12 August 2004 HEAD SUPPORT MECHANI SM AND THI N FI LM PI EZCELECTRI C ACTUATOR
BACKGROUND OF THE | NVENTION 1. FIELD OF THE | NVENTI ONS- The present invention
relates to a head support 5 nechanism provided in a magnetic di sk apparatus
for use in a conputer storage apparatus and the like. Mire particularly,
the present invention relates to an opti-mal head support reGhgDssMokor

hi gh-density data recording, and a thin film piezoelectric actuator suitable
for the head 10 support mechanism 2. DESCRI PTI ON OF THE RELATED ART:
Recently, the recording density of a magnetic disk provided in a nagnetic

di sk apparatus has been vigorously 15 increased. A magnetic head for use in

recordi ng and HEEPISVEHOR T GFCHNG Sl QNBNTHN PRI PIBZNRECERIE SkTiAsORYPI cal |y
provi ded on a slider. The slider carrying the magnetic head is supported on

a head support nechani sm prqyi N a et ' pparatus. The head
support mechani smhas a 20 ﬁ@g%%g(&‘{l}lﬁ &Enm &ﬁ\ﬁﬂ%l‘fhe slider is attached.
The head actuator armis rotated by a voice coil notor VCM. The head

provi ded on the Loer S afﬁ\SJE arbitrary position on a nagnetic disk
by controlling'tﬁééggi%% %%#I nn@%%aQQS Hi gh-density data recording on a

magneti c di sk requi rde aphéghnt etoveptipnediedatgdsittd oni herdf subpomtigneti c

head. Ingthe Meh I4td QnJ | | er,f,or med by
ho VOM ot at e L R R o e e

p
posi tioning of tReRRAEPEt| etAEade | arpazatypecrsd. theavdildfesuch HOBPobl em a
head support particularly. the present invention relates to an optimal

head support mechaniem for high-density data recording, and
a thin f£ilm plezoelectric actuator sultable for the head
10 support mechanlism.

2, DESCRIPTION OF THE RELATED ART:
Recently. the recording density of a magnetic disk
provided in a magnetlio disk apparatus has been vigorously
15 increased. A magnetlc head for use in recording and
reproducing data to and from a magnetic disk is typically
provided on a slider. The slider carryling the magnetic head
i1s supported on a head support mechanism provided in a
magnetic disk apparatus. 7The head support mechanism has a
20 head actuator arm to which the slider is attached. The head
actuator arm 1s rotated by a voice coil motor (VCM). The
head provided on the =slider 1is placed at an arbitrary
position on a magnetic disk by controlling the volce coll

motor.,
25
High-density data recording on a magnetic disk
requires a high level of precise poslitioning of the magnetic
head. In the case whare the positlioning of the magnetic head
i3 performed by the VCM rotating the head actuator arm, there
30 1s a problem in that the positioning of the magnetic head

1s less precise. To avold such a problem, a head support
mechanism has already been proposad which achieves
high-precision positioning of the magnetic head.



mechani sm has al ready been proposed whi ch achi eves hi gh-precision ,
positioning of the magnetic head. 12 August 2004 - 2 Figure 45 is a top view
illustrating a conventional head support nechanism 400 for use i-n a nmagnetic
di sk apparatus. A head 402 is used to record and reproduce data 5 to and
froma rotating magnetic disk (not shown). The head 402 i 9y5upaseriged on an
end portion of a suspension arm404. The_other end portion of "the suspension
arm 404 is supported on a projection pbr%ibn 408 provided in the tip
portion of a carriage 406 in such a nmanner as to rotate 10 within a snal
angl e range on the projection portion 408. A base portion of the carriage
406 is supported on an axis nenber 410 fixed to a housing of the nmagnetic

di sk apparatus in sufAgareadPels astop viptwitldlostregiag 8 quaveart oIl 15 2 A

t a al hxgd t I5 400800 [ il 414
per menent maghehd NAipFdPedNhebiahi X80 4b8 JQFB : ;306 QQP étgy\§%$€I

as a part of a_ma n%tlc circuit 412 fixe e housing I's contr d by an
excitation cuPPEREAEES nf ReRE 407 dFgRsednieo aparsyandoepredues stadd on t he

axi s mender 410 mnd nEesmchi eotak 1hde mmarranenik mpgset sabdmhhe dnjae coil
414. Ther eby, %Qﬁ 4§§a 54%? IS ved in a su%;tan%iallé radi al direction of
a magnetic di SRAGASE FEHERRTAE QY i 40 PREBPETAIB Bfe 3pSOPREEP LIS
bet ween t he c&rm 44 .408handthhe e prorst Don arfn i suByern=aRg taysi a4
directions of yighgpi | ric 4 r li.ght | vi gted.fromthe
| ongi t udi nal dir BuPLREIEA O o ?Pﬁigggtei%i‘oé’%rrrﬁ(?g‘pos‘s?i“t é’?&r@%‘# %q%e
suspensi on athP4BArE L8N of & edrwilagen 486skal suchgumanneange ton xotet30
proj ectiten pokiitdAn4@8saad12hRF% dranEd a5 19e WS jection portion 408.
A base portion of the carriage 406 is supported on an axis
member 410 £ixed to a housing of the magnetié disk apparatus

in such a manner as to rotate on the axis member 410.

15 * A permanent magnet (not shown) ig fixed to the
carriage 406. A drive coll 414 as a part of a magnetic
cilrcuit 412 fixed to the housing is controlled by an
excitatlon current flowing therethrough. The carrlage 406
is rotated on the axis member 410 by interaction of the

20 permanent magnet and the drive coil 414. Thereby, the
head 402 is moved in a substantially radial direction of
a magnetic disk.

A palr of piezoelectric elements 416 are provided

25 between the carriage 406 and the suspension arm 404. The
longitudinal directions of the piezoelectric slements 416

are slightly deviated from the longitudinal direction of

the carriage 406 in opposite directions. The suspension

arm 404 1s rotated within a small angular range on the

30 projection portion 408 and along a surface of the
carriage 406 by expansion or contraction along a direction
indicated by arrow Ald4 of the plezoelectric elements 416,
Theraby, the head 402 attached to the tip portion of the



carriage 406 by expansion or contraction along a direction indicated by
arrow Al4 of the piezoelectric el enents 416. Thereby, the head 402 attached
to the tip portion of the - 3 5 12 August 2004 suspension arm 404 |s noved
along a surface of a magnetic disk within a small range so that the head 402
can be precisely placed at a desired position on the magnebisg diSipos! N the
conventional head support nechani sm 400-of -Figure 45, each piézoelectric
el enent 416 is interposed between the suspension arm 404 and the carri age
406. Side portions in the longitudinal direction of each piezoelectric
el ement 416 comsmsingivn sugpadtal dz avvedldlblgandstiheacarsf aganaddfatic
Def or mati on of ' el,e i nt 4 auses the.s ension arm 404
to be rotated %i;%qp_t %ﬁﬁehh%y&ljoféxgﬁl F{g)hgt?l?%diufé Ffa%%‘a‘.i Fﬁgotcﬁ@r rds, a
vol tage i s apRi&sd-aedYeRéACplatbal destTed @ostinionias tthe maguseithtiglot ati on
of the suspension arm 404, resulting in 15 asmall displ acenent of the head
402. However, the head 402 does not always follow the voltage applied to
each piezoel ectric el@mthe 4PBVAREACHALaReRdceNRPORt Mechanisus4OQms kel y
that the head FAiries 47,6 YpPaR6&ledtric dBTbmEHL R28] tiisorint?&p%éhé\é“w OF
THE | NVENTI O\IbAeccc%redi I@g to_one af%gct of the present |Invention, "a head
support nechamismoincludet SRERFT OB A 424 oG fFHe AL 1age 496} edbkds or
perform ng reposticmnison dh datlee f r Advnd WidlnalanddarBelkdbng peft i Wudpr
hol ding the sljidgie1let - 20 elldfd RO s LN GEia Dufdpenls 22 QN 44! Uai NG
10 and the carriage 406. Deformation of each pilezoelectric

element 416 causes the suspension arm 404 to be rotated so
that the head 402 1is elightly displaced. In other words,
a voltage i1s applied to each plezoelectric element 416 to
cause the rotation of the suspension arm 404, resulting in
15 a small displacement of the head 402. However, the head 402
doas not always follow the voltage applied to each
plezoeleotric element 416 with great precision. It is thus
unlikely that the head 402 is precisely placed at a desired

poslition.
20
SUMMARY OF THE INVENTION
According to one aspect of the present invention,
a head support mechanism includes: a slider for carrying
25 a head at least for performing reproduction of data from

a disk: and a holding portion for holding the slider. The
holding portion includes: a first portion including a first
pPiezoelectric element; a second portion including a second
plezoelectric element: a third portion connected to the
30 first and second portions, the slider being provided on the
third portion; and a fixing portion for fixing the first
and second portions. At least one of the first and second
p}ezoelectric elements 1s contracoted and expanded in a



pi ezoel ectric elenent; a second portion including a second piezoelectric
elenent: a third portion connected to the 30 first and.second portions, the
slider being provided on the third portion; and a fixing portion for fixing
the first and second portions. At |east one of the first and second

pi ezoel ectric elements is contracted and expanded in a 12 Apgugiust2iidd - 4
direction substantially parallel to a surface of the disk, inthe presence
of an applied voltage so that the slider 4pr‘ovided on the third portion is
rotated around a predeterm ned center of rotation. 5 In one enbodi nent of

this inventiongstdier 5%##€Ft ' further_ inecl ude Lo eam
provided at a side %@%ﬁe 0 |ine‘gl orb%lygﬁmg&pgéi?es"#(;%t%eeogl ?B&ﬂ#e | oad
beam I ncl udes 4 dib®IRCerReRt9h@h cspplilsheval taee 40 thasuthe ashhdaer as to

apply a | oad tgrdhedéd i daf - tHe hohidingpoheilonOn1kUr LBeL cbRC! HiSEnG fir St
joining portian f#w éOlnlqﬂ the first gn third portions, and a second

j 0i ning porti ATtV FIHLERDNBCERELeMi rd portions. The dinple is
provi ded @at a substantially m ddl e point between the first 15 and second

joining portions. In e enbodi of this ILnventjon, the first and second
Joi ni ng portions inclﬁpe ?P?s@dgag¥ﬂﬂﬂﬁmpglé§ﬁq:i?ﬁ?@ﬁ%?“reé%%kt?%@@y, each
havi ng a w dt rezppdytimechand s Furetiereiach odds requiaebehar protradbanaef the

Tnel ude et i ooeanechot 813g BIERLOR Longid 0 sR8NgLTHERr BRSand
second el asti c-iAthdqeaam Jdngludns 12 \dloplaiprdlect innd asoohd: ket astidehi nges
each haveo in such amanner as to apply a 1load to the slider. The holding

portion further includes a first joining portion for Jolining

the first and third portions., and a seGOnd‘joining portion

for joining the second and third portions. The dimple is

provided at a substantially middle point between the first

15 and second joining portions. ‘

In one embodiment of this invention, the first and
second Jolning portions include first and second elastic
hinges, respectively, each having a width sufficlent to

20 reduce a load required for rotation of the slider.

In one embodiment of this invention, the first and
second portions include first and second conductor patterns
provided along the first and second elastic hinges,

25 respectively. The first and second elastic hinges each have
a minimum width required for providing the first and second

conductor patterns, respectively.

In one embodiment of this invention, the head

30 support mechandsm further includes: a load beam provided
at a side of the holding portion opposite to the glider:
andaEﬂJderholdingplateprovidedbetweenthethirdportion
1pcluded in the holding portion and the load beam. The load



a mninmumwdth required for providing the first and second conductor .
patterns, respectively. In one enbodiment of this invention, the head 30
support nmechani sm further includes: a | oad beam provi ded at a side of the
hol di ng portion opposite to the slider; and a slider holding plate provided
between the third portion included in the holding portion jandq8€dpead beam
The load 12 August 2004 - 5 beamincludes a dinple projecting tomard t he
slider in such a manner as to press the%hird portion via the slider holding
pl ate. The slider holding plate has such a shape that the center of gravity

of a_conbi nat gty fndftercl bOEImbOL akth & SRl i ST ARL, Subshaptial Ly

corresponds to the predeterm otat P one enbo
t hi s inventi ohPaRer] Bt DHREARS T @Bes*davmé@mlami@ntlp@rsmi@mrf boldtgyl ati ng

t he slider Aed di mhePlsatie | n e dinple
contacts a pé}i())]r'\t of the sl |i or Hoﬁﬁﬁnﬁngfgt;gﬁ?%s gguucléﬁc:r&tS E't D EPQEeFEEoI di ng

pl ate preSS|ﬁﬁa??ﬁft?ﬁr%F?NﬁFYdﬁflﬁ SO %ﬂ§§°ﬁaﬂﬁe heshiderehehfitagporti on
can be rotat epllave abha difechiloasri FivstidiBaPiy CBodEE8ELHAR, & I Bhb

direction, t|o I n_one_epbodi ment of this invention, the
head 20 supgégé r%?aﬁgﬂ Fﬂﬁro?nﬁ?ﬁﬁgb B4 | oad beam provided at a side
of the hol ding portlon opp05|te to the slider; and a slider holding plate

P oo et b lidt BatbldRen'SEESs AR G 900, RBGH BRANC MO

| oad beam The | oad eam 1 nclu I'oj ec I"Ng" 't owar e & der in
such 25 a naﬂﬂﬁ;Qﬂﬁ%oaprésglﬂhéoﬂhppaté@ﬂuﬁﬂr\naﬂuﬂﬂtkngckhehalﬂﬂeg

10 holding plate,

In one embodiment of this invention, the dimple
oontacts a pdint of the glider holding plate to support the
slider holding plate pressing the third portion in such a

15 manner : that the third portion can ﬁe rotated in all
directions including a pitch direction, a roll direction,
and a yvaw direction.

In cne embodiment of thils invention, the head

20 support mechanism further ilncludes: a load beam provided
at a 81de of the holding portion opposite to the slider;

and a slider holding plate provided between the third portion
included in the holding portion and the load beam. The load

beam includes a dimple projecting toward the slider in such

25 4 manner as to press the third portion via the slider holding
plate. The slider provided on the third portion is rotated

on the dimple acting as the predetermined center of rotation.,

In one embodiment of this invention, the second
30 portion is8 provided in such a manner that a distance between
the second portion and the surface of the disk is
substantially equal to a distance between the first portion

apd the surface of the disk.



plate. The slider provided on the third portion is rotated on the dinple
acting as the predeterm ned center of rotation. In one-enbodinent of this

i nvention, the Second 30 portion is provided in such a nmanner that a

di stance between the second portion and the surface of the disk is
substantially equal to a distance between the first portion; Qpgstipssurface
of the disk. 12 August 2004 6 In one enbogiment of this invention, the first
portion includes a first electrode for applying a voltage to the first

pi ezoel ectric element; and the second portion 5 includes a second el ectrode
for applying a voltage to the second piezoelectric elenent. In one

enbodi nent of this in¥ention, the first ortion includes a first substrate.
The second portion 101PnQAReAMROGEB M 98b§ﬁﬁﬁn§“vﬁﬂ¥#9Qsttbﬁdfééﬁdhd

substrates arpoptdvndedcahaeg a £aprgendladtddectd ®upY1ig Adveitafe | east

one of the figst con | ezoel ectri el ementg js contracted and

expanded in a%gi Flg%l?fl%%t sat}bagztozfﬁlﬁcglz"ljf ﬁnglPPEF ‘?Batme SFFREPEERR di sk in

such 15 & manA8fFlufes at skoasfl ehecbfoddefdr ragip ythg e and tHyestoate® i S

bent in a dirgggbgg E@@&B@ge th%a%&g%e£Qe di sk, so that the slider carrying
I ’

the head Is rotate y a small anmount” in'a yaw direction. 20 In one
enbodi nent of this invention, at | east one of the first and second

pi ezoel ectric el enent gpi %r&orgrﬁ@ﬁﬁpen@ngff)ﬁgggﬁggﬁéh@iﬁf eChhoRy rat

substantially _parallel to the surface o N Ssu a manner that only
one of the fPBEﬁ&F}d 1ogdoiess fhstizgessrRebente; n Bhei feeendnpassdiong 25 or

| eavi nglbhe diskiusest hat id€omdi dRibsAHADE.NJ tes hadrst and second
substrates are provided along a tangential direction of the
disk. At least one of the first and second plezoelectric
elements 1s contracted and expanded in a direction
Bubstantially parallel to the surface Hf the disk 1n such
15 a mannasx that at least one of the first an}i gecond substrates
i3 bent in a direction nearing or leaving the disk, so that
the sllder carrying the head 18 rotated by a small amount
in a yaw direction.

20 In one embodiment of this invention, at least one
of the first and seaond plezoelectric elements is contracted
and expanded in a direction substantially parallel to the
surface of the disk in such a manner that only one of the
first and second substrates is bent in a direction nearing

25 or leaving the disk, so that the slider carrying the head
ig rotated by a small amount in a yaw direction.

In one embodiment of this invention, the first and

second portions further include first and second flexible

30 materials covering the first and second pilezoelectric
elsments and the first and gecond substrates, regpectively.

In one embodiment of this invention, the glider has



Is rotated by a small anount In a yaw direction. In one enbodi nent of this
invention, the first and second portions further include first and second
flexible 30 materials covering the first and second piezoelectric el enents
and the first and second substrates, respectively. In one enbodi nent of this
invention, the slider has 12 August 2004 7 an air bearing surfaest Mpswhi ch an
appropriate air flowis generated between, the slider and the rotating disk.

The third portion is arranged so that a center position of the air bearing
surface substantially corresponds to the 5 predeterm ned center of rotation.

According to Rt rauRaGy Qhrss%epaﬁ_sx@ﬂicﬁrw&fygiﬂbpri%&egqrswegr£s.
mechani sm:includes: a slider for carrying a head at |least ftor pertormng
repr oduct i on oﬂe?EW%F?QOM?ﬁﬁa%PdF%R,Siﬁﬁeﬁ BBfldtRe peteitdnaf 8iskel dThey t he

slider. The hohtird®aaridon s ekdagsd dof that PUdnt@t pboehitdioRded £h4st

pi ezoel ectric g#;ngpt; a secong Eortlon | ncl udi ng a second | ezoel ectric
el ement; and a T xiotgpoi% i BREEBFSt | SYRGEERETAH ¥ sCofRe 56rtthd. At
| east onedof theedétarmimad ISesesonolf prezaelestric elenments is contracted
and expanded in a direction substantially parallel to a surface of the
disk, in the presence of an applied voltage so that the slider |Is rotated
around a predet er mi nede¢EmdnetopgictheomasPaet dictite puppent: Treodratn s

further includesiedy | QashdeR MeSh £ Lh I8 Alads Si eﬁf{dé@ﬁ%ﬁplb‘g%%%ﬁ%“m

opposite to the _slider;. and a_siider hol ding plate provi he

hol di ng porti dh BIRF tHe 1SRRI i ROFE PFBITY cERRFOGUPESR | o debr rospondi ng
to the sl der.a HimK oatdbaanblachydesr o Y SR thBdst Q¥aEd tfigs Sl i der

In such a manngl a8, L9 +ion 1ncludes: a first portlon including a first
piezoelectric -element; a second portion inéluding a gacond
piezoelectric element; and a fixing portion for fixing the
first and second portion. At least one of the first and

15 second'pilezoelectric elements i1s contracted and expanded
in a direction substantially parallel to a surface of the
disk, in the presence of an applied voltage so that the slider
is rotated around a predetermined center of rotation. The
head support mechanism further includes: a load beam

20 provided at a side of the holding portion opposite to the
slider; and a slider holding plate provided between the
holding portioh and the load beam and provided at a position
corresponding to the slider. The load beam includes a
dimple projecting toward the slider in such a manner as to

25 press the third portion via the slider holding plate. The
slider holding plate has such a shape that the center of
gravity of a combination of the slider holding plate and
the slider substantially corresponds to the predetermined
center of rotation.

30

In one embodiment of this invention, the holding
portion further includes a third portion, the slider being
p;ovided on the third portion. At leagt one of the first



25 press the third portion via the slider holding plate. The slider holding
pl ate has such a shape that the center of gravity of a conbination of the
slider holding plate and the slider substantially corresponds to the
predeterm ned center of rotation. 30 In one enbodi nent of this invention,

the holding portion further includes a third portion, the {9l4 @&t ARi4ang
provided on the third portion. At |least_gpe of the first 12 August 2004 - 6
and second piezoelectric elements is contracted and expanded in a direction
substantially parallel to the surface of the disk, in the presence of

appl i ed vol t agedsosetdwat tﬁmeidulébﬁﬁﬁﬁlCéléﬁédﬁﬁahﬁﬂ 8bAYPAALBA ang
predeterm ned, at|% I n_one enb nt of _this invention, the

hol ding portio |nchudés % Wﬂ?ﬂP?ﬁﬁ?F%ﬁ##ﬁrpﬁﬁFﬁﬂﬁé-f%% thprst and
third portuonsurﬁndeaosenhnumqah nungtperpr@@eﬁcm dH)apyymemgvbuQaggcgad and

third portiongpafhe, rovi % subst al ddl e poi nt
between the first &'(] ecohgrjtgl %I !rlig Ofé']:%%sarqﬁwa%%é eﬂ%ﬁ‘g%’ﬁﬁﬁ?‘ BFGt hi s

i nventi oR, thEGBFPHePfl§°t§§1¢Dtated on the dinple corresponding to' the
predeterm ned center of rotation. In one enbodiment of this invention, the

second portion is provided in such a manner that a di stance between 20 the
second portion and thE? PR RBEPRRLimeRt gpEKtRES Lapestben al tiyeehoafiing a

di st ance betwpeﬂtihﬁ ihﬁﬁﬁd@@ralﬁﬂrsﬁnﬁoiﬂﬁn§ubéfﬁfoﬁfféPejgiﬁfngpﬁﬁgrd'ng to
still anot her a§gg éﬁ t he nt
£f1 third ons, and a second joining portion for
10 joining the second and third portions. The dimple 1is
provided at a substantially middle point between the first
and second jolning portions.

In one embodiment of this invention, the slider is
15 rotated on the dimple corresponding to the predetermined
center of rotation.

In one embodiment of this invention, the seocond
portion is provided in such a manner that a distance between
20 the second portion and the sgurface of the disk is
substantially equal to a distance between the first portion
and the surface of the disk.

According to still another aspect of the present

25 invention, a method for producing a thin film plezoelectric
element, includes the steps of: a) forming a first metal
electrode film, a first thin film pilezoslectric element,

and a second metal electrode f£ilm on a first substrate in

thils order; b) forming a third metal electrode film, a

30 second thin f£1lm piezoelectric element, and a fourth metal
electrode film on & second substrate in this order:

¢) attaching the second metal electrode £ilm to the fourth
mgtal electrode film: d) removing the first substrate by



25 invention, a nethod for producing a thin film piezoelectric elenent,

I ncl udes the steps of: a) formng a first. netal. electrode film a first thin
filmpiezoelectric elenent, and a second netal electrode filmon a first
substrate in this order; b) fornming a third nmetal electrode film a 30
second thin filmpiezoelectric element, and a fourth netal 1ol RetrRe fil mon
a second substrate in this order; C) attaching the second metal electrode
filmto the fourth netal electrode film”™ d) renmoving the first substrate by
12 August 2004 9 etching; e) shaping the first netal electrode film the

first thin fidtemiegoekcshap1RbewRRl £16R8 SRAQND SEIA rodfd L fRdefiI m the
fourth metal g*ec%rgde fil g\ the second thin filmpiezoelectric elenent, and
the third metat*®t eFBERr Sddms PlgZoelpcigls iglgmand 1 ithe Feeardenetitode

film the fiekscthode fillm ptRaoebectn imdtellcaesttrbhe SEGRNENEEaLong! ect rode
film the fo electrode film the second _thin fil | ezoel ectric

el ement, and II&ugh F%ﬁ'?‘b nﬁféimagP‘é%FFSdee]ﬁ“P%tw frda Bt itﬁg]rplﬂes’i“ﬁ!:aénd )
renmovi ng®t he electeededidubst) abeveyinyditiengirbt mwes Peeditreds of 14hi s

i nvention, theg,dig ' 145 nmono-cryst a

sUbstrate. 16730 28 oo inarERnBis oNret I TR RBES , TR IR hEtaL,
expansi on coettfetepie fillmethprioustibsetalcelocrededilimharthet hecondear

expansi on coefRigi entmOfpideodidStridi B1bhbAY , PifZPELRE HiHA 18] €MRQE4y The
| i near expanslpn coefflgl ent of
electrode film, with a coating resin: and g) removing the

10 second substrate by etching.

