z{e3em>nk(6T>GVF26 NOV 2004 1 HEAD SUSPENSI ON ASSEMBLY W TH PI EZOBIJSCERILC
BEAM M CRO ACTUATOR Field of the Invention s The invention herein described
rel ates generally to mcro actuators and to head suspension assenblies of

" disk storage systenms which utilize piezoelectric mcro actuators as
secondary actuators. Although the i nventli on is principally described in
relation to a magnetic di sk storage device, those skilled in the art wll
appreciate that the principles of the invention may be used in other

devi ces where i0 mcro agfpsh t controlled mnute
novenents. Background of the ﬁ\%ﬁ?”ﬁémgggﬁ%é%?&{s orage devices (disk
drives) include nmagnet PEERQEYEREREhBEAM MIORDIACBUATOR he purpose of
positioning and supporting a read/wite is transducer head relative to the
surface of a rotating magnetic storage disk. A common construction of a
head suspBiedd @f the $evdntyom ncl udes a | oad beam whi ch has a nmounting base
portion at its_proximal end, a relatively rigid portion at its distal end,
and®a spring pgg?i"i‘)‘f?"ﬁ'é‘f‘m@ﬁ'rt feserhesk ioirfed aeaeplivt toomican dictirators ghdl to
portion. i i ] e 0 _a pr.imary actuator which
20 noves ﬂ-ﬁgd ﬁgggégﬂg%%ﬁ%?w géscgg%%@ S@%Q%ﬁ%&%ﬂs tvﬁrgcl? éﬁ'ﬁ?%"?zé) @Cover

desired imigspnactlsters ralkscondaryeactusiors A Alteaugie the invaMicheds printiangli st al
end of th e%q(i d Jheam ,whi.ch i ncl udes. il slider nmounted thereon for )
support i n(g A0 JPREPD 40 Reraone He disk; iarage-deviee. dBosrigkiled & thesagmil o

that it "appresiatdiatahd phhchMLST B8 ifflertidy SR e BPRIIALEIL Aol Dfere

spi nning disk. The flexure permts pitc novermnen

sl Fller soMda@ciyriorsenay benusasul tovefttict kostolfeaomirfute ctovements. The spri ng
~portion provides a_spring force which counteracts the |ift force of the
slider in a known manner. Di sk drive manufacturers continue to devel op

smal | er yBackgghatd sf theapevetticppaci ty drives. Storage capacity increases
are achi eved i|{}| part b&_ i ncreasi n% the density of the information tracks on
the disks (i.eVadpgligsilisy siarpaaefewings ofdighr drivasds foudspavagnetiacksdd As

track dengj g%rm- ] eg@gg% . \ 2004 2 :

i ncr easi ngléyégi fficult '?ﬁoﬁ&ﬁéﬁ%PFWﬂ"% a u(];'t{ogrlr?q %”Q&?‘BRP@"@@ r%%@ﬂ’r”&? ely

poskti on Tarsdused/heedt elkiesd toties sutfacdesia edtatingakagistic thirags eagen,A some
manuf act ur ers. _have incg&gggat ed secondary actuators which are supported by

the | oad BEAMOSFCNSY Uf Adj5er3UsReasoBASSPMbin skidassh e karrp Adveh i cr o
act uat or shay @ mounfry ase! b Gebn B BraTRHSTBAY, A reldifell HoR! g&%np%tr g on of

the | oad beam and therefore the read/wite el at’i v the proxi mal
end port i $atabendhand sagptirgpodiah betissentiennbyntiiy bpee goriion ahdtthe rigid mar y

tuat or. §: tri t of b . d th 1.
et at or POHEATE TRE KobnfhG AN pORAE] % P& foaf oprimans SChyape whigh
ecomoni cainbyewithkl hea@t s wspdreiorhizgheiibht kodedstity thie: feadAviits MEERE ovet

_(_:oncentrié: tr %c_k er.inch, or "TPT" . .
esired Information tracks on the disk. A flexure is provided at the distal end of

the load beam, which includes a slider mounted thereon for supporting the
read/write head. The slider has an aerodynamic design so that it “flies” via a lift
force on an air bearing generated by the spinning disk. The flexure permits pitch
25 and roll movements of the slider so that the head can follow disk surface
fluctuations. The spring portion provides a spring force which counteracts the lift

force of the slider in a known manner.

Disk drive manufacturers continue to develop smaller yet higher storage
30 capacity drives. Storage capacity increases are achieved in part by increasing the
density of the information tracks on the disks (i.e., by using narrower and/or more

closely spaced tracks). As track density increases, however, it becomes




_servol ng. Some suspension-based nicro actuators have enpl oyed twd § NOV 2004
pi ezoel ectric elenents, or beans, working in the breathing node (al so known
as the piezoelectric transverse effect 31 node). In the prior art |oad beam
"is suspension 1 shown in Fig. 1, two piezoelectric beans 2 sit piggyback on
top of the | oad beam 3 on either side oé a centrally | ocated hinge portion
4. The beans 2 work in a push-pull nmannér and the hinge portion 4
transforns a substantially linear 31 node action into a rotati-on which is
anpl i fi edifeyeadiBglyUicad%oCfhet QA& fratdl€ RQiLian of
the | oad beam t_h%{y i's rotate ‘ﬂg‘&%‘\ acttﬁgﬁﬁé\hgf&kggﬁgcgﬁ"@%\éngéit'PpgtHe
beans), ck&ead/wgte headi pva tfe dreir¢darhdiealfor dhidefdasoh, @ohRWnidRFaREME t he
cross-tra I j | i cant has appreciated that of all the actuating
modes of 35‘6‘?8@%"3’%&?@ %g?%mﬁdﬁerﬁ@ﬁ‘h?fﬁf%ﬁdéy ihesloggbaamagy of
provi di ngtiee hatdes@lipplsareBBsemBS. | ThibBE stk %ﬁ&%ﬁabé@%’dc&'drﬁ Qétﬂ?@"ré' ggal to
the longitudinal vibration in the |engthw sg Irection 01J the el emerts In
ordér to H8R4 4P Rifeshsynuisimensment of the distabgerd Ipertiprhof the loaddesamakhd t o
use a rel gidug n 40 d_thi iezoelectric beam A form dable
chal | enge 1o usf%gntggs%(%ﬂgﬁ% ﬁl%%a;'l E‘%:l%\%c?%%ﬁcﬁrﬁ?"@qlne'ﬁwgﬁﬁhﬁ?dﬁél 88d beam
is the stbaamuand irdepentianty bespeetion betiy eamahesétiirbeans and the ao | oad
beam The piezoelectric beans typically have a m ninumthickness of 0.2 mm
(typical value) for providing sufficient structural strength whereas the

