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Fl ELD OF THE | NVENTI ON The present invention relates generally to disc
drive data storage systens. m“ﬂmm“MNMarl y, the present invention

rel ates t V@8MIHHE |ing the vi pi ezoel ectric MPCYVBRERYHor in a
di sc drive. BACKGROUND OF .THE | NV&REI«*ON A typi cal disc drive includes one
or nore magnetic discs nounted for rotation on a hub or spindle. A typical
di sc drive al so iViIBRAIEON TONTROLOFPIEZOEARCTRIC MICRDALITISATOR 2
hydrodynam c air bearing which flies above each nmagnetic disc. The
transducers and the hydrodynam c air bearing are collectively referred to
as a data head. A drive contr olHIELDIGF TBIBNNVENTIONy sed for controlling

the disc drive system based on commands received froma host system The
drive control | er conthedpreseridanyention relates ganerally joudisg drige riﬁtaosrt%agreon from

t he magneti ¢ di et| '
el ect rgrrechaq"nr o "@CME) 831%(’5 la?trgéa{vﬁ% e{ﬁégneengh&%f\r}gaq? 125)0'30 g'i? osed | oop
Servo system Tﬂh@v&ﬂ@ﬁaﬁéhwfa@&ﬁﬁléchﬂ:ﬂﬁr@ad%ﬁ@t@rﬁ@dﬂ@éc'dhﬁ/er the disc

surface for track seek operatrons and hoI ds the transducer directly 20 over
a track on the disc surfaceBf : ' Information is

t Iy stored di 3 ding a wits to th
L hehd to braoda AiptRdE e %rrarrété?ér‘r’rﬁéeéﬁge it R i o ' "
representing thg,dsthoh Bnlaqubt d}rsgﬁtdlé.”A Vtﬁ;hw%tiécft&&i?éléo flcRBekBRe @ SC. the

drive controller controls the el ectronechani cal actuator so that 25 the
data head f10 esmaboiranidueerssgpported by a8 hydseysianyc tinbeating whidlefliesal s on t he

tic disc, d t d | b fl I
TheFend si gnal S eRadh magpodk sty T irer eon trohy o §§av'éct‘%rrefvte[12ad2ta
ted b
represent od by Saihel Y EgRRliOas 0Add Aacs FRATERNC Al3G cortRALPR

00/ 51110 PCTNS consequently represented I n the read Si gnal
provi ded by thecai'arteatlbnailyused for controlling the disc drive system based on

commands received from a host system. The drive controller controls the
15 disc drive to retrieve information from the magnetic discs and to store
information on the magnetic discs.

An electromechanical actuator operates within a negative feedback,
closed-loop servo system. The actuator moves the data head radially over
the disc surface for track seek operations and holds the transducer directly

20 overa track on the disc surface for track following operations.

Information is typically stored on the magnetic discs by providing a
write signal to the data head to encode flux reversals on the surface of the
magnetic disc representing the data to be stored. In retrieving data from
the disc, the drive controller controls the electromechanical actuator so that

25  the data head flies above the magnetic disc, sensing the flux reversals on
the magnetic disc, and generating a read signal based on those flux
reversals. The read signal is then decoded by the drive controller to

recover the data represented by flux reversals stored on 2 magnetic disc,
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Accurate positioning of the data head over a track on the disc is of great ,
inportance in witing data to the disc and reading data fromthe disc. s In
prior systens, servo operations were acconplished based on a dedi cated
servo head¥0 PM51410edi cat ed servo type of system servo i HGREYIGH is all
witten to one dedicated surface of a disc in the disc drive. Al of the
heads in the disc drive are nechanically coupled to the servo head which is
used to access the servo information. Thus, all of the 1 o heads in the
dedi cated servo disc drive are positioned based on the servo information
read fromthe servo surface. This type of systemallows the disc drive to
conveni ent | y eamtcirsegagraly represerstdd andhewead signplgravideddy tha dateher wor ds,

Wi th appropri aﬁgﬁélci rcuitry in the drive controller, read and wite

oper ati ons can ‘executed in parallel using a plurality of the data 1 s
heads nmounted on th : n}]{%} i i y

posi ti oned based ongfﬁggésé?ro\g/%ml n rfqn’lg% g%%?@gggbﬁg%agﬁgﬂlggﬂ@gﬁggg servo
surface. Howevgrfeat infipsrkarite s Writeg daka forthe discandireadinpgavea foeerthe disceasi ng
for many years. increased track densities on the magnetic disc require nore
20 accurat 5 and hi gHeRTiQrSysiems; SV HeRrsrations wete arpemplishedhased o ef set

bet ween heads i;n..a .dedi Sgryv c rack wi dth. Thus,
the industry hggdlggtgﬁgéﬁrg%}%gg. ﬁ‘oa g?%é%égggr§§?¥£é§%§gtre%§?%ﬁ in certain

appl i cations. iffoiRatesHis ol eitei to@ne YisHREtedSREf40e b AIsHBi iHRMiss enbedded on
2s each track on each surface of every disc. Thus, each data head returns a

posi tion si gnafrivedABef therhdagds it thelddscolriverarg meghanigally cotipledfothe, t he servo
actuator is used t sihti.on ea i ndi yi dual data head ile that
partcular - VESTBReH S PEREG At ihe o rlb A Mis ARG

i nfor mat i oRy ONKEAE ifl tREdS&EAtEE Servd QB cRRRe bk OPbifoh&d Bise@BRIthe igdoUsi Ng the
enbedded servo data for the track over which the data head is then flying.
M croact uat ed Hfermatiérongsd lfxove theserv qauefags.c bhis type efsysteom alldwsithe fi ne
posi tion contrql %1;5 t he read/ r%{ite head yn][ andenged ed servo system A

pi ezoel ectric M ’é(_ce,lt?lﬁ‘?rbvl‘e“f‘? : [SFCHHF BeRE L1 RaY BB M Sr?PSfat‘é’nF‘e_ Iwrite
head rel ative b&e@mﬂir&@,’%vﬁﬁ@ﬁﬁr, Hafe%&léﬁfhiﬁnttﬁe ariRk e¥AlSIrSleadhiacal signal .
The usage of a piezoelectric mcroactuator wll naturally result in

addi ti onal reswriteopsrabiensicpari et executed ih parallelusing g phaalitylfitke datal not
present a serious,proble n it is possihle.tpo sense and feedback the
Dosi t1on- ofis ¢ hESRUTAPIERD (F artbalobehe dnia Tsads BriBeATerBaaBor | t sel T to
conpensate for phigoAeeibide@RAlthf RG0S MrbAhatiGPRAHSA thd BUBYAEd sdrfoCer t ai n
nodel s of disc drive operation it is either not possible to sense and

f eedback the reaxfacemite transducer position or the servo algorithmis not

15 naturally a positjon errroy feedback system, This probl em presents
Iselt whent he d s HOURYEL Hack JET NG MR st RaRE PP RS EGRTh ¢ 1 ack

witing operati j | de¥si as4h ; | head )
position. Rat hg%{,}! yt%%gggég%giqﬁcgr? elxglﬂiesn(?ygr r edggé%%ecgicul%gﬁg@ﬁ#?on of some
poi nt on the aatdahteandhiglerdesddutiaspositienihgaThe mechanitd offpetbetvoedrs a ri gi d
body. The rigid body assunption does not hold_ true if the m croactuator
resonat es, and heads iha dacicased Sarue BYSTem an Piceed ane tedls islth. s, hesul t | n an
increase in th j [ . ' bl em al so
occurs during S%%ﬁg%}%gsse?ﬁ %ﬁggg?%%?gﬁ&gée\ftg%g&% ?%%{H “rt\%rp Duri ng seek
the servo al gompphicatipeseral |y controls the velocity of the read/ wite
transducer. In this_node it is critical that the suspension _be very rigid
so that "ringing" ofnamempeddediery@systamsgrainieraaionds epbedded on\\p

001 51110 PCT/ US99/ 31251 . . T se of ;.a m.croactuator results in a
suspensi on“th at® %Eé?cé(sogl ?ﬁcgf’ﬂr{gﬁea% X e@'u(%lﬁcé @}lubsne%ﬁ&‘t%%ﬁ [‘eaa&rnelg%rpg Act uator.
The present i nyRBHoARigiaPinideBendentlylod thebthbd 4t headd) driié¥are, Bedaiwi® and
of fers other advantages over the prior art. s SUMVARY OF THE | NVENTI ON The
present i nvent iacmatalisuses! topositionesth indjvidhel datbhead whilethat pertéadal ectri ¢
m croachzator in a disc drive. One enbodi ment of the present invention is
directed to a nmethod for controlling vibration of a piezoelectric

m croactuator in a disc drive. |10 The mechanical strain on the

pi ezoel ectric mcroactuator is sensed and an electrical signal is applied
to the piezoelectric mcroactuator based on the sensed strain. Applying the
el ectrical signal to the piezoelectric mcroactuator produces a mechani cal
force on the mcroactuator which counteracts the sensed strain. is In one
enbodi nent, the strain on the piezoelectric m croactuator



is sensed by sensing a voltage across the piezoel ectric mcroactuator and
then separating the voltage across the piezoelectric mcroactuator into a
voltage externally applied to the piezoelectric mcroactuator and a vol tage
i nduced oY@ M¥S181%z0el ectric mi croactuator by nechani cal REFESNHB1BH An

el ectrical signal is then applied to the piezoelectric mcroactuator based
on the voltage i nduced on the piezoelectric mcroactuator. Another

enbodi ment of the present invention is digtected to a disc drive including a
disc, a head, a piezoelectric mcroactuator, a strain sensor and a '
controller. The disc is capable of storing data. The head is 25 capabl e of
bei ng posi t i onethtahi¢atieatcesting ihformation of theadisk suyfaaadThe positignithgtia to t he
di sc. The piezoel ectyic mcroactuator, finely of%i tions the head relative to

the disc. The ScsHPRlishadusing theempatdedserve g the gack axsr yirich thep

PCT/ US99/ 31251 H&gﬂ@ 1 Skrain on the piezoelectric mcroactuator and
of producing adsag%se s'?t}égfﬁrylglggnal that is indicative of the sensed
strain. The contr ol IMicrefttagddispensionshpiebest pkdisosedns 6fettté allowsi gnal and
applying an electrical signal to the_ piezoelectric mcroactuator based on

the sensed $t r fine popHionsoatetof theapad/ writahead in prambeddedsgvespdemet ri ¢

i cr oact uat d . mechani cal .on _t.he m.croactuat.or which
Count or act s« ek PiroaReRicPRERAERor oy R PR NS REo 84 #RA It Censor
includes a bri dgadethivé fo 4 BRenitfack WWRsBEndeto bRovided @RIcaedal signal.

m croactuator. The bridge to circuit is capablée of sensing a voltage across
t he pi ezoel ect rTke usage oba pieaoelectuicanicfoaseiatoravillmgturally vesultige across t he

i | ectri i £, t i .a.volt .ext | | | i to th
Dl ezoel ect 1o MBS HEPBrnce ke BRouRE R BeBur HbvELRM ect 11 ¢
i oroact uat @y byelmAapli6al pidbldh rhele REAbRRAseRE LAH TedtlolEk Heeat Ur es as

wel | as advantages, which characterize t present invention, wll be
appar ent upon rmsitigrgofdhe tdad /fofitedrainaducks tnd uselthegsicrogotuasor ikself toevi ew of

t he associ ated draw ngs.. BRI EE .DESCRI PT] ON THE NGS FIL.G 1. .