In ona embhodiment of this inventioﬁ, the first and
second substrates are each a mono-c¢rystal substrate.

15 * In one embodiment of this invéntion, the linear
expansion coefficient of the first substrate is greater than
the linear expansion coefficlent of the first thin film
plazcelectric element. The linear expanston coefficient of
the second substrate 1s greater than the linear expansion

20 coefficient of the second thin £film piezocelectric element.

In one embodiment of this invention, step c)
includes attaching the second metal electrode film to the
fourth metal electrode film using a conductive adhesive.

25
In one embodiment of this invention, step c)
includes attaching the second metal electrode £11m to the
fourth metal electrode film using a thermal melting
technique using ultrasonic vibration.
30

In one embodiment of this invention, step a)
includes forming the first thin film piezoelectric element
1p such a manner that a polarization direction of the first



the second substrate is greater than the linear expansion coefficient of the
second thin filmpiezoelectric elenent. I n one enbodi ment of this invention,
step ¢) includes attaching the second netal electrode filmto the fourth
nmetal electrode filmusing a conductive adhesive. In one enbodi nent of this
invention, step c) includes attaching the second netal el egtAQMst3ddsmto the
fourth nmetal electrode filmusing a therg{ﬁl nmelting technique "using
ultrasonic vibration. In one enbodi nent this Invention, step a) includes
formng the first thin film piezoelectric elenent in such a rranner that a

pol ari zation qifi@Ckion Qie&aslée"t?&clélémt aﬁmt X aJEgLIw o3 eld

pi ezoel ectric el enent substanti al 3/ corresponds rrection E%’er pend| cul ar
to a surface & BhHét¥estion merpandimypiasy sl 2 @Wifacs efehbe Biegt Bhiimcl udes

formng the &a.qgn@irefzbalfeutrﬂw élgﬁbﬁ%tr@t@d:%'?rﬂndih&é@@cﬁmﬂﬁﬂﬁeché hat 5 a
polarization direction of the second thin film piezoelectric elenment

substanti al | y €SS pRARS 1 aleapﬁéewsﬁcﬁ%ﬁ 401 SHCR @ BARREF A1@tof t he

second thin fid mpqmaaimheacdrrl Cdﬁi'@cﬁlﬁ&n 1@fAC£1@éd| Becbadst ithl nanatihed aSpect
of the present '

|nv t|o |nf|Im ric device inpcludes:
i rernt o o pdasEd el e Bt | ELREEREL SR S aE e TRonds chr Borovi ded
on the first r@mctekm:pennenﬁﬂ.baﬂ.an ts:ea&-mtfarm aff shececotdd t£himfdrnevi ded on

the first thi %J{eﬁdéﬂe&r‘l’ qleelxrf‘a%t“c elenent; a third netal electrode film

a second thi m pil ezoe ric €lement provided on the third netal
electrode film a fourth netal electrode filmprovided on the second thin

film piezpelectric el Qr(.%%tr;dﬁl@d t@@ﬁl\ie another aspect of the present
invention, a thin f£ilm pilezoelectric device includes: a
first metal electrode £film; a first thin fiim plezoeleactric
element provided on the first metal electrode film: a sacond
metal electrode film provided on the first thin film
15 plezoeltectric element: a third metal ‘electrode £f1ilm: a
saecond thin £ilm piezoelectric element provided on the third
metal electrode £ilm; a fourth metal elactrode film provided
on the second thin film piezoelectric element; and adhesive
means for attaching the second metal aelectrode £ilm to the
20 fourth metal electrode £1ilm.

In one embodiment of this invention, the thin £ilm
plezoelactyic devioce further 1includes voltage‘ applying
means for applying a voltage to the thin f1lm plezoelectric

25 device. Tha voltage applying means includes: a first
terminal for applying a driving wvoltage to the first and
third metal eleotrode films: and a second terminal for
grounding the second and fourth metal electrode fillms.

30 According to gtlll another aspect of the present
invention, a head support mechanism includes: a glider for
carrying a head; and a holding portion for holding the slider.
T_he holding portion includes: a first portion including a



means for attaching the second netal electrode filmto the 20 fourth netal

el ectrode film 1In one enbodiment of this invention, the thin film

pi ezoel ectric device further includes voltage applying nmeans for applying a
voltage to the thin filmpiezoelectric 25 device. The vol tage applyi ng neans
includes: a first termnal for applying a driving voltage'@ggﬁﬁgtﬁfﬁst and
third metal electrode filns; and a secangqterm nal for groundi'ng the second
and fourth nmetal electrode filnms. 30 According to still another aspect of the
present invention, a head support mechanismincludes: a slider for carrying

a hleag; and ?fhﬂbdiMMIG}@ft‘i@reMdﬂﬂlgift h@eaghdegsc;rt%agﬁ 1?@1@itdaglgogrt i on
i ncl udes: ' a cluding a - us irs
pi ezoel ectri chéﬁéﬁg(ﬁ#%égggjeég%#ﬁf%oa%ﬁ"bﬂ?ﬁ né %ﬁ?‘ﬁ‘gg%oré%’bﬁﬂmﬁi% Etric

el ement; a ththd pdrstoandoseeccrdédpbotivhe,fthet shhdesevendgpprbiroasa t he
slider being BROV} | I rliQn, f,i Xi partion for fixing
vh&eth 1 P8 L%@:.etit.éﬂ darpc?J ﬂ&in?%o@tig)ﬁ %ggzgéf‘:&ggr %Be

the 5 first and second portions. ‘The first  an econ el enent s

i ncl ude Phe abd¥@fdedBfi b6ACPARN PPIEAPPEezOe| Boer | £1devi cand Thaegonhie
i nvention desgLébed1beteis m&ﬁanegsSl!anl%de_lfch&ea@&l}'éfﬁéﬁﬁir?%dpER#d' ng-
C

(1) a head sugg rt _mechanismfor use in a di sk apparatus, [ enabl'es a
head to nove gmapéﬁﬁ?Plﬂ?EﬁiﬁcgﬁEﬁﬁemﬁth great precision for the purposes
of tracking correction and the like for a magnetic disk and the like; (2) a

head support nechanisg&& ryse,ln a ﬂis&%%gz ratus, which enabl es a head
to nove by a small dr apfadevehtVERtHOR éﬁﬂgag?ﬁﬁi%FQ5ﬁﬁP%?9%Plﬁ
vol t agel® the advantages of providing: (1) a head support mechanism
for use in a disk apparatus., which enables a head to move
by a small displacament with great precision for the purposes
of tracking correction and the like for a magnetic disk and
the like; (2) a head support mechanism for use in a disk
15 apparatus, which enables a head to move by a small
displacement with great precisiocn by control of a voltage;
and (3) a thin film pilezoelaectric actuator preferably used
for such head support mechanisms.

20 These and other advantages of the present invention
will become apparent to those skilled in the art upon reading
and understanding the following detailled description with
reference to the accompanying figures. '

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 i1s a perspective vliew illustrating a hesad
support mechanism according to Example 1 of the present
invention.

30

Figure 2 1s aun exploded, perspective view

illustrating the head support mechanlsm of Example 1.



and (3) a thin filmpiezoelectric actuator preferably used for such head
support nechani sns. 20 These and ot her advantages of the present invention

w || beconme apparent to those skilled in the art upon reading and
understanding the following detailed description with reference to the
acconpanying figures. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS@Q;\AJ: is a
perspective view illustrating a head support mechani sm accor di'ng to Exarrpl e

1 of the present Invention. Figure 2 is an expl oded, perspective view
iIIustrati ng the head support nechani smof Exanple 1. 12 August 2004 - 12

Figure 3 I's a perspectiyar¥i aWd hlﬂéitél?édﬂ]&@vfé&qﬁﬁusftga 'fﬁ%asﬂitd*é?c head
support mecha% sm at Eé n&lach@' Figure 4 1s a bottomyview of "a major part of
C |

athin 5 filmF &26e B BRPPEHYs Meshag iegy ofs Exprpliée lhead support
mechani sm of Exanple 1. Figure 5 1s a top view lllustrating d major part of
the thinf ilm piezo ectri nt oubstrate_  of Exanple 1. 10 Figure 6 Is
a cross -sectional 81‘] Fﬁ ﬁ Gt N Loy ohd mlﬂlijE rext ofigythdny js a

cross-seéti on&dim @NecbeEagsmmMetL&hemt bﬁblmitcmge Foreu¥aYin 2he2heliagure 8
s a side V'eWb§%o§t”ﬁh%£aBi e E0S

Figure 5 15 a top view illustrating a major part of
the thin film piezoalectric element substrate of Example 1.
10
Figure 6 is across-sectional viewof Figure 2 taken
along line X-X.

Flgure 7 is a oross-sectional view of Filgure 4 taken
15 along line Y-¥. .

Figure 8 is a silde vliew of a major part of the head
support mechanism of Example 1, used for explalning
operation thareof.

20

Flgure 9 is a side view of a major part of the head
support mechanism of Example 1, used for explaining
operation thereof.

25 Flgure 10 15 a top view of a major part of the head
support mechanism of Example 1, used for explaining
operation therecf.

Figure 11 i1s a perspective view illustrating a head
30 support mechanism according to Example 2 of the present
lnvention.

Figure 12 1is an exploded, perspective view



support nmechani sm of Exanple 1, used for explaining operation thereof.
Figure 9 Is a side view of a najor part of the head support nechani sm of
Exanple 1, used for explaining operation thereof. Figure 10 Is a top view of
a major part of the head support nmechanismof Exanple 1, used for explaining
operation thereof. Figure 11 is a perspective V|em1|llustr tlAnb d 30
support mechani sm according to Exanple Z-0f the present invention, Figure 12
is an expl oded, perspective view 12 August 2004 - 13 illustrating the head
support nmechani sm of Exanple 2. Figure 13 is a perspective vieM/iIIustrating

a slider forlusetiratihg ReR0 HHURP GipdB Y MilcEndfs HE&%W%&:\%; Figure 14 is
atop viewillustrating a major part  of a thin filmpiezoe ectrlc el enent

substrate for use in the head support mechani smof Exanple 2, and the
vicinity thereof. 191§ug~ur @315 d Saapbebb@airtwvawviéwsuﬁﬁbBBaEiH&J @ part

of the thin fjl el ect el t substrate of Exanple 2, and the
vicinity t hefddHe 1268 ‘f:$ Lﬂtréctf’é‘ F‘?ag EPBRErt JEREh LM A \’ﬁxﬁfnpﬁeglﬂre 12
taken aldong line X-X. Figure 17 is a cross-sectional view of Figure 15 taken
along line Y1-Yl. 20pigyre 14 is a top view 1llustrating & major part
of a thin film piezoelectric element subgtrate for use in
the head support mechanism of Example 2, and the vicinity
thereof.

10
Flgure 15 is a bottom view illustrating a major part
of the thin £1ilm piezoelectric element substrate of
Example 2, and the vicinity thereof.

15 + Flgure 16 1s a cross-sectional view of Filgure 12
taken along line X-X.

Figure 17 is a cross-sectional view of Figure 15
taken along line Y1-Y1.
20
Figure 18 is a side view of a major part of the head
support mechanism of Example 2, used for explaining
operation thereof. '

25 Figure 19 is a side view of a major part of the head
support mechanism of Example 2, used for aexplaining
operation therecf.

Figure 20 15 a top view of a major part of the head
30 suppert mechanism of Example 2, used for explaining
operation thereof.

Figures 2I1A and 21B are schematic diagrams used for



Figure 18 is a side view of a major part of the head support nechani sm of
Exanpl e 2, used for explaining operation thereof. 25 Figure 19 is a side
view of a mmjor part of the head support mechani sm of Exanple 2, used for
expl aining operation thereof. Figure 20 is a top view of a najor part of the
head 30 Support mnechani sm of Exanple 2, used for explaini Rg A RR&blson

thereof, Figures 21A and 21B are schen§t¥2 di agrans used for 1Z August 2004
14 expl ai ning operation the head support nechani smof Exanple 1. Figures
22A and 22B are schematic diagrans used for 5 explaining operation the head

support mechagisikofiinfXafpheatiofl ILAES RAnt NEQHES 83%a&§aﬂfgapesg ve

Vi ews iIJustratlng vi bration nodes of a | oad beam of Exanple 2. 10 Figures
24A and 24B aF¥2YPaPhs: showi ng response characteristics of the head support
mechani sm of Figures 21A and 21B. 15 Figures 25A and 25B are graphs show ng

response characteristjcs of fhe hea upport nechani smof Figures 22A and
22B. 20 Figures 26A an %%Eai@sa&?egrﬁgi %FS&PQFP{E""ES@HWWB GfR¥ng the
operati of of ekplhgatinguppperatkehantie atead Venppdion méchxanphe dr Fi gures
27A and 278 aégagb§gh§.shomjng response

Figures 23A through 23C are perspective views
1llustrating vibration modes of a load beam of Example 2.
10
Figures 24A and 24B are graphs showing response
characteristics of the head support' mechanism of
Figures 21A and 21B.

15  Figures 25A and 258 are graphé showing response
characterlstics of the head support mechanism of
Flgures 22A and 22B.

Figures 26A and 26B are gschematic diagrams used far
20 explaining the operation of the head support mechanism as
a varlation of Example 2.

Figures 27A and 27B are graphs showlng responéa
characteristics o©of the head support mechanism of
25 Figures 26A and 26B.

Figure 28 is a perspective view 11lustrating a head
support mechanism according to Example 3 of the present
invention.

30

Figure 29 1s an exploded, perspective view

1llustrating the head support mechanism of Example 3.



characteristics of the head support mechani smof 25 Figures 26A and 26B 30

Figure 28 is a perspective view illustrating a head support mechani sm
according to. Exanple 3 of the present invention. Figure 29 |Is an expl oded,
perspective view illustrating the head support nechani smof Exanple 3. 12

August 2004 - 15 Figure 30 Is a perspective view illustraybnggqast foyder for
use in the head support nechani sm of Exafgle 3. Figure 31 Is a dlagram
illustrating a structure of 5 a flexure Tor use in the head support
nmechani sm of Exanple 3. Figure 32 is a top viewillustrating a thin film

pi ezoel ectrio el enentp i, F¥agp! €g3-a lsaﬂ;ggeei@é VieR ASRrSeAlimpal view of
Figure 32, taken_along Tine X1-XI1. ure 34 is atop viewillustrating the
REW%W

flexure for BSLAPR ¥ UReadisthpdrea gfExampieglre 35 is
a cross-sectional view of Figure 34 taken along line X2-X2. Figure 35 is a

bottomview illustrat] the flexur 20 fo se_in the head support
mechani sm of Exanpl e %Pg% L giﬁgEFﬂsélt %ﬁ??ﬁ%ﬂg§ﬁ§&FHthgﬁuP§ 34

t aken al dng Ihrfeleﬂ:—fémeher@ 1he:ttermﬁa|sldpgmmzmed:namism ofcEeamplei 3.att ached
to the flexure. 25 Figures 38A through 38C are diagrans showi ng a procedure

for formng the thin film piezoelectric el enent
Figure 32 is a top view illustrating a thin £film

plezoelectric element of Example 3.

10 Figure 33 15 a cross-sectional view of Figure 32
taken along line X1-X1.

Figure 34 is a top view 1llustrating the flexure for
use in the head support mechanism of Example 3.
15 . ‘
Figure 35 18 a oross-sectional view of Flgure 34
taken along line X2-X2.

Figure 38 is a bottom view illustrating the flexure
20 for use in the head sgupport mechanism of Example 3.

Figure 37 1s a cross-sectional view of Figure 34
taken along line ¥Y2-¥2 where the thin £i1lm piezcelectric
element 1g attached to the flexure.

25

Figures 38A through 38C are diagrams showing a
procedure for forming the thin film pilezoelectric element
of Example 3 and electrodes thereof on a nmonc-crystal
substrate.

30

Figures 39A through 39G are diagrams showing a
procedure for forming the thin film piezoelectric element
qf Example 3 having a two-laver agtructure on a meno-crystal



of Exanple 3 and el ectrodes thereof on a nono-crystal substrate. 30 Figures
39A through 39G are di agrans showing a procedure for formng the thin film
pi ezoel ectric el enent of Exanple 3 having a two-layer structure on a
nono-crystal 12 August 2004 - 16 substrate. Figure 40 is a flowhart show ng
a method for producing the thin filmpiezoelectric el enmentof, Fxamehe 3. 5
Figure 41 is a cross-sectional V|em/|IIustrat|ng an electrode connecti on
portion of the thin film piezoelectric”™ éPerfent of Exanple 3. 10 Figure 42 is
a side view of the head support mechani sm of Exanple 3. Figures 43A through
43C are dlagr%EEQ Q%E% ing a cross-sectional view of the thin film

pi ezoel ectric device I5 and graphs of applied voltage, used for explaining
operation of the head support mechani sm of Exanple 3. Figures 44A and 44B

are Lop views |!lUstr 8LGaget oS TR 10 SUHIGLLI BnBki h5C a5 1UFP

mechani sm of 20 Exanple 3, used for explaining operatfon thereof. Flgure 45

is atop Vi ewfﬁrlc’ldﬁ’é’tiln&t thg %neia#amﬁoel@mﬁﬂ-p@ﬁarz He Bxagmd odt-
nmechani st 25 DESCRI PTI ON CF THE PREFERRED ENBCDINENTS Her ei nafter, the

present invention wl| be cribed |Iiu trative exa Ies Wt h

reference to the acc ﬁﬁ&ﬁ?l 3 Fﬁﬁ% %ﬁ%t lonal viewLi lustrating an
electrode connection portion of the thin film plezoelectric
element of Example 3.

10 Flgure 42 1s a slide vliew of the head support
mechanism of Example 3.

Figures 43A through 43C are diagrams including a

cross-sectional view of the thin £film plezoelectric device

15 and graphs of applied voltage, used for eﬁplaining'operation
of the head support mechanism of Example 3.

Figures 44A and 44B are top views illustrating a
schematic structure of the head support mechanism of
20 Example 3, used for explaining operation thereof.

Figure 45 1s a top view illustrating an example of

a conventional head support mechanlsm.

25 DESCRIPTION QF THE PREFERRED EMBODIMENTS

Hereilnafter, the prasént invention wlll be
described by way of illuatratiﬁe examples with reference

to the accompanying drawings.
30
(Example 1)
Figure 1 is a perspective view 1llustrating a head



(Exanple 1) Figure 1 is a perspective view illustrating a head 12 August 2004
- 17 support nmechani sm 100 for use In a disk apparatus according to Exanple
1 of the present invention, viewed froma disk side. Figure 2 is an

expl oded, perspective view: illustrating the head support nechanism 100. 5
Referring to Figures i and 2, the head support mnechanism ﬁgg\@ggtfbohoad beam
4, on atip portion of which a slider 2 having an attache € 17T°s
supported. The ldad beam 4 includes a bdske portion 4A which is fixed by beam
10 welding to a base plate 5 attached to a head actuator arm The base
portion 4A an g, late 5 ch have sim lar square shape. The | oad
beam 4 i ncl udg’gtp %ﬁg(a:‘ﬁgﬁg?ﬁiﬁ‘gﬂ 2158 z?qd’bélrsien & GAPKRPPATAL S BGCST UAY and a
beam portion 4 ExpmpAéi Agoft theghtebentn 1 heemetdn poridwed 4B onf\ QA& N 15
portion 4D is gpvi dedg e e t k. portion 4B. . In the neck
portion 4H, port?ons or%’i{éﬁté%ogpog%e ‘-gll;deg’?%?g&?ﬂe oBERPRECHVEI oV 189 each
function as algHa¥sdrgtingg theoheiadh sppoa® Aeshiaddmmhdlodi.ng plate 3 is
providedson the tip portion of the beam portion 4C of the |oad beam4 in

such a manner as to rotate. The slider holding plate 3 is provided with a
25 projection portion“3ASHALEE i) BEIeremwhr ang¢h@ batke pbeaiosuppoaft t he

I oad. beam 4. inechhaismp 1p0r hegna Qa‘oadlq;eageam B hi Qpp%r@i&grA&l %ﬁi@h{ S
ol ding. pl at & S48 £ 0B Lad 4 atiashsd Boeh Lrix Rebbeakepor (Tomlogd
g plate 37Ts pla ort 8
beam 4 includes a base portion 4A which 1s fixed by beam
10 welding to a base plate 5 attached to a head actuator arm.
The base portion 4A and the base plate 5 each have a similar
square shape. The load beam 4 includes a heck portion 4B
tapering from the base portion 4A, and a beam portlicn 4cC
extending stralght from the neck portion 4B. An opening
15 portion 4D is provided in the middle of the neck portion 4B.
In the neck portion 4B, portions on the opposite sides of
the opening portion 4D each function as a plate spring
portion 4E.

20 A slider holding plate 3 is provided on the tip
portion of the beam portiocn 4C of the locad beam 4 in such
& manner as to rotate.

The slider holding plate 3 1s provided with a
25 projection portion 3A which projects teoward the base
portion 4A ofrthe load beam 4. In the tip portion of the
beam portion 4C, a dimple 4G is pr'qvided which contacts and
presses the projection portion 3A. The slider holding
plate 3 is placed on the tip portion of the beam portion 4C
30 and 1s engaged with each regulation portion 4F in such a
manner that the projection portion 3A is pressed and held
by the dimple 4G. Therefora, the slidar holding plate 3A

can be rotated on the dimple 4G in all directions.



30 and is engaged with each regulation portion 4F in such a manner that the
projection portion 3Ais pressed and held by the dinple 4G Therefore, the

slider holding plate 3A -can be rotated on the dinple 4G in al

di recti ons.

12 August 2004 - 15 The regul ation portion 4F is provided on each side edge
of the tip portion of the beam portion 4C. The regulation EQﬁbh ok
Jlng plate

engaged with

the respective aide 5 edges.qf the slider hol

that rotation of the slider holding prag 3 can be regul ated. Each
regulation portion 4F extends straight fromthe tip portion of the beam
portion 4C toward the base portion 4A. The side edges of the slider
plate 3 are engaged with and regulated 10 by the respective regulation

portions 4F. 15 A thi hh®iTeapiarken eantien 4R éscpnevicded gmeeemsideand a

thin film pi eadgbecisr i EnsURIY AHEr 8184 € o’ OMidleHaR Jdia REAMPOT t iR

the | oad bea

ezoel ectric substrate 8 I's made o?

n%e4. ng thin film {ﬁ;
conduct i ve andSFPEPYIOHAETLANS AR Braeraged sdshsthe respaspie sitn
portion &f thedghsrof ithm pleseel lesldisg driae GRAUEKEE rPait M ok khea thin

portion &f thedghErod it plessel: 5> RAUCKAE LR of b
the mhddl o of *LBACBCARTSDBA LT b BCATTRe GRS AR pi E26BI ERPFRECEER

hol ding port

PORtIAN 4F marttaredd v toweghapfesn whisht fp paitt 1ok dRithd bk

' |l ectri ' f t higa fil ' I
Cubetratc o 1 Boarernass Sovald OO MM Mikeod M- Nohe bl BBl

substrate 8 i

F are

3 so

hol di ng

4C of
a
e end

r ound
m nal

ctric
he

sl'ider hol di n§PpI 8ttder idirg pbte e antg eagagedawdyhngntiheeheldtadi s

provi dedoon t

15

20

25

30

be shedesspattachmPaguPRELLANpB tions 4F.

A thin film piazoelectric drive conductor pattern 7
and a thin film piezoelectric substrate 8 are provided on
the beam portion 4C of the load beam 4. The thin f£ilm
plezoelectric substrate 8 is made of a cbnductive and rigid
materlal, such as stainless steel or copper. One end
portion of the thin film plezoelectric drive conductor
pattern 7 1s a thin film plezoelectric terminal holding
portion 7A which is positioned arocund the middle of the beam
portion 4C. The thin f£film plezoelectrio terminal holding
portion 7A is partially overlapped with a part of thin film
plezoelaectric substrate 8. One endportion of the thin f1lm
plezoelectric substrate 8 is a slider attachment portion 8A
which 1s provided on the slider holding plate 3. Further,
the slider 2 carrying the head 1 is provided on the slider
attachment portion BA.

