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*166166* Controlling notions of a head actuator assenbly of

a hard disk drive Field of the Invention 5 The present invention rel ates

to an arm for
further relate

EUVAIRMARAE e or “asSently | ncor porati ng. aie a¢ B8 ¢

(usual Iy several) ?Tgiglpyarrrs, and to a hard disk drive incorporating such
|

head act uat or

asse

es. 10 Background of the Invention Hard disk drives

(HDDs) are sophCshirelihgdndtRezastiLhéad sk fEehibigef athadd dwkidiivdel | cate
el ectronics and electrical conponents. FIG 1 shows a conventional HDD

assenbly having a base 1, an electronic board 3, and a spindle notor 5. 15
On the shaft of the spindle notor 5 are stacked several disks 7, which each
have a thiﬁeRjB fn tic mterial 9 provided on at | east one surface.
The HDD has—a—ﬂ%gé—g§ﬁ§§¥or, whi ch includes a plurality of arns 13. Each
arm 13 supports a suspension 15 having a ginmbal which in turn supports a
slider (not shown). Each slider incorporates a magnetic type read/wite

head (not shown) 20 at a flying-height over a surface of a corresponding
di sk 7.5 Théhépsebeant inkeintion relajes tocamarm 16r uselinsa bpad sictuatdBassemblaok acr oss

the disk 7 for

tracki ng-seeking and track-follow ng over the disk nedium

9. In partabatdidiskalrivel tfuthért refateoto a(Néa) actasrbkyerhBlyantoplopstiigne ar s
13 and suspension 15 to cause themto

one or more (usually several) such arms, and to a hard disk drive incorporating

such head actuator assemblies.

10 Background of the Invention

Hard disk drives (HDDs) are sophisticated mechanical assemblies integrated

with delicate electronics and electrical components. FIG.1 shows a conventional

HDD assembly having a base 1, an electronic board 3, and a spindle motor 5.

15 On the shaft of the spindle motor 5 are stacked several disks 7, which each

have a thin film of magnetic material 9 provided on at ieast one surface. The

HDD has a head actuator, which includes a plurality of arms 13. Each arm 13

supports a suspension 15 having a gimbal which in turn supports a slider (not

shown). Each slider incorporates a magnetic type read/write head (not shown)

20  at aflying-height over a surface of a corresponding disk 7. The head is driven

by the arm 13 and suspension 15 to track across the disk 7 for tracking-seeking

and track-following over the disk medium 9. In particular, a voice coil motor

(VCM) assembly 17 actuates the arms 13 and suspension 15 to cause them to
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*@0002 0 6 NOV 2006 2 pi vot and nove the heads to a desired track on the
disk 7 by a lateral novenent. In recent years, the areal derhzé]hmva.l.hgﬁ_
storage capacity of HDDs have been 5 increased dramatically, t hf trend
is likely to continue. Increasing the track density and storage capacity
requires both extremely high precision of the head actuator which rapidly
noves read/wite heads across disk surfaces and holds themover a specific
data trackpjef ah@fn%\}@ﬁe%é?f@tﬂaé‘@@sir%ﬁﬁac‘ﬂgwtlll@msw?’bﬂg'lal}%?élght of the
slider which has the read/wite transducer. However, the accessing 10 speed
and positigpjRehgffcuracy are directly affected by vibrations of the
mechani cal conponents in the head actuator. Thus, vibration control in the
head actuator, especially suppression of the nmechanical resonance in
lateral direction which significantly affects the performance of the servo
system has becone increasi ngl y inmportant. In addition, decreasing the
f1yi ng- hei §hteceshyaarsothesargal densitv-and stasagel capacitycdfiBDEiayedeen a servi ce
life of the HDD. Thus, maintaining the predetermned flying-height over
each disk Inereasad dramatigallpearvktiis tiend és Biraly th séntiniev bxcredsihhehs aaekt ype i s
critical. Since the efficiency of the magnetic recording process changes
si gni fi cantensity amd steradé ehpacityerieglires bolt ErémBE Aigh bredisien kg hesgsul t

in corresponding variations in recording storage 20 densities, and are thus

critical fgerugatcHibifich il ML feddRtitPheadd L1085 TiCsurfaces and holds

them over a specific data track for information exchange, and very low flying-
height of the siider which has the read/write transducer. However, the accessing
10  speed and positioning accuracy are directly affected by vibrations of the
mechanical components in the head actuator. Thus, vibration control in the
head actuator, especially suppression of the mechanical resonance in lateral
direction which significantly affects the performance of the servo system, has
become increasingly important. In addition, decreasing the flying-height tends to
15 deteriorate transducer reliability over a service life of the HDD. Thus,
maintaining the predetermined flying-height over each disk in a drive and
between different disk drives of the same type is critical. Since the efficiency of
the magnetic recording process changes significantly with the flying-height,
variations in flying-heighf result in corresponding variations in recording storage
20  densities, and are thus critical for stable flying-height control. Furthermore,
since there is the asperity on the medium surface and since there may be
external shocks, it is desirable to adjust flying-height to a safe position to

alleviate dynamic head-disk contact.



since there is the asperity on the nedium surface and since there may be
external shocks, it is desirable to adjust flying-height to a safe position
to alleviate dynam c head-di sk contact. 0.6 NOV 2006 3 In oQ®eNOV @GSt t ai n
hi gh accuracy track-follow ng, sone efforts have been made to inprove the
dynam c characteristics of a head actuatr. One of themis to use a
dual - stage actuator, which will provide an additional degree of flexibility

i n control lihpeddrie diin RighUcclbsoypack-fftbA P sohfe mﬁéﬂé BebA%hade to,

positioning error 5 caused by residual vibration. In suct da system the
VCM i s use ' : t | toRLO¥des .coarse
posi tioni ng,“ﬁg?n sg(IC:H r? - s'%’(acaé%aéii:%ﬁsé@};&g% i@%dnée)ﬁué{&?:iﬁgc?\ftt?erﬂﬂ% ?%e i (r:]r o]
| evel, fineg tunjng for head .actuator . positj.oning. scriptiqns of suc
systems cad4 Eshg%rﬂf?ﬁ‘?ltoéc‘?’@ﬁﬁi"‘f' Prvige gat t'onlan%Qr&FLﬁfé'.OeX%lﬂ’é in
representative references are as follows. In U S Pat. 10 6, 046, 888, Todd

A Krinke &onfpllipgdle sratipnofithe degdactuatontn eempensatedhe gositioningrersor
suspensi on, in which a new suspension configuration including flexure
hi nges and caupee byeesidual dbrationobcsusdt asystenprtes &GMds used bs $he Batnary
6, 100, 623, Fu-Ying Huang et al disclosed a piezoelectric element to

si mul t aneowsluyceast actugtiornitdt prii€edicohrse! FIBRITANg, BhdaecahBlsigge ! y, in
whi ch the piezoelectric 15 mcroactuator together with its support and

flexure is jogfionad theh QL2498 rﬁaviﬁ@’?ﬁ@% le&%ﬁhip?ﬁ%ﬁ@ﬁo?”é?& géiu%?or The

hi gh-frequency excitation technique an : rcul ésign are
adopted to p%ﬁfoﬂﬁ{g.tdb%cﬂbﬁ&r?s%?&ﬁéﬂ Sys S IR Y Bund in scientific and patent

literature. Some representative references are as follows. In U.S. Pat.
10 6,046,888, Todd A. Krinke et al disclosed a base plate-mounted microactuator

for a suspension, in which a new suspension configuration including flexure

hinges and a piezoelectric microactuator is presented. In U.S. Pat. 6,100,623,
Fu-Ying Huang et al disclosed a piezoelectric element to simultaneously actuate
and sense a displacement of an arm assembly, in which the piezoelectric

