9 OCT 2003 HEAD SUSPENSI ON ASSEMBLY W TH PRECI SE POSI TI ONI NG ACTUATOR AND
MANUFACTURI NG METHOD OF THE ASSEMBLY FI ELD OF THE | NVENTI ON The. gy g@anzn%
invention relates to a head suspension assenbly with a precise positioning
actuator, used for a, nagnetic disk device, and to a nethod of

manuf acturing the assenbly. DESCRI PTION OF THE RELATED ART such magnetic
di sk device, a thin-filmnmagnetic head el enent for witing nagnetic
information into and/or reading mnagnetic information froma magnetic di sk

i's in general yhgs "REPERBIEN BHReBLE WAL FRECASE PdyiTI@NIRGOPer ation above
the rotating magnetic disk. The slider is supported at a top end section

of a su§wmﬁt\qm%6m @r}%}m&) t),_gﬁﬁﬂﬂye arm of the magnetic
di sk device. Recently, recorgyng ensite%/' gﬁng the radial direction in the

magnetic disk or along the track width direction rapidly increases to
satisfy the requirenent forever increasing data storage capacities and

densiti i ' tic disk devices. Thus, it is difficult to
perfornff%fbé]rot@g&ﬂ%o@ﬁw g of the magnetic head with respect to the
track in the magnetic disk by the control of onla/ a voice coil nmotor (VCM
as t he Convenﬁ‘%rﬁflesﬁp 1Ry ogoﬁglates to a head suspension

assembly with a precise positioning actuator, used for a-
magnetic disk device, and to a method of manufacturing the

assembly.

DESCRIPTION OF THFE RELATED ART

In such magnetic disk device, a thin-film magnetic head
element for writing magnetic information into and/or reading
magnetic information from a magnetic disk is in general formed
on a magnetic head slider flying in operation above the
rotating magnetic disk. The slider is supported at a top end
section of a suspension extended from one end of each movable
arm of the magnetic disk device.

Recently, recording density along the radial direction
in the magnetic disk or along the track width direétion
rapidly increases to satisfy the requirement forever
increasing dafa storage capacities and densities in today’'s
magnetic disk devices. Thus, it is difficult to perform
correct positioning of the magnetic head with respect to the
track in the magnetic disk by the control of only a voice coil

motor (VCM) as the conventional art.



Techni ques for realizing precise positioning of a magnetic head ahg
described in for exanple U S. Patent No. 5,745,319 and Japanestdu Jagg%%d
pat ent publication No. 180623. In these techni ques, another actuator
mechanismis presented at a position nearer to a magnetic head slider than
the conventional VCM so as to performfine precise positioning that cannot
be realized by the VCM only. However, if such additional actuator is
adopted, problens may be occurred due to lead |ines between the gnetic

head and t he ik : | et | , for exanple a
conposite typg%%ahg%g?% %?agéémf%%ﬂd;p?ggﬁiggﬁggﬁhgg rz%a%agnet oresi stive

ef fect (MR HIANANESe SLENEHGARY Aaddioliead Pathofy ag | nductive

transdu enment, Hor e inestare required for rea witing

operati nd. two or. nore additional .l ead |ines are.required for driving
Che act dard4pr 919, e pBRhSsEaekaRlica B tenk B EREPERE | Hies "on n
suspensi.on. _Since the total .w dth of the |ead |ines increases, the

el asti cil®Y02id t'He thesqy tHAPLIGRes nAOLHET | FHIRtREBFdE e 1€ausi ng an
attitude of the magnetic head and a novenent perfornmance of the head by
nean of PFRECAER ToR PESHFIUL ReareF t R dBrgnetpheadsshides fR@8 to form so
many lead lines within a tongue at which the additional actuator and the
magnet i dhfegennidenadr ¥CHtgm@seto mFoamdEine peciseupeoitignipgs t he
magneti c head slider nove its top end section having the magnetic head

el ement that cannot be realized by the VCM only.

However, if suCh additional actuator is adopted,
problems may be occurred due to lead lines between the
magnetic head and the additional actuator. In a typical‘
magnetic head, for example a composite type magnetic head with
a read head part of a magnetoresistive effect (MR} transducer
element and a write head part of an inductive transducer
element, four or more lead lines are required for reading and
writing operations and two or more additional lead lines are
required for driving the actuator. Thus, it is necessary to
make six or more lead lines on a suspension. Since the total
width of the lead lines increases, the elasticity and the
rigidity of the lead lines become large causing an attitude of
the magnetic head and a movement performance of the head by
mean of the actuator to affect. Furthermore, there is no
space to form so many lead lines within a toﬁgue at which the
additional actuator and the magnetic head slider are attached.

The additional actuator drives the magnetic head slider

to move its top end section having the magnetic head element



- 9 OCT 2003 in the track wdth direction. However, this novenent o@ 1 MR03
slider will also produce novenent at electrical connection part %e %een
the magnetic head slider and the lead lines fixed the suspension causing an
el ectrical or mechanical break in the coupled part. SUMVARY OF THE
INVENTION It is therefore an object of the present invention to provide a
head suspension assenbly with a precise positioning actuator and a net hod
of manufacturing the assenbly, whereby an attitude a magnetic head w ||

not be sq ahieet&sk Riaehaglt<dtlivnandickegbe tthidf mbeadent MFS thAnot her obj ect
of the present invention is to provide a head suspension assembly with a

preci se ALl P G136t gf&mcea Lhadk oft @&@eﬁﬁgﬁ liddgnbbei@ssenbly,

wher eby a novenent performance of a magnetic by the actuator will not

De 50 JBERChEdih Shashhgidis ARLE 91 ey ol L daneso JUhe . obf et of

the pre raventi rovi suspension assendly with a

preci se posjtioning actuator, a nethod of. nufacturin e assenbly,

her eby Snhp e IS EoD, CHECHEN PR r LE7 e noh HESReLer b ol ot neen a
magneti ¢c_head e] epent and | ead |ines can be prevented from occurring.
Accor di St GO DPELENt i nvention, a head suspension assenbly includes a
magnetic head slider with at | east one

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a head suspension assembly with a precise positioning
actuator and a method of manufacturing the assembly, whereby
an attitude a magnetic head will not be so affected by
elasticity and rigidity of lead lines.

Another object of the present invention is to provide a
head suspension assembly with a precise positioning actuétor
and a method of manufacturing the assembly, whereby a movement
performance of a magnetic head by the actuator will not be so
affected by elasticity and rigidity of lead lines.

Further object of the present invention is to provide a
head suspension assembly with a precise positioning actuator
and a method of manufacturing the assembly, whereby an
electrical or mechanical break in a connection part between a
magnetic head element and lead lines can be prevented from
occurring.

According to the present invention, a head suspension

assembly includes a magnetic head slider with at least one



s

O CT 2003 thin-filmmagnetic head el enment, an actuator fixed to the

magneti c head slider for performng precise positioning of the ’&@aﬂﬂor@gn?’
thin-filmnmagnetic head el enment, a support nenber for supporting the
actuator, a flexible first |ead conductor nenber with one end electrically
connected to the at least one thin-filmmgnetic head el enent, at | east
part of the first |ead conductor nenber being fornmed on the support
menber, and a second | ead conductor nenber with one end electrically

connect qgh;10rt 1R BEHMREE  hedd d1RABhE P Rfubbsr SSRAdtheask conduct or

menber is forned on the support nmenber. The support nenber has a first

portion | . f o ;ﬁ}’q ge&@ Is fornmed
and a sg%gﬁgg%%pﬁﬁ.s ?Iﬁ?g?ﬁoﬁg te%%ﬁ 'S ¢?§{e§?gﬁ yhtgde)i[;“:'tllr1 tedet?‘reomthe
second ortion. Accordi t i hr ee- Dpi ructure
suspens F‘%ni\?\na? PG %ﬁ&gﬁg’gjr"r{i ?rﬁaagg?g;%%eeéagngggﬁ %%%’d ac%hlgggfgﬁné#c#ned on the
flexure, if an actuat Is |ocated befween the suspensio nd a magnetic
head st 85 SOPRSHE i he {7 AHET - nAgRLA D RearST IGBE COPMAEe. mmae a5 a
part of the |lead conductor. forned_on the flexure. Thus,_ it is necessary to
use | eHEMRPF &Lty onenend FhRSEEALIY (FPIREtRA g (the Akaleast qoe. :
According to the present invention, however, the support nenber is divided

into a fthisrfhbn mashesic igath edgaebhd atc deABELRAFT @ft RRengifdt i ¢ head

slider of the first |ead
lead conductor member being formed on the support member, and

a second lead conductor member with one end electrically
connected to the actuator. At least part of the second lead
conductor member is formed on the support member. The support
member has a first portion on which the one end of the first
lead conductor member is formed and a second portion. The
first portion is individually separated from the second
portion.

