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i nvention relates to a head slider with a precise posit Hm llfmmlor for
& head el ement such as a thin- filmmagnetic head el enent or«&ssopti cal
head el ement, and to a manufacturing nmethod of the head slider. Background
Art In a magnetic disk drive apparatus, thin-film magnetic head el enments
for witing magnetic information into and/or reading magnetic information
fron1nagnet|c di sks are in general pe§orRMPUION nagnetic head sliders flying
I n operation above the rotating nagnetic di sks. The sliders are supported
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capacities and densities in today's magnetic di sk drive apparatus. For

Technical Field

The present invention relates to a head slider with a
precise 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
magnetic disk (track density) rapidly increase to satisfy the
requirement for ever increasing data storage capacities and
densities in today’'s magnetic disk drive apparatus. For
advancing the track density, the position control of the

magnetic head element with respect to the track in the magnetic
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advancing the track,density, the position control of the nagnetic head
el enent with respect to the track in the magnetic 1 di sk by a voice coi
notor (VCM only has never presented enough <accuracy. In order to solve
t*hi s probl em an additional actuator nechanismis nounted at a position
nearer to the magnetic head slider than the VCM so as to performfine
preci se positioning that cannot be realized by the VCM only. The
techniques for realizing precise positioning of the magnetic head are

descri begl ok o} O 308D Eolh SnoP8keQUChY. ofiLy48a31ficdsd dapssnseapencusn

publ i cation 8180623 A. As for a precise positioning actuator, there
are various _structures of actuator such as for exanple a | oad- beam
struct ur@©°¥tthtor and a pi ggy- back structure actuator. The | oad-beam

structure actuator has two pjezoel ectric .elenents PZT_at h n a
| oad beam of al%u%ﬁ%%EiE%.Sg%%%ethb%195$%$%mtsa%r%d§1t1°“af égfuggog

rrven 1n a nanner to

support with each other to displace the |oad beam so as to Rertornlfine

preci se peshanbsmngs ohounkegneti @ ReadtirndeearstintedtBs PRENFELY Beath

The piggy-back structure actuator is formed by piezoelectric material of

PZT in aglidehathahethshup® wbtasohe perform fine precise positioning
that 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 Japanese patent
publication No. 08180623 A.

As for a precise positioning actuator, there are variqus
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 actuator is formed by
piezoelectric material of PZT in an I-character shape with one
end section to be fixed to a suspension, the other end section
to be fixed to a magnetic head slider and a pillar shaped
movable arm connected between these end sections. The PZT is

driven to perform fine precise positioning of the magnetic head

slider directly attached to this actuator.



end section to be fixed.to a suspension, the other end section to be fixed
to a.-magnetic head slider and a pillar shaped novable arm connected
between these end sections. The PZT is driven to performfine precise
pesitioning of the magnetic head slider directly attached to this
actuator. 2 However, since the aforenentioned conventional precise
positioning actuator is designed to displace the whole of the suspension
or the whole of the magnetic head slider, a mass of the displaced part is

heavy. Thus,:ﬁqu¢g§}mngéb_ f O b P EGL 1 YREE OESnPE R GMBL pRechsdnteria
to be used for the actuator is limted because it is necessary to provide

a very large displ t. (2) A high dri '
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etrinmenta effect on an e ectronaggetic con¥er iog cfa acteristics gf t he
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magnet i cSHRRRNTH AN ; THS) WP i f | PG PABESHGn that 3rM8hEp8ti s
quite | ow bepause a material and a structure of the actuator are limted
and t hustle dtisplaced upatt elofheaey actThtor SRR ATVEATUT RAT iRl Rwing
determined; and (4) A vibration characteristics of a suspension is bad
because vari®ehapieblemesonance occurs at a relatively |ow frequency.
Al so, since the conventional precise positioning actuator
(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
directions are determined; and
(4) A vibration characteristics of a suspension is bad because
a mechanical resonance occurs at a relatively low frequency.
Also, since the conventional precise positioning 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 characteristics of

the slider to deteriorate.



I's designed to displace .the whole of the magnetic head slider so as to
perfermfine precise positioning of a magnetic head elenent, the attitude
of an air bearing surface (ABS) of the "nmgnetic head slider may change
when the magnetic head elenent is displaced by the actuator causing a
flying characteristics of the slider to deteriorate. 3 ti Yukihiro
UEMATSU, "Magnetic Disk Drive Apparatus and Piggy-Back Actuator",

El ectroni cs, pp. 46-48, Septenber 1998 discloses a magnetic head slider

structure withygif oF®-BIMAPS®] "1eidesEled Dhsk hersvé depparatusieand o reduce
a mass of the displacing section of the actuator. Wen fabricating
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to integra m Cro-ac structures concurrently with the integration
of magnetic head elenents, Thus i#.'s ve LfLLC t ﬁﬁgp&_é?{ﬁ
structur%lsﬁ%%%%ﬁeatmﬁg%%€+%n?eﬂ%nﬁ éé?ﬁr?%%“%?%%%sgig? ?he TRgnat I o2 hhd
el ements has to change radically. Furthernore, since a strgke of such
m cr o- acembedded simethe shifer st hoRdgFet P crrduge sk Befs P Hifte
i mpractical. Disclosure of Invention It is therefore an object of the
present dhsphacimgtsechionidf théeadteatdsr with a precise positioning
actuator and a
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. Furthermore, 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
displacing 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 slider with a precise positioning actuator and a
manufacturing method of the head slider, whereby a sufficient

stroke can be obtained without changing a manufacturing process



manuf acturing nethod of .the head slider, whereby a mass of a displacing
sectkon of the actuator can be reduced w thout changing a manufacturing
process of a head el enent. Another object of the present inventionis to
provide a head slider with a precise positioning actuator and a

manuf acturi ng nethod of the head slider, whereby a sufficient stroke can
be obtai ned without changing a manufacturing process 4 of a head el enent.
According to the present invention, a head slider with a precise

posi ti ony 0, agts@t Olemdst Udes a thin plane shaped head section provided
with a first surface that is substantially perpendicular to an ABS of the

head slider, a\sSeconthsuEd abfo PPOOSLCLhPehBfoh| (8l nENAT 3EeaaRtyatnl gast

one head el enen on t ITst surface, and an actuator section

| ocated at a side of.the secopd_surface.of th 1,O i rally
fixed topfﬁ%lﬁ%aﬁo§%£%93h?gf6?95?§8Fs%?91588%t?ogﬁ%g ?Egkgtghﬁgggtﬂgﬁg head
el enent. The head section is fornmed in a thin p|lane sha nd_has.a head
el enent 8echienrB¥o¥idedceithat f§r§ﬁb§FéﬁFF8IE?atpéfpéﬁgﬁgﬁpﬁFaiéyan ABS
of the head slider, and an actuator section is integrally fixed to thus
for med hpedpeedicuhantta asiABSobft hkesheafdsdiifieiceaofpeontesustame first
surface of the head section. Therefore, a driving novable part of the
actuat oropposite 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
head element on a first surface that is substantially
perpendicular to an ABS of the head slider, and an actuator
section 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
head 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.



section can be fornmed in an extrenely light mass. Al so, the head el enent
can be fornmed on the head section by a conventional nmanufacturing process.
Furt hernore, because the actuator section has a separated structure from
t'he head section, it is possible to easily fabricate an actuator section
with a sufficiently large displacenent. It is preferred that the ABS is
formed in the actuator section. 51t is also preferred that the actuator
section is fixed to the second surface of the head section. In this case,

preferably, the ad upldy Heddared naldyleshea desea temsecianch ais  fictamttar
| ayer | am nated on the base nenber, and a surface of the actuator |ayer,

whi ch s .opposite:t fﬁ%ﬁﬁ% i {5ed 119 e seqd surface of
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It is preferred that the actuator seciion,is. fixed_t t | de rfaces
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surfaces of the head section being fixed to the top end portions, and a
static peté adiosanesk bsayeen whiclpais eppediE®| €0 afhe DRse BeBRes: 1% is
further preferred that the ABSis fornmed in the static part.

