; e3eHuppqgt s". st 6t THugy 0 June 2003 -1 TI TLE OF THE | NVENTI ON

VRl TE/ READ H \ MECHANI SM  AND WRI TE/ READ SYSTEM 5 FI ELD OF THE
| NVENTI ON Theﬂjm“ ntion relates to a wite/read head supporting
mechani sm for wi tgdomxead systens such as hard disk drives (hereinafter HDDs
for short) or optical disk drives, and a wite/read system conprising such
a 10 wite/read head supporting nechani sm BACKGROUND OF Tg;% IN\/E[%@%J\I A
prior art magnetic head supporting nechani smused with H éUQfe |y
built up of a slide |ng an 15 el ectroragnetic transducer el enent, a
“suspensi on f \l&m g the slider, and an interconnecting pattern
connect ed t romagneti c transducer el ement. The el ectronmagnetic

t ransducer nenge,\@brrprl ses a ma%netl C rlpol e andmcml for converting
electric si gnal s to 20 magneti c TerERaPE, THhdNVEREIGRr sa, a

magnet or esi st ance effect wHienmgREAD HEADY mfpomtmrg MEIgRetcy, signals to

vol tage signals) and so on, each [MeTe} Qﬁhﬁaé %ﬁy thin-filmtechniques,
assenbly techniques, etc. The sli er orrred of 'non-magnetic ceram cs
such as A1203-TiC or CaTi3 or a 25 magnetrc material such as ferrite, and
has a genermlly cuboi dal shape. Fisepsor face M(wionTherri ng surface) of the

Sl i der 0PPOSi te 0 sdlsk. DRl U d:% Bhocessedt Lot q. a.sbape suiiahl e for

generating pressure to on tree rumat a sma
spaci ng. 30 ThEEREpERsi ﬁdﬁfﬁrl%ﬁﬁér PF Rt By REETE Fel 4Ss "PeFmed by
bendi ng, punchiigk Qiriekbelnese pfaeeSEDDg forf esidrténbrsbat dEssiishkeet .

drives, and a write/read system comprising such a

10 write/read head supporting mechanism.

BACKGROUND OF THE INVENTION
A prior art magnetic head supporting mechanism used
with HDDs is generally built up of a slider having an

15 electromagnetic transducer element, a suspension for
supporting the slider, and an interconnecting pattern
connected to the electromagnetic transducer element.

The electromagnetic transducer element comprises a
magnetic pole and coil for converting electric signals to

20 magnetic signals, and vice versa, a magnetoresistance
effect element for transforming magnetic signals to voltage
signals, and so on, each being fabricated by thin-film
techniques, assembly techniques, etc. The slider is formed
of non-magnetic ceramics such as Al;03-TiC or CaTiO3 or a

25 magnetic material such as ferrite, and has a generally
cuboidal shape. The surface (air bearing surface) of the
slider opposite to a disk medium is processed into a shape
suitable for generating pressure to fly the slider on the
disk medium at a small spacing.

30 The suspension for supporting the magnetic head is
formed by bending, punching or otherwise processing a
resillent stainless sheet.

Proposed for Lhe interconnecting pattern are an
arrangement where, as typically set forth in JU-A 61-153117,

35 an interconnecting wire formed on the suspension is

connected to the electromagnetic transducer element by way

of a lead wire, and an arrangement where all



Proposed for the interconnecting pattern are an arrangenent where, as
typically set forth in JU .~ 61-15317.'7, 35 an interconnecting wre forned
on the suspension is connected to the electromagnetic is transducer

el ement ray way of a lead wre, and an arrangenent where all -2 20 June

2003 interconnecting wires are brought in close co;~tact veith the surface

‘'of the suspension. On the other hard, a HDD is increasingl& ;@@ui - to be
Ralree ~ hi gher

downsi zed with ever-hi gher recording dens%ty and, hence, 5
track density and ever-narrower track wi dth. To inprove tracking precision
-in a high-density recording HDD, it is effective to provide the magnetic
head with an actuator for effecting a mtre-displacenent of the

el ectromagneti.c transducer elenment or slider with respectrég%t()

h
suspensi on. SUSTeAACRRETATY IFEF PRELAMCE"Y ¢7diF4RF 5sed i Jﬁgﬁgsghe
6- 259905, 6- 3(G38Z2candf 8tUB0BEPenSUMVARY OF THE INVFNTIO Q A problemwith

the magnetic head BaviRg Screthuatl . Qrams ik ithakabMh&l £ aeGtingewi res for
connecti ng thg}sgsgen3|qﬂ ghgg to EFe el ectro gnetic t ransducer el enent
ire like7.y t@SPEVPEEZEH THPeVFEAL T35 HE FEFal P vasHi ¥p7 AACemBRECDf t he
slider with rdspeceven-bishsuspensi densithi chdoevar snawrdvarhdrgkkder i s
driven by theae¢tuat ofy 2Pr-Hovevesckite ;heve:publih catiigms adhset@sing ;. he

provi sion of the actuat say_ not hi bout the interconnecti w res for
connecting t hé %G8 éﬂ%i%ﬁpsfﬂé1Foefﬁgcg}%%t?%ﬁﬁﬁﬁ Fﬁcgg?dwgﬂﬁ%gf éFSﬁent.

In other wordsvich as acheatar fofr eddeseing Hve rilekludherladrendnit efcohnecting
25 wires have Qnrcthendhsdl acerantagapabdlddanobrt beiast uator rkspast taken

into consideration. An object of _the present inveption i s to provide a
write/readhea ggﬁpBP??% Hﬁ%haﬁ?g?fgbﬁﬁ uﬁﬁ&ﬁet?%rangﬁpféallﬂisk syst em
havi ng a mni cr ctigicdpeadeheniP-dctsuatap)o B0, By ISR any & ngddi2dent to the
di spl acenent capability of the actuator is elimnated.

SUMMARY OF THE INVENTION

A problem with the magnetic head having an actuator is

15 that interconnecting wires for connecting the suspension
side to the electromagnetic transducer element ere likely
to provide an impediment to the relative displacement of
the slider with respect to the suspension, which occurs
when the slider is driven by the actuator.

20 However, the above publications disclosing the
provision of the actuator say nothing about the
interconnecting wires for connecting the suspension gside to
the electromagnetic transducer element. In other words or
as a matter of course, the influence the interconnecting

25 wires have on the displacement capability of the actuator
is not taken into consideration.

An object of the present invention is to provide a
write/read head supporting mechanism for a magnetic or
optical disk system having a micro-displacement actuator,

30 by which any impediment to the displacement capability of
the actuator is eliminated.

Such an object is achievable by the constructions of
the invention defined below as (1) to (11).

(1) A write/read head supporting mechanism comprlising

35 a slider provided with an electromagnetic transducer
element or an optical module, and a suspension, wherein

said slider is supported on said suspension by way of an



Such an object is achievable by the constructions of the invention defined
below as (1) to (11). (1) A wite/read head supporting nechani sm <; onpxi:;
ing ~35 a sl ~.der provided with an el ectronmagnetir_ transd' .~CeY' el enent
or an optical nodulE, 'and a suspension, wherein said slider is supported
cn sold J~; CpPnsion by wa~.> of an 20 June 2003 actuator for displacing
‘said slider, an electrical connection to said electronagne c tr %6gucer

el enent or said optical nodule is nade by.,a first |ntercon JPP %
arrangenent novabl e and/ or deformable in Y di spl acenent 5 direction of said
-slider by said actuator, and ar_ electrical connection to said actuator is
made by a second interconnecting arrangement. (2) The wite/read head

supporting mech m a cor 1) above mher i Jirst
|nterconnectlng%fa%arrgngene aﬁln% %% e ea mngeg%%oa |ng away froma

surface of saiapreespensiton.syig) eTﬁétWIFQSé?@rté&dthéa%ldls%ﬁa‘b@rltemﬁgt ne€Ehani sm
according to (s%)ldalagweamcﬁﬂ@ sai dadeas, W l’f&r@;koﬁlﬁté’bg:cﬁl\h@)é*ﬁﬁ@m t he

surface of said _sus enS|on | in ) |te/read head
supporting meéhaf’ g%“ glet (a)m?g g%ovoermawfj%er%?na sai vlv;j Fogn*t

i nt erconneét i r@gr&pﬁaﬁge@%rﬁaw@ﬂadeg By feahd llcsupkpht exidniare. (5) The

wzite/read headesdppesl i dehd®Rehani s6 aLeDrdithgrtbe {(J.nadbewea wbesedn said
first |nterconn%pt|ngn20 arrang ggn% ﬁg formed by bringing wires in close
ac

contact with a SUrface of &hit ension, and then renoving a part of said

suspensi on so that (&) pa?@e(ﬂr¥§ﬁ/deﬁﬂr¥@?qI?W§P@§é16@nﬂ%ﬁﬁ93M~ﬁh the surface
of sai d suspensicordisgptAced idboxefl | GRdtalgh Stadtie £126t (H)tcthenwett edd ead

head suppgbli N9, IBSRANL T AGGRL! 10, Los () ABoXg) ber el n csald,Ti st

|nterconnect|ng arrangéenen sur ac d suspensi on while
said first |rﬂ%ﬂﬁééﬁﬁe@fl$@F@uﬁ%ﬁﬂ$§ﬁéﬁ@ |s |n cl ose contact therewith, and
al l ow ng an area of(3) owrié ghdlt'feyrb@del%ééd Appd@tanPaidchisa d suspensi on,

so that said f|r dhg%e&co ec| Q% aﬁﬁgﬁgﬁgeg%dl§eg§wﬁgief%gg 9%%defornable

in the dlsplacenent rect sai actuator
witel/rearl héﬁﬁy4f8ﬁ$o¥ﬁﬁrﬁfﬁﬁ%Eﬁaﬁ?sﬁ?ﬁ%éﬁ%@@ﬁ@lﬁﬁ ﬁﬁyiéﬁ@ddpg(W)r?o (6)
above) whesei n at l(eastT3s wanie eparhdofiesaithpborstng Nnteilcorigect i ng

arr angenent ara@c%tfdhﬁastt.o one Ratk, ofnsald, seqend; ot e ponechbAg: ng

arrangenment are unable to exist on the sane surface of said suspension.
arrangement includes a flexible printed wire.

{(5) The write/read head supporting mechanism
according to (1) above, wherein said first interconnecting

20 arrangement is formed by bringing wires in close contact
with a surface of said suspension, and then removing a part
of saild suspension so that a part of said wires in close
contact with the surface of said suspension is placed in a
floating state.