| oad beans typpeaideYedidy 8ldtnt Sk Hd s D6 e eyl Gl Mo 1
mm . Because of 26 NOV 2004 3t réﬁ;drgx@eéng%?/ﬁ tu'ﬁgﬁr}%tt}&%ﬁc?é?a%}u{é’t%s,

di f10i cul t The pieraalectrie drisgbh enibondctoatardem gimgld hnd leaensmivallp viatske optleas. of

the | oad - ' lectri | t hoygh such an interf is th
| deal “appl BaRR b FeRRY RGP TS afenEieet Pongoiey Rdhe riab: os "Shke
manuf act usensirgl. ue $omief | Alspehdientaddae mickF oakeeidrsC %@%n‘hﬂo&%ﬁ Qfot he
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| oad beam surface as shown in Fig. 1. However, while working in
br eat hi ngPipdaglectifelsimsertal ecbeams bwartinglin thekeathingmiode falsadinown tke

t hi cknessydi 1, | ar e e (al,so,known as .the

pi ezoel ecEHrEi c!ﬁ ?%d%?%ﬁa?t Hﬁﬁ%‘zﬁ%éf ?@%%t"gg %cguée} éﬁcghtﬁseo Heao kb AT s
gl ued to sheperistrodl swtwi i Bgarms twolhiszéiledry e@ts RaliSSiggPbkciobn RbARSE
novenent s Oflp%laeq | oad bea In the aforedescribed two beam design, this

al so causi¥® UG pRARDE P Q! 4 pentrally Iegaieddingr RoriNoh diedeeamshe
al titude pi vinf L [ ' : I ROHE) A1 of
the sli de%.wfrr{l( Itnuép )r?ugﬁh@%]ﬁgggf ?g lt@égf?%é(:{)grt{ohnregg@%t rans?%@dt{?\’r{{&i on
and OTC ofingaied ksidenactian initha retatiopvdiitteis avinplifiechiey theslevprade afcthedbad

arrangene f o El i hat .perf nce,depepds.upqn the characteristics
of the 1 narandiis gl o< BhuRE ot TIORT sRaR L i Btieitagn otiihen o
symoet ry tiee pidesietatiiic beAmd)echugifg MBES G5 TRBE ehe THE) TRH GONFRRE 3 FQRS

al so applél_to t he passive conponents that go into the mechanical | oad
circui ts GYCrPAR IR Hif Giogsdracktiiesfieis. In the case of dual piezoelectric
beam actuators, it is desirable to have identical piezoelectric beans,
adhesive attachnments and electric driving circuits working in their |inear
ranges. HoweveAppbeastt Hadeaptpreyiates! thiak of alllthe totuatiabirnedés ofmpigrastdteal

st andpoi ntl. zstF rexanpl e, té(}g gh sical di rren?i ons, d33-constant and

el astici t §01* et%aﬂﬁ'&w has he,advantags ¢ REPEing Rdatse diselacement

manuf act Uil the osehdd Qich EWoheRHRAl /) thetlsg@ij{cgﬁﬁre\ﬁ%r%p??i\?tmegleﬂgthwise

characteristics of the piezoelectric beans y ditferent.
Si ni | ar | ydirgction gf the clgment duterder toleonsende oesa amt mbiimkaee e strokbe

Cnsymrot r CRgit i e ol B RS ilatfvelR, A ORGP SRkt BBART s on

a few sanpl fesmifatde divalile pgez0alshtg sueh e PB AVl Bri@ Gtiudtre ihaa/%ugb@m%arl\%\e/

vari ati onF i n_stroke symetry, resonance frequencies and danpi ng.
2004 4 oad beam is the structural interface between the piezoelectric beams and the

30 load beam. The piezoelectric beams typicaily have a minimum thickness of 0.2
mm (typical value) for providing sufficient structural strength whereas the load .

beams typically have a relatively smaller thickness (typically 0.1 mm). Because of




.Summary of the Invention The present invention provides a mcro actuator
driven | oad beam nechanismfor use in a head suspensi on assenbl yztﬁa"fﬁfv 2004
overconmes one or nore drawbacks of prior art | oad beam nmechani sns.
“According to one aspect of the s invention, a | oad beam nechani sm conpri ses
a |l oad beamincluding a proximal end pogti on, a distal end portion and a

hi nge portion connecting the proximl and distal end portions of the | oad
beam for permitting relative novenent therebetween in a hinge-plane; and a
pi ezoel ecthdic egemenpmiiacitattiat Wepnd ' i rfions,
t he pi ezoa{gect ric _l?ggm bei ng sel ecti vﬁngjlt!o{c?ogdr{g?éi @%P% P%ﬁ%fl}%{g@?gﬁéhgti ve
movenent BEEKRSSS sides pirdans) ohtie Wadthdare midpbe thiexmeledtric beant, ddihoagh t h

the i ' t; ' ket. f t ai ni | t
end of Che p) SoanferieReils e Mkl RhbiRR LT RaHEHins omeTorPuRaiedl brestboam | <

ret ai ned bydehe pocket in a ~s plane inclined relative to the hinge plane.
In an enbodi nent, the pocket is forned by |ongitudinally opposed catches
havisng oppositely facing attachment surfaces to which opposite face

surfaces of thggp j . I jvely. zo . ln an
enbodi ment, t heOﬁoﬁﬁﬁ%ﬁ#@Bgﬁqo@%tgggﬁgg%&'? gﬁ%%fg{rﬁfco%‘ib%g? £4 top of

;:hhr ect i on& ferd tbﬁ@nhls\gt’@cgl aaeshdwr? dn lélgbfﬂdl nlﬂowfvért}ﬁmh?%@ﬁi@mhﬁ? hol d
enbodi menbrenoESRE Ha Medsiedtie <DSpinanalse BranternseR AR CR dhes. 30
I n an enbtiickress, ditdwiopalos ess B | il id of
the piezoelectric Ibealm 26 ﬁoﬁ/é/%(%é{ﬁ%ﬁ?rﬁn@gtn(aﬁ%ﬁg@?ﬂn@n%sﬁﬁﬁ?%%ﬁﬁé{géar e

i ni*ne wi I9RGItHEING gHectlamede) n Bacauae du fnack bearhds glles! torthy mezpelectric

pi ezoel echih&eb S ' _ raspect of. the invention m cro
act uat or gé?'\q/]gn 34 rl’)@g%wmr?glct: %glrl\%és)sm%p g’%’hﬁlgggirﬁoﬁerﬂgaﬁ gﬁ@ﬁ&ﬂ@ﬁ&?%@s@ﬂbl Y,
conpri sestfe #fosetdsezitret twbudiang desighotisalsoradisBOtid R Bodth 36 Alise ).

