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 pakehanl e PAStlid Ershabe eihveREe Eamitel aohiapvestimal

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.



hi gh- preci sion positioning of the magnetic head. 12 August 2004 - 2 Figure
45 is a top viewillustrating a conventional head support mechani sm 400 for
use in a magnetic disk apparatus. A head 402 is used to record and reproduce
data 5 to and froma rotating magnetic disk (not shown). The head 402 is
supported on an end portion of a suspension arm 404. The QbhgluSthoRorti on
of the suspension arm 404 is supported og a projection portion 408 provided
inthe tip portion of a carriage 406 in Such a manner as to rotate 10 within
a small angle 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
magneti c di sk apparatus in such a manner as to rotate on the axis nenber
410. 15 2 A permanent Fhagae 46nbt astiomylaw Liilustragingea comverdgeonkds. A

drive coil 4lfeds SuWspdrOf machBANSh §00Ciddli sd13f ixe {ng is
controll ed by an exl?iﬁ% alt-i orrlli gurrent fl ow ng t]&%regﬁr o%gﬂ?ggﬁgmga:@%e 406

is rotated on?PRETALIS nefifirad 14Pyls BEedER XETsTE and DepTRiReaddtamgnet

and the drivetooidndlfrorhar ebtatihe mieaktiQ? d8ckOYRELI Brawhyhst anid al |y
[ i ezoel ectric elenents 416

radi al directi of, nad ;magneti c disk. A pair _of
are provi ded h%%dbé‘tovzve&r? %1"3’%%9?@9@4@‘2 aRd PﬂgtgﬁgpQﬁsiﬁoﬁ“ﬁrﬂﬁnﬁd&“ The
| ongi t udi nal @irredPidonsThé ohhepi ezdgp@Ect 1o &f atentssbEn siATe a¥in @ud v

devi ated fromyigh ' inal, di i 0 Cglfi age 406 jn opposite
directions. The ?H?%g%geﬁ O%aram%lfr(? %htg%rno%é)trétg%ﬁ ta‘r?iﬂn oé’ér%ﬁd gﬁgﬂﬁ"ﬁ range
on the 30 projfé® PBRtpBRIIHR FO8TIAGEaltOfgln surl cwasherhes toantags 406 by
expansi Qo or ¢afhAachi BMadh OAfgRe HhiS5d | A0 td PreH L4 10h oW Al4oY . the

pi ezoel ectric eLenents 416.
A'base portion of the carriage 406 is supported on an axis
member 410 fixed to a housing of the magnetic 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



Ther eby, the head 402 attached to the tip portion of the - 3 5 12 August 2004
suspension arm 404 Is noved along a surface of a magnetic disk within a
smal|l range so that the head 402 can be precisely placed at a desired
position on the nmagnetic disk. In the conventional head support nmechani sm 400
of Figure 45, each piezoelectric element 416 is interposedy fQRLN¥eRMD4t he
suspensi on arm 404 and the carriage 406- Side portions in the™l ongitudi nal
direction of each piezoelectric elenent 416 contact the suspension arm 404
10 and the carriage 406. Deformation of each piezoelectric elenent 416
causes the susperpsirciicy mra04040 lzemovedt adong at hatfabe dead Mhdsis! i ghtly

di spl aced: | n gther , |t | s applied tg each_pi electric

el enent 416 toﬁdc}gu‘g%\a% e ?‘o%g}\éﬁ'&na%?ngf esguglﬁle&%sitco}he gﬁﬁ?gog,agré?&l tt?‘?‘lg in 15
asmall di spl ad¥iTiEediy Phacaéatt aokes Hoek posltillon dedheld2gndoes dick al ways
follow the voltage applied to each piezoelectric elenent 416 wth great

preci si on. It is thus_unlikely that the head 402 is precisely placed at a
desired position. 20I8UMBRRYOREERHLECPRVERGRANS MRROF titRFhanoe 48Pext of the

present | nventfigure aseashdPPOskodBE8PLE Ml BRbHIC1 62 13 iﬂﬁ{ed{;&[(sec@r rying
25 a head at | east fogpgerform ngﬂrle roduction of data from a di'sk; and a
|

|
hol di ng porti &F TSF NP HRS 1 494 ankh ERPALEI29N% P hel Fdede a

first portionpordiigaisng anfirette pileresltactined el agesttiansecond pRIdH on
ot ana SRR S SGR Lapdl 06, MRS i e
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



third portion; and a fixing portion for fixing the first and second
portions. At |east one of the first and second piezoelectric elenments is
contracted and expanded in a 12 August 2004 - 4 direction substantially
parallel to a surface of ‘'the disk, in the presence of an applied voltage so
that the slider provided on the third portion is rotated apqupmsE004
predeterm ned center of rotation. 5 In one enbodi nent of this invention, the
head support mechani smfurther includes & Ioad beam provided at a side of
t he hol ding portion opposite to the slider. The |oad beam Includes a dinple

proj ecting tovelfeddifordiifeafft 4t W ERATRANEL A% LEARPIE Bpk0aflak0 L Ne

slider. The holding portion turther includes a first joiningp for
joining the fi%stheaRresnner pof tawneprhied aveboasrl §oi that poetsdbdef or

joining the sepaichaal O r tHepr ehaliee  HotdloiPl 85! SroPh¥kdCHrBhnd o -
substantial ly n1qgle:£O|nt between the first 15 and second jolning portions.
I'n one enmbodi MErROFerHined Ranten L Fetatier. and second Joining portions

i nclude f3rst and second el astic hinges, respectively, each having a width
sufficient to 20 red%ge a_|l oad r%ﬂrired fgr rotatjon of the slider. In one

enbodi ment of this invéht PBR, TR afl WS ntP R Eions itha JaRAE r st
and second corfipnart pechamndsn fuerheéediabbnges he fdads beandpsecoadachastic

i mam o dt b eag of Faf feld il BOLESE Mnde Y ub She"STufaRc e °
patterns, respetdd \Raam ing frbotiimpie pfoldégingviamwdsh, thdes hbdatr 30
support rechani:sBubHd fghiné P U6 RpA y #3d2BCM REMI -,  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



at a side of the holding portion opposite to the slider; and a slider
hol di ng pl ate provi ded between the third portion included in the holding
portion and the | oad beam The |oad 12 August 2004 - 5 beamincludes a dinple
projecting toward the slider in such a nmanner as to press the third portion
via the slider holding plate. The slider holding plate haq2gg§gquﬁhape t hat
the center of gravity of a conbination qf the slider holding pl ate and the
slider substantially corresponds to the c‘L'pr'edeterm' ned center of rotation. In
one enbodi nent of this invention, the | oad beam includes a regulation
portion for rggiat aSad n | t of
this invention, tﬁigdl%&e{be Jﬂ' %%t%&ﬂoﬁnwggﬁkg E]Illgosglrﬁheefg 8n§ ate to
support t he %Na@&e%ﬁﬁmarsﬁat@%tésgﬂr@oxt@m iladt v stlilgiert hosdthga 15
manner’ that pherdhi mhep@itiaen ﬁamdli%gfﬁiaftsdn%é‘ fdn dlhaghl ehacl phLuding a

pitch direction,,a roll direction I rection I ment of

this inventi dn® mf% e %ra%tgtl‘bﬁoﬁtc%'éh’amﬁﬁﬁf‘aﬁth}é? ?hé'ﬂﬁﬁe@olﬁinﬁad beam
provi deds at eplsmtb ahat %&Obduﬂgrp@dﬂmm@ﬁﬁ ecbprthposikdals tagd a
sl i der hol di é%é%éé? ded petwe F third portion included in the
hol di ng port i aﬁe% A © hﬁo E4°%heam i ncl udes a dinpl e
projecting tovvard the slider in such 25 a manner as to press the third
portion via the slid | h on the third
portion is rotated gj;ln?% Sﬁgofigh%%? ﬂ%: E}hf% hgﬁ{oerr{e){dioq %%ﬁeg Sgn?%?mof
rotation. In %‘Fﬁl‘é%%d?nﬁﬁguéﬂtﬂ-ﬁpsppﬁ\té-@ml dier thegSeddimdty {30e psitiden is
providetoi n sshatndBpi®fe! hat a di stance between the second portion and the
surface of the disk is

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.



substantially equal to a distance between the first portion and the surface
of the disk. 12 August 2004 6 In one enbodinment of this invention, the first
portion includes a first el ectrode for applying a voltage to the first

pi ezoel ectric elenment; and the second portion 5 includes a second el ectrode
for applying a voltage to the second piezoelectric elenenuggh@ugm@04

enbodi nent of this invention, the first_ portion includes a first substrate.
The second portion 10 includes a second substrate. The first and second
substrates are provided along a tangential direction of the disk. At |east
one of the first and second piezoelectric elenents is contracted and
expanded in a directi substantially parallel to the surface of the disk in

n
such 15 a manner thatgatQQQﬁﬁmQﬁﬁﬂmﬂnﬁh@ffﬁpéﬁzﬁﬂ?%ﬁﬁ%ﬂﬂisﬁﬁgtﬁémﬁi i s
bﬁnt hl nda di rpon:mnnneacu_ugeer al LayEH0e et bk, f&x@ dpityidd e shigdaigecarrying
the head Is r nt rection. 20, I n oné
embodi ment of %tbﬁ{l:lggl%\y/ré zoaelal L{-agtc 8&8’“5%‘%1ﬂﬁdftf'l?%tseé'rﬂi‘ds&?c‘fﬁ&‘m
p|ezoeleétrlciépénénﬁsalseconﬁrateedroaadfempamﬂmgungl&1ubﬂﬁﬂgd(ﬁm the

substantialIysgegﬁhlgkegge& %tr r366eqh the disk in such a manner that only
one of the first and secon strates i'S bent in a direction nearing 25 or

| eaving the disk, so that the sllder carrying the head is rotated by a snal

anmount In a yam/d|recgho%nérbﬁggafﬁgwplgfnghggtjﬂggdﬁﬁgﬂnlgﬂe tehe first and

second. portions fﬁrther i_nclude first and second flexi rral’s

covering the PPFEEORNdRSENSRE® R 2t echbrtratenenthe afecond pprgﬂoand
second 40bstrdheindeespactiyebyd |duvdtaamodi meRd of 144y S dndveskienqg t he

slider has 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 inoclude 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



12 August 2004 7 an air bearing surface on which 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 another
aspect of the present invention, a head support nechanisnubaqbugﬁ§m4a sl i der
for carrying a head at |east for performjg reproduction of data from10 a
di sk, and a holding portion for holding tHe slider. The holding portion
includes: a first portion including a first piezoelectric elenent; a second

por ti on 1 ncl Ukt # $R4eA%g BLEZARLCE! hfi1 ShF Hpprifhhdd XiR0chgLt I gn for
fixing the first and second portion. At |east one of the tirst an
second' pi ezoel FLRFTRLeE| Rebwern| Ehe ol idercandngbexpakasdngi 41gkdi rBeei on

substantial |y piated Idriiomn isUbkdaageld EBethat K cdotd@oRA2I8RCEF0fngN
applied volta e rotated around a predeterm ned center

o.,that. the slider 1s
of rotation. %%% ﬁgﬁf%ﬁﬁbpSPFfﬁEEhaﬁ?Eﬁ¥?ﬁFfﬂ%}yirﬁﬂqﬂﬁ§9°Q§ﬁ 0&8 bER®h 20
provi ded at a Bredetdrniwedotanher poft fobadpposite to the slider; and a
slider holding plate provided between the holding portion and the | oad beam
and provided at a position corresponding to the slider. The | oad beam
i ncl udes a dinple prdetdna beand tther skpdet dintse pireaeminireverasi ¢w, 25

press the (hiral mosd | Aippd e Wfisaisddslen 1ok thads Pl &' £11d0E £ol Ao ppddi ng
pl at e has such shape that the center o gravity of a conbl natl of the
sl i der hol di ng® 3?%%‘*3 Fhd-edte 9T ROTEYHILRGt FePTduskier pphdtato fhem

predet erhd ned a chEker a0ld BOh8Ld0Ag POt Mo L HNHIFRNEHEl st hlherl NVRLT ON,
the holding  po1ding portion includes: a first portion including a £1

P g rst
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



portion further includes a third portion, the slider being provided on the
third portion. At |least one of the first 12 August 2004 - 6 and second

pi ezoel ectric elenments is contracted and expanded in a direction
substantially parallel to the surface of the disk, in the presence of
applied voltage so that the third portion is rotated aroung 4R@st 2004
predetermned 5 center of rotation. In,qpq_enbodinent of this invention, the
hol ding portion includes a first joining portion for Joining the first and
third portions, and a second joining portion for 10 joining the second and

third portionandTheedon®d! eyiszodlavtses allemaist art i abhyrabedee RAlNt

bet ween the f] d,second,joining portions. In one enbodinent of this

i nventi on, thégé%Fggaiﬁ? ﬂSQ?%PQFééﬂNFT?E¢%ﬁ?&ﬁ%?%o??ﬁgﬁéﬁ&lﬁPtShEthe

pr edet er m nedsucéacerobitheikitskon inl hhaneresbodke e apef 1ldd FolRugat ken, the
second porti @RakSrks By i h ner .t hat | stance between 20 the
second portion and té]gc\ﬂsi&?ggggtggﬁt %’g %‘2@ $9 arsol%& ghf’i %‘F?geéaﬁ'\ﬁﬁn% a

di st ance®bet weeRteReCf| F@tapdenion and the surface of the disk. According to
still another aspect of the present 25 invention, a nmethod for producing a

thin filmpiezoelectric elenment, includes the steps of: a) formng a first
netal el ectrode fil nf?a?%¢ refbedimert| af pthioecloeenitor etlpat holdhuga second

Tetal el ectroflertibm boRuGbssh SUBSE benifg bBEELOHCEr J1APHYI Pged Lhird
I el ement, and a

metal el ectrogde fjl 30 second thin filmpiezoelectric

fourth netal Pﬁ‘%tt%‘a%hﬁqq’r%’ﬁtgc@@coﬁﬂdsﬁthﬁCP‘é’tde Jedndmaspergéen foy

attachi k@ thejetcbng mbkalsedend rage fohipd opdrerdidl t NMThe dimple 1s
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



metal electrode film d) renoving the first substrate by 12 August 2004 9
etching; e) shaping the first netal electrode film the first thin film

pi ezoel ectric element, the second netal electrode film the fourth metal
electrode film the second thin filmpiezoelectric element, and the third
netal 5 electrode film f ) covering the first netal electrodggiispog the
first thin filmpiezoelectric element, the second netal electrode film the
fourth metal electrode film the second “thin film piezoelectric elenment, and
the third netal electrode film with a coating resin; and g) renoving the

10 second substériggbye§t 6haping! RneNe 19EROUJBN Ofedddicad WENLI Oyt he
first and segpnd sgﬁstrg&&s are each a nono-crystal substrate. 15 20 25 30

In one enbodi WERTT oF tRi SRy BlezeRletia G fdamendpding oteeordfnetaht of the
first substradkecsrodesiiam,t has £éilneth imeaa] 8x8802ba8 06k [ ithHeeBbc8hat he

first thin fi pi el ric.el nt. .The l.inear .expansi coefficient of

t he second subs rrlatfg'al%s é?é%?@%ei’ﬁgﬁ% - 9S Bﬁﬁan@?%nt%é]ff’i“ﬂ%ﬁt of the
second thin f¢l$|¢‘b$@<2@¢li_émt:rf¢ ebeveehhg the diestmmwik Melkearfrdde s1imyention,
step ©) I ncl ules aldaeRiAce 111 p386RRd JRLAl g 8hbhedSHd LA g four i

nmetal electrode filmusing a co ctive a n’one" enbodi ne f this
i nvention, st2fPejrodedidass thetEeurHy metalseteatrade o Llm edhieogecdéndm to t he

fourth metal ehstEade fiddRowidwtAid haiBRbnlE! tdRY thECRMIGUE USLPGY
ul trasonic vi b:[at i on,
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



