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FLEXURE UATOR BACKGROUND OF THE | NVENTI ON The pres ' j on -
‘rel ates ._M&%ure m croactuator, and nore particularly g*’gsﬁi}/’gﬁ“

resol uti on head positioning nechanismhaving a 5 pi ezoel ectric el ement

for moving a flexure carrying a slider-it.o selectively nove the head on the
slider radially with respect to a rotatable disc. The density, or radial
spaci ng, between concentric daEXUREMICOROACTUATOR SCS continues to

i ncrease, requiring greater precision in head positioning. Conventionally,
head positioning is acconpl iIBACHGROUNEy QF THE ENVENTIONt uator armwith a

| ar ge- scal e act uat or not oftthsuch as a voice -coil or, to position.a head

t
on a flexure at the end of BEHRICSFOF {AYERHOML, FoRtes iRy . ieIpactuateh @nd, i s
sufficient reso L Qbrtich f hibh! rés e THEN fblnﬁ% AekisteRs di scs.
Thus,. a high reélg?t?l on @gcfs%lsﬁ:éjﬁi%sm ng rrecqzﬁrﬁ&stml %%cess?giregé‘{lﬁ 2
acconpl i sh she piezeeledtritselemerstfarmdvingadlexurelcarrying a slider to selecti@lp mpveni si ng

design for high resolution head pgsitioning involves enploying a high
resol ution m crthedeadenths ﬂldSH’éﬁdﬁ%Bﬁ“Fb"?ﬁﬂFét tmtatetablsdasc. | ow resol uti on

actuator notor, thereby e ' el 1M 3 < e
actuation. Various mecr oa%ﬁgﬁw?ﬁgﬁﬂggmgﬁg% %%%‘gfig%q%%&gggonpl I sh
hi gh resol uti onmagaeticodists iconlitgs tooimereate, teqomiag 2freaterigaecision dhlhdadve
shortcomngs that |limt the effectiveness, of the mcroactuator. For '
exanpl e, wher e positioning. daenveationallypbead positioning dspcgpmplished bywperding|ander |

the conpl exjty of slider dgsign was,increased an ' ' E t he
e comp! btV Rl 55 A Bhe Sy RERRSS PR eR % ASSRENGARGR .
fabrication techai@ses Head oh@ Mdubeeiherad dfehd Ritagtonafn! MFheShigdaycalend 25
m croactuator into a single structure. Wiere the m croactuator was to be

formed by t hi n- friotanlagks sufficienttrasalution toraffsctively sdcemmagate high traek-densityexur e
assenbly had to . be redesi gned because.the m.croactuator. required a . silicon
substrate suppofi’tsc%m‘éq%‘ﬁnggmdq b8 ug@?r%ﬁﬁ?ipﬁﬁg"?—%&ﬁ?eec &5 RETESEXLPr uct ed
of silicon. Wepg hhfishite Rae!deatdy spiaed tratisement ed at the head nounting

bl ock (where 30 t he actuator arm connects to the head suspension | oad

beam), hi gli5forces were r@ne pexniingndesign for chigh aescletion thea itiphimgnass

associated with_the head . . . . . X .
invofves employing a high resolution microactuator in addition to the

‘conventional low resolution actuator motor, thereby eﬂ'ecﬁng head positioning
through dual-stage actuation. Various microactuator designs have been
considered to accomplish high resolution head posit_ioning. However, these
20  designs ali have shortcomings that linﬁit_the effectiveness of the mibroactuatér.
For example, wheré the microactuator was implemented directly on the slider,
the complexity of slider design was increased and noise generated by the
microactuator and by signal paths to it was induced into the head. New
fabrication techniques had to be developed to integrate the slider and
25  microactuator into a single structure. Where the microactuator was to be
formed by thin-film wafer techniques onto the flexure, the entire flexure assembly

had to be redesigned because the microactuator required a silicon substrate -
support and conventional gimbaling flexures were not constructed of silicon.
' Where the microactuator was implemented at the head mounting block (where
30 the actuator arm connects to the head suspension load beam), high forces were

required from the microactuator to move the mass associated with the head
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PCT/ US98/ 00464 . - 2- suspension at a speed (frequency) |arge enough to
-accombpdawe 9sapisd track access. If thhe force was not great PETAIRGB/0046He -

m croactuator operated with |ower natural frequency than was desirable, and
track settling tine was sacrificed. Thegefore, the prior designs did not

. present ideal mcroactuator 5 sol utio®S. There is a need in the art for a

sinple mcroactuator design to provide _efficient high resolution head
positioning in SUSRENSIOfa @cspaed (fiequshcsyarge pnougiuto spmmodatprapidiieekd by .

o aval |2l it DRSPSl O SOOI Pl T O

10 resent inveéen . POSI ng a
transduci ng headowet hahgalb Getudney athae | vt debirablé] ahd ttratkK séfling fik afvad| e
recording disc in a_disc drive. The disc drive iIncludes an actuator arm and
a suspensi on | os@crbeash c Sheretore dthe prion designs did ot presentridealamisroactiatonyed| y
attached to ghe 'sgﬁ{&ensi on load beam A flexure is attached to the plate,
and a sli-der suppdttP™g 15 the transducing head is attached to the
ffexure. A microactuator iphébliaghes fnatié AR Bt kRnpl@RfcrbictoRBF Aldigh i)
response to electrical control signals to nove the plate relative to the

| oad beam i n theprgeidereflicigrntangh gésolution| head pnsitioning ined doal-stagey actagticn | y

position the transduci,ng head, proxi nate to I he l.ected.track on the

rotatable recor Ry gt PR o2t B IbRISRetFH B TPy FYadanie FRITaE R PRGREaSS50

attachnment between the | oad hmw@fm AR INVERTRINDY a hinged

portion of the | oad beam d:IBStOI’tab eln lréesponse to operation of the

m croactuattd to nove the ThatmesedR ikFerfiofCidl BT imebhanisnT Hior Dpysiodiiy Fl G 1

is a top view of a disc drjve actuation system,for c@S %(‘) Ltionipng a
fofgire

slider over tradreas@cng E’!"hﬁsﬁe"tﬁiasse]}’ﬁ?él" jaldra e re g on of

a disc drive sysj: gs gg.igi )1.G - g ey ' ' rface
bet ween t he Ioad&lgeadﬁr@%&a t he ?%e@ﬁ%ﬁ%ég@glpgﬁg{%o a fi rs%rﬂltearr%dt;égleémsmnn? of
t he present invepad beam kcbfihected to the hetpator amn.0fA plate isthingediy attadched tasiseenbl vy

shown in FIG 30 2. . _ A )
suspension load beam. A flexure is attached to the plate, and a slider supporting

15  the transducing head is attached to the flexure. A microactuator is attached to
the plate, and is operable in response to electrical control signals to move the
plate relative to the load beam in the general plane of the load beam to
selectively radially position the-transducing head proximate to the selected track

_ on the rotatable recording disc. In one form of the invention, the hinged

20  attachment between the loéd beam and the plate is formed by a hinged portion
of the load beam, distortable in response to operation of the microactuator to -
move the plate. |

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. | 1is a top view of a disc drive actuation system for
25 . positioning a slider over tracks of a disc.
| FIG. 2 is a perspective view of a portion of a disc drive system
implemehting a microactuator assembly at the interface between the load beam
and the flexure according to a first embodiment of the presént invention.
FIG. 3 is a top view of the microactuator assembly shown in FIG.
30 2.
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-3- FIG 4. i de view of the m croactuator assembly shqus 4 _
FIG 5 iswggglé‘g\s?on view of the m croactuator assenbly taken é‘fl I@P@S 5in
FIG, 3. 5 : FIG 6 is a perspective view of a portion of a

di sc drive system | npl ementing a m croagtuator assenbly at thé interface
between the | oad beam and the flexure according to a second enbodi nent of
the present invention. FlGrgd, 4&@siuemew6%%&?%%@6%&%@1&%@5%“'y
shown in FIG 6. 10 I's a perspective view of

portion of a-di FIGIRi ve system i npl errentl ng a m croactuator assenbl y at the

interface between the |oa and t he er e according to
enmbodi ment of the present dfﬁ%%p&ﬁcuqq\@w H?%ICFWWWS lﬁ)‘l enat

m croact uat or aslﬁx‘éﬁbé}hff?‘w in FIG 8. 15 _ FIG 10 is a
perspective view of a portion of a disc drive systeminplenenting a

m croactuat @ assenbly at FI& 6 istagiekspectivectiew of atpoetiornafla dise drivesistene :
fl exure according to a_fourth enbodi ment_ of the present inventi on. FIG 11
is a top view ofinplementing wwewtb&toawembwt@hrd age petween the logd beam

