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 na%netic i sk by the control of onl% a voice coil nmotor (VCM
as the convent?oAdeSERE . 1RVetioBoBRl s 1P Bee3D SUSREPFLP Mg preci se

positioning of a. . .
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.



magneti c head are described in for exanple U. S. Patent No. 5, 743, 3&3 2&%
Japanese unexam ned patent publication No. 180623. In these tegtHn es;
anot her actuator nmechanismis presented at a position nearer to a nagnetic
head slider than the conventional VCM so as to performfine precise
positioning that cannot be realized by the VCMonly. However, if such
additional actuator is adopted, problens may be occurred due to |lead |ines
bet ween the gnetic head and the additional actuator. In a typic nagnetic
head, for exa ?g%y | ;W ead head part of
a magnet or esi gé:c\guelil%? ect (%ﬁ%ﬁﬂgggééé{%ﬁgﬁ%}éﬁ%% \E/?/ri te head part of
an i nducti . r I | e required for
rea wi %%Sg%é%%%%éaﬁéﬁéﬁ}%& Hr?r#()elpae [ ?%n[g'%’ql l‘epgggﬁ: ﬁ%%‘ are required
for dri t act or. Thus, it.is. necessary Jmake. six_ or re lead lines
on a su pg%grgﬁg. @#?gp?ﬂ 5% JPgranined paken h%'y.?]é'fﬂl%ﬁpﬁéo'i creases, the
elasticity and the rigidity. of the |lead |ines becone |arge_causing an
attitudéaﬁﬁmth&nnﬁﬁﬂ% i‘ie%g‘&au%\%d a&’%%rﬁ‘?ﬁu‘iﬁ@ﬁ'ﬁ?%@gbﬁst he head by
mean of the actuator to affect. Furthernore, there is no  space to formso
many | e2FSFPRERI itk [ ROGL Iy REaRET R &hmpdRetig dieadofbide tta@bor and t he
magneti c head slider are attached. The additional actuator drives the
magnet i dhfegen@nidenalnfdé sa ast b9 reiformcfins pregise peositimpdegi ¢ head

elenent - 9 OCT 2003 in the track width direction. However, this novenent
of the 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



slider will also produce novenent at el ectrical connection parg_gq%gfqmgg
the magnetic head slider and the lead |ines fixed the suspension tausing an
el ectrical or nechanical 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 nethod
of manufacturing the assenbly, whereby an attitude a magnetic head w |

not be so affected by elasticity and rigidity of lead |ines. Another object

of the prespBltFAMERiaeR dfrdctiBhOViHdReder NOaH sSHEPERSAOBAERBMDI Y With a
preci se positioning actuator a nethod of manufacturing the assenbly,

wher eby 5@;&8}5% 126! BEIRISS rbefelPURCL EctAthibYohigotdyial or Wil | not

be so ect sticity and rigidity o I'i nes. Further object of
the pre ' ' [ I oyi . L.Qn lywth a
precisei%%Eikgﬁﬁgﬁggggt@% 5?955é%gﬁd%tgggﬁgﬂéfac%B%Fﬁgl %gggg%ﬁbly,

wher eby .an gl ectri cal.oor mesc.hani cal ebcrtea,k 'gn anﬁ:e%n%%cgi fnblpezya}g ibet ween a
magnet i Fontha BRI TEAY Ffln%Js tan B %Ir-everlﬁ Ra T o oedlrri ng.
According to the present invention, a head suspension assenbly includes a
magnet i PReSARIGHEAT Mt h at | east one O CT 2003 thin-fil m magnetic head

el ement, an actuator fixed to the nagnetic head slider for performng
preci se positioning of the

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

| east one thin-fil mmagnetic head el enent, a support nenber for supporti &g
the actuator, a flexible first | ead conductor nenber w th one ’;;erﬂ:lUCT 20

el ectrically connected to the at | east one thin-filmmgnetic head

el ement, at least part of the first |ead conductor nenber being fornmed on
t he support nmenber, and a second | ead conductor nenber with one end
electrically connected to the actuator. At |east part of the second | ead
conductor nenber is forned on the support menber. The support nenber has a

first p‘%ﬁﬁhQEiﬁ{?odr{]}i(}:}n%tEiEhﬁe&i‘%l%ﬂﬁn’Bf d'@dtlibebr | ©3@acepdtd or menber i s

fornmed and a sec portion. first portion is individually separated from

t he sec t,l | Bﬁhﬁf ;L : = Di structure
suspens?r%%n\?\ng?% %%boé’@(igg%?ﬁ&g pft’a?géur e a%ﬁgﬁ%gﬁsg%ﬁgﬁﬁgrﬁﬁ%ﬁmd on the
flexure,_ it an actuator Ls.|oc . sys ' magnetic
head sIP&e??a?EéH“?%%%E #%th ZEEgégﬁ%¥§€gﬁéﬁ E1%ﬁ%§8§gﬁﬁo géhade as a
part of the |ead  conductor fqrned op the.flexure. Thus, it iS necessary to
e | oSRaPHEBoT NG, RS O ERone v FLHEBIE Firorieechaartifictor

According to the present invention, however, the support. nenber is divided
into a MPRBET B SReoAnAIRLeTtEteathy cadrmted ctp tthet At heRffePe head
slider of the first lead conductor nenber is formed and a second portion

so t hat this-60m reggetie deash edepant s athdearlueaty ofepheafEfbt rom t he

second portion. Thus, it is possible to exist 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 in different planes and therefore wireless |ead conductor
can be provided. Furthernore, since the first portion or a toﬁr&ﬁl[}ﬁoﬂﬂiﬁ)n
of the support nenber is individually separated fromthe second portion or
the other portion, a part for establishing electrical connection with the
actuator and a part for establishing electrical connection wth the
magneti c head el enent of the | ead conductor nenber are divided. Therefore,
wirel ess | ead conductor nenbers can be provided w thout introducing any

i nt erferfg%l%? Ip%t Al nighﬁ?%{éﬂ\ggglgﬁgsé%ﬁ%?ﬁdl% qﬂgdg%%%{di nenbers even when

