28 COctober 2005 -1 TITLE OF THE | NVENTI ON WRI TE/ READ HEAD SUPPORTI NG
MECHANI SM  AND WRI TE/ READ SYSTEM 5 FI ELD OF THE | NVENTI ON The present
invention relates to a wite/read head supporting nechanismfor wite/read
systens such as hard disk drives (hereinafter HDDs for short) or optical
disk drives, and a wite/read system conprising such a wite/read 10 head
supporting rrechanl sm BACKGROUND OF THE I NVENTI ON A prior_art nmagnetic head
supporting mechanismused wth HDDs is generally built L?& @etobes 208ar
having an 15 el ectronagneti c transducer -gtenent, a suspension for
supporting the slider, and an interconnecting pattern formed on the
surface of a suspension, which pattern is connected to the electromagnetic
transducer elenment. The el ectromagneti c transducer el enent conprises a 20

magnetic pole and coil for conertEneF M8t VENSIPhal s to nmagnetic
signals, and vice versa,WRITEABR&D GBS SUaPCRTBIG eECHARIMent for

transform ng magnetic signals tggayQid@gersh8NatSney and so on, each being
fabricated by thin-filmtechni ques, assenbly techniques, etc. The slider

is formed of non 25 magnetic ceram cs such as A1203-Ti C or CaTi O3 or a
magnetic Paterial such as fer FIEED GhdHFadNHEYER®Y al | y. cuboi dal shape.
The surface (air beariphgsent fiaceht@bnthelaldsdes appotie/ech® héadli sk medi um

is processed gg@ﬁkﬁﬁ AREISR0LS: | 93 0908l Lo sl Qo the

slider on the spaci ng e suspension for
supporting t he fagifette (Hesd pE ror i By rbéﬁﬂ’r"ﬁ’g on EHEhF‘?"Pg Hrskot her wi se
processi ng adresid.i entl stwidegdssagdheettem Ehmprmmgcennhca iwig tpdread n  has

a general 16t r HEI AR PMIBE BI D nfeRRdHELRr Wires are covered with a resin.
El ectrical connections using the 35 interconnecting pattern formed on the

surface of the suspension are snaller in capacitive conponents and 28
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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 formed
on the surface of a suspension, which pattern is connected
to the electromagnetic transducer element.

The electromagnetic transducer element comprises a

20 magnetic pole and coil for converting electric signals to
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 technigues, etc. The slider is formed of non-

25 magnetic ceramics such as Al;03-TiC or CaTiO3 or a 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

30 a small spacing. The suspension for supporting the magnetic
head is formed by bending, punching or otherwise processing
a resilient stainless sheet. The interconnecting pattern
has a general structure wherein conductor wires are covered
with a resin. Electrical connections using the

35 interconnecting pattern formed on the surface of the

suspension are smaller in capacitive components and



i nductive conmponents than those using lead wires, and so are suitable-for:
hi gh-frequency signal recording. On the other hand, a HDD is increasingly
required to be downsized with ever-higher recording density and, hence, 5
have ever-higher track density and ever-narrower track width. To inprove
tracking precision in a high-density recording HDD, it is effective to
provi de the magnetic head with an actuator for effecting a

m cro-di spl acenment of the el ectronmagnetic transducer el e%@n@ctﬂbeéppgér W th
respect to 10 the suspension. Such an actuator, for instance, is

di sclosed in JP-A s 6-259905, 6-309822. and 8-180623. SUMMARY COF THE

| NVENTION As the slider is driven by such an actuator as 15 nentioned
above, the slider displaces relatively with respect to the suspension.
When, at this ¥OHEEIVRIjCAFBRPeRHR A E0RRPFE DY £BFR WiTSContaetSWA® each
other, i.e., tdudtahté uairohighdfsauspersi siigndheecactdir and slider, and the

slider and suspenspnoicONRLEP LM act ubbils 6l ak &Sy theniPedi splacenent
capability of fhe act at.o% i s inpaired bé’ Jiction, I%gln to a

possi bility tFEFEhecaMg n@ﬁ?r'lgl@&’ﬁfa’éﬁ FFRT EFRTYrofEgnet tR% r ansducer
el enent may decrease:-Rgheherradkhdensity aarpbsyebihansoweatradle width. _
relji abi : ity Of'I:oeaﬁxBr&Qs'igr%Qﬂﬁh&tMisEBM gecqd ensa-dues 19, 22chbiathd ﬁn | oads
and col lision agts t re e i il ity that e

ol abi 11ty ofh: forFead feaciPr| 4 provide (e, HeBRELE Adady bR b

col lisions, Jd@STHARST . effafelnst 2 mherapdAplaapretatdfoi®edi scl osing the
provi sion of -elketaatamienicpayamaiuatt eal éemtt orsuatider eiltbmeespda ot o 30
ari S_edbet %en_t?lafgu&g&%tﬂowemh tén Qb £t Of fgbgrpgt%%@at {ovention ItS_ tol
provide a wite/read. head_supporti c i or ic or optica
di sk system hél\}isﬁgo%e%lé‘r -Pa?‘s%l d@éﬁgﬂg?a%%glgt%g]?, a %ag"m%gﬁ any i npedi nent
to the displacenent capability of the 35 actuator is elimnated to achi eve
reliability inprovenments. Suddumarebpectus sxaekiresabl e by the

constructions of - ADeAd\IRALEN AefsNed P! QAWAan (Jdeddd?BE. 28 October

15 mentioned above, the slider displaces relatively with
respect to the suspension. When, at this time, adjacent
head constituents come in contact with each other, i.e., the
actuator and suspension, the actuator and slider, and the
slider and suspension come in contact with each other, the

20 displacement capability of the actuator is impaired by
friction, leading to a peossibility that the alignment
accuracy of an electromagnetic transducer element may
decrease. Further, there is a possibility that the
reliability of each head constituent may decrease due to

25 friction loads and collision impacts. Furthermore, there is
a possibility that the reliability of write/read capability
may drop by reason of wear, collisions, dusting, etc.
However, the above publications disclosing the provision of
the actuator pay no attention to such problems likely to

30 arise between head constituents.

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, by
which any impediment to the displacement capability of the

35 actuator is eliminated to achieve reliability improvements.

Such an object is achievable by the constructions of

the invention defined bhelow as (1) to (23).



(1) Awite/read head supporting nmechani smconprising a slider, a
suspensi on and an actuator as at |east head constituents, said slider
bei ng provided with an el ectromagnetic 5 transducer el enent or an opti cal
nodul e, said slider being supported on said suspension by way of said
actuator, and said slider being displaceable relatively with respect to
sai d suspension by said actuator, wherein: 10 space-form ng neans are
provided to forma space between relatively displacing Féa@cebes00bents.
(2) The wite/read head supporting mechari-sm according to (1) above, -
wherein at | east one of an electrode, an interconnecting pattern and a
bondi ng nmenber provided 15 between said relatively displacing head
constituents is used as said space-formng neans. (3) The wite/read head
supporting mechani $i acdcsfrdtagredd ey apeRe: tinge PerrArsiEnd coBRE fig:dmenber
has el ectricala s¢adductd wiukspen20or 4ndThe wttdal/dread hearksitppeadi ng
mechani sm accighisR@rndpany one of (1) to (3) above, wherein a step
provi ded on at Ieastdo e .of 1gai d rel ati vglﬁ%l di spl aci ng head constituents
is used as said spittd U EAGP IS OFBYe Y e Pl 8T WEFAELDpor ti ng
nmechani sm &ccordpagucs algnany oneuofoptiyat ong¢d)leabove, wherein said space
has a size of 5 teabd 9Mideh)bdiRy WubbetteadedasspRdsing PRGRANI sm
according to gn aggeaé){ua(:& tgnch) above, wherein said space-formng
means are | ocated Symmetrically with respect to a center 30 axis of each of
sai d suspension, atttftdidgrdeeinueisPhnreaPlecartarivedys vishsudaeantial ly
parallel wthta dai@cédizprnefonext ennsidoAcehatsat,d whespemsi on. . (7) The
write/readohead suppord g RS NANSM.AcCOrdiNfha 19 Y, gL (1) to (6)
above, wherei n %t | east one ﬂY Ciialigq, 35 slg)ace-form ng neans 1s nmade up of
three or nore “COHSET TR VEN t & SRIPEA AL "TRa S et BERFits of said three
or nore constituenf2lunithe weingy/ 1rad hppdasuppoatinagesthanism according
to (1) above, wherein at least one of an electrode, an
interconnecting pattern and a bonding member provided
15 Dbetween said relatively displacing head constituents is used
as sald space-forming means.
(3) The write/read head supporting mechanism according
to (2} above, wherein said bonding member has electrical
conductivity.
20 {4) The write/read head supporting mechanism according
to any one of (1) to {3) above, wherein a step provided on
at least one of said relatively displacing head constituents
is used as said space-forming means.
(5} The write/read head supporting mechanism according
25 to any one of (1) to (4} above, wherein said space has a
size of 5 to 50 um.
(6} The write/read head supporting mechanism according
to any one of (1) to (5) above, wherein said space-forming
means are located symmetrically with respect to a center
30 axis of each of said suspension, actuator and slider, which
center axis 1is substantially parallel with a direction of
extension of said suspension.
{7) The write/read head supporting mechanism according
Lo any one of (1} to (6} above, wherein at least one of said
35 space-forming means is made up of three or more constituent
units, with at least three units of said three or more