FIG 12 is a per i f r -
I npl enenting a r@@?@ Q?’ﬁ’é g‘%é@g%ﬁ%ﬁ Kin 8%?%09%?%?? g’f:hg dggi%\/\g%%élﬁ?g | oad
beam and the flexure aCCOfFIG‘Ql&th%ﬁéﬁbﬂ&@ﬁﬁ@d&dﬁ%@r&ﬁenﬁﬂl@smﬁﬁlﬂlG |

invention. FIG 13 is a top view of the m croactuator assenbly shown in

FIG 12. 25 6. - FIG 14 is a diagramof a uni rmrph bendi ng rmtor
for use with.the mcroactu r assenb .of .t he .pres n'al .0n, F
i s a diagrati of the uni m)rﬁf'? ﬁdﬁﬂ?@s v18\po£|a(go 9?? A g q¥s Pate

position. FIG leSnefiti aaﬁm@tﬁatbmssemglaemeemcyaamemeuewbem 30
notors for use vvltp h the 'mcroactuator assénbly of the present invention.
: and the flexure according to a third embodiment of the present invention.

FIG. 9 is a top view of the microactuator assembly shown in FIG.

15 . FIG. 10 is a perspective view of a portion of a disc drive system
implementi_ng a microactuator assembly at the interface between the load beam
and the flexure according to a fourth embodiment of the present invention. |

- FIG. 11 is itop view of the microactuator assembly shown in
FIG. 10. | | |

20 FIG. 12 is a perspective view of a portion of a disc drive system
implementing a microactuator assembly at the interface between the load beam
and the flexure according to a fifth embodiment of the present invention.

FIG. 13 is a top view of the microactuator assembly shown in
FIG. 12.
25 ' FIG. 14 is a diagram of a unimorph bendiﬂg motor for use with
" the microactuator assembly of the present invention.
FIG. 15isa d1agram of the ummorph bending motor of FIG. 14
| in its actuated posmon g , _
FIG. 16 is a diagram of two complementary unimorph bending

30  motors for use with the microactuator assembly of the present invention.
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bendi-ng WOB88/44488 FI G 16 in their actuated positions. DETRET/ES9$06RI PTI ON
OF THE PREFERRED EMBODI MENTS FIG 1 is a top view of a disc drive actuation -
system 10 for 5 positioning slider 244over a track 34 of disc 30.
Actuation system 10 includes voice coil mtor (VCM 12 arranged to rotate
actuator arm.16 around axifg@y Head, . sus eg ion 18 i's connected,to actuator

arm 16 at head mounting bl bhis g diagF, thes o FRBP{ERENHY HPBAPOF  head

suspensi on 18, %@diﬁ?ﬁﬁg@%‘&'ﬂ@?% %ﬁg?igh&t%{ed%siﬁgﬁsr;i es a transduci ng head

(not shown in FI reading a r witing data on concentric
~tracks 34 of di scDETAIDEEXDESCRIPZION OF THEPREFERRED EMBOBIMBNTRge is
encountered by slider 24 to keep it aloft a spall distance above the

surface of disc 30. VoM 1FIG ks atan viewyobpdisstdsivetastuption systemal®forar m 16
. d i 14, i i \ f ' 0. .
Fovever for 15 PoRGPERE s AAkyR b k34 PR AGBRER it 10(uBfad”; <

suffici ent resokgick@sil Aebri(VEMPETE Mrifped 96 setatecRASIridnAN Carbiid &€sI ¢4.Ng head
on slider 24 over a selected track 34 of disc 30. Therefore, a higher .

" resol uti on act uilcad suspensionel § is conneeted tor actuator@sm 1523 head mountingblackpdet i on of
disc drive system 10 20. inpl ntin m croact uat.qr _assenbl y. at .4 he
nteriace betue I5 SRR R Poiepdeh PR SR ARSI, o GRS iRy 24
enbodi'nent of tRgider 242BkridsAMLHsiRing h@d{hoPdhdha iff Z1GS1 PRe reddingtand/art t ached
bet ween | oad beam 18 and flexure 22 to effect high resolution positioning
of head 40 lén sliviriting dath onlconesntrjs teacks 34 of dist G0leDisc}9 rotatesarenntt axjs 8%r ough

Doarm 18- ovi de oo HARRGS Bt Skt G igs 21 parel AE AT ARAR or e
by tab 46. Pi ez%ﬁbf&ﬂeisﬁrﬁéeeéﬁﬁ@c# is mounted to and connected between tab
plu

46 and tab 48. raltty of apertures 50 are formed, such as by etching
or punching, in | oad beamX8M 12 & selentivelp gperatsd t¢ mowh ectuatonaetmlé anduridoad
beam 18. .

axis 14, thereby moving slider 24 between tracks 34 of disc 30. However, for
15  disc drive systems with high track density, VCM 12 lacks sufficient resolution
‘and' frequency response to position a transducing head on slider 24 over a
selected track 34 of disc 30. Therefore, a higher resolution _actuation device is
necessary.. _ ' |
| FIGS. 2-5 illustrate a portion of disc drive system 10
20 implementing a microactuator assembly at the interface between Ioad beam 18
and flexure 22 accordihg to a first embodiment of the present invention, Lever
plate 42 is operatively attached between load beam 18 and flexure 22 to effect
high resolution positioning of head 40 on slider 24." Lever plate 42 includes tab
46 extending through aperture 45 and over the top surface of load beam 18. Tab
25 48 onload beam 18 provides a landing at the same general plane as the landing
" formed by tab 46. Piezoelectric element 44 is mounted to and connected
between tab 46 and tab 48. | |
A plurality of apertures 50 are formed, such as by etching or
punching, in load beam 18 to form hinges 52 in the structure of load beam 18.
30  Lever plate 42 is attached to load beam 18 proximate to hinges 52 by welded
joints 53. Aperture 56 extends thfough load beam 18, lever plate 42 and flexure



30 - Lever plate 42 is attached to | oad beam 18 proxi mate to hinges 52 by-
wel ded j qi.nt Aperture 56 extends through | oad beam 18,; te 42
‘and 11 ex VO 9B4RER G0/ 008 | S P‘*ﬁ“@?"“@.

PCT/ US98/ 00464 -5 - 22, and permts registration of the actuator assenbly.
Fl exure 22 is rigidly attached to | ever5plate 42 along the I ength of the
plate 42. Tab 58 is optionally provided on|lever plate 42, protruding

t hrough apert ur @254niperits réfsratbl of ahel abtistod dsseniblyd arMedire 22 M8 kigidip!|
beneath 5 it to reduce the effects of vibrations on the m croactuator -
‘assenbly, bot h \attaches:tollgvespiate A2 aloog thedengthf ofthe plate 42t uat i on.  Tongue 27

f fl 22 i ttached Lid 24 i ng,th | i d .,
e tiing fiexibiliiy of ok dpionalh BREMHLNY 16t atise 237 pEMuing o -
load to slider- -%ﬂrohglls gp@&ﬁé S¥Rlodd LG 1%2@1%1&4&3&;&5%&% nhdté&rtdl benehth at .