the actu aces n e magnetic el ement. As a
result, the.elastjcity..and the rigidity o ctor nenbers wl|
not aff§’8F§%1?Pat Yot tofSt H%S%bgl%et%%xﬁle%%%%dglgflg%?&m nce an
air-floatin ortion of . the flexiple first _lead conducfor. nenber absorbs
t he movERBA c‘gﬂr f’?‘?@gﬁftﬂét‘ﬁrt{ferﬁll’ R A a’éﬂdﬁlﬁmﬁgﬁﬁaﬁ%egﬁr eak at the
el ectrical connection part with_the nagnetic head_ el enent can be
pr event é8af r SRABIEGET Fagy. Pespregided wi FaBtReTMOEer | 3G thsefirst
establishing electrical connections with the actuator and the magnetic
head ePeRERED QT aniteR- ¢} HORG1pR e dhe supRteePE8EI ¥ ng i nprovenent in
productivity and inprovenent in the resistance characteristics against
static &hdtvidualily separiggh from theg seconicpprtisn eRetheQfedr and the
magneti c head slider are |located at one face side of the support nenber.
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.



this case, the support nmenber may include a resilient | oad beam and a
resilient flexure supported by the | oad beam and at |east pa[t -#F%%:%
first and second | ead conductor nenbers nmay be fornmed on one ¥dte pl
flexure. Also, in this case, the support nenber may include a resilient

fl exure-load beam d at |east part of the first and second | ead conductor
menbers may be forned on one face of the flexure-load beam It is also
preferred that the magnetic head slider is |ocated at one face side of the

support ”E”be&taﬂg nﬁélﬁfle%%ﬁa{:f?ét ' thel 968ELGA N hﬁhé’t:ﬁh%‘neftﬁﬁehéé&’e of the

support menber S case, the support nenber nay Include a resilient

fl exur o-hgadeboam Aadeatad & tfaéatsﬁ bie tltxérﬁe.{ﬁp an@elleaf'nconducwr

menber s on onhe tace of exur eam 's preferred

t hat thg sup ort gﬁlnber hasta Vi a sectlo and t ha ct at or is
connect &8P SHEPYT- M ege'ﬁ%d‘qc c%rﬁ:ﬁ? t hrough the
Vi a sectlon |s preferred that the first and second ortlons of the

support ﬁ@‘i‘?‘d@?a & FerdiieRy flexyre: SR tsHaRE sthe dgad Beamy @dt i st | ead

conductor nenber can be freely curved fromthe first portion to the second
porti onat| {east pagd pEcthy fdastnand t3peondr 462 FANGYRLEF MePeISupport nenber
has at |east one via hole. In this case, the actuator nmay be directly fixed
to the magneeiformeddon| erRerfacehpbuthe fHexure} cAdsoontn \ihishense. The at

| east one via hole may be via holes for reducing a weight of the first
porti onthe 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



Preferably, the one end of the first |ead conductor nenber is directly
connected to termnals of the at |east one thin-film magnetic-hBaQC¢l Zfant
by ball bonding or by stitch bonding. It is preferred that the first and
second | ead conductor menbers are formed by flexible print circuits with

| ead conductor |ayers sandwi ched by insulation |ayers. According to the
present invention, furthernore, a manufacturing nethod of a head
suspensi on assenbly which includes a nagnetic head slider with at | east

one thi nidiub®br ROPEId @iPeath %A to dhAnaHAE Pl Hes@dsi adhe magnetic
head slider for performng precise positioning of the at | east one

thin-fi 't‘ﬂx’gﬁgﬁe{ﬁ léél:eﬁ.lgﬁtgi[:e%?iaahgi@poﬁem%rasg:g%n? S\Hi%o?l'btliang Lhe

actuator, a flexi d con uct or menber, east part of the
second 184aPBonHuCrAFD Rehparicafio, s H{TRur Beofts HBRE babEMREy conauct or
Connect i ng. ond BRERgPInd T PLE Tkb AR BAUET S LHEHHERAUS e at | east one
econd MEERCE ol LK L ReHIRIEAtso FR “ERIHERF, O Rbr LEFFBroRetut | ng e
support nmenber_into first and second portions so that the first portion on
whi ch t AdiBnEiEndiagnetie eadeleggnt dohdaddobondHihgr bY sStHrded i s
i ndividual |l y separated fromthe second portion.

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



I f the suspension is separated before assenbling it

with the actuator and

the slider, workability of the assembly process will be extrethyf? edpmed.
[

However ,

portion
assenbl

W rel ess suspension can be provi ded w t hout

according to the present invention, since cutting of t he

rst

~or top end portion of the support member is perfornmed after
ing of the magnetic head slider, the actuator and the suspension, a

reduci ng the workability of

the assenbly process. it is preferred that the support nenber includes a

Menb8201 REATR3REY And &Sddon@Npoft 30 SoSURReriiRd Fiysthe |oad beam
and that at |east part of the first and second | ead conductor nenbers are

formed Qi 286n & Gafdlcnt Hﬁefér?é('éha ofttis Bhae PELd don@dctdat the support

resilie

menber
the fi

f or ned
portion.
menber
thin-fi
Furt her
fromth

includes a resilient f exure-| oad beam and that at | east

part of

R8RS FORA 2801 FERAUERELy TIRAGS o8 frdiftiRIsORNC face the

fl exure-

beam S pre erre I rst lead conductor nenber is
5Y0) s to be freely curved fromthe first portion to the second
POt also preferred that the one end of the first | ead conductor
S d|r connected to termn of .the_a QCT 2003 | east one
| m wagﬁ %eh%EﬁPQBSéﬂBn%Stﬂ?ﬂ@ﬁ??eﬁoﬁﬁ59$g Fse%blﬁﬂg tch bondi ng.
bj ect d
é”gﬂ: FE}@% %@%&%ﬁ%& S %B.l%t%g I:1)m!r’o?|:?fcalt1>111 3\(/ eo 1:?12 agmsénllblbe apparent

