20 May 2005 DESCRI PTION HEAD SLI DER W TH PRECI SE PCOSI 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 magnetic information into and/or .reading magnetic 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 , Magnetic 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 nmotor (VCM only has never presented

enough accuracy. In order to solve this problem an additional agouM@¥ 2005
han

mechanismis nounted at a position nearer to the magnetic head slider

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 f or med . pl ezoel ectric
material hedifdnidh Ak dlARE Y S B3R9¢ ohhng -2qd %ﬁ&t Jnggn.if&.?%éa ed
to a suspension, the other end sect 6 be tixed to a na hea

ecti one. RS e G Yol B a%'seft? RefEREm, S%Fbﬁrﬁﬁi%‘?t@%%w%
per for p S | e
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 the
af orementioned conventional precise positioning actuator is desi g@em,%y 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 pbésibEonihgodetudter |igidedd ghied Wil idpdbc¥eEnst #HE1T &F Ofhd he
actuator and driven directions are determ ned; and (4) A vibration

charact eri shsgénOfoR SHSERNSINYLE DAL GRS 1 ARBRANSNEESL, I §SRAGNCEr

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

el enent, the atid tﬁi‘iﬁaﬂmsﬁ” air 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 Disk Drive
Apparatus and Piggy-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

magnet i c h&ﬁé’cﬁ&é&?rain%%ﬁfc IHOH P Gl 1R PRt Qsi' @vigé gnﬁfe%@ ctiatSr

therefore an object of t present invention to provi ead 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 el enent. 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

i on, TRETEI O L R RO e%pé‘ﬁ#fg?e Khsk TH pA6E Aty (on be

SECt i on.
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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. 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
nmenber, is fixect tigs RS peerdriedf 268t0thbh8chRafosestéPlon A S Fixed to
preferably, the ABS is fornmed in the base nenber. It is preferred that the

actuat of Saed idubdriy fohitehded d2Othe Bl SUELIERS ofn Wi dcatsection. i

this case, preferably, the actuator section Includes a palr of novable

arme capalicdloatlaplag %%th%%%é’%?Egﬂﬂ’ﬂc’%“%@%’s2&‘?%%%2‘?%?‘3‘?%}%%‘6

si gnal t o t'he act uat or

section bej fg. f ﬂo&e;i 3(0 ! Rl ?ﬁngOBO% oBage HemPe? E?%‘I?‘%hﬁﬁé"tbﬁ%ﬁt"ge: % that

between the pait o

t he ABS i e stati i nce. the displacenment is occurred
at the he%ales&%% 51?? En Y&Rd wﬁﬁg %ﬁlﬁ@%ﬂ%ﬁelgo o'él&%rl?%%e JAEMIRE AZSE f or med
on the Staa&%dp%o 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

Asection 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



of the actuator section, the attitude of the ABS will not change so as to
al ways keep a stable flying characteristics of the slider. It is20 p&y2005
that the actuator section further includes a base to be fixed to a sJ%%ort
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 novabl e arns includes an arm nenber, and a

pi ezoel ectric elenment formed on or fixed to a surface of the arm nenber.
According to the present invention, also, a manufacturing nethod of a head

slider wi thiorapLeChfifs PDS¢Iidul Nh Al defiber | '&ﬁHUQeEiéz§é§Qc@f:i¢f: Ok Terih €
plurality of head elenments on a front surface of a head el enent substrate,

a step of B6iféd Neh Sor I€Bted Wd o Sudiraldae et hePRLmBEPSt rate with the
plurality of head elenents formed to have a thin head el enent substrate, a

step of dicing tﬂ&&fﬁﬂlgﬁqgﬁ Jﬂaeeg;t?%%eggbih{rgh@i. P;,/O?i‘sgl ué%él&s%%%%d‘wr%enr%er
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e I : fioni i f th
fivot mentirenah off f e BNALORads SChgkRsq, BRSrHatutth cdiibahor or cci e
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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 actuatoxr
section to each of the first members so as to obtainra fixed
member with the at least one precise positioning actuato;
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 p;ecise
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 sedtion by a conventional manufacturing process.

Furthermore, because the actuator section member is separately




plurality

a second

of head elenments formed on a front surface Is ground to thinit,

P05

then the thinned substrate is diced into a plurality of first meppeffay:

menber with at | east one precise positioning actuator section is

integrally fixed to the first nmenber at a rear surface side of the first

nmenber. Thus,

in an ex
head sect
because.

an act uat

trenmely |ight nass, and the head el enent can be fornmed on the
ion by a conventional nmanufacturing process. Furthernore,

t he actuator section nenber is separately 7 20 May 2005 fornmed and
then fixedfbemblecah@atherctited N idle Helad SRAIDOMRmbe®, c26i 1y pabsispse

or section with a sufficiently |arge dlsplacenent It is

preferred ghatatiey dEgbPeStE Rl Hd MHARDC WeldtidnaRA tnS 8P 3heEL 8deh PPyt i N

head el ement substrate into individual head sections, and that the fixing

step incl
sections
at a rear

uglgsy. érﬁfgéfﬁééhéﬂglng an actuator section to each of the head
so as t tain a head slider mnth the actuator section | ocated
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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

a driving novable part of the actuator section can be forned



Alternately, it is preferred that the nethod further includes a step of
preparing the actuator section that includes a pair of novable aQUsMay 2005
capabl e 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 includes fixing side
surfaces of the head section to the top end portions of the pair of

movabl e arms. In this case, preferably, the preparing step includes
preparing the actuator section including a base to be fixed to a support

neans of tdye mpathisd iadels ihkeuBak! aff abRvAbhBer 2408 £XpEsEbdldtra® t he
base. More preferably, each of the pair 20 May 2005 of novable arns

i ncl udes %le?ﬂéﬂﬂ@gi%{eda% %r%i?:@&' 861 i Surfh88EHE £1 "B Qlbrier.i 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

the frxrth?_ eﬂ%ﬁ%n%”&ﬁﬂ&@#£¥e % %Sf#i%%#fﬁglrs bé?ﬁgé &F% so

plurality 0 Oof Sections a
as to obt
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met hod further udes a step of cuttjng and se r t|n the fixed bar
Terber | %Y AP EAAROnE5eP PRakides 1ntedraliy Fifing'% Shbond Bax

