1 HEAD SUPPORT MECHANI SM AND THI N FI LM Pl EZCELECTRI C ACTUATOR BACKGROUND OF
THE I NVENTION 1. FIELD OF THE | NVENTI ON: The present invention relates to a
head support 5 nmechanism provided in a magnetic di sk apparatus for use in

a conputer storage apparatus and the like. More particularly, the present

I nvention relates to an optimal headlsupport nechani smfor high-density
data recording, and a thin filmpiezoelectric actuator suitable for the
head 10 support nmechanism 2. DESCRI PTI ON OF THE RELATED ART: Recently, the
recording density of a magnetic disk provided in a magnetic di sk apparat us
has been vigorously 15 increased. A magnetic head for use in recording and
reproduci ng dahp duprert MECRANIBMTERYNGe /i gkrirsotyigieat | AcTuprawvi ded on a
slider. The slider carrying the nagnetic head is supported on a head

support nmechani sm provi ded jn manetic_dis us. The head support
mechani sm has a 20 head acﬂ%&ﬁéﬁR %“’t%#ﬁ%gghﬁ?ﬁﬁgg# er is attached. The
head actuator armis rotated by a voice coil nmotor (VCM. The head

provi ded on Hbethégfégi@gELgﬁ%gN%&O%n arbitrary position on a nagnetic

di sk by controlTin col'l""“notor. 25 Hi gh-density data recording on
a magnetic di sk reqiheeprashngh iireresitiofn prebites ptei & dwiadg BIPRGRE

magnet i he !eakﬁ e td ani gagpet hgahgad is
perforn%d byﬁgﬁ% ?%f@??%éﬁtﬁgi%ggl acgﬁgggfﬂg?g%a%ﬁgﬁe 38§i2§3 probl em
in that the postemputay oftemageagmemarafat 4na | gthe pritkge. TJM@AI d such
a problem apheadca¥AR9Y., the present invention relates to an optimal

head support mechanism for high-density data recording, and

a thin £1lm plezoelectric actuator suitable for the head
10 support mechanism.

2, DESCRIPTION OF THE RELATED ART:
Recently, the recording density of a magnetic disk
provided in & magnetic disk apparatus has been vigorously
15 increasad. A magnetlc head for use in recording and
reproducing data to and from a magnetic disk is typlcally
provided on a slider. The slider carrying the magnetic head
is supported on a head support mechanism provided in a
magnetic disk apparatus. The head support mechanism has a
20 head actuator arm to which the sllder i1s attached. The head
actuator arm is rotated by a voice coil motor (VCM). The
head provided on the slider 18 placed at an arbitrary
position on a magnetic disk by controlling the voice coll

motor,
25
High-density data recording on a magnetic disk
reguires a high level of precise positioning of the magnetic
head. In the case where the positioning of the magnetic head
is performed by the VCM rotating the head actuator arm, there
30 is a problem in that the positioning of the magnetic head

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



mechani sm has al ready been proposed which achi eves high-precision
positioning of the nmagnetic head. 2 Figure 45 is atop viewillustrating a
conventi onal head support mechani sm 400 for ‘use in a magnetic di sk
apparatus. A head 402 is used to record and reproduce data 5 to and froma
rotating magnetic disk (not shown). The head 402 is supported on an end
portion of a suspension a= 404. The othegr .end portion of the suspension arm
404 is supported on a projection portion 408 provided in the 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

apparatus In such aTABUE Soibd: BPaY LSt GACAR AP Ad0e el A

apparatus | n such a fEnner
per manent nagead (suppeshbwmpchanflisred 0o fde uearrirage 4MgneXidy i gesroil 414

as a part of I C | [ Ixed I ng._is . controlled by
an excitati g%pégg?r%?ﬁt' fA%émgﬁga?%é%epﬁ?éguah?r%ogr&;%lr%lﬁ gggrgggcei Q#Bt at ed
on the &xis Y Aromyai madaddinidomagne hibc 201pkr rtavdntsinmgmet  afidet he

arive coil 4hbadhe2ells dispoleadl 0%ahsofiRV gl dh YOSt allbaLhy, padi al
direction of a magnetic di'sk. A pair of piezOelectric elenen % are
provi ded 25238 W8n t BBecathpigendoBorhionhef sthpepizspenatandrm 304

| ongi tudi nal 1@ Begpiudtediord ke gHERAALRA W@l S Piév136& $hi 8Rk! Y
deviated from,the | ongitudinal direction of the carri;age 406 in opposite
directions. TH® Bﬁ‘s‘géﬁgi% 2 SARrAes e L0& AR 8YChi @ MADEL B F°aﬁ@EF§P range

on thel80 prej¢dtnoe pmalioandd8 asfgal 670t Ke SpiFd PEEt Ddnthert Conraoge 406 by
expansi on OrAPBQLEa83L9Eo€J8%‘%&%‘34%?%4&%‘406 1s supported on an axis
meniber 410 £ixed to a housing of the magnetié disk apparatus
in such a manner as to rotate on the axis member 410.

15 ' A permanent magnet (not showﬂ) is fixed to the
carriage 406. A drive coil 414 as a part of a magnetic
circuit 412 fixed to the housing is controlled by an
excitation current flowing therethrough. The carriage 406
1s rotated on the axis member 410 by interacticn 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 pair of plezcelectrlc elements 416 are provided

25 between the carrlage 406 and the suspension arm 404. The
longitudinal directions of the pilezoelectric elements 416

are glightly deviated from the longitudinal direction of

the carrilage 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 Al4 of the piezoelectric elements 416,
Thereby, the head 402 attached to the tip portion of the



i ndi cated by arrow Al4 of the piezoelectric elenents 416. Thereby, the head
402 attached to the tip portion of the Suspension arm494 is noved along a
Surface of a magnetic disk within a snall range so that the head 402 can be
precisely placed at a desired position on the magnetic disk. 5 In the
conventional head support nechani sm 400 of Figure 45, each piezoelectric

el ement 416 is Interposed between the-sdspension arm 404 and the carri age
406. Side portions in the |longitudinal direction of each piezoelectric

el enent 416 contact the suspension arm 404 10 and the carri age 406.

Def or mat i on SFRERRAPIATE A3 24 ile Mavak Ml YEs & Suddanenh @sdspaasedd car m 404

to be rOtate@iﬁk &f@miﬁhaIuﬁﬂhﬂﬂﬁah§eswdﬁ%ﬂatdtﬁB'%@H& dde other peords.
a vol tage |s ép ied to eac el ectric elenent 416 to cause the

rotation of ng’llaﬁ’e ZPO esixediRemption pa Ehgr?h‘lgna*d'l"sﬁli&‘errent of
t he head 402 However, the head 402 does not almays fO||OMlthe voltage

appliedo each piezoelectric el nt 416 reat pr I on. IS thus

unllkely that the heéP e ﬁ§?£§§§¢-éﬁﬁég o d@EF &4 sﬁoépp'Sﬁ 20
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a head suppon ncludes: a_slider carryi 5 hea t | east
A L et E I I L Ly ST ST At

for perform ng reproduction o ﬁb p on for
hol di ng t he $dmtdronsTheinhol thag pbmmgbnudlm&hdesiimdtim pdrti each

el uding 2 Yifisloo MAZREL SELL €SB Lon Psectnd BRCDLABRCLUL B |

second i ezoel ectric el ene I On conneéec
second Yorti Gl thee cATTRTS 406 prwmbipmmf eathdpporcpdactand a

fixing porti een¥nt 486G lted tha! suspension arm 404 to be rotated so
that the head 402 1s slightly displaced. In other words,
a voltage is applied to each pilezcelectric element 416 to
cause the rotation of the suspension arm 404, resulting in
15 a small displacement of the hoad 402. However, the head 402
does not always follow the voltage applied to each
plezoelectric element 416 with great precision. It is thus
unlikely that the head 402 is precisely placed at a desired
position.
20
SUMMARY OF THE INVENTICN

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
pilezoelectric 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 rhe first and second
p}ezoelectric alements 18 contracted and expanded in a



and second portions. At |east one of the first and second piezoeloctric
elements is contracted and expanded in a - 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 around a-
predeterm ned center of rotation. 5 In one enbodi nent of this invention, the
head support mechanismfurther includes a | oad beam provided at a side of
t he hol di ng portion opposite to the slider. The |oad beamincludes a dinple
projecting toward the slider 10 in such a manner as to apply a load to the

stider. The NpLildoR Al Aild AP JGUASS B Bl LatehhMALROMIN T or
joining .the first and third portions, and a second Jjoirning portion ‘for
joi ni ng the sEtoMP REPLHITR POranoRRPlIng vphphee sO phoati dbe stligder

subst anti al | yprawithen Pt thad Waen ke ﬂdﬂtﬁ?an 13 AN o306 Y JQJUAP 4

portions. In one enbodinent of this invention, the first and second ] oining
portions inclRIREYSIRINGHY caREeME @f akPtatlpnnges, respectively, each having
a wdthsufficient to 20 reduce a load required for rotation of the slider.
I n one enbodi nent of this invention, the first and second portions include

first and second condutt 8Pep &R rery ofEddd Ll oAGVERE PPN st thBd Pe&Eond
el asti c hi ngesypiRort emedein ezt Furthexf instivaed seToad wmas proviageateach

pat terns, redbate o YRR haTH g RRERLRE' GFbORELS | fG e ot ks 30
support mechakiarin bean Horcludésidesdimpleaprbgant pngvidedrat thesisdd defr t he
hol di ngy gor t 1 9N 5ABRBSHLANLY dd'€oHIFSF a 10ad to tha s11der. The holding

portion further includes a first joining portion for joining

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

for Joinlng the second and third portions. The dimple is

provided at & substantially middle poirnt between the flirst

15 and second joining portions. ;

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

20 reduce a locad 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 mechanism further includes: a load beam provided
at a side of the holding portion opposite to the slider;

and a glider holding plate provided between the third portion
;ch:luded in the holding portion and the load beam. The load



and a slider holding plate provided between the third portion included in
the hol ding portion and the | oad beam The |oad 5 beam i ncludes a dinple
projecting toward the slider in such a manner as to press the third portion
via the slider holding plate. The slider holding plate has such a shape
that the center of gravity of a conbination of the slider holding plate
and the slider substantially correspondssto the predeterm ned center of
rotation. In one enbodi nent of this invention, the | oad beam includes a
regul ation portion for regulating the slider 10 holding plate. In one
enbodi nent ofeahiinginukd iodimphe propéetingont@aedsd ahposhidelr 1hes i Lder

hol di ng pl atg _t r sl der . i | at essi the third
portion in s%gﬁ%g%%ggﬁa%onérggstshgﬂt’gmqi%g?gg5%&‘(%?1%‘%5%@8?5?& T all
directions iptatei ndhe @licte mihcdatiing platreohlesdsueht & oshapanthat yiave
direction. | enpogi Of ot Qi §, 1 ,an, th e part
nechanisnlfug?ﬁggriﬂglggggglg Fgag Eggﬁﬁggg&%gégka?h% %ﬁ'gég%%#ﬁéﬁﬁg?ding
porti ons oppodidtet gnghethei gddderangubs tantibnlhy| dianrasrarsdpr oei dde bet ween
the third popib@dtetnehydedehRateobdia?goROrti on and the |oad beam The

| oad beamincludes a dinple projecting toward the slider in such 25 a
manner as to press the third portion via the slider holding plate. The

slider provided on the dd reshuddnent i taligt eHveftibhe ghoPiSaddddrg as the
pr edet er m ne I n one enbodi nent of thl% i nvention, the

center of rotatiaon.
second 30 p ?f%%a?sapF@ﬂ LR RAFELPHehREr FRAYL A5 1R e & lids%en the
secondliportilalandgt heaga;face of the disk I's substantially equal to a
di stance between the first portion

In one embodiment of this invention, the dimple
contacts a pdint of the rlider holding plate to support the
slider holding plate pressing the third portlon in such a

15 manner* that the third portion can be rotated in all
directions including a pitch direction. a roll direction,
and a yaw direction.

In cne embodiment of this invention, the head

20 support mechanism further lncludes: a load beam provided
at a side of the holding portion opposite to the slider;

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

beam Includes a dimple projecting toward the slider in such

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

on the dimple acting as the predatermined center of rotation.

In one embodiment of this invention, the sacond
30 portion 15 provided in such a mannear that a distance hetwaean
the second portion and the surface of the disk 1s
substantially equal to a distance between the first portion

and the surface of the disk.



and the surface of the disk. 6 In one enbodiment of this invention, the
first portion includes a first electrode for applying a voltage to the
first piezoelectric elenent; and the second portion |Includes a Second

el ectrode for applying a voltage to the second piezoelectric elenent. In
one 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 direction substantially parallel to the surface of the

di sk in such 15 a mapner that at | east one of the first and second
substrates is bent tR £P@ r¥eRodHeREr PRg 319 chiventieg. ditde, ®eshat the

sli der carrypﬁgtlbﬁ mnaduaasratﬁiﬁdtbal@cﬁﬁ@&é 96@U@§pl¥ﬂn§-¥aW$IEé§§5'On
first an

20 I'n one e this i tio | east qne
second pi ezoegegf? nzlcuégf%%ﬁzsoqqse qiﬁtq mntanﬂngxﬁﬁﬁd%ﬂc?lﬁ PHTERR | on
subst anbi al | ynpandbket secvhd esactroaeofotheppligknyna susht @g@arwernd hat

only one of | n nd ubstrates is bent in a direction nearing
25 or IeaV|n%Q§ nh Pi&z%eieﬁﬁgﬁ % R CHo  Fer carrying the head is rotated by

a small anount in a yaw direction. In one enbodi nent of this invention, the

first and second poEgi Irsféﬁﬁ%ﬁ{mégelgge Eﬁf t1§99n§f8ﬁndtkleﬁhgl1-3o

materials covering t second pi ezo€el ectr enent's t he
first and seBPBRH18DbIdMcdigios rashrst veupstrntane Enbodieromd gfontlien

inventign, thgoshkd8" A8Ssdcond substrate. The first and second
substrates are provided along a tangential direction of the
disk. At least one of the first and second pPlezoelectric
elements is contracted and expanded Iin a direction
gubstantlally parallel to the surface of the disk 1n such
15 a mannex that at least one of the first and second substrates
is bent in a direction nearing or leaving the disk, so that
the slider carrying the head 1s rotated by a small amount
in a yaw direction.

20 In ona embodiment of this inventlon. at least one
of the first and second plezoelectric elements 1s contracted
and expanded in a direction sub'stantially parallel to the
surface of the digk in such a manner that only one of the
flrst and second substrates is bent in a direction nearing

25 or leaving the disk, so that the slider carrying the head
1s rotated by & small amount in a yaw diraction.

In one embodiment of this invention, the first and
sacond portions further include first and second flexible
30 materials covering the first and gsecond pilezoelectric

elements and the first and second substrates, respectively.

In one embodiment of this invention, the siider has



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 nechanismincludes: a slider for
carrying a head at least for perform ng §eproduction of data from 10 a

di sk; and a hol ding portion for holding the slider. The holding portion
Includes: a first portion including a f tr_ st piezoelectric elenent; a
second p]?rt i ?zm janct oiaglrey SeRdate @inez:ﬁek-acraﬂi SpetrepeNhte adr ae TdwiNg
portion for

' ' fLrst_a ort At least o of t he first
and 15 secon plezoe$ CP?#EBSPeﬁgﬁ épﬁ¥W%3?§ﬁ é;&ﬁﬂéhﬂ#
direction subStbnd it iylqrari Iaedrm'rgeai sur fthee afcéﬂﬂﬁeer@i(ititﬁhtdE mfeesence
of an applied,yplt n%%% t S und a predeterm ned
center of rotaf?on 1t Q %f%E%bo%ngégﬁggﬁéﬁ& $Sﬁ Pﬂ%ﬁﬁdé@ %ad
beam 20 %rOV|EE%ﬂ%ﬁe§mtﬂﬁé géntar hél dotgtpent.i on opposite to the slider;
and a slider holding plate prOV|ded bet ween the holding portion and the

| oad beam and provi ded at position corresponding to the slider. The | oad
beam i ncl udes a di nﬁ%c%%}%@ttPr@“?MF@Wtsﬁ d&e prererh iaveatden,.as to

ol ate has Such o hooe T har B aenn AR B I SAFTA the
slider hol di Yy rb?%&eggnfnea?ﬁefgﬂ E%ngﬁﬁéﬁanFPEFPﬁué’Gﬁ-PésQé’n&gttao firipm

pr edet exdri neca dtevk eranef ar Rbaklag. pSQtB.BnOElQreH@Pdiﬁ@nEhé)fa]Iﬂi& | Nyt i on,
the hol ding perd]en Jui el 1hBSLUASY & FNLId BOrtion, Lhe,gllder, elng
piezoelectric element a second portion including a second
piezoelectric element; and a fixing portion for fixing the
first and second portion. At least one of the first and
15 second 'plezaalectric elements is contracted and axpanded
in a direction substantially parallel toc a surface of the
disk, in the presence of an applied voltage so that the slider
18 rotated around & 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
g8lider; and a slider holding plate provided between the
holding portion and the load beam and providad 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 8lider 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 belng
provided on the third portion. At least one of the first



provided on the third portion. At |east one of the first 8 and second

pi ezoel ectric elenents 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 around the
predetermned 5 center of rotation. 10 In one enbodi ment of this invention,
the holding portion includes a first jogning portion for joining the first
and third portions, and a second Joining portion for joining the second and
third portions. The dinple is provided at a substantially m ddl e point

bet ween t he &ndstseamd seringbé Didt Agc POs T dRdsts | NLONe B rent Hiathis

I nvention, t kder ,is 15 .rotated on the di correspondi ng tq the

pr edet er ni ne%ﬁp%%ﬁ gr & ?og i %.“ﬁ"n %ﬁBsgﬁnggﬁﬂt R et | ﬁgerﬁl’i‘%n. t he
second port$enfassppdHildediisk,sdohthenprasenthad £ aapsh 51 @d e bedyeasb 20 t he
second porti e..di s _.substantially equal to a

di st ance bet%%ﬁn?h%hﬁi?g E’%%?ti?’%nagaﬁgkgﬁgdsﬁ?@‘z '%er. Pﬁ@‘%ﬁtﬁ%m%ﬂt%gr di ng
to stil? anot®REeBspBcrosating.present 25 invention, a nethod for producing
athin filmpiezoelectric element, includes the steps of: a) formng a first

metal electrode film a first thin film piezoelectric elenent, and a
second netal el ectrotfe ?7¢n¢@po@dimenst o§ubbtsatavientipni s tvedéolddnd or mi ng

a third netapoeteshr 088104LE ads 80809004 iLY gokitg%p%%%oalo 9{]1&{5& tfz‘lc?e”e“t’
and a fourth_petal |l ectrode filmon~a second substrate in this order; c)
att achi ng th%lE%*EcPrﬂn‘i d pegddosde pREnRtBeeeRd fiRring portion for

10 joining the second and third portions. The dimple 1is
provided at a substantially middle point between the first
and gecond 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 lnvention, the second
portion is provided in such a manner that a distance between
20 the second portion and the surface of the diesk is
substantially equal to a distance baetween the first portion
and the surface of the disk.

According teo still another aspect of the present

25 invention, a method for producing a thin £1lm plezoelectric
element, includes the steps of: a) forming a first metal
electrode film, a first thin film pilezoelectric element,

and a second metal electrode film on a first substrate in

this order; b) forming a third metal electrode £film, =a

30 second thin f1ilm piezoslectric element, and a fourth metal
electrode film on & second substrate 1in this order:

¢) attaching the second metal electrode film to the fourth
m_etal elesctrode film:; d) removing the first substrate by



metal electrode film d) renoving the first substrate by 5 etching; e)
shaping the first netal electrode film the first thin filmpiezoelectric
el ement, the second netal electrode film the fourth nmetal electrode film
the second thin filmpiezoelectric element, and the third netal electrode
film f ) covering the first netal electrode film the first thin film

pi ezoel ectric element, the second netal gelectrode film the fourth netal

el ectrode film the second thin filmpiezoelectric elenent, and the third
metal electrode film with a coating resin; and g) renoving the 10 second

substrate b}eta:ttﬁ:h'ngﬂg ebnsnapiﬁgbaﬁiemrﬂrsﬂ rﬁéﬂssli@y@@t'r@aa thenf,i n3le and
second substfég re e E st al strate. 15 1 In one enbodi nent
of this invention, g?ﬁ% ?ﬁ BaP q&ﬂé;%é Qx) P ent tRE ERECPA Setedbstrat e
is greater tehiear t ke |fidemr tepioistth redef) kdieentrodie £hemf |1rrsé stehﬁolmdf | I m

pi ezoel ectri e pa oeffigcient of

substrate i s%%a?ﬁm“t éﬁ]sfhgﬂgéﬁggé é;%é{ﬁ%?'g dccogﬁ?l cti}%jh’f of"et second
thin fi3m pietectrede fd lg efidncoveniogetleerifddistene tal dldstrodedtlilon, step
c) Include n il rtth meta

Serid traGhid thﬂefdfﬁtﬁ:i{/l%z’ﬁ]%sct\j{ei%%g%gngnft i ré;k?ndd frRUY

electrode filmusin g con rrent of this
i nvention, stEFEN0de fdllme$het faunthdeatal §é§§ﬁ@‘0ﬁ§téllm dthg sésonid mto

the fourth el fshactﬁ%élé&f@é N@13nfeRq, M dEkheNGn {68 N4 1USi Ng

ul trasonic vipration. In one enbodi ment of this Invention, step a) |ncI udes

form ng the $H9SEE9E8 it $1m m ¥t &y Gelcaating dlesiayt and g) removing the
10 second substrate by etching.