I n one enbodi ment of thi's Invention, step a) includes formng the first thin
filmpiezoelectric elenment in such a nmanner that a polarization direction of
the first 12 August 2004 - 10 thin filmpiezoelectric elenent substantially
corresponds to a directi'on perpendicular to a surface of the first thin
filmpiezoelectric elenment. Step b) includes form ng the 3@9Q@ﬂmiiﬂd& film

pi ezoel ectric elenent in such a manner that 5 a polarization direction of the
second thin film piezoelectric element substantially corresponds to a
direction perpendicular to a surface of the second thin film piezoelectric

e ement. 10 AsA{leidn' B185bb1eBUL1B1 AR0RE [afile It RIARP R ol ON. 2
thin filmpiezoelectric device includes: a first neta | ectro I'Tm a
first thin fil4® pi ¢-eRFeten iRerpanientlay 50 denaheff thetf matalthdinect r ode

film a secondileipibzeeaedtede bilkHeRtoVi @e%;om thee fidesd fd¥nlirg ity® 15
pi ezoel ectric el ement; hird metal electrode film a second thin film

at . I
pi ezoel ectri c SECHEFRHR AL R1EROBRBCERLE P LERATY 18] $RGR SJBARREFERAT our t h
metal el ectrode fydlagiratidad oirédeisecons tbhe f EbBoRlezaghact rHignel ement ;

and adhesi ve ans .for. attaching the second | electrode filmto the 20

fourth ot SCACRAIE il STRRGRG oABRTRRREROY: HFQTFFRRTADN 14 n t hi n

film piezoel ddireiad lgevperpbndibelarne adescieatd agetapplegiond tivbmmEd fmor

applying a Voé)ti%%%etlgcttfﬂé rgl%n,[egdqn pi ezoel ectric 25 device. The voltage
includes: a firs e

appl yi ng nean rmnal for applying a driving voltage to
thefi_rst and third netal electrode filnms; and a_secondterm’nal f or
groundi ng the second ardofRMni tPld119! aabtede Wt 3F 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



According to still another aspect of the present invention, a head support
mechani smincludes: a slider for carrying a head; and a hol ding portion for
hol ding the slider. - The holding portion includes: a first portion including
a - 11 12 August 2004 first piezoelectric elenent; a second portion
including a second piezoelectric element; a third portion @oQpeeifghsto the
first and second portions, the slider beyRg_provided on the thHird portion;
and a fixing portion for fixing the 5 first and second portions. The first
and second piezoelectric elenments include the above-described thin film

pi ezoel ect ri cfdesircpieddwibect REc gl 0N adeseebhe bhei B 1pRKeA1REQSsI bl e 10
t he advant age roviding: (1) a.head .supp chanismfor use in a disk
appar at us, V\hig'gﬁ&elﬁa%#egé%%éﬂi‘? SRRt ¢ g{]iﬁ&a OTfi i £OBRETEAS LR gr eat
preci sion forthhefpusposnd setohdapkirhdonerr ehdi shidad bbengi feolotead

magneti c di SKganehat i ke, a r [ far_use a di sk
15 appar at us. ovxln??:% gﬁjé%?:}go%éﬁ%%ﬁ ﬁ&%%ﬁ%&&apﬁﬁ%ﬂ %&p?&%&%n%ﬂﬁn th
great precisi 5hTBY cBAfroFeepnd voprigens.and Ty afihéh fahd pseeorbectric

actuator prefprabbylagedicl el enbnlsnadd SIHRP Y e BSHAD $0Bcr 20-d h@ﬁ% and
ot her advantagg;yo;a%gﬁegresent iinvention wll becone apparent to Rose
t

skilled in th 8GHFAG d89KdcBmder st andi ng the fol | owi ng detail ed
description with reference to the acconpanying figures. 25 BRI EF DESCRI PTI ON

CFomor ety b HE e BB S et el Wl o 61
10 the advantages of providing: (1) a head support mechanlsm
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.



| nvention. Figure 2 is an expl oded, perspective view ‘illustrating the head
support nechani sm of Exanple 1. 12 August 2004 - 12 Figure 3 1s a
perspective viewillustrating a slider for uue in the head support.
mechani sm at Exanple 1. Figure 4 is a bottomview of a major part of a thin

5 filmpiezoelectric el ement 8ubstrat e for use in the head, doa

mechani sm of Exanple 1. Figure 5 1s a t_oazvi_ew [l1lTustrating d | or part of
the thin f ilm piezoelectric elenment oubStrate of Exanple 1. 10 Figure 6 Is
a cross -sectional eWof Fl-qure 2 taken dlong line X-X. Figure 7 is a

cross-sectional view ef ghirguae fatk@iheckd vl €08w 1hhiSt -a\g.mr%zg g%(llgirgure 8
s a side:vi e\éx/.oo!c ngrrgjﬁor part of the head support nmechani sm o anple 1,
i

used for expl &°M etk Hvethereprrtrigehand sms of Exaaplieew.of a maj or
part of the head support mechani sm of Exanple 1, used for explaining
operation thereof. Figure 104'f a g}o%fvi ew . of a_major part of the head
support mechani sm of ExZHpPe 118 F OO ¥iBF0hidh ﬂjS%eP%FFo?rft"-hé'Pé@f.
Figure 1B is &ifer ppecbelectirdw ellkenshrtatiubgtzateador3QssuppothenBelani sm

according to present jnvention, Figure 12 is an expl oded,
perspective v%%ggﬁ fieBhah8nPbE EXamp12’q"

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



12 August 2004 - 13 illustrating the head support nechani smof Exanple 2.
Figure 13 is a perspective viewillustrating a slider-for use in the head
support nmechani sm of Exanple 2. 5 Figure 14 is a top viewillustrating a
major part of a thin filmpiezoelectric elenent substrate for use in the
head support mechani smof Exanple 2, and the vicinity thquqhguégzcjgure 15
is a bottomviewillustrating a major pgrt _ of the thin filmpi"ezoelectric
el enent substrate of Exanple 2, and theé V|C|n|ty thereof. 15 . Figure 16 is
a cross--sectional view of Figure 12 taken along line X-X. Figure 17 is a

cross-sect i onallusiteWtahoFithiy eeb? o 2 nf2ih alni 13 bk \é]xafn&ﬁe':'zgur e 18 is a
side view of a major part of the hea support nechani sm Exanpl e 2, used

for explaining operation thereof. 25 Figure 19 is a side view of a major
part of the head SuBmguteﬁRGhaﬂisﬂl@ErE@%@QhQaZﬂnuﬁﬁdliﬂﬁsﬁfakéhg'

operation th LeQf [ $,ed to ew o or art of the head 30
Sgppor; necha%§§h1of %ﬁgﬁﬁ EUES&BT%#pﬁéﬁFEW?ﬁ St eAPdfe eof

Fi gures 321A and 21B are schenatlc di agranms used for 12 August 2004 14
expl ai ni ng operati ongy §g.-neqq igpgofépr@?ﬁ&”Efﬁuégrating & 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



Exanpl e 1. Figures 22A and 22B are schematic di agrans used for 5 explaining
operation the head support nechani smof _Exanple 2. Figures 23A through 23C
are perspective views illustrating vibration nodes of a | oad beam of Exanpl e
2. 10 Figures 24A and 24B are graphs show ng response characteristics of the
head support nmechanismof Figures 21A and 21B. 15 Figureg>258ust$o45B are
graphs showi ng response characteristics,of the head support mechani sm of

Fi gures 22A and 22B. 20 Figures 26A and %gB are schematic di agrans used for
expl ai ning the operation of the head support nmechanismas a variation of

Exanmpl e 2. Fi ggpes1g7Agan g hs Wi on ctgristics
of the head sug%or% nﬁ%han?§%§8?6§25£%?gu?ggaz6%?%%§§268a§8héﬁgﬁ§e gg is a

per spective vF RPP#?uétrating a head support nechani sm according to. Exanple
3 of the present invention. Figure 29 Is an expl oded, perspective view
illustrating the head_support_pechanism of Ex |l e 3. 12 August 2004 - 15
Figure 30 Is a perspg%fﬁ"ggeﬂi%%iqq%gipzﬁq%ﬁcgggg‘l%ii&ecﬁi?%? #8589 £RE head
support BechaekpimbhibganpperdtibhgutRe3lhnégda chppoat | héoBafifknngod
structure of EQaBpigeﬁgre for use in the head support nechani smof Exanple 3.

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.



Figure 32 is a top viewillustrating a thin film piezoelectrio elenent of
Exanple 3. 10 Figure 33 is a cross-sectional view of Figure 32 taken al ong
line X1-X1. Figure 34 is atop viewillustrating the flexure for use in the
head support nechani sm of Exanple 3. 15 Figure 35 is a cross-sectional view
of Figure 34 taken along line X2-X2. Figure 35 is a bottoRpw @\t Jdodst rating
the flexure 20 for use in the head suppggt_nechanisn1of Exanpl™e 3. Figure 37
is a cross-sectional view of Figure 34 aken along line Y2-Y2 where the thin
filmpiezoelectric element is attached to the flexure. 25 Figures 38A

through 38C are di agrai@,s0oxh N4sa a PHOFEFNEL1IEET vhGLT NG JehGediidy f ol M
pi ezoel ectric el enent of Exang%e 3 and el ectrodes thereof on a nono-crystal
otgf

substrate. 309HEEFSLBMLS Rp kst FUPRAEY MePOTHEN A§ Bxappbeecdure for

forming the thin film piezoelectric elenent of Exanple 3 having a two-1ayer
structure on a nono-cyystal ugu 2004 - 16 _substrate, Figure 40 is a

fl owchart showing a _¥%%Hef%fjéb%oageﬂﬁﬁmt%%fwTﬁFFF%W%FbFEEHSEEEPr?g el enent
of Exanpbe 3.aXlexyurefdf use in dheskesdciuppalt meehanl &msifr Bkanglans .

el ectrode connection portion of the thin film piezoelectric elenent of

Exanpl e 3.
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



10 Figure 42 is a side view of the head support nechani smof Exanple 3.

Fi gures 43A through 43C are diagrans including a cross-sectional view of the
thin filmpiezoelectric device 15 and graphs of applied voltage, used for
expl ai ni ng operation of'the head support mechani sm of Exanple 3. Figures 44A
and 44B are top views illustrating a schematic structure quhgthQ@g suppor t
mechani sm of 20 Exanple 3, used for explaining operation ther ? igure 45
is atop viewillustrating an exanpl e of 5a-conventional head support
mechani sm 25 DESCRIPTICN OF THE PREFERRED EMBODI MENTS Hereinafter, the
present inventi.e , be described by way of illustrative exanples with
reference, to't e acconpanylng drawi ngs. 30 (Exanple 1) Figure 1 is a
perspective view illustrating a head 12 August 2004 - 17 support nmechani sm

100 for use In a di skragaskalys AECQ Gt @blEnd & H08,08 22!

invention, viewed froma disk side. gure Is an expl oded, perspective
view illustr@FPiycing Haadhdmpsin Rﬁ‘ﬁ%ﬁ%‘?ﬁ@%elﬁmﬂéfiéﬁ Ergmpd eri3gur es |

and 2, tise head support nechanism 100 has a | oad beam 4, on a tip portion of
which a slider 2 havj n tached head | is su rted. The | oad beam 4

i ncl udes a base porti Eﬁg a\/\ﬁﬁ&\“ Psc’f?%oﬂch%%f%%]d]i%n%t]an%&?e pl ate

5 attached t o edegaddactomhost aomporbisnbas aothi ArF ¥idn andzbkeckasacpl ate 5

each have a SBﬁE&%&t %&u%&%miq%p%: The | oad beam 4 i ncludes a neck portion 4B

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



tapering fromthe base portion 4A, and a beam portion 4C extendi ng straight
fromthe neck portion 4B. An opening 15 portion 4D is provided in the mddle
of the neck portion 4B. In the neck portion 4H, portions on the opposite

sides of the opening portioon 4D each function as a plate spring portion 4E.

20 A slider holding plate 3 is provided on the tip portioqzq Hgtez gam
portion 4C of the |oad beam 4 in such a manner as to rotate. UBHE ST der
holding plate 3 iis provided with a 25 prldjection portion 3A which projects
toward the base portion 4A of the |oad beam4. In the tip portion of the

beam portion § i 4G i S ovi ded whi ch contacts and presses the

proj ection poégpggjr%Ang#ﬁ%ngﬁ“dépar%cf’aiuﬁ& 1R & fd sk aRPATakRy ageamdng p
portion of thé&chExampdet lonf4€n80prasent bEngagelon Vi &aed fagulaldiq portion
4F in such a gygpner thy e .prajection Lon.3A is pressed and held by
the dinple 4G Thereforefgu{ljr%e %l iqj'dsgr gﬁgl dlgj(r%%ﬂf)ﬁ%?e SRerEBﬁcﬁgvPot YU&EY on the
di mpl e 4G i n dugitraddngnshe) headygsswprO04 mecbfrnlism ragul ati on portion 4F is
provi dedson each side” edge of the tip portion of the beam portion 4C. The

regul ation portions 4F are engagcgfl with the respective aide 5 edges of the
slider holding plate 3eS8TTARE 6t &1 Fres I handsid,devheiohdadg spipabet3 can be

regul at ed. Eaobohagukat 100 haera i Q¥ad ek w,dgnsar@'ig”r]go,f{]ggﬁ tcl(}ewtniigfhpo[h ion
€ sl de edges O e

olider hotdi ng B FErdiBeen F e Eheas chuimpeBEOTbeRy (Hes Aoagect | ve
regul ation poPeamnd ARclpBeA Bhbashi porpiencaheahiict dii ¥e @ANBYCHAEmat t ern
7 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 4R
tapering from the base portion 4A, and a beam portibn ac
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.



and a thin filmpiezoelectric substrate 8 are provided on the beam portion
4C of the load beam 4. The thin film piezoelectric substrate 8 is nade of a
conductive.and rigid material, such as stainless steel or copper. One end
portion of the thin film piezoelectric drive Conductor pattern 7 is a thin
filmpiezoelectric termnal holding portion 7A which is pgsij| round
the mddl e of the beam 20 portion 4C. The_thin fiInlpiezoeﬁzéﬁbggegggninal
holding portion 7Ais partially overlap Bd"with a part of thin film

pi ezoel ectric substrate 8. One end portion of the thin film piezoelectric
substrate 8 is a slider attachment portion 8A which is provided on the
slider holding plate 3. Further, 25 the slider 2 carrying the head 1 is

provi ded on the slidefheZedekHelan Rantion BE 1¥hereyided on iexdmstiie f or m of

a rectangul ar edpar alfl etepi RAG ASoSHOVR bF RHEBIM Bedm 'Hgarﬂlqu 4ch.i nclpydi ng 30
an MR ( Magnet Qe 8R_§ii ?E_I ve) elenment is provided_ at the mddle of an upper
PdE8118F KRt Yiin HoAEPornatged WithoF e diespartidfe shdes| i der

portion of a Si
2. The sFBi deredges ¢f ahedslhdeyciiolalingipleitd kot eabassk drdsn o eRked

toward a tang ' st, 2004, - 19 line aof a ymagpetjc head. Further, f
our terninal sgg%h?}lﬁr%éjg#ggéla? © 4f SFYS RP irr?ga\ﬂtartfﬁls‘verggghdﬁ%%%ﬁopn a

| ower portionPeBtlpnedEiaktelidnt trhdghiti fioom 2heFuty pert iam 6f redeBehfig
surface 2E i sppr@VYhHede0 p | s]4 de : An_air flaw
gener at ed by 2 rg%(g?i ﬁg ﬁ%@%%?lg%%léig?ﬁ%%é% blln g'héi F?ﬁ%??g&f‘i 8h of the
slider 2 (a tihgeRlider fokdingplajie B Mk Nigageids Wi thoantategnlated

l'ubri catbng fbymhe regepectied PehuegRibhepatktifgarypyg surf ace 2E and a
magnetic disk. 10
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
15 plezoelectric substrate 8 1s made of a conductive 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
20 portion 4C. The thin film pilezoelectric 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,
25 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