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



In this case, it is preferred that the fixing step includes fixing an
actuator layer |lamnated on a base nenber of the second bar ne

rear surface of the first bar menber so as to obtain the fixednggp wgﬁgé$?05
Alternately, it is preferred that the nethod further includes a step of
preparing the second bar nenber each .including a pair of novable arm

regi ons capable of displacing its top end portions in response to a drive
signal applied thereto and a static part region fornmed between the pair of
novabl e armregions wth spaces, and that the fixing step includes fixing
si de surfapes mémbére. f iTnStrhiar caBBhEeprbfethB1y OPthe S idPnseyf the pair
of novabl e armregi ons of the second 20 May 2005 bar nenber. In this case,

pref er abl yiné\ads QP4 it Qhe ISATOHAEDaR! ﬁa@ﬁbé?giﬁéiu&i‘ﬁ%@ bRbe ESPRIn
including a base region to be fixed to a support neans, the pair of
movabl e ar g i ifeq @ & UdppoliiOenlS , PERE pEOLCRE ABLELPL LA A duoiBACh

of the pair of novable armregions I ncludes an arm ne reglon
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regi on. ‘i nventi
manuf act ur.i hod of a _head slider with_a precise posjitioning actuator,
i ncl udes apas‘%eg%f‘“ Va% Cn N pPILSPFL §7n8§uﬁ%§dane"f’ PAPYn P Bh A& ace
of a head eleneq; ubstrﬁﬁe, steE .
Plezoeiectric element region formed on or f£ixed 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

' :saction 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 section substrate with é plurality

:of actuator sections 1s integrally fixed to the thinned

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

10



of grinding a rear surface of the head el ement substrate with the

plurality of head elenents fornmed to have a thin head el enent sub?grm 05
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 into individual head sliders. A
rear surface of the head el ement substrate with the plurality of head

el enments forned on a front surface is ground to thin it, then an actuator

section supghsate dbivimg Hdvadid par®t AChA! Aet2@EbroBsctSohNELY G ! Y

fixed to the thinned substrate, and then it is diced into individual head

sliders. 10,2048 w%{%eﬁ[ q.rj.'%xitgﬁai@%\éaglnﬁ Rkt hggdt Qiﬁlgtg%f'g{:gﬁ b

section can be fornmed in an extre t mass, and the enment can

e formedgnudbehoat, 9864 UL o $OMKCLEGNG JBRAY' AELNERDG. RLOCCSS.

Furt her nor'e,” because e ac on substrate i's separate
t subst

and then fixed to the head el eme te it. is possible to easily
fabricat e B Act uat Pr§§8m8ﬁe\7vi ?ﬁcaus% uf’ﬁ? creREdtoF ﬁ%%t’cﬂ% ﬁ"é’cs . )'[Llst
Is preferred that the fixing step includes fixing an_ actuator |ayer

| am nat ed HPHF roTEEd %I“dt I’Fg‘e&cfﬂrﬁﬁﬂr to the head element substrate,

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



section substrate to a rear surface of the thin head el enent substrate so

as to obtain the fixed substrate. The aforenentioned manufacturi ngonm}éy(goog,
preferably, further includes a step of form ng at | east one ABS on t
actuator section for a head slider. According to the present invention,

still further, a manufacturing nethod of a head slider with a precise
positioning actuator, includes a step of formng a plurality of head

el enents on a front surface of a head el enent substrate, a step of dicing
the head el enment substrate with the plurality of head elenments formed into

a pluralityositiGiDEE SactuadiP HctdnidneGatdal 82" aSPEhRACEuPFadaChi & Jpe
menbers to have a thin nenbers, and a step of integrally fixing an
epM th a plurality of precise positioning actuator

act uat or S@ﬁéifﬁ&érﬁgmg

sections to the thin nenber so as to obtain a fixed nmenber with the
precise 11 20 | ti.onl a sections_|located. at rear
surface side o:‘v%y tlﬁeganﬁ%ﬁ%&%bﬂ%&%%égdagfzgngﬁ? gg%%??ﬁ?% ﬁ?ﬁeﬁe
plurality head | e ts fornmed on a_front syrfage . is diced into a

P orali 1y Sttty Sl oh 2 eaneariseboots: Hhoad o 2 it o n
it, and an actuator section nenber with of actuator sections

a plurality )
i s integr AA9PEISced R t AeTEAT nHEBHEARSIRT %}{)e dnembgr is ground to thin it,

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
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surface side of the thinned nmenber. Thus, a driving novable part of the
actuator section nenber can be forned in an extrenely |ight masszoamhylggos
head el ement can be fornmed on the head section by a conventi onal

manuf acturi ng process. Furthernore, 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 di splacenent. It is preferred that each of the head elenents is a

thin- filmmagnetic head el enent. Further objects and advantages of the

present inreghébic Nead dEiERIPWAME d pEdike RsiewbAdndesetiptbonipfat he
preferred enbodinents of the invention as illustrated 1n the acconpanying

drawi ngs. Gréedris ditidi ] ] ' bl LW
schenaticé§%y iflustratfﬁgﬁgﬁafﬁ%%ﬂ%ggéﬁgggt#%gggfggnﬁe%gggﬁF%%g'mﬁth a

preci se posi {1 04y 3PLUALOEIIGY BnalliethLEH IH0]! JopL aCEPTHI Ng Lo the
present invention;”" Fig. 21s a fIOM{char} |IFys r Flng a part of a
e S R RS R B RSB Bhehpl e TR g ©
embodiment of Fig. 1;
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
embodiment of Fig. 6:

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

i3



process of the magnetic head slider in the enbodinent of Fig. 1 and its

nodi fications; Fig. 4 is a flowchart illustrating a part of a M 2005
manuf act uri ng process of a magnetic head slider in a nDd|f|cat|on() ?¥
enbodi nent of Fig. 1; Fig. 5is a flowchart illustrating a part of a

manuf acturi ng process of a magnetic head slider in another nodification of
the enbodinent of Fig. 1; Fig. 6 is an expl oded oblique view schematically
illustrating a magnetic head slider with a precise positioning .actuator
in anot her embodi ment according to the present invention; Fig. 7 is a

pl ane vi evipkblU3k' ¢ fe | REHBENE Yidad' P} achl el i asrand gEnky gf £i0.