portion apd hi nge portion_connecting the proximal and distal end portions
of the | ochﬁeaalﬂh%BPR}%W gifeels f_fl@l %‘PR@@ (e fhérteighe rassk eltdede i(hea milnge

bl ane: aNdnaicpl Laamyeef e sREAT 1P (GANIRR! bikfecf)P BAXEERHABE LT 3f Bler N

portions, the piezoél ectric beam g selectiv energi zableto e ct
reltati ve FheinemnddeT Gedfihe sgstenoxi nal and distal end portions. In
accordance with the invention, the piezoelectric beamis disposed in a
plane that is inclined relative to the hinge plane. ~s In an enbodi nent,

the proximal ana idheiclt ROBIAPWIIOME pasepaPRREIdS! UribAgbR@nd i 35§ Menk
surfaces to which opposite face surfaces of the piezoeleéectric beamare
at t ached. that performance depends upon the characteristics of the individual actuator
elements. A high degree of linearity and symmetry are desirable in their

20 performance. The same considerations also apply to the passive components
that go into the mechanical load circuits of the individual actuators. In the case of

dual piezoelectric beam actuators, it is desirable to have identical piezoelectric

beams, adhesive attachments and electric driving circuits working in their linear

ranges. However, such identity is difficult to realize from a practical standpoint.

25 For example, the physical dimensions, d33-constant and elasticity of the two
piezoelectric beams vary depending on their manufacturing conditions.
Environmental, temperature and aging characteristics of the piezoelectric beams

could be entirely different. Similarly it is difficult to attain identical area and

thickness of the glue layers of the two piezoelectric beams. These factors can

30 cause unsymmetrical twist of the load beam during its operation. Test results on a
few samples of a dual piezoelectric beam micro actuator have shown large

variations in stroke symmetry, resonance frequencies and damping.



-I'n an enbodi nent, the attachnent surfaces are offset in opposite aia‘é‘@‘i R
zo fromthe hinge plane. In an enbodi nent, the face surfaces of the

pi ezoel ectric beam are bonded as by gluing to the attachnment surfaces. zs
~According to a further aspect of the invention, a mcro actuator driven

| oad beam mechani smfor use in a head syspension assenbly, conprises a |oad
beam having a | ongitudi nal center axis, and including a proxinml end
portion, a distal end portion and a hinge portion connecting t-he proxi nmal
and di st alSumohappofithasnberitiger nitting rel ati ve novenent therebetween, the
hi nge portion ing disposed 30 in offset relation to the center axis of
the | oad beam ﬁd%éeiﬁ z HBIEBEOR| Orpddes conmiwdi mgtudier pirivenmidadinskeatihst al

d ti j | { d wt t toth t
axis of e e aortiod IE A B s E R Btk e SiSRomss oot frore

sel ect i veFyawrcksi cfaplier ard lehd detint eladhanisnm®V AERBEAG thaRR e dPshael
t he hinge portion includes a

and _di st a ortions. In an enbodi nent, | [

pai F of eiﬂi’%ﬂggﬁ’t 7 Jped %@"&@%PW\F@F‘}PFW%@W eam igaluding shwowesal, t he
edge port endpdreomth 8RbEIEHEo BNt ' PESRH | gtal .end
portions. | nspan enbodi nent, tg?llglrgg alﬁgi %ﬁffﬁbéﬁﬁ& %&ﬁe@h%?@%llp?é’ﬁ}négﬂg ~0
The foreg8iStR] &fd cwatiens eaf uthes lodt hearmv et ipemmittieg heslativeaf rRivefndrty

descri bed i.-cul inted out .in the clains, the follow ng

descri pti ;[)ﬁng?gtl’)l%ﬁ{%g 'Qn%ie]!{yec’&p @F‘Hﬁn’ ﬂ@@ aRIEEPTIGCliGRaan copaegted hatweshthei ve
enbodi menpeoxirhat hend rdistal i o Jdra6As,e MR dpEBBERCtrROWRWE - bk ggrecav gw of
t he vari ous Wa%g}lt:én whj ch the principles of the invention ma e enpl oyed.

i s1Brief PREW dR sifeciheelalivemayenieny. batweenathse pspéutl vand, distaloénd
prior artphArmbsPORAMSUSESNS Qni RS! iH a pal lezoel ectric actuators
or beans. pzo_ Fig. 21s a per g’ggc‘ﬁgdﬁ%’ﬂg’v@’ 5‘?55&708&88%5%3 sc‘p%t%’lcgﬁt for

i ncl udi ngrefaiiraradieast one enil of theapieratlectricheaogor dance with the present
invention. Fig. 3 is a side sectional view of the Fig. 2 | oad beam
suspension. zs Fig. 4 is a graph showing nean altitude of the tip in

nanonet ers on trhanysisbedashtPHez pReamddrhd bgagﬁggf;quiﬁeerb% Qf‘eppaeﬁé%ém Fig. 5

is a graph showing tip tilt I n nanoneters on -axl's ezobeamtilt
i n18egr eeBl25R ngied rglatiye tgdhe hinge plane.

[n an embodiment, the pocket is formed by longitudinally opposed catches
having oppositely facing attachment surfaces to which opposite face surfaces of
the piezoelectric beam are attached, respectively.

20
\ in an embodiment, the longitudinally opposed catches extend in opposite
directions from the hinge plane.
In an embodiment, the opposed catches hold the piezoelectric beam at an
25 incline relative fo the hinge plane.
In an embodiment, the piezoelectric beam is shrunk fitted between the
catches.
30 In an embodiment, the catches have slots for retaining respective ends of

the piezoelectric beam.