25 {6) The write/read head supporting mechanism
according to (1) above, wherein said first interconnecting
arrangement is formed on a surface of said suspension while
sald first interconnecting arrangement is in close contact
therewith, and allowing an area of low rigidity to exist at

30 a part of said suspension, so that said first
interconnecting arrangement is movable and/or deformable in
the displacement direction of said slider by said actuator.

(7) The write/read head suppoerting mechanism
according to any one of (1) to (6) above, wherein at least

35 one part of said first interconnecting arrangement and at
least one part of said second interconnecting arrangement

are unable to exist on the same surface of said suspension.



20 June 2003 (8) The wite/read head supporting mechani sm according to any
one of (1) to (7) above, wherein said actuator nmakes use of an inverse

pi ezoelectric efifF:t c-~r- a:~ electrostrictive effect. 5 (9) The
write/read head supporting nmechani smaccording to any one of (1) to (8)
above, wherein a head driving IC chip is built on said suspension. (10) The

‘wite/read head :uppcrting mechani smaccordi ng to any one gbsjéj' Séogw (9)
above, which i ncl udes a 10 mai n act uat or for driving said A (11.)

A wite/read system which conprises a wite/read head supporting nmechani sm
as recited in any one of (1) to (10) above. BRI EF EXPLANATI 0~1 OF THE
i ~RAW I vl GS: L5Fig. 1Ais a plan view of the surface of tl:esuspension

opposite to a mediym,i nrpltlglqﬂ el Q a&;;ﬁ%x‘%lh@gm&@é}ﬁ&l rst aspect of

t he invention. Fig. ~LBi s an V|ewo he "suspension si~uwn in I'ig.lA
on whi cht he slfi“d@rrdilélgnﬁﬁn%@d W 1Pt He! aE? ué?)oraﬂﬂ"@cafvﬁar%élf\/\%aelr? t hem Fi g.
1C s a side viewefok gakedBidd pf 2hSiavstse viewedfeconéc exefplarry zn

construction %ﬁt&%ogggngﬂggeeaqeggcordl ng to the first aspect o0.C

t hei nvention. 2 i'ew of anot her exenpl aryconstructionof the
magnetic. Head accd|9é|| nghe Wiie/repdapee ts BPERAPNPeRRIBF T ig . 4i s a
pl an view of tdecxdihaceoodny heheswIpans tonoppasidve,t ahbeefmedi uras30Fi g.

5Ais a p7.an &Ie\ct\];a goklalhghﬁj {%% ql ggegﬁge&s%%%sqgﬁosi te to a nediumin

t he magneti c hea e second aspect e invention.Fig.
5THi s a plan view dfto h]ée ginige frppdnkppd jsuppogtiog machagigm jn 54 on
whi cht he sl i deiccfmxﬁlngouail amgl ord of t(he act yal :above3Sivbdah ethdietdseen

themi~l Cyq ~ ggtyjfeygﬁl;)fmrwllgg 2lig suspaQidyne 2003 Fig. 6Ais a

pl an vi ew of t he sur ace of e suspension. opposite to a nmediumin _the
magnetic | ead accorldithgPtsr ¥ T EY%&%&MGF’ FREPT HYNtA SWICET§2BB is a
pl an vi ew of thmdsusspenst oy Sk@Manibn asirecife@Ainoanwhded dhe(1sl tder i s
nmounted wi th thg)agiugtor | ocated between them Fig. 6Cis a side view of

Fig. 6B.
BRIEF EXPLANATION OF THE DRAWINGS

15 Fig. 1A is a plan view of the surface of the
suspension opposite to a medium in the magnetic head
according to the flrst aspect of the invention.

Fig. 1B is a plan view of the suspension shown in Fig.
1A, on which the slider is mounted with the actuator

20 located between them.

Fig. 1C is a side view of Fig. 1B.

Fig. 2 is a side view of one exemplary construction of
the magnetic head according to the first aspect of the
invention.

25 Fig. 3 is a side view of another exemplary
construction of the magnetic head according to the first
aspect of the invention.

Fig. 4 is a plan view of the surface of the suspension
cpposite to the medium.

30 Fig. 5A is a plan view of the surface of the
suspension opposite to a medium in the magnetic head
according to the second aspect of the invention.

Fig. BR is a plan view of the suspension shewn in ig.
5A, on which the slider is mounted with the actuator

35 located between them.

Fig. 5C is a side view of PFig. 5B.



Fig. 7 is a plan view of the magnetic head according to the third aspect of
. the invention, wherein the slider is 10 nounted on the suspension with the
actuator | ocated between them Fig. 8 is a plan view of the nagnetic head
according to the fourth aspect of the invention, wherein the slider is

" Jyounted on the suspension with the actuator |ocated 15 between them Fig.
9A is a plan view of the surface of the suspension opposite tf a Eﬁﬁgun1in
t he magnetic head according to the third_ggpect o~ the invéfty¥e g. 9B
is a plan view of the suspension shown in"Fig. 20 9A, on which the slider
‘is nmo~:nted wwth the actuator |ocated between them Fig. 10 is an expl oded
perspective view of one exenplary construction of the magnetic head

supporting nmechani gt .ZgA35§§EE@§Q gMgg%gE@ﬁgE%Efgﬁg LNZLEN-PTON The

wite/read head supporting mechani smaccordin e Invention conprises a
slider provi dedsHePRian PRIitemagnat pPediyansdider "epeeert '¢2%n opti cal
modul e, 30 andicdosdsPENSs OthONHdchsplet sdf dave iisvapunded whil e am

actuator for displagindedhe, o7 fidg—,sLy Localed fgtugen, the, (he. present
invention will now 8'explalneﬁ{mnth.reference to-a nmagnetic head W i_h an
e7_e ~trofanrfdt 08 VRafsdwke-rsldicerent ROUNIEH "BiitatEfi detua @y First of
all, typical cenrstedcbeomserOftHdage suspensi on, actuator and s! pder are

expl ai ned. 20 Jug@ 2003 . 6_ g %Qe&sopqﬂggp%%ded per spective vie~~r ef
cne exenpl ary cons Faction of the magnet i ¢ head supporting nechani sm

i ncludi ng an actuafé®: This aigast VéSteall SHpPerEPRES netdramcsMrAs™Bui [t up
of a slider 2 4 aviededibd wddean o€l eatr Onv@ghei, cwheaasduaer «liaesenis1l and

a suspensi;on 3 f %rteguggoéﬂ!ﬁ“&;s&;@%s%'okd%{ 2o 130, et YAt Qe £ 06 aked
bet ween the sl der and the suspensi on 5.
them.

Fig. 8 is a plan view of the magnetic head according
to the fourth aspect of the invention, wherein the slider
is mounted on the suspension with the actuator located

15 between them.

Fig. 9A is a plan view of the surface of the
suspension opposite to a medium in the magnetic head
according to the third aspect of the invention.

Fig. 9B is a plan view of the suspension shown in Fig.

20  9A, on which the slider is mounted with the actuatox
located between them.

Fig. 10 is an exploded perspective view of one
exemplary construction of the magnetic head supporting

mechanism.

PREFERRED EMBODIMENTS OF THE INVENTTON
The write/read head supporting mechanism according to
the invention comprises a slider provided with an
electromagnetic transducer element or an optical module,
30 and a suspension on which the slider is mounted while an
actuator for displacing the slider is located between them .
The present invention will now be explained with reference
to a magnetic head with an electromagnetic transducer
element mounted on a slider.
35 First of all, typical constructions of the suspension,

actuator and slider are explalned.



The actuator 4 is to effect a mcro-displacenent cl the slider 2 with
respect to the suspension 3, and is fixed 10 as by bonding to a gi nbal

bl ock 3a | ocated at an end portion of the suspension 3. The ginbal bl ock 3a
is formed by providing grooves in the suspension nenber by el.ching,
punching or the |like for the purpose of allowing the slider to follow a

'di sk mediumsurface. It is here noted that the 1:~ nagnetlg heade:%]cLq
provided with a nmain actuator_ for driving the whole of th %n. The
actuator 4 conprises a fixed part 43 and & novabl e part 44, and further
-includes two rod-Ilike displacenment generating neans 41 and 41. Each of the
di spl acenent 20 generating neans 41 is provided wth at |east one

pi ezoel ectric or electrostrictive material |ayer. having el ectrode |ayers
on both sides, andFédnsttult & &FEHCERALPTES ‘6ﬁ§§t8§a&ﬁﬁféﬁﬁtracts upon

t he applicati@meablﬂﬁtta@eﬁnnmthenebécth©denﬁayersheaheagm&zaehectr|c or 25
electrostrictiye,ngt gLl gr}tcltﬂaéﬁtg L Lorfed,,of anpL %gqfeec%r hEagr

el ectrostrictive materi 'ongates and contracts dy I nverse
pi ezoel ectri c SSPPEEE1BP @ﬁ%ﬁﬁﬂﬂ@@tﬁ?c?fﬂ@ieﬁféétd Bhedehd eFoppaed
di spl acenest gdnrer ahi afedEaNSnadhelr $ c conplethdee ehemsmspEmm@oa via the 30

fixed part 43..andabbe, of hey, eadeolpihe disnhaserent ganeLal bng. geans 41 1

coupled to the s er Vi e part e e ongatlon and
contraction of4 ﬂﬁéaﬁﬁép?%%@%%hﬁh§~sﬁé@%tﬁ%d”ﬁ%éﬁ% ﬂH?p?§ﬁ%§nsI|der Ls ~;
di spl aced that theTekestromagndt iis toaastercer elienendidplacdbedisplaced

circularly. TR IRs gt%% e§eg{asce|@&t @%@esthgltt@s%%er oeflxstneot

to cross over -recor tracks on June 2003 Wien t:

p|ezoelecﬁplcfﬁfbelE@P?b%$rf%tQ§%ﬂﬁﬁﬂe?f%ﬁkf%yePcééﬁﬂm?EHEH‘%Etmeen t he
el ectrode | ayerstinont he thesphagemsitnggnerati ogmipeansiotk 8k thefactasat or 4