30 an MR (Magneto-Resistive) 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



As shown in Figures 2 and 3, a center position ML of the air bearing surface
2E substantially corresponds to the projection portion 3A of the slider

hol ding plate 3 supported on the dinple 4G The slider 2 is supported on 15
the slider attachnent portion 8A in such a manner that the side S1 of the
slider 2 f aces the tip portion of the beam portion 4C of QQ% B %%OQean14
The slider holding plate 3 is hold by the dinple 4G 20 provi dd>i Tt he tip
portion of the |l oad beam4 in such a manmet That the slider hol ding plate 3
can be rotated on the projection portion 3A by a small displacenent in al

directions. Thored 0 nbBfipBLE s N3Y:ARel e 68N 8En RATH RN M o L he

proj ection portion 3A cah be rotated on proj ection porti
snmal | di spl ace"rﬁeﬁ?al%l%\m?se‘aliﬁ’e@ttiquﬂ@ﬁ%ﬁémcltﬁom @urﬂewqﬁamlﬂ;iqme ot her

and portion off tthes tdide féd raﬂolﬁ;@eéffaémdrImﬁr&wlduqrpraﬂatﬁeeazgli 30 is
an external conne%%}s%erm nal hol ding portion 7B which is provi dgon an

edge portion RTGHANE G GTheBRRR DL Thi el 4487 hal
portions H5A, %Biraﬂﬂo&@n@d‘zﬂzéu deﬂo@@tm@ ddyrbtfid EiRkeZOg Bpddd C

term nal hol d| 4 on_7 and connecte
respective externa‘? %ﬁggﬁ %Sfont%:; f%‘é?{:l n@ E%ﬁgeﬁﬁéﬁaﬁ'?orﬁ%@%l ch are
provi ded on tdfe @xnegnaticodne&t)i @ tta'rmu Nezth hmi:du.ngrmoatmg HBinb ¥

termnal hol diguhdiidd@BeTeks ESUIPHANIAN S0RuCEOs o BRARREA. 1O the

edge of the thi I ezoe n whrch't
attachment pord%®h 8A is provided. The term naI hol di ng port ion BB is
positiongg at an edge of the base portion 4A of the |oad beam 4, and at 10

t he neck portion 4b side mnth resgect to the ext er nal
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



connection term nal holding portion 7B.- 15 Figures 4 and 5 are a bottom vi ew
and a top view, respectively, Illustrating the slider attachnent portion 8A
and the vicinity thereof, of the thin film piezoelectric substrate S. As
shown in Figures 1 and 4. a pair of first and second conductor substrate
portions 8D and BE contiguous 20 to the slider attachnment RBordigas BHsare
provided on the thin filmpiezoelectric substrate S. The conductor substrate
portions 8D and BE extend straight fromtte slider attachnment portion BA and
are di sposed a distance fromeach other and in parallel. 25 Elastic hinge

portions 81" ansk8Gpagh Bﬁ&'é&%c{lﬂ{ £ RV %ﬂfeeeﬂrcg}éhgiq::%d‘g BE of

slider attachment portion 8 conduct or trate portions
the thin fil mifFeEFaedantdonmpitrat 468, P@gpééﬂl valgh gpe pooeldedien hinge

portions BF anthBGaterel asddmidd i dieedmindDNanSaE P! s8EL A5, the, s! i der
attachment portion 8A. The thin film piezoelectric substrate 8 and the thin

12 August 2004 - 21 filmpiezoelectric drive Conductor pattern 7 may be
integrates together. R garmﬁau.a;cﬂ,dmngsposeg;bhoaalis/pgwgﬁeahﬂa hhléﬁ&él m 5

B G oss- sect | A AA L g B FS atnth: coberact bl ki Garathken
along line Y-swrwnate B Rimwheleh 16 Asl isteowm titadiimante pdrtaineh GA the f| rst
and second  condupt g SUGR A0 AnPRAT HY1R13Y S0 Bhn 288 14PYSEEE18hER &
an edge of the base portion 4A of the load bheam 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



flexible material 6 nmade of a polymer such as polyimde. On upper surfaces
of the conductor substrate portions 8D and BE, a pair of conductor patterns
12A and 12B and a pair 15 of conductor patterns 12C and 12D are provided,
"extending along the conductor substrate portions BD and BE, respectively.
The conductor patterns 12A and 12B are attached by the fl gyidl,gsitRfpgri al 6
to the conductor substrate portion D._ng conductor patterns I2C and 12D 20
are attached to the conductor substrate rtion BE by the flexible materi al
6. As shown in Figures 2 and 5, one end of the conductor patterns 12A, 12B,

12C and 12D aggy. gﬂg%eeslmlp ar&%ﬁ% prc%gdql%%ﬁgnlggit?fédgr attacphment

portion 8A. Furt conduct or ‘patterns and™12D aFe laid
on a conductbnrtpgrated Begethehe thin fil mpiezoelectric substrate 8. The
ot her ends of the conductor patterns 12A, 12B, 12C and 12D are term nals

whi ch are provided on the 30 term nal holding portion 8B. Each conductor
pattern 12A 't hrough HHINTe §hiepeoR s heertlonakivdiew afttdie dhie £a3mshown in

Figure 55 on piesdelpotiionstbateled a2 tAreustn1200Q4 Phe RN | @i Fhoure 5)
opposed to t at achnegéﬁﬁgortlon BA of the _conductor substrate

sl ide
portions 8D gﬁﬁgﬁi? £a ST B GFOEsSReRT o M deraed WRrchhLBnt act s
and fixes theilhipididelqrerielatatiails idaad@idading ipat ve¥nshddAh, 15B
and 15C (Figui§ ?1 M@éh4terninals 13A, 13B and 13C (Figure 4). As shown in
Figure 6. firs and second thin film pi ezoel ectric elenents 11A and 11B are
provi ded under the 10 first and second conductor substrate portions 8D and

8E, reggectively. AmANARSws! Af BIRHdLY o 310 the! 2WRELShR sacona

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



el ectrode 9B nmade of platinumare provided on an upper side and a |ower side
of the first - thin film piezoelectric elenent 11A respectively. Simlarly,
an upper side 15 el ectrode 9A and a | ower side el ectrode 93 nmade -of platinum
are provided on an upper si'de and a |l ower side of the second thin film

pi ezoel ectric el ement 118, respectively. As shown in FigurezhugdstSioent member
14 for shorting 20 the conductor substrate portions OD and BE"is provided on
an and portion distal to the slider at t'acdtfent portion 8A of each of the
upper side el ectrodes 9A provided on the upper sides of the first and second

thin filmpie [ | ts,11 18, 30 ho I n,Figures 4

and 7, and po tlétﬁg}r%r%?(i %ﬁ'l to%%e&ﬁ?%%% gtot g%ﬁreﬁﬁ%%ﬂ }g(r)]cnteé:m% he

| oner side elRRtieedHRHde dedduntoieshbaerate desrofonhedhiand &hd

second thin fiJd guph& [ ith the
| PR éoﬁéﬁﬁgf En&t eéﬁ%&xf)ojitjdgpi'.e%.aéal Agﬁlgoéonfgc‘!f’% (E:ﬁ:]de

flexible material 6 and are connecte m nal s 138, res Ively.
Therefore, thd&@&i idhes 1Bhbmd15BiNe Bipdsedertsitt ndrivexi Mty al 6.

Further, ghe treittavals IR, ST MRC UL (T @yuld AYIYEI N G4 i 13 | OVRT
surface of a nﬂ:%dle %r;{qjon in awdth direction of a portion close to the
conduct or subs ataé"g S BE® M 8E of the conductor portion SC. The
termnal 13Cis also exposed fromthe flexible material 6. 5 The term nal

oi cct rodes 9A provi ded? SroMeh ino EARHE &' b B, B LS S e
11A and plezoelectric elements 11A and 11B are provided under the
10 first and second conductor substrate porticons 8D and BE,
respectively. An upper slde electrode 9A and a lower slde
electrode 9B made of platinum are provided 6n 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



11B are shorted by the short nenber 14. 10 The termnals 13A through 1
(Figure 4) provided on the |ower side of the conductor substrate port
and BE are connected to the respective termnals 15A through 15C (Figure 2)

on the thin f

iI'mpiezoelectric termnal 15 holding portion 7A of the t

filmpiezoelectric drive conductor pattern 7 which is poshbi@ast Zoqu
m ddl e of the beam portion 4C. As shown _n Figure 2. the slider 2 is

di sposed on

pi ezoel ectric
The slider 2
sli der attach

20 the slider attachnent poFFion 8A of the thin film
substrate a which is provided on the slider holding pla

13weanagciadevhd LN A8YE pbEEIbRAL, ROLH @S draulided, an
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nd the
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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
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
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.
respectively.

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)
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



to the termnal 13B (Figure 4) of the second conductor substrate portion BE.
10 In this way, the voltage Vo between the upper electrode 9A and the | ower
el ectrode 9B of the first thin filmpiezoelectric elenent 11A provided on
the first conductor substrate portion 8D is applied to the first thin 15
filmpiezoelectric elenment 11A. Meanwhile, a voltage is nqu@g&hmgd4betmeen
the upper el ectrode 9A and the |ower e rode 9B of the second thin film

pi ezoel ectric elenent 115 provided on tHe second conductor substrate
portion BE. 20 As a result, the first thin filmpiezoelectric element 11A

extends in it sHARPIUELBAkedT 061H08 t{d RlhALEY %caéﬁei%é' tl’lé‘ 3@% e 8).

In this case, since. the conductor substrate portion 8D stacked first
thin 25 film piedertectrrdes dleprorided omile BPPET diiflas 9fstielfirsopper,

or the like, tdrea couubid Qihi&ﬂ@ﬂlnﬁtﬁemﬂéléﬁtx&[& Sl enfelts] deralinn i d in the
ext ensi on dquﬁélon |ﬂd|§if % arrow Al in Fi ure ég The first thin film
pi ezoel ectric e fde ﬁéoéﬁﬁdaétBFesﬁB t Fat B SmIEH di5vele bent 30
toward a fragnek ivoldiegje dijeiscappbisdrph omd f simims] SIEAW Flidudfd o4y 8. I n
contrast, sin ot a Iled to th nd thin film

pi ezoel ectric e enenéEag%ﬂdufﬁgr gggon ak8n ﬁgFan s?f qé ° gt FBE i s not
substantially m@w@mtmsubszsatbem aﬁgljveltagesoﬁzmrp vs eapnliadtrating

states of the t&%&%‘%@fmiﬁﬁit §35€ (RAghird% BR AN BESREoLAC ddldhdddM 5

pi ezoel ectric substrate 8.
substrate porticon BE.

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



The first thin filmpiezoelectric element 11A and the conductor substrate
portion BD which are bent are shorter by a small displacenent $1 than the
second thin film 10 piezoelectric el enment 11B and the conductor substrate
portion 8E which are not bent. As a result, the slider holding plate 3 is
rotated by a small anount in a direction indicated by arrewapdustpobggure 10.
Therefore, the slider 2 provided on th | i der hol ding plate Is rotated 15
on the-dinple 4G (Figure 2) by a small Tanount in the sane direction. In
contrast, when the voltage Vn is applied to one termnal 138 of the second
conduct or subgiyiate portion BE 20 of the thin filmpiezoelectric substrate B
and the voltage zero is applied to the termnal 13E of the first conductor
substrate portion BD, the second thin film piezoelectric elenment 11B and the

conductor substrate Fpgm:ieorloSEsaaetchfﬁrtieandlu_betsamﬂg tbatedidiMthe
pi ezoel ectric_ 2

el.enent .1 nd the ond t ortion are not
bent . Therefé*@%ﬁﬁ%? Iﬁqﬂﬁ Hhs Pt tﬁ% d?ﬁp?g EE 5& M anount
in a diEbctHyiaqquxadurﬂu)QUHﬂtﬁatﬁnaon |nd|cated by arrow k2 in Figure 10
The slider 2 provided on the slider holding plate 3 is also rotated by a
small 30 anmount in the sanme direction. Therefore, the head 1 provided on the
slider 2 is noved afoegfiratdthidi fitmipheztelertrie slemmvilldd andl t he 12

August 2004 16 chREERPEr 59%%&%@ Cp&f%f&z‘? & ahaaﬁne&ﬂac geak. alfereby,

an on-track characteristic can | Mprove he on-track characteristic
means an abi ISNOFIET pHer ﬁgaérlldieplepﬁmna 8]; thap thy second thin £ilm

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



In this case, a load on-the elastic hinge portions 8F and 80 upon rotation
of the slider attachnent portion BA is reduced so that the slider attachnent
portion 8A can be reliably rotated, since the conductor patterns- 12A, 128,

10 12C and 12D each have a n1n|nun1mndth Aload (20 to 30 nN) is applied to
the slider ,2 via the plate spring 4E (Figure 2) of the | eadygeamods When

t he slider hol ding plate 3 is rotated, d.Zstych a load is applied 15 between the
dinple 4G (Figure 2) and the slider hol ing plate 3. Therefore, a frictional
force determned by a frictional coefficient between the slider holding

plate 3 and ¢dig; YN @ohGent ARPI18E180chNE RhifEt180h85RY pﬁr@éleeﬁy

Thereby, the frictional force preveuto the slider holding 20 plate from
bei ng devi at AP [AHRAGK FhaNaE tasiahich SagnhPet WBPEPBPect i 'ttFIEﬁ'FIEA of the

slider hol di nghg¥adet etie maadd el wbialaedroahbheedanpl €o4€n 1 Ibe sane

vol tage is ap ll%‘il to the first and second 25 thin film piezoelectric

el emrents 11A 1B so as to operate in the sane manner. Alternatively, when
the firs% and second thin filmpiezoelectric elenments 11A and 11B are bent

In the absence of appl]ed. olta e, 4V hav] Lt y be
applied to the respegljf gg ¥| rs & a %&%%%Oﬁiégl?ﬁﬁﬁ%m@o%{ﬁ%a

el enents 11A amdl 8Q Bipen m¢t@txm Of i ths shided idthqilusent aeerttor| Bhent 11A
and the condugd %du%&%ba&ﬁae%ﬂé% r At dhReRCBBLL1BRNBh LB be

pi ezoel ectric el enment 11 e conductor substrate 12 August 2004 - 27

portion BE. FEﬁJe%%‘PlYH?P?Wée%xa?%‘P@BSWQW‘FQW é’%tt%r%ljc%e 12R. appli ed
to the forst if¢cnadd! 2P sxoeleeté | & wleimnh Wwiddced. so that the first thin

filmpiezoelectric element 11A is

_ 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



bent to becone a convex shape. Alternatively, a voltage may be applied to
the first thin film piezoelectric elenent 11A so that the first thin film

pi ezoel ectric element 11A is bent to becone .a concave shape. 10 I n Exanpl e
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 pn1mhere1gh@g@hQ001ilm

pi ezoel ectric substrate 8 was about 3 thick, the first and™ second thin
film 15 piezoelectric elenments 11A and 1 each were about 2 m thick, the

|l ength of first and second thin filmpiezoelectric elenents Ilk and 11B each
were about 2 paptpeel #evoltage of 5 V was applied between the upper and

| oner el ectrodes 9A and 9H. 20 Since the slider holding plate 3 is supported
on the dinple 4G in such a manner that the slider holding plate 3 can be
rotated in all di rect?mefhanffﬂ@bm@llel gisowpiin #heusd islea helthgg plate 3

t at f t ed, Theref I itud
of i vi ng T APEAGY B T4 EAReEh LAOLLT PO HARLBr ac ARt h et hE¥nead 1
Further,5t he s¢ithat 2ths Simmbrtmmlm]smcﬂmieao@mm'erid: hetendmt sllalets 2 can.
b d LLd f
Cerohor ! OmROhE GBS RESLLE0 Mot N SAERaPIGENDY SUERy

Ther ef or e, on o onthe sl
di st ur bed by hefqmid{iﬁﬂnab the fdrédethbntfiely pdegoeilpcstig elemenexhibdl e 1,

the beam stf ugbUpgagopRgopd-gt they meu O2Lad00dctrid BlaROREUELR Lo

substrates ED and BE and I ezoel ectric elenents 11A and 11B I's
consi der abl y PPRFdto; he?ﬂﬁedﬂrﬁeﬁ?ﬁﬁeA@héﬁﬁmn in Figure S. Therefore, the

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



vi brational resonance point of the head support 5 nechani sm 100 can be
structurally set to a high value. Thereby, the head support mnmechani sm 100
can operate with an excellent response characteristic when the thin film

pi ezoel ectric elenents are driven at high frequency. 10 (Exanple 2) Exanple 2
of the present invention will be described below. Figure 14 agg@stRgtigpective

view illustrating a head 15 support ngghanlsn1200 for use in"a disk
apparatus according to Exanple 2 of t he present invention, viewed froma disk
side. Figure 12 is an expl oded, perspective view |IIustrat|ng t he head

support mechaghgic¢8%. GRS 8 Ml lék the£0r£8sPOPEiRg g@FRONENts
described in 20 Exanple 1 are designated by the sane reference nunerals as

used i n Exanprezpelerirdeselrperss éﬂ‘s&&ﬁ doRpdfieRPEsidereRd¥erddddoni tt ed.