-Fig. 6 is a perspective view of a section of another enbodi nent of a |oad
beam suspensi on in accordance with the present invention. 26 NOWs 260@*4’?72084
Fig. 7 is a cross-sectional view taken along the line 7-7 of Fig. 6.° "
~Detailed description of the invention Referring nowto the draw ngs, Figs.
2 and 3 show a | oad beam suspension s nmgchani sm designated generally by
reference nuneral 10, for use in a head suspension assenbly of a magnetic
di sk drive (not shown). The | oad beam suspension nechani sm 10 -i ncl udes a

| oad beam 12 hhvangnibatioxntihe eatdhasreMlinkolkh B fifige didHd19e portion 15
and a distal end portion 16, and a mcro actuator 20 Wwhich, as described in
greater detail below, controls novenent of the ~o distal end portion 16
relative to thg, gh R Ll oximal end portion 14 of the
| oad beam 12 has a ci rcdrlngﬁﬂggg'rr% !%y%é?%gggglghcﬁéctnge%t achnent thereof to
a primary actuator armin the disk drive, the novenent of the | atter being
effected, for .e. ,by a voice coi]. The distal end portion 16 of the

| oad beam 12 hg\ég(gpdm%t%%aoﬂ@éiaéﬁe%ogﬁ@ Neaken A BHCenRCtpaigr shiiven load

i nt er connbeawdnbihanism for 446 99l atHizekNRPenSRN Frﬁ‘%t M LR
relatively flexible in relation to the rg Ia;hid\%g'fay ’?@Fﬁﬁs\g@a&ﬁ agiqei?a{Por
end regi of§lUdite 3 i Ryodimalpeaddpedighora 2éistelipgat tportdn térel di dtinde epation

t her eof pdern._and. read/ wri hea not shown) of the
di sk dri vgo'ﬁ'lfeﬁwﬁl'ﬁg"\?ﬁa&n&%‘hﬂ@ g’bgﬁﬁg??t?g g é’oﬁé‘i}‘%e} fha E@g’a‘g‘%%l“i RE oS ‘%‘?éﬁ'ﬂgsi gn
of the | osdatbeamdzment| tHarete@fon FERANHR i | | end
portion zo 16 the | oad bea?n 12. The Cﬁro% %ﬁ%ﬂffpﬁﬁ%ﬂﬁéﬁﬁ%ﬁiﬁg

f : | .

di Pal  entPHEENInthEs PEIXIMAL ang adisiad AACL POHIRS| dheyiniexnatedtriy basie dakiagar t
and form sHeE@mRAY RN t [ one_si de of
the | oad beam by the %?ﬁg%cggﬁféé% r-&[%ﬁgggﬁﬁgéyéatoggﬁﬁ%%ﬁﬁﬁ%%85@%% 84 de
to the sidetaicyel portione. | badctrdancasvithhieninvehforguherpieggsestticthearhiigge
portion cg nt i nuou ith the correspaopding edge of the | oad beam

whi | e the&lgﬁﬁg?&ﬁhﬁgl%}e ﬁﬁﬁ%‘f‘ﬁ@’éedp@?%q%t%ﬁﬁ? SP'208t e whereby the width
of the hinge portion is narrowest at a point coincident with the transverse

center line of the pocket. As best seen in Fig. 3, opposite ends of the
podRet have aolMaffaMkedimentr the esoxidahrndidisiaiatd podioparkdvesbppositelf f set

i ‘ ‘ t,he pl a f the load .12. Suych
ur faces. T5"shauaa AR EEkes o iitsh ool sl SUfacct of 1eRdyerdeedin ng
devi ces obcamtarbedtadélhiednd 48 26 NOV 2004 8 that are parallel and extend

transversely with respect to the longitudinal center axis of the | oad beam
The other |legs 49 and 50 of the catches 47 and 48 may fornmed integrally

wi th or attacherad enidRliRdhagss bABL PRt b cidngnd
16, respectively, such Il egs 49 gﬁgéﬁéé@%uen Iﬁégrgtoﬁrsgagﬁfo%ﬂgsﬁfegﬁéﬂg S
| 0Agi t udi fiem tbertirge pldne. of the | oad beam 12 and parallel to one another.
The pocket 42 has retained therein the mcro actuator 20 which preferably

is a planar, rectangular, single |ayer piezoelectric beam52 with the

pi ezoel ectri c WpaRkh#odifMeneahe W&&@é&ﬁ@&@@ﬂh‘é*}ﬁéﬂ?&e&tﬂ?tﬁé‘énﬁ)'&\F%Bf)hﬂééne
C

direction. |Inthe io illustrated enbodi ment, the piezoelectri eam s
t r ansver s@$ Y SbHpg te therptiachreepisurfacest he | ongi t udi nal center axis of the
| oad beam 12, in which case the hinge portion 15 is necessarily offset to
one side of the | oad beam s | ongitudinal center axis.

25 According to a further aspect of the invention, a micro actuator driven load

beam mechanism for use in a head suspension assembly, comprises a load beam

having a longitudinal center axis, and including a proximal end portion, a distal

end portion and a hinge portion connecting the proximal and distal end portions

for permitting relative movement therebetween, the hinge portion being disposed

30 in offset relation to the center axis of the load beam; and a piezoelectric beam
| connecting the proximal and distal end portions and being transversely centered

with respect to the center axis of the load beam, the piezoelectric beam being



-is The ends 58 and 60 of the piezoelectric beam 52 are retained by the
catches 47 and 48. More particularly, the ends of the piezoel ectsi ﬂ?ﬁa 2
are adhered at the bottom and top face surfaces thereof to the oésgéi el

"of fset attachnent surfaces 43 and 44, respectively. As a result, the planar
extent (or plane) of the piezoelectric %ean1mﬁ|| be inclined at an angle O
relative to the plane zo of the | oad beam for an advant ageous reason

di scussed below. In use, operation of the piezoelectric beamin either the
31 node owseldutivdly smstgizbld tefdmedt pitrbl %veﬁneh@%eg&v%&ﬁ'ths”ﬂro&%ét gﬁdm
about an §X|s(§§Lpelecular to the plane of the load beam i.e., Wwthin a
"hi nge pl al B@@&”ﬁy reference letter as B. During such operation, the
pi ezoel ectric beamw ||l al so expand and contract in 33 sense and this wl|
cause sone out-of-plane novenments of the distal end portion 16. Applicant

has di scover ed |n hatersbodimeut,- he-Hihgea sorEREIINES @APaiPEf 646% HeldRE ARfL0r
mnim zed qXﬁ\ré%ason of the piezoelectric beambeing tilted relative to the

pie _ (
hi nge pl af€ Eantrquerpa?'ﬁpﬂst%‘?@téﬁt‘“@@”nﬁ\iféﬁég‘ﬁ RestioRse hetnge cenngntedt itoal
end porti g dkpabtvé pbid:dhatRsy BREL L0 Such a way as to mininze out
of plane for cegé(gente)r at eg by t%géliﬁ?@z%tgrg@%’ri c beam 52) acting on the | oad
beam 12. 26 NOV 2004 9 As illustrated in Fig. 3, the vertical deflection