15  microactuator together with its support and flexure is inserted in betweeh a
conventional arm and suspension. The high-freqUency excitation technique and
the bridge circuit design are adopted to extract the piezoelectric deformation
signal for displacement sensing. Obviously, these architectures require changes
either in the conventional mechanical plant in the head positioning servo-system

20  of the HDD or in the related ;;rocess/assembly flow, which in turn increases the
manufacturing costs. In addition, it is difficult to balance the bridge circuit
perfectly in the real state using the disclosed methods for displacement sensing.
In this regard, the sensing voltage may include large noise due to the

imperfection of the bridge circuit.



signal for displacenent sensing. Obviously, these architectures require
changes either in the conventional nechanical plant in the head
positioning servo-system 20 of the HDD or in the rel ated pro&@ﬁnggwﬁnbly
flow, which in turn increases the manufacturing costs. In addition, it is
difficult to balance the bridge circuit 4 perfectly in the real state using
the disclosed nethods for displacenent sensing. In this regard, the
sensi ng vol tage may include | arge noise due to the inperfection of the
bridge circuit. 06NOV2000 4 Another technique to inprove the dynam c

characteri s{4 : S active/ passiv anpi ng
t echni que, A o?@%rqlégﬁrggﬁg?%gﬁ%@)@%gﬁ%ghaé@%#ﬁgrgf%?e&sﬁﬁf?ﬁg}%gc?cgﬁl%eg}%dpes

t require_any change, of the nechanical. plant. in 5 the head positioning
Syst em ser 1 U8Y Sf IR PASEVRSIMIPRE tegtiave, MEEN i CPoHIeRRe toitieca Cant
additional strain sensor, feedback | oop and conventional voice Coi I. not or
(VCM to alffecivemethnd sinee @oBs ot seauiisiany elangss of theguiebyarticalfilant in Huang
et al., Active Danping in HDD Actuator, |EEE Transactions on Magnetics,

Vol . 379 Nthe Bead/positioBid@lsyspam seiit SyslemAhithe DD One suehhiniastigaién
provi des an alternative way of stabilizing a servo-controlled actuator

system  dutilites S0 a8ditibral stkdifRENSHC FectfbacR3o 6P Bhl teRVe AR I8 ReYoilt he
bal | -bearing friction, a conventional VCM actuator poses sone chall enges

i n providi ; hﬁ)gt haGk | | gsg/,t han 25 nm
SO gs to iﬁgo_rtggg}éémgo gétr“g%)zege Sl t@y égﬁgﬁldg\s&e ’%%fé%fj]@eb??grﬁi%&%oo tracks
per inch, \MUa% &toé’l.f 9\% l\%] (E)Samping in HDD Actuator, IEEE Transactions on

Magnetics, Vol. 37, No. 2, March 2001, pp. 847-849. Although this technique

10  provides an alternative way of stabilizing a servo-controlled actuator system,

due to some limitations such as the nonlinear response of the ball-bearing

friction, a conventional VCM actuator poses some challenges in providing a

level of tracking accuracy in the range to less than 25 nm so as to increase the

track density to a level of more than 100,000 tracks per inch, which corresponds
15  to tracks of less than 250 nm wide. In addition, it is not a trivial task to actively

suppress mechanical resonance using a single VCM actuator for the non-

collocation case.

In U.S. Pat. 6,307,719B1, Michael Maﬂary disclosed a suspension assembly
20  with an adjustable gramload, in which the suspension assembly includes at
least one power conductor, or power trace having one end electrically attached
to the load beam and another end electrically attached to a power source. The
power source may heat a predetermined portion of the load beam to adjust the

gramload of the suspension assembly for controlling the flying-height of the



15 to tracks of less than 250 nmw de. In addition, it is not a trivial
task to actively suppress nechanical resonance using a singl g) V%a@@ator
for the non- collocation case. In U S. Pat. 6,307,71961, M ch eq I y

di scl osed a suspension assenbly 20 with an adjustable gram oad, in which

t he suspension assenbly includes at |e&st one power conductor, or power
trace having one end electrically attached to the |oad beam and anot her
end el ectr head! Altddgrcihpsitdcd ueg% i i Bei - heat a
pr edet er m ned portioggpof thenﬁoa bggﬁgﬁ)ggg}lgﬂﬁpﬁg%#%%%to E[’he
suspensi on I t li i ng- height ..of .the 0 Nov 200 5
head. Alt hgég'%gtgﬁiws{e E%&%%JLFR%ow%dgé‘g?@t“!s'ge&ﬁf%ﬁ a @#‘PW%&'PH’EI ﬁmn

adj ust nment wever he response tine of t thernal -el ectrical actuation
i s slower FFF}%R’?pﬁ%é’?‘eé‘#r"b?‘é’i‘é‘ﬁf’@zﬁ?'ﬁ&aéfé?%atfregﬂy. “%Fﬁgm@ém@%%eﬁ del ay whi ch
may made it inpossible for the read/wite head to respond effectively to
the det ect iBROTHLIS fasiher tepg/whitediaagikte. respond effeciively tdithepdatpctiardof or nat i on
of the power conductor includes plating the | oad beamw th high resistance
and | ow> anmeperity emsbogksirle additiosr, the profiusedifonnatioresf thee dwasrhudindalktor
conplexity of its manufacturing process. Summary of the Invention 10 The

present i nirmhidesplating thedlopdbe=he withfigh 2688istaneE Undabil drifeaftdtRackafgreuat o
assenbly for a hard disk drive, a new and useful head actuator assenbly

material. This increases the technical complexity of its manufacturing process.

Summary of the invention

10
The present invention aims to provide a new and useful arm for a head actuator
assembly for a hard disk drive, a new and useful head actuator assembly
incorporating on or more such arms, and a hard disk drive incorporating one or
more such head actuator assemblies.

15

In general terms, the present inventidn proposes that, in a head actuator
assembly comprising an arm, and a suspension supported by the arm and for
supporting a reading/writing head (usually via a gimbal), one or more
piezoelectrié elements should be provided on the arm and that control circuitry

20 should be provided to power the piezoelectric elements so as to deform the

arm.

Note that a head actuator according to the invention can be formed, apart from

the piezoelectric elements and the circuitry controlling them, in the same way as



i ncorporating on or nore such arns, and a hard di sk drive incorporating one
or nore such head actuator assenblies. 15 In general ternmns, tH resent
i nvention proposes that, in a head actuator assenbly conprinssi @V% ar m
and a suspension supported by the armand for supporting a reading/witing
head (usually via a ginbal), one or nores piezoelectric elements should be
provided on the armand that control circuitry 20 should be provided to

n ) . . . . head
power the pnead&sd AéthafirERBADIIES. %c&rﬁg@%ﬁ%ﬁf&%ntﬂ@}%ﬁﬁ%@@t a hea

actuator according to the invention can apart

pi ezoel ect rj | Cui | N in the same way
as 0 6 Nov I@&E@%E@W@@é@aﬁ%@? %trt(s§5§S%%Wéé@fg§8bgggéqw%es[fﬁé present
i nvention rmay be, inplenented without grea hanges to present

manuf act ur i dtaé:élfmgga&embﬁes'ﬁé’é’gﬂaﬁtagé?qa&vejﬁg)é’gﬁﬁtes, and thus at
relatively low cost. 5 Specifically, the invention is an armfor use in a
head actuator assenbly of a hard disk drive, the arm being according to
any of claims 1 to 4. A second expression of the invention is a head

act uat o® aspeeificplly,dhedanvention idiapkardr foraisetina Hesatactaatoxtasseinbiyngf accor di ng
to any of clainms 14 to 17. 10 The piezoelectric elenments can be controll ed,
ei ther vi ahexd diskadrivel, ¢ieham deing according to any of claims 1 to 4.

A second expression of the invention is a head actuator assembly for a hard
disk drive, the head actuator being according to any of claims 14 to 17.

