;e3e |u ppgTrF2st6(uT|jucnd i *cooooa* SHEAR MODE Pl EZCELE
ASSEMBLY BACKGROUND COF THE | NVENTI ON 5 The invention rel at mmm@mmwﬁo
el ectromechani cal actuators for - positioning a positioned elenen

respect to another component. Mre particularly, the invention pP'éVides a

shear node piezoelectric actuator assenbly adapted to priopi '
positioning of a slider over a data stbrage nediumin a |hmmlm@m"m;,ﬂ@mﬂwﬁle or
another data storage apparatus. io Figure 1 is a plan vilew show
conventional hard disk drive 5. A data disk 10 has a dat'a surP®% 12 for

storing data. Th8HEAR MQDE RARELECIRICACTHATRRASSBEMBLY data stored
as tiny magnetically charged areas arrayed on the data surface in
concentric data tracks. The disk is driven around a central spindle i5 15

by a spi BADKEROUND Tr THROMWVENAGNpPport arm 17 rotates about a pivot
beari ng 20. The support armis driven by a voice coil notor (not shown). A

slider 21 (too small to be -clearly visible in this view) at the end of the

support arm"£/jes” er t t | 10.s a itten
to‘?and read f{r—'b)én t?%vee%ygba rgﬁért acge%'%lﬁ)& ??e%lj%ﬁtre%ni%aﬁ% aat%?liahctﬁ%'s\/\{% a
connectoposifioriing t & apsstiidned etémentlwith gaspect biet weethdrheosipodent. anWoge
conputer or, another devige in which the disk drive 5 is installed. Though

the pl anP@tigWagy. theginvenieip PEQWdeshpyseak mpfle Pigzes s agiyatqrrssemftly 25
skill i ' t A i i e G| | wdata di sks
st acked “%&néﬁéég ?ggﬁ réﬂn? % [ Wgogﬁgh? a@tg C&g,géfr%t% Vgﬁ%t ﬁ%gsﬂﬁﬁaﬁﬁf%&%ﬁ@ [ %e
access thamhdisk gfiee dasaother datestorageapparaitsher si de of each disk. In that
tﬁ)e of drive, nmultiple arns are provided, each carrying an i ndividual
sttder over each data surface. This is to provide greater data storage than

woul d be possgiglife HNs ‘éia'h%iéwf'érﬁgviHQié coreritiofdl Rard BRI &ive SNEA data

conventional sUspension assenbly 28 Tor suspending a slider 21 over the
dat a surdiskdOolias kedatat surttiosk12 Torestotinp etada.onl hes dstebinya magnetic storage

drive are binary data stored as tiny magnetically charged areas arrayed on the
data surface in concentric data tracks. The disk is driven around a central spindle

15 15 by a spindle motor (not shown).

A support arm 17 rotates about a pivot bearing 20. The support arm is
driven by a voice coil motor (not shown). A slider 21 (too small to be clearly
visible in this view) at the end of the support arm “flies” over the data disk 10 so

20 that data can be written to and read from the data surface 12. A flexible cable 23
attaches to a connector 25 to transmit electrical signals between the slider and a

computer or another device in which the disk drive 5 is installed.

Though the plan view of Fig. 1 depicts only a single data disk 10, those of
25 skill in this art will know that disk drives may include several data disks stacked on
a single spindle and spaced apart on the spindle to provide access to multiple
data surfaces, one on either side of each disk. In that type of drive, multiple arms
are provided, each carrying an individual slider over each data surface. This is to
provide greater data storage than would be possible in a single disk unit.
30
Figure 2 depicts one conventional suspension assembly 28 for suspending

a slider 21 over the data surface of the data disk. The suspension assembly



-2 includes a suspension bar 29 with a base plate 30 and a swage boss 33 at
one end. A spring beam 35 holds a | oad beam 37 at an end opposite the base
plate, with flanges 40 increasing the stiffness of the | oad beam A
mounting beam 42 is secured to the | oad beam 5 The nounting beam 42

I ncludes a flexure nmenber 45, upon which the slider 21 is nounted. The

fl exure el ement provides high conpliangde, i.e., relative ease of novenent,
in the pitch, roll, and vertical directions, and high stiffness in the yaw
and in-plane directions. io Referring once again to Fig. 1, the swage boss
33 of t h@ckigesehsHapensiar ar 2o2gith a gm@tat@%{ooam%@ pvage hesarichgt 20eso

that the | QLA L r t e | der 21
flies ov%‘ﬁéj't %\egr()fg@bggwg%@g@fa%ﬁg %nte)gﬁgt%f éﬁ%%j 8&@%&(9%3?&5% %J%é\)es of
t hi s gengithlflahgps 406viereasjmytha stifitless wf tes HaantkanntA nnwuntidggdrezmh 142 iso t he
devel opment of busipess and personal conputer systens and rel ated devi ces.
The dat as%‘i%?gé‘éﬂ??a@égiqqacmes of these devices have increased remarkably.
Each year has seen new disk drives becone available 20 with capabilities

t hat woul d have been unthi nkable just a few years before. This devel opnent
has ‘been madeThessobhting ehar g2 paiudesha digxurasheonber b, i upore agdsh ithet he
density qof, data that can he stored,in the data tracks on the.data disk's
ot surfieE 2 inamounean e Ao eleBehb B et HoR maianied: (ol nat
track 25qgensf hd@nirt! irﬁﬂ%”?i%,qall,_té”h% QARG AfredRthdUhdt hpﬁksﬁifm@’sslwch,
whi ch nmeans that individual track wdths will decrease to 'ess than

one- f our thie ysfw andiic-panetdreqtiongs Vin). This neans, of course, that new and
better nechanisnms will be needed to position and track the sliders

pil%ci sely over these extrenely narrow data tracks.

Referring once again to Fig. 1, the swage boss 33 of the suspension
assembly 28 is swaged onto the pivot bearing 20 so that the slider can be moved
laterally from track to track as the slider 21 flies over the data surface 12 of the
data disk 10.

15

Hard disk drives of this general type have enjoyed much success and
contributed greatly to the development of business and personal computer
systems and related devices. The data storage capabilities of these devices have
increased remarkably. Each year has seen new disk drives become available

20 with capabilities that would have been unthinkable just a few years before.

This development has been made possible in large part through astounding
increases in the density of data that can be stored in the data tracks on the data
disk's data surfaces. As this document is being written, it is anticipated that track

25 densities will soon be on the order of 100,000 tracks per inch, which means that
individual track widths will decrease to less than one-fourth of a micrometer (0.25
um). This means, of course, that new and better mechanisms will be needed to

position and track the sliders precisely over these extremely narrow data tracks.

30 Difficulties arise, though, with the use of conventional mechanisms like that
described above. Tracking errors and internal bearing friction limit the precision of

even the best available voice coil motors. Resonances and vibrations, moreover,



30 Difficulties arise, though, with the use of conventional nechanisns |ike
t hat descri bed above. Tracking errors and internal bearing friction limt
the precision of even the best avail able voice coil nobtors. Resonances and
vi brati ons, noreover, -3 are present in the arm and suspension, and these
too limt the ability of the suspension armto drive the slider precisely
over the narrow data tracks. SuggestioBs have been nmade to provi de dual
actuator systens that would 5 conbine, e.g., a conventional voice coi

notor for gross positioning of the slider - over the data surface, along

wi t h a nere phéggntpnethiesbon and raagpensivor and fhesei e fimitethso sbilitowif theof t he
slider precisely over the individual data track. It h een suggest ed that
Such: duaPUsaRAnATE e £Ele i SiHSTfeetll e PiooarbetitadiRsr the
limtations of conventional single actuator systens, and thereby allow

further io increases in data storage density in hard disk drives, optical
dat a storage 8Supgestjonsnithvst been tepiayide dualiitoatos eystams pratoveuldn i s

o um - PPRbIE 8 bl el FolbathblcR 3F 3o BhaloR b HEe, 2R
M cr oact yadrothel dataasiaRive] bRfhgCRRRR] madé Hgls ipkédision InkrodtRustonits hrevibenced
precision over_data tracks on a data storage disk. The |rrq};)roved actuators

shoul d ntte peaitieriesefl thei gider Aracisely uer dhaundividuahdatgelraglyi fghas been
char act ckigddsted E}Sattshu%psdsqaﬁ'grcu%w §;f]§?§m§%@h% %h&@&%fulﬁ{ o%rgﬁﬁw‘@' foﬁgg%‘fer sely

affect t peration o er or e notor-drrven ar ac ors
shoul d ptheviirditatipriscéf emavgntienaksingleeactuator, systérhe, aod toarebyialigw furthee power
and not generating excess heat. These i ed actuators shoul d, noreover,

