20 May 2005 DESCRI PTI ON HEAD SLI DER W TH PRECI SE PCSI TI ONI NG ACTUATOR AND
MANUFACTURI NG METHOD OF THE HEAD:SIXl DER Techni cal Field The presef{ May 2005
invention relates to a head slider with a precise positioning actuator”for
a head el ement such as a thin- filmmagnetic head el enent or an optical
head—-el ement, and to a manufacturing nmethod of the head slider. Background
Art In a magnetic disk drive apparatus, thin-filmnagnetic head el enents
for witing nmagnetic information into and/or reading nagnetic information
from magnetic disks are in general fornmed on magnetic head sliders flying
I n operation above the rotating nadBSdRIRdTENS. The sliders are supported
at top end sections of suspensions of HGAs, respectively. Recently,
recordi ng and r eBERDIUSE TIDERIWBTH YPRECHRE Hus1TIONNG AdirbaahiROANDT al ong the
track width direction in the magnetic disk (track density) rapidly

i ncrease t MANBFASTYRING MEENOD re¥ eriE AT \W/TDERC easi ng data storage
capacities and densities in today's magnetic disk drive apparatus. For

advancing the track density, the position control of the nagnetic head
el ement with respect to the track in the nmagnetic 1

Technical Field

The present invention relates to a head slider with a
pPrecise positioning actuator for a head element such as a thin-
film magnetic head element or an optical head element, and to a

manufacturing method of the head slider.

Background 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
magpetic disk (track density) rapidly incréase 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 control of the

. magnetic head element with respect to the track in the magnetic -



20 May 2005 disk by.a voice coil notor (VCM only has never presented
enough accuracy. In order to solve this problem an additional agouM@¥ 2005
mechani smis nounted at a position nearer to the magnetic head slider tThan
the VCM so as to performfine precise positioning that cannot be realized
by the VCM only. The techniques for realizing precise positioning of the
magneti ¢ head are described in for exanple U S. Patent No. 5,745,319 and
Japanese patent publication No. 08180623 A As for a precise positioning
actuator, there are various structures of actuator such as for exanple a

| oad- beam aiskcbyre vetteat@il anstar NIVEDY)- Radly Hasusleves pebdahted dhéugh

| oad- beam structure actuator has two piezoelectric elenents of PZT
attached oficéut£ag. beam of a suspension. These PZT elenents are driven in
a manner to support with each other to displace the | oad beamso as to

performfine pregi S-a0sidd YHIG Thid 59:9,@%&!.0 Qﬁagaa&'t%ﬁaﬂvée@{@&t&P the

| oad beam The piggy-back structure actuator formed by piezoelectric
material hedifdnidh Ak dlARE Y S B3R9¢ ohhng -2g $AE! Jnggn.if&.?%éa ed
to a suspension, the other end sect 6 be tixed to a na hea
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magnet i ¢ fgh(% cannot be realized by the VCM only. The techniques for
realizing precise positioning of the magnetic head are described
in for example U.S. Patent No. 5,745,319 and Japénese patent
publication No. (8180623 A.

As for a precise positioning actuator, there are various
structures of actuator such as for example a load~beam structure
actuator and a piggy—back structure actuator.

The load-beam structure actuator has two piezoelectric
elements of PZT attached on a load beam of a suspension. These
PZT elements are driven in a manner to support with each other

- to displace the load beam so as to perform fine precise
positioning of a magnetic head slider mounted on the load beam.

The piggy-back structure actuagor 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 arm connected between these end sections. The PZT is

~driven to perform fine precise positioning of the magnetic head

- slider dirgctly attached to this actuator.




slider directly attached to this actuator. 2 20 May 2005 However, since

t he af orementioned conventional precise positioning actuator is d2¢ 2005
di spl ace the whole of the suspension or the whole of the nagnetic hea
slider, a mass of the displaced part is heavy. Thus, such actuators had
following various problems: (1) A nmaterial to be used for the actuator is
limted because it is necessary to provide a very |arge displacenent; (2)

A high drive voltage required to apply to the actuator in order to achieve

a |l arge displacenment can have a detrinmental effect on an el ectromagnetic
conver si on char al¢wevet | csimfe tihe afgralent iveRd ebaventiond) prexidnlity

I n designing an actuator shape is quite |low because a material and a

structure pbsibeoniigodetudtcr |igTidedd graRd v s sp1dbkY eheSkhyte Us£ Biet he
actuator and driven directions are determned; and (4) A vibration
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occurs at a relatively |low frequency. Al so, since the conventional precise

posi ti oni Ngh A HY Pdcdd SES Q_Q;e‘i';eta@gqi sphase &Q@hv‘%&&ﬂgré gﬁ%g%%n@ead

slider so as to performfine precisSe positioning a magn

elenent,tJEEfgﬁgtﬁgg%fgméglajr bearing surface (ABS) of the

(1) A material to be used for the actuator is limited because
it is necessary to provide a very large displacement;

{(2) A high drive voltage required to apply to the actuator in
order to achieve a large displacement can have a detrimental
effect on an electromagnetic conversion characteristics of the
magnetic head element; |

(3) Flexibility in designing an actuator shape is quite low
because a material and a structure of the actuator are limited
and thus a driver structure of the actuator and driven
direcfions are determined; and

{(4) A vibration characteristics of a suspension is bad because
& mechanical resonance occurs at a relétively low frequency.

Also, since the conventional precise pdsitioning actuator

is designed to displace the whole of the magnetic head slider so
as to perform Fine precise positioning of a magnetic head
element, the attitude of an air bearing surface (ABS) of the
magnetic head slider may change when the magnetic head element
-is displaced by the actuator causing a flying chargcterisfics of -

 the slider to deterdiorate. .-




magneti c head slider may change when the magnetic head elenent is

di spl aced by the actuator causing a flying characteristics of thg()sngrZ()05
to deteriorate.. 3 20 May 2005 Yuki hiro UEMATSU, "Magnetic Di sk Drive

Appar atus and Pi ggy-Back Actuator"”, Electronics, pp. 46-48, Septenber 1998

di scl oses a magnetic head slider structure with a mcro-actuator enbedded

in the slider in order to reduce a mass of the displacing section of the

actuator. Wien fabricating magnetic head sliders with such micro-
actuators, however, it is required to integrate mcro-actuator structures

concurrently w thukitei totugMEesSwn Magimgiie! nddkeddivel appatstudhasa it is
very difficult to adopt this structure because the current manufacturing

process of piggy et Actiepsk" elEEihoas | prharde s’ adeptbhiber 1998
Furthernore, since a stroke of such mcro-actuator is very small, such

magneti c hgagdepbiddera xﬁa%_ﬁfwéi!ce HHY aabided! -st'?u%%%“&‘igﬁf al MSPSL?&&&&E

therefore an object of the present invention to provide a head slider with

a Preci se Bpskadofifig A5 WAeANS 3dTINYCACLULA0TRLDRd,OT e head
y a nass of a 5isp g

slider, where acing section o he act uat or “can be

reduced W g houta SRANAING G TRYHACLWEG 1 ocess of a head el ement.

When fabricating magnetic head sliders with such micro-
actuators, however, it is required to integrate micro-actuator
structures concurrently with the integration of magnetic head
elements. Thus, it is very difficult to adopt this structure
because the current manufacturing process of the magnetic head
elements has to change radically. Furthefmore, since a stroke
of such micro-actuator is very small, such magnetic head slider

- is quite impractical.

. Disclosure of Invention
It is therefore an object of the present invention to
provide a head slider with a precise positioning actuator and a
manufacturing method of the head slider, whereby a mass of a
-'Vdisplacing section of the actuator can be reduced without
changing a manufacturing process of a head element.
Another object‘of the present invention is to provide a
head sliider with a precise positioning actuator and a
ﬁanufacturing method of the head élider, whereby a sufficient

-stroke can be ‘obtained without changing a manufacturing process .



Anot her object of the present invention is to provide a head slider with a
preci se positioning actuator and a manufacturing method of the hg@dMay 2005
slider, whereby a sufficient stroke can be obtained w thout changing a
nanufacturlng process. 4 20 May 2005 of a head elenent. According to the
present invention, a head slider with a precise positioning actuator

I ncl udes a thin plane shaped head section provided with a first surface

that is substantially perpendicular to an ABS of the head slider, a second
surface opposite to the first surface and at | east one head el enent

fornmed on bhHeafhead slgmeacte, and an actuator section |ocated at a side of
the second surface of the head section and integrally fixed to the head

section, for prexésatdintpid it pErddeatatinvefdsbn0ng Head &1eca®ntyithhe head
section is fornmed in a thin plane shape and has a head elenent on a first

surface t hgtedBss Unsd Sildrilngy ad%ﬂa@%&dhﬁ%ﬁﬁﬁe&oaa@héﬁspﬂénéhghgﬁgﬁiﬁgd&kﬁ

and an actuator section is |ntegral y fixed to thus forned head section at
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opposite to the first surface and at least one head element
formed on the first surface, and an actuator section located at
a side of the second surface of the head section and integrally
fixed to the head section, for precisely positioning the at
least one head element.

The head section is formed in a thin plane shape and has a
héad element on a first surface that is substantially
perpendicular to an ABS of the head slider, and an actuator

_Vsection is integrally fixed to thus formed head section at a
side of the second surface opposite to the first surface of the
head section. Therefore, a driving movable part of the actuator

| section can be formed in an extremely light mass. Also, the
hgad element can be formed on the head section‘by a conventional
manufacturing process. Furthermore, because the actuator
section has a separated structure from the head section, it is
possible to easily fabricate.an actuator section with a
sufficiently large displacement.

It is preferred that the ABS is formed in the actuator

section.



manuf acturi ng process. Furthernore, because the actuator section has a
separated structure fromthe head section, it is possible to easpOyMayv 2005
fabricate an actuator section with a sufficiently |arge displacenent. ¥t

is preferred that the ABS is fornmed in the actuator section. 5 20 May 2005
It is also preferred that the actuator section is fixed to the second

surface of the head section. In this case, preferably, the actuator

section includes a base nenber and an actuator |ayer |am nated on the base
menber, and a surface of the actuator |ayer, which is opposite to the base

menber, is fiXxett tig @S pgerdriddf @a8t0thbh8chRAfos 6L lon A S KHixed to
preferably, the ABS is fornmed in the base nenber. It is preferred that the

actuat or s@ed i dhdri fdur@dde® o20le Bbdl SURL36RS Ofp i daesection. “In

this case, preferably, the actuator section Includes a palr of novable
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the ABS i forued i the statl g part, o SLoce Lhg, displ Acement is oggurr ed
fixed to the second surface of the head section. Also,
preferably, the ABS is formed in the base member.
It is preferred that the actuator section is fizxed to both
side surfaces of the head section. In this case, preferably,
the actuator section includes a pair of movable arms capable of
displacing its top end portions in response to a drive signal
applied to the actuator section. the side surfaces of the head
section being fixed to the top end portions, and a static part
formed between the pair of movable arms with spaces. It is
. further preferred that the ABS is formed in the static part.
-Since the displacement is occurred at the head section only and
no displacement is occurred at the ABS formed on the static part
of the actuator section, the attitude of the ABS will not change
g0 as to always keep a sfable fiying characteristics of the
slider.
It is preferred that the actuator section further includes
a base to be fixed to a support meéns of the head slider, and

. that the pair of movable arms extend from the base along the air

bearing surface. Also, it is preferred that each of the pair of



no di spl acenent is occurred at the ABS forned on the static part

actuator section, the attitude of the ABS will not change so as 90 M
keep a stable flying characteristics of the slider. It is preferred t

of the
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the actuator section further includes a base to be fixed to a support
means of the head slider, and that the pair of novable arns extend from
the base along the air bearing surface. Also, it is preferred that each of

the pair of 6 20 May 2005 novable arns includes an arm nenber,

and a

pi ezoel ectric element formed on or fixed to a surface of the arm nmenber.