In ona embodiment of this inventioﬁ, the first and

gecond substrates are each a mono-crystal substrate.

15 + In one embodiment of this invention, the llnear
expansion coefficient of the first substrate 1s greater than
the linear expansion coefficient of the first thin film
plezoelectiric element. The linear expansion coefficlent of
the second substrate 1s greater than the linear expansion

20 coefficient of the second thin film piezoelectric alement.

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

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

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



In such a manner that a polarization direction of the first - 10 thin film
pi ezoel ectric el enment substantially corresponds to a direction

perpendi cular to a surface of the first thin filmpiezoelectric elenent.
Step b) includes formng the second thin film piezoelectric elenent In such
a manner that 5 a polarization direction of the second thin ti.1 m

pi ezoel ectric el ement substantially corrgsponds to a direction

per pendi cular to a surface of the second’thin film piezoelectric el enent.

10 According to still another aspect of the present invention, a thin film
pi ezoel ectri gnd@vEcemi pLésfeseclribi & Bima®t Auvd €A £ PEE1§iddRrdsddh@s thin
filmpiezoel ectri el ement provided on the first netal electrode film a

second et al*%eP TR I BATRAR FRH -G teng §4553Ce Nt the fiTst thin
pi ezoel ectri €1eepeBkpedekhtirid aRbalentl.ecttopebfiimtlddescEoRMiAfitndil m

pi ezoel ectric_el enent, provi ded on the thir metal _electrode film a fourth
metal el ect r S8EORA R SR gLegRe BT EaE PR T 1 PHCRiRBBBRRL TRt

el enent 5 andaadipediard zateans fAdireadtbohi ngft hehaecaedon® altiglectrode film
to the 20 faqurth tal .electrode fil n_one.enbodi nent _of .this invention,
the thin fil BLeROsTestEats | eLagorte PUPEREPERRLTNaeCorErPRERaopDi i moans
for applyi ngddresitiagepevpehdichlarfid m pirfzosd edt the st aaVitbén Thimvol t age

appl yi ng nea incl : [ terminal for applying a driving voltage to
the first angiatz%igggq}%?’ﬁa%ge“cﬁ rto'de films; and a second termnal for

groundi ng the second and fourth netal electrode filnms. 30 According to still
anot hen gaspect of th@cRHe#Rg " %F1010Rin A MGG sHRPOTd e MBI 5Y S4B A £CI udes:
a slider forinvention, a thin fllm plezoelectric device includes: a
first metal electrode film; a £irst thin £ilm plezoelectric
element provided on the £irst metal electrode £f11m; & second
metal electrode f£ilm provided on the first thin film
1s plezoelectric element; a third metal‘electrode f1lm;: a
gsacond thin film piezoelectric alement provided on the third
maetal electrode £ilm; a fourth metal electrode filmprovided
on the second thin £ilm plezoelectric element; and adhesive
means for attaching the second matal electrode £ilm to the

20 fourth metal electrode £ilm.

In one embodiment of thils invention, the thin film
plezoelectric device further 1includes voltage applying
means for applying a voltage to the thin film plezoeleaectric

25 device. The voltage applying means l1ncludes: a first
terminal for applying a driving voltage to the first and
third metal electrode films: and a second terminal for
grounding the second and fourth metal electrode films.

30 According to stlll another aspect of the present
invention, a head support mechanism includes: a slider for
carrying a head; and a holdingportion for holding the slider.
Tbe holding portion includes: a first porticon including a



carrying a -head; and a holding portion for holding the slider. The holding
portion includes: a first portion including a - 11 first piezoelectric

el enent; a second portion including a second piezoelectric elenent; a third
portion connected to the first and second portions, the slider being
provided on the third portion; and a fixing portion for fixing the 5 first
and second portions. The first and seeotd -piezoelectric elenments include

t he above-described thin film piezoelectric device. Thus, the invention
descri bed herein makes possible 10 the advantages of prOV|d|ng (1) a head
support mechBhFSnfigzaskedtric dilsmegtparat asconti pox eheb|los: udisegl & 0 nove
by a sndl | Y Si,0 racklng
correction g%l%&%ﬁ% li keog!é&]g{‘?%ﬁllee?ll{egﬁd’ Ehig& é%ﬁf&é%ﬁ%c‘%%gad
support mechit shdFat ard ?ﬁcﬁnélERrIQOaﬁpaﬁéﬁuﬁliﬂﬁFcbeénabpcgvadh@ad to
move by a srmhltnéilﬂpiﬁ@wﬁwni ha i %tfﬂﬁfg ?Jd}r{:i% G Fle 19fg dngo! tage;
and (3) a tﬁéﬂ¥flln;8éezoelectrlc act uat or erably used for such head
suppor t° mec Tﬁ%gﬁnﬁndPBFﬁéPnﬁdvant35@5 6iTrERke PREsesPTORFent i on

will becomepﬁmmﬁéxmctﬂibheiam&htb|aﬁdﬂhddﬁtﬁﬁtaﬂﬁﬂe 84888r18edafdhin
under st andi n # zo gn gfgﬁtgﬁ gﬁ description with reference to the
acconpanyi ng’gjr oF % 95°8 $ERPPTI ON OF THE DRAWNGS 30 Figure 1 is a

per spective viemllllustratlng a head support nechanismaccording to Exanple
1 of the present 'n]\.ll%ﬂ %ﬂe fﬁggﬁgiunldsescri%(éad Btda.‘ne:gin erks Ee%%ls\éeib Ieew
10 the advantages of providing: (1) a head support mechanism

for use in a disk apparatus, which enables a head to move
by a small displacement 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 dlsk

15 apparatus, which enables a head to ;move by a =small
displacement with great precision by control of a voltage;
and (3) a thin film piezoelectric actuator preferably used
for such head support mechanilsms.

20 These and other advantages of the present invention
wlll bacome apparent to those skilled in the art upon reading
and understanding the following' detalled description with
reference to the accompanying flgures. |

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a perspective view 1llustrating a head
support mechanism according to Example 1 of the present
invention.

30

Figure 2 18 an exploded, perspective view

illustrating the head support mechanism of Example 1.



illustrating the head support nechanismof Exanple 1. - 12 Figure 3is a
perspective view illustrating a slider for use in the head support
mechani sm of Exanple 1. Figure 4 is a bottomview of a najor part of a thin
5 filmpiezoeleatric el enent substrate for use In the head support

mechani sm of Exanple 1. Figure 5is a top viewillustrating a major part of
the thin filmpiezoelectric el enent substyate of Exanple 1. 10 Figure 6 is a
cross-sectional view of Figure 2 taken along line X-X. Figure 7 is a
cross-sectional view of Figure 4 taken 15 along line Y-Y. 20 25 Figure 8 is
a side view of a mj Bilgpaet 3afs &hpee ekt Seppdbly IEDNST S04 sRxpORbE 1,
used for’ explaini p ti thereof. Figure 9 |s side view of a mmjor
part of the EggdhgguB’go??}%n%%%gnissur%poqrtExmangTaemfm uosiil ¥ARLRy bt ai ni ng
operation thereof. Figure 10 is a top view of a major part of the head

support nechani sm of p I l=Nj rat.i her eof .
Figure 11 is a perspeE?ia\%g 3i %%éllﬁ%&s‘{%ﬁﬁg) gkhéégfg’jc%g%sa%gpg’&t 3n€‘3§ ni sm
accor di Rg t ofdBtEnplezecdpotrd cprdement isnhaitdedre fleimurse 1 | tharhexdl oded,
perspective %ugWortlRechhhdshi dl Rk N1@ad support mechani smof Exanple 2.

Figure 5 is a top view 1llustrating a major part of
the thin film piezoelectric element substratc of Example 1.

10

Figure 6 ls across-ssctional viewof Figure 2 taken
along line X-X.

Flgure 7 18 a oross-sectional viewof Filgure 4 taken

15 along line Y-¥.

Flgure 8 1s a side view of a major part of the head
support mechanism of Example 1, used for explaining
operation thereof.

20

Figure 9 is a side view of a major part of the head
support mechanism of Example 1, used for eaxplaining
operation thersof.

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

Flgure 11 15 a perspective view 11lustrating a head

30 support mechanism according to Example 2 of the present

invention.

Figure 12 18 an exploded, perspective view



Figure 13 is a perspective viewillustrating a slider for use in the head
support nechani smof Exanple 2. 5 Figure 14 is a top viewillustrating a
maj or part. of a thin film piezoelectric el ement substrate for use in the
head support nechani sm of Exanple 2, and the vicinity thereof 10 Figure 15
is a bottomview illustrating a major part of the thin filmpiezoelectric
el ement substrate of Exanple 2, and theggvicinity thereof. 15, Figure 16 is
a cross-sectional view of Figure 12 taken along line X-X Figure 17 is a
cross-sectional view of Figure 15 taken along line Yi-Yi. 20 Figure 18 is a

si de view oftldusmjrercimey tHf Hedd oISt K arBsh g SPk @hpEXagpl e 2, used
for explaining operation thereof. Figure 19 is a side view of a nmmjor

part of the head support mechani sm of Exanple 2, used for expl aining
operation thereof. Figure A3 ibs aat gardmwtifver vBbAr 1RaMds fatiiey hgad 30

suppor( eCUANLAY, BbBPLE o YRR BRRRENR BhhafssORE OB AT S e
head s@pport mechani smof Exanple 1. Figures 22A and 22B are schematic
dagrams used for  1guRkalnly 14 QPELA! b2du! LE1BERHa2TREOL w06 0APLRD Of

of a thin film pilezoelectric element substrate for use in

the head support mechanism of Example 2, and the vicinity

thereof.

10
Filgure 15 is a bottom view 11lustrating a major part
of the thin film plezoelectric element substrate of

Example 2, and the vicinity thereof.

15 + Plgure 16 1 a cross-sectional view of Figure 12
taken along line X-X.

Figure 17 is a cross-sectional view of Figure 15
taken along line ¥Y1-¥1.
20
Figure 18 is a side view of a major part of the head
support mechanism of Example 2, used for explaining
operation therecof.

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

Figure 20 15 a top vliew of a major part of the head
30 support mechanism of Example 2, used for explaining

operatlon thereof.

Figures 21A and 21B are schematic dlagrams used for



Fi gures 23A through 23C are perspective views illustrating vibration nodes
of a | oad beam of Exanple 2. 10 Figures -24A and 248 are graphs show ng
response characteristics of the head support nechani smof Figures 21A and
215. 15 Figures 25A and 25B are graphs show ng response characteristics of
t he head support nechani smof Figures 22A and 228. Figures 26A and 26B are
schematic diagrams used for 20 explai.nijag -t he operation of the head support
mechani smas a variation of Exanple 2. Figures 27A and 278 are graphs
show ng response characteristics of the head support nechani smof 25

Figures 26A amrplafBinfi guperd@ibs atper spesld Veuppwd | Insddatidg apead
support ”EChEQL&gi cgording to Exanple 3 of the present invention. 30
Figure 29 is an x§| ded, perspective view illustrating the head support
mechani sm of Exanple 3. - 15 Figure 30 is a perspective view lllustrating a

slider for use in th S o] nL sm.of l,e 3. Figur lis a
diagramillustrati nggjéag?gﬁcgggeé%‘? wgr?lse%%%gﬁngﬁgngﬂtﬁﬁeﬁeéf suppor t
nmechani 8m of eER&ABRENG. PpgUrEidR | ¢ha t bpad ewupportt r atdakgra grhi roff i | m

pi ezoel ectri gxRin8fBNE Of Exanple 3. 10 Figure 33 is a cross-sectional view
of Figure 32 taken along line X1-X1. Figure 34 is a top viewillustrating

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

15 » Figures 25A and 25B are graphé showing response
characteristics of the head support mechanism of
Figures 22A and 22B.

Figures 26A and 26B are schematic diagrams used faor
20 explaining the operation ¢of the head support mechanism as
a variation of Example 2.

Figures 27A and 27B are graphs showing response
characteristics of the head support mechanism of
25 Flgures 26A and 26B.

Figure 28 ls a perspective view illustrating a head
support mechanism according to Example 3 of the present
invention.

30

Figure 29 1s an exploded, perspective view

illustrating the head support mechanism of Example 3.



use in the head support mechani smof Exanple 3. is Figure 35 is a
cross-sectional view of Figure 34 taken along line X2-X2. Figure 35 is a
bottomview illustrating the flexure 20 for use in the head support
mechani sm of Exanple 3. Figure 37 is a cross-sectional view of Figure 34
taken along line Y2-Y2 where the thin filmpiezoelectric elenent Is
attached to the flexure. 25 Figures 38Ajikhrough 38C are di agrans show ng a
procedure for formng the thin filmpiezoelectric elenment of Exanple 3 and
el ectrodes thereof on a nono-crystal substrate. 30 Figures 39A through 39G
are di agranms show ngragupeoseduse 4 opetrepaicngviehertdw n1iihintpaeiagl ectric

cl ement : of | e. 3 havi twp-| gyer_structure on a - Ccryst - 16 5
10 subst rat e ERGE E9504% 1 FRBWBRAR SeRBRr ha s iethel TorrBiRiuc ng i he
thin filmpiezoelectric elenment of Exanple 3. Figure 41 is a cross-sectional
view -illustrating cLro C QE?Q!O [ i il
pi ezoel ectric el erreaﬁ%gg#gE%(%rrggea %’1 gur glggsittgggig%déer%%%%fé% hcg] head
suppor t? necafdiermsf fexargd énFhdhgadesuppart mechgn 1430 & Exaditdlgy ahs
including a cross-sectional view of the thin film piezoelectric device
Figure 32 1s a top view illlustrating a thin film
piezoelectric element of Example 3.

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

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

Figure 3% 1s a botteom view 1llustrating the flexurc
20 for use in the head support mechanism of Example 3.

Figure 37 1s a cross-sectional view of Figure 34
taken along line ¥2-¥Y2 where the thin f£i1ilm pilezoelectric
alement 1g attached to the flexure.

25

FPigures 38A through 38C are diagrams showing a
procedure for forming the thin £ilm plezoelectric element
of Example 3 and electrodes thereof on a mono-crystal
substrate.

30

Figures 39A through 39G are diagrams showing a
procedure for forming the thin film piezoelectrlic eclement
o_f Example 3 having a two-layer structure on a meno-crystal



15 and graphs of applied voltage, used for explaining operation of the head
support nechani sm of Exanple 3. Figures-44A and 44B are top Vviews
illustrating a schematic structure of the head support mechani smof 20
Exanpl e 3. used for explaining operation thereof. Figure 45 is a top view
illustrating an exanple of a conventional head support nechani sm 25
DESCRI PTI ON OF THE PREFERRED ENBCDINENT%ﬁml Hereinafter, the present
invention will be described by way of illustrative exanples with reference
to the acconpanying drawi ngs. (Exanple 1) Figure | is a perspective view
illustratingsavkeadte.1l7 support nmechani sm 100 for use in a di sk apparatus
according to Exanple 1 of the present invention, viewed froma disk side.
Figure 2 is an expl oded, perspective view illustrating the head support
mechani sm 100. 5 Ref Bigumre #a EirgUEESf]Jov@dﬂﬁhﬁt shewiead ;suﬂm;lhtod neghani sm

100 has a lo ti ortjon h .a slider, ng.,an
attached hea?g?gﬁgqhgppo?ﬁgﬁ' gﬁ%n %FO?igﬁﬁéf?ﬁﬂfﬁgggigt Q@ RtPon 4A
which i§ fixed by beam 10 meldlng to a base plate 5 attached to a head

actuator arm  The basg.per ol dhands L DECPESEAP A, 719888 MR o3I T | af

square shape. The |l o ean1 rnc S”a neck portion
base portion eAActmdeacmaﬁc‘pbommmnm ett‘etmdltrhg.nsfﬂ-amgtﬂtemmmmineck

portion 4B. éﬂe&% R RS %id%y. 4D is provided in the mddle of the neck
portion 4B. In the nec tion ‘4B, portions on the opposite sides of

10 Flgure 42 1is a side vliew of the head support
mechanism of Example 3.

Figuree 43A through 43C are diagrams including a

cross-sectional view of the thin film plezoelectric davice

15 andgraphsofappliedvoltage,usedforeﬁplainingoperation
of the head support mechanism of Example 3.

Figures 44A and 44B are top views illustrating a
schematlic structure of the head support mechanism of

20 Example 3, used for explaining operation thereof.

Flgure 45 is a top view illustrating an example of

a conventional head support mechanism.

25 DESCRIPTION OF THE PREFERRED EMBCODIMENTS

Hereilnafter, the prasént invention will be
described by way of illustrative examples with reference

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



t he 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 portion
4C of the 1oad beam4 in such a manner as to rotate. The slider - hol-ding
plate 3 is provided with a 25 projection portion 3A which projects toward
t he base portion 4A of the |oad beam4. In the tip portion of the beam
portion 4C, a dinple 4G is provided 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 is engaged with each regul ation

portion 4F i mupgcirtameohangsm hal £88 W OR8CH OO ALLEYA +3A %icgggiﬁﬁd and
hel d by the . gwﬂgpig Th%r g&ore the slider holding plate can Dbe
rotated on the difapPecad © # Brpsentopgventign. TR eweguEapmon Boski on 4F
is provided @&idgach siFdgumdge ofsthenti pxpabiedn ofpéfﬁ,m@orgigg 4C.
The regulati i arne engaged with the respective side 5 edges of
the slider héﬁgi“%gﬂtﬁtg@ ?iseo q%ﬂa({jgﬁ‘&%?%ﬁ“%?h?%smswﬂer hol di ng plate 3
can be Pegul ated. Each regulation portion 4F extends straight fromthe tip

portion of the beam pReLLi AC. 1o rg he.base portion 4A. The side edges
of the slider holding Séﬁg‘%cca‘gr oF 58 aésdlmnf? ot Fgam SYBPOTL he
respective r B§TNROILSH JOG bossasFoadSoeamhd n dri lemtipi epeeleat bEcwlLbNe

anthe. bebmparton aC el LT EFRRCT L} kel drdlFabary "
uubstrate 8 PP§3fade 18 1ndesdudmag Pastlan (4R (Whidntes i Blxeduch Bsam
stainl @9s st eeldAhgCePPEIbad®HR¥b 5 attached to a head actuator arm.
The base portion 4A and the base plate 5 each have a similar
square shape. The load beam 4 includes a heck portion 4B
tapaering from the base portion 4A, and a beam portion 4C
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 sidaes of
the opening portion 4D each function as a plate spring
portion 4E.

20 A slider holding plate 3 is provided on the tip
bortion of the beam portion 4C of the load beam 4 in such

a manner as to rotate.

The slider holding plate 3 is provided with a
25 projaction portion 3A which projects toward the base
portion 4A of the load beam 4. In the tip pertion of the
beam portion 4C, a dimple 4G is provided which contaots and
presses the projection portion 3A. The slider holding
plate 3 is placed on the tip portion of the beam pertion 4C
30 and is engaged with each regulation portion 4F in such a
manner that the projection portion 3A is Pressed and held
by the dimple 46G. Therefora, the =slider holding plate 3A

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



portion of the thin filmpiezoelectric drive conductor pattern 7 is athin
filmpiezoelectric termnal holdling portion 7A which '|Is positioned around
the m ddl e of the beam 20 Portion 4C. The thin film piezoelectric term nal
hol ding portion 7Ais partially overlapped with a pdrt of thin f 11m

pi ezoel ectric substrate S. One end portion of the thinf ilm Piezoelectric
substrate 8 is a slider attachnment porti 8A which is provided on the
slider holding plate 3. Further, 25 the slider 2 carrying the head | is
provi ded on the slider attachnment portion BA. The slider 2 is in the form
of a rectangular parallelepiped as shown In Figure 3. The head 1 incl uding
30 an MR (Magnet o- F@glstlve element is provided at the mddle of dn upper
portion of a side S1'8F IHEM %E*PB&?FHP’HO?F’& PEEVASH 8Bdeagh ies| 1der

2. The sliderdgei 21l aned tidp spchtianrr&methahaiadrmepbeaﬁioh 48 . or l'end ed
toward a tan a netic.head. Further, four termnals
2A t hrough g%ﬁg'}glt onp??orﬁi‘?lﬁs gaﬁégeéﬂ'f 5% FRRePEI¥E HHi%ion  of
the sidé 51 éﬂgeHeO:éIhlmﬁlideﬁuhbmdlingaplataa bear ithgt sut&aaen2£f|§1@rovu ded
on an upper gh f 3940 gLrodd er b rotating
magneti ¢ di sk ?gee géggiﬁb gfétgtch T rect| %%% %ltch“e e?"(%?’i’aﬂfbent i al
direction opoﬁtﬁﬁgnéh@xmm Ssa‘atitwtt &nomitthd bpipatt hgn fdfl thesegener at ed
between (he Botth8R! kBIrsHAEACEneEA0E ForPRBR AR, hidd:s I ASaglloWl 1 1

Figures 2 and 3, a center_ position beari ng sur
subst ant i al | {h8oF1228BHMR1EENg tMEADE 0F RTS cmnq:nsw ori@n Eufd trvansll & okt

hol di ngopl at By3theupRepEEE198 rBGudiatilo® $ertilfissidpder 2 is supported on

A thin film plezoelectrioc driva conductor pattern 7
and a thin film piezoelectric substrate 8 are provided on
the beam portion 4C of the load beam 4. The thin film

15 piezoelectric substrate 8 is made of a conductive and rigid
material, such as stalnless 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 around the middle of the beam

20 portion 4C. The thin film piezoelectric terminal holding
portion 7A is partially overlapped with a part of thin film
plezoelactric substrate B. One end portion of the thin film
plezoelectric substrate B8 is a slider attachment portion B8A
which 1s provided on the slider holding plate 3. Further,

25 the slider 2 carrying the head 1 is providad on the slider
attachment portion B8A.