1T ustrates a dOGUIRELR e 200BI TR e I R GRIOT MRS 4 ORYRY bt 9 e
present inventi : ol Al : . L accordance
with one enbodilgnlgﬁ%lgg tshceih:g%:g@%{]a?fo?tﬁbig%%t%ﬁ&??%ﬂ%ﬁ%%ﬁ gt es a head

gi mbal assenbl yfeedbakthe rhadg evrite tiansducet pasitioronthetsheyqulgerthim ismoent i on. 25

FIG 4 is a block diagramof a portion of the disc drive in accordance with
one embodi nbnt Fturally apesition error fepdhask systemyp 00/ 511 10 -6 PCT/ US99/ 31251

FIG 5 is a block di i s [ LE BhinG it in
accordance with one %%Q%Blb?renr@ rg%ht lgga%%}é%nt?g?xs\gg%&éon%]ﬂgg&% is a block
di agram of a powtitten. Diuringdhe vervoorck oring eperition) tleare iy ghmerdlymd h one
enbodi nent of the present jinvention. FIG 7 is a s%gslﬁnati c diagramof a

bridge circuit MRasEementefthe artual bead Rasiioay Retier ad pPEIEERES i nvent i on.

inferred by measuring motion of some point on the actuator arm and

20  assuming that the arm/suspensionis a rigid body. The rigid body
assumptiondoes not hold true if the microactuator resonates, and if the
microactuator does resonate then it will resultin an increase in the written-
in error on the servo tracks.

This problem also occurs during seek and settle operation of the

25 discdrive. During seek the servo algorithm generally controls the velocity

of the read / write transducer. In this mode it is critical that the suspension

be very rigid so that “ringing” of the read /write transducer does not occur.



FIG 8 is a flowhart representing a nmethod of controlling vibration of a
pi ezoel ectric m croactuator in accordance with one enbodi nent of the
present invention. io DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EN? | VENTS
FIGL is YOIHIYi ew of a typical disc drive 110. Disc dfU®SPY* el udes a
di sc pack 112, which is nounted on a spindle notor (not shown) by a disc
clanp 114. Disc pack 112, in one preferred enbodi nent, includes a plurality
of individual discs which are nounted fon-co-rotation about a 15 central

axi s 115. Each disc surface on which data is stored has an associ ated head
gi nbal assenbly (HGA) 116 which is nounted to an actuator assenbly 118 in
di sc drive 110.Thehse ot a micwwachwtanesultsimasnspensionthat is essfigidthangpe known
as a rotary noving coil tuat ot _and i.ncludes a voice coil nmotor (VCM
shown general | y© erfﬂw%?‘&téa%r?a Rt 120 20 rotates actuator assenbly
118 with its attachqge nt v eABBH pravitiey 8 soRton td #RislAdRAREL | On HGAs 116
over desired data tracks on the associated disc surfaces, under the control
of el ectroni c groblemsandwofifiere dthvdrtadivantiges overithe ptibd arthvbr e speci fical |y,
actuator assenbly 118 pivots _ahqui,. axi _ 0. 2 ot.at e head gi nbal
assenblies $16 general |y al oRFEANANE d

gh ses each head gi nbal
assenbly 116 to be [ Nelal-1c N g i 288irSfthb b BR on the
surfaces of discs in i%rc pgck‘%%%%p ﬁ%ﬁ't %gncanu%ethno\%réﬁ %aOOI 51110
PCT/ US99/ 31251 pidzoelectrit iniavkstubhitirig a@isddréve. nner nost radi us, to tracks
| ying on the outernpst radius of the discs. Each head ginbal assenbly 116

has a ginbal, whi ch QRe&ssMPeRiDNSAtofiHirapresent By ¢nfion iﬁépr;sgte&lewtadnathqslad beam
so that the sl 'fgpgor&wgkg%&w&ihn%ﬁagp&%ﬁaﬁ& @Ic;é&%&b?&x aliik‘?. dityeder. in
turn, _includes a transduter, IC s utilrzed Tox encoding rlux reversals

on, and rea@i nJ'Hd mschizei®Il sehin drl e piédeleetid Mi@oadtubiee iditeedund which it
is flying. FIG 2 _is a perspective view of actuator assenbly 118. Actuator
assembl y 118 i rid eledsical signa) i appligdtoshe piegpeleeiricapiceracimtonbasedams 126, a

plurality of | : . u i f ad ai.rnbal senbl i es
116. Base port &gg S%g%gfsrt% %gdégg glﬁ%ﬁlee, eﬁ%ﬁ%ﬂ Sli)%'a E]|Fonﬁi}e(F]Pelezporeg Cgf} red

enbodi ment, coupicehdt@itop byeditles ARN@NBAIcafdRdH orftheSnikAdactitbyala¢h ar ns 126
extend from base portion 122 and are each coupled to the first end of

ei ther one or tdpyntesaets eesansedsirainoad beams 128 each have a second end
which is coypled to ' I o | ] rates a
greatly enl fér ged Vi el\% ogﬁg%gnt%}ga{%%ﬁf, r?rﬁbéa ?tpgh%n]t%\g p1e]z%eﬁcl%c MidrbA3A{R

is sensed by sensing a voltage across the piezoelectric microactuator and

then separating the voltage across the piezoelectric microactuator into a
voltage externally applied to the piezoelectric microactuator and a
voltage induced on the piezoelectric microactuator by mechanical strain.
20  An electrical signal is then applied to the piezoelectric microactuator
based on the voltage induced on the piezoelectric microactuator.
Another embodiment of the present invention is directed to a disc
drive including a disc, a head, a piezoelectric microactuator, a strain
sensor and a controller. The disc is capable of storing data. The head is
25  capable of being positioned adjacent the disc and of reading and writing
data to the disc. The piezoelectric microactuator finely positions the

head relative to the disc. The strain sensor is capable of sensing the



assenbly 116. Head gi nbal assenbly 116 includes ginbal 130, which has a
pair of struts 132 and 134, and a gi nbal bond tongue 136. Head gi nbal
assenbly 116 al so includes slider 138 which has an upper surface 140 and a
| ower, ai WMy surface 142. Transducers 144 are al so BEGI/9¥eRLHhbl vy

| ocated on a | eadi ng edge of slider 238. The particular attachnment between
slider 138 and ginbal 130 is acconplished in any desired manner. Briefly,
in one preferred enbodi ment, a conpliant _gsheer layer is preferably coupled
bet ween the upper surface 140 of slider 138 and a | ower surface of ginbal
bond tongue 136, with an adhesive. 25 The conpliant sheer layer permts
relative | at er ahecheinicaih stretnverethegiiezbmlech38 rdaoactiuatalankdaigprodagng al36. The

conpliant sheer layer is preferably a nylar film having a_thickness of
appr oxi mat ol y 55054 reipsignal fistovinslicettyemt heied stain. ghegogtrollgy npal

a mount1 gt ab AAEPY h e T ERARREe e fn sl Y BB on PR ¥ cthed

to gi mbal bond sigmeue tHepiczbelertrié nhisraachiA6kbabed Wnathe 8énsadedain.oThef a di sc
drive 110, which s illustrates a servo position control circuit in
accor dance i t elegtricalsignal appliedhto fequezneleamiemisioactuntar pyoduses of di sc

drive 210 which_ is illustrated,in.FIG 4. includes actuatqgr assenbly 118,
i 56 pack 112, el R o e PumeRcaAsr O B Rr AR e B8R o
gi nbal assenbl ygef53R] | ectively referred to as piezoelectric m croactuators

158}, preanplifier 160, data and clock recovery circuit 162, error
detection circuit 164 a firthes epthodiment the #8aingensordnelddes ahridge ci rcuit 168,

trol . ., 170, plifi 172 j |
servo control procesiel A0naRISt sl L e 10z, ad ontional
M Croprocesgpr &fcx%ﬂf%'c&ﬁébl@%@éfkﬁ{%a%ltf’%é"é‘crroé‘&'hE Relbcgiocontrol l er, and

i's coupled by bus to ~ s a host systemor another drive controller
whi ch control s miwopttuatiriang affsepanating th®veltageearkoskthe piezbeldetsicspi ndl e 176

whi ch supports a,plurality of cqaxiall ranged. di scs 178, Each disc 178

i s mount 28 f or ?‘gb&ﬁ?‘?t&ﬁt%){’t“l? %}S&F&ﬁeéfxi ga BBHSE%&TQS&’&P‘?’&E}%F% 115. Each

disc 178 has a fhdrshordidrana Lol idcd &?B‘%&qe S REmERactadid:aces 180
S I ng an

and 182 include concentric trac or receiv storing data I n the
formof flux rebensehaniealcstriénl on the tracks. As described with respect to
FIGS. 2 and 3, actuator assenbly 118 incl udes ba1 e g@rti on 122 supporting
the plurality of actlBgssangdvazionsetherdegiyzes axwelhas adyarirans, Wi 126 is

coupled to at | 8335 t2A% fe ﬁﬁ%@eﬂtQH@erﬁmﬂl be apparent upon reading of the

following detailed description and review of the associated drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a disc drive in accordance with one embodiment of

20 the presentinvention.
FIG. 2 illustrates an actuator assembly in accordance with one
embodiment of the present invention.
FIG. 3 illustrates a head gimbal assembly in accordance with one
feature of the present invention.
25 FIG. 4 is a block diagram of a portion of the disc drive in accordance

with one embodiment of the present invention.