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



preferred enbodi nents of the invention as illustrated in the accoW?a%ﬁ gg
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a plane w 8WCT 200
schematically illustrating whole structure of a head suspension assenbly
as a preferred enbodinent according to the present invention; Fig. 2 is a
plane view illustrating a top end section of the head suspension assenbly
shown in Fig. 1; Fig. 3 is a side view schematically illustrating three-

di mensi onal structure of the top end section of the head suspension

assenbl y, shown in]Fig.. - Fi [ {hauendi sy sichemati cal Iy
iIIustreﬁ%ﬁ? gﬁeaE acﬁ%%ﬁtﬁg fﬁf?uﬁ%ggfﬁg&%gggﬁge pos#t?oﬁﬁ%b actuat or and
a nagneh;c h?%%b%&% r wth a suspension in the head suspension assenbly

shown i Y?F& P§-is an expl oded oblique view schematically
illustrating a part of manufacfurjn roces of the head suspension
nssenbl y showFAPRBEF OIECtE; §1d GAvERERIER Hodeq BEFT St VERELehenat | cal |y
illustrating a part of manufacturing processes of a heaﬁ suspensi on

assenbl Wild BAcEPRATER HERPPERS L0LLPWINe degCTHREIN &Leffei hvention; Fig. 7
is a side view schematically illustrating three-_ dinensional structure of a
top end mwEersed gimhpdimants fs fhasivreHdoands yil st pietni? Withodi nent

according to the present invention; and
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



Fig. 8 is a side view schematically illustrating three- dinensiona
structure of a top end section of a head suspension assenbl y §npajsiif
further enbodi ment according to the present invention. DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS Fig. | schematically illustrates whole structure of a
head suspension assenbly in a preferred enbodi ment according the present
invention and Fig. 2 illustrates in detail a top end section of the head
suspensi on assenbly. These figures are plane views seen froma

slider- i.de. 9 [ sd ' sghesmtihgald Yedd | ustrating

; h t .
three-d%k%ﬁé?%%% EQ%FPE% Jyé%g?%tﬁg topdéﬁgﬂgectlon o? t%e ead suspension
assenblﬁ.eAsnfhowQBEnothese figures, a head suspension assenbly is
assenbl 5‘3§ f%Fﬁd’& P ne tracki ng actuator 11 for precise positioning of

a thin-filmnmagnetjc, head.elenent tp a tp nd..sectiqn_ of suspensi on 10,
and by fi xi ngFggsI ot ISt Y ﬁﬁg‘ﬁf&?ﬁg@é{dlﬁ‘éﬁ%’?ﬁ%ﬁ’g Fﬁ]ée%'ct uator 11.
10 m9 OCT 2003 As is well known, a magnetic dhgg devi ce has a main or
course SAMERSEONA) SYENCEWFe (Gt 8t PO LIS SREVIPR of FoPEBfe arm to which such

head suspensi on assenblxﬁis attached. The _actuator 11 _shares the fine
posi t i oFNAReR$iqasgerbhp|in hiERhet SHRefinenth AFOredng vt H&emin or
course actuator
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



The actuator 11 has as will be described in detail |ater a single |ayer
structure or a multi-layered structure including a piezoelecte @ QLT 2003
el ectrostrictive material layer which expands and contracts by their
reverse piezoelectric effect or electrostrictive effect. The actuator 11
I's mechanically coupled to a magnetic head slider 12 and nechanically 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 exanple

1.25 nm X 1. Oﬁg @s%@ﬂ KnBwhi § nBiYReHt Fedek WBE18S tHIAL @ mddnigr nounted at a

position of t op end section of the suspension 10, near the slider 12,

I n consideration of it Wﬁﬁ? LC tr p. . In the
enbodi migﬁ’]g,rsal%%uagg hgf'he ac ua?{))F ngrh]gftrﬁ%\ﬁﬂgl fadlgl{)&%lr@;%gﬁlf i xed on a
surface of the suspensign 10, which w oppo t he gnetic disk
surface tPnWIBb‘gl? att Beﬁ\ﬁ@usp;&]sﬁ%easosfen{bgg g%sa;tgcr?gﬁgﬁ‘i éﬂ]%a_l | ed hereinafter
as a slider- attached surface,. Although it is q:t shomn%in %&ﬁ Ligures, a
head dr AFEHateR hishaxgs the dnfit RePTroRRe oo NS R5PPBH Yt suspensi on
11 OCT 2003 10. The suspension 10 is substantialgﬁ constituted by a

resi | i efEnRPEXRR AATYSHARCPY ddier Pedn (e OIFER r2ABatFough the actuator 11

at its tongue 17 located near its toE end section, . .
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



a resilient | oad beam 14 which supports and fixes the flexure 13, and a
base plate 15 fornmed at a base end section of the |oad beam 14 g@¢ $p9ad
beam 14 has elasticity for pressing the slider 12 through the gc uator 11
toward the direction of a magnetic disk in operation. The flexure 13 has
the flexible tongue 17 depressed by a dinple fornmed on the | oad beam 14
and has elasticity for supporting flexibly the slider 12 through the
actuator 11 by this tongue. As will be noted, in this enbodinent, the
suspensh n 10 has a three-pieces structure constituted by individual
conponents of the flexure 13, the | oad beamthe base plate 15. In such

t hr ee- pi eces ructure, .sti £SS f i t,to be | owner
t han t hat of rsl’hg ?%%%ﬂ%z)ém%};ﬁlgggf‘%{;lﬁar%&iéglﬁgténégg o?ﬁi% this

enmbodi nent _a. staj.nl ess eel. plate (for.ex e S304TA ith a thickness
about 2§eFEiJre%?ﬂneF‘Pr‘Bef é&&"?‘b‘éﬁrlf]a‘?seﬁleas (%ereig g (t’lll%]n a of the
flexure 13 is separated fromother_portion 13b of _the flexure 13. On the
f | exur e 3C8UBHRE dik af 1ERteutd horateds Pegy pits Fopge @eﬁ%ﬁs | ead

conductor nenber 18 including a plurality of |ead conductors of a
t hi n- fi enrasitientayepddbemm g which reopegts amd figeg e Sl enenber 18 is
formed by a known net hod _