The head supper triecharsé S .GP0AD! sh¥efiPie Figkbrd el udpserarstd deknd carrying
a head 1; a sl.ider  hol |ng glate 103 holdlng the i der. 2: a | oad b%an14

supporting tHET&AGEA QRRPCG | dBPLRGI di%y pI e:ﬁﬁéqn EHPROZ™ nmanner
that thé sli dechandmsd Loe® Jdardase hotthaguphale #8838 twam righeyaauehin film

plezoelectrl%hgg%hg t&grh tathn o%g %thﬁhﬁgﬁr ﬁn %Pklgﬁgrggndﬁgk r pattern

12 provi ded sO o "ext en fro anen I'ezoel'ectric plate
8: and a se@@n@lmid-mtorrq:ﬁmqrmm cmqmmmdstaﬂcmgh@metwrsmncmdmtor

pattern 12. pi28octachuaustieiidelnarkoad:heamt kighudesqusnsguar e shaped

base portion 4A; a neck portion 4B; and a tapering beam portlon 4C
extending fromthe neck portion 4B.

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.



5 A square-shaped base plate 5 is attached by beam welding to a bottom side
of the base portion 4A of the |oad 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 beamportion 4C is noved substantdglitegor a
radial direction of a magnetic disk (notzgshown). That is, the |l oad beam4 is
driven to rotate so that the head 1 is noved substantially in a radial
direction of 15 a nmagnetic di sk. An opening portion 4D is provided in a

m ddl e of the neck portion 4B of the | oad beam 4. In the neck portion 4B,

portions -on the opposkie $jdes.of e ' porti - : tion as
a plate spring porti ?#%E.fbgﬁe b(t'%)é"%{%mtl p%? | o&n&fc |£s séﬂgls}:'ltgi (%g]lﬂl%%%giﬂ;syp?%ced in a
direction peppehitedlr td dely f gogtdfona 4¥agnenidc di skapgrine predre spring

portions 4E. dﬂ&?tféxé‘slé %ﬂ&g&ﬁg@%m%héhﬁa&?aﬂ&rﬁéﬁiw. 4C causes a | oad

to be applied on the slider provided on the tip portion of the beam
portion 4. A hem sphere-shaped dinple 4G projecting upward is integrated

into the tip portion pfgdiirLEHARE thoke 40 atd s tIErat BadBbd 19F B&&H! ation
portions 4F exteggxib; 30 straight %romtpkg tiﬁ portion of the bea zE)ortion 4C
toward the bESE t5%R BALEPE HHR e dPEnPERR BRI IV DR TofRERECABeam
portion 4C. Thesre 4s aheappseplizticc ap Alaio\eetashsad tor @heladt actuposti on 4F
and t he upper face qf, the bean 12 Auqus 4 - oLty 4C . The sli der
hol di ng pl at e(li(gé Sﬁéwﬁ oW gggp‘oaﬁmPﬁgeFit%m%Bﬁgi%ﬁ8039?5% %gg% Jreton 4c. The
slider 20is pTheileall beam 4 is rotated on the base portion 4A in 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



5 on the slider holding plate 103 via the tip portion of the thin film

pi ezoel ectric substrate S. As shown in Figure 12, a substrate junction
portion 103B. which is joined to a lower side of the tip portion of the thin
filmpiezoelectric substrate 8. |Is provided at a tip portion of the slider
10 hol ding plate 103. The slide holding plate 3 includes a129@@ﬁspjmhalance
wei ght portions 103C extendi ng toward thg base portion 4A

sem ci rcl e-shaped projection portion 10 R sllghtly prOJectlng toward the
base portion 4A is provided in a mddle of the slider holding plate 103 and
15 between t hgop@hbnofschal ance wei ght portions 103C. The slider holding plate
103 is supported on the dinple 4G provided on the tip portion of the beam
portion 4C of the |oad beam 4 where a | ower side of the projection 20
portion 103A cont act sSTRep®lidedhdllaa ndf ﬁthe4EO3Tthpli'akraﬂ©ﬁ oieightr1porti ons

103C f th t 4F ded
the tip porti BHTH O e bBRrPBERPBRCHEE $Fier oSt S1ARE @ fBeP=RIMARRy pl ate.
103 can»-be ronathd $hidét hhidiotg misa.tseo 103 wdabbhdusmamz_d:m 2F ahemal |

angl e Al ong Wekltnl 6615 pidijocd MASIEHhRD-ADE 81 lPEncln! ] BdoRLAl 35105, The

center of gravity o rot at der hol di arrying the
slider 2 sub&t&8R§Eraye JopFEdpamprtion H@%ﬂa-nvbicbd-lﬂrdobﬂle@ﬁ@ a LOw&Li on,

i.e., the di mghaed@s Hhdi gﬂﬁepaa%th%naoEert?{?seCEﬁi&? ¥1eW bhbeskhiakithq A
slider 2. The h%ad 1 including MR el ement is provided” _in a m_ddle of an

upper edge poPtiEhT i ®a Bri &%lﬂi’é"’d‘l’d%@t 1“1129%5%%‘? 9foxhe| Eddler Four
term nali® 2A maauglg PRadkee 1@3r.angRE ENide hHAAIHEGr pEatblr 8CHheNuddsaal ower
edge portion % the tbglghga welght portions 103C extending toward the

base portion 4A. A semicircle-shaped 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



of the slider 2. An upper side of the slider 2 faces a surface of a magnetic
di sk. 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 tihezggeinmiosc di sk.
10 A center position ML of the air bearigg surface 2E substantially
corresponds to the dinple 4G on which the slider holding plate 3 is rotated
and which substantially corresponds to the center of gravity of the slider
hol di ng 15 pl &tldder Phe Bdudetefunisabappbrilchwgh t2e asld dercanigedc Hne At

portion 8A in t;he i ' ce he tip
portion of thg%gmﬁggrg??%eé%? itr}haa][ quaggfer#%et% %gtéeréj%) iﬁ.te

rotated on th@&fcdReemlisles 13 .on A wFpathaidls dkathegebtldénc? 2&cby a snal |
amount 20 i n ghire@let hor f @l oo i r a¢EkonSs: F@rﬂﬁéfh dhr &6 OBM&@ th' s a

direction of rotation around an axis in a longitudinal diréction o e beam
portion 4£C t hPYFGRPhEENEAIPTOVAdRS| P Hre StRBYN sddleciefi $hg glideri 8n of

rotation ar ouas apraice g%'n@iﬁtblﬂebﬁla( Adding sHghatec2E Perpepdierlzar to a

25 | ongi t udi na ax%s of % gﬂ goitlon 4C.  and aQ/aw direction which is a

direction of r&t&t F3RYSPENRY AATSSFLORr DR MAME LD M SnEREneBr axi s

of the pitch dli:reé.ubmmoamulnghemmniergezemrestmi Hdtavdend Itha maet bearien the

slider 2 is r%tu?tfg@a lﬁg lh:? i‘? gemag_t angle in the yaw direction, the
I SP SPACS

30 head 1 is novéd b asma ment stantlallyln a radi al
directid® of a magnetic disk. Note t hat the head 1 is disposed so as to face

a - 32 12 August 2004 genter position M1 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, 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 fil m 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-selc:ztA@lg{zw4ew
taken along line Y1-Y1l shown in Figure_18; 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. Fhefiakienofia magmanial ddlski,cafihsdtatspdb1iscarioy] dedsakang a

surface of a gnetli Lsk. e thin_ fil I ezoel ectri ubstrate 8 may be
nmade of a er%ﬁ bPeTta%tg%h?lﬁ?P‘aﬁH'Fggé:i?Pegl‘e g:}ngt gagflet%ﬁfé’ Prclﬁg As shown in
Figures 14 and 15, the slider 2 is 20 attached to the upper side of the tip

portion of the thin fi;-[tglnlﬂbﬁzﬁlﬁl eﬁﬁ&isfl e“g@% ﬁéﬁ:tp? 2 | g0 3l d‘erag‘s”gpport

portion 8A is provided the I'ower p portion "of t hin film
pi ezoel et ri c 1ddpStratdng the sthier f£impalezeelsicsrigA subpbrasd B0 t he

substrate | unglrceldda R ttRE IBa@f Hdien S | dga heledi el
Subst anti al | yeg,t hal f gf t he tigopc?rt i on side of the s‘f]iiy%lerﬁz"ei éﬂgfg\?lfded and

attached to t RESUEEJEP dBpPoFofdr ereh1BRalAvASK, taKkep, ahenar kaPPoX -&per ati on
portions 8D amthowdO 1REFfausia ame tm?ﬁf:@rmdibnaacdbraQCEéemaﬁameﬂdb&ul ar to

2t “the base poinSIRRG daosr TRELsPPRER LeLBGarEearti on BA, via el astic.
hi nge pédions BF and 8G 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.



- 33 Thus, the transformation operation portions 8D and SE are integrated
with the slider support portion 8A. A fixed portion 8Cis provided on the
upper side.of the beam portion 4C of the | oad beam 4. 5 The pair of
transformati on operation portions SD and SE are disposed in parallel and
spaced at a predeterm ned gap by providing a slit in an tiQ“Eﬁghﬂkﬁ portion
in awdth direction of the thin fiIan? zoel ectric substrate™S. The 10 pair
of elastic hinge portions BF and BG are Torned by reducing the width of tip
portions of the transformation operation portions 8D and BE. The slider

support port rAds3AtReN: Ben S84 AL L bR 65@:&'&&%%@%&0@@@9 @ aENgreyaw

di rection: due t% the el astic hinge portions BF and 15 Therefore, the
slider 2 whi chPEEIFREEAIHA thn Hhite ST SFRRPOLY E¢E¢%9Wd%$ su%p§i¥390rt|on
8A and the sl pdeltibﬂl dcnds pbﬁaeiaaa provigedupbeirhesiqebrsit obehfie slider

support portj n a in the yaM/dlrectlon 20 First and second
thin fI|ﬁ1pIeEO §8Pr|8 ggl ﬁﬁ ﬁ ?1ﬁ e3M4411B are provi ded on the | ower side

of the ®hin f|In1p|ezoeIectr|c substrate 8. The first and second thin film

pi ezoel ectric el ements éaggd gﬁgﬁgf £8¥£9§%)a§§r§£fand$grt |de QB t he

pai r of transfornatlon oper por I'ONS ﬁe | ower side
of the fixed 2p6r&% axeSdsnasad @nrtgmqrmaplrmnm&naaaeé&aSt&ucedeeerﬂmeeﬂhl n

film piezoel egh@lrsEy gre8vRAl A A /élar&dixﬂa% ﬂﬂeﬂami&’é@wﬁ&@{ 1@% QPREAL I ON

portions SD a are covered. with a flexible material 6 and Integrated

with the thinStFRPRFIBNPEASE EBdR Eiyaagdt%&eel@trﬁwesmsﬁrﬁtmﬂp. e?hel ectric
el enent 40i | A paﬂlrle ek P A dd PokeNghkUgF NahddiseeddedNtothed ey in the

presence of a%gldlug ng ltix %ig%hmgﬁn &gepggefons 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



and | ower sides thereof. depending on the value of the - 34 12 August 2004
vol tage. The expansion of the thin filmpiezoelectric -elenments 11A and 11B
causes the transformati on operation portions 8D and 8E to be bent in a

t hi ckness direction thereof. As a result, the thin filmpiezoelectric 5
substrate 8 is displaced in a direction perpendicular to a>uljguacsoal a
magneti c di sk. An upper side electrode 9A4and a |ower side eléctrode 9B nade
of platinumare provided on the upper side 10 and the |l ower side of the first
thin filmpiezoelectric elenent 11A respectively. simlarly, an upper side
el ectrode 9A andltaadowerTisé dexphastibade OB w@denoh Bhak BIBzEEBadX¥ Vs ded on

t he upper 'sid we i of the econd thin filmpiezoelectric

el enent 11B. %ﬁ%&:’%%e#% @@%Wﬁ% é}%m%%ﬁgp BRI ni nal

portions 13A REHionw 8IBGrd e8Br ¢vi ded mt hen| ewshisiae ssofd itws#ioed

portion 8C of bn fi | ezoel aGtri su at insuch a manner that
terd ¥ Adn Y %Elﬁ the ?g{_{ﬁ £1 F 1egzcc%erlge?ﬁ'&1?£c

the three term nal 20 portions . 138. "and are expdse
f1exibl e 2 mat 42t ERter R imidiaplagnd tiay m T esurioro me kA Gl 8B tar e

attached to argl fuprfdanod A ddimdiase antion 4A side) of the respective
| ower side electrodes 9B. The terminal portion 13Cis connected to a short

menber 14 which 25 electrically shorts the end portions of the upper side
el ectrodes 9A. 30 As s#hhownpperFi gude kledtdddSioxORMICt &I DakdLr 1k 11

conposed of | e SRRl L% BEACLLRIED, BB A 5 upgl: PP
10 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.
15 - '

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

20 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

25 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

30 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



so as to transfer a recording and reproducing signal to and fromthe head 1.
One end of the four conductor lines 12A _through 12D are connected to
respective termnals 2A 12 August 2004 - 35 through 2D of the slider 2

provi ded on the upper side of the slider support portion 8A of the thin film
pi ezoel ectric substrate 8. 5 A pair of the conductor |inegslgfushoh28 of
the first conductor pattern 12 are dra to the base portion 4A side via
the transformation operation portion 8D ahd the fixed portion SC of the thin
filmpiezoelectric substrate S. The other pair of the conductor lines 12C

and 12D of then#Bubhrab eendust an1@akt Qrﬁré%:ta@a aﬁa\meta FB% R3ge Bertion 4A
side via the B nsformati on operation portion BE and | xed portion 8C of

the thin film Yo PPPROTS R e &h ofgthe tﬁénffédrm BRARELBPEFLReS 12A

t hrough 12D deabmtratet Be base portion 4A side of the thin filmpiezoelectric
substrate 8 pass through a conductor portion 12E of the first conductor
pattern 12 and reach a termnal holding portion 12F, and are connected to
respecti we external | yA2patonnéctbe tendiioabs 12Aest hzAughdl2PB of the

term nal hol 1 0,.As |n F ure t he
four conduct o?&?lgﬁggéﬁ%ﬁ&gﬁPo&Fth%gza%%ef%ae to Pﬁé;%\ug% ef 8 ofl the thin
film p|ezoeléé@ﬁlHléubbﬁr&FénsfgsmﬂgipheOﬁBQRtbbe naretoalea aﬂ@fehalng to

Figure 12, a mgeacbmrtdstpts&of%tetauh E1h% épeétf @sagsatatat and

second thin flk @lezoe ectric elenents 11A and provi on theé | ower
& other pair of the conductor 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
tnternally'connected terminals 13A through 15C. The thrae



side of the thin filmpiezoelectric substrate S. The second conductor -
pattern 7 includes three conductor lines.. One end of the conductor lines are
connected to respective internally connected term nals 15A through 15C. The
three - 36 12 August 2004 internally connected term nals 15A through 15C are
connected to respective termnal portions 13A through 13C 10RgusE20ba)

provi ded on the |ower side of the fixed zgoction 8C of the thin film

pi ezoel ectric substrate 8. The 5 fixed portion 6Cis fixed via a term nal

hol ding portion 7A on the upper side of the beam portion 4C of the | oad beam
4 as shown iAnkegnneld. Adnwkewad N tdguraile?,150e threegwongdset oarki nes 10

provi ded on t nductor, pattern 7 ss .t.hrou nduct o ortion
7C of the secgﬁgﬁggﬁggc LR ET Y %ﬁﬁniq@agq%qsg%%gﬁrﬁ&gﬁ ﬁlaEport i on
7H, and are cdhdaeured15t)o prepidéedverextkendldwerrorsidet edf t ertrd nllxeBf6A, 168,

and 16C on thg teLl Bgl of'%%:%i fc;}?ix?%g.tl%n?g%%ﬁoefécéf%§ %&‘ﬂ&ﬂﬁ@i%;ﬁggﬁ%het he

term nal holding portion condu attern
t er mi nal hol dfdFeforerbhorg86fis fidxedcvkal ackemmtnat hqdaivar portaps Fft ached

to one edge pen!ira @péﬁ%ﬂa%ssfm;mﬁanppoﬁi% kheokoaﬁi?]%@a feah®iyng
arranged si de by glde I n_the longitudinal direction of the | oad beam 4.
Operation of @fe3CRHE- dBn&iFyELed -head support nechanism 200 will be
described 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 thP B FPAVBi ?ogggEFPigzelEﬂ%n?gr?TAcaﬁgBngrag nes

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.