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 fixed 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
so as to always keep a stable flying characteristics of the
slider.

It is preferred that the actuator section further includes
a base to be fixed to a support means 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



Since the displacenent i-s occurred at the head section only and no

di spkacenent is occurred at the ABS fornmed on the static part 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 is preferred that
the actuator section further includes a base to be fixed to a support
nmeans 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
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el enent ormed on or fixed to a surface of the arm nmenber. According to

the presgnt invention.. o] uLkn head slider with
a preci séogg%?t?%n?%gf%’g%%a%%?? ng‘%%?ﬁ%eéfagg?g%hg?ﬂ?@fr)ﬁ?hg a plurality of
head el ements on a front surface of a head el ement. substrate, -a step of
grinding a r@RCAIRG LRrthePTRSEN | LRETR LR st PATR" V\?trﬂa?ﬂgaf)fﬂlfg??t y
of, head elements formed to have a thin head el enent substrate, a step of
di ci ng thethdd ofheachea@nehidenbeitate preelae pPasiriepingf afkBrYPHual
first nenbers, and a step of integrally fixing a second nenber with at

| east onen@Predesea posep i ofii fiormthgas oplusatitpnofoheadhedeémenssf ppsa
nmenbers so as to obtain a fixed nmenber with the at |east one precise
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menber .
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 into 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 plurality
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
elements fornmed on a front surface is ground to thin it, then the thinned
substrate is diced into a plurality of first nmenbers, and a second nenber
wi-th 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 formed in an extrenely
|l ight mass, and the head el enent can be formed on the head section by a

Conve“t'ﬁaﬁheaaaﬂﬁaehéﬁlBﬂxaaoe685he hyaheesrien hemdese theiacpoatdable
section nmenber is separately 7 formed and then fixed to the head section
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suf fi ci ef acenent . I's preferred that the dicing step
i ncl udes cuttiag agd se B%ratlng the thin head el ement substrate into
i ndi vi dubPrABaftSReBPPBRE  "and that the fixing step includes integrally
fixing an actuator section to each of the head sectloEs SO 0 obt a

head slider wilh imePRefarref thati bhe| 6isied steR fiBS UQSFfSBE Yufqangr
the head section. In this case, it is also preferred that the fixing step
i ncl udessépairaging tbeushén heqdr elemenst subsirateadateedpdivifualnbead
actuator section to the rear surface of the head section to obtain a head
slider. gsections, 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 surface
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 surface 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
section 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
includes 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



Alternately, it is preferred that the nethod further includes a step of
preparing the 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 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
novable arnms. In this case, preferably, the preparing step includes

prepari ngr tha, Actd!a9s Sefdivied Nad Udhn tnémb@s caid depidizaeledbric support
means of the head slider, the pair of novable arns extending fromthe

base. I\/brengerné%‘ efr&&‘}%%fﬁ?g& Ceﬁiﬁeﬂ? g &deaé@V&f”ﬁxélr&@mirﬂéxhb@@.S an arm

gfnbenﬁfﬁf ! ezo f | henent grne on or fixed to a surface of the
m nmenber . is preferre t ot i cing step ingl i ¢ thin
head el enent stfbst% é%ré*ﬁ‘?ﬁrc?é tgﬁﬁ ralﬁ}‘)t ]ocflq‘f%aﬁ@?%lu%rfc lﬁes%j &Jbglrgnérehﬁ%%rs
each having a plurality of head elements aligned that the fixin éteg

i ncl udesthin drgad |l gnen thpubsteratirl ko mﬂ&am:h of p*la%‘ﬂfwagf irst
actuator sections aligned to each of the first bar menbers so as to obtain
a fixed thar memthers véddh Hdveimd ua apluyabitwncefidierd sekememts | athgredat a
rear surface side of the first bar member, and that the method further
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i ndi vi dual head sliders.
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 surface
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 regions 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 nenber to a
rear surface of the first bar nmenber so as to obtain the fixed bar nenber.
Aternately, 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 MaHans Wint khiRACRSe  apddfeatatiie fihe prepiaaring raepdes fixing
side surfaces of the first bar nmenber to the top end portions of the pair

of rnovahf %5?&: t S&%’é\fd PAmARBDE indTudihg &a5&se regi
preferagjlricfﬁ{%gegﬁge arll('rjli'tgg s'%}gep I nc ug)es pnr‘epari ngnthe se%ond bar ne%oe?
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of the pair of novable armregions includes an arm nenber region and a
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menber region. According to the present invention, further, a

manuf actpgimgpfretdwabld armecegdnsieinoludes Pk A dNGRREX i BRFiQR ard uat or,
i ncl udes a step of formng a plurality of head elenents on a front surface
of a hegsh iuBIdtBIbDSEIahént arS&dHgn formed on or fixed to a surface of
the arm member region.
According to 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
the plurality 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 section substrate with a plurality

of actuator sections is integrally fixed to the thinned

substrate, and then it is diced into individual head sliders.
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of grinding a rear surface of the head el ement substrate with the

pl urs&i
step of

ty of head elenents forned to have a thin head elenent substrate,
integrally fixing an actuator section substrate with a plurality

of precise positioning actuator sections to a rear surface of the thin

head el

cutting and separating the fixed substrate into individual head sliders.

enent substrate so as to obtain a fixed substrate, and a step of

rear surface of the head el ement substrate with the plurality of head
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because the actuator section substrate is separately fornmed and then fixed

to the

actuator section with a sufficiently large displacenent. It is preferred

hpadcessrerfusthermere, beganse Jdia|af %W%a%?ﬁl‘?%b?%%%a% is

t hat theséparageiyepormetiuded thennfiamad &ot theoherdyelemgnitngubdtoate.base

menber

of the actuator
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 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 dicing the head element 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 plurality of precise positioning actuator sections to the thin

member so as to obtain a fixed member with the precise
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section substrate to a rear surface of the thin head el ement substrate so
as te obtain the fixed substrate. The aforenenti oned nmanufacturing nethod,
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 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 headp@éfﬂ?&ﬁl sybsttaheow EBcthenp! ¥pahtedl at hesdarekaweate o88eEfi Nto
a plurality of ers, a step of grinding a rear surface of each of the

menbers (o _h menbers, and a step of integrally fixing an
actuatorgggcﬁgonaméﬁggF with a pIurallty of preC|se p03|t|on|ng act uat or

sections to the thin nenber sobas to o i?% ﬁ g d gigb th t he
preci se 11 poshthea? ngleRenht SRPSEERFBnEL FBCEPRAPAPTE FE4© ?3%e si de of
the thin nmenber. A head el enent substrate with_the pIurallty of head
el enent selementis oformedopn gufrant ryrfpeedisnfdcgdpintgl At Dloralithpefs,
then a rear surface of the nmenber is ground to thin it, and an actuator
secti on membersw thea @ wedr tsunfacetefittthe mewhénnss isrwn@gttaltlyiri i Xed
to the thinned nenber at a rear surface side of the thinned nenber. Thus,
a drivi ngn8oy¥abh8tuator 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 actuator 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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part of the actuator section nenber can be forned in an extrenely |ight
mass,- and the head el enent can be fornmed on the head section by a
conventional manufacturing process. Furthernore, because the actuator
section nenber is separately formed and then fixed to the head section
menber, it is possible to easily fabricate an actuator section with a
sufficiently Jlarge displacenent. It is preferred that each of the head
elenments is a thin- filmnmagnetic head el ement. Further objects and

advant ag.ﬁé%x?%yfi?%@é&sgﬂdw/@mh%_ p¥bLksBepapRRi8RLnG" Bt hAeoEOl howi ng

descriptio he preferred enbodinents of the invention as illustrated

in th ' d ' . Brief De LRLI | -FlLg. [

obl | que BTERPEEREnarpeafonr, pecordindgts’ 186 BEadent! THYBRESRE. &1 O
reci se position t uat [ f d enbodi '