According to the conventional three-pieces structure
suspension with a load beam, a flexure and a lead conductor
formed on the flexure, if an actuator is located between the
suspension and a magnetic head slider, lead linés for thé
magnetic head slider cannot be made as a part of the lead
conductor formed on the flexure. Thus, it is necessary to use
lead wires for the connection with the magnetic head slider.
According to the present invention, however, the support
menmber is divided into a first portion on which one end
connected to the magnetic head slider of the first lead

conductor member is formed and a second portion so that the



conductor nenber is formed and a second portion so that the OCT 2003 first
portion is individually separated fromthe second portion. Th@gﬁ OCT 2003
possible to exist the first lead conductor nenber in different planes and
therefore wireless |ead conductor can be provided. Furthernore, since the
first portion or a top end portion of the support nmenber is individually
separated fromthe second portion or the other portion, a part for

establishing electrical connection with the actuator and a part for

bl i shi cal- on v _ | .
eaa condter a1 LENARERLER seratb e OREL) Eo 2L T Conductor
nmb . b I ded .wi t hout. .i ' ] f bet th
TovonenPEL BT ne THBA HorthyLOarHEnbEr SLEYL A inbHEThal el uat o di Spl acoq

the positign of the nagnetyc head, el enen sult, the elasticity and

t. a_re
the ri gFAREYCTAT MFELPE AR HHEGEERE Qﬁﬁﬂﬁgrgnéﬁﬁqeﬁ%SPrﬁfY 188§ attitude of
the magnetic head. addition, since_an air-floating, ortion of the flexible

first Nead CHHMFEOs: car s PraBideds FHELHEITIORENt SHICG H&eafitst or

el ectrical and/or nechanical break at the electrical connection part with
t he nmagBertiomhedy aclterefRd Perthen ¢f &henfBrPToMeBbetEr+¥$ng. Since no wired
connection is used for establishing electrical connections with the
act uat oindirdidued liyn gepatatade fgom ctharmecong ooy tient Fntlhg) PeEess i s needed
resul ting

portion, a part for establishing electrical connection with

the actuator and a part for establishing electrical connection
with the magnetic head element of the lead conductor member
are divided. Therefore, wireless lead conductor members can
be provided without introducing any interference between .the
movements of the lead conductor members even when the actuator
displaces the position of the magnetic head element. As a
result, the elasticity and the rigidity of the lead conductor
members will not affect an attitude of the magnetic head. In
addition, since an air-floating portion of the flexible first
lead conductor member absorbs the movement of the actuator,
electrical and/or mechanical break at the electrical
connection part with the magnetic head element can be
prevented from occurring.

Since no wired connection is used for establishing‘
electrical connections with the actuator and the magnetic head
element, no wire-forming process is needed resulting
improvement in productivity and improvement in the resistance

characteristics against static electricity.



| mprovenent in productivity and inprovenent in the resistance
characteristics against static electricity. OCT 2003 It is preiq£qﬂ?rgmg$
the actuator and the magnetic head slider are |located at one frace sfide o

t he support nmenber. this case, the support nenber may include a resilient
| oad beam and a resilient flexure supported by the | oad beam and at | east
part of the first and second | ead conductor nenbers my be fornmed on one
face of the flexure. Also, in this case, the support nenber may include a

resilient flexure;l tyHeE | AN cond | ead
conduct or S n@fl&be%%?m thia e QEE?%II ggﬁt ﬁggf g‘(%trté-él 1gezf?zl&lbeam

nmenper s ornea on one r1ace It

s alsogugleriad Laatehhe: RANGLLS hend o8l LgTaldorkofahsd atyone face

si de of € suppo uator 1S ed a e Ot her face

side of .t he suppor menber,. In this case he su It may i nclude a
resilieﬁ%lﬁlﬁ?%$e- aﬁuﬂgﬁﬁi"EWBeﬁﬂmF%&§FlBé?fid?ggﬂée?Frihéilsecond | ead
conduct or nenbers may_be formed on one face of the flexure-load beam It is
pr ef er r B8 ERd t"‘\ﬂéegéﬂﬂ)%‘?’f FHEXHER FIRPArtefaby Jdhe i19Ad Bet 1A t he act uat or
is connected to the one end of the second_|ead conductor nenber through

t he vi a2§eteash pPart P Hhefdmsédand feqomd 1pad CORTRCEREIMINSESti ons of the
support nenber are located in different planes, and that the first |ead
conduct BAY neerfermegnopeone da@op efir thel fleghireheAlso, in this case,

the support member may include a resilient flexure-load beam,
and at least part of the first and second lead conductor
members may be formed on one face of the flexure-load beam.

It is also preferred that the magnetic head slider is
located at one face side of the support member and the
actuator is located at the other face side of the support
member. In this case, the support member may include a
resilient flexure-load beam, and at least part of the first
and second lead conductor members may be formed on one face of
the flexure-load beam.

It is preferred that the support member has a via
section, and that the actuator is connected to the one end of
the second lead conductor member through the via section.

It is preferred that the first and second portions of
the support member are located in different planes, and that
the first lead conductor member can be freely curved from the
first portion to the second portion.

It is alsc preferred that the first portion of the

support member has at least one via hole. In this case, the



first portion to the second portion. It is also preferred that the first
portion of the support nenber has at |east one via hole. In thi§ B88%e2l(Bhe
actuator may be directly fixed to the magnetic head slider "through the at

| east one via hole. The at |east one via hole may be via holes for
reducing a weight of the first portion. Preferably, the one end of the
first lead conductor nenber is directly connected to termnals of the at

| east one thin-filmmagnetic head el enent by ball bonding or by stitch

bondi ng.adthaksr P&} e 84rbbely (Higeh! Eéttrﬁi‘h%aﬁgéﬂkg HeR@ds1£@aduct or menber s

are formed by flexible print circuits wt ad conductor |ayers

sandw cheg By i il AL A0t Ayl %riaAﬁgi’% Si gﬂﬁt& ResR 67ENid MpeAL ! on,

furthernore, “a nanaﬁ# acturing metho ead "suspensi on assenbly which

i ncl udes__a net i.c a lider with at. lLea e g.hin-fil magneti ¢ head
ol eront 1o BE SPEL i i RoR Laflauhl| 4 BhidnE™RE B0 il bobfanoorni ng

reci se positioni_ng of t at | eas n thi n-fi.l mmagnetic head el enent, a
gupport ﬁenberpr 8?9321}!%2:?% ﬂﬁeteﬂ'ﬁi é’%t L?]]é’(? irst hﬁ@i%‘%ﬁ%@& | ead
conductor _ nenper, at | east part of the first |ead conductor nmenber being

formed SBUPRE LRgHdECtIENbACtRE Lo SkITHAME F dduatt SeaSteser . at | east

part of the second | ead conductor nenber _being formed on the support
menber RRInchRblgrsnesic et elepant o AHdcPPRshOTeRY SF1ERe first | ead

conduct or
bonding.

It is preferred that the first and second lead
conductor members are formed by flexible print circuits ﬁith
lead conductor layers sandwiched by insulation layers.

According to the present invention, furthermore, a
manufacturing method of a head suspension assembly which
includes a magnetic head slider with at least one thin-f£ilm
magnetic head element, an actuator fixed to the magnetic head
slider for performing precise positioning of the at least one
thin-£film magnetic head element, a support member for
supporting the actuator, a flexible first lead conductor
member, at least part of the first lead conductor member being
formed on the suppert member, and a second lead conductor
member, at least part of the second lead conductor member
being formed on the support member has the steps of
electrically connecting one end of the first lead conductor
member to the at least one thin-f£film magnetic head element,
electrically connecting one end of the second lead conductor

member to the actuator, and thereafter, cutting the support



nmenber
connect

to the at |least one thin-filmnmagnetic head elenent, electrically
ing one end of the second | ead conductor nenber to the.actyatops)s

and thereafter, cutting the support nenber into first and second portions
the first portion on which the one end of the first |ead conductor.
If the
ion is separated before assenbling it wth the actuator and the
wor kability of the assenbly process will be extrenely reduced.

Hovever neaseer $hfl fi@sithgnd Mawmatl pbRYEstd @0, tBabathe litstg of the first

so t hat
menber

suspens
sli der,

portion or top end portion of the support nenber is performed after

assenbl
W reles
t he ass

resilien

f or med
nmenber
the fi

Is formed is individually separated fromthe second portion.

IGF9bnt &8 HRIRCHhE Headndl bfefhe tHi@stCisad YonABdtdPe suspension,

suspensi on can be provided wthout reducing the workability of

oad beam and a resilient

&R

8%t ace of the flexure.

%‘[&%ﬁb&rpf_%%edi Esifnﬂﬁfdﬁaifgléé@&awa BLRP Yl BBSHKY includes a

exure supported by the |oad beam
and t hat a%.least part of the first and second | ead conductor nenbers are
h is also preferred that the support

It
i ncl ud ilient fl - | b d I f
ot angEs CRB i RAR BB A TPE RO A hPe AP EPIETn tine T ace. ¢ he.

flexure-load beam It i f d.that the fi | d mber i
For med 30 ths e asuntes ol L Peh VPPt LTbp o (R SOy

process will be extremely reduced. However, according to the
present invention, since cutting of the first portion or top
end portion of the support member is performed after
assembling of the magnetic head slider, the actuator and the
suspension, a wireless suspension'can be provided without
reducing the workability of the assembly process.

It is preferred that the support member includes a
resilient load beam and a resilient flexure supported by the
load beam, and that at least part of the first and second lead
conductor members are formed on one face of the flexure.

It is also preferred that the support member includes a
resilient flexure-load beam, and that at least part of the
first and second lead conductor members are formed on one face
of the flexure-load beam.

It is preferred that the first lead conductor member is
formed so as to be freely curved from the first portion to the
second portion.