constituent units being not linearly arranged.




28 Cctober 2005 (8) The wite/read head supporting nechani smaccording to
any one of (1) to (7) above, wherein a surface of said actuator and a
surface of said suspension which are opposite to each other with said
space | ocated therebetween are 5 substantially parallel with each other
and/or a surface of said actuator and a surface of said slider which are
opposite to each other with said space | ocated therebetween are
substantially parallel with each other. (9) The wite/reZd Qetelpesdfpdrting
mechani sm according 10 to any one of (1lh-to (8) above, wherein a | ubricant
is present as a friction-reducing neans in at |east one of said spaces,
said lubricant containing a solid particle having a particle dianeter
substantially equal to a length of said spaces. 15 (10) The wite/read
head supporting methanitsm accor/diengd head (Vprabsiey mardpeiam sulaprdibgi cant
has sai d sol i dopahfididee ordiispetSeny)i Bpavseimeielihda asit/fakeacki spia. (11)

The wri te/reag peadsuppoL %%C%nggg%asg%%ng& A kb0 qfdO cabove,

wherein said I cant as el'ectri _cal uctivit

head supporti kg FREh&HS m‘&h@brsﬁllﬁgsﬁl%eérﬂ? e’(eBett"Se’(‘Sa}reabove
wher ei n ats| easbstone ikillm poorijededinhi edgh @fthan ordyam e smtferdeabfor an

inorgani c  mateldalcdudiBreseitla asr3akd df iLliion) (eduGihgnneans in at 25

| east one of said aces, said.fil m. vin bsta ially equal
to a length o?p%os%p gcsac%n&hﬁéi f$%ed SPSC%n#(Oca e gﬁe]fwoq:ﬁ’
constituents vW@rﬁqhﬁnan§pab%w H&?@éﬁéa WH@?éﬁébmeéhﬁﬁw unfixed to any of
said two head congtit wasteri)redd) hda® suppbbet {enthdanadi sl PR EDEY

Techani s acces Al opk0ob19)) Ah0Ud) uheLel RaRakdald | mbas.aleat 1l cal

conductivity. witel/rea upporti| ng msc anlsm according to
any one of (1§’r‘f%e '3 PSaBobEl chier §Fﬂ“%&nq é'%é?fl Sohe Hf 1388 “Rpdtfeshds as
said fricti onspathci vgidedwsr imadtorostd higaeesoBEl berninle feamsgat | east

one protuber apge: @xleeadhRgeds Mrataheasiipreuel t0v headek alistdatigents with
sai d space | ogggceeds_

15 {10) The write/read head supporting mechanism according
to (9) above, wherein said lubricant has said solid particle
dispersed in a semi-=so0lid and/or a liquid.

(11) The write/read head supporting mechanism according
to (9} or (10) above, wherein said lubricant has electrical

20 conductivity. ‘

{12) The write/read head supporting mechanism according
to any one of (1) to {8} above, wherein at least one film_
composed mainly of an organic material or an inorganic
material is present as said friction-reducing means in at

25 least one of said spaces, said film having a thickness
substantially equal to a length of said space, and being
fixed to only one of two head constituents with said space
located therebetween or unfixed to any of said twoe head
constituents.

30 (13} The write/read head supporting mechanism according
to {(12) above, wherein sald film has electrical conductivity.

(14) The write/read head supporting mechanism according
to any one of (1} to (8) above, wherein at least one of said
spaces has as said friction-reducing means and/or said space

35 forming means at least one protuberance extending from at

least one of two head constituents with said space located



28 Oct ober 2005 therebetween, said protuberance having a hei ght
substantially equal to a length of said space. (15) The wite/read head
supporting mechani smaccording to (14) above, wherein said protuberance is
provided with a 5 curved surface in the vicinity of an end thereof. (16)
The wite/read head supporting nmechani smaccording to (14) or (15) above,
wherein said protuberance conprises a protuberance bOdyéﬁﬂg a COég 5
filmfor covering at least the vicinity of an end there cla 9 ring
filmbeing 10 forned of a material havingsa coefficient of friction |ower
than that of said protuberance body. (17) The wite/read head supporting
mechani sm according to any one of (14) to (16) above, wherein said
protuberance is forned on said actuator. 15 (18) The wite/read head
supporting mechisiehetaecor diaigl proteryraome baviddl)e heigidy) above, wherein
sai d prot uber a@@ﬁstamsaﬁi}e(?éddaqakoCQ%@ttthE ySal(dl%}aaIQe wite/read head

supporting mechani C di N ne 1) to above, V\/nerel n
sai d actuat or makez( 2 r&% el"/ﬁ%ae(?g}e/@a% e%%%‘f Qi E‘eé gFcording

el ectrostrictit (Xt éE?"e ( Z@Fr%’é kit erpeuetrnm® dappoevideyl mechaai sm
according %o @ampedneunfadel)int @hél9)cialieyeos Waer&id tarkst er connect i ng

wire to said actuat@g)angd Qf zgg Lot en negl i r s.ai 25 slider are
formed on said_su ) rl / (gecg\/l\lﬁ%:atae%(rﬂé% Mg ge&%ms i A~ RECHShi sm

nsi o
according to anyslgﬁeo’()f Pj(‘r’l) 8"?2(75 eél?&%?esa%|$f?t“ﬁé+’%l% C@WPﬁes a&t uat or
for driving saiPtsrspencs dredy( 223 A amvieréhg efidlrs fsrenvwdi icly a@npeises a

\(Nr2|1§ el [)ead %&Hee&dcsup@ordﬂ g aﬁﬁn%{ag%%\mv\ﬁsgf&lg&gﬂggap%m?%glgg (1)CI to
abov aré side

Vi ews of glnoe e@xcgﬁrrfgﬁ){_%yég%‘% 1 U8R 3°H 1&&81’1&‘?@ f%éﬁﬂlﬁ’&cjo‘?"fﬁrng to
the first end@nE o‘? 539 AyRitesancanee®in el ectrodes are used as the

space-form ng nean$l7) The write/read head supporting mechanism according
to any one of (14) to (16) above, wherein said protuberance
is formed on said actuator.

15 (;8) The write/read head supporting mechanism according
to any one of (14) to (17) above, wherein said protuberance
has electrical conductivity.

(19) The write/read head Supporting-mechanism according
te any one of {1} to (18) above, wherein said actuator makes

20 use of inverse piezoelectric effect or electrostrictive
effect.

(20} The write/read head supporting mechanism according
Lo any one of (1) to {19) above, wherein an interconnecting
wire to said actuator and/or an interconnecting wire to said

25 slider are formed on said suspension.

{21) The write/read head supporting mechanism according
to any one of (1) to (20) above, which includes a main
actuator for driving said suspension.

{22) A write/read system which comprises a write/read

30  head supporting mechanism as recited in any one of (1) to
(21} above.