I's construct e%f%r@v%&tﬁélérﬁ%v@se%ﬁek:ﬁgté\?ﬁfémstl%ﬁ' ALmSYC A% onRAD, the

pi ezoel ectric or "el ectrostrictive mteri ayer i s usually subjecfed to a
pol ari zi ng tré&FﬁQﬁPgsB*a%h?(9%Kﬁpf8€et??sp%ﬁ3ﬂﬂ 8@n€ﬁt°%5%%5¥¥ff§l The
direction of pal dolzawi @amink tmMedsdupobariazat.i oht t yedtarentoitsdathdi ckresswi se

di rection jef %E%n%@&éaﬁééd:u;¥ﬂ%%nhgé @ frect hQRnOhc e dd- electiiicifiel d
upcn the appllgﬁtlgn of OlVﬁ% on the electrode layers is in alignment with

the direction PAFi %4t S'°RE"Pi 82oel ectric or electrostrictive
materi al |ayer bet Weena@et#fef derrodei ey ar § ldkdngattestd mnidt ¢ movable

t hi ckness-w sgaghicr @@t | oRd (RiazRel eakliged angl tbdi-Nake 181 & f-RGnrand
contracts in |ts ? ane dlrectug %glgfoegdc rlg fyansverse effect) When
the direction SSE°FAST BT MH1% i 8Pd T5 r E0&Hs85t 0% e T PSEFTBh ol

pol ari zat ¥8n, gsmerpeing Hegatvartd, 16herpy Edwkiwdtr pE b?afetf geter ostrictive
material | ayerpleeatetaetﬁlé Nod tell elchire kpEESt 2hd Waser dhT exdyiean h(apileg,oel ectric

| ongl tudi nal ehfeetlocand Blongapes, nudds, BLane.gLLSRlIQn (pLezel -ectric

transverse effect cont ractron-in ﬁgﬁ
alternately oﬁtoﬁéoagéb?%dﬁﬁ%ﬁFmdéﬁéF%tf?@P n§PEhHC%hbThé¢ drspPaeenent
gener ati ng neams thehelbemybde rlatyieds. The piezoelectric or

25 electrostrictive material layer is formed of a
piezoelectric or electrostrictive material that elongates
and contracts by inverse piezoelectric effect or
electrostrictive effect. One end cf the displacement
generating means 41 is coupled to the suspension via the

30 fixed part 43, and the other end of the displacement
generating means 41 is coupled to the slider via the
movable part 44. Upon the elongation and contraction of the
displacement generatbing means 41, the slider is so
displaced that the electromagnetic transducer element is

35 displaced circularly. This in turn causes the
electromagnetic transducer element to cross over recording

tracks on & disk medium.



25 between one di spl acenent generating neans and anot her di spl acenent
generati ng neans changes so that both displacenent generating neans defl ect
in the sane direction in the plane of the actuator. By t | ~is deflection,
the novable part 44 rolls and pitches with respect to the fi~;ed 30 part 43
“in adirection indicated by arrows in Fig. 10, wth the center of the

roll -and-pitch notion defined by the position of the m)vabl art 6 in the
absence of voltag~a. This roll-and-pitch notion all ows the H’B‘F@ ég ~~4
to displace c~~rcularly in a direction suBBstantially 35 perper~dicu~ar to
the direction of elongation and contraction of the displacenent generating
nmeans 41, with the direction of the roll--anti-L~ii:ch notion lying within
t he 20 June 2003 plane of the actuator. Thus, the el ectromagnetic
tra: ~sducer el emenfihepobie (p19%eARETHEE cHese ] §F TAOSTEFEGF TS GFEI2At thi s
tine, there |sla@agxf %ahd@fclaéd euakeantBé PDdEdrczat lepebecauseet he direction
of voltage is éjt a& t é’%et h ttllr'u) tmg Igé 4Pl0| arizat %gpvaéér '4de'§°t ed t hat

even when bot h nent. ge efat ing nmeans are el ongated by voltage
applied alter mr@tyupﬁ@@e@ﬁw)a $oricrated cb e zarlSgitén %‘%?Wlo@élﬁ?sasl n the
illustrated actiat @he ¥ObisgesHTAY: ee é@e@tmﬁaﬁ@eauslryaza@pdaledagarbot h

di spl acenent glenerat lllig ans te% stuc po nlnzelrnt tat aEH M éjl saol a%ements are
.reverse to edc RAoBTher wor st altetnatin tages

si mul t aneousl yllwl?hfﬁeélténdb%ﬂlﬁqqq@nél §Bpa]@éh@efm g@h@r@tﬁeﬁélﬁéaﬁ | n such a
manner that onsielrorgates Mﬂ‘“ﬂ}eisaﬂ)@uaeﬁzi51&r@rﬂﬂe%&héntaﬂﬂ ¥ ckelesa- At

this tinme, the centdtja_gfeohthe tr he @gugwch r{r,?lgho%é) % etbtrI%ylanfe part 44
ar 4 t

i s defined by e position € nova sence of voltage.
Assuni ng Hére ?llﬁfttrtlﬁefsah% ltﬁ'qf\/ltﬁs %P%Ja‘*géht@ @SedOEnee fipliheude of the
rol | -and- pi t chegitirefel Sapditi s2.i0 bW ema@s: lvange tas fhaécdivrd be case of

the al ternate gpplication ofnyqliage, (. one,side ot Lhe, ol)c andpi teh

nmotion in this case, howev acenen enera neans i s so

el ongat ed t hat"&tes igilr eeYeBrPefeche ba bv?h@cw%aééwés %\f&g@éeﬁothe

di rection of Jpﬂi ahiizaheos-wior dATethisonr gaseymelbbErpol bengiatudanadf the

pi ezoel ectj]rl c tgct ggét“rggtl %Srr%eu;gl %?r}' 1@%&9&?5' bly attenuate at
ie ap

a high app v ﬁe or . upon he cont [ nue ﬁ ication cf voltage. It is
thus required Fh‘zftzote ECEI’FW/ltrﬁj*r\?Hleffé@eeB‘:ee%th ai B8 by Pmyrhdgea Const ant
di rect currentthls asecokiagbidl iz tegesaamerdi ttectdiorcasot haf of

pol ari zation ghe -SURGERASR! n&ltﬁife %ft%gsﬁéz‘i‘d a'ttr%r natipE1 ¥o:i;a0€,0n the bias
vol t age, therebJT f or ecl os] ? EIH'[ hat the, directian._of driving

ng the
vol tage may beSTEErPEETLO" ‘gef LTy Yon Cé?“tﬁf?‘f:é?l]z’étji%h thenERERRT er of
t he roll - &9d- piitsen d@5enbi donl nwmﬁllsCCane Tenaddefuidaadl byt t4mt)posintdi on of the

di spl acement gengikieRdiALans Yidneh gt Rechio@S(piezsklager at anerdppkked
t her eon. effect). When contraction-inducing voltage is applied
alternately on one displacement generating means and
another displacement generating means, the length ratio
25 Dbetween one displacement generating means and another
displacement generating means changes so that both
displacement generating means deflect in the same direction
in the plane of the actuator. By this deflection, the
movable part 44 rolls and pitches with respect to the fixed
30 part 43 in a direction indicated by arrows in Fig. 10, with
the center of the roll-and-pitch motion defined by the
position of the movable part 44 in the absence of voltage.
This roll-and-pitch motion allows the movable part 44 to
displace circularly in a direction substantially
35 perpendicular to the direction of elongation and
contraction of the displacement generating means 41, with

the direction ¢of the roll-and-pitch motion lying within the



20 June 2003 _g_ The actuator 4 has a structure in which the displacenent
generating neara 4.1, and f.i.xed and novable parts 43 and 44 are fornmed as
an integrated single piece by holing and notching a sheet-|ike nmenber of

pi ezoel ectric or 5 electrostrictive material with electrode | ayers forned

- at given sites. It is thus possible to increase the rigidity and

di nensi onal accuracy of the actuator, with no fear of asse %. ?§6$
addi tion, since any adhesive is not used f_or actuator fabri 1S t |s
-highly unlikely that 10 any adhesive | ayé*-is deposited at the position of
- the actuator where stresses are induced by the deformation of the

di spl acenent generating neans. Stated otherw se, problens such as

transm ssion | osses due to the adhes;we |ayer and charges-with-tinme of
adhesi on strengthe arfe the absobutel y Thnki ketty dlectorpagpet By trkasducer

"pi ezoel ectri g ghe®d EGJOSLEN EL T M3 MRLkeREEl 1nUsedihenekno s FrRARE a

mat eri al capab e of el ongatin ntracti due to the .Inverse

pi ezoel ectrict é?f%&ﬂe %eéfeg?r?ﬁnﬁ%aﬁiié g???ﬁﬁtlQ&hﬁtdgg??E&thlon

pi ezoe7. ect ri beoxu Weedtirestidrtoi evotdbeori aF maysbeonrsad pibyvided that it

can be appii egftgoimz@ﬁahacef@rits gl%ra@aaahaug Sransheh bbe, agiuator. By
reason of hig idit howeve

é S usuall%ﬁp %k%_$ble to use ceramc
pi ezoel ectric b?p AT OFFEFT %FQHﬂﬁﬁﬁsaﬁges% s PzTY[ BB ZA°° Ti) 03], PT
25 (PbTi 03), RbEZTi¢q R teraptzly o3k, amdlb@x|Iﬁﬁh1ﬂm§nauéCQEﬂﬁmxﬂ@ The
actuator, whep.kir4sS made up of ceranic piezoelectric or electrostrictive
naterials may eaS|Iy be f bricat ¥i1 th C nitecgniques such as a

sheet maki ng or prithimg 8§§§atT %guﬁ Ped Y$EﬁaQﬂfem§¥t Gtor 30 may al so
be fabricé@edSbWU1¢ﬂnﬁdﬁ8ﬂwiaephrwdunﬂsbdthedpﬁkt@mﬂM§nn'Q@n@ratlng

el ectrostri, "ntans vleh RIS iaainaﬂnamecrinalt tnbas @gm%%it@eaﬁé s, nay
be of _either crystall] tructure or monocrystal lin<~ structure.
No speci al Iiﬁ?tg ]ﬁ t¥§ & HBh 't o ?%?%ﬁq?rlggﬁgigi &0 B3E Payers:
an appropriatSému%ﬂﬁﬂﬁayﬁlUnannylﬁé<nndF¢hrEh@ndy%nldﬂﬁ@epﬁogésgé%t@mmh as

printing, firhBgnsSputdi BOhadidd @aponat £ oshfFrLonducti veofdaste ~rrhile

how t o fo?githe -49r 20 Ju9882003EP|eggq&g&;Qh%eortgéecgﬁgﬁtgicgkye
material Taye unt-.