of the distal i f the | oad. beam 12 can, be controlled by
changi ng t he aﬁggg gégéqqﬁ\e%gftﬁ?’ﬁe'sﬁn&aéf'@? PIEZOBELHSER Nt h respect to the
hi nge plane B. The values plotted in s Fig. 4 are typical altitudes of the
center point otl_ the tip 82 (Firé. 2) of the distal end portion 16
cor'fespondi ng ;Bet f%e%uagn_am bat ifeatuves fdbewinvantion faser berginafteratulyat or
oot mum dor Toeba g peft RE BEnER! Bl R, JPE T iov i B iiaany |
di rect i onthiurdnmgxefedeaviings f sattingr foeths inv aletab ifstiitiod 0ghBekimhentsi bt thdhe

def |l ecti op ist.ao s?:l_éng’retrll"_&w\gnen thzl voltage is reversed in polarity. As

shown in FVGMI { HESS B upents, doweyvRe yerbradew ofnthgl yaausewslstine two

corners S%hﬂﬂﬂth%ﬁprﬂfcig?@@o]ﬂ% hebfish Hf?agcbeb% oé/%)j can al so be control | ed by
e a

changing the tilt angle of the piezo ctric m 52 rel ative to the hinge

pl ate B. is Thus, the piezoelectric mcro actuator driven | oad beam

mechani s i \ting the piezoelectric beam52 with respect to
the hi ngghﬁéa'ftrll:gé’ qﬁ%ﬂogbﬁggﬁ? bﬁlwg?gst he | oad beam 12 to be ninimi zed and

tw st of the |bag lieanpddpketireviednst #blisHarncad BEATESILPRNSN hERUMEs the
flight perfornance of the slider. The tilt can be zero or any val ue

dependi ngpﬁﬁé’ggt%ekﬁ@%@@étcﬁ@fﬁﬁ@ﬁ‘éﬁti es and zo the |oading conditions.
Wien the tilt is zero, it makes an “in-plane' design; that is, the

pi ezoel ectric beam 52 and the hinge portion 15 are copl anar. However, the
pi e2oel ectric b@an? hiss aopprpiettvd atewsuof faadesd thweine afuspiehsidhe thdlwdihgeal oad
beam at its en%s .2S. Fi %& 6 .shows anot her | oad beam suspension in

accor dancBRPEI i e SSHAPHDARSORTANGEHuith HgiP1essAt BYEREGRT on bei ng
generally indicated by reference nuneral 100. The | oad beam suspensi on 100
is substantially identical to the | oad beam suspension 10, and thus the
sanme ref er enceFluFeF A sidasectieral view gétlieghigt 2 Ibakbeamrsuspehsisaver, the | oad
beam suspension 100 differs fromthe 30 | oad beam suspension 10 in the
manner in which the ends of the piezoelectric beam52 are retained in the
pocket. 26 NEN. 20@4a L0apis sheRng Mebhltitide BTdhaRipan Glfeteldohitlle y¢, the
pi ezoel ectric beam52 is in line with the | oad beam 12, i.e., in the plane
of the | oZYSEEshRIeIpReatY In degreasce the x-@iis. pi ezoel ectric beam 52 are
butted agai nst and preferably bonded, as by gluing, to opposed faces 102
and 104 of catches 112 and 114. The catches s are forned integrally with or
ot herwi se attatledSts tehgrpploxstalingntip dilstial npootietars o4 #wd yiéxief ahlie

| oad beam 12. . with faces 102 and 104 .axially aligned in opposition to one
anot her . '%‘%088?%‘&&@'”&%}"89%Bﬂg*q%cﬁ')%&and bel ow the top and bottom surfaces
of sbhe | oad beam and the opposed faces 102 and 104 preferably extend

transversely to the |ongitudinal center axis of the | oad beam 12. 10
Fig. 6 is a perspective view of a section of another embodiment of a load

beam suspension in accordance with the present invention.



-Al t hough the piezoel ectric beam 52 coul d be glued or otherw se atga%h%‘égd"/ t‘dgaz*
the catches 112 and 114, preferably the piezoelectric beam52 is operably
retained in the pocket 42 without the need for glue. To this end, the

" piezoelectric beam 52 may have a |length greater than the spacing between
the opposed faces is 102 and 104 when the hinge portion 15 is unflexed.
Assenbly of the piezoelectric beam52 into the pocket 42 may be effected by
inserting it between the opposed faces 102 and 104 with a press-fit or by
appl yi ng an appig isai eroskaictibeall vidw e ric beam 52 so
that it shrink fits between the opposg%llkéf}gglggglt%%ﬁgﬁﬁgﬂ:@%s, when not
excited, the piezoelectric beam52 will be maintained 20 under a

conpr essi %téﬂ@&daggﬁh@%{‘mmg im%bti?ﬁeflexed to an anount no | ess than one

hal f the desired nove stroke hi nge 15. The actuator structure

and mounti ng pReferalinow to thenireingsIFigd. tharkEsRASW 4 BddSedrhrgr Qh%Bﬁ,
thug m ni zclthng out-of.-EI ane forces acting on the |oad beam 12. 55 ui tably
pr el oadi mf REISHT < JBRipRRIED genarally 4y mefaranse numeralt theforiuse imé bedad

el i m nat egusphgiee hskempid g s i i j rce, of,_uncertain
reliabili ty,mﬂ r[n tecﬁ3 corl@?ol |%§ﬁ?%®a9%kp§ﬁ§g[‘g§§gﬁﬁ’§ f niP?dﬂ?Q%ﬁﬂrﬂf ore,
t he enbodPHEMRNSGbWMEChanRings10 Bichntes7afload heanbdastsvingld phixirmal opbese

per f or man r j 1Lty the mcro actuator drjven | oad beam nmechani sm
100. 30 Tﬁgdf%%?ﬁ% %e‘é?gée%orﬁﬂ'&bﬁ a@ﬁeao‘%st%re@ 80HIRNadBs abder Wigiar

m cro act sefuatord?d which, @adidRAREIRE BASHS M Bel Bé%\&,eéd)ﬁt&ﬁg m&eredt 7L NI
the nunber 2004 11 of piezoelectric elenents the cost and mass of