30 grounded via the short nenber 14, the term nal-portion 13C, and the
internally connected term nal 15C and the externally connected term nal 16C
of the second conductor pattern 7. 12 August 2004 37 Further, -a'voltage V is
applied to the lower electrode 9B joined with the |ower side of the first
thin filmpiezoelectric elenment i1lA via the externally 51@qqggggg%4terninal
16A and the internally connected termngl, 15A of the second conductor
pattern 7. Further, a voltage zero is applied to the |ower el ectrode 9B
joined with the | ower side of the second thin filmpiezoelectric elenent
11B, via the externally connected termnal 16B and 10 the internally
connected.term nal 15B of the second conductor pattern 7 and the term nal
portion 13H. Ther ef or BWZER8Ty 0|2 ayoLVaget Weehs t BORIF ST EPdebee| deWedde 9A

and thle | ower e&Fer@h@CDBOQBiQBdi ﬁiﬁllap{:hgdléﬁezfi&jtdtﬁ d;]ﬂ rtﬂef ltffiir@tf ith'I}n

pi ezoel ectric ement, 11A. resul t t irsg_thpn filmpiez ectric
el enent 11A efg&ﬁ'ds szogy%ﬁﬂdi men el1"on ¥ ret]f‘e(i ﬁb‘F@Eﬂ”é‘gﬁB’y arrow
Al in Fisgur ecbanect@d ntelininedsasasi and t ket r Anstenaaliyon copakattiedn

portion 8D of N L Tely| MpLe£Z0el i [ rayi ded the first
thin filmpi L Fodfubfnn 1oy BePLELOSASERA ! SodRNd L ek ol . JER= RS || ke,
the rigidity Anvahtagepesnid nig dippedteidotio( thei kewerd eecamosie AB iioikiegure 18)

25 of the traggher PRb! P8wEPCSAEL Of) éiﬁbﬁ?h!ﬁ:ﬂnﬂ%&q_ﬁ?ﬁ‘iezogﬁ%%ﬁfﬂrce’ the

transformation_operation portion 8D of the in filmpiezoelectric substrate
8 provi ded onedg@enty I1B.t iia he exiesredilycErreeeredadmrmingd L8R AR due to a

bi nor ph 1cef f eahel N1atdiraBChyONcaMAYctE@M BeEiidarersd MBGIR] | Gedioid
¢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



30 i.e., in such a manner as to project toward the thin film piezoelectric
el ements 11A and 1I1B side. In contrast, a voltage is not applied to the
second 38 12 August 2004 thin filmpiezoelectric elenment 118. Therefore, as
shown in Figure 19, the second thin film piezoelectric elenent 11B and the
transformation operation portion BE of the thin film piezaelggueimogubstrate
8 provided on the 5 second thin filmpieggelectric elenent 11B are not
substantially bent. Referring to Figure 20. when the transformation

operation portion 8D is bent, the length in the |ongitudinal 10 direction of
t he transf or neltlmre iolge mdte zane Jparttriion eBEment GAB.i sThepe€orad antghdde sanme

pl ane as the an tign rat| o rtion. BE ich is. n ent, is
shorter by a %xlriral ﬁ'gg?gp;lgéenen% 61'%? %Iﬁ(?t hgﬂ Ielngtfkllxq'o t%jze%(?éa]ﬁ%?g?%%t i on
oper ati on por¢lememsE B @nd thactraesformieiet eperatien sostilder 88uphor t
portion 8A ofthderhihneti ' IxC Whstarat IS4 t a smal |
anount in the yaw di regé'ii"llgnnbgib%gigggteg &lgy E;z‘iir%r ow ?n%lﬂog’uj?%(goﬁgvﬁ?e t he
slider 2°and 2%FRPL| i tRIN hof Himg legeeidntate 2Lynewt bl ofre hebolinpl e 4G
(Figure 12) byubstdmtiasrpupdntn the sane 20 direction. In contrast, when a
voltage zero is applied to the |ower side electrode 9B provided on the | ower
side of the first thin film piezoelectric elenent 11A and a voltage V 25 is

applied to the | ower Refixreimgt todeig§Brar avi, detiean e tismvefoshseion the
por 1 on. 8D of “YHERHFPR BoRroks 8B ELRERe-i Ehe amdEr BTENY IhER SRR 7T oo
thin filth pidioettloniod thekeansfoimaslon cpehst bon paictyl.ome$D,. emtich
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.



30 the transformation operation portion BE of the thin film piezoelectric
substrate 8 provided on the second thin film piezoelectric elenment 11B is
bent. 12 August 2004 39 Therefore, the slider support portion 8A of the thin
filmpiezoelectric substrate 8 is rotated by a small anobunt in the yaw
direction opposite to the direction indicated by arrow A21bmgigums20. As a
result, the slider 2 and the 5 slider hglgding plate 103 are rotated on the
dinple 4G (Figure 12) by a small anmount 1n the sanme direction. As described
above, voltages having opposite phases are applied to the respective first

and second thin fil mh@r@f@&@elﬁ@érau@aah:em;sﬁ@rtléar@msnléﬁ SOthBathihe head 1
carried ontrkg_sll reat precl si on a small size of

di spl acenent “cortB ﬁﬁﬂﬁ?’ﬂﬁtggceﬁiﬁ?? ?/oaf ffgEotaRed I?Ya& spadt ARUdn of a
magneti c di skin Ithe yawa ddirdidt idin egipowl tef teadhe rd&&iedﬂldrh@.rﬂ‘dﬂdﬁt@‘d a

concentric 1 eti.c djsk. Therefqre -..on-tra operation
for causing ﬁf’hﬁgg‘g %Et ?‘ g%gg got rajéé acﬁﬁsﬁi% ctorhédﬁgagﬁrwztﬂ

preci si dh. Ncﬁlé-deﬁath@hféiwasxha(tehllﬁge Pz t ronst8G amd ERe Zilrr[pdmﬁml ng the
slider supportriRRi-td Ak BAR e 408 it TR B 9 YAl dt rd;{ ons 8D and 8E

of the thin film pi ezoel ectrlc substrate 8 are designe € mni num si zes
so that the conductor lines 12A and 12B, and 12C and 12D of t he conduct or

pattern 12 are prow deda@fict DBed ARG, Y61 2296k ASli1h bPESs POE ke SG and
81v. Therefore d. required for rotatlon of the slider support portion

8Ais reducdd® iR {5f T8 FEsRsfiioR Tt GRBRecaRhEnite Sidst y
r ot at edlby a};suﬁﬂdel]e@ﬂ:d:iu?Oelements 11A and 1l1B so that the haad 1

carried on the slider 2 is moved with great precision by
a small size of displacement corresponding to applied
voltage, in a radial directlon 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



Further, when a load (20 to 30 nlN) is applied to the slider 2 by the plate
spring portions 4E and 4E of the load beam 4 (Figure 12) so that the slider
hol ding plate 103 is rotated, such a load is also applied between the dinple
4G - 40 12 August 2004 and the slider holding plate 103. Therefore,
frictional force determned by a frictional coefficient bebwagRsfdfRg S!ider
hol ding plate 103 and the dinple 4Gis -appl i-ed to the slider Holding plate
103. Thereby, the frictional 5 force prevents the slider holding plate 103
frombeing shifted fromthe dinple 4G although the projection portion 103A
of the slider 3n@ dihey glidies 108 Ty el atod A0R]  Gielried odienplfer 144G 1ol IThe sane
vol tage i s apRd teignifd d thin, fd i l.ectric.,el enents
11A and 113 s?daxg'%t tﬁoper_édgéﬁfﬁﬁ%%ﬁgr}ngﬁe hi?}%gﬁ:f%%ﬁiﬁaee% ictl“r%et and
second thin [Bliifes dPdliag mlate dfdhand theafdmpile A6 ise apaslilgredd o be

bent in the ahgrencelodeAPrnbiadnyolfiage 1930 Voriaaasy 151havidig ARt e
phases be %plpl led to the respective first and second thin film

pi ezoel ect ri ¢ *Efe RS nEhe 1 §Ligerghakinge plake 193 nfrpmmbelng

pi ezoel ectri c stligit®  FrAmandhéhea1mpaasior Madi v wper alion myfdn S0, and
the second thi Ll m.pi.ezoelectric el ene 11B and the transformation 20
operation porti 6#1@ H%r?%Eﬁg %s%fidgrvla?{jébxég i%la}p?plji CPB%%%%%GH I m
pi ezoel ectri c <l drentdlmple @l 11B so that the thin film piezoelectric
elenments il A and 113 are bent to becone a 25 convex shape. Alternatively, a

voltage nay be applied to the thin filmpiezoelectric elements 11A and 113
so that 1& he thin fil /e eavelwritige discappiied o &he £118tawd Beond o

become a concayf PP piezoelectric elements 11A 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



30 Note that the elastic hinge portions BG and 8P 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
12 August 2004 - 41 respect to a magnetic disk can be inproved by the air
bearing due to the air bearing surface 2E. The dynam c chap &l &jgacs of
the head support 5 nechanism of the present invention will be descri bed
bel ow. Figures 21A and 21B and Figures"zﬁﬁ'énd 2219 are schematic di agrans
illustrating two nodels of a head support nechanism Figures 21A and 21B

illustrate a 0 ' | | | G of a
smal | rotat i%‘% %(r%{t:lrcg)né%ﬁﬁ&gﬁ%atmﬁgr’gs*?ggﬁ%%% ﬁg”@ﬁl gg'rE 9%%%1%15%9 pl at e
3 is positionédebeeweks ake beaplegsmnhdcend®. head 1. Figures 22A and 22B
illustrate the head support mechani sm 200 of Exanple 2 in which the 'center
of gravity G 15 of a small rotation portion including tho slider, 2 and the
slider holding plate T3 dYRaPLGt FERFPCESTAEEHERISTT FhendesHbsPEPRATBf t he

di npl e 46 Whesohoh 1&g hﬁﬁi%_ﬁszQiintvﬁnﬂl%Sﬁﬁl;ﬁr& apRkiredelione 28wt he
respective first and second thin filmpiezoelectric elenents 11A and 11B so

that the transformation operation portion 8D is contracted and the
transformati on operatFfomreaorzimnaibf RiBewpandedurast r2okiargl cIey agteri stic

o Ly, hend Jolbhe SR o 1 LGEOEL L0k el TRNEL b SE4EEEL ", o
wi || be gi vermethanbemi hdlavmesr 2¥A apdhALB) 1Glostragespaheéadosuppont porti on
includi 0 theépechanism in which the center of gravity 6 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.



30 slider 2 and the slider holding plate 3 is positioned between the dinple
4G and the head 1 as shown in Figures 21A and 21B. 12 August 2004 - 42 As
shown in Figure 21A, when the transformation operation portion OD and BE are
contracted and expanded, ' respectively, forces FI and F2 having opposite
directions are generated in the elastic hinge portions 8G1andigtk 2004
respectively. In this case, the slider g ding plate 3 can be freely

di spl aced in the contracti on and expansi directions of transformation
operation portion 8D and BE due to the dlnple 4G provided on the | oad beam

4. On the other handhstg'ﬁo J] gﬁrF g;lu enQﬂA at\&leﬁl 'éné eg%ﬁﬁé@gﬂgé?égne 10

bend direction of the trans or mat i ori oper ati‘on portion
frictional foPeeranion pextlien 6R amndudBrareppentradtedoamd ckpavéeder of

gravity Gis ﬁe@ﬁééﬁfﬁew M&ecé@rﬁfsad:d r’vmﬂaeangwebﬁbseeascwfe&@foﬁh' der 2

and the slider | di n [ate 3. hown i n ures 21A and 21B, assuming

that the dls?ﬁﬂcgeBSFﬂééﬁ ﬂﬁa?ﬁﬁuﬁ%&%Fiﬁrﬁ¢Pﬂ9 GQ&%&QﬂﬁaWﬁrﬁﬂ% 8k s sa

In a | ongi t udraspedtieclyon mf thhe bLad) R bﬂ)ﬂdé@h&idjﬁﬂtﬁfﬂlﬁ}f% ta_e}%ah]fl a ~
e e rorce

reaction forc eperate 0 to act the dinm
| eads to trang?%ql\'@ Q%Fpiﬂg edrh pgpﬁ FPHEC T4 P8y DERATEIORI gure
21B schenat|dareqttummsosuthaHSSOrmatiom opsrahbon portigur8p2aka sEen if

the slider 2 gso @ga?lp%ﬂéﬁggjfglons ‘E&l are Sl%a LGt QN 6{:‘Iﬁtéh?eaction

transformati on oper ranst orned by
force Ra so th&her H@ﬂﬁe-adthﬁ gtiger hmhﬁéfdig @\lértea?opl@dm%nmirmeji dmothe. Since

the slidgr 2 gadatdfrection 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.



slider holding plate 3 each have a nmass, the slider 2 and 30 the slider-.

hol di ng plate 3 have a del ayed response to the transformation of the
transformation operation portions 8D and BE. - 43 12 August 2004 Figures
24A and 24B are graphs showing the tracking characteristic of the head
support nechani smof Figures 21A and 21B with respect to a\Qt@Z?g gtodguack of
the head. Figure 24A shows gain charactgeyistics, and Figure 24B shows 5
phase characteristics. In Figures 24A and 24B, reference nunerals J1 through
J5 each indicate a resonance point when the thin filmpiezoelectric elenments
11A and 11B in the h&ddngsp@4h a0dreithampsgrabh sisduomwd 192 i e anchcdXkiGicar e

driven. J1 i @M&%riasﬁrieéggam‘ghgghnéw?ﬁt El‘@c%ta ol rsgf%r}%e{reg)%;%ef the

beam portion 4C of the beam 4 "sho ure
resonance poidftd i Al it respadtortder arrd@é'gecﬁ theckearfi pohei dreadG of the

| oad beam 4 m@ma 24A §H6Rs 3ARNn éﬁa§§ct891§€ié‘§ %ﬂc@?@&éﬂ&ezﬂﬁ'éﬂov}é‘ a_plane
vi brati ilaf%dmﬁéz of the beam portion 4C of | oad beam 4 shown in
C.