6, seen fromthe ABS side; “Fig ow chart strating a pa

manuf act ur o gnetic head slider in the enbodinent of
Fig. 6; Fig 5{18 Ef’% [ggél%f\i\?é{%ﬂg%‘tratl ng a part of a rranuf acturing 13 20 May

2005 f t head th nb t of d
its ng(rjlc)??§:t |Oonfs| gFr%@nJ%)léfs lf??(n’éd; %Irfﬁ'g'r“gt (r%ngaﬁ Qo'f‘g’éu’%%%m?&%pi ng

process of an actuator section in the enmbodi nent of F| g. 6 and
process of an actuator section in the embodimént of Flg 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



its nodifications; and Fig. 11 is a flow chart illustrating a part of a

manuf acturing process of a nmagnetic head slider In a nodificati

enbodi ment of Fig. 6. Best Mdde for Carrying Qut the Invention FOZOOMEWQOO5
schematically illustrates a magnetic head slider wth a precise

positioning actuator in a preferred enbodi mrent according to the present

I nvention. In the figure, reference nuneral 10 denotes a nagnetic head
section constituted by a very thin substrate |0a with a thickness of about
50 mfor exanple and a thin-filmlayer 10d wth a thickness of about 35-50

m forred. Ofb e ARURSLEaLe 002 encllleddrdENPLES: A1 ACIUMGE AU ALIX G, b

an adhesi on exanpl € to a rear surface ot the nagnetic

which is orned surf a. fr u

thin-film ayeri%%% i nc ugés aqﬁﬁ%h gEFﬁIWSg§8F|§&HeéE %F%é %ﬁeﬁkﬁ)ﬁﬁﬁfits
term nal el ectrode The tor sec i,on i's con uted by, a base
member | Pt 51%136: c't%n]t%1 e MAgRE g Tfﬁ Loh iér eombrF RGEr %4
20 May 200% i b. An surface of the act uat or Il a mhlch |s opposite to

a surface BfaEEFO%, Serdipts & e WBaFh L6 Péd%9§eant Ehentigure o wighe o

t he magnetic head section 10. On a bottom surface of
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
'tfpe of actuator structures such as a piezoelectric effect

- structure, a electrostrictive effect structure and

15



the actuator section 11, which is hidden in the figure or which is

perpendi cul'ar to the element-formed surface of the magnetic head2gea®?005
10, an ABS is formed. The substrate | Ga of the magnetic head SGC?IZOI’] 10fr2|n
the enbodinent, is an A1203-Ti C substrate that has been typically used

for a magnetic head slider substrate. However, a thickness, nanely a

|l ength in a top-and-rear direction, of the substrate 10a is determned to

a very small value as about 50 pmfor exanple. The thin-filmnagnetic head
el ement 10b and the termnal electrodes |0c are fabricated by a thin-film

manuf act ur & \gePEGhggite 614" 1:findtd Jd16 12ARGRE! A3l HRr Qﬁgiiﬁggﬁ'ﬁg@&é YA

section 11 1s fabriTated using a sem conductor |ntegrati ocess.

Nanel y, ' ' ' ' lib with th im |
okness et nefb A ende s S AN R BRRPRACC ypical 1y used for the

t hi ckness as conventl ona

magnetic head | der ctuator layer Lla with an _electrostatic effect
structure is fortdd a5y qarjr]]é: e MRIBREIE ﬁ?afinféﬁfiﬁf i Hﬁt%rgg%srgég%tw &16%
described |l ater, since this actuator section 11 s individualu%}fabricated

fromthe riffetdt e ddhs grtigtorngectipe & 1B tBES, eBPPd R edSuch as

a piezoelectric effect structure, a electrostrictive effect structure and
15 20 Nay LG5 m# ectr-Onin et Pe3i muufer vexample t whick ais prukaisintiaddaptbe

ot her :
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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than the electrostatic effect structure. A size of the magnetic head slider

with the magnetic head . section 10 and the actuator section 11 in '
enbodinment is 1.25 mmx 1.0 mmx 0.3 nmfor exanple which is subgp;'r‘ﬁlyalg?ps
the sanme as that of the conventional magnetic head slider, and also an
outer shape of this magnetic head slider is substantially the sane as that
of the conventional nagnetic head slider. By applying a drive voltage to

the actuator layer 1lla via signal electrodes (not shown), this actuator

| ayer 1la linearly displaces to a lateral direction as shown by an arrow

Lo, Thus. (Le TRENEYGatSALE SN A e Rbloeopleoges b Lep1laLera)

direction in a simlar manner to precise position t magne

o T 100ee S 0¥ BUSLGA S0 o0 Gl o BppyaLg Pt

thin and very Tight I n nass, u cient disp

even by a ver |l drive force.. it is inportant that _the displacenent is
occurred a?g?%%gsnn%%e%%mhcetfdﬂssg clsoﬁf:sL(S:Ih(?hW%&"thfaaﬂoegﬁg‘ﬁflgéenent i s
occurred a the ‘ﬁ.gs forrged on he base menber 11b of the actuator section
11. Therefdth, b 2cHRYI FaroPer FRTRRY Witk RoftTHGRYESsBEsPY & al ways
keep a stable flying characteristics of the slider. Because of the
extrenely ‘l‘q*iﬁﬁl%las‘%@ﬁ wiid meesenE papmalli §ipplargmenti 95catvant ages can

be obtained: 16 . -
{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



20 May 2005 (a) An actuator of a | owvoltage drive type can be utilized to
avoid to have a detrinental effect on an el ectronmagnetic converngnMay 2005
characteristics of the nagnetic head elenent; (b) An actuator can be forned
with a structure and of a material that will present a snmall displacenent
force; (c) Hgh flexibility in designing an actuator can be expected; and

(d) A vibration characteristics of a suspension wll not be deteriorated
because a nechani cal resonance occurs at a relatively high frequency. Fig.
2 illustrates a flow of a part of a manufacturing process of the nagnetic

head sl i dethiokhéss enbbdimEnidilg F Ghikkne¥d ofi @he3ihkbyshtalicslamdrEs, of
a manufacturing process of the magnetic head slider in the enbodinent of

Fi 1 do¥t f f
5 L ook apet Superb bl (B R0, | | Gt

the magnetic head slider in this enbo n

A 20 T C yaiga & Wdfbd RO ST, WHIGkIEISIASes! DAL 2h £ 8“3!@% L

waf er is prepared (step Si). Then, ormng nmany t n1nagn

el enent s a5§g §¥5 a he A12C3- Tlc wafer 30 using the
na I n- fff nng%e %%%E?é%ﬁlggeE thin-film

conventi o gration an wafer 32 with a
ayer 31 on its QU/AGE 3,90 780 L5L 5P Fhun TR dubSRLsLgee of 113

el enent -i nt egr at'ed "Wa
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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Is ground to obtain a very thin wafer 33 wth a wafer section 17 20 May
2005 t hi ckness not including a thickness of the integrated el emengg, N!g)f, 2005
about several tens pm (step S3). Current working nachine can grind t

wafer to such thin thickness but in future it nmay be possible to grind the
wafer thinner. it is possible to integrate thin-film mgnetic head

el ements on an wafer prelimmnarily thinned. However, in this case, the
waf er nmay be easily deformed during the integration process causing the
fabrication process of the thin-filmnmagnetic head el enents to becone
difficult. Fted Se4QRSd T,  Oriknd ko8 r ab NEY L i on of
the thi n-f?la-%aéﬁlr%%nse%?tcl%%aga %ggterfgﬁt gﬁghg?ggn%%hgﬁgé t&e(r)%l ?ﬂ%n%ﬁlgﬁﬂltéd
wafer 33 i r I_nt. Lndi vi dua e t]