The slider 2 1s in the form of a rectangular
parallelepiped as shown in Figure 3. The head 1 including

o0 an MR (Magneto-Resigtive) element is provided at the middle
of an upper portion of a side Bl at the beam portion 4C tip
portion side of the slider 2., Theslider 2 is placed in such

a manner that the head 1 15 orlented toward a tangential



15 the slider attachnent portion BA in such a manner that the side S1 of
the slider 2 faces the tip portion of the beam portion 4C of the | oad beam
4. The slider holding plate 3 is held by the dinple 4G 20 provided in the
tip portion of the |oad beam4 in such a nmanner that the slider holding
plate 3 can be rotated on the projection portion 3A by a small displacenent

in all directions. Therefore, the slidefg2 having its center position M
on the projection portion 3A can be rotated on 25 the projection portion 3A
by a small displacenent in all directions. As shown in Figures 1 and 2, the

ot her end podtinenf aéfmiduwestbe mead.m puezhebect e tdrmi@ad@NnGICERFoRght ern 7

30 is an'extgmn ect i term nal hol di port-ton 7B which | rovi ded
on an odge. paPEss GRS Te SRy P e Wit w58 o doHes pantiaR

term nal por rifothel 54Ae1 B, ahdths G lbder p2 oviklerklor t hen tadn Héhring

pi ezoel ectri ) | olfi nngc. pective
ext er nal con%ggﬁao@r?natxep% giaxlrbq’pior%qjoc% %A‘zﬁe@%n&a% %C{I\?\%I %ﬁlégé grovi ded
on thedext efRaPlEohhew tganetadted iyl ahodthhingordgrat ZBdizkAisepaspall

hol di ng portii@n i | e Okt t e of
the thin {11 e o oarr e rionise Mhelgfack i | §RagaAtIaL oLt oBe OH°,
portion BA i €F fr B @Rt LFhdlek) niseal thst didgapsr ubrigsiiagdst th ohed at

an edge of tlgenkass ebbitABef’tid diterba2dnbesMt fac@Nde MAnd @ hhgnaesk

portion 4b sigﬁe with respect to the external connection term nal hol ding
portion 7B. 'Sefr'es 4 and 5 are a bottomview and a top view, respectively,
Il1lustd#@ting the slider attachnent 15 portion 8A and the vicinity thereof,
of the thin film A
g shown 1n Figures 2 and 3, a center position M1
of the air bearing surface 2E substantially corresponds to
the projectlicn portion 3A of the slider holding plate 3
supported on the dimple 4G. The slider 2 is supported on
15 the slider attachment portion 8A in such a manner that the
gide 51 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 in the tip portion of the load beam 4 in such a

mannar that the slider holding plate 3 can be rotated on

the projection portion 3A by a small displacement in all

directlons. Therefore, the slider 2 having 1ts ocenter

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

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

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

of the thin fi1lm plezoelectric drive conductor pattern 7

30 1s an external connection terminal holding portion 7B which
iz provided on an edge portion of the base portion 4A of

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

ure provided on the thin film piezoelectric terminal holding



pi ezoel ectric substrate S. 20 25 As shown in Figures 1 and 4, a pair of
first and second conductor substrate port.i.ons 8D and BE contiguous to
the slider attachnent portion BA are provided on the thin film

pi ezoel ectric substrate B. The conductor substrate portions 8D and BE
extend straight fromthe slider attachnment portion 8A and are di sposed a
di stance fromeach other and in parallejy Elastic hinge portions 8F and 8G
each having a narrow width are provided between the slider attachment
poxtl on 8A and conductor substrate portions 8D and BE of the thin film

pi ezoel ectri attixin atre, 8ndr@spasd ta@ iy rdfpaS01 6 asiticrdd NgennektioRs 8F
and BG are elasti aII b e s s_the slider attachnent
portion 8A. 'Ither“f ﬁqﬁ%@&é&t*ﬁeﬁgﬁﬁag%c GrenBreNifed on fi1m
p|ezoelectrldhmwaxtannnnunmnn¢mﬁidmrmérmﬁyabehoﬂaiﬁgrpbedibﬁgehher. Fi gure
6 is a cross-sectional viewof the thin film 5 piezoelectric substrate 8

taken along line X-X shown in Figure 2. Figure 7 is a cross-sectional view
of the thhin film pi dztersthalhsidiig poets onalé@nialpory ldaikoX-a0 slHgen in

Subst rate égmo%"ﬁs*“o'&ﬂanﬁ%‘*éreghgﬁg Prie np £3lh BEEERG1ERANT O
a pol ymer sucit &Rﬂ%HQnQRaWhiwhLﬁﬂﬁwsk¥ﬁ¢§c@§t@¢hmﬁ@tcnﬁﬁﬁépcrBéuﬁgtrate

portions 8D pslffead Rale tQi-mfﬂaﬂllfctﬁier‘ betAsnl A f@%&@iﬁ;i%@a%a' ris
of conductorlfatterns 12C and 12D are provided, 'extending
edge of the base portion 4A of the load beam 4, and al
10 the neck porticn 4b side with respect to tha external

connection terminal holding portion 7B.

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

respectively, illustrating the slider attachment

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

As shown 1in Figures 1 and 4, a pailr of first and
second conductor substrate portions BD and 8E contilguous
20 to the sllder attachment portion BA are provided cn the thin
film pilezocelactric substrate 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 in parallel.
25
Elastic hinge portions 8F and 8G each having a
narrow width are provided between the sllider attachment
portion 8A and conductor substrate portions 8D and BE of
the thin filmpiezoelectric substrate 8, respectively. The
30 elastic hinge portions 8F and 8G are elastically bent in
the same plane as the slider attachment portlon 8A.

The thin filmpliezoelectric substrate 8 and the thin



al ong the conductor substrate portions 8D and BE, respectively. - The
conductor patterns 12A and 12B are attached by the flexible nmaterial 6 to
t he conductor substrate portion 3D. The conductor patterns 12C and 12D 20
are attached to the conductor substrate portion BE by the flexible material
6. As shown in Figures 2 and 5, one end of the conductor patterns 12A, 12B,
12C and 12D are term nals which are 25 pnrovi ded on the slider attachnent
portion 8A. Further, the conductor patterns 12A, 12B, 12C and 12D are laid
on a conductor portion 8C of the thin film piezoelectric substrate 8. The

other ends ofilde Fonebel @t Pt ePByd 2AsonddBrod 2Ganth ARDy argag eryd nal s
whi ch are prov{_‘ded ﬁn the 30 term nal holding portion BB. Each conduct or

pattern 12A *BhPSTRHC2EPHEtBEYered with the flexible material 6. As shown
in Figure 5 on an end portion (hatched 22 portion in Figure 5) opposed to

the slider attachneq§ gorthg&%BA of the cgnducﬁor substrate portions 8D and
BE, a fixing nenber” tHoFes P FEOBRoErFELCRAL T Mathe B FiMRs the
thin fidPm pipktesbettctridr substaadectwortdhgqatidboms 158 X5 amdwtbGd Fi gure

2) with term.pal s 13A 3C (Fiqure 4).., As_shown in Figure 6, first
and second {Tt?ﬁmfs?_l ?n o1 @oe?aggtjrl? ¢ 1% SntssagltliADré"hlé e S% ﬁf?%vtlﬁblébl under
the 10 firstiihy peoreleohdlctabsubste a8 et porn i slrsn B Ddaml B shown
respectivel yjn AR YppEr 45ide el ectrode 9A and a |ower side electrode 93 nade

of platinumare provided on an upper side and a |lower side of the first
thin filmpiezoelectric elenent 11A respectively. simlarly, an upper side

1.5 elegtrode 9A andpg $RUH Hh de1 @hREH r 9 @3 Mdes &1l @t Bacona

conductor substrate portions BD and 8E are covered with a
flexible material 6 made of a polymer such as polyimide.
On upper surfaces of the conductor substrate portions 8D
and 8E, a palr of conductor patterns 12A and 12B and a pair

15 of conductor 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 conductor
substrate portion 8D. The conduotor patterns 12C and 12D

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

As shown in Flgures 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

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

conductor portion 8C of the thin film piezoelectric

substrate 8. The octher snds of the conductor patterns 12A,

12B, 12C @nd 12D are terminals which are provided on the

30 terminal holding portion 8B. Each conductor pattern 12A
through 12D i1s covered with the flexible material 6.

As shown 1n Figure 5, on an and portion (hatched



are provided on an upper side and a | ower side of the second thin film

pi ezoel ectric elenent 11B, respectively.. As shown in Figure 7, a short
menber 14 for shorting 20 the conductor substrate portions 8D and BE is
provi ded on an end portion distal to the slider attachnment portion 8A of
each of the upper side el ectrodes 9A provided on the upper sides of the
first and second thin fllnlplezoelectrlc elenents 11A and 113. 25 As shown
in Figures 4 and 7, end portions proxinm % to the slider attachnment portion
BA of the | ower side el ectrodes 9B provided on the | ower sides of the first

and - second (g fior m bl EaQRIrek e CopbBERA! %ol 1enant 1UHR:AI & 8gknAGaeover ed
with the fl eX| bl ;pma’i?& ﬂﬁg\ are connected to ternmnals 13A and 13B,

respect i vel y POfik e F@Pf:r‘luﬁézloé' PERSIFG LE3BOREA 08T 8D ALy 8-t he

}‘IeX| bl e fmataeflixlin@ xggllnbtalﬂemotf'ﬁlé@lﬁmi%ﬂ prdf desa w&w&aﬁtta@t% and |3 -

ower surfac e.portiqn.in a w dt irectto ortion close

to the condugtigessub ?at%g"g%rt AT sBLgaRee r}Qgté':flct h uc?gPdBSFPFon SC.

The ter i nal pEACemallSA, @qﬁ)smﬂfxmm:egxii:exzblveitmteerxainmsmihe

term nal 13C;6@n e¥§é P§¥f: gctive conductor portion 8C and the upper
res

el ectrodes 9A prOV|de ective thin filmpiezoelectric elenents
11A and 11B are shorted by the short nenber 14. 10 The term nals 13A

through 13C (Figure 4 @rﬁaw% e 4 ‘c’ﬁréﬁ de @f s 08 &Oeﬂgﬁt%m

substrate portions 8D and BE are connect®e o the respec erm nal s 15A
t hr ough plezoelactric clements 11A and 11B are provided under the

10 first and second conductor substrate portions 8D and 8E,
respectively. An upper slde electrode 9A and a lower slde
electrode 9B made of platinum are provided bn an upper side
and a lower side of the first thin fllm plezoeleoctric
element 1lA, respectively. Similarly, an upper side

15 electrode 9A and a lower side electrode 98 made of platinum
are provided on an upper side and a lower side of the second
thin f1lm piezoelectric element 11B, respectively.

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

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

an and portion distal to the slider attachment portion B8A

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

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

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

terminals 13A and 138, respectively. Therefore, the
terminals 13A and 13B are exposed from the flexible

m_aterial 6. Further, the terminal 13¢ ig connected to a



15C (Figure 2) on the thin filmpiezoelectric termnal 15 holding porti.on 7A
of the thin filmpiezoelectric drl.ve conductor pattern 7 which is
positioned around the mddle of the beam portion 4C. As shown in Figure 2,
the slider 2 is disposed on 20 the slider attachnment portion 8A of the thin
filmpiezoelectric substrate 8 which is provided on the slider holding
plate 3. The slider 2 is connected via_t%g four termnal portions provided
on the slider attachment portion 8 to the conductor patterns 12A, 12B, 12C
and 12D. 25 respectively. QOperation of the head support nechani sm 100

havi ng such 1&weid Welr . | b ri It R ref gk e L gur 8
t hrough 10. The term naal(%:égc?lrét iaoﬁiﬁi?%%( Ilgil&gc&'ri\g%?%% g?g\%dg QSF%ggﬁi ﬁ%age
portion of tRePLENAAB: 6LOERLED (e copudtns sgbsdF@tBEPr tieast @Dnandl m

pi ezoel ectri @E SibsheatenBuictosehol® 1he sty .oundel euehinha the 4B p1Ebl m
pi ezoel ectric drlzﬁh%pnductor attern 7 Flgure 2). As 24 shown in Figure
7. since the SRR TR WMot eX iRl prter 2 el el ect rodes 9A provided on

the uppér aides of the first and second thin filmpiezoelectric elenents
Lk, and 138, | Lhe upil, Sulealhsal 1o AR ot k0 LhE Srauadlpvel S A
conduct or sulpsidatas quo picrdrl.BD aef ahlde thiei nppelkcne1pceroabschni prevhasaat e 8,
econd” condacror sk BepAsPEvs fftn Aol bisiatiater et Sinle Hhalanto”
bet ween t he dgferre|sdmnteil OA thal sthert owembetret4rode 9B of the first thin
10
The terminals 13A through 13C {Figure 4) provided
on the lower side of the conductor substrate portions 8D
and 8E are connected to the respective terminals 15A through
15C (Figure 2) on the thin film piezoelectfic terminal
15 holding portion 7A of the thin film piezoelectric drive
conductor pattern 7 which 1ls positloned around the middle
0of the beam portion 4C.

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

25 respectively.

Operation of the head support mechanism 100 having
such a structure will be descr'ibed with reference to
Flgures 8 through 10. The terminal portion 13C (Figure 4)

30 provided at a linkage portion of the conductor substrate
portions 8D and 8E of the thin fi1lm piezoeleotria
substrate 8 is8 set to the ground level via the thin film
p;ezoelectric drive conductor pattern 7 (Figure 2}. As



filmpiezoelectric elenment 11A provided on the first conductor substrate
portion 8D is applied to the first thin-15 filmpiezoelectric elenent 11A
Meanwhi l e, a voltage is- not applied between the upper electrode 9A and the
| ower el ectrode 9B of the second thin filmpiezoelectric element 11B
provi ded on the second conductor substrate portion BE. 20 As a result, the
first thin filmpiezoelectric elenment. LA extends in its |ongitudinal
direction (indicated by arrow Al in Figure 8). In this case, since the
conductor substrate portion 8D stacked on the first thin 25 film

pi ezoel ectri chewamtntFidvré s7 Madlenad SiadicRressaSt @9C sheeppetheOiphde | i ke,

h d b ' 8D j i der abl jgid i h i
di rection (i SarEaetatbEotgh: B oy iden di e ubnnk 41dkq adthersfnet
pi ezoel ect ri éndelseremd ThAnafd lithiecrdicorrsubstsratet oY 1A amBDLEB ¢ bent
contragt. i nee abpEr ke dFebPrAadsBA AR BRE' o tnd Wrwna peyet % 1"

contrast, since a tage 1S no secon

pi ezoel &ctri & ¥pdkage ViBl s tapplbed o eomdustoinglbbIAaiRigorsi Oh &F | n

ri ot substantnhal kYrztla . aFi Ol ORpV] L L | states
of the conductor gabst?gt&elg%g%t ?ghgeggt%ngbgﬁagh Pﬁeb?mkgfﬁ%ﬁr’a&iﬂg

pi ezoel ect ri ¥18FRELLLEELIS sqRatERESt 8t Mpd A vlppegoef e@nd dseippbhed 11A and

the conduct oroSWisd redLmPeAl i 098 8PFWGLER aNe HENENE §ecth® tESndlYcfosmal |
di spl acenent %E%han the second thinf i_Im10 piezoelectric elenent 11B and

t he conduct of Iftg portion 8E
10

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

15 film plezoelectric element 11A. Meanwhile, a voltage is
not applied between the upper electrode 9A and the lower
electrode 9B of the second thin film piezoelectric
element 11B provided on the second conductor substrate
portion 8E.

20

As a result, the first thin film pilezoelectric
element L1A extends in 1ts longitudinal direction
(indicated by arrow Al in Figure 8). In this case, gince
the conductor substrate portion BD stacked on the first thin

25 f1im plezoelectric element 11A is made of stainless steel,
copper, or the like, the conductor substrate portion 8D is
conslderably rigid in the extension direction(indicated by
arrow Al in Figure 8). The first thin film piezoelectric
element 1lA and the conductor substrate portion 8D are bent

30 toward a magnetic disk due to a bimorph effeat, as shown
in Figure 8. In contrast, since a voltage 1s not applied
to the second thin film pilezoelectric element 11B, the
second conductor substrate portion 8E 1is not substantially



portion 09 which are not bent. As a result. the slider holding plate 3 is
rotated by a small anmount in a direction indicated by arrow A2 in Figure
10. Therefore, the slider 2 provided on the slider holding plate 3 is
rotated 15 on the-dinple 4a (Figure 2) by a small anount in the sane
direction. In contrast, when the voltage Va is applied to one termnal 13D
of the second conductor substrate portigps BE 20 of the thin film

pi ezoel ectric substrate 8 and the voltage zero is applied to the term nal
13E of the first conductor substrate portion 8D, the second thin film

pi ezoel ectrikkert emrent 1113 and the conductor substrate portion BE are bent
and the 'second thin filmpiezoelectric 25 elenent 11B and the conduct or
substrate portion 8E are not bent. Therefore, the slider 3 is rotated on
the dinple 4G by a Bkaure gh®urg & hop diewcilbesbpapbinges totemefithect i on

i ndi cat ed bk@‘ﬁd\%‘&tﬁ? beEtEH'&E %,Q,rtm%ssla'ndegn@ d¥ o¥f defle QR4 NG4Sk der

hol di n plate |s al so rotated a smal 30 anmpbunt in the sanme direction.
Therefgb HAPFLELe FYRatERtENE sl ider 2 is noved along a mndth
directlon of each track provided in the 26 formof a concentric circle on a
magneti c di sk. Thereb an on-track characteristic can be |Inproved. The

on-track charact erist8 & esh<him f5lm B egrelRe trd s edem@ntoYldwaad ¢ r ack.
51n this Caﬂee eohaadt@m- thgpetagteC ﬁm@nomntlﬂmﬁcﬁFawdbﬁﬂtua%

it achment pURT G9F X BAPGLL Fia i i et B ciian RBoS SRR UL £orl That ¢ er ns
12A, 1B, plezoelectric element 11B and the conducter substrate
portion 8E which are not bent. As a result., the slider
holding plate 3 ig rotated by a small amount in a diresction
indicated by arrow A2 in Figure 10. Therefore, the
s8lider 2 provided on the sllider holding plate 3 is rotated
15 on the dimple 48 (Figura 2} by a small amount in ths same
direction.

In contrast, when the voltage V, is applied to one
terminal 138 of the gecond conducter substrate portion 8E
20 of the thin film plezoelectric substrate 8 and the
voltage zero is applied to the terminal 13E of the first
conductor substrate portion 8D, the second thin film
plezoelectric element 11B and the oconductor substrate
porticn 8E are bent and the second thin film pilezoelectric
25 element 11B and the conductor substrate portion 8E are not
bent. Therefore, the slider 3 is rotated on the dimple 4G
by a small amount in a direction opposite to the direction
indicated by arrow A2 in Figure 10. The slider 2 provided
on the slider holding plate 3 is also rotated by a small

30 amount in the same direction.

Therefore, the head 1 provided on the slider 2 is
moved along a width direction of each track provided in the



10 12C and 12D each, have a mnimumw dth. A load (20 to 30 mN) is applied
to the slider 2 via the plate spring 4E (Figure 2) of the | oad beam 4. Wen
the slider holding plate 3 is rotated, such a load is applied 15 between
the dinple 4G (Figure 2) and the slider holding plate 3. Therefore, a
frictional force determned by a frictional coefficient between the slider
holding plate 3 and the dinple 4Gis.apglied to the slider holding plate 3.
Thereby, the frictional force prevents the slider holding 20 plate 3 from
bei ng deviated fromthe dinple 4G although the projection portion 3A of
the slider hbbtingf p atendestric betfebel on rotntigkore tdeskl M4y ,The same

voltage is a I he first and_second . 25 thin film.piezoelectric

el ement s IlAglgnofdtl}Bg%% a¥%0%%E£EF£OI?Ia?h% ° SHIRF Pther TR QY el y,
when the firchanadtestsbhd mbansfahmiplbivel @ttthe redabrebhttso A owd €11B are
bent in the.agbsgnce of applied voltage, voltages having opposite phases

may be appliéd fo' the respective first and second 30 thin filmpiezoelectric
el ement8 11A and 11B to drive the first thin filmpiezoelectric elenment 11A

and the conductor sppstrale QgrtgPaagenmgetlﬁgti%%mgggaowmddﬂ 8F

pi ezoel ectric elenment 1 and the conduct or substra on BE.
Further, in #hé BRaWPPB BAbakipPR PEglhe sliae\x‘“oafcag@hme@tamnfédm @A he

first thin fi f&&i@@@@'ﬁpttﬂa% %h%”ﬁﬂl&dé%%été@nﬁ@ﬁt p&eL {6ASBALOAN dd | M
pi ezoel ectric nt 11A 1s bent to becone a convex shape. Alternatively,

a vol tage rra{}ef%%b BpFPEated -t Rdneer shet ﬁPﬁdPPFﬁFpPéﬁar@a %A el ldfnt | 1A
so thatot he f{2csantihippf bhtmphaveckheattiiguel eiRh.11A is bent to becone a

concave shape.