| oad poi nt 60, ensu g that head 40 1s maintal ne 'n close proximty
~with the sur§ acdt o rediwe 4e. effeatsopfevibratmms ol ther mivooactuatoo assemblyi, reptinas

been acconplished by VCM 12 (FIG 1 vol t age i s. appl i.ed Il ezgel ectric
ol ement 44" byt iSriNsandB: e Of SRist RERERGE! JfoBRU &7 BRSO A20F
contraction of t Egnger Eé&ﬂ f ; s ﬁﬁéfi i xed
or restrained poa?%f@d% I'Te %%%H oﬁ’g€§?&i@a$§ﬁg¥%@4ﬁs fﬁ%ﬁ@%’?y a
nmovabl e or unr esdfrthé Bkderpdioall besn 18hppliesaivad ito sliden 24 tlwough tdviep placd 42

pi ezoel ectric elenment 44 results in novenent of tab 46 in the direction

i ndi cated by ar rapddomgae 27of Sequre, 23t loasl point 60, eppuning,thathesd 404 mamaiged 42 | s
t lated jnto. te rotati ] h t of hi 52
ransi at e (0] arﬁggﬁgoéﬁqr?l}tg%@]qgés a%cle%gdng;b e arrangenen (0] I Nges

of | oad beatd 1812 n In"the direction of arrows 62

forces 20  hinges 52 to dinsdpRfdtioaNsftdp@nakse posititiify bis Bde accumsizhed By
between lever plate 42 and | oad beam 18 at aperture 56. The distortion of
“hinges 52 causesVEM/E (B8Gal)ea #oitageds applied te przoelectrip elgmenbdft by twalgads of

| : 56, | ting i di spl ; f ' d
T trai 1 cdgbobitodh de SSHRER GHEPHPRENRH br Mo R0T St g giatef TaR = |
the general pl ang &floddREAmPBAS LR ively'£ i or rsfained point, Witk 140 46 Bevef enel Y

~small and preciselly controllable by the expansion and contraction of
pi ezoel ect r1% el paterd2 isffectienly bynavablowirniréstrainied point, soethet erplagsipwgnd i oned

ver I radial, tr f. a.r ' ise. . .
over a sel ected co%%a%ﬁoxg o %ﬁzgelec%'lc s e%;[elnp g4cxi-éssufts in movement of tab 46 in the

direction indicated by arrows 62. This linear movement of tab 46 of lever plate
421is translated into arcuate rotational motion by the arrangement of hinges 52
~of load beam 18. A linear force on fab 46 in the direction of arrows 62 forces .
20  hinges 52 to distort and bend, because of the connection between lever plate 42
.and load beam 18 at aperture 56. Th_é distortion of hinges 52 causes lever plate
42 and flexure 22 to rotate on the axis of aperture 56, resulting in arcuate
displacement of transducing head 40 at the trailing edge of slider 24 in the
. direction indicated by arrows 64, in the general plane of load beam 18. The
25  motion of head 40 is extremely small and precisely controllable by the expaﬁsion
- ahd contraction of piezoelectric element 44, thereby allowing head 40 to be
finely positioned over a selected radial track of 2 rotating disc.
_ FIG. 6 is a perspective ﬁew, and FIG. 7 is atop view of a pdrtion
~ of disc drive system 10 implementing a microactuator assembly at the interface
30  between load beam 18 and flexure 22 according to a second embodiment of the

- present invention. Lever plate 70 is attached to load beam 18 and flexure 22 to



FIG 6 is a perspective view, and FIG 7 is a top view of a portion-of disc
drive system 10 inplenenting a mcroactuator- assenbly at the interface 30
bet ween 1\$QA@3M&488 18 and flexure 22 according to a second EFFOHOHEMS4 of. t he
present invention. Lever plate 70 is attached to | oad beam 18 and fl exure
22 to WD 98/ 44488 _ : :
PCT/ US98/ 00464 -6- effect high resol uti 8 posi tioning of head 40 on slider

24. Lever plate | ncl.udes. hent fl.aps. 7 and .72b t endi er.pendj cul ar
to the general pﬂ@ﬁ{e?‘lﬁh T%BIHEB%MT?%&@&@?%&W éﬁ‘gfgg’enﬂg‘?&aplg@nﬂjount ed
. to flap 72a, forng ' L e RulkP i | I's
di scusged bel owlﬁvehﬁ%s rggﬂstpmgg%)?%.‘ to 'Fe?%sn@%?eg%%ﬁl& ﬁ]ﬁigr@gﬁ?? %l\r%g% Gﬁ-
enbodi ment, pi edomd bedm i18. PiezrelectritdélementnTdanis exbunted toaflapy 72a, dopmingta '

“pi ezoel ectric el epent, 74a_.to forma second_c | epent ar ni mpr ph bendi ng
mot or, the opermégem&lﬁmi% QRerA9 OF BICh s WRUSSSISIaE PbgeIneEs. 10

and 17. In anot hgkrart | lejnb@ %ﬁ% 0t L ] ?{mé d 74d
are nount eda%wo gg;%?.@t elqg]ﬂges'o %@gbx}%b 8'%&?’%&%8‘;& ormnr?l%nzm?%ai rs
of conpl ement ar ymoutitéd o flapeTl bppositt Piczoelecttiot dlethéritpMartn forhrl a sébond

Pi ezoel ectric elements 74a, 74b, 74c _and 74d are preferably formed and -

ternminated pri orcomplementanyinimornh tendipg motar, shejoperation,pfwhich i dissusserh| v

i nsul ated fromfl aps .7 nd .7 - ) Nk aty i: f le. 15
wportur e 61 s PSRLER Ehiet BoERS 8% B 10 b MoR SRV oA o5 15
connected to a Gligdodlechitkltherdtodt ArTadlare MbuneddrtoVoppbsitesidéd of Nap7Rby e 78
I's fornmed through extension tab portion 79 of |oad beam 18, |ever plate 70

and fl exurel®2 ttherghyt forming &wp pairsvef complsmentary somorph bending-motars oxdptlys on

| oad beam 18 praqyid a J.andin n_.a_plane, par el,,to | ane | oad
beam 20 18. %8§?%@&9rﬁ$7 6%01%8%[; e{ff’?f‘gpf%’w( ng, :7%%4 ?E%g‘ieé’&%gatb!yo tab
76 at wel ded j oiffied and ¥REnin8NA" prirabCattdhinenttdos Aaps M4lkid FobaehPdrd O
extension tab portion 79 of |oad beam 18 at welded joints 84. Flexure 22 is
rigidly attachecpreferably éasufsited Gomoflapsovilp and 72 byt an ofsulatieg pdbesivey dor -

Fl exure 22 nay-inclu?e a tongue, like tongue 27 in. the enbodi rent shown in
FIGS. 2-5, attacf@®Pt®% slider 24 to support the 25 slider and permt

flexibility;of elevation ojplfife 8} isd6imediR BshdtRAN 158038 VeaBexfension tab-
| ' 'portion 79 connected to a distal end of load beam 18 by narrow hinge 80.
Aperture 78 is formed through extension tab portion 79 of load beam 18, lever
plate 70 and flexure 22 to permit registration of the actuator assembly. Tab 76
on load beam 18 provides a landing on a plane parallel to the plane of load beam
20  18. Cross beam 77 of lever plate 70is rigidly attached to tab 76 at welded 'joints
82, and lever plate 70 is also rigidly attached to extension tab-portion 79. of load
beam 18 at welded joints 84. Flexure 22 is rigidly attached to lever plate 70
along the length of the plate 70. Flexure 22 may iﬁclude a tongue, like tongue
27 in the embodiment shown in FIGS. 2-5, attached to slider 24 to support the
25 '_slidér and permif flexibility of elevation of the slider. Load beam 18 applies a
-. load to slider 24 through _le\"rer plate 70 and flexure 22 at léad point 60, ensuring
that head 40 is maintained in close proximity with the surface of disc 30.
In operation, after coarse positioning has been accomplished by
~ VCM 12 (FIG. 1); a vbltage is applied across piezoelectric element 74a to
30  selectively cause expansion or contraction of the element. Tab 76 of load beam
| 18 is effectively a fixed or restrained point, while extended tab portion 79 of load



“load to slider. 24 through | ever plate 70 .and flexure 22 at |oad point 60, -
ensuring { d 40 is maintained in close proximty wt ce of
“di sc 30,_“?4?%15‘2§§t ion, after coarse positioning has been a?ggnp ?’%&g by
VCM 12 (FIG 1), a voltage is applied across piezoelectric elenent 74a to
30 sel ectively cause expansion or cantraction of the elenment. Tab 76 of .
| oad beam 18 is effectively a fixed.or restrained point, while extended tab
portion 79 of |ggg 18is\é@e&§/e§'4fﬁ vable or unrestrained point due to the hinging eff
PCT/ US98/ 00464 -7- beam 18 i s ef ?ect Ively a rmvapbl e -gr ﬁnrees?glggr?egmpoi nt
due to the hingofilingé B@cdo thht dipagsioBand esnttaction ok piansslentria sldment?4axot | on of
‘pi ezoel ectric el erIe?t 74a to_apply force to flap 72a results, in hendi ng of

hi nge 80. The dfRRIBIeTeeto Bep ﬁ%gfélﬂwncﬁse%sﬂ@w 30 akhe drssortion qfihinggr ¢ 22
| . . . D e o * f
transduct ng. heald et ieys P76 fekig ' orde ol dh AFHAENE RRRETT ©

i ndi cat ed by ar incaveudié displacéent @€ nansduciigdiead a0 at thedrdiirpnedp8.of hdermat i on of
"head 40 is extrenely small_ and precisely controllable by the expansion and

contraction of i tecshiesien indicatedrhyrarrom$86 rin thhgeneeal planeof loashbiany1%f hi nge
80, thereby allgw ng head.40 be f.inel osi tioned over .a.selectgd 10
radi al track of 'f‘g'e rng?téﬁ’l} ﬂgﬁfﬁésgo 1srﬁ7§red%e[lgisﬁxg.@ %ﬁ@f%ﬁ‘ﬁe nc%qﬁoaﬁgifg@ tric.