Secti ons STHILENbf Y Hefbestite WALt 5pREE0RS Sho RIS, g
(Zr02) wafer. 35 wWth the sanme thickness as _that .of the conveptj.onal

A1203- Ti C*'\}vearﬂ;'l‘t‘a‘?'r]:5iisS S P80 SERRER TES) ?n%ﬂeﬁ?aﬁvl%??ﬁ Bbeﬁﬁﬁyoge{fté%t rostatic
structure actuator eI%ﬂents 3n the wafer 35 using a sem conduct or

i nt egr at i G TEEIH GRE18RSWAPer 37 with the actuator layer 36 on its
surface is obtained (step S6). Then, the wafer 37 is cut and separated into
i ndi vi dual pi eCPSTERLAELWafoPUSEREROAE Bie (3¢alayy layss 3§ ©F ®afd on

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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bottom surfaces of the actuator sections during this cut and separation
process. Modre concretely, after the wafer 37 is diced into a pl I

bar menbers each having a plurality of 18 20 May 2005 actuat or slej% i|>),[rldsy(20cJ5
aligned, the ABSs are fornmed on the bottom surfaces of the respective
actuator sections and then each bar nenber is cut and separated into

I ndi vi dual pieces of the actuator sections 38. Thereafter, a surface of
the actuator |ayer 36 of each actuator section piece 38 is adhered or
bonded to a rear surface of each magnetic head section piece 34 by a resin

adhesi ve ogahY, @Iﬁg@%ﬁ% }r,}%,t aQyl ReLXdu ngt | | der
39 is obt%?lge%rﬁtep SB) . |3’2’ | E?’?Pa?ggegh%Fgwﬁangﬂpgﬂ:&%%]e%g n%yl _
manuf act urj q&;s of et i ad.slider in a nodification of the
enbodi nentﬂ)%]gp#{:]l. .%ﬁerger;%'ntﬁg@lr?a u Ia‘ljl'%t SPFﬁﬁg%Focess of the magnetic head
slider-in this dificatiqoqn _w || he_ _described w reference to Figs. 3
o e Flrst alatsoporeabig so Jhenprnten e n RadRetie Aot ne
conventi on wafer is prepared (step_S11). Then, bé formng many thin-film
bs

>p . S11) [
magnet i c AR &, Hatemepreldmipprad® tRIRRAG s Havawssr ARP0ERTsC

wafer 30 using the conventional thin-filmintegration technique, an wafer
32-with acase, 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, 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

'-actﬁator layer 36 on its surface is obtained (step S516).

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
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thin-filmlayer 31 on its surface is obtained (step S12). Then, a rear
surface of this element-integrated wafer 32 is ground to obtain 20vKfay 2005
thin wafer 33 with a wafer section thickness not including a thickness” of

the integrated el enments, of about several tens Vum (step S13). Current
wor ki ng machine 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-fil mmgnetic head elenents on an wafer
prelimnarily thinned. However, in this case, the wafer may be easily

def or med dpéangstitfaddl@Yreddlp baP meades QoUFoRdthBembghetgat heaaprocess of
the thin-fil mnmagnetic head el enments to becone difficult. Thus, it is

desired tgedficHk thie dadesyimlfddfesiNg bRt 89 at L2AsAaf bBH31£§I Bofaﬁfam a
magnetic head el enents thereon Thereafter; the thinned wa I's. diced

nl0"a b el il oSBT %%ﬂﬁhﬁa%a@ﬂeﬁgﬁgﬂééh bt iy

head sections aligned (step S14 are
oo fol G, 51 ﬁégweéﬁféhﬁ?%ggw oo A Uk ndltse spro,
oot oot s A RS 1 96 ShRIBTL S Ll Yokar S5 008, .

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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actuator layer 36 on its surface is obtained (step S16). Then, the wafer 37

Is diced into a plurality of bar nenbers 41 each having a plural
actuator sections aligned (step S17). ABSs are formed on bottom ggp@%gszoos

of the actuator sections of the bar nenber 41. Thereafter, a surface of

the actuator |ayer 36 of each bar nenber 41 for the actuator sections is
adhered or bonded to a 20 20 May 2005 rear surface of each bar nenber 40

for the nagnetic head sections by a resin adhesive or by a glass bondi ng
to obtain a bar nenber 42 with a plurality of magnetic head sliders

aligned ( : , ggnQﬁr 42 | ..an e into
individualééggbgéé%fwgﬁgpﬁggﬁg??ggﬁga s|ﬁﬂﬁﬂ§d§85%§P§p%€§9?3{€%fﬁk%§%
illustrates_a flow of rt of .a.manuyfacturin rocess, of a netic head
i der | n BROTHES i iEate ek 1Rt Lon mschdn B thpgtRin e iR ) he
manuf acturin rocess of the .nagnetic head slider in this npdification
Wil be dATREEAE Heaf SAmniTLES boroRe. ASERIFUSE  Fi TS, A AR Eeshied
wafer 30 with the same thickness as  that of the conventional wafer is
prepared (%2 grigfh theryfen) atted; theg ipgsrgrapinnf PEnFhaghainofhhd

el ements and their electrode termnals on the A1203-TIC wafer 30 using the
convent i oriédgnahic Maad iqdemendisi dhereehni que, an wafer 32 with a

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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thin-filmlayer 31 on its surface is obtained (step S22). Then, a rear
surface of this elenent-integrated wafer 32 is ground to obtaln 29 %005
thin wafer 33 with a wafer section thickness not including a thic nes

the integrated el enents, of about several tens pm (step S23). Current
wor ki ng 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-filmnmagnetic head elenents on an wafer prelimnarily thinned.

