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; e3¢€| i yddedfd g2i 6hi Ti UeM Control ling notions of a head actuator assenbly
of a hard disk drive Field of the Invention 5 The present invention
relates to an armfor use in a head actuator assenbly of a ve.
It further relates to a head actuator assembly incorporati ngml@ﬂmﬂm m
(usual ly several) such arns, and to a hard di sk drive incor suc
head actuator assenblies. 10 Background 'of the Invention Hard dl*éii?' drives
(HDDs) are sophisticated ' assenbl i es i i th dellcate

el ect roni cs andSOnHe, 2 OMASSERWYY 9T a UG K

assenbly having a base 1 an electronlc board 3, and a splndle nDtor 5. 15
On the shaft of the spi ndI e noter 5 are stacked several disks 7, which each
have a thin filmof nagnetic material 9 provided on at |east one surface.
The HDD hafield b€tk myventdror, which includes a plurality of u‘mm
arm 13 supports a suspension 15 having a ginbal which in tum\m“mw
slider (not shown). Each slider incorporates a nmagnetic type reggiysite
head (not shown) 20 at a flying-height over a surface of a correspondi ng

di sk 7. 79@% gséﬁt iR Riattd fo %‘rﬂ@fgﬁpg?ftﬂé@\%@ﬁ'é&‘?uétéhéé’%érﬁg@kofa“OSS

the dis racki ng- seeki ng an trac W ng over t medi um 9.

In particul ol ce ates the.arns 13
and” sus pena A RSk, S RB etets Yo R ndE ftiator a5 8Rb R ampt e
desired track on the disk 7 by a lateral novenent. In recent years, the
areal densf§ oarmora(yﬁaglé/ %%Mﬁi@'l) fsy%ﬁrrnmn%m/e hgec disk dri W@rlgggrggratmg
dramatically, and this trend is likely to continue. Increasing the track
densi ty angush beadactigiacassemblipsi res both extrenely high precision of the
head

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.

156  On the shaft of the spindle motor 5 are stacked several disks 7, which each
have a thin film of magnetic material © provided on at least 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 a flying-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 ciisk medium 9. In particular, a voice coil motor

(VCM) assembly 17 actuates the arms 13 and suspension 15 to cause them to



"actuator which rapidly noves read/wite heads across disk surfaces and

hol ds t hem over a specific data track for information exchange, and very

| ow flying height of the slider which has the read/wite transducer

However, the accessing 10 speed and positioning accuracy are directly
affected by vibrations of the nmechani cal, conponents in the head actuator.
Thus, vibration control in the head actU0ator, especially suppression of the

nechani cal nce in |at di t whi fi ffects th
per f or mancB'VBf é"%v@rt\r/‘S %?2{5391 peRiadizay Iﬁlﬁ'é‘égr}lﬁ@} C??qﬁf%r?antec Isn ©

addi tion, decrea5| ng the flying-hei ght tends to 15 deteriorate transducer
reliabilitynayesre. service life of the HDD. Thus, maintaining the

predet erm ned flying-hei ght over each disk in a drive and between different
di sk drives of the sane type is critical. Since the efficiency of the
magnetic recording process changes significantly with the flying-height,

variations|q fbd‘elnyyeashméymeal Qéh‘élfy any §t@"rég?§§@;5léblﬂgaf\l-ﬂDD§Wavé?oe'eﬂ recording

storage 20 densities, and are thus critic for stable flying-height
trolg F d
control - ﬁ%@%%@%m%'fﬁﬁf .o RPURMEE e |l W S5

to a safe OSIE:I on. t cont ac er to

ttai nhi gReen Aad 5rBue B EHRRENES: @8&6&?@?%%9@6%@?\0 ngg
i nprove the dynam c characteristics, of a head actuator. One of themis to

use a dual agt%@r which 4apidly meves read/writs headroaciesa disk suiages angrhalds f

flexibility in controlling the notion of the head actuator to conpensate
t he positi them@ver a@pesbificalata trably forapfatonation iexchanga .andverydow flykgst em t he
VCMis used as the primary source of actuation that provides coarse

posi ti oni nGeight df tecsiidér sirgehas theatdaawiite tranesducer. |Hawevdrpthey asdedsing cr o
| evel, fine tuning for head actuator positioning. Descriptions of such

b bt Tt S
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-height 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.