128. Load beans 128, in turn, each support one of the head gi nbal )
assenblies 116 (labeled in FIG 3) above correspondi ng disc surfaces 180
WO 00/ 511 10 PC1' NS99/ 31251 -9 or 182 for accessing data within the tracks
on the di ¥OWHIWce. Each ginbal assenbly al so includes ZCTEIR2¥he

pi ezoel ectric m croactuator 158 for positioning the transducers on the head
gi nbal assenblies within a track, or on one of a plurality of different
tracks, on disc 178. The s piezoel ectricgm croactuators 158 def orm when
subjected to a voltage, thereby slightly changing the position of their
correspondi ng read/ wite heads. The degree of deformation is a function of
the applied el ectri &&B. sisgridock diagrapeota pertiondf a vervosantrol dirguitin? t ypi cal |y
receives a command .1 o signal from a host, system which indicates that a
certain porti or‘?c‘b‘?rdBH%e‘?S’rtﬁ%Fénwglﬂpé{lé’?%}?ﬁyrg?eém Y8 cessed. I n response

to the command si gngig i é:%xln s BIPY seant-rol
processor 170 with Z;k%bﬁsta;)m;%&é()%lrk ref gﬁa cefag?éﬁglﬁ’%f%g&m]@ﬁ@lﬁdi cates a
particul ar cyl iacdendancewithione brrdotliraemntrof Hespriebdnt ivifition. t 0 posi ti on head

gi nbal assenblies 13’8‘3 ZS_ervo 15 control p#( oge_ésor_ 170 converts the position
signal intodan anal 66°s BRachemptirdiagramnpt 2 bridge HicuiR@ccadpnsawER 172 and
i's provided toJr@%nmﬁﬁleﬁ%fithgg}é%nﬂiﬂv&&}dﬁ@tOr assenbly 118. In response
to the anal og position signal, actuator assenbly 118 positions | oad beans
128 and their assocRGSlishdhavdiarhebrasentingd imeehodldf conaolimgddbiatios
cylinder. 20 The head gi nbal assenblies 116 generate a read signal

cont ai ni ng dat PipMieRaeisEirTBifreactyatorigaceqrdancavih gRe embpdimenoéthen a

sel ected porti es?J tﬁﬂ;égﬁbﬁack of the disc to be read, as well as nornal
data to be accesse romithe selected portion of the disc to be read. The
read signalioi s pr ETMEHL.EPDESERMPTION ©F 1SR ATIVEREMBOBRMVERESr ead si gnal
and 25 pxovides if to data and clock recovery circuit 162. Data and cl ock
recovery circuit 16Fleekisagplanyievaofa oipicahdise deye 31¢rdisc dviwedH i s encoded

on the disc surface wh th a.k.switten.to the disc surface. ikna WO
001 51110 per; Udagrars e pofk R gl gt 4a bRER ARG e B ua)
recovery circuiBy d8ic eRmpPE4a Dik\back1aD 3R bne prefaited B@bodithér@fineludepe of
read channel. Oilce the data is recovered, it is provided to error detection

circuit 164 whixplugditzef ndinidunkdisesryhich prermonnied forceuratatipriabaute data read
s back from.the dis¢. . a i rovigdes an,output. 167, .Errors are corrected
by error de SeCthgkagﬁﬁ}%ﬁis},@fgﬁdgsf Sﬂ?‘?@eeorb‘gmcf‘(#lg%]}s S%g%c,i E%? 4 conbi nation of
both, in a knowssamnegheadpivhdl abRatblp SGA) 216 Rhrichdk ntfirg@o# | er 166
provides a position signal to servo control processor 170 causing actuator
assenbly 118 t qactuatorassembhyil 18dn disgidiiyal16.sThedrituator assembleghoavmsial ect ed
cylinder. In agector r . enhedded, servo positioni driv ortion of
each sector on ﬁ’e_ o %féﬁg BRIV TR xi%agytrﬁ%\f‘}ng ﬁ?’g?%g?ﬁoﬁﬁném@ﬁ&ssa encoded
ther eon and whi edicd oilBatr YCM)BhRhgehentlyapon vt dleh mbidk aph the v ead
channel, to servo control processor 0. The positioning information not
only 15 gi v@s cwtatesaqiestpt assambly Bi8veith dsattadied HGAg1idhabpdatpivetl ar track

over which the datg_head jis flyin it so provides tupi ng feedhack to the
servo control M@§8P°ﬁ‘8pn3'iq¥f‘égl?)8%§r eﬁﬁ?‘ﬂﬁ‘f‘m%’f: %O%amagﬁcl’c‘?ﬁ’gcessor 170"

reacts to the pggi §drme£,%fna[a{"ﬁ{ei&Hﬁbf@ﬁ@léfg%ﬂlééﬂ%uﬂ}fﬁoﬁﬁg wAdhiiens the

head gi nbal assenblies 116 accordi ngly. an 1 I"lustrative enbodi nent,
servo control pdwesklfor 170 is used

More specifically, actuator assembly 118 pivots about axis 121 to
25  rotate head gimbal assemblies 116 generally along an arc 119 which causes
each head gimbal assembly 116 to be positioned over a desired one of the

tracks on the surfaces of discs in disc pack 112. HGAs 116 can be moved



to nat only control the coarse actuator (voice coil notor) but it is alsa
used to control the piezoelectric mcroactuators 158. |In another
illustrative enbodi ment, a separate m croactuator controller (or plurality
of separ at yowesinact uator controllers) 174 are provided f@crasaysesi i ng 25
the mcroactuators 158 in response to the position request signal from
drive controller 166 and also in response to the enbedded position
information read fromthe discs. WO 001 51110 PCT/ US99/ 31251 -11 In order
to wite information to the discs, drive €ontroller 166 receives not only
the |l ocation of the information to be witten on disc pack 212, but also
recei ves the achiygh wilaisa ﬁ%o@ﬁh‘éfiﬂxﬁérﬁ{bstfga%d, Rhéd i'l’lgfd?l.rtﬁebh%f

provi ded to servo controY rocessor 170 (and optionally 5 m croactuator
control |l ers) 1743diasofthesliseschach héaghgimbabassembiie]l 6 hpssigindal, wdcldat a heads

relative to the cqrrespondi ng dj.sc surfaces, Then, drive _controller 166
provi des the dafesluentiysuppoRE a slifer 18 tyeé%ﬁbqqf{bﬁ%&%\arﬂm dpreasg  which

in turn provide j i ; 0: rticul ar
transducers on tf?pe&ﬂtgééc}%B?@F&%gg%n%??e@&gls?féfels-’éﬁt afu#E@e?go data can be
witten to the ¢lansdacerfvahieh is uiilizeddopencodimgitix réversals drl, btid kéalihy e

enbodi nent, piezoelectric mcroactuators 158 have a range of notion which
is in excess of ﬂPHéemﬁélﬁff@Ebéh%%Fﬂfﬁioéﬂ}eC}#ﬁ%‘a‘rqrcfv‘l#é‘httI%Y%en any two of
t he head assenblies H@ #B%%Eép%@g{?{ggw&%tcﬂiat&sa;s'éémp&r;é?;a&u\%& preferred

enbodi nent, each m croactuator has a range o ion ich is in

excess of one t gl I dinchitibsBusportion 100 ef sluedlity of Actexteeasmeizea
plurality of ixack widths. Also, in an illustrative enbodi nent, the read

channel provi deglurality efdoad beams 128, aufd aghutality ofcheadigimbakasseshlieailpn FI G 4
i ncludes pre 60, dat nd.clock, recove cipecuit 162 and erro

Llet egt i onpcilsgﬁ i Sﬁ%ﬁ%o géé’b’ﬁﬂ?ﬁs EEBOI'STW}{E@%?’\HH Hbeuéfefﬁr{ﬁ%aqq‘n??fﬁg}en ¢

si nul taneous andofpledlfbepivefill encviesi: SbSuhx i 120 © Ahidlof Aage  28akeendi gnal s in

parallel, and providing themto the host system and/ or drive controller
166 in parall el frambaseportidnild? enddiq ¢ashicagpleiite the firgt ergBof eithel ene or

f bl itable f j di I it f simult .and Il el
Wite signal s  ovEnaBERn A Ly beBm B8 ch Heve R G nd SRLU R 0ol | of
wite operati on.coﬁgreahgh,hegagﬁnggpgsgér{@ 18gbodi nent, servo controller

processor 170 and optional mcroactuator controllers) 174 are suitable for
si mul t aneousiby provi Fl@g3 illusBabs/ «Shreaty PR gISH O 654 headgipdslt | oni ng

i | t i t uat 8 t i | t ) it ) c.at | t
ol oral bty of |t RSt Ay . Hikag el priy Lo eimbbl R he o0
si mul t aneously alabarieh: 3 delub 192 3d 992 %ol g Yol «Shte 4 s 10 di sc

pack 112. s FIG 5 illustrates an enbodi nen ich servo control
processor 170 argimbal asseablytittoalse indudds| stided 738 whichchasizinepberstioface si ngl e

servo controller, 190.. Servo coptroller 19Q receives as_ its inputs a
reference si gnal14§6‘5‘dfaﬁt9meﬁ?ér S%I?n%ﬁ%ﬁf%léﬁ' s ?”\?é‘]‘éém?“g?l er 166,
along with ad 114l i . a iddfigad O - head
N) which is o] @%ﬁ’%@??@@%%%&%‘gggﬁ |El ﬁgg?ﬁ(tt%elgg'eggé %ﬁ# out put from
servo control | eratfe@Rmiest pétoxdetiastiden3Bard ginabdl 1680 is0accOMPlEhdd th avyt ch dri ves

actuator assenbly (or E-block) 118. FIG 5 also jllustrates that servo
control ler 190 stesired@sanneryBriefly gnme prsfesned gnbegiangiites eanphant ¢