10
The piezoelectric elements can be controlled, either via external signals or via
signals they generate themselves (particularly in the invention as defined by
claims 1 and 14), to suppress vibrations in the assembly, and/or to control the
positioning of the head in relation to the recording medium such as by

15  controlling the flying height.



signals they generate thenselves (particularly in the invention as defined
by <clainms 1 and 14), to suppress vibrations in the assenbly, and/or to
control the positioning of the head in relation to the recorgiglgk gye%gm
such as by 15 controlling the flying height. 0 6 NOV 2008 7 I‘IE]D
description of the Figures An enbodi nentz of the invention will now be
descri bed for the sake of exanple 5 only with reference to the follow ng
figures, in which: FIG 1 is a schematic view of a conventional hard disk
drive (HDD) assenbly. FIGS. 2a, 2b, 2c and 2d show head actuator accordi ng
to the inv j =\ ctuator arm on which are surface-bonded
pi ezoel ect rB:a%f g?%"? srﬁ'?gg)fﬁlﬁ%ﬁ@ﬁﬁgpi cts electrical connection of the

pi ezoel ectric elenents of the actuator armof FIG 2(a) for accurate
actuation in track-follow ng servo. 15 FIG 4 shows the static displacenent
of slider énot shown) with the piezoelectric actuation provided by the arm
of Fig. 2(AN.embesimentpbire @vsngqromﬂb@@wme desaribad fanthei sakecsfandimple e
system 20 FIGS. 6a and 6b show a piezoelectric elenent suitable for use in
the erbodbnlywith offetdreei totba following FiGures, drewhichs a sel f - sensi ng

pi ezoel ectric actuator with an offset circuit, suitable for use in the
enbodi nrents. 0 6 NOV 2006

FIG. 1 is a schematic view of a conventional hard disk drive (HDD) assembly.

FIGS. 2a, 2b, 2c and 2d show head actuator according to the invention having

10 the actuator arm, on which are surface-bonded piezoelectric elements.

FIG. 3 depicts electrical connection of the piezoelectric elements of the actuator

arm of FIG. 2(a) for accurate actuation in track-following servo.

15 FIG. 4 shows the static displacement of slider (not shown) with the piezoelectric

actuation provided by the arm of Fig. 2(a).
FIG. 5 shows a piezoelectric element and its coordinate system.

20 FIGS. 6a and 6b show a piezoelectric element suitable for use in the

embodiments of the invention.

FIG. 7 depicts a self-sensing piezoelectric actuator with an offset circuit,

suitable for use in the embodiments.



8 FIG 8 depicts a self-sensing piezoelectric actuator with an offset

pi ezoel ectric elenent, suitable for use in the enbodiments. 5 FIG 9 shows
two main vibration nodes in the mechanical transfer functi OrhVSOfNO@ nhead
actuator. FIG 10 shows an adaptive architecture for active vibratTon
control of in-plane arm bending and/or guspension sway in an embodi ment of
the invention. 10 FIG 11 shows a bl ock diagram of the head positioning
servo systemw th an adaptive controller for the dynam c inprovement of
head actuator according to the invention. 15 FIG 12 depicts an

1 yi ng- hel ohe- SeRice s ARG Bicdhe oo ate AR S Ak el Prptasiedie shous

whi ch_ | n odiment. of the invention being deflected out of its
glnaﬁremby a%l%{héﬂﬁtsug%ﬁg?wﬁﬁ‘lt"?derf‘h%d' tt?-ed vol tage. 20 FIG 14 shows
two piezoelectric actuation nodules bonded onto an actuator armwhich is a
further enbodi nent of the invention. Detailed description of the

enbodi ments 0 6 NOV 2006 9 FIG 2(a) is a view (in the direction
per pendd culFd&. Bshots twogkamuvibeatien mbdes in the mechanical transfer function of a

-

head actuator.

FIG. 10 shows an adaptive architecture for active vibration control of in-plane
arm bending and/or suspension sway in an embodiment of the invention.

10

FIG. 11 shows a block diagram of the head positioning servo system with an
adaptive controller for the dynamic improvement of head actuator according to

the inventi_on.

15 FIG. 12 depicts an alternative electrical connection of the piezoelectric element

for flying-height adjustment in an embodiment of the invention.

FIG. 13 shows an arm which is an embodiment of the invention being deflected

out of its plane by an amount proportional to the applied voltage.

20

FIG. 14 shows two piezoelectric actuation modules bonded onto an actuator

arm which is a further embodiment of the invention.

Detailed description of the embodiments




conventional head actuator havi ng an actuator arm 21 according to the

I nvention, on which are surface-bonded piezoelectric el enment 23. Two .
possible 5 realizations of the piezoelectric elenments 23 aregghgin Fi gs.
2(b) and Figs. 2(c), which each represent an area of the arm 21 nmarked A
in Fig. 2(a) and are views fromthe sage direction as in Fig. 2(a). Fig.
2(b) shows a first formof the elenents 23, while FIG 2(c) shows a form
in which each el ement 23 includes two piezoelectric conponents 23a, 23b
(here also referred to as "elenents”) 10 spaced along the length of the arm

21. The co : | yel tuat or, device and a
sensor devﬁ:tg'%lré? Egg%a\?ﬂﬂstﬁgagléée nvégﬁaggﬁ}cuﬁiéxé@é;g%l%}’bl(agm) ﬂﬁ rr}JI tiple
21, but not. their respective.suspensions).  _Prefera , .each el enent
g;miss made P76 '88?@???%‘{ B&@'@gormaé’%?'gép@agorl%%ﬂ@quQT@”%{FtWeas PZT (I ead
zircornate titanate). Either conductive or non- conductive adhesive may be
used to bolyenHenprwbisharersufasediandedyiezseleririo element2s fwe possialem 21. A
HDD according to the invention usually includes nultiple such arnms. It is

to be 20 realieatonodf thegiiezdeectdt elementardta@ shaubby Figd. 2(byandlERfsi cal to
each other in construction and configuration. Consequently, for clarity of

di scl osur e2@)| whichfachupprIgEMS anafiba &F He a2 ImhikelAA I Fiy. 2fd)arese | bed.
Each armii smf)ormed aut oﬁatical ly with one cutout 25, aroll?nd(v?hlrgﬁ are two

llegs 27. ThRwsPr&GRIGE 8SHd Gir g‘%&ti . 35, PGS sABWsErifsPR-ANSE Rt tom
surface of | ggs 27, 0 % !\%ﬁg% 6 ?Oﬁgf{? : &H
elements 23, while FIG. 2(c) shows a form in which each element 23 includes
two piezoelectric components 23a, 23b (here also referred to as “elements”)
10 spaced along the length of the arm 21. The components 23a and 23b are

respectively an actuator device and a sensor device. FIG. 2(d) is a side view of

the assembly (showing multiple arms 21, but not their respective suspensions).

Preferably, each element 23 is made from ceramic-based piezoelectric
15 materials such as PZT (lead zircornate titanate). Either conductive or non-
conductive adhesive may be used to bond the piezoelectric element(s) 23 onto

the surface of arm 21.