: npr o
bdOr el at NgEa3pesiifslala starpggilensity ig hapd fiskod gy CREERI €atarioragsedives, These
and ot he i I ASS i es
Gescri b hoH R U DR I T Ul e BRI TP OB RS T o Pofamfd st
descri pt a sceaginoite tHedd bebpadagiUbldiade @fedittie. | NVENTI ON ~o The
i nventi onprovi desa pi ezoel ectric actuator assenbl yoperable toposition a

posi ti onedel ement such as a data slider in a datadi sk drive. Enbodi nents of

thei nvent i oni pGkeidlg 15 highty UeaRabieh asroECRy RORCRigrved mibréAdmt, wi th
correspondi ng structure through which force is applied to the positioned

ellement agssepoliiasi capablei af pospioning tsiidersc viithr enhanegthiprecipioni edert dlatdne

pi ezoel ectric elenent.. 5 In referred enbodinent a, shear no

b ezool clptscofi £ g sidaud e TR MiroBRy At Prdlgahal 897 sy s

nmount ed eighaCitetfiste Afndune withetheeliyad charftamRics ePdhenslider @ved thé1ejasd i der

and hold the slider between a pair of hinge ) _
surface, or otherwise adversely affect the operation of slider or the motor-driven
arm. Such actuators should provide quick and precise operation, while

20 consuming little power and not generating excess heat. These improved
actuators should, moreover, be relatively simple, reliable, and easy to

manufacture and assemble.

These and other advantages are provided by the improved actuator
25 assemblies described herein, as will be understood more fully from the detailed

description provided below.
SUMMARY OF THE INVENTION
30 The invention provides a piezoelectric actuator assembly operable to

position a positioned element such as a data slider in a data disk drive.

Embodiments of the invention include at least one shear mode piezoelectric



assenblies at the ends of the arns. Wen a voltage is applied to the

pi ezoel ectric elenent, two faces of the piezoelectric elenment shear with
respect to one another io and the ends of the piezoelectric el enment change
their angular orientations. This noves the two arnms, which in turn noves
the slider to a degree that depends on the nmagnitude of the control signal
applied to the piezoelectric elenent.-4n another preferred enbodi nent, four
pi ezoel ectric elenents are arranged i5 in a rectangular configuration, two
on each side of the data slider or other positioned elenment. A pair of

t hese el elggrand, ivsthacoaegpandingosisuctitre tbfoudhe Wichidpraeo isarpliedutandhe away

from eac . e t i | i . r
 nvar ary DSt sRENeioR, BRbtofd, M Fetinpe B gBirel gt FPBRicd 78
el ement spiekbelstticeclomeber s ext end between the two el enents of each pair on
ao each side of the slider, and are configured to apply force to either

side of the slider to nove the slider to a degree that depends on the

”Bng“i tudes Oflnté‘gréfeﬂég%m%&ﬁ%n%a Jﬁ&%%@&@@ﬁgz@@@cﬁ@%nﬁ&% .nﬁé&rﬁé&‘at lve
enbodi ments may bBe used 1 n Zs conjunction W conventional slider

- pos:c ti onét;ll@edg&lﬂtrﬁ'gesa{ta)dahaozdid@e. gairn& rgrms:htécbm egcloenthof thé ipdezoatectrica dat a
surface of a data disk in ,a data dis rive s em BRI EF DESCRI PTI ON OF
THE DRAW'&@'@(?’@'&L%%W éh%_%gsh hPl5 o MU PeREe,ar BAIEICSBP v in
which a sSamies'R he@flasof #id 4fifls PWIth 83bHaGETs BYSled B8 pidAfRedtfica di sk
on which data are stored. -5 Figure 2 1s a perspective view show ng

el enent selefmeatdwovi@ces afdhe piergelactimelemdnd sthean withrrespactaesenhhpother t abl e
for use in,the hard disk. drive of Fig. .1 Figure 3 is a sch tic .
| PP ust r 8T Intiente of fiy PireoplRie eRneint shaned s Sopie” BARRNS et usabi o
in pi ezaabess e A6 B OlvhickCIRCA RbVed thBssIitBY &N Rihre&iteat geperids GW
expl oded perspective view of one Ipreferred enbodi nent” of a

the magnitude of the control signal applied to the piezoelectric element.

In another preferred embodiment, four piezoelectric elements are arranged

15 in a rectangular configuration, two on each side of the data slider or other
positioned element. A pair of these elements is arranged on one side of the slider

to shear outward away from each other, and the pair on the other side of the slider

to shear inwardly toward one another, when control signals are applied to the
elements. Flexible members extend between the two elements of each pair on

20 each side of the slider, and are configured to apply force to either side of the slider
to move the slider to a degree that depends on the magnitudes of the control

signals.

These embodiments and other alternative embodiments may be used in
25 conjunction with conventional slider positioning apparatus to provide fine
positioning of the slider over a data surface of a data disk in a data disk drive

system.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Figure 1 is a plan view of conventional hard disk drive in which a read/write

head is driven by an actuator over the surface of a disk on which data are stored.



pi ezoel ectric actuator assenbly that incorporates the present invention.
Figure 5is a plan view of a part of the piezoelectric actuator assenbly of
Fig. 4. to Figure 6 is a plan viewthat illustrates, schematically, the
operation of the actuator assenbly of Figs. 4 and 5. Figure 7 is a
partially expl oded view depicting an alternative piezoel ectric actuator
assenbly that incorporates another embddi nent of the invention. Figure 8 is
a plan view providing a schematic depiction of the operation of i 5 the
actuator assenbly of Fig. 7. Figure 9 is a plan view of an alternative

act uat or asseniguge 208 ér piknspectiveavibuwr shyvinglalemaeats 9fea epbventinnal swfagehe

L o b PIL LR Gl RPN Rl ISR ©
assenbl y1. 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The invention is

enbodi ed in an inproved actuator assenbly of the type used for positioning
a slider precfigerg 3ds & sehamatic Bupiralien Sﬁp'ﬁt'%t’fl&e &lrgqélogugﬂqa flezagactiound in

a hard dg %féms YA @%28 @Eﬁfoé‘éiﬁ@?%glbs Bf tsfméhﬁvém.\sﬁntlon use a

shear p| ezoal r| C a tua ustrates schematically
t he funct i on Bifuee @ueanedxpmdelde@rbpeastml dewndf oh@ predairedetibedimentosfi ectri c
actuator. Normal |y, the shear el enent has the conf%glurat i on indicated by

the sol .raem{egtﬂp@q%}or gssafely thaliprerRgeates the preseit ventignt he
D heror e | BURTES Skl IR PlzoectEepalans SUETRY of" %
front fdéig. 85 and rear face 58 of the el enment are displaced with respect to
O?Oe anot her, Figure 6 is a plan view that illustrates, schematically, the operation of the
actuator assembly of Figs. 4 and 5.
Figure 7 is a partially exploded view depicting an alternative piezoelectric
actuator assembly that incorporates another embodiment of the invention.
Figure 8 is a plan view providing a schematic depiction of the operation of
15 the actuator assembly of Fig. 7.
Figure 9 is a plan view of an alternative actuator assembly according to a
further alternative embodiment of the invention.
Figure 10 is an enlarged view of a portion of the-embodiment of Fig. 8,

illustrating amplification of shear motion in the actuator assembly.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention is embodied in an improved actuator assembly of the type
used for positioning a slider precisely over a data surface of a data disk such as
that found in a hard disk drive system.
25
Preferred embodiments of the invention use a shear mode piezoelectric
actuator. Figure 3 is illustrates schematically the function of a piezoelectric shear
element 48 used in the piezoelectric actuator. Normally, the shear element has
the configuration indicated by the solid lines in Fig. 3. When a voltage is applied
30 to the piezoelectric element across terminals 50 and 53, the shear element shears
or deforms to a configuration indicated by the dashed lines in Fig. 3. The front

face 55 and rear face 58 of the element are displaced with respect to one another,