' t uat ' - I t : db
Gesi st o noneTart Ry LS FEIAIRY Bupled JeBE R Bpd BBl TAPGARARE T Y
i nputs to servo 138rinda loer k86fage 6Pgintbid bond tomkeud TE#Iwithsdrt Adiespiegnal s 171

fromthe relevant heads. In an illustrative enbodiment, servo controller
190 al so rec¥i veékhe esimapliang sheer layerpermjtraieiativedateralimetion betweenslided ve
position of eac f the heads with r ect, to V 73. For clarity's sake,
the relative po?’izgiaé‘ﬁl@ ggg“@&%“ﬂlﬁ how “28'H Wn%:?%erge?yeﬁé%h of the

m croactuators | ﬁre?é}%‘f? aC&gPArQHn{ Ha\ﬂne @aHickRdss o?t&?ﬁro*ifna@@? 15¢ ni&@Rs! hat
servo controller 190 provides the coarse positioning signal to voice coil
notor 173 for positioning the entire actuator assenbly 118. Servo

controller 190 also provides the fine positioning signals to m croactuators
15S. 2s According to an illustrative enbodi nent of the present invention,



each m croactuator 159,161 has an associated strain sensor 179. Strain
sensor 179 senses the nechanical strain on its associ ated piezoelectric

WO 00151110 PCTI US99/ 31251 -13 microactuator 158 and produces a _sensed
strain si gH@PYSBY i ndi cative of the sensed strain. The sSSPl n signa
183 is provided to servo controller 190. Servo controller 190 produces an
el ectrical signal based on the sensed strain and provides it to the
correspondi ng m croactuator 158. This elactrical signal applied to the

pi ezoel ectric mcroactuator 158 produces a nmechani cal force which
counteracts the sensed strain. In an illustrative enbodi mrent of the present
i nvention, serwlsecgimbal bend t@Euedl36irefesably hermingtes atidéraiing ¢dge ofl ect ri cal

signal applied tg t Lezoel ect.ri } croactuator, to intain,the strain
ety Pthe. piget o BiERonitths fay LA GBRhRuRes & sBRa LR i i e “rhi s
mode of oper atisg@le}%gjslatgﬁgﬁ@cj{d/@hyba@gghgy 136l mes when the control

obj ective is not positioning of the read/wite head, such as during seeking
and during servo trdd&. s 4 blogk diagram cfl 4 portiahiof @ discodwdven®l, wifich he pr esent
invention, the sensed strain signal is used to inprove positioning of the

read/write 3 5 iBaates R ETRALISHION cRRHEPLCHERIE IR ACCOTHINCEBARY ON_ 2FRAT owi ng. I n
this alternatl v fEBodPilvenfioh VPhé BRI olisdl Aty E RIS Lhe magni tude

of the electrical gnal appl1 e plezoelectric mcroactuator to

mai ntai n the pdHustrateddn FIG. dinclduesaeathtonasséablyedd, disc patleVE, as cl ose to
zero as possible. In an illustrative enbodinent, the electrical signal

provi ded by 2o Rigreslecttnmigioaetualays apsociated watheach headiginbalassermbly 158 is a

vol tage si gnal , chlgul ferdiiv @ A% iBEodeE HBL-SLANAL 185 B:ShANAR, S Onal

The sensed strain sign 0 Sérvo contro e at the

same sanpl ejgr atB0adatacad MEK febdveryiciaalt 157 lerfir detectivh ddRuit16a, dhivd er ent
sanpl e than head position signal 171. Together, mcroactuator 158, strain

sensor 179, seresayralir 366, slatp eqngifpningTitgui 168 sppv cenmtrdd pregess®il 7Rake up

e gt 7 RSB B e

illustrative e strafrn se asures a vo ge i nduced on

the piezoel ectric nipfioacsnpditsr 166% preferablieing@bpdcesion oadibifioduces
sensed strain signal 283 based on the induced voltage. In a further

illustrative emsaapwatentor atherguitabletainrogorirqller,angris deepled bydius 1dd4pt ed to
th t ~nj [ Gyl Gl d
separat o the vor Ref v PR S aBh e i I MR SRS e Bl BN 4,

applied to the gfieapel ectric mcroactuator 158, i.e., to control the degree
of actuation, and a voltage induced on the ;)i ezoel ectric m croactuator 158
by mechani cal i nput shisspeek 312 inchwdes ispindle b/Gawhich| syppesisiapdunalisy efbodi nent ,

hi | i nd he ,pi. i g, ni b hanj,cal
Strain s then BROMHETBeARL Sy Vo LEONTFBIT P TR0 S0 fPhiEBREATCL r ai n
signal 183. ThessfANG 76@BbLCALISHS Aotttidbh 16, ARthi Bse FeRkbAHS: sirgral to the

pi ezoel ectric mcroactuator 158 based on this sensed i nduced voltage. In an’
i 1lustratives enfanvbmsecondesuvfore d8 Sirfares 180 and 182 include concentric

tracks for receiving and storing data in the form of flux reversals
encoded on the tracks.
As described with respect to FIGS. 2 and 3, actuator assembly 118
includes base portion 122 supporting the plurality of actuator arms 126.
25  Each of the actuator arms 126 is coupled to at least one of the load beams
128. Load beams 128, in turn, each support one of the head gimbal

assemblies 116 (labeled in FIG. 3) above corresponding disc surfaces 180



1 s applied to the piezoelectric mcroactuator by servo conixoller 190 is
e€qual i'n magni tude and of opposite polarity to the sensed i nduced vol tage.
However, in an alternative enbodi nent, the sensed strain signal 183 is
filtered tWOPHEBe feedback performance and stability, a P3RSt

expl ained below. It is to be understood that strain sensor 179 may 20
alternatively sense the nechanical strain on the piezoelectric

m croactuator 158 as a function of electry.cal charge or current as opposed
to voltage. The sensed strain on the piezoelectric device 158 will include
both the static and dynam c strain on the device resulting fromits

mechani cal 2s iortl8R facarcessirigidatausipkimsthe tracks ontedist surfeckudgachhe anpl i t ude

of the oscillatio hat curs.when the m croactuator resonances are
excited, in an EIW%GL%%SSFE%@%&@HH\Q‘@F&%%&%%8“§€F%Z€8I9§Fﬂ%mﬁr§?%%1ﬁ°r 183
conprises the 0 P 1 i .he

pi ezoel ectric élg%lgl%ﬁﬁaéﬁglKﬁ%ﬁ?@éﬁ%%ﬁ%ﬁ%&%&?ﬁ% ag aﬁs}eé@l%ggxgiﬂ?ﬂ ter
(not shown) i s LiwagN, 6 oh@nleltf altipility of diffeeel tralde, om Hisdily8.1TRe The

hi gh-pass filter renoves frequencies fromthe_ sensed strain signal 183
whi ch are | dwerpiezneleciripmicroartivatpry b8 deform whes sebjgeted tp pagliégei es whi ch

f i ed.., For . le,. wh he. mechani cal i
which s desi r aBesY ausbity SRR € Ber AR PiFurs PReeaRe R T LR, “oe
strain signal s Kzadsb®hé ﬂ@%ie‘éfbf dekdrefdtn ¥ @l fnctid6f thepplie@leletridaer s

(low pass, bandpass) can be used on the sensed strain signal 183 to renove
frequenci es whisignar e not of concern. The strain-regulation | oop of the

(O ti | sQ. b I d..i t i n_whi h
pi 6206l ectri ¢ cr odBERETHIoN S5VEseRRReL 2 SRallatter v it or
control | er 139752331%7511@1%11% A3t B)F’Sté:ﬁ'llﬁé}ﬁ@% irldic&teb ﬂldt'&l ﬁéﬁg}iﬂ ?ﬁx‘é-iohcl)ftdﬁ% otystem

descri bed abov th respect to F wherein a m cr oactuators
are control | ed ropre diedises 178 at& tabetcaebiesh [hFBspdAisESto the ddnumend signal, hat
servo control processor ,17Q receives as its ipputs th ead positions 171
For a11 of |t ne SRssontrlle 165 PrRuEs sgtvasonip] Piictsror TORARAPSIGIRI 168
fromthe host systemdNceflishaldie\PhicR MdiChtesh phBlfuldS 1REPHbedfhiche Servo
control processor 170é?1|rcg)dééglﬁaecte to the1 vo?cg ggcﬂ {21% not or ?L?S f\/C\/Ei ch
drives act uat orachsaernbsser(bly 1E {5l togopiticiBhead gimbal assembilieb UH4. r Seres

i ndi vi dual m croact yat or co?i?r ol lers %0- I\géél?&,l?? for eactl of . th

mi cr oact uat br s $Q! Pregessiolfficonvers thePositomignalinioanpialeg signthe i nput s
to each of the y, &?{q H;ﬁxtf Htﬁﬁg&&@% AbEifi j 8 theRdvEesi tion 171
fromthe rel evant egg S 1(\%/ell S reée?gr%%?gﬁ%a#(%%é‘é&&gh 2§

m croact uat or 1&fl héfor ihastatorsssenbht EI18. dhrrasporse hs the dnéfog Sbsitiom sensor

179 senses the nechanical strain gn_its, ass ted pi ctric

ci ezoe
m croact uat or 188NAEACTUAPT BF ¥§1§P§é‘ﬁ‘§é‘a?‘&dr _aﬁ‘ss]r@rﬁé}‘ft 83 i ndi cati ve
VD 00/ S1110 PCTNGILAMAR 1 bl odsBRIIRRFE 051 Pl HiGIRARE D Strain
signal 183 is provided to tthe corresponding m croactuator controller