Fi gure IGte a resonance p0| nt in a resonance node of
the transformation operatlon portions 8D and 8E of the thin film

[ | ectri 20 t 8. F th th

Char acteristics of fhe REGEZEEpBRR THLhAREsm PO hR P EqUAHEEEE M Fhose
resonance nodderugh p'IrEef&mabli;ndimmfaasectmrtmxcaa gefifvi tC iwddn ATf rtequency
regi on such tdhaln plesbRSAUERTLeaL RO P4 SHa 1B PURE LOR Nl e head.

Since the resonante points ArS o hal ot shasheed result
fromthe st meshpngd s Oﬁhgig@ﬁﬁsbé&h and 134+ @xiesdpdrensardl ylrel:ﬂq&mets

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.

15 J3 indjcates a resonance point in a plane vibration moda
(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

20 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

25 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

30 cannot be greatly increased. Therefore, 1t is necessary to
reduce the phase delay of responses of the resoconance
points J1 through J3.



to the resonance frequency, so that the resonance frequency 30 cannot be
greatly increased. Therefore, it is necessary to reduce the phase del ay of
responses of the resonance points 31 through 33. 12 August 2004 - 44

Figures 22A and 22B are diagrans illustrating the head support nechani sm 200
of Exanple 2 in which the position of the center of gravity Gaakt idog snal |
rotation portion including the slider 2,and the slider holdlng 5> plate 103
substantially corresponds to the position of the dinple 4G As shown in
Figure 22A, since the position of the center G of gravity substantially

corresponds to the pesighired ehat hﬁadnﬁﬁlﬁéﬁieﬁgf%tm%sf&rmn%b téhe to an
angul ar nonen I's not generated. Therefore, as shown in Fi gure 22A, the

di spl acenent t SUBPOT he MAChATHEHRAGNOE o JEtalR o DotPi d'h‘bi‘-@D &R OR are
converted to patsitiiem iof thbecyﬁmﬂlﬁﬁcgrme} ¢ her drdd@mad.l Fagatesw t ant

response char | St sh ures 2 nd F 25A shows
gain characte® gt Ja‘h%l‘f-‘?g’?ﬁ %%B%rfod?ésgr 45a Bﬁ ecaﬁif%%fe#’%g‘pﬁ
shown i n 5Fi guEﬁé@%A@nduB%an!&inﬂ:éytcﬁmmamm tootthehgosehien of t@reaw ty G

of the small r(ﬂtn%tll oqdoorkboghowcirycdiés%ﬂ{]%fi dsej{mze atq,%= 1416%1 I | der f,hoI di ng

plate 103 20 substantially correspon he "position 5 €*4G  an
anpl i t ude chart®& @andEre Gand grpvidy eudsienddiagiliyc G@rr&ﬁ@@@lti&n(t@ &hea twi st

second- or der A H1RTORANER P H1Rp 142 4cCaR, Q%a'dmmV%x%@dn% Ia%fea't'oe'an
vi bration resonancel{)m nt J3 is substantiall X not present. 25 3

descri bed abO\Fél,gqlﬁ W@mﬁ’éﬁdxgdﬁbapf: generata Therefore, as shown in
10 Figure 22A, the displacement amounts of the transformation

operation portions 8D and 8E are converted to rotation in

the vaw direction of tha slider 2. The reshltant regponse

characterlstics are shown 1n Filgures 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



mechani sm 200 of the present invention, the position of the center of
gravity G of the small rotation portion including the slider 2 and the
slider holding plate 103 substantially corresponds to the position of the
dinple 4G Therefore, the head support mechani sm 200 of the present
i nvention can achieve an excellent response characteristiqawhgQsitdt®4gt hi n
filmpiezoelectric elenments 11A and 11B are driven at a high 12 August 2004 -
45 frequency. Further, the slider 2 and>t e sli der hol ding plate 103 are
supported on the dinple 4G so as to rotate 5 not only in the yaw direction
but also in %&%8%EQ%B directions. Therefore, a friction |l oss of the slider

u

hol di ng pl at é on rotation can be greatly reduced, thereby making it

possi ble to produce a great anount of displacenent of the head ]. with a

smal | driving force. pRQLRUE Nefnol N GRONSS AR TERE My itled NRGAlafaeari ng

surface 2E substantially corresponds to the center o rotation o he slider
2. Ther ef or ePlghe HE3d areosupmerteld gar thy digpde depp A6 Be dFod@tebed by a

frictiomal feiteonlpiduthd PaktE rdctoQs bt 8 s In al 2lot@aNRY PeEHE LRS! MO €,
t he beanlstrﬂ$}u2§350nposed of the thin f||ﬂ1€|§go | ectric substrate 8 and
the thin fil mPeFeEeF& eBtiTCEl eI PEAtRRS1AEEH MYR1BEPer 03 20

rigidity in apdn etitauidindiantas dyeatIipwrdbucadli ghetebP. makhagefiare, the

vi brational r e Roj f _the head su rt chani sm 200 be

Struct ur ai 1y RERBIed CPPEURLe B A ERaC P BF B S A T T So TS

i | lustrati ng headpodewidh anemadl KeddisygpFenxtcerechani sm according to Exanple 2
of the,pyesent invention. The basic

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



structure of the head support nechanismis the sane as that of the
above-descri bed head support nechanism 200 of Exanple 2. Thus, the
conponents of the another head support 30 nechani smare not herein

descri bed. The anot her head support nechani smof Exanple 2 is characterized
as shown in Figure 26A in that the dinple 4G 12 August 2004, U?’ 8§ o0bs
positioned between the head 1 and the center of gravity G 1A He snal |
rotation portion including slider 2 and 4he” slider holding plate 103 where
the small rotation portion rotates on the dinple 4G 5 Vol tages having

opposi te phas pli 0 th ctive |nf|Imp|ezoeIectr|c
el ements 11A ‘g%gofﬁﬁqg’ edte?l%l{:w?ﬁ’é 8i i %%Fﬁc‘fﬁf‘wa L HeRY 1 SoBint
tovvar;j_ a posef |tma(|§m?ll arcgmtmmqkortmm mzscmsmgtﬁuaid@rt% amgdptmat i on
operation port i.ez strate

contracted V\:hl ‘g&]?ﬁ cp"t r&f‘%@rﬁn}[ |1odndﬂ8'€%r %t ?g %%?#o g#%?l%r%%#f%“
expanded, tHe?edbieyctierithe ndgimpleesGFl and F2 which act the el astic hinge
portionssOG and 8F in the directions shown in 15 Figure '26A. In this case,

the transformati on operation portions 8D and 8E can be displaced in the
contraction and expaffstioHIaR PeinshePPPEMEPcPhiateR axle aePLiGIAIEAGtR® pl ate

103 i s rest raté‘aegbd:m\iém:lﬁ@ﬂ@id_mrﬁﬁét@él@étibé eltén@é}&fmrﬁ @i @RBr S on

portion 8D a ue to nal force, As result, an angul ar nonment M
P ound the covth, E45 BPagi Ly T8 ALogangras by By Stk GRS SHRFA B whi ch

acts on the spositti@n andftha sfthdgbtholtdim pl at en3. 2 sTheygsd S atid St ance
So bet Wegn th?rf&@f&ﬁn&féngroap\gxt%i%r}ld 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,
t_hereby promoting the movement of the head 1 due to the



the dinple 40, so that a reaction force Re (=Ma/Sc) is generated to act the
dinmple 4G The reaction force Re leads to transformation of the 30 beam 4C
of the | oad beam 4. However, as is different fromthe case of Figures 21A and
218, the reaction force Re acts on the head 1 in the desired direction of

di spl acement, thereby pronoting the novenent of the head 32quguét@obhe 12
August 2004 - 47 rotation of the slider 2. This situation is shown in

Figure 26B. Since the slider 2 and t he “slf’dér hol ding plate 3 5 each have a
mass, the slider 2 and the slider holding plate 3 exhibit a characteristic in

whi ch a phasey/ n 44p i |. isnStr | N enent_of the head 1
Fi gures 27A anlg%gggogr edimgrg%1 s%slﬁ'%rngz't radé%énggi&ggg a)r{acq%er?}%?‘f%sg& t he
head support Fe@HZRi #8Bof 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 Fiﬂures 27A and 27B, reference nunerals Ji

through J5 each indi c3tBC8 FBEHLAEART pdiand e slddemhihe laingnpprseodl ectri ¢

el enent s511A andhlidve A mdwes head sLpRof t2 amBCiaNE3SI¥EE Hd QW R p2GfeaRd 26B
are driven. J%xhﬁﬂ&%aéfé a2 E%sonagge oiné inpa tgﬁst first-order node of
the beam 20 portion 4l SPAFRSTPEAH EarPaVRhEHni RPRFGULEAIEARD 30PRE] cat es
a resonance péilarailnlastwiastiggecahd- mogdemenmndef ahet heaheam portion 4C of the
| oad beam 4 shown in Figure 23B. J3 indicates a resonance point in a plane
vi brati on node (Smay% of the beam portion 4C of the | oad beam 4 shown in 25
Fi gure 23C. J4 and J5FégBReBndfdarada 278 Giranaradist showingr tyaokhng node of

the transformehn@Bc@BeA8tie8 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



portions BD and 8E of the thin film piezoelectric .substrate B. 30 The phase
characteristics of the resonance points J2 and J3 in Figures 27A and 27B
each exhibit a |[|eading phase, which is advantageous to the stability of the
control. Further, if the peak values of the gain - 4s 12 August 2004
characteristics of the resonance points 32 and J3 are attepulifd: psa danper
or the like (not shown), nore satisfactggy-control characteristics can be
obtained. 5 In the another head support nmechani sm of Exanple 2, the dinple
4G is positioned between the head 1 and the center of gravity G of the snal
rotation portibarpaateuliphgceslafdeth® andonhncy igerntwl h ngnporid og-403 where

the small ' ro ' ti o] s on_the dinple 4 heref ore, when 10 a
beLbAlaEaY 2 ?g%geﬁ}i%ﬂn%gf QBHth%%Pgeéﬁéﬁﬁwn aM9ERcel | ent

thin filmpiezoelectric el'enen

response char 88f&Ffarferysceontaphedharacbpreiation. ckur baesbtaiakabl e control
characteristic can be achieved in spite of variations in the position of the
center of gravity. 15 éExaane 3) Figure 28 is a perspective view

il lustrafing a head SHpP enatkashand soprest neehanism difsRxappieal s

according tothsaimiplel 4@ 14 besptesaRl beMeddn QRe nd£Yea EQHkﬁcghégrzo si de
t he head Support

rechani sm 3000E CHRBAET  "SF ik PO=the aRTEUTbnaPRG JoonpbReheSItgLCY | bed
in Exanpl e 1siidedediaphtbd sidde hoddingehorensr DOBE/MSe dhe H8LH1I N
Example |. Thesfgeesh Hd AN N réygpegoormgﬂgn&ﬁnﬂfe 4G. Therefore, when
10 2 thin film piezoelectrlc 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



25 therefore omtted. Referring to Figures 28 and 29, the head support
mechani sm 300 has a | oad beam 4, on a tip portion of which a slider 2
attached to a head 1 is supported. The |l oad 30 beam 4 incl udes a
squar e- shaped base portion 4A which is fixed by beamwelding to a base plate
S. The base portion 4A and the base plate 5 are attached t@ g,Jhgeshpact uat or
arm (not shown). The | oad beam 4 inclydgé a neck portion 4H 12 August 2004 -
49 tapering fromthe base portion 4A, and a beam portion 4C extendi ng
straight fromthe neck portion 4B. An opening portion 4D is provided in the

mddl e of thetapeiimpre+en 4 bidde LHErNLSK PR! LA é‘ﬁaem;ﬁé oRMag e
opposite SIdQéng t he gfe |n9 ortion 4D each function as a plate Spring
portion 4E. ASTsHYW 9 n° '%:E‘-Flé Fom HRAGPECKnBPLELRR 4R- VRN Prgmbry| s

provi ded in aPertiowfdd He proviede® inFthéherdafeoue thh hebri psdeLgA 4B ough 2D

are di sposed MRS i rection.i.n the | r portion of .the side of
the slider 2.1’9%3}% her,rm?’éa,%etél‘r? ai‘@'b@grrit&ém?uPf’agﬁgz‘ﬁgﬁ’%‘;b}:%v‘i’ﬁ%ﬂso‘hfan
upper side ofththeCRending Porsdoai HDf leawlgeherateh bys aa pakdid ngpragHet i
disk is passesortliénpdgch direction of 15 the slider 2 (a tangenti al

direction o~ a magnetic disk) so that an air lubricating filmis generated
between the air bearing surface 2E and a magnetic di sk. As shown in Figure

29, a flexure 307 haygtaroweadh RPy5PE09EL OF B%B‘he&'nfi%%ﬁ‘é‘ld%ng(%\ﬂ q§g7on t he

beam portion 4C of tge | oad b%€n14. A base material o ure S
stainl ess st 2" 18 BTRYLIdRL PG FheHothefd 18a%s 2| aFBEtheR . E£auT der
attachnkdt porermmB072Hf thteuhex2n e a3Q7. d2Bpdse8NAW LN (H il rHa

patterned congiicl &, 398 A ne 10wer 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



306B, 306C and 306D are provided on the flexure 307. A slider holding plate
303A |s attached to a side opposite to the slider 2 of the slider attachnent
portion 307X. The outside shape of the slider holding plate 303A is forned
30 along with the flexure substrate 303 by etching. Further, a projection
portion 303B is provided in the slider holding plate 303A.12TAguRf SygACti on
portion 303D contacts a dinple 4G whichJe provided in the vicinity of the
tlp 12 August 2004 -u 5 0 portion of "t e I'oad beam 4 of Figure 29. The
projection portion 3033 is pressed by the dinple 4G so that the sllder

hol di ng pl at o3A3AAnCaE hte AlcAE D ta g i uere4cid N ahly . 5 The
slider 2 of F| yr.e 38 I.s attached to the sli hol di ng pF% 303A I n such a
manner t hat tplfr’ &é’r‘h P3Bp$§|9¥?ﬁ?%bé'ftlf‘ﬁéi%ﬂ‘91%é%ﬁ |5|ﬁ’gt§ﬁFf%i'tQaBZEder

subst anti al | jnolddmoe ppands 306At bandbaptst4€efon hend atheand of ahigure 29.
10 An extern 1#%0%&%%%Cted term nal holding portion 307Y is provided on the

ot her end of fTexure 307 as shown in Figure 29. The externally connected
terminal5 hol ding portion 307Y 1s disposed at an edge of the base portion 4A

of ‘the | oad beam 4. 4Rc/s) shguny gk FyGHLE 39 12 RALL0ls Lealalign, portions

AF are provided on the tip portiron o eam por I'on
appropri ate G&FHegnwerhatfae30dguimt Boshport imamied- thdtt Hahes| icgartehol di ng

pl ate 303A 2@c3a thlat mlh%ishtrﬂ@rafb?'QéQﬂiﬂbaEﬁwﬁ-?Qéé ﬁﬁnst&%srnt%h%?.%[q%faCh

regul ation portion 4P  extends strai fromthe tip portio beam

portion 4C t&ﬁé’F(?sH?é‘dﬁaE%tB&rquW%NG of the load beam 4 of Figure 29.

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.