However, in this 21 20 May 2005 case, the wafer may be easily deforned

during the integfat il »f8A56S HsS %btowgﬁlﬂr LGat h881}§588€§§n§f éﬁg

thin-film nagnetlc head elenents to becone fficul i red

to orind tRgepelel Abhila 'SP dHU SAIL ke LG bk H&%Q&E'(;rggf‘d

elenents t are atlvely ALK 2T rConr s

waf er h_.the s ne nventlo 203-Ti C
hafer vo Mhblledds. o8 ’%iﬂﬂf %%eﬁf% e o the’ ke ; RopuBPase, of gac
structure actuato enents on t he mafer 35 using ﬁen1conductor

i nt egrat i Y- TBTHM %ﬁ?ﬁﬁﬁqﬁﬂ'??tﬁaFﬁriWSCt&EPuﬁFoF PajePasated its
surface is obtalned (step S25). Then, a surface of the actuator |ayer 36 of
the waf er BaINgHIC hgad, & - sections is adhered or bonded to a rear

sur face :
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
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of the wafer 33 for the magnetic head sections by a resin adhesive or by a
gl ass bonding to obtain an wafer 43 (step S26). Thereafter, the @0@#2@5
cut and separated into individual pieces of nagnetic head sliders 3 step
S27). ABSs are formed on bottom surfaces of the actuator sections during
this but and separation process. Mre concretely, after the wafer 43 is
diced into a plurality of bar nenbers 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 nenber is cut and separated
nto indi vidygbeob asesa flcidth TANGHICSA obodeks 83 aR%e20nbY- 20054
t he af orenenti oned enbodineﬁ% agggnndfTications, t he AB%S gre forme dﬁé

t he bottomsHef ace,of eﬂq# LERer . les éﬁﬁ JEd on

t he bottom sur%ace ofa eac pg‘{uece of” tﬁ%ggﬁgéﬁafzé%pg]é a ongrad/qste)lg}%lg{n or t he
separ at ed Rgnel ead .sljder.. A.so, _i.n e_af.orenmentioned. enbodj nent and
nodi fi cat i%ns, nﬁ}fjh"g n%h r?e'isildc%r?géid e"slec elnézns?togr gnfihflﬁﬁegeﬁg}gﬁ??' n%‘fi?ﬁ%bf%cgeﬁ'ear
surface of the ement.-integrated wafer.. However, jt_is ossible to thin
the magnetic heg%“% ﬁ“ﬁ%°5§s F%ﬁﬂpnaia?FeSPnsgﬁF?g%@ By %a #5941 fber

with a pl urali? of ma%netic head sections aligned or a rear surface of a
separ at ed Qﬂje?: Hg e arms 6lb and 6l¢ substantially perpendicularly

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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magneti c head section. Fig. 6 schematically illustrates a magnetic head
slider wth a precise positioning actuator in another enbodi nent

according to the present invention, and Fig. 7 illustrates the n%gnheﬂtallyczoos
head slider of the enbodinment 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 Nmt for exanple
and a thin-filmlayer 60d wth a thickness of about 35-50 Nun formed on
the substrate 60a, and 61 denotes an actuator section fixed by an adhesion

FOr ot XeMBhBol ARk e 1% SOl Y1 TRAREL) Ga050d 3e6hhBBa el

actuator section | ocat ed rear. surface sidé. o

2005 nmagnet,d ect| ' S Qsite.to,an el epent-forned

surf ace or&ggfrpgﬁ?bé%r%%@%&%e%%ﬂﬁ iolf%gﬁéfelacgﬁﬁt?ﬁcfsﬁﬁggmé Ef S film
magnetic hgad el ement 60b and its term nal el ectrodes. The actuator section
61 is cons?%ﬁ%%lt%@ by b%%%"%éﬁ,acguaﬁgFr %Weﬁﬁvéﬂ e®3fnRlg 1%t 610
substanti al | erpendicularly extending frontward from both side ends of
the base GREEZOFAFSLTIG fGTUGFHe 6Pd SLEPnEHTEECRECRT AETBYBRR%ES ar ns 61b
and 61c with spaces fromthese novable arns and substantially

per pendi c FeFRSCLisalsh Bsiga rosendcenfinghprhénbagrating mhecerineat i B indkad

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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section 60 is fixed to the actuator section 61 by for exanple adhering

side surfaces of the magnetic head section 60 to top ends of the2(oidy 2005
arms 61b and 61c, respectively. On a surface of the static part 61d, which

is shown in the figure or which is perpendicular to the el enent-fornmed
surface of the magnetic head section 60, ABSs 6le are forned. The

substrate 60a of the magnetic head section 60, in the enbodinent, is an

Al 2Qg-Ti C substrate that has been typically used for a nagnetic head

slider substrate. However, a thickness, nanely a length in a top-and-rear

di rection, eapethedsebshrbyeca Gy i smalfh QIFIVeFSEoel VELY 18 MBhporeanie. tHhe
thin-filmmagnetic head elenent 60b and its termnal el ectrodes are

fabricatedthy aisbhhBehehtn IMWEAGEAHA N RIS Sgrdtild HeadOsbBRion 60
conventional .process. The actuator section 61 1s mainly formed in this 24

20 ey 2006ngybada endt b SarirRpibria s WRR-ad Wt 315 3B8BCHLSCELLALy

The npbvable arns 61b and 61c of this actuator section are fabrica

form ng achyaiRE LAYELS Pt A GH0 ehled A JRI+RGOYRELHC 6L T Ul si de
surfaces of arm nenbers ~respectively using a Sem conductor in egréilng
As will be

DEoee e AT AT AR, B0 G300 U o RS e
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
Akd) 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 aﬁd 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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fabricated fromthe magneti c head section 60, any type of actuator
structures such as a piezoelectric effect structure, a elect rostQU:Ma? 2005
ef fect structure and el ectromagnetic 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 enbodinent is 1.25 mmx 1.0 mmx 0.3 nmm for

exanpl e-which is substantially the sanme as that of the conventi onal

magneti c head slider. By applying a drive voltage to the actuator |ayers

61f and 6igsviheastsatich£Ct Hedes tAB! maRavALtutifg BVebdEs A fRlb and

6l1c linearly displace to a lateral direction as shown by an arrow 62.