el enent 74a (foéxp%nﬁb@ﬂicﬁcdﬂ&héﬁbhwgﬁm&ﬁwa&h&@)M@M e ré éading! C

el enents 74a and '74b, anhd 74c and 74d (for a conplenmentary dual uninorph

configuration) ofhisge80sthetebycillowing headrddsiochs finaly posiiionetloned alBlegted FI GS.
16 d 17, Lvely. 15 . . L FILG 8.1 . ti I ew,

and FiG 6105 STl Wk pf aotating fise Tos etglen Spsrries o BEIHRES ifetfent | ng
a_m croact uat or W?ﬁ‘%ﬂ%ﬁ%é b ﬁ:éﬂndtahgg&aﬁsn)%w&%zbae&ﬁ%meh& Al exure

22 according to a the ‘present invention. Lever plate 70
is attached to 74gchnde?du drfd Zddd(for @ compledientary dhidlamimbhiphhconfigotatibhpis .

Pl aps 725 and 79BCEsEERreT Wot semdriln SIS0 10HE! JraaFIGRal B0 Fbad beam
18. Piezoel eCtr%‘ﬁg&ope ét 74a is nounted to flap 72a, form ng a uninorph

bendi ng not or, tion of which is discussed below with respect to
FIGS. 14 and 15. In an optEIGna8 iealpecipeetive, vipweamkeFKEt Oiis acioprew of4b i s

portion of disc drive system 10 implementing a microactuator assembly at the

o

interface between load beam 18 and flexure 22 according to a third embodiment
of the present invention. Lever plate 70 is attached to load beam 18 and flexure
22 to effect high resolution positioning of head 40 on slider 24. Lever plate 70°
20  includes bent flaps 72a and 72b extending perpendicular to the general plane of
load beam 18. Piezoelectric element 74a is mounted to ﬂap 72a, forming a
unimorph bending motor, the operation of which is discussed below with respect -
to FIGS. 14 and 15. Inan option_al embodiment, piezoelectric element 74b is
mounted to flap 72a opposite piezOeledtric element 74a to form a second
25 _cbmplementéry unimorph bending motor, the operation of which is discussed
S l below with respect to. FIGS. 16 and 17. In another optional embodiment,
piezoelectric elements 74c and 74d_are mounted to opposite sides of flap 72b,
thereby forming two pairs of complementary unimorph bending motors on both
flaps 72a and 72b. Piezoelectric elements 74a, 74b, 74c and 74d are preferably

30 formed and terminated prior to attachment to flaps 72a and 72b, and are



“mounted to flap 72a opposite piezoelectric element 74a to forma second 25
conpl enent ary uni nor ph bendi.ng notor, the operation of which is discussed
bel ow wi WO P84438%t to FIGS. 16 and 17. |n another optional PERBISAIONIER

pi ezoel ectric elenents 74c and 74d are nounted to opposite sides of flap .
'72b, thereby formng two pairs of conplenentary uni norph bendi ng notors on
both flaps 72a and 72b. Pi ezoel ectric "él'ements .74a, 74b, 74c and 74d are

Dt Al 30 Ry iandaed Hom Haps 735 aad 725 By hASheliting’ sihesioh, for 2> oY
'PCT/ US98/:00464 :ﬁamerﬁé eferably .insulated fromflaps 72a and 72b by an

i nsul ati ng adhegl ve, for exanple. Load beam 18 includes an aperture 81 and

an extension-tab portion I19addeamci&ihchnles adiaperirecditl and ahcextensivanai 8 by
narrow hinge 80 and 5  extending di st aI-IR}( away from | oad beam 18.

Aper tur es 78bar portignniicammeeiad to p Sistel sad ot load beamH by naregw binge 3A@nd hr ough
t ' t ti - t \ Dle
Chr ough 11 efur ooushdifs (afly awaloRFRl blam 18" ARG R 2k tilea BBl

on | oad beam 18[3f B¥:irdl ¢S aftht aisal &l a8 tirofdtodeension &bl pirtidD79 bElopll B84m of | oad

beam 18. Cross beam 77 of Ieverz)gl ate 70 is rigidly 10, attached to tab 76

at wel ded j oi nt 8,8hroughdeves plate B0 andthroughsflexuser2? tqpesmit registiatietiof the

xt ensi on tab portion 79 | 1 ded. j Qints.84. F 22 i
TRt by at t achoRUbOr aFEmbl. o180 78 o s e T RGNS R gRg om A BgEC 22 'S
Fl exure 22 may tﬁﬁﬂél'@&théplaﬁggﬂ@ad'bédﬁ?mpﬂ%@b%ZmiTI dfiiévee plabsToRHgidHown in

FIGS. 2-5,7 attached to slider 24 to support the slider and permt
f1exibilityoof ettached todtab 36 at weldakjointss$3, dad levenplateF-isalse righdly aached | oad t o

lider 24 through | .7 | oad point. 6 i hat Jead 40 i
i nt i ned | CRSEENIAR AR PDgioh I Pl St e Bl BHEBRFlege 20R 0 1S
after coarse POgLidi09iHcheas IRRE PlaftC #PMBhYE BAAEndY oF (Y pldté 70F I Hexuld 222

voltage is appli gﬂacross pI ezoePectrl c efenent” 74a to 20 sel ectively
cause expansi onmy itclode acdrgog, like tohguec2 Bimthe embadimest sfownmiadFIGSa518 i s

oad beam 16 | sstbetia SaRAI0 SRS DS Bl HASErRA IR AT HEVBER oEene
hi ngi ng .ef H8Cl  glider. Load beam 18 applies a load to slider 24 through leyer plate 70 at load
| point 60, ensuring that head 40 is maintained in close proximity with the surface
of disc 30. | ' |
T operation, after coarse positioning has been accomplished by
VCM 12 (FIG. 1), a voltage'is épplied across piezoelectric element 74a to
20  selectively cause expaﬁsion or coﬁtra_ction of the element. Tab 76 of load beam
18 is effectively a fixed or restrained point, while extended tab portion 79 of Joad
‘beam 18 is effectively 2 movable or unrestrairied point due to the hinging effect
of hinge 80, so that 'expansion 'ahd contraction of piezoelectﬁc_: element 74a to
* apply force to flap 72a results in bending of hinge 80. ‘The distortion of hinge
| 25 80 causes lever plate 70 and flexure 22 to rotate on an axis at hinge 80, fgsulting
| in arcuate displacement of transducing' head 40 at the trailing edge of slider 24
in the direction indicated by arfows 86, in the general plane of load beam 18.
The motion of head 40 is extremely small and precisely controllable by the
_ expansion and contraction of piezbelecuic element 74a and the resuiting bending
30 - of hinge 80, thereby allowing head 40 to be finely positioned over a selected
radial track of the rotating disc. The detailed operation of piezoelectric element



‘of hinge 80, so that expansion and contraction of piezoelectric elenent 74a

to.apply &%5%?44%88 flap 72a results in bending of hinge 80. F@F/Uﬁés?do%tt I on

of hinge 25 causes lever plate 70 and flexure 22 to roftate on an axis
at hinge 80, resulting in arcuate displacenent of transducing head 40 at

‘the trailing edge of slider 24 in the digection indicated by arrows 86, in
the general plane of |oad beam 18. The notion of head 40 is extremely small

‘and precisely comid @ Addhgle MImbiph BRRAREHEGH) 220 Of pRBbEIBGEL eenithts 74a and
pi ezoel ectric el ement 74a and the resulting bending 30 . of hi nge 80,

t hereby al | ow ng74=teaaid4mctamdb’eidf (forca yompbmenmdudmmarpb@oeﬁgwnoahnsal -

oo e Ot Bsbied vefow Wi bS!S FRAE £ W38 18" BRSS! Sl aniciE) ooy

-9- 74a (for a sj I mor ph conflguratlon) and of piezoelectric elenents
bt

74a and 74b, and 74d (for a conplenmentary dual uninorph
configuratiof) is di scussedFIGeIlﬁ\ns mpei'speetspanew,tmd:ll?kﬁs 111id actogd vidsw afid FI GS.