-6 and the ends 60 of the elenent change their angular orientations with
respect to the front and back faces. This behavi or of piezoelectric shear

el ements is conventional and well known to those of skill in the art. s
Figure 4 is an expl oded perspective view of one preferred enbodi nent of the
invention. In this enbodi nent, a secondary actuator assenbly 47 is nounted
to the flexure nenber 45 on the nountifg beam 42 of the suspension assenbly
28 (see Fig. 2). The secondary actuator assenbly provides for relatively
fine positioning of the slider 21 over the disk data surface, in comparison
wi t h t heand thevieods &6 of et @emenhicoange dveid @sguiar arientatipnsovitls sesrasit te oni ng

of the slider by drivipg.the suspensian. assenbl ver the surface. of the

ai sk 1 ninengoBrist Rk eiEan | R e o7 20 e RS T BEbor GRS '

i cr oact g@ivetibRall end@ell knewedoahoddef Sl I thiedat.of the slider. A pair of
arnms 65 are 15 fixed at each end of the m croactuator and di sposed around
the left and right sides of the slider. The slider is held between the arns
by, pads 68 at i r : Rfi‘g" i e pad
and its corre@ggﬁediaﬁg %%&ﬁﬁgﬁgﬁs;ﬁc@o& nge@%%a@hﬁgﬁﬁé%rﬁ@%n féﬁétoIP

| ocat i onthkdnvenstidn. nigethisssmibbdimeait, bhsicohdalat actnaton agsembly 47 i@ eholimtedni nges
allowrelative rotational novenent between the_slider and each of the two

arms at fonBerfiaxyre mempeer ¢p sisthen@eunting beapyd3 of dhe seisPeRgios| 3ssemblyrhe
first a e L2270 i nd .t [ ] econd
1 o oo 1850 RS e SBBBSTORLOS! SEURTY JroPil BF LR

conf i gurpEasitooni2® ofhtba slider &&ls embt Yhe sliskndatae sudack,t inonomiplacisom avithd then Fi g.

4. Af 73 ' a tab 75 ti f 78.. The. tab i
i%ed | OREef Ol QR MILFBaBURRS: ISR SGHISS PRSMEAE A J8BeIde Bhe back

si de of drII)%@IH@QESCE%IasioTI‘é’séeﬁﬂﬂ?'o%eﬂﬂiéf%drfél:e_séfrtﬁé%l{5 fixed to the flexure
menber 45 on the 30 nounting beam 42. The slider is thereby suspended by

the fl exure nenber between the arnms 65 extending fromeither end of the

m cr oact uat or d th -7 slider is thus unted to the suppor [ m
through the. dPmahe REBAAIRENT Sl | Al & bnBerodmPRe  REEREISH Deam
Fi gure SmicfodctBhidn 68ii§ WokltioHeH R thdBatiSidBUTIRE sh@erdi A ipaft Hfarhitees arondary
5 actuator assenbly 47. When a voltage is applied across the piezoelectric

m r oactfixedat esgh angeoffthgmiceaasturiok and disposed afeund theolefitand vghtstides with

respect o] (Y -t 1 o] '

angul ar SRnEaer oTRERIREF s 0y HHtReth the'Bab NP BB BRI b o8l e by
t he dashsreh.| Enels pad dga hingd N0 Wetwéer e pad sindatdicoeespohdimglaral The

pi ezoel ectric el enment and the first and to second hinge nounting positions

are arr Rfgeant JyReaat epchehimorympHNting leeationoform ahinge Assenbly atrbat

assenbl i substantially continuously between the continuations
of Fi gsIIoégtédrIﬁo%Igggﬁggﬁdi ng upon the magnitude of the voltage applied

azy 0ss the piezoelectric elenment, and thus the anmount of shear produced
ithin that ement. 15 As the arpg. 65 rotate about the ends of the

M cr oact uat or ESTMGRs alpierelatye ToEtoaa Moxeert beltées s piteriand Shidhed
lines ildfunbr@icarmyist tAB 80Nty PosmvRd merbhﬁ]eghm@% J&namehféhsmiérpw

relatively free rotation between the arns and hi'nges whi |
subst antThs fisst covissecoindi egds béthg pitzoetecinsy elesment andbthefirdliarscséenmed 20

The arng .65 act as |evers that, magnify the lateral venent of. the.slider
21 i n cdlipde Mo, ROSTchs: R i0b Sy 8 ALp oS0 ERIE esta o Waleo il iion e

M £ 1 oactwigdrPthebdssefhtilp imnthehwndlitionalustfaté@@sFigpwe sonewhat in the
direction perpendicular to the shearing direction of the m croactuator, the

slider's notion is 25 predom nantly parallel to the m croactuator's shear

g' rection. WI@FI?ITIIS%:?I:I)III rrisIa§raItQ§t7%I itfla i tﬁw@esﬁﬁ%tee‘f@. ﬁ-njastamseﬁg{q]nant
irection of notion is generally perpendicular™to € 10ng axis o e
support tarthe kidd séeni€ioactulator 63 opposii@dhné facerciosest to/ éve byck tsidevof e coi |

t to . I I i I nt t lid t he data disk
rocr {OyREDY CASHLNELY Lones TOYETEnt 5 of Ll BLL T over Lle gt o ok
ItO?O; LL;O%IS‘@ntﬂIg bRans lpderrRy 8hdetelsy Y8y L8peRdEPHy He HBRUALHRIedat @

between the arms 65 extending from either end of the microactuator, and the



_0_ The assenbly shown in Figs. 4-6 is advantageous in that the

pi ezoel ectric elenment 63 is positioned on the back side of the slider 21,
with the pads 70 hinged to either side of the slider. This | eaves the front
side of the slider exposed and free of any externally-nounted apparatus so
that the slider's flying characteristics 5 are largely unaffected by the

m croactuator assenbly. Figures 7-9 id{Yustrate details of two nore
preferred enbodi nents of the invention. Figure 7 is an perspective view of
one of these enbodinents. The franme 73 in this enbodi nent has a pair of

t abs 75, slotee inthes nmemted de thé supeoftrame throogMibseartmhsheftdrogcaad the r ay
conprisiﬂg(four bezoekﬁctric.ni roactuators 63, two on each side of the
sl i der Zi,lVﬁ'%P@ ﬁ%?%ll?nF%%WQﬂﬁﬁﬁgf configuration. The frame i s nounted
on the support arm 17 (see Fig. 1 ) of the suspension assenbly so that the
two tabs of this frame are di sposed on either side of the |ong axis of the
support arm figupe §i isna plawvigw flhisiagagdhe mesmalwenditiondehthe: secondary g. 8.

Each m ¢ a h a 8 e : facg of . :

m gr oact%(gﬁé{rovc%%%eggﬁ Yi %ft hew @?‘P d%r@%&%ﬁse%\%gﬁeégoggng % (?é%{%é?d?% form
a flex bemrwsduathtiod)thefraht asdbdclafaddsefrithddhierazictudter Ehear Wigkaredpect he
side of the slider. 20 The m croactuators 63 in this enbodinment are

di sposedot@nas@reiner Ang g snde ojthetrsraastuataichangpdhelr @aguias osientatipnven
stde of i fbideihe?dmi 85%@%@8&10%[&%%4 bl e B‘agﬁea InGORPEId, B, in
np e 0 0 e’of the

directions in conparison Wt m croactua s on e er si

sl i der. whichethenfiise andhsecond eads witthespiepodlbctriceclengnt andléheffirgthand! i der
in Fig. 8 shear, inward toward. the spaceq?e\eﬁ enhé_hem This presses the | egs
86° and t?ﬁ?é’”f‘ﬂé"% MPUNHO RIRIQNSFre LR therrgenarally ghihestosm ¢fia ¢ he

stider, SJISMEBYrdtS TG akbembly #Plis fiovdife sEbtanfbily REnfRiBLdY BRtyédI?
m croactuators on the left side of the slider shear” outward away fromthe
space behesmmtinbstiensidt Figse Guand 6s dependinguidan theemiagyitude of theiyoltdge mi ddl e

f that fl 30 Db in a di ti he left si f t i der,
her oy PEroRens PiegSlakicfenbiand B, hetanfles of SHeshmrbdied] ' 28"
vi ewed iWithih@hat®elementl_ The enbodi nent shown in plan viewin Fig. 9 is

generally simlar to the enbodi ment of Fig. 8, except that the
comfigurations of the legs 80 and the flex beans 83 are sonewhat different.

of their resgotiiyamese omE BP0 FECtnd el oRelif R R I oo
nount ed is @armé®intetle pYsitidheibe dasirchinesillustste. | Thii indebn esadinvearty
t hough, the mcroactuators 63 on one side of the slider 21 shear away from