Thus, the gRghetié HEAd SELAdON Qs Sok ifieR! %&g;ebgnagpsri &' al

direction in a simlar manner to precise position . magnef 1 ¢ head

e 1200 5| MR 0® JRUCHL RO M AGC I Ualh VIR epRc®eHPYRBLES DAL, 1

thin and very | I'n nmass,? & sufficient displacerment can

2005 Il _dr f ot s i h
i spi acomerits SECH SRy, sHEEES srcRRaEPRRSEOP BHY alhePalTo

di spl acenent_is occurr at e ABSs 6le fornmed. on the static part 61d of
t he act uat i“bq‘fl%(lat?‘l'ﬂfg}]gfrbmé?nef:ﬁ&ﬁfaﬂit BAEMBREF RRNABRE e will not

change so gs to almqys )
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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keep a stable flying characteristics of the slider. Because of the

extrenely |Iight mass of the novable part, follow ng various adva

be obtained: (a) An actuator of a |low voltage drive type can be U?F?ﬂ@% 9?205_
avoid to have a detrinmental effect on an el ectronagnetic conversion
characteristics of the magnetic head elenent; (b) An actuator can be forned
with a structure and of a material that wll present a small displacenent
force; (C) and High flexibility in designing an actuator can be expected;

(d) A vibration characteristics of a suspension will not be deteriorated

because a FREIGIAGAL PLEGEAIGE AN A ihehd [RIdioHg! BQShi(Qli!eFr agygncy. Fig.
8 illustrates a flow of a part of a manufacturing process of the nmagnetic

head slider in tde eqdosii®nthfa Fiz0 reBat ik il USt a ty of a
manuf acturing process of the nadnetfgﬁﬁgggbgpiigﬁc%n§%ﬁgggﬁ%o ?ﬁ% t of

Fig. 6 andghtsr SO Lk ARS Bhme M9 slkPesd dd YEALES tRePBhhvOhr Sonal.

manuf act uri ng process o th actuator section I'n the enboalnenF i %lg. 6

R L & R S R R N
diced into a plurality of bar members 97 (step $37).

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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First, an A1203-TiC wafer 90 with the sane thickness as that of the

conventional wafer is prepared (step S31).- Then, by formng nanyzg%j,izi@ms

magneti c head elenments and their electrode termnals on the A1203-Ti C
wafer 90 using the conventional thin-filmintegration technique, an wafer
92 with 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

t hi ckness of the integrated el enents, of about several tens pm (step S33).
Current wogkpmg machine can grind the wafer to such thin thickness but in
future it may be possible to grind the wafer thinner. I's possible to

|t
i nt te thin-fi ' j, Bl '
integrate thin-feigm megnelisiigads o 1R %fogl A peher apéglfléég%@ﬁ%:% g

t hi nned. However, Tn this case, the wafer may De easily

| sver,” _ afer "y ifng
e e R e G L L S R R A L

magnetic head elenments to ( . . (

(D e er AhaAlf ' FHE e Aol FaluHb RS e Rl iRt

cach hav) gl iy Sl ROt L6 head sectl o0 oL Lgned (SR Ss e
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
élements 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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I ndi vi dual pieces of magnetic head sections 95 (step S35). On the other

hand, a relatively thick zirconia (Zr02) wafer 96 with the sane tdnc

as that of the conventional A1203-T1C wafer is prepared (step SS%?.M@?,OOS
this wafer 96 is diced into a plurality of bar nmenbers 97 (step S37).
Then, an outside shape of each bar nenber 97 is worked to forma shaped
bar nmenber 98 whi ch has an E-shaped section and |Includes a base, a pair of
novabl e arnms substantially perpendicularly extending frontward from both
side ends of the base, and a static part forned between the novabl e arns

with spacgsghdeie RS Jimkte HEEedRd substantially perpendicul arly
extending frontward fromthe base (step S38). Then, actuator layers 99

W th a plezoel coifdGaHtaiCt Ui 2nhARThAraR §40fs AUELACESLO ndll MRS S

of the shaped bar taln for a uat or

"o | ndi vi HameTh e 53? séciﬂgsng%‘iﬁfgggﬁeéabéﬁs% For,

into individ piecés
side surf s Of5%§0h magneti c head section piece 95 is adhered or bonded

to top en of each actuator section piece 101 by a resin adhesive
or a glass bondln ﬁe cau ht therein and thus an |nd|V|duaI magneti c
head sl i der 1020F‘st t8t &4 F? g€p aglatiesly ihichk Fhgeoars (Z59:bhot t om
surfaces of the static part of the magnetic head slider 102, a final
magneti ¢ MEEGTs POJWAtRoSbe SEMetHigkpese(As that of the conventional

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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28 20 May 2005 S42). Fig. 11 illustrates a flow of a part of a
manuf acturing process of a magnetic head slider in a nodificati cRQoMaPe2005

enbodi ment of Fig. 6. Here, the manufacturing process of the nagnetic 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
conventional wafer |Is prepared (step S51). Then, by formng many thin-film
magneti c head elenments and their electrode termnals on the A1203-T1C
wafer 90 using the conventional thin-filmintegration technique, an wafer
92 with a ie@ividualnpigees oif mednetisuhieade silddersaiload (6seppS@dP) . Thiesy),
a rear surface of this elenent-integrated wafer 92 1is ground to obtain a
very thin af&er@ihgABSm awmftert tec tsuafackli oknehe BRhtiBCpHLL NGE athe

t hi ckness of the Integrated el enents, of about several tens pm (step S53).

Current wongmet it siatergriior] sheiwafiehabfetiehnbhansi DasKknass fit in
future it may be possible to grind the wafer thinner. It is possible to

i nt egr at e dthtaiddd NswgNaldiqg .head elenments on an wafer prelimnarily
t hi nned. However, in this case, the wafer nay be easily deformed during

the integrationnPiBeeaForamentdohl LABLESALALY BRSSP cddiddli B film

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 méy 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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magneti c head el enments to becone difficult. Thus, it is desired to grind

the wafer after the integration of the thin-film29 20 My 2005 nR@nkAag 2005
head el ements thereon. Thereafter, the thinned wafer 93 is diced into bar
menbers 94 each having a plurality of magnetic head sections aligned