A HDD according to the invention usually includes multiple such arms. It is to be
20  understood that the actuator arms are substantially identical to each other in
construction and configuration. Consequently, for clarity of disclosure only, the
uppermost actuator arm 21 is particularly described. Each arm is formed
automatically with one cutout 25, around which are two Iegé 27. The

piezoelectric elements 23 are bonded on the top and bottom surface of legs 27,



'réspectivel y. The piezoelectric elements 23 may be actuators only as shown
in FILG 2(b), or either elenent 23 nay conprise an actuator 23a in
conmbination wth a sensor 23b, the actuator-sensor having tP §8¥a2068 e
surface el ectrodes. The location and orientation of piezoelectric elenents
23 may be optimzed to 5 maxin ze theiri®bservability and inprove their
actuation effectiveness. Such an architecture provides a solution to

accurat e t respectively oVhe piexodidetid elemesite 2B may bbb dotitbrs @fly d8SHowRer bel ow
The actuator arm 21 of FIG 2 nmay be used in a piezoelectrically actuated

dual - 10 SFROC2®FIofCeifhiet eRiehtld Blay ddPatich afbuator 2Bl i corflogfigh 0! ©

el ectrical connéection of the plezo ctric el emrla?s gg or accurate

actuation [ pa.t - el | aw rva. The piezoelectri.c el enents may have a
ol a1 zat 1 Wt Sar !t BetuRBrBnePrBaRing o ssgebaéetswécw‘mf ons
such t hat e pair of piezoelectric elenents 23 on the surface of one

cut out | egﬁlg? |‘g‘?aé'°@cﬁﬂ£8'i"?’§at'?’b°f Rlegpalestrioselements 23 wray e optimizectio pai r
are controlled to in-plane contract, resulting in an accurate notion of

t he sl i%er Maxgnizerbeaw observabilithgnd impedive theiriactliatanesffeofiveresd. ISuchsar?9) i n
the lateral direction, as shown in FIG 4. Thus, the induced- strain

pi ezoel ect arahitactuiapoovidés hiselitionaotdcenrataTtaeREDdlIGwBg TRt fiyisghefghit r ol of
di spl acenent, which is different fromthe existing dual -stage actuators, in

whi ch 20 aagjuetRehEat detcAbbdBERKy. € ther directly drives the slider or
drives the slider via flexure hinges. For this reason the present

I nvention preferably uses piezoelectric elenents with high actuation
capability. 0 6 NOV 2006

The actuator arm 21 of FIG.2 may be used in a piezoelectrically actuated dual-

10  stage servo system. In this regard, FIG. 3 depicts a possible electrical
connection of the piezoelectric elements 23 for accurate actuation in track-
following servo. The piezoelectric elements may have a polarization direction
which is vertical, with respective orientations such that one pair of piezoelectric
elements 23 on the surface of one cutout leg 27 are controlled to in-plane

15 extend, while the other pair are controlled to in-plane contract, resulting in an
accurate motion of the slider (not shown but having a .position indicated
generally as 29) in the lateral direction, as shown in FIG.4. Thus, the induced-
strain piezoelectric actuator of the invention implements geometrical control of
displacement, which is different from the existing dual-stage actuators, in which

20 a piezoelectric actuator either directly drives the slider or drives the slider via
flexure hinges. For this reason the present invention preferably uses

piezoelectric elements with high actuation capability.



11 FIG 5 shows a piezoel ectri c elenment 31 and its coordinate system This

pi ezoel ectric elenent nay be any of the actuators or sensors I hed
above or below. The length, width and thickness of the el enﬁ%?s@ﬁﬁ are

marked as 1, w and t respectively, while the coordinate axes are indicated
as 1, 2 and 3. For 5 an elenent 31 whichl functi ons as an actuator,
Al =nd31Val /t, Aw=nd31Vaw/'t, At=nd33Va, whereas for an el enent 31 which

functions BKS.% §I%W§bcrlei6§f@&ﬁ&|éﬂérﬁéht 3 Vanra &8 dobtdinate MEted3$his/ (c1w) ,

where Va is an applied voltage, d,1 is the piezoelectric constant, Fis an

applied f Oﬁléﬁoélleem& S8hent rﬁoéggbé ﬁgﬁgrthe %@%{g’rigff @Erb%%%ng 8‘385{/8 ns, vm

I s the neasured vol tage acr ectro e thlc ness

nunber of GLERbE ﬁﬁ%&?ﬁ&h%@dth%gﬁﬁm%éé of te °$'8h%35§ﬁ%'fem pegfedad s the
| ezoel ectric enen ncrease W th increase of n and decrease of t.

\F/)Vt h a nul Wla’]da& peﬁﬁ"(@%é’f"@&&&co&r‘é'ﬁéiﬁ axgharecipdicatad af (ln2@ngn3-d@uat i on

capability and small driving voltage nay be achievable. Alternatively, a

hi gh- pe f oamgirneents3 hiwbichelupctionasaneadteatos urhnes VENARFNd;/ Vew/,

(d31= 520 d33>1500) is suitable for high- sensitivity and high-actuation

appl i cat i OAB=nd,V Awhérédefor ant @emeint 88 .wihibs flﬂi-‘étl%ﬂ’s i3y séﬁ’ébrbe arranged to
enpl oy the d33 node of the piezoelectric material which may enhance the

d
the' 083 mole BIEHE) VSt bh VnriebR PR, whire R epiedyiaanuce 20 -

deformation al ong the polarization direction, so that how one produces in-
pl ane def ofinstthePiezeelemriprensiant i isian appiiashor¢esalong anyrefithatengthar d.

width, or thickness directions, Vp, is the measured voltage across the electrodes

10 (in the thickness direction), ¢ is the dielectric permittivity of the material,-and n is
the number of active layers. Obviously, the actuation capability of piezoelectric
element will increase with increase of n and decrease of t. With a multi-layer
piezoelectric element, an actuator with high actuation capability and small |
driving voltage may be achievable. Alternatively, a high-performance

15 piezoelectric material such as PMN-PT (d3,=520,d53>1500) is suitable for high-
sensitivity and high-actuation applications. In a further alternative, the actuation
can be arranged to employ the d3; mode of the piezoelectric material which
may enhance the in-plane driving force since the ds3 constant is bigger than ds;.
However, the ds;3 mode of the piezoelectric materials is usually used to produce

20  adeformation along the polarization direction, so that how one produces in-

plane deformation in the piezoelectric element is not straightforward.

FIG. 6(a) depicts a top view of a piezoelectric element 35 which produces an in-

plane deformation utilizing the d3; mode. The element 35 uses interdigital



FIG 6(a) depicts a top view of a piezoelectric el ement 35 whi ch produces
an in- plane deformation utilizing the d33 node. The el ement 035 NO¥e206
interdigital 0 8 NOV 2006 12 electrodes (IDE) 37 deposited on

pi ezoel ectric substrate 39, as indicated by Fig. 6(b) which is a
cross-section 'in the line marked as c-t2in Fig. 6(a). The IDE pattern
causes the electrical field, as showmn in Fig. 6(b) which indicates field

lines ext esRichodes(IDR)B7 Bepssies srprRz38lect it Sibsitratd BS B4 MHifcated b?fF_i%.g

actuator, 5 rather than perpendicular to it. As a result, d33 coupli

produces agiK)phight o LRSELeddtcAIR 1 TiREaRed IR Fid Bigenblige thal from

the d31 for I nduce e I n- plane rec I's provides

] hi ' i.onal ti. A di t h
ol at1 ononPBIArLFRSsRIne efd Bt B s HiHBE ReE: 616) Bes bieiatet eact uat or
with surface I1DE is proportional to the equivalent n (see 10 above), which
i s inverse 'Qei)?ﬁtﬁﬂgtﬂgdﬁg?ug"bthﬁh%’béf‘r@& PBde Reuip thetmane of thecaeipatos. - Thi s

indi cates that adoption of the narrow el ectrode gap is helpful to inprove
out put i sfpAtheethantperpendisulas thd. As denestithodhstchaplingiproduces ezingland r i
element 35 is also suitable as a 15 sensor with high sensitivity. However,

when the nfdrte-inlbaé dirsoti@d wiidb éethrgér thian thatctaratthe o5 oreNIndated®in tHeher
formof piezoelectric element is used as an actuator 1t provides a way of

i ncreasin ' t ' ' il y is

I ncr easedgoﬁeﬁrgﬁ% tlﬁaes%lr%g%g Z@? ?’i t(r:ﬁ;?rg%rfgr# qé% a?tsdyéggwgﬁ@éd%%ﬁg\%{ aﬂi gh

sensitivi t%r@ﬂb‘?‘ti&.%c@?&ﬂ&%% Pquﬁgﬂslh'iﬁ X1=n|:g3§\f/fEﬁeblaxfpu%{sp?ar}:%crzr%nq% ts
piezoelectric actuator with surface IDE is proportional to the equivalent n (see

10  above), which is inversely proportional to the electrode gap with a fixed space.