"10 6,046,888, Todd A. Krinke et a! disclosed a base pl ate-nounted

m croactuator for a suspension, in which a new suspension configuration

i ncluding flexure hinges and a piezoelectric mcroactuator is presented. In
U S. Pat. 6,100,623, Fu-Ying Huang et al disclosed a piezoelectric el enent
to simultaneously actuate and sense a d'bspl acenent of an arm assenbly, in
whi ch the piezoelectric 15 mcroactuator together with its support and
flexure is insgrted.in hetween a conyentional arm gnd suspension. The

i gh f  equbhBiHeEsE el Bh AEcHacy O TaIORE, s SR ST sOE Tt Bircz
adopted to extract the piezoelectric deformation signal for displacenent
sensi ng. OBUPWYE|the dyRaric ahanactesistics ekahegdiactuatpn oktheneis torisea
conventional mechanical plant in the head positioning servo-system 20 of

t he HDD or dual-stagerastuater whick eilkprayisendn additional degrea of flexibility inncr eases
the manufacturing costs. In addition) it is difficult to balance the bridge

circuit pecbatbling itie ittiohesdithe hahe adtliater foltonipertats @tk positioniag fevror
di spl acenent sensing. In this regard, the sensing voltage nmay include |arge

noi se dge Eﬁu%ﬂ?%?@ﬁﬂﬁﬁ%ﬂ)r@ﬂoﬁf IntdiRhPs E?’élérn? REVOM is uded B IHEPrithaRINi que

to improve the dyham c characteristics of a head actuator 1s to use ‘an

activel/ passi.ve. d alel ' | i |.d cost
effective %@F ﬁcgﬁﬁdﬁ@%m&nﬁ@??h&%c}ees%aﬁge gﬁﬁfﬁgﬁg’ﬁgghg% e?ﬁ%&)%% Tani cal pl ant
in 5 the head posi.ti,oni ng. system servq system.in, the HDD. e such

| nvest | gat AolRRIS i UiieEddbEronde MaerlRNEL BRG siming KcheRd e Bt and
conventional voice coil motor (VCM to actively danp the vibration node, as
descri bed Ip@sitigninign Pesgepiipns ofguch systeroe caabei fagnd in sgipniiic asd patent EEE
Transactions on Magnetics, Vol. 37, No. 2, March 2001, pp. 847-849.

Al t hough t literatuze hNBomeaeffesentativeaefarenced arernad foloewsaln JfS.Ratbi 11 zi ng a
servo-control |l ed actuator system due to sone |[imtations such as the

o1 romase i Red oIy st ook nesckcl
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 between 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 process/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.



"l evel of tracking accuracy in the range to less than 25 nmso as to

I ncrease the track density to a |l evel of nore than 100, 000 tracks per inch,
whi ch corresponds 15 to tracks of less than 250 nmwi de. In addition, it is
not a trivial task to actively suppress nechani cal resonance using a single
VCM actuator for the non collocation cage. In U S. Pat. 6,307, 719B1,

M chael Mallary disclosed a suspension assenbly 20 with an adj ustabl e

gram oad, in which the suspension assenbly includes at | east one power
conductor, or power trace having one end electrically attached to the | oad

beam and anot her .end el ectrically attached to a power source. The power
source may Qlefate 'BG'é%gc? [mproye sbe dysamis cha{aﬂe&aac%eﬁ%ﬁﬁagé&}%@rpﬁhe

gram oad of the suspension assenbly for controlling the flying-height of
the 5 heéelus@antantiye/passyetdammping technique, wdiich iseonsideredito bel g/ cogf= hei ght
adj ust rent, however, the response tine of the thermal-electrical actuation

i's sl ower ieffadtivemietiodd pinea dekes tiot requiet argf cleangeldfl the gaectemical daretyin Whi ch
may nade it inpossible for the read/wite head to respond effectively to

the detsct i@hehd posiiBAng! élysﬂém SRAKSystém iAdRe HIM. Oh8 BuBh ARRSAgafier Mt i on

of the power conductor 1ncludes plating the | oad beamw th highresistance

and | ow a”%ﬁicﬁ 5%8&%&%?3&9% SBh&or feTéHbsaghwgﬁgﬁobﬂ%tfo%%ﬁ‘%ﬁé'co

conpl exity 0O S manu uring process nvention EO The

present inventi Bt raovi de,a new,.and useful ,armfqr head act uat or
hesenbl y  &rotgr NG & akbvely dametng ibratian e, s s bed by Vi el y
I ncorporating on or nmore such arns, and a hard_di sk drive incorporating one
or nore sudtiangRf alec Ackve Daimriagn (P Actuater, dehEr Hansastians ahe present
i nvention proposes that, in a head actuator

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 Mallary 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 pre:determined portion of the load beam to adjust the

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



*assenbly conprising an arm and a suspension supported by the arm and for
supporting a reading/witing head (usually via a ginbal), one or nore

pi ezoel ectric el ements should be provided on the armand that control
circuitry 20 should be provided to power the piezoelectric elenments so as
to deformthe arm Note that a head actgator according to the invention can
be formed, apart fromthe piezoelectric elenents and the circuitry

controlling_the in.t . Way_ as. act [ lies.
Accor di ngl 3635?(@'?)#&%%% %%%Wm%cmgwgﬁs %eéﬁq%]%@eeﬁg%ﬁﬁmgaﬁ%ﬁg changes
to present manuf acituri ng techni gg&séet;_lor heéd act yat.or . assenblies, and thus
at rel ati vBPYeVEly e sgspanseding, genai-elegiricarativation s,Rowsh | ed,
either via external signals or via signals they generate thenselves, to
suppr ess vihatafipigroeigctigactuationbl is cangesa detaycwhichanay madsoiéi ti oni ng of
the head in relation to the recording nedi um such as by controlling the
f1yi ng hei grhpossibleSpethid ieaadlwnte heald tosesponmd effsctivelyolo thealatestiont ofon i s an
armfor use in a head actuator assenbly of a hard disk drive, the arm being

provi degl WakBefyorahotRs.anRidRARA, 86 pioposk T stidnosrthe poweridepdaster and
with control cifcuitry for controlling at | east one actuator piezoelectric