FOTE" Ctkén nto accoun
roll-and- pltch motion of the movable part 44 l1s detfined by
the position of the movable part 44 in the absence of
voltage. Assuming here that the same driving voltage is
used, the amplitude of the roll-and-pitch motion is about
20 twice as large as that in the case of the alternate
application of voltage. On one side of the roll-and-pitch
motion in this case, however, the displacement generating
means is so elongated that the direction of the driving
voltage is reverse to the direction of polarization. For
25 this reason, the polarization of the piezoelectric or
electrostrictive material layer may possibly attenuate at a
high applied voltage or upon the continued application of
voltage. It is thus required that the driving voltage be
obtained by applying a constant direct current bias voltage
30 in the same direction as that of polarization and
superposing the aforesaid alternating voltage on the bias
voltage, thereby foreclosing the possibility that the
direction of driving veltage may be reverse to the
direction of polarization. The center of the roll-and-pitch
35 motion in this case is defined by the position of the
displacement generating means with the bias voltage alone

applied thereon.



An actuator may have any structure in which at | east one piezoelectric or
el ectrostrictive material layer, 5 having electrode |ayers on both sides,
exi sts at the displacenent generating neans. However, it is preferable to
use a nmufti-layer structure wherein tvao or nore such piezoelectric or

el ectrostrictive material |layers are stacked one upon another. The anount
of elongation and 10 contraction of the piezoelectric or eggigosdoactive
material |ayer is proportional to electric f_ieid intensity. wever, the
_aforesaid nultilayer structure nmakes it poussible to nmake the piezoelectric
or electrostrictive material layer so thin that the required electric field
15 intensity can be obtained at a | ow voltage, and so the driving voltage
can be lowered. h.t the sanme dl'IVillg vo7 rage as that used with a single
|l ayer structure, thE'&fSHREteF &1%tdat iséh Uahd” @ ot i o €an becone nuch
| arger. The thickpesserahtt henprezied ecdarisc 40r @h@ciinest rndt nvealwds eri al 20

layer I's not cplilgals AR ,50.08Y: O, deter Thnefc aPAl 00,00 VAl L oS,y

condi tions such as driving voltage, t requi red anmoun el ohgati on and
contraction) aRfl&asenst PPABRERELF oeFone B MeBPe otk Re84CBEC AR ¥ ~mto
about 50 ~.mn i slustiedduripretarnetedinll hatpr acétoerdd lbyersnfentedmt 25
Slnllarly’.th? yggﬁrsﬂdé%ﬁ fé)fgni U%WE8559£]£|§¥Q§k§%E Ectgé rigidity .

el ectrostrictive material’ layers stacked one upon another 1s né{ critical,
and so may be #8fefHIGREd TR IsBeRERTRMierrtehaf VR Pl adBienfogefet atf ng
means havi ng aadesmppd dhticekness aic@iabbaj nabie: ahty k&haot-ed tdhatota

covering 30 pi I ri Lol ek oSt tive; i I I,S ally
provi ded on thgégﬁtgﬁﬁﬁgﬁugfggt?d%%u%g§é¥% &Ftﬁgﬁgﬁﬁﬁ§{FF?¥SE%¥a%§%? t he
suspensi on! 8 i 8npr 3B Y oA AEE $BrFERIE WiCCh 2 AntRAtRATIHREcPEng Pat tern fer

driving the actuahotod vanrdecantiates<onredndngepaby erhe tdefhemdbicomnnect ed to
the el ectromagRgLi §; IS ANSHMECL ALAIEM, helfis0CCRALAR BN cThe

suspension 3 may al so be provi ["1ts surface wth a %ead*ariving TC
chip (a read/ wPrPBlam SUCHHSJHREVFDEF 2OPL LPPSES sTHhdlC Pr6c88S8FRGVSC i s
nount ed on thelsuspensi amargbsisitiennpossi bHees o egueadttheakengt h of the

interconneggingbgg§$@gf§1UHggkgpﬁ el eglronpgnetic transducer elenment to the
signal processing IC, that the si -5 frequenpé.can be nmade hi gh due

sSo ) ra.l 2
to a decrease in indciify '©ABEBRERTSE LT (PThicl&<thes b € PAYEhtFbn is
suitabl e for cased hdrerie tikemagbuat oratefribhecapdlist reft edonategralostructure
is used, it iscypdessteedauiatot bee PhRIARL LAYEHE] QN TRY &lF80r or

electrostrictive effect. Any desired piezoelectric or

20 electrostrictive material may be used provided that it can
be applied to the displacement generating means of the
actuator. By reason of high rigidity, however, it is

usually preferable to use ceramic piezoelectric or
electrostrictive materials such as P2T [Pb(Zr, Ti)0O3], PT

25 (PbTi03), PLZT [(Pb, La) (Zr, Ti)03), and barium tiLtanate
(BaTiO3). The actuator, when it is made up of ceramic
piezoelectric or electrostrictive materials, may easily be
fabricated using thick-film technigues such as a sheet-
making or printing process. It 1s noted that the actuator

30 may also be fabricated by thin-film techniques. The
piezoelectric or electrostrictive material, when it has a
crystalline structure, may be of either a polycrystalline
structure or a monocrystalline structure.

No special limitation is imposed on how to form the

35 electrode layers:; an appropriate selection may be made from

various processes such as printing, firing, sputtering, and

evaporation of conductive paste while how to form the



10 be used for cases where various actuators having assenbly structures

. enploying piezoelectric elenents) and actuators neking use of electrostatic
force, and el ectromagnetic Force are used. The suspension 3 is Generally
foxmed of a resilient 15 nmetal material such as stainless steel. For the

" interconnecting pattern, on the ether hand, a part thercoL has a general
structure wherein a resin-coated conductor wire is brought jn clo ont act
with the surFace of the suspension. No spggial limtation i%§#Wﬁ%§§9 cnh how
to form 20 the interconnecting pattern having such a structure; however, it
‘is preferable to make use of a process wherein an insulating resin filmis
formed on the surface of the suspension 3 and a conductor wire is fornmed on

the resin fil mifablowedrby dordricrgrapethetivesistelihm Lheseor askan2s
protective fi I.rg and a process wherein an interconnecting filmhaving a

mul tilayer structufEé“Conprising such a resin filmand a conductor wire is
bonded to the susp@nskohulton praphdaNaghBY i ethieddreupporiialy atecigasitsm

having such a sid yekydbelast el @i «TeBteBet)ceii ehaebrignl 18annection 30 to
t he el ectrqma ansducer. el ement is .m y a First interconnecting

net.ic t de b
ar rangenent c%ﬁé’&lng Sie%ﬁ? eglgﬁ’ﬁfﬁro%e}f’%?hmsﬁgaeisn tfie” df Spt acément
direction of thepdkcdvenbyserrragdngarepys andoanvet ectl ilgalPrefennbee +0I1 to

the actuator igdmadauby;a $R60RELPEEFEOMEHINNGwar banger®Hucn3d Then,
exenpl ary const.ruct = ~ ndahnigreconnectl ng

Lcn~, . of thelf|r~'%and.sPr. nd nnec
ar r angenent s éDrléaZéJprLfa’ﬁFiﬁ%%.or clectso5hr Jhhe S 06 Chg  eX@HPIary “enbodi ment
of the ~irst sdpesedopnehepdmamnthen.i sThd lapsungt efl ¢kerRIgfiopAandB and ~C.
Fic~. LIA Es) afdﬂrﬁ@a\ét@%%f ghf@ w&age&é@gri?c }Mrt heitehberast wadgirveand slider
renoved therefrom. .a Llewead froamt » Sl of t.ae Su | | 2 osite
oo medi um g R BY, LAY ROTRORE SRAE O SRE RS BRELR AN AIR0DD
the slider '? HWeygunt 68e Wk a¥ed Cadithhal bRYSF |SEEHCEHT BTN Htthem  Fi g.

iC
is a side viewdsibhe eabesitdreiie asesbonbctni diqy: elBerReferidmgetc Fig. |A
a second i ntergqnueet 0g, 40 A7 nanderrRnl 52, haylngql bree. conduchar wires

for driving the actuator 1s provid ontact wth the surface of
t he suspersSi ont™¥<g5pb¥i €@ thf Lhredremh 2ant EINEErédeon2PE sSHdd¢ end si de
to a term nal &lieGhyodel gagdcL1l Har Qvivdedda on Athe hsuksfae edxaifvinigheosuagenspon

3 opposite to th di ng | ing . i d 0 i, nal
el ectrode gr ouriﬁl%lgl%ppgg?lig‘%%%% %%F%%J;%yog% ggguﬂe ietsﬁ%gglghﬁgtn%d t hat
each of term RACREPELPT oY T HRETEBR nF Mal P8¢t g tFGIRF 917" connect ed

with a wire (ndtickhewn)of otlee rdennettetrio an dAccuaberr ikt viengacertal t
and/or a Wmiteﬁ£@§di§i559iéritical, and so may be determined depending
on various conditions such as driving voltage, the required
amount of elongation and contraction, and ease of
fabrication. However, a thickness of about 5 um to about 50
pm is usually preferred in the practice of the invention.
25 Similarly, the upper limit to the number of piezoelectric
or electrostrictive material layers stacked one upon
another is not critical, and so may be determined in such a
manner that displacement generating means having a desired
thickness are obtainable. It is noted that a covering
30 piezoelectric or electrostrictive material layer is usually
provided on the outermost electrode layer.

Although not illustrated, the suspension 3 is provided
on its surface with an interconnecting pattern fer driving
the actuator 4 and an interconnecting pattern to bhe

35 connected to the electromagnetic transducer element 1 as
occasion may be. The suspension 3 mav also be provided on

its surface with a head driving IC chip (a read/write IC).