A load (20 to 30 mN) is applied to the slider 2 via
the plate spring 4E (Figure 2) of the load beam 4. When the
slider helding plate 3 13 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 coefficlent between the sllder 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 appiiled to the first and second

25 thin fiimpilezoelectric elements 11Aand 11B g0 as to operate
in the same manner. Alternatively, when the first and
second thin f1lm piezoelectric elements 11A and 11B are bant

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

30 thin film plezoelectrlic elements 11A and 11B to drive the
first thin film piezoelectric element 11A and the conductor
substrate portion 8D, and the gacond thin £F1ilm
p}ezoelectric element 1l1B and the conductor substrate



10 In Exanple 1, when the head 1t s noved in a radial direction of a disk,
t he di spl acenent nagnitude of the head 1. was about 1 pin where the thin
filmpiezoelectric substrate 8 was about 3 pmthick, the first and" second
thin film215 piezoelectric elements 11A and 11B each were about 2 m thick,
the length of first and second thin filmpiezoelectric elenents 11A and 11B
each were about 2 mm and a voltage af 5 V. was applied between the upper
and |l ower electrodes 9A and 9B. 20 Since the slider holding plate 3 is
supported on the dinple 4Gin such a manner that the slider holding plate 3
can be rot atpdritdoal BEdirections, the frictional loss O the slider holding
pl ate 3 upon rotation can be 25 significantly reduced. Therefore, a small
magni tude of driving force can lead to a great anmount of displacenent of
the head 1. Further, Fuh&helri din tBei exaupbsshedn hnFiguren saanssl tdaps t he

slider 2 can I |t I r_hear]
surface 2E. %’ﬁgﬁﬁe‘f?ﬁo?ée?%toggh%gf jb%%?#?’oir? (E)1gz itn%f%%%l%&%%b hetaélesﬁ?'yiri]rz}g S
unlikely to Be tha§t theedibpta thinc fildmaipifegond edita it etlfemmenr ts CXsA tiys of

ai _r_. In Exafgplw § M e c e - nduct or
substrates SD and BEegEgl%t%e t hi %\J%{ila?né'pigiz%ﬁ%%ﬁ%lgl earr‘ééf?ga%%ﬂ%%d 118

i s consi der aBRVERLHRA tonthael s ectiiont ALmgpiadee ke Ft Hle @ lemerterkidre, t he

vibrational sesenancenpoinis®f tha Read éle‘étrﬁ@@lie%mr{l@ou}?r&é)e
structurally se% Eo a hi glpa val ue. Thereby, the head support nmechani sm 100
kee n-&8%e

can operate | EnCORE4YEN$L 8B ar act eri stic when the thin film
10

In Example 1, when the head 1 18 moved in s radial
direction of a disk, the displacament magnitﬁde of the head 1
was about 1 um where the thin filmplezoelectric substrate 8
was about 3 pm thick, the flrst and second thin £film
15 piezoelectric elements 11A and 11B each were about 2 um
thick, the length of £irst and second thin filmplezoelectric
elemantg 11lA and 11B 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 slider 2 1s supported in such
a4 manner that the slider 2 can be rotated on the center
position M1 of the air bearing surface 2E. Therefore, the
30 position of the head 1 on the slider 2 1s unlikely to be
disturbed by a frictional force due to the viscosity of air.

In Example 1, the beam structure composed of the



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

Exanple 2 of the present invention will be described below. Figure 11 is a
perspective view illustrating a head 15 support nechanism 200 for use in a
di sk apparatus according to Exanple 2 of the present invention, viewed from
a disk side. Figure 12 is an expl oded, perspective view illustrating the

head support nechani sm 200. Conponents 2zgiailar to the correspondi ng
conponents described in 20 Exanple 1 are designated by the sane reference

nuner al s as

used in Exanple 1. The description of such conponents is

theref ore orffQidutie hewdstoppest BRechadi SBE20Girof Bxapl h2n 28iiRc! udes:
a slider 2 Gafdyddih@ Headsilem

2; a | oad beam 4. supporting %ﬂéglggérggh gg %gaagpégaEESLg giﬁa

in such a rﬁéhn@“tﬁétmﬁﬁéo@l Adersiwmdinh@igunte8 .hol BherpPbos ¢ 1A can

rotate; at

first ggnducto ttern 12 provided so as to exten
e

W ibdd d i £z 0gegehbhen! Hs1fe | Olor Ol 8hLND il heoghbdst 2

froman an

sl i der
e 103

he th|n

eam

film piezoel™td P QP seanahg Piesrmrabimiueetr tpata dikgly paduieded al ong
the first (IHKHHHYH ﬂﬁﬁtﬁﬁdﬁjéhppoé¥)mé@ﬁhﬁ?@ﬂ b@@”bén'agéﬁgﬁé wﬂth
squar e- shaped base orti A neck portion

portion 4C Xt T ?’?%n??ﬁ@oﬂﬁﬁkcﬁﬂFFPGﬁr&Etis‘ 'Nr%‘ﬁUa‘Flée sgg“ ngéé@e pl at e

5is attacmmidgpdﬁﬁnMrmuﬂenémpﬂtbéﬁf@taﬁﬂV§nd@tOﬁiﬁhefbaéﬁeﬂeyt'On 4A of
the load beam 4. The base plate 5 is also attached to a head actuat or

10
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{Example 2)

Example 2 of the present inventionwill be described
balow. |

Figure 11 15 & perspective view 1llusatrating a head
supporh mechanism 200 for use In a disk.épparatus according
to Example 2 of the present invention, viewed from a disk
slde. figure 12 1s an exploded, perspective view
illustrating the head support mechanism 200. Components
similar to the corresponding components described in
Example 1 are designated by the same reference numerals as
used 1n Example 1. The description of such components is
therefore omitted.

The head support mechanism 200 of Example 2
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
ocan rotate; a thin film plezoslectric plate 8 for rotating
the slider 2; a first conductor pattern 12 provided so as
to extend from an end of the thin film piezoelectric plate 8:

and a second conductor pattern 7 provided along the first
conductor pattern 12.



(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 nmanner that the tip of
the beam portion 4C is nmoved substantially in a radial direction of a
magnetic disk (not shown) . That is, the |load beam4 is driven to rotate so
that the head 1 is noved substantially in a radial direction of 15 a
magneti c di sk. An opening portion 4D ts2frovided in a mddle of the neck
portion 4B of the |oad beam 4. In the neck portion 4B, portions on the
opposite sides of the opening portion 4D 20 each function as a plate spring
portion 4E. The beam portion 4Cis elastically displaced in a direction

perpendicular to a siid aggall wedrRINeihe18a8Y: by tsl“t%xe%@l@m gedl 'EQBQ&O” i ons
42. The el astic disp acerrent of the beam portion 4C causes a |load to be

appl i ed on tRFSIPHeIRD D5 MGy RAF PR HB i | F%r & oh2BLTERE &8 porti on

4. A heni spheset shapec sk t@heide proeineehbngedRVBbEtisn umt egrated into the

tip portion of the beamportion 4C. Further, a pair of regulation portions
4F extending 30 straight fromthe tip portion of the beam portion 4C toward
the base portion 4A mrenpioyisiegped bésetphapersi ba attabﬁedbagmbpcmtion 4C.

Th I F

Upper suracle o 78, HBEBR 40 A Eho LRI B PLOR °RAI 4 e, ARR 103 1 s
provi ded on hémmt4p They bhge pifathed hearh pontionhdsd tThersdd detu tios _
provided 5 o4 £8ndlhen Bkt & fhaRhal eu}Qgtylﬁab&,s@p}éeap%réaxgmf e thin

filmpiezoel ectric substr strate junction
porti okl 1038 hehiedd |1¥Bqlﬂ)|hék13 2P Rt efhean féied@B@le 1LZ’I'-‘PG15‘Ct2|-|C>[§l v tlinow et t he

thin filmpigzpghget ithat the tip of the beam portion 4C is moved
substantially in a radial direction of a magnetic disk {not
shown). That is, the load beam 4 13 driven to rotate so that
the head 1 is moved substantlially in a radial direction of
i5 a magnatic disk. k

An opening portion 4D 1s provided l1n a middle of tha
neck portion 4B of the load beam 4. In the neck portion 4B,
porticns on the opposite sides of the opening portlon 4D

20 each function as a plate spring portion 4E. The beam
portion 4C is elastlically displaced 1n a direction
perpendlicular to a surface of a magnetic disk by the plate
spring portions 4E. The elastic displacement of the beam
portion 4C causes a load to be applied on the slider 2

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

A hemisphere-shaped dimple 4G projecting upward is

Integrated into the tip portion ¢of the beam portlon 4C.
Further, a palr of regulation portiocns 4F extending

30 gtraight from the tip portion of the beam porticn 4C toward
the base portion 4A are provided on the tip portion of the

heam portion 4C. Thare 15 an appropriate gap between esach
requlation portion 4F and the upper surface of the bean



substrate 8. |Is provided at a tip portion of the slider 10 holding plate
103. The slide holding plate 3 Includes -a pair of balance weight portions
103C extending toward the base portion 4A. A senicircle-shaped projection
portion 103A slightly projecting toward the base portion 4A is provided in
a mddle of the slider holding plate 103 and 15 between the pair of bal ance
wei ght portions 103C. The slider hol diinggl-ate 103 is supported on the

di npl e 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 contacts a point
of the di npl po#6Giohhdachal ance weight portions 103C are provided at a snal
gap fromthe regulation portions 4F provided on the tip portion of the
beam portion 4C. Therefore, the slider holding plate 103 can be rotated in
all directions so asThe sklidespcctichdplaica 193als [arcgheimd mgth/iattﬂ.p he

slider 2 pro I 4Rl at vity of
t he rotat abl ébg%?ogelpk Pg bgsﬁ]l E{JQL%Q égfryﬁ%% %le der < &%cgnt lally
correspénds P8 the sbhier Wd}lng)fplt&feﬂ ¥0A3 atdisoithej tdp, P@néldnnpfethlﬁ 30
Figure 13 lStﬁiﬂefﬁﬁﬁ(btﬂa%e\ie% dicl, Hﬁb'é%'a@% 8 £ I8 Fr? 1 n By LSE‘@

e portion on

including an MR el emerit |s provi in a mddl e of an upper
atip side of Etlﬁéﬁ%ti&t%mlﬁsﬁ!ign oo L@k r HE PRt §h21ﬁ<ht1=ﬁ deéﬁeﬂﬂi%lael%’?—*anged in

a transverseidlereﬁtlﬂfblﬁiﬁ bowen ond G p@ﬂiél Qﬂiﬁf ftib.ﬁi tdieFd&ifacOF 1 & he
slider 2. An u of, the slider 2 surface of a na netic disk.
Further, an EPB %&3& § S%ﬁﬂﬂﬁﬁﬁ?%ﬁ9|%tp?o$?8e305ﬁlpﬁe°ﬁbﬁ§} ¥F the

slider 12. Ancadiddnkl @uaegenans.edThy alndieatiold 190 plate d SkndBbudessed
pair of balance welght portions 103C extending toward the
base portion 4A. A semicircle-shapéd projection
portion 103A slightly projecting toward the base portion 4A
is provided in a middle of the slider holding plate 103 and
18 between the pair of bhalance weight por'tzions 103C,

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

20 portion 103A contacts apolnt of the dimple 4G. The balance
weight portions 103C are provided at & small gap from the
regulation portions 4F provided on the tip portion of the
beam portion 4C. Therefore, the slider holding plate 103
can be 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 centar of gravity of the rotatable
slider holding plate 103 carrying the slider 2
substantially corresponds to ‘th.e center polint of the
rotation, 1.e., the dimple 4G.

30

Figure 13 1is a perspective view 1llustrating a
slider 2. The head 1 including an MR aelement is provided
11_1 a middle of an upper edge portion on a tip side of the



in a tangential direction of the magnetic disk so that an air lubric
filmis generated between the air bearing surface 2E and the magneti
10 A center position ML .of the air bearing surface 2E substantially

corresponds to the dinple 4G on which the slider holding plate 3 is

and which substantially Corresponds to the center of gravity of the slider
hol ding 15 plate 3. The slider 2 is suppyted on the slider attachnen
portion 8A in such a manner that the side 91 of the slider 2 faces t
portion of the beam portion 4C of the |oad beam 4. The slider 2 can be

rotated on tkaident @r
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bottomlWiews 5 illustrating the thin film piezoelectric substrate 8
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A center position M1 of the air bearing surface 2E
substantially corresponds to the dimple 4G on which the
slider holding plate 3 is rotated and which substantially
corresponds to the center of gravity of the slider holding
plate 3. The slider 2 is supported on the slider attachment
portion BA in such a manner that the side 81 ¢f the glider 2
faces the tip portion of the beam portion 4C of the load
beam 4. The slider 2 can be rotated on the center
position Ml of the air bsaring surface 2E by a small amount
in all of the following directions: a pitch direction which
1s a direction of rotation around an axis in a longitudinal
direction of the beam portion 4C through the head 1; a roll
direction which is a direction of rotation around an axis
along the air bearing surface 2E perpendicular to a
longltudinal axis of the beamportion 4C; and a yaw direction
which 1s adirection of rotation around an axis perpendiocular
to both the center axis of the pltch direction and the center
gxls of the roll direction. When the slider 2 is rotated
by a small displacement angle in the yaw directlon, the
head 1 is moved by a small displacement substantially in
a radlal direction of a magnetic disk.

Note that the head 1 i1s disposed so as to face a

n a
and



provi ded 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-sectional view.:taken along |line Y1-Y1l shown in Figure 15. 10 As
shown in Figure 12, the thin filmpiezoelectric substrate 8 is in the shape
of a rectangle extending from the tip portion of the | oad beam 4 toward the
base portion 4A of the | oad beam4. TFhazthkin filmpiezoelectric substrate 8
15 is provided along a surface of a magnetic disk.- The thin film

pi ezoel ectric substrate 8 may be made of a flexible, +thin stainless steel

pl ate or theSprkace/ef showgnat | guiesdks tadamdréSspedet s¢atby, 2to sfadd

attached to fieqUpRREeAtdR10h1LAR LR BY W sifaddiad Wgh {1 | m pi ezoel ectric

substrate 8. while a“slid support portion 8A |s provi on the | ower
side of the tip portion of the thin filmpiezoelectric substrate S. The

slider support portregudlsi $4j Ohngd 19 taﬁesu@@%raareaj W g 2 R@Etion 3B
of the slider goldlngaglate 103.. Substantially alf of the tip portion side

of the 2lidett2BBErpFdBRdetne anthin 1 el Ria2Re 8ot s&é&%ttrfﬁ(ﬁ’ t§ on 8A.
A pair of trppsteasat icm fm@r iibla(dn mrﬁlonanaDﬁrui vﬁ@iﬁEwhlmblaicef.

W ih difrorchtoprasel tare BEPBEr pettiPral” ale Vit e BB DARoR h o de
of the slldeshowupmanigumblan 8Ariguaeelasuscahcm@msp@@bumundﬂ:tm&hiﬂa -
wth the of i Sorel A3h8" Taher 318E BoPh &Y RAESIEC 1o provided on the.
upper $RPde of the beam
As shown in Figure 12, the thin film piezoelectric
substrate 8 1s in the shape of a rectangle.axtending from
the tip portion of the load beam 4 toward the base portion 4A
of the load beam 4. The thin filmplezoelectric substrate 8
15 ie 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 in Flgures 14 and 15, the slider 2 1s
20 attached to the upper side of the tip portion of the thin
film piezoelectric substrate 8. while a slider support
portion 8A is provided on the lower side of the tip portion
of the thin film pilezoelectric substrate 8. The slider
support portion 8A 1s joined to the substrate Jjunction
25 portion 3B of the slider holding plate 103, Substantiaily
half of the tip portiocon side of the slider 2 is provided

and attached to the slider support portion BA.

A pair of transformation gperation portions 8D and

30 8E which are transformed in a direction perpendicular to
a surface of & magnetic disk with different phases, are
provided at an end at the base portion 4A side of the slider
s_upport portion 8A, via elastic hinge portlions BF and 8G.



portion 4C of the | oad beam 4. The pair of transformation operation portions
8D and BE are disposed in parallel and spaced at a predeternined gap by
providing a slit in an internmediate portion in a width direction of the
thin filmpiezoelectric substrate S. The 10 pair of elastic hinge portions
BF and 8G are formed by reducing the width of tip portions of the
transformation operation portions BD_.aRd 8E. The slider support portion 8A
can be rotated in the directions other than the yaw direction due to the

el astic hinge portions 8? and 8G 15 Therefore, the slider 2 which is

provi ded on thgsUPPRE SidesrOimaPeoh| bfeFra USROS r PO6AS OBD Bnange thes sl i der
hol di ng ;pla%§F103 rovided on the | ower side of the slider support _portion

8A is not rotBERATPRSHhELFRY e 1T HT SBPRPELt POREIS8c 8T t B rf ¥¥5Hh

pi ezoel ectri porellenests iklApapdiddB ajre praevidgehnsihe |cfethsi deok the
thin filn1piezo§lectr§c iuggtrite 8, The first and second thin film

pi ezoel ect ri BPEL&HBNAE REATBARILPPE R2P&Auvi ded on the |ower side of the
pair of5transformati on operation 25 portions BD and BE and on the | ower side

of the fixed 30 portjipn 8C. _resulting._in ti-l r,. structure. The thin
filmpiezoelectric e?gﬁeﬁP%rigi 5%8n%fgr§%§q§he0pf a%%%ﬁwﬁﬂﬁ%%?%%é&gtion
porti ons 8D and Brazedicmaered inpahahlél endbépaned erti alp@:detisimireyt at ed

with the thi BabilyicBlaaaeles s 2t &ﬁgsrﬁaala%eﬁﬂﬂmrpwﬂﬂ ctric

el ements 11A”and B ea xpand in a | ongitudi nal ectron thereof in the
presence of &SpEPFPESONOPE dhe HdximeEAlmhplappetechrdc| Hes tEabess: hdfh®f

depending onphhe wH utsftideningd pwetiads sPhamRXPREShel FHordh thyn film
pi ezoel ectri %educing the width of tip portions of the transformation
operation portions 8D and 8E, The alider support
portion 8A can be rotated in the directions other than the
yaw direction due to the elastic hinge porticons 8F and 8G.
15 Therefore, the slider 2 which l1s providéd on the upper side
of the slider support portion 8A and the glider holding
plate 103 provided on the lower side of the slider support

portion B8A is not rotated in the yaw direction.

20 Firat and second thin film plezoelectric
elements 11A and 11B are provided on the lower side of the
thin film plezoelectric substrate 8. The first and second
thin film plezoelectric elements 11A and 11B are provided
on the lower side of the palir of transformation gperation

25 portions BD and B8E 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 cperation portions 8D and BE are covered
with a flexible material 6 and integrated with the thin £iim

30 piezoelectric substrate 8. The thin film piezoelectric
elements 11A and 11B each expand in a longltudinal direction
thereof in the presence of applied voltage between the upper
a_nd lower sides thereof, depending on the value of the



el ements 11A and 118 causes the transformati on operation portions 8D and BE
to be bent in a thickness direction thereof. As a result, the thin film

pi ezoel ectric 5 substrate 8 is displaced in a direction perpendicular to a
surface of a nmagnetic disk. An upper side electrode 9A and a | ower side

el ectrode 98 nmade of platinumare provided on the upper side 10 and the

| ower side of the first thin filmpiezoejgctric elenment 11A respectively.
Simlarly, an upper side electrode 9A and a |ower side el ectrode 9B nade of
pl ati num are provided on the upper side and the |ower side of the second

thin film pi ezaietegd s i cTRE eBRPanbi®n respenbi @l D1 SpsAgWRIERLEHGUres 15
and 17, three J'Eeenqm nal Igor%ongBA 138,c and 13C are provided on the | ower
side of the 3T HortY t FRUPRE P | hFPPRLBEPRELPPCOPEEBSEPELe 8 in

such adrr?nnerpqzma:’tonmeabl?hm@ BE&r r‘bc:’la.be Zﬂﬁpbr tnons tiackds8s angdeddConr e 3
expose rom X1 ep e termna | ons 13A
S P Re S 1% PEklo e uof, | BhEaRBLeREr e

and 13B are attached to an por 1 Ons’ (a Cof the
respective | (ﬂ/\@?ﬂ%ﬁ%@ e} et ribbiesl ©8ed The 4 edhieatiopoperpandlCuilarcapnect ed

to a short myg{-d4t Mf'kh%aﬁk SCiLi g féj(y shorts the end portions of the

upper side electrodes 9k. As own in Frgure 14, a first conductor pattern
12 conposed of four conductor lines 12A through 12D is provided 30 on the

upper side of the thigh fppeR eggggecéiég¥§gg§tﬁgt €a it sdo %?], t%?gfer a

recordi ng and re roduci ng signal to and rom-t head
four conduct dt*89Rde A8 madaqef ket nan age v elrd @W@%@é’cﬂﬂ%sﬂéﬁm nal s

2A .. 3 and the lower side of the first thin fllm plezoelectric
element 11A, respectively. Similarly, an upper side
electrode 9A and a lower side electrode 98 made of platinum
are provided on tha upper side and the lower side of the
second thin film pilezcelectric element 11B, respectively.
15 - ‘

Ag shown 1n Figures 15 and 17, three terminal
portions 13A, 13B, and 13C are provided on the lower silde
of the flxed portion 8C ¢of the thin film pilezoelectric
substrate 8 in such a manner that the three termlnal

20 portions 13A, 13B, and 13C are exposed from the flexible
material 6. The pair of the terminal portions 13A and 13B
are attached to end portions (at the base portion 4A side)
of the respective lower side electrodes 9B. The terminal
portion 13C is connected to a short member 14 which

25 electrically shorts the end portions of the upper side
electrodes 9A.

