. 2 MAR 2004 PRECI SE PCSI TI ONI NG ACTUATOR FOR HEAD ELEMENT, HEAD G MBAL
ASSEMBLY W TH THE ACTUATOR, DI SK DRI VE APPARATUS W TH THE HEAD N@@E 2004
ASSEMBLY AND MANUFACTURI NG METHOD OF HEAD G MBAL ASSEMBLY FI ELD*
“] NVENTI ON The present invention relates to a precise positioning actuator
for a head el enment such as a thin-filmmagnetic head elenent or an optical
head el enent, to a bead ginbal assenbly (HGA), wth the actuator, to a
di sk drive apparatus with the HGA and to a manufacturing nethod of an HGA.
DESCRI PTI ON OF PRECHIE ROBITTANING ACEUATER &R HEAD ELEMFNTY dFRAPpERBALS,
thin-filmmagnetic head elenments for witing magnetic information into
and/ or r ecASERELYNEORETHE ACTUATORt PISK DPRDMA ABRARATVUS WITH KBIEaHEAD n gener al
formed on magnetic head sliders flying in operation above the rotating
magnet i ¢ IMEA, ASHEMELN AND SANURACTURIDIC MERHOBtOR HEAR GIMBAIC ASSHMBLY
suspensi ons of HGAs, respectively. Recently, recording and reproducing
density along the radial direction or along the track width direction in
the magnetic disk (track density) rapidly increase to satisfy the

requi r emreyEf® OFSHEF INVRGFIERSI Ng data storage capacities and densities in
today's magnetic disk drive apparatus. For advancing the track density,

the position cqﬂéggbs tt%5%§EEMQ&h%tg§qg gl e W -gﬁ?ﬂfct to the
track in the magnhetic dis y a vol ce coll tor ( only” has never 1 -
2 MAR 2Ooécrl:u.ator for a head element such as a thin-film magnetic head

element or an optical head element, to a head gimbal assembly (HGA),

with the actuator, to a disk drive apparatus with the HGA and to a

manufacturing method of an HGA.

DESCRIPTION CF THE RELATED ART

In a magnetic disk drive apparatus, thin-film magnetic head
elements for writing magnetic information into and/or reading
magnetic information from magnetic disks are in general formed on
magnetic head sliders flying in operation above the rotating
magnetic disks. The sliders are supported at top end sections of
suspensions of HGAs, respectively.

Recently, recording and reproducing density along the radial
direction or along the track width direction in the magnetic disk
(track density) rapidly increase to satisfy the requirement for ever
increasing data storage capacities and densities in today’'s magnetic
disk drive apparatus. For advancing the track density, the position
contreol of the magnetic head element with respect to the track in

the magnetic disk by a voice coil motor (VM) only has never



. presented enough accuracy. in order to solve this problem an additional
actuator nechanismis nounted at a position nearer to the magne:t’z' Wgﬁﬁﬂ
slider than the VCM so as to performfine precise positioning th @)’f

- be realized by the VCM only. The techniques for realizing precise
positioning of the magnetic head are described in for exanple U S. Patent
No. 5,745,319 and Japanese patent publication No. 08180623 A |Inventors of
this application have been proposed a piggy-back structure actuator. This
pi ggy- backresented gneugl taggBRCYi-s forned by piezoelectric material of PZT
in an |-character shape with one end section to be fixed to a suspension,
t he ot her end sé&uotomsiert i Isolve ithésl problemegmedittionall asttiigfenr and a pill ar
shaped novabl e arm connected between these end sections. On the

suspensi omectsingpw isemowitedkeld aapesittien achvat ap thedmbdretiadreati ¢ head
slider, nanely, the actuator is caught between the suspension and the
slider tositdeh eharstthe WeE sands teverfeint fiidl peecidavposdtiorimgHktM t h such
pi ggy- back structure actuator will have follow ng various problens: (1)
Because otahrt® %m@@b?qhﬁdvm OHTF U She Gebtidjuet HogkAeASzigf the HGA
around the magnetic head slider increases by the thickness of the

actuator; Eﬁ@&séhﬁoﬁ%&&%@r oBShe iRbeid AR $he @schilRa0eh §okfic materi al

such as PZT of a brittle naterial, and the actuator and the nmagnetic head

slider arg,$hAcked.! Paldft G, G294, %Y HnaS FAR4nbaL Gatéhts BB Rtion No.

08180623 A.

Inventors of this application have been proposed a piggy-back
structure actuator. This piggy-back structure actuator is formed by
piezoelectric material of PZT in an I-character shape with one end
section to be fixed to a suspension, the other end section to be
fixed to a magnetic head slider and a pillar shaped movable amm
connected between these end sections. On the suspension, stepwise
stacked are the actuator and the magnetic head slider, namely, the
actuator is caught between the suspension and the slider to form a
stacked cantilever structure.

However, an HGA with such piggy-back structure actuator will
have following various problems:

(1) Because of the stepwise stacked structure, a total thickness
of the HGA around the magnetic head slider increases by the
thickness of the actuator;

(2) The actuator as a whole consists of piezoelectric material
such as PZT of a brittle material, and the actuator and the magnetic

head slider are stacked to form a cantilever stracture. A shock



-2 MAR 2004 easily occurs with a noment and al so shock resistance is very
poor; (3) Dependi ng upon the size of the nmagnetic head slider, a travel
of the magnetic head el ement during the precise positioning e-pQr MAROR04
-varies. Thus, it is difficult to obtain enough stroke; (4) Because of
three-dinensional and conplicated attachnment structure of the actuator,
the handling at the tinme of an assenbly of the HGA is very difficult and
it is inpossible to use a conventional HGA assenbly equi pment causing
product i viehyilyoobsirsewith wonaent aamsl §650 Ehodk tesistence dsivergrpeme with t he
novenent of the actuator, it is necessary to assenble with keeping a gap
bet ween t [ig) act Depeaiding nghohhehenBidie b CtHecmariti d dcad el iabs 0 apeiavean t he
actuator and the suspension. However, form ng of such gap will nore

decr ease bbethesl‘ﬂé@iétﬁﬁ&ie‘ahaélfé\eﬁﬂ%ﬁn $hélidrebesd posriphesg sel y keep the
gap constant. Particularly, since it 1s difficult to keep the suspen5| on,

t he act uap,gt ARy A1 8RINeRLS, Bead aifdenld &op&!ﬁ%ﬁ.{leénou the head
di aracteristics deterl orates. SUMMARY OF THE | NVENTI CN 'S therefore an

For o hoad' Ll enpacits b 4R AinebiBh2 of csfip LRl ?*3%“23;2%?32“3; h
e e R B hé’fidﬁﬁ A e LRSS B PEE Cher
obj ect  of oatf %epﬁcif ﬁgtvérrir"ﬁf%ﬁ%ﬂlé San ; Ovin%te)ssibie to use a

conventional HGA assembly equipment causing productivity to be very

worse; and

(5) In order not to interfere with the movement of the actuator,

it is necessary to assemble with keeping a gap between the actuator

and the magnetic head slider and also between the actuator and the

suspension. However, forming of such gap will more decrease the

shock resistance and it is difficult to precisely keep the gap

constant. Particularly, since it is difficult to keep the

suspension, the actuator and the magnetic head slider in parallel

precisely, the head characteristics deteriorates.

SUMMARY OF THE INVENTTICN

It is therefore an object of the present invention to provide
a precise positioning actuator for a head element, an HGA with the
actuator, a disk drive apparatus with the HGA and a manufacturing
method of an HGA, whereby a thickness of the HGA will not increase
even if the actuator is mounted thereto.

Another object of the present invention is to provide a



.. precise positioning actuator for a head elenment, an HGA with tpe ﬂ&hqu
a disk drive apparatus with the HGA and a nmanufacturing nethow af ,
whereby a shock resistance can be greatly inproved. Further object of the

- present invention is to provide a precise positioning actuator for a head
el ement, an HGA with the actuator, a disk drive apparatus wth the HGA and
a manufacturing nethod of an HGA, whereby the productivity and al so
quality of the HGA can be greatly inproved. { According to the present

i nvent i onpregige aisdsigusiot agwaher for mbenad tedements, ar diGh withathead sl i der
with at | east one head elenent and wth a support, for precisely

posi ti oni achueher ata Hisks drivm epbarmtue |vbitbnthe HEk|andes manpEdaqtusinghovabl e ar ns
capable of displacing in response to a drive signal applied to the

act uat or meftmedhem dnshéalewhéersebgaa gihbck meaisiEmee demt be areatlky dopadyvied. ar ns.
Since the head slider is caught in a space between the novable arns

capabl e of di sphaaiheg dbjebEGFOERE présdntdiiatsbgial to applidedat hereto, the

t hi ckness of an HGA around the head slider does not increase even if the
act uat or jhseakt 4528 dionfibgSactiftor et f4 hahd eménit,Shi HCAf wahdtisk drive
apparatus due to the nounting of the actuator is necessary. Al so, since

the act uaaeala@ﬁld, thai Heative apfratl GrAl til Ak Sfha! @ rbRhARuEARY | | ever

structure, a shock resistance can be greatly I nproved. Furthernore, since

sect i ons Marefrer o ARk My CR B ER A Su8) Bl o oF Bl cement 1o

t he headH&I icgﬁrﬂe can 8_% al Wavss positioned at the top end of the head

According to the present invention, a precise positioning

actuator to be fixed with a head slider with at least one head
element and with a support, for precisely positioning the at least
one head element, includes a pair of movable arms capable of
displacing in response to a drive signal applied to the actuator
The head slider is caught in a space between the movable amms.