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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simlar to the patterning nmethod of formng a printed circuit board on a
thin metal plate such as a flexible printed circuit (FPC). For-ekanpt €043
the menber 18 is fornmed by sequentially depositing a first insulation
material |ayer nmade of a resin such as polyimde with a thickness of about
5 P.m a patterned Cu |layer (lead conductor |ayer) with a thickness of
about 4 Ii a second insulation nmaterial |ayer nade of a resin such as
polyimde with a thickness of about 5 /Lmon the flexure 13 in this order.
Wthin the .r E:ﬂ’f n head slider and
& Egh&)@étoq'j f"EHﬁEEOIrwg‘%Egﬂpos on tetm Fayer and there is no

to an exXternal CIrcul

second nsul ation n | Sﬁréqi)dl ment, as
shown i ﬁmﬁ%ﬂ %%rﬁn f(;%tgfﬁl &g % o*pé%%r%’es'Ia §°| lonstituted by a
first conductor mepber 18a I ncl udi, ng tvvo I ad_l.ines copnected to the
magnet i dhendgad FRBITEOF JPemhfE # dfﬁ r2 | KBy T"ﬁg% # bot h si des,
second conduct or nenber 18b |nclud|n tmn | ead |ines coanected to the
act uat orsimilagr te fdes paEteXing fgthof fy formyRg & Sriptef SHFME one end of
the lead lines of the first conductor nmenber 18a is connected to
connect iboargage adhigr pebabplate spellias duileyile PrAPEed S d portion
13a of the flexure 13. 13 9 OCT 2003 The connection pads 19 are ball-bonded
to terni{fRC)el Forr edamplsf. tthe mempry 18 heafomiadidby SSIWRPLAGIRE | s 21 as
shown in Fig.

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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3. The other end of the lead lines of the first conductor nenber 18a is
connected to connection pads 20 provided for connection wth anne ﬁ r 5k
circuit. As shown in Fig. 3, the first conductor nenber 18a cong g i ﬂ@ a
first section forned 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
magneti c head slider 12, a third section fornmed on the individually
separated top end portion 13a of the flexure 13. The top end portion 13a

the of NehePBEhAAN P pdhis! I drlePbt £-dohaCrbOf@ifhan e fbliRAl Pl anes,

respectlvely mever si nce e alr oatln seci1on st
conduct or nber 18a c el connection_hetween the
conduct&F gg %?ﬂé 5t?§qﬁ€ §Pi%§ﬁ$ﬁé§hs 8W%ﬁ§hF§§ "W t hout
appl yin stress to the_individually separated tq nd rtion 13a of the
fl exure% The, atogg ofd t¥He thal ?‘e%r?df’ﬁg gtﬁ‘t I?lg"ﬁﬁ FHPYS e  execut ed

for connectlng the termnal electrodes of the nagnetic head slider 12 with
the conAEEPPENlEMdS FOPneseei@ EPPResd o RadS of? tH’r'é’V"sL@%%n’?Prconduct or

menber 18b is connected to connection pads 22 formed on the tongue 17 the
f | exur e cPBneghior HtEC AN P @a 1201 teonnect ed to termi nal el ectrodes of
the actuator 11. The other end of lead 14 OCT 2003 lines of the second
conduct or nenBer shgn iin Faanedt ddet firke conductor member 18a

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. ;

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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connection pads 20 provided for connection with an external circuit. The

| oad beam 14 is made of in this enbodiment a resilient stainlgsg gtqyegggg
plate with a thickness of about 60- 65 um and supports the other “portion
13b of the flexure 13 along its whole length. This | oad beam 14 has a
shape with a wdth that narrows wth approaching to its top end. Fixing of
the flexure 13 to the | oad beam 14 is achieved by neans of a plurality of
wel ded spots. The base plate 15 is nade of a stainless steel or iron dis

fixed t%@g 099_ S BRE! EGhd ot Nfediad 1bsiai% brkcreh did&neThe

suspensi on Wi be attached to each novabl e (not shown) by fixing an

(
attach f e p . mvahl dification,
t he Sugg%hgggﬁi%%}a%es ?gr%%%ﬁl%ﬁdak&m&&%e%g%éﬁgﬁr%ct%grgx‘\L'Mt a base plate
and a flexure-load beam instead of the three-pieces structure with the

fl exure ¥ the | oad beam 14 and the base plate 15. Fig. 4 schematically
Illustrates an_attac nt tructure of .t actuator 11 and the nmagnetic
head slider 12D %‘ﬂa‘ﬂ%af"l égujr% o Fhﬁrlﬁgﬁ?‘ ?‘9%‘??611%31 i on of the
conductor nenbers is omtted. A fixed part l1lla of the_act uat 11 is fixed

Lo the TeSRALENE FIGRNLAES (FLBal BLate WD A CRTRITSES: A6 ARUedr 11 15

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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-9 OCT 2003 the tongue 17 may be achieved by sol der bonding term nal

el ectrodes forned on the fixed part 1la of the actuator 11 wth ¢o c?' n
pads 22 fornmed on the tongue 17 of the flexure by adhering using oﬁ@ﬁc m@e
adhesives the termnal electrodes fornmed on the fixed part 1la of the
actuator 11 wth connection pads 22 fornmed on the tongue 17 of the flexure
13, or by adhering using normal adhesives the fixed part l1lla the actuator
11 with the tongue 17 of the flexure 13. A novable part lib of the actuator