Bresent anentf%%?gﬁﬁgsug $£°%h?€ LﬁéfﬁggF?gé?ga%P§5£Ba§§?%dgpgatO the

manuf acturing process of the magnetic head slider in the enbodi nent of
Fig. 1; maguf8cteringiprocesasefathagmagpaticoheadnahiilgst 4R K8 process of
t he magnetic head slider in the enbodinent of Fig. 1 and its

modi fi cagmPH8iment 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 another 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
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Fig. 4is aflowchart illustrating a part of a manufacturing process of a
magnetic head slider in a nodification of the enbodinent of Fig. 1; Fig. 5
is a flowchart illustrating a part of a nanufacturing process of a
magnetic head slider in another nodification of the enmbodinent of Fig. 1;
Fig. 6 is an expl oded oblique view schematically illustrating a magnetic
head slider with a precise positioning actuator in another enbodi ment
according to the present invention; Fig. 7 is a plane viewillustrating

the ”agg;%b&%é‘sagf. ﬁédﬁa Hétwexpeahogwaek ¢h 'EhG eﬁboﬁ@ﬁt@nftr 8® Fhg. ABS

si de; om1c art ustrating a part a manufacturing

process of _t C ad slider in the enbodlnent of Fig. 6; Fig. 9is
a V|em1|??ﬁ$¥?§t?&5ggiﬁQP$°8F a nanufacturlng 13 process of the nagnetlc

head slider in the enbodi ment of Fig di f t
a view illustrBtgngl® pard vtey hﬁ#ﬁ?EEFE?Pﬂg 5 eéglg?méﬁggéFgﬁgb?g

section in the enbodinent of Fig. 6 and its nodifications; and Fig. 11 is
ﬁ fhowqcpamces$lqétuataﬂguatparSGGtian iantheceubPA&meRsceSsFag - abnapfet i c
ead slider in a

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 magnetic 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 um for example and a thin-film layer 10d
with a thickness of about 35-50 um 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 electrodes 10c.

The actuator section 11 is constituted by a base member

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

14



nodi fication of the enbodi nent of Fig. 6. Best Mdde for Carrying Qut the
Invention Fig. 1 schematically illustrates a nagnetic head slider wth a
precise positioning actuator in a preferred enmbodiment according to the
present invention. In the figure, reference nuneral 10 denotes a magnetic
head section constituted by a very thin substrate 10a with a thickness of
about 50 Vin for exanple and a thin-filmlayer 10d wth a thickness of
about 35-50 jun forned on the substrate 10a, and 11 denotes an actuator

sect i on f]i.l%(.edfgny s%:it‘%h%e%ifo'h{eoract@&ac@ 9 v INGAT wiUIdiAGE Yppdis vansti C

hea? seéklﬁn I'S opposite to an €élenent-forned surface or a front
surface. The thin-fil | ayer 10d i ncl udes thip-film netic head

el enent a FILERFS t?‘?ﬁ?ﬁ%@lo%l ¢ ;\6%%93 "i?@?eﬁ'h l%ci%aﬁi’?e‘ge{&?ig}r'lgﬂe?g
constituted by a base nenber 11b and a thin actuator |ayer 1la | am nated

on the beuefarsief the magneic readeseftion Wt ufod RHdem surfgaec it s

opposite to a surface |lam nated on the base nenber 11b is fixed to the
rear sutHeacactfatdie segmistn cl headhbektiormiddemnin Hee t Ghowre feeevlvicht he
actuator section 11, which is hidden in the figure or which is

per pendi gyl gérgendivu Bde st tior dpehent { fetmed $inef aegnef i the heaghsenti on
10, an ABS is fornmed. The substrate 10a of the magnetic head section 10, in
the 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 to a very small value as about 50 pm for
example. The thin-film magnetic head element 10b and the
terminal electrodes 10c 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 11lb 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
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enbodi ment, is an A1203-Ti C substrate that has been typically wused for a
magneti c head slider substrate. However, a thickness, nanely a length in a
top-and-rear direction, of the substrate 10a is deternmined to a very small’
val ue as about 50 mfor exanple. The thin-filmmagnetic head el emrent 10b
and the termnal electrodes 10c are fabricated by a thin-film

manuf acturing process simlar to the conventional process. The actuator
section 11 is fabricated using a senm conductor integrating process.

Namel y, Qfeét{cﬁkégﬁxﬂx iﬁHhEFi%‘[;%gghé pasecaRTBEr eaémn haoblaeaswhger

t hi ckness™as conventi ona substrate typically used for the
magneti c,_ . head. sli act uat th an electrostatic effect
st ruct ur ER3B g%?n% eﬁ§r?ﬁsa§i gﬁaﬁg S?r ?ggkating process. As will be
described |l ater, since this actuator section 11 is jndjviduall fabr| at ed

fromthe nagne¥|%1ﬁ%aﬁfsEE?|Bﬂgﬂﬁtlﬁnpea@yﬁélGFraHFEBtBPesW?EBF +EsP€aeh as

a piezoelectric effect structure, a electrostrictive effect structure and
15 el ect seahiort 1€ anduthevecgnaugrusecﬁaﬁnbé1ea§|F?lédéﬂpéélwﬁﬁérlsthan
the electrostatic effect structure. A size of the magnetic head slider with

the magnetbg hmad 15€GhhoR 403 and tbf eganplerwheehi 08 3dbktahbislly the
enbodinent is 1.25 nmx 1.0 nmx 0.3 nmfor exanple which is substantially
the sang,fs LBatngf thetReN¥sALEAR2bnAERINBEhEtheAtleBl 2hde@NdankliSalso
an outer shape of this magnetic head slider is substantially the
same as that of the conventional magnetic head slider.

By applying a drive voltage 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 10 linearly displaces in the lateral
direction in a similar manner to 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 sufficient 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
only and that no displacement is occurred at the ABS formed on
the base member 11b of the actuator section 11. Therefore, the
attitude 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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an outer shape of this nmagnetic head slider is substantially the sane as

t hat ..of the conventional magnetic head slider. By applying a drive voltage
to the actuator layer 1la via signal electrodes (not shown), this actuator
Irayer 1la linearly displaces to a lateral direction as shown by an arrow
12. Thus, the magnetic head section 10 linearly displaces in the |ateral
direction in a simlar manner to precise position the magnetic head

el enent 10b. Since the nagnetic head section 10 that is a novable part s

thin and ry 1ig S f ed C t nLhe e
even by gggeryAéng#Fﬁ§F$€e§¥o€cggw ?81€Q bEPgﬁt€¥§8 c&ﬁ ggd?ggigggﬁeﬁ? IS
occurred at the magneti c_head sect] dlsglacenent S

0
occur r ed@%pigdnko V?o?n@ﬁtﬁ meRha bﬁgé ﬁgnﬂéraﬁlﬁ Efﬂ@age? 4for section

11. Therefore, the attitude of the ABS will not change so as to al ways
keep a scehversignngharaekerdstiescefothehmagnplise. hegdapdements he
extrenely light mass of the novable part, follow ng various advantages can
be obt ai tej: Lﬁn(agtwmtantuamobeofoamédmwibhtagetUuCVerey@edcaﬁ de utilized
to avoid to have a detrimental effect on an el ectromagnetic conversion
char act epagéi €81 0thabewivunptésehtcad ehalkndispbhcémentt faroe;can be fornmed

wth a structure and of a nmaterial that wll present a snmall displacenent
force; (c) High flexibility in designing an actuator can be expected;
and
(4) 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,-TiC 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
electrode terminals on the Al,0,-TiC wafer 30 using the
conventional thin-film integration technique, an wafer 32 with a
thin-film layer 31 on its surface is obtained (step S2).