16 and 17, respectlvely 10 j s a perspective e
~and .FIG 11 is aP® n\nféch#nvg Syeemy l&nlntwermr%egerm\?@agg}eftgrﬁswwﬁtému ng

a_m croact uat or &@%mtﬁe&&%ﬁgﬁ ekl B0l RER bOAULARAG 18 ANfukhex U e

22 according to a the present 1 nven Lever plate

70 is attached temb@cﬁﬂaeheaﬂ’mhé%raaﬂt ihveaione L2dert latef70ds httdvhed to RadIbgamon
posi tioning of head 40 on slider_ 24. 10 Lever plate 70 incl udes bent flap

72 extendl ng per}b%ﬁdql ﬂEPFlHF ZQGOPﬁQCtMeﬁWIUW%R@lQﬁm&B@%@%MI er 2
Pi t t di
motor . the Ofer abPEs Rt BeAel 1Rl b 72 Yehline s respec?lt{;@é%en 4

and 15. In an opplafdaflofMbeadi rsemlezoabaﬁeeleﬁeﬁtn@@meﬁﬁaataﬂbp 73, foptidged to
flap 72 opposite piezoelectric element 74a to forma second 15

conpl enent ary unanuimpbrpbebriiding motosy thetmraiMr@fthﬁth dmmsspd bglom withssed

bel ow wi th respect tric 74b
are preferably f’fﬁswgt%hﬁ m&e °c? 0{1 ¢ Cbtoggﬂ Q%%ieﬁ e/tgmﬂand
are preferably i ngyisahiGtdd @Bdp Bloppesiy pipodidbhi¢ a&meﬁtmhe&w@aswnd
exanpl e. Load beam 18 i ncl udes an aperture 81 and an extension tab 20

portion 79 dénnecomplementarylnginxirpk henditig motat, theanpetasion\of ivhiehoiy disougiedso and

below with respect to FIGS. 16 and 17. Piezoelectric elements 74a and 74b are

preferably formed and terminated prior to attachment to flap 72, ‘and are
preferably insulated from flap 72 by an insulating adhesive, for example.

Load beam 1'8. includes an aperture 81 and an extension tab

- 20 bortion 79 connected to a distal end of load beam 18 by narrow hirige 80 and

extending distally away from load beam 18. Apertufes 78 are formed through

load beam 18 at the distal end and through extension tab portion 79 of load beam

18, through lever plate 70 and through flexure 22 to permit registration of the

actuator assembly. Tab 77 of lever plate 70 is rigidly attached to load beam 18

25 at welded joint 82, and lever plate 70 is also rigidly attached to extension tab

- portion 79 of load beam 18 at welded joints 84. Flexure 22 is rigidly attached

to lever plate 70 along the lehgth of the plate 70. Flexure 22 may include a

tongue, like tongue 27 in the embodiment shown in FIGS. 2-5, attached to slider

24 to support the slider and permit flexibility of elevation of the slider. Load

30 Beam 18 applies a load to slider 24 through lever plate 70 at load point 60,



“extending distally away from | oad beam 18. Apertures 78 are formed through,
| oad beam 18 at the distal end and t hrough extension tab portion 79 of |oad .
beam 18, WOP&44488 | ever plate 70 and through flexure 22 to PBEFHSE8/00464 .
registration of the actuator assenbly. Tab 77 of lever plate 70 is rigidly .
attached to | oad beam 18 25 at wel dqg joint 82, and |lever plate 70 is

also rigidly attached to extension tab portion 79 of |oad beam 18 at wel ded

joints 84. Flexure 22 s .rigidly attached o | ever. pl 70. al ong t he
ength of the. pPaanghitead 4l sl A cloge prihish yh ind P B i 7 o
~the enbodinment ggown in FIGS. 2-5, attached to slider. 24 to support. the
slider and permit flexibility of elevation of the slider. Load 30 beam 18
‘applies a load to slider 27dopémboyaftercoarsepasitionidg as beaxatcpmplished by WO
08/ 44488. _ _ . . . .. PCT/ US98/ 00464 -
10 - ensuring t YAMhERFIED Ds Arpliass is saplisd a,qr%%énﬁos&epmcﬁlewqt?fwe |

- surt bl _ . = prATs
acconpl i shed by U EY RRRBtpon 3 bfinEAak OF il tiabegl TR0 173 et
el ement 74a to Yoad be@hdqsls Mﬁ%@&d%ﬁ?&ﬁ&iﬁﬁl‘pﬁiﬁ,ﬁrﬁﬂﬁéﬁeﬁdeﬂﬁabfmﬂhﬁ _

el enent. Tab 77 attached to | oad beam 18 is effectively a fixed or
restrai ned poi nf79 afHprd beam d8de gffectivelyoy mpvsble or unrestsaiped,poipt dye tosthe

hi nge. 80, S0t naneREet 8hhEay 50, AY Fhab Bk Snf Sobiafeush Bl SE 2L, |
apply force to %1@7245&5%@1?' %}iﬁfgﬂg?gzqssdmsnﬂe,eﬁmngwmﬂg% 80.diTHeor ti on

80 causes lever plate 70 and to rotate on an axis at hinge 80,
resulting i1® ar distortioni89wanses dever plate 70 andsBerare32 teetate@nan axiscatinge| | ng

edge of slider in.the directj.on indicated . arr o i,n.the ner al
pl ane of |oad béﬁrﬁeﬁ‘?ngﬂﬁér%&ei%ﬁ’?mta W‘P‘%‘“&&eﬁ‘mﬁgt@ﬁﬁ?’f‘%ﬁ%

preci sely contr %Eﬁ%ﬁ} $4 tht B eSIONINGERAB] B drr6 R B6 i thgerfal Piang @EIREL i C
el ement 74a and the resulting 15 bendi ng of hinge 80, thereby all ow ng

head 40 to be f ibeahyl8pdEietmotiedohead 48 is exteamelyismalbiang precissik coritrallable
rotating disc. The detailed qperation of .piezgelectri | e t _74a. (for a
si ngl e uni nor ph-{’é’ S Xgension; aé‘ﬂ)coaﬁﬁctw 0&1’&8@?&8{ F‘%gxegf%ﬁm'ﬁ?tﬂ;a 74b
(for a co e RbAd; ' CAWISP RS Ao bShifklP puSitistdosepw W th
respect to IGS%%M%%%??;EW?M?%g 17, respectifgelfy. .
selected radial track of the rotating disc. The detailed operation of piezoelectric

element 74a (for a single unimorph configuration) and of piezoqlecfric elements
~ 74a and 74b (for a complementary dual unimorph conﬁguration) is discussed

below with respect to FIGS. 14 and 15 and FIGS. 16 and 17, respectively.

