. 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 I\@&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 cqﬂgg&les + 4 ghetdiarbead QI%% e W "bﬁ?rﬁbe‘:t to the
track in the magnhetic dis y a vol ce coll tor ( only has never 1
actuator 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



. - 2 MAR 2004 presented enough accuracy. in order to solve this problem an
addi ti onal actuator nechanismis nounted at a position nearer .t ch Wﬁ? 2004

magnetic head slider than the VCM so as to performfine preci sé A

- positioning that cannot be realized by the VCM only. The techni ques 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 pi ggy-back

st r uct ur ePuesaREed renoTgh ACEIREY-back structure actuator is forned by

pi ezoel ectric material of PZT in an |-character shape with one end section

to be fixed to dnsuslesnkt splve Kbistpreblem dars @dditionab dgguatidrxed to a

magneti c head slider and a pillar shaped novabl e arm connected between

t hese endmseeinignsis fiowitied stsppositdon reteqmite ethes magreddc dreadt he act uat or

and the magnetic head slider, nanely, the actuator is caught between the

suspensi oplakd tin the deEM 66 dsotonperfeinacies peedisel posdtisiingcthate. However,
an HGA with such piggy-back structure actuator will have follow ng various

probl ens: chdnotBes aseinia bietisl vvoaty St Rk edcmitiques Woe, réaltigim) t hi ckness
of the HGA around the magnetic head slider increases by the thickness of

the act Uahksi sbZosiReodiigUal AhedtagRe MO hBad RS ddserdedifZRR! ectric

material “such as PZT of "a brittle material, and the actuator and the

magnet| ¢ gyample 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 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



- head slider are stacked to forma cantilever structure. A shock 2 2 MAR
2004 easily occurs with a noment and al so shock resistance is very poor;
(3) Depending upon the size of the magnetic head slider, a tranIMAQfZMhe
- magneti ¢ head el enment during the precise positioning operatlon vari es.
Thus, it is difficult to obtain enough stroke; (4) Because of

t hree-di nensi onal and conplicated attachnment structure of the actuator,
the handling at the tinme of an assenbly of the HGA is very difficult and
it Is inpessilyl ectuarsusttina mamut rdndoabdo Blicka segimbtbyces dai yynpoarausi ng
productivity to be very worse; and (5) In order not to interfere with the
nmovenment @B8)t heDagsdridah@ruponi the sife o€ SR yadretas Seab| s1idei h akeepielg a gap
bet ween the actuator and the magnetic head slider and al so between the

actuat or gptkHehRagrci#s8 eSO emERteing tAs Miresi s pssttiogagy Wi || nore

decrease the shock resistance and it 1s dlfflcult to precisely keep the

gap _cONSLBiiiat1BRANrE 2 tfus SLBCR: Bidsuth bl oilein! @hok@RtibRe sUspensi on,

the actuator and the nagnetlc head sl i der |n paral l el precisely, the head

dlaracterkg QNtE&ﬂEE therefore an

i cspdet e
obj ect of tLe present |nvent|on fo provFﬁe a precise positioning actuator

for a hea e h t atus with
t he HGA a%ggggﬁﬁ%ﬁFéc uring néf%gﬁhmﬁﬁ%#& tm%ﬁ%#%éﬁga f%l%&%%gs of the

HGA Wi T 0ot I NG5e 888 ery gifficult and it is impossible 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



..even if the actuator is nounted thereto. Another object of the yPLE
invention is to provide a 3 precise positioning actuator for aﬂh
an HGA with the actuator, a disk drive apparatus mnth t he HGA and

el enent ,

- a nanufacturing met hod of an HGA, whereby a shock resistance can be
greatly inproved. Further object of the present

preci se positioning actuator for a head elenent, an HGA with the
a disk drive apparatus with the HGA and a nanufacturing met hod of an HGA,

wher eby t breecise derstikionipgaagiuatern fou-A hepd clemert,

I nproved. { According to the present invention, a precise positioning

awithethg cat | y

noBRR' 2004

I nvention is to provide a
act uat or,

act uat or achdakof, @edisk dirive apparadis dathwiheh HeA dndag tmapnEadterthg el enent and
with a support, for precisely positioning the at |east one head el enent,

i ncl udes metair o fannief bikerdbysa Ghpab Irestétande sganabé reatily damoved. t 0 a
drive signal applied to the actuator The head slider is caught in a space

bet ween t he novakhdes!dBjectidit ehd heehand inbdrdeon iis taygbtidenaa space

bet ween the novable arnms capabl e of displacing in response to a drive

signal  apRldied 38 EEsMingt Aubbh:C kB S heha A eibeft , 28R Uil it head sl ider
does not increase even if the actuator is attached. Thus, no

modi i catigasbh, afslph]rfvéi' apBarith GrRBPRLA R eﬁhaeatnana%teﬂﬁgf ing of the
actuator Is necessary. Al Since the actuator and the head slider are

not stackedy g GOLR At APhdley e AL GtyPaid %o quatity of the

HGA can be greatly improved.

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



. resistance can be greatly inproved. Furthernore, since the head slider is

caught in between the novable arms, the top end sections of the anabIe
arnms, which actually transfer the dlsplacenent to the head slhd%rMARéw be

. almays positioned at the top end of the head 4 2 MAR 2004 sl i der. Thus, it

Famn

IS possible to provide a constant travel to the head slider even if its
si ze changes, and therefore an enough stroke of the head el enent at the
preci se positioning operation can be always obtained. It is preferred that
t he act uatbiderur tThes, | fic Hadessibleate proviés a condtent uppwel tanthg hat t he
novabl e anus extend fromthe base. It is also preferred that the novable
awns haveheid isheddr eogn dffditesizo vhaxddsdesnd ithersfose cinl ensaghosirekéi xed to
side surfaces of the head slider, respectively. In this case, preferably,
the actugtathehBSadestiRie &0 thhairebied @osKiivhindlicbeBiisn keinveen t he
novabl e arns and side surfaces of the head slider except for the slider
fixing segiyRRASchtA8Bgctively. It is also preferred that the base is made
of an elastic¢ S|ntered ceramic. Furthernore, it is preferred that each of

the novable ar pp | nat e
g%éfé?fe@ect Ped that THES forté@%r%ma%&@éé & pabd

ceramc, and a plezo med on a side surface of the arm

g?rrz?gped&g%r am ¢ sucﬁ%@t@nﬁﬂ 'S stroinégaﬁ'sr %%:g%‘g&ling, thes ocfkI :

resi st ance of t?@5%§5ﬂ§}0 é ggf LpGheases, 1o } at their top

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 preferred that the novable arms is constituted so that the head

sli'der is linearly and laterally oscillated in response to the rﬁxﬁ 2004
signal. Since the head slider displaces nanely oscillates wth Finear