20 Tn the first interconnecting arrangenent having four conductor wires to
be connected to the el ectromagnetic transducer el enent, close-contact wres
51A in close contact with the surface of the suspension 3 opposite to the
medi um are connected to |ead wires 51B floating away 25 fromthe suspension
"3 at least in the vicinity of a junction with the el ectronmagnetic
transducer elenent by way of a termnal el ectrode group 93, sh in
Fig. 1B. On the base end side of the first interconnecting %Sﬁﬁﬂ%gﬁ@ﬁt t he
tl ose-contact wires 51A are connected to t¥re above 30 terninal electrode
group 91, and on the |l eading end side the | ead wires 51B pass through a
t hrough-hole 31 fornmed in the suspension 3 to the back surface of the
suspension 3, whence they are tnrned back aroianrl the |eading end of the
suspensi on 3, kfeenshgnphprrceasshnectt obs tYNtee ger APPatuBS Ellest r ole group
in the el ectragragnehi potsansducercalefetiie . WrRthded ofethe slider 2. 20
June 2003 -13 .n the first as t_of .the inventi dn _FEi 1 1B and
10 the conne@fﬁgﬁchn?%%ngié%%%gﬁ%gﬁﬁI?afe?éﬁg 3g%$£§¥%ﬁéhfgﬁg%3ré%ﬁ on
the slider 2 ielemgté by the $icaglwrresesaBg 'IChese Faall Wit &49528B are
capabl e of snouirRguand] ofad KlehRd Aggh ndid e disspeaceseantidiireetiag of the
slide:. ? by Qggla%tgggor 4, and so provide no inpedinment to the
di spl acenent cap§8|F| y of the actuator 4. In the practice of the
i nvention, bondi ngWhittesthmprssensednegntinn |isadunrplese fivatiai§Saway from
the surface ofyhl@et BRe SaSRENTORF EhEsiluadrht3daler&ifel \Hrewstofe exenpl ary
bonding wi re qriandgent s, i Shown L. Flas 2800 3,8, closgagoniagt wre
51A extendi ng 10 an extT et en porglonlo theé susp~~nsi or ~ I's provided
at its exttPemeengedi £Ar aCAFNHEK eV REITWUS GFHOUPT S 1P WHISCRSES™PHY t ur n
connected to ath@eRuRat @hriiadep e ooyl ddt tike cekrett O MagRebiceuk tansducer
element provided.n Lhe of 16l 2 Ry ey £f. & Pand 091 LhE, ;e bondi ng
ra own, so that

wire 51E has an éeX ength as s , I't can nove and/or deformin
t he di spl aceng®rcgi pEEtR¥of the slider 2. In 20 this enmbodiment, too, the
first interconnectrhg sug@ngemRNt psoyéresNg Fopedd menta testhéent

di spl acement capabi hily: ol eragtusl o, docThe bondidag whre SIE is formed
by a wire bendli ng process, e use of an autonatic border enabl es an
interconnecting pattern, on the c:ther hand, a part thereof

has a general structure wherein a resin-coated conductor
wire is brought in close contact with the surface of the
suspension. No special limitation is imposed on how to form
20 the interconnecting pattern having such a structure;
however, it is preferable to make use of a process wherein
an insulating resin film is formed on the surface of the
suspension 3 and a conductor wire is formed on the resin
film followed by forming ancther resin film thereocn as a
25 protective film, and a process wherein an interconnecting
film having a multilayer structure comprising such a resin
film and a conductor wire is bonded to the suspension 3.
In the magnetic head supporting mechanism having such
a structure as herein mentioned, an electrical connection
30 to the electromagnetic transducer element is made by a
first interconnecting arrangement capable of moving and/ox
deforming in the displacement direction of the slider by
the actuator, and an electrical connection to the actuator
is made by a second interconnecting arrangement.
35 Then, exemplary constructicng of the first and second

interconnecting arrangements are explained.



25 interconnecting step to be so automated that productivity can be
_ir<:proved, resulting in cost reductions. For wire bonding, use may be nade
of ordinarily enployed thernoconpressi on bondi ng processes, ultrasonic
1 ~ondi ng processes, and therno-sonic bonding processes with 30 application
- of ultrasonic waves during therncconpression. No particular limtaticn is

i nposed on the rnate.r_ial of bonding wires; an appropriateziﬁlﬁc?bag may
be made fromordinar' |y enployed Au, Al 214U, etc. However, Hne
particularly preferred because of its satlsfactory 35 r_orrosion
resa_starce. Al though depending on what material is used .for the bonding
wre, the dianeter thereof nay be determ ned such that sufficient

el ect. rpca=L condugglogﬁgﬁglamyl,bgglﬂggg gpQ§mnqugg|g§$e§g £ghgth are

achi evabl e together wt exi'bility enough to provide no inpedinent to the
di spl acement oft%emE i d&ri PLusiFREGEr 10 thid bdhdi AE AP el Sholild: ptafet abl y
have a di anet ex nganZ(ﬁé@ 50 elensukpenkioe Sv&tblomﬁpngcwafte:mkﬂs

conduct i vity and fIschaniloaloshigaghh LLKeldd benomk. ! asul th.clent

wher eas too thic onding W re may Inpajr acenent of the slider
2 due to its t%R?HﬁWﬁﬁoﬁlleﬁH%FltFntFl@ m?@”¥%e %E%uéﬁbﬂs4 3 BIPBCHI¥ on the
back 10 surfaces Hhderat .t he shdpiersidn B. €n ,wHith suef ateédef 2 he slider 2

apposite to th§1§H%§eQ§kﬁntﬁ% %?%ua%o%l 13c§%ed %etggsn Bnefn %hS of her

hand, the actuato on one S|de of so as t0 keep the
hei ght of the ¥hdt €1B6wWiEH &f IEher CARGBIBRR'S Q%uﬂhﬁﬂédlﬂe?eﬁrn R0 say
not hing of the 15 mﬁﬁerﬁnmmaaimﬁ@ anprangessnindisnngrbomektaiging res, the

slider Shqg ﬂgeanl%;reﬁghy Reﬂ tge(éhifgéaéénvcﬁct*%rt Q%r@gt%@tv Urid3 §h9M‘Q in

Fig. 2 or nent as just nentioned hé second
|nterconnectlrﬁf%ﬁ%&&ﬁgéﬁeﬂ%oY%ﬁﬁd B ﬁéPSﬁe%QERPQWJWﬁﬁyetB? %R?%ﬁﬁFOPélln
associ ati on wthe tduspensvonp afopoke tactoas oredisinf, oanddcoimexd tese oaontact

with the Surf%%%epknﬁhgléHSQ§Q§%%lelgh5e§%66¥86%r%rb§pp6?f§¥éﬂ¥d%db8ﬁause
adj ust rent of the second |nterconnect|ngParran genment 1 s hardly nee

arid the step 9 FOTIPAG Phetsecoifderat 8F corffBS 4§ &Pr BhY '”mbgngan be
sinplified5 | rert hesplaetice eid gide tnventeogmndiowdeetrodetgisiradept abl e

to flat at Ieap&toxadré@r Lcof guh%ls%qgeﬂ wteﬁgongeﬁéf@gq@grerda@%eegacﬁ away
fromtrio suspensio Rl ary

erbodi nent ot Thd SRR SLEAISE Rl FIBRAOR FE bR SRRy BA 58
and 5C. Fig. 5 iconegkan wikdweafvirhe (Buspaminonts8 Rist homrkes st lLiezt en and
sl i der renoveddherelr apvasy diewed of kaRy the sirdeepbcblie: Suspensi on 3

opposite 5% a nrdl%n]tﬁlcfnrgﬁgfﬂﬁér%o ngtyﬂéaS%f%%ggggngqﬁ£v1ng %uspeHSIOH 3
on which the slider ™~
conductor w1res tc be connected to the electromagnetic
transducer element, close-contact wires 51A in close
contact with the surface of the suspension 3 opposite to
the medium are connected to lead wires 51B floating away
25 from the suspension 3 at least in the vicinity of a
junction with the electromagnetic transducer element by way
of a terminal electrode group 93, as shown in Fig. 1B. On
the base end side of the first interconnecting arrangement
the close-centact wires 51A are connected to the above
30 terminal electrode group 91, and on the leading end side
the lead wires 51B pass through a through-hole 31 formed in
the suspension 3 to the back surface of the suspension 3,
whence they are tnurned back around the leading end of the
suspension 3, terminating at connections to the terminal
35 electrode group in the electromagnetic transducer element

-provided on the slider 2.



35 nounted with the actuator 4 | ocated between them 1lig. 5~ is a side

vi ew of the enbodi nent as shown in F p . 5B. 20 June 2003 . 15 This
enbodi ment according to the second aspect cf_the invention is the sane as
i _he enbodi nent accordinc; to the first aspect with the exception that
flexible printed :,ires 51C are used for the |ead wires 51B shown in Fig.
1B. The 5 flexible printed wires 51C used in this enbodineg%)iqhé: | e of
novi ng and/ or deformng in the displacengg}_direction of t % Ider-2; in
-this enbodi ment, too, the first interconnecting arrangenent provides no

i npedi nent tc~ the displacenent capability of the actuator 4. 10 One
exenpl ary enbodi nent of the third aspect of the invention is shown in Fig.

6A, 6B and 6C. Fig. 6A.is.a plan view of e. s SI N3, Wt jithe, act uat or
and slider renoved Itnhépgf%rrr%)t aas%p\%c_:ewgg ?é%n%rfv%szégigaeg‘o*“t‘h*en suls“pensi on 3
opposite to a ¥edindmlCki gheoBrinecd ighafoview 4B G rRETEF§C BRIEIYFERSI on 3
on whi ch the sdid@mt2pirsyvi@edtad sMd R1tRer agtuateided bl o0ent et aptwieen t hem
Fig. ECis a si vi.ew of. t enbodi nent_ as . i |8, 0B .shown in
Fig. 6A, the s’elgag'nd&.lﬁ% eerlceoalrgliﬁg&??ﬁgé%r%rnegec%%@g;’?nﬂfﬁlergt h_flszé%s ect of _
t he invention defpraipg éhoske cbifrdecesepticdifecdsen rft hBerestdwt %t Re

i nvention. Therdd rsstcubAber conpeTtdNGraffiaagesetpalioanci BoFtige 6A conpri ses
cl ose-contact wires 51A in clgse .contact,wth the syspension 3 and floating
wires 51D floa Tsﬁgagﬁé“?n r%ar‘ﬁ%hle i$ sﬁgnéﬁ%ng%t.?a?hﬁrs%fi rst interconnecting
arrangenent is 25 flor rBd byatordf mf ¢heseénveni ket WordsnenvwitRe Gt hee of
the suspensi onusPRROShtE1E43 aviRE UNbadhdy then, rremnving eulead g end

portion oflthet suspens. i.on 3,..ther bé/n I3aci ng %%Q t..of Otfhgxgllnﬁgfaer-e}pont act

. ; ; <8508
wires in aftloa |n(j1 OEREE™ nFERE i f1USt raféd 8 odllrsewnt) t he clT ose- cont act

W res havi ng @3Biner mitkal 28 TggmseEsgr oup 94 conpri sing four to?~m nal
el ectrodes is previagushywhordrech gan tthanbeadi A ey=ed cpacttonvofe tthe

suspension 3. ’di§15~€o|§ﬁ‘dé£\9ce%{éd Rarphop: of dhersuspepsio O 3 kg
removed to | eave the area where tile termnal electrode group 94 exists in
the form of a B Rl 1BF eRXTTHE SHEet’18D 2 §tﬁf§€rgﬁﬂloﬁgﬁfq§ﬁo‘1€hé{ff’|18ati ng