BRIEF EXPLANATION OF THE DRAWINGS
Figs. 1A and 1B are side views of one éxemplary
35 construction of the magnetic head according to the first
embodiment of the invention, wherein electrodes are used as

the space-forming means.



28 October 2005 Fig. 1Cis a plan view of one exenplary construction of

t he suspension used in the first enbodinent. - Fig. 1Dis a plan view of
one exenplary construction of the actuator used in the first enbodinent. 5
Figs. 2A and 2B are side views of another exenplary construction of the
magneti ¢ head according to the first enbodi nent of the inventdi on, wherein
el ectrodes are used as the space-formng neans. Fig. 3A_s a plan vi ew of
one exenplary construction of 10 the suspension in the 283rPPERBBEP nent

of the invention, wherein an interconnegiing pattern is used as the space-
form ng neans. Fig. 3Bis a plan view of the actuator nounted on the
suspension shown in Fig. 3A. 15 Fig. 3Cis a sectional view taken along the
CClinein Fig. 3B. Fig. 3Dis a sectional. view taken along the D-D line
in Fig. 3B Fig. #iirs & sisde yi@wdfewobBe exe€rgdeapbyacPnsddstetitopowfor 20 t he

magnet i ¢ head ageendhogs i Logatl 1dA$REEL Qlvddifient NVENt i ON, wher ein
bondi ng menbers are Bsed as the. s acg- Form%{mneaﬁgé Figs. 5A and 5B are

side views of exenpi@ryP conét P i'oRY 8f ¢ Wﬁ‘ﬁéﬁﬂ“, FrRsFraeEsidg to
the fourth 25henbetiaten uskdt e the ditrsonemiwhidmenn. a step or steps
provi ded ors the surigee 0f ahhe2ﬁ-célié.atsﬁﬁeaﬂﬂéﬁ anaBB@'lestgxfe%B@aPy the

slider are us e-for ans. pers ective view
%n@%r&pge%p%% &8 rﬁggﬂ'%tq% pl c%rdln %61 P

of the actuator prOV| on-re u0|ng nea BB is a
side view of FRgodgRentEqf tlm +%V%l@;ap|*@%@tﬁlﬁeﬁéﬁ@mdﬁ@ @r@wl%efd Give

exenpl ary con§mﬁuspacmrmmmmhg megret i ¢ head supporting mechani smaccording

to the invention. Fi 4B 1isS 5 %ilse N . i i cting
35 mechani;gm shown 1g): 388 3k%a B EfIT el oY & o 25 MBONS} IonleRfc SHP Y

€ suspension in the secon embodlment of the invention,
wherein an interconnecting pattern is used as the space-
forming means.

Fig. 3B is a plan view of the actuator mounted on the
suspension shown in Fig. 3A.

15 Fig. 3C is a sectional view taken along the C-C line in
Fig. 3B. )

Fig. 3D is a sectional view taken along the D-D line in
Fig. 3B.

Fig. 4 is a side view of one exemplary construction of

20 the magnetic head according to the third aspect of the
invention, wherein bonding members are used as the space-
forming means.

Figs. 5A and 5B are side views of exemplary
constructions of the magnetic head according to the fourth

25 embodiment of the invention, wherein'a step or steps
provided on the surface of the actuator and/or on the
surface of the slider are used as the space-forming means.

Fig.” 6A i1s a perspective view of the actuator provided
with friction-reducing means.

30 Fig. 6B is a side view of Fig. 6A.

Fig. 7A is an exploded perspective view of one
exemplary construction of the magnetic head supportlng
mechanism according to the invention.

Fig. 7B is a side view of the magnetic head supporting

35 mechanism shown in Fig. 7A.



Fig. 8 is a side view of one exenplary construction of the nmagnetic head,
wherein a ginbal part of the suspension is used as the space-formng
nmeans. Fig. 9 is a side view of another exenplary construction 5 of the
magneti c head, wherein a ginbal part of the suspension is used as the
space-formng neans. Fig. 10 is a side view of yet another exenplary
construction of the magnetic head, wherein a ginbal part of the suspension
is used as the space-forming means. 10 Fig. 11 is a si de 48 @@faber 2008r t her
exenplary construction of the magnetic head, wherein the ginbal part of
t he suspension is used as the space-formng neans. Fig. 12A is a
perspective view of one exenplary construction of the actuator used
herein. 15 Fig. 12B is a side view of the nmagnetic head supporting

nmechani sm usi ng t heFiact Bat ora shidenviae Fifg.onk2dxelphiGryl 3ohSe Ak taxpl gded

perspective Vi gMs i cEXEP! sir [ neti ¢ head
supporting nechagéasg%@%ig PREIfE%}hR%ZC)g%E/Ba{dﬁllvi @Ekﬁ% %f %ﬁ?ﬁf\l\/ﬁ\?ﬂpﬁﬁl%e
writel/read heatf stioffi hEe MRATEATSFPIRE S g to the invention conprises
a slider provided iigh &nis & eddeovignetli enbrhes dueeplelenenistaucaiomopt i cal
modul e, and 2508 s paABREOT: Headh)i Ghetdi®: S L9RFal SaMRUBEed Wil e an

actuator for displacln slider is located between them The present
i nvention will n%w e gxfg%lgfsr?gdg\%i {:fﬁe r't ecreeg%mll?%"}faﬁﬁgneti c head with an

el ectronagnetic tranddut®ris & SieRt Viurfedebnare Bidrderergamsi r st of al |,
typi cal constrewmtatoustddn tdie s pegsenit, headt udicfeiand glmslar pake of

expl ai ned. Fi gehel 3uispedd: &XRIsOAeHa PSS SRRCLLYEe Vi 191]::; QD& exenpl ary
construct I]%E of th@,imagfﬁt.l C heag supporting_ mechanism] ncl udi ng an
actuator. This magnéfic hedd 351 ﬁp‘ﬁo‘?‘”’t Chig BRI s FPEPIREY t up of a
slider 2 provit¥tarehiomrieltdet hegmegiretrsdt rnarsdicerhel @mintl pasnd a
suspensi on 3 2& @leobespaion is used as the space-forming means.

Fig. 12& is a perspective view of one exemplary

construction of the actuator used herein.
15 Fig. 12B is a side view of the magnetic head supporting
mechanism using the actuator shown in Fig. 12A.

Fig. 13 is an exploded perspective view of one
exemplary construction of a magnetic head suppérting
mechanism.

20
PREFERRED EMBODIMENTS OF THE INVENTION

The write/read head supporting mechanism according to
the invention comprises a slider provided with an
electromagnetic transducer element or an optical meodule, and

25 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.

30 First of all, typical constructions of the suspension,
actuator and slider are explained.

Fig. 13 is an exploded perspective view of one
exemplary construction of the magnetic head supporting
mechanism including an actuator. This magnetic head

35 supporting mechanism is built up of a slider 2 provided with

an electro-magnetic transducer element 1 and a suspension 3



for supporting the slider 2, with an actuator 4 |ocated between the slider
2 and the suspension 3. The actuator 4 is to effect a m cro-displacenent of
the slider 2 with respect to the suspension 3, and is fixed as 5 by

bonding to a ginbal part 3a |located at an end portion of the suspension 3.
The ginbal part 3a is formed by providing grooves in the suspension nenber

by etching, punching or the 1like for the purpose of allqw he pder to
follow a disk nediumsurface. It is here noted that the%@%@%zﬁbgd is