Accor di ng iovabRe PiER€ Mnd TWEYE i .ardl SRmbrTBRREAG! BibREe18BLRDE Oferediead
slider wwth a precise positioning actuator, includes a step of formng a

plurality série@dore! FBifedtd a [dudHacalblatgeObrA REAJeg! eMeNt substrate,
a step of grinding a rear surface of the head el enent substrate with the
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step of dicing the thi n ate"rnfo a pfur

i ndi vi dual pdisd SETPYa VI AS\ER0L LALEILEl LY TiXing, 2 o second. member

with at | east one precise posi ning ac ecri

first menmb Sp as. tqQ obtain a fixed nber Wt he_at_| east one precise
posi ti oni n%rc;"c'{ 4t 6 ° s?é’ctol%lo%of':gl&&?eﬁ Bﬁﬁaiéﬁy ggr$€1§% el geenys (9 & r st
nenber . .

front surface of a head element substrate, a step of grinding a

rear surface of the head element substrate with the plurality of

head elements formed to have a thin head element substrate, a

step of dicing the thin head element substrate inte a plurality

of individual first members, and a step of integrally fixing a

second member with at least one precise positioning actuator

section to each of the first members so as to obtain a fixed

member with the at least one precise positioning actuator

section located at a rear surface side of the first member.

A rear surface of the head element substrate with the

Plurality of head elements formed on a front surface is ground

to thin it, then the thinned substrate is diced into a plufality

of first members, and a second member with at least one precise

positioning actuator section is integrally fixed to the first

member at a rear surface side of the first member. Thus, a

driving movable part of the actuator section can be formed in an

extremely light mass, and the head element can be formed on the

_head section by a conventional manufacturing process.

Furthermore, because the actuator section member is separately




A rear surface of the head el enent substrate with the plurality of head
elenents forned on a front surface is ground to thinit, then thggtm%gbo5
substrate is diced into a plurality of first nmenbers, and a second nenber
with at | east one precise positioning actuator section is integrally fixed
to the first nenber at a rear surface side of the first nenber. Thus, a
driving novable part of the actuator section can be.fornmed in an extrenely

|l ight mass, and the head el enent can be formed on the head section by a
conventional manufacturing process. Furthernore, because. the actuator

secti on negbeimedSangpthén ef yxdd Ab e Ha deiuivg aebeleniti Xedpbssibee
head section nmenber, it is possible to easily fabricate an actuator section

With a suf §bceBily ravFOfath Sl AcRRitor IdedtSoff ¢Heh &d sﬁ?ﬁici@ﬂtg%(:i ng

step includes cutting and separating the thin head el ement substrate into

i ndi vi dual 1g§?g af§sid&gen@nd that the fixing step includes integrally
fixing an actuator” section to each of the head sections so as to obtain a

head <11 0or 1t i Sl SRR 0637 By’ RRAMEL S AR

the head section. is alsopreferr _
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sections, and that the fixing step includes integrally fixing an
actuator section to each of the head sections so as to obtain a
head slider with the actuator section located at a rear surfacé
side of the head section.

In this case, it is also preferred that the fixing step
includes fixing an actuator layer laminated on a base member of
the actuator section to the rear sﬁrface of the head section to
obtain a head slider.

Alternately, it is preferred that the method further
includes a step of preparing the actuator section that includes
‘a pair of movable arms capable of displacing its top end
portions in response to a drive signal applied to the actuator
seption and a static part formed between the pair of movable
arms with spaces, and that the fixing step includes fixing side
surfaces of the head section to the top end portions of the pair
of movable arms. In this case, preferably, the preparing step
inciudes preparing the actuator section including a base to be

fixed to a support means of the head slider, the pair of movable

-arms extending from the base. More preferably, each of the pair



obtain a head slider. Alternately, it is preferred that the nmethod further
includes a step of preparing the actuator section that includes 20M¥lday @005
novabl e arns capable of displacing its top end portions in response to a
drive signal applied to the actuator section and a static part forned
between the pair of novable arns with spaces, and that the fixing step

I ncl udes fixing side surfaces of the head section to the top end portions

of the pair of novable arms. In this case, preferably, the preparing step

i ncl udes.-preparing the actuator section including a base to be fixed to a

support nesnmdfalee diard islcigges hhcapl hefbefONR@| £ pRéfBe IR Ng from
the base. Mdre preferably, each of the pair 8 20 May 2005 of novable arns

i ncl udes %le?ﬂéﬂﬂ@gi%{eda% %r%i?:@&' 861 i SupESBE N f QB b xed to a
surface of the arm nenb I's preferred that the di ci ng step includes

dicing the thighgad ﬁtﬁwtaseﬂatura ty £h¢ SLaK Al diedls Iqidnnidun

first Dbar nenbers eac aving a p enents al i gnéd, that
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met hod further
that the fixing step includes integrally fixing a second bar

member with a plurality of actuator sections aligned to each of
the first bar members so as to obtain a fixed bar member with
the plurality of actuator sections located at a rear sﬁrface
side of the first bar member, and that the method further
includes a step of cutting and separating the fixed bar member
into individual head sliders. |
In this case., it is preferred that the fixing step
‘includes fixing an actuator layer laminated on a base member of
the second bar member to a rear surface of the first bar member
" so as to obtain the fixed bar member.
Alternately, it is preferred that the method further
includes a step of preparing the second bar member each
.including a pair of movable arm regions capable of displacing
its top end portions in response to a drive signal applied
thereto and a static part region formed between the pair of
movable arm regiomns with spaces, and that the fixing step
includes fixing side surfaces of the first bar member to the top

.end portions of the pair of movable arm regions of the second



includes a step of cutting and separating the fixed bar member into

i ndividual head sliders. In this case, it is preferred that the f | NEay 2005
i ncludes fixing an actuator layer |anm nated on a base nenber of e second
bar menber to a rear surface of the first bar menber so as to obtaln t he
fixed bar nenber. Alternately, it is preferred that the nmethod further

I ncl udes a step of preparing the second bar nenber each including a pair

of novabl e arm regi ons capable of displacing its top end portions in
response to a drive signal applied thereto and a static part region forned

bet ween t hBapahémidr . MIVARNE sACHsEETpPBEeYablly 5 PR Sprépfikidiptsddip 11 Xing
step includes fixing side surfaces of the first bar nenber to the top end

portions ofnéNeaddipréfarMiPhlit FBoh@Ibars mehnbPe:1igeRq4ng %
bar member. In this case, preferably, the preparing step includes preparlng

the secondehafe nEfhes ﬂd“f%i Winde:2 Rsks’ eehan palf QE ’“’?ﬁgl%ase s

nmeans, the pair of novable armregions exten I'ng Trom
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menber region and a pl ez
esent inventio

surface of N AR b Fegons 19651885 9 e, SEnY 1eYFoh 'Y a

riezoelectric element region formed on or fixed to a surface of
the arm member region.

Accordingrto the present invention, further, a
manufacturing method of a head slider with a precise positioning
actuator, includes a step of forming a plurality.of head
elements on a front surface of a head element substrate, a step
of grinding a rear surface of the head element substrate with
tae prlurality of head elements formed to have a thin head
element substrate, a step of integrally fixing an actuator

" section substrate with a plurality of precise positioning
actuator sections to a rear surface of the thin head element
substrate so as to obtain a fixed substrate, and a step of
cutting and separating the fixed substrate into individual head
sliders.

A rear surface of the head element substrate with the
plurality of head elements formed on a front surface is ground
';to thin it, then an actuator secticn substrate with é plurality

:of actuator sections 1s integrally fixed to the thinned

substrate, and then it is diced into individual head sliders.

10



manuf acturi ng nethod of a head slider with a precise positioning actuator,

I ncl udes a step of formng a plurality of head elenents on a fr *qgﬂ)
of a head el enment substrate, a step of grinding a rear surface ?Otﬁ}eé ead 5
el ement substrate with the plurality of head elenments forned to have a
thin head elenment substrate, a step of integrally fixing an actuator
section substrate with a plurality of precise positioning actuator
sections to a rear surface of the thin head el ement substrate so as to
obtain a fixed substrate, and a step of cutting and separating the fixed

substrate h&s, | A0V PLURE dSAh1S IS HE AN AetrtditbaCgebtibhechsage €l ement

substrate with the plurality of head el enents forned on a front surface is

ground  tQebhihdn in i BebADty Augh o 3 0N 2T hEW Lilefohl ok 1y

.of actuator sections is integ i xed tot i nne

then it isgd] 1.Nt.Q. 1 RA VA .hea lLi ders. 2 Thus, a
driving m%‘g%ﬁ%(gpcg?t&oéf I'iﬁslh‘:"ed %%}ét%%r %£C %%H%c?g%g)‘ (%19111 (I\)/Ir% % Qfa)%tléﬂ”g% remely
|l i ght mass,_and the_he el enent _can be _forned on the head section by .a
comvent | ot otans Y SEREERRENSIED nESRugE the! AEfuttok ciemel, euhatiace 15
section substrate s e arateli fornmed and then fixed to the head el enent

. S :
subst r at e, SeRFqteIy forgled @nd.thep, Tix6f; £q; thgnhgad jalefert FURH%ASr a

it is possible to easily fabricate an actuator section with a
sufficiently large displacement.

It is preferred that the fixing step includes fixing an
actuator layer laminated on a base member of the actuator
section substrate to a rear surface of the thin head element
substrate so as to obtain the fixed substrate.

The aforementioned manufacturing method, preferably,
“further includes a step of forming at least one ABS on the
actuator section for a head slider.