W res 51Dl e Wenth ds cur veth tcorCenitleCt ot et drimanakletl-ectdoodaogpoup 9; to
a termnal elFggé(gyécgQQH&bﬂgka“%ransducer element provided on the

slider 2 by way of a bonding wire 51E. The bonding wire 5H1E
has an extra length as shown, so that it can move and/or
deform in the displacement direction of the slider 2. 1In

20 this embodiment, too, the first interconnecting arrangement
provides no impediment to the displacement capability of
the actuator 4,

The bonding wire 51E is formed by a wire bending

process. The use of an automatic bonder enables an

25 interconnecting step to be so automated that productivity
can be improved, resulting in cost reductions. For wire
bonding, use may be made of ordinarily employed
thermocompression bonding processes, ultrasounic bonding
processes, and thermo-sonic bhonding processes with

30 application of ultrasonic waves during thermccompression.
No particular limitaticn is imposed on the material of
bonding wires; an appropriate selection may be made from
ordinarily employed Au, Al, Cu, etc. However, Au ig
particularly preferred because of its satisfactory

35 corrogion resistance. Although depending on what material
is used for the bonding wire, the diameter thereof may be

determined such that sufticient electrical conduction and



_1H 20 June 2003 slider 2, as shown in Figs. 6B and 6C. Ir- the |~;

~ac: "ice cf the invention, however) it is not an essential requirenent to
formthe term nal el ectrode sheet 32; that i~ the fir:~L interconnecting
arrangenment may be connected directly Le 5 the term nal el ectrode group on
" the slider 2. Renoval of a part of the suspension 3, for instance, may bP
achieved by wet etching. In the third aspect of the inventgﬁy, a &8ééion
c:f the firstly fornmed cl ose-contact mnrg. whi ch prow des Puag t he
floating wires 51D should preferably be clurved or bent as shown. This
allows the floating wires 51D to nove and/or deformeasily in t:ne

di spl acenent direction of the slider 2 by the actuator 4, so that in the

third aspect of he. | ventlon to i ng arrangenent
cﬁ g& -h a§€ ac %eL E%E {é%QﬁgﬁnQSEE

15 provi des no |npeH:nent foot1'1 @ disp acenent of the actuator
4. One nDdlflééﬁx@hlkﬁtxI@@Ovﬁhr@Da%ﬁo%yﬂﬁ op ﬁﬁ@eﬁﬁV§H{ﬁentP§ shONI| 7.n
F'ig. 7. 'rhagssppgidnial io@nthe Qli&éﬁrﬁr“ﬂovﬁé’m”&ﬁeeﬁb@@lr{ﬁ?m*r&]’lom in

Fig. 6B in that a ition near t he I of the suspension
cl ose- cont act &nr%%‘gg NEi] gyf?rs |n13?80nnec |ng arr eneﬁ?ya%e ghanged

to floating whreendim wiygsmakpa ¢QQﬁHqtﬁgl%¥ré%daﬂﬁ§h%@é Aor 8teerd ity novabl e
and def or mabl eikbap tdhaseomd FhgufBiRichhe shevsidrershowaki & bdghing may be

for_rned in the sape nBANSL 25.as: IhAl.SNAMNEN £l &) 6f, The,Lhigd aspect

of the inventi'on is suitable rlca I'on process auto I on becaus
tree nunber oFOthb%hcaﬂﬂébtynaller than that in fig. 7.8, and Fig. 513. In
addi tion, any Contrz@IFlgS har dhy aeededhbecadsecead sibstanbhak portion of

t he flrst nt er nnectl rrange onprlses close onta t res
resultingi bn sPa |?|t CQg r%ovgrrrsn?e‘glejfc2 % %ntwgdlrnchI

acco: ~di nc~ '»élﬁﬁﬁflcmﬁwsltﬁ th@p%éﬂ“@ﬁnﬁh@nh%eﬁﬁ?1@nFla f1¢- stin
I _nt ~r connecr Fyg353 ardrangfM@ithelk Shaidyied achust o561 Gentiack cwfiit bn fdoe
surface of thg; QSQP”§LQQK3 aQQ Qsp§£H<Q%>Eﬂ§ héﬂﬁ%?%f t%@ hb%%PhQ%' de:

with an area ref lowriqic,i ty, e 2003
-17 In all arrangements included herein, to say nothlnq of the

15 interconnecting arrangement using bonding wires, the slider
should preferably be located relative to the actuator as
shown in Fig. 2 or Fig. 3.

In the embodiment as just mentioned above, the second
interconnecting arrangement that 1s not needed to move or

20 deform in association with the driving of the actuator is
formed in close contact with the gurface of the suspension.
This structure is preferable because adjustment of the
second interconnecting arrangement igs hardly needed, and
the step of forming the second interconnecting arrangement

25 can be simplified. In the practice of the invention,
however, i't is acceptable to float at least a part of the
second interconnecting arrangement 52 away from the
suspension 3, as shown in Fig. 4 for instance.

One exemplary embodiment of the second aspect of the

30 invention is shown in Fig. 52, 5B and 5C. Fig. 5A is a plan
view of the suspension 3 with the actuator and slider
removed therefrom, as viewed from the side of the
suspension 3 opposite to a medium. Flg. BB iz a plan view
of the Fig. 5A suspension 3 on which the slider 2 is

35 mounted with the actuator 4 located between them. Fig. 5C

is a side view of the embodiment as shown in Fig. 5B.



so that this area and the first interconnecting arrangenment 51 in close

contact with the surface thex.~eof are novabl e and/or deformable in the

di spl acenent directicn ef a slider 2. In Fig. 8 the area of lowrigidity

is definea by a 5 narrow lowrigidity area 33 provided at a | eading end

" portion of the suspension 3. The shape, width ai=d | ength of the
lowrigidity area nay be determ ned such that the displacegggﬁ ofzgoflider

2 is not inpaired, while the anmount of displacenent, disp

frequency, etc. are .LO taken into consideration. The magnetic head

“according to the fourth aspect ~ the invention may be fabricated by a

process sim.Lar to that for the nagnetic head according to the third

aspect of the invention. ‘{iﬂ" ri ng ck tLo Fég _6A iil ustrati ?ge of 15 the
third aspect of th&>fAvEMRIGMETThaCERF Mt HalC Celt8E F 5IF S gt 32°
conpl et el y sepawanheibnons tite saspensi bhe Emiwsmerheanngneétic tlheddeaccor di ng

to the fourth ﬂ%@%cgsbécé%rﬂhc@hgdexrp%vcﬁ{ thlak !t§e5'399f€ptg§ftl|n%eh0 Pfé@g t he
term nal el ectrode sheet 32 partial” contact th the suspensi on 3, 20

t hereby al | owitl§ €K& PF‘?%tfci%tte‘Fcéﬁﬁ@c‘t”r’ffﬁ' artan BWEn’tn 0 %on& i ' ose
contact w th tHatkialeapofnipar wialkscbht acted lim ahher embedsreritf ia narrow ar ea

Is left by pr%'p%@a eftmtgﬁjﬁa%el/ert@émntghenl eadi agsend perti on of ti:

suspensi on “nmeans of e n unchi nally 25 wt the
et chi ng- out ordylﬁ ﬁEﬁPﬁgo%u‘iheofsﬁﬁ‘8ro tet? tg%e's &%Pﬁém?%adﬁ?g’ efitt®portion of
t he suspc-nsi .fdrstt Yzi srecomemtdag dheanpmenitdertheddéwwea iigipdicipenr e 33. I n

this regard, idd %l§b§9c@:§&?o0tc%®a%ﬂ9t§r@ﬂ“ﬂ:ﬂé‘%c%ugegﬁsil on 3 upon provided
with close-contact wres or. formcl s_on the 32 g%e shaped

e
suspensi on%3. In FPe EXeRHETYCEHAP ?m%mi s‘)fl &&lﬁt éé 150 IRES & €t he
slider 2. Howeveentibe fowhdwnaspeEtgofbta heH mnentticon Fimy. &Psosbe mppl i ed

to a structur%\@ﬂ%@ Eﬂe ageén%tl% é bSeH q—_rheatae@ueao% h@ndpeqieeeurface Sl de

of the slides ~ g F case, S ‘r_‘(\%wrg % eleadlng end
portion of t hé TRYHEnET B %O“buP\?eHlS‘?’e% V&F P18 ¥ctUtor tcnaarc: the
slider and a paspenefonhE-vrafositestd c® mddsiadi-ngF F-ndEndis ai b+anpaiew 20 June

2003 -18 af rigH dhkyrhow enolghne:ibe ma&l}ec@gndkeoglﬁeéﬁlm@ |.e In the
di spl acenent di re ti.on, gt er, at ed ot hega/vl se,

y, t
the | eading ef¥p5Ft %h%ftlf%eaczuspgﬁs?olno G5V EFer irfﬁy be LurVed or
bent such thatist Gesti@eniiew & eméc?mb@@lweetasgéwweve@ ¥ite &&tuator 4 and
reach the sl pder 2agsshswid hign Gage it hthdesdema nakcetetidadagsheet 32

shoun 10 Lo B%asbinthe Louthaspastadl e Loventl anohag), the herm nal

el ectrode shee an essentl a n th
aspect of “Ohe GIRFENFPBRACFUFTHETUTENRS in € e Test of the invention,

The filrst interconnecting arrangement shown in Fig. 6A
comprises close-contact wires 51A in close contact with the
suspension 3 and floating wires 51D floating away from the
suspension 3. This first interconnecting arrangement is

25 formed by forming close-contact wires on the surface of the
suspension 3 opposite to a medium, and then removing a
leading end portion of the suspension 3, thereby placing a
part of the close-contact wires in a floating state. In the
illustrated embodiment, the close-contact wires having a

30 terminal electrode group %4 comprising four terminal
electrodes is previously formed on the leading end portion
of the suspension 3. Then, the leading end portion of the
gsuspension 3 is removed to leave the atvea where thie
terminal electrode group 94 exists in the form of a

35 terminal electrode sheet 32. Subsequently, the floating
wires 51D are bent or curved to counect the terminal

electrode group 94 to a terminal electrode group on the



fourth aspect of the invention is suitable for fabrication process

aut omati on because the nunber: of steps can be reduced as in the third
aspect of the invention. F urthernoxe, any control is hardly needed because
a 15 substantial portion of the first inter_cor~neotillc~ arrangenent CO ;
“lprlSeS ACSE -cOntaCt W _reS) reSU1 ~.nq |l stability inprovenents. Tn
the practice of the inventica-r, it .is preferable that atF#F st 2 @?rt of
the first interconnecting 2U arrangenent _and at | east a pa %% second
interconnecting arrangenent do not exi st *6n the sane surface of the
"suspension, as typically showmn in Fig. 1F3 and Fig. 5B, respectively. This
makes it possible to reduce interferences betmeen head si gnals and actuator