20 " FIG. 12 is a perspective view, and FIG. 13 is a top view of a

portion of disc drive system 10 implementiﬁg a microactuator assembly at the

interface between load beam 18 and flexure 22 according to a fifth embodiment

of the present invention. Lever plate 70 is attached to load beam 18 and flexure

22 to effect high resolution positioning of head 40 on slider 24. Lever plate 70

25 ‘_includes bent flaps 72a and 72b extending perpendicular to the general.pl'ane of

. -' load beam 18. Piezoelectric eleinent 74a is mounted to flap 72a, forming a

unimorph bending motor, the operation of which is discussed below with respect

to FIGS. 14 and 15. In an optional embodiment, piezoelectric element 74b is

* mounted to flap 72b, thereby forming twb pairs of unimorph bending motors on

30 - both flaps 72a and 72b. In another optional embodiment, which is not shown

pictorially in FIGS. 12 and 13 for clarity, additional piezoelectric elements may



20 FIG 12 is a perspective view, and FIG 13 is a top view -
of a- porty isc drive system 10 inplenmenting a m croagieyad: enbly
‘at the i.r&@;&?@l%ggbet ween | oad beam 18 and fl exure 22 according ?!fg/og&?i fth
enbodi ment of- the present invention Lever plate 70 is attached to | oad beam
18 and flexure 22 to effect high resol4tli-on positioning of head 40 on
slider 24. Lever plate 70 25 I ncl udes bent flaps 72a and 72b extendi ng

per pendi cul ar t Getrhicurted verfiaps Tand 726 oppusile pieaselddtric Blemens|7de hhd g4kt ment

- 74a is nounted to flap.72a, forming a uninorph bending. notor, the operafion
of - whi ch is di sdosmeepmplementary: unimesple bendieg matsrs, the gperatign of whish dpt i onal

- enbodi , pi | ' | _74p J 1 72b h
forming tu par resegreedelegy pRTERSFTG HSoAS R o Pieaspipt demetd 18
72b._ 0 anot her gatiabisk pREAHly THied o el BoPRMRCRUEHAD b Y24 N

FIGS. 12 and 13 for clarity, additional piezoelectric el enments nmay
08/ 44488 5  and 72b, and are preferably insulated from flaps 72a and 72b B3CaH 1SS 464 -

11- be nounted t fl.‘?é)i 72a _and 72b opposite piezoelectric elenments 74a and
74b.to form confCAfEt APLCX8MPfor ph bendi ng motors, the operation of which

I's discussed below with re Qﬁq;ea% E oy bRIREI L& ment s
74a and 74b are preferabl yE orne q&%@gﬁﬁ%‘%ﬁpﬂ) rbﬁpge}att-ac rrgﬁ%&to
flaps 72a 5  argldiétdh endiof loadédepmelelsyahdryow hinge|88tand dxtending distally @waynd 72b

by an insul ating adhesive, for exanple. Load beam i.ncl udes an extension
tab portion 79 gfmm@éévaamdsal%apwa%7%ﬁaf@meﬁmusé§%%p%sm¢%m§asm nge 80
and extendi{}g di ¢ d .
hrough 1 oatl bert pud SrBARH exay Aot 5e1o8P Rk £ el ucr 17
portion 79 of |Mm%l@ﬂe)mkd%fpdiﬂvmgisnhﬁﬁ@fkﬁeaaﬂaﬁohamﬂibm|(épwse 22
to permt registration of the actuator assenbly. Cross beam 77 of |ever

p: ate 70 is r: gitzmga7a$fé@4¢épiaﬁedogmdlb;@3ﬁ¢mdta oagdreaedl§ & weldgbjoit§d, | ever
te 70 i igi dl v ' : | 9079 Af b
P65t wel ded | o MELSkS MaRiITHs 456 AaP Ahan 0 SithellR s BOabH 7 ofIBRE 20°T5

al ong the |engt hheain 19at Welded jéitts 4. CRldkgre 22 iFRigidly eltathed 2o IvegpRte 70 ke
tongue 27 inthe enbodi nent shown in FIGS. 2-5, attached to slider 24 to

support thel%| i cdengthe lengtindf thepiate B Fleyursi22anes inciudn adengueeliks fonske Load
beam 18 appli €5 24 in the embodiment shown in FIGS. 2-5, attached to slider 24 to support the
' - slider and permit flexibility of elevation of the slider. Load beam 18 applies a

load to slider 24 through lever plate 70 at load point 60, enshring that head 40

is maintained in close proximity with the surface of disc 30. The configuration

- 20 of lever plate 70 shown in FIGS. 12 and 13, with bent flaps 72a and 72b

| extending along the outside of load beam 18, allows a standard load beam 18 to

be used, including its associated registration apertures, simplifying the process
required to implement the microactuator. .

In operation; after coarse positioning has been accomplished by

25 VCM 12 (FIG. 1), a voltage is applied across piezoelectric element 74a to

selectively cause expansion or cbntraction of the element. Cross beam 77

attached to load beam 18 is eﬁ'ectiveljr a fixed or restrained point, while extended

~ tab portion 79 of load beam 18 is effectively a movable or unrestrained point due

| ‘to the hinging effect of hinge 80, so that expansion and contraction of

30  piezoelectric element 745_ to apply force to flap 72a results in bending of hinge

' 80. The distortion of hinge 80 causes lever plate 70 and flexure 22 to rotate on



|l oad to slider 24 through lever plate 70 at. | oad point 60, ensuring that .
‘head 40 is maintained in close proximty with the surface of disc 30. The
confi gur WO ¥#4988  of | ever plate 70 shown in FIGS. 12 anRCHYSO80#¢d pent -
flaps 72a and 72b extending al ong the outside of | oad beam 18, allows a
standard | oad beam 18 to be used, inclyfding its associated registration
apertures, sinplifying the process required to inplenent the mcroactuator.

D o o AR Rl e RGOSR TR R By, VO
~selectively ca%eb%%hg@opgﬁ&ewiﬁ%é aﬁe'@fontih@icﬁhsrs?r&rov@s@,spas@m 77

~attached to | oad 8 T's effectively a fixed or resfrained point, while
extended tab pogénerah plge of ldaddeatndSm T metief 6Ehead vidl iy extremelysiall end :

unrestrai ned point, due to_the hinging effecgt- of hin 80, so .that expansion
and contracti Orprgq:xse%ocon p@?‘b‘éﬂ @G%P‘P%“Q :ﬁPntf%?i‘@cg}&ﬂ?&P?e‘f’tﬁ‘F@gWthf lap
72a resultsgin ' Q% Q 'gr}gﬁ : ' | Wb g ' fitkdf'S | ever
plate 70 an% fl'glga{}rgl g %%lgﬂo aglgggﬁmﬂge\gl%%ggeﬁz%g% Hedtffo 8¢

PCT/ US98/ 00464 positionednoveti & selbctbd ngdialSftack of the rotating disc.c uFhe déiailed acenent
of transduci ng %ead 40 at the trailing edge of slider 24 i tahci%qgia{:,%(:t l-on

i ndi cat ed by arepsfafionef piegoslertricrlaresnt V4afonosingle pBUmPTB § tion of

head 40 is extrepel . d_prAC) t |{ﬂ§;1ﬁ£{§ Lon and
contraction of %‘@%ﬁi@e&% F%H%P{e)@n{fggll%e%’%g Sgl%hdé ?‘E{é‘%@gﬁé ng g‘ﬂé% ng of

hi nge 80, t her efiyciakddveldmg Withadsptot f00FIBS. fldnabysposi tioned over a sel ected
radi al track of the rot atﬁ}g di'sc. The detail ed operation of piezoelectric

el ement 7430 (for a si ngl e FiGilfisadiagramof aurimorphrbending metor R04n geneattal i ¢

el enent 74b (for_g.seco i pagl e,.uni MEPh f ] b s.. dj ed

bel ow with res p%%sf%%aqg;%gh?% a{iggram 9?%'m%%% beind'chtB! 92?‘@%@?@% |

di agram of -a unjdRidah PasiddieBicintint 84 hhdla béridubvd plate I50RBIThingM coatiét FI G 15
is a diagram of” uni norph bending notor 90 in its actuated position.

Pi ezoel ectric efocibebatten serfaceaansbis attachieddo plase 82 b3 an insulatigs adhesive By to its

bottom surface, _and i tfached o.pl ate_ 92 ' iye 93,
for ‘exanpl e, be@&é@?@%ra?ﬁﬁ’ﬁeﬁ‘\%n ‘%@?ﬁg'ggﬁﬂgﬁagetn%i g@%{%ial?gesg%pq%g at
restrainedygat 1poroxfind) oAby RbtrAfAy Smp O8! PiézotREtrie efeiiend 84 ispcledplthet ri c
element 94 1s poled in the - o

' direction indicated by arrow 96. Terminal 100 connects the surfa_cg of

piezoelectric element 94 most distant from plate 92 to a high potential, while

terminal 102 connects conductiv.e plate 95 (contacting the surface of
piezoelectric element 94 nearest plate 92) to a lower potential.