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

is ground to obtain a very thin wafer 33 with a wafer section
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(c) Hgh flexibility in designing an actuator can be expected; and (d) A
vi bration characteristics of a suspension will not be deteriorated because
a mechani cal resonance occurs at a relatively high frequency. Fig. 2
il-lustrates a flow of a part of a manufacturing process of the nagnetic
head slider in the enbodinent of Fig. 1, and Fig. 3 illustrates a part of
a manufacturing process of the nmagnetic head slider in the enbodi nent of
Fig. 1 and its various nodifications. Here, the manufacturing process of

the magngti&kndeathsti dec1iditdi 8 erberhasst oni thebentegeatbadelbmefits, an
A1203-Ti C wafer 30 with the sane thickness as that of the conventi onal

wafer is prepared (ste S%%. Then ﬁ m t&p -{A#rﬂégﬁgggi ead
el enent s®4n ?%‘éi?év?f&:t e LGS %?ségg't@%%- |%vva er usié:laggmt he
conventional _.thin-filmintegration, techpigue fer 3§ with,.a _thin-film
Cayer 3195W (e RESE 1O TR Hoin (Shbprashs mHERIRLERERFe R naE BE (his
el ement-integrated wafer 32 is ground to obtain a very thin wafer 33 with
a waf er Bessibhe 1ot grth@ethe nsafeRctiPRgTa t hi ckness of the integrated
el ements, of about several tens m(step S3). Current working machine can
grind the waf elttis spedsitbile tdi tkbegsabetthinffiiinemagnetycpbheagdossi ble to
grind the wafer thinner.
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 thinned wafer 33 is cut and separated into
individual pieces of magnetic head sections 34 (step S4).
On the other hand, a relatively thick zirconia (Zro0,)
wafer 35 with the same thickness as that of the 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 on its surface is obtained (step S6).
Then, the wafer 37 is cut and separated into individual
pieces of actuator sections 38 (step S7). ABSs are formed on
bottom surfaces of the actuator sections during this cut and

separation process. More concretely, after the wafer 37 is

diced into a plurality of bar members each having a plurality of
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It is possible to integrate thin-filmmmagnetic head elenments on an wafer
prelimnarily thinned. However, in this case, the wafer may be easily
defornmed during the integration process causing the fabrication process of
tthe thin-fil mmagnetic head el enents to becone difficult. Thus, it is
desired to grind the wafer after the integration of the thin-film
magneti c head el enents thereon. Thereafter, the thinned wafer 33 is cut and
separated into individual pieces of magnetic head sections 34 (step $4).

On the of BehatdRdseltiSh@t LYEhNel N EKe ZABSONARe (£bERed VAT €he3bovtbh t he
sanme thickness as that of the conventional Al 203-TiC wafer is prepared

on Che viiErages S bE o dplBELve CpEFRACHECO LELILRECRHPLRER M0 PP TSy °

on the ustn conduc egration tec wa 37
with the actuator |ayer_ 36 on itsd3£r£ac§ éi 0 taineg gteg S?%. Then, the
waf er 37MEEPEL: 18ngut PRl FeRaFAFedi ARFQi HALViRPaLeBIGFeEcPhalBP secti ons
38 (step S7). ABSs are forned on bottom surfaces of the actuator sections
during ta¢tuaterapeicttensr3Bi on process. More concretely, after the wafer
37 is diced into a plurality of bar nenbers each having a plurality of 18
actuat or sectiThereafgered, atderfdSs of etheraectuahorhdayert 3t ofuedakes of
the respective actuator sections and then each bar nenber is cut and
separ at eget @b fot Nge¥t dor! ppbeeessoist 4@hered or bonded to a rear surface

of each magnetic head section piece 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 Al,0,-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
conventional 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

thickness not including a thickness of the integrated elements,

of about several tens um (step S13). Current working machine
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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 adhesive or by "a glass
bondi ng and thus an individual nagnetic 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 nodification of the enbodinent of Fig. 2. Here,

t he manufacturing process of the nagnetic head slider in this nodification

will be dgscrifff tMd hafedf fenafed afigsehikiatwk 4. birt 1o , fetuAd 20 -dae
waf er 30 W th the sane thlckness as that of the conventional wafer is

prepared (ste T y Qin-filmmagnetic head
el ementg) ar?d) 1%11]?’) t rodetrf erm n s{%lrrlwr%%e A1203-Ti C waf er 30 using the

conventi onal th|n f|In1|ntegrat|on tec mafer 3 mnth thin-film
layer 31 on itid it RASS iRl d%; q'-eepc%fi) %r{“a%nrear alat%ace of
this elenent-integrated wafer 32 |s ground to obtain a ver th|n mafer 33
with a \ifementertdmoan wifamare Hainac bai tyleredi cliovey NdSegr at ed
el enents, of about several tens ~tm(step S13). Current morklng nachlne 19
can gri rehddie e evafier sumsh behiend iy kissermrd during ukke | integration
possible to grind the wafer thinner.
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 thinned wafer 33 is diced into a plurality
of bar members 40 each having a plurality of magnetic head
sections aligned (step S14).
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 35 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 actuator sections aligned
(step S17). 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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It is possible to integrate thin-filmmmagnetic head elenments on an wafer
prelimnarily thinned. However, in this case, the wafer may be easily

def ornmed during the integration process causing the fabrication process of
tthe thin-fil mmagnetic head elenents to becone difficult. Thus, it is
desired to grind the wafer after the integration of the thin-film
magneti ¢ head el enents thereon. Thereafter, the thinned wafer 33 is diced
into a plurality of bar nmenbers 40 each having a plurality of magnetic

head seeddPnsustdddess (8460 $df)medbet Neo Ot bETr thandagnet etahexal y thick
zirconia (2Zr02) wafer 35 with the sane thickness as that of the

conventiéégﬁ%Pé%E%%E%T§g¥@ﬁegdﬁés£f§p3£eﬂy(§t?Pa§§5%onabﬁ§7tSYoBEEEhnS many

el ectros re actuat or enents” on the wafer 35 using a

sem conductor integration techni qu an fer 37.wiih_ghe,. a er
36 on it a%LW?@R%Fiéfdﬁ% 'n%dp?ggﬁ i%ﬁG?EBWﬁ%ﬂ?z% eﬁﬁ% e§1§38%5 é?éghglnto
a plurality of bar nenbers 41 each having a plurality of actuator sections
ali gned (§terpSHLY) . ThEss fach MardePeiotion S HFHadd GfeRFTFALRY Ui
sections of the bar nmenber 41. Thereafter, a surface of the actuator |ayer
36 of eabmdbarduaknpiecdd 6Hrthéemaghebicrheadt sbhders 3BhésteproblBdnded to
a 20 rear surface of each bar nenber 40 for the magnetic head

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 Al,0,-TiC wafer 30 using the
conventional thin-film integration technique, an wafer 32 with a
thin-film layer 31 on its surface is obtained (step S22).

Then, a rear surface of this element-integrated wafer 32
is 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 um (step S23). 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
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sections by a resin adhesive or by a glass bonding to obtain a bar nenber
42 with a plurality of nmagnetic head sliders aligned (step S18). Then,
each bar menber 42 is cut and separated into individual pieces of the
magneti c head sliders 39 (step S19). Fig. 5 illustrates a flow of a part of
a manufacturing process of a magnetic head slider in another nodification
of the enbodinent of Fig. 2. Here, the manufacturing process of the
magneti c head slider in this nodification will be described with reference

to Fi gs'cf%s@,ndtﬁe wafet m&AP ve203s11{ 4efSFmed &ﬁfi‘n% hensapRtégtakiess as

t hat of e conventional wafer Is prepared (step S21). Then, by form ng
many thin-filmna qﬁéic ead_el ene 2§f6€ LL of! eRLT PSRt RL M nal s on the
A1203- Ti RF W &7 g ef§%5ﬁ3£% ?@ %lh-?llﬁ]lntegratlon t echni que,
an wafer 32 with a thin-filmlayer 31 on i%ﬁ,suigac I S o%ﬁained (stqg%
S22). THeagnetighead elements kP sbefdmedithieythte ert B82S jdeHStthd
to obtain a very thin wafer 33 with a wafer section thickness not
i ncl udi nigo agxinid klee swafex haf tex ethet totegeabher of othapbhiins&idPal tens
tun (step S23). Current working nmachine can grind the wafer to such thin
t hi cknespadnétic Heddrelémenty thergassi ble to grind the wafer thinner. It
is possible to integrate thin-filmmagnetic head elenents on an wafer
prelinmnnarily ¢fitHedothOraySia, i 4 tdistAdely thick zirconia (2ro,)

wafer 35 with the same thickness as that of the conventional

Al,0,-TiC wafer is prepared (step S24). 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 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

adhesive 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

are formed on bottom surfaces of the actuator sections during

this 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 pieces

of the magnetic head sliders 39.
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case, the wafer may be easily defornmed during the integration process
causi-ng the fabrication process of the thin-film nmagnetic head elenents to
beconme difficult. Thus, it is desired to grind the wafer after the '
i'ntegration of the thin-film magnetic head el enents thereon. On the other
hand, a relatively thick zirconia (Zr02) wafer 35 with the sanme thickness
as that of the conventional A1203-TiC wafer is prepared (step S24). Then,
by form ng many electrostatic structure actuator elenents on the wafer 35

using a sem cppdigl ofrbPlREn1LRBAT 8ADHE SHENt 28nWRHBA 18T cHtiBnENethe
actuator layer 36 on its surface is obtained (step S25). Then, a surface of