Since the head slider is caught in a space between the
movable amms capable of displacing in response to a drive signal
applied thereto, the thickness of an HGA around the head slider does
not increase even if the actuator is attached. Thus, no
modifications in size of a disk drive apparatus due to the mounting
of the actuator is necessary. Also, since the actuator and the head
slider are not stacked to form a cantilever structure, a shock
resistance can be greatly improved. Furthemmore, since the head
slider is caught in between the movable amms, the top end sections
of the movable ammus, which actually transfer the displacement to the

head slider, can be always positioned at the top end of the head



.4 2 MAR 2004 slider. Thus, it is possible to provide a constant travel to

the head slider even if its size changes, and therefore an enou%h stroke
of the head el enent at the precise positioning operation can bg dﬂM&y

- obtained. It is preferred that the actuator further includes a base flxed

Famn

to the support and that the novable anus extend fromthe base. It is also
preferred that the novable awns have at their top end sections slider
fixing sections to be fixed to side surfaces of the head slider,

respecti veliderl.n THuss adse, powsithler &b|provide a aonstanb rirawsl dosttape so t hat
there exists air gaps between the novable arns and side surfaces of the
head sl i dhea®xtefdr &oen tilfeitss ki gte chimgasn garse thexefore rans pmighvetrpkel t i s

al so preferred that the base is nade of an elastic sintered ceramc

Furt her nDge, tHe! hédd LRI &€ th adregdsd) pobitidaingopetitdonrds bacl udes an arm
menber made of an elastic sintered ceramc, and a piezoelectric el enent

formed on l.dshisdihb@ce of the arm nenber. Since the main sections of the
actuator are nade of elastic sintered ceranm c such as ZrQ2 that is strong
for bending, a rehoc Hse 9k 4ARaPGE YRiBler i5Shdel IoBEESES. It IS

preferred that t he vable arns is constituted so that the head slider is

I I | . Si
the heatl EHifbE) G, PREREE st e BB Grkd et R TS BRSO
SW ngi ng or rotgébgpggﬁyntlp ; HQEStQ&%Fi§%118%%5%‘&£kﬁthEeﬁP%xEPad

(o :

el emrent can be
end sections slider fixing sections to be fixed to side surfaces of

the head slider, respectively. In this case, preferably, the
actuator has a shape so that there exists air gaps between the
movable arms and side surfaces of the head slider except for the
slider fixing sections, respectively.

It is also preferred that the base is made of an elastic
sintered ceramic. Furthermore, it is preferred that each of the
movable armms includes an arm member made of an elastic sintered
ceramic, and a piezoelectric element formed on a side surface of the
amm member. Since the main sections of the actuator are made of
elastic sintered ceramic such as ZrQ, that is strong for bending, a
shock resistance of the actuator itself increases.

It is preferred that the movable arms is constituted so that
the head slider is linearly and laterally oscillated in response to
the drive signal. Since the head slider displaces namely oscillates
with linear motion not swinging or rotational motion, more precise
positioning of the head element can be expected.

It is also preferred that inner cormers at coupling sections



-1t is also preferred that inner corners at coupling sections 5 '- 2 MAR

2004 of the base and the nmovabl e arns have an obtuse angl e pl anezsﬁgRe%[pan,
a snoot h pl ane shape. Thus, the shock resistance of the actuator”™ itself i
-extrenely inproved. It is preferred that the actuator has a rough U pl ane
shape. It is also preferred that the actuator has a thickness equal to or
| ess than a thickness of a head slider to be caught. It is preferred that a
spaci ng between the pair of novable arnms is determned to a value slightly
shorter tébfirthe Wasd hndfthehdovabbadioms ilee 40 ocbtuseaagdiie. plane shageeberred t hat
the at | east one head elenment is at |east one thin-fil mmgnetic head

el ement. AckRbth {0ahe dhapePr aaN! the Veidtk Qfbsigtande/of mhb uttaatorhead sl i der
with at | east one head el enent, a support and the aforenentioned precise
posrtronrﬂ&a@tgwednw.he head slider and with the support for
precisely posrtronrng the at |least one head elenent. It is preferred that

the novabl e ar ng; gfg g?g%e t 13BAalitBtol 8RE S b vdpfard ¥RgheM th an

adhesive. It is al so pr hat t act uator and the support are fixed

with an adhesrv Qly &P S té@ﬁ] a di sk
Eg&f east one rrent | oﬁﬁ% gq}m&ﬁy

drive apparatus havi'ng above. accordi ng
to the pregsent, L OVeRtl QAR 2CE W39 4der to be caught.

It is preferred that a spacing between the pair of movable

ams is determined to a value slightly shorter than a width of the
head slider to be caught.

It is preferred that the at least one head element is at
least one thin-film magnetic head element.

According to the present invention, an HGA includes a head
slider with at least one head element, a support and the
aforementioned precise positioning actuator fixed with the head
slider and with the support for precisely positioning the at least
one head element.

It is preferred that the movable amms of the actuator and the
head slider are fixed with an adhesive.

It is also preferred that the actuator and the support are
fixed with an adhesive or a solder.

According to the present invention, a disk drive apparatus
having at least one HGA mentioned above.

Also, according to the present invention, a manufacturing
method of an HGA includes a step of preparing a precise positioning

actuator with a palr of movable arms capable of displacing in



- nmet hod of an HGA includes a step of preparing a precise positioning
actuator with a pair of novable arns capable of displacing in® ﬁ Qﬁﬁ
2004 response to a drive signal applied thereto, a step of catcgimé ead
- slider with at | east one head elenent in a space between the novable arns
of the actuator, and a step of fixing the actuator with the caught head
slider to the support. First, the head slider is caught in a space between
the novable antis of the actuator, and then the actuator with the caught
head sl i dezsponsé itced dmivehsigeap@Eppliedithexetos semtep mf catahiingtead sl i der
and the actuator can be carried out on the flat plate, alignnment of the
sl i der angeddhelfBdruaith abebmesoreahyad edehdritnin tahapaceabdivgkartteccur acy
assenbl i ng can be expected. Also, since a thernosetting adhesive with
excel | ent &bl 8 iRl 6O B nefuatdoagd d btep@€dsixAng amg adtuaber wiikR can be
used, a high quality assenbly of the head slider and the actuator can be
obtained.ﬂﬁmtgﬁﬁﬂphgadghmggftbhgmg y has a sinple shape, adhesion and
el ectrical connection of the assenbly with a suspension can be perforned
by using a genglal ASAE X010 18 WHUBHE Hn £ Ssidbb | Rwb&E tREOduct i vity to
extrenmely inprove and thus the manufacturing cost to reduce. It is

preferre t C 'qg=§£ i USEs tHeXial : séﬁgﬁ bet ween
t he nova%F%ggrngnﬁftﬁEgﬂka esﬁ@%.gﬁ# 'S g#bé preF@?F%gﬁt at a s%acing
bet ween the . vabl.e | | i ﬁ@ dth of the
head sl i dté‘?a‘ft)ﬁ q?é: t3 tgngﬂ?n%u?s? g&%m%l ng St ep |Jr;1€l

- provisi O”Eﬂld}’arf' d e actuator can be carried out on the flat plate,

alignment of the slider and the actuator becomes easy resulting that
a higher accuracy assembling can be expected. Also, since a
thermosetting adhesive with excellent curing performance although it
needs a long curing time can be used, a high quality assenbly of the
head slider and the actuator can be obtained. Furthermore, since
the assembly has a simple shape, adhesion and electncal connection
of the assembly with a suspension can be performed by using a
general HGA assembling equipment resulting the productivity to
extremely improve and thus the manufacturing cost to reduce.

It is preferred that the catching step includes fixing the
head slider between the movable arms with an adhesive.

It is also preferred that a spacing between the pair of
movable arms is slightly shorter than a width of the head slider to
be caught, and that the catching step includes provisionally fixing
the head sliider between the movable arms by a pinching force of the
movable arms. The provisional fixing can be attained without using

any holder.



-the head slider between the novable arnms by a pinching force of the

movabl e arms. The provisional fixing can be attained wi thout uséer MARYINE
hol der. 7 2 MAR 2004 It is preferred that the catching step Includes
-securely fixing the head slider to the novable arns by thermally curing
the adhesive after the provisional fixing. It is also preferred that the
fixing step includes fixing the actuator to the support with an adhesive
or a solder Further objects and advantages of the present invention wll

be apparent froritt ke preferEwingafeths cpteiRgostephingiides seedrelynbodi ment s of
the invention as illustrated in the acconpanying draw ngs. BRI EF

DESCRI PTI @iy Thie heRdveNGST Fiqy the moyable abns dwetharmal ke pering the | vy
illustrating nmain, conponents of a magnetic disk drive apparatus in a

pr ef er r ed adeediovei after te provisjohal tfheing.esent i nvention; Fig. 2 is an
oblique viewillustrating the whole structure of an HGA in the enbodi nent
of Fig. 1, Fig. 18 is adbo GileFatidviiest the Fking isbgp antplesnfisagttien of the
HGA In the enbodinment of Fig. 1; Fig. 4 is an oblique viewillustrating the
top end segthfdrofo thhesudpbrt Rritheare BlishivBdr afsdisgr 1, seen from

different direction fronthat of Fig. 3; Fig. 5is a plane view

ilTlustrating a shitedrlbsicds3hd advantages of the present invention will
be apparent from the following description of the preferred
embodiments of the invention as illustrated in the accompanying

drawings.