It is also preferred that the one end of the first lead

conductor member is directly connected to terminals of the at

a



second portion. It is also preferred that the one end of the first Ie&%
conductor nenber is directly connected to termnals of the at e ©ACDH 3
| east one thin-fil mnmagnetic head el ement by ball bonding or by stitch
bondi ng. Further objects and advantages of the present invention wll be
apparent fromthe follow ng description of the preferred enbodi nents of
the invention as illustrated in the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a plane view schematically

illustr tiagﬁc‘éﬁg'&miﬁfﬁhﬁﬁ%}e%ﬁca{l@g@%ﬁﬁ% fi&ﬂZ%BHBiﬂg%& a preferred

enbodi cordirng esent 1 nvention; IS a plane view
illustr tin%_g tq? d section of the head suspension assenbly shown in
Fig. 1: 9% §rischbopddngs yiew schematically illustrating three- di nensional
structure of the top end section of the he suspensi.on_assenbly shown in
f o1 Fig ashah SRR Gaeadee s HEnREFRT VLG T at i ng. an
attachnment structure of a precise positigning actuator and a nmagnetic head
sl i der WPﬂH—Besﬂgﬁﬁﬁ@ﬁoﬁr?%'@ﬁ%f°ﬁ£@ﬁ”§h§$€ﬁ§%%ﬁ“§%§EWEP9 shown in Fig. 1

Fig. 5 is an exploded oblique view schemati cal | illustrati n% a part of

nanufacmupfﬁgng@dﬁﬁygﬁg@@tsﬂﬁ%tﬁ@aynventlon as 1£iustrated in th

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plane view schematically illustrating whole
structure of a head suspension assembly as a preferred
embodiment according to the present invention;

Fig. 2 is a plane view illustrating a top end section
of the head susbension assembly shown in Fig. 1;

Fig. 3 is a side view schematically illustrating three-
dimensional structure of the top end section of the head
suspension assembly shown in Fig. 1;

Fig. 4 is an exploded oblique view schematically
illustrating an attachment structure of a precise positioning
actuator and a magnetic head slider with a suspension in the
head suspension assembly shown in Fig. 1;

Fig. 5 is an exploded oblique view schematically
illustrating a part of manufacturing processes of the head
suspension assembly shown in Fig. 1;

Fig. 6 is an exploded oblique view schematically

illustrating a part of manufacturing processes of a head



suspensi on assenbly shown in Fig. 1, Fig. 6 is an expl oded oblique view

schematically illustrating a part of manufacturing processes §f 0@ hggd
suspensi on assenbly i n another enbodi ment according to the present
invention; Fig. 7 is a side view schematically illustrating three-

di mensi onal structure of a top end section of a head suspension assenbly
in a further enbodi nent according to the present invention; and Fig. 8 is
a side view schematically illustrating three- dinensional structure of a

top end g gﬁ&h@l‘oﬁfas%eﬁngi?tjﬁg‘&%ﬂéfOé}ntﬁ:'ﬁﬁﬁgﬁlcyaédbrg&% L iy ther

enbodi mEntraccor di m resent 1nvention PTI ON OF THE
PREFERRED EMB N¥ 0. schenatlcally illustrates whole structure of a
head su§ﬁgﬁ§P 3”§"§%ﬁBPy in a preferred embodi ment according the present
invention and _Fig. 2 i

t d t tQ d t f t he head
suspensi on asgaﬁbl}5”%HE§EEEEV§%NEQM'e 1ﬁ%§l¥ E%en o I? O ° e

slider-attached side. is a side view schena |c8IIy |IIustrat|ng
t hr ee- dABARSLRAL Sé"FPGF‘t"Eﬁ é)fo1El tor enh SeREIR AT G P§R% he head suspension

assenbly. As shown in these figures, a head suspensiQn assenbly IS
assenbl SUSBONSIGH FESEMPITCin BadRF HIEH @MPRAdpent aoserfingt th

present invention; and

Fig. 8 is a side view schematically illustrating three-
dimensional structure of a top end section of a head
suspension assembly in a still further embodiment according to

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrates whole structure of a
head suspension assembly in a preferred embodiment according
to the present invention and Fig. 2 illustrates in detail a
top end section of the head suspension assembly. These
figures are plane views seen from a slider-attached side. Fig.
3 is a side view schematically illustrating three-dimensional
structure of the top end section of the head suspension
assembly.

As shown in these figures, a head suspension assembly
is assembled by fixing a fine tracking actuator 11 for precise
positioning of a thin-film magnetic head element to a top end
section of a suspension 10, and by fixing a slider with the

magnetic head element to the actuator 11.

10



positioning of a thin-filmnagnetic head elenent to a top end section of a
suspension 10, and by fixing a slider with the magnetic head el gngpt 2083
the actuator 11. 10 m9 OCT 2003 As is well known, a magnetic disk device
has a main or course actuator of VCM for rotationally novi ng a novabl e arm
to which such head suspension assenbly is attached. The actuator 11 shares
the fine positioning of the assenbly, which cannot be adjusted by the nmain
or course actuator. The actuator 11 has as will be described in detai

ater a Singl gql yShe il IAGLH! % Hadholil [drdidYEd HddIG! atn el uding a
pi ezoel ectric or electrostrlctlve material |ayer which expands and

contracts b 6F%éato%V§£%ﬁmPE%&p§$fﬁ%ﬁ4d%llgf$§¥%?do5 Eb@gﬁ&pg&ﬁﬂctlve

i;fecé h | I nechan:f a magnetic head slider
an mecha i ca el ectri.ca led t.Q_t su nsion 10. The

s: zg of fPh@ e '%Pr/hfi‘ j %?ﬁgﬂt?%qmgﬂgqh%laﬁocacpﬁd g?lgt he magnetic head
slider 12 with for exanple 1.25 mm X .1.0 s e I ment, the
act uat oRctyatar fidy sheges: the £39g; ??%H:J@Plf‘ﬂe % tg‘meﬁlas?g@tg or‘?’tﬁgfz t he
suspension 10, near the slider 12, in consideration of its mechanical and

el ect ri cannobehg AdJuAERd b Theemaid R FOHESS ALYt68th the actuator 11 and

the slider 12 are fixed on a surface_of the suspension 10, which
The actuator 11 has as will be described in detail

later a single layer structure or a multi-layered structure
including a piezoelectric or electrostrictive material layer
which expands and contracts by their reverse piezoelectric
effect or electrostrictive effect. The actuator 11 is
mechanically coupled to a magnetic head slider 12 and
mechanically and electrically coupled to the suspension 10.
The size of the actuator 11 is substantially equal to that of
the magnetic head slider 12 with for example 1.25 mm X 1;6 mm
X 0.3 mm. In this embodiment, the actuator 11 is mounted at a
position of the top end section of the suspension 10, near. the
slider 12, in consideration of its mechanical and electrical
performance.

In the embodiment, also, both the actuator 11 and the
slider 12 are fixed on a surface of the suspension 10, which
will oppose to the magnetic disk surface in operation. This
surface of the suspension is called hereinafter as a slider-
attached surface.

Although it is not shown in the figures, a head driver

IC chip may be mounted on a middle location of the suspension

11



w || oppose to the magnetic disk surface in operation. This surface of the
suspension is called hereinafter as a slider- attached surface, Aﬂghogm@ It
is not showmn in the figures, a head driver |1C chip may be noun?ed on a

m ddl e | ocation of the suspension 11 OCT 2003 10. The suspension 10 is
substantially constituted by a resilient flexure 13 which carries the
slider 12 through the actuator 11 at its tongue 17 |ocated near its top
end section, a resilient |oad beam 14 which supports and fixes the flexure
13, and 3 base plate 15 forned at a base end section of the |oad beam 14.
The Ioa& Beam 14 has elasticity for pressing the slider 12 through the

actuator 11 t dth [ [ ' ' ' [ . Th
(Texure 13 ha Bhiuilshe i o0 avsSaREandly banftfitedy BRPAZL P TON he
oa m 14. and I icity f . t] fl.exihbl h [id 2
o et A0S 35Sy "5} Nk SRR RRR L U Bl Sl o 2

enbodi nent, the suspension 10 has_a three-pieces structure constituted b
i ndi vi d@gtuabeipdidetsits tMIUE dxutecated Pﬁ%rﬁﬁ§bt88aﬁ? HEBASB pl at e 15.y

In such three-pieces structure, stiffness of the flexure 13 is set to be
| oner t Bakeshbiens 1lppd pemy 14 which supports and fixes the flexure

13, and a base plate 15 formed at a base end section of the
load beam 14.

The load beam 14 has elasticity for pressing the slider
12 through the actuator 11 toward the direction of a magnetic
disk in operation.

The fléxure 13 has the flexible tongue 17 depressed by
a dimple formed on the load beam 14 and has elasticity for
supporting flexibly the slider 12 through the actuator 11 by
this tongue. As will be noted, in this embodiment, the
suspension 10 has a three-pieces structure constituted by
individual components of the flexure 13, the load beam 14 and
the base plate 15. In such three-pieces structure, stiffness
of the flexure 13 is set to be lower than that of the loéd
beam 14.

The flexure 13 is made of in this embodiment a
stainless steel plate (for example SUS304TA)} with a thickness
of about 25 ¢m. As will be described later, a top end portion
13a of the flexure 13 is separated from other portion 13b of
the flexure 13.