According to the present invention, still further, a

- manufacturing method of a head slider with a precisé posifioning
actuator, includes a step of forming a plurality of head ’
elements on a front surface of a head element substrate, a step
of dicing the head eleinent substrate with the plurality of head
‘elements formed into a plurality of members, a step of grinding
a rear surface of each of the members to have a thin members,
and a step of integrally fixing an actuator section member with

. a plurallty of precise positioning actuator sections to the thin

member so as to obtain a fixed member with the precise

11



sufficiently large displacenent. It is preferred that the fixi ng step

i ncludes fixing an actuator |ayer |am nated on a base menber 20e|v|ay 2005

actuator section substrate to a rear surface of the thin head elenen
substrate so as to obtain the fixed substrate. The aforenmenti oned

manuf acturi ng nmethod, preferably, further includes a step of form ng at

| east one ABS on the actuator section for a head slider. According to the
present invention, still further, a manufacturing nethod of a head slider
wWith a precise positioning actuator, includes a step of formng a

plurality B&sh@i@hlﬁﬁeﬁﬁ¥ﬁé%d¥1é%dfﬂ@@% Juchaed 8t a Pead shfpROL substgate,

a step of dicing the head el ement substrate with the plurality of hea

el ement s f@ﬁéﬂﬂﬂhi tenddil Urality of menbers, a step of grinding a rear
surface of eac l? e rrenbers to have a thin menbers, and a step of
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pOSI tioni ng actuator sec I ons to

menber with the i se |t|on|n ac i O
at a rear Stytate ;eﬁ_co < QPhé’y sz of m?ﬁﬁ%faceAlﬁegac‘é e H't’ %LRJ]ts'ﬁa;tjet
the plurality of head elements forned on a front surface is diced |nto a

plurality B “Y DR dRED { Rehedr §aFEacs f%eﬂ?ﬂ nefbafe Age 9noung SAn&dB #&in
't and an actuator section member with a plurality of actuator
sections is integrally fixed to the thinned member at a rear
surface side of the thinned member. Thus, a driving movable
part of the actuafor section member can be formed in an
extremely light mass, and the head element can be formed on the
head section by a conventional manufacturing process.
Furthermore, because the actuator section member is separately
formed and then fixed to the head section member, it is possible
to easily fabricate an actuator section with a sufficiently
large displacement.

It is preferred that each of the head elements is a thin-
film magnetic head element.

Further objects and 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 of Drawings

Fig. 1 is an oblique view schematically illustrating a

12



and an actuator section nenber with a plurality of actuator sections is
integrally fixed to the thinned nenber at a rear surface side of

t hi nned nenber. Thus, a driving novable part of the actuator sectlzgrr!mnateyngeqos
can be forned in an extrenely light mass, and the head el enent can be

formed on the head section by a conventional manufacturing process.

Furt hernore, because the actuator section nenber is separately fornmed and
then fixed to the head section nenber, it is possible to easily fabricate

an actuator section with a sufficiently |arge displacenent. It is

preferred wlghe®ds medd tdie aa e B Hre dis e pokitichihy HBERStLE Dead

el ement. Further objects and advantages of the present invention wll be
appar ent {58 hRed Wit ik ite $ddtdioy Ho Hhe B!}:@%@H:?ﬁnv.@ﬁgféh ment s of
the invention as illustrated in the acConpanyi ng rawi ngs. Brief

Descr i ption of gyl 0% g exly Sn30-0hhh AU} SHCSENGURLT 621 1Y

illustrating a 12 20 May nmagnetic hea . | a preci se
Do o ML RS e b ROTEOL REER B Sgotcud e eoert,
process ofentlbhoedirlglaeq]q:etoifc Frl%a}d 155I ider in the
Fig. 3 is a view illustrating a part of a manufacturing
process of the magnetic head slider in the embodiment of Fig. 1
and its modifications;
Fig. 4 is a flow chart illustrating a part of a
manufacturing process of a magnetic head slider in a
modification of the embodiment of Fig. 1;
Fig. 5 is a flow chart illustrating a part of a
manufacturing process of a magnetic head slider in another
- modification of the embodiment of Fig. 1;
' Fig. 6 is an exploded oblique view schematically
‘ illustrating a magnetic head slider with a precise positioning
-actuator in ancther embodiment according to the present
" invention;
Fig. 7 is a plane view illustrating the magnetic head
'slider of the embodiment of Fig. 6, seen from the ABS side;
Fig. 8 is a flow chart illustrating a part of a
manufacturing process of the magnetic head slider in the
rembodiment of Fig. 6:

Fig. 9 is a view illustrating a part of a manufacturing

i3



enbodi nent of Fig. 1; Fig. 3 is a viewillustrating a part of a
manuf acturing process of the nagnetic head slider in the enbodi t

Fig. 1 and its nodifications; Fig. 4 is a flow chart iIIustrati%C’alv‘pé\¥t2005
of a manufacturing process of a magnetic head slider in a nodification of
t he enbodi nent of Fig. 1; Fig. 5is a flowchart illustrating a part of a
manuf acturing process of a nmagnetic head slider in another nodification of
t he enmbodi nent of Fig. 1; Fig. 6 is an expl oded oblique view schematically
illustrating a nmagnetic head slider with a precise positioning .actuator

| n_anot her peiBadLBe! +RE GRAGHOGEd hddle JYRREM o RECUBRINERY: of FPq 6 ’

pl ane view 1l lustrating the nmagnetic er of the nent
6, seen fr tk Lde. |g. 8 is a flowchart illustrating a part of a
manuf acturlgir?gi %?%ég(g%f%?g?ﬁjé&n%'gnetic head slider in the enbodi nent of
Fig. 6: Fig. 9. Ls a viewillustrating.,a part of a manufacturi 13 20 May
2005 process ofhf%‘e ]fgg]hseté} o lﬁé‘a&%‘%%&gﬁgaﬂgt ﬁep@ﬁﬁoﬂgnﬁwa‘&‘f‘gg—?ﬁ?ﬂé’%nd
its nodifications; . .

process of an actuator section in the embodiment of Fig. 6 and

its modifications; and
Fig. 11 is a flow chart illustrating a part of a
manufacturing process of a magnetic head slider in a

modification of the embodiment of Fig. 6.

Best Mode for Carrying Out the Invention

Fig. 1 schematically illustrates a maghetic head slider
with a precise positioning actuator in a preferred embodiment
according to the present invention.

In the figure, reference numeral 10 denotes a magnetic
head section constituted by a very thin substrate 10a with a
thickness of about 50 pym for example and a thin-film layer 104
‘with a thickness of about 35-50 pm formed on the substrate 10a,
and 11 denotes an actuator section fixed by an adhesion for
example to a rear surface of the magnetic head section 10, which
is opposite to an element-formed surface or a front surface.
The thin-film layer 104 includes a thin-film magnetic head
element 10b and its terminal 9lectrodes l1oc.

The actuator section 11 is constituted-by a base member

11b and a thin actuator layer lla laminated on the base member

14



Fig. 10 is a viewillustrating a part of a manufacturing process of an
actuator section in the enbodinent of Fig. 6 and its nodificatiopg; %005
Fig. 11 is a flow chart illustrating a part of a nanufacturing process o

a magnetic head slider in a nodification of the enbodi ment of Fig. 6. Best
Mode for Carrying Qut the Invention Fig. 1 schematically illustrates a
magnetic head slider wth a precise positioning actuator in a preferred
enbodi ment according to the present invention. In the figure, reference
numeral 10 denotes a magnetic head section constituted by a very thin

Substrate 196, Wikl ofrshleClb 8o ERe0LCRIgN  S0upul OLa SXGUBLE AN I i

| ayer 10d wth a thicknes about orned on the su

and 11 denpt t 8 ctiqn fixed b n_adhesion_for X le to a
rear surf azge 0 eg%'rfagfg“h%ﬁec%eﬁéla%h? e? |58nm§6',%e\fhg§§ 1?3%’6%‘83?? ga?% (il

el ement -forned surf or a fraqnt surface, The thin-filmlayer 10d incl udes
a thin-fil$H etolfi 2 J IS PR SERGLPPS 1E’er et r%%%’t’? FHEEassc °fthe
actuator section 11 is constituted by a base nmenber |lb and a thin_

act uat or |'BRATTEYINSELHE® or I ¥R GRe L Aehbafen 1 dn Bl oeRes of jwhickh

surface of the actuator |layer 1lla, which is opposite to
is perpendicular to the element-formed surface of the magnetic

head section 10, an ABS is formed.

The substrate 10a of the magnetic head section 10, in the
embodiment, is an Al,0,-TiC substrate that has been typically
used for a magnetic head slider substrate. However, a thickness,
namely a length in a top-and-rear direction, of the substrate
10a is determined té a very small value as about 50 pum for
example. The thin-film magnetic head element 10b and the
terminal electrodés 1l0c are fabricated by a thin-£film
manufacturing process similar to the conventional process.

The actuator section 11 is fabricated using a
semiconductor integrating process. Namely, on a relatively

. thick zirconia base member 11b with the similar thickness as the
'conventional Al.0,-TiC substrate typically used for the magnetic
head slider, an actuator layer 1lla with an electrostatic effect
structure is formed by the semiconductor integrating process.

As will be described later, since this actuator section 11 is
individually fabricated from the magnetic head section 10, any
‘type of actuator structures such as a piezoelectric effect

- structure, a electrostrictive effect structure and

15



a surface | am nated on the base nmenber [Ib is fixed to the rear surf ace
of the magnetic head section 10. On a bottom surface of the act

section 11, which is hidden in the figure or which is perpendi c?gmaoyt%%os
el enent-formed surface of the magnetic head section 10, an ABS is forned.
The substrate 10a of the magnetic head section 10, in the enbodinent, is
an Al 203-Ti C substrate that has been typically wused for a nagnetic head
slider substrate. However, a thickness, nanely a length in a top-and-rear
direction, of the substrate 10a is determned to a very small val ue as

about 50 P} {Qtrofdgidt fo iHHudiivy fét'g@bc%%ebiaﬁ %agaghigﬁga%@-?@d Wy d e

termnal electrodes 10c are fabricate y athin-film m uring

process Siggéﬁftﬁé’éig%f§agﬁﬁﬁﬂéﬂ¥¥fe%@0%%?ECtEQ%.aCtuator sectiognli S

fabricated uSing a Sem con Integrating, process. Nanely,

relatively thi zirconi a.base nmenber i Lth the.sjinj]ar_thickness

the conventi on% S,&lzfof-r‘y'l'i A5 EPPAE Fﬁﬁacm@i"a‘aﬁsgﬁ%#‘gﬁl? HEARHS ?’ceaaarS]ead
slider, an actuator layer |Ila with an electrostatic effect., structure is
for med’ by THEE L MR (4 ARIEGEEE AECHLORedS. 1he thifF) SBRodReRt Het

| ater, since this actuator section 11 is individually fabricated fromthe
magnet i ¢ HeddP S8ty dn01om ¥nQ .3t gpefor exampierwhieh cigraabahpiiadly the

pi ezoel ectric effect structure, ,a electrostrictive effect structure and
15 same as that of the conventional magnetic head slider, and also

an outer shape of this magnetic head slider is substantially the
same as that of the conventional magnetic head slider.

By applying a drive volitage to the actuator layer lla via
signal electrodes {(not shown), this actuator layer lla linearly
displaces to a lateral direction as shown by an arrow 12. Thus,
the magnetic head section iO linearly displaces in the lateral
direction in a similar manner t¢ precise position the magnetic
“head element 10b.

Since the magnetic head section 10 that is a movable part
is thin and very light in mass, a sufficieﬁt displacement can be
expected even by a very small drive force. It is important that
the displacement is occurred at the magnetic head section 10

V.bnly and that no displacement is occurred at the ABS formed on
the base member 1l1b of the actuator section 11. Thereforé, the
_éttitude of the ABS will not change so as to always keep a
stable flying characteristics of the slider.