3
one anottherhipges | ithgwhish §|I'QVHe”Ielatt§ﬁ}é/r fregheigtionyietweemdhgi aindmandathst s on
t he ot heafi.Si Ny . ) . _ 1id
vy 11 qnar Ry oS Dol aRin e BB ERS rt et opi ct e
imFigs. 8 and 9 have in comon that the |l egs 80 of the flex beans 83 act

as levers th magni fy the shear tion q he m croactuatqrs ,63. Figure 10
'S an'oni ar oot A 6 acttas (et Tatrieodhbie ARl GloverEnts! the qlfe” 1o

11 ustragegnt BemBBRASHA | widh | 8 Pélativé SQ@én MveRierid 4hené ends of the

m croactuators, as that notion iIs an%ll i ed and converted into sideways

not i on chicréacteatiod &3. 2 AithouglFitige slider 21idpeashmodestamewhpkeinvtendiraetian | der
eam Y i.s the,di nce bet ween the

and the base af Iei ih(gri I ﬁﬁ of the t'f | ex ﬁt
center JiSPRATIOWRE L0 Ty sherMa dipefias of e Thiossedilialar e RIS SREton & ance
g%st ween gredofmidrfiySpathlléing thashrredctiaprs! sheab efidcioh Wonheashbssligepwd  2Y.
installed into the system, this predominant direction of motion is generally
perpendicular to the long axis of the support arm 17 (see Fig. 1). The support arm
is driven by its voice coil motor to apply relatively large movements of the slider
over the data disks 10, while voltage signals applied to the microactuator provide
30 for fine positioning of the slider precisely over one or more of the desired data

tracks.



I f each of the m croactuators 83 generates a shear notion of 0Y, then the
slider wwll nove sideways a distance of ~X. Wth the geonetry as shown in
the figure ~X is approximtely Y/ X*~X. In other words, the shear notion of
the mcroactuators 63 is anplified by approximately the ratio of one-half

t he di stance 25 between the centers of the bases of the two I egs 80 of the
flex beam 83 to the di stance between t8e nounting position of the slider on
the fl ex beam and the center of the bases of the flex beam s |l egs (Y/X).
The system can be configured if desired so that Y X Considerable

anpl i fi cati onThamsshoblbehaghiirevégs. Feb6vieadvahiagshaann tmati tbagpiefoaléeric

m cr oact uat or nd t |ono the. sli

erbod, meHETTAT Sars RSO RORIES SRk Sl i St v dhs #es 7o Afe%d (see
Fig. 1)tdemyardsige fdIrther<hger. W@%e@ﬁhéhﬂnﬁ'éuﬂ@bf%ﬁe QYgsr bhsodkat angur face
-10 12 to position the slider generally over one or nore data tracks, with
t he pi eztve¢ @étany@x:ﬁer@atbsammmt aosatﬂtus;sgsthat?thlaoslpieomfb/ilnggclharr@@tqmgm| oni ng
of the sI| recisel v t he cent Q rticular track of interest.
The degr%réa %F@ﬂﬁgﬁéd%gﬁbeﬂ"ﬂoﬁc&aﬁgf 8%536%&@% hese enbodi nents shear, and
thus the degree of 5 novenent of the slider, depends upon the magnitude of

the vol tages applied across the m croactuator elenents. The control signals
appl i ed to thelgurRf Vi dkystrate datails ofi dwer BORE | Rrefaitad ﬁaémlrélantsﬂﬁ@rm udes

|0 ¢ PRELAIRCeRTRac 1By oboBLHL SR 6P EPOMIHERN Smoblthaiduamgont o

signal s aV| ng ent mag udes m be su o each o

m cr oactﬁuaﬂnerﬁi meth@ embodiemanthals & pair aﬁg;uisals iomeasn elthert sioem obthd fremel i der .
" Imeither case, first, second, third and fourth control signals w I | be

appl i ed T'@eﬁ%@%oﬁ‘f}%@ﬁﬁ)%l%@yﬁ%ﬂﬁ%ﬂ%@%B'ez‘?\ﬂ%‘}ﬁ@rmtof@%féué@ﬁ% P8l ™9 gnal s
d f

i gs. 7 qbeaphshi 8 sChle 210t Bcnepalf] RERIERE corfautalfor CREERE: ° ©

| eavi ng ismeodntedtonathe sugpplortfaroe$7 (Q$ee hig. dl) iofiére smmrtsﬁcrm&sminhhycbdhhee of

any external l un ar at us hese conf] t| o ave t he in

chgr act € Pstlv‘f%éa %ﬁ@safogragrar@ogtsp S%‘ﬁ 5@% %EWS[ H¥ the "

conventi orC&hi gurations. ao M croactuator assenbl ies of the type

descri bed herein'are sinple in construction, and reasonably easy to
mahuf act ure and assenbl e. M croactuator assenblies of this type nay be

manuf act ured psin conven onal__nachi ni chno o sugh cgse the
pi ezoel ectri '@ﬂew{e&’ Pnells esfaa{f'%de@angWrﬁ s[{elp%g?(ir'é‘ gt h(aaEi(I: der
will be maﬂ%maé@cd 65 Haddaviedgusb RUhtedR A ﬂf@%ﬁ’ﬂ’e@é &Gtﬁé)gmbhfsrctwbﬁg
conventional assenbly technologies. In the alternative, advanced

m cr of ab¥egestitertheeditesl Hgi diectve tegsuseme: wgsirivicefariegellex beam 83s. 1 n
t hat t t t ,
et naSpich M ERRPAEER HicR BR R SRR ITIR EllorimROLfAG 51T velores

t bat currently used to manufacture disk drive recording heads, with the
i ndi vi dual ts forned toget her, as .an assg %ﬁ on a_.common substrate Such
imesttg

-11 et hods pr¥i BCTQAGHAOTE B IBC B ereko Arq fHigRosedaite $REASF Htt uri ng
of rmul t| C to Sﬁ-ﬁ-‘&B e tdj t

descri pti c&ﬁ) Egrae'?é:l&%gg Igpge aé?ﬁ%&ggtﬁ‘a? pﬁ} S |%e§f\$vi J@E?%gl ﬁﬁ% a
read/ wr i digpdesail rfnoremmdltogsrmm‘ i idppogiteladieeations | dat@asisohawdthi thea har d
di sk drive unit,, other, types of data head be inc orated. into the

ol Toer TEroRitlatoP of it PRTE sile GG AI80  EPL Mol Jhd BUEeRgAes Qg not
toswrit Qhétrﬂgh'ff%)deb@f ﬂhéeéﬂld\é’ﬂﬁ‘f Fidt BesHiiranWBAY toWdra tRé s@abé%ﬁﬁ@ér}( therRe.

O her uses mght be found where the data head woul d operate only to wite

dat a, buthipgressesrtbadegs 80tamdmbue@v%mlddetqfdhgﬁexrb@amgaragmnatmh@ngbb has

Cypes, " <t o1 dF ideh Mot ChIER tukidiberdh the TR el e gy e Gl

head i nafiched@lgGrs Bhathkheftdidégler thé Blid@cshddreoutiaed tawaly feestHROSpA&NCer N

itself primarily with the particular type of elenent that nmay be used in
any par thetweap t %Gemryac%@torsaﬁm puhl& edgpaadubus dhe puddle] ca‘ﬁhabﬂex
30 beam in a direction away from the left side of the slider, thereby pulling the slider

and contributing to its motion to the left as viewed in Fig. 8.



i s awde variety of positioned elenents as required in any particul ar
application. In any event, although the invention has been descri bed above
in connection with its presently preferred enbodi nents, inprovenents,

nodi fications, and alternatives may no doubt be devised by those of skil
inthe art 2 o wthout departing fromthe basic principles of the

i nvention. The scope of the invention-ghould thus not be assessed primarily
by reference to the discussion above, but rather according to the foll ow ng
clainms and the full scope of equivalents to which those clains are properly
entitled. - TReGhAbdBiment Ashaivez aelpéart viesv at tHimt 9ns assendlyy siopler dbltbet o

position a positioned el enment | ezoe | ectric actuator sse

conpri si ﬁ@‘bog”ﬁe%@gg %@WBE@@%JB?HO@ igHEtons (ﬁ @Pﬂsg?i gﬁhgg@éond
ends, whgpsh 83 e gbﬁ@ﬁ{aqq}lﬁé@nel SUREe ihe FONDEAMSSH the érh@bd@rﬁbgﬂ'cﬁl
orientations of the first and second ends change when an el ectrical signal

is appliEi). t&)atmmquréed)éd)@ut@ﬂ ends efdheir respective legsmthediebeamstindhei r st

end of t AECREEBRR dobi F i BREHe FRllyi? eRES I8 BellVEIEhun $R o ar T e

to the fbfr&fodﬁﬁahtatth@uéh Il MKIBAHLIEINOBI bﬁ%ﬁ@@m@bﬁtm%ﬁd@my §iigzm the —
first end of the piezoelectric elenment, and to the second armat a second

mount | ngayeyifrans reneoarothies (RIHiRg B glidardawend thers ) mhilentheomigraactuators