10 provided with a main actuator for driag-ng the whole of the suspension.
The actuator 4 conprises a fixed part 43 and a novable part 44, and
further includes two rod-1ike displacenent- generating neans 41 and 41.
Each or the displacement 15 generating neans 41 is provided with at |east
one pi ezoel ecieti cupportin thst pliddwv e nuiehian dcaperohayilngateflect r ode

| ayers on bot hh&ivdes, tﬁéldsﬁ@@&tﬂL&{cEdzh&UGhsﬁ:&ﬂildntB el ongates and contracts

upon the applicatiqg.of voll30g on 4 @%f%k?ciﬁ nﬁ%%o ;?J;ascem-g &€ oPE othe

pi ezoel ectric or el ectrostrictive 20 naterral |ayer or ne
pi ezoel ectric Dr-9eE| ectids FFPREFY & Ndter F‘éFP?‘Pfa“tonePon ¥ s afﬁéfeéoﬁf’t racts by
i nverse pi ézoahediondineffect gombel getrrodtr Lottt eff eot end @rertdnd of the

di spl acenent - ganer-at 88 1HARS 4hel lﬁgyplpea@t 8Q {herSuRens PRoYid@nkhe
fixed part 43, and the oélper end 2 e |spI a errent lg’ﬁgl erating neans 41
is coupled to %rheveglll er Via “PR&® 1r?61v3ﬁf"g part © lf 1R oP 8P oRGat on and
contraction ofllt]q?efers‘ﬁv%l@éwﬁﬂﬁeg@ﬁ‘ne?fldtoi‘”hggrrﬁams?m;@ert1?1@ fod| ogep @@3%0

di spl aced t hatmddiemet@etdcenagnetiisC hekansskee hael emmtagnstdtsna)éa&m@

ciroulari o ThhSviBel Uit QUagE, 12,3062 £6L IATRANG! ke LhRiduE Ly ! enent

to cross over recording tracks on a disk nedium en the pi ezoelectric
or. electrostrT¥PFY8 Waterial |ayer sandwiched between the el ectrode
| ayers in the disfhacerertogeheramrmgesransiAl part M8 actiuat movablies 35

constructed ofpzatsea caéﬂcﬁctuﬁtﬁépel&qhaeg Bmefd@hlﬁacalﬁlac%é&ti he

pi ezoel ectri ceg%negl FC tagll CM v%dmztler ial .l ayer, i dlspﬁgg% subj ected to a
polar|2|ng1tr t men I Npro
5 generatlng means 41 1s prov1ded with at least one

piezoelectric or electrostrictive material layer having
electrode layers on both sides, and constructed such that it
elongates and contracts upon the application of voltage on
the electrode layers. The piezoelectric or electrostrictive
20 material layer is formed of a piezoelectrie or
electrostrictive material that elongates and contracts by
inverse piezoelectric effect or electrostrictive effect.
One end of the displacement-generating means 41 is coupled
to the suspension via the fixed part 43, and the other end
25 of the displacement-generating means 41 is coupled to the
slider via the movable part 44. Upocn the elongation and
contraction of the displacement-generating means 41, the
slider is so displaced that the electromagnetic transducer
element is displaced circularly. This in turn causes the -
30 electromagnetic transducer element to cross over recording
tracks on a disk medium.

When the piezoelectric or .electrostrictive material
layer sandwiched between the electrode layers in the
displacement-generating means 41 of the actuator 4 is

35 constructed of a so-called piezoelectric material such as
PZT, the piezoelectric or electrostrictive material layer is

usually subjected to a peolarizing treatment so as to improve



28 Cctober 2005 its displacenent capability. The direction of polarization
by this polarization treatnment is a thickness-wi se direction of the
actuator. \Wen the direction of an electric field wupon the application of
voltage on the electrode layers is 5 in alignnment with the direction of

pol ari zation, the piezoelectric or electrostrictive material |ayer between

both el ectrode | ayers elongates in its thickness-w se difecti
(pi ezoel ectric longitudinal effect), and contracts in i t@é @%@fappgctl on
(piezoelectric transverse effect). 10 When the direction of the electric
field is reverse to the direction of polarization, on the other hand, the
pi ezoel ectric or electrostrictive material layer contracts inits

t hi ckness-w se direction (piezoelectric longitudinal effect), and

el ongates in it Praptacrveatt capalfbliidyoel Bot dicedbidr afspelseizftfient ). Wien

contraction-i ndueahhg veoldr&gachsn taﬁﬁltlxr@ﬂtalé &f nati ek e QR direction
di spl acenent - c&gt Ag&gp&ns @{E gnoéherctll spl gcemerit ener%(]elg nmeans,
0]

the length ratio et ween one I acenen generatl hg t her
di spl acenent - §&R8r B¢ n@’%&ﬁ%l%‘h&fgé@l%g? e thet ﬁlggtrode layers is
di spl acenent - denel agnmgnptmeand def |Eeiecthot hef gamerdiseicid, ORhei N the pl ane

of the actuat @JleszléJuﬁcd%El @f&é%stwécﬁ@\ﬂ%fele&&fr y%‘% fggk% £nd pitches

wi th respect th d |re(;|on|n I'cate yarrovvsm
Bl o 15 Tt th =R Easr oot B SIPPOafh it o nbt U eaer FHERT by ¢ he 25
position of tKerRBYvENl &Ppareekertmict hengbsuticelobfimitiagend dditsracts

rol | -and- pi t chnnbts astzald awsectmﬂmmbwemttrlé%f&swr%lal aefeyrcularly in

a directigp SWQﬁﬁa@EéEﬁlﬁﬁctggﬁgﬁPQE%ugﬁécéf{ Q%egérﬁgngé%%ﬁg% elggggtlon and
he

contraction %f t he, di spl acenent - generati ng nmeans rection 30
of the roll-a drf)?'ilcci? (7ot PORET At Ot t AR nt‘%%é’tbﬁén‘@rﬁ the actuator. Thus,
the el ectromaghereelaqtaisdoceslaitenentiction, natetisl angepi tahasckn a

circular orbitn Ats tdlil%khbﬁ?vwigke'a@rebt@l&p (E@@Eo@ie&%@nﬂgﬂémﬂfn
pol ari zati on ggg e the tg_hgecttl anlg 1ts9 e i,s_in .alignpent Wltﬁ t hat of
35 pol ari zation. i S noted that &veh fothr $He on Plezoelectric

di spl acen®nt - Qj’éﬁ%?"éﬁrsﬁgeﬁﬁ‘é?@ -ar Bheg) (ﬂ?@&FéGthﬁvaw voltage is

applied alternately on one displacement- ~generating means and
another displacement-generating means, the length ratio
between one displacement-generating means and another
displacement-generating means changes so that both

20 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
part 43 in a direction indicated by arrows in Fig. 13, with
the center of the roll-and-pitch motion defined by the

25 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
perpendicular to the direction of elongation and contraction
of the displacement-generating means 41, with the direction

30 of the roll-and-pitch motion lying within the plane of the
actuator. Thus, the electromagnetic transducer element, too,
rolls and pitches in a circular orbit. At this time, there
is no fear of attenuation of polarizatien because the
direction of voltage is in alignment with that of

35 polarization. It is noted that even when both the

displacement-generating means are elongated by voltage




28 Cctober 2005 -10 applied alternately thereon, simlar roll-and-pitch
notion occurs. In the illustrated actuator enbodi nent, voltages nmay be

si mul t aneously applied on both di splacenment-generating nmeans 5 in such a
manner that their displacenents are reverse to each other. In other words,
alternating voltages may be simultaneously applied on both the

di spl acenent-generating neans in such a manner that one eIongﬁ;es mhlle
another contracts, and vice versa. At this tinme, the ce®%®

rol |l -and-pitch motion of the novabl e parii44 is defined by the p03|t|on of
the novable part 44 in the absence of . voltage. Assumi ng here that the sane
driving voltage is used, the anplitude of the roll-and-pitch notion is
about twice as large as that in the case of the alternate 15 application
of voltage. Onzpmkiesi @dtefnatydyr ohkxrern- piitng har modlilomniApt tits moasen
however, the dbs@lacement - generatlng means |s so el ongated that the

dlrectlon of the drivi ta IS, L&V rse he direction of
pol ari zati on. For ftnhltglgr:éie/l]go r%%ﬁd Hor s % af %éléﬁentthevcb]l?zgﬁél B  fe or 20

el ectrostricti VEHdesepasly é}é’rllﬁﬁycnbd%%qlbIdysah@wwﬁiegamelaitlhmgmeamal i ed
vol t age or dpoin thehcanhamed tappl tigaly @ispfacat@intagere | dedeyskhds required