Because of the extremely light mass of the movable part,

- following various advantages can be obtained:
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20 May 2005 el ectromagnetic inductive structure can be easily adopted

other than the electrostatic effect structure. A size of the nmagnef) qﬂéﬁzﬂ)os
slider with the nmagnetic head section 10 and the actuator section 1

this enbodiment is 1.25 mmx 1.0 mmx 0.3 nmfor exanple which is
substantially the sane as that of the conventional magnetic head slider,
and also an outer shape of this magnetic head slider is substantially the
sanme as that of the conventional magnetic head slider. By applying a drive
voltage to the actuator layer |la via signal electrodes (not shown), this

actuator | gygr AR Aefeatdy oS HARSHINAGR Akl il Bhi 80 s SONR Py

an arrow 1 Thus, the nagnetic | ri'y displaces In

aterel | AESEHLE0 hivE §| QBRI AR 86 55 RASLLLR blgRROnel [©

head el e b. nce the magnetic héad sec T

Is thin and_ ver lght. 1n mass, .a sufficient displacenent c¢can be expected
even by a %%E@?%%%?@ %ﬁ?ﬁﬁfﬁ%ﬁﬁﬁglqﬁ:OFg%bﬁbgpﬁﬁﬁgth agtﬁgeﬂFEBFacenent i s
occurred a etic head section 10 aqgnly and that no displacenent is

he n y
occurred a{bi he %%qtd’raﬁﬁf SR PRe EpRTEd ALY, @) FETYPTERE 2RE Ut & section

11. Therefore, the attitude of the ABS will not change so as to al ways
keep a stBMfeEEFyithptc fbiddc Peesentca smadie dippdarempBEfiQECof t he

extrenely |ight mass of the novable part, :
{c) High flexibility in designing an actuator can be expected:;

and

{d) A vibration characteristics of a suspension will not be
deteriorated because a mechanical resonance occurs at a
relatively high frequency.

Fig. 2 illustrates a flow of a part of a manufacturing
process of the magnetic head slider in the embodiment of Fig. 1,
and Fig. 3 illustrates a part of a manufacturing process of the
magnetic head slider in the embodiment of Fig. 1 and its various
modifications. Here, the manufacturing process of the magnetic
head slider in this embodiment will be described.

First, an Al,0,-7TiC wafer 30 with the same thickness as
that of the conventional wafer is prepared (step S1). Then, by
-forming many thin-film magnetic head elements and their
électrode terminals on the Al,0,-TiC wafer 30 using the

. conventional thin-film integration technique, an wafer 32 with a
thin-f£film layer 31 on its surface is obtainea {step S82).

Then, a rear surface of this element-integrated wafer 32

is ground to obtain a very thin wafer 33 with a wafer section

17



foll owi ng various advantages can be obtained: 16 20 May 2005 (a) An

actuator of a |lowvoltage drive type can be utilized to avoid tOZDaMh?ZOOS
detrinental effect on an el ectromagnetic conversion characteristics of 1he
magneti c head elenment; (b) An actuator can be fornmed with a structure and

of a material that will present a small displacement force; (c) High
flexibility in designing an actuator can be expected; and (d) A vibration
characteristics of a suspension will not be deteriorated because a
mechani cal resonance occurs at a relatively high frequency. Fig. 2

i | | ustrat eshackhess oot peciuding dTahiickGiadd RE the0sAsegPhtbhce IBAERES C

head slider in the enbodinment of Fig. 1, and Fig. 3 illustrates a part of

a manuf act 9§ i AGoRE 06&PerLl fdifs HPYRRLLC s&qe}dt %fﬂ&h%fﬁﬁ{%%@ﬁfﬁ%mcaﬂf

Fig. 1 and its various nodifications. Here, manuf act uri'ng process of

t he magnetjgindeate Skd€sF id dufits t%'f?ﬁo%%%e‘éﬁs't Eg?eéﬁe‘?ﬁ aPEYs ¢ Ertlc-i{%;ba an

Al 203-Ti C wafer 30 with the sane thickness as ~the conve .
rents DAPRER SLaRd ol hedh nlghBRg TRy (LD L e
conventional thiy:fid 0 Ae9Lat00, L8500 s AN YR Sagitettd heha

elements on an wafer preliminarily thinned. However, in this

case, the wafer may be easily deformed during the integration

process causing the fabrication process of the thin-film

magnetic head elements to become difficult. Thus, it is desired

to grind the wafer after the integration of the thin-film

magnetic head elements thereon.

Thereafter, the thinnéd wafer 33 is cut and separated into
individual pieces of magnetic head sections 34 (step S4).

On the other hand, a relatively thick zirconia (2Zr0,)
wafer 35 with the same thickness as that of thé-conventional
Al,0,~TiC wafer is prepared (step S5). Then, by forming many
electrostatic structure actuator elements on the wafer 35 using

 a semiconductor integration technique, an wafer 37 with the
-actuator layer 36 om its surface is obtained (step S6).

Then, the wafer 37 is cut and séparated into individual
pieces of actuator sections 38 (step S7). ABSs are formed on
_bottom surfaces of the actuator sections during this cut and

-separation pPrcoccess. More concretely, after the wafer 37 ié

diced into a plurality of bar members each having a plurality of
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thin-filmlayer 31 on its surface is obtained (step S2). Then, a rear
surface of this elenent-integrated wafer 32 is ground to obtaln Vi

thin wafer 33 with a wafer section 17 20 May 2005 thickness not20 mdu% 2005
a thickness of the integrated el enments, of about several tens pm (step 83)
Current working machine can grind the wafer to such thin thickness but in
future it may be possible to grind the wafer thinner. It is possible to
integrate thin-fil mnmagnetic head elenments on an wafer prelimnarily
thinned. However, in this case, the wafer may be easily deforned during

the i nteqr 4Lt o' AUASHIL U hRPABSEL hea Bb2fiSESof' th%bbedl !l M

magneti ¢ head el enents to becone I's desired to grind

the waf er Hlc d&d h%g&%ts?%%&%et Q%tg‘g‘tﬁi:f L5 8 gngﬁﬁctﬁgﬁdeg%ﬁ@ﬂs

t her eon. &r ear ter, e th waf er 'S Ccu an separ ate
I ndi vi dual_ pi.ec tic head sections S4 ot her
hand, a re’f“gl?l? vrgl t%rga F@BﬁFg‘%ﬁ &pyo &Béa’iéga% ?ﬁg?ﬁﬁ %%nﬁ'ef hi ckness
as that of the conventlonal A1203-Ti C wafer is prepared (step S5). Then,
by form nPHERFORSEGH §8Eatle structure actuator el enents on the wafer 35

using a sem conductor_integration technique, an wafer 37 with the
actuator |ayer JbegRatters,ffgeELace nfalhrA¢tiatonslayer 36 of each

actuator section piece 38 is adhered or bonded to a rear surface
of each magnetic head section biece 34 by a resin adhesive or by
a glass bonding and thus an individual magnetic head slider 39
is obtained (step S8}.

Fig. 4 illustrates a flow of a part of a manufacturing
process of a magnetic head slider in a modification of the
embodiment of Fig. 2. Here, the manufacturing process of the
magnetic head slider in this modification will be described with
reference to Figs. 3 and 4.

-First, an Alg%-TiC wafer 30 with the same thickness as
that of the conventional wafer is prepared (step S11). Then, by
forming many thin-film magnetic head elements and their
electrode terminals on the Al,0,-TiC wafer 30 using the
.conﬁentional thin-film integration technique, an wafer 32 with a

 thin-film layer 31 on its surface is obtained (step S12).
| Then, a rear surface of this element-integrated wafer 32
is ground to obtain a very thin wafer 33 with a wafer section
gthickness net including a thickness of the integrated elements,

bf_about several tens pm (step S13). Current working machine
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Then, the wafer 37 is cut and separated into individual pieces of actuator
sections 38 (step S7). ABSs are forned on bottom surfaces of th

sections during this cut and separation process. Mre concretel??egyﬁgkgﬂaos
the wafer 37 is diced into a plurality of bar nenbers each having a
plurality of 18 20 May 2005 actuator sections aligned, the ABSs are forned
on the bottom surfaces of the respective actuator sections and then each

bar nenber is cut and separated into individual pieces of the actuator
sections 38. Thereafter, a surface of the actuator |ayer 36 of each

actual o Seghi SRRl SGRe Shdck U SARH YaRoRAedihaoB BER' sAUELRES I uRPT

magneti ¢ head Section piece 34 by a resin adhesive or

and t hus at?e ;Q%%/#ﬂ@l onggggl:dt q:g?e%%falri %ﬁ“{lﬁgr is obtained (step S8). Fig.

4 illustrate OW 0 & ranufac I'hg process of a magnetic
head slider in madi ficatiqn Qf th enbodi rent Fig. 2 re, the
manuf act uri ng priiéﬁépgﬁsﬂhge %ﬁgh@gﬁgr%gﬁdkgf?aﬁﬁimﬁmgﬁ?§t4éﬁhq4QEuion
will be described with reference_to Figs. 3 and 4, First, an A1203-T1C
waf er 30 VI1HIEHE S&mn HadRre TeddmipREE L thhRRRAny diAWayied. W& &R1fs

prepared (step S11). Then, by formng many thin-fil mmgnetic head
el ement s &RFq-hdihe wafer may be easily deformed during the integration

process causing the fabrication process of the thin-film
magnetic head elements to become difficult. Thus, 1t 1is desired
to grind the wafer after the integration of the thin-film
magnetic head elements thereon.

Thereafter, the thinned wafer 33 is diced into a plurality
of bar members 40 each having a plurality of magnetic head
sections aligned (step Si4).

On the other hand, a relatively thick zirconia (Zr0,)
‘'wafer 35 with the same thickness as that of the conventional
Al,0.-TiC wafer is prepared (step S15). Then, by forming many
electrostatic structure actuator elements‘on the wafer 55 using
a semiconductor integration technique, an wafer 37 with the

- actuator layer 36 on its surface is obtained (step S16).

Then, the wafer 37 is diced into a plurality of bar
members 41 each having a plurality of éctuator sections aligned
{step Si?). ABSs are formed on bottom surfaces of the actuator
sections of the bar member 41.

Thereafter, a surface of the actuator layer 36 of each bar

" member 41 for the actuator sections is adhered or bonded to a

20



el ectrode termnals on the A1203-Ti C wafer 30 using the conventional
thin-filmintegration technique, an wafer 32 with a thin- filmlag@erMidy @005
its surface is obtained (step S12). Then, a rear surface of this

el enment-integrated wafer 32 is ground to obtain a very thin wafer 33 with

a wafer section thickness not including a thickness of the integrated

el ements, of about several tens um (step S13). Current working nmachine 19

20 May 2005 <can grind the wafer to such thin thickness but in future it

may be possible to grind the wafer thinner. It is possible to integrate

thin-film pagnesuerdeachf el tiemdRrVabeiroR eheMnghbtyct hbaded.
However, in this case, the wafer may be easily deforned during the

i nt egr at | OfecBLAEE Iy U dihd:ale 6at bgnapgqs§§sbe£aiﬁﬁ t8i dptdidna
magnetic head el ements to becone difficult: Thus, it is deSired to grind

the vafer gt qheddis |44 Q3] 'ap'i)l%fratlg%y kfnmgl h ﬂQQ&' 510888 %]?{E{gf

thereon. Thereafter, the thinnéd wafer |nto a plural

o T il SO S g e £ o B 3 A
U e SR R AR

Fig. 5 illustrates a flow of a part of a manufacturing
process of a magnetic head slider in another modification of the
embodiment of Fig. 2. Here, the manufacturing process of the
magnetic head slider in this modification will be described with
reference to Figs. 3 and 5.