(e 2CLUBEL LBYko 2R’ of Vntoheke 9 oLkablccRo iBhobaRo RS | ¢ 2dher oo

or bonde surface er for € magne ead sections
by a resin adhesive or bé a glass bondi ng éo ob%gin an ﬁafer %3 %sbep
S26) . THaPwayeEr  thecARR:BRY 4Bej Eorledanl EBRaPRFEA™ ARGLALRIPT| BAS! pi eces
of magnetic head sliders 39 (step S27). ABSs are fornmed on bottom surfaces
of the apieeeoefstbei sepatatedgactuptoruseahdionepir thporepasassd. Mre
concretely, after the wafer 43 is diced into a plurality of bar nenbers

each havmagnatipl headli syiaéromagneti c head sliders aligned, the ABSs are
formed on the bottom surfaces of the respective actuator sections and

then each bar gpgberinsStetapdfesientiohed &mbodimenyi dhal mpaeeesatebnshe

magneti c head sliders 39.
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 embodiment
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 séction constituted by a very thin substrate 60a with a
thickness of about 50 um for example and a thin-film layer 60d
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



22 In the aforenenti oned enbodi rent and nodifications, the ABSs are forned
on the bottom surface of each bar nenber. However, the ABS may be forned
on the bottom surface of each piece of the separated actuator section or
t'he separated magnetic head slider. Also, in the aforenentioned enbodi nent
and nodifications, the magnetic head sections are thinned by grinding the
rear surface of the elenent-integrated wafer. However, it is possible to
thin the magnetic head section by grinding a rear surface of each bar

menber \M%&h@tf& WeHd L¥eOf i RHE! Ivh @i s SEshdONEe b 0ikede DEm@n £ 86 rmed
surface of” a separated piece of the nmagnetic head section. Fig. 6

schematica || |ustr ﬁﬂgng i ¢ dhead Sl 480 m Wdva @ A8 ua
positionslun]%yé%% uAa oér %@ngﬁ er enbo&!i%e%tﬁda?g&rmdi ng to the presuerﬁatS a
invention, and Fig. 7 ilJustrates. the netic head slider,of.th

enbodi LTt iy hagnatis hedh ererenpd & qnd HEF R iRit el HFredsance
nunmeral 60 denotes a nagnetic head section constituted by a veryqthin

substrate 60a The RetuatnrigRasidl Gbot SNHH Fered b PafR &l nid-film
| ayer 60d with a thickness of about 35-50 pmforned on the substrate 60a,

and 61 denint exf amowvatil@tarmseelb cand i &kc $ybsrantihebl yrpéopendkeubiely o

both side ends of the nagnetic head section 60. The
extending frontward from both side ends of the base 6la, and a
static part 61d formed between the movable arms 61lb 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
adhering side surfaces of the magnetic head section 60 to top
ends of the movable arms 61lb and 6lc, 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, a 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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actuator section 61 is |located at a rear surface side of the 23 magnetic
head.section 60, which is opposite to an elenent-fornmed surface or a front
surface. The thin-filmlayer 60d includes a thin-filmnmagnetic head
eélrement 60b and its term nal el ectrodes. The actuator section 61 is
constituted by a base 6l1la, a pair of novable arns 61b and 61c
substantially perpendicularly extending frontward from both side ends of
the base 6la, and a static part 61d fornmed between the novable arnms 61b

and 61c JpdduinRRAC &y Td AR ddUistn BYAD e Wwieh Sabst sidpeéd | Yection.
perpendi cularly ext'ending frontward fromthe base 6la. The magnetic head

section, £0 i L xed C t sect 6, SR I ng

si de surﬁfcﬁo%ﬁﬁ%eérﬁrna%%t?c&ﬁa@%e%i%n Oé?gy?%%f s:nds or? ?ﬁggfr%vabl e
arnms 61b and 61c, respectively. On a surface o he stajic rt_61d, which
i s showfabFiaared iRy P THRGhi 3 Y3 Yer %ﬁ’%u%la}r ?rbgt@teg e‘]”g nt - f or med
surface of the magnetic head section 60, ABSs 6le are forned. The

subst r atRiegme lsfc e MgMaturaQn sikide i Dirbrces ok Rrm JMRER®Nt, is an

Al 203-Ti C substrate that has been typically used for a nagnetic head

sl i der stdsytactiorelyowssdarg a ddnicdoredsctomaintegrat ongtprocess { op-E@nickear
direction, of the substrate 60a is determned to a very snmall value. The
t hi n-filgpixeangtiat ARG ENto®d mntht img terotewd . elaectwiadevear e

fabricated by a thin-filmmanufacturing process simlar to the

Conven“dagﬂribed 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 mm x 1.0 mm x 0.3 mm for example which is substantially the
same as that of the conventional magnetic head slider.

By applying a drive voltage to the actuator layers 61f and
61g via signal electrodes (not shown), the movable arms 61b 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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process. The actuator section 61 is mainly formed in this 24 enbodi nent by
a zi rconi a base nenber with a E-shaped section. The novable arns 61b and
61c of this actuator section 61 are fabricated by form ng actuator |ayers
61f and 61g with a piezoelectric structure on side surfaces of arm nenbers
respectively using a sem conductor integrating process, a thick- film

| am nating process or a printing process. As will be described |ater,
since this actuator section 61 is individually fabricated fromthe

magnet i C ohpadtaaCkhv@n 89 a2RsrkyRfadll daakeatfeircel.r uttuiesimpebtastathat
pi ezoel ectric effect structure, a electrostrictive effect structure and

electro ety C i Lye . str n R JAYA t kan t he
ol oot r oot SEpIARYRERET 1 bodinfell 57 R, Ham ok T MR SR on A% 1
t he magneti.c he d§§%%CtiO%}%0 and the actuator 61 i

secti.o t hi.s
enbodi mefP1¥sang ulox U SR IAGH™E .%Smﬂ995rqéaaﬁﬁlghﬁhﬁb Sigle formed
substantially the sane as that of the conventional nagnetic_head_slider.
By appl yioRg thedsitadigopazde 618 ofe thet agtdatiosy sestdrm &l BRETEEATSH gnal
el ectrodes (not shown), the novable arns 61b and 61c linearly displace to
a | at er althdi n¢ttitadeasfsiben ABgsa6 leamidd 6t Thange: 159 @sg et iad whaysd
section 60 linearly displaces in the lateral direction in a simlar manner
to preci xeeposl siteble 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
(4) 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
magnetic head slider in the 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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t he magnetic head el ement 60b. Since the magnetic head section 60 that is a
novakl e part is thin and very light in mass, a sufficient displacenent can
be 25 expected even by a very snall drive force. It is inportant that the
di-spl acenent is occurred at the magnetic head section 60 only and that no
di spl acenent is occurred at the ABSs 6le formed 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 flying characteristics of the slider.