that the driviagyekiage be oohLalnatby, RRklad,3,GNsLan, digect current

bi as vol tage L‘L e_sane n as th pofarization

™ &F&%BPﬂl%ﬁPé’ﬁﬁs i PRy RAST: R PR} ﬁé%?‘é‘é‘g%lr?ég’ég t her eby

super posi ng thel \
f orecl osi ng t Heegypgssnbbheh \a maaner Hehatdionecelomasksdehiiengnvehénge may be

reverse to '[Eecdﬂd’r&@i:isprhnd)fvﬂ&@' A&t ZAat | 9P. erkhe t‘iﬁf@t Q{]heogzeht?@r g kpand-pitch
motion in4hi a pOsi L] of t i spl ace nt 30
generatan'neéﬁgﬁm%Eﬁ ?hgﬁiﬁﬁggeg ;Ehﬁm oﬁ%hg ppléd ?h%ﬁ ine

i | lustrated adﬁﬁﬁﬁﬁﬁlﬁa§1éﬁéﬁﬁﬁcPﬁY%b Q1P®ﬁFcﬁ4vﬁethG|§b$ayénﬂﬁt generatlng
means 41, and \fqbcgdeanmsmnmabc_l;memmh8t4aqaminé4dﬁiﬁﬂgomda@§ N

integrated singed, ptRECadPLichaki Hg @{L%B@&Cﬂ&%ﬁcﬁ &d 7drd

g r
i ezoel ectric .or. 35 electrostrictive terial wth ectro e ia ers forrred
gt %rce as f%rge as Lgat in the case of the alternate y

15 application of veltage. 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
this reason, the polarizaticn of the piezoelectric or

20 electrostrictive material layer may possibly attenuate at a
high applied voltage or upon the continued application of
voltage. It is thus reguired that the driving voltage be
obtained by applying a constant direct current bias voltage
in the same direction as that of polarization and

25 superposing the aforesaid alternating voltage on the bias
voltage, thereby foreclosing the possibility that the
direction of driving voltage may be reverse to the direction
of polarization. The center of the roll-and-pitch moticon in
this case is defined by the position of the displacement-

30 generating means with the bias voltage alone applied thereon.

The illustrated actuator has a structure in which the
displacement-generating means 41, and fixed and movable
parts 43 and 44 are formed as an integrated single piece by
holing and notching a sheet-like member of piezoelectric or

35 electrostrictive material with electrode layers formed at
given sites. It is thus possible to increase the rigidity

and dimensional accuracy of the actuator, with no fear of



given sites. It is thus possible to increase the rigidity and di nmensional
accuracy of the actuator, with no fear of 28 October 2005 -11 assenbly
errors. In addition, since any adhesive is not wused for actuator
fabrication, it is highly unlikely that any adhesive |ayer is deposited at
the position of the actuator where stresses are induced by the deformation
of 5 the displacenent-generating neans. Stated otherw se, robl ens _such as
transm ssion | osses due to the adhesive |ayer and chang@@ toket 2R85 of
adhesion strength are absolutely unlikely-to cone up. By the
"piezoelectric or electrostrictive material” 10 used herein is neant a

mat eri al capabl e of elongating or contracting due to the inverse

pi ezoel ectric effect or electrostrictive effect. Any desired piezoelectric
or el ectrost rasceinbéy nettrarisal Tmaypddet iged sinovi ged adhasiveé tamotbe applied

to the displ acg@nEcgeenalcoRdr BN ebn! her LS aGLHAL Q1 iBk1Leason of high
rigidity, however dhes:'L usual l ref eE’%‘?l{tPt Euse cer am % ezoel ectric

or electrostrictive wa eer °afs suc epOSl %ng) (Ple 03),
PLZT [(Pb, La)ZZP2t9% )03 e aRECHHS Gﬁ?t L Rdrace by( BaTi Om"FﬁémaCQﬁJat or,
when it i s Smadheupisplasnheiccgdiefitdngeheid. csoitel eehepsidd,ctive

materials, My, ea3khy Nfn aebagﬁgna@suéhngoééy Cﬁﬁéltéanélﬁciaahggféesuch as a

sheet - naklng or prin roces Is_noted tha he actuator nay al so
be fabricated h??\f%¥%H§?§CVﬁﬁ &é@e Thetdi5Pd 2Bef BEI9E ¥
el ectrostri ctiapsoimately ainlivhbn tia deas w25 crystalline structure, may be

of either a polycrygtiid i-'@ﬁezséiémiﬂieeoﬁre:ﬁedmeaewé@ﬁdé mAeesiduct ure. No
Dy htd s e dnl el iR SCn MRAELE: LOILLRE, & SOlpadedusl ) A

appropriate selection ray rom  a cesses o Thg"and firing
el ectrical ly COREGREHWS §Bep’é%t’iéleaﬁﬁv‘35$? ﬁ?zﬁﬁée%%l’slé?s %ﬁéﬁta%r sputtering,
evaporati on aidcCOuistwhicdeévhowf fieetf. orzmyt Hespi®¥ geleeokléct e or

el ectrostrict |e\1@cHP$@d’ﬂ1%|t1{r@Wtér§aﬁalk§P B8 e8C5AUAGa P ACT HalQL May have

n r re,in mh
any structu ebe app di%o tga élsplacement—generatlng means of the

15 actuator. By reason of high figidity, however, it is

usually preferable to use ceramic piezoelectric or
electrostrictive materials such as PZT [Pb{(Zr, Ti)Oiz]., PT

(PbTi0O3), PLZT [{Pb, La) {(Zr, Ti)0O3]., and barium titanate
(BaTiO3) . The actuator, when it is made up of ceramic
20 piezoelectric or electrostrictive materials, may easily be
fabricated using thick-film techniques such as a sheet-
making or printing process. It is noted that the actuator
may alsoc be fabricated by thin-film techniqﬁes. The
piezoelectric or electrostrictive material, when it has a
25 crystalline structure, may be of either a polycrystalline
structure or a monocrystalline structure.
No special limitation is imposed on how to form the
electrode layers; an appropriate selection may be made from
a processes of printing and firing electrically conductive
30 paste and various processes such as sputtering, evaporation
and CVD while how to form the piezoelectric or
electrostrictive material layer is taken into account.
An actuator may have any structure in which at least
one piezoelectric or electrostrictive material layer, having
35 electrode layers on both sides, exists at the displacement-
generating means. However, it is preferable to use a malti-

layer structure wherein two or more such piezoelectric or



one piezoelectric or electrostrictive material |ayer, having 35 electrode
| ayers on both sides, exists at the displacenent generating neans. However,
it is preferable to use a multi- layer structure wherein two or nore such
pi ezoel ectric or 28 Cctober 2005 -12 electrostrictive material |ayers are
stacked one upon another. The anobunt of elongation and contraction of the
pi ezoel ectric or electrostrictive material layer is propqrtional b
electric field intensity. However, the 5 aforesaid nulti&%VéﬁQ?Pfg Bﬁre
makes it possible to make the piezoel ectzic or electrostrictive materi al

| ayer so thin that the required electric field intensity can he obtai ned
at a low voltage, and so the driving voltage can be |owered. At the sane
driving voltage as that used with a single |ayer 10 structure, the anount
of el ongation <mteoatyixtivenmeterisedoner marte Eapgeed oReeuphickness of the
pi ezoel ectri c &othekectiHesthbidd W& BBbRFAElon ayercdmmetichidd adle, and so

my  be deterpined.depend ng oncvardaus copdidlans. puph #s driving vol tage,

t he requi red anount el ongati on an contraction ease of
fabrication. éFl°%F¥IﬂocEﬁ@%%FlQﬂfl§BGu%n?Fﬂi+FFo Ao8EY=50 PR i s usual |y
preferred iSn tdfereppddtmcieidhyehetimeente omkeSi it | pedsiblieheoupgpler themit to

t he number OI ﬂ&é@@é@fﬁfé %trorel@é@%tsﬁ&stztwé lnmeg@afritae}er Layehsn Staﬁked
one upon ano r no cr.atil,C V. eterm ne I N Suc a
HSI %g %qu%gﬁgraiéctrlc %1eﬁ?:.%e851gyd%S|F§d gﬁ

manner that dispitac nmeans~ havi T iGess are
obt ai nabl e. Itag & 1ﬁ‘®t‘éd1ttal€¥&t %\n%cﬁperthﬁgdb%‘émﬂer"é’éﬁ*ﬁl% n Hleedevenedictive
mat eri al | ayerat shdSserhd )drﬁ{rﬁ)i«ic_l; ded tapet he hHerBLat witl eckingees [1ayet. 25