20 In operation, when the potential difference between terminals 100
and 102 is applied across piezoelecfric element 94, the element contracts along
its length, forcing beﬁding of piezoelectric element 94 and plate 92 as_indicated
inFIG. 15. In this way, a deflection at the distal tip of plate 92 may be achieved.
Conversely, application of an opposite potential' difference between terminals

25 100 and 102 across piezoelectric element 94 résults in opposite bending and

-. opposite deflection at the distal tip of plate 92. | _

FIG. 16isa dlagram of .complemem;ary dual unimorph bending
motors 110 in their neutral position, and FIG; 17 is a diagfam of the
complementary dual unimorph bending motors 110 in their actuated position.

30  Piezoelectric elements 114a and 114b have respective conductive plates 1152

| and 115b forming contacts to their surfaces nearest plate 112, and are attached



"direction indicated by arrow 96. Term nal 100 connects the surface of - ..
pi ezoel e i ment 94 nost distant fromplate 92 to a hi B§YsR04d42!
whi l e ter%k{)rgg/f‘ﬂﬁh connects conductive plate 95 (contacti ngﬁ;?‘he sur‘?ace of
pi ezoel ectric el enent 94 nearest plate 92) to a |ower potential. 20 :

I n operation, when the potential differignce between term nals 100 and 102
I's applied across piezoelectric elenment 94, the elenent contracts along its
l.ength, forcings sﬂgsﬁés@W@Fiﬂ%feb?ecﬁb@fﬂ%ﬂlhﬂﬂéacﬁﬂﬁv@é 213% 24 BSH,
indicated in FIG 15. hi § way, | ection at the distal tip of plate
92 may be achi e\fembxamplwmewesmpqm@admmephteadlépwlsu% wok platei 1d2.

O rosul s in OB b SOHAPHL L ARroBARLER 1%%?%@%3?@&%?@%9"%@'%@5{??2?
plate 92, FIG Hinichusd 1 881 AMbGke SABPRSIFRRNE dirdlfhs, 491
a n, an

nmotors 110 in their neutr posi ti 17 1s’a |agram 't'he
conpl enment arSy dudaba amd hidbp Tehminali1aq cunﬂeotsshelsiﬂ‘acmﬁ;imzosleanbmmmixt pd4a ti on.
30 Pi ezoel ectric elenents 114a and 114b have respectlve caonductive pl ates

115a and 115b f@rPﬁP%e plavet b2 and alsv ﬁemiucglwpk@é%& Heleputacting thesurfaoe ofnd are

attached

PCT/ US98/ 00464 S?’%féliél‘ﬁﬁ‘c’nelo"’p’”‘""‘po’t Jilfy nearest plate 112) to a lygh potential, Terminal 122

i nsul ati ng adhegbmeststBSsurfate of fidkoeldctric elmeiﬁl HAblppusrplatesnecindvaso
conductive plates 115a and 115b and plate 112, Plate 112 is restrained at a

proximal end by coaduqtive milatg Bﬁa&gommngmheﬁ@’a@c@ﬁplézcqumpbmmt&l%d 114b

are poled i opp05|te dir -nd ated by arrows 5 116a and
116b. Ter mnal Et(fﬂﬁt&,ﬁg k WP& 8]? pi ezoel ectric elenment 1 1l4a

opposite plate 112 and alp® g@ﬁﬂé&qﬁneﬁ%@maﬂmeﬁ&%tmmmﬁmlmrface
of piezoelectric eI ement 114b nearest plate 112) to a high potenti al

Terminal 122 corandd8 it t@lsdratmepmmqiemgellem@nw1d4eaed'rélﬂb Ekmnb@ibém te

late 112, d al t. t act th f '
Dl 6506l ect 1 . eltoRRAES LpRg taendth aaf lefoedt A4 §po{ Bobe i Ieheh dPedbe a1
oper at i on, me”b%ﬂ&n@@fﬂféténﬁfeéﬁ H&ﬁﬂ%ﬁﬁdl@ﬁ&&‘ﬁmGﬂﬁmlﬂ%§u&§odéﬁgu&?2 is

applied across piezoelectric el'éments 114a and 114b, el ement 114a contracts
along its |¥ngt fat ahel distat tiprof platéﬂlémnhbsadﬁmg |G<mver@¢lg,t applicatian ofjan

opposite potential difference between terminals 120 and 122 across piezoelectric

elements 114a and 114b results in opposite bending and opposite deflection at
‘the distal tip of plate 92.
The 1mplementat10n of lever plates 42 and 70 to radxally move
20  along with flexure 22 has several advantages. The movement of plates 42 and
70 and flexure 22 with respeci to load beam 18 causes wear on the 'iﬁterface
between load beam 18 and the moving part around load point 60. Employing
plates 42 and 70 between load beam 18 and flexure 22 spreads the load forces
and absorbs the wear that would otherwise océur on flexure 22 and potentially
25  generate contamination and result in undesirable operating characteristics.
- Additionally, by designing plates 42 aﬁd 70 as separate parts to act as a lever for
translating motion of piezoelectric elements 44 and T4a into rotational motion
of head 40, a conventional flexure may be used, which is desirable because of the
relatively high precision required and already in place in flexure design.
30 o Many proposed microactuator designs use cantilevered

componexits with micro-springs and air gaps, which are typically very sensitive



bendi ng of the entire apparatus as indicated in FIG 17. In this way, .
~deflection 15 at the distal tip of plate 112 may-be achi eved. Conversely,
appl i cat ivom984448% opposite potential difference between tePETREPHOEOH and
122 across piezoelectric elements 114a and 114b results in opposite bending
and opposite deflection at the distal tip of plate 92. The inpl enmentation
of lever plates 42 and 70 to radially ndve 20 along with flexure 22 has
several advanta he.,movenent, of plates 42 and 7Q and flexure 22 with

es,
respect to | 0ad 1 8h9Rk HibTaliAnS and even Fomplications i the DETBEY 3AHOR PIACHEam 16

and the noving g SQ;TQ[:WI ad nai ﬁﬁp i Fnfib . '
bet ween | oad beg?lhé? an tgggfggﬂ%%%aﬁgraos thg%hs){a _ gr@?s@rﬁagbg}%r bs the
wear that woul d strdtaredf$eaddeanrl8therkéenthe pieleatrit ghearbenttndiklider 28. This '

generate contam nation and result in undesirable operaling c,ts]bar acteristics.

Addi tional |y, byorkgraionigsulstesthesmicooagiyator from shack apd vibratiang.oitlgeating as a

ever for tianslet g JIBl hoRedl: PLBEARNRERICkRbBIFARRAGE AN A O

rotational notion , a conventiona exut e may be use ichis

desi rabl e becauske pivot fifbe @ésiined ith o' stiffesitBaroothecmioréathaancddesigngady in
pl ace in flexure design. 30 ' Many proposed _m croactuator

desi gns use cantﬁlﬂb@fer@i!lcixﬁnWQQﬁbﬂiwtﬂhsthér@dsﬁ&’%i@é\ anl improviRgpthe whi ch

are typically v sensi ti WD 98/44488

PCT/ US98/ 00464 ﬁ'%uexgcg (Iéﬂ??\éli?fwfb"rnéf Péﬁ?,@ﬁ?&%&oﬁ' conplications in the
primary actuation process. THd\ictdaBithtoRhssBhMP s préfefably 168aC6dORGhMARIRE iR T he
present invention is realized in the structure of |oad beam 18, between the

pi ezoel ect riGc eleffetsnof poist aklinterferante from othennesonpat structeres insthe disedirivhe

m croactuat or from shock and vibrati.on b cating:: t he. pi.vot, near the
center- of mass &F{ﬁ%wgr %B’ceﬁﬁ?l??’iﬂc §feﬂ?8¥ 8* e ’EWB‘%{Y?‘? Ora"ﬂl tggéntfﬁ%cepi vot
to be designed WelhediOloSd Heahf 1¥eaR k@R 0b e kititie iR taditOfeldRelyddsse

further reducing susceptibility to shock and vibration and inproving the
frequency (speegroxifity esiransducing heath 40 itself, ovtichiiatdesignertio the disodidvetotter

nbly i f ly J.ocated to nmininize the 10 . effects of noj d
Thtor el ence 1+ RPORYRR! ST RORS ey RELATE DR @vAL &L PPt AStaRh P Bhran | ng
the piezoel petrigqgl SARRwOthe' H6tdH 51 B8 pleZBLiEtrie blehlefit o BeSdrhpifiiRd into a

greater motion by head 40; for example, a motion of piezoelectric element 44 of

about 0.1% of its active length is able to alter the position of head 40 by
approximately four data tracks (that is, plus or minus two tracks) for a track
density of 15,000 tracks per inch. Similarly, where piezoelectriq element 74a is
20 .. 0.14 inch in length, the position of head 40 may be altered by approximately four
data tracks (that is, plus or minus two tracks) for a track density of 15,000 tracks
per inch. _ o
The microactuator of the present invention may be construcfed
using conventional stainless steei' sheet metal materials and the conventional
25 prdcesses of stamping, etching, bending and welding miniature components into
* a form suitable for disc drive bomponents. These processes are well known in
.the art, and present minimal additional manufacturing difficulty and expense to
one skilled in the art. The piezoelectric elements are aiso simple to manufacture.
The present invention therefore provides effective head micropositioning
30  capability with minimal additional complexity and expense compafed to

conventional designs, as low as 35 cents additional cost per unit.