The slider 2 18 1in the form of a rectangular
paralleleplped as shown in Fiqure 3. The head 1 including
an MR (Magneto-Resigtive) element is provided at the middle
of an upper portion of a side 81 at the beam portion 4C tip
portion side of the slider 2. The slider 2 is placed in such
a8 manner that the head 1 1s orlented toward a tangential



The slider 2 is in the formof a rectangular parallelepiped as shown in
Figure 3. The head 1 including 30 an MR (Magnet o- Resi stive) elenent is
provided at the mddle of an upper portion of a side S1 at the beam portion
AC tip portion side of the slider 2. The slider 2 is placed in such a
manner that the head 1 Is oriented toward a tangential 12 - 19
line of a magnetic head. Further, f our t%;ninals 2A throu@ggH@Eﬁéggﬁdisposed
in a transverse direction in a | ower pd?t%on' of the side S1 of the slider 2.
Further, an air bearing surface 2E is provided on an upper side of the

slider 2. 5 Amﬁaoklapwagﬁgggag@%&y PuLehBl L, JPIBEhLfiadkS5al S PAPGEd 1N 2

pitch direction of the s a tangent al rection maghet7c di sk)
so that an ai r2D} 85P ¢e8PPRLE iimp| ranparrrse dd rssthoanin melaver earten sur f

ace 2E and a remgngid Gidk sf1 d Ase SEOIed M Fi G418 anh il t?é:—'d'ﬁdﬁ(? h
S 10 e

position ML of the air_bearing surface 2E substantlalﬁl-% correspon

proj ection portihA T Yhe I Had et AthgipRer sHle Qipddia el BieE he- di npl e
4G The s3iderar ity SUpROFdsrOred byl Aersta oy MdAERNE1RRT 1k Phsed N such

a manner that th | de .S1 of .the slider f ace he ti rtion of the beam
portion 4C of jtrhg ?%%‘%1 gggﬁcﬁ?o?h%ggl&’ied%ﬁﬂﬁFdi n@“ %Fﬂ?@ngigg HFAL YRR he
dinple 4G 20 9fr ovidegnehlichdikk) par tiroat odnt Aerl| dadrheamiAg riSwchif manner

that the slid | 3 . d r tio rtion 3A
by & smal & i %ﬁ%ﬁéﬁ?bﬁgﬁ?f’ eiE R h el d 2 RACEHARIEAG 0
its center pdsi®kon ML on the projection portion 3A can be rotated on

10
Az shown in Figures 2 and 3, a center position M1
of the air hearing surface 2E substantially corresponds to
the projection portion 3A of the slider holding plate 3
supported on the dimple 4G. The slider 2 is gupported on
15 the slider attachment portion 8A in such a manner that the
side 81 of the slider 2 faces the tip portion of the beam
portion 4C of the load beam 4.

The slider holding plate 3 is held by the dimple 4G

20 provided 1n the tip portion of the load beam 4 in such a

manner that the slider holding plate 3 can be rotated on

the projection portion 3A by a small displacement in all

directiona. Therefore, the slider 2 having itz center

position M1 on the projection portion 3A can be rotated on

25 the projection portion 3A by a small displacement in all
directions.

Ag shown in Figures 1 and 2, the other end portion

of the thin film plezoelectric drive conductor pattern 7

30 13 an external connection terminal holding portion 7B which
is provided on an edge portion of the base portion 4A of

the load beam 4. Three terminal portions 15A, 15B, and 15C

a;:e provided on the thin film piezoelectric terminal holding



25 the projection portion 3A by a small- displacenent in all directions. As
shown in Figures 1 and 2, the other and portion of the thin film

pi ezoel ectric drive conductor pattern 7 30 is. an external connection term nal
hol di ng portion 7B which 1is provided on an edge portion of the base portion
4A of the load beam 4. Three termnal portions 15A, 15B, and }pét 200ke
provided on the thin film piezoelectric termnal holding 12 August 2004 ,- 2
0 portion 7A, and connected to respective external Connection termninal
portions 16A, 16B. and 16C whi ch are provi ded on the external connection

term nal hol diforPasd i-p0 4Ba ﬂ%eﬁ%n f| &Eb?ﬂa§%dxﬁ}e°é1§’v&96d on

an edge portion opposed to t m pi ezoe
substrate 8 ontS¥® Jtﬁéo%ﬂil% leﬁﬁ-aélﬁ%nﬁnﬁo#ﬁpoﬁhgﬁhlﬁremwm dine

term nal hol ditige nottd @i BRdndosidd ongdnalal ab Basy Yot bEobase, portion 4A
of the | oad beam 4, and at 10 the neck portion 4b side wth respect to the

external connection term nal holding portion 7B. 15 Figures 4 and 5 are a
bottom vi®w and a top NtéMin&E&ﬂﬂQﬂﬂl_ﬁertlthBBrﬁ previheadd dareddd achment

portion 8A an \. her of f t i ezoel ectric
substrate S. kégﬁiod% ng&i a%cgg ES‘ Ehg ﬂjr'g erE'ecé
conduct or subsaubkarais t8 cms WwildndizE aﬂdxﬁa:gmcﬂﬁnetm: tﬂte:tsilordem atd achnent
portion BA ar &, f4pMdded et g t The
conduct or subgi%rate port:ﬁgns @E{%ndhgéderp)?%eﬁégg%gﬁ E%ﬁfﬁg?ﬂ&{&%&ﬁeﬁ E(lzlter
attachnent por&h G asa ofhdher dagespessdon dﬂs?ﬁntbaflwmn 4, and at

10 the neck portion 4b side with respect to the external

connection terminal holding portion 7B.

Figures 4 and 5 are a bottom view and a top view,

respectively, illustrating the glider attachment

15 porticn 8A and the vicinity thereof,‘of the thin film
plezoelectric substrate 8.

As shown 1in Figures 1 and 4, a palr of first and
gecond conductor substrate pertions 8D and 8E contiguous
20 to the slider attachment portion 8A are provided on the thin
film piezoelectric substrats 8. The conductor substrate
portions 8D and B8E extend stralght from the slider
attachment portion 8A and are disposed a distance from each
other and 1in parallel.
25
Elastic hinge portions 8F and 8G each having a
narrow width are provided between the slider attachment
portion 8A and conductor substrate portions 8D and BE of
the thin filmpiezoelectric substrate 8, respectively. The
30 elastic hinge portions 8F and BG are elastically bent in
the same plane as the slider attachment portion 8A.

The thin filmplezoelectric substrate B8 and the thin



other and in parallel. 25 Elastic hinge portions 8l" and 8G each having a
narrow wi dth are provided between the slider attachnent portion 8A and
conductor substrate portions 8D and BE of the thin film piezoelectric
substrate 8, respectively. The 30 elastic hinge portions BF and BG are
elastically bent In the sane plane as the slider attachnqupQ@D&kgﬁ48A. The
thin filmpiezoelectric substrate 8 and e thin 12 August 2004 - 21 film

pi ezoel ectric drive Conductor pattern 7 y be integrated together. Figure 6
is a cross-sectional view of the thin film 5 piezoelectric substrate B taken

along line X-g& ghown ' : %Qng A 0SS tignal view of the
thin filmpi gaz%ﬂl \éﬁ(}’térz{bcé:isu sl?ir%t ed: také:r?nﬁ%(?%éﬁ{i %th%g%nsﬁovﬂayi = gure 4.
10 As shown idnFpgrereedsteaetBerthe first and second conductor substrate
portions 8D and BE are covered with a flexible material 6 made of a pol yner

such as polyimde. On upper surfaces of the conductor substrate ggrtions 8D
and BE, a pair of corftt@4%R $Hdix arexcamreeetlangl yiewobdihe thisf £Ednduct or

patterns512C pidzd@:@f 18" SibHeSat Bl @ReNI a1¥HRNA 48 a0 dscdwE $HbStrate
portions BD gﬁﬂg&ﬁa ?re ectively. The conductor patterns 12A and 12B are
t xT bl

attached by ¥ TG Al & §TOTE ~E6% vighsPEatBepbiifion D.
The conduct or £ phmtpeiewo d o it ibaXriie Mtiariicalbagt heénaoNducsnswaUbSt rat e
portion BE by ﬁh?i &*gx&ble material 6. As shown in Figures 2 and 5, one end
of the conduc%or q i

10 As shown 1in Figures 5 and 6, the first and second
conductor substrate portions 8D and 8E are covered with a
flexible material 6 made of a polymer such as polylmide.
On upper surfaces of the conductor substrate porticons 8D
and 8E, a palr of conductor patterns 12A and 12B and a pair

15 of oconductor patterns 12C and 12D are ﬁrovided,'extending
along the c¢onductor substrate portions 8D and B8E,
respectively. - The conductor patterns 12A and 12B are
attached by the flexible material 6 to the conduoctor
substrate portion 3D. The conductor patterns 12C and 12D

20 are attached to the conductor substrate portion 8E by the
flexible material 6.

As shown in Figures 2 and 5, one end of the conductor

patterns 12A, 12B, 12C and 12D are terminals which are

25 provided on the slider attachment portion 8A. Further, the

aconductor patterns 12A, 12B, 12C and 12D are laid on a

conductor portion 8C of the thin film piezoelectric

substrate 8. The other ends of tha conductor patterns 12A,

128, 12C and 12D are terminals which are provided on the

30 terminal holding portion 8B. Each conductor pattern 12A
through 12D is covered with the flexible material 6.

Ag shown 1in Figure 5, on an end portion (hatched



patterns 12A, 12B, 12C and 12D are ternminals which are 25 provided on the
slider attachnment portion 8A. Further, the conductor patterns 12A, 12B. 12C
and 12D are laid on a conductor portion 8C of the thin film piezoelectric
substrate 8. The other ends of the conductor patterns 12A, 12B, 12C and 12D
are termnals which are provided on the 30 term nal holdi ngz2peghitamodB. Each
conductor pattern 12A through 12D is covered with the flexiblée material 6.
As shown in Figure 5, on an and portion (zr?at'ched 12 August 2004 22 portion
in Figure 5) opposed to the slider attachnment portion BA of the conductor
substrate portjQns d a i Xj r. (ROt [ rqvi ded which
contacts and tl:lflxesc'til'lt:)hgﬂt ﬁ?ﬁuﬁel r%)pié %%%??Pc o véhg%)&uc%otfmgmbe erns
15A, 15B and FEYiRirg ke of) thet hondnotnzl subSiratd IPuntorns@R RwlireE 4) . As
shown 10 Fl QULL eGactblyf bmBRE SEGOhGU o bELvRLBANRH ECh  ddn EAELE i 114 and

11B are provided undér the 10 first an conductor substrate portions

8D and 8E, ré&df@&ivaly. RelmppEilmi qelereeirelsion didve | sandugtger

el ectrodes 9B ot edingd 1A NUBEAPNBE Gt it a2 URRRH Yedenimid a pwer side
of the first thjn fi | ezoel ectric element 11A respectively. Simlarly,
an upper side @rﬁg:%e&gﬂ%@‘l ower side electrode 93 nade of platinum
are provided on an upper side and a | ower side of the second thin film

pi ezoel ectric el ement respecti.v . h in Figure 7. @ short menber
14 for shorting 20 tﬁéﬁlggﬁgﬁc%’r E‘é@g{ﬁéﬁf}gﬁ&ﬁ?gﬁ@ 55%6? ? Btlgiir*s g|c:1(r)lo“\l/i ded on
an and porti orridiznedieaty ithe leimedds dilidaandedil Bpare i proBidedfuredeh tWie t he

upper sige el egiyNdes DA dNNE RhRitddie Hifirate portions 8D and B8E,

respectively. An upper slde electrode 9A and a lower slde

electrode 9B made of platinum are provided on an upper side
and a lower side of the first thin film pilezoeleotria
element 11A, respectively. Similarly, an upper side

15 electrode 9A and a lower side electrode 9B made of platinum
are provided on an upper side and a lower side of the second
thin film piezoelectric element 11B, respectively.

As shown in Figure 7. a short member 14 for shorting

20 the conductor substrate portions 8D and 8E is provided on

an and portion distal to the sllider attachment poertion 8A

of each of the upper side electrodas 9A provided on the upper

sides of the first and second thin film plezoelectric
elements 1lA and 11B.

25
As shown in Figures 4 and 7, end portions proximal
to the slider attachment portion BA of the lower side
electrodes 9B provided on the lower sides of the first and
second thin £ilm piezoelectric elements 11A and 11B are not
30 covered with the flexible material 6 and are connected to

terminals 13A and 13B, respectively. Therefore, the
terminals 13A and 13B are exposed from the flexible
material 6. Further, the terminal 13C 1is connected to a



sides of the first and second thin film piezoelectric elements 11A and 11B.
25 30 As shown in Figures 4 and 7, and portions proximal to the slider
attachnment portion 8A of the | ower side electrodes 98 provided on the | ower
sides of the first and second thin film piezoelectric elements 11A and 118
are not covered wth the flexible naterial 6 and are conneotgdustedogr m nal s
13Aand138, respectively. Therefore, the term nals 13Aandl3Bare exposed from
the flexible material 6. Further, the te naI 13C is connected to a 12
August 2004 - 2 3 lower surface of a mddle portion in a width direction of

a partson ¢ 036wk HiechRRINe! B'mPHETA! BOEL PORU AT FlnP M rds Ry e

conductor ,portion SC. The term na expose
material 6. 5aTRETL&PRH plPsaFo @@@n@@ﬂéécmrt ﬁ@bemtetnwimcmmd portion

BC and the upper ogl egbr esﬁauaeoﬁrgaféeen a8, thﬁhé qsRgeiae 148 N d 180
pi ezoel ectric ele Sﬁﬁrs 11A and B are shorted t he short nenber 14. 10

The term nal s ®f8R Sgm 1de ERegdbdeayaiesitidde® . on the | ower side of the

conduct ors substrate portions 8D and BE are connected to the respective

term nal s 15A through 150 on_the thin film ezoe tri.c term na
15 hol di ng portion 7ATGP ér?g Al %%ﬁ1p?%9%%?€%$rlE9dr Eﬁﬁp pattern
7 which is pO@D@ﬁ@@@@IaDOUMdonheCnuddlEhaodppém&dnﬁnnquﬂdd(Hnlﬁﬁovided

on the respective thin £ilm plezoelectric elements 11A and
11B are shorted by the short member 14.
10
The terminals 13A through 13C (Figura 4) provided
on the lower side of the conductor substrate portions 8D
and BE are connected to the respective terminals 15A through
15C (Figure 2) on the thin film piezoelactric terminal
15 holding portlon 7A of the thin film piezoelectric drive
conductor pattern 7 which 1s positiloned around the middle
0of the beam portion 4cC.

As shown 1n Figure 2, the slider 2 is disposed on
20 the slider attachment portion 8A of the thin £film
piszoelectric substrate 8 which is provided on the slider
holding plate 3. The slider 2 is connected via the four
terminal portions provided on the slider attachment
portion 8 to the conductor patterns 12A, 12B, 12C and 12D.

25 regspectively.

Operation of the head Bupport mechanism 100 having
such a structure will be described with reference to
Figures 8 through 10. The terminal portion 13C (Figure 4)

30 provided at a linkage portion of the conductor substrate
portions 80 and 8B of the thin f£film pilezoslectric
substrate 8 is set to the ground level via the thin film
p}ezoelectric drive conductor pattern 7 (Pigure 2). As



As shown in Figure 2. the slider 2 is disposed on 20 the slider attachnent
portion 8A of the thin film piezoelectric substrate a which is provided on
the slider holding plate 3. The slider 2 is connected via the four term nal
portions provided on the slider attachnent portion 8 to the conductor
patterns 12A, 12B, 12C and 12D. 25 respectively. Operati oA2@fug ggqobfpad
support nechani sm 100 having such a str ure will be descri bed ‘W th
reference to Figures 8 through 10. The termnal portion 13C (Figure 4) 30
provi ded at a |linkage portion of the conductor substrate portions 8D and 88

of the thin fiduawmi %C’Pll?ﬁi'é' SHPSE '3l Brhs ngal 15 51(&83:9 (r)éﬂ%dp%fg 1VI 2

the thin film p| ezoel ecfric drive conductor pattern 7
August 2004 2481¢hEmRCtFofegufd procided amehechRPoRISNRE Shothe ftihf@‘ﬁljpper

ai de el ect r odamd@/Aquand dad pIe die o Rt oo ldiarlta Al1a i yagond Lhin
filmpiezoelectrlc el ements 1Lk an I B i de ‘el ectrodes 9A are

I per
set to the groutfy YRRAY 5igejelgrtzgded 9Psa£SpFPgdt‘Po lb‘-l"]eg’fcé%”rﬁ Agavel3a
(Figure & of At tfagestv,coadapbdiedubstdnd etgmiinan ﬁ‘;AO(fFitdiﬁ:é hin dg I m

pi ezoel ectric r.af.e avot e.of ze p t.o t t erm nal
13B (Figure 4)613%)%%e sgggr?‘ conduc#s%gatebg?%fggg 8$t$% % thp rE?']t’% s way,
the vol t age Valdzaedaatnitesuppsratel 8ctanda QAlandetdﬁe zlegwet s eipgeltrestie 9B of
the first thinoefihe PeemrO8LECLEEC (¢ Qﬂ&%t Al §r d%@c&ﬂdt r%,{dl{ggor

led to t 1 IT'm

conductor substrate portlon 8D Is ap rst t
pi ezoel ect ri c BIRFerita PR BE 1 e, a voltage i s
10

In this way, the voltage V, between the upper
elactrode 9A and the lower alectrode 9B of the first thin
film pilezoelectric element 11A provided on the first
conductor substrate portion 8D is applied to the first thin

15 film plezoelectric element 11A. Meanwhile, a voltage is
not applied between the upper electrode 9A and the lower
electrodea 9B of the second +thin film piezoelectric
element 11B provided on the second conductor substrate
portion BE,

20

AB a result., the first thin film piezoelectric
element 11A extends 1in 1ts longitudinal direction
(indicated by arrow Al in Figure 8). In this case, since
the conductor substrate portion 8D stacked on the first thin

25 f1ilm plezoelectric element 11A 1s made of stainless steel,
copper, or the like, the conductor substrate portion 8D is
considerably rigid in the extension direction(indicated by
arrow Al in Figure 8). The first thin film piezoelectric
element 11A and the conductor substrate portion 8D are bent

30 toward & magnetic disk due to a bimorph effect, as shown
in Figure 8. 1In contrast, since a voltage 1s not applied
to the second thin film plezcelectric elament 11B, the
sgcond.conductor substrate portion 8E 1s not substantially



not applied between the upper electrode 9A and the |ower electrode 9B of the
second thin filmpiezoelectric elenent 115 provided on the second conduct or
substrate portion BE. 20 As a result, the first thin film piezoelectric

el ement 11A extends in its longitudinal direction (indicated by arrow Al in
Figure 8). In this case, since the conductor substrate ponpm@gwﬁaognacked on
the first thin 25 film piezoelectric el nt 11A is made of stainless steel,
copper, or the like, the conductor substtate portion 8D is considerably
rigid in the extension direction(indicated by arrow Al in Figure 8). The
first thin fiJdpgpi ezoelectric elenment 11A and the conductor substrate
portion 8D are bent 30 toward a magnetic disk due to a binorph effect, as
shown in Figure 8. In contrast, since a voltage is not applied to the
second tgi n filmpi egaglue@t rliolclgl gm vﬂe“"iéh.bﬁtr&t&ﬁ@dsﬁ@ﬂQQlCéf)rth(S)eUbSt rate
portion 8E is n ubst ant L8 12 August 4 - ent. FELqur Is a top
view illustr& "%té’ ‘é U%QrégeogoFbFoﬁg‘g@Def BE of

t he thim'fiImidiquhannﬂﬂaﬁauuatnﬂrﬁr&ue 8. The first thin film piezoelectric
el enent 11A and the conductor substrate portion BD which are bent are
shorter by a small displacenent $1 than the second thin film 10 piezoel ectric
el enent 11B and t he Goedddret shbstfilm pidpreslrcBE avfidmente Hat anght . As a

resul t, the Sﬂ éjeéonﬁ'lg&:%PQ s%lb%tt‘i'a%é SpéP{féﬁdarbyWﬁiéﬁmdr@”BHHE el

di rection cate arrow A2 Figure 1 Ther ef or e,
Shorter by a small displacement 61 than the second thin £1lm
10 piezoelectric element 11B and the conductor substrate

portion 8E which are not bent. As a result, the slider
holding plate 3 is rotated by a small amount in a direction
indicated by arrow A2 in Figure 10. Therefore, the
sllder 2 provided on the slider holding plate 3 18 rotated

is on the ‘dimple 4G (Figure 2) by a small amount in the same
direction.

In contrast, when the voltage V., is applied to onse
terminal 13B of the second conductor substrate portion BE
20 of the thin film piezoelectric substrate 8 and the
voltage zero 1s applled to the terminal 13E of the first
conductor substrate portion Bb, the second thin f£ilm
plezoelectric¢ element 11B and@ the conductor substrate
portion BE are bent and the second thin £ilm pilezoelactric
25 element 11B and the conductor substrate portion 8E are not
bent. Therefore, the slider 3 is rotated on the dlmple 4G
by a small amount in a direction opposite to the directilon
indicated by arrow A2 in Figure 10. The slider 2 provided
on tha slider holding plate 3 1s also rotated by & small

30 amount in the same direction.

Therefore, the haad 1 provided on the sllder 2 is
movad along a width direction of each track provided in the



slider 2 provided on the slider holding plate 3 is rotated 15 on the-dinple
4G (Figure 2) by a small amount in the same direction. In contrast, when the
voltage Vn is applied to one termnal 138 of the second conductor substrate
portion BE 20 of the thin filmpiezoelectric substrate B and the voltage
zero is applied to the termnal 13E of the first conductof2pauggétrogbg portion
BD, the second thin film plezoelectrltzé% enent 11B and the conduct or
substrate portion 8E are bent and the second thin film pi ezoel ectric 25

el enent 11B and the conductor substrate portion 8E are not bent. Therefore,

the slider 3 5 YA GERARNEIH FRLR14ConbY ﬂa%ﬂ@lcicad@bﬂ@t ifheérdliy ection
opposite to the direction indicated by arrow k2 in Figure 10. The slider 2

provi ded on dhé&siinRsK W@Iad'q?dzeﬁliﬁté% cag BPS%‘T‘PBPHPQd bihe EhetFacko anmpunt
in the sane dinLeidristes efeds dihavigadylopr enbdedaanitbe Sbilew & is
noved along a width direction of each track provided in the 12 August 2004 -
26 formof a° entric circle on a nmagnetic disk. Thereby, an on-track
charactesistic can be inproved. The on-track characteristic means an ability

of the head 1 to fol lﬂ]ﬁ track Ir}]h&qtﬁl r Ef%%%ﬁga%’-t’%‘% a%;i ¢ hinge

portions 8F and 80 upo tca't’tlo'n 0 nt™ portion S
reduced so thendt8@ wponierotatiwhnehttiporaiviesAttacinent @xblon rdd at ed,

since the co &tﬁudgﬁ e 9ﬁa%2€nela2 daezltatlt%@ﬂ@@ktlggr%en Baveasd & ni mum
width. A loa IS a to the slider ,2 via
reliably rot ed, s nca the ogonductor patterns 12A, 12B,

10 12C and 12D each have a minimum width.

_ A load (20 to 30 mN) is applied to the s8lider 2 via
the plate spring 4B (Figure 2) of the load beam 4. When the
slider holding plate 3 is rotated, such a load is applied

15 between the dimple 4G (Figure 2) and the slider holding
plate 3. Therefore, a frictional force determined by a
frictional coefficient between the slider holding plate 3
and the dimple 4G is applled to the slider holding plate 3.
Thereby, the frictional force prevents the slider holding

20 plate 3 from being deviated from the dimple 4G, although
the projection portion 3A of the slider holding plate 3 can
be freely rotated on the dimple 4G.