As shown in Figqure 14, a first conductor pattern 12

composged of four conductor lines 12A through 12D 1s provided

30 on the upper side of the thin film pilezoelectric substrate 8
80 ag to transfer a recording and reproducing signal to and

from the head 1. One end of the four conductor lines 12A

through 12D are connected to respective terminals 2A



t hrough 2D of the slider 2 provided on the upper side of the slider support
portion 8A of the thin filmpiezoelectri-c substrate S. 5 A pair of the
conductor lines 12A and 123 of the first conductor pattern 12 are drawn to
t he base portion 4A side via the transfornati on operation portion BD and
the fixed portion BC of the thin filmpiezoelectric substrate a. The other
pair of the conductor lines 12C and 12D.qf _the 10 first conductor pattern 12
are drawn to the base portion 4A side via the transformation operation
portion BE and the fixed portion 8C of the thin film piezoelectric

substrate S.tHfoddie $PUs£CORGUET Qheki ﬂe?ré%atabr ergRnb2Rpdeavk 1ldd dehe base
portion 4A side of the thin filmpiezoelectric _ substrate 8 pass through a

conduct or potk® &i1fsE BRPPRET monidion ARigétidie phinerhim Piggeelesdtyris

term nal hol sungtr@oetson 12F, and are connected to respective externally 20
connected termnals 3,2A through 12D on the termnal holding portion 12F
(Figure 12). As shown in Figure 16, the four conductor |lines 12A through
12D are5fixed to theAupper sfdehefcdha@uthbr flihes232pi andellest Kfc $bstrat e

B using the Lble material 6. 30, Referring tqQ Figure 12 a . seco
conductor ' paltoF PRdR G Bargeah w2 phe 4t U S e pel o A

pi ezoel ect ri gldéevibat thé 1ArandfétBapioni dpeéremibhe poatdion ddeinaf tthee t hin
film piezoel i ggyf 74 udes

t hree conduc?g%é?%ﬁéﬁgi%ggh?%%&h%?E?ﬁggggﬁﬁﬁg$or ”%ﬁggfg%%ﬁﬁﬁﬁﬁg%?g%'to
respective Theephlerypadnnett tbet epniingteori3Anesr 32§h angCl2hef Hhee

10 first conductor pattern 12 are drawn to the base portion 4A
slide via the transformation operation portion BE and the
fixed portion BC of the thin fllm plezoelectric
substrate 8.

15 » The four conductor lines 12A tﬁrough 12D drawn to
the base portion 4A side of the thin film plezoclectric
substrate 8 pass through a conductor portion 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
helding portion 12F (Figure 12).

As shown 1n Figure 16, the four conductor lines 12A
through 12D are fixed to the upper side of the thin film
25 plezoelectric substratse B8 using the flexible material 6.

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

30 gida of thea thin filmplezeoelectrlic substrate 8. The second
conductor pattern 7 includes three conductor lines. One
end of the conductor liney are connected to respective
;nternally connected terminals 15A through 15C. The three



-- 36 internally connected termnnals 15A through 15C are connected to
respective termnal portions 13A through-13C (Figure 15) provided on the

| ower side of the fixed. portion 8C of the thin film piezoelectrl.c
substrate 8. The 5 fixed portion 8Cis fixed via a termnal holding portion
7A on the upper side of the beam portion 4C of the |oad beam4 as shown in
Figure 4. As shown in Figure 12. the thrme conductor lines 10 provided on

t he second conductor pattern 7 pass through a conductor portion 7C of the
second conductor pattern 7 and reach the term nal holding portion 7B, and
are connect edntegnmddyectdommeaxtesst natéymtoaneclBA t ehmonghs A 158 and

16C on the t ' ol di ' Ln.,ELogure 11
t erm nal ho|g?ﬁEEQESEt%gnggﬁﬁgé%h?ﬁeng?%?a§§%§€€¥§?5péﬁkefﬂriﬁggn he
termi nal hol dFdguger L5dn FBovidefie secdhe cbowart osldgatafer thé aftxedt ached

to one edge prkiO Gt bERER12E DAY LhaoMetl LeshRE heaTyd. BeLng

arranged side by side ongitudfnal direction o oad beam 4.
Operati 6n of fipred PeEttensBEus fdxedaviapermingdchaniisng2oarwion Bl

described wi bl tRéQISHEe dile 6% EheWESm KbAdWMIAc 25 tBef ebhlinge 4 K gures
12, 15 and 17, the upper _ el ectrodes 9A provided on the upper sides of the

first and s&CoRBOFR A7 FligusiceAoel ectric el enents 11A and 11B are 30
grounded via the short nenber 14, the term nal portion 13C, and the

internally connected_term nal 15C and the externally conpected term nal 16C
of the segond Conducﬁgrghﬁgptépn igure 12, the threg'con uator lines

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

15
4s 8shown 1n Figurs 11, the terminal holding
portion 12F of the first conductor pattern 12 and the
terminal holding portlon 7B of the second conductor
pattern 7 are attached to one edgs portion of tho base
20 portion 4A of the load beam 4, being arranged side by side

in the longiltudinal direction of the load beam 4.

Operation of the thus-constructed head support
mechanlsm 200 wlll bhe described wilth reference to
25 Filgures 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 plezoelectric elements 11lA and 11B are

30 grounded via the short member 14, the terminal portiocon 1l3C,
and the internally c¢onnected terminal 15C and the

externally connacted terminal 1é6C of the second conductor
pattern 7.



- 31 Further, a voltage Vis applied to the lower electrode 9B joined with
the lower side of the first thin filmpiezoelectric elenent 11A via the
externally 5 connected term nal 16A and the internally connected term nal
18A of the second conductor pattern 7. Further, a voltage zero is applied
to the lower electrode 9B joined wth the |ower side of the second thin
filmpiezoelectric element 11B, via thegexternally connected term nal 16B
and 10 the internally connected term nal 15B of the second conductor
pattern 7 and the term nal portion 13B. 15 Therefore, the voltage V between
t he upper side electrode 9A and the |Iower side electrode 9B is applied to
the first thin filn1?i%é el ectric_elenment 11A. As f r&s |t, .the first thin
filmpiezoelectric ef& TrimexX] &Y A8 WP nd© ditPEct FB%eE her eof
(i ndi cat ed bylanm@wdélBEnjoEmgdreii&)th301bWerhh$dease tRenEerkfethin

t f t he ghin f t

substrate 8 ThAh dAr AR IARAC SPhRint Eh o oY 08l o ¢ SFERERELINA s
made of Sst ai ﬁloésiglcéle@el t@trnt;lrmez]l L6 tamed rigiadi thntierrenl 1 ex paominegtddr ect i on
(indicated byeefiQ) ‘ﬂlAlldﬂAn QHE%&Q&&%BB&EBE‘ rﬁgﬁgfﬂmﬂ O“JFQPE‘ﬁé‘ | on

portion 8D is increase herefore, ‘the transt 'on opération poftion 8D
of the thina VPhtpEezdRrects APt tax £08 preerorteohrede PBrieinedin film

pi ezoel ectri giehewpat 1448y §1aen&fdeﬁet93aoﬁamam ££1h eﬁiei&'ei‘eétffet I on
away froma syrface of a nagnetic disk, 30 i. I n such manner as to

proj ect towafdefedt Hil®-f VFLFh thy Sdarmalie Cé’l“é‘ﬁé’ﬁ@é E?F\méﬁéllilﬁBs’PH@ In
contradip, a ol agategnaafiyappbhadctedt heegneand 158 of the second

conductor pattern 7 and the terminal portion 13B.

Therefore, the voltage V between the upper side

electrode 9A and the lower side electrode 9B is applied to

15 the first thin filmplezoelectric element 1lA. As aresult,

the first thin film plezcelectric element 11A expands 1in

a longitudinal dlrection thereof {(indicated by arrow Al in
Figure 18).

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

25 of the transformation operation portion 8D is increased.
Therefore, the ftransformation operation portion 8D of the
thin £ilm plezoelectric substrate B provided on the first
thin film plezcocelectric element 1llA 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 1l1lB side.

In contrast, a voltage ls not applied to the second
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19, the second thin film piezoelectric
operation-.portion BE of

thin filmpiezoelectric elenment 11B. Therefore, as shown in Fi

the 5 second thin filmpiezoelectric elenment 11B are not substanti al
Referring to Figure 20, when the transformation operation port
I s bent,
operation portion BD, which 1is projected onto the sanme plane as the
transformation operation portion BE which is not bent, is shorter by a
di spl tizkmest 118 pidere Idet + oot herdnt hBLR [ ariHferamitON adRATGAIH ON

portion SE L chgl t JRent . _.Therefore, t 15 slider-sypport. portion 8A of
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ion 8D

the length in the | ongitudinal 380_direction of the transformation

(Figure
vol t age

zero isSappl PeEORd thain| ofibimsi Hdesbedertdd coBepemended 180 tohm | ower si de
of the
applied to the |l ower side electrode 9B provided on the |ower side of

second thin filmpiezoelectric elenent 11B,

firsgugg{gn{iﬁﬂlpiggﬁgtectric el ement 11A and a voltage V 25 is

t he

the transformati on operation

portion 8D of the tMﬁéifmgpitSZQ@.kﬁﬁ:td 20 SURSdA 2t Re 8 tRLUAG RGN dre first
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thin film piezoe]

t r ansf or mat | BREHPE
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bent .

15

20

25
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is projected onto the same plane as the transformation
operation portion B8E which 1s not bent. is sh‘orter by a small
displacement 81 than the length of the transformation
operation portion 8B which 1s not bent. Therefore, the
siider .support portion 8A of the thin film piezoelectric
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 sllider holding plate 103 are also rotated on the
dimple 4G (Figure 12} by a small amount 1in the same
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 piezoelectric element 11A and a voltage V
lg applied to the lower side electrode 9B provided on the
lower side of the second thin filmpiezoelectric elament 11B,
the transformation operation portion 8D of the thin film
piezocelectric substrate 8 provided on the first thin film
Pilezoelectric element 1lA is not substantially bent, and
the transformation operation portlon 8E of the thin f£film
Plezoelectric substrate 8 provided on the second thin film
plezoeclectric element 11B is bent.



- 39 Therefore, the slider support portion SA of the thin film

pi ezoel ectric substrate 8 is rotated by a small anount in the yaw direction
opposite to the direction indicated by arrow A2 In Figure 20. As a result ,
the slider 2 and the 5 slider holding plate 103 are rotated on the dinple 4G
(Figure 12) by a small anmount in the sane direction. 10 As descri bed above,
vol t ages havi ng opposite phases are appjied to the respective first and
second thin film piezoelectric elenments 11A and 11B so that the head 1
carried on the slider 2 is noved with great precision by a small size of

di spl acenent corresm@diafg;rteo anelsilama:v@ﬁpﬁgﬁt ;idart&draCHmbfGHHee%hﬁn of a
magneti c di direction formof a

t h t th
concentric %é‘lg'l P£P§°82efzﬁ§1ﬁa %?FE"EI?SE isl'%%rt@ft %egyl h At amopnt
operation fam diuesiymg tdie:dtﬂai:brﬂ d@daﬂi&eomtca e ok cant hen mﬂﬂuated with

Comnecti ng thear PRz IR EaRtEe 28 g d AR Y, ERETERGRCH B fRPat i on

portiors 8D=dddlegE mmmgt §i L tei |1ma pazgogicgateicc subsieat @éimpaeeddesi gned

to be m ni mypsgiaes Qern@fm«gﬁm 083 dafs 20Erdes ogd 12C and

12D of the conductor are provided on t respéctive 25 elastic
hi nge portions BG and 81F Therefore, a load required for rotatlon of the

sl dor " suppor . por  naBépE Buoh s vheBebY 4 oiossRPAR LYY 1 O BA

can be reliably rotated by a snall Furt her’, 20 to 30
M) is appl i%F EPRHSD 89 d‘é“re XIRPYHeL v aﬁﬂer%*brw@ %%‘P"E“P@m‘éhllE SHAMAE of

t he | qaxd piezoelectric elements 11A and 1llB so that the head 1
carried on the slider 2 is moved with grealt precision by
a small size of displacement corresponding to applied
voltage, in a radlal direction of & magnetic disk, 1l.e.,
a wldth direction of sach track in the form of a concentrio
15 clrcle ' on the magnetic disk. Therefore, an' on-track
operation for causing the head 1 to follow a track can be
conducted with great preclsiocon.

Note that the elastic hinge portions BG and BF

20 connecting the slider support portion 8A and the

transformation operation portions 8D and 8E of the thin £ilm

piezoelectrio substrate 8 are designed to be minimum sizes

g0 that the conductor lines 12A and 12B, and 12C and 12D

of the conductor pattern 12 are provided on the respective

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

requlred for rotation of the slider support portion B8A is

reduced, wherseby the glider support portion BA can be
raliably rotated by a small load.

30 Further, when a load (20 to 30 mN) is applied to the
slider 2 by the plate gpring portions 4E and 4E of the load
beam 4 (Figure 12) g0 that the slider holding plate 103 is
rotated, such a load 1s also applled between the dimple 4G



beam 4 (Figure 12) so that the slider holding plate 103 1.s rotated, such a
|l oad is al so applied between the dinple 4G - 40 and the slider holding

pl ate 103. - Thereforo, frictional force determ ned by a frictional
coefficient between the slider holding plate 103 and the dinple 4G is
applied to the slider holding plate 103. Thereby, the frictional 5 force
prevents the slider holding plate 103 frggnbeing shifted fromthe dinple
4G al though the projection portion 103A of the slider holding plate 103
can be rotated on the dinple 40. 10 The sane voltage is applied to the
first and seéddd thehial ifddmibmlsiioel artate B 2nerits2rdfommd A#d+tsboaslt o

te i . f t fi d. t hi i |
o eroet ect ri ¢ o anae tBiiitag, I St I [ Se MO SEENERALE 1 ™
absence of appilideF Velddgs pdindes dthgewl e alinplophdsis eaphhted tay be
applied to th@er aSPEE T VAol dithg %13@%&?.00”@?{5?%ﬂgti IR iff?@%f&{léic

el ements 11A and 11B to drive the first thin i ezoel ectric el ement 11A

and the?d trafOFSenRNSieher Bhfosldded diwbbinanalate 388ofdami belngl m

pi ezoel ectri ghalrement £16R avde! N@1hp2asher Mgl PRough Oeﬁéat'ﬁa%aeéisgn BE,
In Exanple 2, a voltﬁ%e S agflled to the thin film piezoeleciric elenents
11A and 11B POTHAR NSH AE-He ShidfTehadfdREPLALS chBHCam PR EABREEB are

bent to becom® ah2b diapaex ahape. Alternatively, a voltage may be applied to
the thin filmpiezoelectric elenments 11A and 11B so that the thin film

pi ezoel ectric elenments 11A and 11B are bent to becone a concave shape. 30
Note tA& the el asti Thlei sgmeposltams 3Cappd 188 avethe first and second

thin filmpiazoelaectric elements 11lA and 11B so as to operate
in the same manner. Therefore, the first and scoond thin
film pilezoelectric elemants 11A and 11B may be designed to
be bent in the absence of applied voltage, and voltages
15 havingoppositephasesmaybeappliedtothaxespectivafirst
and second thin film piezoelectric elements 11A and 11B to
drive the first thin film pilezoaelectric element 11lA and the
transformation operation portion 8D, and the second thin
film plezoelectri¢ element 11B and the transformation
20 oparatlon portion 8E,.

In Example 2, a voltage is applied to thea thin film
piezoelectric elements 11A and 11B so that the thin film
plaezoelectric elements 11A and 11B are bent to bhecome a

25 caonvax shape. Alternatively, a voltage may be applied to
the thin £ilm piezoelectric elements 11A and 11B so0 that
the thin film pilezoelectric elements 11A and 1l1B are bent
to become a concave shape.

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



each sufficiently flexible so that the slider 2 can be rotated in the rol
direction and the pitch direction. Therefore, a floating characteristic of
the slider 2 with 41 respect to a magnetic disk can be inproved by the air
bearing due to the air bearing surface 2E. The dynam c characteristics of

t he head support 5 nechanismof the present invention will be described
bclow_ Figures 21A and 21B and Figures % A _and 22B are schematics di agrans
illustrating two nodel s of a head suppor mechani sm Figures 21A and 21B
illustrate a head support 10 nmechanismin which the center of gravity G of a

smal | rotaty I I i e e t AN ihg plate
3 is positi Oﬁgé&pgﬁ &E/eog% "%ﬁ%ﬁ%?&@‘é’%ﬂ% ?i%lﬁrﬂggg A%theg%?%éa e%%l,&q{ar‘ﬂd 22B
illustrate t®aehbadtle ppbrtbepastRanBynfage® 8E-Exanple 2 in which the center
of gravity G 15 of a small rotation portion including the slider- 2 and the
slider holding plate_ 103 substantially corresponds to the position of the
di npl e 4G Wen vol t Besd¥Rgntg shesdcteisides £ Bl head FuBRPithe

respectsve fhéchandsSECORe phéseht | Mnierzont qatni seela@mBed 1A 1aRd 11H so
that the transformation operation portion 8D is contracted and the

transformation operation portion BE is expanded, a tracking characteristic
of the head 1 with Fegpees :baaahar @aB tamar kF Dure sreEet anadizeB 2rd s

W be o vercBEmakeh i 28 e raRARE Loperd e R AT ot o

i ncl udi ng t hmeéBaslsder Plaancked HelX| amdr2 I®|idinpiptate B hemdaesipriconzd

betweepgthe giopb1 46 aRd difeetflo! AHtHIOWs! BrEVIYPE DA 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 i1llustrate the head support
mechanism 200 of Example 2 in which the center of gravity G

15 of a smull rotation portion including the slider: 2 and the

slider holding plate 103 substantially corresponds to the
position of the dimple 46.

When voltages having cpposlte phases are applied to

20 the respective f£ilrst and second thin £film piearcelactric

elements 11A and 11B so that the transformation operation

portion 8D is contracted and the transformation operation

portion BE 1ls expanded, a tracking characteristic of the

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

25 is greatly affected by the position of the center of
gravity G.

A description will be given of when the center of
gravity G of the small rotaticon portiecn including the
30 glider 2 and the slider holding plate 3 i1s positioned
batween tha dimple 4G and the head 1 as shown in Figures 21A
and 21B.



and 21B. - 42 As shown In Figure 21A. when the transfornmation operation
portion 8D and SE are contracted and expanded, respectively, forces Fl1 and
F2 havi ng opposite directions are generated in the elastic hinge portions
8G and OF, 5 respectively. In this case, the slider holding plate 3 can be
freely displaced in the contraction and expansion directions of
transformati on operation portion 8D and48E. due to the di nple 4G provided on
the | oad beam 4. On the other hand, the slider holding plate 3 is
restrained in the 10 bend direction of the transformation operation portion

SD and SE due to frastknaeh fer Glgurs DX eSkhén @RoaRGANAE o/ ENL M
around t:he center ff grav#%énbesagﬁnﬁrated b t he f%{ces F1 and, F2, which
[

acts on the SPPHAFLIOR BT B 8FRg Cpraracied) angs esmeniedy Fi gures
21A and 21B,respeatigeliatfohees dP 5tang e baiaeian idpaanied idfecdrimnig y G and

the dinple 4 [ l.Qngj.t udinal .direction of the be orti 4C of
the | oad bea%ﬁ, ag§§5ggﬁﬁorﬁ¥ g#%% a(c"j—;%ﬁl %@.)nqes %%% %ﬁ‘%dg@ogf’g a{%’p t he

di npl e 3G Thespectiv&hy| ealts thd.st canef, otmatsildrderoholAgnheabaper 8 icam 4C of

t he | oad beagy 4.£.L e, engf i | y j t i Qn., As shown
in Figure 2?83,3 g\fgelr?&% ‘ti%éE:sLF?'%gr”gﬁl gtﬂeZSc:?thg?ggEISﬁ t%hrg&ct)éu aglpgc DBekwi se

direction, t®Ereshhersrafit toAnsefernatdpnpopeiretd osDpardtiBE & andrdH or med

by th ' ' '
y the reactags {oresge @ﬁnﬁpett@t?#}@iaéédoﬂ t)ﬁ%nﬂs?%ﬁofveroé&naete 3

predet erm ned,_anmount. Since the slider 2 and t din

each have a HHREY hHapd sltgeplidardabding miatferd As apatrplacd B ihae a
del ayetor esppase dirdd¥lon of the transformation operation portion 8D

and 8E due to frictional force. As a result, an anqular
meoment Ma around the center of gravity G is generated by
the forces Fl and F2, which acts on the slider 2 and the
6lider holding plate 3.

15
As shown in Figures 21A and 21B, assuming that the
distance betwaen the center of gravity G and the dimple 4G
is 8a 1n a longitudinal direction of the beam portlon 4C
of the load beam 4, areactlion force Ra (=Ma/8a) is generated
20 to aot the dimple 4G. The force Ra leads to transformation

of the beam portion 4C of the lcad beam 4. Figure 21B
schematically shows such a situation.