.. 26 y
t hésuspefSidenthporion: tausladive teithy rioximajlandppertionl &4t rite paximakdodes

hyst er esi ifhe gy faid .o n dvant ou

posi ti on, é?‘t%ﬂ(oﬁr?ag ggtﬁ?eewa?h%%ilﬂrgsbé gnéé\@ut%iéégrﬁ?&g%otpafaf;gigﬁg\é?a%ﬁmr of

conponent eréelstcassenirnbyy antiatbreatmiicahei dislerdiigee s endrFsest sOMY iLrled

and nore reliahle d: | ower n er of conponents reduces the possibilities

of perfor hﬁ'ﬂ@ee]t?&‘}‘? tfPBHX%mPE%% 3 VBeErRAl | Nedistatisindaperdng 16 of the load

pi €z0el echeaih FEARY GAS BAHTELRI 25 ah ' houaf¥ Il Soid PIREBhHEG AT, 391 N9)
p esig ol’l Tng

and variation in adhesive bonding. The pocket assI'sts contr
t hésal i gnfashvcedf thigkaeps epsiseragiare 3beaheh ishietdtiviepflexibe trhedlatitrate he

pertor man : here is no need to chaose.pairs of identical

pi ezoel ecfeﬁ?tév%égﬁrsE'Q%@%gﬁcaﬂattoﬁgﬂﬁirﬁgﬁ’ﬁ'si %ﬁ'@alt'prﬁ%mm@ 8 ShPeeds @t
i nvent i onthengistaV eadttheragf.ed dex@ecand the SRAS! B Fdl/dfite/Bdad Bt PRAR) of
nmechani sns. Al t hough the invention has been shown and described wt

respect t 0 $SEEVE; dn knewer maanentioa feswiesmag de integsatechinte the: design afd
modi fi cat jHpgaWid ' ' on _reading and
under st andi ngat hiégngggtf?rfﬁéﬁggﬁrﬁ'%ﬁ%b%hﬂé@%&%@;éﬁﬁ;ﬁ%@a ﬁ%sc.i'S{ eBQrF??rﬁ Mar
regard t o6 eéthealoadusaningt i ons performed by the above described integers
((conponents, assenbl i es, devices, conpositions, etc.), the terns (including
a reference to a "neans"”) used to describe such ao integers are intended to
correspond, unTRS Hrekitel Wha$dritch ¢atpd thb Qi | ' ' r the
specified functi osr? of the dg)scrli bed i nt egcear@??/?llé@thgﬁgjt1??%@%’??0%%@
equi val eni? areviengitudinghy seacsd raparticad foreytiiarebetwedro at heckitsé?.osEhe

structure J r f tl i n e herein illustrated exenplary
enbodi mn?%eqzr%gdélﬁée%ég etﬂ@gioh%%ﬁ%fﬁe?we% 15 ?18}9,@ %’%PQ Bﬁgﬁf’cul ar
zszbeat urepat at lie oppusitd siole tweehHde cigenfdes ddBga@bore shbivh, HRsBeRlr to
only one of seﬁﬁa i | lustrated enbodi nents, such feature may be combi ned

| .
wi th one ©Y9%5F &ehinge PeEH €N Be qandinepwe WilbniedreresaroNding adge 198 thesi r ed
and advanioageitin fRhileHe ﬁh'né?!édgé cf?ffﬁé hweﬁéorﬂBﬁ lrhﬁ\gbb%cuate%ﬁhé\lgﬁy%ﬂg 4-12
n 1T oad am nechani

CLAIM5 1. A mcro actuator driv m’for-use I h a’head
suspensi owidik s¥rthehinge poriicn gnagowekbat! absaint toiakidgdintgith theotrhnaderead

portion, i.stal d portio nd,a hinge. partion connecting the proxinal
boa at ot oo e Gs P RS As Tt dema dhrich B paPRRla PGS Phih PorkehborRont
t hep ebet waigdchimennt Nirkge s BARA R_hi ' GPUGe! en
the proximal and di stal S'end i o%ﬁ??ggsréﬁéﬁg%@g%g?g%ﬁi o bearr(?ﬂaec'?iﬁgge

sel ecti velgateetgithaipiang of dhe dead msiam it2e Fhubnewnfadast d8eand Het prayxberml
and di st %ro@%up%tdn%n%g 45, 46 of L-shape retaining devices or catches 47 and 48



~wherein the | oad beamincludes a pocket for retaining at |east ong fndwf2004

the piezoelectric beam and Zs wherein the piezoelectric beamis retained

by the pocket in a plane inclined relative to the hinge plane.. zo 2. A

"mcro actuator driven | oad beam nechanismas set forth in claim1l, wherein
the pocket is forned by longitudinally §pposed catches havi ng oppositely

facing attachnment surfaces to which opposite face surfaces of the

pi ezoel ectric beam are attached, respectively. zs 3. A mcro actuator

driven | ogisatba@npargtibpranhgre b ith! | i ocket is
formed by I ongjtudinally op%%gigﬁagfast?%%l g’i@e‘?&%é F%gdo 'ti"g%(?iﬁ)fsgﬁ'f‘?rons

fromthe RS theadpad beam e othec legs 49 ahdi 5@ of e datoham4resh@issmags set
forth in P AR ej ed catches hold the piezoelectric
beam at ar el ey A it B R AR acitenl Broxi el nes) dibelenct posions
m cro act ddtand dif, wvespéctdaiyheauphnieeBadd HRdAS0 SSeth I 'é’ri)glé , rein
the piezoelectric beamis, sxﬁrunknf%igtted bet ween ?hdgﬁ%;bttcﬁbe@ . %tﬁ‘;%érgo

act Gat or (RIRER N3 saNE s idhadradbaamst: and paralishtacore angthes. wher ei n t he

catches have slots for retaining respective ends of the piezoel ectric beam
7. A mcro actuator driven | oad beam nmechanismas set forth in claim§6,
wher ei n the catlbReaecket 2ritamestained théreih tigmigbantuatop 28. whicRigreRerast,uat or

driven | oad i t forth inclaiml, wh the | oad
nas a1 onh EUBRIRY TEGAD B0 ks 20 Ay hBICPREGk Kebeain S butii e Riezesiperior o

the | ongi mdenal twaabﬁrpo@aﬁz%doanahawérgé& #ﬁeﬁl@ .d&—o?spﬁér“gﬁrrﬁggﬁrg Ui dhe | y

driven | oad beam mechani smas set forth in claim1, e eis
oné%pi ezoblugkaiad: apekediment, aripiezneiesttiat beardr isvéransvadele zanteetianitam f or