BRIEF DESCRIPTION CF THE DRAWINGS

Fig. 1 is an oblique view schematically illustrating main
components of a magnetic disk drive apparatus in a preferred
embodiment according to the present invention;

Fig. 2 is an oblique view illustrating the whole structure of
an HGA in the embodiment of Fig. 1;

Fig. 3 is an oblique view illustrating a top end section of
the HGA in the embodiment of Fig. 1;

Fig. 4 is an oblique view illustrating the top end seqtion of
the HGA in theAembodjment of Fig. 1, seen from different direction
from that of Fig. 3;

Fig. 5 is a plane view illustrating a structure of an
actuator in the embodiment of Fig. 1;

Fig. 6 is a sectional view illustrating a structure of a

piezoelectric element section of the actuator shown in Fig. 5;:



-actuator in the enbodinent of Fig. 1; Fig. 6 is a sectional view
ill'ustrating a structure of a plezoelectrlc el ement section QIztﬂ%R 2004
actuator shown in Fig. 5: 2 MAR 2004 Fig. 7 is an oblique view
~illustrating an operation of the actuator shamin Fig. 5; Fig. 8 is an
oblique viewillstrating a part of a manufacturing process of the HGA in
the enbodinment of Fig. 1;, Fig. 9is an oblique viewillustrating a part of
a manufacturing process of the HGA in the enbodinment of Fig. 1. Figs. 10a
and 10b are obl iFgge ¥iiewan iobligieaview) idlysiratiog an operatfientaefr thg process of
the HGA in the enbodinent of Fig. 1, Fig. 11 is an oblique view

schemat i calckyatidr sisdwnain IRjga 5;structure of an actuator in another

enbodi ment according to the present invention; Fig. 12 is an oblique view

schemat | cal |y i IFigsty abi g oBlidies Uidw! i BNftrafingCh YRirerof & a furt her
enbodi ment according to the present invention; and Fig. 13 is an oblique

vi ew schemahhfRitiitidd pHsddsat b1 &ha B 4 G @RI taGE WabOr;in a stil |
further enbodi nment accordlng to the present invention. SCRI PTI ON OF THE

EPEEERRED E24BCEE§EQF§S 'Hﬁ&fﬁlﬁ%tgﬁhﬁ QQ%EEE g of a magnetic
unit of ferre odil nent accor ng to e present Invention,
Flg. 2 1 %ﬁi%&c%fﬁlgt B&d@&g'é‘f the YiUiS Ak SibolitHenltof g, &TPOdI ment, and
Figs. 10a and 10b are oblique views illustrating a part of a
manufacturing process of the HGA in the embodiment of Fig. I;
Fig. 11 is an oblique view schematically illusirating a
structure of an actuater in another embodiment according to the
present invention;
Fig. 12 is an oblique view schematically illustrating a
structureofanactuatorinafuftherembodinentaccordingtothe
present invention; and
Fig. 13 is an oblique view schematically illustrating a

structure of an actuator in a still further embodiment according to

the present invention.

DESCRIPTTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates main camponents of a magnetic disk unit of
a preferred embodiment according to the present inwvention, Fig. 2
illustrates the whole structure of an HGA in this embodiment, and
Figs. 3 and 4 illustrate a top end section of the HGA in this
embodiment, seen fram different directions with each other.

In Fig. 1, reference numeral 10 denotes a plurality of



-Figs. 3 and 4 illustrate a top end section of the HGA in this enbodi nent,
seen fromdifferent directions with each other. In Fig. 1, reference
nuneral 10 denotes a plurality of ,- 2 MAR 2004 magnetic hagd2dvARS2004
-rotating around an axis 11, and 12 denotes an assenbly carriage device for
positioning each magnetic head el enent on a track of each disk. The
assenbly carriage device 12 is mainly constituted by a carriage 14 capabl e
of rotating around an axis 13 and a main actuator 15 such as for exanple a
voi ce coi magmitic HarG\lisKsorotiting rmyotind apaaxisade. badtl2 denclies. aiBase
sections at one ends of a plurality of drive arms 16 stacked al ong the

axi s 13 amesaiblgctatiage devicafor ggaitihniag ceashanagnetiovhediGAdafdhtar e
nounted on a top section at the other end of each arm 16. Each of the HGAs

17 has a shigefrafPWit e4bialisks TR eBarhlyeedirangs detrial 12 his mhiwieyr opposes
to one surface (recording and reproducing surface) of each of the nagnetic

di sks 10. cAssiShane iy &idsriayd 24 baphbf: JBAdtat H%f afbRbaRaxfibXifg a fine

tracking actuator 22 for precise positioning of a thin--film magnetic head

el enent tqnd 4 RRISHEEST 29 Rfhdas ¥oPeRSIdTE A0voitBecoiaChd@iotvag hol ds

side surfaces of a nmagnetic head slider 21" wth the thin-filmmagnetic

head el emgp}. ﬁ%%%ﬁﬁgﬂ% LseH@ught  in a space between its

novabl e arns n or cour actuator of VCM 15 shown in Fig. 1 is used
ERCIILE SE St e N R S
stacked along the axis 13 are attached to the carriage 14, and one
or two HGAs 17 are mounted on a top section at the other end of each
am 16. Each of the HGAs 17 has a slider mounted at its top end
section so that the slider opposes to one surface (recording and
reproducing surface) of each of the magnetic disks 10.
As shown in Figs. 2 to 4, the HGA is assembled by fixing a
fine tracking actuator 22 for precise positioning of a thin-film
magnetic head element to a top end section of a suspension 20. The
actuator 22 holds side surfaces of a magnetic head slider 21 with
the thin-film magnetic head element so that the slider 21 is caught
in a space between its movable amms.
A main or course actuator of V(M 15 shown in Fig. 1 is used
for rotationally moving the drive arm 16 to which such HGA is
attached, so as to move the whole assembly. The actuator 22
contributes the fine positioning of the HGA, which cannot be
adjusted by the main or course actuator 15.

The suspension 20 is substantiaily formed, as shown in Figs.

2 to 4, by first and second load beams 23 and 24, a resilient hinge

10



~contributes the fine positioning of the HGA which cannot be adjusted by
the main or course actuator 15. The suspension 20 is substaq}?a@hg ﬁmfnnd,

as shown in Figs. 2 to 4, by first and second | oad beans 23 &nt™24; é

-resilient hinge 10 2 MAR 2004 25 coupled with both these first and second

| oad beans 23 and 24, a resilient flexure 26 fixed on the second | oad bean

24 and the hinge 25, and a circular base plate 27 formed at an attaching

section 23a of the first |oad beam 23. The flexure 26 has a flexible

t ongue 26a5deppdsd edthybeth thesel Eixstoand lsacynd doamdk deans 2iecarsb@onch | oad beam

24 at its one end section. On the tongue 26a, fixed is a base section 22a

of the adkpilieht2Raxife @6 Encid ohithe sayad 1GH base2ofanfiothee kimgsd e

polyi mi de. The flexure 26 has elasticity for supporting flexibly the

magnet i ¢ Bgadagl hdeircidlat base Platbeaetm@hnoat a8 Mtabhig keMmawa 28a. The

flexure 26 i1s made of in this enbodiment a stainless steel plate (for

exanpl e SUE3Q4ATA W tBa@ deihCIgness of about 20 m The flexure 26 is fixed
with the second | oad beam 24 and with the hinge 25 at a plurality of

poi nts by pi npo&ﬁézf}g@gﬁ e NENE8 bie tlgﬁ@%eelzgétdeg%ﬁgearwiadi ng, to the

second | oad beam 24, a tforce tor pressing e magn hedd slider 21

toward the. dir ' i d?E cg“‘u : cl et or 22 in
operati pn%‘u#iee Eﬁ‘%%ﬂ )i ?””rac[egéfﬁ"leng | éujégr%o [ ne%?%gﬁg%?}r??ess st eel
plate wit gegtjgo?ll.c%gle%ﬁe QJonSQé’ Lﬁ%aflofjfclé&'is a base section 22a of the

actuator 22 via an insulation layer 26b made of for example

-

polyimide.

The flexure 26 has elasticity for supporting flexibly the
macmetic head slider 21 through the actuator 22 by this tongue 26a.
The flexure 26 is made of in this embodiment a stainless steel plate
{for example SUS304TA) with a thickness of about 20 pm. The flexure
26 1s fixed with the second load beam 24 and with the hinge 25 at a
plurality of points by pinpoint weld:mg

The hinge 25 has elasticity providing, to the second load
beam 24, a force for pressing the magnetic head slider 21 toward the
direction of a magnetic disk surface through the actuator 22 in
operation. The hinge 25 is made of in this embodiment a stainless
steel plate with a thickness of about 40 pm.

The first lcad beam 23 is made of in this embodiment a
stainless steel plate with a thickness of about 100 ym, and supports
the whole surface of the hinge 25. The fixing of the first load
beam 23 with the hinge 25 is performed by pinpoint welding at a

pluratity of points.

11



-The first |oad beam 23 is nade of in this enbodinent a stainless steel

pl ate with a thickness of about 100 m and supports the whole j_smeac“Z@[]bf
the hinge 25. The fixing of the first load beam 23 with the hinge 25 is
-performed by pinpoint welding at a plurality of points. 11 The second | oad
beam 24 is also nade of in this enbodinment a stainless steel plate with a
t hi ckness of about 100 m and fixed to the hinge 25 at its rear end
section. The fixing of the second |oad beam 24 with the hinge 25 is
performed al so IFpepseneoidntoadebetimg4 diis alspinadenloft in dhipembediment & t op end
of this second | oad beam 24, fornmed is a lift-tab 24a for separating the
HGA from tdhaifkgaeste] plate with acehidinészgodwdbont lopeum) and fisefirepar ed.
The base plate 27 to be attached to the drive arm 16 shown in Fig. | is
made of i AheMhihgenp®ditnetd reas teatindezso5t eBhe @ixing bf piet eeconidt Do

t hi ckness of about 150 pm This base plate 27 Is fixed to the attaching
section 23pamf24 Getd ithethingatkdeapedfohred\ai s B9 piohoilte wbldngr & 26, a

flexible conductor menber 28 including a plurality of trace conductors of

a thin-filgm.panitd- %ﬁiﬁﬂs JPakt & Bop iehal &F WREL Qecsid DESE beant 18, cOnduct or

menber 2870 s forrred y a knowmmn nmethod simlar to the patterning nmethod of

form ng a gpind F‘%‘C]:}ﬁgléab boared %@ﬁmnﬁ a Rr8 foruE%br@%l@_flem bl e

printed circuit For exanple he me med by sequentially
deposi ti ngj% {! E SBEH! ymm nde of a resin such as

pol yi m de t é‘%% I ckness op)a Jg a pa erned Cu Layer (trace
conductor | ayer i 11 A 1 oKP85, 2Rl o R A6 %P6 Mo 1

Fig. 1 is made of in this embodiment a stainless steel or iron plate

with a thickness of about 150 pm. This base plate 27 is fixed to
the attaching section 23a of the first load beam 23 by welding.