I b ' wh
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actuation of _,the piezoel ectri,c elements by, the ntrol circuitry deforns
e o i andhathlis BhR7BEBRbR e BRI Satbitty of RE S rBE R ool o i s
a head actuator assenbly for a hard disk drive, the head actuator

conprising at |east one arm an actuator for 20 noving the at | east one
arm a respective suspension supported by each arm and a respective head

support ed \Summanhof thednvention suspensi on, each head being for transferring
data to and/or froma magnetic nmedium the assenbly
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.invention 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
piezoelectric 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



* further conprising one or nore piezoelectric el ements provided on each arm
to deformthe arm and thereby nove the head. 7 Brief descriation of the
Fi gures An enbodi nent of the invention will now be described for the sake
of exanple 5 only with reference to the following figures, in which: FIG 1
is a schematic view of a conventional hgrd disk drive (HDD) assenbly. FIGS.
2a, 2b, 2c and 2d show head actuator according to the invention having 10

t he act uat ' r f FI G
s depi ct o Snedh Readbdliblafidniilie AREopmhgR B ApRe R e BB
actuator arm of FI 2(a), for accurate actuation jn track-follow_ng servo.
15 FIG 4 Wﬁg‘eﬂ‘é Mtéf’& gr&ag%mp@ﬁe@qmaav?aetmngstﬁemﬂuwmf t he

pi ezoel ectric actuation provided by the armof Fig. 2(a). FIG 5 shows a
pi ezoel ect head actuaton assemblies, andthiimatrelatiystydow GBtFI GS. 6a and 6b show a
pi ezoel ectric elenent suitable for use in the enbodi nents of the invention.

FIG 7 depicts a self-sensing piezoelectric actuator wth an offset
circuit, suitable for use in the enbodi nents. 8 FIG 8 depicts a

sel f - semsi 'Tﬁe%@i’d&é&ﬁé elemésts dahWe ddritkoliel, thﬁérﬁila Bk%?ﬁ‘@l'ﬁ@ﬁéls or Qlaenent,
suitable for use in the enbodinments. 5 FIG 9 shows two main vibration

modes in tg@aﬁm%g &%ﬁ%gétga%éﬁw%%lvfag%téb@ré’és ﬁb%i%ﬂsﬁﬁil’;@é&erpﬁke 10 shows

an adaptiv or active vi tron contro e arm
bendi ng an%afor?o C ntrFoI {Re W‘?ﬁénlng gﬂherﬁ%a% in reltat|8n to Hﬁee }erclz\é?dnlhg?nedwm

such as by controlling the flying height.

10  Specifically, a first expressioh of the invention is 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 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

15  which in turn supports a read/write head, actuation of the piezoelectric elements

by the control circuitry deforms the arm and thereby moves the head.

A second expression of the invention is a head actuator assembly for a hard
disk drive, the head actuator comprising at least one arm, an actuator for

20 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 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.



'10 FIG 11 shows a bl ock di agram of the head positioning servo systemwth
an adaptive controller for the dynam c inprovenent of head actuator
according to the invention. 15 FIG 12 depicts an alternative electrical
connection of the piezoelectric element for flying-height adjustnent in an
enbodi nent of the invention. FIG 13 shgws an armwhich is an enbodi nent of
the invention being deflected out of its plane by an anmpbunt proportional to
the applied voltage. 20 FIG 14 shows two piezoel ectric actuation nodul es
bonded onto an actuator armwhich is a further enbodi nent of the invention.
Detai |l ed description of the enbodi nents 9 FIG 2(a) is a view (in the
direction P rigtion,ofithe rg8sk surface) of a conventional head
actuat or having an actuator arm 21 according to the invention, on which are
sur face-bonded piezoelectric elenent 23. Two possible 5 realizations of the
pi ezoel ectric elenents 23 are shown by Figs. 2(b) and Figs. 2(c), which

each repr epenémbodiiert ofthe invention &dll naw lbeddescribelifr thé(sakeasféxanplyi ews
fromthe sanme direction as in Fig. 2(a). Fig. 2(b) shows a first form of

t he el eSremoﬁlyz\ﬁith%F&d@!t@thge&}ovﬁﬁg‘éﬁ%geas‘:W%&Eidph""hi ch each el enent 23

i ncludes two “pi ezoel ectric conmponen 2 ere also referred to as
"el enments") 10 spaced along the length of the arm 21. The conponents 23a
and 23b are respectively an actuator device and a sensor device. FIG 2(d)

is a side yiew of the assenbl show ng,. mul ti . ar ut not their
espect | ve s dnaisshienativan ohB cpmvediana hefi Aisk e JHREIAssEgHhl.

ceram c-based piezoelectric 15 materials such as PZT (lead zircornate
titanate). Either conductive or non conductive adhesive nmay be used to bond

t he piezoelectric elenents) 23 onto
FIGS. 2a, 2b, 2¢ 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.