D Coner coh e oG of ke Sid el RGBS ahofter (Bl Shingiae M dhali S
of a dat frofi theay i the\daree ditectidrd. pi ezoel ectric actuator assenbly of claim

2, wherein the first ao nmounting position is on a first side of the slider,
t € second nounting position is on a second side of the slider opposite the

[1rst side. agguf B bl Safldifbhisd&biemenh ﬁgf;'a?ﬂg@%ﬂe hEoRAfdn fat! he

slider. 4. The piezoelectric actuator asse llaim1, ereln t he
first enthedBgeBOtdfdheiflexbelets 83 acths levers tftahmmiyrweameaofndﬂme of the
he first nou t| n

| ect I t d ti
Posi t1 on reapyaiors dier Eiekye B35 Afgemaioedy ey i RorRRce DRraeoamag
assenblyof Fig, naa 4@@& $ONNILSEHS 1tAB- magnifidStioh FOReshEAL ntstid@bPlthe

assenbly of Tlaim vvherel n the actuatdr 30 assenbly is operable to nove
between mmoachuatoreom tihatrmoliomissamiplifieckaod ¢ooverted intatsideways miotion of he

first enﬁi1 I|c}er621OI 94 ciglge%r X |sethgnﬁstahcerb ?vggﬁqgeesq%e?fand the base of
either leg of the flex beam. Y is the distance between the center of that base and
the middle of the flex beam, so that the distance between the centers of the bases
of the flex beam’s two legs is about 2Y.
20
If each of the microactuators 83 generates a shear motion of AY, then the
slider will move sideways a distance of AX. With the geometry as shown in the
figure AX is approximately Y/X*AX. In other words, the shear motion of the
microactuators 63 is amplified by approximately the ratio of one-half the distance
25 between the centers of the bases of the two legs 80 of the flex beam 83 to the
distance between the mounting position of the slider on the flex beam and the
center of the bases of the flex beam's legs (Y/X). The system can be configured if
desired so that Y >> X. Considerable amplification can thus be achieved between
the shear motions of the microactuators and the sideways motion of the slider.
30
As in the embodiment illustrated in Figs. 4-6, the motor-driven support arm

17 (see Fig. 1) provides for gross movement of the slider 21 over the data surface



-13 the piezoelectric elenent, the first nounting position, and the second
nmounti ng position are arranged generally in the formof a parallelogram 6.
The piezoel ectric actuator assenbly of claimb5, wherein the actuator 5
assenbly is operable to nove substantially continuously between
internedi ate ~ configurations between the first and second configurations
In response to a variable input signal1@pplied to the piezoelectric

el enent. 7. The piezoelectric actuator assenbly of claim1, and further to
conprising: a first hinge assenbly at the first nounting position; and a
second hilRrgéo gsssitidn \that slides gem@mdymmuntbng poghdreoniatd. trddies, piveiz oleect ri
actuator assenbly of claim7, wherein_ 15 the first hlngyéass

conpri se§'%?0f3i'%rt‘c ﬁi‘jﬁfﬁﬁpﬂt‘?“ﬁa@ﬁ %Ewse& 1@ prgvddipg dine; reritering %el épﬁpra
first hig .Q&gwggtﬁéeeﬁt& of a dergtrg AdoPitkrkBe ﬁ'gé Wﬂ%htttﬁ%

second hlnge a rise second nountl ng pa ure
posi ti onéuﬂJreIrmnmacttmtdrsa IBetttm;é Iemtgnilmentaaeih\eahe wdccbhmais nhtnentdeggeqs)amf Z0

and t he second ezoel ctri c actuat or, se operable to
2051 1 on MIPYgReTY SnF ke oPenis W, dof doeotiis of dod velSBRinp ec
conpri si Bgrosd tﬂwbrrﬁcréﬁ'@l@étd?@'@mﬁh%z0¢h§("dorn'tr6l §|g‘ﬁ'é%”hppﬁ’eo5t@tl’$@ﬁﬂﬂﬂd§élear“‘
node piezoelectric elenent; a first flexible nenb nount ed between the

first anmlsr@@ohmt@n%wdlehem rdenticab magnitudastini the @neé@rredrmmbcpﬂlémél dotric

{1 exi bl e aReindbe e RHBR e B FGRE St i chiind MteBof sigffides

el enent smight bé ¥dspiRidNtd Reichi 665thd ImsisiddctudtBrses.gi, StoTedntred thed amglidrst
side of the positioned el enent and wherein the second flexible nember is

nddnt ed PHeatatioBorfdthg ghidest meeithesiaasendisstelsepend.. thirdi @ndTieeirthi eofdlect ri c
act uat or F@ggg@luyb@gpgh%dem the &4}% o%dsr{bgn%%é& hB{b‘?Q FhEFRPthdss Borithdider

that inc e da ad of "a rage
signals are identical, or different for each mlcroactuator.

In the embodiments of Figs. 7-10, the flex beams 83 attach to the sides of

15 the slider 21, leaving the front and back faces of the slider unconstrained and free
of any externally-mounted apparatus. These configurations leave the flying
characteristics of the slider mostly unchanged in comparison with conventional

configurations. -

20 Microactuator assemblies of the type described herein are simple in
construction, and reasonably easy to manufacture and assemble. Microactuator
assemblies of this type may be manufactured using conventional machining
technologies. In such a case the piezoelectric elements, the related supporting
structure, and the slider will be fabricated as individual parts and assembled

25 together using conventional assembly technologies.

In the alternative, advanced microfabrication technologies can be used to
produce these assemblies. In that case, the piezoelectric elements, the related
supporting structures, and the slider itself can be fabricated together using art

30 similar to that currently used to manufacture disk drive recording heads, with the

individual parts formed together as an assembly on a common substrate. Such



11. The piezoel ectric actuator assenbly of claim 10, wherein the first
flexi ble menber is nounted to a first side of the slider, the second
flexible menber i o is nounted to a second side of the slider opposite the
first side of the slider, and wherein the front of the slider is free of
any external |l y-nmounted apparatus. 12. The piezoelectric actuator assenbly
of claim1l, and wherein the back of -tfye-slider is free of any
external |l y-nmounted apparatus. |J 13. The piezoel ectric actuator assenbly of
claim9, wherein the first and second piezoelectric elenments are nounted
adj acent natieods girbreiseo sigificasit decapiontibe thosigh darged et@eemanudadurtitge dfhi rd

and fourth piezoelectric elenents are nount e(? adj acent one anot her across

t he posi m%tﬁ?é% MUCRASHALPT BFRGARISS Q58 S >@'%econd pi ezoel ectric el enents,
respectfully, so that the first, second, third and fourth piezoelectric

el ements are arranged in a generally rectangul ar configuration. 14. The

pi ezoel ect ri cAbough dhe dasenptign dfereinahas dargehe aesumetethit rtbe slider Millsecond

h de, pj lectric el t f i, d, wit f nted t
the 1irshoidedoradiiidhead it rergkio atd Wi HaY PP i SHERE MuBon ¢ he
appl i cat hai-@ikk ative i, oteingped of HAR hédd ANt FREPPOratd® ato TREIider.