11 is di | xgd [ ; ' [ 12 whi ch
. ECk i R9%gY oo seacks s Saphaa on 120 el i

si de a magne is formed, of the slider 12, or

i ndi t fixed [ hes| | 12a th h
the topcerachelf orrndd OF BRLEHAE LY, 418 4 AnetateRato B o, T Yed
coupling" h_di t I ndi t, fixing. ;Ih t I st

of The MixBcemmeetion befi 2gomire Gacpel O 47§ it ToRapes beam part s
Ilc and_lid for cqupling these fjxed d nnva?#g ﬁarts la and |l b. Each

t he beaf3paf¥ dnegiggqust i99n95?FEH35®£5§IW§% CohE™ Pt ¥ vel ectric or

el ectrostrictive material |ayer sandw ched by electrode |ayers. By
appl yi ngleetxedns £orved ehdhe EiredRary dyerE theeagteds ddiric or

el ectrostrictive material |ayer ands and contracts. The piezoel ectric or
el ect r owikh cednneckiapnrpads 22y Epried miydhef toraus ild| of hitie £4eFNEE and

contracts by reverse piezoelectric effect or by electrostrictive effect.
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 11lb, and two rod shaped beam parts llc and 11d
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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9 OCT 2003 As aforementioned, one end of the beamparts lie lid is united
with the fixed part ila and this fixed part Ila is fixed to thegffgfu2dd3
13. The other end of the beamparts 11c and lid is united with the novabl e
part lib and this novable part ilb is fixed to the slider 12. Thus,
bending notion of the beamparts lie and Iid due to their expanding and
contracting generates the displacenent of the novable part |ib and
therefore the displacement of the slider 12. displacenment of the slider 12

results the sw idlBgeLk Qﬁﬁ §gsSO as to cross
recordi ng trac S o%e®%§tna nét%cg 'S su%ﬁace c?gg ﬁg¥§t e piezoelectric
or el ect t.rictive. nmat of .t arts d is made of
pi ezoel %f‘fllg Hﬁ#e/ (?:ﬂltzlu(t,ﬁe }?‘%‘%'pf’fié J(;faz %g}}g{‘% eé‘nB%‘gg Hq he

pi ezoel ectrjc materj al re in general pol so _as to inprove
Pherr i GhItieelore it FORaRe LS TrEe diber et G rtbet S0 Rkt hi ckness
direction of the actuator 11. Wen voltage is fﬁaled across the el ectrode
| ayers ahkf eRE 13t undfedrwith theogaraklepeetr ttang EngSis the same as
the polarized direction, the(glezoelectrlc mat eri al Iayer bet ween the

el ect r odeoviakyler BaBk fakdd si fixed tohithRnebider Adet (THHS . (BRRAIEM ectri c

| ongi tudinal effect) and contracts in its in- plane direction

( pi ezoelmsdtioncof athe deapf party .11coAndalld tdye taj thedgherPaR@irg recti on of
t he produced electrical field is in inverse as the polarized direction,
t he pi ezoel eontracting 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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17 90CT2003 material |ayer between the el ectrode |ayers contracts in its
t hi ckness direction (piezoelectric longitudinal effect) expands in its
i n-plane direction (piezoelectric lateral effect). If the voltags OE T h2043

polarity which will induce the contraction is applied to the beamparts lie
and lid alternately, a ratio between the I ength of one beam part the other
beam part changes resulting that both the beamparts Ilic and lid bend

toward the sane direction in a plane of the actuator 11. By this bending
not i on, a [ | Wi u ' qu rg | al ong the
arrow 21'{ ars?:%g\i\!ngyilg ﬁ&?g’&ﬂéé[?fthﬁ%oe@gﬁ%% ﬁgy‘%%%lﬁgde , cﬁ'g 'Irtr%v%% e part |lib
stays t .center position., This swipg.is the, displac nt.of the novable
part 11&%(]8%?5% (g]rFeé’&&OPoEQ?sezioﬁiFﬁgg(ﬁ ?'?5’89}5“&1@%5%%%#&@ per pendi cul ar
to the expanding and contractin directioon of the beamparts Ilc and |lid
and t he eXPanfgcin 4t iprplang egFiehd Bieaatertas 1‘??'?8?%* ore, the
magneti c head elenent also swings to draw the arc | ocus. Thanks to the
sane dieféectdn Bét ﬁk@n"qlﬁé‘gapﬂi%édi wolLanhey adcbnEipb nducs tBd in  the
pi ezoel ectric material |ayer, nohate]td;nuat i on Ilffé a%%?trligzat ion in occurs.
Si mi | ar coptngchibn dis epplird dist Fhackeay @RriLe Hiddge alternately
applied to the beamparts lie and lid is that inducing expansion of the
beam partl$erhatelie envetiodrtween! thagdengitht of mhe deamt part yand

the other beam part changes resulting 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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-reverse notions may be sinultaneously applied to the beam1 9 OCT 2003
parts lie and |1d, respectively. In other words, alternating vct§af€F B3
be sinultaneously applied to the beamparts Ilc d lid so that one beam part
expands when the other beam part contracts and vice versa. The swing notion
of the novable part lib is centered when no voltage is applied to the beam
parts. In this case, the anplitude of the swing notion of the novable part
| i b becomes about twi ce of that when the voltage is alternately not

si mul t anegusl Y18Pald addl orbSseAG3ENPAr I otREierydrlag, candikistinphat the

driving voltage levels are the s However, in this case, one of 'the beam

vin _ vever, ' | e, “one of
Co 1 hat VSLRHES (Y e SRR AORLY MASAGLLD, th Skl Polpe B 1O 0 T

t he appl.i | t age. i.s hi or the voltage, i t u plied,

att enuat lﬁﬁ f)%l Eftzgpfzgaea"bpatr ee’ﬁi)aénz ef"g‘éﬁrﬁggr?at?%?i E%tizt%grt may occur.

It is desired th%{ﬂefore that a constant DC bias vo]tage i.n the same
rfoﬁi;{ﬁ‘@w

di rect | SPAEAEHR PYt ALCTaVTIR di TRETORY oLt © ied to the
alternating voltage to formthe driving vaoltage so that the direction of
the dri WexE +oPtifCREGERd oI 88 VALEAST isharphied itPathenPeam ¢ ne

pi ezoel ectric material layer. The swing notion of the novable part is
cent er e®Payiten dm Fhifecass .adheoprpbidude appfhe St Rt ptpikes.