A=z shown in Figure 21B, even if the slider 2 is=
25 rotated in the counterclockwise direction, the
transformation operation portions BD and 8E are transformed
by the reaction force Ra so that the head 1 18 not moved
over a predetermined amount. Since the glider 2 and the
glider holding plate 3 sach have a mass, the slider 2 and
30 the slider holding plate 3 have a delayed response to the
transformation of the tranagformation operation portions 8D

and 8E.



transformati on of the transformati on operation portions 8D and BE. - 43

Fi gures 24A and 24B are graphs showi ng the tracking characteristic of the
head support nechani smof Figures 21A and 21B with respect to a target
track of the head. Figure 24A shows gain characteristics, and Figure 24B
shows 5 phase characteristics. In Figures 24A and 24B, reference nunerals
J1 through 35 each indicate a resonancgs point when the thin film

pi ezoel ectric elements 11A and 11B in the head support 10 nechani sm of

Fi gures 21A and 21D are driven. JlI indicates a resonance point in a tw st
first-order node of Fliganesnddfpondi 248 ACeofranks | sl brartsedtshowhngn Fi gure

23A. J2' indd rﬁs_&n i | ] lﬁﬁgfz) - QF e f the
beam porti o%h%a??e%ﬁe oaggg%%%f&g%%ﬁ?ﬁwﬂiﬁ%cur e %g.&lgf@é{[lg%dlzégt es a
resonance p&sk #HBa WitdherepBRELi diP mBdetaWfay Fréfck hef bddha pbeaflon 4C of

the | oad beamghrehaun Eﬂowgi%lrr?cﬁﬁgacéériﬁii&.%?@ PRI GAt A RshEgRNaNce
point in a resonance node of the transformation operation portions BD and

BE of the t KO8 |ISARAEASALRLEIGE- 20 substrate 8. From the view point of

the dynami c characteristics of the head support mechanism the frequencies

I n those resonance rmdﬁi are pégéerab y i4 creas?d uB to a sufficient 25
frequency region sud® t hAPUERE quhi &880 REECEPPEE DYPRBTHOEi YLoni ng of
t he head. Sithomudhe Jesmuindadiccats a redduaigd Pd3lat ewdar elbethshi cs

Tt to i PEBsRaBel Sttt foRon 8t IR A THE Sn SR hBAHIREERET ooy
be grddt|y imesieasiemm ofhElglhoes, 20f apdnki®sgay drtlyen. J1 indicates
a resonance point in a twist first-order mode of the beam
portion 4C of the load beam 4 shown 1n Figure 23a. J2
indicates a resonance point in a twist second-order mode
of the beam portion 4C of the load beam 4 shown 1n Figure 23B.
15 J2 indicates a resonance point in a plane vibration mode
{Sway) of the beam portion 4C of the load beam 4 shown in
Figurae 23C. J4 and J5 each indicate a resonance polnt in
a8 resonanoe mode of the transformation operation
portions 8D and B8E of the thin film plezoelectric
20 substrats 8.

From the view point of the dynamlc characteristics
of the head support mechanism, the fregquencies in those
resonance modes are preferably increased up to a sufficient

25 frequency reglon such that the frequencies do not atffect
the positioning of the head. Slnce the resonance points Jl
through J3 are characteristics which result from the
structure of the load beam 4, there is necessarily a limit
to the resonanos frequency, so0 that the resonance fregquency

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



reduce the phase del ay of responses of the resonance points 31 through .T3.
- 44 Figures 22A and 22B are diagrans |llustrating the head support
mechani sm 200 of Exanple 2 in which the position of the center of gravity G
of the small rotation portion including the slider 2 and the slider holding
5 plate 103 substantially corresponds to the position of the dinple 4G As

shown in Figure 22A. since the positianayf -~ the center G of gravity

substanti al |

y corresponds to the position of the dinple 4G a reacti

force Ro due to an angular nonent Mo is not generated. Therefore, as

1.n 10 Figure 22A

porti ons' 8D g 485 g, LONYERIDe, 1, TAIGL Len Eoa,ble yaw di ection of

slider 2. The resu

and 25%. Fi

response aracteri Ics are " shown I'n
gafrdtisn ghotibegaentenapficoravitycl, cfinth+i gkl 258 stibmws
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he
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characteristic of resonance at a tmﬁs% second-order node resonance point 32
can be inprotB8 SRELELPEr B STAYIfYaSUAT tAdGRinde GRETASRANAS sto the

subst anti al | posat iphe$ENthe? AiMp 16 SE | ReGcthitviton | fbdde Kt UEP gL
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30

id.gpirat @2803tRebdlsylacdhynt amounts of the transformation
operatlion portions 8D and 8E are converted to rotation in
the yaw directlon of the slider 2. The reshltant regponse
characteristics are shown 1n Figures 25A and 25B.
Figure 25A shows galn characteristics, and Figure 25B shows
phase characoteristics. k

As shown 1ln Figures 25A and 25B, since the positien
of the center of gravity G of the small rotation portion
including the slider 2 and the sliider holding plate 103
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
can be improved and a parallel vibration resonance point J3
is substantially not present.

As described above, in the head support
mechanism 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 dimple 4G. Therefore,
the head support mechanism 200 of the present invention can
achieve an excellent response characteristic when the thin
f_ilm plezoelectric elements 11A and 11B are driven at a high



30 corresponds to the position of the dinple 4G Therefore, the head
support nechani sm 200 of the present invention can achieve an excell ent
response characteristic when the thin filmpiezoelectric elenents 11A and
11B are driven at a high - 45 frequency. Further, the slider 2 and the
slider holding plate 103 are supported an the dinple 4G so as to rotate 5
not only in the yaw direction but also all other directions. Therefore,
a friction | oss of the slider holding plate 103 upon rotation can be
greatly reduced, thereby naking it possible to produce a great anount of
dlsplacenengrgaubﬁ% head 7. with a small driving force. 10 Further, the
center position M or the air bearing surface 2E substantially corresponds
to the center of rotation of the slider 2. Therefore, the head 1 on the

slider 2 is not |IkE‘L1¥"t1thbe ﬁhétuﬁbﬂﬁfebwa ddd ckhanak1igagee ndpadug to-the
viscosity of r exa e Fur her I he be nrstructure conEosed of

ai.r
the thin PPHF&l&? el & %ﬂﬂPWQﬁ?t P i3 thi EbRtctric
el emenBs 11Ao&rt€h]l:,1l3nhﬂ£e gahlcurrdcery_ein pht20 g0 ghditlyotReA ddireret i s .

poi nt of t nAPREEA TR upBobt FELRAM L7 200 n bAaLE AL RLRY I T her E0Rd.
Fi gures 26Au@ma Z@BaanensahsnamecgdeaglanxedzﬁeﬁLlmﬁanﬂhyum&khm@eitof
anot her heagosuipdle! +2PERRALY acgegggn%ggnggﬁ#ﬂ%&%mﬁtpr,,e;s

i nvention. The basic ructure o chanismrs ?ﬁe sanme as
that of thé&egiovewdddcd BmilieatrsUimrioreehani sm 200 of Exanple 2. Thus,
the cqgponents of the another head support

Further, the center position Ml of the air bearing
surface 2E substantially corresponds to ‘the center of
rotation of the slider 2. Therefore, the head 1 on thse
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
film pilezoelectrlc substrate 8 and the thin f£ilm
plezoelectric elements 11A and 11B has a2 high level of

20 rigidity in a direction indicated by arrow Al in Figure 18.
Therefore, the wvibrational resconance point of the head
support mechanli=m 200 can be structurally improved.

Figures 26A and 26B arc schematic dilagrams
25 11lustrating a model of another head support mechanism
according to Example 2 of the present invention. The basic
structure of the head support mechanlam iz the same as that
of the above-described hsad support mechanism 200 of
Example 2. Thus, the components of the another head support

30 machanism are not herein dascribed.

The another head support mechanlzm of Example 2 18
characterized as shown in Flgure 26A in that the dimple 4G



3D nmechani sm are not herein described. The anot her head support nechani sm of
Exanple 2 Is characterized as shown in-Figure 26A in that the dinple 4G -
46 is positioned between the head 1 and the center of gravity G of the
smal | rotation portion including slider 2 and the slider holding plate 103
where the small rotation portion rotates on the dinple 4G 5 Voltages
havi ng opposite phases are applied to_tgﬁ _respective thin film

pi ezoel ectric elenments 11A and 11B so that the head 1 is displaced by a
smal | amount toward a position of a target track. In this case, the 10

transfor mat i 0§ peRaralindn BAkEER Sk dlesldha ARAMtHd LBL tBLEZPGHAGH L 6

substrate 8 is contracted while the transforpmation operation portion 8E
thereof is é%%éﬁ%%d?m“%%eF€B9tb@ﬁePQFFhan6P€é§d¢B9aﬁéiﬁ2fwﬁi@dedﬂuﬁhe

el astic hi ngkiper (OIS B It SFLOD Yher&li fRC N TodWtiidh phbethidgur e
"26A. In thl% ﬁage t he %raﬁifoEnatlon operation portions 8D and BE can be
di spl aced i n"ThEFEBnYR abRofiBRY® &%pansi on directions. However, the slider

hol di ng520 plate 103 is restrained in the bend direction of the
ot t an angul or rEVEREORE MBURG SHiS SehPBASEE GFaVRSLEfc et ated by
the forces PlegpeictFee Whirifidat pleroeiecshildeelamantst beéAsanderimadi ng
Gimpl e 4G sothaphs Redrallsy SRPFE L) IF) SFELE b dE RS BT
di npl e 4G TReS}EheRi oAff oRce tREdetadstrack r ansfn mathds ofaske the
10 transformation operation portion BD of the thin film
plezoelectric substrate 8 is contracted while the
transformation operation portion BE thereof 1s expanded,
thereby generating forces Fl1l and ¥2 which act the elastic
hinge portions 86 and BF 1in the directions shown Iin
15 Figqure'26A. ‘

In this case, the transformation operatlion
portions 8D and BE can be displaced in the contraction and
axpansion directions. However, the slider holding

20 plate 103 is restrained in the bend direction of the
transformation operation portion 8D and 8E due to
frictional force. As a result, én angular moment Mc arcund
the center of gravity G 1s generated by the forces Pl and
F2, which acts on the slider 2 andtheslider holdingplate 3.

25 There is a distance So befween the center G of gravity and
the dimple 4G, so that a reactlon force Re (=Mc/S8c¢) is
genorated to act the dimple 4G.

The reaction force Ro leads to transformation of the

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

on the head 1 in the desired directlon of displacement,
thercby promoting the movement of the head 1 due teo the



30 beam 4C of the | oad beam 4. However, as is different fromthe case of
Figures 21A and 21B, the reaction force Re acts on the head 1 In the
desired direction of displacenent, thereby pronoting the novenment of the
head 1 due to the - 47 rotation of the slider 2. This situation is shown in
Figure 268. Since the slider 2 and the slider holding plate 3 5 each have a
mass, the slider 2 and the slider holdjng,pjate 3 exhibit a characteristic
in which a phase | eads an input signal Instructing the novenent of the head
1. Figures 27A and 27B are graphs showi ng tracking 10 characteristics of

the head suppethtTeahast skhel &igidesz 26Arand 26R wMtihd espeGhdud ashar get
track of: the head.gghpure 27A shows gain characteristics, and Figure 278
s

shows phase gﬁgPiét tics. 15 . In Figures 27A and 27B, reference nuneral s
31 through J5 each indicate a resonance point when the thin film

pi ezoel ectric el enen 11A. and in.the_head s ort hani sm of _ Fi gures

26A and 26B are drivgﬁpcfltﬁﬁdﬁiiagg 2,8Pgs %n%tfg%FH9°£§f%9t e 3

first-oPder redd yive bonheamt2@® pdifieon24Gdthehd Idmdnbeaond shovdm i n

Figure 23A. 3%nibi¢i ¢a ol [jf, kh a tw st second-order de of
: hi'b'lq.l @ tcﬁ%é:%%t}}qb%qﬂcce&% WhidH' £ Sl ss 5 &t frfﬁf

t he beam portion 4C of eam 4 shown 1 n Figure : ates a
resonance poPAETAd Angitawe tiing &heomausdeny SWyhhefhadd beam porti on 4C of
the | oad beam 4 shown in 25 Figure 23C. J4 and J5 each indicate a resonance
point in a resonance node of the transformati on operation portions 8D and
SE of the thin fil m Ble¥seEe@T? @nd LR rare graghs showing tracking

10 characteristics of the head support mechanism of
Figures 26A and 26B with respect to a target track of the
head. Figure 27A shows gain characﬁeristics, and
Figure 27B shows phase characteristics.

15  In Figures 27A and 27B, refarence numerals J1
through J5 each indicate a resonance point when the thin
film pilezoelectric 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 4Cof 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 load beam 4 shown in

25 Figure 23C. J4 and J5 each indicate a resonance point in
4 resonance mode of the transformation operation
portions BD and B8E of the thin film piszoelectric
substrate 8,

30 The phase characteristics of the resonances
points J2 and J3 in Figures 27A and 27B each exhibit n
leading phase, which is advantageous to the stability of
tpe control. Further, if the peak wvalues of the gain



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 - 48
characteristics of the resonance points J2 and J3 are attenuated by a
danper or the |like (not shown), nore satisfactory control characteristics
can be obtained. 5 In the another head ggpport nechani sm of Exanple 2, the
dinple 4G is positioned between the head 1 and the center of gravity G of
the small rotation portion including slider 2 and the slider hol ding
portion 103 Gheractérishhté ofotthé orepotisinee rpbhhes 02 tdhal displeadG

Therefore, wep, hin fil lL.ezoel ectric .S driven at _a high
frequency, an ef%g? e‘%tIb e§%o§é@b%%afggt%%Fbtf%ﬁgg %%?éi%%%wnpn SﬁﬁFﬁtion.
Further, a stablef2eMe¥ylcentratt ehivacterantibe gehi deedhitmismd.e of
variations in the position of the center of gravity. 15 (Exanple 3) Figure
28 is giperspective view illustrating a head support nmechanism 300 for use
in a disk apparatus SioedrRgthes BahsLEPYrds mepbapiesat Exaveds ¢n, vi ewed

froma di sk 2k aieth®leFidgur € pa81ird onR et RE6E + REASRECT ia¥® YhE€Wenter
iIIustratinqméhe haﬁgﬁ§gpport _ chgniiEISOO. C? onents simlar to the
correspondi ng- c§AEIAEAT & d8criftfod 2MaL lEERBRELPD o RO TG ndPed Winche sone
reference nuwktds a:ndiskhd snidexamyleithg pbetdesciiopt wearaef tise@haganponent s
e cniy o SeRPEEL PP B TEESERR A 42 UL S0 it 5 0P
10 a thin film pilezoelectric element 1s driven at a high
frequenoy. an excellent response characteristic is obtained
in operation. Further, a stable control characteristic can
be achieved in apite of variations in the position of the
center of gravity.
15 .
{Example 3)
Figure 28 i8 a perspective view illustrating a head
support mechanigm 300 for use in a disk apparatus according
10 Example 3 of the present invention, viewed from a disk
20 s1de, Figure 29 is an exploded, perspactive view
illustrating the head support mechanism 300. Components
similar teo the corresponding 'components described in
Example 1 are designated by the same reference numerals as
used in Exampla 1. The description of such components is
25 therefore omitted.

Referring to Figures 28 and 29, the head support

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

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

30 beam 4 includes a square-shaped base portion 4A which 1s
fixed by beam welding to a base plate 5. The base portion 4A

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

{not shown). Thae load beam 4 includes a neck portion 4B



a slider 2 attached to a head | is supported. The | oad 30 beam 4 Incl udes a
sci uar e-.shaped base portion 4A which is fixed by beamwelding to a base
plate 5. The base portion 4A and the base plate 5 are attached to a head
actuator arm (not shown). The |oad beam 4 includes a neck portion 4S - 49
tapering fromthe base portion 4A, and a beam portion 4C extendi ng straight
fromthe neck portion 4B. An opening _pggtion 4D is provided in the mddle
of the neck portion 411. 1In the neck portion 4B, portions an the opposite
sides of 5 the opening portion 4D each function as a plate spring portion

AE. As showtdmeddmgyrerd, tie hask Ipbrel odi 88, aandRa BLERERbrikS oRr QW ded i n
a side of t %{ﬁii r_ 2. Fq&%her four 10 termnals 2A through 2D are
di sposed in & tr4 (HE AN e ATYR FRet RBCKORBE LR8Pt ABn oDt RBSHILAE of t he

slider 2. mattiermoile legpraviddddn themiddle oZEhe nprckvpoedion ap, upper

side of the [ . ., £l gener.ated b rotati magnetic disk is

passed in a %%t‘%ﬁer &%r‘%@ io%lr%:lg %g't I?g’rstli"&l@r %‘ ?get SRBQﬁRi%&I Sg &cCfon of a

magnet iT di e eperbag aergion @br iccatl nfudct hon s agerergst €tk bepweay t he

ai r bearing mirfaae KE and a magnetic disk. As shown in Figure 29, a flexure

307 having a head ? 0 conductor pattern 306 is provided on the beam portion
4C of the | oad beam 4 A base material of the flexure 307 is stainless

steel. The slider 2 R e lapls .pl i.der . at t.achnent
AR 1h Fgga%'g 30LS aPhRGR 1 %%ﬁl@ip%t afl hg;

portion 307X of the flexure 307. shown in Figure erne

conduct ors FJgRentpgproxigied in aastenl theovi HRE oh- t Fartheas §0807. A
sl i dertthol ditngmilradies 3BAthgoaghachnd A aask@es8APOGI 1§ tPahBGeskider 2 of
thesstider adtj:[raecc ni?onr} :!.%O;:Haofov:;gr?éor-l;:hieon of the gide of the slider 2.
Furthermore, an air bearing surface 2E is 'provided on an
upper side of the slider 2. An air flow generated by a
rotating magnetioc disk 1s passed in a pltch direction of
15 the slider 2 {a tangential direction of a magnetic dlsk)
50 that an ailr lubricaeting film is generated between the

ailr bearing surface 2E and a magnetic disk.

As shown 1n Figure 29, a flexure 307 having a head
20 conductor pattern 306 is provided on the beam portibn 4C
of the load beam 4. A basge material of the flexure 307 is
stainless steel. The slider 2 carrying the head 1 isplaced

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

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

30 along with the flexure substrate 303 by etching. Further,
& projection portion 303R is provided in the slider holding
plate 303A. The projection portion 303B contacts a
d}mple 46 which 1s& provided in the vicinity of the tip



out si de shape of the slider holding plate 303A is formed 30 along with the
fl exure substrate 303 by etching. Further, a projection portion 303E is
provided in the slider holding plate 303A. The projection portion 3038
contacts a dinple 4G which 18 provided in the vicinity of the tlp - 50
portion of the | oad beam 4 of Figure 29. The projection portion 303B 1_s
pressed by the dinple 4G so that the .sl4ggler hol ding plate 303A can be
rotated on the dinple 4Gin all directions. 5 The slider 2 of Figure 30 is
attached to the slider holding plate 303A in such a manner that the center
position M pofrtioae aifr treariowd sedmce @F sugetantdal Iyhe cprs gsponds to the
dinple 4G o |.0 4 of FLqure,29..10.An externally connected

t erm nal hofp&&ﬁg"é‘o?ﬁﬁg?&‘??23‘58%3?’&8“831?héaoﬁ%éﬁlﬂéhﬁhefB%meﬂ exure
307 as showirolging pdrde B0IPeaax ber ralthyedonnethaddtephinat hal dibg
portion 307¥{ikecdiigpesed at an edge of the base portion 4A of the | oad beam
4. 15 As shown in Figure 29, a pair of regulation portions 4F are provided
on the3tip portion of the beam portion 4C. There is an appropriate gap

betveen the " T egul atanpesbL0S,AF ad ¥ 5bi 46¢a 0L 41101 RLAL . 3034 20 So

2
that the slider holding plate 303A cdn be rotated. C regul atron portion
4F extends SCM4GS: PLaRPt RB3A| plhoUGh eofmamrebedhator then aenteward t he

base portiopodéAtibnt Min ¢ | fASI gZpEbRaing e 3 édb@(%qg%glf’ 25 is
attached tocthlrn fil rgggtl:ez elgctrl c hol ding portions 308A an E %f t he
flexure 307 (orz;l &EP8§‘ affe dimple 4G 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 in
Figure 29. The externally connected terminal holding
portion 307Y is disposed at an oedge of the base portion 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 4cC. There 1s an approprlate gap between the
regulation portions 4F and the slider holding plate 303A
20 80 that the slider holding plate 303A can be rotated. Each

regulation portion 4¥ extends straight from the tip portion
of the beam portion 4C toward the base portion 4a.

A thin film piezocelectric element 310 in Example 3

25 1s attached to thin film pilezoselectric holding
portions 308A and 308B of the flexure 307 {Figures 29 and

31). Figure 32 1s a top view of the thin film pilezoelectric
element 310. The thin film piezcelectric element 310
includes a pair of elements 310A and 310B which are scparated

30 from each other. Figure 33 is a cross-sectional view of the
thin film pilezoelactric element 310, The thin film
plazoelectric element 310 has two layvers, i.e., first and
sacond thin film piezoelectric elements 311A and 311B.