pi ezoel ectric elenents, and the third and fourth shear node piezoelectric
el enent sFar exawptd, yiarieds watd heads apssabiguanledo read Wata éarh Mot texirie é) nenber

t hat she j 0, ! plA i : I nput
Signal e R e QU ol MEARER 1 6l YERS hlYARE Ofit 885 Biafnd

pi ezoel efduhdcwheteltieodatashead woud oplesater drly toheritei datah®us hearto ngadut war d
of the first and second shear node piezoelectric elenents pulls the first

fLexi bl eMessmvar. alboughe the sesceptian abeyr hasi sordertprated iaINho ke feadiedf i r st
and seco j e ' gﬁéﬁ %m [reTe ! d of
the 5 thfgﬁ%w;n@bfdgﬁﬂgﬂﬁéﬁgaahgmaérgqagég edt%rulcg% fadrtgents pés elgb? 2 %second
f | exi bl emam e reach dr tMrittepo by ta dated hebe rimcdrporated dntoettiel slidemwan facoiing he

third and fourth shear node pjezoelectric. elenments. 16. Th i ezoel ectric
et uat or M8t AgSD ok B eTg e AARHY B1e PRRCHIS pe &f SRBodetand
flexi bl enBBHRELSeE HTBAY PAFticHIAAdsePibly S8ift AMENGith bPpataius ?o?r%‘tidfﬁn

pi ezoel ectg?i c el enent syg)_nd a central *’I ex beam bet \/\Bre)n tlﬁe two | egs.g 17.
The pi ezawlide vatietyaf posttioned sdembnts asf requirechin any wiacticeilar application.r al f 1 ex
beans are nmounted to outer ends of their respective |legs. 15 18. The

pi ezoel ectric actuator assenbly of claim 16, wherein the central flex beams
are nounted tia ighfeleventsamhodditither @hRAtbAVRas €BEen 1esdibiat apdvek ifri ve
conprising: 20 a rotating data disk having a data surface; a data slider
oper abl ecansiecigfunwit eitdat Bragenty t herefierred suembedinggntshe iogravements, t he

front s Hediaiols 8 idmaffe gy RUIARE RARRRER: &7 ke SMALM heatti o

front si ace, a ace on a si er opposite
the fronvitisoutedeparting fedrmdbe, bawicl principlesaofl tise dovahtidhde Ther §apesob ised to
one

invention should thus not be assessed primarily by reference to the discussion

above, but rather according to the following claims and the full scope of

equivalents to which those claims are properly entitled.



25 anot her on opposite sides of the data slider; and a shear node

pi ezoel ectric el enment positioned proxi mate the back surface of the data
slider and operable to apply force to the first side surface of the data
slider to position the data slider over the data surface in response to a
control signal applied to the piezoelectric elenment. 30 20. The data disk
drive of claim19, wherein the shear npgle piezoelectric elenent is operable
in response to the control signal to apply force to -16 the first side
surface of the data slider in a first direction, and to apply force to the
second siGlAIMB face of the data slider in the first direction. 21. The data
di sk drive of claim 20, wherein the shear node 5 piezoelectric elenent is
operable to apply force to the first side surface of the data slider in the

first directign thrﬁPH@ioélefc’crfoséctﬁéfBr a"’é%‘énﬁtﬂ'y operafe W positdh 8Hdstmeal the
data slider in the first direction through a second arm 22. The data di sk

drive of etdragnt, thie piseelectiic dntudtor essemblyi compiigingd to 1 o the shear node
pi ezoel ectric elenent at a first.en f .the.Dpj ctric ele dto
Phe”data sl i a@rorier ahody pfbapplcting BBt e RoBidoohiad R Uhefdle o
the datatisd peebelcattit doaicRIt s b&ﬁé@ﬁé@%@ thaMahGulaPunéR@tibas bhehe herangode
pi ezoel ectric elenent- at a second end of the piezoelectric elenment and to

t he dat assreribrends ghargomdhatbant eleglisetisignal isnappliedsée dha Ripgeelselricace of
t he datae%rhgﬁr. 15 23. The data disk drive of claim22, and further
conprising: a first hinge assenbly at the first nounting position; and a

second hi nge ashstduiny nduntéd teetheefirohendrofithiel pigzpelectricatematt; 2hd The dat a
di sk drive of claim23, wherein the first hi n?e assenbly conprises a first
mdnt i ng pad §SEGPBE ATH MAENBL R t8PiSgePn@ /AT NS RIEZAPIESHILAIEMEES the fir st

mount i ng pad W?Qr%jhetl'fé {p_%fsit%hgg él%%é’?ﬁei%ehfbuﬁlf'@d %scm&d.ﬁg«i.tnaﬁnaétsedmw
conpri ses a second nounting pad secured to the data slider and a second
hi nge betvaartinghpositoo rebnme Whstange pawiayaricnt Htbe sfirsb rehdapth@ pidBoeldtieicdat a

di sk drive of claim19, wherejn the shear de pj.ezoel ectric el nt is
oper abl ¢ SIS Prbr Ble PECHL AT &t 3 Sedeng IMPUBUIG PoSENGsARosT FREPe
through awhldm #ésedbhnd Shthedsibodibetficdiémanpf claim 25, wherein the
first armis nmounted to the shear node piezoelectric elenent at a first end

ofist he piezoel ectric el ement -17 and to the data slider at a first
ounting posi 5! on ?Het rE)'?ezfo'eﬁéscttrics'‘gllc':atugf’é)rrf %%Ser%%lyt h(% claim 1, wherein the

positioned element is a slider that includes the data head of a data storage device.

3. The piezoelectric actuator assembly of claim 2, wherein the first
20 mounting position is on a first side of the slider, the second mounting position is
on a second side of the slider opposite the first side, and the piezoelectric element

is disposed at the back of the slider.

4. The piezoelectric actuator assembly of claim 1, wherein the first end
25 of the piezoelectric element, the second end of the piezoelectric element, the first
mounting position, and the second mounting position are in a generally

rectangular arrangement when the actuator assembly is in a first configuration.

5. The piezoelectric actuator assembly of claim 4, wherein the actuator
30 assembly is operable to move between the first configuration and a second

configuration in which the first end of the piezoelectric element, the second end of



data slider. 27. The data disk drive of claim26, and further conprising a
first hinge 5 assenbly at the first nounting position. 28. The data disk
drive of claim27, wherein the first hinge assenbly conprises a first
nmounting pad secured to the data slider and a first hinge between the first
mounting pad and the first arm to 29. A data disk drive conprising: a
rotating data di sk having a data surface; a data slider operable to

conmuni cate data with the data surface of the data disk, the data slider
having an air bearing surface opposed to the data 15 surface, a front
surtace, the prebeRatiaeRnomt! tee Sirstadabuotpp positiohhantirtbet seforichencgintidgr , and
first and second side surfaces gpposed to one zﬁn t her on opposite sides of
the dat aPefifigRare gHgnged igteﬁﬁrai|ﬁéﬁrth$r§%!€‘ o 2PBEAI8IAFrA®- el enent posi ti oned
proximate the first side surface of the data slider and operable to apply
force to the first side surface of 20 the data slider to position the data
slider over t@e dalhe siedostectiio ackmpamsssenwblya of clash & aviarein thegaaUatappl | ed
to the piezoelectric e nt. 30. The data disk driv f claim 29, . wherein
he 11 Cessamal uuee BhlE oriers ubdbehahe Puttubis betvest i eHiale

di reeti ogosiRFAREHS VehWedRr k! ﬁr‘sttéhd?§ebbﬁdfédrﬁ¥;u$étﬂﬁmssm fragorde tthe, dat a
slider and to appl.y force to the first side surface of the data slider in a
di r ect i ovariablainputiségrial appligd terhel pierodlectsb emment.n response to the first
control signal applied to the first piezoelectric elenent. 31. The data

di sk drive of claim?29, wherein the first shear node 30 piezoelectric

el enent i s opgrabl ghé 0 pid¥eRiedtic aactuaret iagBemblistemtdigiid Y1 padrid | Rirthee t he
first side surface of the data slider and to apply force to the first side

supface e¥mprising:
a first hinge assembly at the first mounting position; and

a second hinge assembly at the second mounting position.

8. The piezoelectric actuator assembly of claim 7, wherein:

15 the first hinge assembly comprises a first mounting pad secured to the
positioned element and a first hinge between the first mounting pad and the first
arm; and

the second hinge assembly comprises a second mounting pad secured to
the positioned element and a second hinge between the second mounting pad

20 and the second arm.

9. A piezoelectric actuator assembly operable to position a positioned
element, the piezoelectric actuator assembly comprising:
a first shear mode piezoelectric element;
25 a second shear mode piezoelectric element;
a first flexible member mounted between the first and second piezoelectric
elements;
a third shear mode piezoelectric element;
a fourth shear mode piezoelectric element; and
30 a second flexible member mounted between the third and fourth

piezoelectric elements;



-18 the data slider in a direction away fromthe first piezoelectric

el ement in response to the first control signal applied to the first

pi ezoel ectric element, 32. The data disk drive of claim?29, and further

conprising a second 5 shear node piezoelectric el enment positioned proxinate

the first side surface of the data slider and operable to apply force to

the first side surface of the data sliger in response to a second control

signal applied to the second shear node piezoelectric elenment. io 33. The

data di sk drive of claim32, wherein the first and second shear node

pi ezoel ect ri c wdegaipnthe fasteflaxide abémbtoisapplytedapcefitsd stdeeoff thegios#tiathed

surface of the data sILdeL in a gire ﬁion towards the first and, secon

pi ezoel e&FTENER einhe sgeeRd dexple members’s MAdNEdde i seed sides?gnal s.