On the flexure 26, a flexible conductor member 28 including a
plurality of trace conductors of a thin-film multi-layered pattemm
is formed or disposed. The conductor mamber 28 is formed by a known
method similar to the patterning method of forming a printed circuit
board on a thin metal plate such as a flexible printed circuit (FPC).
For example, the member 28 is formed by sequentially depositing a
first insulation material layer made of a resin such as polyimide
with a thickness of about 5 pum, a pattermed Cu layer (trace
conductor layer) with a thickness of about 4 um, and a second
insulatioh material layer made of a resin such as polyimide with a
thickness of about 5 um on the flexure 26 in this order. Within the
regions of the commection pads formed for comnecting with the
actuator, the magnetic head element and an extermal circuit, an Au

layer is deposited on the Cu layer and there is no second insulaticn

12



-insulation material |ayer made of a resin such as polyinde with a

t hi ckness of about 5 mon the flexure 26 in this order. Wthin thﬁ%éﬁﬁgions
of the connection pads formed for connecting with the act uarof ,MA
- magnetic head el enent and an external circuit, an Au |layer is deposited on
the Cu layer and there is no second insulation 12 - 2 MAR 2004 materi al

| ayer on the Au layer. In this enbodi nent, the conductor nenber 28 consists
of a first conductor menber 28a with two trace conductors connected to
t he magnetatertieddiagernemttheoku da¥ersi de, thus four trace conductors for
bot h sides, and a second conductor nmenber 28b with a trace conductor
connect ed to thénatttisaémbod2feritor then eopdEdorttember d8 Cormiets ggnduct ors for
both sides. One end of the trace conductors of the first conductor nenber
28a is el ect4ti eshductoe mabbe 8aowiitn dwe [teaes icondmstess iconneatdd €9 forned on
an individually separated and freely novabl e section 26c of the flexure
26. The ceROeghheridddsd demdtt bat lonbosnde] titis f@Mtfade ebeRictedes 2la of
the magnetic head slider 21 by Au bonding, wre bonding or stitch bonding.
The ot her £gRGceh diRst IR SRRBAYERASAr el JeH woaNdUEtE Menber 28a is

electricalTy connected to external circuit connection pads 30 used for

connect i 0Ryn kB %%né&&!angg e %F?Qgglﬁpoﬁé dibRC &ree AL tRLR of the

second conduct or per connected to actuat or

connecti o rgs, <Piks@n i nsulation layer 26b on the tongue 26a of
the fl exub2k ‘g’%%‘?%eff& sHms

One end of the trace conductors of the first conductor member
28a is electrically connected to head element comnection pads 29
formed on an individually separated and freely movable section 26c
of the flexure 26. The connection pads 29 are ball-bonded to
terminal electrodes 21a of the magnetic head slider 21 by Az bonding,
wire bonding or stitch bonding. The other end of the trace
conductors of the first conductor member 28a is electrically
comnected to external circuit connection pads 30 used for connection
with an extermal circuit.

One end of trace conductors of the second conductor member
28b is electrically connected to actuator comnection pads 31 formmed
on an insulation layer 26b on the tongue 26a of the flexure 26. The
connection pads 31 are connected to A channel and B channel signal
terminals 22b and 22c of the actuator 22, respectively. The other
end of trace conductors of the second conductor member 28b is
electrically connected to the extermal circult connection pads 30.

A structure of the HGA according to the present invention is

not limited to the aforementioned structure. Furthermmore, although

13



- connection pads 31 are connected to A channel and g channel signal
termnals 22b and 22c of the actuator 22, respectively. The other eng %f
trace conductors of the second conductor nenber 28b is electcf&aﬂﬂﬁ 0j

- connected to the external circuit connection pads 30. A structure of the
HGA according to the present inventionis not limted to the

af orenenti oned structure. Furthenore, although 13 2 MAR 2004 it is not
shown, a head drive I1C chip may be nounted on a mddle of the suspension
20. Fig. 5tidd ostrshows, @ bead drive 16f chipemast bagumnted dnpatmiddle @fodi ment  of
Fig. 1, Fig. 6 illustrates a structure of a piezoelectric elenent section
of the acthatsmsp&ixiand2Rig. 7 illustrates noving operation of this
actuator 22. As will be noted fromFig. 5 the actuator 22 has a rough U

pl ane shape andregnsi slkustratedasstrobtyrd?af the detubtere@2t in dhesuspensi on
and a pair of novable arns 51 and 52 perpendicularly extending from both

si de endseg@hodifen®ageraf). 1AFigPe andusaeted RS stRictihe ofoabl e arms 51 and
52, formed respectively are slider fixing sections 53 and 54 to be fixed

to side syifaeescHhict SfndRl RidtEol1@R0thes bbdRtor 25 and Ay, the slider 21 is

caught in a space between the slider fixing sections 53 and 54. The
o921 19, DEL HERULIPnSl e ppaldutbRGestils iReRdr il S 1o det o ned o s
oL LT, g AR e g el S A 0 1 e
that the e shape and consists of a base 50 (22a) to be fixed to a

suspension and a pair of movable arms 51 and 52 perpendicularly

extending from both side ends of the base 50. At top end sections

of the movable amns 51 and 52, fommed respectively are slider fixing

sections 53 and 54 to be fixed to side surfaces of the magnetic head

slider 21 so that the slider 21 is caught in a space between the

slider fixing sections 53 and 54. The spacing between the slider

fixing sections 53 and 54 is determined to a value slightly shorter

than the width of the magnetic head slider to be caught therein. A

thickness of the actuator 22 is determined to a value equal to or

thinner than that of the magnetic head slider to be held so that the

total thickness of the HGA will not increase due to the mounting of

the actuator. Conversely, by thickening the actuator 22 up to the

thickness of the magnetic head slider to be held, strength of the

actuator itself can be increased without increasing the total

thickness of the HGA.

The slider fixing sections 53 and 54 are projected inwardly,

namely toward the magnetic head slider 21, so that only these

14



- total thickness of the HGA will not increase due to the nounting of the
actuator. Conversely, by thickening the actuator 22 up to the thickness of
the magnetic head slider to be held, strength of the actuator=i2 ¥ARf 20

- be increased without increasing the total thickness of the HGA. The slider
fixing sections 53 and 54 are projected inwardly, nanely toward the
magneti c head slider 21, so that only these 14 - 2 MAR 2004 sections 53 and
54 are attached to the side surfaces of the magnetic head slider 21 and

t hat t her seetiiont ss53iand (el ard etthached he thenwidel syrfaees i ofin the magmetivovabl e
arnms 51 and 52 and the side surfaces of the nagnetic head slider 21. The
nmovabl e ape&d Bliaad 25 2aeD nRals tthefe akizt abe rgaps etoseh 3ha remadning

pi ezoel ectric elenments 51b and 52b forned on side surfaces of the arm

nenbers 53acaks 3 thé SiRabid Wehy 51Thea I5asand ehand ab han@asedrerbeies 51la and
52a of the actuator 22 are united by an elastic sintered ceram c such as

Zr2 for n&?&é{%%eaﬁi 8ffiel-h® mai n sections of the actuator are nmade of the

el astic sintered ceram c such as ZrQ2 that is strong for bending, a shock
resistance of t gggﬁﬁﬁ Ld 58! fnd 36" &RS8St oFAS REmbIS BiLang Rt ric

el enments 51b angﬁ% asé,) as s&‘ﬁo%/\nn ?n Fig. 6, a multi-layered structure of
alternate l.am. nating. . Al e ' labg! Q0 rFaHegn el ectrode
| ayers 61%%&%%‘?%56@ k%%immn% Eeﬁ%?ﬁ%@"%@ers %}Zlgi%y appl yi n(gé vol t age

?(r:uraoss th%lesgn%nal ﬂeI ecglraogr?d Isaglers 61 |§ggl§_he ground (conmmon) | ayers 62,

The base 50 and the arm members 5la and 52a of the actuator
22 are united by an elastic sintered ceramic such as ZrQ, for
example. Since the main sections of the actuator are made of the
elastic sintered ceramic such as Zro, that is strong for bending, a
shock n’-:sistance of the actuator itself increases.

Each of the piezoelectric elements 51b and 52b has, as shown
in Fig. 6, a malti-layered structure of alternately laminating
piezoelectric material layers 60, signal electrode layers 61 and
ground (common) electrode layers 62. By applying voltage across the
signal electrode layers 61 and the ground {(common) layers 62, the
piezoelectric material layers 60 expand and contract. The |
piezoelectric material layer 60 is made of material that expands and
contracts by reverse piezoelectric effect .or by electrostrictive
effect. The signal electrode layers 61 are electrically connected
to the A channel signal temminal 22b or the B channel signal
terminal 22¢, and the ground {common) elect.f:ode layers 62 are
electrically connected to ground (common) terminal 224 or 22e, shown

in Figs. 3 and 4.
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-piezoelectric material |layers 60 expand and contract. The piezoelectric
material |ayer 60 is nade of material that expands and cont r,g(r?tﬂ IWZI]qft
reverse piezoelectric effect or by electrostrictive effect. The él gna
-electrode | ayers 61 are electrically connected to the A channel signal
termnal 22b or the B channel signal term nal 22c, and the ground (comon)
el ectrode layers 62 are electrically connected to ground (conmon) term nal
22d or 22e, showmn in Figs. 3 and 4. 15 - 2 MAR 2004 In case that the

| ayers 60 are nddecase phalz dbedayers oty mafe ofupiezeeldRITi¢ makeridlr conat e
Titanate Oxidization), these piezoelectric material |layers are in general
pol ari zed sach as PET (Lepd Giectizder Titangtea Oeb@izatpenr)f, otleeece. The pol ari zed
direction is the lamnation direction of the piezoelectric nmaterial |ayers

60. Wenpyeideagetiis Apfdrial Ryess arbhih ghietd1Opsldrayel soaadtbhe direction
of the produced electrical field is the same as the polarized direction,

the pi ezoglgedvel ehdidt Bis@lackmnr YRael Nemeeh@IEr 2E al AR Sn &X6pands in
its lam nation direction (piezoelectric longitudinal effect) and contracts

in its i Nyl ang: dhieh! Aa0Rctid 8 08lefpidide1bAUSEHatet AL LyerOBs 2Ty tO

this, when the direction of the produced electrical field is In inverse as
LS Pous W oL U At S0 She el Bukt Bl Ut Leer e
ongi tudi gafe Lg%l (A brBaRAR Brdekd sl 38%une okt bb el PI o200l ectri

polarized direction, the piezoelectric material layer beiween the

electrode layers expands in its lamination direction (piezoelectric

longitudinal effect) and contracts in its in-plane direction

{piezoelectric lateral effect). Contrary to this, when the

direction of the produced electrical field is in inverse as the

polarized direction, the piezoelectric material layer between the

electrode layers contracts in its lamination direction

(piezoelectric longitudinal effect) and expands in its in-plane

direction (piezoelectric lateral effect).