Because pfs thSa£&icLFEdYs | | SltirdTBsh e fmdiff danahimy gardcesd adf alierg vari ous
advant ages can be obtained; (a) An actuator of a lowvoltage drive type can

be utiliged 10, ayold 1o have @ €eLs ! SRBLaimehi of) e&il?”bé”dékéﬂﬁ@&ﬁgnet i c

conver5|oﬁﬂu%arac erlsélcs of the magnetic head elenment; (b) An actuator

can be fornedjai%é?61str Cgﬁrf%ng% %Fﬁgorﬁigﬁ @hetggﬁem%hk gggngsa smal

di spl acenent f esi'gni ng an act can be
expected; and (d) A V|brat|on characteristics of _a, suspe I
det eri orthal oRcHi®CWPYRRILORRE| WaEehnhfcRIBRREFS LFTY b ggkgt i %}eyn h?t@h
frequency. Fig. 8 illustrates a flow of a part of a manufacturing process
of the nbopeing syl shimefilm magnehbodheddtebeéments gnd their
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 obtain a very thin wafer 93 with a wafer section
thickness not including a thickness of the integrated elements,
of about several tens um (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 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 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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Fig. 9 illustrates a part of a manufacturing process of the nagnetic head
slider in the enbodinent of Fig. 6 and its nodifications, and Fig. 9
‘illustrates a part of a manufacturing process of the actuator section in’
t'he enbodi nent of Fig. 6 and 26 its nodifications. Here, the manufacturing
process of the nmagnetic head slider in this enbodinent will be described.
First, an A1203-Ti C wafer 90 with the sane thickness as that of the
conventional wafer is prepared (step S31). Then, by formng many thin-film
nmagnet i ci heavi@hgrepiecasdofhRhgnetliecheadestetronal 3500stbp 885203-Ti C
wafer 90 using the conventional thin-filmintegration technique, an wafer

92 with a th'@nf{ﬁﬁ}éﬁﬁﬁf Rdn@n Atsesdtives |§thkatﬂ§goﬁ§5epz§§%) Then,

a rear surface of t ement-i ntegrated wa i's ground to obtain a
t hi t f h
{hi oknes€abF B Thbhg Fa?eﬁ%ﬁéﬁiﬁ?%hggséah%ﬁ %§§52?é BEhyEhERoRa1) o).

Current mnrklng nachlne can grind the wafer to such t p?n t hi kne§€ but in
future idlayT Sewﬁg§§|BFePFSPSFFﬁd(FﬁEPwéﬁéﬁ “t hi RRRr . fslgagﬁgs 1:%t o

integrate thin-fil mnmagnetic head elenents on an wafer grelln1narlly

t hi nned. dtpedventoi a phusalit¥eoftharwacebersyBe (648P| §3déf or med during
the integration process causing the fabrication process of the thin-film
magnet i ¢ head Bhenpnas dotbidenshapéfofuéachThas, members B@siseworked 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 substantially perpendicularly
extending frontward from the base (step S38). 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 member 100 for actuator sections (step S39). Thereafter,
this bar member 100 is cut and separated into individual pieces
of actuator sections 101 (step S40).

Thereafter, side surfaces of each magnetic head section
piece 95 is adhered or bonded to top end portions of each
actuator section piece 101 by a resin adhesive or a glass
bonding to be caught therein and thus an individual magnetic
head slider 102 is 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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to grind the wafer after the integration of the thin-film nmagnetic 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 S34). Then, each bar nenber 94 is cut and separated into 27 _

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 thickness
as that of the conventional A1203-TiC wafer is prepared (step S36). Then,
this wafgy296 is diced into a plurality of bar menbers 97 (step S37).
Then, an outside shape of each bar nenber 97 is worked to forma shaped

bar nember 98 '.C*llh%ﬁq%t%aﬁé@soe@ SESE 1§ 2shrt N6t W asaufds@ur engai 1 of

novabl e arnms substantia perpendi cul arly extending frontward from both

side ends of the _base, and a.stati r e | e arns
with sPEELHE M th é[é%gnneor‘i/]acblhzeaaér In%l]g%édlt s%%sﬁ??%%ggie‘%%e#d?{éﬁ arly
extending frontward fromthe base (step S38). Then, actuator |ayers 99
with a prebesinent iof Hidctlr e Here - f SPfe oo G tNTing PIOse s Og'ryrﬁhr?enber s

of the shaped bar nmenber 98 to obtain a bar nenber 100 for actuator

sect i ongnganetpieivad Flekdel tigr  thihimodbfieriderr Wbl ke (dgseptbed pat bl ed
I nto individual pieces of actuator sections 101 (step $S40). Thereafter,

si de surfefacerde aacFiggned-ixl head section

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-film magnetic head elements and their
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 S52).

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 pm (step S53). 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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pi ece 95 is adhered or bonded to top end portions of each actuator section
pi ece 101 by a resin adhesive or a glass bonding to be caught therein and
t hus an individual nagnetic head slider 102 is obtained (step S41). Then,
by form ng ABSs on bottom surfaces of the static part of the magnetic head
slider 102, a final magnetic head slider 103 is obtained (step 28 S42).

Fig. 11 illustrates a flow of a part of a manufacturing process of a
magneti c head slider in a nodification of the enbodinent of Fig. 6. Here,

the manyafiddidhdddAsmeaitd hermgnetic head slider in this nodification
will be described with reference to Figs. 9-11. First, an A1203-Ti C wafer

90 with the safg ﬁ%éﬂ&essu?é tﬂihﬂ{e&)fwatﬂber apnaNtd QN W EIbd:S ninRared

(step S51). Then formng many thin-filmmagnetic head el ements and

h I f 0
E:Oﬁl/(l;,‘nt [ oﬁgqta‘rctqh t‘?%Irr}nénnqarﬂ I tﬂgYnA]%cﬁ -I;{qeu(%elv‘\?alﬁéa\‘/éf eﬁggﬂw Pfllagn&f%i n-film

| ayer 91 on its surface is obtalned (step S52). Then, a rear surface of
this ele#ﬁﬁﬂplﬁﬁﬁﬁgrated wafer 92 is ground to obtain a very thin wafer 93
with a wafer section thickness not including a thickness of the |ntegrated
elenents, of Gabdite shhezalhanshs a gieasttigfe IS Hhidy Figrromkd KiZRPhachi ne
can grind the wafer to such thin thickness but in future it may

wafer 96 with the same thickness as that of the conventional

Al,0,-TiC wafer is prepared (step S§55). Then, this wafer 96 is
diced into 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
spaces from these movable arms and substantially perpendicularly
extending frontward from the base (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 member 100 for actuator secfions (step S58).

Then, side surfaces of éach 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 1is
obtained (step S59).

Thereafter, this bar member 104 is cut and separated into

30




be possible to grind the wafer thinner. It is possible to integrate
thin-fil mmagnetic head elenents on an wafer prelimnarily thinned.
However, in this case, the wafer may be easily deforned during the
i'ntegration process causing the fabrication process of the thin-film
magneti c head el enments to becone difficult. Thus, it is desired to grind
the wafer after the integration of the thin-film29 magnetic head el enents
t hereon. Thereafter, the thinned wafer 93 is diced into bar menbers 94
each havingieighalapiéyesfofmgaghecibendadesllidrssallognédtepssep )S54Thedn
the other hand, a relatively thick zirconia (Zr@2) wafer 96 with the sane

thiCknesﬁyafoﬁﬂfﬁgOABEEeoﬁ998?96&09§£fa6é3ngTkﬁéW@ESEibspBEQpéEe@hEStep
S55). Then, this wafer 96 is diced into a plurality of bar nenbers 97

S56) . Then, Ld . h 7 . f
" chapedbap hiniRfoastipeR R927cn e BT mABhe kIR Rbal (< abe 182 48, 0T

a pair of novable arns substantially perpendicularly extending frontward

from bot APayRednfSteP $HL) - pase, and a static part formed between the

novable arms wth spaces fromthese novable arns and substantially

per pendi cul ar| In the eafioneméen bhoned dembodimpptpaged(nedpfsajiogfena

actuator layers 99 with a piezoelectric structure are forned on side
plurality of bar members 97 for actuator 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-shaped 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 possihle
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

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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surfaces of arm nenbers of the shaped bar nmenber 98 to obtain a bar nenber
100 for actuator sections (step S58). Then, side surfaces of each bar
menber 94 is adhered or bonded to top end portions of each bar nenber 100
frfor actuator sections by a resin adhesive or a glass bonding to be caught
therein and thus a bar nenber 104 for magnetic head sliders is obtained
(step S59). Thereafter, this bar nenber 104 is cut and separated into 30

i ndi vi dual pieces of magnetic head sliders 102 (step S60). Then, by

form ng ABSs qiadptéde s¢rd feesrait tdibsd ahéstPasct ﬂﬁetﬂilﬁesémgﬂﬂﬁv@nhﬂ@d
slider 102, a final magnetic head slider 103 is obtained (step S61). In

the af o' nﬂ;é Oé]@rgs% QL FEP En &g a@,gor nggg Pélgl @hepégiﬁittan&fs@

marrbers fOI’ ac r sections are clng a zZirconia wa er 96.