This indicates that adoption of the narrow electrode gap is helpful to improve

output displacement.

It is to be understood that such a piezoelectric element 35 is also suitable as a
15  sensor with high sensitivity. However, when the multi-distributed induced-strain
actuator element 35 or other form of piezoelectric element is used as an
actuator it provides a way of increasing output displacement at the slider, since
the input energy is increased. Here, the piezoelectric element 35 is designed to
have high sensitivity and high actuation capability. Preferably, all embodiments

20 of the present invention use such a type of piezoelectric element.

As discussed above, most dual-stage servo controllers only utilize the position
error signal (PES) of the magnetic head relative to the center of data track for

closed-loop track-following control. These systems have a single-input-multi-



20 of the present invention use such a type of piezoelectric E'ﬁﬁFZ®6 As
di scussed above, nost dual -stage servo controllers only util P

position error signal (PES) of the nagnetic head relative to the center of
data track for closed-loop track-follow ng control. These systens have a
single-input-nulti 0O 6 NOV 2006 13 outpdit control architecture. However,
the particular interest hereinis to use nmulti-input-nmulti-output control

ar chi t ect ubatput Bontibicdrchite @l HoWeer! Bledbarti6ulaP RftiélesP Re @ik %rtoﬁl&n?ﬂ ( RPES)
t hr ough piezoelectrlc sensing may be used to danp out the second

act uator’ Sﬁ&ﬁﬂgﬁggﬁtgﬁ%tﬁuﬁ*@?\%lE%nEBRﬁétlH‘%ﬁﬁucR n'aitondl ity Stem |

this regard ectric enent two separate eI ectrodes

may be bon an el nt 61 of th| Kin shown
g, 20 oo Sl IRBES) ol desasirny sShe Parhal PodkoRd t° pa r o
pi ezoel ectr,ic eI enents 23a, 23b adjacent to each ot her 10 as shown in FIG
2(c), and G2BW %\‘étngﬁ SREPRA AGHUALRHS !§S§Bﬁ§6? andexphence Jag jobustessief thended
onto the actuator arm Still alternatively, a plurality of piezoelectric
act uat o? s, Wiwleisystempnithis regard,-a pigzoeiaojrib elementedtoimmseparatecsurfaaer  ar m
each functi oni ng as a self-sensing actuator with a right signal processing

and ext r aetdotrodes naydbe donded ontd i fetLotr abn @pasieiefbl vf s kindokur al i ty
of piezoelectric actuators, when an excitation voltage: v=vosin((ot) is

appl i ed tOshbﬁnﬁh‘f—'@el'O?WH"ld:Wls'd’é’s%rrlﬁedW@e&ﬁlrb"é@w).”duced charge due

Alternatively, a pair of piezoelectric elements 23a, 23b adjacent to each other
10 as shown in FIG. 2(c), and used as an actuator and a sensor, respectively, may
be bonded onto the actuator arm. Still alternatively, a plurality of piezoelectric
actuators, as described in FIG. 2(b), may be bonded onto the actuator arm,
each functioning as a self-sensing actuator with a right signal processing and

extraction method, as described below.

15
Specifically for a plurality of piezoelectric actuators, when an excitation voltage:
v=vesin(of) is applied to the piezoelectric layers, the strain-induced charge due
to the piezoelectric effect may be expressed by

20 0=-Gwd J'e31 dxy dx =-GAde,,w (1)

x|

where Q is the signal charge, G is the total electronic circuit gain, d is the

distance from the surface of piezoelectric element to the center of host



to the piezoelectric effect may be expressed by L 20 1 yr (1) Q=-0OGMd
Je31 dx 2 dx = -GAde3 x, where Qis the signal charge, G isjg%&/o%

el ectronic circuit gain, dis the distance fromthe surfac

pi ezoel ectric element to the center of host 0 6 NOV 2006 14 structure, e31
IS the piezoelectric field intensity cottant, Ais the area of

pi ezoel ectric elenment, Ax is its length, and y! is the averaged | ocal

structure stuctud,Ws¢is theysiezdelectat ieRPintsnidity ConBRINIEA iiSthechrebest t o
pi ezoel ectric constant and structural dinmensions of the piezoelectric

el ement . Ah)_%obfec elefifdritCAx IS l\r%ng‘ ;éﬁd%‘?’éth%eé\ﬁr%dl %}/%ﬁ%ﬁwwth t he

directly. t ot a out put’ current pl ezoe o .
applied volta gXpres d.b dQ sjn + Qw sin(wt + +
sloﬁ(wt) (24 “%gJ EP Sr%ezf@ei? r'gﬁba%'ﬁ\fﬁ‘ %%‘Sé@?'ﬁﬁ%@é’% ﬂ*@é‘ﬂst ance
of the piezoelectric elenent respectively. I s noted that the output

current i nélruetegal dimensions g dirpiezoelestis 9Iemermé Aseitovay ceflact thear ge
current, the piezoelectric capacitance current and the piezoelectric
resistd catructotal dafoynatiom/Vibration mhreictly r Theé esthkoutpat airrerttof tiad
deformation/vibration. 15

piezoelectric element with the applied voltage can be expressed by
i= ‘;—? sin(@r + @) + Co sin(at + 90°) + %sin(wt) 2)

10 where C and R are the equivalent capacitance and resistance of the
piezoelectric element, respectively. It is noted that the output current includes
three components, namely, the piezoelectric charge current, the piezoelectric
capacitance current and the piezoelectric resistor current. Only the first part
reflects the structural deformation/vibration.

15
As shown in Fig 7, an equivalent C - R parallel connected circuit 41 may be
used to offset and extract the piezoelectric charge current to sense structural
deformation/vibration. Specifi.cally, the circuit 41 includes resistor R and
capacitor C having values tuned to match those of a piezoelectric actuator 43.

20  The actuator 43 and circuit 41 receive the same input voltage v and generate
respective output currents iz, i;. The difference iq between these is found by a

differential amplifier 45.



As shown in Fig 7, an equivalent C - R parallel connected circuit 41 may be
used to offset and extract the piezoelectric charge current to sense
structural deformation/vibration. Specifically, the circuit @8 NOYcP®Bes
resistor R and capacitor C having values tuned to natch those of a

pi ezoel ectric actuator 43. 20 The actuat®r 43 and circuit 41 receive the
sane input voltage v and generate respective output currents 12, ii. The
di f f er enceAlt@nativelyeas shewa in §1G08 nthebyquivalent dapaeithhed (@ahd késistof5. 0 6
Nov 2008 15 Alternatively, as shown in FIG 8, the equival ent capacitance

(O and regRpinay be(fbdiByd By alsxreesleRelactFie eRiHeRi %%h ﬁéfsaFnee' ement 53

with the sanme Qgeonetry and characteristics as one 55 bonded on the

act uat or E e S h an

o fset pi cYoRrEly A *Fafa&@t'ﬁ%%%mhé 5 e t%@%ﬁ%@g it
enerates o significa straln har ut Active ration
gControl (éeq@ctg Wrs]‘l ?W}S"ﬁ%ﬁﬁ"\ﬂ %Wgﬁ %%g%e? W%‘éﬁ@rﬁ“%l & ransfer
function of head actuator: an jn-plane armending (as shown in FIG 9(a))
and sushenwhish isdixgg in adocatiamwhererit gensraigy no sigstficans streirbindecete
off-track errors and limt the inprovenent of servo bandw dth for
track-fol | oangg.outpui.s al so found that there are vibration-induced strain

zones on the legs 27 of an arm cutout under these 15 vibration nodes. The
smart piezoelectric element 23 of Fig. 2(a) is preferably

Active Vibration Control

10  FIG. 9 shows two main vibration modes in the mechanical transfer function of
head actuator: an in-plane arm ending (as shown in FIG. 9(a)) and suspension
sway (as shown in FIG. 9(b)). Both contribute the off-track errors and limit the
improvement of servo bandwidth for track—following. It is also found that thefe
are vibration-induced strain zones on the legs 27 of an arm cutout under these

15 vibration modes. The smart piezoelectric element 23 of Fig. 2(a) is preferably
bonded onto the surface of the legs 27 of the arm cutout, it is thus capable of
detecting the mechanical resonance at these two frequencies effectively.
Preferably, the piezoelectric elements 23 are optimally located for high
vibration-induced strain zones under these two modes.