The same voltage is applied to the first and second

25 thin filmplezoelectric elements 11A and 11B so as to aperate
in the same manner. Alternatively, when the first and
second thin film piezoelectric elements 11A and 11B are bent

in the absence of applied voltage, voltages having opposite
phases may be applied to the regspective first and second

30 thin film pilezoelectric elements 11A and 11B to drive the
first thin £ilm piezoelectric element 11A and the conductor
substrate portion 8D, and the second thin f1lm
p_:Le.zoele.ctric element 11B and the conductor substrate



the plate spring 4E (Figure 2) of the | oad beam 4. Wen the slider holding
plate 3 is rotated, such a load is applied 15 between the dinple 4G (Fi gure
2) and the slider holding plate 3. Therefore, a frictional force determ ned
by a frictional coefficient between the slider holding plate 3 and the
dinple 4G is applied to the slider holding plate 3. Therebyauhig 2bpactional
force preveuto the slider holding 20 pl 3 frombeing deviated fromthe

di npl e 4G although the projection portion 3A of the slider holding plate 3
can be freely rotated on the dinple 4G The sane voltage is applied to the
first and secgh@rig® &4@in fil mpiezoelectric elements 11A and 11B so as to
operate i.n the sane manner. Alternatively, when the first and second thin
filmpiezoelectric elements 11A and 11B are bent In the absence of applied

}/ol t age, dvol taggthathgn?@JF)pgintﬂm glhas@s_enm?xhemmigmmbtm, agolespecti ve ]

i rst and secpn t h Il mpiezoel ectyic elenents 11A and 11B t rive the
firet ominor Phantied Bortnd slrakoRe £ e 1 BUBRER Brtndrar fertdnt  P1b
portion 8D, asa tiet setenfiitit nthiin nfijmepbeteel actrid embeterdtiBLbAhdis he
conductor su S AL PRt Furt 1+l ot exanpl e
shown in Fi gB?éeﬁgft%a&%%ﬁlgése&Oﬁgggp?&al?peed tglt ﬁg-gf1 ?rﬁgte * hi%%illtr%gﬁi ezoel ectric
el enent 11A 5SPe@pmidted he the Sinski phin|film plegbedectricl ehementl1MAs  bent

to become a cohvexatheRe. £LLLEr PRLL VL Vi B1¥PLLP08LFBY eDEmERP! i8R 19 the
first thin filmpiezoelectric el[ement” 11A" so that the first thin film
pi ezoel ect ri cPRPENEAt PAGRANEsE BRAREAYY PBEBRe a concave shape. 10

10

In Example 1, when the head 1 is moved in a radial

direction of a disk, the displacement magnitﬁde of the head 1

was about 1 um where the thin film plezoelectric gubstrate 8

was about 3 pm thick, the first and second thin film

15 piezoelectric elements 11A and 11B each were about 2 pm
thick, the length of £irst and second thin filmplezocelectric
elements 11A and 1ll1B each were about 2 mm, and a voltage

of 5 Vwas applied between the upper and lower electrodes 9A

and 98.
20
Since the slider holding plate 3 is supported on the
dimple 4G in such a manner that the slider holding plate 3
can be rotated in all directions, the frictional loss of
the slider holding plate 3 upon rotation can be
25 significantly reduced. Therefore, a small magnitude of

driving force can lead to a great amount of displacement
of the head 1. Further, the sllider 2 is supported in such
a manner that the sllider 2 can be rotated on the center
position M1l of the alr bearing surface 2E. Therefore, the
30 position of the head 1 on the slider 2 1s unlikely tc be
disturbed by a2 frictional force due to the viscosity of alr.

In Example 1, the beam structure composed of the



In Exanple 1, when the head 1 is noved in a radial direction of a disk, the
di spl acenent magni tude of the head 1 was about 1 pmwhere the thin film

pi ezoel ectric substrate 8 was about 3 pmthick, the first and'" second thin
film215 piezoelectric elements 11A and 11B each were about 2 m thick, the

l ength of first and second thin film piezoelectric eIenent§Ahb&ﬂ@0g4llB each
were about 2 mm and a voltage of 5V ?@s .applied between the upper and

| ower el ectrodes 9A and 9H 20 Since the slider holding plate 3 is supported
on the dinple 4Gin such a manner that the slider holding plate 3 can be

rotated in aldondi ek Oeebstt*ietf ' Gl Onda | ¢ Unathens! i @ginhokdipg plate 3
upon rotation can be 25 nlflcantlﬁ reduced. Therefore, a small magnitude

of driving P&Pé@eééﬁtFé§dﬁ@§m&n§Fe& ‘aﬁBGnﬂlgfiél§BP§é€ﬁEHPlYoFiﬂﬁé head 1.

Furt her, theml lﬁiﬁf iirécﬁmoxt eghbWnsyah wgdﬁnraer thiéréhers! i dae 2 can.
be rotated on ent osition M of the ajr ﬁarlqgaﬁgrface 2E,
3 sl )

Therefore, tﬁe ?ﬁOWqﬂF$ea8°in n tHe fer ufFPREEY to be
di sturbé&d by mctuamcttsmonalo fomrc chelugtfootheavigcesaitt ytoofa ahigh |l wakxanpl e 1,

the beam St ygtiig, coRased of LS 32 AUAHSH 280300 oRpBonkolduC

substrates E Fm piezoeleCtric ele %Eand 11B
considerablyaml@Hrehhﬁmﬂuxﬂﬁnanaa(ﬂh#ﬁaqﬂﬂmmﬁﬁ#FFW@ﬁnetEE Théneféﬂ@, t he

vibrational %Q%&eetﬂbntale fntte d a3URRA" bt nREN3RletMeh@y .CaN be
structurallypget to a highv e E%reby, t he heggﬁeupgbrt mechani sm 100

can operate with an excellent response characteristic when the thin film
10 (Example 2)

Example 2 of the present invention will be described
balow.

FPigure 11 1s & perspective view illustrating a head

15 support mechanlism 200 for use in a disk &pparatus according

to Example 2 of the present invention, viewed from a disk

slide. Figure 12 1s an exploded, perspective view

11lustrating the head support mechanlsm 200. Components

gimilar to the corresponding components described in

20 Example 1 are designated by the same reference numerals as

used in Example 1. The description of such components is
therefore omltted.

The head support mechanism 200 of Example 2

25 includes: a slider 2 carrying a head 1; a slider holding

plate 103 holding the slider 2; a load beam 4 supporting

the slider 2 and the slider holding plate 103 in such a

manner that the slider 2 and the slider holdling plate 103

can rotate; a thin film plezoelectric plate 8 for rotating

30 the slider 2; a first conductor pattern 12 provided so as

to extend from an end of the thin £fi1lm piezoelectric plate B8:

and a second conductor pattern 7 provlided along the firsgst
cpnductor pattern 12.



pi ezoel ectric elenents are driven at high frequency. 10 (Exanple 2) Exanple 2

of the present invention will be described below. Figure 11 is a perspective
view illustrating a head 15 support mechanism 200 for use in a disk
apparatus according to Exanple 2 of the present invention, viewed froma disk
side. Figure 12 is an exploded, perspective view illustraybnggt.fedpgad

support nmechani sm 200. Conponents sinmlzay 10 the correspondi ng conmponents
described in 20 Exanple 1 are designated by the sanme reference nuneral s as
used in Exanple 1. The description of such conponents is therefore omtted.
The head support nechani sm 200 of Exanple 2 25 includes: a slider 2 carrying

a head 1;- a slider h | N a 0 | he_sl_i der, 2: I m 4
supporting the sli dcehlrrpéz g% lit tﬁ%%‘ ﬁdgfﬁléﬁ]%%éng BI g’tqgl%f(?S Sih%pse(égﬂ:’%&gnanner
that the slideeriemddine &l indgtk heloditdgnpl4®:e 208 3antapenimy abedmn film

pi ezoel ectri chplef sy Bad Oéxféd)ﬁﬁlié%gfggmtpgasﬁég}gr?gftfoﬁigﬁg conductor pattern

12 provided so as to exten an end of the thin filmpiezoelectric plate
8: and & second conductor pattern 7 provided along the first conductor

pattern 12. - 29 12 pugysir&OMagée bond HEMFR 45 | 18| Abeschda SBiy ap &art haped
base portion 4A;, a neck gortlon %?; and._a tagerl ng beam_ partion 4C
ext endi ng fro‘i’ﬁ‘#ﬁﬂa"%&ﬂ(ap PELEW 2kde ®iathg Bpge Thadh of 5he koad
attached by bessm 4| dihegbbsedp lutid Gisiaxiscoat thchddte »beaidonctfetdrt he | oad
(not shown) in such a manner that the base plate 5 can rotate.
10 The load beam 4 is rotated on the base portion 4A 1n such
a manner that the tip of the beam portion 4C i1s moved
gubstantially in a radial direction of a magnetic disk (not
shown). That i1s, the load beam 4 is driven to rotate so that
the head 1 1s moved substantially in a radlal direction of
15 a magnatic disk. '

An opening portion 4D 1s provided in a middie of the
neck portion 4B of the load beam 4. In the neck portion 4B,
portions on the opposite gides of the opening portion 4D

20 each function as a plate spring portion 4E. Tha beanm
portion 4C ig8 elastically displaced 1in a direction
perpendicular to a surface of a magnetic disk by the plate
spring portions 4E. The elastic displacement of the beam
portion 4C causes a lcocad to be applied on the slider 2

25 provided on the tip portion of the beam portion 4.

A hemisphere-shaped dimple 4G projecting upwargd is
integrated into the tip portion of the beam portion 4C.
Further, a palr of regulation portions 4F extending

30 straight from the tip portion ¢of the beam portion 4C toward
the base portion 4A are provided on the tip portion of the
beam portion 4C. There 1s an appropriate gap between each
rggulation portion 4F and the upper surface of the bean



beam 4. The base plate 5 is also attached to a head actuator (not shown) in
such a manner that the base plate 5 can rotate. 10 The | oad beam 4 is rotated
on the base portion 4A in such a manner that the tip of the beam portion 4C
is nmoved substantially in a radial direction of a magnetic disk (not

shown). That is, the |oad beam4 is driven to rotate so thabadgnsidmead 1 is
noved substantially in a radial directiogs,f 15 a magnetic di sk. An opening
portion 4D is provided in a mddle of the neck portion 4B of the | oad beam
4. In the neck portion 4B, portions on the opposite sides of the opening
portion 4D 20pgag¢hohugetion as a plate spring portion 4E. The beam portion
4C is elastically displaced in a direction perpendicular to a surface of a
magneti c disk by the plate spring portions 4E. The el astic displacenent of
the beam portion 4C Thusebider oaddidgplape! 1ed i prbeigeidden the 23pprovi ded

the ti ' f _th t d_di I 4G
o oj ccting UpRAFALCE OFnERl BPER PRFOLResE) p s Mianes 4 N8 BEATLABMt i on 4c
Furt her, sa paien thersbidet ifonldiorg ipdred el R 0S8 vdading ﬁips;qzaﬁgm off aiwet he tip
portion of th%n‘lﬁaﬁlﬁ{?p e YbAG It uRY 9%&9%{’838’ RY L5h00n ¥ ﬁﬁgt uREOYLded on

the tip portion of t eam portion ere is an appropriate gap ‘bet ween
each regul at ROFRRHFTE oh JgRCHAGNINT LigPerl 3R f whéchila felped Aol 1awgdst 2004

- 30 portiongi@e Bre ®d d@iphgbéwanplofft k3K Fn pfpyrhdsde%etm%twé
portion of they%gamportlon 4C. The slider 2 is provided 5 on the slider

hol di ng pl ate trade Be thisp Hﬁﬂ"ﬁ%’fl AL thet 1R hP?irW‘P‘h ‘Bf— eibe| ddder
substrati® S. Asldiagnpilatkl gone 1Phe slide holding plate 3 includes a

palr of balance welght portions 103C extending toward the

base portion 4A. A semicircle-shapéd prejection

portion 103A slightiy projecting toward the base portion 4A

1s provided in a middle of the slider holding plate 103 and
15 between the pair of balance welght porfions 103C,

The glider holding plate 103 is supported on the
dimple 4G provided on the tip portion of the beam portion 4C
0of the load beam 4 where a lower side of the projection

20 portion 103A contacts a polnt of the dimple 4G. The balance
waight portions 103C are provided at a small gap from the
regulation portlons 4F provided on the tip portion of the
beam portion 4C. Therefore, the slider holding plate 103
can he rotated in all directions so as to be displaced by

25 a small angle along with the slider 2 provided on the slider
holding plate 103. The center of gravity of the rotatable
sllder holding plate 103 carrying the slider 2
substantially corresponds to the oenter point of the
rotation, 1.e., the dimple 4G.

30

Figure 13 13 a perspective view 1llustratlng a
glider 2. The head 1 including an MR element is provided
19 a middle of an upper edge portion on a tip side of the



a substrate junction portion 103B. which is joined to a |ower side of .the
tip portion of the thin filmpiezoelectric substrate 8 1|s provided at a tip
portion of the slider 10 _holding plate 103. The slide holding plate 3
includes a pair of balance wei ght portions 103C extending toward the base
portion 4A. A semcircle-shaped projection portion 103A slipglidu¥t ®y0al ecti ng
toward the base portion 4A is provided gn a mddle of the slider holding
plate 103 and 15 between the pair of bal ance wei ght portions 103C. The
slider holding plate 103 is supported on the dinple 4G provided on the tip
portion of the&lddem BortFourdtrminahe Ldachimagh 2eeree axdamyerd dnda of the

br o] ecti on 20 ap6D sL0BE-C0PLACLS, 2 RONH obe gg ELOR T £ i aiBe"0C

wei ght portions 103C are provi
portions 4F pPdvitded B dete 2. p AvomER®T ofldeheof blagn @b1@$nn24t}nca7he|aef ore,

the slider holydirpacel aie aO%na@?&P& AQERL ed Mmkérd' 5ﬁctd;gée15bagra to be

di spl aced by 25 a snmal |l angle alona wth the slider 2 provi on t g slider
hol di ng pl ate9%§ﬂ°?héﬂcéﬁt BFOBLAgROR t (e fuRBRF rfkde AF dhesplddprhadl-di ng

pl ate 103 car myn agrtmvslgle@h@rra%adsubsa ata;ﬂaadiln\g ﬁ@gh@%m@r@fsﬁqst Basgeat er
point of the tagl on G 30 Figure IS a erspectlve

view il ust raliinn ?Ph%f‘lzdi‘fﬁﬁt%‘ggdoﬁ THR IMRATRF dﬁ‘l@‘%l i &My ovi ded
in a mddle ofaia:nluppemaecllgg ﬁﬂ)lﬁllm @inerd gl Salaverdn tthe ai3lbedZ21Aggust

2004 slider 2. t gL, I A t h re arranged in a transverse
direction in a"':l owera agggﬂgor agfl%% %:29%& de of the slider 2. An upper

side of lthhe slider 2 faces a

A center position Ml of the air bearing surface 2E
gubstantially corresponds to the dimple JG on which the
slider holding plate 3 is rotated and which subsatantially
corresponds to the center of gravity of the slider holding
15 plate 3. The slider 2 1s supported on the slider attachment
portion 8A in such a manner that the side Bl ¢of the slider 2
faces the tip portion of the beam portion 4C of the load
beam 4. The slider 2 can be rotated on the center
pogition M1l of the alr bearing surface 2E by a small amount
20 in all of the following directions: a pitch direction which
1s a direotion of rotation around an axls 1n a longitudinal
direction of the beam portion 4C through the head 1; a roll
direction which iz a direcotion of rotation around an axis
aleng the air bearing surface 2E perpendicular toc a
25 longitudinal axis of the beam portion 4C: and a yaw direction
which 13 a direction of rotation around an axis perpendiocular
to both the center axis of the pitch direction and the center
ax1ls of the roll direction. When the slider 2 is rotated
by a small dispiacement angle in the yvaw direction, the
30 head 1 is moved by a small displacement substantially in

8 radial direction of a magnetic disk.

Note that the head 1 1s disposed so as to face a



surface of a magnetic disk. Further, an air bearing 5 surface 2E is provided
on the upper side of the slider 2. An air flow generated by a rotating
magnetic disk is passed .in a tangential direction of the magnetic disk so
that an air lubricating filmis generated between the air bearing surface
2E and the magnetic disk. 10 A center position ML of the aHngﬁﬁﬁ{ 4surface
2E substantially corresponds to the dinghe_4G on which the ol di ng
plate 3 is rotated and which substantially corresponds to the center of
gravity of the slider holding 15 plate 3. The slider 2 1s supported on the
slider att achmm'tfacpoofimmaﬂﬁneitméue.lmka snanesré ajedirer ¢ dey Skookakle slider

2 faces the p._p or 4C of the |l qa beam 4. The
slider 2 can gé rogg%ggg ggfgﬁtgbg % oW“ﬁPe OtRES i'r bearing surface

2E by a small anmount 20 in aII of the follomnng directions: a pitch direction

which is a directioanpﬁggga%hthe ﬁﬁd 3d o%gkkg%ln%% glrectlon

of the beam portion 4C Throug |rect|on Whi C
directi o of AdL¥ELEAtARGunEhan 6&1% ﬁﬂlﬂugﬂﬂﬂ?QQLBQ&aéﬁlngubattace BE

perpendlcularp&@vadaaldH@tﬁadu%@df%%éhCE hhe Beamporidon, 4Ehe§59fa yaW
direction his %gdlrectlon of rotation around an axi s i cul ar

both the centg THEes 161 1Phe FFOER-grr&ienad YAawt ﬁékEEnPéPnga%il§eo¥‘ &ne roII
direction. Wahowne 1%l Fdefira ua r ofagede by ﬁsSHBbkothEbaﬁﬁﬂﬁal ¥nge in the

T G rad a GeIER AASR TARsuIAcElc iR’ tRoF&%RA The head 1 1s di sposed
so as td%ace a - 32 12 August 2004
As shown in Figure 12, the thin film piezoelectric
substrate 8 is in the shape of a rectangla'extending from
the tip portion of the load beam 4 toward the base portion 4A
of the load beam 4. The thin filmpiezoelectric substrate 8
15 is provided along a surface of a magneﬁic disk. The thin
film piezoelectric substrate 8 may be made of a flexible.
thin stalnless steel plate or the like.

As shown 1in Figures 14 and 15, the slider 2 is
20 attached to the upper side of the tip portion of the thin
film plezoelectric substrate 8, while a élider support
portion 8A is provided on the lower side of the tip portion
of the thin film plezoelectric substrate 8. The slider
support portion 8A is joined to the substrate Junction
25 portion 3B of the slider holding plate 103. Substantially
half of the tip portion side of the slider 2 1ls provided

and attached to the slidexr support portion 8A.

A pair of transformation operation portions 8D and

30 8E which are transformed in a direction perpendicular to
a surface of a magnetic disk with different phases, are
provided at an end at the hase portion 4A sicde of the slider
s}lpport portlon 8A, via elastilic hinge portlons BF and 8G.



surface of a magnetic disk, and nore specifically, to face in a tangenti al
direction of the magnetic disk. Figures 14 and 15 are top and bottomviews 5
illustrating the thin film piezoelectric substrate 8 provided an the | oad
beam 4 and the vicinity thereof. Figure 16 is a cross-sectional view taken
along line X-X shown in Figure 12. Figure 17 is a cross-sqotd pnal 20h4ew
taken along line Y1-Y1l shown in Figure_1§3 10 15 As shown in Figure 12, the
thin filmpiezoelectric substrate Sis In the shape of a rectangle extending
from the tip portion of the |oad beam 4 toward the base portion 4A of the

| oad beam 4. Thast htRe fitdn Pf SERLE £64 MdFe SIS - tBonsS dY Q¥adag akang a

surface of a nagnetic disk.. The thin Tilmpiezoelectric substrate 8 may be
made of a fletPbPEXatefli WithaitheeSlidar| SYPRARE FOFRLOR | §A: M Ehsed in
Fi gures 14 angottiohhecsliglepraviged2@mttkehagpee tdradipper wigevehmt he tip

portion of th Ln fil.mpiezoelectric_substrate 8, while a slider support
portion 8A isSB%E%PBeahoﬂgtﬁéelgﬂéﬁ bPB@ f the tip portion of the thin film

pi ezoel eBtric substrate S. The slider support portion 8Ais joined to the

substrate junction 25 riij ' - hol di.n | a .
Substantially half o?ﬂghéb??pggo? ?%%gg?%éggéntﬁggg??ag? égFégngvPHed and
attached to tABIHE ase Gignnrad pomann B8 apd paiacest at mapsede rarinbnedper at i on

portions 8D agdp BYpBbviklinaly Al 11! SISOL ABSrhdla fa b HRTHIAM PRIPEAMLEUI ar Lo

a surface of a nagn tic with different phases, are provided at an end
at the base pBiEPEALAA QF ddiofthiRefsimdetezaairtipibasiaga 8vi aThpastic
hi nge paotionpaBr afd @stic hinge portions 8F and 8G are formed by
reducing the width of tip portions of the transformation
operation portions 8D and 8E, The slider support
portiocn 8A can be rotated in the dlrecticons other than the
yaw direction due to the elastio hinge portions 8F and 8G.
15 Therefore, the slider 2 which is provided on the upper side
of the slider support portion 8A and the slider holding
plate 103 provided on the lower side of the slider support
portion 8A is not rotated in the yaw direction.

20 First and saecond thin f£ilm pilezoelectric
alements 11A and 11B are provided on the lower sida of the
thin fi1lm piezoelectric substrate B. The first and second
thin film piezoelactric elements 11A and 11B are provided
on the lower side of the pailr of transformation operation

25 portions 8D and 8E and on the lower side of the fixed
portion 8C, resulting in a multi-layer structure. The thin
film plezoelectric elements 11A and 11B and the
transformation operation portlons 8D and 8E are covered
wilth a flexible material 6 and integrated with the thin £ilm

30 plezoalectrlic substrate 8. The thin film plezoelectric
elements 11lA and 11B each expand in a longitudinal direction
thereof in the presence of applied voltage between the upper
and lower sides thereof, depending on the value of the



12 August 2004 - 33 Thus, the transformati on operation portions 8D and- SE
are integrated with the slider support portion 8A. A fixed portion 8Cis
provi ded on the upper side of the beam portion 4C of the |oad beam 4. 5 The
pair of transformation operation portions SD and SE are di sposed in parallel
and spaced at a predetermned gap by providing a slit in aQAu@tugtrMi ate
portion in a width direction of the thim4film piezoelectric substrate S. The

10 pair of elastic hinge portions BF and BG are forned by

reduci ng the width

of tip portions of the transformati on operation portions 8D and BE. The
sl i der supportvojordd on Bfe cagphfisiehatord itet bR14i FRQH YPreMdmscibph t he

yaw di rection gdue | asti I nge portions BF and 8 15 Therefore, the
slider 2 which Ts %&o%/i ehg ag‘n& tﬁég]tr‘p%‘%ﬂrepssit&ée nﬁo‘faqﬂr%’g‘ﬂ m QR IYdrti on

8A and the sl|iRREtIMHi&R apl a8B 13 pr dwindedionat héilckwers ssidieredt £dye Sl i der
second

support port

o s noly o ey LGl ect B A0 FLSloane

thin filmpiezoelectric elenents

1B are provid

r

si de

of the thin MYHFER d& Hieplanad dire 8 dimactions tpeamprsticonar tton film

&l AifFfdce LA Anthghld & eamovi ded on the [ower side of the
pair of transformation operation 25 portions 8D and BE and on the | ower side

pi ezoel ectric

of the fixed

portion SC. resulting in a multi-layer structure. The thin

filmpiezoel ectric el enentppielrA side 1183 adtbddre 9A r angl 0a el bwdx OREIEL | ON
[ ered i th flexible material and integrated
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portions SD a

with the thin
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and the lower side of the first thin film plezoelectric
element 11A, respectively. Similarly, an upper side
elactrode 9A and a lower side electrode 9B made of platinum
are provided on the upper side and the lower side of the
sacond thin film piezoelectric element 11B, respectively.