- notion not swinging or rotational notion, nore precise positioning of the
head el ement can be expected. It is also preferred that inner corners at
coupling sections 5 '- 2 MAR 2004 of the base and the novabl e arns have an
obtuse angl e plane shape or a snooth plane shape. Thus, the shock

r esi st ancef ahet eseaahd dhermoviabde lafimms shawrt are wbtysel apglevpthne shape pref erred
that the actuator has a rough U plane shape. It is also preferred that the
act uat or Jasodth iiekeesepeudhus ! @hershoek Sresistangetdfi ¢hsaertuatora head
slider to be caught. It is preferred that a spaci ng between the pair of
novabl e  ardEA i S5 GREALEIY Vvalue slightly shorter than a width of the
head slider to be caught. It is preferred that the at | east one head
element is at €33! pAGRrHH Bpht It b agadl reh@B0b1arRCaR4d, Ng to the

present invention, ah HGA I ncludes a head slider wth at |east one head

el ement, a supppft;ang 95&3355171 tﬁﬁn o el -To] Qi LN, AGt vat or
fixed with the ﬁ%éﬁ sc%ger and wth t egsupggft J? preC|s§Iy posi tioni ng
the at | egst ne head elenent. |t | ref-erd t hat novabl e arns of

t he act uat®PEarF ﬁ.ﬁan a jI:hJ.!&ness o% a%ne%d sﬁdegdco Qgcahgﬁt

It is preferred that a spacing between the pair of movable

4

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



- head slider are fixed with an adhesive. It is also preferred that the
actuator and the support are fixed with an adhesive or a soIQggEMgﬁcgm%kng
to the present invention, a disk drive apparatus having at | ea e
- mentioned above. Also, according to the present invention, a manufacturing
met hod of an HGA includes a step of preparing a precise positioning
actuator with a pair of novable arns capable of displacing in 6 ,- 2 MAR
2004 response to a drive signal applied thereto, a step of catching a head
slider w tdspahse dast drigehsignak|appbied ithexetopat steptofecatdiing anpvabl e ar ns
of the actuator, and a step of fixing the actuator with the caught head
sl i der t ohdddesiigrowith htrHasttdre heail e3émahdr in @ spamghbetween @ace bet ween
the novable antis of the actuator, and then the actuator with the caught
head sl i dgfvabse fdr@dot ahbhetaEpROr knd S Be€p 2FSEihhy Mhecictuvheoheadnh sl ider
and the actuator can be carried out on the flat plate, alignnment of the

slider anghd baugat Hah®'s108G0wBSHRASNpgREY! ting that a higher accuracy
assenbl i ng can be expected. Al so, since a thernosetting adhesive with

excellent curing;perfa s34 443048 edugnt: N8 H Sspich WRGwEaH thg time can be

used, a high quality asse y of the héad slidér and the actuator can be

obt ai ned. r.noyr.e k-nc a S ' € esion and
18 o S A5 AR TR s enl ek Mot

el ectrical”conne a suspension can be perfornmed
by USiNg @& 3 slider is Ffixed to the support. Since assembling of the head

slider and the 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.



- general HGA assenbling equipnment resulting the productivity to extrenely

i nprove and thus the manufacturing cost to reduce. It is prefersetl MARR208he
catching step includes fixing the head slider between the novabl e ar ns
-wWith an adhesive. It is also preferred that a spacing between the pair of
novable arnms is slightly shorter than a width of the head slider to be
caught, and that the catching step includes provisionally fixing the head
slider between the novable arns by a pinching force of the novable arns.

The provi si onal It ¥ pyetemredcthat: the eatingostieruinaiydes Bpcreilder. 7 2 VAR

2004 It is preferred that the catching step Includes securely fixing the
head sl i ddixing tthe headaplidesrivs thy movableeiys dyr theymahly codingsihe after the
provisional fixing. It is also preferred that the fixing step includes

fixi ng thadhesiveahfirert the Iprowigipoal fixing.an adhesi ve or a sol der Further

obj ects and advantages of the present invention will be apparent fromthe
foll ow ng descrizgpti®mlsd pgrecemtedf thiatethe Aikoc seap Inoiuddserivingntheon as
illustrated in the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE

DRAW NGS  Bkcfuatior fo afie ORirpaHe wiikR VirS etk Gt hysdllgedst rating main,
conmponents of a magnetic disk drive apparatus in a preferred embodi nment
accordi ng to theypresesbjddtyeild antages 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;:



-Fig. 2 is an oblique viewillustrating the whole structure of an HGA in
t he enbodinent of Fig. 1; Fig. 3 is an oblique viewillustratimgﬁg [E\nd
section of the HGA In the enbodinment of Fig. 1; Fig. 4 is an-obl ée Vi'ew
~illustrating the top end section of the HGA in the enbodi ment of Fig. 1,
seen fromdifferent direction fronthat of Fig. 3; Fig. 5is a plane view
Illustrating a structure of an actuator in the enbodinent of Fig. 1; Fig.

6 is a sectional viewillustrating a structure of a piezoelectric el enment
section of the &gudt ds ahohhique ¥iey iflustPabihg A0OpeRtgon7ofi $hen obl i que
view illustrating an operation of the actuator shamin Fig. 5 Fig. 8is
an obl i quactustsr shedy & iFig. a5:part of a nmanufacturing process of the HGA
in the enmbodinent of Fig. 1; Fig. 9 is an oblique view illustrating a part
of a manuf act ur img, @ asess oblidueevideAil Tusthetiepbodarerdr af Fig. 1: Figs.
10a and 10b are oblique views illusrating a part of a nmanufacturing
process Ofpahh&ddfidd phi@s8ndodhaaRin oh theJembbdiren®: of Figs @Bn oblique view
schematically ill ust ratl ng a structure of an actuator in anot her

enbodi ent accokdhnty 59 difiep1 RiRSeIky hINRRELORG &igdre 1F bS an oblique view
schematlcally illtstrating a
manmufacturing process of the HGA in the embodiment of Fig. 1;

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 1l1lustrating 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



~structure of an actuator in a further enbodiment according to the present
i nvention; and Fig. 13 is an oblique view schematically illustrating a
structure of an actuator in a still further enbodi nent accorei AgMAR 2(0ke