20
FIG. 10 shows an adaptive architecture for active vibration control of either in-
plane arm bending, suspensibn sway or both of them. In this architecture, at
least one piezoelectric element 61 having two separate surface electrodes 63 is

adopted as both a sensor and actuator, and the sensor and actuator are quasi-



bonded onto the surface of the legs 27 of the armcutout, it is thus
capabl e of detecting the nechanical resonance at these two f éeg‘#gn Les
effectively. Preferably, the piezoelectric elenents 23 are 5{) [ IM

| ocated for high vibration-induced strain zones under these two nodes. 20
FIG 10 shows an adaptive architecture ¥or active vibration control of

ei ther in- plane arm bendi ng, suspension sway or both of them In this

ar chi t ect ueadlocated. Betissensing pind zntliatintg way ataneain B foaviasgdesenibedpar at e
surface electrodes 63 is adopted as both a sensor and actuator, and the

sensor andrFi@:t®referabl, thegsiezdblEctNOEIABAt 61 Aas BotivBRghesbnsBNith apansi ng and
actuating way may be in the formas described in FIG 3. Preferably, the

pi ezoel ectyiyh a‘%h?d”ﬁ%ﬂ_tca?%bhiﬂﬁ mférhatyé@%iasgﬁ% F? 'Ehézbéle% el@h%tésggg&@m O

capability. "Alternatively, a palr ezoelectric elenments ad) n

each other, 0 h an_actuator_and sensor, 5
respecti veﬁoyé,gé%cﬁh%{:% @ﬁé %ﬁﬁ%ﬁ}éﬁ?@%\ﬁ?gg’ﬁga &y 4 ?ﬁtru?ipé'ra Y€PR%t i ve, the
pi ezoel ectric el nt(s) baonded onto one | eg of arm cutout nmay be qne or
more of serr%sBF%t,'VG?gﬁBr é‘ﬁ)é’ep‘('g?é'@ﬂé'&"ﬁrioé 'EIaefH%H?( altergtivedthg ez asiRetbe ner
|l eg of armcutout may be one or nore of actuators. 10 In these

ar chi t ect uglesient(se bpndedentscone iegofcaremcytout oray beone onmare ofisenserng, i n-
situ sense structural vibrations via measuring vibration-induced

def or mat i oand thenpieac¢levkicielamient(s) bomded ontl theadthentetiofarm cutvat mage- dri ven
signal with

be one or more of actuators.

10 Inthese architectures, the piezoelectric element(s) on the actuator arm may in-
situ sense structural vibrations via measuring vibration-induced deformation,
and actively adjust structural deformation via voltage-driven signal with
feedback loops. Such an adaptive controller having piezoelectric sensors and
actuators, suitable feedback laws and electronics may be packaged as an

15  independent module to add into the conventional head positioning servo

system.

Such a control system diagram is shown in FIG. 11, including an actuator 64
(including one or more arms, each with one or more piezoelectric elements as
20 described above, and the associated control circuitry), a VCM 65, a digital servo
66 and a current converter 67. The actuator 64 generates a position.error signal
(PES) which is fed to the digital servo 66, and is then combined with a reference
signal r, and fed to the current converter 67 which controls the VCM 65. Without

the piezoelectric elements of the present invention the actuator 64 would have a



f eedback | oops. Such an adaptive controller having piezoel ectric sensors
and actuators, suitable feedback Iaws and el ectronics may be packaged as
an 15 independent nodule to add into the conventional head Q@sNOV @iiGng
servo system Such a control systemdiagramis shown in FIG 11, including
an actuator 64 (including one or nore #fms, each with one or nore

pi ezoel ectric el ements as 20 described above, and the associated control

ci rcui try) respod§dGps), Butlhgddraingsithe p@@séiﬂ‘ih\férﬁl%rtﬁ@ ﬁr‘b‘%ﬁ% rSige Thg

actuator 64 generates a position error S|gna 'S }‘ed to the
digital se | r an e
to t he Curﬁh‘eéﬂ%ﬁ%&@%%z%t%@@%ﬁhm@%% Pide %&g%?%? r%l?{:;'??ﬂfbcl o

i ezoel ect nt S the ent i nventio t uat or wou ave
g 0 6 NOV %Oré’% 615896 §’5$ e'HJPr QEELHPE‘?H' lfg’%%”%r BRistregaent i on
this is i rovaa to raise the dynamc characterlstlcs of head actuator to
a new | evgﬁ1 ‘f%‘?nm&ﬁﬂtr@HWaﬁ'ﬁ@e Yt HPATESRS hedfiexile vitsatipromedepdn deador
accurate track-following. In this regard, the additional controller
actively sagipatasseut ithinplementationviequires oo chadge df eitheathescamvientibnal, but
its inplenentation requires no change of either the conventional

nechani cal meehhnigat ednfiyuratiort betheederdo systedimhAriwhrar e. Fl yi ng- Hei ght

Adj ustnent 10 In nost comrercial HDDs, the gram oad provided by a

suspension is approximately several tens of nN during normal operation. A
sl i ght adjustnent

Flying-Height Adjustment

10 In most commercial HDDs, the gramload provided by a suspension is

approximately several tens of mN during normal operation. A slight adjustment

of the loading force would result in a change of the flying-height. An actuator
arm with surface-bonded piezoelectric elements according to the present
invention may be used to provide piezoelectrically actuated flying-height

15 adjustment in HDDs. In this regard, FIG. 12 depicts an electrical connection of
the piezoelectric elements 71 for flying-height adjustment in HDDs. Note that:
this concept is not limited to this specific circuit. The arrows indicate the

polarization direction.

20  Each leg 27 of arm cutout may be a PZT/metal/PZT multimorph design, which
results in an out-of-plane deflection of the actuator arm 21 in the direction of
flying-height adjustment when the ceramic 71 is energized. FIG. 13 depicts that
t~he arm 21 is deflected. The amount of deflection is proportional to the applied

voltage. An out-of-plane actuation of actuator arm 21 results in a change of Z-



of the loading force would result in a change of the flying-height. An
actuator armwth surface-bonded piezoelectric elenents according to the
present invention may be used to provide piezoelectrically 86t ;
flying-height 15 adjustnent in HDDs. In this regard, FIG 12 depicts an

el ectrical connection of the piezoeleci8ic elenents 71 for flying-height
adjustnent in HDDs. Note that this concept is not limted to this specific

circuit. Theigntasweell aslof gtenibhe, whiehdn itamt provides teletarie fo?@nEach | eg 27 of
arm cutout may be a PZT/netal / PZT nul ti morph design, which results in an

out - of - pl argjudehbREST MinGgheldhe SGEHAH %@l@:ﬁ%aﬁg{agn%ép lgslézﬁégf&%%&%eé%rpi cts