'
L]

As shown 1in Figures 15 and 17, three terminal
portions 13A, 13B, and 13C are provided on the lowar side
of the fixed portion 8C of the thin film plezoelectric
Bubstrate 8 in such a manner that the three terminal
portions 13A, 13B, and 13C are exposed from the flexible
material 6. The palr of the terminal portions 13A and 13B
are attached to and portions (at the base portion 4A side)
of the respective lower side electrodes 9B. The terminal
portion 13C 1is connected to a short member 14 which
electrically shorts the end portions of the upper side
electrodes 9A.

As shown in Figure 14, a first conductor pattern 12
composed of four conductor 1ines 12A through 12D 1s provided
on the upper side of the thin film plezoelectric substrate 8
g0 a8 to transfer a recording and reproducing signal to and
from the head 1. One end of the four conductor lines 12A

through 12D are connectad to respective terminals 2A



elements il A and 11B each expand in a longitudinal direction thereof in the
presence of applied voltage between the upper and | ower sides thereof.
dependi ng on the value of the - 34 12 August 2004 voltage. The .expansion of
the thin filmpiezoelectric elements 11A and 11B causes the transformation
operation portions 8D and 8E to be bent in a thickness di negjgast 2goer eof .
As a result, the thin film piezoelectric § substrate 8 is dlsplaced in a

di rection perpendlcular to a surface of “d nagnetic disk. An upper side

el ectrode 9A and a | ower side electrode 9B nmade of platinumare provided on

the upper SIdehieugndzbhafl@wersiuaerE bb@v&u@atohhtﬂefh%ggﬂgeggggggt;'fomer

el emrent 11A, g ctivel ‘y upper el ec

si de el ect rod§ e“r?éifbr %PBPﬁFl R Lion @%ngqrb%ﬁhéﬁ fiiHan phpapespaETARd t he

| ower side ofsUbetraEeoBd thin filmpiezoelectric el enment 11B. respectively.
15 As shown in Figures 15 and 17, three termnal portions 13A, 13B, and 13C
are provided on the lower side of the fixed portion 8C of the thin film

pi ezoel e®tric substratpaBri pfstbh acmanoeort hateshk2Ahand L2Bnbfakhal

portions 13A. ¢ fgﬁh S | e mat er i al The

pair of the te%?néﬁa ortlon?eat%%’ g‘qléggraazﬁ%%aitt a%(llﬁg&)%io Bﬁﬁgﬂigrtlgns (at

t he base portﬁéﬁe4xl§|§by tgpngRermaspent pyernshen poutlehebPreddstBB. The

terminal portmaa%ﬂmpws.@&% b0 cSHAM 41 SRSPRIo s DL BR 23,61 gCT 1T cal 1y
ectro

shorts the en% go hggspgir of tﬁgeaoghuctor lines 12C and 12D of the
10 first conductor pattern 12 are drawn to the base portion 4A

3ide via the transformation operation portion BE and the

fixed portion 8C of the thin film piezoelectric

substrate 8.

15 « The four conductor lines 12A tﬁrough 12D drawn to
the base portion 4A side of the thin film plezoelectric
substrate 8 pass through a conductor portien 12E of the
first conductor pattern 12 and reach a terminal holding
portion 12F, and are connected to respective externally

20 connected terminals 12A' through 12D° on the terminal
holding portlion 12F (Figure 12).

As ghown in Figure 16, the four conductor lines 12A
through 12D are fixed to the upper side of the thin film
25 Plezoelectrlc substrate B using the flexible material 6.

Referring to Figure 12, a second conductor
pattern 7 is used to drive the first and second thin £ilm
plezoalectric elements 11A and 11B provided on the lower

30 gide of the thin filmpilezoelectric substrate 8. The second
conductor pattern 7 includes three conductor lines. One
end of the conductor lines are connected to respective
;nternally'connected terminals 13A through 15C. The thrae



As shown in Figure 14, a first conductor pattern 12 conposed of four
conductor lines 12A through 12D is provided on the upper side of the thin
filmpiezoelectric substrate 8 so as to transfer a recording and reproducing
signal to and fromthe head 1. One end of the four conductor |ines 12A
through 12D are connected to respective termnals 2A 12 Auggsiugd®Q#hos 35

t hrough 2D of the slider 2 provided on_tRg upper side of the slider support
portion 8A of the thin film piezoelectric substrate 8. 5 A pair of the
conductor lines 12A and 128 of the first conductor pattern 12 are drawn to
the base port ilamedAalsiyde cénsidited r arsdnormsld Qs pertdgh PoLEoNa8l and t he

fixed ti f hin fil ' | ectri bstrat Th '
of "the' conducEarTRPREs. TOC SRRETEPR EORE T M oh A SPESHEReRACL? Bre
drawn to the K&¥dguper lbon wrovided wra the tkewesf omrdiel onf opareat Fdmegdorti on
BE and th fi ' t;hi | | | Gt rd t 8. 15
BE and the  fied 88" Bl %ﬁfﬁ%’?%&&ﬁ* q:z%ﬂaglé’é?%g@ sﬁﬁ:esrfbr%teabbs hRke

The four conductor Iines drawn ase portion 4A side
of the tRin ffiwegi rovelertdfds Sinedreka asterminahhmigh.re porddonoAporti on

12E of the fiohSthé ¥LaRAbECF e o Boredeh act sfniimllgmi deR@ 4POTLion
12F, and are connected to_respective externally 20 connected termnals 12A

through 12D &ff €RE¥PerRi R2BYIBoRdi ng portion 12F (Figure 12). 25 30 As shown
in Figure 16, the four conductor lines 12A through 12D are fixed to the

upper side of the thing fi|lm
PP Hs skown in Figure 12, the three conduotor lines

10 provided on the second conductor pattern 7 pass through a
conductor portion 7C of the second conductor pattern 7 and
raach the terminal holding portion 7B, and are connected
to respective externally connected terminals 16A, 16B, and
16C on the terminal holding portion 7B.

15 ‘

As ghown 1in Figure 11, the terminal holding
portion 12F of the first conductor pattern 12 and the
terminal holding portion 7B of the sgsecond conductor
pattern 7 are attached to ona edge portion ¢f the base

20 "portion 4A of the load beam 4, being arranged side by side
in the longitudinal direction of the load beam 4.

Operation of the thus-constructed head support
mechanism 200 will be desoribed with reference to
25 Figures 18 through 27.

Referring to Figures 12, 15 and 17, the upper
electrodes 9A provided on the upper sides of the first and
second thin film piezoelectric elements 11A and 1l1B are

30 grounded via the short member 14, the terminal portion 13C,
and the internally connected terminal 15C and the

externally connected terminal 16C of the second conductor
pattern 7.



pi ezoel ectric substrate 8 using the flexible mterial 6. Referring to Figure
12, a second conductor pattern 7 is used to drive the-first and second thin
film piezoelectric elements 11A and 1.18 provided on the |lower -side of the
thin filmpiezoelectric substrate S. The second conductor pattern 7 includes
three conductor lines. One end of the conductor lines are 4 gﬁg%4to
respective internally connected terniga5§ 15A through 15C. Thé three - 36
12 August 2004 internally connected termnals 15A through 15C are connected
to respective termnal portions 13A through 13C (Figure 15) provided on the
| ower side of the fixed portion 8C of the thin film piezoelectric substrate
8. The 5 fixed portion 6Cis fixed via a term nal hoIding portion 7A on the
upper side of the beafPpbReFon ACVELLEAFE Voats bédR14edastehdhie | ACFRguUre 4.

As Zhown i n Fiegecerbde bbeabmheﬁ ﬁﬂﬂﬂugh@rldw}éhessid]@ dHQ:\l‘!%edQ%r%& Eth@.éusecond
conductor pattern 7 _pass thrqugh a conductoy portion 7C of t secqn
conduct or pat lfg}ﬁ' 79§-r?d"° e Et]e?’?ﬁqwfalhﬂgl di i po&l‘?ona?‘aﬁrgﬁ e
connect eé tocoaspedcedvetexinenral LgAacoandct etlat edniteghall@A, cobhecaed 16C on
t he term nal i PQki Q .1 sho L0 Fi 1,,the term na

hol di ng port ir%%%q‘fgglo?“#hg@f ;Egtag%éﬁguc?%ﬁ‘h%?{rp%ﬂéénng't h%urt%érer]ﬁ'nal

hol di ng porti env@dtaget fersdcomprddedutborhe pawer @ lacimeds 9t hedned one

edge portion qfithhﬁheﬁiswaQ gfaéigfl Abe Aeddifa |t‘?ﬁ91 F%%? gie%b&@c%&ﬁ%nged

side by side in the longitudinal direction of the eam 4. eration of
t he t hus- cons@lgfesd Rd&d gh@dgx%externally‘connected‘terminal 168 and

10 the internally connected terminal 15B of the second
¢onductor pattern 7 and the terminal portion 13B.

Therefore., the voltage V between the upper side

electrode 9A and the lower side electrode 9B 1s applied to

15 the first thin £filmpliezoelectric element 11A. As aresult,

the first thin £1ilm pilezoelectric element 11lA expands in

a longitudinal direction thereof (indicated by arrow Al in
Flgure 18).

20 In this case, since the transformation operation
portion 8D of the thin film piezoelectric substrate 8
provided on the first thin fllm plezoelectric element 11A
1s made of stainless steel or the like, the rigidity in an
expanding direction (indicated by arrow Al in Figure 18)

25 of the transformation operation portion 8D 1s increased.
Therefore, the transformation operatlon portion 8D of the
thin film pilezoelectric substrate 8 provided on the first
thin film piezoelectric element 11A is bent due to a bimorph
effect in a direction away from a surface of a magnetic disk,

30 i.e., in such a manner as to project toward the thin film
piezoelectric elements 1lA and l1lB side.

In contrast, a voltage 1s not applied to the second



mechani sm 200 wil |l be described wth reference to 25 Figures 18 through 27.
Referring to Figures 12, 15 and 17, the upper electrodes 9A provided on the
upper sides of the first, and second thin film piezoelectric elenents 11A and
118 are 30 grounded via the short nenber 14, the term nal portion 13C, and
the internally connected termnal 15C and the externally qongeteshouer m nal
16C of the second conductor pattern 7. 3@ August 2004 37 Further, a voltage
Vis applied to the lower electrode 9B joined with the |ower side of the
first thin filmpiezoelectric elenent i1A, via the externally 5 connected
term nal 16A timtn tfhiclm mierzwalllestodnnediegentt &/UB.naThébAf ot at, hes sevong
conductor: patjern rtRper, VO e.ze S | jed r

el ectrode 9B Jixgi ngégug\ngt Pﬁigt’ he 1:Ih(;%weréés‘l;a dof Eﬁ#el seekg'gﬁ{d t%%én)zé?f#‘%\fc

pi ezoel ect ri celemementll BRA ¢tha thansfkenatl oy cpemaddicadpoetdonaBE1SS and 10
t he internal | y4h&opRESE enq| s5a%R_d ?ﬁﬂgH t n 7 and
the term nal portion 1%%?‘}“1- g\rag]@%%gé%{c%% %El:%t ageQ\% t?e vveencét e (ﬂgp%xr%si de

el ectrod® 9A 38cPRte THiRr £LHR HRIVRCUELS s alpnert 1B 152%¥de BPEst thin
filmpiezoel epithsact £aEYy Bdde. As a result , the first thin film

pi ezoel ectric element 11A expands in a longitudinal direction thereof
(indicated by arrow Al in Figure 18). 20 In this case, since the
transformati on oper atReferpixig i o0 Bhgaket e, t kihenf itha piexoef @chatLosubstrate

e, Bpb BEcLA i) i 1) BofReek oyl SR Adfba bialTE

10 directlon of the transformation cperation portion 8D, which
is projected onto the same plane as the transformation
operation portion 8E which is not bent, is shlortar by a small
displacement 81 than the length of the transformation
operation portion 8E which is not bent. Therefore, the

15 slider :support portion 8A of the thin film plezoelectric
substrate 8 1s rotated by a small amount in the yaw direction
indicated by arrow A2 in Figure 20, while the slider 2 and
the slider holding plate 103 are also rotated on the
dimple 4G (Figure 12) by a small amount 1in the same

20 direction.

In contrast., when a voltage zero is applied to the

lower side electrode 9B provided on the lower side of the

first thin film plezoelectric element 11A and a voltage V

25 is applied to the lower side electrode 9B provided on the

lower side of the second thin filmpiezoelectricelement 11B,

the transformation operation portion 8D of the thin film

plezoelectric substrate 8 provided on the first thin £1lm

plezoelectric element 11A is not substantially bent, and

30 the transformation operation portion 8E of the thin £1lm

plezoelectric substrate 8 provided on the second thin £ilm
plezoelectric element 11B 1s bent.



expandi ng direction (indicated by arrow Al in Figure 18) 25 of the
transformati on operation portion 8D is increased. Therefore, the
transformati on operation portion 8D of the thin film piezoelectric substrate
8 provided on the first thin filmpiezoelectric elenment 11A is bent due to a
bimorph effect in a direction anay froma surface of a magpefjgeshopl, 30
i.e., in such a manner as to project towgd the thin film plezoelectrlc

el enents 11A and 1I1B side. In contrast, a voltage is not applied to the
second 38 12 August 2004 thin filn1piezoelectric el ement 118. Therefore, as

shown in Figure 19, Thh&e%&@ndtﬁalanihkah-ra@;ﬁi@@bsﬁibﬁ afl s¥TeRL thlB, and the

transfornatlﬁﬂﬁﬁgerat og 59 h I | m piezoel ectric substrate
8 provided o PLeZRRLAGLF FrF"f‘?ﬁ’?ﬁ?ﬁ%z%él E?F?EBQI%nﬁmQ&B%%t
bstanti al | yirbedite. yRef @imieng: ffom foppuad t20 tovigie tdiedatans’ AnEidae
ggefa?Pohapo?" 8R | (E; eng h |ﬁ he.lq o |nalqr |rétt|on of
ahr A3 #‘F?‘&gug: amﬁeg Et tqga J'ig,&eé:d 0?1? tthf‘?e sane

the transformation operati OnN~porti on I's pr
pl ane as? t he alddest oredbdlng pdp@@atllﬂ(an a0e t ronaBEAwwinchthe rdimpientdG i s

shorter by a ($dra qugpl €J¥h| té&#? %éyg% fornatlon

operation portion BE mhlch S not ent Therefore " support
portion 8A of the thin filmpiezoelectric substrate 8 is rotated by a snal

amount in the yaw di mcae@aribadlawv%d @alasgeyvhé?aﬂ 1y Ep?aéftg%naméd e the
slider 2 and _the sl.ide h&h?%_plate 103 are al so rota the dinple 4G

(Figure 12) I&F% 3B e e A& B3Pt Homt M when a

vol t agel@er o0 piezayplldcictitod ébhements 11A and 11B so that the head 1
carried on the slider 2 is moved with great precision by
a small size of displacement corresponding to applied
voltage, in a radial direction of a magnetic disk, 1.e.
a width direction of each track in the form of a concentric
15 circle:aon the magnetic disk. Therefore, an on-track
operation for causing the head 1 to follow a track can be
conducted with great preclsion.

Note that the elastic hinge portions B8G and BF

20 connecting the slider support portion 8A and the

tranasformation operation portions 8D and BE of the thin £ilm

piezoelectric substrate 8 are designed to be minimum slzes

80 that the conductor lines 12A and 12B, and 12C and 12D

of the conductor pattern 12 ars provided on the respective

25 elastic hinge portions 8G and B8F. Therefore, & load

required for rotation of the slider support portion B8A is

reduced. whereby the slider support portion BA can be
reliably rotated by a small load.

30 Further, when a load (20 to 30 mN) 1s applied to the
slider 2 by the plate 8pring portione 4E and 4B of the load
beam 4 (Figure 12) so that the slider holding plate 103 is
rotated, such a load 1is also applled between the dimple 4G



| ower side electrode 9B provided on the'lower side of the first thin film
pi ezoel ectric elenent 11A and a voltage V 25 is applied to the |ower side

el ectrode 9B provided on the |ower side of the second thin film

pi ezoel ectric elenent 118, the transformation operation portion 8D of the
thin film piezoelectric substrate 8 provided on the first {ohip&i2d0s

pi ezoel ectric elenment 11A is not substantgigaldy bent, and 30 the

transformati on operation portion BE of the thin film piezoelectric substrate
8 provided on the second thin film piezoelectric element 11B is bent. 12
August 2004 3@mthdef grlddarthdislididey mlgdpork0dor fherefhref, tore dthiomalf il m

pi ezoel ectri c gglst T, i e |1 1N L w.di rection
opposite to the di rg(ﬁtl%gﬁuin%(ﬁ %xtgd%rg%tgror%om\?v %I n |i§l§lr1£ bfg:%%g‘ e{—' “esul t,
the slider 2 &iddste o iingepladiedild@ @ingk SheoZdimpd e dGatied amplitteat diopl e 4G

(Figure 12) bytre séPldeARuNE1hE PrAtATR M oftd My ASLHES H108d ARave.
vol t ages havi Q%rﬁo osite phases are applied to the respective first and
[ %g

second thn f R ergEt 2 cihp c SefEgEn o iR pRlate L83t faem: helnshd 1
carried on therslfitder Zrbm mened MmplEr @] HEHSIED Bhe a prdctlige of

di spl acenent 8 ondi.ng Lo .applied_ vo e, In aradial direction of a
magnetic di skfb%r.rtgl.%?‘ rlg)a\% a%htrbé)raé‘éﬁeé?nh%#&g‘g% t?]tarqe?c k"'qaancf"ﬁeb? Fhadety
concentric 15 cn rtdlee ddmpillee 4@gneti ¢ di sk. Therefore, an- on-track operation
for causing the head 1 to follow a track can be conducted wi th great

precision. Note that the elastic hinge portions 8G and 8F 20 connecting the
slider Sbport portiofh@asame vdltagends appdiedtogdeativat pord iseeor8D and 8E

of the thin fidyn £11m piezoelectric elements 1lA and 11B so as to operate
in the same manner. Therefore, the first and second thin
film plezoelectric elements 11A and 11B may be designed to
be bent in the absence of applied voltage, and voltages
15 having opposite phases may be applied to the regspective first
and second thin film piezoelectric elements 11A and 11B to
drive the first thin £film piezcelectric element 11A and the
transformation operation portion 8D, and the second thin
film pilezoeleotric¢ element 11B and the transformation
20 operation portion B8E.

In Example 2, a'voltage'is applied to the thin film
piezoelectric elements 11A and 11B so that the thin £ilm
piezoelectric elements 11A and 11B are bent to become &

25 convex shape. Alternatively, a voltage may be applied to
the thin film plezoelectric elements 11A and 11B so that
the thin film plezoelectric elements 11A and 11B are bent
to become a concave shape.

a0 Note that the elastic hinge portions 8G and BF are
each sufficiently flexible so that the slider 2 can be
rotated in the roll direction and the pitch direction.
Therefore, a floating characteristic of the slider 2 with



pi ezoel ectric substrate 8 are designed to be mninmumsizes so that the
conductor lines 12A and 12B, and 12C and. 12D of the conductor pattern 12 are
provi ded on the respective 25 elastic hinge portions 8G and 8lv. . Therefore, a
|l oad required for rotation of the slider support portion 8Ais reduced,
whereby the slider support portion BA can be reliably rot qtzeqjglggtgogrmll

| oad. 30 Further, when a load (20 to 30 nN) is applied to the “slider 2 by
the plate spring portions 4E and 4E of "ttt Toad beam 4 (Figure 12) so that
the slider holding plate 103 is rotated, such a load is also applied between

t he dinple 4q:és€9c:t 12 ?g%%gltegé.%oéigﬂdccﬁrgéa?r%ﬁ%véwhg: 14 B:d.?‘t ge&zg:?n%et ween

Therefore, frictional term ne riction coefficren

the slider hérei kg Phrateiaoseantngheudfapee2BG is applied to the slider
hol di ng pl ate 103. Thereby, the frictional 5 force prevents the slider

hol di ng pl ate 103 fram bei nfci; shifted fromthe dinple 4G _al t hough the
projection portion 1% @YNRECsFRaERCKBIrdFR4CEl 2fe thes haffl peuPRPEEed on

the dinpbe 4GredRadiem SHTENYPent Lraieltises 011 hfs beksl188d s56LoRd thin
filmpiezoelectric elenents 11A and 113 so as to operate in the same manner.

Therefore, the first and second thin filmpiezoelectric elements 11A and 11B
may be designed to I®ldendsinAhandabeBcanal Fapuiriead 220 taage, 22davel t ages

1o hai g ODPRSLE PSS TR e S0RLLELL 1D MISGLSSRESH Y Blld ShopG) second

thin filmpiezoe rirc eréenents rve 't film
pi ezoel ect ri cneckaphsm| 1K igurah 1A mad 2dBndllvstopseati beagosubporsD, and

the secgpd thhfchanism in which the center of gravity G of a small
rotation portion including the slider 2 and the slider
holding plate 3 is positioned between the dimple 4G and the
head 1. Figures 22A and 22B l1llustrate the head support
mechanism 200 of Example 2 in which the center of gravity G
15 of a smell rotation portion including the slider 2 and the
slider holding plate 103 substantially corresponds to the
position of the dimple 4G.

When voltages having opposite phases ara applied to

20 the respective first and second thin film piezoeleciric

elements 11A and 11B so that the transformation operation

portlion BD 1s contracted and the transformation operation

portion BE 1s expanded, a tracking characteristic of the

head 1 with respect to a target track on a magnetic disk

25 1s greatly affected by the position of the center of
gravity G.

A description will be given of when the center of
gravity 6 of the small rotation portioen including the
30 slider 2 and the slider holding plate 3 1s posltioned

batween the dimple 4G and the head 1l as shown in Figures 21A
and 21B.



filmpiezoelectric elenent 11B and the transformation 20 operation portion
BE. In Exanple 2, a voltage is applied to the thin film piezoelectric

el ements 11A and 11B so that the thin film piezoelectric elenents ilA and
113 are bent to becone a 25 convex shape. Alternatively, a voltage may be
applied to the thin filmpiezoelectric elements 11A and 133 QRutihajos the
thin filmpiezoelectric elements 11A and,]1.1B are bent to becone a concave
shape. 30 Note that the elastic hinge po? ions BG and 8P are each
sufficiently flexible so that the slider 2 can be rotated in the rol
direction and the pit tkan r gfsQr e, I [ tic of
the slider 2 with 12‘§£g€§§$§08§ Fl %E%rgégécfﬂﬁgigﬁﬁi ﬁg%gEééﬁﬁéﬁibﬁ

i nproved by t%Eeﬁﬁﬁi%%aPthiomu%Dt@n@héﬂam¥eb@@mthgctﬂﬁfQQQ Q&Pﬂﬁﬁeddynan1c

characteristigsg P Deads SHPPROT 4dreeh o] tion
w il be descrlbggé%g omPfF|%1res g?&éh\ Zlgagﬁﬂb 65%§§§Eég§?g%ctg§§8
t

schemati ¢ di a@F&n8ePRFASPHRat NGRS HBRELS Bingeh @ tdGHsoB6 %ﬁﬁmﬁﬁrsm

Fi gures 81A aﬁdsﬁé&1+éll§t rantretalbe@dséyw b118efatdmaiiEdpila tehisc8ahine
center of gr %ﬁ' $ # rotatlgg portion including the slider 2 and
the slider @a&yatg 8P1achdsidh ohBE IR d e*AR23/Y%he head
1. Figures 22¢¢agdt2@ﬁh|bfusramsﬁormetheadopapaﬁibn perchaon SBD 2868do8EExanpl e

2 in which thg,.cent q% Qe bl ortjaon cl udi ng
tho slider, 2 %%d EHE gér ng 6?‘%q“€ s&ﬁa?aktgglﬁy cggrgégonds to
the positi onoshar H’@.Qﬂ..nﬁlh@ at;.der holding plate 3 1s restrained in the

10 bend direction of the transformation operation portion 8D

and B8E due to frictional force. As a result, an angular
moment Ma around the center cf gravity G ig genarated by
the forces Fl and F2, which acts on the slider 2 and the
&lider holding plate 3.
15
As shown in Flgures 21A and 21B, assuming that the
distance between the center of gravity G and the dimple 4G
1s 8a in a longitudiﬁal direction of the beam portion AC
of the load beam 4. areaction force Ra (=Ma/Ba)} is generated
20 to act the dimple 4G. The force Ra leads to transformation
of the beam portion 4C of the load beam 4. Figure 21B
schematically shows such a situnation.