175, 177. Thgo m cr oacThwherd gigibial abdeetblied 316 générata peradichigies cantatiagt ri cal
si gnal based on the sensed strain and _grovi es it to the correspandi ng
ni croact uat or 14atafem embeggetliservo pesition dataawbichisstoxesd on aselgrtedsensor

179, sensed strajn. signal k.GL pact uat.or trollers 17 7 make up
a strain-regul a$ r(%’?‘l%%acqé%glf?gg}fnn&?{ _Fous% {Fjeadf ?/se&'g%(%g]f)#e%ﬁ{&%t?*% g pr esent
invention, the gdcesed ffcﬁﬁ@h@&él@d‘te&?_@?ﬁd)ﬁoﬁﬂ%'dly@% beredd! TAE lfeald sifrhald
system During the servo track witing operation, there is generally no

measur enent of istpsouisteddb preamplifier éswhichramplifi¢sehe reasbsignalandosi tion is
I nferred byzsme a}%zl‘Jorvlic?gs it 5 data a?{cd clock recovery circuit 162. Data and clock
recovery circuit 162 recovers data from the read signal, which is encoded

on the disc surface when the data is written to the disc surface, in a



sonme point on the actuator arm 126 and assum ng that the arm suspensjon is
a rigid body. The rigid body assunption does not hold true if the

m croact uat or resonates, which conmonly occurs as a result of air-flow
excitati oVOP¥1We i croactuator does resonate then it wilG7YREA*! in an 15
increase in the witten-in error on the servo tracks. Therefore, in this
enbodi nent, the sensed strain is used as feedback to regulate the strain as
close to zero as possible. In a preferrem-enbodi nent, the strain-regul ation
| oops 185, 187 of all the microactuators run concurrently during the
trackwiting process. This will support regulation of the strain on the 20
m cr oact uat or s knhiWremannert. af ¢aurse, datecandielocle recoperyativaudt 162 canhglae or

gang-write nod e, strain-requl ati.opnl oops 185,.187 serve to dynamically
stiffen the ni m{;tcbﬁ%ei' %{&'ﬁ’gﬁ%’is&?"‘ J’F’ntXBePi,rea[ nH:glm n ze the excitation
of resonant freque”@r{’cfétﬁ@ﬁaﬁtiﬁ?&&éﬁdﬁﬁ%@ﬁ%ﬁidéd?&éﬁﬂﬁ&&écmr ey are

excited, thereby reducing the unobservable cross-talk 25 notion of the
suspensi on. | nlésethieh detebissvhethevanyeervo havetocofirredhén threadadmtreadnvent i on,

t he strain-reguyl ationl qop,is enpl.oyed during seek | __settle operation of
the ~ VIO 00P51Peek bem thesbipeand whidypravides s QRPUBIG, POt he ser vo

al gori thm gener s L1 Al -lbﬁ%Qy i tire actuator
assenbly 122. Icﬁhieﬁtleg%r}'lt)%g&is?ét?%%ﬂr%%éa t%\aéﬁi‘ﬁdgh grl??%re%ésbﬁgﬁ e very rigid
so that ringi ngonibidtéort efdebthy inteckdoven sthiraee. 144 does not occur. The use of
a mcroactuator results in a s suspension that is less rigid than a
suspensi on wit hout uhng head pesideningdyive eprirolies 16f PEoEARHHPAEHON t he
strain-regul ati j ] i n the

s?égtll 09Berv8 goﬁé& 1%08%81‘ W s&sé%{ﬁﬁgegog ?%Jeélrl])%} Hg £

m croactuator s ension during seek of sée ustrative

enbodi ment , 1ot highspicaCiessl dgitbadhiseribtids 16 bvéresfdeted &ylindRr. SH £6dcast,

m croactuator, thereby substantially preventing 1 o the suspension from

oscillating durareg degerp PositionMeEdvearqraon 9beadiy seaior pndhe owi ng t he

use of faster, JBI g, A0 RSShUSHSERlORNAELL Glucl:lREOMA ¥elon Ald
ral ate

m croactuators can be S -regu concurrentTy 1nh order 1o reduce the
acoustic em SSiV@]ﬁ‘i&hﬁé"ﬁadegM@l@ detg Headlanid pgovaded, ehedusth theekddighanhels | N yet
another illustrative enbodi nent of the present invention, the

strai n-regul at itegey@ronsrad pppessear 1d0r iThe posisioringinfermatisernationly of t he di sc
drive. This, provides further | the.serv lgarithmi ition to
the positi ok erd'd¥ Csolagrfﬁaé ?S?tﬂ)% gﬁ |nrzi"lqi c)’/n frﬁgéclﬂ%n'gﬁagp% %frlfi&}rnrprcarcgé%ggi n the
perfornmance andyviiehyh&eitateatdliefl§Ripy @ A33SHRVidedGuhihptfeedbdcsd tiat i ve
enbodi ment, strain sensor 179 is conprised of a bridge circuit. The bridge
circuit 179 subserexeantrdiererasserfos hetten pesitioning. Bervolrengppprasessednt r ol

vol tage fromt piezoglectric. mcroactuator' s total .output si.gnal, |eaving
only the i gnal PBeERe o Gt P ERARNE Bor ot bR R aRLheRHER | 4ge

circuit is desqhghegd?ﬂ“gﬂaggé,ﬁbm%%cﬁd 9_I ectric zs Actuator fox )
Col | ocated Control," Jeffrey J. Dosch, Daniel”J. Inman, Ephrahim Garcia, J.

of Intell. Mater. Systnilinstr&ivarmbodivaint, ®rvyeenteelypregsgor 1fAds wsedshown i n
FIG 7 of this ,application. e voltage v~,200 is, th I e WO 00/ 51110

PCTI US99/ 31251 TR PROT-TTel B pords SrtapiSe (aoe it Pofr) Putdfse '
m croact uat or GaRHRELbRirollthe)pidRitldcBs: frfcrbB@&uRic?d P58, Galdnbehdr! Cr 0act uat or

158. Piezoelectric mcroactuator 158 is nodeled as a voltage vP 202 and a
capaci t ance Cp.ill@SHativithembodlinaerd, & gepd@teinsictdeetuatbdt agdrgiieo (hrqdarabiyy t he

pi ezoel ectric mafterial as it strains aﬂd gﬂ;@ex capaﬁgtgr CP 2?4 is the
capaci t ance of UEPHRLS BUfTeattuator coptrgliess) Lpare pygvided dor eantrplling nst ant
strain. The,pur i I; i J Ldet L e . Qut put
vol tage vi 206 @gﬁgﬁ%gg’{eéég%ﬁ 5§iuég§ptgn%§) ﬂthg éo%&go%é%ggslgiﬁﬁleggé tage v~
200 fromthe cariveddrtfolRnded badwibotingesponse uetie®erbwidetipsitiopf t he

pi ezoel ectric material] 158. The signal at v2 208 is due to a single voltage
source: the volinfyenajionaiead srom thedscs. To elininate the effects due to v~
200, vi is subtracted fromvi, resulting in what will be referred to as the
sensor voltage vs. If the capacitance of Cs 210 is chosen to equal the
capaci tance of the piezoelectric material Cp., an expression for the sensor
voltage in texns of Laplace Transformvariables is: 15 V ~s~~v' ~S~~VZ~S~~C
+PC yP~s~ EQ 1 P 2



where V9(s) is the sensor voltage in the Laplace domain and the two
capacitors indicated as C2 212 have the sane capacitance. 20 The fl owchart
of FIG 8 represents a nethod of controlling vibration of a piezoelectric
m croact uaWe0/3B80 in a disc drive 110 according to an il | BST/AUEI%3}eS1

enbodi nent of the present invention. First, the voltage across the

pi ezoel ectric mcroactuator 158 is sensed, as shown in block 300. At bl ock
302, the sensed voltage across the mcroggtuator 25 158 is separated into
the control voltage applied to the m croactuator 158 and the vol tage '

i nduced on the mcroactuator 158 by nechani cal strain. WO 00/51110

PCT/ US99/ 31251 _19 Kt ofdlen td waitd infarmativn ob theodises) drive cappbllextidoo t he

m croactuat or 158 based on the voltage jnduced on the m croactuator 185 by
nmechani cal straF‘i“F?WFﬁé‘O&SH}eré‘PIQ‘%ﬂt‘t%'d{ﬁié H&P@Baiﬂ%“f%'ée Wirktenen diseor 158 i s

cal cul ated €0 oRu0l oGl LG RENAME LAl AT BY HhRa FhERGLUGIOr 158 as

represented s b e voltage rnduce € m croactuator plying the
control vol t ageinferrmhgonisproviddd fd ®rvo esresltipiat@sol B @hadptsaiy f or ce on
the microactuator 158 which substantially counteracts the sénsed strain on
t he i croact fat srictpsgtuaigy eongrabler(sk1743 ap preferenseisigna) to egpasel pogisioni nuousl y

in a strain-regyl ati.on | qo 85.187 in order..to mnimze the i .0 vibration
of the m croact gléq%?ta?ggas?etléwqf%tglgcagggp%r{cgggdﬁggyﬂaﬁg&eﬂé% FiflcYﬁI si gnal
provided by the 6RnbN& 168"prbPided ehdH A6 bR riltén 8 G4taRBhHAIRING 58 can al so

be a charge or current signal rather than a voltage signal. Al'So, it is to
be under st ood t kixtuistyr Ea8hwihédtsior tut prowiyles thas informatien hbam oatpwtléQjitm on t he

pi ezoel ectric m .croactuator 158 as a =~s.functi of e] ectrical charge or
current as opposedP? CV%rg'%@auFﬁsgﬁﬁhﬁbﬁ?Eg%garﬂﬁW ‘?ftlr]éfsotth%t esent
i nvention iggdi H%Fé&?\ﬁé)w?itﬂ%g@ﬂe aRkE sﬁffﬂ&%?ﬂél?ﬂo%h%é’ﬁﬂéi‘” of a

pi ezoel ectric m croact uat or in a di sc drive 110. The nechani cal strain
on the piezoel ectri clman ilbasttativeemidBmest, péemoetecmicmacroatteatars 38 si gnal

is applied to the 20 piezoglectric mcroactuatqr 158 based on the sensed
strain. Applyi ndia¥h8 *engs ek meHPn TR LS Pxctie o the Woreicars BRI Ct Uat or