If the voltage with a polarity which will induce the

contraction or expansion is applied to the piezoelectric element 51b

or 52b, the piezoelectric element contracts or expands in response

to the applied voltage peolarity and thus the movable arm 51 or 52

bends to trace a S-character as shown in Fig. 7 resulting the top

end section of the amm 51 or 52 to laterally and linearly displace.

Thus, the magnetic head slider 21 fixed with the actuator 22 also

laterally and linearly displaces. Since the slider displaces namely

oscillates with linear motion not swinging or rotational motion,
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-1f the voltage with a polarity which will induce the contraction or
expansion is applied to the piezoelectric el ement 51b or 52b, the

pi ezoel ectric el ement contracts or expands in response to thefagARi 2104

- voltage polarity and thus the novable arm51 or 52 bends to trace a
S-character as shown in Fig. 7 resulting the top end section of the armb51
or 52 to laterally and linearly displace. Thus, the nmagnetic head slider
21 fixed with the actuator 22 also laterally and linearly displaces. Since
t he sl i demoxk purbaisespositibping ot ittheanagnetic hebd nelgpentoicanrbenot swi ngi ng or
rotational notion, 16 - 2 MAR 2004 nore precise positioning of the magnetic
head el emerpected. be expected. It is possible to apply voltages that induce
mutual ly reverse notions nay be sinultaneously applied to the

pi ezoel ectric elenenpsssiblb @ dpPRL volemes Citiateintuck Mmaihtly wevase AC

vol tages may be sinultaneously applied to the piezoelectric el enents 51b

and 52b spuotidat B e PiRHILARGIEIE afbBIEAN o ANBAPIEFoUNRATI & & 16hdifts

pi ezoel ectric elenent contracts and vice versa. The oscillation of the

movabl e  8iFRSsALNLEERAIRAR. NOmY BtdaTfuids, AREWoltaddd #k Bi ezoel ectric

el ements. However, one of the piezoelectric elenments 1s expanded and

t her ef ] i : ™ . h
(ner et or kb dhSaghl sl ed i the pBRateL AR ARRREE IO Bl ok (e
vol 20 | inl SR Qe 81kt Bl BB 0 Uk 8 o BBAA O 1

pol ari zat | € piezoe yer
element contracts and vice versa. The oscillation of the movable

Dl

arms is centered when no voltage is applied to the piezoelectric
elements.

However, one of the piezoelectric elements is expanded and
therefore the direction of the driving voltage opposes to that of
the polarization in the piezoelectric ina.terial layer. Thus, if the
applied voltage is high or the voltage is continuously applied,
attenuation in polarization of the piezoelectric material laver may
occur. It is desired therefore that a constant DC bias voltage in
the same direction as the polarization direction be additionally
applied to the AC voltage to form the driving voltage so that the
direction'of the driving voltage never opposes to that of the
polarization in the piezoelectric material layer. The oscillation
of the movable arms is centered when only the bias voltage is
applied to the piezoelectric elements.

In this specification, the piezoelectric material is material
that expands or contracts by their reverse piezoelectric effect or

electrostrictive effect. Any piezoelectric material applicable for
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occur. It is desired therefore that a constant DC bias voltage in the sane
direction as the polarization direction be additionally applied to the AC
voltage to formthe driving voltage so that the direction of _tgqqglkizﬁn!ag

- vol tage never opposes to that of the polarization in the piezoelectric

BaaN

material |ayer. The oscillation of the novable arns is centered when only
the bias voltage is applied to the piezoelectric elenents. In this
specification, the piezoelectric material is material that expands or

cont r act s thy nigepelactyic sdepmmisoel dberatuatgreean de uEgh ctHERVET ct i ve
effect. Any piezoelectric nmaterial applicable for 17 - 2 MAR 2004 the

pi ezoel ecffor highemgidstnf ithis desizedoto vise decranigs piwgeelectri¢or hi gh
rigidity, it is desired to use a ceram cs piezoelectric material such as
PZT[ Pb( Zr mdter@al , such( &b/PRIrOR) (Ze Pr0, I, PETROr{dy) , LA, LapiZriyai)oyn ti t anat e
(BaTiO) . As aforementioned, since the actuator 22 in this enbodi nent

hol ds t heogiaigurifidansteo{Batio,yragneti c head slider 21 so that the slider
21 is caught in a space between the novable arm 51 and 52, the thickness

of the HGA aroupd dfepemi@@nched, Bam She GotusiRes2ah thikcessBmaven if the

actuator 22 is attached. Tl=, no nodifications in size of the magnetic disk

drive appahfidiendus abOsurlFiCedTogNid RagietiBeaat #RleF 315 shegR$saiey. Al SO,
since the actuator 22 and the magnetic head slider 21 are not stacked to

forma capddeYers SEEYHULR o Ep%%éo%tﬁe%ﬁi SANcRatiaars 51 @Al 32,1 mproved.
c

Furt hernore, since the magneti ead slider 21 is caught 1 n between
the thickness of the HGA around the magnetic head slider does not

increase even if the actuator 22 is attached. Thus, no
modifications in size of the magnetic disk drive apparatus due to
the mounting of the actuator is necessary. Also, since the actuator
22 and the magnetic head slider 21 are not stacked to form a
cantilever structure, a shock resistance can be greatly improved.
Furthermore, since the magnetic head slider 21 is caught in between
the movable arms 51 and 52, the top end sections of the mc_cvable ams
51 and 52, which actually transfer the displacement to the slider 21,
can be always positioned at the top end of the slider 21. Thus, it
is possible to provide a constant travel to the slider even if the
size of the magnetic head slider 21 changes, and therefore an enough
stroke of the magnetic head at the precise positioning operation can
be always obtained.

Figs. 8, 9 10a and 10b illustrate parts of a manufacturing
process of the HGA in this embodiment.

First, a magnetic head slider 21 and an actuator 22 are

prepared. The magnetic head slider 21 is fabricated by a known
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_ -the novable arnms 51 and 52, the top end sections of the novable arm 51 and

52, which actually transfer the displacenent to the slider 21,= Z¥AR0Q004

al ways positioned at the top end of the slider 21. Thus, it 1is possible to
-provide a constant travel to the slider even if the size of the magnetic
head slider 21 changes, and therefore an enough stroke of the magnetic
head at the precise positioning operation can be always obtained. Figs. 8,
9 10a and 10b illustrate parts of a manufacturing process of the HGA in

t hi s enbodameiz-tuFngsnetiodra dihet actuatand 22| maje be 2faberncated foxt extnple?? are
prepared. The nmagnetic head slider 21 is fabricated by a known. 18

manuf act ubiy nEprihd akctaigmlac tiube orith2a Mkgediei chaky ishedrednf Pig.eganpl e by
form ng rectangul ar tube with a U-section as shown in Fig. 5, nanely with

three si deahsigeeiandnoae s8abifaeby MpachHrd eft U1l asRnedRAGe Riced i@t er ed

ceram c such as for exanple ZrQ2, by formng or printing continuous

pi ezoel eChfl £ FheaRI Setrih duled %%ﬁ%ﬂﬁlﬁ%}%@ bfifﬁrmﬁlgoart he both side
u

faces of the tube, by cutting the tube perpendicularly to its axis with a

predet er ] jhgt&nl‘tihué& pRERRIELT-16 HIRmbil ¥ e Ghe AR FEP shbdk@ MRS, and by

formng termnall el ectrodes on each separated actuator frane. Then, as

shown 'n Ehg. Bontii HRANELAE 8A0 3 LIehRl B, AGLUGRAr 22 are

assenbl ed.” First, an adhesive uch as hernosettling epoxy resin
(Y, ROBERAAL R R9! 00 B35\348 Wblen AR YIAAGRS ) Le TmOTet ¢
Inserted belheel £l1e IRNidRhS2Butor frames, and by forming terminal
electrodes on each separated actuator frame.
Then, as shown in Fig. 8, the magnetic head slider 21 and the
actuator 22 are assembled. First, an adhesive 80 such as a
thermmosetting epoxy resin family adhesive is coated on parts of both
side surfaces of the magnetic head slider 21. Then, the slider 21
is disposed on a flat plate 81 and inserted between the movable arms
51 and 52 of the actuator 22 that is also disposed on the flat plate
81.
The spacing W, between the movable arms 51 and 52 of the
actuator 22 is set a little smaller than the width W; of the
magnetic head slider 21. Thus, the magnetic head slider 21 can be
provisionally fixed between the movable ams 51 and 52 by a pinching
force of these amms without using any holder. Then, by thermally
curing the adhesive 80, the slider 21 is securely fixed to the
movable arms 51 and 52.
An assembly 82 of the magnetic head slider 21 and the