On the flexure 13 and out of the flexure 13, a flexible
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beam 14. The flexure 13 is made of in this enbodinent a stainless steel
plate (for exanple SUS304TA) with a thickness about 25 [Lm As saig lgde 2003
described later, a top end portion 13a of the flexure 13 is separated from
ot her portion 13b of the flexure 13. On the flexure 13 and out of the
flexure 13, a flexible 12 9 OC T 2003 | ead conductor nenber 18 including a
plurality of lead conductors of a thin-filmnmnulti-Ilayered pattern is
formed. The | ead conductor nenber 18 is formed by a known nethod simlar

to the ttern r; rJ ' et ard on a thin
rretétl plola"’l((é:i gaé%%ai’[s@an@ﬂg%b#é; l%lrc :ig?%aé) cdl ?%ﬁ??fh{yf:léé) .le?:gr exanpl e, the
menber 18 is formed by.sequentially. deposi.t] first. ] | ation materi al
| ayer r’rég’éldBF%%W ec% r?ytﬁﬁ%h 1215“ B'Shgfnffg}eé% it hggt%qﬁll c n]gg%rp% “about 5 P.m a
patterne Cu | ayer_ (lead cqonductor | ayer ith.a thickpness of about 4 Ii a
second i%llﬁﬁ‘ﬁloﬁgf’rf?é%??a'f‘e‘!‘ Snﬁﬁe‘?%‘?“e)g ygsﬁ" r?“%oﬁ’@hmﬁgh%%l yinmide with a

t hi pkness_ of about 5 /Lmon the flexure 13 in this order. Wthin the

regi ons SSMILAE ERrithec PRERCTRIEY M6thA HadrEming %H@F?ge‘fl%tt 0 an
external circuit, layer is deposited on the Cu |ayer and_there is no second

i nsul at itgardeerrd dhinapetabipkate Auch Aed TLAXLPEEIPReR 1B @i hown in

Fig. 2 in detail, the
{(FPC). For example, the member 18 is formed by sequentially

depositing a first insulation material layer made of a resin
such as polyimide with a thickness of about 5 i#m, a patterned
Cu layer (lead conductor layer) with a thickness of about 4 [
m, and a second insulation material layer made of a resin such
as polyimide with a thickness of about 5 #m on the flexure 13
in this order. Within the regions of the connection pads to
the‘magnetic head slider and to an external circuit, an Au
layer is deposited on the Cu layer and there is no second
insulation material layer on the Au layer.

In this embodiment, as shown in Fig. 2 in detail, the
lead conductor member 18 is constituted by a first conductor
member 18a including two lead lines connected to the magnetic
head element for one side, thus four lead lines for both sides,
and a second conductor member 18b including two lead lines
connected to the actuator 11 for one side, thus four lead
lines for both sides. |

One end of the lead lines of the first conductor member
18a is connected to connection pads 19 formed on the

individually separated top end portion 13a of the flexure 13.
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| ead conductor nmenber 18 is constituted by a first conductor nenber 18a

I ncluding two |l ead |lines connected to the nagnetic head el enent fﬁ OfR3
side, thus four lead lines for both sides, second conductor neﬁbgr g%
including two | ead |ines connected to the actuator 11 for one side, thus
four lead lines for both sides. One end of the lead lines of the first
conductor nenber 18a is connected to connection pads 19 fornmed on the

i ndividual ly separated top end portion 13a of the flexure 13. 13 9 OCT 2003
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section floating in the air at both sides of the actuator 11 and the
nmagnet i @eRbaE 1§3 dé copnegteditedceRRIG S BRde b PTOREAPAERE dual |y
separated top end portion 13a of the flexure 13. The top end portion 13a
t he ot hepnpestiegn widh ah exfempdxgiecuid-are | ocated in different planes,
respectively. However, since the air- floating section of the first
conduct or [nenbershgmn(ianﬁgee$y'the first conductor member 1l8a

consists of a first section formed on the other portion 13b of
the flexure 13, a second section floating in the air at both
sides of the actuator 11 and the magnetic head slider 12, and
a third section formed on the individually separated top end
portion 13a of the flexure 13. The top end portion 13a and
the other portion 13b of the flexure 13 are located in
different planes, respectively. However, since the air-
floating section of the first conductor member 18a can freely
bend, electrical connection between the conductor member .18a
and the magnetic head element can be ensufed without applying
stress to the individually sebarated top end portion 13a of
the flexure 13. J

Instead of the ball bonding, stitch bonding can be
executed for comnnecting the terminal electrcdes of the
magnetic head slider 12 with the connection pads 19.

One end of lead lines of the second conductor member
18b is connected to connection pads 22 formed on the tongue 17
of the flexure 13. The connection pads 22 are connected to

terminal electrodes of the actuator 11. The other end of lead
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bend, electrical connection between the conductor nenber.18a d the nagnetic
head el enent can be ensured w thout applying stress to the indLygdgpqlﬂmg
separated top end portion 13a of the flexure 13. Instead of the"b

bondi ng, stitch bonding can be executed for connecting the term nal

el ectrodes of the nmagnetic head slider 12 with the connection pads 19. One
end of lead |lines of the second conductor nmenber 18b is connected to
connection pads 22 formed on the tongue 17 the flexure 13. The connection

pads 22 y3r@g CQPEQ_fré ggggﬁ?t@aﬁambr%é@ae&o% of ddigerebiatPrenkl. The ot her

end of lea i nes of the second conductor nmenber 18b i s

ot or nalconniekli RNEP LIRGRERS o4 AAKER Wl B bt o

resilient, stajnless steel plate with a thlckness of about 60- 65 um and
suppor t £f8L6t her portion 13b of the flexure 13 along its whol e |ength.

This | oad beam 14_ha a sh a__w dth .t hat Ir wi th approaching
toits top endPeFhd h%SFV£¥hP£ Stﬁ@b?éhﬂ? e8m 14 is achi eved

by neans of a plurallt of wel ded spots. The hase plate 15 @% made of a
st ai nl eF@sif{ient o'srtailPéﬁSS Fheels plate twithha Haiekness SEcaPIH 6Pt he | oad

beam 14 by
65 1m and supports the other portion 13b of the flexure 13

along its whole length. This load beam 14 has a shape with a
width that narrows with approaching to its top end. Fixing of
the flexure 13 to the load beam 14 is achiéved by means 6f a
plurality of welded spots.

The base plate 15 is made of a stainless steel or iron
and is fixed to the base end section of the load beam 14 by
welding. The suspension 10 will be attached to each movable
arm (not shown) by fixing an attachment part 23 of the base
plate 15 to the movable arm.

In modification, the suspension may be formed in a two-
pieces structure with a base plate and a flexure-load beam
instead of the three-pieces structure with the flexure 13, the
load beam 14 and the base plate 15.

Fig. 4 schematically illustrates an attachment
structure of the actuator 11 and the magnetic head slider 12
with the flexure 13. In the figure, indication of the
conductor members is omitted.

A fixed part l1la of the actuator 11 is fixed to the

tongue 17 of the flexure 13, The fixing of the actuator 11 to
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wel di ng. The suspension 10 will be attached to each novabl e (not shown) by
fixing an attachnment part 23 of the base plate 15 to the novabl el ..
nmodi fi cation, the suspension may be forned in a two- pieces struc uﬁ&Tw?W
a base plate and a flexure-load beam instead of the three-pieces structure
with the flexure 13, the |oad beam 14 and the base plate 15. Fig. 4
schematically illustrates an attachnent structure of the actuator 11 and
the magnetic head slider 12 with the flexure 13. In the figure, indication

he 2 with |
of ‘the .GnElcher 1FRBET, IRV S A1y oty tnflal he actuator 11

s fixe ongu the fl'exure 13. The fixing of the actuator 11

15 -9 2003 th u %?QI d 0 I,ng term nal

el Sct rﬁ?cgﬁ?q’%sd%g%ggﬂe% Iltélgg@‘%g%? a g;(gt%jgy%%t ég?%?p%qlvm th connection
pads 22 formed on the to 7. of .the .tlexure by._adherin Sl conductive
hdhosi v¥AthonmEsEiAR Dafl @2 %85‘&3‘?0 }J“eoﬁ"’%%e ¥Li7x8£ %%er s i
actuator 11 wth connection pads 22 fqorned on the tongue 17 of the flexure
13, or B?fa%é}qlﬁﬁlﬂﬁi?ﬂ'%rcﬁg uﬁﬁ%‘éesie\%égsf“ﬁ%s fﬁ'&?e&eﬁrﬁf‘?a%lla t he actuat or
11 with the tongue 17 of the flexure 13. A novable part |ib of the actuator
11 is deﬂe@trqﬁqa ;gamg@ Qﬂﬂﬁﬁﬁ fixed part 1la of the actuator 11

with connection pads 22 formed on the tongue 17 of the flexure
13, or by adhering using normal adhesives the fixed part lla
of the actuator ll.with the tongue 17 of the flexure 13. A
movable part 1lb of the actuator 11 is directly fixed by using
adhesives to a rear end portion 12a at which side a magnetic
head element 12b is formed, of the slider 12, or indirectly
fixed by using adhesives to the rear end portion 12a through
the top end portion 13a of the flexure 13. In this
specification, "fixed coupling” means such direct or indirect
fixing.