"the surface of arm21. A HDD according to the invention usually includes
multiple such arnms. It is to be 20 understood that the actuator arns are
substantially identical to each other in construction and configuration.
Consequently, for clarity of disclosure only, the uppernbst actuator arm 21
is particularly described. Each armis korned autonatically wi th one cutout
25, around which are two | egs 27. The piezoelectric elenents 23 are bonded
on the top and bottom surface of |egs 27, 10 respectively. The

pi ezoel ectric elenents 23 may be actuators only as shown in FIG 2(b), or
either elenent 23 pay conprise an actuator 23a in_conbipation with a sensor
23b, the aél@e® Glep@é‘-?@&elf'r%ﬂﬁﬁ‘@ Riggoelestie actuaior vitb angfiset piazeslectit

| ocation and orientation of piezoelectric elenments 23 may be optim zed to 5
maxi mi ze t el@mentbseitaki®fori use iarthe iembaslimentsei r act uati on ef fecti veness.
Such an architecture provides a solution to accurate track-follow ng and
flying-height adjustnent, as described bel ow. The actuator arm 21 of FIG 2
may be used in a piezoelectrically actuated dual 10 stage servo system 1In
this regar ¢1GFd ShowsdRBirRain \Abrafis A inddestihahé mécHantcdl irafbfe? furdtion st a

pi ezoel ectric elenments 23 for accurate actuation in track foll ow ng servo.
The pi ezoelhg?ﬁrécﬁja%'enents may have a polarization direction which is
vertical, w respective orientations such that one pair of piezoelectric
el ements 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 notion of the slider (not shown but having a

posi tion i MiBcAP shoysasr adapfivearolfectyre: fae aptivesyilratignreantiobaf ina@lasBown i n
FIG 4. Thus, the induced strain piezoelectric actuator of the invention

i npl enent s agadranding ahd/oosuspensidn dwapliras eenqdimient bf the idvérdtearent from t he
exi sting dual -stage actuators, in which 20 a piezoelectric actuator either
directhg drives the slider or drives the slider via

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 invention.

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



'‘flexure hinges. For this reason the present invention preferably uses

pi ezoel ectric elenments with high actuation capability. 11 FIG 5 shows a
pi ezoel ectric elenment 31 and its coordi nate system This piezoelectric

el ement may be any of the actuators or sensors descri bed above or bel ow.
The length, width and thickness of the glenent itself are marked as |, w
and t respectively, while the coordinate axes are indicated as 1, 2 and 3.
For 5 an elenent 31 which functions as an actuator, 01=nd3~Vallt,
On=nd31V8vvlt, ~t=nd33Ve, whereas for an el enent 31 which functions as a

sensor, Vi 3=FL(sl), Vmend3~Fl , Vmend33Ft 1( El.w) , ere Va is an

SopT 1 ed voFlagala) i aView (hs dsebianbemepatularta e dPkisiaReSate: eq for ce
along any of the length, width, or thickness directions, Vmis the neasured
vol t age acsce\gentmabﬁ@ad astuatorimavinghan stuatorcaie23 agcewting ththe s is the
dielectric permttivity of the material, and n is the nunber of active

| ayers. Ooinvensibn, on whickcaressurfacedsgpralad pieyoaléctpic eterabrt23.i Twe bessible wi | |
increase with increase of n and decrease of f. Wth a nmulti-I|ayer

pi ezoel gct réKizatiens Bt thepie2cdIafrieeldvhbhtsR DArershidvih b !Fi?;@@@b)' and Figghd snal |

driving voltage may be achievable. Alternatively, a high-performance 15

pi ezoel ect o) G daln FEuchn RGBT amaA AAREIFRN Fles 284) i o

i
hi gh sensi gh-actuati on applications. r' alternative,

mter al - whihs fig Braare dfeetch STRIY. A3, £y 2R hobls 4,06t Tt 8l ' ©
const ant i_s bi gger_than d3~. However, the d33 npde of the piezoel gctri c
materi al s ieemeugdd, Whiled G 2(6)coms i WWPH@@PH&‘%GHBZ% Hecludes

pol ari zation direction) so that how one produces in plane deformation in
t he pi ezoeltwetpiezoeleatrienomponants 23a, 23h(Hese wisarefares taaajelasmsnts’s a t op
view of a piezoelectric elenment 35 which produces an in plane deformation
utiliziog tshacedalomydbe Igingthadfeeatm 23 . ThescompanetitgR8aland 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 configuratioﬁ. 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 legs 27. The