15 34. ngaﬁggﬁogéégkgﬁéﬁp of claim 32, wherein the first and second shear

node pi ezoelectric elenents are operable to apply force to the first side

surface of the data slider in a direction away fromthe first and second

pi ezoel ectric el e ts i.n_response to,the fir and- second control signals.

02557 The datD di SReqHGPTROE apRIudisr Bsgelbix ndh Calibr S el (Aerd
—shear nmogesiibRe@VRHEAT i6 LSIRIFF MattAdLdéPnRAdMaNddmBdfa HhR StefRdd&liee _

surface of the data slider and operable to apply a force to the second side

surface of the data slider in response to a third control signal applied to

the third she no pi | rj (W 2 four e e

pi ezoel ectri ca}gl enent %@éﬁ?‘?§ﬁ§d5%‘P%@?%@W@%&@%ﬁé @Jdglbes%p} g’ﬁ:eelﬁg t he
data sli fdexibrnstenissrad heountedtpd Yirst sidy oftheslitbg thesenons fldeibiumeattserof t he
data slider in response to a fourth control is{élgnal applied to the fourth

shéar  molfemouBiRskicarsecend sidreAT thesalides oppositedha fisstsideiof tae siden and 35,
wher ei n W.?\%réihgﬁé fl%'HTiOISﬁ]%Oélﬂef i&g@né% %Qﬁy BLFRSlyEmblhfechsidalus 2 e operable

to shear 1n a direction away

12.  The piezoelectric actuator assembly of claim 11, and wherein the

back of the slider is free of any externally-mounted apparatus.

—
w

13.  The piezoelectric actuator assembly of claim 9, wherein the first and
second piezoelectric elements are mounted adjacent one another on one side of
the positioned element, and the third and fourth piezoelectric elements are
mounted adjacent one another across the positioned element from the first and

20 second piezoelectric elements, respectfully, so that the first, second, third and
fourth piezoelectric elements are arranged in a generally rectangular

configuration.

14.  The piezoelectric actuator assembly of claim 9, wherein the first and

25 second shear mode piezoelectric elements are configured with surfaces mounted
to the first flexible member that shear outward away from one another upon the
application of an input signal to the first and second shear mode piezoelectric
elements, and the third and fourth shear mode piezoelectric elements are
configured with surfaces mounted to the second flexible member that shear

30 inward towards one another upon the application of an input signal to the third and

fourth piezoelectric elements.



another in response to the first and second control signals to apply a
force to the -19 first side of the data slider in a direction toward the
first and second shear node piezoelectric elenments, and wherein the third
and fourth shear node piezoelectric elenments are operable to shear in a
direction toward one another in response to the third and fourth control
signals to apply a force to the second18ide of the data slider in a
direction away fromthe third and fourth shear node piezoelectric el enents.
37. The data disk drive of claim?29, and further conprising a second shear
nmode pi ezoel edfri c Tdleernigzogiecirici agleatqsr gsembly tdecsdordd, sivheradnr thece of
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of the d esponSe to a second con I'Te 0%t he

second shieafirdTo@dibe eFarabecand thepesitiohed 3kméntdata ditestiordtowsrdabairstsi ng:
15 a rotating disk having a data surface; a first actuator; a sup&ort arm
conf i gur @39t $eaeadasheasimederpiezrelecifia alementse anyd theeshearild Nwarst ¢frthea

second aguuatol ek BediFodPRRLbeREMOBMAIS Hhas HE &iincP Ryl ©f n

the second a&t ua{bor conpri ses: shear node pi ez ctric el enent having
first andnaabendnétiks positiened rel¢enpinez aireetiom iaevay! feorarthei third arfd fpurthd so —
t hat angu}lar orientatiqgns of the first and second ends change when an

el ect ri c&Ne8f giede 9'%2%?3‘5?tf'8§|qrﬂe?tﬁe 25 piezoelectric elenent; a first arm
nounted to the first end of the piezoelectric elenent; and a second arm
nounted to the second end of the piezoelectric elenent; and 30 a data

sl i der nount ed6bet iberpicheclectristaciuatos agseriblyrefsclaim 9, wherein each of the

10 first and second flexible members comprises a pair of legs mounted to its

respective piezoelectric elements and a central flex beam between the two legs.

17.  The piezoelectric actuator assembly of claim 16, wherein the central

flex beams are mounted to outer ends of their respective legs.
15

18.  The piezoelectric actuator assembly of claim 16, wherein the central
flex beams are mounted to inner ends of their respective legs.

19. A data disk drive comprising:

20 a rotating data disk having a data surface;

a data slider operable to communicate data with the data surface of the
data disk, the data slider having an air bearing surface opposed to the data
surface, a front side surface, a back side surface on a side of the slider opposite
the front side of the slider, and first and second side surfaces opposed to one

25 another on opposite sides of the data slider; and

a shear mode piezoelectric element positioned proximate the back surface
of the data slider and operable to apply force to the first side surface of the data
slider to position the data slider over the data surface in response to a control
signal applied to the piezoelectric element.

30
20. The data disk drive of claim 19, wherein the shear mode

piezoelectric element is operable in response to the control signal to apply force to



-20 39. The data disk drive of claim38, and further conposing a flexure
menber configured to be carried by the support armover the data surface,
wherein the second actuator is nounted to the flexure nenber. 5 40. The
data disk drive of claim39, and further conprising a frame conprising a
tab and a nounting surface, wherein the second actaator is nmounted to the
fl exure menber through the frane. 41.- fhe data di sk drive of claim 40,
wherein the shear node i o piezoelectric elenment is nounted to the tab of
the frame, and the nounting surface is nounted to the flexure nmenber. 42.
The dat athd Bist dideveurtdcecdfathen 82 stider ihua fired directipn.i amchtp applydareectontpei si ng

a tab and a unting, surface, wherein the.second. actuator is nmounted 15 to
t he suppﬁ??orgfﬁﬁg?iﬁ“gfﬁﬁﬁ qf efi?@n@[ k) %hf’nf Sg(j'{%&lﬂnsk drive of claim 42,
wherein the shear node piezoelectric element is nounted to the tab of the

frame, and the nmounting surface is nounted to the support arm 20 44. A
dat a di sk dri¥é. corbei siatry: digkr slrizei o el 128vi Mgeseinatthe s gheacemogef i r st
actuator ;. G i e i Mo r f by
the i r spiedeSltRRiL o FEBRUBNIER SR ToRb Ho A eidd SRS oo 388 17
dat a sur fidat;in Whefisst dirbbkors trongh adirstedrat, amanprthe eecond kidessuridueasf thede-

pi ezoel ectric elenment; a second shear node piezoelectric elenent; 30 a
first flexgtaslidemimihe firgbdirecipndbronstna tsﬁﬁoﬁ‘cs)?é’f'- and second piezoel ectric
el enents; a third shear node piezoel ectric el enent -21 a fourth shear
node pi ezoel ectric elenent; and a second fl exi ble nmenber nounted between
the third and22our The plata didkedtive of elaemeit, whaaeih thedasbhaghiisienourdedtted

bet ween the first and secqond flexible menpers. 5 45. The data disk drive of
A m A4t HReAT ORE PIBESRPEE ICmNT akat Boheider! TP aarBaticooBEhr 1 | eq
by the SyRRe ithéldaL $hder Qleacfﬁ‘étam%%fiﬁ@%os%ﬁr& thd RRstSE4ORAfaEE WALRE 1S
nmounted to the flexure nenber.
data slider, and wherein the second arm is mounted to the shear mode
piezoelectric element at a second end of the piezoelectric element and to the data
slider at a second mounting position on the second side surface of the data slider.
15
23. The data disk drive of claim 22, and further comprising:
a first hinge assembly at the first mounting position; and

a second hinge assembly at the second mounting position.

20 24. The data disk drive of claim 23, wherein the first hinge assembly
comprises a first mounting pad secured to the data slider and a first hinge
between the first mounting pad and the first arm, and wherein the second hinge
assembly comprises a second mounting pad secured to the data slider and a
second hinge between the second mounting pad and the second arm.

25

25. The data disk drive of claim 19, wherein the shear mode
piezoelectric element is operable to apply force to the first side surface of the data

slider through a first arm.

30 26. The data disk drive of claim 25, wherein the first arm is mounted to

the shear mode piezoelectric element at a first end of the piezoelectric element



io 46. The data disk drive of claim45, and further conprising a franme
conprising a first tab, a second tab, and a nounting surface, wherein the
second actuator is nounted to the flexure nmenber through the frame. 47. The
data disk drive of claim46, wherein the first and second shear 1 s node

pi ezoel ectric elenments are nmounted to the first tab of the frame, the third
and fourth shear node piezoelectric el ¢frents are nounted to the second tab
of the franme, and the nounting surface is nounted to the flexure nenber.