The actuator 11 consists of the fixed part lla, the
movable part 1lb, and two rod shaped beam parts llé and 114
for coupling these fixed and movable parts lla and 1lb. Each
of the beam parts 1lc and 11d is formed by at least one
piezoelectric or electrostrictive material layer sandwiched by
electrode layers. By applying voltage across the electrode
layers, the piezoelectric or electrostrictive material layer
expands and contracts. The piezoelectric or electrostrictive
material layer is ma@e of material that expands and contracts

by reverse piezoelectric effect or by electrostrictive effect.
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adhesives to a rear end portion 12a at which side a nagnetic head el enent
12b is formed, of the slider 12, or indirectly fixed by using-.aghggTvaiito
the rear end portion 12a through the top end portion 13a of the flexure
13. In this specification, "fixed coupling” nmeans such direct or indirect
fixing. The actuator 11 consists of the fixed part 1la, the novable part
lib, and two rod shaped beamparts Ilc and lid for coupling these fixed
and novabl e parts 1lla and Il b. Each the beamparts Ile and lid is forned by

at | east one m;ggg&.&%ﬁ#fon%rd ebﬁ§térfastog€i Eflé“t%}ﬁpé i I11 %5[.1 sandwi ched by

el ectrode |ayers applyrng 'vo age acr oss l'ayers, the

pi ezoel I.C. Qr Cl.rostyi n acts. The

pi ezoel eﬁ‘i i B?lg?‘ié‘flrt t'L‘il % g Jrgar q“%yg{‘ $28%§§ S#P%]{%rl al that
expands and contracts y reve i ezgel ectr ec

el ect r ost¥ ifdeedet ‘éf’fl?clf11 { 200 tg’feﬁr %?r‘irﬂqe& Edge %‘Ffﬁ of the beam
parts lie lid is united with the fixed part ila and thIS flxed part lla 1is
fixed tolkhend) kg ris wltﬂewbﬁlhé&heeﬁﬂ"%ﬁlec ReTheblh 0% §Nig1c and 1id is
united with the novable part lib and this novable part ilb is fixed to the
sl i der Tovabgspaberdings fi¥edtoothe halitermlgar (IRUB; ebRHNG d due to their

expanding and contracting generates the displacenent of the novable part
| i b and mdtdoaf of ethehdedinsphakeidet apfl 1k due fertheir expanding

and contracting generates the displacement of the movable part
11b and therefore the displacement of the slider 12. This
displacement of the slider 12 results the swing of the
magnetic head element along an arc so as to cross recording
tracks of the magnetic disk surface.

In case that the piezoelectric or electrostrictive
material layer of the beam parts 1llc and 114 is made of
piezoelectric material such as PZT (Lead Zirconate Titanate},
the piezoelectric material layers are in general polarized so
as to improve their displacement performance. The polarized
direction is the thickness direction of the actuator 11. When
voltage is applied across the electrode layers and the
direction of the produced electrical field is the same as the
polarized direction, the piezoelectric material layer between
the electrode layers expands in its thickness direction
(piezoelectric longitudinal effect) and contracts in its in-
plane direction (piezoelectric lateral effect)}. Contrary to
this, when the direction of the produced electrical field is

in inverse as the polarized direction, the piezoelectric
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di spl acenent of the slider 12 results the swing of the nagnetic head

el emrent along an arc so as to cross recording tracks of the nmagnetic
surface. case that the piezoelectric or electrostrictive mat er ~al @%.eﬂmgf
the beamparts lie and Iid is nade of piezoelectric material such as PZT
(Lead Zirconate Titanate), the piezoelectric material layers are in
general polarized so as to inprove their displacenent perfornmance. The
pol ari zed direction S the t hi ckness direction of the actuator 11. Wen

voltage I d on of the

produce r|6§Fg$ ?ﬁe %%%§§%§Q§EB g£§5%39}lze d#égﬁ%%on t he

pi ezoel | ay bet rode | aye ex ands inits
t hi ckne(ég1 "'P88§I ec(chazﬁ%’r PPO%&OP%EH@&II% fee:%f!' Eim%f“£ont racts in
its in- plane directiagn é |ezoelectr|c | ateral effect). Contrary to this,
when t h&XBRPEEL FO-t6 IPRBLIG AHTEat Lo i PEapleTETif 119 eT&Li nverse as the
pol ari zed direction, the plezoelectrlc 17 90CT2003 naterial | ayer between

the el e@Efeas) t ayér she ormlitagesvith ia Polartknaddcl vatl i Miucs &88el ectri c

| ongi tudi nal effect) expands in its in-plane direction (piezoelectric

| at er al conptraction fist pppYied dge thieteam poicssi tic vimidkchldi 1| i nduce the
contraction is applied to the beamparts lie and Iid alternately, a ratio
bet ween aliterhaigih & reheo Hetwepar the length of one beam part and

the other beam part changes resuiting that both the beam parts
I1lc and 114 bend toward the same direction in a plane of the
actuator 11. By this bending motion, the movable part 11lb
swings around the fixed part lla along the arrow 24 shown in
Fig. 4. If no voltage is applied, the movable part 11b stays
at the center position. This swing is the displacement of the
movable part 11b to draw an arc locus in the direction
substantially perpendicular to the expanding and contracfing
direction of the beam parts 1llc and 11d and the arc locus is
in a plane of the actuator 1l1. Therefore, the magnetic head
element also swings to draw the arc locus. Thanks to the same
direction between the applied voltage and the polarization in
the piezoelectric material layer, no attenuation in
polarization in occurs.

Similar swing motion can be obtained even if the
voltage alternately applied to the beam parts llc and 114 is
that inducing expansion of the beam parts.

In the embodiment, voltages that induce mutually

reverse motions may be simultaneously applied to the beam
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~the other beam part changes resulting that both the beamparts lic and |lid
bend toward the same direction in a plane of the actuator 11. By$3tBC§ 2003
bendi ng notion, the novable part Iib sw ngs around the fixed part Ila
along the arrow 24 showmn in Fig. 4. If no voltage is applied, the novable
part lib stays the center position. This swing is the displacenent of the
novabl e part 11b to draw an arc locus in the direction substantially

per pendi cul ar to the expanding and contracting direction of the beam parts

I1c and 4,4 andot figs ane, | PesSediSivelly. 2 1Al 8RGO fwdrag, 251 téhRitiky. Therefore,
the magnetic head elenent also swngs to draw the arc |ocus. Thanks to the

ST el SEESSLA ) 5PGiIE.BRALLSD Aokl pae o gleaciestin |1 he

, ho att atron 1 n zatlon I n occurs.

Simlar sw nptiqQn.can gbt ai ned_ev i h V. g ternately
appl i ed at“\t,f;f ﬁgg P24 a&aPPSbﬁ?aé" é’r?ﬁtl gﬁpﬂe‘ﬂ; f"ﬁﬁ% ?‘h%m?%&‘%g g?%lér%alrg:n of the
beam parts. In the enhodi nent, vgltages that. indyce, nutually reverse

mot i ons SPRAFTBELEi 3R VAREoYRYSF -ap ‘?é%”lf-‘g PRI & ?Eheén%P]fOOS parts lie
and |1d, resEect_i vely. In_other words, alternating .voltages may be

si mul t aP8&ls LIP abpIGedered when 8onvpLiage is.applies &0 thetPeMe beam part

expands when the ot her beam gart contracts and vice versa. The swi ng notion
of the me¥hBlre In this case, the amplitude of the swing motion of the

movable part 1llb becomes about twice of that when the vo}tage
is alternately not simultaneously applied to the beam parts
under the condition that the driving voltage levels are the
same.

However, in this case, one of the beam parts is
expanded and therefore the direction of the driving voltage
opposes to that of the polarization in the piezoelectric
material layer. Thus, if the applied voltage is high or the
voltage is continuously applied, attenuation in polarization
of the piezoelectric material layer may occur. It is desired
therefore that a constant DC bias voltage in the same
direction as the polarization direction is additionally
applied to the alternating voltage to form the driving voltage
so that the direction of the driving voltage never opposes to
that of the polarization in the piezoelectric material layer.
The swing motién of the movable part is centered when only the
bias voltage is applied to the beam parts.

The actuator 11 has in this embodiment a united

structure of the fixed part lla, the movable part 11b, and the
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part lib is centered when no voltage is applied to the beam parts. In this
he anplitude of the swing notion of the novable part |ib beco §
wi ce of that when the voltage is alternately not sinukt%ﬁﬂaﬁémﬁ
to the beamparts under the condition that the driving voltage

case, t
about t
appl i ed
| evel s

are the s However, in this case, one of the beamparts is

anded and

therefore the direction of the driving voltage opposes to that of the

pol ari z
vol t age
pol ari z
t herefo
pol ari z

never o
The sw
vol t age

ation in the piezoelectric mterial layer. Thus, if the applied
.S hj ryqt v [ L0 ' ation in
gF%%nbg%?QHﬁébngz%%%gggpi% ﬁ%?%ﬁ@glHﬁg§5%92%§ﬁggéﬁ%$ t is desired

& FoRol Beon o e B8R v, MebP et PR, 2L e nari ng vol & age

to formthe driving voltage sqQ that the direction of the driving voltage
e Betehdr 1R

ERESEEOF HAC G et HRt Yo

i R AR S et EMEEHTIYE naterial | ayer.

ng notion of the novable part_is centered when only the bias

lpyerppl TBYSt hidhe At barand aprBrate fdmsprsianh & thet hi s

enbodi ment a united structure of the fixed part 1la, the novable part lib,
and t heattudt@CTa0b8 BrRentrsy Wwitheoet Queurringasseabhsng exPhot ches f or ned

t hr ough

a single layer or nulti-layers of piezoelectric or
Also, since no adhesive is used for fabricating the actuator,

no adhesive layer exists at the portion where stress will be
produced by the deformation of the beam parts. Thus, no_
mechanical transformation loss due to the adhesive layer and
no deterioration in adhesive strength occur.