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



' 12 el ectrodes (I DE) 37 deposited on piezoelectric substrate 39, as

I ndi cated by Fig. 6(b) which is a cross-section in the |line nmarked as c-c
in Fig. 6(a). The IDE pattern causes the electrical field, as shown in Fig.
6(b) which indicates field |ines extending through the substrate 39, to be
in the plane of the actuator, 5 rather jhan perpendicular to it. As a
result, d33 coupling produces a in-plane force in one direction, which is

7 octi on. HHEIVE 45{°i"‘%?‘i%ﬁ%%—é%cffﬁ%§Fegﬁ§*ﬂ§?§%aﬁp%@%t%?§s o 28

properties r.din he rel ati onshi p ,01=nd33Va,

di spl acerrer'ft'Gog&ﬁ @z HP ‘P'T'th%f MAYOFOPHiSE a0 ACiAtoN |"S°%'E‘)B'|B§F"P'i‘ onal to
the equivalent n (see 10 above), which is inversely proportional to the

el ectrode ¢éth asenser 33bx dhe ep@a&r-samsgr hading dwesephsatestviace eleafodelse
narrow el ectrode gap is helpful to inprove output displacenent. It is to be

under st ood Tthedbcatiorhard prieatatibr of piezoeleztrimelefifents 23 Imay baioptiviizedto a 15
sensor with high sensitivity. However, when the nulti-distributed

i nducedsst maimidd HirdbsehriBiity akd ||9fpr<§%ﬁé1ﬁfe|rfé2ﬁlﬁ%tﬁfn S&ctNBhESs. "Scheareent
is used as an actuator it provides a way of increasing output displacenent

at the s|idegny %gxgmeg%pé&uu e Tab BRI e igRoe! oot ric

el enent 35 I'gh sensitivity

capabi | i ty. ?fe L) 8 Bmémsnts 20 of the present invention use

such a typ 8 Q As di scussed above, nost dual - st age

servo control I ers onI y utilize the position error signal (PES) of the

magneti c head relative to the center of data track for closed-Ioop

track-follow ng control. These systens have a single-input-nulti 13 5 10
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.



15 20 output control architecture. However, the particular interest herein
Is to use multi-input-multi-output control architecture, in which an
additional relative position error signal (RPES) through piezoelectric
sensing may be used to danp out the second actuator’'s resonance and enhance
the robustness of the whole system In {fis regard, a piezoelectric el enment
wth two separate surface el ectrodes may be bonded onto the actuator arm

(an el enen 1 |,SpiKI LSi ' g Leh e i bed in
Getai 1 bel b5 o Aok eEhiBeEeb s SeHBn 1 5l s Kbord M welei TS 527 15,

adj acent to, eacr g_t her as shomﬁ I n Flfﬁ Z%Cét and used as an aé;t gator and a
sensor, reB[FEOEIERUISSIeMENt HAYRS 30Y o Mig,attHators of seasors dascaped poove
alternativel % a plurality of piezoelectric actuators, as described in FIG
2(b), may BEDbBloMEddedangth; Midth@ngthinkngssof thecelement itselharymasked ael f
sensing actuator with a right signal processing and extraction nethod, as
descri bed mehmiv regpectivelyg avhije ther caordinaieabxes/af indicatexkagdt RiandadtRart or s,
when an excitation voltage: v=vosin(w) is applied to the piezoelectric

| ayers, 5t hansdlément 8 NAMEHIfupRAOBE ad 4R dcdudtbe A-pdnvlCAnERdsM gt nay be
expressed by x-~ Z =-0m f e3~ ~2 dx=-GAde3dyr x, where Q1s the signal

d
charge) G i,s_t he,t t.{ o0 le G U s | Ngi A | stance fromthe
surface of AET'E%BXT'&%%@% gcﬁe#eér:lfa ﬁ1e§\|tt3ﬁle{lk' %‘8&&&“&’3 Sr%s% angdl[’ structure, e3~
is the piezoelectric field intensity constant, Ais the area of
pi ezoel ect MrmEneb&vellt VmradiE/(ews Westitghsl i (ahd, whetesVs isanaarpliggewitageal
structure curvature. Thus, the piezoelectric charge is related to
pi ezoel ect i, s hensiézsdlectrid cohstaet, UF &l ardappiiesl fofse alonyimynifare dragthy i C

elenment. Also it may reflect the

width, or thickness directions, V, 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 {. With a multi-layer
piezoelectric element, an actuator with high actuation capability and small
driving voltage may be achievable. Alternatively, a high-performance

16 piezoelectric material such as PMN-PT (d3/=520,d35>1500) is suitable for high-
sensitivity and high-actuation applications. In a further alternative, the actuation
can be arranged to employ the ds;s mode of the piezoelectric material which
may enhance the in-plane driving force since the ds; constant is bigger than ds;.
However, the d3; 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