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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The actuator 11 has in this enbodinment a united structure of the fixed
part 1la, the novable part Iib, and the 19 9 OCT 2003 beam parts II_E S
lid with a hole and notches forned through a single |ayer or= @@ rs
of piezoelectric or electrostrictive material with partially forrred

el ectrode layers. Thus, high rigidity and accurate dinensions of the
actuator can be expected w thout occurring assenbling error. Also, since
no adhesive is used for fabricating the actuator, no adhesive |ayer exists

At the Akl g yers hech Wl ool QUHORH: e BE-Eh onimyiain of the

beam parts. an| ca rans or ma Ton 1 0SS adhesi ve

| ayer and no d eri oratl adhesive .str .0C this specification,
the pi eZo8BAT i USF SF 1Y %M@W\ﬁéﬁ/&e‘gﬁg@&frm %!tﬂerl al that expands or
contracts b¥ thel r reverse p, izaoel ectri Cdﬁ-ﬁ-f \elét I ect strictive

ef f ect . CARGURPEE Ve, PRt ale e ER RAG ALY SF B i cable for the

beam parts of the actuator can be used. However, for %Vh rigidity, it is

desi r ed legense Thusr Aighs Thoddbby and pecpraly ddmepsiontofv&henat erial such
as PZT[Pb(Zzr, Ti)03], PT(PbTiB), PLZT[(Pb,La)(Zr,Ti)Q8], or barium
titanat aCFBamPJOS"-)an PﬁgeXBe%feﬂﬁe watheat |gEqUIrrERg ragsegh 1@@@1‘1&1'

manuf acturing processes of the head suspension assenbly showmn in Fig. 1.
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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As shown in the figure, first, the flexure 13 on which nost of the
flexible first and second conductor nmenber 18a and 18b are directl

formed, the | oad beam 14 for supporting and 20 9 O C T 2003 fixi"'ng ﬁﬁl 2003
flexure 13, and the base plate 15 forned at the base end section of the

| oad beam 14 are integrally fixed wth each other. The top end portion 13a
of the flexure 13 is not separated but is united with the other portion
13b through two resilient support tabs 13c at this stage. Then, the fixed

I ; f fi 13
part 1| 3164nLNeyGUaLOE 11, ighd kXEThAS pilife! PNAUEnLE & (e Tl exure

e actuator 11 are connected to the

connect i onI g&ﬁl(?]dlgefc l'lépegﬁitlnae rogarbgé}ﬁl ﬁoh'%oﬂlge?@ﬁh;tpﬁé@ %hl ¢ head

sl i der y u5|ng adhesi ves nova Ie part |ib

of the act r ﬁrou eto ﬂ'ﬁ t|on iBa of t‘aefle ure 13.
Then, tﬁ’é‘ O&B Bf™ Jt?é‘ gn ERGEUS 1o 5130

baII-bonded mnth the connectjon. pads 19 on the g ortion 13a of the
f1 exur e SEBAEPteR i dRcUALteh ML khe ﬂt@?ﬁa?‘?’é‘fmlt ﬁé g‘bp 5¥Ption 13a is
separated from the flexure 13 by cutting the two support tabs 13c at both
si des ofreshéiente,gnppory. tahm 136pat attidh S5#98he top end portion 13a of the
flexure 13 nmay be perforned by cuttlng each the support tabs_13c at one
posi tion near Thae. t& éﬁéeéoﬁﬂbrllﬁisa Bie meteater nig iie ixedoti f f er ent

osi tions near

P 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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and far fromthe top end portion 13a so as to omt a part of the support
tab 13c. As nentioned-above, according to this enbodinent, the t@@TeQHIU
portion 13a of the flexure 13 on which one end of the 1 OC'r 2% f|rs§
conductor nenber 18a, which is connected to the magnetic head el enent is
formed is individually separated fromthe other portion 13b of the flexure
13. Thus, it is possible to locate the first conductor nmenber 18a in
different planes and therefore a three-di nensional suspension that was

di fficuld, ahr i ' to n '9?% r sily

provi de +E ; gééégét}l%tr,aﬁ%%vﬁ&r glggés‘q%%’sekbg%s}égﬁ&%\n F?ekh‘%gﬁhﬁ%&ﬁall can be
provided even.if it .has a three-pLece tructure. -Furthernore, since the

t op endg‘ﬁg‘&t PO 161 E?’FIéG&1TJ‘Fe v@ql Yi Rk SS #§°‘§e%5er ated fromthe
other portion 13b of the flexure 13, a part for_ establishing electrical
connect P6RSH PAF AR 43P 2k dher Hlexere Toar tTHY 45t 49 1R¥FRGe EPect ri cal
connection with the nmagnetic head el enent of the |ead conductor nenber are
di vi ded 10FaE® efhst £1THF r @PRAUCTPE MR d B8t bR FEBSELRL CBIFNMRS FRGvi ded

wi t hout introducing any interference between the novenents of the |ead
conduct sherefoiseras thyee-dimensinpahcruanession atpvaseditficcddsitei on of the
magneti c head elenent. As a result, the elasticity the rigidity of the |ead
conduct dabrbodler siopordingttoathectoryentional art can be easily

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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attitude of the nmagnetic head. Furthernore, since the novenent of the
actuator 11 is absorbed by an air-floating portion of the flexi$nq§jiﬂm3
| ead conductor menber 18b, electrical and/or nmechanical break & e

el ectrical connection part with the magnetic head el enent can be 22 m9
OCT 2003 prevented fromoccurring. Since no wire connection is used for
establishing electrical connections with the actuator 11 and the magnetic
head el ement, no wire-form ng process is needed resulting inprovenent in

product indel, ¥nfdd #/8/ @%eABRing.N the resistance characteristics against
static electricity. addition, according to the enbodi ment, since cutting of

the top end p%ﬁhsggv% ér ffhﬁﬁééﬂfaﬁu&g éﬁ%ﬁﬁioﬁeégﬁﬁﬁﬁﬁéhiﬂ%ter assenbl i ng of

t he magneti c hea e actuator the 'suspension,  the workability

of U1 A338ER 20 PLRGERS el Sne NANE! hE WS eI RTLAYRS Al Lhe embod rent

are as W reless suspensi o an act ua er%‘ﬁnt ed t hereon,
whi ch S éo%fidered aswdigj'cuLt to fabricgte‘ﬂ%%réln ggﬁ%'ded; (2) A
wi r el esSePEGITIHy PN HES HEUBE PRISETSuES g per f or nance of
the actuyator and warkability aof the head suspension assenbly; and (3)
improvement in productivity and improvement in the resistance
characteristics against 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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A three-di nensi onal suspension can be provided and thus the actuator can be
easily nounted on a suspension with a three-pieces structure. 6
schematically illustrates a part of nmanufacturing processes Of"?%&ﬁ?FimU3
suspensi on assenbly in anot her enbodi nent according to the pre