In this specification, the piezoelectric or
electrostrictive material is material that expands or
contracts by their reverse piezoelectric effect or
electrostrictive effect. Any piezoelectfic or
electrostrictive material applicable for the beam parts of the
actuator can be used. However, for high rigidity, it is
desired to use a ceramics piezbelectric or glectrostrictive
material such as PZT[Pb(Zr,Ti)O,], PT(PDTiO,},

PLZT[(Pb,La) (Zr,Ti)O,], or barium titanate (BaTioO,).

Fig. 5 schematically illustrates a part of
manufacturing processes of the head suspension assembly shown
in Fig. 1.

As shown in the figure, first, the flexure 13 on which
most of the flexible first and second conductor member 18a and

18b are directly formed, the load beam 14 for supporting and
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el ectrostrictive material with partially fornmed el ectrode |ayers. Thus,
high rigidity and accurate dinensions of the actuator can be exp QE?

wi t hout occurring assenbling error. Also, since no adhesive is ug 02003
fabricating the actuator, no adhesive |ayer exists at the portion where
stress will be produced by the deformation of the beam parts. Thus, no
mechani cal transformation | oss due to the adhesive |ayer and no
deterioration in adhesive strength occur. this specification, the

pi ezoel %5% Plic FIRGLEGSTS | Chld EnfBhald @h?ré {Risrhah 4panesxpands or

contract rever Seé pl ezoe ect rnc ect or electrostrictive

ef f ect z0e C Vv Iefor t he
beam paﬂ §go$h§ é)eétﬁ %’ ﬁ{ecé‘%@e{’%%g %ﬁe@éﬁ%‘grghlgﬁﬁrl gidity, it is
desired to us m cs oeI ectr ost [ | Ve terial such
as PZT[ 5% O%?Ejlb’s] 5’ rtJfﬂ_nZ‘?‘?? et(i‘) eiICS'] 8r PBari um
titanate (BaTi O3) 5_ schematical ly il I ustrate art

manuf actSFPRRGT %?d%’é'ségsu%’ftqué”ﬁ@aﬁ“’s AsPRt Ja&nsgﬂﬁl Mtwf’n Fig 1.
As shown in the figure, first, the flexure 13 on which nost of the

f1 exi bl &epillbent RYPPOEL RS GG 2br tkkESEAIe8a and 18b are directly

formed, the | oad beam 14 for supporting and 20 9 O C T 2003
Then, the fixed part l1lla of the actuator 11 is fixed to

the tongue 17 of the flexure 13 and the terminal electrodes of
the actuator 11 are connected to the connection pads 22.

Then, the rear end portion 12a of the magnetic head
glider 12 is indirectly fixed by using adhesives to the
movable part 1lb of the actuator 11 through the top end
portion 13a of the flexure 13.

Then, the terminal electrodes of the magnetic head
slider 12 are ball-bonded with the connection pads 19 on the
top end portion 13a of the flexure 13 by using the Au balls 21.

Thereafter, the top end portion 13a is separated from
the flexure 13 by cutting the two support tabs 13c at both
sides of the flexure 13. The separation of the top end
portion 13a of the flexure 13 may be performed by cutting each
of the support tabs 13c at one position near the top end
portion 13a, or by cutting it at two different positions near
and far from the top end portion 13a so as to omit a part of
the support tab 1l3c.

As mentioned-above, according to this embodiment, the

top end portion 13a of the flexure 13 on which one end of the
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fixing the flexure 13, and the base plate 15 forned at the base end section
of the load beam 14 are integrally fixed with each other. Theatgf’ﬁ e(ng[ms
portion 13a of the flexure 13 is not separated but is united w Cthe

ot her portion 13b through two resilient support tabs 13c at this stage.
Then, the fixed part ila of the actuator 11 is fixed to the tongue 17 of
the flexure 13 and the term nal electrodes of the actuator 11 are
connected to the connection pads 22. Then, the rear end portion 12a of the

Tovanl ¢ TR PR Ak 185, " Gilon s ERp R OGBS RENARIE 10 Cr (e

flexure,13.. Then, .the termnal electrod of the gnetic, head slider 12
are bal P-GBSnag%f“%&“t HSt ;ﬁ%nﬁ%ﬂr}gcf'?‘iﬁv (gut?gﬁﬁs%a]f%g% ?B‘Bmeﬁbe portion 13a of
the flexure 13 by using the Au balls 21. Thereafter, the. nd portion
13a i s StpsFa® lﬂnoﬁ?gt?lfe thee flerune 15, c’*&l‘ﬁ'néttﬁ% HWliﬁgpg‘?t tabs 13c
at both sides of the flexure 13. The separation of the top end portion
13a of tReatecthn £1XgtneRnWCTRE TIRhRdd 183 Rt 5feTeRENPIIRES@FFort tabs 13c
at one position near the top end portion 13a, or by cutting it at two

di f f er eithepetong gndhreardingngippal fguspensécon ofhain#apoditbiruldateo as to
omt a part of the support tab 13c. As nentioned-above, according to this
enbodi mEabritdlee acopréimy por thencdiBeerdfionhé attexaanebé3easiidshi ch one end of
t he

provided. As a result, a wireless suspension with the
actuator 11 can be provided even if it has a three-pieces
structure.

Furthermore, since the top end portion 13a of the
flexure 12 is individually separated from the other portion
13b of the flexure 13, a part for establishing electrical
connection with the actuator 11 and a part for establishing
electrical connection with the magnetic head element of the
lead conductor member are divided. Therefore, wireless lead
conductor members can be provided without introducing any
interference between the movements of the lead conductor
members even when the actuator 11 displaces the position of
the magnetic head element. As a resuli, the elasticity and
the rigidity of the lead conductor members will not affect an
attitude of the magnetic head. Furthermore, since the
movement of the actuator 11 is absorbed by an air-floating
portion of the flexible first lead conductor member 18b,
electrical and/or mechanical break at the electrical

connection part with the magnetic head element can be
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1 OC'r 2003 first conductor menber 18a, which is connected to the
magneti c head elenent is fornmed is individually separated from_t$:en Ptﬂﬂfi
portion 13b of the flexure 13. Thus, it is possible to |ocate the Q|rst
conductor nenber 18a in different planes and therefore a three-di nensional
suspension that was difficult fabricate according to the conventional art
can be easily provided. As a result, a wireless suspension wth the
actuator 11 can be provided even if it has a three-pieces structure.

Fur t her eGensédCi-d@ckaPrAfYl portion 13a of the flexure 13 is
i ndividually separated fromthe other portion 13b of the flexure 13, a

t f t al):i.shi I ' ; | ' t 11 and
bart for oot ablToR hg CaCoePpRe Ao IR okl PREAVBAIRE e head el o

ectrical connection w etic head el enment

of the | ead, conduct i vided. eref Qr i reless | ead

conduct &1 eﬁ%ﬁﬁ%ggc%%%eggﬂgg%@ﬁggdg%ft?é%ﬂ?t;%t;g ugfﬁa&gﬁg ‘%ﬁf@rference

bet ween_t h venent s of.th%flead conduct or, nqgf;;i ev ggyhen t he actuat or
11 di spPgeesStHEYousPPi BHE S PR ARTAEGSE A8 P ERTII ALY result, the

el asticity the rigidity of the |ead conductor nmenbers will not affect an
attitudé™m FOYW%dﬂeP¥8dmltﬁu??%e%“lﬁ?roéf,em%?‘hc]é‘ the THHVHRDRE of the
actuator 11 is absorbed by an air-floating portion of the flexible first

| ead cofBaEagkerishies gg@gnst static electricity.

In addition, according to the embodiment, since cutting
of the top end portion 13a of the flexure 13 is performed
after assembling of the magnetic head slider, the actuator and
the suspension, the workability of the assembly process is
never reduced.

The advantages of the embodiment are as follows:

(1) A wireless suspension with an acfuator mounted thefeon,
which was considered as difficult to fabricate can be
provided;

(2) A wireless lead lines can be provided without reducing
moving performance of the actuator and workability of the head
suspension assembly: and

(3) A three-dimensional suspension can be provided and thus
the actuator can be easily mounted on a suspension with a
three-pieces structure.

Fig. 6 schematically illustrates a part of
manufacturing processes of a head suspension assembly in
another embodiment according to the present invention.

This embodiment differs from the embodiment of Fig. 1
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el ectrical and/or nechanical break at the electrical connection part with
the magnetic head el enent can be 22 m9 OCT 2003 prevented from occurring.
Since no wire connection is used for establishing electrical gqﬂiﬁgtaﬂ&?
with the actuator 11 and the magnetic head el enent, no wre-form

process is needed resulting inprovenent in productivity and inprovenent in
the resistance characteristics against static electricity. addition,
according to the enbodi nent, since cutting of the top end portion 13a of

the flesung 43 tatpar tep rad pattesn aszenbei agrwixu-Be1 sagetd ¢ head sl i der,
the actuator and the suspension, the workability of the assenbly process

i's nevenlurgtuseds ThE Rsieantggssa ofe.t PEnTbadi PRyt @r a]sligﬁfeﬂlé ows: (1) A

Wi rel ess suspension with an actuator nounted thereon, was consi dered

as di ff%&# Er}‘]éﬂzfe% %Lﬁ&ﬁ@raﬁ%nin&{@é‘ﬂ.e%e‘#.he(ggméb‘e\;ﬂe{nﬁhﬁg S?A g.'.?lo rslei nes can be

provi de out reducing noving perfornance o e actu and

morkabiEhtMmgnmﬁgﬁimgggdgi%gﬁgnfion assenbly; and (3) A three-di nensiona

suspensi on can be provi hus the actuator can be easily nmounted on a

suspension mn&geabia holes 25 and 26 are aimed to reduce the weight

of the top end portion 13a’ and therefore to give the part
13a’ a friéky movement. The via holes 25 are further aimed to
directly adhere a magnetic head slider 12 with an actuator 11
through the via holes 25.