. present invention. DESCRI PTI ON OF THE PREFERRED E24BODI MENTS Fig. 1

Il lustrates main conponents of a magnetic disk unit of a preferred

enbodi nent according to the present invention, Fig. 2 illustrates the
whol e structure of an HGA in this enbodinment, and Figs. 3 and 4 illustrate
a top endmegmdtiionhafd dbsksHB@Ataling rourdrizndaxieni]. SwdnlX denotdst &er ent
directions with each other. 1In Fig. 1, reference nuneral 10 denotes a

pl uralityaséembly SaividRye @odicmgoetposihbondngicakh maghatinbeat @ladersn axis 11,
and 12 denotes an assenbly carriage device for positioning each magnetic

head el engta t98ck def 84dh alisieacimdlisskenbiRecasaagd dvias 1Ragemdayiyce 12 is
mainly constituted by a carriage 14 capable of rotating around an axis 13

and a mai RoRGtiYaEA] bioa Yaehisfe LT TP be Fotuling afdina aRtaAs(MOM  for

driving the carriage 14 to rotate. Base sections at one ends of a plurality

of drive ahf%s h8in HARGKER 8 Wt AE £BY | Scarkp) A hCvlda6daImbort Pepar ri age

14, and one or two HGAs 17 are nounted on a top section at the other end
of each §5€uﬂ$vP§£Qﬂ?Q%H&Q&%ﬁgﬁsu;zogﬂ%_a slider mounted at its top end
section so tha sl'i der opposes to one surface (recording and

Base sections at one ends of a plurality of drive ams 16
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



- reproducing surface) of each of the magnetic disks 10. As shown in Figs. 2
to 4, the HGA is assenbled by fixing a fine tracking actuaLp& ﬁﬁ fﬂ@
preci se positioning of a thin--film magnetic head el enment to“a -Bp éd
- section of a suspension 20. The actuator 22 holds side surfaces of a
magnetic head slider 21 with the thin-filmmagnetic head el enent so that
the slider 21 is caught in a space between its novable arns. A nmain or
course actuator of VCM 15 shown in Fig. 1 is used for rotationally noving
t he dri ve 2ar coubbed ovitkhi Isdths tisdseHE sts and iseaoiie doad beass 28 arsl/ @41 e whol e
assenbly. The actuator 22 <contributes the fine positioning of the HGA
whi ch cannekilient aglietabe @ebyitdideondine SscondUlicad Beina4 andlthe hiyesuspensi on
20 is substantially fornmed, as shown in Figs. 2 to 4, by first and second
| oad beames523aaing ddoudar ®aké iglate BMEGMEA & MARARPHKI P se@tiphegBan th bot h

these first and second | oad beans 23 and 24, a resilient flexure 26 fixed

on the segengd eae888 #b=mss .t he hinge 25, and a circul ar base plate 27
formed at an attaching section 23a of the first | oad beam 23. The fl exure

26 h f1 exi bl t bEg) f or med
as a Tiexi eéafrin'éggﬁ?e %@%&egrffe?ﬂgl@éfgﬁ?uéj'zgg dé;pf:%gais'gya@ ormed on

t he second | oad at its one en ction. t he torigue 26a, fixed

¢ 2 base (355t AP Uel) (hfredSh\@kChedha o 3! & 10D dhVGla 200 mde
€ 'po y|n1dE.

of for exa
section. On the tongue 26a, fixed 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 uyzﬁn@oﬁﬁ:wéhﬁng.

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 flexure 26 has elasticity for supporting flexibly the magnetic head
slider 21 through the actuator 22 by this tongue 26a. The flexurNMARRI}s
made of in this enbodi nent a stainless steel plate (for exanple SUS304TA)
-with a thickness of about 20 m The flexure 26 is fixed with the second

| oad beam 24 and with the hinge 25 at a plurality of points by pinpoint

wel ding. The hinge 25 has elasticity providing, to the second | oad beam
24, a force for pressing the nagnetic head slider 21 toward the direction
of a magnetic diThie sagohdckwadhbesiigR4 tiseabsg wade oL 2in ithis gpbedimeoh.a The hi nge
25 is made of in this enbodinent a stainless steel plate with a thickness
of about 4fabnlbssTitedli pRitel witth AedcRiedss offatheud fLODNuh hiand efifkedi tent a
stainless steel plate with a thickness of about 100 m and supports the
whol e sur ftagehiniget e dti Dge rédr ehliesddtitmg Wihe Higidg oSt tHeoaebonaenm®3 Wit h
the hinge 25 is perfornmed by pinpoint welding at a plurality of points. 11
The secongehnagh heaintBd hingal 20 inBsle-roimddaldy by PibOdineweldingsaBianl ess
steel plate with a thickness of about 100 m and fixed to the hinge 25 at
its rear ¢Gr-SE%Y O polhts.fi X ROteh o ALY GebdiRM 10REBBEM 44N th the hinge

25 is performed al so by pinpoint welding at a plurality of points. At a

top end of hﬁé’é- egongyL 2RE3L- gefbar%grngeé,g bl tHePRag b1 £OT
separatinébt e ﬁéﬂgfron1t e magneti1Cc- dis sur?g%e uring out 3f operation
I s prepar %QSkTst,ﬁ?fQ&S%uﬂj?é Sut oft &&%&&ﬁ q_gh&cépgge&_he drive arm 16 shown in

The base plate 27 to be attached to the drive amm 16 shown in

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



~Fig. | is made of in this enbodinent a stainless steel or iron plate wth
a thickness of about 150 pm This base plate 27 Is fixed to tfﬁiQ%Eﬁgping
section 23a of the first | oad beam 23 by wel ding. On the fleXu
- flexible conductor menber 28 including a plurality of trace conductors of
athin-filmmulti-layered pattern is forned or disposed. The conduct or
menber 28 is formed by a known nethod simlar to the patterning nethod of
forming a printed circuit board on a thin netal plate such as a flexible
printed cimabteninl(FEgEr oFdheodadpyer. the menber 28 is formed by sequentially
depositing a first insulation material |ayer node of a resin such as
polyi m de w thIa thiscanssidmait,abio cobduton neeberr28edor@istayfFra(trace
conductor layer) with a thickness of about 4 pm and a second insulation
materi al |raier conRdle-tol membes i 2Baswith &so Awhyd dadwstols aconhédteddness of about
5 mon the flexure 26 in this order. Wthin the regions of the connection
pads for mgge f Fméﬁwﬁé&d RYeidrith 6P @neagidedt Biis £ CBgREbORIUGEas el ement

and an external circuit, an Au layer is deposited on the Cu |ayer and

there IS po.$REANGHARS Wrdl hORobAd coAMAR2A0HeFBIE irfth baYRIceON the Au

layer. Inthis enbodi ment, the conductor member 28 consists of a first

conduct Orcaﬁﬂia%r?&%m (;Ja tg Q" Oureef'%%&r sgécmsct&qstam thggmagneti c

head el enent one Si trace conductors for both sides, and

a second %%Qgﬂ% q%ﬁﬁ_%éﬂﬁynth a trace conductor connected to the
act uat or Oor oné side, thus two trace