Although net 1ddestoal Sdndt DoaHoRNSh NG b BREVAGALaAobtaxpUr face with

an |nterconnect|n§ pattern drivin he actuator 4
i nt er connect i My FRELBIH tlé‘rB%rcoﬁH%c'flEd:kPGSF het efhse PreAagHE A ot Pansducer
el enment 1 as aiggggpﬁnrxHQQVBemaﬁﬁnaaéuégﬁﬂs|xﬂ1nstnaylwmqai berngravimdad on 30

its surface wigehgacbhgrthdd id\éb@ﬂil'r@ ohi PakBuseadhM tidhs Ghenlds a signal
processing Ic;dfiv??&”&é%%é% pge§é‘&%§ngéogﬁoddf of elongation and

15 contraction, and ease of fabrication. However, a thickness
of about 5 pm to abeout 50 um is usually preferred in the
practice of the invention. Similarly. the upper limit to
the number of piezoelectric or electrostrictive material
layers stacked one upon another is not critical, and sc may

20 be determined in such a manner that displacement-generating
means having a desired thickness are obtainable. It is
noted that a covering piezoelectric or electrostrictive
material layer is usually provided on the outermost
electrode layer, '

25 Although not illustrated, the suspension 3 is provided
on its surface with an interconnecting pattern for driving
the actuator 4 and an interconnecting pattern to be
connected to the electromagnetic transducer element 1 as
occasion may be. The suspension 3 may also be provided on

30 its surface with a head driving IC chip (a read/write IC}.
If a signal processing IC is mounted on the suspension, it
is then possible to reduce the length of the interconnecting
pattern from the electromagnetic transducer element to the
signal processing IC, so that the signal frequency can be

35 made high due to a decrease in inductive components.

While the present invention is suitable for cases where

the actuator of the illustrated integral structure is used,



is then possible to reduce the length of the interconnecting pattern from
the el ectronmagnetic transducer elenent to the signal processing IC, so
that the signal frequency can be 35 nade high due to a decrease in

i nductive conmponents. While the present invention is suitable for cases
where the actuator of the illustrated integral structure is used, 28
Cctober 2005 -13 it is understood that the present invention nmay aI

used for cases where various actuators having assenbly @@r@@f@bﬁé@%

enpl oyi ng piezoelectric el enments, and act4ators naking use of

el ectrostatic force, and el ectromagnetic ]Torce are used. 5 The suspension 3
is generally forned of a resilient mnmetal material such as stainless steel.
On the other hand, the interconnecting pattern has a structure wherein
conduct or Wi r est drse updeesecbdrittlatathespresdNe Spe&hdilon bl h8dd 2 L, SeiNMposed

on how to for nf&f'%a'sgge&ﬁ%%&hggs 1:9ct9ﬁattto?cgnhg@1vdd1 m%gl%g'ly sscr{:l%gt ure,
homever it IS r.ef er q Process erein an |nSJfat|ng

resin filmis “For 1890%"%%6 §ﬁFFé‘é J(ﬁmet“ﬁé Sﬁ%%%“@ﬁogs drrciagcesriuct or
wireis for nedo%rﬁlteﬁél‘@%@wq‘ iflorrr ol drolved ebyr brorgrietg canotderarer @séd. il m
thereon as | prot echbveudpddBioand Bs R8I 1} OrMRIELR grkégltlggggnnectl ng

film having anquCItll ay. st ture, ri.sing such a resin film and
conductor wire. i tgongfeﬁﬂ sql%ﬁeg%us%aelglegﬁ 5%66511 n Phe %ﬁﬁgﬁfchéﬁjéaad
supporting rrec% 1§ﬁ?ﬁ‘é‘?ﬁ’f?§t§t}€hpa%‘%ﬁ¥§t hEet fovt A treat Vierredrabove, spaces
are provi ded beideencr 20inesl atievebyexticpliani agrdmad aensigebugnt s according

to the presentiimivapiéds EhgoBeanss iRy REOYLAL NG SUERFPAGES 18, herel D
referred t,Q a} ttlggrn cvgl-n ﬂg neans. The wordi ng Between refati vel y
di spl aci ng hedd cohstit uemt §"1c kF‘etlré‘lcﬁurﬁncf%"SGd tb Femeetepabieor

i nst ance, bet iCeRakfeus\dblaerpseeds avheiret heamcinmatiet iagdrdsia siumpensi on,

bet ween the nufcabkeé ositie ahirfhee act UdObuapehditg s Laera ang,beiween the
slider and thg . suspensi r r t he Jares vention a. friction
reduci ng neans, rl "%'al 85 glfrllgrlae?t}é %Qhﬁe%nlgowﬁgnb%gpam% @RIt ai ni ng

function is pFévi Heﬁﬂl“h tRETPeRsts @ protedtive film, and & procese
15 wherein an interconnecting film having a multilayer

structure comprising such a resin film and a copnductor wire
is bonded to the suspension 3.

In the magnetic head supporting mechanism having such

construction as mentioned above, spaces are provided between

20 relatively displacing head constituents according to the
present invention. The means for providing such spaces is
herein referred to as the space-forming means. The wording
"between relatively displacing head constituents" is herein
understood to refer to, for instance, between the movable

25 site of the actuator and the suspension, between the movable
site of the actuator and the slider, and between the slider
and the suspension. Preferably in the present invention a
friction reducing means, i.e., a friction reducing means
having a space-maintaining function is provided in at least

30 one of the aforesaid spaces for the purpose of preventing
any direct contact between the head constituents.

The movable site of the actuator used herein is
understood to refer to a site that displaces relatively with
respect to other head constituents. Referring back to Fig.

35 13, the movable site with respect to the suspension 3 is
defined by the displacement-generating means 41, and the
movable part 44. Again, the movable site with respect to




30 one of the aforesaid spaces for the purpose of preventing any direct
contact between the head constituents. The novable site of the actuator
used herein is understood to refer to a site that displaces relatively
with respect to other head constituents. Referring back to Fig. 35 13, the
novabl e site with respect to the suspension 3 is defined by the

di spl acenent - generati ng neans 41, and the novable part- 44. Again, the
nmovabl e site with respect to 28 Cctober 2005 -14 the sl | @8-Ootaber 8PP ned by
t he di spl acenent -generati ng neans 41, qqqmthe fixed part 43. Then,

exenpl ary constructions of the space-formng neans and friction-reducing
means are explained. 5 In the first enbodi nent of the invention, an

el ectrode provided between the surface of the actuator and the surface of

the suspensi ontn 1082 &lLeibk 088 PO WHICd; bt MeeRntbgensty fidgeneint he

actuator and t rof f the slifger are wused as the aforesaid
space-form ng £rr]lg'arsiigl.d ?ﬁ?splécrerago ?ﬁ%n%e'lo is explained with reference to

Figs. |A 1B, 1C af@e1D exReflaryYi srpStauricgons of dheebpate vfemiogi s | ocat ed
bet ween the swdracendf fraittdehuatdicihgamdahiecadiifpteindaa suspensi on 3

while an elgctrode f0chs }AS! eflohekRRNoEhensuiiace ol (e ciactyator 4 and

the surface of_a sllger 2, so that they can 1S as_t he space-form ng
means. Fig. 15T ISEratRER theI WHSTR 6F FRE R5OREPEJRRT N ameansase

| ocat ed i n t heelspdcesusrérmigni andiqr. ahAelRetxrdd pyotdded ghetiBent bige

el ectrode 10 |anded etuRERCcthlESWdRERObut A AGkkURLEN st @dthe

suspension 3 i1§se gf t}gg.a% %fsaf‘dtseranéi Q%L)rr%%_r%:tngegaglgcgrﬁl‘%ggt %gc;;iﬁnce%rgpri ses a

term nal el ectrode (for instance, see Fig. ]
act uat or - dr¥ viify SFRL_IRShIEER RYLancer ROSFHIE + HA . sUPf ok aofd 1Phe
suspensi on 3 tRefamréhecta ode.| dyerad rlkcherass ust ds 4ocated &dvivaah ehect rode

for mking a cRangeliofn BPLEERR:ER 2AnNEAECARNECL BY Qa%s%reqfﬁgﬁt@' ly

fornmed on thew%ulrlface f ..the suspension 3 although not shown) connected to

an el ectromaghetictra e§(§68§? ]:qsé’r?e céﬁadalﬁe?"‘?ﬁegr EBRrdttiarg of the
actuator 4 and the surface of a slider 2, so that they can

15 ©be used as the space-forming means. Fig. 1B illustrates a
film form of friction-reducing means 8 located in the spaces
shown in Fig. 1A.

