance frequency, and the thinner side portions
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advantageously contribute towards the load beam having a higher
lateral resonance frequency.
Thus, the present invention, as described provides a load beam
and method for designing same, which overcomes or at least reduces
5 the abovementioned problems of the prior art.
It will be appreciated that although only particular embodiments of
the invention have been described in detail, various modifications and

improvements can be made by a person skilled in the art without

departing from the scope of the present invention.
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Claims

1. A load beam comprising;:
an elongate member being substantially tapered along its
5 longitudinal axis between a mounting-end portion and a free-end
portion, the elongate member having a lateral cross-section extending
along at least a portion of the longitudinal axis, wherein the lateral
cross-section has two substantially parallel sides comprising:
a shorter side; and
10 a longer side; and
wherein the lateral cross-section has two sides extending between the

shorter side and the longer side.

2. A load beam in accordance with claim 1 wherein at least one of
15 the two sides tapers relative to the longer side as the at least one of the

two sides extends from the shorter side to the longer side.

3. A load beam in accordance with claim 1 wherein at least one of
the two sides is substantially concave between the shorter side and the

20 longer side.

4. A load beam in accordance with claim 1 wherein at least one of
the two sides comprises at least one step between the shorter side and
the longer side.

25
5. A load beam in accordance with claim 1 wherein at least one of
the two sides comprises a contoured surface between the shorter side

and the longer side.

30
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d) refining the manufacturable design of the load beam to produce a

refined design of the load beam.

20
18. A method for designing a load beam in accordance with claim 17
further comprising the step of:
€) determining the performance of the refined design of the load
beam.

25
19. A method for designing a load beam in accordance with claim 18
further comprising the step of:
f) comparing the performance of the refined design of the load beam
with desired performance;

30 g when the performance of the refined design of the load beam

substantially meets the desired performance, the refined design of the
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beam as material distribution in the defined design domain.

22. A method for designing a load beam in accordance with claim 21
wherein step (b) further comprises the step of varying the boundary
20 condition parameters, external loading parameters, and the material

parameters at various locations within the design domain.

23. A method for designing a load beam in accordance with claim 16
wherein step (b) comprises the steps of determining an optimum
25 thickness of the proposed design of the load beam, and subsequently

generating an optimum design of the load beam.

24. A method for designing a load beam in accordance with claim 16
wherein step (b) comprises the step of topology optimization that

30 employs mode tracking.
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25. A method for designing a load beam in accordance with claim 16
wherein step (c) comprises the step of manually interpreting a
topological image of the load beam to covert the topological image into
multiple layers, wherein each of the multiple layers having distinct

profiles that are tractable by standard fabrication techniques.

26. A method for designing a load beam in accordance with claim 17
wherein step (d) comprises the step of optimizing the size of the load

beam.

27. A method for designing a load beam in accordance with claim 26
wherein step (d) further comprises the step of varying the length and
width of the load beam.