“driving 25 signals. .7/n the first d Seq spect ;. of, the |rzvent|on t he
cl ose- contactgaf?%g 51 R 5may OB t%aﬁﬁﬁaon %%ngaé% 0 Ce*Shspensi on 3
whi ch faces aWay frosntidre h@dﬁuﬁ¥mhlﬂ€ﬂ$|ﬂ§t5@§péﬁ§F@ﬁF4}Il§qﬁéF9E?@VIded

with the thro@ghfoﬁﬁ”@legjter-ﬂing@ éiﬂ@ctfﬂ&éﬂ Da;%@ectz of tihe 1an@an eNxstt ~e
cl ose-cont act . res §1 farned on th %esur CG(&} §Espenmnon 3

facing away frBHY honaneCcﬁ agtr)a]tl?te”tertthgat'l 65t FRG" W Fes dblff)(’can go over.

t he | eac~i hc, thendewiindie elegspedsi oro& oy dhenst héenct uakgroval; §fI@cated
on the side chatheot thsldd@endionil, | Soraceephabke ho, bandidnagethepyt J1<~
si dew;, of botr~ ch ver, adhesion strength may of ten bECOre insufficient
due to a r-el 8BF ve<y .ghall bondincJ area. In 20 June 2003 this case, it
is thus preferabl el® ntfusé:haf@aéﬁﬂﬁcheirﬁ)érhecéﬁﬁﬁpei@t: bomdicié cat °h taw ge

area to both thirets/ rdi@fed? caBdet RonB&d Al Hesdwhibh Ustdalced bR Fegst 9A i's

one enbod nt.of .t he | netlc d of .t ird as ct of the |nvent|on
5 mherelnigﬁch a % KUt ‘ﬁe Fggﬁhe%ﬂ‘ EFEE ? qﬁ% Y VBScRip Sheet 34

functions as ﬁhesbﬁwﬁesﬁhdSbebLEﬁpt#enﬁépetﬂhwSmhaékﬁéDsheemo%ﬁlﬁﬁﬁ/eﬁ si ze
enough to bordet@rxbOéctbltﬂ@el{aaekestﬁlﬁ@%éatfentchalséwt&sn 2 famtiet hei@e@kz

surface of th in the ctuatqr 4., As:sS F.{g. 9B, the 10
backup sheet ggng Jgﬁngo %and’as rlﬁethgfﬁhethgl ac% uhtaces ‘The

il lustrated bABREPCEHeettc®4 RES é?tfﬁrﬁqﬂﬁﬁcépeﬁftﬁﬂéEﬁﬂ@ﬂﬁegan s is the
case mnthttheptevnd@ﬁhuehe@@ﬁ@densheehj&Qéﬁh@ﬁecemeﬁt|qppa&égvahdoﬂay be
formed by progggsggghggg; suspension 3 as Ls the case with the 15 term nal

el ectrode sheet
One modification of the third aspect of the invention

is shown in Fig. 7. This modification is ditferert from the

embodiment shown in Fig. 6B in that at a position near to
20 the leading end of the suspension, close-contact wires 512

in a filrst interconnecting arrangement are changed to

floating wires 51D. Thus, the floating wires 51D are more

easily movable and deformable than those in Fig. 6B. The

structure shown in Fig. 7 may be formed in the same manner
25 asg that shown in Fig. 6B.

The third aspect of the invention is suitable for
fabrication process automation because the number of steps
can be smaller than that in Fig. 1B, and Fig. 5B. In
addition, any control is hardly needed because a

30 substantial portion ot the first interconnecting
arrangement comprises close-contact wires, resulting in
stability improvements.

In a magnetic head embodiment according Lo the fourth

aspect of the invention, a first interccnnecting

98]
[$;]

arrangement is provided in close contact with the surface
of the suspension 3 and a part of the suspension 3 is

provided with an area of low rigidity, as shown in Fig. 8,



In this regard, it is not an essential requirenent to provide the backup
sheet 34 with the term nal electrode group 94; that i.s, the backup sheet.
34 may be des:i_gned to function only as a backup nmenber. Wile the
illustrated 20 backup sheet 34 is a nenber independent of the suspension 3,
it is understood Lhat the backup sheet may be constructed as a part of the
suspension 3 as is the case with the term nal el ectrode Sh%ﬁ% 25 @n

Fig. 8. Thus, the backup sheet may be useghnot only in the Py g ct of
25 the invention but also in the first, second and fourth aspects of the
invention. \Wile explanation has been made wth reference to the HDD
magneti c head out= of wite/read heads) it is understood that the present

‘i nV_enti 03_ lrrlay & sohe tﬁEQ' hesh taendarthaof@pgé lclaitedice&naysmjndAdeeameeﬁi onfﬂ_
optical dill: st em.makes use o tica p.C rusun optica
nodul e i ncl udlfﬂgmat *Iotfiﬁs‘fo%tté‘?cter’t“él%?1 %ﬁi“cs% %’I kop® 1" 03 %qg desi gned
t _hai. tree | exsi/cand@fermmrdcham theaﬁftyplﬁmmntr N/Illreetnlorscsi 2 sigdevp be

focused on the; reggrging §,SWiedG@eQf of NEow rmtglleekydiekdefl?@ol BT gcent
years) near f| el d reﬁm c_.ing has bee pr o Ofc/fegi ' achi eve %ver- - hi gher
opti cal TSI PU T L LY jarea spr t‘aﬁl e ~eo , ~NI VKEI

ELF:C C 1 ’>CI IgdrEion of~ Lh92~sx7sman1sao@Na Eote phape, mm@l“zomexagtzo qfage
99. This near ﬁ‘ﬂeellcw eeewlmg m&aysgeoée@exfﬂﬂﬂe@gsb@ﬁdtm ahhelses a
slider |ike ag er used V\% eL e¥|5lg type ma geye ehadle %%Ht inthis
slider is an Optic&ACRBanLI 8F dipriosing &° Hemi spRertfeal 1'ehs ¢&fled a sold 5
i mer si on | enstrgpung| pf dlﬁm@ﬁﬂﬁmaﬁtfl@1%p1ﬁﬂﬁmeaﬁ|éﬁeﬂ@@%ﬁxﬁ f§ ccoprke and a

pref ocusi ng Imerﬁagwegoﬁéld{e&a&ﬂagad for near fi eI d recordi ng is
di scl osed in Uni teq" St at es Pat eCQr di ng

o oL S 2
densities, such a f1yi Rg Rt 5‘61 acgof‘#c’?geam gy ?%E] f red S5 Rave hi gher
10 tracki ng prigw sinyenason rmamhéec debrofabedHdDD magrecees hedwl LaFhye, t he

Zi cr oddi sIoI aceimeit ragt Uak Ofadrse @alcs Beahf eeéc'sxvcﬁnfgortot hﬁaf Liyi Ag ﬁee@»; of
ccordingly, the present |nt Lon. ma S applied to su
wr_itel/read head (léwtelnga?nhea “for" >%Eicé(al(%or gc rd%in et tra%igel\ff)f

generallylbthéjﬁbﬂﬁééﬂ ﬁ%@@F%(?ﬁMﬂh§h1Pﬁeﬂﬁwe§eﬁ#elﬁ@é%%@%ﬁ]%%%@tﬁédapplled
conprises a sldrien SQrThls“'c:oxﬁpIéteI]J?aE;epﬂr&the afoar esal duspgneidre 3heatheri t h

an opti cad - Mol Gl UhELElLccgf ASLh ot WGB! 3,001 Lsel |
T “modul

constructed of an optica ul e conprises at |east 20
a lens, if reqftﬁbrréﬁatﬁﬁjt I‘P%i“’ef"é‘ﬁs éét El’ét %?L%?f(?bd SnagnBt o9 1578 deganBrati ng
coi | incorporatledtirbéeesheet; SChrapaoplacatodtead, wiioh thstangensiipnal gdes

not only eoflyeﬂaeeho&eaﬁjlémn@ea{e fe;eld {ﬁ@@&dﬂn@ecwg@ Q&&@%m@%@t Eened j ust

above bur. also an optlcal head wherejn slider is slidabl'e cmthe 25

surface of a re®¥% difng Pr%‘al‘iﬁﬁtqc‘: with b%%bc?&%ﬁ?a@f‘r’fﬁje G EGht act™ t ype
optical head, clherawerds, ealsy wederstaneh g defthby casevisheweat he present

invention is appldug®-he1thenLpidicaheheadaidda®l ect-t@pRIALL #1G t ransducer
element ~n the foredolno; explanation spow ¢ Ng roadyag, an,ontlcgh, head. I:t
25 with the etching-out or punching-out of the outer edge of
the leading end portion of the suspension, this area can
then provide the low-rigidity area 33. In this regard, it
is also acceptable to shape the suspension 3 upon provided
with close-contact wires or form close-contact witres on the
30 pre-shaped suspension 3.
In Fig. 8, the actuator 4 is located on one side of
the slider 2. However, the fourth aspect of the inventlion
may also be applied to a structure where the actuator 4 is
located on the back surface side of the slider 2. In this
35 case, it is required that the leading end portion of the
suspension is curved or bent over the actuator toward the

slider and a part of the aforesaid leading end portion be



30 is understood that the present invention nmay be applied to a
pseudo-contar _t type or contact type nmagnetic head as well. Conceptually,
the term"wite/read head" used herein shall include a wite; read hEad, a
~Nr.ite-unit' head, arid a read-only head. L~.kewi se, the term"wite/read
systenmt used a5 herein shall include a mwite/read system a w~~te--only
system and a read-only system The term"recordi ng nod:ibgjuhee®®d herein)
t.oc, shall include a read-only type nPdlnn1 -2120 June 003 such as a
~read-only optical disk in addition t: a ¥¥ecordabl e medium To ascertain

t he advantages of the invention, the follomnng experinmentation was carried
out. 5 Experinental Exanple 1 A nmagnetic head of such construction as shown

in Fig. 1A, 1B and 1C was_ prepar ed. PO|g/I md -coatg cogductor Wi res were
used as the cl¥s& 86Rt REtIGH FESUSRALC drid ROt SRR e3¢ avidhg Sah® out er
di ameter of 4GhNmwepkavsethtl@ifrertidte deathansleseslBy The ametelres as

the close- contach Wi £ B3l MeLEe Used: .y etn*aaeptahe%n'@%%@%%%hggon

arrangenment 52. The actuator used was set out u5|n$ Q pi ezoel ectric
constant d31 =hopdd RrafRrePly OF 4TI HEPECFUF c“b‘ft 15 FEET+ Rt ri cti ve
material . YherlketYodOGlpias goekt agey tHd a¢twasoappl aetl meachothe

di spl acement qanaLath g, MEANS BLSHCD: & MBNGe LOAL: {06 Ahases Lol ne wave

driving voltage wer e mut ua i nvert ed, movabl e parts showe
di spl acement arfoGREWBf 1A - (§C5 ~Lm 20 Using this magnetic head, the
act uat or was dr| vennunderf @ hdadshbead of theb igveGonsequent,| yhet he anount of

di spl acement rmﬁael sg%é&mnghggrtfam%eﬁr &l @gggatpgpwcdﬁqr@ae;lbe

slider 2 was a out I ndicatin spl acenment ca%)ablllty of
the actuat8r i3 rot tPFrp‘éW%H as?chxﬁEr‘r%rftré’le“E%élﬁpl & T tReaghBti ¢ head
havi ng such cdnstrrbcésmartasshbeninvedtiignn Aswasipekepared: fHreickoser cont act

wires S1A andg(ﬂ?&%eégcoxngorheﬁtl%rncg@ﬂgﬁéé n&n@”&%‘?‘r”@fﬂ e dermed as in
Experi nment al Au W res havi 5 ~tm 30 were used