31) . Figure 32 is atop 'Viewof the thin filmpiezoelectric elenent 310.
The thin filmpiezoelectric elenment 310- includes a pair of elenents 310A
and 310E which are separated 30 From each other. Figure 33 is a
cross-sectional view of the thin film piezoelectric elenent 310. The thin
filmpiezoelectrio elenent 310 has two | ayers,9 . e. , first and second
thin filmpiezoelectric elements 311Aang1311B. 51 First and second net al

el ectrode filnms 312A and 312E are provided on upper and | ower sides of the
first thin film piezoelectric element 311A, respectively. The first thin
fiIn1piezoaﬂiﬂ&ﬁcﬂmﬁeﬂsnmu3mm&&h plovidede abbimest A228 spdoAd2Bhiamef i | m

pi ez0el et Iighr ) L) ot d Hdver éﬂhé&' dehQuERReTRLRL Helq gl ode

films 312C and 312D are ovi on up ower e€s o he second

thin film REARGRITTic alarant 3&111@\, rreamnww TH&es Sdosd thétnal
el ectrode fifdimmlaBeaBd1kbe fiourd el el 3fifctir30d§r&915éhm£}&ﬁé ar.

electrically shorted by a conductive adhesive he entire thin f|Im

pi ezoelvct r iLCUNLERE BN sPEeZRetachrls pLeRPBle3ddBi n§imddnanlyid. The

coating resithd goabEsaesth itetdl Nefiesfipiezoeinst sigec 8haMAED34GA Wi th
the thin fllm%’g‘fﬁil ectric elenent 3108. 15 Fi gur e 34 is a top vi ew of the

flexure 307.P yaper ansk Lowey iSdise Sfenher SeRenthithin film
pi ezoel ect r iml e cemlemt - Aod digdgamzoent 1318 ,308As &ét&@r&&yqf t Imhe f kagobr@ 307,

the 1 eapect MY %%r?é‘c?“”.’%éﬁﬂﬁﬁ.%nésﬁa FONEHR REE AL BA6REPS8EA and
308B ake f dfiam 331211 heamrreelemmmn cemoutedr BP6 as tondadtane
patterned by, &g Plathe 14K 3Q+40R WRAA™IE 1R §Pz0electric
alement 310 1s covered with flexible coafing resin 314.
The coating resin 314 combines the thin £film piezoelectric
element 310A with the thin filmplezceladétric element 310B.

15 '

Figure 34 1is a ftop view of tha flexure 307.
Figure 35 is a arogs-sectional view of the thin film
plezoelectric element holding portions 308A and 308B of the
flexure 307, taken along line X2-X2 sghown in Figure 34.
20 Subatrates 315A and 315B 1in the respective thin £ilm
plezoelectric element holding portions 308A and 308B are
formed at the same time when a conductor 306 1s formed and
patterned by etching or the like, 50 that the material and
thickness of the substrates 315A and 315B are substantially
25 ldentical to those of the conductor 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 filmpiezoelectric
element 310 i1s attached, soc that the adhesive strength
between the thin film plezoelectric element 310 and the
substrates 315A and 315B 1s sccured. Figure 36 is a bottom



t hi ckness of the substrates 315A and 3158 are substantially 25 identical to
t hose of the conductor 306, and the Substrates 315A and 3158 and the
conductor 306 are provided on the sanme plane. The substrates 315A and 315E
and the conductor 306 are covered with an insulating material 316 such as
polyimde resin. A side of the substrates 315A and 30 3158 are exposed, to
which side the thin film piezoelectric glgnent 310 is attached, so that the
adhesive strength between the thin fil mpiezoelectric elenent 310 and the
substrates 315A and 315B isisecured. Figure 36 is a bottom- 52 view of the

flexure 307, vixsyist difd ef Pékufs 0BT 045 €184a1 FrdWbB 13 rbi #16fQeS3gectional
view illustrating the thin film piezoelectric elenent hol ding portions 308A

5 and 308B attached to the thin film piezoelectric elenent 310 using an
adhesive 317. As shdWpgure Figure S7ordee-kBeA1bhhm vpbazogh aalkihg j8lgenent

hol di ng porty d ac I ncl.ude | ayer structure conposed
of the fi rstﬂg@n}rﬁ;lg?&% P%%’%%Pﬁlaﬁl}ﬁié:z&éegﬁ‘?ti %’%ﬁ&ﬁ@n??rﬁi?ﬂsaﬁaaélla 10
As showh i n F1g3P8B3I8Ht ached et tiie abdot £hiim pifddan 32 (B&28)nent provi ded on
a nono-crystg S 84 havi latt] const ] os o that of

the first and %%%g%dé%%%if%l?nbgf erz}gse?gg%i J(':S?Iié:ﬁ%rﬁ ?l}Slghel fafhgi ™MB. As
shown in Fi RFZEBERCEREC falrepenthihelding printdoeie @0k asideBdon 8bbA (311B),

whi ch i s maden@fud¥Ta Oftwot DRykiK&4t Vi I t e film
312A (3120 . T% re?or‘éo_ yb hi%riltr i%lt%]:%i ezo %%?@Egﬁéﬁeﬁﬁkgﬁlkg 11B)

the t
i s mono- cry<i3FIRA givtih OhLE elegealeeteéer sdenentm 312A apd Ad1lBhown in
Figurel®@8C, the netal electrode film312B (312D) is provided on the upper

side of the thin film plezoeleetria
As " shown 1n Figure 38A, the metal electrode

Film 312A (312C) 1= provided on a mono-crystal
substrate 318 having a lattice constant close to that of
the first and second thin f£ilm plezoeledtric elements 311A

15 and 31}B. As shown in Figure 38B, the first thin film
plezoelectrlc element 3L1A (311B), which is made of PZT or
the like, 1s provided on the metal electrode £11lm 312A (312C).
Therefore, the thin f11lm 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 f11lm pilezoelscotric
element 3112 (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 cocefficient of the moxlo-crystal
substrate 318 is higher than that of the thin f£ilm
plezoelectric element 311A {(311R).

30 Referring to Figures 39A through 396G and Figure 40,
a method for producing the two laver structure will be
described. Figures 39A through 39G show a procedure for
p;_*:oducing a two-layer gtructure of thin film piezoelectric



el ement 311A (3118). In this case, the polarization direction of the thin
filmpiezoelectric element 311A (3118) is uniformy a direction indicated
by arrows Ain 25 Figure 38C, just after the formation of the film The

| i near thermal expansion coefficient of the nono-crystal substrate 318 is
hi gher than that of the thin film piezoelectric element 311A (311B). 30
Referring to Figures 39A through 39G anglzFLgure 40, a nethod for producing
the two | ayer structure will he described. Figures 39A through 39G show a
procedure for producing a two-layer structure of thin film piezoelectric 5
3 el enent f@Elwekon fomEd-cor yastnaho&lmlisrtsr':aile.sulﬁisg:l:tra&eélsO F3.gudef lddnwghart

showi ng ‘a thet fLIm _piezoelectric elenent of
Exanpl e 3. rT%hﬂﬁoown I'n #’%ﬁ’r ?rt?rnafﬁgugf’égt %gﬁetf’ilpnﬁéi-ﬁ%\, a
first thin AieASnatams eéamauteii‘eﬁnnmpamz-_\, ahs shosechn @ ingiral Fect r ode

S1301) . As chore e B 5015 tRuE SR AR O T RAE tnde o 1deR o

second  hi n Bi9%RgleSldel @ @ lemente| 2hbhi andp: asdondfmoetah ﬂébaltrekiect rode
film 312D arfe1 1) $05Re e0Fo AnS& GANH FAP Rkl %rﬁttlgﬁtg %gtgg&%%g gure 40:
el

S1302) . In Figure , the second neta ectro

(Figure 39A) r¥0§rﬁi"f%e‘9b§#@l‘?1r¥et als ARt ddeFigure PAR31- er(imcbmpéﬂgs) are
adhered to edoictaidms @simgathe, Qpn@%@:Un\de @l‘ﬂfﬁmf\inglgiéEbgB!E@:tﬁ‘Qc S1303) .

As shown in ur.e the fir rmno cr stal substrate_ 318A

nono- cryst al s‘iﬁ'geﬂtr fﬁel%'lB&‘?i ‘? BRErheCETeRguf £1803128P30xe. As
shown lith Fi dinmane3DER & treedomd Imyze:r-czqrssiaﬁueuuaeraftet BesBh{pifik® 40:

pi ezoel ectr isclaedzelr’rpnt s 311A and

As shown in Figure 39C, the second metal alectrode

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

15 film 312D (Figure 39B) are adhered to aach other using the

conductlive adhesive 313 (Figure 40: S1303). As shown in

Figure 39D, the first mono-crystal substrate 318A of the

mono-crystal substrate 318 1s removed by etching

{(Figure 40: S1304). AR ghown 1in Figure 39E, the two-layer

20 s8tructure of the thin film plezoelectric elements 311A and

311B are dry-etched to be in the form of the thin film

pPlezoelectric element 310 (Figure 40: $S1305). As shown in

Figure 39F, & surface of the sgecond mono-crystal

substrate 3188 on which the thin film piezoelectric

25 element 310 ie formed is covered with the coating resin 314

§0 as to avoid corrosion of the thin film piezoeslectric

element 310 (Figure 40: S1306). As shown in Figure 39G,

the still remaining second mono-crystal substrate 318B is

removed by etching to obtain the thin film pilazcelectric

30 element 310A (310B) (Figure 40: S1307). Note that the

first metal electrode f£film 312B and the fourth metal

electrode film 312D are adhered to cach other using a thermal
mglting technique using ultrasonic vibration.



311E are dry-etched to be in the formof the thin film piezoelectric

el ement 310 (Figure 40: S1305). As shown in Figure 39F, a surface of the
second nono-crystal substrate 318E on which the thin film piezoelectric 25
el ement 310 is formed is covered with the coating resin 314 so as to avoid
corrosion of the thin filmpiezoelectric elenment 310 (Figure 40: S1306). As
shown in Figure 39G the still renmai-nisy second nono-crystal substrate 3188
is renmoved by etching to obtain the thin film piezoelectric 30 el enment 310A
(3108) (Figure 40: S1307). Note that the first nmetal electrode film 3128
and the fourth netal electrode film 312D are adhered to each other using a

thermal * nelting te [ Wy ' ' ion. - 54 10 Wt
etching or the [i keﬁg?hgrg?ggﬁ gf;“é% ?ﬁlﬁ%%(%{r?l}r %rgaglsgayagtghgﬁgp?ﬁﬁ net hod
in the pres®ft "BREAS 6n Strarag inefhasl Finihe 2Bresert emvaftioe.thin film
pi ezoel ectric elenment term nals 309A, 3098. 309C, and 309D provided in a
m ddl e _.of the flexure 307 are connected to the externally connected

ternm ndl hol di ng poRPEBRTHEY Lowkii@nnes 28n it end @frthet i@l LHHNVi ng
circuit. Refiezbelgcteid guencit, téimkRdes POHOAOFoH IA0ad 3438104hi ch | i nk

t he respect in f,ilmopi, electric ortions 308A and 308E in the
flexure 307%8%’%5{3@&& d %ng'[‘*t Shid Yosh HYere @mested Benge

portions. 15heReftarnmgliy Ebgueetéd, dfexmpiaDnhofldtihg glectiogesoryn the
posi tive voltags < aperFaBEEAn, (18 TERo R et aan ina SR 812C The
met al 18] ect Réflerring to Figure 31, linkage portions 319A and 3198
which 1link the respective thin film plezoelectric
portions 308A and 308B 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 film plezoelectric element 310 (310A and 310B)
will be described. A positive voltage 18 applied to the
metal electrode films 312A and 312C. The metal electrode
filmsg 312B and 312D are grounded., Figure 41 1is a diagram

20 illustrating Junction of the thin film piezoelectric
element 310 (310A and 310B) and the thin film piezoelectric
terminal 309A and 309B at a position corresponding to the
¥Y2-¥2 cross-section of Figures 32 and 34. A method for
forming ground connection portions 320 in the thin f£ilm

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

a0 the second metal electrode film 312B and the conductive
adheslve 313 are removed by etching (second etching step).
Thereafter, the first metal electrode film 312A in the
ground connection portion 320 1s covered with the coating



films 312B and 312D are grounded. Figure 41 is a diagram 20 illustrating
junction of the thin filmpiezoelectric elenent 310 (310A and 310B) and the
thin filmpiezoelectric  termnal 309A and 3098 at a position correspondi ng
to the Y2-Y2 cross-section of Figures 32 and 34. A nethod for formng
ground connection portions 320 in the thin film 25 piezoelectric elenent 310
(310A and 310B) will be described. As shiown in Figure 41, the first netal

el ectrode film312A and the first thin filmpiezoelectric elenment 311A are
etched (a first etching step) up to the upper surface of the second netal

el ectrode fidenidnad.4. nFrihaldychentquond inetal3Ctahel rserofiilmet a2t ebect r ode

film3128 ang dhe | V- 4 chi.n econd
etching step). Tnggg?%dr%/&t%@g??ris?fen‘ﬁ%f&ée?%éﬁ?gég%f %%%%hogﬁ(cf‘he
ground conndttiagnepertiredesbblm s312h rrad fairmedt ke xgzbung el8cbredeesi n 314,
Finally, ground netal termnal filnms 321 for shorting the second netal

electraode film312B and the fourth netal electrode film 312D are forned as
a grourd el ectrode. THeTHEoyNGumE tdt APTRERALNELLIE| ABL32Tearennenhedted via

a bondi ng wiuia 324 benblggr espestayg tiy n thid mreBP%éQﬁlv%Ct kh@nel et
term nal s 30%% and 3Q9C (Fi gure 34%&? In the first el ectrode connection
portion 322183 C 9AEMRDY Lexpingts3R9B g 3F%CetT hovtg B4)renoved
so as to 10 Isxpbeseftibetf alsttrotial c6hREEEDOR portisd 2825 Pibarky, 3kn the
fourth el ecty on iQ ortion 323 (Figures, 32 and 41). part_ of the
coati ng resiar?%g)? Si'sgggﬁmﬁ’/gd&é‘a %%aEgn%mg’ :ﬁh‘e g FEMER%IFC%ePEctPode film
312A. /s shewpdae Ehgufirdt metdke dliecttraovet gilel sa2aqdesiinimaZiA 1hn the
el ectrode 131GORREEEAQYY ' e ctr nnect i rtion
323 in the gtlect rode corﬂ%‘%%cgéﬁf’?ggog%ﬁ%ﬁ ﬁjﬁ ‘(%%gures 42 aRd
41). part of the coating resin 314 is removed s0 as to expose
the flrst metal electrode £ilm 312A. As shown in Figure 41,
the first metal electrode £ilm 312A in the electrode
15 conneotion portion 322 and the electrode connection
portion 323 in the electrode connection portion 323 are
connacted via the bonding wire 324 to the thin film

pilezoelectric elements 309A and 309D, respectlvely.

20 The head support mechanliem 300 having the thus-
constructed thin £ilm 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 1s an enlarged, cross-ssctional

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

30 thin fllm pilezoelectric elements 310A and 310B,
respectively, as shown in Figures 43B and 43C. Driving
voltages having opposlte phases with reference to a bias
Vgltage VO are applied to the thin film pilezoelectric



connected via the bonding wwre 324 to the thin film piezoelectric elenments
309A and 309D, respectively. 20 The head support nechani sm 300 having the

t hus- constructed thin.filmpiezoelectric element will be described with
reference to Figures 42, 43A, 4313, 44A and 4413. Figure 42 is a side view
of the head support nechanism 300. Figure 43A is an enl arged,
cross-sectional 25 view of the thin fidgnpiezoelectric elenment 310A (310B)
of Figure 42 shown in the dashed circle. The thin film piezoelectric

el ement termnals 309B and 309C (Figure 34) are grounded. Driving voltages
are appliealepeme t htarhihalspsesael ecindc ebBegent terdspabsivl?A,. and 309D

to drive t i | I ,ezoelectric el nts 310A and 3108,
respect i velléslj,n%g'ss Is‘lﬁ%vj\“ﬁ_ipr?sgitg vrees&%ﬁ%a’o IG5 if\?ienﬁppa&lagaagé’stﬂﬁvi ng
opposi te phad@s wfthmr ef plerocelectarilsi aselemensige 3V0Aar eanfdpl i 8l1Bo the thin

1 mpiezogediediGvalf  ChBTEMobR’ Mi'ak3od0dAaand 300 daPeFiiyely.
Consi stenty-positive driving voltages aré-applied to the in Til'm
pi ezodl ect PrEZOedR&HId 3 pllenant B BIPIA ardpibiB vaty cortuastad hnFagure 43A,

the thin fidimez iz 9alaedves eyearrbs 3114 2nd géégea_&s 58Nk ?EESQ ina.
direction |gﬁ|cated by arrow B in the presence of applied voftage. In this

case, howeV&rta95e ti’m%rﬂfjﬁ FREEe VTSR F i Chectbp fllopher 3ad8Ftrichent due

to the subsiUememt3BABA (Bi%6n) LQ ThenEOomeACtd ORNAN s @¥PEPELN3OERt he thin
film pi ezctgll% t)ri c elenments 311A and 311E cause the thin film

pi ezoel ectri¢cel'énent hol ding portion 308A (308B) to be contracted and
expaidded, thereby changing a distance L

The contraction and expansion of the thin #ilm
piezoelectric elements 311A and 311B cause the thin film
plezoelectric element holding portion 308A {30BB)} to be
contraocted and expandad, thereby chariging a distance L

15 betweemn a border portion 303X (Fiqure 36) with the thin film
piezoelectric element holding portlon 308 of the flexure
substrate 303 and the elaastic hinge portion 319A and 319B
of the flexure 307 (Figure 36). At the same time, the bend
of the thin £ilm plezoelectric element holding portion 315

20 is changed, leading to & change in the curvatura of the thin
film plezoelectric element holding portion 308. Such a
curvature change leads to a change in the distance L.
Therefore, the change in the distance L and the curvature
change are combined. A driving voltage is applied to the

25 thin film plezoelectric elements 311A and 311B in a
polarization direction A shown in Figure 38C. Therefors,
the ©polarization of the thin film pilezoelectric
elements 311A and 311B are not reversed, so that
characteristics of the thin film plezoealectric

a0 elements 311A and 311B are not impaired.

Figure 44A 1s adiagram illustrating rotation of the
s;ider 2 when the thin film piezoelectric element 310A i



15 between- a border portion 303X (Figure 36j with the thin film

pi ezoel ectric el enment holding portion 305 of the flexure substrate 303 and
the elastic hinge portion 319A and 3192 of the flexure 307 (Figure 36) . At
the sanme time, the bend of the thin film piezoelectric elenent holding
portion 315 20 is changed, |leading to a change in the curvature of the thin
film piezoelectric elenment holding porffon 308. Such a curvature change
.leads to a change in the distance L. Therefore, the change in the distance
L and the curyvat ur chanpge are c ined. Adriving voltage is applied to
the 25 1hi rOTVEIET 988 BE, Phfal Elchy Blasont ant ot 8 TomoRt kol ot 1 on
directi on AchumctedFi guriel@dfs: 4d4mreforea HORepatati zaiaQraaf td¥e thin
filmpiezoek | C | e 1 n 18 .,are not reversed. so.that
characteri st|f sf%f"%ﬁ'e tm é!nl%ftl £m€1|5|%égfoe %@t%%zgeq%tﬁ%ﬁrﬁ@eﬁlﬂ% 311E
are not i npb® rexpamiedr én4ddiveat tivngladichkeadt bat angowat & iao@ dfhd he
sliders2 whemy 4 hes 1 hHi-g+kl i | eGtl] I t. 310A IS Sé xpanded and
the thin film piezoel gctfsrblbghgf:g%g'ﬁt %gfgbq’ltg ﬁﬁtjf%c?%%{:rﬁ’ ﬁﬁeqﬁ‘mﬁl is a
schemati ¢ diHgParor indigutedun axwnws thetbhigl fddm predoshetltiderel enent

310A is expendesl gt Adli @5 1207 rB¢atalaednby AW A0k Lde Sa WY
filmpiezoelectric elenment 310B is contracted in a I rection 1 ndi cated by
arrows D, tHeFiCBero® akiget ndlmplectC nePEEAgEHPEt etBE3APFCIedtistied in a

direction ipeircased3dys. ar ronefeiicéd he WidPheadCicoptaeiagd tde iR ection
porti 303B. . JTherefore, the head 1 provided on the 10 slider 2 is noved
al ongﬂg Wi d?la‘hl%?fegt £5nf“81m§a8ﬁ°{“|ga@k Wiy i YT e ePF oPAFH td%ncent ri ¢
circle on apmeghded cin dilsk. fobivereeby canltieghrieiisican ofr o aelgneaaabdi ity
can be

disk.

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

15 A load on the elastic hinge portlions 319A and 319B
upon rotation of the slider holding plate 303A ies reduced
50 that the slider attachment portion 303A can be reliably
rotated., since the elastic hinge portions 319A and 3198 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) 1s applied to the slider 2 via

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

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

25 iz applied between the dimple 4G and the slider holding
plate 303A. Therefore, frictilonal force determined by a
frictional coefficient between the slider holding
pilate 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 belng shifted from the
dimple 4G, although the projection portion 303 of Lhe

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



obtained. 15 - A load on the elastic hinge portions 319A and 319B upon
rotation of the slider holding plate 303A is reduced so that the slider
attachment portion 303A can be reliably rotated, since the elastic hinge
portions 319A and 319B each have a minimumw dth required for provision of
the patterned 20 conductors 306A. 30613, 306C and 306D (Figure 31). A load
(20 to 30 mN) is applied to the slidersg via the plate spring portion 4E
(Figure 29) of the |load beam 4. Wen the slider holding plate 303A is
rotated. such a load 25 is applied between the dinple 4G and the slider

hol ding plate 303A. Therefore frictional force determ ned by a

f t | ff di | at A t.he di npl

4G 1 applied to NSyt ERELrhTn SR Y0 BIRHE Spig a”q&a onal
force preverRzsiseing of tdew mmumgmmmmﬁnmmmsmdmg romthe
dinple 4G @bihougnzshk mlesa'mrp%tl;n%&g%%lggt  pleidele Nl no plate

303A can be freely ratated on the errlng t0 F gure
443, afirAtbedm §e60ndcoRhsAS: BAG 20f Gﬂhéiﬁlﬁﬁ-ngf i ofh ptle oditdot r ifcl 1a enent

ol ding posdé ase S 0801 Bkehh! RoldiMepliRaael GEL56n CLEARRRGS1GA D and a

second bea 62 consisting of the thinfilm piezoelectric ele hol di ng
portion 30 cP*?%P?%?ﬁtriFlﬁ%ﬁW@EBePéEFrﬂeeeﬂéﬁéﬁﬂ $o0Bhg @Ylideked to the

gloi?)dAer hglldi:miméqﬂmt?@%ahm 131ughca ﬂgﬁﬁﬂ?ﬂ lﬁﬁhtt‘gﬂ@esdlﬂﬁr E@l?i plélgte
can bpe t he di | e an rotate on the di e
The head 1 ‘fj;ﬂg %'SGC%% Y Fadgeined by fihe he f%rﬁ“tqw@c’dﬁ"rﬁﬂde 4G The
el asti@ hi nere tiwtdbmpslél% armheS M3 darie 1@aprovidad on the slider 2

a distance F from the dimple 4G.