First, an Al,0,-TiC wafer 30 with the same thickness as
that of the conventional wafer is prepared (step S21). Then, by
forming many thin-film magnetic head elements and their

~electrode terminals on the A41,0,-TiC wafer 30 using the
donventional thin-film integration technique, an wafer 32 with a
thin-film layer 31 on its surface is obtained (step S522).

Then, a rear surface of this element-integrated wafer 32

- . 1s ground to obtain a very thin wafer 33 with a wafer section
thickness not including a thickness of the integrated elements,
of about several tens pm (step S23). Current working machine
can grind the wafer to such thin thickness but in future it may
rbe possible to grind the wafer thinner.

It is possible to integrate thin-film magnetic head

elements on an wafer preliminarily thinned. However, in this
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el ectrostatic structure actuator elenents on the wafer 35 using a
sem conduct or integration technique, an wafer 37 with the actuat 2D WﬁrZOOS
36 on its surface is obtained (step S16). Then, the wafer 37 is drced Thto
a plurality of bar menbers 41 each having a plurality of actuator sections
aligned (step S17). ABSs are formed on bottom surfaces of the actuator
sections of the bar nenber 41. Thereafter, a surface of the actuator |ayer
36 of each bar nmenber 41 for the actuator sections is adhered or bonded to
a 20 20 May 2005 rear surface of each bar nenber 40 for the magnetic head
sections b r esy [ ' .0 0 i [ . renber
8ol B0 AIRER S Yo Dol IR MRG0 TaleghEy IR

42 with a pluoral ity of magnhetic hea

h b mber_42 ] t and ted into individual pi f th
magnet ¢ HEAGRrT qrle i (B SRR, BeloerifuttE BRIFEIR o part of

a manufacturing , process of a naqgg I ¢ head slider in another nodification
of the erBdMt hpagqlementg Lo begomg, AiELCHLENg Thbtedd I dgsired
magnetic head slider in this nodification will be described with reference

to Figs. 3tafrmdghewatar qfiesy the datesrasiep: rEt ReesEhdrtHlHkness as
that of the conventional wafer is prepared (step S21). Then, by form ng
many thi n439n8 g aad eHemendisefBgreonnd t heir

On the other hand, a relatively thick zirconia (Zr0,)
wafer 35 with the same thickness as that of the conventional
Al,0,-TiC wafer is prepared (step 524). Then, by forming many
electrostatic structure actuator elements on the wafer 35 using
a semiconductor integration technigue, an wafer 37 with the
actﬁator 1ajer 36 on its surface is obtained (step 525).

_Then, a surface of the actuator layer 36 of the wafer 35
for the actuator sections is adhered or bonded to a rear surface
of the wafer 33 for the magnetic head sections by a resin
édhesive'or by a glass bonding to obtain an wafer 43 (step S26}.

Thereafter, the wafer 43 is cut and separated into
individual pieces of magnetic head sliders 39 (step $S27). ABSs

'rare formed on botiom surfaces of the actuator sections during
fhis cut and separation process. More concretely, after the
wafer 43 is diced into a plurality of bar members each having a
plurality of magnetic head sliders aligned, the ABSs are formed
on the bottom surfaces of the respective actuator sections and
then each bar member is cut and separated into individual pieCesA

of the magnetic head sliders 39.
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el ectrode termnals on the A1203-Ti C wafer 30 using the conventional _
thin-filmintegration technique, an wafer 32 with a thin-filmla rh@%,

its surface is obtained (step S22). Then, a rear surface of this 20 2005
el enment-integrated wafer 32 is ground to obtain a very thin wafer 33 with

a wafer section thickness not including a thickness of the integrated

el enents, of about several tens pm (step S23). Current working nachine

can grind the wafer to such thin thickness but in future it nmay be

possible to grind the wafer thinner. It is possible to integrate thin-film

magnetic head e Sa il f =1y~ P I | hj red D this
21 20 May 2005 {(c:gggﬂé Rl eﬂrﬁﬁg{? dﬁgﬂgggﬁg‘ﬁeﬁ%ﬁaﬁﬁﬁ’ﬁgﬁi the

I R e

magneti c hea

the wafer after the.nt atl of . the thin.fil nagneti ¢ head_el enents
her oon. | fovekes hebd h’g‘%%,“%aa?p e Fompe °1nhit%‘1? Ports iﬁ“{%‘fﬁ)"fvﬁ? 35
with the sape thi kqgss as that. of the conventi onal 1203-TIC wafer is
pr epar ed (%%%ﬁeéﬁg)? ISP AGRF 5% ARG &N F &R eBt PEs TR BeBRF At r e

actuator elenents on the wafer 35 using a sem conductor integration
t echni que, agngitefepd \§lidethe actuator layer 36 on its surface is

obtai ned (step S25). :
Also, 1in the aforementioned embodiment and modifications,

the magnetic head sections are thinned by grinding the rear
surface of the element-integrated wafer. However, it is
possible to thin the magnetic head section by grinding a rear
surface of each bar member with a plurality of magnetic head
sections aligned or a rear surface of a separated piece of the
magnetic head section.
Fig. 6 schematically illustrates a magnetic head slider
' with a precise positioning actuator in another embodimeﬁt
according to¢ the present invention, and Fig. 7 illustrates the
magnetic head slider of the embodiment of Fig. 6, seen from the
~ ABS side.
In these figures, reference numeral 60 denotes a magnetic
head section constituted by a very thin substrate 60a with a
thickness of about 50 pm for example and a thin-£ilm layer 604
with a thickness of about 35-50 um formed on the substrate 60a,
and 61 denotes an actuator section fixed by an adhesion for
.example to both side ends of the magnetic head section 60. The

actuator section 61 is located at a rear surface side of the

23



Then, a surface of the actuator layer 36 of the wafer 35 for the actuator
sections is adhered or bonded to a rear surface of the wafer 33 orpa\ 2005
magneti ¢ head sections by a resin adhesive or by a glass bonding to obtaln
an wafer 43 (step S26). Thereafter, the wafer 43 is cut and separated into

I ndi vi dual pieces of magnetic head sliders 39 (step S27). ABSs are forned

on bottom surfaces of the actuator sections during this out and separation
process. Morre concretely, after the wafer 43 is diced into a plurality of
bar nmenbers each having a plurality of nagnetic head sliders aligned, the

ABSs are fgpsakdri@mdde Lidun 9o f assfid *ag,pb%&%%_vsnaeigaaﬁe-f&ﬁa%c?ns

and then each bar nenber i1s cut and separated”into individual pileces

t he magnet [ ) My 2005 | . tJ

enbodi nment égﬁﬁgﬁ%dﬁ i%gﬁ%olﬁ%q,s"ﬁ%é‘i%%BSﬁ%réegﬁﬁ? ngidirgﬁlﬁée)f Eéoqac?oinﬁpé} Sfr%feéscg of
each bar M s er.. 1 he e _forne the bottom surface of

cach pi oy £ MERHad WAATRITRCAY cOF UBH PHe' EErPhal B TR0

head slider. Al in.the aforenentiqgped enbodi nen nd nodj ficafjons, the
magneti ¢ head szlgiei c?t?stufr%é’rt ﬁleﬁggﬂnbgqgEFn&PHﬁ%gﬁE‘E?@aPY %&??%%eéjcﬁ' tthe
el enment-integrated wafer. However, it is possible to thin the mgnetic

e
head sect iR )P%quxﬁqﬁf RIS, 61b and 6lc substantially perpendicdiarly

extending frontward from both side ends of the base 6la, and a
static part &6l1d formed between the movable arms 61b and 6lc with
spaces from these movable arms and substantially perpendicularly
extending frontward from the base 6la. The magnetic head
section 60 is fixed to the actuator section 61 by for example
adheripg side surfaces of the magnetic head section 60 to top
ends of the movable arms 61b and é6lc, respectively.

On a surface of the static part 61d, which is shown in the
figure or which is perpendicular to the element-formed surface
of the magnetic head section 60, ABSs 6le are formed.

The substrate 60a of the magnetic head section 60, in the
embodiment, is an Al,0,-TiC substrate that has been typically

‘used for a magnetic head slider substrate. However, é thickness,
'namely a length in a top-and-rear direction, of the substrate
60a is determined to a very small value. The thin-film magnetic
head element 60b and its terminal electrodes are fabricated by a
thin-£film manufacturing process similar to the conventional
process.

. The actuator section 61 is mainly formed in this
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surface of each bar nmenber with a plurality of nmagnetic head sections
aligned or a rear surface of a separated piece of the nagnetic @eq}/lnay 2005
a

section. Fig. 6 schematically illustrates a magnetic head slider ~w
preci se positioning actuator in another enbodinment according to the
present invention, and Fig. 7 illustrates the nagnetic head slider of the

enbodi nent of Fig. 6, seen fromthe ABS side. In these figures, reference
nuneral 60 denotes a magnetic head section constituted by a very thin
substrate 60a with a thickness of about 50 rumfor exanple and a thin-film

ayer 600 oilbblsfioh i 6 NES1 Mo AW A AV 95RO R00L g Syt gt ¢ 60

and 61 denotes an actuator sSecti'on fiXed by an adhesi on oexanp

ot 1% AASSaBlable B AEA RGBT Ts osCLIBLRL, SEPL O1 1

| ocated at "a rear. surtace side.

section 60, _which is .opposite to an elenment-forned syrface or a front
sur f ace. Tﬂ%bf+ﬁ?ﬁ?$IQ#né%ﬁﬂiﬁﬁnféiﬂéﬁﬁﬁggagerﬁhF ffFPﬁ\ﬁi§h§%¥E $ead
el enent 60b_and jts term nal el ectrodes. The actuator section 61 is
const it ut AP GRIIS B BETUCTURS PRo 18y SHrEagPRs o6 1BTRNBeRALTS

substantial l'y perpendicularly extending frontward from both side ends of
the base 6AeSPeFidvelysMftiing gasendcgnfisetey HetRertAting pEveRs . & iy

and 61c with
film laminating process or a printing process. As will be

described later, since this actuator section 61 is individually'
fabricated from the magnetic head section 60, any type of
actuator structures such as a piezoelectric effect structure, a
electrostrictive effect structure and electromagnetic inductive
structure can be easily adopted other than the electrostatic
effect structure.

A size of the magnetic head slider with the magnetic head
section 60 and the actuator section 61 in this embodiment is

| 1.25 mn X 1.0 mm x 0.3 mm for example which is sﬁbstantiglly the
same as that of the conventional magnetic head slider.

By applying a drive voltage to the actuator layers 6if and
6lg via signal electrodes (not shown)}, the movable arms 6lb and
6lc linearly displace to a lateral direction as shown by an
arrow 62. Thus, the magnetic head section 60 linearly displaces
in the lateral direction in a similar manner to precise position
the magnetic head element 60b.