It is desired that the via holes 25 and 26 have a
circular shape as shown in the figure, but they may have a
rectangular”shape or another shape. The size of the via holes
25 and 26 will be-optionally determined.

Another constitutions, modifications and advantages in
this embodiment are the quite same as those in the embodiment
of Fig. 1.

Fig. 7 schematically illustrates a three-dimensional
structure of a top end section of a head suspension assembly
in a further embodiment according to the present invention.

In this embodiment, a suspension is formed in a two-
pieces structure with a base plate and a flexure-load beam
that is a single component sharing a flexure and a load beam.
An actuator 11 and a magnetic head slider 12 are mounted on
opposite surfaces of the suspension, respectively.

Particularly, in this embodiment, a first lead
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three-pieces structure. 6 schematically illustrates a part of nmanufacturing
processes of a head suspension assenbly in another enbodi ment ac qingaggo
the present invention. This enbodinent differs fromthe enbodi n€En :
123 -. 9 OCT 2003 only in that a top end portion 13a" of a flexure 13 has
a plurality of via holes 25 and 26. Thus, in Fig. 6, using the same
reference nunmeral s indicates the sane el ements as these in the enbodi nent
of Fig. 1. The via holes 25 and 26 are ained to reduce the weight of the

top end quekiucesr ianbeind shhes@ficel Otdiy Gial t@gi?ér eadléﬁlemé’n%rjjsSky

nmovenent. The via holes 25 are further aine Irectly adhére a magnetic

head si inintdd 9 !dhABRELUAIY thi cIBRANANGLAS YR MRhCE &uond | desired

that the via holes 25 and 26 ve a cClrcula ﬁ apéhas an sizehgffiﬁgre’
DUt he BB NG (ERbAIOHLSY cRIARS S B PRDCL sligpe e o ce of the
those | ApRESa AR ARhEP Shmsoe’ Ok SARUATEIEEF 14999 POGRr ates o
three'dinenSigﬂthegtééﬁgigEStfgné% %ggiggggéygiglggdogdégnggggséﬂspenSIOn
assenbly
this embodiment are the quite same as those in the embodiment
of Fig. 1. Of course, in Fig. 7, using the same reference
numerals indicates the same elements as these in the
embodiment of Fig. 1.
Fig. 8 schematically illustrates a three-dimensional
structure of a top end section of a head suspension assembly
in a still further embodiment according to the present
invention.
In this embodiment, a suspension is formed in a two-
pleces structure with a base plate and a flexure-load beam
that is a single component sharing a flexure and a load beam.
An actuator 11 and a magnetic head slider 12 are mounted on
opposite surfaces of the suspension, respectively.
Particularly, in this-embodiment, a first leéd
conductor member 18a’' connected to a magnetic head element
and a second lead conductor member 18b'’ connected to the
actuator 11 is mounted on one surface of the flexure-load beam.
Thus, a via section 27 for connecting the actuator with one

end of the second lead conductor member 18b'‘ is formed in the

other part 13b' of the flexure. By a soldered conductor 28
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in a further enbodi nent according to the present invention. In this

enbodi nent, a suspension is forned in a two- pieces structure WLSP&ﬂﬂbgﬁﬁi
plate and a flexure-load beam that is a single conponent sharin I e
and a |load beam An actuator 11 and a magnetic head slider 12 are nounted
on opposite surfaces of the suspension, respectively. Particularly, in
this enbodinment, a first lead 24 9 OCT 2003 conductor nenber 18a' connected
to a magnetic head el enent is nmounted on one surface of the flexure-|oad
beam ak@S§188cHHPudheflie coi sectiomsiibetetfinal ieetroded @it hheact uat or 11
is nounted on the other surface of the flexure-load beam Another

const i t @CLBALOT ndldiifsi ededionicadiy colvemitegesoi dand inkichapifodiyrent are the
quite sane as those in the enbodinment of Fig. 1. O course, in Fig. 7,

usi ng t féxednto reacehten padsethhs amdiconhestddeoSafB GhEMELpeas these in
the enbodinent of Fig. 1. Fig. 8 schematically illustrates. a

t hr ee- dspeosd dreald cehatctotf mebe 1817 'end section of a head suspension
assenbly in a still further enbodi nent according to the present

i nvention. thhfoBio HoRBRE tullchisS pﬁ&éiﬁfb&rﬁgggf%gg r%idertaﬁg%&\?ss F!-Lgleces

structure with a base plate and a flexure- single
conponegh; $ afdoddment | £ the2ldife | QA 888 Mose in the embodiment

of Fig. 1. Of course, in Fig. 8, using the same reference
numerals indicates the same elements as these in the
embodiment of Fig. 1.

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

in the appended claims.
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An actuator 11 and a nagnetic head slider 12 are nounted on opposite
surfaces of the suspension, respectively. Particularly, in thise pedi ggqbt
a first lead conductor menber 18a'' connected to a nagnetic head el ene
second | ead conductor nenber 18b'' connected to the actuator 11 is nounted
on one surface of the flexure-load beam Thus, a via section 27 for
connecting the actuator with one end of the second | ead conductor nenber
18b'" is fornmed in the other part 13b' of the flexure. By a sol dered
conduct oVHAIB I§ CLEIMER(RB passing through the via section 27, terminal

el ectrodes of the actuator 11 is electrically connected to and

mechani chl |y X ibeed bospemsigct aesSefisids dohptigiy.connected to one end of the
second | ead conductor nenber 18b''. Another constitutions, nodifications

and advant agesa nagntbis meHDEBEE Wite bipe] Saki §nea 11?Sfflglose in the
enbodi mrent of Fig. 1. O course, in Fig. 8, using the sane reference

numner al sndgndireat @sad t},qeﬁ,gﬁg el enents as these in the enbodinent of Fig. 1.
Many wi dely different errbodl ments of the present |nvent| on may be

constructed vmatnhgggug,g(p@ q {58% tcxﬂﬁlfla}q-#lé he e%%rﬁ)ﬁ_ﬂe present

invention. It should be understo pre on i s not

limted Bﬁﬁ]ﬁgﬁ o nLs escrlbdlnthesemflcatlon except
as defi r%g in t Eﬁlagﬁgﬁdg%bﬂﬂgge of Bild 38%hedbt B BEf L film

magnetic head element:;

a support member for supporting said actuator:

a flexible first lead conductor member with one end
electrically connected to said at least one thin-film magnetic
head element, at least part of said first lead conductor
member being formed on said support member; and

a second lead conductor member with one end
electrically connected to said actuator, at least part of said
second lead conductor member being formed on said support
member,

said support member having a first portion on which
said one end of said first lead conductor member is forméd and
a second portion, said first portion being individually

separated from said second portion.

2. The head suspension assembly as claimed in claim 1,
wherein said actuator and said magnetic head slider are

located at one face side of said support member.
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- M H . a
: 1. A head suspension assenbly conprising;
9 CCT 200 WHAT IS CLAIMED IS 1 in-film magnetic head el enent; an
i ' wth at |east one thin-film g .

22?32:55 Pfigdsigdggid magnetic head slider for Ferfﬁ;ghnglgggﬁIébSCT 2003

i tioni f said at least one thin-film magnetic _ 1
gg;bngnhggbgr for supporting sa:d ?Ctuaf?;;cgnaggﬁgg|fof;;?g gfaﬁeast one
conductor menber with one end electrica f said first |ead

: : i t least part of sai
thin-filmmagnetic head elenent, at er- a second | ead
conduct 8. mentie b@?ﬁgsﬂﬁﬁ en 092?%%%13’:1%3‘2 %nf?gjcbﬁ@acl@heﬂ‘.d actuator, at
conduct or nenber w 0 bei formed on said

A ' cqonductor nenber being f _ :

o paﬁﬁex%?fgag%i%&%%ggoﬂp%wgﬁﬂéﬁ ?y T&siiient doad beamranhi c h said
support = e ’ menber is forned and a secon

i ' dyct or ,
one end Dhregah ol et gd_gon d by sai b tewhéreip sai d second
portion, said fg?rst por |oﬁulf%q"ﬁ:6 i FYi saidldorg bemmaratieghérem 1d seco

' ' nbly as clained in claim1, .
ortion.g42: d_suspension asse e
gai d actalfatlSFIQg saf’% ﬁ%’g‘ﬂeﬂréthéa@ saqondr lead conduetes MdmRie

. r. 2i
of sai d SUPPOL L, ogbgne face of said flexure.

4, The head suspension assembly as claimed in claim 2,
wherein said Support member includes a resilient flexure-load
beam, and wherein at least part of said first and second lead

conductor members are formed on one face of said flexure-load

beam.