‘between | oad beam 18 and flexure 22 is effective due to its relatively -
-.close proximty to transduci ng head 40 itself, which is de '@ﬁﬁ I he

"di sc erﬁwoﬁﬁﬂggskept free of interfering noise ‘effects. Ré% zgﬁ%ﬁﬁﬁe
pivot at a point distant from 15 slider 24 allows the notion of the
piezoelectric elenent to be anplified ij§4o0 a greater notion by head 40; for
exanpl e, a notion of piezoelectric elenment 44 of about 0.1%of its active

length is able to alter theg } .£§&§£ HadDee i I data .
tracks (that is, plus or n?ﬁﬁ@ﬁ?&% rac&@?aﬁgﬁ a trggg&géﬁgﬁﬁﬁrd?ﬁ%g§ooo-'
tracks per . i nch.toprefeired émbodivhents woirlest o sitilbed inithe sit &vilk récogriae kit 2Banges 0. 14
inch in length, the position of head 40 may be altered by approxi mately '
four data tracksmgy bemade in formang detgl withouhdepartrgEomsthe Spirit pad-scoperEity of
15,000 tracks p ehﬁ%ﬂ' The m croactuator- of the present invention nmay be
constructed usjﬁé & nv%%&ional stainless steel sheet netal materials and
t he conventi®nal 25 processes of stanping, etching, bending and welding
m ni ature conponents into a formsuitable for disc drive conponents. These
processes are well known in the art, and present mninmal additional

manuf acturing difficulty and expense to one skilled in the art. The -

pi ezoel ectric elenents are al so sinple to manufacture. The present
invention therefore provides effective head mi cropositioning 30

capahility with m nimal additional conplexity and expense conpared to
converiti onal designs, as |low as 35 cents additional cost per unit.

W08/ 44488 '

PCT/ US98/ Q0464 - 15 - Although the present invention has been descri bed
with reference to preferred enbodi nents, workers skilled in the art wll
recogni ze that changes may be made in formand detail w thout departing
fromthe spirit and scope of the invention. 5 WD 98/ 44488
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-16 - CLAIMS): 1. I'smfor positioning a transduci ng head,
with respect to a s,ﬁ!llglumllmmﬂmgack of a rotatable recording disc in a
di s¢ dri W 9sdd4d88di sc* drei ve | Mcl sldi4lgy an actuator arm and PGUY #&n |.oad
beam connected to the actuator 5 arm the nechani smconprising: a plate;.
a flexure attached to the plate; a Sliqgr_ attached to the flexure and -
supporting the transduci ng head; 10 ~°*°° means hi ngedly attaching
the plate to thw g.eam and ‘a m croactuator attached to the plate and
operable in res SF el ectrical control signals to nove the plate '
relative to theyl oad beamyj ) ?&ié : Dk 2 awhe 35,

sel ectively radilal |y posi t%%ﬁéﬂtaﬁéﬁtr @%ﬂﬁfﬁ%&gﬁﬁgh %QPE& to

proxi mate to the seledtettadil trackaif a ostatable recérdingidis in ackiscdirive, thieslisc dzive

The mechani smof claim 1, wherein the neans_hingedly attaching the plate to
the | oad beam cH¥dingss agupion gayand s WspeRsion leadbepm conpecied toHiRe aptyator -

di stortabl ecin . . tan.of the m croactuator to nove the
plate. 20 53. _mmgi&cﬁw%r@%a ‘'smof claim2, wherein the plate
includes a first tab and tafjfatk0oad beamincludes an aperture through which
the first tab protrudes, wherein the | oad beamincludes a second -tab, and
wherein the mcroactuat or aflexue ajienked todhoplate;t he first and second tabs. 4.
The mechani sm of claim 2, rein the | gad, beam incl udes first, 25

portion rigidly attached @\gsﬁiﬁﬁ%até@ﬁcg{%ﬁxeghzﬁueaa@esggg%x%ag3{1? hﬁnﬁqU&ng| y
attached to the plate and a hi nggd:between the first and second portions

permtting radial novenent of the ’s'ec-ond.port ilon relative to.the first
portion. 510 The mesanshingedly attadhirigthe plahter the loadrheampant beam

i ncludes a plurality of apertures and the, hi conprises a plurality of
i ndi vi dual hinges 30 fom&r%ﬁf“?tﬂléat?ﬁgﬂﬁr@%ﬁat?ﬁg&)%ﬁ%ﬁa “ﬂ)g?si’?’bﬁ‘f Bei ng
centrally positioned w thin theRRRIlddhES! signals to move the plate relative to the

load beam in the general 'plane of the load beam to

selectively radially position the transducing head
15 | proximate to the selected ti'éck on the rotatable recording
_  disc. o | |
2. " The mechanism of claini 1, wherein the means hingedly attaching
the plate to the load beam éompﬁseé a hinged portion of the load beam that is
distortable in response to opefation of the microactuator to move the plate.

20 3. | The mechanism of claim 2, wherein the plate inchudes a first tab
and the loéd beam includes an aperturé through which the first tab protrudes,
wherein .the Joad beam includes a second tab, and wherein the microactuator is
attached between the first and second tabs. |
4. The mechanism of claim 2, wherein the load beam includes a first

25 portion rigidly attached to the actuator arm, a second portion rigidly attached to

| the plate and a hinge between the first and second portions permitting radial
movement of the second portion lrel'ative to the first portion.
5. The mechanism of claim 4, wherein the load beam includes a
plurality of apertures and the hinge comprises a plurality of individual hinges

30  formed by the apertures, the second portion being centrally positioned within the

| apertures. ' '



Vo U598/w64m317 e mechani sm of cl ai m 5,poynesesiotdsishe . N
VD 98/ 44488 Hlll!ll mm I

m croactuator is attachéd bet®weén the plate and the [oad beam 7.

The nechani sm of .claim4, wherein the | oad beamincl udes an aperture and
the second portion conprises a tab exteli ng into the aperture, the 5

hi nge conpri si ng a narrow portion between the first and second portions. 8.
The mechani sm ofS.cl ai m 7, edhanisth of plhiat %, viherein thediistoattuaw évattachedhe

first portion of fhe tﬁad beam ER-? croact uator is attached to the plate
between the att & h?‘r%er‘h Blafk: Reale ¢ o the first and second portions

of the |oad beam 10 9 Th §.gi” rein the
| oad beam plate and flexuree | n e af?lgaﬁleg aper (l};leis%a? pos%?gshan
regi stration. 1(apeere and theiémn&poimnlceﬂipﬁies@talb Bxténdiid it the 4

, TS
I ncludes a t nd the |1 oad beamincludes an aperture through which the tab
protrudes, and %H@eaompgsmmwmpebmwn effirshandesecord pemions.he t ab and

the | oad beamt@ reduce 1 0 I at £l ex
respect to the ?%oad beam SThe theHaishOdF Pdind ﬁle prfge 1s nglgfy attacﬁed

to the first portion of the load beam and microactuator is attached to the plate
between the attachment points of the plate to the first and second portions of the
load beam. |

10 9. The mechanism of claim 1, wherein the load beam, plate and
flexure include aligned apertures for positioh registration.
10. The mechanism of claim 1, wherein the plate includes a tab and
the load beam includes an aperture through which the tab protrudes, and wherein
a dampening material is disposed between the tab and the load beam to reduce

15  vibration of the plate and flexure with fespect to the load beam.