158 produces a_ iRghpAifak: doeen ARy W8 oF YR RART BLAIIS P AcaUY er act s

t he sensed strain. e e strain on t pl ezoel ectric

m croact uat or 2sctifabor essambiyet 80 in seprefenpdeernbddiagmt seach ssict deetuator

pi ezoelectric m actuator 158 and then separating the voltage across the
pi ezoel ectrilé mlgégla%eamﬁofirssﬂpﬂmvah PdnexeRss of OB ack WidHp BN #VED t he

pi ezoel ectric M eé}alﬂig iRQI&%.%Pé%h%éﬂig@&m%%g&UMﬁ ir&éx@. and a
vol t age i nduced on t'he plezoelectric crodct uat or by nechani cal
strain. An el ectillustedtivei epilbdditrtent,tha reqapéhiathel praviidediredise deivenie

m croactuator 258 based on the voltage induced on the piezoelectric

ni croact uat or | s@hich inihe gEboslimgent shoryn Bt Fih & ipeluden preamp A60, slata s
directed to a di V. [ ' ' . 3 4,

pi ezoel ectric maglgocgé:étkur%f %‘?"QEQ? qué?rgglaﬁg%ozglgcgércagr}%ugﬁgqg& )glgrﬁ?ﬁ%tflf’er

190, 175. Thexodi s réckbvihg agiardty op binsiledriedgs dad ?a:élfhﬂ? daeadgddl®and capabl e
of being positioned adjacent the disc 110 and of reading and witing data
to the di sc 110.proessisigehess datasignals isypaalielaand proddingben odbehoshs t he
head 116 relative to the,disc 110.. The r.ain spr 179 i s capabl e of
sensing the necﬁgﬁﬁeg}ilangt/ PEEHVSﬁO?Egﬂ%r!1?36%6%IPSE%%TC?H{%‘F%&@F&‘UMor 158 and of
produci ng a sens@ddfidring ciRéwind 168N2hisb préfeetipbiivableforl providingad strain.
The controller 190, 175 is capable of reéeceiving the sensed strain signal
and appl yi ng an plugaligy et simultdneougand pamlichwrite sigrelstotthe date beadado uat or

| 58 based on_the sensed,stiai n. The, el e@:teri cal signal ?ﬁﬁbl ed to the

pi ezoel ect ri%® miSFHHE ANy itanesAKhpRralel Wi PRETFEST- g dhat he

m croactuator 1 j C i her

enbodi nent , theL:l%te ggg%e?%rgﬁg%%ﬁﬁ’gée?‘r’% u&g@&g%g?%%% TZVC? Aéﬁ%tlg(%i{a? hat is
coupled to the phizositearbr tontidlier(s)dV4iatesuithbi fof binbitarkgpeshy prowiding79 is
capabl e of sensing a voltage across the piezoelectric mcroactuator 158 and
of separating the voltage across the piezoelectric mcroactuator 158 into a
vol tage externally applied to the piezoelectric mcroactuator 158 and a

vol tage i nduced on the piezoelectric 2s m croactuator 158 by nechani cal
strain. It is to be understood that even though numerous characteristics
and advant ages of various enbodi nents of the present invention have




WO 001 51110 PCTNS99/ 31251 -21 been set forth in the foregoing description,.
together with details of the structure and function of various enbodi nents
of the invention, this disclosure is illustrative only, and changes may be
made in deWRWeMBspecially in matters of structure and aF?Qﬂﬁ%ﬁﬂﬁ? of
parts wthin the s principles of the present invention to the full extent

I ndi cated by the broad general neaning of the terns in which the appended
clains are expressed. For exanple, the el@ctrical signal provided by the
controller 175,190 to the piezoelectric mcroactuator 158 in order to
counteract the strain on the mcroactuator 158 may be a charge signal or a

current signal Pesiieningsrigrals tomicroattuatpss th&tesimulianeensly peptienialg from
g . Con. difi ; I
be mader w0 obf &zt vihfel R BEER pB ekl S R kRS TR 7
vibration of a pieE@SInRAtdre6uslyMiPReMAI BAcKE 6 # PRirdB06f dise surlices drive,
the piezoelectric mcroactuator adapted to finely position a read/ wite

head rel ative tindiscpadklth a disc, the nethod 5 conprising steps of: (a)
sensing the pechanic t.rai.n on the pi,ezoelectric nmcroactuator; and (b)
2pp v ng an Srect i calc-Bilfaten AR RS B LR HER%Based on
the sensed straifyadR{GBYARRY ¥oitPolldra78 Lf‘eccroiﬂtﬁﬁéd ﬁt&&@inﬁi&ﬁ%

pi ezoel ectric mcroactuator produces a nmechanical force omm the

m croact uat or whomtholber(8.c3exrwo somtrallerd A8 ecteites as its irdutsihreferehtrsigmdl cl ai m 2

bi czocl ect 1 o MiEy Ba0t SRHGR BT of Gt AR el s A WHBHERS the
applying step (BhsitigAR{gnakTofeRh¥%s Bk heads 181 (head 0 - head N) which is

10 indicative of the position of the head. An output from servo controller 190
is provided to voice coil motor (VCM) 173 which drives actuator assembly
(or E-block) 118. FIG. 5 also illustrates that servo controller 190 provides
output signals to all of the piezoelectric microactuators 158 (microactuator
0 - microactuator N also represented by designation numerals 159-161)

15 coupled to actuator assembly 118. The inputs to servo controller 190 also
thus include head position signals 171 from the relevant heads. In an
illustrative embodiment, servo controller 190 also receives relative position
signals indicative of the relative position of each of the heads with respect
to VCM 173. For clarity's sake, the relative position signals are not shown

20  inFIG. 5. Each of the microactuatorsis shown coupled to a head 181.
Thus, it can be seen that servo controller 190 provides the coarse
positioning signal to voice coil motor 173 for positioning the entire actuator
assembly 118. Servo controller 190 also provides the fine positioning
signals to microactuators 158.

25 According to an illustrative embodiment of the present invention,
each microactuator 159, 161 has an associated strain sensor 179. Strain

sensor 179 senses the mechanical strain on its associated piezoelectric



an electrical signal to the piezoelectric mcroactuator based on the
vol tage i nduced on the piezoelectric mcroactuator. 3. The nethod of claim

2 wherein sensi n}g{ step (a) further conprises steps of: 20 P%%)égﬂé{ sensing a
vol t age ac™YWHHE piezoel ectric microactuator; and (a)(ii P38 ng the

vol tage across the piezoelectric mcroactuator into conponents conprising a
vol tage externally applied to the piezoelectric mcroactuator and a 25

vol tage i nduced on the piezoel ectric m crgactuator by nechanical strain.

WO 00/51110 -23 PCT1US99/ 31251 4. The nmethod of claim 1l wherein the

appl ying step (b) conprises applying a voltage to the piezoelectric

m croact uat or basiedoartuattcl S8emdauod teasiasensed skhain signbiB3dhdivhtiveofitheher ei n
the disc drive conprjses lural ity .of  he and a plurality of

pi ezoel ectric m%%?é‘?'g—\[ﬁesfﬁ‘ae‘é\?%?‘@ismg Progded tossry 8 FaRitolsi | e one
or more heads ar@oWsktboREnfofé 190 prbditesh dd Eridil Signal sl 8h Phd'sceB! NY
step (a) and appll yi ng stelbl ?b?lrargttperfgr ned vm'lth ggspegt to t‘ﬂsé p?%ral ity

of pi ezoel ect ri straicamdptavidesistothe corregpurding trlienoattyatoe @58, Tigismechani cal

resonance of 1 o_.the pil_ural [ t)h?af | ezoel ectric mcroactuators, 6. The
met hod of cl &i melesirier! signatanplicdin Hie Piezorlestyir misroasiuptor RR PrRANFEF 3 seeki ng

a selected trac Epg 'a_g, i i cal resonance of the
pi ezoel ectric m!&grgég‘ac u}ﬁ%r. #&%ﬁgﬁ%&ﬁgg@oﬁﬁ% a% " wherein the nethod is
performed while the inantikadrdtivelaibodiineat of the besseatinvemidn, servohe disc,
t hereby increasing the accuracy of the track-follow 8. The nmethod of claim

1 further conpriconigllar Bilepleudgtesthe meggnitudest sis eleatyicst signglappliad taippl yi ng
Step (B furt hereperst e PR e R R B oo T Ll
si gnal such jhatsidpehsibmsk d 18¢el@ls @Tdsk k& Hro%is Poasibled ThRANPHESOSPREESH
m cr oact uat or produces a nechanical force on the m croactuator which
m ni m zes t he neidbsimatiedly employed at times when the control objective is not
positioning of the read/ write head, such as during seeking and during
servo track writing. In an alternative embodiment of the present invention,
the sensed strain signal is used to improve positioning of the read / write
15 head relative to a data track that the head is following. In this alternative
embodiment, servo controller 190 calculates the magnitude of the electrical
signal applied to the piezoelectric microactuator to maintain the position
error of the read/ write head at a level as close to zero as possible.
In an illustrative embodiment, the electrical signal provided by
20  servo controller 190 to piezoelectric microactuator 158 is a voltage signal,
though it may also be a current signal or a charge signal. The sensed strain
signal 183 fed into servo controller 190 can be at the same sample rate as
head position signal 171 or it can be at a different sample than head
position signal 171. Together, microactuator 158, strain sensor 179, sensed

25  strain signal 183 and servo controller 190 make up strain-regulation loop
185.



strain on the mcroactuator. 10. A disc drive conprising: 2s a disc adapted
to store data; a head adapted to be positioned adjacent the disc and
adapted to read and wite data to the disc; WO 00/5111Q -24