However, bar menber 5 fo actugtor,. s |ons ctJ y..formed by
nol di ng %gz‘f}?%o?ﬁ%lse%tgw%ﬂ‘{)r g&r %ﬁ@e‘i hape an% OSIId sﬁ‘n 1Jertlhng t he
nol ded zirconia bar nenber. Also a shaped bar nmenber 106 for actuator
sect i onsPReSehe %WY%Q$}9nfb$ﬁ%@¢b&lm%FﬁﬁnEOatQ?rEBﬁFéfhﬁt%W?%@lm?%t% bar
menber with an E-shaped section and by sintering the nolded zirconia bar

menber . des¢hibedrin tihe hopebificationf oexcepti anedethhedi aentke and
nodi fications, a rear surface of an elenent-integrated wafer

appended claims.
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is ground to obtain a thin nmagnetic head section, it is possible to obtain
a thisn magnetic head section by grinding a rear surface of a bar nenber
for 'magnetic head sections or a rear surface of each individual nagnetic
head section. The present invention has been described with reference to
magneti c head sliders with thin-filmmagnetic head el enents. 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-film
magneti c head elenment. 31 Many w del ycdnfif4gr ent enbodi ments of the present
invention may be constructed w thout departing fromthe spirit and scope

of the pi?sentAil‘i‘%!&&.téfgde}:twﬁ@ﬂ“&dpP?gi'EQﬁ%éé??ﬂoh*ﬂﬁ& hBeuapbesent

invention is not Timted to the specific enbodi nents “described in the
specification, except as defined in the appended clainms. 32 CLAIMS 1. A
head sl iG®MPW $H9" preci se positioning actuator, comprising: a thin plane
shaped head section provided with a first surface that is substantially

per pendi cul ar othbP aplaneshapedshead ciegiien; pravided) vikh aatiesbng

surface opposite to said first surface and at | east one head el enent
f or red osurfadefthat is substantially perpendicular to an air bearing

surface of said head slider, a second surface opposite to said
first surface and at least one head element formed on said first
surface; and

an actuator section located at a side of said second
surface of said head section and integrally fixed to said head
section, for precisely positioning said at least one head

element.

2. The head slider as claimed in claim 1, wherein said air

bearing surface is formed in said actuator section.

3. The head slider as claimed in claim 1, wherein said
actuator section is fixed to sald second surface of said head

section.

4. The head slider as claimed in claim 3, wherein said
actuator section comprises a base member and an actuator layer
laminated on said base member, and wherein a surface of said

actuator layer, which is opposite to sald base member is fixed
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surface; and an actuator section |ocated at a side of said second surface
of said head section and integrally fixed to said head section, for
precisely positioning said at |east one head elenent. 2. The head slider
as claimed in claiml, wherein said air bearing surface is forned in said
actuator section. 3. The head slider as clained in claim1l, wherein said
actuator section is fixed to said second surface of said head section. 4.
The head slider as clained in claim3, wherein said actuator section

CONPr i SE%p s POS s IBSRE s@Pfladd SEts@i@néagesectashnated on said base
menber, and wherein a surface of said actuator |ayer, which is opposite to

said base nenber is fixed 33 to said second surface of said head section.
5. The head slider as clainmed in clain14 wherein said air bearing surface

i f i id 6 Th d sl |
:A;ergirnms 'a:S sﬂﬁtﬂf{%‘f gﬁ?’é e ?’o“i%%%ﬁé.gz su %%gsé% &S%JI'd head

section. 7. The head slider as clalned in claim®6, wherein said actuator
section Qﬁﬁﬁ#ﬁge%u%f%%?rl%ffﬁﬁm%ﬁlbna?ﬂ%dc%ﬁéﬁlﬁe%?erdlspIaC|ng its top end
portions in response to a drive signal

6. The head slider as claimed in claim 1, wherein said
actuator section is fixed to both side surfaces of said head

section.

7. The head slider as claimed in claim 6, wherein said
actuator section comprises a pair of movable arms capable of
displacing its top end portions in response to a drive signal
applied to said actuator section, said side surfaces of said
head section being fixed to said top end portions, and a static

part formed between said pair of movable arms with spaces.

8. The head slider as claimed in claim 7, wherein said air

bearing surface is formed in said static part.

9. The head slider as claimed in claim 7, wherein said
actuator section further comprises a base to be fixed to a
support means of said head slider, and wherein said pair of
movable arms extend from said base along said air bearing

surface.
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applied to said actuator section, said side surfaces of said head section
being fixed to said top end portions, and a static part formed between
said pair of novable arns with spaces. 8. The head slider as clained in
cllaim7, wherein said air bearing surface is fornmed in said static part. 9.
The head slider as clainmed in claim7, wherein said actuator section
further conprises a base to be fixed to a support neans of said head
slider, and wherein said pair of novable arns extend from said base al ong
said air bearing surface. 34 10. The head slider as clainmed in claim?7,
wherein each of said pair of novable arnms conprises an arm nenber, and a

pi ezoel eghli c Phenesiaf 1 1@ 0fs0k14ined 1R 818Ukl aceyRbrs@hdeadhmieEnber .
11. The head slider as clained in claim1, wherein said at |east one head

el ement SLc0 {o-fi LG hegd I
nanufact%é%% gE?hégl @fvéﬂ%%aéfég}gggﬁgé%% aggrggﬁs@gﬁg%gltlonlﬁg actuator,
conpr|5|n§ethe ste s of;, formn luralit ad_el en?nts 0

. of
surf ace Btezaehegh %?eﬁ%ﬁ?egﬁbggfg?g;°Br?ﬁd¥ﬁge3 gga? SHFF8EE 8? §3ﬁ8 head

el ement substrate wth said plurality of head elenents forned to have a
t hi n hea@drm member.

11. The head slider as claimed in claim 1, wherein said at
least one head element is at least one thin-film magnetic head

element.

12. A manufacturing method of a head slider with a precise
positioning actuator, comprising the steps of:

forming a plurality of head elements on a front surface of
a head element substrate;

grinding a rear surface of said head element substrate
with said plurality of head elements formed to have a thin head
element substrate;

dicing said thin head element substrate into a plurality
of individual first 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.
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el ement substrate; dicing said thin head el ement substrate into a plurality
of individual first nenbers; and integrally fixing a second nenber with at

| east one precise positioning actuator section to each of said first
menbers so as to obtain a fixed nmenber with said at | east one precise
positioning actuator section |ocated at a rear surface side of said first
menber. 35 13. The manufacturing nethod as clained in claim 12, wherein
said dicing step includes cutting and separating said thin head el enent
substrate into individual head sections, and wherein said fixing step
includes integrally fixing an actuator section to each of said head
sections,g0 as ! | k€ i t cti at ed
2t a reatdourring BRhEFECPaEA0 fLLHSE B B1atfid R e 2e AR od
as claimed,i.n_claim 13, wherei sai d. fiXxing.st tises .fixin n
actuatorSFéQePlFéﬂgnﬁgsa 6H°Eggﬁﬁsgug§%ﬁgraop gggagggﬁﬂgt%%lgeébﬁgngﬁgdsaid
rear surface of said head section to obtain a head slider. 15 The

manuf act BLERgNEePRBAtEEtE| AnkedipAividnal, BeaghseSitionsai @ndehEaeatr t her

conprises a step of preparing said actuator = section that includes a pair
of novabkeidr fisxtagabtepofinglyvgesciingeoreldyp fdrdngonn aesvatoresgetdento a
drive signa
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.