One end of the trace conductors of the first conductor menber

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



- conductors for both sides. One end of the trace conductors of the first
conductor nenber 28a is electrically connected to head el enent conne mion
pads 29 fornmed on an individually separated and freely novabte?sﬁéﬁig bec

- of the flexure 26. The connection pads 29 are ball-bonded to term nal

el ectrodes 2l1a of the magnetic head slider 21 by Au bonding, wre bonding
or stitch bonding. The other end of the trace conductors of the first
conductor nenber 28a is electrically connected to external circuit

connect i ofit pig soBGhowed & bead sirires tICoFhipwiath barmaukted gl adiiddie of One end
of trace conductors of the second conductor nenber 28b is electrically
connect edth® sweperaion Znnection pads 31 formed on an insulation |ayer 26b
on the tongue 26a of the flexure 26. The connection pads 31 are connected
to A channel angig. shalmehratgnal striuetwienat tha2sctmatdo? 22 i thee act uat or

22, respectively. The other end of trace conductors of the second

conduct or oEsRENL e Fiy. ¢l atly.i calhdstaenes e stnicdubdfest ernal circuit

connection pads 30. A structure of the HGA according to the present

i nvent i onpi S oe@tthicnbicgdnt Gsddtotbpr @R RLhRREH Bt Al tFiGe. 7 Furt henore,
al t hough ES 2 MAR 2004 it is not shown, a head drive I C chip nmay be nounted

o Syl AR o ks Sl 20 0 2l Ve O L1

a As will be noted from Fig. 5, the actuator 22 has a rough U-
plane 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



- piezoel ectric elenment section of the actuator 22 and Fig. 7 illustrates
nmovi ng operation of this actuator 22. As will be noted fromFig. 5 the
actuator 22 has a rough U- plane shape and consists of a base @ MARapllo
- be fixed to a suspension and a pair of novable arnms 51 and 52

perpendi cularly extending fromboth side ends of the base 50. At top end
sections of the novable arnms 51 and 52, forned respectively are slider
fixing sections 53 and 54 to be fixed to side surfaces of the nagnetic
head sl i dectidhsssB thats4 hee dtitdehied fo i thecsidghsurnfiaces syfatie magmettic t he
slider fixing sections 53 and 54. The spaci ng between the slider fixing

sections haadrdilr 23 el ehat nthdrd exfstabie dabs dRittvgers thetmmaihiign t he
wi dth of the nagnetic head slider to be caught therein. A thickness of the

actuat or 3ectipndedeinb iRfFable anvdls1earllval addthe sitbi it€acdhan At of the
magneti c head slider to be held so that the total thickness of the HGA

will not jnelfase fdesifel-ng ounting of the actuator. Conversely, by
t hi ckeni ng The actuator 22 up to the thickness of the magnetic head slider

eneanele: oo BaOpalnd o 2 i 5 bmalt pbuppisapeaREdt Ol
o0 ot g RBELA Bt SATENY IR G, VIR e ol vt 21
E;?ﬁezﬁriﬁ@gﬁgﬁ&F%&ﬁﬁgqgggghfSgg?qrgh&g§5€%% and that there exists air gaps
The base 50 and the armm 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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-sections of the novable arnms 51 and 52 and the side surfaces of the
magneti c head slider 21. The novable arnms 51 and 52 consi st qjg?m? er s
51a and 52a and piezoelectric elenents 51b and 52b formed on surtaces
-of the arm menbers 5la and 52a, respectively. The base 50 and the arm
menbers 5l1a and 52a of the actuator 22 are united by an elastic sintered
ceram c such as ZrQ2 for exanple. Since the main sections of the actuator
are made of the elastic sintered ceramc such as ZrQ2 that is strong for
bendi ng, a shodk cas thaindthe giavehe 68cameatmade iofspidzoehmrtrde awteSaih of t he
pi ezoel ectric elenments 51b and 52b has, as shown in Fig. 6, a

mul ti - | ayeneld st PEE t{lead dfiradiate Mitahytd awddivatiban}, ptleseel ectric materi al

| ayers 60, signal electrode |ayers 61 and ground (conmon) el ectrode |ayers
62. By apphyiigeybHAgeraan0Skhybhe aréi ihgknét-achsleaezédyeras 64 and the
ground (common) |ayers 62, the piezoelectric material |ayers 60 expand and

contract . j ﬁ?éﬁebfﬁilhb&r\éiﬁtﬁéﬂﬁhﬁ:@éer %@ pSLArREE] ai rdBtighidl that
expands an contracts by reverse piezoelectric effect or by
el ect r oSt jh&tiaenatibheeirectith dEIARA palRLISAIS ! AMEESald afre ghectrically

connected to the A channel signal tern1na| 22b or the B ‘channel signal

term nal ggﬁg% shadtnare electrically
connected to groué%p?ggﬁggggitern1ng%eq%' or 22e,” s omm In Figs. 3 and 4.

15 - 2 MAR;2004 1 o the produced electrical field is the same as the
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 Lhuﬁﬁﬂy'disnhxxm. Since the slider displaces namely

oscillates with linear motion not swinging or rotational motion,
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- In case that the layers 60 are nmade of piezoelectric material such as PZT
(Lead Zirconate Titanate Oxidization), these piezoelectric material |ayers
are in general polarized so as to inprove their displacenent peFARr Pi4ce.

- The polarized direction is the lamnation direction of the piezoelectric
material |ayers 60. Wen voltage is applied across the el ectrode | ayers
and the direction of the produced electrical field is the sane as the
pol ari zed direction, the piezoelectric material |ayer between the
el ect r odembry @recisepposictioning of | thei magnebic diead ctlicpent gemAwe| ectric
| ongi tudi nal effect) and contracts in its in-plane direction
(pi ezoel eekpaecteliat eral effect). Contrary to this, when the direction of
the produced electrical field is in inverse as the polarized direction,
the piezoel ectr g impesdidiel By apphievobeiges NhateisBice anlftubBlse revagdt racts in
its lam nation direction (piezoelectric longitudinal effect) and expands
in its inpstane méd beChinltdidioasBe bpplidictd aher fleztbi@tiic dibmédta vol t age
with a polarity which will induce the contraction or expansion is applied

to the pi g79elacisi CrobfiRielb mObuBbwotde Rk Z2BARE i pel ement

contracts or expands in response to the applied voltage polarity and thus
t he novab 2% : S A Eggﬁ- Qﬂégﬁ le1RS I.n Fig. 7
resul ti nggﬁﬁg&%p g%d;%)el%fg?or{g’ giéjp%%&%?m cgr it:% Ejllgtaerﬁi;??g ééljgd
l'inearly displ . et ] | jder l ] he
actuatof SarEs begbStiirld SR LB iihely Wi lorridy PR,

di spl acesefarre!tyconqsm ISI %}lgsvivc\,ﬁet h L pe%errtt))st Lop |§°t SN R0 rot ati onal