48. The data disk drive of claim44, and further conprising a frane 2o
conpri si mgdatof thesdatazdliden at ectinstl mauntingnepsitiorbantthadirsusidacy!fageeleing t he
second actuator is nounted to the support armthrough the frane. 49. The
data disi@ Fk’fi}erof claim 48, wherein the first and second shear node

pi ezoel ectric elements are nmounted to the first tab of the frame, the third
25 and fourth shear node piezoelectric elenents are nounted to_ the second
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29. A data disk drive comprising:

a rotating data disk having a data surface;
a data slider operable to communicate data with the data surface of the
data disk, the data slider having an air bearing surface opposed to the data
15 surface, a front surface, a back surface on the slider opposite the front of the
slider, and first and second side surfaces opposed to one another on opposite
sides of the data slider; and
a first shear mode piezoelectric element positioned proximate the first side
surface of the data slider and operable to apply force to the first side surface of
20 the data slider to position the data slider over the data surface in response to a

first control signal applied to the piezoelectric element.

30. The data disk drive of claim 29, wherein the first shear mode

piezoelectric element is operable to shear in a direction substantially parallel to

25 the first side surface of the data slider and to apply force to the first side surface of
the data slider in a direction toward the first piezoelectric element in response to

the first control signal applied to the first piezoelectric element.

31. The data disk drive of claim 29, wherein the first shear mode
30 piezoelectric element is operable to shear in a direction substantially parallel to

the first side surface of the data slider and to apply force to the first side surface of
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the data slider in a direction towards the first and second piezoelectric elements in

response to the first and second control signals.

15 34. The data disk drive of claim 32, wherein the first and second shear
mode piezoelectric elements are operable to apply force to the first side surface of
the data slider in a direction away from the first and second piezoelectric elements

in response to the first and-second control signals.

20 35. The data disk drive of claim 32, and further comprising:

a third shear mode piezoelectric element positioned proximate the second
side surface of the data slider and operable to apply a force to the second side
surface of the data slider in response to a third control signal applied to the third
shear mode piezoelectric element; and

25 a fourth shear mode piezoelectric element positioned proximate the second
side surface of the data slider and operable to apply a force to the second side
surface of the data slider in response to a fourth control signal applied to the

fourth shear mode piezoelectric element.

30 36. The data disk drive of claim 35, wherein the first and second shear
mode piezoelectric elements are operable to shear in a direction away from one

another in response to the first and second control signals to apply a force to the
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20 wherein the second actuator comprises:

a shear mode piezoelectric element having first and
second ends, wherein the piezoelectric element is configured
so that angular orientations of the first and second ends
change when an electrical signal is applied to the

25 piezoelectric element;

a first arm mounted to the first end of the piezoelectric
element; and

a second arm mounted to the second end of the
piezoelectric element; and

30 a data slider mounted between the first and second arms.



YA 0% () - VA0%WE ()- ° 109& ()- S3" 10984 () - VWKXXXXXYvU410

“OF1098& ()- 1098& ()- & 1098& ()- 109409%40% GNy" 94098& ()- Ly" 9409%8& ()-
YOYY(Z1ZxZZ| [ : vU410 ~ #1098&' ()- #10%} $W&' ()- SS10%& ()- #10%g%g& ()- 9
nA0IR& ()- 9 nbd0%=& ()-Z[S[[[[I\|[:VvU410 sL! "1098& ()- 1098& () -
S1008& ()- sl "1008& ()- s3"10084& ()- 93mlO%A& ()-1\]]& "R __|[:-410%
593" 1098& ()- L6YAO0B& ()- L3.94098& %0 - |3. %409« ()- _&YA0%& ()-
8YA0%W& () - 2" $a  aabAd10% &Z10%&' ()- Yd0%>& ()- VA0 ()- °
"10004& ()- 1L-10%4& ()- 10%0%aa" b bbc| [ : A410% 9" 10994 ()- GSYLOW& () -
1098& ()- 1090% & (The3ddBogiBk&inve 8f TEMP&38) aBd durtivddopipratiD e 16X099& () -

/ 1099&: F. 109 U Q%R () -

| $%100/a/( ﬁ%mwsep&@é%& %%&163@%)90%/& S‘i%é}é%cﬁiﬁ%odﬁid@@&d%t)a surface,

1690 0%l in S0 ot 93 MR At IEEIEBEBLR10 10 ()= sl
1090& () - SYL0%B& ()- ASYLOWE ()- 9SYAO0%Y6& () -

F" 1099& ()-3hijj Sl 1111][NA41010%4.0%40% LN % 0%8& () GV %4.0%& () -

G2 Lt S S B0 MO JHEAH 190

- 1098& ( LomipesPgR? M énd\lé%@d&l Pl iHetein 1R888cONd aBfR8mis (Mounted
" FF1098&’ ( 2h S9T109&’ ()- YA0%0& t)rapppq|<rrs|[:NA41010 BORAOWE ()- .

0% & 19 eﬁ%@wwm?erﬁtM@mf@ MPPA0%WE' () -

"1099& ()-ss2t3t4t5t:ttttS210 s 10%& ()-& s3"10%& ()- &
& 1098&' () - &10%4.0%4.0% LOBAOYSR ()--! 9WA0%& () -t huuvwyxx|[:tS210
9%40% | & ()- %409 | The) datd OarR' (dyive YO YRARIM) 40& &heveiNG HeS ( she&r mode

£10%$ B 1210 L3 " 109 ( & ()= Q1099 ()
g’&ﬁoz&‘g@/&e@ Q(/;éé) g%%ﬁ&‘s(fnourgﬁ@‘@&”p& 3 94268{42{%%@'1 fge ()-
1090 ()g%ﬁaﬁﬂ% ﬁ&%d@%ﬁ@%?{%@{@@ow& ()- , "10%& ()- LniO%& ()-
L nl0%& ()- ° YI0W& ()-|}F}}}/ ~}~[:vUAL0  s& 3" 10%& ()- Y%A0%& ()-

ot O LT s R S G e

s" y10%4&cémpAs; Ie{tab4eilr9f/ QUtH B ACk: whRMIARRHe Ebco &&é@%ﬂﬁf&nﬁdunted
$21094& () - SF13" 10984& ()- V4 00! () NOPUZhAA10% 9894 008k (

moe%e&: (i0-the sLpped qrm thsquatnteagframe. 9, 1098& () - 1094.0% A7 [ : A410%
LG 1099&' ()- “~3F'"1099& ()- %40%& ()- sf109& ()- " F'109%& ()-
T3"1098& ()-T7i M [A410% ", 1098& ()- $10%8& ()- L"4"10%& () -
TLIFT1099& ()43%407HE Ghta  didR%@EvE ) ofBEIbindd 10% Whareid 0B §hear YHOGEE () -
LF 10%9&' ()- L,4"10%8& ()- L*4"10%& ()- &S) Z1098/4&! O)- L|c; NA41010%40%40% " ;
" 109%9/& (gnezoelecfrlc element is mounted to the tab of the frame, and the mounting
surface is mounted to the support arm.
20
44. A data disk drive comprising:
a rotating disk having a data surface;
a first actuator;
a support arm configured to be driven over the data surface by the first
25 actuator;
a second actuator held by the support arm over the data surface;
wherein the second actuator comprises:
a first shear mode piezoelectric element;
a second shear mode piezoelectric element;
30 a first flexible member mounted between the first and
second piezoelectric elements;

a third shear mode piezoelectric element
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10 46. The data disk drive of claim 45, and further comprising a frame
comprising a first tab, a second tab, and a mounting surface, wherein the second

actuator is mounted to the flexure member through the frame.

47. The data disk drive of claim 46, wherein the first and second shear
15 mode piezoelectric elements are mounted to the first tab of the frame, the third
and fourth shear mode piezoelectric elements are mounted to the second tab of
the frame, and the mounting surface is mounted to the flexure member.
48. The data disk drive of claim 44, and further comprising a frame
20 comprising a first tab, a second tab, and a mounting surface, wherein the second

actuator is mounted to the support arm through the frame.

49. The data disk drive of claim 48, wherein the first and second shear
mode piezoelectric elements are mounted to the first tab of the frame, the third
25 and fourth shear mode piezoelectric elements are mounted to the second tab of

the frame, and the mounting surface is mounted to the support arm.