"5 structural deformation/vibration directly. The total output current of
the piezoelectric elenent with the applied voltage can be expressed by i =
dQ sin(wt + ¢c~) + Cc~ sin(wt + 90 ) + Rsin(~t) (2) 10 where C and R are

t he equi val ent capacitance and resistance of the piezoelectric el enent,
respectively. It is noted that the outpygg current includes three
conponents, nanely, the piezoelectric charge current, the piezoelectric

capaci tanc @@o&\ | r first
part refl e% eCcWoH‘égts( d%tgg?&de or ngit%%é%%\(/: libts%t&% %fnghc??m%&bkﬁq

an equi val arallel .conn dcir Ult 41 ma offset and
extract o) ‘%CQ'SQH%&W%S Stetpfon it s Fidrhe as o F¥ i Bl

def ormati on/ vi brati on. Specifi cal l!SY the circuit 41 includes resi stor R and
capaci tor @aHgn WSP&IWE@QQJH‘&“ PR PWHIBSTEY o (b3 Whieh telicates fieldact uat or
43. 20 The actuator 43 and circuit 41 receive the sane input voltage v and
gener at e r épgeexiendingthpenghether siistrate 39, to, beTimgtheifléng ehihe aatuatorween t hese

is found by a differential anplifier 45. 15 Alternatively, as shown in

FI G 8, 5t heathenther parbendicalartaitcAs @Pesaltdds; esupling pfdducesa ihslameduced by
a second piezoelectric element 53 with the same geonetry and

charact er i gcen dheUndclion AWRIRG lHPgéﬂ”'lﬂaﬁQhé'laﬁ&rh tRé @s Afbred intucéd ifthe

depicts a self sensing actuator 55 W th an of fset piezoelectric elenment 53
5 Whl chis | 99}
ot rai i nadis] Thaghean sl Myl WiEeloheiE Rofizeuith i EPBbional s ¢ o
mai n vi bration n th cal tr nctlo of head uat or:
o 1 pl an@TGReHER dAS“FFé’r@'QQ%QEE qﬁh e Gy Ven 116 G UODEHSPIRRRRRY] O e
shown in FIG 9(b)). Both contribute the off-track errors and limt the
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-



- inprovenent of servo bandwi dth for track-followng. It is also found that
there are vibration-induced strain zones on the |legs 27 of an arm cut out
under these 15 vibration nodes. 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 detecti ng 4 he nmechani cal resonance at these
t wo frequenC| es effectl vely. Preferabl y t he pi ezoel ectrl c elenents 23 are
optimally Lo attedfor h . .vibration-i p(%gg tra nes under these two
nodes. 20 ﬁFEB B"E‘ﬂ'ﬂg I SlawRYeL, Bf; ?Lﬁ?r In %ﬁs ‘?’P!ﬂe‘s P&t i on
control of either in PI ane arm bendi ng, suspension sway or both of them In
this archi feed-inpat-nyltiossaut contropachBeeER i wmmﬁeﬁddémnﬁhxﬁla@/q o)
separate surface electrodes 63 is adopted as both a sensor and actuator,
and t he sepesitionedronsignal RPES throagh piezbelaeniitid sersirgl maBold usethtd ng and
actuating way nmay be in the formas described in FIG 3. Preferably, the

pi ezoel ect dampedetrtReisebdnd astuatdrs fisphaneaand enhbdic& e fobuRtrsssUsthen
capability. Alternatively, a pal r of piezoelectric elenents adjacent to

each otder “;p,lg,é @M iHid ié’zolé?é’c@llca‘éle%rﬁ |Wse31%ﬁ’er %{?ﬁ,"g 5t .

respectively, for active vi ath oh GontTol. Cbn A further

or e of - scRebOBETIAY be BORESH SRR ﬁe"%c‘?a%@ﬁsﬁ%é?“?&%ﬂ%ﬁ*@k?ﬁ*‘v%@nﬁqﬁe leg
Che” i £20cSERORTE Pl b ESh BrAsesaost A BelowWhay i n o1 tu sense.

structural vibrations via neasuring vibration-induced deformation, and
actively adjust structural deformation via voltage-driven signal with

f eedback | oops. Such an adaptive controller having piezoelectric sensors
and act uat ddternativetya bl paif efqpibzodetirioelemdnts| 282, 28bi atjacent theaphokteayed as an
15 i ndependent nodule to add into the conventional head positioning servo

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=vgsin(otl) is applied to the piezoelectric layers, the strain-induced charge due
to the piezoelectric effect may be expressed by
e
20 0=-Gwd [ey, dx—zydx =-GAdeyw (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



‘system Such a control systemdiagramis shown in FIG 11, including an
actuator 64 (including one or noere arns, each with one or nore

pi ezoel ectric elenments as 20 descri bed 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 §jgnal (PES) which is fed to the
digital servo 66, and is then conbined wmth a reference signal r, and fed

ool oo EffflbufeRrid o Fidzdbibilc SR kit iiBn¥EL A1 et dIBdios foui 4 have
F roved t Q”Se@% élea?éjsﬁngg%ﬁiﬁgfea&é%ntg?f DG g RBhE B o new

| evel G'(s), and enhance the robustness of the whole systemfor accurate
t rack-f ol | curvagurel Mhus, thepigzoalecttit eharddi isirelated toopiezoéleetricannisterit and
suppresses the flexible vibration nodes in head 5 actuator, but its