As shown in Figure 21B, even if the slider 2 is
25 rotated in the counterclockwise direction, the
transformation operation portions 8D and 8E are transformed
by the reaction force Ra so that the head 1 is not moved
over a predetermined amount. &inoce the slider 2 and the
gslider holding plate 3 each have a mass, the slider 2 and
30 the slider holding plate 3 have a delayed response to the
transformation of the transformation operation porticns 8D

and 8E.



VWhen vol tages havi ng opposite. phases are applied to 20 the respecti
and second thin filmpiezoelectric elenments 11A and 11B so that the

transfornmati on operation

operation

portion BE is expanded, a tracking characteristic of the

ve first

portion 8D is contracted and the transformation

head 1

with respect to a target track on a magnetic disk 25 is greatd 4 afJpat ed by
the position of the center of gravity Gz A description wll bé given of when

t he center

of gravity G of the small rotation portion including the

slider 2 and the slider holding plate 3 is positioned between the di
and the head 1 as sh@dWwgunes-iaghk asd 248 agndgABis FhoMigusth@Gihak 14y As

shown | 0 71 9uiZhhap i) d B9 L RSLA SRLLOD. QSR P4 O

contracted and expanded, respective

directions

rces
&8 g hBr Atidd | Respect| &1 i @ HiargethoEraeks G thd tRadb.

30
npl e 4G

d BE are
ite

respectivel y.rilguddifurcahbwstdimsbhdehchatdb09cR! 3y P16aPe 28BTdHRRIY

displacgﬂ I n the contraction and expansion directions of transformation
operati por %0 the dinple 4G provided on the | oad beam
4. On the other hand, the slider holding plate 3 is restrained in the 10

bend direction of th%ntr

frictional

forco. A 1 ERAPEeTRaRn D 4o oRE L RESAF GuM T kR i of

gravity G is tdummagit 61 mach himdiorates Frepmhditie whilolt adiem amd hehisl i der 2
and the slidanghdbBa1BERYS c%1dmedSs SPPN A a1 Th 9 %ﬁezﬁéh&%q;p%]o%t assumng

that the
10

15

20

25

30

mechanism of Figures 21A and 218 are driven. Jl indicates
a resonance point in a twist first-order mode of the beam
portion 4C of the load beam 4 shown 1in Figure 23A. J2
indicates a resonance point in a twist second-order mode
of the beam portion 4C of the load beam 4 shown in Figure 23B.
J3 indicates a resonance point in a plane vibration mode
{Sway) of the beam portion 4C of the load beam 4 shown in
Figure 23C. J4 and J5 each indicate a resonance point in
a4 resonancs mode of the transformation operation
portions 8D and BE of the thin film piezoelectric
substrate 8.

From the view point of the dynamic characteristics
of the head support mechanism, the frequencies in those
resonance modes are preferably increased up to a sufficient
frequency region such that the frequencies do not affeot
the positioning of the head. Since the resonance points J1
through J3 are characteristics ~which result from the
structure of the lecad bheam 4. there is necessarily a limit
to the resonance frequency, so that the resonance freguency
cannot be greatly increased. Therefore, 1t is necessary to
reduce the phase delay of responses of the resoconance
points J1 through J3.



di stance between the center of gravity Gand the dinple 4G is Sa In a .

| ongi tudi nal direction of the beam portion 4C of the load beam 4, a reaction
force Ra (=Ma/Sa) is generated 20 to act the dinple 4G The force Ra leads to
transformati on of the beam portion 4C of the | oad beam 4. Figure 21B
schematically shows such a situation. As shown in Figure 24B.gV&bdol the
slider 2 is 25 rotated in the counterclqgkw se direction, the transformation
operation portions 8D and BE are transforned by the reaction force Ra so
that'the head 1 is not noved over a predeterm ned anount. Since the slider 2

and the slider hol di pagRlrake23aCafl DN Cafe BSRyrddte 191idSrad 1300 +3Q t he

slider holdi n%l plate 3 have a del ayed response to the transformdti on of the

transformatio @&erﬁPPBﬂrBoﬂq%W RE. Example 2 Abgusthiev4 thiegur es
24A and 24Bha|p®a;mrdmsf ofhawengehbertgﬁcgrmtpmrmtma %frrlanOfroH:bQi%adk f
support mecha F 21A_ . and 21B w ct t t track o

t he head. &?&I&%EA Jsx%g:gx%é n tBRarHct Eﬁ' s’ﬁ; i EE F‘ngu‘?%r Ei‘%?'élpr&ﬁs 5
phase char act liagte 393 bubBtgutialli/cande pdhds efaertaacpomﬂm‘aomlcsf dhe t hrough

J5 each indi cayy %pqe[]qq;onaﬂgesg?&qo m dhe ,H}* Iﬁifriclem ﬁ%esli (it?ri cfel enment s

11A and 11B in the head suppor nism-'of” Fi'gures
driven. J1 indiPéatcenter Gesdngreyifyi subisfaatiwldy corgespotds r'md@h@r the

beam portion g 1afi dohed ea fa%?l‘é %h.ovv'a 'ﬂ&a%'tg.whe f%%e % aurdiy %agﬁs a

resonance point in a tw st second-order of the beam portion 4
| oad beam 4 sFSFPF43T BPYERE ¥hH.s EB‘:S%B‘FW%%@ES Téler%fd’ﬁ-'@ncéspﬁﬂ‘?ﬂn iR a pI ane

vi brati anp rTDdEE‘igure 22A, the displacement amounts of the transformation
operation portions 8D and 8E are converted to rotaticen in
the vaw direction of the slider 2. The resultant regponse

characteristics are shown 1in Figures 25A and@ 25B.
Figure 25A shows galn characteristics, and Figure 25B shows
15 phase characteristics. ‘

A6 shown in Flgures 25A and 25B, since the position
of the center of gravity G of the small rotation porticn
including the slider 2 and the slider holding plate 103

20 substantially corresponds to the position of the dimple 4G,
an amplitude characteristic and a phase characteristic of
resonance at a twist second-order mode resonance point J2
¢an be improved and a parallel vibration resonance point J3
is substantially not present.

25

Az described above, in the head support
mechanism 200 of the pregsent invention, the position of the
center of gravity G of the small rotation portion inciluding
the slider 2 and the slider holding plate 103 substantially

30 corrasponds to the position of the dimple 4G. Therefore,
the head support mechanism 200 of the present invention can
achieve an excellent response characteristic when the thin
f‘j_lm piszoelectric elements 11A and 11B are driven at a high



(Sway) of the beam portion 4C of the | oad beam 4 shown in Figure 23C. 34 and
J5 each indicate a resonance point in a _resonance node of the transformation
operation portions 8D and 8E of the thin filmpiezoelectric .20 substrate 8.
From the view point of the dynam c characteristics of the head support
nmechani sm the frequencies in those resonance nodes are prefgigallyookncr eased
up to a sufficient 25 frequency region such that the frequenC|es do not
affect the positioning of the head. Si e "t he resonance points J1 through
J3 are characteristics which result fromthe structure of the |oad beam 4,
there is necess alimt to the resonance frequency, so that the
resonance fréqu ncy §b cannot be greatly increased. Therefore, it is
necessary to reduce the phase delay of responses of the resonance points 31

h h d
through 33. 12 Augusy,2984r- 4€heFlAUW &S 22A 430 Eﬁl@@ glﬁ&gzagmﬁ%ntgh

illustrating the head support nechani sm 200 of
position of PHé&t€edld age §uppenfied on tthe Saampler dﬁatﬂPoﬁs ér Eiogd tiencl udi ng

the slider 2n@rtobﬁmiﬁlﬂﬁteyahfdl@a&i%rpbaﬁ@Llls%ﬁumt@mdzahweéeib%ponds to
t he p03|t|on shown i ure 22A, since the p03|t|on of

t e 4G n
the center &r@é\ﬁety 55’6%?%11?‘?&3}9%/9 &dr FB? o halfnghgdiftieo 03 t he
di npl e 4G awmctumﬁmrm&:ﬁb ekl eg i ®a By ﬁegud:aﬂ neneneb¥omegi1ngt igener at ed.

Ther ef or e, in 10 Fi 2 he dIS nt, anmunt.s he
transf or mat i 3’ S,,@g\ggr athoo = 88?5%%@5“‘5&"%‘ %\P@ﬁce&‘%ﬂt og atﬁlleon in
t he yaw di r ed¥eiagn lolettline aslsmadl ZArimeg ésmqeant response characteristics
are shgyn in Figures 25A and 25B.

Further, the center position M1l of the air bearing
surface 2E substantially corresponds to ‘the oenter of
rotation of the slider 2. Therefore, the head 1 on the
slider 2 is not likely to be disturbed by a frictional force

15 due to+'the viscosity of air, for exampie.

Furthermore, the beam structure composed of the thin
£f11m pilezoelectric substrate B and the thin film
plezoalectric elements 11A and 11B has a high level of

20 rigidity in a directlon indicated by arrow Al in Figure 18.
Therefore, the vibrational resonance point of the head
support mechanism 200 can be structurally improved.

Figures 26A and 26B are schematic dilagrams

25 1llustrating a model of another head support mechanism
according to Example 2z of the present invention. The basic
gtructure of the head support mechanism is the same as that

of the above-described head support mechanism 200 of
Example 2. Thus, the components of the another head support

30 mechanlism are not herelin described.

The another head support mechanism of Example 2 is
characterized as shown in Figure 26A in that the dimple 4G



Fi gure 25A shows gain characteristics, and Figure 25B shows 15 phase
caharacteristics. As shown in Figures 25A and 258, since the position of the
center of gravity G of the small rotation portion including the slider 2 and
the slider holding plate 103 20 substantially corresponds to the position of
the dinple 4G an anplitude characteristic and a phase chqgg\bggggbhc of
resonance at a tw st second-order node resonance point J2 can~be |1 nproved
and a parallel vibration resonance point493 is substantially not present. 25
30 As descrlbed above, |n t he head support mechani sm 200 of the present

I nventi on, Lt e ravj G of the small rotation
portion i ncI udB g’%%ittig’ Pw'i ’éﬁﬁ‘ ﬁ83§| ?daé"rd %%Fcﬁ?ﬂf‘ﬁ atfegnRsity
substantlalIyofcﬁmaesmmhhsrmnath@nppsrtiﬁmlIﬁclﬁ&ﬂm@rﬁﬂiﬁé&iz1ﬁwme€mée t he
head support Qeg [ n can hi eve excel | ent
response char act%%sﬁ%&%g%gzt %%% I mgégeéhgﬁécfﬂ%gg?%ngﬁgﬂi 1A and
11B are driverotates Hyhthe Nrgnb@ Q@O4 - 45 frequency. Further, the slider
2 and thg slider holding plate 103 are supported on the dinple 4G so as to

rotate 5 not only in the yaw direction but also in all other directions.
Therefore, a friction’2ds2Ies havdng peepshASLIPhgs s Axe appligdokorvhati on can

be greatly reﬁwmhtimrtemh E&K_knnﬁiéﬁoa:@@§§tﬁb€blté?n€m1%j@ﬁ! any ¢ap agount of
di spl acenment gh Ehghehﬁead]i %L gigpigggh %;Ig!n%wﬁar%gmunt toward a
position of a target track. In this case, the
10 transformation operation portion 8D of the thin film
plezoelectric substrate 8 1is contracted while the

transformation operation portion BE therebf ls expanded,

thereby generating forces Fl1 and F2 which act the elastic

hinge portions 86 and 8F in the direotions shown 1in
15  Figure+26A. '

In this case, thae transformation operation
portions 8D and BE can be displaced in the contraction and
expanslon directions. Howaver, the sslider holding

20 plate 103 is restrained in the bend directlon of the
transformation operation portion 80 and B8E due to
frictional force. As a result, ém angular moment Mo around
the center of gravity G 1s generated by the forces Fl and
F2, whichacts on the glider 2 and the slider holdingplate 3.

25 There is a distance So between the center G of gravity and
the dimple 4G, s0 that a reaction force Ro (=Mo/S8c) 1is
generated to act the dimple 46G.

The reaction force Ro lecads to transformatilion of the

30 beam 4C of the load beam 4. However, as is differsent from
the case of Figures 21A and 21B, the reaction force Ro acts

on the head 1 in the desired direction of displacement,
thereby promoting the movement of the head 1 due to the



Further, the center position M of the air bearing surface 2E substantially
corresponds to the center of rotation of the slider 2. Therefore, the head 1
on the slider 2 is not likely to be disturbed by a frictional force 15 due
to-the viscosity of air, for exanple Furthernore, the beam structure conposed
of the thin film piezoelectric substrate 8 and the thin fibmugpstemogl ectric
el ements 11A and 11B has a high level of 20 rigidity in a direction indicated
by arrow Al in Figure 18. Therefore, thé”’vibrati onal resonance poi nt of the
head support nechani sm 200 can be structurally inproved. Figures 26A and 26B
are schemati c Qdi-agr 5441 ratl a I er, head support
nechanisn1accgggﬁgéegicgiaﬁ%%egéﬁggﬁiﬁg pf@ggﬁtB?%Séﬁ?%gnéaﬂé}?ﬁﬁiEn
structure of FREIKEadSBupport nechanismis the same as that of the
above-descri bed head support mechani sm 200 of Exanple 2. Thus, the
conponents of the anofher head support_ 30 nechanismare not herein

descri bed. The anot heP RE8dTREp geﬁE%H§H?éﬂﬁbﬁléﬂ@ﬁbpélﬁimg pénsradt eri zed

as shown Sganbguhdleaﬁd\h 'aihma%shatthta(fj\selrﬁé&)lzaaﬂ@tk% Augast IﬂQQﬂG g ?%ﬁtei %l I
positione e 1.an e center gravity 0 e sna
rotation port%?§§?%%|§dF§§r§FF8§FS§Q nd®t HBLc IPngaﬁSI&Pﬁﬁspﬁaténﬁﬁﬁ wher e
the smal |l rot &ldoalpdnsitonctiogatbs movehendi ol eh4GheadVal.t ages having

opposite phases are applied to the respective thin film piezoelectric

el ements 11A and 11B so that the head | is displaced by a small anount
toward a position of FAguzaegeR7ar aok. 278 tanes akam)s tdleowing tracking
10 characteristics of the head support mechanism of
Figures 26A and 26B with respeot to a target track of the
head, Figure 27A shows gain oharacferistics, and

Figure 27B shows phase characteristics.

15 » In Figures 27A and 278, refarence numerals J1
through J5 each indlcate a resonance point when the thin
film piezoelectric elements 11A and 11B in the head support
mechanism of Figures 26A and 26B are driven. J1 indicates
& resonance point in a twist first-order mode of the beam

20 portion 4C of the load beam 4 shown in Figure 23A. J2
indicates a resonance point in a twist second-order mode
of the beam portion 4C of the load beam 4 shown in Figure 23B.
J3 indlcates a resonance point in a plane vibration mode
(Sway) of the beam portion 4C of the locad beam 4 shown in

25 Figure 23C. J4 and J5 each indicate a resonance point in
& resgonance mode of the transformation operation
portions 8D and B8E of the thin film piezoeleoctric
subgstrate 8, |

30 The phase charactaristicgs of the resonance
points J2 and J3 in Figures 27A and 27B each exhibit a
leading phase., which is advantageous to the stability of
the control. Further, i1f the peak values of the gain



10 transformati on operation portion 8D of the thin . film piezoelectric
substrate 8 is contracted while the transformation operation portion 8E

t hereof is expanded, thereby generating forces F1 and F2 which act the

el astic hinge portions OG and 8F in the directions shown in 15 Figure '26A.
In this case, the transformation operation portions 8D and B& fRMdA

di splaced in the contraction and expansign-directions. However, the slider
hol ding 20 plate 103 is restrained in the bend direction of the
transformati on operation portion 8D and BE due to frictional force. As a
result, an anghhzachentatids arfourite trheoctemicer PSimfavidyakai SgPepekrat ed by

the forces FlapaR@dn ERagMywha @ on the slider, 2 and the _slider hol ding
plate 3. 25 There 1's a digfd%cggégegétﬁﬁeﬁhfhgigg%téPog i i tYORBd t he
di npl e 40, so®fhAFTACFERYt FORtfol ceh@eattamist)lciscageher abedihedact the
dimpl e 4G The reaction force Re leads to transformation of the 30 beam 4C

of the Igad beam 4. However, as is different fromthe case of Figures 21A and
218, the’reaction fort® TR apethephaatksnerart mechawt stesifr Bgadplecejon of

di spl acenent , theliEmeile WOWPHoR thBeaSr RN hetiiad'92dna GHELRLhe 12
August 2004 - 47 2. This situation is sﬁomn I'n

_ QA @ of the slider : _
Figure 26B. Si nceg]{%e J ideP 2 tg‘er BlaLd| TR RETSHERe Brobuddey have a
mass, the sli@étderaddinchéhsl s tistehdlodidimoppareldnexbbhiters ¢har daheii stic in
s BhascrheABtoRRd Ay rSLEDR AERCLEL e, MHRIRYAY, Lig, "o 1
10 2 thin film pilezoelectric element 1is driven at a high
frequency, an excellent responsge characteristic 1s obtained
in operation. Further, a stable control characteristilc can
be achieved in spite of variations in the position of the
center of gravity.
15 ’
(Example 3)
Figure 28 i8 a perspective view illustrating a head
support mechanism 300 for use in a disk apparatus acocording
to Example 3 of the present invention, viewed from a disk
20 silde. Figure 29 is an exploded, perspective view
illustrating the head support mechanism 300. Components
similar to the corresponding ‘components described in
Example 1 are designated by the same reference numerals as
used in Example 1. The description of such components is
25 therefore omitted.

Referring to Figures 28 and 29, the head gupport

mechanism 300 has a load beam 4, on a tip portion of which

a slider 2 attached to a head 1 is supported. The load

30 beam 4 includes a square-shaped base portion 4A which is
fixed by beamwelding to a base plate 5. The base portion 4A

and the base plata 5 are attached to a head actuator arm

(pot shown). The load beam 4 includes a neck portion 4B



10 characteristics of the head support mechani sm of Figures 26A and 26B with
respect to a target track of the head. Figure 27A shows gain
characteristics, and Figure 278 shows phase characteristics. 15 ' In Figures
27A and 27B, reference nunerals Ji through J5 each indicate a resonance
point when the thin filmpiezoelectric elements 11A and 143 ARy shgodaead
support nechani sm of Fi gures 26A and 26, are driven. J1 indicates a
resonance point in a twist first-order node of the beam 20 portion 4C of the
| oad beam 4 shown in Figure 23A. J2 indicates a resonance point in a tw st

second-order t@glerifg #£+hembeen posd i A oRf sk hesd neam 4 f’s@f) io Figure
23B. J3 indi%esdmresona ce p intIS)ciEhf-] a plgné Vi%?é;.tlon n%oe ‘%ngx*/a% of the
beam portion FHETHE FOEH REFEORNBNA PRCSSPRFELSR 4BC. Am epenlsg each

indicate a resonaber §didst provided d300A8eelddIdeodftid fabkanet o1 SR LHN

operation p [ f e thin filmpiezoelectric substrate B. 30
The phase chggc?g%ingﬁgg%gﬁq%e 4trﬂgsBﬁgﬁg‘é’nspf?f‘n#gaﬁp%ﬁﬁiﬁ% ‘F?‘lg?‘?g‘i?ﬂses 27A

and 27B ®ach i ppening| peditdgnphis @ackhi fimd slardvant ageaus: e prEngtability
of the contrgdrtfdritder, if the peak values of the gain - 4s 12 August 2004

characteristics of the resonance points 32 and J3 are attenuated by a danper
or the Iike (not shown), nore satisfactory control characteristics can be

obtained. 5 In the ang heoweagh SFPRQEL JBChanksawol EXAREE 8& g di npl e

4G i s position_.gd bet\ﬁeen the head 1 and the center of gravit of "t he smal |
rotation port‘? SRl acﬁlﬁbvided in a g1de of the slider 2. "Further, four

10 terminals 2A through 2D are disposed in a transverse
direction in the lower portion of the side of the slider 2.
Furthermore, an air bearing surface 2E is-provided on an
upper side of the siider 2. An air flow generated by a
rotating magnetio digk 1s passed in & piltch direction of

15 the slider 2 (a tangential direction of a magnetic disk)
50 that an air lubricating film is generated between the
air bearing surface 2E and a magnetic disk.

As shown in Figure 29, a flexure 307 having a head
20 conductor pattern 306 is provided on the beam portion 4C
of the load beam 4. A base material of the flexure 307 is
stainlesgs steel. The slider ZC&rryingtheheadZlisplaced

on a slider attachment portion 307X of the flexure 307.

25 As shown in Flgure 31, patterned conductors 306A,
306B, 306C and 306D are provided on the flexure 307. A
slider holding plate 303A is attached to a side opposite
to the slider 2 of the slider attachment portion 307X. The
outside shape of the slider holding plate 303A is formed

30 along with the flexure substrate 303 by etching. Further,
& projection portion 3038 is provided in the slider holding
plate 303A. The projection portion 303B contacts a
d}mple 4G which 1s provided in the vicinity of the tip



slider 2 and the slider holding portion 103 where the snmall rotation portion
rotates on the dinple 4G Therefore, when 10 a thin film piezoelectric
element is driven at a high frequency, an excellent response characteristic
is obtained in operation. Further, a stable control characteristic can be
achieved in spite of variations in the position of the cenfef, Rkt sfqavity. 15
(Exanmple 3) Figure 28 is a perspective viewillustrating a hea support
mechani sm 300 for use in a disk apparatus according to Exanple 3 of the
present invention, viewed froma disk 20 side. Figure 29 is an expl oded,
perspective poaWion lo#stihal iltd MRdread cURPQfdrdBEanissy Q%.jegqulnent S
simlar to the_carre %ndi ng conponents described in Exanple™ are

desi gnat ed bfotr%é'oéla%@ Bof 8rRTREF S PET Bhe Hpin Al sy Eragpihe Blifles
description dilsiicly phamenso3d can Bé +HE4aEs&ren Offd taGhpIRETAT NG 1t;0 Figures
28 and 29, t%ﬁr@%@ioﬁ%pport mechani sm 300 has a | oad beam 4, on a tip
portion of which & Sli'der 2 attached to a head 1 is supported. The | oad 30
beam 4 incl udes a square-shaped base portion 4A which is fixed by beam

wel ding to a base plaf og.4 d th as | ate 5 are
attached to a head act %a%é%a-gfmgq%ﬁgggé%gvmg?.f\ﬂ'ﬁerﬁagac?%bggrﬁqﬁgisﬁ'&%?d:es a neck
portion 4H 120Addust pbabe-323A tigpepipd fa omarmerbatbaporthen céhteand a beam

portion 4C eweandiondMil I Uie f4 LM bOEr PRGK 2RQERERN2£B s | portion
4D is provided_in the mddle o?‘ t he necﬁ pgrtsi on 4B. 2 Int %é:%%g:(r:il?&g'&t i on 4B,

10 An externally connected terminal holding portion 307Y is
provided on the other end of the flexure 307 as shown 1in
Figure 29. The externally connected terminal holding
portion 307Y is disposed at an edge of the bage portlion 4A
of the load beam 4.

15 .

As shown in Figure 29, a pair of regulation
portions 4F are provided on the tlp portion of the beam
portion 4¢. There 1is an appropriate gap between the
regulation portions 4F and the slider holding plate 303A

20 g0 that the slider holding plate 303A can be rotated. Each

regulation portion 4F extends straight from the tip portion
of the beam portion 4C toward the base portion 4A.

A thin film piezoelectric element 310 in Example 3

25 is attached to thin film plezoelectric holding
portions 308A and 3088 of the flexure 307 (Figures 29 and

31). Figure 32 is a top view of the thin £ilm piszoelectric
element 310. The thin film piezoelectric element 310
includes a pair of elements 310A and 310B which are separated

30 from each other. Figure 33 15 a cross-sectional view of the
thin film pilezoelectric element 310. The thin film
plezoelectric element 310 has two layers. i.e., first and
Sgcond thin film pilezcelectric elementse 311A and 311B.