. n
for the bondi ﬁ@%?@saﬁl‘é’ L‘ﬁ?e%’dtrf}a%ge‘aﬁd’fs &eﬁnvgﬁﬁl%re the same as in
Experinental Examwpkend:re Ty magreti cihdaar dias ngefeenbasadse Experi nment al

15 substantial porticn of the first interconnecting
arrangement comprises close-contact wires, resulting in
stability improvements.

In the practice of the inventicn, it is preferable
that at least a part of the first interconnecting

20 arrangement and at least a part of the second
interconnecting arrangement do not exist on the same
surface of the suspension, as typically shown in Fig. 1B
and Fig. 5B, respectively. This makes it possible to reduce
interferences between head signals and actuator driving

25 signals.

In the first and second aspects of the invention, the
close~-contact wires 51A may be formed on the surface of the
suspension 3 which faces away from the medium while the
suspension 3 is not provided with the through-hole 31. In

30 the third aspect of the invention, the close-contact wires
51A may be formed on the surface of the suspension 3 facing
away from the medium, so that the floating wires 51D can go
over the leading end of the suspension 3.

When the actuator 4 is located on the side cf the

35  slider 2, it is acceptable to bond together the sides of
both. However, adhesion strength may often become

insufficient due to a relatively small bonding area. In



Exanmpl e 1. Consequently, it was ascertained that tree displacenent
_capability of the actuator is not inpaired. 35 Experinental Exanple 3 A
magneti ¢ head havi ng such constructicn as shown in Fig. 7 was prepared. The
second i nterconnecting arrangenent 20 June 2003 -22 52 was forned as in
" Experinental Exanple i. The first interconnecting arrangenent was forned in
the followi ng manner. First, close-contact wres were forng aﬁ t?ﬁ urface
of the suspension. In this state, a part of the 5 suspensi Re 87 wet
etched out) thereby floating a part of th&close-contact wires away From
‘the suspension 3. In this manner, the first interconnecting arrangenent
conprising close-contact wires 51A and floating wres S1D was obtained. 10
This magnetic head was driven as in Experinmental Exanple 1. Ccnsequently)
it was ascert ditied cerat theldi Splraderénpt2bpdl |H'Steyaggaf?h'€@ RYE&For is not
i npai red. ADVANIAGES OF BHEIIMNVENTIZONaibel airdéde- omricte®/ eeads hedd supporti ng
mechani sm of L& 1NGALLEN, the 1 ALeP. AGIENG 6aPaR! 1L L, OlekiB AELLA LT 1S
not inpaired bécause f € suSpension Side i s connected to.fhe ‘
el ect r omagnet i &a ragsgtéerher@rdntthsy thayc of SRIE iOht EPE oRmERR § 40 -
arrangenents noxaie@nafdénr s defatummblefben 29 dhveridiespl anemrert. diregti on of

the slider by Ag%;CEH§£9r34J%?%gﬁ%%spg%epﬁeeﬂﬂhi%%Ehoﬂaggﬁjn%%b 41131 and

7.1200358 are herefn I ncorpor by reference. e stru res 111 ustrated
and descri bed Herebackppushieet 84 Ké pli AEFPI L WM RePPRA vENtRGHE. the

Modi fi cations 2Kk eutrlieck| b Bstiatad derbodim@nitse may kbeunbges v ft howt
departing fro pi.Ll C Lhe invention. . Therefore the present
i nvention incﬁk)e%lghggghb?@g%ﬁﬁgﬁﬁggkaéf?hegibgkkﬁg Héggﬁﬁe%Bélgfﬁs and

al | reasoﬁ&b|éxgaﬁwvgp@ﬁys%sijpnded to and astride both the back

surfaces. The illustrated backup sheet 34 has a terminal
electrode group 94 as is the case with the terminal
electrode sheet 32 shown in Fig. 6A, and may be formed by
processing the suspension 3 as L8 the case with the

15 terminal electrode sheet 32.

In this regard, it 1s not an essential requirement to
provide the backup sheet 34 with the terminal electrode
group 94; that is, the backup sheet 34 may be designed to
function only as a backup member. While the illustrated

20  backup sheet 34 is a member independent of the suspension 3,
it 1s understood that the backup sheet may be ccnstructed
as a part of the suspension 3 as is the case with the
terminal electrode sheet 32 shown in Fig. 8. Thus, the
backup sheet may be used not only in the third aspect of

25 the invention but also in the first, second and fourth
aspects of the invention.

While explanation has been made with reference to the
HDD magnetic head out of write/read heads, it is understood
that the present invention may zlso be applied to an

30 optical disk system. A conventional optical disk system
makes use of an optical pickup comprising an optical module
including at least a lens. This optical pickup 18 =50
designed that the lens can be mechanically controlled so as
to be focused on the recording surface of the mptical disk.

35 In recent vears, near ftield recording has been proposed t.o
achieve ever-higher optical disk recording densities., In
this regard, see "NIKKEI ELECTRONICS", 1997.6.16 (No. €91),



20 June 2003 -~ i '"ATU:-i AT U=r CLr, "~ ~S1. Aw:t~~read huaa
_supputtir~; mechal;lsta. eunprmrm~; a slider proviVed wh an electroma~;ntic
transuucer ulrmnt ur an upuc.:| nodule. a suspension. sald slider bcin~
supported un sat;i suspensln by as actu;aur tur displacing said slldvr; a
“first int~rconnecttn~; arran5enment nuwbie and,'or do Curnmable tn a
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built on said §U§ﬁ8ﬁ@i99ad, too, 1s increasingly reguired to have higher

10 tracking precision as in the case of a HDD magnetic head.
Thus, the micro-displacement actuator is also effective for
the flying head. Accordingly, the present invention may
also be applied to such a write/read head (cptical head)
for optical recording media.

15 More generally, the optical head to which the present
invention can be applied comprises a sglider similaxr to that
in the aforesaid magnetic head, with an optical module
built therein, or a glider which is in itself constructed
of an optical module. The optical module comprises at least

20 a lens, if required, with a lens actuator and a magnetic
field generating coil incorporated therein. Such an optical
head, for instance, includes not only a flying head for
near field recording such as one mentioned just above but
also an optical head wherein a slider is slidable on the

25 surface of a recording medium, i.e., a pseudo-contact type
or contact type optical head. To have an easy understanding
of the case where the present invention 1s applied to the
optical head, the electromagnetic transducer element in the
foregoing explanation should be read as an optical head. It

30 is understood that the present invention may be applied to
a pseudo-contact type or contact type magnetic head as well.

Conceptually, the term "write/read head" used herein
shall include a write/read head, a write-only head, and a
read-only head. Likewise, the term "write/read system" used

35  herein shall include a write/read system, a write-only
system, and a read-only system. The term "recording medium”

used herein, too, shall include a read-only type medium
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10 for the lead wires 51B. The same wires as the close-contact
wires 51A were used for the first interconnecting
arrangement 52.

The actuator used was set out using PZT (piezoelectric
constant diy; = -200 x 10712 m/V) as a piezoelectric or

15 electrostrictive material. When 10 V (RC bias veoltage) £ 10
V was applied on both displacement generating means in such
a manner that the phases of sine wave driving voltage were
mutually inverted, the movable parts showed a displacement
amount of about *0.5 pm.

20 Using this magnetic head, the actuator was driven
under a head load of 2.5 g. Ccnsequently, the amount of
displacement of the electromagnetic transducer element
provided on the slider 2 was about *0.5 um, indicating that
the displacement capaebility of the actuator is not impaired.

25 Experimental Example 2

A magnetic head having such construction as shown in
Fig. 2 was prepared. The close-contact wires 51A and the
second interconnecting arrangement were formed as in
Experimental Example 1. Au wires having a diameter of 25 um

30 were used for the bonding wires 51E. The actuator and
slider used were the same as in Experimental Example 1.

This magnetic head was driven as in Experimental
Example 1. Conseguently, it was ascertained that the
displacement capability of the actuator is not impaired.

35 Experimental Example 3

A magnetic head having such constructicn as shown in

Fig. 7 was prepared. The second interconnecting arrangement
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connection to s"ud electromagnetic transducer element or said optical module; and
a second interconnecting arrangement for making an electrical connection to
said actuator.
wherein said tiist interconnecting arrangement is formed by torming said
arrangement on a surface of said suspension. and then removing a part of said
suspension so that a part of said arrangement is placed in a floating state
2. The write/read head supporting mecranism
according to claim 1, wherein said first interconnecting
arrangement includes a lead wire flcating away from a
surface of said suspension.
3- The write/read head supporting mechanism
according to claim 1, wherein said first interconnecting

arrangement includes a flexible printed wire.

a. The write/read head supporting mechanism
according to any one of claims 1 to 3, wherein said
actuator makes use of an inverse piezoelectric effect or an
electrostrictive effect.

5 . The write/read head supporting mechanism
according to any one of claims 1 to 4, wherein a head
driving IC chip is built on said suspension.

6 . The write/read head supporting mechanism
according to any one of claims 1 to 5, which includes a
main actuator for driving said suspension.

7. A write/read system which comprises a write/read
head supporting mechanism as recited in any one of claims 1
to 6 .