A thin filmpiezoelectric element 310 in Exanple 3 25 is attached to thin
fil m piezoel ectric hol ding portions 308A _and 308B of the flexure 307 (Figures
29 and 31). Figure 32 is a top viewof tho thin film piezoelectric elenment
310. The thin film piezoelectric element 310 includes a pair of elenments
310A and 3103 which are separated 30 fromeach other. Figur® Ag,usba@4
cross-sectional view of the thin filnlp?fzoelectrlc el enent 3I0. The thin
film piezoelectric elenment 310 has two layers. i.e " first and second thin
filmpiezoelectric elenents 311A and 3113. 12 August 2004 - 51 First and

second netal Biestrand éaémd&ﬁé%ﬁ@lé&@ﬁ:@é%iﬂﬂ@vaﬂﬁﬂ &hauppes apd | over
first chin AFaehasd o bolhe Pafd ioresiadads oF chrdefthnbvebiner biaeond
thin film pi &W@@lwtrm eresnent 1B 15 melai:relqﬁ;iveuly.r dThEdfﬁ.ﬁHltt-hhﬂﬁt al

el ectrode fi |f‘§1r§1%@e%'6@-1%\1:%'31%r 1&5é’x¥‘c dﬁgjgﬁmilépp Lodd éo Sl des of the

second thin film i ezoel ectric e fés | ve A se'élaﬁd nmet al
el ectrode fil|579aanE Hhintfilpopienonbealrat celendnt 1@113!- m SR Dl @r by,

electrically sﬂnpme@h@yf@uﬁ@zﬂ%'&ééyeelé@ﬂ?édé/ef% IDsc QL $13H! g %' Im
pi ezoel ectric ﬁge‘ﬂb? 310 i s covered W th flexible coafing resin 31 The

coating resi nP31% Theé¥PRYe il doMermsgiogpoefethei gecandnthin3iblmwi th t he
thin filmpi e)_z:bﬁmumtr:&l: eRment03 1110, Fkﬂbfaﬁcsivbiya t ORPnYi e¥e@bndhe

bl oroel ect 1] MSF et eRr s LB AR BB ALE FoREth ROt SFoekipg© 307,
t aken al®ng If--’nanle séoen eledixiesl BY. 20orkddt rey esa 31&dnanet 848B i n t he
respective thignddi v 313, The entire thin film piezoelectric
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



pi ezoel ectric el enment hol ding portions 308A and 3088 are forned at the sane
ti me when a conductor 306 is forned and patterned by etching or the |like, so
that the material and thickness of the substrates 315A and 3158 are
substantially 25 lIdentical to those of the conductor 306, and the substrates
315A and 315B and the conductor 306 are provided on the sagespaMshosThe
substrates 315A and 3158 and the conductor 306 are covered with an -
insulating material 316 such as ponihi%% Tesin. A side of the substrates
315A and 30 3153 are expored, to which side the thin film piezoelectric

el ement 310 ig; &t taehsg | v r.en between t thin film
pi ezoel ectric Jél enent Egloé%r#d}%eiaf'u%g% e@%%%%]}% '%urseerc}ﬁﬁ'ed.
Figure 36 is a bottom 12 August 2004 - 52 view of the flexure 307, as is
different from Fi gure3ghrdiourig 37 [11&1 S ASSrSeat i% i qyge&l%u trating

' ' 0 A&g'an

the thin filmlﬁne oeI%ctrlc el enent I ng portions attached

to the thin f¥ %%}i@z B PipgogtertAt c3abement e bl el s toTE B08% shown

in Figur® 37,aidaoshiatfddiaa nbwkﬁ@hrﬁﬂneb@aﬁah1@@&&81931%{&&%@910310/* gnd
Irst and secon

310B each i at | ayer rucgture conposed of the

thin film pi gggofeif 8{‘#?‘@?%?@‘?7%&’:'}31%/& ahown APRF198ras3Tndiie FRLRIGAR 38A,
the nmetal el eztezesleditiv &l2kend] 2GldingpporitdedsonloAnana- 31 o8 tedcn
substrate 318;{1apmi t4 o] o] t hat of .t first and
second thin ?lil m p‘?}gz%e ‘géc_tjr'l mgl g%ﬁpéug{?l%ﬁi@ggﬁg ?flﬁ?leAg%sWMq Fi gure
38B, the firstedend himfigine e zaaéctn] @ mmnailin 3B Bng IHiRh i s made

of PZT pg the like, is provided on.the netal electrode film 312A (3120

Therefore, the thin film ;t)li ezoelectric elenment 311A (311B
As shown in Figure 38A, the meta electrode

film 312A (312C) is provided on a 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 1s 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



I's nmono-crystally growm on the netal electrode film312A. 20 As shown in
Figure 38C, the netal electrode film312B (312D) is provided on the upper
side of the thin filmpiezoelectric elenment 311A (311B). In this case, the
pol ari zation direction of the thin film piezoelectric elenent 311A (311B)
is unifornmy a direction indicated by arrows A in 25 Fi gure38fsidl after
the formation of the film The |inear tg'garmal expansi on coefficient of the
nmono-crystal substrate 318 is higher than that of the thin film

pi ezoel ectric el enment 311A (311B). 30 Referring to Figures 39A through 39G

and Figure 4m1emm@tmef@ronp@oﬂaﬁbnarya%a&w@ubéyﬁatétrtiﬁigud@e%'l@e
descri bed. FI%LCJ{ 9A t hrough 39G shqw a&proce ure produci ng a

two- | ayer str Y RPN Himed B ey PTICAUGIRS ttIEp O in S Blm e| enent
formed on a rm!meeﬂrqxsﬂzailc slbRbA Bl Ef&:ﬂﬁl@ 40 iss sﬁo&h@.‘f@ﬁf{;ﬁréhﬁ’%ng a

net hod f d th f t I t of Ex 3. As
shown i n Fi g e 58 WA Bicel Foall FHRGE { (faBhxet Fhis TR T 1im 5
pi ezoel €t ri PiBzoMkACIZIA e ambret stﬂclm.d e[mi ad sHeoid atall idIaciAar e
0 Figure aon o JrAGaEelE Aof BN Thet e PR SO L alhnr i 118,

in Figure 39B,_a third ectro ars &
pi ezoel ectri {Figunm A0 3518013nd As fsmmmimfmum 9B oda thimi3déaare 10

formed on a mdwofgmsgghcsugstggggnal 1 ﬁir?Fquﬁaz %Qriéa‘s shown

in Figure 39C . the second netal é|ectrode m 31 and the

fourth metal HeRaHLEH 15 fﬂr’}dm%lf%"(rF“bqﬁaé- FIctgiodey B14P @xh ot her
using tihe cdiuktmid ve adEWRSHNMENIRS-Crivgtad d@baDIS08)3148 (FHQUYd No:

51302).

As shown in Figure 39C, the second metal electrode

film 312B (Figure 39A) and the fourth metal electrode

15 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

20 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

25 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

30 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.



Figure 39D, the first nono-crystal substrate 318A of the nono-crystal
substrate 318 is renoved by etching (Figure 401 S1304). As shown in Figure
39E, the two-layer 20 structure of the thin film piezoelectric elenents 311A
and 311B are dry-etched to be in the formof the thin film piezoelectric

el ement 310 (Figure 40: S1305). As shown in Figure 39F, a U fRct®fa the
second nono-crystal substrate 318B on which the thin filmpieZoelectric 25
el enent 310 is formed is covered with the coating resin 314 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 renoved by etchi t ain t thi,o fil I ezoel ectric 30 el enent 310A
(310B) (Figure 40: 8{1}%67??8%?% ?’ﬁgﬁ“’c H’&T“’f prBet ERaR Grb@tddas OBR 3128 and
t he fourth nmPeahsed ast poddapilng 8e2Bodr dnadiner gtelsentadhvenigionusi Ng a
thermal nelting technique using ultrasonic vibration. - 54 12 August 2004

Wet etc@ing or the like other than dry etching can be used as a shaping
nmet hod i”n the presenRefAY¥EAnHoko Elparer RPngone Bhdupé 2Be ¢hdneddlafl t he

thin film pipazeekeatti-a cebesmeht eirhtH 5 HWRf %@gg tg@?@ A 139%P

provided in gigglﬁ ﬁf the flexure 307 are connec fhe externally
connect ed t ePxinal cRof8i Ag™I8ALroRT3ERe LdBrERe 300ANECCOBIEEtRS &%t er nal
driving circtie. ektdefally ngohNeEt@ar & cininalnkegeaNeg t bere1349409wd 3198
which link the respegti hj i Im piezoel ectri ortions 308A and 308E in
the flexure g§75aitﬁgth%g%+?ﬁ€?& 219 actihe X550 lon IE4¥EN G, £igcKdti-c hi nge
portiond. 15ReRet@ingngda oF Fygue e3%1, 1fokaget ipprtieind Bl eghdodass i n the
thin film pi gaeehechibg o QIEMRIANL i 10Blin prasoelectric
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



wi |l be described. A positive voltage is applied to the netal electrode
films 312A and 3120. The netal electrode filnms 312B and 312D are grounded.
Figure 41 is a diagram 20 illustrating junction of the thin film

pi ezoel eotrie elenent 310 (310A and 3108) and the thin film piezoelectric
termnal 309A and 3098 at a position corresponding to the {(¥2x)gist2004
cross-section of Figures 32 and 34. A neidod for form ng ground connection
portions 320 in the thin film 25 piezoelectric elenent 310 (310A and 3108)
will be described. As shown in Figure 41, the first netal electrode film
312A and t herésimt31i4i n Fidahly .canehent meteal aramiinihl A ene siches: (a first

etching step)g r e th on t al ectrode film
3125, [n"the oroped Sore Recondieraie ool 2178 BagRoie PRt @bt and t he
conductive dhe’] vdegtzogectidnpitaDbyretfonineg 4secgnduntichi st 56 @) -
Thereafter, the first netal electrode film312A in the ground connection
portion §20 S coverqrd_ with the coating - 55 12 August 2004 resin 314.

Final ly,” ground netal™t%@RaRnd retgd 3ormiprl £hbns| 3¢l tdee sewomak e al

el ectrode film&12E soddihg feuréhazgetal ehact fedgebihPu3lgiareefQrned as a
ground el ect rggg eSlT(%gﬁrq?rao nd g&tgl terminal filns 321 are connected via a
bondi ng wire B7 5% ?3@8‘[‘3' e S HPMHREF R O9P EngePRRE(Fiquraneit) t er i nal s
3098 and 3090 X Mihpuifd.r34) elebmrbhe &onsbcelentipaeelGioMest (Biypald i9n 322
(Figures 32 : t af _{he | ng_resi 14 is renmoyed so as to 10
expose f he fi%g? ﬁ)%'apaglrteg r 642 ?ﬂg#)‘?n{%gi%ﬁéﬁ %Hs‘aﬂ'lsy,raf“ﬁ"e hBOf ¥firth

el ect r ot® corfiRIFthgoflreh B2tal Rilgwtoo@2fain 3428 peimibiriye qpating

resin 314 | s 0IRMBYAdChG R BBARack 18n I diP'Ra PheELLAACSI 4] 3124 A
shown in Fi gur e 41, the first netal elect Hdo ej’fcﬁsm 1§ Eg|Ulﬁet'5'hgaeefrénactrode

1). part of the coating resin 314 is removed &0 as to CXpOE®&
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



15 connection portion 322 and the el ectrode connection
el ectrode connection portion 323 are
the thin film piezoelectric elements 309A and 309D,

head support nechani sm'300 having the thus- constructed thin film
pi ezoel ectric elenment will be described with reference t°15UQRﬁEF2
43B, 44A and 44B. Figure 42 is a sideééiem/of t he head support™ nec

300. Figure 43A |Is an enlarged, cross-
pi ezoel ectric el enent 310A (3108) of

portion 323 in the
connected via the bonding wire 324 to
respectively. 20 The

, 43A,
ani sm

tional 25 view of the thin film
Figure 42 shown in the dashed circle.

The thin fildnegimzoel egih e tergpal s E and 309C (Figure 34) are
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The contraction and expansion of the thin film
plezoelectric elements 311A and 311B causé the thin £1lm
plezoelectric element holding portion 308A (308B) to be
contracted and expanded, thereby changing a dlstance L
betweemn a border portion 303X (Figure 365 with the thin £f1lm
bplezoelectric element holding portion 308 of the flaxure
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
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
thin £film piezoelectric 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
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



pi ezoel ectric el ement hol ding portion 308A (308B) to be contracted and
expanded, thereby changing a distance L 15 between- a border portion 303X
(Figure 36) with the thi-n film piezoelectric elenent holding portion 303 of
the flexure substrate 303 and the elastic hinge portion 319A and 319B of
the flexure 307 (Figure 36). At the sanme tine, the bend ofiatQigkivanal il m

pi ezoel ectric el ement holding portion-33% 20 is changed, |eading to a change
in the curvature of the thin filmpiezoelectric elenment holding portion 308.
Such a curvature change |leads to a change in the distance L. Therefore, the
change in thexenadedcand bhe théncﬁib@lnlezoeh@mgaiar@l@mamtnEﬂOBA¢dr|V|ng

voltage is apphtesctoqt he 2o Jlihe “ﬁm ez&el%@% rre];?géérgl%lA gnd 311B

in a polarl gtlon direction A shown in ure
pol ari zati on® 09 ¥ Re*thin erqr%ntBPeE}é%’Pé’c'ltlr"} @1eép@ﬁ‘ﬁﬁﬁ:§ig]ﬁ¥9mt 3318aare not

reversed, soiﬁ haxpandmﬂaiﬁe.ﬁlﬁit@étﬂénthﬁdiéléfbél'élﬁ&tﬁ&f?@'Ecéﬁac ?
i's a di agram Hfustrati ng

el enent re n a ure 44A

rotati o% of fﬁiﬁep ?z\?ﬁgﬁcf:%g tﬁ‘ﬁﬁ‘mlef’lt mPpP8z 38 &Qrvirachiashelt 810A i s -
57 12 Augus@ig@@ﬂi@mp@mmwwby laer riolwisn I, H:m piledee! ecind énel £1easr310B is
contracted. JhosH Ry Aq%ﬁeg %@@Lb%ageﬁ ﬁfigeg ureiLBaiPﬁHP n_the thin

filmpiezoelectric 'S expan a‘Pféd by
arrows E and®¥HeWsCt ® fihen -dplmplel 4@t rm@n'edt@tmm 08 iprepettbohed in a

direction |ng¢§@j_@,qi DY3IR! I OV Do f sl igler d t olding plate
303A 6{6 r ot i n_a, di rectlon? (%?%ate g 1@ g‘?r% Oihdﬁﬁi 8?‘@% 4G
ctin

cont a g tet ?’6] %c%?o‘ﬁovﬁﬁrPP@H93G3Qldﬁﬁeﬂéfr&Céioﬁh@ﬂ1mm pravk ded on
the 10 slidepr@videdomveditd Gignd ofi @t BolbeaekiBN-@fctaChnty Afdgnetic

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.



provided in the formof a concentric circle on a magnetic disk. Thereby, a
hi gh- preci sion on-track capability can be obtained. 15 A load on the

el astic hinge portions 319A and 319B wupon rotation of the slider holding
plate 303A is reduced so that the slider attachnent portion 303A can be
reliably rotated, since the elastic hinge portions 319A an /Qﬁg have
a mninmumw dth reqU|red for provision 9% t he patterned 20 co uctors 306A,
3068. 306C and 306D (Figure 31). A load (20 to 30 m\) Is applied to the
slider 2 via the plate spring portion 4E (Figure 29) of the |oad beam 4.
When the slider holding plate 303A is rotated, such a load 25 is applied

bet ween the dinple 4% ﬁk he sli der hoIdinﬁ pl ate 303A. Therefore,
frictional force det®f By 50 f FLEOXEnARBeoef | T IFRT hebaRBn3LiAE s i der

hol di ng pl aten8D8timgdof hehelithile £4Gm @iaaabu@dtﬂctameﬁbhéeﬁommgng pl ate

303A. Th b f l,..f th hol d | ate 303A
fron1be|ﬁées%°¥% f%%ﬁ#t%ag i g‘ %ﬁ&g iBﬁﬁﬁl?ﬁEero?£%TgﬁﬁlggP |gne3038

of the 2sl|iderdhct disegopdat beamSAldan dnm$iﬁaeilygr(ﬁiat athieonthhe €dimple 4G 12
pugust 2004 5BeaBeiSEELDG LORLAN fiodding? Joib Deaieslily gonsiaiing of the

thin filmpiezoel ectric el enent
p|ezoelectr|Eiémeﬂ%ﬂ¥°%&9%¢5ianﬁl%m%@toh@ﬂﬁe®n$315@ke@n305thqgsbidehe thin

film piezoehetding wlanedodohdi BEcR & hhﬁﬁe%%é‘%é E%ﬁ@% iaimg .
plezoelectrlcle% n;&%%3108 are |inked t he ?ate 03A in
such a manne?P¢hat R R qﬁﬂ?ﬁﬁﬁ?eqopatéhSOQAmE&ﬁ K€ pe tF@FﬁEGdby t he
di npl e14G andnrihatddnds o161 hahdl Mela@ 4GLsTheobeadalohStRE Oyl f8d-08 t he
slider 2 a distance F 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



a distance F fromthe dinple 4G The elastic hinge portions 319A and 319B are
each sufficiently flexible such that the slider 2 can be rotated 15 in the
roll direction and the pitch direction. Therefore, 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, a thin flAngesezpal ectric
actuator can be achieved, in which a _mg,(r?o-_crystal pi ezoel ectri'c el enent has
a two-layer structure, whereby a great displacenment can be obtained by a
small level of voltage. Further, the two-layer structure confers rigidity to
the thin fil mop eneelpecipose @ferRalck1hiie RRelchbRaSindd thlehd ik@S ORI E
frequency of tthl%e astyat or. Thergfo%g tlhe drivi r;rq frequency can be
i ncreased, therebi ThkiHY Pe SHEEETEVELYo "B ES (PYa hi FRAF by BIOBRLCHitng
char act eri st iT@spadseéesor ianechpgplides] violtislym.head support mechani sm of the
present invention for use in a disk apparatus, the head can be noved by a
smal | anount with great precision 12 August 2004 - 59 for the purpose of
tracki ng correction Eﬁe‘tgﬁé‘-l Fke hedl suppericmdchaniba ef fBH prelspovoved by a
smal | amount dnventasonegs & a81ARRbI Coh1ebiafe. 1 FUALBRT uldie 93q, support
npl e c

mechani sm of the present invention has a si structure 1 n whi hin film
pi ezoel ect ri ®IOZEREACITACe LPBEPEEI2ER RYQVAGPE @R b ngle Flsta odft @ t her eby

reduci ng manwdettureitey thereby fegtuédhg MaARMdcturing cost by a great

amount .
10
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.