flyi ng-hei gh{ adj ust nent” when the cera et . ( N <
that the arym,2%-i ed. T ection i s propgrtional to
the. appl i ed VeyErPh DL e 235G 5 e almiGes Bhlnsr e hsich SPrEN dheoul t o
in a change of, Z 06 2006 18 hetid ht as wel| as of gram oad, which in
turn provi g‘é?'ﬂ?%rl 'DAQHIACYTEI O ASSemR|BgrRIFersAf ”F? fliskgiriveésght . such an
adj ust ment may be used to conpensate for a variation of the Z-height _
and/ or ®he gram oad of the suspension assenbly due to either nmanufacturing
or assenbling errors of the disk drives. 5 It should be understood that,
with the adlsmulkebe understedd thatowitothé bejustmengandfidiietion toieheryiagt i al
storage density of a disk 7 may be increased. However, the service |life of
the read/ wheight thaotaitidl etérage dedsiy ef AQisKE b thdrdSsed. However, the
service life of the read/write head may be reduced due to increasing the
possibility of dynamic contact between the head and disk 7. To reconcile these
10 conflicting factors, either a self-sensing or an active flying-height adjustment is
preferable. The self-sensing actuation methods proposed above are suitable for
the in-situ relative position measurement in the direction of flying-height and for
flying-height adjustment. Active flying-height adjustment provides an effective
way in allowing the head to be lowered for application in a high-density storage
15 device during a read/write operation and to be raised to a safe height when
there is asperity on the medium surface or an external shock. In this regard, it is
critical to sense the dynamic contact or shocks in real-time. Due to dynamic
contact or shocks the reaction force of the slider may exceed the predetermined
gramload, which causes the slider to jump and further induce the suspension
20  bending mode as well as arm’s bending mode, in the direction of flying-height.
Since the piezoelectric element(s) 23 are bonded onto the legs 27 of arm

cutout, they are capable of detecting the dynamic contact/shock induced

vibration, and actively adjusting structural deformation as well as flying-height.



possibility of dynam c contact between the head and disk 7. To reconcile
these 10 conflicting factors, either a self-sensing or an active
flying-height adjustnment is preferable. The sel f-sensing a(btsu%\i, t hods
proposed above are suitable for the in-situ relative position fre enent
in the direction of flying-height and fgg flying-height adjustnment. Active
flying-height adjustnent provides an effective way in allowing the head to

be | q . . . Lo . 15 devi duri
eadiwite naeaaBPCEachRBL e B RN ORI At WA Gibravien scfve ungs
asperity o%%aﬁts%ﬁﬁ#&%éwg? or an external shock. In this regard, it is

critical to contact or shocks in real-tine. Due to

dynam c contact or shocks the reaction force of the slider nay exceed the
predeterm ned granm oad, which causes the slider to junp and further induce
t he suspension 20 bending node as well as arnis bending node, in the

di rection of isftioyhengnderistpad. thatthecarchiiectpreane nesthod of tHeeprizeasinvaatie e
bonded onto the legs 27 of arm cutout, they are capable of detecting the

dynami ¢ 5g:onhigm/reéuzek1-umlem@haneidmatdrpwteMivag/t it‘fﬁig}ﬁt Adijyatd.ng structural
deformation as well as flying-height. 06 NOV 2006 19 The adaptive

ar chi t ect UrdimeSicHap #etulof iFwith o Bt DY QU len AR NG bl Age hel gt

adj ustnment/control. It 1s to be understoo e archi d rnet hod
of the pre i ti . ight realize, 1-di nensional .actuyatjon.
Al ter nat i v?ﬁ%oélg&?ﬁ‘@&?ﬂ%ﬂggl rﬁnggulg_s hF ﬁgﬂgt%ﬁhg‘;@ﬁ%{a@?ﬁp'“tyds #APWR IRi t her a
st ep- by- st cqontrol thod or two
p- DYy M 191, In whlrg?‘n tnere are piezoelectric elements 83 for in-plane actuation of
the arm 87 and piezoelectric elements 85 for out-of-plane actuation of the arm

10 87, respectively.

Embodiments of the invention have been described above for the sake of
example only, and many variations are possible within the scope of the

invention as will be clear to a skilled reader.

15



pi ezoel ectric actuation nodul es are adopted. The latter possibility is
showmn in FIG 14, in which there are piezoelectric elenents 83 for

i n-plane actuation of the arm 87 and pi ezoel ectric el enents 85 for

out - of - pl ane actuation of the arm 10 87, respectively. EnbodilBeN8¥ 286 t he
I nventi on have been descri bed above for2phe sake of exanple only, and many
variations are possible within the scope of the invention as wll be clear
to a skill gfaigader. 15 0 6 NOV 2006 20 Clains 1. An armfor use in a
head actuator assenbly of a hard disk drive, the arm being provided with
one or nore piezoelectric elements |Iocated on the armand 5 with control
circuitry for controlling at | east one actuator piezoelectric el enent

anong the piezoeglectric elenents to deformthe ar wher e When the arm
supports aqsusp ?mf%HSt,en'niq1F’%$ AC ?J&%S?"i"lf QEIG/W&P@%Q@; ?I?fc?[fﬁt i on
of the actuator piezoe|lectric elenents by the control circuitry deforns
t he ar m an@eMGRi¥sed Wi oner mergpiezeelegtsiseleynentsslocatednnthecdrar and
el enments being a 10 sensor el ement arranged to generate an output signal
whi ch i 8 awireaniiol cispuitrytfer cemteoltingat leastone actuajor plezoelectrimefemense in a
head actuator assenbly of a hard disk drive, the arm being provided with
one or nor anprezihel meroeleckicaiemests toakdfen the dim, wherebydwhen the arm
supports a suspension which in turn supports a read/write head, actuation of the
actuator piezoelectric elements by the control circuitry deforms the arm and
thereby moves the head, at least one of the piezoelectric elements being a
10 sensor element arranged to generate an output signal which is a control input to

the control circuitry.

2. An arm for use in a head actuator assembly of a hard disk drive; the arm
being provided with one or more piezoelectric elements located on the arm and
15 with control circuitry for controlling at least one actuator piezoelectric element
among the piezoelectric elements to deform the arm, whereby, when the arm
supports a suspension which in 'turn supports a read/write head, actuation of the
actuator piezoelectric elements by the control circuitry deforms the arm and
thereby moves the head, the arm including a cut-out portion and a pair of legs
20  surrounding the cut-out portion, the piezoelectric elements being provided on at

least one of the legs.

3. An arm for use in a head actuator assembly of a hard disk drive, the arm

being provided with one or more piezoelectric elements located on the arm and



15 with control circuitry for controlling at |east one actuator

pi ezoel ectric el enent anong the piezoelectric elenents to deformthe arm
wher eby, when the arm supports a suspension which in turn $fp8Y 1206
read/ wite head, actuation of the actuator piezoelectric elements by the
control circuitry deforns the armand phereby noves the head, the arm

I ncluding a cut-out portion and a pair of |egs 20 surrounding the cut-out

portion, t | e ' ' of the
ags. 3. A o B B A e R e,

the arm begl Vi e | Cl Ll I ts_located on
the arm ang iong B EtREeR RReRls SRSem FRESHT e fess, BER e o™

| east one actuator piezoel ectr.ic.e|ement nmong the. piezoel ectric el enents
o det or m SHEPESR DBRBRPT Wieh i N3 hrodd gitrt b HEaseRCaOnT U1 | 1
turn supports a read/ wite head, actuation of the actuator piezoelectric
el ement s bypctuptorcRigze@eckicralaments e the eentidi eiravithy dedomns the amy apgves t he
head, at | east one of the piezoelectric elenments including a plurality of
el ect r olles therebygnovescthedraaah géteast ngeof thelpieoelactricf elemesés inclualingead
actuator assenbly of a hard disk drive, the arm being provided with one or
nore pi ezoghealityiof efdctroritisshdvininst-amandel fiigarand 10 with control
circuitry for controlling at | east one actuator piezoelectric elenent anong
t he piezoelectric elenents to deformthe arm whereby, when the arm
supports a suspension which in turn supports a read/wite head, actuation

of the 4. An arm for use in a head actuator assembly of a hard disk drive, the arm

being provided with one or more piezoelectric elements located on the arm and
10  with control circuitry for controlling at least one actuator piezoelectric element

among the piezoelectric elements to deform the arm, whereby, when the arm

supports a suspension which in turn supports a read/write head, actuation of the
actuator piezoelectric elements by the control circuitry deforms the arm and
thereby moves the head, the piezoelectric elements being arranged to deform

15 in the d33 mode.