Since the magnetic head section 60 that is a movable part

is thin and very light in mass, a sufficient displacement can be
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spaces fromthese novable arnms and substantially perpendicularly

ext end

frontward fromthe base 6la. The magnetic head section 60 is fix20 Ma
actuator section 61 by for exanple adhering side surfaces of the nmagne€
head section 60 to top ends of the novable arns 61b and 61c, respectively.
On a surface of the static part 61d, which is shown in the figure or which
I's perpendicular to the elenent-formed. surface of the magnetic head

section 60, ABSs 6le are fornmed. The substrate 60a of the nagnetic head
section 60, in the enbodinent, is an Al 203-T:C substrate that has been
typically ewpedtédrevenabpesicehpashsll difiviEdrad e. THOWEY ShipoAt ikt CKISES.
nanely a length in a top-and-rear direction, of the substrate 60a is

det ermi nedthe ai¥plicémeht ¥&lswecudhd tdY Hd IMAgRANY iHeaahgad+gbgeHt 600
and its termnal electrodes are fabricated by a thin-film manufacturing

process sighhgras@ ther GodV@Np Q& et %%E%S;cu%f“att“%%r Aﬁ@ﬁtkg
enbo y a

I ment Zlrconl a

mainly formed in this 24 20 y 2005

8 Blhg

ase ne

I ng
[Z005
ic

er

L0, 5 DA LA o ANl it B G BA] A1) UL,

section 61 are rmng actua | ayers

a sem conduct or ng process, a

pi ezoel ectfji g ﬁilginﬁ%% :%prh% qs.%s%“rsfl%c% ( LE[%rtma arﬁ%%r So LES gcgiy\v/aellrg/ usi ng

keep a stable flying characteristics of the slider.

Because of the extremely light mass of the movable part,

following various advantages can be obtained:

{a) An actuator of a low-voltage drive type can be utilized to

avoid to have a detrimental effect on an electromagnetic

conversion characteristics of the magnetic head element;

(b) An actuator can be formed with a structure and of a

material that will present a small displacement force;

{¢c) High flexibility in designing an actuator can be expected;

and

{d) A vibration characteristics of a suspension will not be

deteriorated because a mechanical resonance occurs at a

" .. relatively high frequency.

Fig. 8 illustrates a flow of a part of a manufacturing

process of the magnetic head slider in the embodiment of Fig. 6,

Fig. 9 illustrates a part of a manufacturing process of the

rmagnetic head slider in fhe embodiment of Fig. 6 and its

- modifications, and Fig. 9 illustrates a part of a manufacturing

process of the_actuator section in the embodiment of Fig. 6 and
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filmlamnating process or a printing process. As will be described later,
since this actuator section 61 is individually fabricated fromtbeg May 2005
magneti ¢ head section 60, any type of actuator structures such as

pi ezoel ectric effect structure, a electrostrictive effect structure and

el ectromagnetic inductive structure can be easily adopted other than the

el ectrostatic effect structure. A size of the magnetic head slider with

the magnetic head section 60 and the actuator section 61 in this

enbodiment is 1.25 mMmx 1.0 nmx 0.3 nm for exanple which is substantially

the sane ﬂﬁst:haalﬁicaﬂﬁo&@nvm&bon%henﬁaﬁéthetﬁﬁﬁﬂgSbf&'@éss Rye appl ying a
drive voltage to the actuator |layers 61f and 61g via S|gnal el ectrodes

(not  showngaghbei SoNEk es PLdS: G1P 13RY e%% 1nl2ear L4191 ﬁgea Sl Ppdg! ateral

direction as shown by an arrom162 Thus, e magnetic sectlon 60

l'i nearly dISp|aQQ§rsérl%§I atqﬁéipg%%%pgép Qh%'ghkgrtﬂ§ [.L0y rgﬁlgg

position the magnetic efenen .he magnet 1 c ea sec
AERHEE TR R R T AT
torce. 1V LonlROIA B e L sgarpis o 3 0ccuts o0 2t che mgnetic
formed electrode terminals on the Al,0,-TiC wafer 90 using the
conventional thin-film integration technique, an wafer 92 with a
thin-film layer 91 on its surface is obtained (step S32).

Then, a rear surface of this element-integrated wafer 92
is ground to cobtain a véry thin wafer 93 with a wﬁfer section
thickness not including a thipkness of the integrated elements,
of about several tens pm (step S33). Current working machine
can grind the wafer to such thin thickness but in future it may
be possible to grind the wafer thinner.

It is possible to integrate thin-film magnetic head
elements on an wafer preliminarily thinned. However, in this
case, the wafer may be easily deformed during the integration

 process causing the fébrication process of the thin-film
fmagnetic head elements to become difficult. Thus, it is desired
to grind the wafer after the integration of the thin-£film
mégnetic head elements therecon.

Thereafter, the thinned wafer 93 is diced into bar members

'_94 each having a plurality of magnetic head sections aligned

{step S34). Then, each bar member 94 is cut and separated into
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on the static part 61d of the actuator section 61. Therefore, the attitude

of the ABSs 6le will not change so as to always keep-a stable fl gi
characteristics of the slider. Because of the extrenely |ight nang(;PA?xezoos
novabl e part, follow ng various advantages can be obtained: (a) An

actuator of a |lowvoltage drive type can be utilized to avoid to have a
detrinental effect on an el ectromagnetic conversion characteristics of the
magneti c head el enment; (b) An actuator can be fornmed with a structure and

of a material that will present a small displacenment force; (c) High

f1 exibilitynifivdeshinpigcad @@tm@rﬁti(‘cﬁmélﬁ PdRAGRd 9533%69) sAsYyi bration
W

characteristics of a suspension not be deteriorated because a

mechani cal 1 esongilogng stiier Hardt, ordliiataheld) PhibikCRyRBE 12 M firo
acturi h

illustrates a flow of a part of a manu g process o nagneti c

Tanut act ur LT el o e i Seabeates, b e ShRCbEkanP R Lo

manuf act uri ng process of maghnéti ¢ ider

manu act rHigs ookt ER1f Breiied (Beah A48 1 EhRS. SBERivetet o ey o

manuf act ur’ _ e _ |
?Eg 26 20 A\J/?é/etgoion o Iat Si)lrlrsg:cgfilt%rayfoggf rl;i:gn%’ertsh%?n?ggggcégﬂ ‘ng process of
' Then, an outside shape of each bar member 97 is worked to
form a shaped bar member 98 which has an E-shaped section and
includes a base, a pair of movable arms substantially
perpendicularly extending frontward from both side ends of the
base, and a static part formed between the movable arms with
spaces from these movable arms and substantiaily perpendicularly
extending frontward from the base (step S$38). Then, actuator
laygrs 99 with a piezoelectric structure are formed on side
"surfaces of arm members of the shaped bar member 98 to obtain a
bar member 100 for actuator sections (step S39). Thereafter,
this bar member 100 is cut and separated into individual pieces
' of actuator sections 101 (step S540).

Thereafter, side surfaces of each magnetic head section
piece 95 is adhered or bonded to top end portions of each
actuator section piece iOl by alresin adhesgive or a glass
bonding to be caught therein and thus an individual magnetic
head slider 102 1s obtained (step S41). Then, by forming ABSs
on bottom surfaces of the static part of the magnetic head

slider 102, a final magnetic head slider 103 is obtained (step
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magneti c head slider in this enbodinent will be described. First, an
A12C8-Ti C wafer 90 with the sanme thickness as that of the convenPQoNp

wafer is prepared (step S31). Then, by formng nmany thin-film ma%netrcy 2005
head el ements and their electrode termnals on the Al 2G3-Ti C wafer 90

using the conventional thin-filmintegration technique, an wafer 92 wth a
thin-filmlayer 91 on its surface is obtained (step S32). Then, a rear
surface of this elenent-integrated wafer 92 1is ground to obtain a very

thin wafer 93 with a wafer section thickness not including a thickness of
the integrghag. el enents, of about several tens m (step S33). Current

wor ki ng machine can grind the wafer to such thin thickness but in future

it may be possiplg to gﬂﬂi%ﬁﬁ%e‘&ﬁferfﬂo@) &erppk#t' afpgs aéeu d{ﬁgegfate

thin-filmmagnetic head elenments on an wafer |n1nar| |nne

However, Oﬁ rb8iss &ﬁ%m&%ﬁefﬁﬁfﬁﬁl@%e%aiﬁl % ﬂr%aifg‘ﬁgtg%' o 'EIPI I'm

integrati process caus i"on process
magneti c ne drffr . is desired rind
t he waf er a'ﬁt? J"ﬁﬁ]r nﬁ rgat i%n BF Ehe # 'ﬁa‘f"llg?ﬁ’t ghetR OGR4 éqtgzr‘?gh

t her eon. There fter, t ed waf er I s diced nto bar _menbers

each havi fff qf A3 gﬂQtFPiﬁeQHdsgéFPGﬁgnaWFﬁﬁeBe ?%?%EF?%QDWlth

Then, each bar menber 94 is cut and separated into 27
reference to Figs. 9-11.

First, an AL,0,-TiC wafer 90 with the same thickness as
that of the conventional wafer is prepared (step S51). Then, by
forming many thin-f£ilm magnetic head elements and their
electrode terminals on the Al,0,-TiC wafer 90 using the
conventional thin-film inftegration technique, an wafer 92 with a
thin-film layer 91 on its surface is obtained (step S$52).

Then, a rear surface of this element-integrated wafer 92
is ground to obtain a very thin wafer 93 with a wafer section
thickness not including a thickness of the integrated elements.
of about several tens pum (step 553). Current working machine

- can grind the wafer to such thin thickness but in future it may
be possible to grind the wafer thinner.

It is possible to integrate thin-film magnetic head
elements on an wafer preliminarily thinned. However, in this
case, the wafer may be easily deformed during‘the integration
process causing the fabrication process of the thin-film

'-magnetic head elements to become difficult. Thus, it is desired

to grind the wafer after the integration of the thin-film
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20 May 2005 individual pieces of magnetic head sections 95 (step S35). On
the other hand, a relatively thick zirconia (ZrQ2) wafer 96 wt Orm 005
t hi ckness as that of the conventional A1203-TiC wafer is prepare (ségﬁ
S36). Then, this wafer 96 is diced into a plurality of bar nenbers 97

(step S37). Then, an outside shape of each bar nenber 97 is worked to form
a shaped bar nenber 98 which has an E-shaped section and includes a base,

a pair of novable arnms substantially perpendicularly extending frontward
fromboth side ends of the base, and a static part fornmed between the
novabl e argBgNéii: HRAL e dnfedPd ReRS-eBRvabl e arns and substantially

perpendi cularly extending frontward fromthe base (step S38). Then,

actuator |ayer ] hezZ el [ ugtu o] ' ]
surfaces of. arm ne e\gfg%g? {%?1.% gﬁggggﬁbg‘?ﬁ%nﬁérig;{'geéb glag tg& Edaer %r%:r%er
100 for a J ) . Ther ter hj ar e r Ois
cut and sg%g?%?%hﬁgﬁégg?ﬁhﬁé%gﬁéi%%i8ge§39§$L%§t%3? rségg % §£€§¥“%€tep
$40) . Theqﬁgéer ﬁide surfaces of each magnetic head section piece 95 is
adher ed or’%oﬁb§§4td top end portions of each actuator section piece 101
by a resin adhesive or a glass bonding to be caught therein and thus an
i ndi vi dual magn&® thengiheT) haed. 182retatbved ncth ¥t cplrgania 1(Fa9.) py

form ng ABSs on bottom surfaces of the static part of the nagnetic head
wafer 96 with the same thickness as that of the conventional

[0})

Al,0,-TiC wafer is prepared (step $55). Then, this wafer 96 is
diced inteo a plurality of bar members 97 (step S56).