(nDtion,

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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16 - 2 MAR 2004 nore precise positioning of the magnetic head el enent can
be expected. It is possible to apply voltages that induce nmutually reverse
nmotions may be simultaneously applied to the piezoelectric el enpriggR H0k

-and 52b, respectively. In other words, AC voltages may be sinmultaneously

BaaN

applied to the piezoelectric elenents 51b and 52b so that one

pi ezoel ectric el enent expands when the ot her piezoelectric elenent
contracts and vice versa. The oscillation of the novable arnms is centered
when no véhe agezosleghpic edemntshel Fhe Asdpatan ran ke vsacht SHOWSYRBver, one of
the piezoelectric elenments is expanded and therefore the direction of the
driving vébt dgehopigidéty.t attimtlesired: tee usel auceranicsrnpiazoelretpiezoel ectric
material |ayer. Thus, if the applied voltage is high or the voltage is

cont i nuoushyerdppl sweth, as FZTEPR(EN, TI)OL)) PD(RLTIQAL | RUZTD(P, be) (HreToLEctri c
material |layer may occur. It is desired therefore that a constant DC bias

vol t age | Br Hdieus aiiRathttee ¢(BaATIO,)AS the pol ari zation direction be
additionally applied to the AC voltage to formthe driving voltage so that

the direction af dfeRemritdbi@,Veiickdehd QitEiatRRPR5n tivis Aftfodhedthe
pol ari zation in the piezoelectric material |layer. The oscillation of the

movabl e apffad $hé SRR SE-FUBEN oBNNe flighdbid ekl sRUBri B sapitateehd 0 the
pi ezoel ectric elenments. In this specification, the piezoelectric materi al
I's materi@hsger 21 is caught in a space between the movable arms 51 and 52,

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

18



-that expands or contracts by their reverse piezoelectric effect or

el ectrostrictive effect. Any piezoelectric material applicabl e=fOMAR? 20042
MAR 2004 the piezoelectric elenments of the actuator can be used. However,
~for high rigidity, it is desired to use a ceram cs piezoelectric material
such as PZT[Pb(Zr,Ti)O3], PT(Pb/Ti ), PLZT[(Pb,La)(Zr,Ti.)O3], or barium
titanate (BaTiO ) . As aforenentioned, since the actuator 22 in this

enbodi ment hol ds the side surfaces of the nagnetic head slider 21 so that
the sl i dean@&hctsrivgupsthadn dhepacimabert \B2emay be fabritatedafon Bfample 52, the
t hi ckness of the HGA around the nagnetic bead slider does not increase
even if the fuiing aecRandgudanatiivheheith d1U-setitionoak fshowd iiankig.n5si ze of the
magneti c di sk drive apparatus due to the nounting of the actuator is

necessary naf$§0wifh Rheed Rad8 dadas Gind ahk anthrie)§ dpRpaeidiGe BRd, Shasder 21 are
not stacked to forma cantilever structure, a shock resistance can be

greatly i gpr&\fterddUrbRARADORN 84 F6P 18 @Re),i by Beadinyg bfer 21 is caught
in between the m)vabl e arnms 51 and 52, e top end sections of the novable
arm 51 apdhiangahflinggllpldbeianst ol &%&&hﬁﬁ&%ﬁé%&&sh%%' der 21,
can be al vvays pgSItIOI’l ? the top end the slider 21. Thus, it is

EEZSInglgﬁng%pr OX gcglrﬁ{‘%: Chfg&r@%\sé%l g{negt%r g’#’or e a enoug hgt rilkéem?f t he
magneti c Bg@peng&cﬁla%ﬁr% iégﬁgél&néweﬂ%@jﬁwemal ways obt ai ned.
separate into individual actuator 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
themosetting 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
8l.
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
provisicnally fixed between the movable amms 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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- Fi gs.

8, 9 10a and 10b illustrate parts of a manufacturing process of the

HGA in this enbodinent. First, a nagnetic head slider 21 and an

ar e

prepared. The nagnetic head slider 21 is fabricated by ak

@i&mﬁai@ﬁ *

- manuf acturing nmethod. The actuator 22 may be fabricated for exanple
form ng rectangular tube with a U-section as shown in Fig. 5,

three side faces and one entirely opened side face, nmade of a
ceram ¢ such as for exanple ZrQ2, by formng or printing conti
pi ezoel ectri c elSdnentassaihling ef $he tmagneticohend slidery2l andnthehe bot h si de
faces of the tube, by cutting the tube perpendicularly to its
pr edet er mactagationt 22 wahn o casejml ate onntle ifhat \pldbal adcgnenbroff theres, and by
formng termnal electrodes on each separated actuator frane.
shown i n [silgderB anfl hithenagineitor teeatkss easkereddlitang that agdphet or 22 are

assenbl ed. First, an adhesive 80 such as a thernpbsetting epoxy

famly ad

head slider 21. Then, the slider 21 is disposed on a flat plat

inserted BEhd@gE e ERNAhkbS: hiitng

nanmel y mnth
si ntered
nuous

axis with a
Then, as

resin

| Ssebl By 68n MR bgpftellot R1s6,) dencd &f BEamoedttihg magnetic

e 81 and

hthdiRnhact web@ a2Zoddrat is

al so dlsposed on the flat plate 81 The spaC|ng WA between the novabl e arns

51 and 52 Rim@ O Ns2?, eShidH qfali

t he

189" ot B dddgetidth W of

magnetic "head slider 21. Thus, the nagne I C head slider 21 can be

pr ovi i onghLy disXe ACKYPthe | LtulRNAEh ot BB taid 52 by a pinching

Then, as shown in Fig. 9, the assembly 82 of the magnetic

head slider 21 and the actuator 22 is fiwed on the fiexmre 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

Oon

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
respectively.