14. The manufacturing method as claimed in claim 13, 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.

15. The manufacturing method as claimed in claim 13, wherein
said method further comprises a step of preparing said actuator
section that includes a pair of movable arms capable of
displacing its top end portions in response to a drive signal
applied to said actuator section and a static part formed
between said pair of movable arms with spaces, and wherein said
fixing step comprises fixing side surfaces of said head section

to said top end portions of said pair of movable arms.

le6. The manufacturing method as claimed in claim 15, wherein
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applied to said actuator section and a static part forned between said
pair..of novable arns with spaces, and wherein said fixing step conprises
fixing side surfaces of said head section to said top end portions of said
pair of novable arns. 16. The manufacturing nethod as clainmed in claiml1l5,
wherein 36 said preparing step conprises preparing said actuator section
including a base to be fixed to a support neans of said head slider, said
pair of novable arns extending from said base. 17. The manufacturing net hod
as cl ai nedianpekbphiiing, svbpr ebmpreaeb prepardngasaidf antualbibe aection
conprises an arm nenber and a piezoelectric elenent forned on or fixed to

a surfacen@iuda2hd a2bgs8efBebe £#8xedh@omBNulippb¥ti MBalBt BEdsasdchanaed in
claim12, wherein said dicing step conprises dicing said thin head el enent

substrate.i a rality_of indiyLd fi r c aving a
p|ura|it§165£§eaﬁggﬁeﬁ%%%s°g|FS?%B?bwﬁgbéi%&EEPQEP?Q?%EE %?gg ggﬁ%fises
integrally fixing a second bar nenber with a plurality of actuator
sections aligned to each of said first bar nenbers so as to obtain a fixed
bar menber with said plurality of actuator_sections |ocated at a rear
surface 7de ofhgananufaeturpng mekbed agnglakeed; AlsaladifelRodWhaFEhBr
conprises a step of cutting and separating said fixed bar nenber into

i ndi vi duahcheafl shiidepair of movable arms comprises an arm member and a

piezoelectric element formed on or fixed to a surface of said

arm member.

18. The manufacturing method as claimed in claim 12, 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 sections aligned to each of said first bar
members so as to obtain a fixed bar member with said plurality
of actuator sections located at a rear surface side of said
first bar member, and wherein said method further comprises a
step of cutting and separating said fixed bar member into

individual head sliders.

19. The manufacturing method as claimed in claim 18, wherein
said fixing step comprises fixing an actuator layer laminated on

a base member of said second bar member to a rear surface of
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19. The manufacturing nmethod as clainmed in claim18, 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 37 said first bar nenber so as to
obtain said fixed bar nmenber. 20. The manufacturing nethod as clained in
claim18, wherein said nethod further conprises a step of preparing said
second bar nenber each including a pair of novable armregions capable of
di splacing its top end portions in response to a drive signal applied

t her et 0 $aild of st st | bapanémbeyi on d9r bedobtakrenasdi ixedi bavf mapbeable arm
regions with spaces, and wherein said fixing step conprises fixing side
surfaces of said first bar nenber to said top end portions of said pair of
novabl e arm regions of said second bar nenber. 21. The manufacturing

met hod cl ai j i i ! ayHn pP180 !
aso cﬁﬁ%’*5¥ﬁﬁéﬁgﬁﬁﬁ%%ﬁmgfﬁﬁﬁ asatfaPrheRaih Ng181RP16ONRhE SESN

preparing said secon I uding a base region to be fixed to a
support neans ai ajr of novabl e ar i QRS ing.fe jd.base
regi on. %ﬁ%£H¢ﬁfm%%u?§E%%?¥n °%%fﬁ%%sa%n%F§?n§g Pﬁééﬁggh§28;5§ﬂé§§?ﬁd each
of said pair of novable armregions conprises an arm nenber ., region and a
pi ezoel RAF i eeBPeFEeRACh e GudtRged BALEr Of i ReYable aru Fediensi ceBrhlar m
menber region. 23. The manufacturing nethod as clainmed in claim12, wherein
each of cfidisphacihentts stés endhportionsndgneespongadtel andrive 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.

21. The manufacturing method as claimed in claim 20, 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.

22, The manufacturing method as claimed in claim 20, 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.

23. The manufacturing method as claimed in claim 12, wherein

each of said head elements is a thin-film magnetic head element.
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38 24. The manufacturing nethod as clained in claim13, wherein said

nmet hod further conprises a step of formng at |east one air bearing
surface on said actuator section for a head slider. 25. A nanufacturing

met hod of a head slider with a precise positioning actuator, conprising
the steps of: formng a plurality of head elenments on a front surface of a
head el enment substrate; grinding a rear surface of said head el enent
substrate wth said plurality of head elenments fornmed to have a thin head
el ement substrate; integrally fixing an actuator section substrate with a
plurality of precise positioning actuator sections to a rear surface of

sai d thijy headrigd GRBNESCOSE{ RS SONSSE 49 OPAANEdain féXethSUDStkRELeiRNd
cutting and separating said fixed substrate into individual head sliders.

26. The nuf i n d i i =Y . wher ei i i Xk pg
step con%r%ge@gﬁryég n%“’gﬁﬁ%gt%‘g’ﬁ%ﬂ%%g %g%g n(g% (ra%lgg“rll”x\g gsge?r%ﬁbg?éo igai d
actuator, secfion substrate to, a rear . surface, of gaid t.hi n_head.el enent

subst r at2e¥pIRE FHLRFSI AP S Y AERRALQELEEFEIRD 5o 0% heRd FhhIfhet uri ng

nethod as clained in claim?25, wherein

25. A manufacturing method of a head slider with a precise
positioning actuator, comprising the steps of:

forming a plurality of head elements on a front surface of
a head element substrate;

grinding a rear surface of said head element substrate
with said plurality of head elements formed to have a thin head
element substrate;

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 obtain a
fixed substrate; and

cutting and separating said fixed substrate into

individual head sliders.

26. The manufacturing method as claimed in claim 25, 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.
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said nmethod further conprises a step of formng at | east one air bearing
surface on said actuator section for a head slider. 28. The nanufacturing
‘met hod as clainmed in claim?25, wherei'n each of said head elenents is a
thin-filmmgnetic head el enent. 29. A manufacturing nmethod 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; dicing said head el ement substrate with said plurality of head
el enents forned into a plurality of nenbers; grinding a rear surface of
each of said nenbers to have a thin menbers; and integrally fixing an

act uat orppect e FIMFadNdtimg ndtHed idy faniedi B¢ ED&imi 2% nghewd 1t or
sections to said thin nenber so as to obtain a fixed nenber with said

pr eci se o 0P Ind G AHAL VoS40 | 68 8l FoBnifd aBUIEAEE ShCa st

sai d thi e manufacturing od as clainmed in claim?2

wherein beaclhlnos}‘ ssuaxl‘ acheeacgn esl.e?l ne;[.cstdéstc‘;ir tshégt{tlarll rT}or gerlleheadh fddgll.er‘rent 40

28. The manufacturing method as claimed in claim 25, wherein

each of said head elements is a thin-film magnetic head element.

29. A manufacturing method of a head slider with a precise
positioning actuator, comprising the steps of:

forming a plurality of head elements on a front surface of
a head element substrate;

dicing said head element substrate with said plurality of
head elements 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 to 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.

30. The manufacturing method as claimed in claim 29, wherein

each of said head elements is a thin-film magnetic head element.
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