5 the opening portion 4D each function as a plate spring portion 4E. As
shown in Figure 30, a head | including an. MR elenent I-'s provided in a side
of the slider 2. Further, four 10 term nals 2A through 2D are disposed In a
transverse direction in the lower portion of the side of the slider 2.
Furthernore, an air bearing surface 2E is provided on an uppQiguel stfsof the
slider 2. An air flow generated by a [r[otqating magnetic disk |s passed in a
pitch direction of 15 the slider 2 (a tangential direction o~ a nagnetic
disk) so that an air lubricating filmis generated between the air bearing

f}ur]:janOZE anﬂirastm@mw@cﬁﬁxakmeé&l S@D&@dtiéékiﬁ ﬂﬁlxﬁs 29128 éh@xﬁlig%@%ehﬁw Ing g
ea con t ovi de eam.portion of the |oa
beam 4. A bag%fér‘g%de?‘? <I[) 1?;:?% ?ﬁ’%x 7 50971 %f {?IH‘T’ Z%Er'ﬁ ebRInTRE1G| j der 2
carryi ng the Bbegoalegtpiaosiement 3 K1A deresyidcadhnant. pThei 5m1—397ﬁhg{1 t he
flexure 307. gpifs | ur n ors 306A. . 306B, 306C
and 306D are provi g&'&%%le%t@ exﬁ%%&%{;%gﬂ ?‘g eﬁpﬁ‘l’lf%? ‘% é’te B38A 15
attached>to a58FeRA ohpbri £lmt plenecteitictc2ebément 3LLBer mmn:cmmam portion

307X. The outisisie @Mpﬁo@ftﬁhﬁeéﬁd@ie@%%é‘%ﬂxﬁé %f‘ﬁ@p&ﬁ& 59515@9:@’0 al ong
V\nththeflexureﬁ:b@trate 303 by etching. Further, proj ection tion

303B is provied e SIRRRY aTth diawg= praes 9§3Ah9Tﬁ6091’16] thin -bort i on
303D cont act @mzmnmerﬂ& Wieddarte 3y, d@dspactmeeyw ni PheOf sdbendlp 12

porti on 3033 122F BG4 per ol B & e fourif ot otppttodop ate.

303A cahObe rHilm 3z t&ead|a$éemﬁihan&pjIshorted by a conductive
adhesive 313. The entire thin film plezoelectric
element 310 1z covered with flexible c:oating resin 314.
The coating resin 314 combines the thin £ilm pilezoelectric
element 310A with the thin filmpiezoele¢tric element 310B.

15 '
Figure 34 is a top view of the flexure 307.
Figure 35 1s a oross-sectional view of the thin film
plezoelectric element holding portions 308A and 308B of the
flexure 307, taken along line X2-X2 shown in Filgure 34.
20 Substrates 315A and 315B in the respective thin film
plezoelectric element holding portions 308A and 3088 are
formed at the same time when a conductor 306 is formed and
patterned by etching or the like, so that the material and
thickness of the substrates 315A and 315B are substantially
25 identical to those of the conducteor 306, and the
substrates 315A and 315B and the conductor 306 are provided
on the same plane, The substrates 315A and 315B and the
conductor 306 are covered with an insulating material 316
such as polyimide resin. A side of the substrates 315A and
30 3158 are exposed, towhich side the thin £ilm piezoeleactric
element 310 1is attached, so that the adhesive strength
between the thin film plezoelectric element 310 and the
substrates 315A and 315B is secured. Figure 36 18 a bottom



directions. 5 The slider 2 of Figure 30 is attached to the slider holding
plate 303A in such a manner that the center position ML of the air bearing
surface 2E substantially . corresponds to the dinple 4G of the | oad beam 4 of
Figure 29. 10 An externally connected term nal hol ding portion 307Y is
provided on the other end of the flexure 307 as shown in RogAlRsEhosThe
externally connected term nal hol di ng portlon 307Y 1s di sposed at an edge of
t he base portion 4A of the | oad beam™. 45 As shown in Fi gure 29, a pair of
regul ation portions 4F are provided on the tip portion of the beam portion

Sl der ol o ol Ae Gusa SoRe (R Eh 4 oL R RS e

rotated. Each regulation portion 4P extends straight fromthe tip portion

of the beam portion thg,@/@rgi, tihe quﬁﬁoe%orsté% ;}ﬁ*l Rl y o4 L} e oeI ectric

el ement 310 i 25 is atta to I | ' mpl ezoe Mol di ng
portions 308Am§§6’8%i§f“ Pﬁ@zPPéQGFEiS}O#lﬂIﬁ!@Er@lwﬁmrﬂ-ﬂns F-?:Qﬁﬁ e 32 is

a top vi®gw ofandiaoshiatfddiadiezonl @ﬁﬁ.ﬁlEilne*ﬁgﬁﬂb13%91:%38)9.&:1{"&(1:&320%6" L eh
el enent s an I C

pi ezoel ectri 1 I nc air o
are separ at e %Jd?nr%grﬁ%éec%i ngﬁj Flp‘j‘u ]%C"%% 4nFLouresd? sddig BRAP R4MW of the
thin filmpi erzmmerqu:riei eﬁmn‘terﬁ:lﬁol'dllagt poetiibhe 3porzasdexion eadrement 310

e 519a Y5 tneluds o (46511800 2E£QBIuER BohbbULE' B7OTEC G S aE M o 3114

second thin film pilezoelectric elements 311A and 311B.
10
As shown 1in Figure 38A, the metal electrode
film 312A (312C) is provided on u‘ mono-crystal
substrate 318 having a& lattice constant close to that of
the first and second thin film plezoeledtric elements 311A
15 and 311B. As shown 1in Figure 38B, thé first thin film
plezoelectrlic element 311A (311B). which is made of PZT or
the l1ike, 15 provided on the metal electrode £ilm 312A (312C).
Therefore, the thin film piezoelectric element 311A (311B)
is mono-crystally grown on the metal electrode film 312A.
20 As shown in Figure 38C, the metal electrode £ilm 312B (312D)
is provided on the upper side of the thin fiim piezoelectric
element 311A (311B). In this case, the polarization
direction of the thin film plezoelectric element 311A
(311B) 1s uniformly a direction indicated by arrows A in
25 Figure 38C, just after the formation of the film. The
linear thermal expansion coefficient of the mono-crystal
substrate 318 iz higher than that of the thin film
plezoelactric element 311A (311B).

30 Referring to Figures 39A through 39G and Figure 40,
a method for producing the two laver structure will be
described. Figures 39A through 39G show a procedure for
producing a two~layer structure of thin film piezoelectric
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¢?{1flln1p|ezoelectr|c el enent 310 is attached, so t

As shown in Figure 39C, the second metal electrode
film 312B (Figure 39A) and the fourth metal electrode
film 312D {Figure 39B) are adhered to each other using the
conductive adhesive 313 (Figure 40: S$1303). As shown 1in
Figure 39D, the first mono-crystal substrate 318A of the
mono-crystal subsatrate 318 1ls removed by etching
(Figure 40: $1304). As shown in Figure 39E, the two-layer
structure of the thin £ilm plezoelectric elements 311A and
311B are dry-etched to be in the form of the thin film
plezoelectrlic element 310 (Figure 40: S1305). As shown in
Figure 39F, & surface of the second mono-crystal
substrate 318B on which the thin f£ilm piezoelectric
element 310 is formed is covered with the coating resin 314
50 as to avold corresion of the thin film plezoelectric
element 310 (Figure 40: S1306). As shown in Figure 396G,
the still remaining second mono-~crystal substrate 318B ig
removed by etching to obtain the thin film plezoelectric
element 310A (310B) (Figure 40: S1307). Note that the
first metal electrode £ilm 312B and the fourth metal
electrode film 312D are adhered to each other using a thermal
melting technique using ultrasonic vibration.



between the thin filmpiezoelectric elenment 310 and the substrates 315A and
315E is secured. Figure 36 is a bottom 12 August 2004 - 52 view of the
flexure 307, as is different fromFigure 34. Figure 37 is a cross-sectional
viewillustrating the thin film piezoelectric elenment hol ding portions 308A
5 and 3088 attached to the thin filmpiezoelectric el ement {310,446}

adhesive 317. As shown in Figure 37, theghin film piezoel ectrl c e rrent

hol di ng portions 310A and 310B each include a two |ayer structure conposed
of the first and second thin film piezoelectric elenents 311A and 311B. 10
As shown in Figure 38A, the netal electrode film 312A (312C) is provided on

a nono-crystal subs t havi l,atti tant close to that of the
first and second thlﬁgﬁ %Fr?%lﬁ%go%]fre% J'é}éﬂ 8§§F‘?F3t R AXE efiiing ganas shown
In Figure 38B¢ tisedf Aesn wshiapifig methiodz dal ebier ipresletreanvdhtAdn311B) , which
is made of PZT or the like, is provided on.the netal electrode film 312A

(312C) .. Therefore, the thin film piezoelectric elenent 311A (311B) is
mono- crystal | y grovvrlRBﬁeFﬁ'énﬁ‘eltal Fapurer 88e Phnenme8@2Af 2BeAshdnowd lim Fi gure

38C, the net piecbesketdaof dranld [ 0 d h sl de of
the thin fil 'E)]rg ﬁé&?l gct IS:I %i&gﬁgrrgtnt 3%%\17 jfl% ‘é'o@ﬁ hls)ggéagﬂewa% 9
i

pol ari zati on R 8 "iAGLenPh ERPnEpPEREE| é@f’r F‘é‘eepéﬁﬁﬁptsﬁlﬁo (311B)

is uniform ytaed|mmﬁnm1y1dccsﬁhedtb& aeraianad | Ko Xoikd Igbe 386 3oyt after
| i near thernal sion coefficient of the

the formatiogyqfyt he fi pans
nono- cryst al strfgt eé%%e edi grer E’t‘har?“ttﬁftnaéf eVitRen PilFfuit.
pi ezoel&ct ri Beé'lﬁé‘ﬁféng 3:_‘91AF£9111®)31 linkage portions 319A and 3198

which 1link the respective thin film piezoelectric
portions 308A and 308BB in the flexure 307 with the slider
attachment portion 307X, are elastic hinge portions.

15  Referring to Figure 41, formation of the electrodes
in the thin £1ilm pilezoelectric element 310 {(310A and 310B)
will be described. A positive voltage 1s applied to the
metal electrode films 312A and 312C. The metal electrode
films 312B and 312D are grounded. Figure 41 1s a diagram

20 1llustrating Junction of the thin film piezoelectric
element 310 (310A and 3108) and the thin film piezocelectric
termlnal 309A and 309B at a positlion corresponding to the
¥2-Y2 cross-seotion of Figures 32 and 34. A method for
forming ground connection portions 320 in the thin film

25 plezoelectric element 310 (310A and 310B) will be described.
As shown in Figure 41, the first metal electrode f1lm 312A
and the first thin film plezoelectric element 311A are
etched (a first etching step) up to the upper surface of
the second metal electrode film 312B. In the atched portion,

30 the second metal electrode film 312B and the oconductive
adhesive 313 are removed by etching (second etching step).
Thereafter, the first metal slectrode film 312A in the
g;ound connection portion 320 is caovered with the coating



30 Referring to Figures 39A through 39G and Figure 40, a nethod for
producing the two | ayer structure will be described. Figures 39A through 39G
show a procedure for producing a two-layer structure of thin film

pi ezoel ectric 12 August 2004 - 5 3 elenent forned on a nono--crystal
substrate. Figure 40 is a flowhart showing a nethod for progugispsodsne thin
film piezoelectric elenment of Exanple.355As shown in Figure 39A. a first
netal electrode film312A, a first thinf ilm5 piezoelectric element 311A
and a second netal electrode film3128 are fornmed on a first nono-crystal

substrate 316PesiwiYlde F0naAN301)grodmde mewnl rteringiiel 39Bma 331 1o pet al

el ectrode fil L ki | ezoel.ectri el e t 311B, and a
fourth met al ée%i%%%%gh%%%%‘i%egrdé él%g%)lfo eafg.ﬁimahggg ot B/l a
substrate 318YH glectsgde £1302312hsushfanmed &% gugeoBad, c1det segond net al
el ectrode film312B (Figure 39A) and the fourth nmetal electrode 15 film
3112D (FLgure 39B) are adhered to each other using the conductive adhesive
313 (FigUre 40: S1303)he Arogghmetsl Epgutealofllmeedzl rate monneartyesd al

substrate 318Al@f & heondRna- Cwyséab25Ubss r ahe 318zhsck YRV L ng
(Figure 401 304 ure 39E, the t\Eflv%-Ica grg (Zaghg%{rﬁé:ﬁyrle of the

6 # showargi n Eci _
thin film pi 706T et SeNes tahammindls 9B 40 APYC kickmera Sk i n t he
form of the t¥rtie ifricsi eleeteotisi corhesenén Pdrf fog £z 4G i golP)32 AS shown
in Figure 394 ar ur@ ¢ gk t e d nmong-crystal _substrate 318B on which
the thip filmp asag 3EE, 8t A8 SRR TR i 2 £ER0300: €8 9 (¥ 1 ne
coatingl® esi iPXpBe the first metal electrode £1lm 312A. Similarly, in

the fourth electrode connaction portion 323 (Figures 32 and
41). part of the coating resin 314 is removed so as to eXpoERe
the first metal electrode film 312A. As shown in Figure 41,
the first metal electrode film 312A  in the ealectrode
15 connectdon portion 322 and the electrode connection
portion 323 in the electrode connection portion 323 are
connected via the bonding wire 324 to the thin f1ilm

Plezoelectric elements 309A and 309D, raspectively.

20 The head support mechanism 300 having the thus-
constructed thin film plezoelectric element will be
described with reference to Figures 42, 43A, 43B, 44A and
44B. Figure 42 18 a side view of the head support
mechanism 300. Figure 43A is an enlarged, cross-sectional

25 view of the thin £ilm piezoelectric element 310A {310B) of
Figure 42 shown in the dashed circle. The thin film
plezoelectric element terminals 309B and 309C (Figure 34)
are grounded. Driving voltages are applied to the thin £ilm
pPlezoelectric element terminals 309A and 309D to drive the

30 thin fillm piezoelectric elements 310A and 310B,
respectivaly, as shown in Figures 43B and 43cC. Driving
voltages having opposite phases with reference to a bias
vgltage VO are applied to the thin film Plezoelectric



sa as to avoid corrosion of the thin filmpiezoelectric elenment 310 (Figure
40: S1306). As shown in Figure 39G the still remaining second nono-crystal
substrate 318E is renmoved by etching to obtain the thin film piezoelectric
30 el enent 310A (310B) (Figure 40: S1307). Note that the first netal

el ectrode film 312B and the fourth nmetal electrode fil mSQ%EAL?g(yg sutpered to
each other using a thermal nelting technique using ultrasonic |bration. -
54 12 August 2004 Wet etching or the 13%€e ot her than dry etching can be
used as a shaping nethod in the present invention. 5 Referring to Figure 29,

one end of tdwedddt fi k@ mpi e ric men rmnals. 309A,. 309B. 309C,
and 309D provi ded%xn a mmgi&fﬁégoéstsﬁe fla:%({ﬁre égésére croensr"r)eaccftéam? *the
external ly c(fﬂ”ﬂﬁé’(ﬂ tlarRasdtivs @oiyiser viedtageBYarehapblisdcomneod ed to an
external drithiirg cifiQw t. pl@zBafettirie t OgtbduhEs3311A1 Nkage POffjipns 319A
ctive thin filmpiezoelectric portions 308A

223 gégg iﬂ?ﬁ%%@vﬁt’%%{)?i\%eﬁp?% 3y JBtouget 43hknettrepofhidn VIIK, are
el asti & hi ngelgrualamsic sl ey i310A aufd @IS 4ne fomtiFidn of 4he
be.descr i bed IS asr Fog ol BE Eragk! BCa R Recamhds o GRRIGRS [ I mo
312A and 31XP1tafe neiaithdecaseddiovavars. Sh2B ML S1RD1Emegrannded. Figure
ol ement Siéﬁ%fiz\f’“aﬁd"“ﬁ%%ﬂﬁ IReRIPE e Vo B8 BRe R M 500
and 3098 at ‘& iItion corresponding to the Y2-Y2 cross-section of Figures
32 andt®@4. A method for formng ground connection portions 320 in the thin
film The contraction and expansion of the thin film
plezoelectric elements 311A and 311B cause the thin £ilm
plezoelectric element holding portion 308A (308B) to be
contracted and expanded, thereby changing a dlstance L
15 betweemn a border portion 303X (Figure 365 with the thin £f1lm
Plezoelectric element holding portion 308 of the flexure
substrate 303 and the elastic hinge portion 319A and 319B
of the flexure 307 (Figure 36). At the same time. the bend
of the thin £film piezocelectric element holding portion 315
20 is changed, leading to a change in the curvature of the thin
film pilezoelectric element holding portion 308. Such a
curvature change leads to a change in the distance L.
Therefore, the change in the distance L and the curvature
change are combined. A driving voltage is applied to the
25 thin film plezoelectric elements 311A and 311B in a
polarization direction A shown in Figure 38C. Therefore,
the polarization of the thin film plezoelecotric
elements 311A and 311B are not reversed, so that
characteristics of the thin film plezoelectric

30 elements 311A and 311B are not impaired.

Figure 44A i1s adiagramillustrating rotation of the
s;ider 2 when the thin film piezoelectric element 310A 1s



25 piezoelectric elenment 310 (310A and 3108) will be described. As shown in
Figure 41, the first netal electrode film312A and the first thin film

pi ezoel ectric el ement 311A are etched (a first etching step) up to the upper
surface of the second netal electrode film3123. In the etched portion, 30
the second netal electrode film 312E and the conductive adlgqagjgy,gtﬁjba are
renoved by etching (second etching step37 -Thereafter, the first netal

el ectrode film312A in the ground connection portion 320 is covered with the
coating - 55 12 August 2004 resin 314. Finally, ground nmetal termnal filns
321 for shoP¥XPapdehear@cbhe meiml felecptegeciedttr Bd2Element h216BULEh et al

el ectrode fitondt2&aqe for f’é ﬂgrgi%d £ egdy %13%4T(?f %%Hreg t al

termnal fi I 321 are connec Vi a onding wre ective

thin film %’é?etﬂrc‘ﬂreefhéﬁﬁ F%%%ﬁ%allnspéegeeéﬁatmg@xmmteaBaa In the

first el ectrbsleexpmmﬁlm 041t &dt BER iﬂiﬂé'é@éde'@y 2codd)e RRRLLRE the

t 4 , d the f t t al trod
Fiim 313A ST ofFom BRBLERASRsaRen SAFBERFo Y BonRe SN I 383

(Fi gures ﬁz @imecmqn imdicaafedthpammmn@zrasa IBl3.ﬁérl 2 &m&&@dsiﬂdéﬁ tO
expose the {4 sho n, Fi,gure
fi Irost met al %?%%%?%’?f%tf %%@% LM: éél jg}(}:t rAgi&é:ef nﬁ’éégf’ﬂﬁe o‘?Yl on 322

and the el ec3¥Bee €onPect tlom @bnpl@mezacwmamm ectm@dqamjmtimmn portion

323 are conpeet£6n Viganhe bpndidg, e 324 &hf dd i ezoel ectric
el erreni¢ 309 309D, respectively. 20 The aead S e({n glmér?n 300
h

d
havi ng Y he t¥ BEO%S{-’F uBPERd ﬁiﬁngl ﬁm%déi’oéilié@ﬁtli@fieloé?rmcm trade
descri bed wiptovided entetied for@lioFS a43onéddArr48BeifdPeaBd o magnetic

disk. Thereby, a high-precision on-track capability can be
obtained.

i5 * A load on the elastic hinge portlions 319A and 319B
upon rotation of the slider holding plate 303A i1s reduced
60 that the slider attachment portion 303A can be relliably
rotated, since the alastic hinge portions 319A and 319B each
have a minimum width required for provision of the patterned
20 conductors 306A, 306B, 306C and 306D (Figure 31).

A load (20 to 30 mN) is applied to the slider 2 via

the plate spring portion 4E (Figure 29) of the load beam 4.

When the slider holding plate 303A is rotated, such a load

25 1s applied between the dimple 4G and the slider holdling

plate 303A. Therefore, frictienal force determined by a

frictional coefficient batweenr the slider holding

piate 303A and the dimple 4G is applied to the slider holding

plate 303A. Thereby, the frictional force prevents the

30 slider holding plate 303A from being shifted from the

dimple 4G, although the projection portion 303B of the

slider holding plate 303A can be freely rotated on the
dimple 4G.



44B. Figure 42 is a side view of the head support nechani sm 300. Figure 43A
I s an enl arged, cross-sectional 25 view of the thin film piezoelectric

el enent 310A (3108) of .Figure 42 shown in the dashed circle. The thin film
pi ezoel ectric elenment term nals 309E and 309C (Figure 34) are grounded.

Driving voltages are applied to the thin film piezoelectriig g) gﬁﬂb
termnals 309A and 309D to drive the 30:4his fllnlplezoelectrl enents 310A

and 310B, respectively, as shown in Figlres 43B and 43C. Driving voltages
havi ng opposite phases with reference to a bias voltage vO are applied to
the thin filmpiezoelectric 12 August 2004 - 56 elenent term nals 309A and

309D, respectively. n5|ftentlﬁep05|t|ve driving voltages are applied to
the thin film pi ezd®EetTIRTel ERenfiobreaddBy 381 B F1FapekeameBy61As shown

in Figure 43dpnghetihgnof it &mjremah\eg&ez@e@bemmbseiéﬂaé\nenﬂo@éiﬁgare

tracted ' h f lied
Vol tage. in PRPradhiZ6RA L ANSHAS B 1Al bERe o106l PTolt FoReRT cBenR” S10n
(31.0B)%i s bend e secdnde bobmt BAGE m&&iéﬁﬂﬁ@\) oﬂO tHee emnbragil@n and
expansi on Ofpiéﬁo&m&‘tﬂé”}1%8&965"3%21%%?‘ |o ék%“ 1%[)46%%“59 the

thin film piezoelectric elenent h I ng )
contract ed ahilBxpheteele¢ctrtenglenenti 308 @rgthnnbe@ 18 bteewebhden border

portion 303Xhéid HDe WEAA thesth ™ fikh [ I ol di ng
portion 303 g{_ﬂéﬁw %(gxue're sul%st?ate 303 %r%ﬁ&@ﬂ%%}%ﬁeﬁnggfg%rgl on 319A
f

and 319B o rPBPP @ESgHe s byathendinase dfnendtretabad
10 on the dimple 4G. The head 1 18 provided on the glider 2

a distance P from the dimple 4G.

The elastic hinge portions 319A and 319B are sach
sufficiently flexible such that the slider 2 can be rotated
15 in the roll direction and the pitch direhtion. Therefore,
a floating characteristic of the slider 2 with regpect to
a magnetic disk can be made satisfactory.

As described above, according to Example 3, a thin
20 film pilezoelectric actuator can be achieved, in which a
mono-crystal piezoelectrlc element has a two-layer
structure, whereby a great displacement can be obtained by

a small level of voltage. .

25 Further, the two-layer structure confers rigidity
to the thin £11m piezoelectric element, thereby increasing
the resonance frequency of the actuator. Therefore, the
driving frequency can be 1increased, thersby making 1t
possible to obtain a high level tracking characteristiqa.