Then, an outside shape of each bar member 97,is worked to
‘form a shaped bar member 98 which has an E-shaped section and
includes a base, a pair of movable arms substantially
perpendicularly extending frontward from both side ends of the
base, and a static part formed between the movable arms with
spéces from these movable arms and substantially perpendicularly
extending frontward from the basé (step S57). Then, actuator
layers 99 with a piezoelectric structure are formed on side
surfaces of arm members of the shaped bar member 98 to obtain a

. bar membef 100 for actuator sections (step S58).

Then, side surfaces of each bar member 94 is adhered or
bonded to top end portions of each bar member 100 for actuator
sections by a resin adhesive or a glass bonding to be caught
therein and thus a bar member 104 for magnetic head sliders is

,obtained (step S$59)}.

- Thereafter, this bar member 104 is cut and separated into
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slider 102, a final magnetic head slider 103 is obtained (step 28 20 May
2005 S42). Fig. 11 illustrates a flow of a part of a manufacturif@ May 2005
in a nodification of the enbodinent of

process of a magnetic head slider
Fig. 6. Here, the manufacturing process of the magnetic head slider in

this nodification will be described with reference to Figs. 9-11. First,
an A1203-Ti C wafer 90 with the sane thickness as that of the conventi onal
wafer is prepared (step S51). Then, by formng nany thin-filmnagnetic
head el ements and their electrode termnals on the A1203-Ti C wafer 90
usi ng t he iediviinabredecds of inagreitieyhapidosltidersi 02, (ahepa$es) 92 Thien) a
thin-filmlayer 91 on its surface is obtained (step $52). Then, a rear
surface ofbyhfermeElrensABSs e dretiteth safirface®2 oifS theowrdtlieo phtai of achery
thin wafer 93 with a wafer section thickness not including a thickness of

the int egrmagmkteletedd slidenias, serehah hefgseRic(BE8A SP3der Q4T &Y
wor ki ng machine can grind the wafer to such thin thickness but in future

it may beotpessidd q dte@rderd .the wafer thinner. It is possible to integrate
thin-filmmagnetic head elenents on an wafer prelimnarily thinned.

However, in thign ¢&%earRemtatebnlRYeRBodfnbhYs I858" HEE AL NG LE o
|ntegrat|0n
plurality of bar members 97 for actuato: sections are formed by
dicing a zirconia wafer 96. However, a bar member 105 for
actuator sections may be directly formed by molding a zirconia
material in a bar member shape and by sintering the molded
zirconia bar member. Also, a shaped bar member 106 for actuator
sections may be directly formed by molding a zirconia material
in a bar member with an E-shéped section and by sintering the
molded zirconia bar member.
Furthermore, although in the aforementioned embodiments
' and modifications, a rear surface of an element-integrated wafer
is ground to obtain a thin magnetic head section, it is possibie
' to obtain a thin magnetic head section by grinding a rear
.surface of a bar member for magnetic head sections or a rear
surface of each individual magnetic head section.
The present invention has been described with reference to
magnetic head sliders with thin-film magnetic head elements.
However, it is apparent that the present invention can be

-A‘applied to a head slider for a head element such as an optical

head element other than the thin-film magnetic head element.
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process causing the fabrication process of the thin-film nmagnetic head

el ements to beconme difficult. Thus, it is desired to grind the V\QUeMaytm05

the integration of the thin-film29 20 May 2005 nmagnetic head el enents

t hereon. Thereafter, the thinned wafer 93 is diced into bar nenbers 94

each having a plurality of nmagnetic head sections aligned (step S54). On

the other hand, a relatively thick zirconia (Zr02) wafer 96 wth the sane

t hi ckness as that of the conventional Al 203-TiC wafer is prepared (step

S55). Then, this wafer 96 is diced into a plurality of bar nenbers 97

(step S56). TherMamn widslfalidRpent eadoldihanteesEetth8 7 presvRt katvdiOrid®@r m

a shaped bar member 98 which has an E-shaped section and includes a base,

a pair of By ccoidbrisstsd AUty aeRARIRY Eol itheCXheRdt Ngnd  sBbNET d

fromboth side ends of the base, and a static part forned betyve_en t he

movabl e args whd hredase sidvaiRildies e fOYAbh fa I PulfleStdsd ﬁ{ﬁa@r'éw@

perpendi cularly extending frontward fromthe base (step S57). Then,

actuator  payei: Shlirthch NL2RY Q3G EaS kIR BpaLeel 8 DRbo £l P
0 t 0 obtarn a bar

surfaces arm nmenbers o e shaped bar menber

100 for acéé?éxgnabeﬁieg%?&% et #9281 0n ey 818 UGL 088 O, BASD Par

nmenber

menber 94 1s adhere

appended claims.
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bonded to top end portions of each bar nenber 100 for actuator sections by
a resin adhesive or a glass bonding to be caught therein and thup 5 2005
menber 104 for nmagnetic head sliders is obtained (step S59). Thereaftet,
this bar nmenber 104 is cut and separated into 30 20 May 2005 i ndi vi dual

pi eces of magnetic head sliders 102 (step S60). Then, by form ng ABSs on
bottom surfaces of the static part of the nagnetic head slider 102, a
final magnetic head slider 103 is obtained (step S61). In the

af orenenti oned enbodi nents and nodifications, a plurality of bar nenbers
97 for actuator sections are forned by ChibiSng a zirconi a wafer 96.

However, a bar nenber 105 for actuator sections may be directly fornmed by
nolding a zirconia material in a bar nmenber shape and by sintering the

nmol ded zirconi,a bar shaﬁed bar nenber 106 for actuator

sections may bd* di ré@gg@rg%rﬁg%ggvcﬁﬁlpﬂ?{ Qping fi‘i“r'aé‘(‘.fn?"é"ﬂ‘r"ét"@'ri al in a bar
renber . Further mor et R Raps e e Ehe RVt A Bamtee SHe
oL AT, o R YRR i BB LEEHbRAT Il i
magneti c head s@fdck @Ppdiite & $4M8HiOs Rfab€3nd at least one head element formed on said

first surface; and

an actuator member provided with a base member and an actuator layer
laminated on said base member, for precisely positioning said at least one head
element, a surface of said actuator layer, which is opposite to said base member

being fixed to said second surface of said thin plate shaped head member,

said air bearing surface being formed in said base member.

2. A head slider with a precise posifioning actuator, comprising:
a thin plane shaped head member provided with a first surface that is
: gubstanﬁally perpendicular to an air bearing surface of said head slider, a second
surface opposite to said first surféce and a-t least onhe h_ead element formed on sald
first surface; and
an actuator member located in a réanNard position of said second surface of
said thin plate shaped head member and fixed to both side surfaces of said thin
plate shaped head member, for precisely positioning said at least one head

element.
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surface .of a bar nenber for magnetic head sections or a rear surface of
each individual nmagnetic head section. The present invention has Qgema 2005
described with reference to magnetic head sliders with thin-filmmagnetic
head el ements. However, it is apparent that the present invention can be
applied to a head slider for a head el enent such as an optical head

el enent other than the thin-filmmagnetic head el enent. 31 20 May 2005
Many wi dely different enbodi nents of the present invention nay be
constructed without departing fromthe spirit and scope of the present

i nvention. It $houl dThddeaddlidgt spdidithed in lvlmim 2, esiesréini s atiualr insernites
limted to the specific enbodinments described in the specification, except
as defined in CRBPIsgSRRAEST Mypbig amps capabipof 2B0Ecinglitsl v ehd parfomadns| i der
Wi th a precise positioni nlg actuator, conprising: a thin plane shaped head

menber provi de§SRPRIF 18 & i signal paRlied i gaid; actualas merahar saild §idp skiteaesioful ar
to an air beari surface of sai.d head .glider, a secon surface opposite
to said first g%igfhggg,me({% rgfempef%gg ?%ﬁﬂaﬁ%%ﬁn%%rﬁﬁ?ﬁ' 'af‘grarﬁﬁt'%i’?rggi”ggdfi r st
surface; and ageRBLyali@baPBiMGabl SR idd) @ base menber and an act uat or
| ayer , )

4. The head slider as claimed in claim 3, wherein said air bearing surface is

formed in said static part.

5. The head slider as claimed in claim 3, wherein said actuator member further
comprises a base to be fixed fo a support means of said head slider, and wherein

said pair of movable arms extend from said base along said air bearing surface.
6. The head slider as claimed in claim 3, wherein each of said paiir of movable
. arms comprises an arm member, and a piezoeleciric element formed on or fixed to

a surface of said arm member.

7. The head slider as claimed in claim 1, wherein said at least one head

element is at least one thin-film magnetic head element.
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| am nated on said base nenber, for precisely positioning said at |east one

head elenent, a surface of said actuator |ayer, which is oppositent I
base nenber being fixed to said second surface of said thin pl at%os'ﬁlﬁgbos
2

head nmenber, said air bearing surface being fornmed in said base nenber.

A head slider with a precise positioning actuator, conprising: a thin plane
shaped head nenber provided with a first surface that is substantially

per pendi cular to an. air bearing surface of said head slider, a second
surface opposite to said first surface and at | east one head el enment forned
on said first 8surf Adeanufasiriag meathasdaf arhead stidar with aatrenibel positionieg actaatar,
position of said second surface of said thin plate shaped head nenber and
fixed to both SPREiERGestessef said thin plate shaped head nenber, for

preci sely positioni sai d at | egst one head elenent. 33 20 May 2005 3.
The head slider as %\“ﬁ@ap’r’ﬁ"%wgﬁ‘ﬁ?@F’W%?maé@rﬁhsmﬂ grhesd irmpent

conprises a pajfpd tar.mvabl e arns capable of displacing its top end portions
in response to a drifve signal applied to said actuator nenber, said side

surfaces of  sal d hahhiGRITREF sifladr Lhiifilal UchRhf's IRREI AL b ANS wyfnd.

static part fornmed “between sald pair of nova nms W th spac

head slider ashédddiemshtisibdiiald Wit3said\bIerfy s Adddkidhéncbear i ng surface is
formed in said static part. 5. The head Slider as clained in claims3,

wherein sai d act uatdicingraaidethin§ heddhelemetOsiisirateSn® H Pufallp obhdivicuadfikp a
support neans of said head slider, and wherein
members; and
~integrally fixing a second member with at least one precise positioning
actuator section to each of said first members so as to obtain a fixed member with

said at least one precise positioning actuator section located at a rear surface side

of said first member.