I nvention. This enbodinent differs fromthe enbodiment of Fig. 1 23 -. 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 sane

ref er enealpuierilat andbp dms pbleeiGaNMBL! eFeatsid@rbhesenad i t he enbodi ment
of Fig. 1. The via holes 25 and 26 are ained to reduce the weight of the

top endpharai oy bavianbidienel gr@ 4 ohwes t g Pag! slﬁ%;ng dﬁﬁésky

movenent. The via holes 25 are further ained to direc ere a magnetic

head sl | ] q&m%¥ t Qhaids | I «olt 1S desired
tﬁgt fhgg@%aﬂ%ﬁyggﬁ% an déi %{éve gé{ftﬁ%g%r}r@%}%‘%gng&g %i&\?\"%sfan tlhz figure,
but thexnna%%Q%%§d§%eéfﬁ%g%gggg shape or another shape. The size of the

vi a hol es optional |y determ ned. Another constitutions,
rodificat ] onopgnd AUMATLERS 4 Nhs, Sbed. o A2 e gelgs, s o
three'dEPm¥E2(¥3§ 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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structure of a top end section of a head suspension assenbly in a further
enbodi ment according to the present invention. In this embodi ment AﬁQTémUS
suspension is formed in a two- pieces structure with a base pIat”eg

fl exure-load beam that is a single conmponent sharing a flexure and a | oad
beam An actuator 11 and a magnetic head slider 12 are nmounted on _
opposite surfaces of the suspension, respectively. Particularly, in this
enbodi nent, a first lead 24 9 OCT 2003 conductor menber 18a' connected to a
magnet i cdi@agtel af@iieri 38E0UAHRERBAORS é%@ﬂ@ﬁ@}%&&%&%ﬁ%ﬁ Eiagt oad beam

and a second |ead conductor nmenber 18b' connecte or 11 is

mount ed n@finkBE oA NGle SWrkace &f é;hgefi r-ﬁbkaag?ﬁg%ﬁﬁg%%ﬂd are the

constitutions, nodifications and advantages Tn L - al D
uite s a ' Qﬁﬁodi nt Fi . course, in Fig. 7,
gsing t%%%gaﬁgﬁreéeggﬁgéggﬁunera QE#%F,%;ﬂisgPﬁéﬂggﬁ@0§|L s as these in

the e ' t of . Fi 1. Fig 8 s matically illustrates a .

t hr ee- g?l?r’eqhgl&?)n%r} thsetrrgﬁlé?ﬁrse Lt ?%&(J}t@n&l%e{ otPask bﬁ?ﬂead sust)en5| on
assenbl in still further enbodi ment according to the presen

i nvent i )c/)n. th?‘?otmﬁ%ﬁﬁ,%uﬁl%pglﬁgiwng’&r #Bd advamteges plrces
structure.with a base plate and a fl exure-I| oad Qean1 t hat is a singl e
conponeﬁﬁlﬁrﬁéEQQ}mﬁnFl rdeAyite | 5¢ Bsakhose 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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An actuator 11 and a nagnetic head slider 12 are nounted on opposite
surfaces of the suspension, respectively. Particularly, in this'gﬁzﬁﬂhgﬁ¢§’
a first lead conductor nenber 18a'' connected to a magnetic hea

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 member
18b'" is fornmed in the other part 13b' of the flexure. By a sol dered
conduct &S89 duoughythe s seayiemruglierninal sleettrodes 2F ther i nal

el ectrodes of the actuator 11 is electrically connected to and

nmechani égthgtor i Med st elecrmiestlilgncomdstiedato aded eeehagiesh tyo one end of the
second | ead conductor nenber 18b''. Another constitutions, nodifications
and advé#ikedeto iconnebitorenasi that @fe coRfle@tid GoSBAE &8d td10%Rei N t he
enbodi ment of Fig. 1. O course, in Fig. 8, using the sane reference
numer al seconkd Chdts coh@useste nmeBsENtgy 'as these in the enbodi ment of Fig. 1.
Many wi dely different enbodi nents of the present invention may be

construct ed wahbewsr %ﬂ@fit@&.cfrfsorqﬂ)@ffﬁﬁtlbhsdaﬁ&%aﬂfca%gg H esen

invention. It should be understood that the present I nventionis

T SR SRR g W ) 48 B o0 o
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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WHAT IS CLAIMED IS: 1. A head suspension assenbly conprising;, a magnetic
head slider with at least one thin-film magnetic head el enent ;= @nggqt ng‘:.pr
o said magnetic head slider for performng precise positioning o
| east one thin-film nagnetic head el ement; a support nenber for
ing said actuator; a flexible first |ead conductor nenber with one
ectrically connected to said at |east one thin-fil mnmagnetic
, at least part of said first | ead conductor nenber being forned on
sai d supfit¥t IgeRBBIMER Kbcond | ead conductor nenber with one end
cally connected to said actuator, at |least part of said second |ead
conduct ok. mentfereleli syspensizt: assamiy PpPLisingenber, said support nenber
a first portion on which said one end of said first | ead conduct or

fixed t
sai d at
support
end el
el enent

el ectri

havi ng
menber

individually separated from said second portion. 2.

assenbl
head sl

head suspensi gn assgRRbY BSe

nmenber

i's fornethagnetie KeaDRI196F twRh 282iadi ik Bﬂir:?]iﬂhwei ng
e

head

ead suspension

Ynagmetlial &gl idlefbat M 1, Wwherein said actuator and said magnetic

ider are located at one face side of said support nenber.

includes a resilient
performing 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 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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3. The
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) ) 't
a resilient flexure supported by said | oad beam and rhs;ghnonagnge?zgepgf
of said first and second | ead conductor nenbers are 3 med on one 8003
said flexure. 4 The head suspensionlass$n?:gxﬁfec:g;ge b;an} an th?ﬁin t
i er includes a resilien -
Fald ngpogﬁtnggbsaid first and second | ead conductor nenbe;;largsfg{g?gEgn
ong ?:ce gf said flexure-load b b. The head suspensi on asse y