I npl enent aktradturSiimensions of fttd prezoéleetridwienidhe. A186 tafhy @éﬂﬁctmhanl cal
configuration or the servo system hardware. Flying-Height Adjustnent 10 In

nost Comrﬁy@furﬁ rrﬁ%rﬂvu?iﬂnﬁﬁgdlﬁcﬂg ﬁ?éjtd? I&Jt Hlsélf'r%sﬁt%z\ts

approxi nat e severa tens o rrng nor ITB. ration.

F1'yi mo- nei dizockp e Boithe VI e ibi6q PR S%ﬁ&%ae%?g% e tel errent s

according to the present invention may be used to provide piezoefectrically
actuated flying-height 15 adjustnent in HDDs. In this regard, FIG 12
depicts an electrical connection of the piezoelectric elenents 71 for

f1yi ng-hei ght adj ust mena’Ql hat isvco isnot limted to
this specific circuit. 'gypém&?PDg@ Jﬁﬂ?‘@tﬂ’ ?é{g H‘Z?’ ation dfrection. 20
Each | eg 27 of armcutout may be a PZT/ net aI/PZT rruI ti nmor ph design, which

results in an out-of-plane deflection of the actuator arm 21 in the
direction of

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. Specifically, 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 i, /1. The difference iq between these is found by a

differential amplifier 45.



' flying-height adjustnent when the ceramic 71 is energized. FIG 13 depicts
that the arm 21 is deflected. The anpbunt of deflection is proportional to
the applied voltage. An out-of plane actuation of actuator arm 21 results
in a change of Z 18 height as well as of gram oad, which in turn provides
tol erance for an adjustnment of flying-hgight. Such an adjustnment nmay be
used to conpensate for a variation of the Z-height and/or the gram oad of

t he suspeni‘1 on ass y due t%gi %h r manufacturin ling errors of
the di sk dftgEatively I-?S§h8W|"d” 4Gy Adthespbplentcap ?HC‘% )é [R¥¥eht and
reduction of the flying height, .the potential storage density of a disk 7
may be i ncf@nmay.be-prpdueed bvraesemnm piezoegleetriofelement Ehwittuthe samead nay be
reduced due to increasing the possibility of dynam c contact between the
head and digesmétryTand erearactieristid¢shas enéd G5dsorfdedadn thg dctadior armed 1. IRG. 8

sel f-sensing or an active flying-height adjustnent is preferable. The

sel f - sensi ) Pgéplals! PEeIBERSIAG aRIUAIOSEBIWRAGFoffded p‘l?éﬂdei’é?itﬁc ERMErt®I n- S' tu

rel ative position neasurenment in the direction of f y| ng- hei ght and fo

f1yi ng-giei gl @Q‘ﬂgﬁ%fﬂﬁ.%tlocﬁid% dé%g@ﬁe@ég% anmBMbé’&’s an

effective way I n oW ng owered tor applcatlonln
hi gh- densi t st orﬂg 15 device during a read/wite operation and to be
rai sed to 8 ht when there is asperity on the medium surface or an
external shock. In this regard, it is critical to sense the dynam c contact
or shocks in real-time. Due to dynam c contact or shocks the reaction force
of the slider may exceed the predeterm ned gram oad, which causes the
slider to jActige MisrationiGantral nduce the suspension 20 bending node as wel | as
arm s bending node, in the direction of flying-height. Since the
pi ezoel ectric elem-nt(s) 23 are bonded onto the |legs 27 of arm cutout, they
are capabl e of detecting the dynam c contact/shock induced vibration, and
activehy ag@sdishaws!tivecrhdindlib@fibAmEdesm tAe ME¢Haridal tlans g fhsdtb 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 there

are vibration-induced strain zones on the legs 27 of an arm cutout under these

16  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, suspension 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-



'19 The adaptive architecture, as shown in FIG 10, may thus provide active
flying height adjustnent/control. It is to be understood that the
architecture and nethod of the present invention 5 mght realize