PCT/ US99/ MO¥SIH0,i ez0el ectric microactuator adapted to FIH&SPHEY tion the
head rel ative to the disc; a strain sensor adapted to sense the nechani cal
strain on the piezoelectric mcroactuator and to produce a sensed strain
signal indicative of the sensed strain;-Bad a controller adapted to receive
the sensed strain signal and to apply an electrical signal to the

pi ezoel ectric rnicroactuator based on the sensed strain, whereby the

el ectrical signal appendhisirgtiveaemppdinentairain senspr } Fhmeasiresa Yoltageces a to

R IR i e B e R B T e SO

11. The disc drive o erern e str SEens [ ed to

measure a vol t ggedides sereed etrairheginl 283 BARE 0N the MduiceasoltagQInky Mechani cal
strain and to produce a sensed strain signal indicative of the ~ 5 sensed

strain based ofutther ilustsativeembadivent, sorinsgesorl79 ishbridgedradi ve of claim
pi croel cctrFo. AREPBHGR SERBIAe R viRRADRg Cre edie i firbadBile FiRard o™
bl o206l cot 1 ¢ I T O F AP Strhll
ext ernal | y applapplied to thespipzesedttie aticioaciiatord®8t L} torcoatm! thewddgresge i nduced
on the piezoel of taétiugticrg\,carno Y Ero tatxgoer induced on the piezoelectric microactuator
158 by mechanical inputs, such as vibration. In an illustrative
10 embodiment, this voltage induced on the piezoelectric microactuator by
mechanical strain is then provided to the servo controller 190 as the
sensed strain signal 183. The servo controller 190 then applies a voltage
signal to the piezoelectric microactuator 158 based on this sensed
induced voltage. In an illustrative embodiment, the voltage signal
15 applied to the piezoelectric microactuator by servo controller 190 is equal
in magnitude and of opposite polarity to the sensed induced voltage.
However, in an alternative embodiment, the sensed strain signal 183 is
filtered to improve feedback performance and stability, as will be
explained below. It is to be understood that strain sensor 179 may
20  alternatively sense the mechanical strain on the piezoelectric
microactuator 158 as a function of electrical charge or current as opposed
to voltage.
The sensed strain on the piezoelectric device 158 will include both
the static and dynamic strain on the device resulting from its mechanical
25 interface to the suspension. In order to reduce the amplitude of the

oscillation that occurs when the microactuator resonances are excited, in

an illustrative embodiment, the sensed strain signal 183 comprises the



by nechanical strain. 13. The disc drive of claim10 wherein the controller
|5 adapted to apply a voltage to the piezoel eci xi c m croactuator based on

t he sensed 25 strain. WO 00/ 51110 -25 14. The disc drive of claim10
conpri si ngvo BuBIAL10S99/ 31251 a plurality of heads adapted tBCTESY988I51i oned
adj acent the disc and adapted to read and wite data to the disc; a
plurality of piezoelectric mcroactuators, each adapted to finely position
one of the plurality of heads relative t gt he disc; and a plurality of
strain sensors, each adapted to sense thé nmechanical strain on one of the
pi ezoel ectric mcroactuators and to produce a sensed strain signal

i ndi cative of tH#pn&ARSEEIS b Shdpiepbaeatio debReC dRbh MR ath@r i Ses a
plurality of mcroactuator control|ers, each adapted to receive the sensed

strain signal pembgdmerﬁya bigh-prssfilter fnatshpwn) intounled torthecomtputohind t o
apply an el ectrj,c gn orr es el ectr.ic, m croactuator
based on the ~ g‘eg%fh@? ta#ﬁ L}‘Eg?ualhga%%ﬂgerdg{x&éz egfregpenaies BoRyRS i si ng:

a plurality of heads sﬁﬂﬁ%ﬁ@%ﬂl% Qﬁu&@&x‘eﬂb@@?ﬁ\ﬁﬁi ?E&@hbé&'%aﬂﬂeshmg adapt ed
to read and wite data to the disc; a plurality of piezoelectric

rni cr oact uat ®r swayafrhqmtaseduthafe n@qucﬁncq:rnsanlhangnmdoderlegarppler ality of

heads relative tg the dis | of st sensors, each adapted
to sense the me¥RSRitEEGMeS ?‘HF s&?“gﬁ’i“%f gired E‘QBE\P evrted 88 ERBact uat or s
0

and to produce Hoﬁfﬁ&ﬂar&t\ﬁﬁfa ofl E@aétrdn‘? Qfs'c\éﬁ b gﬁ@ﬁeds A&tlatvel! Fal N,

wherein the contr I's a nultiple- |npu mul ti pl 8 out put servo
control | er adapbtdr typesed éitees (dm-pms;s}mddpass)mn be used on the sensed

strain signal 183 to remove frequencies which are not of concern.

10 The strain-regulation loop of the present invention can also be
employed in a servo system in which each piezoelectric microactuator
159, 161 has an associated microactuator controller 175, 177 as shown in
FIG. 6. This is in contrast to the system described above with respect to
FIG. 5, wherein all of the microactuators are controlled by the servo

15 controller 190.

FIG. 6 illustrates that servo control processor 170 receives as its

inputs the head positions 171 for all of the heads (head 0 - head N) as well
as a reference signal 165 from the host system or disc drive controller 166.
The output of the servo control processor 170 is directed to the voice coil

20  motor 173 which drives actuator assembly (or E-block) 118. FIG. 6 also
illustrates individual microactuator controllers (0-N) 175, 177 for each of
the microactuators (0-N) 158, coupled to the actuator assembly 118. The
inputs to each of the microactuator controllers 175 includes the head
position171 from the relevant head as well as reference signal 165. Each

25  microactuator 159, 161 has an associated strain sensor 179. Strain sensor
179 senses the mechanical strain on its associated piezoelectric

microactuator 159, 161 and produces a sensed strain signal 183 indicative



signal s produced by each of the plurality of strain sensors WO 00/51110 .
-26 PCTNS99/ 31251 and to apply an electrical signal to each of the

pi ezoel ectric m croactuators based on the sensed strain on_the
correspon A8 ¥z 0el ectric microactuator. 16. The di sc drTVE 8P} ai m 10
further conprising a filter coupled to the strain sensor and adapted to
renove frequencies fromthe sensed strain signal which are not within a
prescri bed range. 17. The disc drive of-jglaim 16 wherein the filter is a

hi gh-pass filter adapted to renove frequencies fromthe sensed strain

signal which are lower than a prescribed value. 18. The disc drive of claim
10 wherei n t heottbeseniedstrays e sensedstrain signabi®Brispravidedhiodhei s adapted to

provide a first _contrql signal . to a voice ' or to coarsely position
the head rel at F%es[pgnﬁghg _ 5%#5’??8“&?5&@? %’ EZ o embcrg%c_g‘bﬁﬂr control
signal to the ph@RzSIRke?3,NV7TtHENGrOAGEdANRectcd] bipRhVbaRed bhitResdrdeg head

relative to the disc. 15 19. The disc drive of ¢laim 10 wherein the
control | er conpraisendpravidesitdo thearrespondingmeicrosatushoil$94ddpt ed t o provi de

a control signal to the piezoel r.i.c mcroactuator to,.finel [tion the
head rel ative Toetth 'HP%‘%?‘%@fi\g%il_é@_s&iaf’b%?“éﬁ’fﬂ?Pr sryigd S'é%mé%fa_ﬁ% ectric
m croact uat or gHaRtiedat@atdrEhitolRG75, 197 xﬁallé‘%ﬂﬂa é@éiﬁlfegﬁlamn?odfﬂ % and
means for reducing the nmechanical strain on the plezoelFectric

m croact uat or. . A AheanfiRusfrativegmbodimend8fthayprésent ABRnAYN ANe Straif- A, . A

. Ae. A5. Al e. A. ASR&. AY!
[ regulationloop is employed in a track-writing system. During the servo

track writing operation, there is generally no measurement of the actual

10 head position. Rather, the head position is inferred by measuring motion of
some point on the actuator arm 126 and assuming that the arm/suspension
is a rigid body. The rigid body assumption does not hold true if the
microactuator resonates, which commonly occurs as a result of air-flow
excitation. If the microactuator does resonate then it will result in an

15  increasein the written-in error on the servo tracks. Therefore, in this
embodiment, the sensed strain is used as feedback to regulate the strain as
close to zero as possible. In a preferred embodiment, the strain-regulation
loops 185, 187 of all the microactuatorsrun concurrently during the track-
writing process. This will support regulation of the strain on the

20  microactuators while mounted in a track writer operating in single or
gang-write mode. The strain-regulationloops 185, 187 serve to
dynamically stiffen the microactuator suspension. That is, they minimize
the excitation of resonant frequencies and attenuate resonant frequencies
when they are excited, thereby reducing the unobservable cross-talk

25 motion of the suspension.

In another illustrative embodiment of the present invention, the

strain-regulationloop is employed during seek and settle operation of the
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15 In yet another illustrative embodiment of the present invention, the
strain-regulationloop is employed during track-follow operation of the
disc drive. This provides further input to the servo algorithm in addition
to the position error signal, potentially resulting in an increase in the
performanceand accuracy of the servo system.