use in a Si.QN: / rising: a 1 gad. beam.including a
pr oxi mal eng 6’3???@%,@ '3?@@%'?9%%8" %8@9%?‘%%9?%8???%2%5”"{ ¢8RRdBEI ng
the proxi haigeaportidnstais asckqparily ofisetab diesideast HRABLE Veadh®s Tohdiluthal
rel ati ve nmovenent therebetween in a hinge plane; a piezoelectric beam

connect i n§EYFEAXISoxi mal and distal end zs portions, the piezoel ectric beam
bei ng sel ectively energi zable to effect relative novenent between the

proxi mal and distal end portions; and wherein the piezoelectric beamis

di sposed in a phanendhd8 asdibldfribd piekatlevkict besmeshi mgerqihingg. by the

catches 47 and 48. More particularly, the ends of the piezoelectric beam 52 are
adhered at the bottom and top face surfaces thereof to the oppositely offset
attachment surfaces 43 and 44, respectively. As a result, the planar extent (or
plane} of the piezoelectric beam will be inclined at an angle 0 relative to the plane

20 of the load beam for an advantageous reason discussed below.

In use, operation of the piezoelectric beam in either the 31 mode or the 15
mode will effect rotation of the distal end portion 16 about an axis perpendicuiar to
the plane of the load beam, i.e., within a "hinge piane" denoted by reference letter

25 B. During such operation, the piezoelectric beam will also expand and contract in
33 sense and this will cause some out-of-ptane movements of the distal end
portion 16. Applicant has discovered that such out-of-plane movements can be
controlled and/or minimized by reason of the piezoelectric beam being titted
relative to the hinge plane. Such tilt permits relative movement between the

30 proximal end portion 14 and distal end portion 16 in such a way as to minimize out

of plane forces (generated by the piezoelectric beam 52) acting on the load beam
12, |




.30 11. A mcro actuator driven |oad beam nechani smas set forth img giom o2
10, wherein the proxinmal and distal end portions have oppositely facing

26 NOV 2004 -14 attachment surfaces to which opposite face surfaces of the

- piezoelectric beamare attached. 12. A micro actuator driven | oad beam
mechani smas set forth in claim1l, s mﬁerein the attachnent surfaces are

offset in opposite directions fromthe hinge plane. 13. A mcro actuator

driven | oad beam nmechani smas set forth in claim 12, wherein the face

surfaces of the piezoelectric beamare glued to the io attachnent surfaces.

14. A mcro actuator driven | oad beam nechanismas set forth in claim 11,

wherei n the facé iftialed§ big. théheverisel defiedtionbefdire atistabbne hottiort he of

attachnen i §51 ' ctuator, dri.ven, | oad bea chani sm f or
use in a %ee:l?iﬁ aisdf’jl(s)‘sgeeganns]i Z% g%%gbn%} %n%&oglﬁsr ¥i flAnging othg pog tP?vHEgOfa the

| ongi t udi pigzoeleatrer bearns52 avith faspedtithe NTgRXpBRAE BNOATIROK ALY, pgj.@ttgéi k2l
end_portipn ﬁnd ﬂyhi n e_&(é)jrtion Zo connecti ng the proximal and distal end
por £i ons f'& “gHF @‘P?ﬁ@t' e5tqf e gavtardmintiafdhe et8digi ) of therdjstapeade,

t he hi ngep®@bhi M | b egh | t i re. center axi s of
t he | oad ICl))eam anc‘lzla g?g?%?%@ﬁ??t ﬂrillec ag(grﬁna@oﬁélg%ﬁ{e ng&ﬁ% ng ﬁ%ﬁ rangeF (‘ﬂ?st al
end port i 3yaes opedatinn appliied imthenpiekoalediricebedmeid. bEhueenaheRaSprdr: Ches

on the | i ezoel ri c beam being selectively energizable to

effect r gq?%tlﬁégm%'bMfﬁ%%?@éhet%é?ﬂr%%ﬁﬁﬁip HRY PstianceHyope diresian

wher ei n tdering esierhisi Mot PawM0Nd vatisPasefidBercti@nt. | NghinadnsQide!igt i ve

to the hi nﬂﬁ pl ane. )

.10 symmetric when the voltage is reversed in polarity. As shown in Fig. 3, the tip
twist (i.e., the difference in altitude of the two corners 84 and 88 of the tip of the

load beam 12) can also be controlied by changing the tilt angle of the piezoelectric
beam 52 relative to the hinge plane B.

15 Thus, the piezoelectric micro actuator driven load beam mechanism 10, by
means of tilting the piezoelectric beam 52 with respect to the hinge plane B,
enables lift of the load beam 12 to be minimized and twist of the load beam 12 to
be controlled and, consequently, improves the flight performance of the slider.
The tilt can be zero or any value depending upon the piezoelectric properties and

20 the loading conditions. When the tilt is zero, it makes an ‘in-plane’ design; that is,
the piezoelectric beam 52 and the hinge portion 15 are coplanar. However, the

piezoelectric beam has opposite face surfaces thereof attached to the load beam
at its ends.

25 Fig. 6 shows another load beam suspension in accordance with the
present invention, the load beam suspension being generally indicated by
reference numeral 100. The load beam suspension 100 is substantially identical
to the load beam suspension 10, and thus the same reference numerals are used
to designate like parts. However, the load beam suspension 100 differs from the

30 load beam suspension 10 in the manner in which the ends of the piezoelectric
beam 52 are retained in the pocket.




- 26 NOV 2004 -15 16. A micro actuator driven |oad beam nmechani sm as §ek(Y 2004
forth in claim15, wherein the hinge portion includes a pair of edge
portions and a relatively narrower portion therebetween, the edge portions

" being connected to the respective proximal and distal end portions. s 17. A
m cro actuator driven | oad beam nechani as set forth in claim15, wherein
there is only a single piezoelectric beam 18. A mcro actuator driven | oad
beam nechani smas set forth in claim15, io wherein the piezoelectric beam
IZ& hz&g thL V\ieﬂstsleenqatm@es dhd PncreRll@sdy il Fig. 7A thE HleAVctAY tRafh 5245€- A A
-] GS}xsnind["'f{J]"’ ]fbﬁ]"g%g @&Fﬂbﬂ@a} eajit #)e alarg] elthedpad]heant. The axial end
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beam 52 may have a length greater than the spacing between the opposed faces

15 102 and 104 when the hinge portion 15 is unflexed. Assembly of the piezoelectric
beam 52 into the pocket 42 may be effected by inserting it between the opposed
faces 102 and 104 with a press-fit or by applying an appropriate electrical pre-load
to the piezoelectric beam 52 so that it shrink fits between the opposed faces 102
and 104. Thus, when not excited, the piezoelectric beam 52 will be maintained

20 under a compressive load and the hinge will be flexed to an amount no less than

L ‘ one half the desired movement stroke of the hinge 15. The actuator structure and
mounting preferably is symmetrical with respect to the hinge plane, thus

minimizing out-of-plane forces acting on the load beam 12.