9. The manufacturing method as claimed in claim 8, wherein said dicing step
includes cutting and separating said thin head elemenf substrate into individual
head sections, and wherein said fixing step includes integrally fixing an actuator
section to each of said head sections so as to obtain a head slider with said

actuator section located at a rear surface side of said head section.
10. The manufacturing method as claimed in claim 9, wherein said fixing step

comprises fixing an actuator layer laminated on a base member of said actuator

section to said rear surface of said head section to obtain a head slider.
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said pair of novable arnms extend fromsaid base along said air bearing
surface. 6. The head slider as clainmed in claim3, wherein each 0203Maiy 2005
pair of novable arms conprises an arm nenber, and a piezoel ectric el enent
formed on or fixed to a surface of said armnenber. 7. The head slider as
claimed in claim1, wherein said at | east one head elenent is at |east one
thin-fil mmagnetic head el enent. 34 20 May 2005 8. A manufacturing nethod

of a head slider with a precise positioning actuator, conprising the steps
of. formng a pl ur_aLl_'bty of head el epents on a front surface of a head

el enent  subst ridt e; T§FiRIURFULING dBptheq, ap flaimed i’ glaim (b avhessia mais metedt r at e
to f ' head el t bst i th idpluralit f d

ol ement o; i o) 14" RS SUSRSEPeRETY Sl Sebupessdivt vt Bicbies Bt

i ndi vi dual fi : ' L.y f1xi . d nb it h at

| oast one. pr ec oyl Tk ape of dIBBEAD X tob ket iR s lB  pidke

nmenbers so as sRnAppiicY B shidRHaft? T0&on¥nk B staR! rt%nﬂe@%%ﬁveegﬂgaﬂgpgﬁﬁiﬁe

positioning actuator section |ocated at a rear surface si first
nenber. 9. The nieané atie rithgspiRbE) OshdBwheloll 5B fixingCltéd BbRprisdlemh@ignsigai d
dicing step includes cutting and separating said thin head el enent
substrat e i nt osurftey dftksid heddesadionde said fp eraipbritine bEsaid pai of nidvablGras.ep
includes integrally fixing an actuator section to each of said head
sections so as to obtain a head slider with said

12. The manufacturing method as claimed in claim 11, wherein said preparing
step comprises preparing said actuator section including a base to be fixed to a
support means of said head slider, said pair of movable arms extending from said

base.

13.  The manufacturing method as claimed in claim 11, wherein each of said pair
- of movable arms comprises an arm member and a piezoelectric element formed on

or fixed o a surface of sald atm member.

14, The manufacturing method as claimed in claim 8, wherein said dicing step
comprises dicing said thin head element substrate into a plurality of individual first
bar members each having a plurality of head elements aligned, wherein said fixing
step comprises integrally fixing a second bar member with a plurality of actuator
Vsections aligned to each of said first bar members so as to obftain a fixed bar
‘member with said plurality of actuator sections located at a rear surface side of éaid
- first bar member, and wherein said method further comprises a step of cutting and

. separating said fixed bar member into individual head sliders.
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actuator section located at a rear surface side of said head section. 10.
The manufacturing nethod as clainmed in claim9, wherein said fixipg ?‘59 2005
conprises fixing an actuator |ayer |am nated on a base nenber of sai
actuator section to said rear surface of said head section to obtain a
head slider. 35 20 May 2005 11. The manufacturing nethod as clained in
claim9, wherein said nethod further conprises a step of preparing said
actuator section that includes a pair of novable arns capabl e of
displacing its top end portions in response to a drive signal applied to
sai d actuator s@eti dheamanutackring methedras daimaeih Haimvbs wheesdirdsaidfixing Step
movabl e arms with spaces, and wherein said fixing step conprises fixing
side surfaces SSmpEsasdiXing A0 astu@tar dayet lgmingter ep basrimpmber &fissidsecend kirpai r
of novable arnms. 12. The ITHI’#Jf acfur_i gg met hod,as clainmed in claiml11,
wherein sai d prEFHET Y2 TERTIREH ST $UL TS PanaEMRET $2128 to ebtain: sHd Bedihasn

i ncluding a ba%?e o} be fixed to a support neans of said head slider, said
pair of novabl e arms extending fromsaid base. 13. The manufacturing

met hod as clainmed in claim1l, wherein each of said pair of novable arns
conprises an arm nenber and a piezoelectric elenent formed on or fixed to

a surface of sagd arre WRMIREWAG mellbR AP BHMAGE H' dfe ‘fﬂ?t\g}%ﬁiﬁ§aiﬁlrﬂétﬂ8 in.

claim8, wherein said dicing step conprises dicing sai i n head el enent
substrate i nt ofusthpt canpribésy/a sep oNprieparthigahidl et6Ad bdd MerBRABEIRInQaGRy 2pX ng a

plurality of head elenents aligned, wherein said fixing step conprises
integrally fixpfmgowbsewronegions camblecs! didpldeing itsltop ahd portiods iackspahses to a
sections aligned to each of said first bar nenbers so as to obtain a fixed
bar drive signal applied thereto and a static part region formed between said pair of
movable arm regions with spaces, and wherein said fixing step comprises fixing
side surfaces of said first bar member to said top end portions of said pair of

movable arm regions of said second bar member.

17. The manufacturing method as claimed in claim 16, wherein said preparing
step comprises preparing said second bar member including a base region to be
fixed to a support means, said pair of movable arm regions extending from said

base region.

“18. The manufacturing method as claimed in claim 16, wherein each of said pair
of movable arm regions comprises an arm member region and a piezoelectric

element region formed on or fixed to a surface of said arm member region.

19. The manufacturing method as claimed in ¢laim 8, wherein each of said head

elements is a thin-film magnetic head element.
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menber with said plurality of actuator sections |ocated at a rear surface
side of said first bar nmenber, and wherein said nethod further c :

step of cuffing and separating said fixed bar nenber into indivi %g‘\ﬁﬁg%@OS
sliders. 36 20 May 2005 15. The manufacturing nethod as clainmed in claim
14, wherein said fixing step conprises fixing an actuator |ayer |am nated
on a base nenber of said second bar nenber to a rear surface of said first
bar menber so as to obtain said fixed bar nenber. 16. The manufacturing
met hod as clained in claim14, wherein said nethod further conprises a
step of preparidfy sdN8 MR Harmetiohes daipRd i el hgvhersiaisaid wethadvabl e
armregions ca %que of di spl ?%9 its to‘{@a end portions in response to a
drive signal aE SLEPRHECRAS YmingAtiigashane air ReFTES SYCR R SBSRRBBIT sai d
pair of novabl r i ith spaces, and wherein said fixing step
conprises fixi r?§Ct%g?$(f(;ae@t?(ragg%égs of said first bar nmenber to said top end

portions of said pair of novable armregions of said second bar nenber.
17. The manufacturing nethod as clainmed in claim16, wherein said preparing

step conpri ses2pr epAmdHifRAiifg FRAVAGT BNealBidRe With A prétilie N sBollAP Sctha8 On to
be fixed to a support neans, said pair of novabl e armregions extending

fromsaid baseompdsirgrthe &8ps dire manufacturing nethod as clainmed in claim
16, wherein each of said pair of novable armregi ons conprises an arm
menber regi on and afopiieg @eplerelity iof head elemehisraga donf urfaes oba hehd eloxetit t 0 a
surface of said arm nmenber region. 19. The manufacturing nethod as clai ned
in claims8, whethstteeach of said head

grinding a rear surface of said head eloment substrate so as to form a thin
head element substrate with said plurality of head elements;

integrally fixing an actuator section substrate with a plurality of precise
positioning actuator sections to a rear surface of said thin head element substrate
so as to abtain a fixed substrate; and

cutting and separating said fixed substrate into individual head sliders.

22, The manufacturing method as claimed in claim 21, wherein said fixing step
comprises fixing an actuator layer laminated on a base member of said actuator
section substrate to a rear surface of said thin head element substrate so as to

obtain said fixed substrate.

23. The manufacturing method as claimed in claim 21, wherein said method
further comprises a step of forming at least one air bearing surface on said actuator

section for a head slider.
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elements is a thin-filmmagnetic head elenent. 37 20 May 2005 20. The
manufacturing nethod as clainmed in claim9, wherein said method fROtNyY 2005
conprises a step of formng at | east one air bearing surface on said
actuator section for a head slider. 21. A manufacturing nethod of a head
slider wwth a precise positioning actuator, conprising the steps of:
formng a plurality of head elenents on a front surface of a head el enent
substrate; grinding a rear surface of said head el enent substrate so as to
forma thin head el enment substrate with said plurality of head el enents;
integrally fixi?flg adhadranufasiuriag cretind agisleimest B dpirh2b wWieeialepely obsaigr eci se
posi tioning acglua of sections {.o a rear surface of said thin head el enent
substrate so 4829 glegigpliisa Di-fipdpaangic headelemepty cutting and separating
said fixed substrate into individual head sliders. 22. The manufacturing
method as clained in claim?21, wherein said fixing step conprises fixing
an actuator |ayger |gam ; 4 4SS gl t Nol gt L on
SUbatrate to aivear oo eanny nRuaRE aTRHl ol il 8 oAbl SEGRE" |
obtain said fi sxedpsdiiisthé 8feBs o23. The manufacturing nethod as clainmed in
claim 21, wherein said nethod further conprises a step of formng at |east
one air bearing surfoatiag@plsraiig of Gbad ERMen®esH & Wanf Sirfade loeatheal ictierdent 38

substrafe;

dicing said head element substrate with said plurality of head slements
formed into a plurality of members;

grinding a rear surface of each of said members to have a thin members;
and

integrally fixing an actuator section member with a plurality of precise
positioning actuator sections fo said thin member so as to obtain a fixed member
with said precise positioning actuator sections located at a rear surface side of said

thin member.
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20 May 2005 24. The manufacturing nmethod as clained in claim?21l, wherein
each of said head el ements is a thin-filmmagnetic head el ement. 28.May 2005
manuf acturi ng method of a head slider with a precise positioning actuator,
conprising the steps of; formng a plurality of head el enents on. a front
surface of a head el enent substrate; dicing said head el enent substrate
with said plurality of head elenents formed into a plurality of nenbers;
grinding a rear surface of each of said nmenbers to have a thin nenbers;
and integrally fixi nﬂ an actuator section nmenber with a plurality of
precise positi?8ni ndhadpamwfasiuriag metncsas elaiesding glaim 28 whereis @agk of 8aidbt ai n
a fixed nenber  _with said ecj.se posi.tjonj actuator sections |ocated at
a rear surfacehg?‘?jgleg'fg%éﬁ%{h"{'ﬁ?‘ﬂ“gﬁﬂ‘?ﬁ‘ébea BHtvay 2005 26. The

manuf acturing nethod as clainmed in claim25, wherein each of said head
elements is a thin-fil mmagnetic head elenent. 40 ABSTRACT A head slider
W th a precise positioning actuator includes a thin plane shaped head
section provided with a first surface that is substantially perpendicul ar
to an ABS of the head slider, a second surface opposite to the first
surface and at | east one
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head el enent fornmed on the first surface, and an actuator section | ocated
at a side of the second surface of the head section and integral 20 MagQ®005

to the head section, for precisely positioning the at | east one head
el ement .

ABSTRACT

A head slider with a precise positioning actuator includes
a thin plane shaped head section provided with a first surface
that is substantially perpendicular to an ABS of the head slider,
a second surface opposite to the first surface and at least one
head element formed‘on the first surface, and an actuator
section located at a side of the second surface of the head
section and integrally fixed to the head section, for precisely

positioning thé at least one head element.
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