actuator 22 is thus formed.
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- 51 and 52 of the actuator 22 that is also disposed on the flat plate 81.
The spaci ng WA between the novable arns 51 and 52 of the actua%gg ﬁz ﬂﬁ
set alittle smaller than the width W of the nagnetic head sTi AR 4L
- Thus, the magnetic head slider 21 can be provisionally fixed between the
novabl e arnms 51 and 52 by a pinching force of these arns w thout using any
hol der. Then, by thermally curing the adhesive 80, the slider 21 is
securely fixed to the novable arnms 51 and 52. An assenbly 82 of the
magneti ¢ head siSitee asseidngret the magnekicobead sikier 2brapddthelg ~- 2 MAR
2004 Si nce assenbling of the magnetic head slider 21 and the actuator 22
can be camctwatorul2 arnt e cakaiedbat @n tihe ghaemlaté, ahegnmeht ddr thend t he
actuat or becones easy resulting that a higher accuracy assenbling can be
expect ed. sAider; affinde actuatoniseties) gaspdiesaltiagviiidt a@xdghéent curing
performance although it needs a long curing tine can be used, a high

qual ity assehicy Ssetblime cangretigectbeadAstd deindsl aattbrinbsetashgat or 22 can
be obtai ned. Then, as shown in Fig. 9, the assenbly 82 of the magnetic

head sl i daghehvang thhexanliat Wurdng ipdrforBfcd A1 thsuch! £XWeed @ nd he

suspensi on 20. Mdre concretely, adhesive 90 and 91 are coated on the

i nsul at | ORyk-AKE kRS RaANDd 8ol OROHE? Gila Bty el BX ¥heoR Gna iheRBEid e

separated sectlon 26c of the flexure 26, respectively, and the base 22a

(50) of tBERGhHYALO122nd tnk N AREG DR YodiP b8 Ybthiled. OP end

Then, as shown in Fig. 9, the assembly 82 of the magnetic
head slider 21 and the actuator 22 is fiwed on the fiexre 26 of the
suspension 20. More concretely, adhesive 90 and 91 are coated on
the insulation layer 26b on the tongue 26a of the flexure 26 and on
the separated section 26c of the flexure 26, respectively, and the
base 22a (50) of the actuator 22 of the assembly 82 and the top end
section of the magnetic head slider 21 of the assembly 82 are
adhered on the insulation layer 26b and on the separated section 26c,
respectively.

Then, as shown in Figs. 3 and 10a, the A channel and B
channel signal terminals 22b and 22¢ (Fig. 3) of the actuator 22 are
electrically connected with the actuvator connection pads 31 by
soldering or using silver containing epoxy resin. Also, the ground
{ common ) te.mu_nals 22d and 22e (Fig. 3) of the actuator 22 are
electrically connected with ground (common) connection pads 100 by
soldering or using silver containing epoxy resin. If the soldering
is used for the commection, connection strength of the assembly 82

with the suspension will increase.
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-section of the magnetic head slider 21 of the assenbly 82 are adhered on

the insulation |ayer 26b and on the separated section 26¢c,

"ben, as shown in Figs. 3 and 10a, the A channel and B channel

raeszofﬁ\ | vehy

gna

~termnals 22b and 22c (Fig. 3) of the actuator 22 are electrically
connected with the actuator connection pads 31 by soldering or using
silver containing epoxy resin. Al so, the ground (cannon) termnals 22d and
22e (Fig. 3) of the actuator 22 are__electrically connected with ground

(common) connec{lPSFRPFAEE. BSoshm 1R FdeFi fhapd 108} idesterdpals

nt ai ni ng epoxy

resin. If the solderin I's used for the connection, connection strength of
t he assenielgcgdeqidla {(Fig.sdk pEnthe magpetic) hpadegkislero?l are2 VAR 2004
Thereafter, as shown in Figs. 3 and 10b, the term nals el ectrodes 2la
(Fig. 3) efetthdcabbnebnmedieddros theldead lelgment ebmusaticn pads d9nbedhed to t he
head el ement connection pads 29 by Au ball-bonding for exanple. Since the
assenbl y ®3d1hdending fpt exsinplse, the above-nenti oned processes of adhesion
and el ectrical connection of the assenbly 82 wth the suspension can be
performed by usisifice thensisarblyGo2 Hassandirphg shepe P the taboesuidniticnddne
productivity to extrenely inprove and thus the manufacturing cost to

reduce. FipgocekheS Cd¥eaBhdGiah! ahd bldtsiri 8die Somneitidit lofl thePbisgdibagtamt or i n
anot her enbodi nent according to the present invention. As shamin the

figure, tQhifhasbufiPendah 8ad BEOPerPoPhé'®y using a general HGA

asseambling equipment resulting the productivity to extremely improve

and thus the manufacturing cost to reduce.

Fig. 11 schematically illustrates a structure of an actuator

in another embodiment according to the present invention.

As shown in the figure, this actuator has a rough U-plane

shape and ccnsists of a base 110 to be fixed to a suspension and a

pair of movable ams 111 and 112 perpendicularly extending from both

side ends of the base 110. At top end sections of the movable amms

111 and 112, formed respectively are slider fixing sections 113 and

114 to be fixed to side surfaces of a magnetic head slider 21.

The slider fixing sections 113 and 114 are projected inwardly,

namely toward the magnetic head slider 21, so that oniy these

sections 113 and 114 are attached to the side surfaces of the

magnetic head slider 21 and that there exists air gaps between the

remaining sections of the movable arms 111 and 112 and the side

surfaces of the magnetic head slider 21.

The movable ams 111 and 112 consist of arm mwembers 1l1la and

112a and piezoelectric elements 11lb and 112b formed on side
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- Shape and consists of a. base 110 to be fixed to a suspension and a pair
of ‘novable arnms Il and 112 perpendicul arly extendi ng from both iﬁﬁ ends
of the base 110. At top end sections of the novable arm 11T nmAﬁl ,4
-formed respectively are slider fixing sections 113 and 114 to be fixed to
side surfaces of a magnetic bead slider 21. The slider fixing sections 113
and 114 are projected inwardly, nanely toward the magnetic head slider 21,
so that only these sections 113 and 114 are attached to the side surfaces
of the neghfddes ¢ atlesdimdmeni@isatdat dad 102&r eespacsivelyi.r gaps bet ween t he
remai ni ng sections of the novable arm 111 and 112 and the side surfaces of
the magnetic begHe Hdsder1®and Tihe abv alhisersr Hlaladd dada B2 tkonsi st of arm
menbers 1lla and 112a and pi ezoelectric elenents 111b and 112b formed on

side 21 2 MAR+2P04res UhiBee by Gln bilgstabnaimabel sekinkia ith 44280, rFegpect i vely.

The base 110 and the ann nenbers 11la and 112a of the actuator are united

by an el aghifr13l Ntaned G AL sSUEN3SoF ithk dRhatdX 8P hBde JfNeRe L he mai n
sections of the actuator are made of the &elastic sintered ceram c such as

Zr2 that _i r ' S Si t ugtor itself
e T

I ncreases. oper at i ong ectric el enents

111b and 112k are. the | C shown in Fig. 5. In
MR S hROae Bt Apiale

t he enbodi SHOWn | n forcenénts 115 to 118 are
formed at inner corners, at the, coupl.i.ng sect,ions_of . \/ anus 111
B GRTe T SRk PR bl Hiedeabdtiso B

and 112 and the
111b and 112b are the same as those in the actuator shown in Fig. 5.

In the embodiment shown in Fig. 11, commer reinforcements 115
to 118 are formed at inner corners at the coupling sections of the
movable arms 111 and 112 and the base 110 and at inner corners at
the coupling sections of the movable arms 111 and 112 and the slider
fixing sections 113 and 114 so that these inner corners have a plane
shape with an obtuse angle not a right angle as those of the
actuator shown in Fig. 5. The corner reinforcements 115 to 118 are
united with the base 110 and the arm members llla and 112a by the
same sintered ceramic. Thus, the shock resistance of the actuator
itself is extremely improved.

Other configurations, operations and advantages of this
enbodiment are the same as those of the embodiment of Fig. 2.

Fig. 12 schematically illustrates a structure of an actuator
in a further embodiment according to the present invention.

As shown in the figure, this actuator has a rough U-plane
shape and consists of a base 120 to be fixed to a suspension and a

pair of movable arms 121 and 122 perpendicularly extending from both

22



. the coupling sections of the novable arns 111 and 112 and the slider

fixing sections 113 and 114 so that these inner corners have 2 Pphire 208hape
wi th an obtuse angle not a right angle as those of the actuator shown in

- Fig. 5. The corner reinforcenents 115 to 118 are wunited with the base 110
and the arm nenbers 11la and 112a by the same sintered ceram c. Thus, the
shock resistance of the actuator itself is extrenely inproved. O her
configurations, operations and advantages of this enbodi nent are the sane
as those gfidé kadeifbdhedtiseoi20ki gAt 2opFengl s&kZiond efathe mbigbliel dnst r at es a
structure of an actuator in a further enbodi ment according to the present

i nvent i on12Asanghoa®, iEbnidie résmiditeveliyhare atidmat fiximgssectiong2B-qidane shape
and consists of a base 120 to be fixed to a suspension and a pair of

novabl e anpk thbe afisked 22 RAD FSEAEsASE Y RAGRREE N@alirimdbetn .22 si de ends

of the base 120. At top end sections of the novable anus 121 and 122,
formed respecti ;fﬁéysﬁaérfﬂ_mﬂﬁg sbbkidgig SELEh@ND412a2 phdliectad inkaRfyli xed to

side surfaces of a magnetic head slider 21. The slider fixing sections 123

and 124 apeudlok SehA0hd MBbbihe RBITEUSON Sol R GagtRIoad ol [ der 21,

so that o se sections 123 and 124 are attached to the side surfaces

of Lhe. TRBLt bPRdnd Aok Z ki B00 el sD Syl pLE Gaps betveen Lhe

remai ni ng~Seéct1 ons o e arns 1 e side surfaces
of the magneti.c gga s%h%%y 1. .The vabl LS. C i st of arm
m t uber s %@¥5ﬁﬂﬁ ‘*%55 d2€55§0 L P %F%%%ﬁ?é %?%ﬂgggééfzggéforned on

side remaining sections of the movable arms 121 and 122 and the side

surfaces of the magnetic head slider 21.