30

As described above, in the head support mechanism
of the present invention for use in a disk apparatus, the
head can be moved by a small amount with great precision



of the thin film piezoelectric elenent holding portion 315 20 is changed,

| eading to a change in the curvature of the thin film piezoelectric elenent
hol di ng portion 308. Such a curvature change | eads to a change in the
distance L. Therefore, the change in the distance L and the curvature

change are conbined. A driving voltage is applied to the ZﬁjAMQ&JQddm

pi ezoel ectric elements 311A and 311B insg _polarization direction A shown in
Figure 38C. Therefore, the polarization of the thin film piezoelectric

el ements 311A and 3118 are not reversed, so that characteristics of the thin
film piezoel ot ithe Prpoarerirs tFhbAi1ard cdktacdionnahd MR N8%ke Fiagr e 44A is
a diagramil |tlil}%lt rhaéaiﬁ]qﬁotgti ogfof tS_hel sli der when the thin film

pi ezoel ectric €l ene HACF S EBGLIYSLY, JO¥EL G BxFAALEIEBAYRERd Y hin il m
pi ezoel ectri cespomset t1AB iappldedd vaditehe .Fi gure 44B is a schematic di agram
of Figure 44A. Wien the thin film piezoelectric elenent 310A is expanded in
a direction indicated by arrows E and the 5 thin film-piezoelectric el enent
3108 i s >contracted i Bugthgirnethe dreddhdiveaced bgchandes &F thee poleisdat 2 and

the slider Hekdnddopl ahes SUSAsRREIEOI AL At diy CGhiaR |l £2UGY Py  arrow
C on the dinmpl,e 4G_contacting the projection ortion 8. erefore, the
head 1 provi ®E2081ERFETIG SLPAGPTS RECBYRVIGPGNRN A WIRTLeliglats iodh aof each

track provi gedbstratiee theiebly 20808288 hbSuEidCheING FodBUE Greditsk.
Thereby, a high-precision on-track capability can be obtained. 15 A load on
the elastic hingé portions 319A and 319B wupon rotation of the slider holding
plate 3®3A is reduced

Furthermore, in the head support mechanism of the
present i1nvention, the center of grav:l.tf of the small
rotation portion including the slider can be optimized,
thereby greatly ameliorating a potential adverse resonance

15 characteristic of the load beam. '

Various othexr modifications will be apparent to and
can be readily made by those skilled 1n the art without
departing from the scope and spirit of this invention.

20 Accordingly, 1t 1s not intended that the scope of the claims
appended hereto be limited to the description as sget forth
herein, but rather that the claims be broadly construed.



so that the slider attachnment portion 303A can be reliably rotated, since
the elastic hinge portions 319A and 319B each have a mnimumw dth required
for provision of the patterned 20 conductors 306A, 3068. 306C and 306D
(Figure 31). Aload (20 to 30 nN) Is applied to the slider 2 via the plate
spring portion 4E (Figure 29) of the |oad beam 4. Wen thqzsALig@gfzdml di ng
plate 303A is rotated, such a load 25 is applied between the dinple 4G and
the slider holding plate 303A. Therefore, frictional force determ ned by a
frictional coefficient between the slider holding plate 303A and the dinple
4G is applied to the slider holding plate 303A. Thereby, the frictional
force prevents the 30 slider holding pkate 303A from being shifted fromthe
di npl e 4G al though the projection portion 3038 of the slider holding plate
303A can be freely rotated on tIM&B@@MMZ August 2004 58 Referring to
Figure 448, a first beam 3161 consisting of the thin film piezoelectric
el emrent holding portion 308A and the thin film piezoelectric elenent 310A 5
and a slecondneemi3A bRacoppds taehariémtdemptrising: fi | m  pi ezoel ectric el ement
hol di ng portion. 308B .and .t h hi.n il mpiezoelectric el epent 3108 are |inked
to the slider® Sqﬁ%{ Eﬁﬂag B fhﬁf‘g a%‘é%*&&ditheréi?e ﬁorareﬁ%mﬁ@rd%é& apd{er eprefeingolag ng
pl ate FABMAa@an: be restrained by the dinple 4G and rotated 10 on the dinple
4G The head 1 |s provided on the slider 2 a distance F fromthe dinple 4G
The el astic Kishger hdding ghpte B1daldinathgsdsrar e each sufficiently flexible such
E:Iih?tect ihgn.8| 'T%gagfzoof%gl?stg?esre%}?‘ﬁﬁgnglé pi'e?oetier}:?ricr almlnerﬂlartt%gﬁeldc%ﬂer%t%g the pitch

elastic hinges for connecting the slider holding plate and the pair of substrates; and

a dimple for supporting the slider holding plate such that the slider holding plate is
rotated in a pitch direction, a roll direction, and a yaw direction,

wherein the slider is rotated around the dimple in the yaw direction by contraction

and/or expansion of at least one of the piezoelectric elements.

2. (Amended) A head support mechanism according to claim 1, wherein each of the pair of
piezoelectric elements is stacked on the corresponding substrate, and at least one of the pair of
substrates is bent by a bimorph effect accompanying the contraction and/or expansion of at least

one of the piezoelectric elements, so as to rotate the slider holding plate.

3. (Amended) A head support mechanism according to claim 1, wherein the dimple is

provided in a tip portion of a load beam for supporting the slider holding plate.

4, (Amended) A head support mechanism according to claim 3, wherein the load beam

includes a pair of regulation portions for regulating the rotation of the slider holding plate.

5. (Amended) A head support mechanism according to claim 1, wherein root portions of the

pair of substrates are integrally formed.



a floating characteristic of the slider 2 with respect to a magnetic disk
can be made satisfactory. 20 25 30 As described above, according to Exanple
3, athin filmpiezoelectric actuator can be achieved, in which a
nono-crystal piezoelectric element has a two-1ayer structure, whereby a
great displacenent can be obtained by a snmall level of vol¢ usbodddher, the
two-l ayer structure confers rigidity to the thin filmpiezoeléectric el enent,
thereby increasing the resonance frequency of the actuator. Therefore, the
driving frequency can be increased, thereby making it possible to obtain a
hi gh level tracking characteristic. As described above, in the head support
mechani sm of the present invention fogjuse in a disk apparatus, the head
can be noved by a small anount with great precision 12 August 2004 - 59 for
the purpose of tracking correction and the Iike, and the head can be
effectively noved by a small amount in response to an applied voltage. 5
Further, the head support nmechanismof the present invention has a sinple

struct ure ifAmdrided) Athiead fipport npickaiah actoriling b EARN SwhERINRLOBhid 88 Mitrdesi Nl €

si de of sybstrate, thereb educi ng manuf acturing cost by a great anount.
10 Furtaﬁaﬂ%a@silciwaeﬁémrégﬂe ?:é?b’dfi?m}?éb‘ﬁé‘ﬁpélm of the present invention, the

center of gravity of the small

7. (Amended) A head support mechanism according to claim 1, wherein:

the slider has an air bearing surface so as to face the disk,

the air bearing surface forms an air lubricating film between the disk and the slider
while the disk is rotating, and

the slider is rotated around a center position of the air bearing surface by the contraction

and/or expansion of at least one of the piezoelectric elements.

8. (Amended) A head support mechanism according to claim 1, wherein the pair of substrates

and the piezoelectric elements are coated with resin so as to be integrated together.

9. (Amended) A head support mechanism according to claim 1, wherein the pair of substrates
and the elastic hinges have a conductor pattern for transferring a recording signal and a

reproduction signal to and from the head attached thereto.

10.  (Amended) A head support mechanism, comprising:

a slider having a head attached thereto, for recording data to and/or reproducing data
from a disk;

a substrate having a slider support portion, a pair of conductor substrate portions, and a
pair of elastic hinge portions for connecting the slider attachment portion and the pair of
conductor substrate portions, respectively;

a slider holding plate for holding the slider via the slider attachment portion of the

substrate;



rotation portion including the slider can be optim zed, thereby greatly
aneliorating a potential adverse resonance 15 characteristic of the |oad
beam Various other nodifications will be apparent to and can be readily
made by those skilled in the art without departing fromthe scope and spirit
of this invention. 20 Accordingly, it is not intended that ﬁﬁﬂuiﬁﬁﬁﬁﬁpf t he
clains appended hereto be limted to the description as set fort erein,
but rather that the clains be broadly construed. 12 August 2004 -60 ANMENDED
CLAIMS 1. (Anended) A head support mechanism conprising: a slider having a
head attached thereto, for recording data to and/or reproducing data froma
disk: a slider holding plate for holdi.gg-the slider: a pair of substrates
each having a piezoelectric elenment attached thereto: elastic hinges for
connecting the slider holding plate and the pair of substrates; and a dinple
for supporti [ ' I - i der holding plate is
rotategpin aqg?ﬁgﬁcgyfggﬁ?gﬁ%ﬂgﬂg% ﬁﬂ%??ggf@%ﬁpagﬁéﬁguégﬁggFP%EF%On, wher ei n
the slider i< tatlateath &rompgortiing the fitler hotdingeply@widia @iiploprévideDM hags i on

and/ or expansion.of at | east..on f the piezoelectric elenments. 2. (Anended)
A head Ps?ﬁ‘g"ﬁloﬁ“ﬁfeﬂ&csﬁalh&@ﬁﬁ&é‘&?faﬁﬂamﬁdﬂ%ﬁrﬁ &1 rRtated {hha Pt deektivnos relhdirpetion, of
pi ezoel@Ataryat ditcefi®Nt S i s stacked on the corresponding substrate, and at

| east one of the pair of substrates is bent by a binorph effect acconpanying
t he contract i‘BhfreiRdheslidsepiaristatas amound theditple ondhofyatwhdirgitien dsl emttracton

ol et b s b GBS B L Aot ol dlg plate. 3. (Amended) A head

support nechani sm accordin o ¢C "the dinple is provided in a
tip portion of a | oad beam for supporting the slider holding plate. 4.
(Anendqﬂ) he§§ ;REP%$ mechani sm according to claim3, wherein the |oad
beam i'ncl :?&\5%3 e% ™ 1S3 SYPRGTHMBRChaRiSB AEEqTding to 6Reimd@uvhticimeachef it paif ofi of
the sli elRaldi tie. S chani sm.accogding to
claim? vmg?gignélrgrggl'l[ltg plgrstt‘iﬁ:(l)(ﬁéé Atg:?'fﬁggrrépgﬁﬁgg dORBRL EShal portion St ghe
substrate, and at least one of the pair of conductor substrate portions is bent by a bimorph effect

accompanying the contraction and/or expansion of at least one of the piezoelectric elements, so

as to rotate the slider holding plate.

12. (Amended) A head support mechanism according to claim 10, wherein root portions of the

pair of conductor substrate portions are integrally formed.

13. (Amended) A head support mechanism according to claim 10, wherein:
the slider has an air bearing surface so as to face the disk,
the air bearing surface forms an air lubricating film between the disk and the slider while

the disk is rotating, and

the slider is rotated around a center position of the air bearing surface by the contraction

and/or expansion of at least one of the piezoelectric elements.



pair of substrates are integrally formed. 12 August 2004 -61 6. (Amended) A
head support nmechani sm according to claim1l, wherein the pair of substrates
and the elastic hinges are forned of an identical material. 7. (Anended) A
head support nechani sm according to claim1l, wherein: the slider has an air
bearing surface so as to face the disk, the air bearing surfza,qgjspgm an air
| ubricating filmbetween the disk and the slider while the disk is rotating,
and the slider is rotated around a center position of the air bearing surface
by the contraction and/or expansion of at |east one of the piezoelectric

el ements. 8. (Anmended) A head support mechani smaccording to claim11, wherein
the pair of substrates and the piezoekgctric elenents are coated with resin
so as to be integrated together. 9. (Anended) A head support mechani sm
according to claim1l, wherein the pair of substrates and the elastic hinges
have a conductor pattern for transferring a recording signal and a
reproduction signal to and fromthe head attached thereto. 10. (Anmended) A
head s d&po r(t‘\nm@h@)ni%hqadcmppmﬁt siwmganiansddcdming1m/ thagm al Oh edtdtreh tthe ed bdagf et o,
for recgclﬁgl % nd/ or rodum &1 froma di sk; a substrate

havi ng ‘a lro IOB&DW% orregulp eé‘étﬁﬂ%?%ﬁheéﬁ‘iﬁthﬁ’&“ég pldteti ons, and
a pair of el astl c h| nge portions for connectl ng the slider attachnent
portion _and the pair conductor substrate portions, respectively; a slider
hol di ndpl a{t”‘éﬂqf’é?d)hél apfﬁb SHpROT IMmeghanism gaccprding ICd@ﬂallaltﬂ@,chlemﬂ phe tpaimodf t he

substr HHd | ectyic el attached to t air of
conduc'?: t(gir?duc%tﬁst ra#lzet Dor ?Illso%fgﬁe B %%rgglaﬁgéheb@g%ﬁefegf %5‘88’?"? Prgcafrd ‘§’irt]kf Bfg
hol di ngops &t lee miegraediioppther. provided in a tip portion thereof, such that the

slider holding plate is rotated in a pitch direction, a roll direction, and
a yaw direction, wherein the slider is rotated around the dinple in the yaw

directilgn QunfRBtd)2At h&R support mechanism according to Claim 10, wherein the pair of
conductor substrate portions and the pair of elastic hinge portions have a conductor pattern for

transferring a recording signal, and a reproduction signal to and from the head attached thereto.

17.  (Amended) A disk apparatus comprising;

a head for performing recording and/or reproduction of data to and from a disk, and

a head support mechanism including,
a slider having the head attached thereto, a slider holding plate for holding the
shder,
a pair of substrates each having a piezoelectric element attached thereto,
a pair of elastic hinges for connecting the slider holding plate and the pair of
substrates, and
a dimple for supporting the slider holding plate such that the slider holding
plate is rotated in a pitch direction, a roll direction, and a yaw direction,
wherein the slider is rotated around the dimple in the yaw direction by the

contraction and/or expansion of at least one of the piezoclectric elements.



and/ or expansion of at |east one of the piezoelectric elenments. 11. (Anmended)
A head support nmechani sm according to claim 10, wherein each of the pair of

pi ezoel ectric elenments is stacked on the correspondi ng conductor substrate
portion of the substrate, and at |east one of the pair of conductor
substrate portions is bent by a binorph effect acconpanyi ng Alguseofi4 action
and/ or expansion of at |east one of the piezoelectric elenents,”so as to
rotate the slider holding plate. 12. (Arended) A head support nechani sm
according to claim 10, wherein root portions of the pair of conductor
substrate portions are integrally fornmed. 13. (Anmended) A head support

mechani sm according to claim10, wheregpa- the slider has an air bearing
surface so as to face the disk, the air bearing surface fornms an air

| ubricating filmbetween the disk and the slider while the disk is rotating,
and t heggsli ' { at er_pesiti;gn of t.he air ring surface
by thqubnt(%g%? idg(rl])r %aﬁ%%ﬁ %ﬁ%g%siﬁgﬁﬁo gf (‘I(?E?aﬂz;stlgbﬁ’@1 eéémt%aéhpf”gg@eelp@%t Pipc

el enentpiezogiRetrn glsnen20B4tackad i the dorenpedlind\siteadtes uppar leasiRGB AitsHAE ST di Ng
to cl ais{{t)sjf%it wh reti n the Io%d eam includes a pair of regulatjon portions
for reduPSEads ORE B¢ AImERhRicch accomparying dhesponiragtion and expansisferidédgasin head
SUppOr tongBE it REERMnGitd, S0 §d BirBlalme WGk Bblid Nglafai 1 of  conduct or
substrate portions of the substrate and the piezoel'ectric el enents are coated
with resin so as to be integrated together. 16. (Anmended) A head support

hani ' im 10 in.th ir .of ct or .substr at
por (1 ong. and TRacAt HEb Bt toolf R ol ToREFeid hed BRI eT O SHaD AN 1 or

t r ansf gortiongpfa loeieradi fog seppghdlg thablide? hbRMOsiEet i on signal to and fromthe
head attached thereto. 17. (Anended) A di sk apparatus conprising; a head for
perform ng recording and/ or reproduction of data to and froma disk, and a

head suyppordanies i i L i V| 1 e att.ached thereto,
2 ol dor” ol eaacomt S Bl AthorfipRed Om ARG 1fc RGR0efpafiifE e il
havi ng o&rqgubition pedions foret@naitg the taativedb fttheslRledholdingailate.of el astic hinges for

connecting the slider holding plate and the pair of

21.  (Amended) A disk apparatus according to claim 17, wherein root portions of the pair of

substrates are integrally formed.

22 (Amended) A disk apparatus according to claim 17, wherein the pair of substrates and the

elastic hinges are formed of an identical material.

23.  (Amended) A disk apparatus according to claim 17, wherein:

the slider has an air bearing surface so as to face the disk, the air bearing surface forms
an air lubricating film between the disk and the slider while the disk is rotating, and the slider is
rotated around a center position of the air bearing surface by the contraction and/or expansion of

at least one of the piezoelectric elements.

24.  (Amended) A disk apparatus according to claim 17, wherein the pair of substrates and the

piezoelectric elements are coated with resin so as to be integrated together.



substrates, and a dinple for supporting the slider holding plate such that
the slider holding plate is rotated in a pitch direction, a roll direction,
and a yaw direction, wherein the slider is rotated around the dinple in the
yaw direction by the contraction and/or expansion of at |east one of the

pi ezoel ectric elenments. 12 August 2004 -64 18. (Anended) Apﬂﬁgglﬁpp?mat us
according to claim 17, wherein each of the pair of piezoelectric elenents is
stacked on the correspondi ng substrate, and at | east one of the pair of
substrates is bent by a binorph effect acconpanying the contraction and
expansion of at |east one of the piezoelectric elenments, so as to rotate the
slider holding plate. 19. (Amended) A-dfsk apparatus according to claim17,
wherein the dinple is provided in a tip portion of a | oad beam for
supporting the slider holding plate. 20. (Anended) A disk apparatus according
to claim 19, wherein the | oad beamincludes a pair of regulation portions
for re%ul ating the rotation of the slider holding plate. 21. (Anmended) A disk
appar at8s déevndedigh dokcipaintud Accostiapes blaim a7, phereioms pafr dfiebddics aAf the

substr re integrally fornmed. 22. (Apgended) A disk apparatus according to
claim %’7”,@& S ﬁa‘f%% "Bae(‘fCt?{flgg‘iﬁﬁhg‘%fa‘f%%fea%B g ecording signal gndh getsprpductiar ned
of an isijaalttbaall fioRi e haid atdhed MERAfed) A disk apparatus according to claim
17, wherein: the slider has an air bearing surface so as to face the disk,

the air bearing surface fornms an air lubricating filmbetween the di sk and

the sl izg_er_(mehgecpt}tpﬁ%j(g rd-r ggagérﬁ%jisg . and the slider is rotated around a

center position o face by the contraction and/or

expansi on of ahasd foepstfomnag efcotdiey MdaaepLabdtion AlRARPLEd fdth 2 {APERded) A
di sk appar at us acgcordi ng Eo claim 17, wherein the pair of substrates and the
pi ezoel ect ri & "EFLTHPRPE Richanigaincludipg:h resin so as to be integrated together.

12 August 2004 - 63 glidd- hdAERM ' rat us_according to claim17,
wherein the pair of subst rQ{%s an d?ﬁ%dh%éltg%?tl%tahsflﬁgﬁaie ﬁ%\‘(}’égg S@@ﬁﬁﬁ}@&ﬂaﬁ
pat t er ROFIGR, 4 painef endieigr substeato pditivgs,sindRgjairafediAtiE a0 $ofidng For nff@ngt 0 and
fromt R@p&%@glyQﬁé &ﬁrh 8{1 cotnglﬁ"cgtoelI s%bstrate portions with the slider attachment portion,

a shder holding plate for holding the slider through the slider attachment

portion of the substrate,

a pair of piezoelectric elements each respectively mounted on a pair of
conductive substrate portions of the substrate, and
a load beam for supporting the slider holding plate by a dimple provided in the
tip portion of the load beam, such that the slider holding plate is rotated in a pitch direction, a roll
direction, and a yaw direction,
wherein the slider is rotated around the dimple in the yaw direction by the contraction

and/or expansion of at least one of the piezoelectric elements.

27.  (Amended) A disk apparatus according to claim 26, wherein each of the pair of
piezoelectric clements is stacked on the corresponding conductor substrate portion of the
substrate, and at least one of the pair of conductor substrate portions is bent by a bimorph effect

accompanying the contraction and/or expansion of at least one of the piezoelectric elements, so

as to rotate the slider holding plate.



26. (Anmended) A disk apparatus conprising; a head for perform ng recording
and/ or reproduction of data to and froma disk, and a head support nechani sm
i ncluding, a slider having the head attached thereto, a substrate having a
slider support portion, a pair of conductor substrate portions, and a pair
of elastic hinge portions for connecting respectively the aijqRf2&pnduct or
substrate portions with the slider attachnent portion, a slider holding plate
for holding the slider through the slider attachnent portion of the
substrate, a pair of piezoelectric elenments each respectively nmounted on a
pair of conductive substrate portions of the substrate, and a | oad beam for
supporting the slider holding plate byea-dinple provided in the tip portion
of the | oad beam such that the slider holding plate is rotated in a pitch
direction, a roll direction, and a yaw direction, wherein the slider is

rot at egsar quisknib® Al j J W e ntracti and/ pr
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appar atcaBsdusta sHetrte nastiensafihe8ibsinkte nm integeatly fofmddne pair of piezoel ectric
el enents is stacked on the correspondi ng conductor substrate portion of the
substrate, and at | east one of the pair of conductor substrate portions is
bent by9% WAmenped)ef HekppasdiRaRhe b d1Mieh SORhEaGt | on and/ or expansi on of at
| east one of the piezoelectric elenents, so as to rotate the slider holding
plate. 12 Audifstlidspiens anger begring mrfacdeelps It fdesthedisbar at us according to clai m

26, wherein pROoLi- RALL If ._conduct or substrat ortions of the
substrate are | nljtr egral?%O)E/"'§r F%En%gﬁs glg.alr(&{’nem%%glg)ﬁiﬂl gﬁ&?%ﬁ%%ﬁh?ﬁté‘da%%ép@?rng to
cl ai m dilpiter &isknis rotehieg,shidlder has an air bearing surface so as to face the

di sk, the airtg ' surface forns an _air |ubricating film between the disk

beari.n , | ]
and the s! i adte SRS i dotBiad aguag 3jCgniep pogitionyo! the ir Rering Jugfaee by thegatredioar ound

a cent efid/Podiphhdddh 6f at 188t Gl ofIRAHiLRLISHS & the contraction and/or
expansi on of at |east one ofothe 1pi ezoerecf&rﬁflgg'el enents. 30. (Anended) A disk

apparatus according to claim 26, wherein the | oad beamincludes a pair
30.  (Amended) A disk apparatus according to claim 26, wherein the load beam includes 2 pair

of regulation portions for regulating the rotation of the slider holding plate.

31. (Amended) A disk apparatus according to claim 26, wherein the pair of conductor

substrate portions of the substrate and the piezoelectric elements are coated with resin so as to be

integrated together.

32. (Amended) A disk apparatus according to claim 26, wherein the pair of conductor
substrate portions and the elastic hinge portions have a conductor pattern for transferring a

recording signal and a reproduction signal to and from the head attached thereto.



of regulation portions for regulating the rotation of the slider hol ding
plate. 31. (Anended) A disk apparatus according to claim26, wherein the pair
of conductor substrate portions of the substrate and the piezoelectric

el ements are coated with resin so as to be integrated together. 32.
(Amended) A disk apparatus according to claim 26, wherein tﬂﬁA@@kfaﬂh
conductor substrate portions and the elastic hinge portions have a conductor
pattern for transferring a recording silgnal and a reproduction signal to and
fromthe h August 2004 HEAD SUPPCORT MECHANI SM AND

THI N FI LM %@E@ER@%%&%B&%&@TPWWEEQWMA head support
mechani smincludes a slider for carrying a head at |east for performng
reproduction of data 5 froma di sk, and a hol ding portion for holding the
slider. The hol di ng port iAAFIRMETUAEES THE OIBILGBIRE on including a first

pi ezoelectric elenent; a second portion including a second piezoelectric
elenment; a third portion connected to the first and second portions, the
slider being provi ded*®32 oRUPBEr t hme¢hgadsioritneies f axisid deor tfamn f or

fixing the caimginpactheRr ARt s iF0BSpoLbotRBRg tﬁ:’b‘io@cué Cor bSig@pd second
plezoqgectg%ﬁmgéegﬁggs i s_contracted ‘and expande in a direction
y r
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second pilezoelectric element; a third portion connected to
the first and second portions, the slider being provided

10 on the third portion: and a fixing portion for fixing the
first and second portions. At least one of the first and
second plezoelectric elements 1s contracted and expanded
in a direction substantially parallel to a surface of the
disk. 1n the presence of an applied voltage so that the slider

15 provided on the third portion 1§ rotated around a
predetermined center of rotation.
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