20 In an illustrative embodiment, strain sensor 179 is comprised of a
bridge circuit. The bridge circuit 179 subtracts the electrical signal due to
the applied control voltage from the piezoelectric microactuator’s total
output signal, leaving only the signal resulting from the piezoelectric
strain. Such a bridge circuit is described in “ A Self-Sensing Piezoelectric

25 Actuator for Collocated Control,” Jeffrey J. Dosch, Daniel J. Inman,
Ephrahim Garcia, J. of Intell. Mater. Syst. and Struct., Vol. 3, January 1992,
and is shown in FIG. 7 of this application. The voltage v. 200 is the voltage
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from the controller (servo controller 190 or microactuator controller 175)
applied to the piezoelectric microactuator 158. Piezoelectric microactuator
158 is modeled as a voltage vp 202 and a capacitance Cp, 204. The voltage
vp 202 is the voltage produced by the piezoelectric material as it strains and
5  thecapacitor Cp 204 is the capacitance of the piezoelectric microactuator
158 measured at constant strain. The purpose of bridge circuit 179 is to
determine v, 202. Output voltage vi1 206 is composed of signals due to two
sources: the voltage vc 200 from the controller and the voltage vp due to the
strain of the piezoelectric material 158. The signal at v2 208 is due to a
10 single voltage source: the voltage generator v. 200. To eliminate the effects
due to vc 200, v2 is subtracted from v, resulting in what will be referred to
as the sensor voltage vs. If the capacitance of C3 210 is chosen to equal the
capacitance of the piezoelectric material Cp,, an expression for the sensor

voltage in terms of Laplace Transform variables is:

15
V,(5)=V(6) - V,(5) =27, (5 FQ.1
C,+C,
where V(s) is the sensor voltage in the Laplace domain and the two
capacitors indicated as Cz 212 have the same capacitance.
20 The flowchart of FIG. 8 represents a method of controlling

vibration of a piezoelectric microactuator 158 in a disc drive 110
according to an illustrative embodiment of the present invention. First,
the voltage across the piezoelectric microactuator 158 is sensed, as shown
in block 300. At block 302, the sensed voltage across the microactuator

25 158 is separated into the control voltage applied to the microactuator 158

and the voltage induced on the microactuator 158 by mechanical strain.
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The control voltage applied to the microactuator 158 is calculated to
counteract the mechanical strain on the microactuator 158 as represented
5 by the voltage induced on the microactuator 158. Applying the control

voltage to the piezoelectric microactuator 158 produces a force on the
microactuator 158 which substantially counteracts the sensed strain on
the microactuator 158. This process is illustratively repeated
continuously in a strain-regulation loop 185, 187 in order to minimize the

10  vibration of the microactuator 158. It will be understood that the
electrical signal provided by the controller to the piezoelectric
microactuator 158 can also be a charge or current signal rather than a
voltage signal. Also, it is to be understood that strain sensor 179 may
sense the mechanical strain on the piezoelectric microactuator 158 as a

15 function of electrical charge or current as opposed to voltage.

In summary, one embodiment of the present invention is directed

to a method for controlling vibration of a piezoelectric microactuator 158
in a disc drive 110. The mechanical strain on the piezoelectric
microactuator 158 is sensed and an electrical signal is applied to the

20  piezoelectric microactuator 158 based on the sensed strain. Applying the
electrical signal to the piezoelectric microactuator 158 produces a
mechanical force on the microactuator 158 which counteracts the sensed
strain.

In one embodiment, the strain on the piezoelectric microactuator

25 158 is sensed by sensing a voltage across the piezoelectric microactuator

158 and then separating the voltage across the piezoelectric

microactuator 158 into a voltage externally applied to the piezoelectric
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microactuator 158 and a voltage induced on the piezoelectric
microactuator 158 by mechanical strain. An electrical signal is then
applied to the piezoelectric microactuator 158 based on the voltage
induced on the piezoelectric microactuator 158.
5 Another embodiment of the present invention is directed to a disc
drive 110 including a disc 112, a head 116, a piezoelectric microactuator
158, a strain sensor 179 and a controller 190, 175. The disc 110 is capable
of storing data. The head 116 is capable of being positioned adjacent the
disc 110 and of reading and writing data to the disc 110. The
10 piezoelectric microactuator 158 finely positions the head 116 relative to
the disc 110. The strain sensor 179 is capable of sensing the mechanical
strain on the piezoelectric microactuator 158 and of producing a sensed
strain signal that is indicative of the sensed strain. The controller 190,
175 is capable of receiving the sensed strain signal and applying an
15 electrical signal to the piezoelectric microactuator 158 based on the
sensed strain. The electrical signal applied to the piezoelectric
microactuator 158 produces a mechanical force on the microactuator 158
which counteracts the sensed strain.
In a further embodiment, the strain sensor 179 includes a bridge
20  circuit that is coupled to the piezoelectric microactuator 158. The bridge
circuit 179 is capable of sensing a voltage across the piezoelectric
microactuator 158 and of separating the voltage across the piezoelectric
microactuator 158 into a voltage externally applied to the piezoelectric
microactuator 158 and a voltage induced on the piezoelectric
25 microactuator 158 by mechanical strain.
It is to be understood that even though numerous characteristics

and advantages of various embodiments of the present invention have
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been set forth in the foregoing description, together with details of the
structure and function of various embodiments of the invention, this
disclosure is illustrative only, and changes may be made in details,
especially in matters of structure and arrangement of parts within the

5  principles of the present invention to the full extent indicated by the
broad general meaning of the terms in which the appended claims are
expressed. For example, the electrical signal provided by the controller
175, 190 to the piezoelectric microactuator 158 in order to counteract the
strain on the microactuator 158 may be a charge signal or a current signal

10  as opposed to a voltage signal, without departing from the scope and

spirit of the present invention. Other modifications can also be made.
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microactuator in a disc drive, the piezoelectric microactuator adapted to

5

10

15

20

25

finely position a read/write head relative to a track on a disc, the method

comprising steps of:

@)

(b)

sensing the mechanical strain on the piezoelectric
microactuator; and

applying an electrical signal to the piezoelectric
microactuator based on the sensed strain, whereby
applying the electrical signal to the piezoelectric
microactuator produces a mechanical force on the

microactuator which counteracts the sensed strain.

2. The method of claim 1 wherein the sensing step (a) comprises

measuring the voltage induced on the piezoelectric microactuator by

mechanical strain and wherein the applying step (b) comprises applying

an electrical signal to the piezoelectric microactuator based on the

voltage induced on the piezoelectric microactuator.

3. The method of claim 2 wherein sensing step (a) further comprises
steps of:
(2)(i) sensing a voltage across the piezoelectric microactuator;

(a)(i)

and

separating the voltage across the piezoelectric
microactuator into components comprising a voltage
externally applied to the piezoelectric microactuator and a
voltage induced on the piezoelectric microactuator by

mechanical strain.
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plying a voltage to the plezoel(ectrlc microactuator based on the sensed
strain.
5. The method of claim 1 wherein the disc drive comprises a
plurality of heads and a plurality of piezoelectric microactuators and
wherein the method is performed while one or more heads are writing a
servo track to the disc and wherein sensing step (a) and applying step (b)
are performed with respect to the plurality of piezoelectric
microactuators concurrently, thereby reducing mechanical resonance of
the plurality of piezoelectric microactuators.
6. The method of claim 1 wherein the method is performed while the
head is seeking a selected track on the disc, thereby reducing mechanical
resonance of the piezoelectric microactuator.
7. The method of claim 1 wherein the method is performed while the
head is following a selected track on the disc, thereby increasing the
accuracy of the track-follow.
8. The method of claim 1 further comprising a step (c) of repeating
sensing step (a) and applying step (b) a plurality of times.
9. The method of claim 1 wherein applying step (b) further
comprises calculating a magnitude of the electrical signal such that
applying the electrical signal to the piezoelectric microactuator produces
a mechanical force on the microactuator which minimizes the mechanical
strain on the microactuator.
10. A disc drive comprising:

a disc adapted to store data;

a head adapted to be positioned adjacent the disc and adapted to

read and write data to the disc;
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5 signal indicative of the sensed strain; and

a controller adapted to receive the sensed strain signal and to
apply an electrical signal to the piezoelectric microactuator
based on the sensed strain, whereby the electrical signal
applied to the piezoelectric microactuator produces a

10 mechanical force on the microactuator which counteracts

the sensed strain.

11.  The disc drive of claim 10 wherein the strain sensor is adapted to
measure a voltage induced on the piezoelectric microactuator by
mechanical strain and to produce a sensed strain signal indicative of the

15 sensed strain based on the measured induced voltage.
12.  The disc drive of claim 10 wherein the strain sensor comprises a
bridge circuit coupled to the piezoelectric microactuator and adapted to
sense a voltage across the piezoelectric microactuator and to separate the
voltage across the piezoelectric microactuator into components

20 comprising a voltage externally applied to the piezoelectric
microactuator and a voltage induced on the piezoelectric microactuator
by mechanical strain.
13.  The disc drive of claim 10 wherein the controller is adapted to
apply a voltage to the piezoelectric microactuator based on the sensed

25  strain.
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15.

a plurality of strain sensors, each adapted to sense the mechanical
strain on one of the piezoelectric microactuators and to
produce a sensed strain signal indicative of the sensed
strain, wherein the controller comprises a plurality of
microactuator controllers, each adapted to receive the
sensed strain signal produced by one of the plurality of
strain sensors and to apply an electrical signal to the
corresponding piezoelectric microactuator based on the
sensed strain.

The disc drive of claim 10 comprising;:

a plurality of heads adapted to be positioned adjacent the disc and
adapted to read and write data to the disc;

a plurality of piezoelectric microactuators, each adapted to finely
position one of the plurality of heads relative to the disc;
and

a plurality of strain sensors, each adapted to sense the mechanical
strain on one of the piezoelectric microactuators and to
produce a sensed strain signal indicative of the sensed
strain, wherein the controller is a multiple-input, multiple
output servo controller adapted to receive the sensed strain

signals produced by each of the plurality of strain sensors
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The disc drive of claim 16 wherein the filter is a high-pass filter
adapted to remove frequencies from the sensed strain signal which are
lower than a prescribed value.

10 18.  The disc drive of claim 10 wherein the controller comprises a
servo controller which is adapted to provide a first control signal to a
voice coil motor to coarsely position the head relative to the disc and
adapted to provide a second control signal to the piezoelectric
microactuator to finely position the head relative to the disc.

15 19,  The disc drive of claim 10 wherein the controller comprises a
microactuator controller which is adapted to provide a control signal to
the piezoelectric microactuator to finely position the head relative to the
disc.

20. A disc drive comprising:
20 a piezoelectric microactuator adapted to finely position a head
relative to a disc; and
means for reducing the mechanical strain on the piezoelectric

microactuator.