25 Suitably pre-loading the piezoelectric beam 52 against the catches 112 and
114 eliminates the need for adhesive bonding, which is a source of uncertain
reliability, limited controllability and particle contamination. Therefore, the
embodiment shown in Figs. 6 and 7 further boosts reliability and performance-
repeatability of the micro actuator driven load beam mechanism 100.

30

The foregoing features enable one or more advantages over other micro

actuator driven load beam mechanisms to be realized. By minimizing the number
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10! QO &1048iNg a4ingle Ipiettoldttric beam reduces hysteres:s effect. By virtue of its lower

<" 100w /P02 948t bBalimonrs| et shook sesistancac it o

) (L0%] & ()< T ONROrRin i TR @ T0roR Y- 9 bt e e
1045 104| C20W) l@t@@o@p@ mpr@e"%}dgﬂﬁ (}qurz#%U@fﬂ%dgﬁ/gohlrg‘s reduces the
\1((?/<I1§(|3/§:|1gy b&lglig ?,‘0/ “Hﬁ&fo(f@?npe‘]d%lgtlo@ Lrts;gz} from multlple comblnatlons of
10! | +109% p&zOpigatd® Wbh&i Chanlclétidlibs: (61atidS8IRTMI teometmlRYEhE 4ding) and
P 10%] & (lgmgt%n( ( Q )a’a’t:eswe bonding. The pocket design assists controlling the
alignment of the piezoelectric beams, which improves their batch performance. As
10 there is no need to choose pairs of identical piezoelectric beams and glue them in

an identical manner, the present invention improves the yield rate of piezoelectric
driven load beam mechanisms.

Although the invention has been shown and described with respect to

15 certain preferred embodiments, equivalent alterations and modifications will occur
to others skilled in the art upon reading and understanding this specification and

the annexed drawings. [n particular regard to the various functions performed by

the above described integers (components, assemblies, devices, compositions,

etc.), the terms (including a reference to a “means") used to describe such

20 integers are intended to correspond, unless otherwise indicated, to any integer
. K which performs the specified function of the described integer (i.e., that is
functionally equivalent), even though not structurally equivalent to the disclosed
structure which performs the function in the herein illustrated exemplary
embodiment or embodiments of the invention. In addition, while a particular

25 feature of the invention may have been described above with respect to only one
of several illustrated embodiments, such feature may be combined with one or

more other features of the other embodiments, as may be desired and

advantageous for any given or particular application.
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NSAMKYT) 10 and a hinge portion connecting the proximal and distal end
portions of the load beam for permitting relative movement
therebetween in a hinge plane; and

a piezoelectric beam connected between the proximal and distal end

10 portions, the piezoelectric beam being selectively energizable

to effect relative movement between the proximal and distal
end portions;

wherein the load beam includes a pocket for retaining at least one
end of the piezoelectric beam, and

15 wherein the piezoelectric beam is retained by the pocket in a plane

inclined relative to the hinge plane..

20 2. A micro actuator driven load beam mechanism as set forth in claim 1,
wherein the pocket is formed by longitudinally opposed catches having
oppositely facing attachment surfaces to which opposite face surfaces of

the piezoelectric beam are attached, respectively.

25 3. A micro actuator driven load beam mechanism as set forth in claim 1,
wherein the pocket is formed by longitudinally opposed catches extending
in opposite directions from the hinge plane.

4, A micro actuator driven load beam mechanism as set forth in claim 3,
30 wherein the opposed catches hold the piezoelectric beam at an incline

relative to the hinge plane.
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PQRaRdRRRRR" PB#hérel e piezoelectric beam is shrunk fitted between the ca’tches.

6. A micro actuator driven load beam mechanism as set forth in claim 3,
5 wherein the catches have slots for retaining respective ends of the

piezoelectric beam.

7. A micro actuator driven load beam mechanism as set forth in claim 6,
wherein the catches are inline with the hinge plane.
10
8. A micro actuator driven load beam mechanism as set forth in claim 1,
wherein the load beam has a longitudinal center axis and the piezoelectric

beam is paraliel to the longitudinal center axis of the load beam.

15 9. A micro actuator driven load beam mechanism as set forth in claim 1,

wherein there is only one piezoelectric beam.

10. A micro actuator driven load beam mechanism for use in a head
suspension assembly, comprising:

20 a load beam including a proximal end portion, a distal end portion
and a hinge portion connecting the proximal and distal end
portions of the load beam for permitting relative movement
therebetween in a hinge plane;

a piezoelectric beam connecting the proximal and distal end

25 portions, the piezoelectric beam being seleciively energizable
to effect relative movement between the proximal and distal
end portions; and

wherein the piezoelectric beam is disposed in a plane that is inclined
relative to the hinge plane.

30

11. A micro actuator driven load beam mechanism as set forth in claim 10,

wherein the proximal and distal end portions have oppositely facing
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5 wherein the attachment surfaces are offset in opposite directions from the

hinge plane.

13. A micro actuator driven load beam mechanism as set forth in c¢laim 12,
wherein the face surfaces of the piezoelectric beam are glued to the

10 attachment surfaces.

14. A micro actuator driven load beam mechanism as set forth in claim 11,
wherein the face surfaces of the piezoelectric beam are glued to the
attachment surfaces.

15

15. A micro actuator driven load beam mechanism for use in a head

suspension assembly, comprising:
a load beam having a longitudinal center axis, and including a
proximal end portion, a distal end portion and a hinge portion
20 connecting the proximal and distal end portions for permitting
relative movement therebetween in a hinge plane, the hinge
portion being disposed in offset relation to the center axis of
the load beam; and
a piezoelectric beam connecting the proximal and distal end portions
25 and being inline with and retained between opposed catches
on the load beam, the piezoelectric beam being selectively
energizable to effect relative movement between the proximal
and distal end portions
wherein the piezoelectric beam is disposed in a plane inclined

30 relative to the hinge plane.
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18. A micro actuator driven load beam mechanism as set forth in claim 15,

10 wherein the piezoelectric beam is held between the catches with a press fit.