Then, as shown in Figs. 3 and 10a, the A channel and B
channel signal terminals 22b and 22c¢ {(Fig. 3) of the actuator 22

electrically connected with the actuator connection pads 31 by

26c,

are

soldering or using silver containing epoxy resin. Also, the ground

{(common) terminals 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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-force of these arnms without using any holder. Then, by thermally curing

t he adhesive 80, the slider 21 is securely fixed to the novqpléerrr@g@l
and 52. An assenbly 82 of the magnetic head slider 21 and the uator 22
“is thus formed. 19 ~- 2 MAR 2004 Since assenbling of the magnetic head
slider 21 and the actuator 22 can be carried out on the flat plate,
alignnment of the slider and the actuator becones easy resulting that a

hi gher accuracy assenbling can be expected. Al so, since a thernosetting
adhesive with eﬁ@ﬁﬁﬁﬁrcu"ﬁi #PwPeint Siganceant dBudihei ¥erdBdks a | ong curing
time can be used, a hi?h qual ity assenbly 82 of the nagnetic head slider
21 and t helectnedesr2122(isn Bk ofbihg meanetindipadaslides\l AareFig. 9, the
assenbly 82 of the magnetic head slider 21 and the actuator 22 is fixed on
t he fl exuede@fichlhiheonmaaipdnsi the 2@ad Miepenin conractlion padbadd g 80 and 91
are coated on the insulation |ayer 26b on the tongue 26a of the flexure 26
and on t halbdpadiiedosaexhmple.26c of the flexure 26, respectively, and the
base 22a (50) of the actuator 22 of the assenbly 82 and the top end

section of the msagfetthe diadblt Bldias?a iinpldahapsethé yadde adchiticGubder ed on
the insulation |ayer 26b and on the separated section 26c, respectively

‘ben, as phewdbskel df EShesiontthdl Bfectiri€aiAcehastebn it assamngl e5i gnal
termnals 22b and 22c (Fig. 3) of the actuator 22 are
with the suspension can be performed by 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 imvardl;v,
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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-electrically connected with the actuator connection pads 31 by soldering
or using silver containing epoxy resin. Al so, the ground (caangnk
termnals 22d and 22e (Fig. 3) of the actuator 22 are elecftic A 2004
-connected with ground (conmon) connection pads 100 by soldering or using
silver containing epoxy resin. If the soldering is used for the
connection, connection strength of the assenbly 82 wth the suspension
will Increase. 20 ,- 2 MAR 2004 Thereafter, as shown in Figs. 3 and 10b,
t he term satfaces! @f tthadamsm BdmbefBi HlladandA1Rde romppeivelyhead slider 21 are
el ectrically connected to the head el enent connection pads 29 by Au
bal | - bondi ng f orhexmEe! 10 Shadatect A6 aamsrsl V1182ahhd12a ifrphe shape, the
above-nentioned processes of adhesion and el ectrical connection of the

assenbl y @2putiol-Nartd Gn Bt 89 Sdrd B1 481 D& rperé D caB&niBY sugi B Broggeer al HGA
assenbl i ng equi pnent resulting the productivity to extremely Inprove and

thus the ERANSIACt UEipd GRShal obBEGS. of itfle dbkusGORN ibblor thbustrates a

structure an actuator 1 n another enbodi nent according to the present

|nvent|ong%é§3%h t%ase(TT |1u%§e Eﬁ'ggﬁcﬁﬂﬁtﬂisQﬁﬁmPf&PQQBdﬁkplﬁne shape

and consi f1x suspensi on and pai r of
novabl e ar [ L] and a 18%46 di fromboth side ends of
t he base fﬁ%@cifs¥gp eng)se i-ons o#.ite fovabr e arm 111 and 112, formed
respectively ar Eon:ll:‘l deé,t:Ioln)él gxﬁi &t It?l.ns 1Jf3ﬂ%nplezoelectrlc elements

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
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. 114 to be fixed to side surfaces of a magnetic bead slider 21. The slider
fixing sections 113 and 114 are projected inwardly, nanely toviaMAR: 2804
magneti c head slider 21, so that only 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 remai ning sections of the novable arm 111
and 112 and the side surfaces of the magnetic bead slider 21. The novabl e
arnms 111 and 112 consist of armnenbers 1lla and 112a and pi ezoel ectric

el ement s $idd emdd dfl2he flasee2on At dep 2hd2sédtiRoR)@f the mevaldleofrmshe arm
menbers Lila and 112a, respectively. The base 110 and the ann nenbers 1llla

and 112a obpitdh@d 12C! Wohmid Bespadtnitald Are aliddragixingssattdonsl 1e8rand ¢ such as
Zr2 for exanple. Since the nmain sections of the actuator are made of the

el astic shph &P He CBKRA fo SHEd shsfadelof hahadgifetst HeAg é1a8ebendi ng, a shock
resi stance of the actuator itself increases. Configurations and operations

of the piezoel eghsif18beMBRISy sboitonadnthsl i3® 124caid propRRedAnkviARg, i N t he

actuator shown in Fig. 5. 1In the enbodiment shown In Fig. 11, corner

[ el nfor cepRRly tdmarkl1itd heBhtitORdRl cPladcP! S6OHBR! ng! thdis coupl i ng

secti ons nova anus 111 ang 112 and the base 110 and at i nner

CE1ner® herhfiBeCEA b ACA S0iedioa b R el o 42 g0 112 o (e
plane  shape uibMhaly SPIdkse,AI8heHR uiat Setd"B:Pods bIAREOfnd e
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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.actuator shown in Fig. 5. The corner reinforcenents 115 to 118 are wunited

with the base 110 and the arm nmenbers 111a and 112a by the

sane sintered

ceranic. Thus, the shock resistance of the actuator itself i~s2eMAR ety

- i nmproved. Clher configurations, operations and advantages of this

enbodi nent are the same as those of the enbodinent of Fig. 2. Fig. 12
schematically illustrates a structure of an actuator in a further

enbodi ment according to the present invention. As shown in the figure, this
act uat or heatuatoroshghmUbp|Fige 5.s hBpe carmbrc vabiforsenehts 12asto 128 are be fi xed
to a suspension and a pair of novable arnms 121 and 122 perpendicul arly

ext endi nguhfisd hoth the 1sisdelzndad ofhet ien hemisers2021aAnd d@2ertsy shet i ons of

t he novabl e anus 121 and 122, formed respectively are slider fixing
sections }ame flteredcémiie. f iTkas, e Sdrdek Siediseae0bt ahabgithter head
slider 21. The slider fixing sections 123 and 124 are projected i nwardly,
namel y towpsdist he SRIBRIINC iGRRred! | der 21, so that only these sections 123
and 124 are attached to the side surfaces of the magnetic head slider 21

and that there ?%ﬁéggbﬁf quAPRNRE IR {RE add i tﬁa§%gtﬂgﬂ§ of the

novabl e arns 121 and 122 "and the side surfaces o

magneti c head slider

21. Th f 12 d 122 d
plezoe?eggﬁﬁgthégents 2%@ﬂ%%§2Tg%%S:€?ﬁgd on Sl Eu&@&??aé%? SP t he a?n?n
menber's 121a ang, 4233 s4RRRERkYE N1udfiBeBESE AR dfanUdRBEgPEr S 1212

and 122a of the

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 top 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 fixing 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 armms 131 and 132 consist of arm members 131la 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 131a and 132a of the

actuator are united by an elastic sintered ceramic such as ZrO, for
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- actuator are united by an elastic sintered ceram c such as ZrQ2 for
exanpl e. Since the nain sections of the actuator are made of the elastic
sintered ceramic such as ZrQ2 that is strong for bending, a ‘shpa#ar 2004