5. The head suspension assembly as claimed in claim 1,
wherein said magnetic head slider is located at one face side
of said support member angd said actuator is located at the

other face side of said Support member.

6. The head suspension assembly as claimed in claim 5,
wherein said support member has a via section, and wherein
said actuator is connected to said one end of saig second lead

conductor member through said via section.

7. The head suspension assembly as claimed in claim 5,
wherein said Support member includes a resilient flexure-load

beam, and wherein at least part of saig first and second lead
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3. The head suspension assenbly as clained in claim2-, wherein said
support menber includes a resilient |oad beama resilient flexuSe0§Jpgtdx ed
by said | oad beam and wherein at |east part of said first and second | ead
conductor nmenbers are formed on one face of said flexure. 4 The head
suspensi on assenbly as clained in claimwherein said support nenber
includes a resilient flexure-load beam and wherein t | a east part of
said first and second | ead conductor nmenbers are fornmed on one face of said
f | exur e-dopddchob.mefiverkeade sfcameson nores Sakk| yf asaiel Eilevdré+lazidaai m 1,
wherein said magnetic head slider is |located at one face side of said
support bemamber and said actuator is |ocated at the other face side of said
support nenber. The head suspension assenbly as clained in cl wherein said
support nenber has a via section, and wherein said actuator is connected
to said one end of said second | ead conductor nenber through said via

sectiong,~ ThenBegdhs LsReRRLE I f%%ﬁﬁpg & AlaAnBB 1 g3 gl 5. wherein

sai d support nenber includes a | exure-1|oa eam and wherein at

least phbroin S8lid Fifst AN 28688%dA3%ns of said support member

are located in different planes, and wherein said Ffirst lead
conductor member can be freely curved from said first portion

to said second portion.

9. The head suspension assembly as claimed in claim 1,
wherein said first portion of said support member has at least

one via hole.

10. The head suspension assembly as claimed in claim 9,
wherein said actuator is directly fixed to said magnetic .head

slider through said at least one wvia hole.

11. The head suspension assembly as claimed in claim 9,
wherein said at least one via hole is via holes for reducing a

weight of said first portion.

12. The head suspension assembly as claimed in claim 1,
wherein said one end of said first lead conductor member is
directly connected to terminals of said at least one thin-film

magnetic head element by ball bonding.
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f said
28 9 O CT 2003 conductor nenbers are forned on one face o _
fl exure-1oad b The head suspension assenbly as clained in claimt 9WDETe2083

[ irst and second portions of said support nmenber are located in
3?;?eient pl anes, and aherein said first lead conductor nenberhcaﬂ bg
freely curved fromsaid first portion said second portion. 9. The hea f
suspension assenbly as clained in claim1, wherein said first portion o
sai d support member has at |least one via hole. 10. The head suspen?!ond O
assenbly as clainmed in claim9, wherein said actuator is directly T|hxeh °
sai d magnetic head slider through said at |east one via hole. 11. e hea

' ' ' ' i B i o | east one via
suspensilih assBrbhyadssuEpRn&E6n | ds$emdlP s IRl InSH LRy
holg is via holes for reducing a weight of saird first portion. 12. The

ead SuspRRSANGARE OBl dnd o eI ACE: 1) Gl dngodllS! SEa1 . one end of

said first |ead conductor nenber is rectly conne

: ' ' i bal | bonding. 9 13.
sald at gomRsbranad RefnihdiB JFAREY | & NRAdcCL eI DY Daly Bondina. © 13,

The head suspensi on asse

of sai dpbhfst1difedd BPNIULLS] JIRAPEYS. | S

14. The head suspension assembly as claimed in claim 1,
) wherein said first and second lead conductor members are
formed by flexible print circuits with lead conductor layers

sandwiched by insulation layers.

i5. A manufacturing method of a head suspension assembly
including a magnetic head slider with at least one thin-film
magnetic head element, an actuator fixed to said magnetic head
slider for perfomming precise positioning of said at least one
thin-£film magnetic head element, a support member for
supporting said actuator, a flexible first lead conductor
member, at least part of said first lead conductor member
being formed on said support member, and a second lead
conductor member, at least part of said second lead conductor
member being formed con said support member, said method
comprising the steps of:

electrically connecting one end of said first lead _
conductor member to said at least one thin—film magnetic head

element;
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connected to ternmnals of said at |east one thin-filmmagnetic head _

el ement by stitch bonding. 14. The head suspensi on assenbly as clainmed in
claim1, wherein said first and second | ead conductor menber s~ & @CTf @Bled
by flexible print circuits with lead conductor |layers sandw ched by
insulation |ayers. 15. A manufacturing nmethod of a head suspension assenbly
including a magnetic head slider with at |east one thin-film magnetic head
el enment, an actuator fixed to said magnetic head slider for performng
preci se posit iedeicigicilzpichnatct fas tonenend tée Rafidl BesBgnallag head el enent,
a support nenber for supporting said actuator, a flexible first |ead

conduct erondaetbe rmendier] eassajildetahtonl Gl rst | ead conductpr menber being
formed on said support nmenber, and a second | ead conductor’ nenber, at

| east part of tserdasesonduleaty AN ShBpor HERBE PELY £i9LHEg, on sai d
i ¢

support nenber, said nethod conprising the steps o ectrically

one Chi her T gnarc e Graaehrt FR NS O VELRR, st R AR cOnnect  ng

one thin-fil mnagnetic head el enent; ect

one endosh o8 shradsts 5otk COMELOE MRRET. | - 5gld ggtvator and

thereafter, cutting salid suppor
individually separated from said second portion.

16. The method as claimed in claim 15, wherein said support
member includes a resilient load beam and a resilient flexure

supported by said load beam, and wherein at least part of said
first and second lead conductor members are formed on one face

of said flexure.

17. The method as claimed in claim 15, wherein said support
member includes a resilient flexure-load beam, and wherein at
least part of said first and second lead conductor members are

formed on one face of said flexure-load beam.

18. The method as claimed in claim 15, wherein said first
lead conductor member are formed so as to be freely curved

from said first portion to said second portion.

19. The method as claimed in claim 15, wherein said oné end
of said first lead conductor member is directly connected to

terminals of said at least one thin-film magnetic head element
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second portions so that said first portion on which said one end of said
first lead conductor nenber is forned is individually separatee §roprszd
second portion. 16. The nethod as clained in claim15, wherein sald support
menber includes a resilient | oad beamand a resilient flexure supported by
said | oad beam and wherein at |least part of said first and second | ead
conductor nenbers are fornmed on one face of said flexure. 17. The net hod
as clainmed in claim15, wherein said support nenber includes a resilient

f | exur e-hodadilBebopdingl wherein at |least part of said first and second | ead
conductor nenbers are fornmed on one face of said flexure-load beam 18.
The method as clainmed in claim15, wherein said first ‘lead conductor
menber are farmed so as to be freely curved fromsaid first portion to

said secand pamid ABthdd asTbeaiRidoG aiaﬂhaisrre%bgefﬁaéapdl%n eVgggei n said

one end of said first |ead conductor nber is directly connec ed to
Ler i Nalok 6h1Aak kel 168aSbaRiittbl L &R, L " Wo ocT
2003 by bal | J'bondl ng. 20. 9 he rtr:%?hlﬂ‘gmaegné “ftr?t&glﬁgjl ﬁﬂ?%l N3dfer ei n sai d
one end ,s0f 5581 S fiid; n rrber |s cqnnected to termnals of
said at Ieast one tﬁ'lgrﬁ' %ﬁggnth%n%gggﬁ%af%g | A t(18§7' % PEFLIEGRAI ng.

bonding.
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- 9 OCT 2003 ABSTRACT OF THE DI SCLOSURE HEAD SUSPENSI ON ASSEMBLY W TH
PRECI SE PCSI TI ONI NG ACTUATOR AND MANUFACTURI NG METHOD OF THE A§%F¥E§giﬁ
head suspensi on assenbly includes a magnetic head slider with atYl <083 e
thin-filmmgnetic head el enent, actuator fixed to the nmagnetic head
slider for perform ng precise positioning O the at |east one thin-film
magnetic head el enent, a support nenber for supporting the actuator, a
flexible first | ead conductor nenber with one end electrically connected
to the at | east one thin-fil mmagnetic head el enent, |east part of the
first | eASSTRALTCOFr THENDEECHOBHRES or ned on the support nenber, and a
second | ead conductor nenber with one end electrically connected to the

act uat or HEAP SUSPENSION ARSEMBBEnWITHa@RECMEECPOSIMEONENGI ACTUATEHR On t he
support ANBnMANUFAREURINGOMETHERLOF EHE ASSEMBLYportion on which the one
end of the first |ead conductor nenber is formed and a second portion. The

first portion is ingividuaIL separated fromthe second portion. FIG 33
A head suspension assembly includes a magnetic head -

slider with at least one thin-film magnetic head element, an
actuator fixed to the magnetic head slider for performing
precise positioning of the at least one thin-film magnetic

“) head element, a support member for supporting the actuator, a
flexible first lead conductor member with one end electrically
connected to the at least one thin-film magnetic head element,
at least part of the first lead conductor member being formed
on the support member, and a second lead conductor member with
one end electrically connected to the actuator. At least part
of the second lead conductor member is formed on the support
membexr. The support member has a first portion on which the
one end of the first lead conductor member is formed and a
second portion. The first portion is individually separated

from the second portion.

FIG. 2
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