The movable arms 121 and 122 consist of arm members 12la and
122a and piezoelectric elements 121b and 122b formed on side
surfaces 6f the amm members 12la and 122a, respectively.

The base 120 and the arm members 12la and 122a of the
actuator are united by an elastic sintered ceramic such as ZrQ, for
example. Since the main sections of the actuator are made of the
elastic sintered ceramic such as ZrQ, that is strong for bending, a
shock resistance of the actuator itself increases.

Configurations and operations of the piezoelectric elements
121b and 122b are the same as those in the actuator shown in Fig. 5.

In the embodiment shown in Fig. 12, corner reinforcements 125
to 128 are formed at inner cormers at the coupling sections of the
movable arms 121 and 122 and the base 120 and at inner comners at
the coupling sections of the movable amms 121 and 122 and the slider
fixing sections 123 and 124 so that these inner commers have a

smooth plane shape not a right angle plane shape as those of the
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. surfaces of the arm nenbers 121a and 122a, respectively. The base 120 and
the arm menbers 121a and 122a of the actuator are united by an el astic
sintered ceram ¢ such as Zra2 for exanple. Since the main sec?iMAR 204t he
-actuator are made of the elastic sintered ceramic such as ZrQ2 that is
strong for bending, a shock resistance of the actuator itself increases.
Configurations and operations of the piezoelectric elenments 121b and 122b
are the sane as those in the actuator shown in Fig. 5. In the enbodi nent
shown i n Bctuatd®, shesmnin Higi rif.or Ceanentner] 28infor¢@@nis el Z5otardd8aare nner
corners at the filing sections of the novable arns 121 and 122 and the
base 120 anttest witlhdhedwseclZ) ahd tthecanwmphibary 32l andisl2aé Wyheherovabl e anus
121 and 122 and the slider fixing sections 123 and 124 so that these inner
corners haufe &intdRA BeRhafe INAPE thetshivcki B sBii@ecopthBcactaper as t hose
of the 23 2 MAR 2004 actuator shown in Fig. 5. The corner reinforcenents
125 to 128tad18 18 Nieeemiyt BmdRRedtase 120 and the arm nmenbers 121a and 122a
by the sanme sintered ceramc. Thus, the shock resistance of the actuator
itsel f is extrepphyt bORFQSEEidsh Uperafidnd Uil LaPstagRs bRt bias and
advantages of this enbodinent are the sane as those of the enbodi nent of

Fig. 2. Fj . | ! - t uat '
111 ur SRRl ML Bad o Ll B, e G B 002" s “shown 10
the figure thi F;@P%aé&{mé@fcaﬁlg%&gs&ﬁhé%s%:@% GRNRihEnOf @ base

130 to be fixed a suspensrion
in a still further embodiment according to the present invention.

As shown in the figure, this actuator has a rough U-plane
shape and consists of a base 130 to be fixed to a suspension and a
pair of movable arms 131 and 132 perpendicularly extending from both
side ends of the base 130. At tqp end sections of the movable arms
131 and 132, formed respectively are slider fixing sections 133 and
134 to be fixed to side surfaces of a magnetic head slider 21.

The slider flmg sections 133 and 134 are projected inwardly,
namely toward the magnetic head slider 21, so that only these
sections 133 and 134 are attached to the side surfaces of the
magnetic head slider 21 and that there exists air gaps between the
remaining sections of the movable amms 131 and 132 and the side
surfaces of the magnetic head slider 21.

The movable arms 131 and 132 consist of arm members 131a and
132a and piezoelectric elements 131b and 132b formed on side
surfaces of the arm menmbers 13la and 132a, respectively.

The base 130 and the arm members 13ia and 132a of the

actuator are united by an elastic sintered ceramic such as ZrO, for
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- pair of novable arms 131 and 132 perpendicul arly extending fran both side
ends of the base 130. At top end sections of the novable arnms 131 and 132,
formed respectively are slider fixing sections 133 and 134 t'e pevfp @gito
- side surfaces of a magnetic head slider 21. The slider fixing sections 133
and 134 are projected inwardly, nanely toward the magnetic head slider 21,
so that only these sections 133 and 134 are attached to the side surfaces
of the magnetic head slider 21 and that there exists air gaps between the
r emai ni ngesamilieonssintet the maimisbetiangsof] ke aotudil3d anzimelie ofi e surf aces
of the magnetic head slider 21. The novable arnms 131 and 132 consist of arm
menber s 13isstardsinitd2ed akttapic zoeh @st TG tlae BN kardiyl Boandndi)) dorned on
side surfaces of the arm nenbers 131la and 132a, respectively. The base 130

and the aphpdeFRs{sahsd otk htaatdr {hiR1ratickaidis.are united by an elastic
sintered ceram c such as- ZrQ2 for 24 - 2 MAR 2004 exanple. Since the main

sections of thecgetiial-of cﬁgeaﬂmeﬁeﬁtlémofeh@sbi&oén@éﬁ&edeﬁmc such as

Zr2 that is strong for bending, a shock re5|stance of the actuator itself

| et eases Rk oA LD th8" KPS ThbInOfnd HERIBE ARA'H £16 %rrents

131b and 1% are t e sane as those In I n I n

t he enbodi nent sho 0 a ﬁ or, ej nf qﬁgpg;ﬁ é made of

epoxy resin areiadﬁﬂﬂlona y1%%P%%hlﬂq%€Lng$ eﬁrners at € coupPlng

secti ons of vahl e anus 131 and 2 a t he a i nner
? t]}{% Hﬁeg E nges FE, adé.stlo v ormea gte :Lnggr %ogrle%:ts

corners a
at the coupling sections of the movable arms 131 and 132 and the

base 130 and at inner cormers at the coupling sections of the
movable arms 131 and 132 and the slider fiwing sections 133 and 134.
Thus, the shock resistance of the actuator itself is extremely
improved.

Other configurations, operations and advantages of this
embodiment are the same as those of the embodiment of Fig. 2.

In the aforementioned embodiments, the precise positioning
actuators for the thin-film magnetic head elements and the HGAs with
the actuators are described. However, it is apparent that the
present invention can be applied to a precise positioning actuator
for a head element such as an optical head element other than the
thin-film magnetic head element and an HGA with the actuator.

Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope of
the present invention. It should be understood that the present
invention is not limited to the specific embodiments described in

the specification, except as defined in the appended claims.
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noyvabl e arnms 131 and 132 and the slider fixing sections 133 and 134. Thus,
't he shock resistance of the actuator itself is extrenely inproved. O her
configurations, operations and advantages of this enbodi nent are the sane
as those of the enbodiment of Fig. 2. In the aforenentioned emb@dMARNEM4
the precise positioning actuators for the thin-filmmagnetic head el ements
and the HGAs with the actuators are descri bed. However, it is apparent
that the present invention can be applied to a precise positioning
act uaddVbAT I8 GLAMRRAY el ement such as an optical head el enent other than the
thin-filmmagnetic head el ement and an HGA with the actuator. Many w dely
different enbodi nents of the present invention may be constructed w-thout
departing fromthe spirit and scope of the present invention. It should be
underist oodh prieaise tpositipning actuatoi tovlesn fixeshwitls arhead Islidertvéth atdeashengpeci fic
enbodi nents described in the specification, except as defined in the
apperead eddregnmeand28ity a)suppdiiRoR PeetisaiAfoditeniDgAdaiERt ledst dne Aepdeci se
positioning actuator to be fixed with a head slider with at | east one head
el enmelemesihcomiprisingg support, for precisely positioning said at | east one
head elenent, conprising: a pair of novable arnms provided with drive neans
for di spl apairgf movalde ponsprovided with drivee meagmtar displpting th tespewedo act uat or, for
catching side surfaces of said head slider in a space between said novabl e
ar ns a deive Sigealapplied trsagbactlatonrfoe caiwhing side sUyfagdscofespid readdlidetiviat or furt her
conprises a

.a space between said movable arms.

2. The actuator as claimed in claim 1, wherein said actuator further comprises a

base fixed to said support, said movable arms extending from said base.

3. The actuator as claimed in claim 2, wherein said movable arms have at their
top end sections slider fixing sections to be fixed to side surfaces of said head slider,

respectively.
4. The actuator as claimed in claim 3, wherein said actuator has a shape so that
there exists air gaps between said movable arms and side surfaces of said head slider

except for said slider fixing sections, respectively.

5. The actuator as claimed in claim 2, wherein said base is made of an elastic

sintered ceramic.

6. The actuator as claimed in claim 5, wherein said elastic sintered ceramic is

ZrO;.
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base fixed to said support, said novable arns extending fromsaid base. 3.

" “The actuator as clainmed in claim 2, wherein said novable arns have at their

top end sections slider fixing sections to be fixed to side surfAcédiR o2004
said head slider, respectively. 4. The actuator as clained in claimS3,
wherein said actuator has a shape so that there exists air gaps between
said novable arns and side surfaces of said head slider except for said
slider fixing sections, respectively. 5. The actuator as clainmed in claim
2, wWhé&r ei nTheiattuzhweas slamaeit irofclaam | wisdréio sAcht efr sald geewabiec amés  The
actuator as claimed in claim5, wherein said elastic sintered ceramc is
Zr Q. cafipZsediii A60meihbell adaof aatedastia sintdérad wexhmie) anldad pie2geledidr ei n each of
said novable arnms conprises an arm nenber nade of an elastic sintered
cer anelemeatifdraeor 2 gitleautfacecof saldearmnherhberred on a side surface of said arm
menber. 8. The actuator as clainmed in claim7, wherein said elastic
sintered ceramc is Zr@2. 9. The actuator as clained in claim2, wherein
said novable arnms is constituted so that said head slider is linearly and
| at ergl | y Dhe isttuatords idanimes rodlaien 7p whbeirdsaid @lastic gimddred tramithiés act uat or as
claimed in claim2, wherein inner corners at coupling sections of said base
and saia@. novabl e arns have an obtuse angle plane shape. 11. The actuator as
claimed in claim2, wherein inner corners at coupling sections of said base
and said novabl e arns have a snooth plane shape. 12. The actuator as
claimed in claim1, wherein said actuator has a rough U pl ane

9. The actuator as claimed in claim 2, wherein said movable arms is constituted

so that said head slider is linearly and laterally oscillated in response to the drive

signal.