Referring to Fig. 1B, the e€lectrode 10 located between

the surface of the actuator 4 and the suspension 3 is made

20 up of a terminal electrode group which comprises a terminal
electrode (for instance, see Fig. 1C} for connecting an
actuator-driving interconnecting pattern 5 on the surface of
the suspension 3 to an electrode layer in the actuator 4, a
terminal electrode for making a connection between an

25 interconnecting pattern (usually formed on the surface of
the suspension 3 although not shown) connected to an
electromagnetic transducer element and an interconnecting
pattern (not shown) formed on the surface of the actuator 4,
etc. On the other hand, the electrode 10 located between

30 the surface of the actuator 4 and the surface of the slider
2 is provided to connect the interconnecting pattern formed
on the surface of the actuator.4 to a terminal electrode of
the electromagnetic transducer elément provided on the
slider 2. In this regard, it is noted that the slider 2 is

35 electrically insulated from the electrode 10 by means of an
insulting film or the like.



pattern (not shown) fornmed on the surface of the actuator 4, etc. On the
ot her hand, the electrode 10 | ocated between 30 the surface of the actuator
4 and the surface of the slider 2 is provided to connect the

i nterconnecting pattern formed on the surface of the actuator 4 to a
termnal electrode of the electromagnetic transducer el enent provided on

the slider 2. In this regard, it is noted that the slider is 3

el ectrically insulated fromthe el ectrode 10 by means of %Qnécﬁog%appﬁg film
or the like. 28 Cctober 2005 -15 In thisqenbodinent, it is acceptable that

t he space- form ng neans are obtained by formng, W|th the required total

t hi ckness, term nal electrodes 13A, 13B, 13C (see Fig. 1C) on the surface

of the suspensi on 3 and termnal 5 electrodes 14A, 14B, |14C (see Fig. ID)
on the surface of thethictarbbdimdnt AlitteiBaktygbtabliechehspaae- fs@raariang means

may be obt ai neduifgt H€ad o0 rﬁm?grel t iV
menbers are san vmlc§ and ot Bbé@l@%gn termwlr‘l:zta:?H }E.ﬁ(%ectrog(éEl airs. No

N ﬁd as el ectrodeslhs_gv
particul ar |i mot St 6 PS5 o 58T G hEWwe T IES drfr t P elB6t MeBe s % be
used as the spddeohofht mpufegrset Honsrepengion S pndf eembimmlt 0 make use of
processes ?I’labi]ielaigroﬁéki; clkzyet ak, fidcmststeg beg f apyednWihd Nighacdi pENSiONal |
accuracy, for e Y RIO Or_a .screen_ printing
process, part If%&%éggﬁs‘ie tﬁﬂ ect:L ggs tg{ree%g)?if%enEi%“mg urred 1% tt%’e t hi cker
t han ordi nary TEPAPRAI1TIE lfealésof andsgsrely W&ageww SloBERFBHES have
to be forned wemberhi ge diamdnsciondlas( elieckness) bacousacyerainas t o keep the

surfaces of tlaqel&eagd@q;aatrlst U%t §>a\eftwu£ahe 1%%&{&9?%5' Bm %gggéec;n;%agg and

rel ations tOheret(% subsq L %d%)ara W I eac

2B show t WO artangements S FC T &t eHﬁ% |arﬁ3 ﬁﬁ%?eel forming means.
friction-redudicngveeans Havprglenfdler &at makoister et Poreesees eseldlimef err i ng
to Fig. 2A, amhaekusdtl 4ilms oI IfGBﬁSdeltﬁlhﬁlbﬁ-Cdﬁnﬁalﬂsfl@ﬁglS' de of a

slider 2 and %@cgpgg:@s f%&elggégﬁ%e ig&{ar% es %cli&(ﬁeetsvs\een the actuator 4

and a suspension bet ween ac uat or e sl
rlntlng process, partly because the electrodes are coften

15 required to be thicker than ordinary terminal electrodes,
and partly because the electrodes have to be formed with
high dimensional (thickness) accuracy so as to keep the
surfaces of the head constituents with the electrodes in
close contact relations thereto substantially parallel with

20 each other.

Figs. 2A and 2B show two arrangements of the first
embodiment, wherein friction-reducing means having different
constructions are used. Referring to Fig. 2A, an actuator 4
is positioned on the back surface side of a slider 2 and

25 spaces are formed by electrodes 10 between the actuator 4
and a suspension 3 and between the actuator 4 and the slider
2. Friction-reducing means 8, each in a film form, are
provided in these spaces. In this arrangement, the
friction-reducing means 8 are located on both opposite

30 surfaces of the relatively displacing head constituents;
they come in contact with each other. The arrangement shown
in Fig. 2B, on the other hand, .is the same as the Fig. 2A
arrangement with the exception that the =lider 2 is
positioned on the side of the actuator 4.

35 In the second embodiment of the invention, electric
wires provided between relatively displacing head

constituents are used as the aforesaid space-forming means.



2. Friction-reducing nmeans 8, each in a filmform are provided in these
spaces. In this arrangenent, the friction-reducing neans 8 are | ocated on
bot h opposite 30 surfaces of the relatively displacing head constituents;
they conme in contact with each other. The arrangenent shown in Fig. 2B, on
the other hand,.is the same as the Fig. 2A arrangenment with the exception

that the slider 2 is positioned on the side of the actuato E t he
. 1] onex . 20h i e 3h

second enbodi nent of the invention, electric wres provi

rel atively displacing head constituentsjigre used as the aforesaid
space-form ng neans. 28 Cctober 2005 -16 This enbodi nent is now expl ai ned
with reference to Fig. 3A, Fig. 3B, Fig. 3Cand Fig. 3D. Referring to Fig,
3A, an interconnecting pattern 5 on the surface of a suspension 3 is nade
up of an int er%ﬁn@@bbﬂl‘gﬂéﬁd rehaow nexrd ashedcvitte refehenes rocHaducizors are

covered wi th arigesia, Iﬁy@r 3CAaﬂari5‘1g ofsg. here@NAYELOES #:3 . uBgOVELed to form
termnal electy (:(Ia%% ey, 138 % f50r cgp}nectrgton to. t he actuator.. Fi g 3B
shows an act ue{jt i %ondl fie' suSPen&ron™F A% G517 STEEFRIET ¢

Fig. 3Cis a s’éct“iaéﬁal-‘?v‘?%\ﬁnt akléﬁr(a?rmﬁfttlﬁé & 1 |Hayang m FETRCHUraB, and
Fig. 3D is5a seéirednatonvdwewotrakete alcorgetiheith @ rekbe la@'eEI g.2 3BrtRegar di ng

Figs. 3Cand 3R ik LsndR®Ms {0t eBUL, SRS A03naY g% roBQLNI NG 1S
I xe 3 of the

shown in the pt irection. art

actuator 4 15 % Ig?)ﬁcle]d3 Coffd f?\%n?‘iﬂftlé’r“céiﬂn@bﬁglatﬁuﬁé?’fer A1%: 3#% ]S be

seen from Fi g.aHBI,CtBﬂtQIhe@ behéed handhed sy pbercaiven - i Jardrat edgimddns 41, 41