(step S54). On the other hand, a relatively thick zirconia (2Zr02) wafer 96
with the sane thickness as that of the conventional Al12C3-TiC wafer is
prepared (step S55). Then, this wafer 96 is diced into a plurality of bar
menbers 97 (step S56). Then, an outside shape of each bar nmenber 97.is

worked to for mMamshapbik bardifsdiento8nbbidihefts of EnehppedeseCinvdh 8ih

i ncludes a base, a pair of novable arns substantially perpendicularly

ext endi ng haprbaeEehs A b Rriindite idpadh ihlae rrBAS eheaBPiR1 6t A CsBABL
formed between the novable arnms with spaces fromthese novabl e arns ‘and

subst ant i aht Ytlﬁ@rﬂ%%r%”ﬁ{w}éhti%.eﬂﬁ{ NEhbPA BB Gndd AMIAE HERE Rl ep

S57). Then, actuator |ayers 99 with a plezoelectric structure are forned

on side $a665 OfvaH i dENRELS +OF 5 ? haped, ha ; - [n a
bar nenbeﬁ&ﬁoo for Sétuatorqgiéﬁ?bﬁéﬁ'?Fép@§53?9 %ﬁgﬁgygédgﬁgéé#éégﬁgof
each bal NRINESukh |t AMCFLA%r1c8088R7 EQchBR 809aBPLELENEn OfnSach bar

appended claims.
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sections by a resin adhesive or a glass bonding to be caught therein and

thus a bar nenber 104 for nagnetic head sliders is obtained (st

Thereafter, this bar nenber 104 is out and separated into 30 20 %9%2005
i ndi vi dual pieces of magnetic head sliders 102 (step S60). Then, by

form ng ABSs on bottom surfaces of the static part of the magnetic head
slider 102, a final nmagnetic head slider 103 is obtained (step S61). In

t he af orenenti oned enbodi nents and. nodifications, a plurality of bar
menbers 97 for actuator sections are formed by dicing a zirconia wafer 96.
However, a bar menber 105 for actuat orCEAMS ons may be directly formed by
nolding a zirconia material in a bar nenber shape and by sintering the

nol ded zirconia bar nenber. Al so, a shaped bar nmenber 106 for actuator

sections may be directly forned by nolding.a zirconia material in a bar
nmenber with aan-sh 3‘88%‘5’%{%’?13B?/%&'Ssyf’%'t'ﬁl"&?%at?fh@m%méd zi rconi a bar
nmenber. Furthernore t in.t af orenentianed enbqdi.nent s .and

nodi fications, a re%rtﬁibté]%gégghé daﬂe%gl ‘CRERE - P??y@a&&'tg'da%teﬁu%?%tw&nd to

obtain a thin grRgashify M&&dﬁzgﬁ tPoh airtbeéﬁhdoaﬁéwl)??aié RePlitlel LsdcPhd

magnetic head section'by grinding a rear surface of a bar mertber for

magneti c head s@fdck@pSosRE tdsdid®fist surface, and 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 each individual nmagnetic head section. The present invention has
been described with reference to nagnetic head sliders with thi nzbng 2005
magneti c head el ements. However, it is apparent that the present |nver¥i on
can be applied to a head slider for a head el enent such as an opti cal

head el ement other than the thin-filmmgnetic head el enent. 31 20 May 2005
Many w dely different enbodi nents of the present invention nay be
constructed without departing fromthe spirit and scope of the present
invention. It should be understood that the present invention is not
limted to the3speciTheé desdistidemesteaimett derldire R, i whdréia st attiboahmaiher except
as defined in the appended clainms. 32 20 May 2005 CLAIMS 1. A head slider
Wi th a preci se SPHBIIEEGhPA chmavablerarme mapeable iof glisplcingiits top sand mingnedn head
menber provided with a first surface that is substantially perpendicul ar

to an air bear FF§ORSS PP drivsr signgl grplied do spidfastuatos mespkangsaid; side sudacsspbsi t e
to said first rface, and at. | east . one head el ement forned_on said first
surface; and a%&gcqeagfrbef"r}?%%ﬁgpeﬁ%?%\w gad q%? ?ﬂfao'ﬁa%'aﬁar?oﬂﬁt'cai’ﬁ‘ﬁ gt uat or
layer | ani nat gt Sk faP8RRoVIBIE s Wil spRLECT Sel y positioning said at
| east one head : paces.

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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el ement, a surface of said actuator |ayer, which is opposite to said base

menber © being fixed to said second surface of said thin plate sh CM%?
menber, said air bearing surface being forned in said base nenbe?gez 2005

head slider with a precise positioning actuator, conprising: a thin plane
shaped head nenber provided with a first surface that is substantially
perpendi cular to an air bearing surface of said head slider, a second
surface opposite to said first surface and at | east one head el enent forned
on said first surface; and an actuator nenber |ocated in a rearward
position of saifd seldmhufasiuriagemetifod of ailgad kliider pith Beradiseditibainglactestber  and
fixed to both side _surfaces of said thin plate shaped head nenber, for
preci sel y posi CPHRTISRY Easterael| east one head element. 33 20 May 2005 3.
The head slider as Fl aimed in cl ?i m%, wherei n said actuator nenber
conprises a pair of FOVER BuC hspdsiedests on & dront syitpoe ©of athegd @lrngsbr t i ons
in response tgu%tr%{ei.ve signal applied to said actuator nenber, said side
surfaces of sal ead nenber being fixed to said top end portions, and a

static part forned gthﬂ?n}é{%ﬂzlaz ?ﬁn%gg%f Eaigfhegg\éfém&ﬁt Aot dobsIBRGE A 1 SThe

head slider as claimed i'n c wherein sald altr pearing surfrace i

formed in sai dnedddiémeialbstrate withideiamigof Aid dsm&h@i med in claim 3,
wherein said actuator nenber further conprises a base to be fixed-to a

support means of sadicindieaid thini Beid, elaMentaidiseats in®ah Glupdlity of indfRiGAPKRL ar s
extend from said base along said air bearing surface.
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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6. The head slider as clainmed in claim3, wherein each of said pair of

novabl e arns conprises an arm nenber, and a piezoelectric el emen20fMay<2005
on or fixed to a surface of said armnenber. 7. The head slider as clal ned
in claiml, wherein said at | east one head elenent is at |east one
thin-filmmagnetic head el enment 34 20 May 2005 8. A manufacturing nethod of

a head slider with a precise positioning actuator, conprising the steps of
formng a plurality of head el ements on a front surface of a head el enent
substrat e; gr| n |ng rear surface of said head el enent substrate so as to

forma thin hédd eBfeRInNUEastiging freingd e daimad in wlaimi S, y“’we'ﬂéa@ wetndnt s;
di dth t t ' t di vi dual
st nember s'fa%“%gég"ﬁﬁ%f‘&?%n?‘ﬁg P Biehg <ol et o it ole™s st Bne

preci se positi %Jggeiﬁgﬁﬁ?ﬂe %?% h@@;[nbchset% hang E@égllégé%%g%s?gﬁl iégo as

to obtain a fixe Ieas

actuator secti @@nbl%ﬁﬁmo%ﬁldaacfﬁﬂfr sét';{{ot'laﬁ?na asétéiﬁ: ffoﬁ%'d%e{v&é(’?ﬁ 52 S -
c i ci'ng

The manufacturing nmethod as clai ned aim8 ereln sal step

i ncl udes cutti apvalild Bapaviad sR@esaarll WhbRinhead f&in@nﬁ@ﬁ cOMBids g BiEO
I ndi vi dual head sections, and wherein said fixing step includes |ntegrally

fixing an act uatrfaces sszid leradisectiondb sai topoerd geets SESdid palSofsRovabletafmebt ai n a
head slider with said actuator section |located at a rear surface side of

sai d head secti on.