-~ 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. 1In the enbodi nent shown in Fig. 12, corner

rei nforcenents 125 to 128 are forned at inner corners at the filing
sections ekaigle. rEinablheamain s3&tiznd 2 2haredthdtmrbane M2 cintheat | nner
corners at the coupling sections of the novable anus 121 and 122 and the
slider fiexaftgcsenite@dd ch2ambndud?hsshrd, aiatt i serdmyn €or Gendiigg dave a
snoot h pl ane shape not a right angle plane shape as those of the 23 2 MAR

2004 act Ugh&kk $REY¥tanBe Rifdthd actietcrOf RRAFI RicRéadegenent s 125 to 128 are
united with the base 120 and the arm nmenbers 12l1a and 122a by the sane

sintered ceram g;g%é s tidhe AP EKerRIbN B8 CEheOphidA0R185Y B! Hemehisel f i s

extrenely inpro er configurations, operations and advantages of this

enbodi ”e”tl?ﬁ@ Bnl1"PioPlFs Ahe! IR bl SAMHRLEBM oL el 1 FiG @, 13

schemati ca |UGstrates a structure of an actuator In a stifl further

eribod Tent SCoogH 08, kIRl 581 (VAL \ST corl, S EE ROUTE,
[1X20 L0, SoSHA0RH BB Al oL e Dl RRHASLy 6o 6 Rrmers

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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side ends of the base 130. At top end sections of the novable arnms 131 and
*132, fornmed respectively are slider fixing sections 133 and 134 to be
fixed to side surfaces of a nagnetic head slider 21. The slider fixing
sections 133 and 134 are projected inwardly, namely toward tlke?nHgpeping
head slider 21, so that only these sections 133 and 134 are attached to
the side surfaces of the nagnetic head slider 21 and that there exists air
gaps between the remmining sections of the novable arns 131 and 132 and

t he SWVHAT ISGLANMER ISf t he magnetic head slider 21. The novable arms 131 and
132 consist of armnmenbers 131a and 132a and piezoelectric elenments 131b
and 132b forned on side surfaces of the arm nenbers 131la and 132a,
respectively. The base 130 and the arm nmenbers 131a and 132a of the

act udt or & preainé tpesititryngactaitasta ke et witted heed ahdar veilcat least Bne2 for 24 “- 2
MAR 2004 exanple. Since the main sections of the actuator are nade of the
el asthead slemeant exhdcwithaai stipport, foapredisely péritioning sdid @hdpasbonbdwdiing, a shock
resi stance of the actuator itself increases. Configurations and operations
of t eEemEnézoBipasingi c el enents 131b and 132b are the sane as those in the
actuator shown in Fig. 5. In the enbodinent shown in Fig. 13, corner

r ei nf or ceagairof fdvaltle atd3Sproeided vith dpex nenrsiondspleciag i tesperekelty f or ned at
inner corners at the coupling sections of the novable anus 131 and 132 and
t he alhise sigB8l appliecito saithastuaton, fogcatchingtsive sdirfacessd criddreadcfidarhe

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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. noyable arns 131 and 132 and the slider fixing sections 133 and 134. Thus,
the shock resistance of the actuator itself is extrenely inproved. O her
configurations, operations and advantages of this enbodi nent arg MAR ke

as those of the enbodinment of Fig. 2. In the aforenentioned enbodi nents,
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
actuaor fTbe amtuabadaslclamestt irswlehm a% wirereipt éachl ofhezid redvaltenermes her t han t he
thin-filmmagnetic head el ement and an HGA with the actuator. Many w dely
di f f ecenprissstardanmremiembef nmade of e sdadtic isimberad icoramicreandlee piepealeatict ed wi t hout
departing fromthe spirit and scope of the present invention. It should be
under slkearet fohaéd bime sjgeasfade ofisaidearirnembear. not linmted to the specific
enbodi nents described in the specification, except as defined in the
appended clains. 25 (r) 2 MAR 2004 WHAT IS CLAIMED IS: 1. A precise
positioning actuator to be fixed with a head slider with at | east one head
el enegt anTheviatthater s pEROméd if okinpi7e eherliry sgid Sidstio sinkged aechnat id east one
head elenent, conprising: a pair of novable arnms provided with drive neans
for dzgplacing in response to a drive signal applied to said actuator, for
catching side surfaces of said head slider in a space between said novabl e
ar ns.

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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2., The actuator as clainmed in claim1l, wherein said actuator further
‘conprises a base fixed to said support, said novable arns exteqpi f

said base. 3. The actuator as clained in claim2, wherein said fovable arns
have at their top end sections slider fixing sections to be fixed to side
surfaces of said head slider, respectively. 4. The actuator as clainmed in
claim3, wherein said actuator has a shape so that there exists air gaps
bet ween said novabl e arns and side surfaces of said head slider except for
said slider fixing sections, respectively. 5. The actuator as clainmed in
claim2, wherein said base is nmade of an elastic sintered ceramc. 6. The
act uat®r abhecécliatenas dlaiplediinclBim dheherein seid at leasi onp hegd glemadlisceranic i s
Zr2. 26 2 MAR 2004 7. The actuator as clained in claim2, wherein each of
sai d atdeasbee tim@im roagnetic bead elamantn nenber nade of an el astic sintered
ceram c, and a piezoelectric elenment forned on a side surface of said arm
menber. 8. The actuator as clained in claim7, wherein said elastic
sintered ceramc is ZrQ2. 9. The actuator as claimed in claim2, wherein
sai d tvabh éhead ngimba! essesttit inchudingse héesk slider vithe at! lesist @oe head i nearly and
| aterally oscillated in response to the drive signal. 10. The actuator as
cl ai nelement, alsapparandvagrezise pasitiening achetas fixed wilseidrhgad sderans of sai d base
and said novabl e arns have an obtuse angl e plane shape. 11. The actuator as
cl ai meith isaid céuppont Xor \phesiselyn positinninge saideatsleast corifiepd (elereent; sais

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.