[ [ [ [ is located at one face side
inclaiml, wherein said magnetic head slider is Jone face side

i [ ted at _the
of sai d 3upporthdvehar saﬁkﬂerﬁé’?ﬂoﬂ agL gt O;fillgici%gr%ggﬁ)y gfatm A.ned in cl

of said support member. e fead Susb ection, and wherein said actuator

wher i n Riré18UBR ts@@%rﬁgﬁe‘g .Viﬁi‘é‘i%%rﬂj egidiento ddadt beamesdier t hr ough

is connected to said One en _ L aimed in ol aim s,
[ [ | 3 d suspension assenbly as ¢ -

el ?&E%%%%%rﬁl%ﬁ%g?au?gﬁﬁﬁ'%ﬁegyaﬁ% ilopdnbednt o andewhepsl n 882”1 and

wnerein s t of said first and second lead 28 9 O CT 2

wher el 1 ot 16688 RAT L0l PR G LT o8 and second cbdrdRicbe - haibrs

conduct or
are formed on one 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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b The head suspension assenbly as clainmed in claim1, wherein said first
and second portions of said support nember are |ocated in diff& 86T 2003
pl anes, and wherein said first |ead conductor nenber can be freely curved
fromsaid first portion said second portion. 9. The head suspensi on
assenbly as clainmed in claiml1l, wherein said first portion of said support
menber has at | east one via hole. 10. The head suspension assenbly as
claimed in claim9, wherein said actuator is directly fixed to said
magnet i condadtos naikerthaoe giorseiddontolee feiceoot sdid Kakrurd-lloafihe head
suspensi on assenbly as clained in claim9, wherein said at |east one via
hol e i sbebm.holes for reducing a weight of said first portion. 12. The
head suspension assenbly as clainmed in claim1, wherein said one end of
said first |ead conductor nmenber is directly connected to term nals of
said at |east one thin-film nmagnetic head el enent by ball bonding. 9 13.

The heag . suspansi AU SRRIYLA AIREEY 49 Aty Aheln Sai d one end
ri1s

of said first | ead conductor nenbe connected to term nals of said at

o2t BRI IRO0 e o RERH SR B, B4 SRR Geckd, e hecc

suspensi on asse y as claine 199t and second
| ead C0998Ci§gaﬂg%nggraifgé}ent planes, and wherein said first 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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flexible print circuits with | ead conductor |ayers sandw ched by
{g;HthPgn | ayers. 25. A manuf acturing-method of a head syspenS|Un9aBEEEﬂmg
including a magnetic head slider with at |east one thin-film magnetic hea
el enent, an actuator fixed to said magnetic head slider for performng
precise positioning of said at |least one thin-filmmagnetic head el ement,
a support nenber for supporting said actuator, a flexible first |ead .
conductor nmenber, at |east part of said first | ead conductor nenber being
formed on said support nenber, and a second |ead conductor nenber, at
| east part of said second | ead conductor nenber being fornmed on said

. ’ e : : _ . Iy
ort ¥enbertheshead nmidiRfisicAMMideibly Lo nlaRa 9L Rlgch i cal
igﬁﬁecting one end of said first |ead gconductor nenﬁ%rzﬁb said at | east

one ' i iecbm GG or 868 he SIREL o0 (QATCANG Lo pcal Ly comnect g

one end of said second | ead conduct or 0 sali and

second ber T . -
a0 1o por T on San P R el T BBk o, [ L migPetoRduct or

said first portion on whi sai d one

. . A . . 16.
nmber iK2aHO, i off M dyal Ly separated from said second portion.
qﬁe nethogaaé C 5#ﬁ€g |n'%#5#%99¥?gmherein said support nenber includes a

resilient |oad beamand a resilient flexure

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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supported by said | oad beam and wherein at |least part of said first and
second | ead conductor nenbers are forned on one face of sa|d|flexure. 17.
The nethod as clainmed in claim15, wherein said support nenbet 9 _ﬂtﬂTud% a
resilient flexure-load beam and wherein at [least part of said first and
second | ead conductor nenmbers are forned on one face of said flexure-|oad
beam 18. The nmethod as claimed in claim15, wherein said first |ead
conductor nenber are farmed so as to be freely curved fromsaid first
portion to saielesgrdoalorionoactility checefi®tdOGA8 stabnEdean Cl ai m 15,
wherein said one end of said first |ead conductor nmenmber is directly
connect ewntioctoe rmintalrs tof &l Gcttatédstanane thin-film magnetic head .
element 1 'W9 OCT 2003 by ball bonding. 20. The nethod as tlaimed in claim

15, wherein sahéresetend cudtisgishifd %ﬁbp%?f%e%@?”fﬁ% %n s connect ed

to termnals of said at Ieast one thin m magneti c hea nt by

&ﬁ?l SPENSICN
stitch daeBda tion® §5T2R0 ] tI EAD SU
ASSEMBLY W TH F%-EéogE POSI TI ONl NGS{ 'P% Qﬁﬂ%ﬁﬁ@% o NEEVETHOD OF THE
ASSEVBL¥nf Beathidt'TRe0e! AbARRREREYo HEddEs: 2 FRYG! LS hea

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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slider with at |east one thin-filmmagnetic head el enent, actuator fixed
to the magnetic head slider for performng precise positioning @ gtherapgns
| east one thin-fil mnmagnetic head elenent, a support menber for supporting
the actuator, a flexible first |ead conductor nenber with one end
electrically connected to the at |east one thin-filmnmagnetic head

el ement, least part of the first |ead conductor nenber being forned on the
support nenber, and a second | ead conductor nenber with one end

el ectri daf Ibaldohomdirerl to the actuator. At least p of the second |ead
conductor nenber is forned on the support nenber. The support nenber has a
first portion on which the one end of the first |ead conductor nenber is
formed and a second portion. The first portion is individually separated

from t hemecomthepmethéd as-bBaiml in claim 15, wherein said one end

of said first lead conductor member is connected to terminals

of said at least one thin-film magnetic head element by stitch

bonding.
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