5. An arm according to claim 2, claim 3 or claim 4 in which at least one of
the piezoelectric elements is a sensor element arranged to generate an output
signal which is a control input to the control circuitry.

20
6. An arm according to claim 1 or claim 5 in which at least one of the
piezoelectric elements is an actuator-sensor element arranged both to generate
an output signal which is a control input to the control circuitry, and to by

operative to deform under the control of the control circuitry.



actuator piezoelectric elenments by the control circuitry defornms the arm
and thereby noves the head, the piezoelectric elenents being arranged to
deform 15 in the d33 node. 5. An armaccording to claim2, claim3 or
claim4 in which at |east one of the piezoelectric el enents G&NQVsd@fsor

el ement arranged to generate an output 23ignal which is a control input to
the control circuitry. 20 6. An armaccording to claiml1l or claim5 in

whi ch at | east one of the piezoelectric elenents is an actuator-sensor

el ement arranged both to generate an output signal which is a control

input to t co ' b t; e Lyve. r the
control of IC}fiahe ?té‘:%%%bé:‘\'lr"’éﬁﬁr r@lﬁ(ﬂrgg 'W%g% 6@}0\42'&%&?%;&6@8%?%?@ to
claim6 inwhic he control,.circuitry. i s _processe t he out.put sjignal by
subt ract i n§'9 PB{‘]ﬁuitt §lg§aggx(§Hbtr§F%fro 'Bf’hS&%PrF i Lgn@i?ﬂem f m'm'gﬁﬁ%h to mnic
the output of the actuator-sensor elenent in the absence of 5 vibration.
8. An arm 2F@headig minve the avtput af the agiuateesansercelementin therrbsenes of second
pi ezoel ectric elenment |ocated such that it is not deformed by vibration of
the artn yibratiomn arm according to any preceding claimin which the
actuator elenents '

8. An arm according to claim 7 in which the mimic circuit includes a second

piezoelectric element located such that it is not deformed by vibration of the

arm.

10
9. An arm according to any preceding claim in which the actuator elements

include at least one actuator element arranged to cause in-plane deformation of

the arm.

15 10. Anarm according to any preceding claim in which the actuator elements
include at least one actuator element arranged to cause out-of-plane

deformation of the arm.

11. An arm according to claim 10 in which control circuitry is arranged to
20 control the at least one actuator element which is arranged to cause out-of-
plane deformation of the arm so as to selectively vary the spacing between a

head supported from the arm via a suspension and a disk surface.



include at |east one actuator el ement arranged to cause in-plane
deformation of the arm 15 10. An armaccording to any preceding claimin
which the actuator elenments include at |east one actuator el enment arranged
to cause out-of-plane deformation of the arm 11. An arm acccaj 8liNgy 2006
claim10 in which control circuitry is a2z2anged to 20 control the at |east
one actuator elenment which is arranged to cause out-of- plane deformation
of the armso as to selectively vary the spaci ng between a head supported
fromthe armvia a suspension and a disk surface. 0 6 NOV 2006 22a 12. A

head actuatt®. assbeatactuatonasserrblfifskadary diskrdrivednbladitg tdeast dhecardd m
~according to any preceding claim 5 13. A hard disk drive including a head

act uat or assRoRliNg 86 aAy Prégedifg elaimm 12. 14. A head actuator assenbly for
a hard di sk drive, the head ac?uat or conprising at |east one arm an

actuator for moving the at least one arm a 10 respective suspension
supported by each arm and a respective head supported via each respective

suspensizon, ,f£ac ad bei f.or transferrin data to and/or,.froma _
magnet i ne1dfumhAFﬁeéjgl§Eéﬂg’Wn?IHp{We§ SB%Fﬁatwga%ﬁ%“w acretdingyfasla® ect ri ¢
el ements prQvided on each armto deformthe armand thereby nove the head,
at |east onkof the pi ezoel ectric el enents being a

14. A head actuator assembly for a hard disk drive, the head actuator
comprising at least one arm, an actuator for fnoving the at least one arm, a

10  respective suspension supported by each a.rm, and a respective head
supported via each respective suspension, each head being for transferring
data to and/or from a magnetic medium, the assembly further comprising one or
more piezoelectric elements provided on each arm to deform the arm and
thereby move the head, at least one of the piezoelectric elements being a

15  sensor element arranged to generate an outbut signal which is a control input to

the control circuitry.

15. A head actuator assembly for a hard disk drive, the head actuator
comprising at least one arm, an actuator for moving the at least one arm, a‘

20 respective suspension supported by each arm, and a respective head
supported via each respective suspension, each head being for transferring
data to and/or from a magnetic meeium, the assembly further comprising one or
more piezoelectric elements provided on each arm to deform the arm and

thereby move the head, each arm including a cut-out portion and a pair of legs



15 sensor elenent arranged to generate an output signal which is a control
input to the control circuitry. 15. A head actuator assenbly for_a hard

di sk drive, the head actuator conprising at |east one arm an acll & 0¥r 2006
noving the at |least one arm a 20 respective suspension supported by each
arm and a respective head supported via each respective suspension, each
head being for transferring data to and/or froma nagnetic nedium the
assenbly further conprising one or no ezoel ectric el enments provided on

each arm t eueeLetmd the @ﬁm?@{tgyﬁg@g

;
cut-out portion and a pair o yeﬁ%‘%&@@*’%%&% %'g’lrvnmgeldtn?ﬁigpl n9 4

cut - out ponti t i electric elenents being provided on at | east one
of the legglé;ésﬂi%nep\é‘fﬁgﬁ&é%& uat or assenbly for a hard disk drive, the head
actuator 5 conprising at |east one arm an actuator for noving the at |east
one arm a respective suspension supported by each arm and a respective
head suppaorted vja each respective suspension, each head being for
transferrin§  dd Bead aghpter assasnbly fangherd diskettiventhe headastrtdry f urt her
conprising one or nore piezoelectric elenments provided on each armto

def or m § he camarising ableaktordarmpar acheatbefo maling ¢fsht lkACt Ohe BAA, a

pi ezoel ectric elenments including a plurality of electrodes having

i nt er - ar r angsbdtivegaspensioh SNPMoRBEGY each arm, and a respective head
supported via each respective suspension, each head being for transferring
data to and/or from a magnetic medium, the assembly further comprising one or
more piezoelectric elements provided on each arm to deform the arrﬁ and

10 thereby move the head, at least one of the piezoelectric elements including a

plurality of electrodes having inter-arranged fingers.



22c 17. A head actuator assenbly for a hard disk drive, the head actuator
conprising at |least one arm an actuator for noving the at |least one arm a
respecti ve suspensi on supported by each arm and a respecti Rgad 8
supported via each respective suspension, each head being for transterring
5 data to and/or froma magnetic nmedi um,, the assenbly further conprising
one or nore piezoelectric elenents prg]é%cded on each armto deformthe arm

and thereRy nDAehéér@abt@@fbr ddtenitigiored Raidr disk aleeeRbheRi aduafor anged to
deformin the d33 node.
comprising at least one arm, an actuator for moving the at least one arm, a
respective suspension supported by each arm, and a respective head
supported via each respective suspension, each head being for transferring
5 data to and/or from a magnetic medium, the assembly further comprising one or
more piezoelectric elements provided on each arm to deform the arm and

thereby move the head, the piezoelectric elements being arranged to deform in

the ds3 mode.