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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10. The manufacturing nmethod as clainmed in claim9, wherein said fixing
step conprises fixing an actuator |ayer |am nated on a base menbgo ma§QGO5
actuator section to said rear surface of said head section to obtain a
head slider. 35 20 May 2005 11. ' The manufacturing nmethod as clained in
claim9, wherein said nmethod 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
said actuator section and a static part forned between said pair of

nmovabl e arms witth spgaeawnuiastiriog evetiod asailaimbd i clgims14 whemipsais Gsng stepng
side surfaces of said head section to said top end portions of said pair
of novabl e ar mEomposestixing AR AGURtar iavengmiaterben abass mpmber ofisaig|sebondiber

wherei'n said preparin ste onpris reparing said actuator section

i ncluding a ba?ééan?q?frﬁ‘g afrFﬁreg"%Be 8¥ S@‘EEEEP?PW@&'?% 1 28 ip abRBSFiGTixeddar sai d
pai r of novabl extending fromsaid base. 13. The manufacturing

met hod as clained 1nh claim11l, wherein each of said pair of novable arns

conprises, an arm nmenber and a piezoelectric elenment forned on or fixed to
a surface of said armnenber. 14. The manufacturing nethod as clained in

claim 8, whereip, sarfe fHaRlROWALE MetHdRY bERRdthaiag $21wherdih RalGAGnEs ement

i

substrate into a plurality of individual first bar _nénbers each having a
plurality of hesitieetoepristsa slep 9NErdparlgeari secsm briemudd ead IRAUGRIR bhis €S
integrally fixing a second bar nmenber with a plurality of actuator
sections al i gnefdnowsblssarm refioss capabler oftdidpiacingetstiery end portions ia rédpoasentoaa f i xed
bar nmenber with said plurality of actuator sections |ocated at a rear
surface side oflivezsignal 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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first bar nenber, and wherein said nethod further conprises a step of
cutting and separating said fixed bar nenber into individual heaggs%gﬁrzgos
36 20 May 2005 15. The nmanufacturing nmethod as clained in claim 14, ereln
said fixing step conprises fixing an actuator |ayer |am nated on a base
menber 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 nethod
as clainmed in claim 14, wherein said nmethod further conprises a step of
preparing said _second bar nenmber each including a pair of novable arm

regi ons capabl 0of dNegnaUacgring Imethed @R eigimed it eiaim P, rwhsiein saidt metoddr i ve
signal applied_ thereto and a stz%tfi c part region fornmed between said pair of
movabl e ar m r ed"SIFE SUFRTFeS f3tPL %Hﬂl%éqaéf?f‘es%ﬁ'EPaF'FSiF‘W&‘CSPBﬁa@&?BW%eS

fixing side s L.d first bar menber to said top end portions of
said pair of %@%&ﬁ%aﬁe@%@%‘?%ns of said second bar nenber. 17. The

manuf acturing nmethod as clainmed in claim 16, wherein said preparing step
conprises preparing said second bar nenber including a base region to be

fixed to a support ReaHfacRhg mtidd oPh HERY SRlePuif %F&%%ig@ﬁﬁﬁge bdier, T r om
said base region. .1S. The manufacturing nmethod as clained in claml6,

wher ei n each otommpisthgthe step®bf: novabl e arm regi ons conpri ses an arm nenber
region and a piezoelectric elenent region forned on or fixed to a surface
of said arm nmenber foagingm@. pldsality Bhbeahplefreatslon @ dronedunfade @b a dlead @REhaént cl ai m
8, wherein each of said head elenents is a thin-film mgnetic 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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37 20 May 2005 20. The manufacturing nethod as clainmed in claim9, wherein
said method further conprises a step of formng at |east one ai r20efayp@005
surface on said actuator section for a head slider. 21. A manufacturing
met hod of a head slider with a precise positioning actuator, conprising
the steps of formng a plurality of head elenents on a front surface of a
head el ement substrate; grinding a rear surface of said head el ement
substrate so as to forma thin head el enment substrate with said plurality
of head elenents; integrally fixing an actuator section substrate with a
plurality of préci sdhepranufaching jnalicad,as sleinestin daim 26 whereimeagh of said of
said thin head elgment subs{:r_a@e so as to obtain a fixed substrate; and
cutting and sepSPLPIEMGNELT thin-Umgnagnss hepdelemen: | ndi vi dual head sl i ders.
22. The manufacturing nmethod as clainmed in claim21, wherein said fixing
step conprises fixing an actuator |layer |am nated on a base nenber of said
actuator sectibgn s ; 0.t hi Q. nt
Substrate so acto  onuickrhd nRuldi e bl By B 3 etige Vo lAT G0

met hod as cl ai eBfplidingthdk®pLds; Wherein said method further conprises a
step of formng at |east one air bearing surface on said actuator section
for a head slider. @fmidg aMBlyra®P@% head elements on a front surface of a head element

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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24. The manufacturing nethod as clained in claim21, wherein each of said
head el ements is a thin-filmmagnetic head el ement. 25. A manufacR0riMay 2005
met hod of a head slider with a precise positioning actuator, conprising

the steps of: formng a plurality of head elenents on. a front surface of a
head el ement substrate; dicing said head el enent substrate with said
plurality of head elenments forned into a plurality of nenbers; grinding a
rear surface of each of said nenbers to have a thin nmenbers; and integrally
fixing an actuator section nmenber with a gl urality of precise positioning

actuator secti éfis t §he Mmapufacturngnsiatiand as claimedpinoiaiey 2P, avifersie ¢apebeaid wi t h
sai d precise positioning.actuafor sections |ocated at a rear surface side
of said thin ?r‘g?r%gl?m?@ ﬁamﬁlwrfg‘?ﬁwt?fﬂ?fﬁf acturing method as cl ai ned

in claim25, wherein each of said head elenents is a thin-filmnmagnetic
head el ement. 40

40