10 Furthernore, in the head support nmechani smof the present invention, the
center of gravity of the small 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 w tf3oMigusgiggearting
fromthe scope and spirit of this invention. 20 Accordingly, |t i's not

i ntended that the scope of the clains appended hereto be limted to the
description as set forth herein, but rather that the clains be broadly
construed. 12 August 2004 -60 AMENDED CLAIMS 1. (Anmended) A head support
mechani sm conprising: a slider havingea-head attached thereto, for recording
data to and/or reproducing data froma disk: a slider holding plate for
holding the slider: a pair of syUNMENRER QMMSaving a piezoelectric el ement
attached thereto: elastic hinges for connecting the slider holding plate and
the pair of substrates; and a dinple for supporting the slider holding plate
such that t{Aeneidedlet hhal dippgrt pleahaiss, congtraigd in a pitch direction, a roll
direction, and Mﬁw dir t|on WH Leln the slider is rotated around t he
dinple in thé$ FYIB%IE Bachshdtheretor &y reﬁ?f&?‘lﬁr dag3 fmARd/ehreprodycingedpss  one
of the fpiegaakectric el errents 2. (Anmended) A head support mechani sm
according to claim1, wherein each of the pair of piezoelectric elenents is
st acked on tWél‘éﬁh%@ﬁéﬁkﬁtm@@elﬂmgfh@éhdeemd at Ieast one of the pair of

substrates is, %fsgyst&tégl 98{19%11 %Zoe?%g%%n@ g t}hﬁéﬁont raction and/ or

expansi on of | east  one €z0e €% as to rotate the

sl i der hol di mbaspd: hinges fr chreerinethy sﬁdéi%dhﬁglplﬁ&réndfm& PbSIHAETAL: dhdg to
claiml1, wher(!l nple is provided in a tip ion of a | dad beam for

supporting tRe 1§}Htlfdg? WBP%ﬁ“ﬁg the ékl‘éef }wldIP&rﬁéﬁﬁ@I é@l‘)h lﬂllahélmjslyiﬂb fokdingrpbiteais sm
accor dirh@teli9n & habiMiPectiVRE] S1MifelBor, A3E a RER Birection,

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.



includes a pair of regulation portions for regulating the rotation of the
slider holding plate. 5. (Amended) A head support nechani sm according to
claim1l1, wherein root portions of the pair of substrates are integrally
formed. 12 August 2004 -61 6. (Anended) A head support mechani smaccording to
claim1, wherein the pair of substrates and the elastic hifgggég@[god‘pr med of
an identical material. 7. (Amended) A head support mechani smaccording to
claim1l1, wherein: the slider has an air bearing surface so as to face the

di sk, the air bearing surface fornms an air lubricating filmbetween the disk
and the slider while the disk is rotating, and the slider is rotated around
a center position of the air bearing sygfface by the contraction and/or
expansion of at |east one of the piezoelectric elenments. 8. (Arended) A head
support nmechani smaccording to claim1, wherein the pair of substrates and

t he piezoelectric elenents are coated with resin so as to be integrated
together. 9. (Anmended) A head support nechani smaccording to claiml1l, wherein
the pai@ of(Asubstkdpsdsad supgott Ime:chhlgiﬁﬁ ia%dﬂﬂiﬂgg@clhﬁl\{ e, ﬁh@l@ﬁlﬁlﬁ@ b&ik og%btsﬁfﬁt@s Lor
transferring.a recording.sigpal and a . reproduction signal to an romthe
head aﬁngé%f’gﬂa%“ﬁ@%&eé?‘felf@m%& gefical matgHak upport nechani sm conprising: a
slider having a head attached thereto, for recording data to and/or

reproduci ng data froma disk; a substrate having a slider support portion, a
pai r of7- corldueended)sd hsad suppor orechamsy acmdiag teelaim of whdraist i ¢ hi nge porti ons

for connecti h | i der. attachnent portion and . the pair of conductor
substrate pogﬁ? %lh(%fﬁ?se%aéﬁﬁﬁayggﬁ'?g%?ess iaﬁiéqpaﬁ?)ﬁﬁiqﬂﬂ"pl ate for holding the

slider via thke alristafing@tshidsRMahs RATdF Mbriehtidd Blm Helsdehahe ?dislczmﬁfJ&%Sstlid%ooA'
el ectric elenents attached to the pair of conductor substrate

-62 piezq

port i oﬁ’é’,lleéh‘?zld‘ékllscf&&tlﬁéﬁdf or supporting the slider holding plate via a

di npl e provi i i i.0 r ch.that the.slider hol ding plate
| dedstider & rblald £Q5dd a&g‘e?@raﬁﬁéﬁl oPHhE Air bean%ﬂxrgacgib%%laq qﬁcg]ér@i:tgﬁ-n,

is rotated in a pitch direction, rection,
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;



wherein the slider is rotated around the dinple in the yaw direction by
contraction and/or expansion of at |east one of the piezoelectric el enents.
11. (Amended) A head support nechani smaccording to claim 10, wherein each of
the pair of piezoelectric elenments is stacked on the corresponding conductor
substrate portion of the substrate, and at |east one of thg Rad st

conductor substrate portions is bent by a binorph effect acco anylng t he
contraction and/ or expansion of at |east one of the piezoelectric elenents,
SO as to rotate the slider holding plate. 12. (Arended) A head support
mechani sm according to claim 10, wherein root portions of the pair of
conductor substrate portions are integwal-ly fornmed. 13. (Amended) A head
support nechani smaccording to claim 10, wherein: the slider has an air
bearing surface so as to face the disk, the air bearing surface forns an air
| ubricating fﬂléﬂ@eﬁgﬁ%@%@é}nérﬁéaatgic & Rfe %Q?o?édmﬁﬁéto%b ffat ghﬁlo%l Sak Is rotating,
and the slider is rotated aroun a cen position or T RE°AIY be ring surface
by the cont r acidadrbeann firosuppenpiag stherslidér MIdingatslhteOﬂe Dinihle poeaaeieatfip

el ements. .12 Au st 2004 -6 Anme A head suppaort pechani sm accordi ng
to cl aiferist ﬁ"t‘?éﬂteosi‘(ﬁle’b@%lﬁtnglpgﬁt @gatﬁ‘?}%il Pltgh diregiionat toth dpegtionons
for re@iuatyanglfdaﬁoﬁ otation of the slider holding plate. 15. (Arended) A head

support nmechani sm according to claim 10, wherein the pair of conductor
substrate porthess the stifir §ukttedaaiound dha Hinple éudbé gewr diccotibaryntantactorcoat ed

With resiise rgl?ﬁtg@?@gét%ggﬁ%%%v%é@g&t hef?gleﬁg, r(Ams\nded) A head support

mechani sm ac alrm of conductor substrate
portions and the pair of elastic hinge portions have a conductor pattern for
transf rr|n areﬁ)eégl signal, and a reproduction signal to and fromthe
head atlt! wppeﬁm@aymmcmrémgéwwrath@sw ¢ashred theapdieall f or

per f or rplétgete@tﬁerabﬁgm@rtg/ YoM 00 08! Drlifandy {0 Bogloskse and 2

head supt;))ort mechani sm i nc I ng, ing ReXd 184 o,

a sl i depbstataliand) apleadt @né of tthqja(h afg:ohdim:torsdubdﬁite pértipad Is leht by Bdimaip8efRach

having a. |ezo%ettr|% attached 1reto a pair, of elastic hinges for
connectThg R H&EE %8?“ WS 18‘? ﬁ@&/fﬁ %?tp@n%tﬂ’ao Aeleptione of e piezoclceiric clements, $b

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.



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 elements. 12 August 2004 -64 18. (Amended) A di gligiaPpgsAt 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-dask 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 regulating the rotation of the slider holding plate. 21. (Anmended) A disk
appar atlds ddgeandedigAt bead| sipport fechingsmi avcointg potlimns), afhetdie thaildadobeam
substrates,are integrally fornmed. 22. (Anmended). A disk apparatus according to
claim1 ,Eiu(\i/ﬁ’oié‘rp&lrnc’ftr%%ﬁﬁﬁ’?érpoﬁoné33%‘?5%&%5@&&0@2\@1 Og‘lhﬁélﬁl‘ii% heldipgrlatgr e f or med
of an identical material. 23. (Anended) A disk apparatus according to claim
17, wherein: the slider has an air bearing surface so as to face the disk,
the ai rlobedimifpdedy Aabead supaprt arechanism wecoudatg ity cldiinml Betvberin tthe pdirskf and
the sli [ i ' 1N nd the slider is rotated around a
center nggl}cﬁ}os Hﬁ%#a?%e%(ghgﬁsr &tﬁtlgé?nlibﬁs%ratg g‘P f g%eep lﬁf/oetleﬁgwc%ﬁ?ir"gé EForPaddy ‘3? resin
expansisoms tf be iategraabtogether. of t he pi ezoel ectric elenments. 24. (Amended) A

di sk apparatus according to claim17, wherein the pair of substrates and the
pi ezoel ectric elenents are coated with resin so as to be integrated together.
12 Augyst 20@4kndedd d - di ratus..acecording.to, claiml?7,
wherein thze( pai ?e(fojf Asﬁ%gt %@t‘%g gl(r%%ihdt%hsgd %E?gg{ﬂgc%hﬁad%s?ﬁ’a\vlvge%"bg}ﬁ%gﬁro?tl

pat t er gondictar subgifaty pontignaandetherpdimy dasgo dfingensbraorseipive dueindodtor fatedlfort 0 and

fromt %né}gﬁl%g%trtego%gﬁg s}g%g{, %8 a rezpfrsc')du%é(r)rr‘la E‘@,'Saﬂ)to Q\n(? Ifrcs)rif'l tlallg g?ardaatttl:cllghe%ci}rlrgrgtloél no:

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.



a head for perform ng recording and/or reproduction of data to and froma

di sk, and a head support nechani smincluding, 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 pair of conductor substrate pOfgtAg%%t%d‘h t he
slider attachnment portion, a slider holding plate for holding thhe slider
through the slider attachment portion of the substrate, a pair of

pi ezoel ectric el enents each respectively nounted on a pair of conductive
substrate portions of the substrate, and a | oad beam for supporting the
slider holding plate by a dinple providged 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 rotated around
the di npl e d W gl ' b cont ti.gn _.and/ or ex i on. of .at

| oast one. of THeDY B ik, Sphlratls Mechitfe® 00 AR, 121 auBPon e R B et
accor dipigotiectric ailemas isvitked on elac boredfspbinp aibistrate, aftl ©ZI08dt @Gk loif CheShB/FBALS 1 S
stacke% g&ﬁ%he orrgsg ndinSJ%fnductor substrate portion of the substrate,
and at “FRAICSREYrOX ALIBEEPR Fiech BranpepYing i eoniragtion ard srransionisdit lepst a

bi morprbnefofﬂ@tpiez@ezé@tm@nwﬁéﬁ%,kaﬁsfaqeiaE@tﬁEkf?&br%féﬁrﬁgm pansion of at |east one
of the piezoelectric elenents, so as to rotate the slider holding plate. 12
August 2004 -66 28. (Anended) A disk apparatus according to claim 26, wherein

[ fr. 4N [ f d ub : | of the subst
e i ntcor a1y Ferrsdneagrateus BRATHTE X o T Lyyieril it Al ey e iedim 26

wher ei porticnhe adbadigranhys sagpodtiny e alidddBokliid Ag@. SO as to face the disk, the
air bearing surface forns an air lubricating film between the disk and the
slider while the disk is rotating, and the slider is rotated around a center

posi ti og of aAthhgdatyr L I ti.0n nd/ or. expansi on of
at | east on(e of dt@(%l)eA Eﬁgzagg g@? r %%9§Pg¥roeéll? 12“ ?g’gb ﬁ%%ﬁetﬁ%leoa? bRl Cﬁ“‘%ﬁﬁ‘d’fﬁé& us
accor dichtpgutatioh apriiods forubgraing thé ethtacb fhleastidenbbldiglaepai r - of regul ation
portions for regulating the rotation of the slider holding plate. 31.
(Anmended) A di sk apparatus according to claim26, wherein the pair of

conducer (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.



trate portions of the substrate and the piezoelectric el ements are coated
3f?ﬁ resinpso as to be integrated together. 32. (Amended) A disk apparatus
according to claim 26, wherein the pair of conductor substrate portions and
the el astic hinge portions have a conductor pattern for transferring a
recordi ng signal and a reproduction signal to and fromthe fiegehat b@shed
thereto. 12 August 2004 HEAD SUPPORT MECHANI SM AND THI N FI LM PI'EZCELECTRI C
ACTUATOR ABSTRACT OF THE DI SCLOSURE A head support nechani smincludes a
slider for carrying a head at |east for perform ng reproduction of data 5
froma disk, and a holding portion for holding the slider. The holding
portion includes: a first portion inclgsing a first piezoelectric elenent; a
second portion including a second piezoelectric 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 |east one of the first and second piezoelectric elenents is

ahdelt apparat Gica:cedlln am chith97awhéid the pairdflsebstlafes ansd Wid ace
Contraéﬁed(émﬁmé%b pparapis e i ed vglta e so@?hat the slider 15

o ovi a S0 Singk PV 8 RBETERG P er B JFBateiing, hac b Hips ciebrn Acepmdneian of
rotati @ignal[toSEﬂlﬁGiEﬁﬂie htsdRbachedthdRE 1

26.  (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 thercto, a substrate having a slider support
portion, a pair of conductor substrate portions, and a pair of elastic hinge portions for connecting
respectively the pair of conductor substrate 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.
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28.  (Amended) A disk apparatus according to claim 26, wherein root portions of the pair of

conductor substrate portions of the substrate are integrally formed.

29.  (Amended) A disk apparatus according to claim 26 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.

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.