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 ,said base and said novabl e arns have a snooth pl ane shape. 12. The
actuator as clained in claim1, wherein said actuator has a royg I
shape. 13. The actuator as clained in claim1, wherein said actudtor has a
t hi ckness equal to or less than a thickness of a head slider to be caught.
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
in cl alm 1Thetheadigimbali dssembheast clamedhisagiaie @fentherain Haid elstic one
thin-filmmagnetic head el enment. 16. A head gi nbal assenbly including a
head sihtedet caramnic imEr(d-east one head elenent, a support and a precise
positioning actuator fixed with said head slider and wth said support for
precisely positioning said at | east one head el enment, said actuator
conprising a pair of novable arns provided with drive neans for displacing
i n reshonsthe bead gimhval asisgmbly applaineet iro clin di 7asthesginreach oof s¥d chi ng si de
surfaces of said head slider in a space between said novable arns. 17. The
head giovdlié aasseorwriseaan @mimadbérrmadendimndastisisinteried ceramic.candumt or  furt her
conprises a base fixed to said support, said novable arns extending from
sai d pibzstectrielerfibnt fivewd ai ndiae sersperdfsgidasneiembeed in clai m 17, wherein
said novable arms have at their top end sections slider fixing sections
fixed to side surfaces of said head slider, respectively. 19. The head
gi nhal assenbly as clainmed in claim18, wherein said actuator has a

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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shape so that there exists air gaps between said novable arnms and side
'surfaces of said head slider except for said slider fixing sections,
respectively. 20. The head ginbal assenbly as clained in claim17, wherein
said base is nade of an elastic sintered ceramic. 28 " 2 MAR 2994Mak,gmne
head gi nbal assenbly as clained in claim?20, wherein said elastic sintered
ceramc is Zr2. 22. The head gi nbal assenbly as clained in claim17,
wherein each of said novable arns conprises an arm nmenber nade of an
el astic sintered ceramc, and a piezoelectric elenent forned on a side
surface of _said arm nmenber. 23. The head gi nbal assenbly as clained in
cl ai n?922, Wheheadgighplpssernblyias ciimedinalpindBanhereinsa spaspis beiweeihe head
gi nbal assenbly as clained in claim17, wherein said novable arnms is
const saigpaid okmoyahle arss ig deterined fageyalye siightie sharier shew q widdy efisaid osci | | at ed
in response to the drive signal. 25. The head gi nbal assenbly as clai nmed
i n cl bg¢ad slider.wherein i nner corners at coupling sections of said base and
sai d novabl e arnms have an obtuse angle plane shape. 26. The head gi nbal
assenbly as clainmed in claim17, wherein inner corners at coupling
sections of said base and said novabl e arnms have a snooth plane shape. 27.
The h3xd gThebbgadagimbdabisgemblycsstlaipgdiim claimi1f wherejtheaidphlegsli @heact uat or has
~a rough U-plane shape. 28. The head gi nmbal assenbly as claimed in claim 16,
wher eigadsig¢raentis atdeast omﬂwiraﬁlrrtrhamﬁ@ggacé@}a@pnt o or less than a thickness of
sai d head slider.

31. The head gimbal assembly as claimed in claim 16, wherein said movable arms

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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. 29.. 2 MAR 2004 29. The head ginbal assenbly as clainmed in claiml16,
wherein a spacing between said pair of novable arns is determned to a
value slightly shorter than a width of said head slider. 30. I%Pﬂﬁg%ﬁm

gi nbal assenbly as clainmed in claim16, wherein said at |east o

elenment is at |east one thin-fil mnmagnetic head elenment. 31. The head

gi nbal assenbly as clained in claim 16, wherein said novable arns of said

actuator and said head slider are fixed with an adhesive. 32. The head

gi nbal asséxihg saidectostar witltisaieh cauglt headsslidahiersaidsupRPd act uat or and sai d

- support are fixed with an adhesive and a solder. 33. A disk drive apparatus

havi ng at | east one head gi nbal assenbly that includes a head slider with

at | east one head el enent, a support and a precise positioning actuator

fi xed36i t hTeamantfeeidrisy indthod aasctlaned inselaich 34 pyierain saidl cglcbitiosep) posi ti oni ng

said at |east one head el enent, said actuator conprising a pair of novable

arms poroprisse fixing/saitl helad sldlenbetween eaid dicypbla@rmg with an@gpesive to a drive
signal applied to said actuator, for catching side surfaces of said head
slider in a space between said novable arns. 34. A manufacturing method of

a head gi nbal assenbly conprising the steps of: preparing a precise

posi t &ni nTheambinatactaring mithad paiclainegd inmledb |38, whersinp spdcinadbeivedn dri ve neans

for displacing in response to a drive signal applied thereto; catching side

sur f assid pak ofi-mdvabld astnisde slighitly lshatterl thasta witth hbaald dleedwsiiderita ke  space

bet ween said novabl e arns of said actuator; and 30 - 2 MAR 2004 fixing said

act uatamghtyiahth whareih saidigiithing atépshbimgasest progisictally fixipgrsaid 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

31



M

'35. The manufacturing nethod as clained in claim34, wherein said catching
‘step conprises fixing said head slider between said novable arnms with an

adhesive. 36. The manufacturing method as claimed in claim 33, V\ﬂgrei n a
spaci ng between said pair of novable arnms is slightly shorterzt R 2004i dt h
of said head slider to be caught, and wherein said catching step conprises
provisionally fixing said head slider between said novable arns by a

pi nching force of said novable arns. 37. The manufacturing nmethod as

cl ai mABSTRAETHMIBE, DIKRbPELUREsai d catching step conprises securely fixing
said head slider to said novable arns by thermally curing the adhesive
after the provisional fixing. 38. The manufacturing nmethod as clainmed in
claim 34, wherein said fixing step conprises fixing said actuator to said
s uppoAtpredigehpasitionig estuator §22) do be ffiged with a haB$ TRIRCT2 10t g BmMEOSURE A

preci se positioning actuator (22) to be fixed with a head slider (21) with
at | ebedd elemenhaad valheamupperh donptasiselyspgaitioning theratpeesti @l heasbsi t i oni ng
the at | east one head elenent, includes a pair of novable arns (51, 52)
capabelemefit, tickidesiaipaiy of movatdmamse(S5t 052) aapalile ef dispjacing iappsnonge to t he
actuator (22). The head slider (21) is caught in a space between the

mov abk drige signgl SbpliePio. thé Rictyata? X22). The head slider (21) is caught in a space

between the movable arms (51, 52).

(Fig. 2)

32