The elastic hinge portions 319A and 319B are each
sufficlently flexible such that the slider 2 can be rotatesd
15 in the roll diraction and the pitch direEtion. Therefors,
a floating characteristic of the slider 2 with respect to
a magnetioc disk can be made satisfactory.

Ag described abhove, according to Exampla 32, a thin
20 film piezoelectrlc actuator can be achieved, in which a
mono-orystal pilezoslectric element has a two-laver
structure, whereby a great dlsplacement 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 freguency of the actuator. Therefore, the
driving frequency can be increased, thereby making it
possible to obtain a high level tracking characteristic.

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



sufficiently flexible such that the slider 2 can be rotated 15 In the rol
direction and the pitch direction. Therefore, a floating characteristic of
the slider 2 with respect to a magnetic disk can be made satisfactory. As
descri bed above, according to Exanple 3, a thin 20 film piezoelectric
actuator can be achieved, in which a nono-crystal piezoelectric elenent has
a two-layer structure, whereby a greatgdi-spl acenent can be obtained by a
small level of voltage. 25 30 Further, the two-layer structure confers
rigidity to the thin filmpiezoelectric elenent, thereby increasing the
resonance ffeygutheypufpbhe aft tatickinghenefrercslonhanddting rgike eqrahcy can
be i ncrease t her.gb i .ng,, | i bl 0 i igh | evel t,racking
characteris??%.Biggdéggﬁhﬁgdeg%%sg?§§%9tﬁgb%gag)sd%p%??i%egwgﬁpgnﬁbe t he
present invEAEPONSEotouss Rppaiddsikodppgeat us, the head can be noved by a
smal | amount with great precision - 59 5 10 for the purpose of tracking
correction and the like, and the head can be effectively noved by a snal
amount 3i n  r esponsef#EtAArapphe dpad suager trupchanismhef Hekel pugasort
mechani sm ofn{BRtRERS Qs AVENLHOE heSr@cOlF®! a st HHEEHN erh fn W Ofy, t hi n
film piezoelectric elenents are provided on a single side of a substrate,

t her eby redBePAGOARAGFAE GLPRGIESSETBYPEOYT €8 PRt rd R RF & in the
head suppor subethatesnthérébg reducing manufacturing cost by a great

amount .
10
Furthermore, in the head support mechanism of the
present i1nvention, the center of gravitf of the samall
rotatlon portion including the slider can be optimized,
thereby greatly ameliocrating a potential adverse resonance
15 charaoteristic of the load beam. '

Various other modifications will be apparant to and
can be readily made by those skiiled 1in the art without
departing from the scope and spirit of this invention.

20 Accordingly, it is not intended that the scope of the ¢lalims
appended hereto be limited to the description as set forth
nerein, but rather that the claims be broadly construed.



present invention, the center of gravity of the small rotation portion
including the slider can be optimzed, thereby greatly aneliorating a
potential adverse resonance 15 characteristic of the |oad beam Various
other nodifications will be apparent to and can be readily nmade by those
skilled in the art without departing6bromthe scope and spirit of this

i nvention. 20 Accordingly, it is not_intended that the scope of the clains
appended hereto be limted to the dgéé%ion as set forth herein, but
rather that the clains be broadly construed. -60 CLAIMS 1. A head support
mechani sm conprising: a slider having a head attached thereto, for

r ecor di ng Adhtal uppem diechamgpradysisng: data from a di sk: a slider holding

pl ate for hal di.ng. the sl.ider: ir of substrateg each vin .

pi ezoel ectr iacs‘illéiFe%Vﬁ?g §t}163§ﬁgaaleﬁ3b%rte&’ f‘ili lée§f"|"€“31ﬁ?1t@ég aflgl%rcfﬁ%ﬁg%ct“%&atﬁhe

sl i defrohpd diskg plate and the pair of substrates; and a dinple for supporting
the slider holding plate such that the slider holding plate is rotated in a
pi t ch di r eceisbfer holdipg plagh fosbpldirg thasbder: yaw direction, wherein the slider

is rotated ar h inple in the ya .rectio contraction and/or
expansi on o? p%ﬁrﬁqgltébssgragerslgg %}}eh%vﬁ%g %Plg%%(ﬁl?cg%‘f %%Eleg{]%t%h?cg&m’éeﬁ% wherein the
posi tion of ethistiph@geeiok herline@ﬁh%lﬂie@ﬁaeﬂ/}idhhng PRuE R BE pafr ogE@kthdesOfnga portion
i ncl udi ng the_slider holding ﬁ ate and the slider wfgi ch is rotatable around

the dinpl e asdiBpkofart supgordnBsthe shdershaldingtrdete poehkat thaslidemheldingfplatgriavi ty
of th -1 on: ; NETY (t: echani smaccording to claim
1, mg?tgtgﬁyrﬁaggﬁag&r%cﬁgn%gfo?l %%CB@éggg% C#P(IB%CE%]I"’GTTEHIS is stacked on the

correspondi mdiestishe aliderandoated s@ahd ane difiplt g thaiyawollirsdtist byakesirichion bent

by a bi(ﬂor h ef.fec zccorrpan i ng.the contraction and/or expansion of at

| east ABHE" GPpHE" °1Lo?t SHEPRCPT e Pirerissitis clegeniss apd whekei thetpeaitionofdimmlel di ng
pl at ecitiRr cHirRRRY viPROTCnIEEHE! ' o6l B Lied gy ! e

is pr gl\/i éecd inatip 60? ??ongg#}ﬁgbfigggﬁgjgg%*glpggﬁ%gﬁoﬁrih\éﬁg}ﬁlﬁgﬁgﬁ %}'élet?le

hol di sladepivatich is rotatable around the dimple as a rotating axis, or is located between the center of

gravity of the portion and the head.

2. A head support mechanism according to claim 1, wherein each of the pair of piezoelectric
clements 1s 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. 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. A head support mechanism according to claim 2, wherein the load beam includes a pair of

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

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

substrates are integrally formed.

6. A head support mechanism according to claim 1, wherein the pair of substrates and the

elastic hinges are formed of an identical material.



4. A head support mechani smaccording to claim2, wherein the | oad beam
includes a pair of regulation portions for regulating the rotation of the
slider holding plate. 5. A head support nmechani smaccording to claiml,
wherein root portions of the pair of substrates are integrally forned. 6. A
head support mnmechani sm according to ckaim 1, wherein the pair of substrates
and the elastic hinges are fornmed of an identical material. -61 7. A head
support nechani smaccording to claim1, wherein: the slider has an air
bearing s e f. the disk,.the air.bearing surface forns an
ait | obr %@%ﬁgsuﬁﬁ?%ﬁﬁéﬁ%%ﬁgf%é‘%ag%ci’(dg%1t‘ﬁger§1ni'der while the disk is

rotating, ame {lftler Bis @edir bearinpudthed sAAPIONdcAHRRIMIE ihePAS bbirRfy RifabdBoris
beari ng surface by the contraction and/or expansion of at |east one of the

pi ezodl attlubricating fitmibstwen the diskdmd dhwpelider mibidla g disk aciosatitigngnd theelidemis 1,

wher ei M3 - : | lectric el enents are coat.ed
e L N TS e S R  a
accor di legstooe of thepiczoelebigicellommdnne pair of substrates and the elastic hinges
have a conductor pattern for transferring a recording signal and a
reproduction signal to and fromthe head attached thereto. 10. A head

suppog!t Me€ e SPpofMBHaRisRPaccBrdihd AP EIANAM! Rhe éﬁ' Z?ésj Egﬁ' g)?;éggsg{aw}ein%t Qe Tor

recording data to and/or reproducing data from rate having a
sl i depiegoglpuric cleorehisame certqhwith odsirt scassth benmtgaredapgstaéd on portions, and a
pair of elastic hinge portions for connecting the slider support portion and
the pair of transformation operation portions, respectively; a slider

hol di pg plaahead QippbR! HidMnisheakbidfs 1/ bRk N wickdB the ggp%ts}llﬁ’s%iés%dgh the

substrate; a pair of piezoelectric elenents each respectively nounted on the
pai r eolestic hingfohavet & sandusper paticon fporanstmsng & reberdogbsgnAtagd angpradicted beam

for supparting.the.slider. holdin |late via a dinple provided in a tip
porti (S)lrggffcdﬁ%rarel ﬁ?mst&?,bi'e?cﬁgfacg?‘fg{hﬁ%f(ger hol ding 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 contraction
10. 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 transformation operation portions,
and a pair of elastic hinge portions for connecting the slider support portion and the pair of
transformation operation portions, respectively;

a slider holding plate for holding the slider via the slider support portion of the
substrate;

a pair of piezoelectric elements each respectively mounted on the pair of transformation
operation portions of the substrate; and

a load beam for supporting the slider holding plate via a dimple provided in a tip
portion thereof, such that the slider holding plate is rotated in a pitch direction, a roll direction,
and a yaw direction,

wherein the slider is rotated around the dimple in the yaw direction by contraction
and/or expansion of at least one of the piezoclectric elements; and wherein the position of dimple
either coincides with the center of gravity of a portion including the slider holding plate and the
slider which is rotatable around the dimple as a rotating axis, or is located between the center of

gravity of the portion and the head.



and/ or expansion of at |east one of the piezoelectric elenents; and wherein
the position of dinple either coincides with the center of gravity of a
portion including the slider holding plate and the slider which is
rotatable around the dinple as a rotating axis, or is |located between the
center of gravity of the portion and6éthe head. -62 11. A head support
mechani sm according to claim10, wherein each of the pair of piezoelectric
el enents is stacked on the correspondi ng transfornmati on operation portion of
t he sypstr £ash : . pahr ir ' QN
porti gir)fs iﬁghﬁdg ns?lﬂ yr@%al[wl‘::)fll nor pﬁpdg)? (fhg%tt& agglggbﬁpvgﬁéﬁlﬁgﬁpﬁép@gﬁﬂrggp ?egﬁélgér#a? or
expansicorntfis sttickedasitthe nerresbondiag phedosh#winrdperagibr pertics, ofthe substrite, ardtat e

the slider holding plate, 12. A head support nechanism according o ¢claim
10, wHéPlePR® r‘?}dfhep@’g]tri 8 é”’BFfOFH%“%iOPe@EOHtP%H%‘F%rlﬁehqﬂb Yope PHEPBR #%%i ons

of t hgccoubahiia Qh@&%ld‘}a@flim&gEﬁ(ﬁ/hﬁ’e{ﬁh%ﬂpf%@leaﬁ dRAT (R BROLLISRE RAM R, so

according to claim 10, erein: the slider has an air bearing surfacé so as
to fagetormeatelihgigliderthelding pbteari ng 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 position of the air bearing surface by the

contragti on ARReddOsupp¥Rdiehfs@facc@tidp@BlaifNR), WherélB rObSFREIRCS M thE p&ik §FENLS.
14. A head support mnmechani sm according to claim 10, wherein the | oad beam

i ncl ulfassfermation operatipe gottiens efhths snbsteskmsart integralyifertriedg t he rotation of the
slider holding plate. 15. A head support nechani smaccording to claim 10,
wherein the pair of transformation operation portions of the substrate and

t he pil&zoel keddsuppet erehirdsm aecotdial @slcinh DO/ whdérBins0 as to be integrated
t oget her. 1%,4 head support nechani smaccording to ClaimtQO wherein the
pai r of traH$rdidsehassr AnpearingissHagsoio asgadacathe dirk. fwiair biarisk syt fimge
porti : in a recordi si gnal., and
B epfoa A Rafnf AN IBehlenl B Ind Blo GHOBESHAE JGHTak FRRIRG Wi iR
appar aitaied ewupd agemgr pesitiendf themirfeafing sirM@e beahe domghcarl A8d/oF exfandug bEon of
dat a tci and fr{)ﬁ a, disk, .an a head support nmechanismincluding, - 63 a

sl i def! 'FY PRGOL e PHEgEedrt § St hereto, a slider holding plate for holding
the slider,

14. A head support mechanism according to claim 10, wherein the load beam includes a pair

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

15. A head support mechanism according to claim 10, wherein the pair of transformation

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

integrated together.

16. A head support mechanism according to Claim 10, wherein the pair of transformation
operation portions and the pair of elastic hinge portions have a conductor pattern for transferring

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

17. 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 pair of substrates each having a piezoelectric elenent attached thereto, a
pair of elastic hinges for connecting the slider holding plate and the pair
of substrates, and a dinple for supporting the slider holding plate such
that the slider holding plate is rotated in a pitch direction, a rol
direction, and a yaw direction, whereph-the slider is rotated around the
dinple in the yaw direction by the contraction and/ or expansion of at |east
one of the piezoelectric elenments; and wherein the position of dinple either
coincides with th t1ek i +Qf i t [ ' '

ol ding il at e and® CReTary 43 PP dachld ehdhd Alter hORH R, P RoRld e
rotating axhder,or is |ocated between the center of gravity of the portion
and the head. 1S. A di gk appar at according . to.claim17, wherein each of
the pair of pi ezo@PéIEP?FthSEthﬁB aving apigzqelegtris,clementadiar &g
substrate, and at algaasir Qi in Q%p@dﬁne&ingsmg%métﬁoﬁdfnglﬂm@tanﬁxhélg?ip'toﬁgr ph

ef fect acconpanying the contraction and expansi on of at “lI'east one
pi ezoel ect r isBbstiglesnadt s, so as to rotate the slider holding plate. 19. A

di sk apparatus accoydi Q.claji.ml7 erein the dinple i rovided.in a
tip ponion of agﬁ%aHE%%%ﬁ¥P%’1%%3%%?%@%&“#ﬁ8g%ﬁﬁ%éﬂahﬁvﬁﬁﬁgs ‘%ﬁ@ﬂhﬁ%. A
di sk appar aplite Baotadi ing pirh diraétiBn] 8 rolMiRéRion, Afiea {ARdirB&RM i ncl udes a pair

of regulation portions for regulating the rotation of the sl i der hol di ng
plate. 21. A di skWhpisHy theuslidge eoreipted areungl thierdimple ith&reeiaw rdisttigrobyitbes  of
t he pad : : [ I 22 A di sk, appar at us
accorg(%r{r?gaeﬂé%%%fgg(?rrn?{ ?%%lﬁl(gfr%il%tsf eeaépﬂé?{? é%%geg%%%? ?lg{ngggaﬁﬁi the elastic

hi nges are Wheredthefpaanionddnlimpid cithit ebindldes with B3 .cedteflbs kradRP AT B3 ion
accordiﬁgfto clﬁén}}7h erein: the slider has an air bearing surface so as
to fat&uing e shider hplding plajgand;theslder which is srtagblerrrennd thadimelaes agothiingn

bet weiil s Wk BEkeRhehebr Ui B 5olidsind ALALI 0. and the sl der

is rotated around a center posit air aring surface by the
contraction and/or expansion of at |east one of the piezoelectric el enments.

24. i's aratuys according to claim17, wherein the pair of substrates
and tAhg p?‘e‘?g‘gﬁf&@fﬁr‘%mar e i aigy ijlﬁc‘ﬁl&?r%‘ﬂ earh At thegrly of piegeciesiriselementyr at ed
t oget 3&kacked on the corresponding substrate, and at least one of the pair of substrates is bent by a

bimorph effect accompanying the contraction and expansion of at least one of the piezoelectric

clements, so as to rotate the slider holding plate.

19. A disk apparatus according to claim 17, wherein the dimple is provided in a tip portion of

a load beam for supporting the slider holding plate.

20. A disk apparatus according to claim 18, wherein the load beam includes a pair of

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

21. A disk apparatus according to claim 17, wherein root portions of the pair of substrates arc
integrally formed.
22. A disk apparatus according to claim 17, wherein the pair of substrates and the elastic

hinges are formed of an identical material.



25. A di sk apparatus according to claim 17, wherein the pair of substrates
and the elastic hinges have a conductor pattern for transferring a

recordi ng signal and a reproduction signal to and fromthe head attached
thereto. 26. A disk apparatus conprising; a head for perform ng recording
and/ or reproduction of data to and fré#-a di sk, and a head support

mechani smincluding, a slider having the head attached thereto, a substrate
having a slider support portion, a pair of transformation operation
portions, and a pair of elastic hinge portions for connecting respectively
the pair of transformation operation portions with the slider support

porti &h, & &bk depraritos dicoylipg tt daifrot 7, vdledéing t he slider through the slider

support portion.of. the sybstrate, a pair of piezqelectric elenents each
respecti vel %/her?t])]ﬂfzﬁléa(ﬁ BRLHEE Slglfacetggéﬁg"f%Fﬁﬂﬁ‘ﬁ%’oper ation portions of the
substrate, gedain bbOath BEMTiBmS YRR libhgatdieifh ivdRedAohdi g

dinple provided in the tip portion of thae dIéﬁzid bean(13 such thgl'ltlél{tlﬁeeggqe?der

hol di W§iphetdisk is relgting.edin a pitch direction, a roll direction, and a yaw
direction, .aj lLider. is rotated around.the dinple.in the yaw

di rection b%t lgé@g)trr\(%}rgtaegtaf%uﬁd aa%ﬂ'?%@%ﬁﬁ%ﬂﬁﬁ‘ﬁﬁlr&eaﬂf'gF & byibe B‘Pnt%laﬁfé‘m

pi ezosidéet dxipansidbres®n idist aittbftASphedI &t tlRReR@SI ti on of dinple either
coincides with the center of gravity of a portion including the slider

hol ding plate and the slider which is rotatable around the dinple as a

ng plate and t! e around the dinple as a
and R ncaloC P SacepRAER AFRIPRERTY B o P RFEE SBs alenalilie of -

t he pelements ap @moel eith rdsin sl BN be tedratcd taekrg on the corresponding
transformation operation portion of the substrate, and at | east one of the
pair of transformation operation portions is bent by a binorph effect

acconmpanyiangisk t i r ] : t,.one.of the.
pi ezoel ectri 1(5:; 2‘1?, gan%ﬁ{gs%&gﬁgl%t(fgﬂ{rrgtla?fe éﬂj{%ﬁe@h q@? |% Ié'?gfh%)ﬁ%gtlsr%tas 6‘? %1?%? e%@t.lc A
di sk hippesrhavest eonduetdi paftar for @ansi@fing whecedingrstmial pad hirgpededtionheeaatds of

transf ti perati ortions of the substrate are integrally forned.
29. Aﬁtﬁé@%ﬂ%&%@ﬁ@ﬁ@@ﬁiﬂqr@% according to claim26 wherein:

26. A disk apparatus comprising;
a head f or 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 transformation operation portions, and a pair of elastic hinge portions for
connecting respectively the pair of transformation operation portions with the slider support
portion,

a slider holding plate for holding the slider through the slider support portion
of the substrate,

a pair of piezoelectric elements each respectively mounted on a pair of
transformation operation 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; and



the slider has an air bearing surface 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
position of the air bearing surface by the contraction and/or expansion of
at |east one of the piezoelectric el esgnts. 30. A disk apparatus according
to claim26, wherein the |oad beamincludes a pair of regulation portions
for regulating the rotation of the slider holding plate. 31. A disk

appar at us agherdih B dQitfdn?bMigfe %%Bglc%cﬁg WA fheQ{en{e'E %@g‘eli mafin Eortion

operation portions of the substrate an e piezoelectricC are
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porti %g’q’éﬁﬂ]ofﬁtgdg]ﬁﬁwree%wee(feél&t‘P&g‘??ivﬁéé’fﬂﬁm%% ggﬁa%onduct or pattern for
transferring a recording signal and a reproduction signal to and fromthe

head attached thereto. ) ) _ ) ] ]
A disk apparatus according to claim 26, wherein each of the pair of piezoelectric elements

is stacked on the corresponding transformation operation portion of the substrate, and at least one
of the pair of transformation operation portions is bent by a bimorph effect accompanying the
contraction and/or expansion of at least one of the piezoclectric elements, so as to rotate the

slider holding plate.

28. A disk apparatus according to claim 26, wherein root portions of the pair of transformation

operation portions of the substrate are integrally formed.

29. A head support mechanism 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. A disk apparatus according to claim 26, whercin the load beam includes a pair of

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

31. A disk apparatus according to claim 26, wherein the pair of transformation operation
portions of the substrate and the piezoelectric elements are coated with resin so as to be

integrated together.

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

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