1-di mensi onal actuation. Alternatively, it mght realize 2 dinmensional
actuation, in which either a step-by-st control nethod or two
piezoelectric actuation nodul es are adopted. The l|atter possibility S
shown in Fl i ch. t her |ezoelec ri.c nents 83 f.ar,.in-plane
actuat | on Gptoqated, Rl PeRAinbica@hdufy WEVANER bR S i AT A< desrics iane
actuation of the arm 10 87, respectiveééﬁﬁEnbodinent of t he |nvent|on have

been descr FHaad-dREierably the giezarleckic @ £ 81Aas\poth Righ.sensitivlyiafid ons are

possible within the scope of the invention as will be clear to a skilled
reader. 15 highoactantiomeapability. Altennativelysa pait of piezeslectticiatlepents adjdsept of a
hard di sk drive, the arm being provided with one or nore piezoelectric

el enent s | ¢e ehetd othertadmetherarmesutfacemiai bearsedods an actuatoryaridsensori rol | i ng at
| east one actuator piezoelectric elenment anong the piezoelectric el enents

to def osm tdupetiVely MR aRiVe vigor 66nhtASI MnSa' e altBridivBCthe) BzodIEEtc! N
turn supports a read/vvrite head, actuation of the actuator piezoelectric

el ement s buidhende i ed i by B B Trdionay BL BE drHRERY JENGSS, ' e

head. 10 2. accor ai m one 0

pi ezoel ect 'n% the piezoelectric element(s) bonded onto the other leg of arm cutout may

be one or more of actuators.

10 In these 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



‘elenents is a sensor elenent arranged to generate an output signal which is
a control input to the control circuitry. 15 3. An armaccording to claim?2
in which at | east one of the piezoelectric elenents is an actuator-sensor
el enent arranged both to generate an output signal which is a control input
to the control circuitry, and to by ope{-rative to deform under the control
of the control circuitry. 20 4. An arm accor di ng to claim3 in which the

control ci rcwtr rocesse ut y subtracti fromi
Sotond ! uhEePask Golshbir B335 Rinia B BF Ihkterd e te'st'ﬁaanVﬁﬁ%a?'SFhe
actuator-sensor elenent in the absence of vi bratlo An arm

accor di ng the dyramicchaiagigristics ofcheadagtuator éQl?tanhlﬂVGH@s(sé %‘?ﬁ:@ﬂ'ﬁ?nce

pi ezoel ectric elenment |ocated such that it is not deformed by vibration of
the arm 5tige rohusinessanfdbe avhole system/fop accardtentrack-followinhg.dh thisoegdesk a
cut-out portion and a pair of |egs surrounding the cut-out portion, the

pi ezoel ect the additioral conteilegactively sesbressed thecfisdiblevbrafion htodesda.hedad An
arm according to any preceding claimin which the actuator elenments 10

i ncl udesat gefigtér, %ﬁt@ﬁhgéhﬁntéﬁcﬁi@@fulrééfr@r&%gb%ffé?thé?mé‘c&%\%hﬁonal
deformation of the arm An arm according to any preceding claimin which

t he actuat Eﬁeﬂa%wként@ﬁ%”gﬁoﬁhég E} gg@enﬁlﬂtaw% el ement arranged to

cause out - rirat’| on o arm according to claim
8 in which control circuitry is arranged to control the at |east one
actuator elenent which is arranged to cause out-of plane deformation of the
armso as to selectively vary the spacing between a 20 head supported from
the arm vi &ldn stmenta di sk surface.

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 t‘his 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
the 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-



© 10 'An arm according to any preceding claimin which at |east one of the

pi ezoel ectric elenents includes a plurality of el ectrodes having

i nter-arranged fingers. 22 11, An armaccording to any preceding claimin
whi ch piezoelectric elenents are arranged to deformby in the d33 node. 12.
A head actuator assenbly for a hard dis{gdrive including at | east one arm5
according to any preceding claim 13. A hard disk drive including a head

actuator a ' |84 or assenbly
for a har dﬁgml""ér"%@g g‘@%ﬁggﬁ&’a tl%ﬁ}urég)&%\?igg?%ggﬁ%cggég?ﬁ one arm an
actuator for, npvin e at | eas ne arm . a respective suspensi on, supported
by each ar AL o he Bt Rudh Sn BbierBenUEY Decisadibamersae K
suspensi on, each head being for transferring data to andlor froma nagnetic

medi um t h@ \@siedian of theZthaightandien theajamiracef the suspengipaassembly dde

el ements provided on each armto deformthe arm and thereby nove the head.
A Hs. A y. fo titherSnaSufactirihgf orAassSefifing, esord.ofthe diskRdrivesf . Af.AS. A S A @

CASr.AfE . A S. AyF] *Onq(t] K68(x e
~yt oj e §V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] c™a] ca] ca] ca] ca] ca] cTa] c*a] c”aU c<a! J7" v
It should be understood that, with the adjustment and reduction of the flying-
height, the potential storage density of a disk 7 may be increased. 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.
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20 4. An arm according to claim 3 in which the control circuitry is processes
the output signal by subtracting from it a second signal from a mimic circuit
arranged to mimic the output of the actuator-sensor element in the absence of

vibration.
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the arm.

8. An arm according to any preceding claim in which the actuator elements
include at least one actuator element arranged to cause out-of-plane

15 deformation of the arm.

9. An arm according to claim 8 in which control circuitry is arranged to
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

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

10  Anarm according to any preceding claim in which at least one of the
piezoelectric elements includes a plurality of electrodes having inter-arranged

fingers.
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10 14. 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
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 medium, the assembly further comprising one or

15 more piezoelectric elements provided on each arm to deform the arm and

thereby move the head.