10. The actuator as claimed in claim 2, wherein inner corners at coupling sections

of said base and said movable arms have an obtuse angle plane sﬁape.

11. The actuator as claimed in claim 2, wherein inner corners at coupling sections

of said base and said movable arms have a smooth plane shape.

12. The actuator as claimed in claim 1, wherein said actuator has a rough U-plane

- shape.

13. The actuator as claimed in claim 1, wherein said actuator has a thickness

equal to or less than a thickness of a head slider to be caught.

14. The actuator as claimed in claim 1, wherein a spacing between said pair of
movable arms-is-determined to a value slightly shorter than a width of said head slider

to be caught.
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shape. 13. The actuator as clainmed in claim1, wherein said actuator has a
thi ckness equal to or less than a thickness of a head slider L gpt.
14. The actuator as clained in claim1l, wherein a spacing between said pair
of novable-arns is determned to a value slightly shorter than a w dth of
said head slider to be caught. 27 - 2 MAR 2004 15. The actuator as cl ai ned
inclaiml, wherein said at | east one head elenent is at |east one
thin-filmnmagnetic head elenment. 16. A head gi nbal assenbly including a
head slider with at | east one head elenent, a support and a precise
positioning actuator fixed wth said head slider and wth said support for
preci $! y Pusactiaioi aryciainied inclaine dswhergin saichdt lepstippfthead glementis uat or
conprising a pair of novable arnms provided with drive neans for displacing
i n r estdeass ene thirafildrmagnedic head elapphi. ed to sai d actuator, for catching side
surfaces of said head slider in a space between said novable arnms. 17. The
head gi nbal assenbly as clainmed in claim16, wherein said actuator further
conprises a base fixed to said support, said novable arns extending from
sai d 1haseA hkad gimbahessentiyrinaludingsenhiad alides |withret! ldast @ingi earl7, wherein
said novable arns have at their top end sections slider fixing sections
fi xedeleroenstj d@upparf awks pofcisegioditingind achiatad dxed witk seidthead|sjideriand The head
gi nbal assenbly as clained in claim18, wherein said actuator has a shape
so t heith shidr supprit fos pedaiselya pssitinringe saidsali tastp o headreiemenntd sgidde surf aces
of said head slider except for said slider fixing sections, respectively.
20. Taotudtewadmprisibala pEseThévablesarpisairovded witlh divenmeans {gnalispiasingai d base is
made

in response to a drive signal applied to said actuator, for catching side surfaces of said

head slider in a space between said movable arms.

17. The head gimbal assembly as claimed in claim 16, wherein said actuator
further comprises a base fixed to said support, said movable arms extending from said

base.

18.  The head gimbal assembly as claimed in ctaim 17, wherein said movable arms
have at their top end sections slider fixing sections fixed to side surfaces of said head

slider, respectively.

19. The head gimbal assembly as claimed in claim 18, wherein said actuator has a
shape so that there exists air gaps between said movable arms and side surfaces of

said head slider except for said slider fixing sections, respectively.

20. The head gimbal assembly as ciaimed in claim 17, wherein said base is made

of an elastic sintered ceramic. -
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. of ,an elastic sintered ceramic. 28 " 2 MAR 2004 21, The head gi nbal
assenbly as clained in claim20, wherein said elastic sinteredgpgrﬂﬂhc MH
Zr2. 22. The head ginbal assenbly as clained in claim17, whetein eac% f
said novable arns conprises an arm nenber nade of an elastic sintered
ceramic, and a piezoelectric elenment forned on a side surface of said arm
menber. 23. The head ginbal assenbly as clainmed in claim?22, wherein said
elastic sintered ceramc is ZrQ2. 24. The head ginbal assenbly as clai nmed

i n cl atm 1The viead egimbalapssemblalas eclaimes ini slaiob 28 iwherele seit eleslic sai d head
slider is linearly and laterally oscillated in response to the drive

si gnakintePér ceFamichiedd)gi nbal assenbly as clained in claim 17, wherein inner
corners at coupling sections of said base and said novabl e arns have an
obtuse angl e plane shape. 26. The head gi nbal assenbly as clained in claim
17, wherein inner corners at coupling sections of said base and said
nmovabpz ar Tise hase gimisatoassemplyaare clafmagrb in 2i2im Tie whesein giashaf sédenbl y as
claimed in claim16, wherein said actuator has a rough U pl ane shape. 28.
The headalié aid casrisablay aam edrmberedadenofdnaélasticainteved ceramie znd aact uat or has
a thickness equal to or less than a thickness of said head slider. 29 . 2
MAR 2fi8ZbeRiricTdieméntdarneidiing sids sefdsieyof agid@mainvamebern cl ai m 16, wherein a
spaci ng between said pair of novable arns is determned to a val ue
slightly shorter than a wdth of said

23. The head gimbal assembly as claimed in claim 22, wherein said elastic

sintered ceramic is ZrO;.

24, The head gimbal assembly as claimed in claim 17, wherein said movable arms
is constituted so that said head slider is linearly and lateraily oscillated in response to

the drive signal.

25. The head gimbal assembly as claimed in claim 17, wherein inner corners at
coupling sections of said base and said movable arms have an obtuse angle plane

shape.

26. The head gimbal assembly as claimed in claim 17, wherein inner corners at

coupling sections of said base and said movable arms have a smooth plane shape.

27. The head gimbal assembly as claimed in claim 16, wherein said actuator has a

rough U-plane shape.

28. The head gimbal assembly as claimed in claim 16, wherein said actuator has a

thickness equal to or less than a thickness of said head slider.
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head slider. 30. The head ginbal assenbly as clained in claim 16, wherein

'said at | east one head elenent is at |east one thin-fil mmagnetic head

el enent. 31. The head gi nbal assenbly as clained in claim 16, wherein said
novabl e arnms of said actuator and said head slider are fixed ‘MchMﬂR 2004
adhesive. 32. The head gi nbal assenbly as clainmed in claim16, wherein said
actuator and said support are fixed with an adhesive and a solder. 33. A

di sk drive apparatus having at | east one head gi nbal assenbly that includes
a head slider with at | east one head el enment, a support and a precise
positionin actuator fixed with said head slider and with said support for
preci 28|y ﬁ@%h@aob@imbg! asgembly @6 clakmed inGiRIMISawheelh BRaciNgReveRdt uat or
conprising a pair of novable arnms provided wth drive nmeans for displacing
i n r es3idnaic of movehle ans i dgisEningg 1 7 value sliakty shagter thanst widthy ¢fisaidht chi ng si de
surfaces of said head slider in a space between said novable arns. 34. A
manuf beadslidely net hod of a head gi nbal assenbly conprising the steps of:
preparing a precise positioning actuator with a pair of novable arns
provided with drive neans for displacing in response to a drive signal
applied thereto; catching side surfaces of a- head slider with at |east one
head 20.enethe hepdagimbplbssembly\asetiaingrdn fieiaiBewhernstp sid ghleastdeuat or; and 30
- 2 MAR 2004 fixing said actuator with said caught head slider to said

- suppohead edgnenttissatieast pae thin-flmgnagnetio heagelemgntred in cl ai m 34, wherein said

)

catching step conprises fixing said head slider between said novable arns
with an adhesive. 36. The manufacturing nmethod as clained in claim 35,
wherein a spacing between said pair of novable arns is slightly shorter

t han 3. wi dthe hsldgimbeal esamily pgielpimed ip slaing 46 gMpereinfaid ARYabie@ 8BS d cat chi ng

step conprises provisional [3/ fixing said head slider
of said actuator and said head slider are fixed with an adhesive.

32.  The head gimbal assembly as claimed in claim 16, wherein said actuator and

said support are fixed with an adhesive and a solder.

33. A disk drive apparatus having at least one head gimbal assembly that includes
a head slider with at least one head element, a support and a precise positioning
actuator fixed with said head slider and with said support for precisely positioning said
at least one head element, said actuator comprising a pair of movable arms provided
with drive means for displacing in response to a drive signal applied to said actuator,

for catching side surfaces of said head slider in a space between said movable arms.

34. A manufacturing method of a head gimbal assembly comprising the steps of:
preparing a precise positioning actuator with a pair of movable arms provided

with drive means for displacing in response to a drive signal applied thereto;

catching -side-surfaces of a-head slider with-at least one head element in a

space between said movable arms of said actuator; and
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bet ween said novable arns by a pinching force of said novable arns. 37. The
‘manuf acturing nmethod as clainmed in claim36, wherein said catching step
conprises securely fixing said head slider to said novable arns 2b 2004
thermally curing the adhesive after the provisional fixing. 38. m

manuf acturing nmethod as clainmed in claim34, wherein said fixing step
conprises fixing said actuator to said support with an adhesive or a sol der
31 ABSTRACT OF THE DI SCLOSURE A precise positioning actuator (22) to be
fixed wi t hfisingheaid actuptgewitlf aiy capght head $lidasto sgifdsUPReRd el emrent and with a

- support, for precisely positioning the at | east one head elenent, includes
a pair of novable arns (51, 52) capable of displacing in response to a
drive signal applied to the actuator (22). The head slider (21) is caught
in a 8haceThdeanefactutitgemethed Hiselaimed in @aim 3R whegem gaid Zptching step

comprises fixing said head slider between said movable arms with an adhesive.

36. The manufacturing method as claimed in claim 35, wherein a spacing between
said pair of movable arms is slightly shorter than a width of said head slider to be
caught, and wherein said catching step comprises provisionaily fixing said head slider

between said movable arms by a pinching force of said movable arms.

37. The manufacturing method as claimed in claim 36, wherein said catching step
comprises securely fixing said head slider to said movable arms by thermally curing

the adhesive after the provisional fixing.

38. The manufacturing method as claimed in claim 34, wherein said fixing step

comprises fixing said actuator to said support with an adhesive or a solder
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