Si spl a(r:]i ng r;almi vely. wict msr&!&ﬂ@ﬂmngm they suseansi oy %hé@—@(lﬁjl@@;%d ﬁWaK
romthe sur of .t pensi o tance, correspondi.ng.to the

t hi ckness% %g%t hféBl rr}Et?ner?% 91? 8 péc’?fi'gri‘%xgqf V36"t RAt=h éga%e |eg f%r med

bet ween bot h. \WPEhiRhFig- a@Pand’eﬁ?@ﬁ ingtFigs ¢ BEsapds-blis %% ngjrasyi de

undi st ur bed ditdpkacehents: okcthendiszpel abementnothengr pd ismpwaeanstel, 41. In

the arrangenepfpih! gstdatied. a filmformof friction-reducing neans 8 is

i inth L. .
prOVIded the As shown in Fig. 3C, a fixed part 43 of the actuator 4

15 is bonded onte the interconnecting pattern 5. As can be
seen from Fig. 3D, on the other hand, displacement-
generating means 41, 41 displacing relatively with respect
to the suspension 3 are sgpaced away from the surface of the
suspension 3 by a distance corresponding to the thickness of

20 the interconnecting pattern 5, so that a space is formed
between both. With this arrangement, it is thus possible to
provide undisturbed displacements of the displacement-
generating means 41, 41. In the arrangement illustrated, a
film form of friction-reducing means 8 is provided in the

25 space formed by the space-forming means. Alternatively, an
interconnecting pattern formed on the surface of the
actuator 4 with the required thickness may be used as the
space-forming means. Still alternatively, both
interconnecting patterns formed on the surface of suspension

30 and the surface of the actuator may be used as the space-
forming means. While reference is here made only to the
space between the actuator and the suspension, it is
understood that the space between the actuator and the
slider, too, may be formed by using an interconnecting

35 ©pattern or patterns formed on the surface of the actuator

and/or on the surface of the slider.



25 space fornmed by the space-form ng neans. Alternatively, an

i nterconnecting pattern fornmed on the surface of the actuator 4 with the
required thickness may be used as the space-form ng neans. Stil
alternatively, both interconnecting patterns fornmed on the surface of
suspensi on 30 and the surface of the actuator nmay be used as the space-
formng neans. Wiile reference is here made only to the space between the
actuator and the suspension, it is understood that the ?ﬁé@@nﬁéfﬁegﬁ t he
actuator and the slider, too, may be farfred by using an interconnecting 35
pattern or patterns fornmed on the surface of the actuator and/or on the
surface of the slider. 28 Cctober 2005 -17 In the third enbodi ment of the
i nvention, bonding nenbers provided between rel atively displacing head
constituents are udedthe ttigdatubedaicptsplcerd dnviengiomansndiibi s

embodi nent is Me@épﬁ:ﬁbmca%bhwé@{ Qre%%@végr l'algsplécu?g Refserring to Fig.
4’ there IS a Cp%%q ggelj{@n%erre 'LlSE Q:Pe a%oresal G Of n aCt uat or 4 and
the surface of a suspensi on e FEOT 4 D ERAM figt HEREEr "82B%t ween
the surface ofThclﬁee’“%‘&‘i‘%“&r 1a Ia?i'd %"h”é%ﬁ?@a?bléhoreﬁeéqﬂiqj?ertOZFlﬁhe%e bondi ng
menbers 6 & e Rafevirded to Fgnd4t hehdreadscarnsindingnhaemedr & HrwBGNalHL head

together. In tsmrsfaggbé)@ﬂp%tctggtélhed Ia \éeBﬂé OéhrfaQQWS\A%eé Jg&%ﬁgg&ql:{lg

nmenbers 6 are formagh t he, required hi ckness ere can be used
as the space- f9¥ing err?e&ﬁs Pop f“FT“B%’f rsatbgﬁwﬁ%o‘aierréﬁt’ffa‘éef?q hffor m of
friction- redu@i%g‘aﬁ@an“s agdi shprovifded ph & helisipac2. dehienedbdBlilny t he

space- f or m nlg rERBASs @ilﬁebgﬁdbf&df&@ﬁbna%@@leaﬁoém1@6eﬁg§t \iE,)flg%adbondi ng
agent on g r t stitu e bonde

t oget her |% s&gﬁksgﬁgﬁﬁgﬁg%gﬁ %ﬂeﬁ: w%%hi e rgﬂu%%%f ﬁlc&ﬁ%sﬁpqﬁﬁgﬁOBOndlng
or sticking &°HEHET ngishbepdinramberst 6jarmdesned Hoidy she rémtinede 20
bondi ng menberchisknets netessay i theymade b wfedaabotitk npaagepbrmiipone; that

is, it my compahse ansuhstiate horoBde@loa@mehi gldf%afkm bje material and

For _i n ive | r with
ﬁg?gd???|gp a@'agpfg%\g%dL%Xng meaﬂ% 8 Pgtgkéﬁided in th g%%ceedEEEG%d t a

by the space-forming means. The bonding member may be
formed by coating a bonding agent on at least one surface of
two head constituents to be bonded together in such a manner
that it has the required thickness upon bonding or sticking
a bonding sheet thereto. It is noted, however, that the

20 Dbonding member is not necessarily made up of a bonding agent
alone; that is, it may comprise a substrate formed of a
rigid or flexible material and embedded in an adhesive layer.
For instance, if an adhesive layer with a hard filler
dispersed therein is used as a bonding member, the bonding

25 member can then have a uniform thickness within its plane.
It is thus possible to make the bonding member thin to the
necessary minimum level. It is also possible to keep the
surfaces of the head constituents with the bonding members
stuck thereto substantially parallel with each other. This

30 in turn enables an electromagnetic transducer element 1 to
be rolled and pitched by the actuator 4 in a plane
substantially parallel with the surface of a disk medium.
In both the first and second embodiments of the invention,
it is noted that the surfaces of contact of the head

35 constituents with the space-forming means should preferably

be substantially parallel with each other.



di spersed therein is used as a bondi ng nenber, the bonding 25 nenber can
then have a uniformthickness within its plane. It is thus possible to
make the bondi ng menber thin to the necessary mninumlevel- It is also
possible to keep the surfaces of the head constituents with the bonding
menbers stuck thereto substantially parallel with each other. This 30 in
turn enables an el ectromagnetic transducer element 1 to be rolled and
pitched by the actuator 4 in a plane substantially parald8Pctaben2ppa
surface of a disk nedium In both the figst and second enbodi nents of the
invention, it is noted that the surfaces of contact of the head 35
constituents with the space-form ng neans should preferably be
substantially parallel with each other. 28 COctober 2005 -18 In the fourth
enbodi nent of the iImvéehei brurth stleplitentsbépshd dmved: Oon t ke ssupfa@ce of the

actuator and/ Oge s tfeﬁmeétgnf age ohriNe SkidgL a?ét%a"&%?daﬁé/c;rhg géesai d

space- form ng dinent is now ex erence to

Figs. 5A and 58 CFerrlng tgp g, 25 59 apt ‘$§%6F8§?H%d¥ﬁﬁefhe upper
surface of an &Miagoreanso Thid qwboﬁﬂm@@tpﬁ*POHBGEE&angdupmamdly ext ended
to forma Spacsferehveeto tHigsactyadml 5. arr@btasr&liﬁgetlzkslfqrg 35ALI$<eéMe'§>e a

step is provnpse%rgm@& JPWRL ﬁﬂﬁéxa%% ggaéhgf %&t Pl uator%P &Egn he

novabl e part 44 cg downwar d ext ende rma _spac
actuator 4 and IPGEﬁ L cpR Pﬁe“?quﬁéﬂr§¥E%FdQQW58dﬁﬂ%ﬁna Space
friction-redudiatyerpanise Sicteathrif sdf il sudmemmionaBe phikewies ianstde spaces

for EEd b35/ t hetl%p@ﬁ@vf.@édnd?ﬁ t:ffﬁam&der Qurkbee O(SPQ:rhehQBguaEéxg 4 2B tkﬁaé he tSﬂ.rTE
as Fig Wi XGeptio Loyi a step on the

| over %facer&o an %ar{atu%t%ofzaﬂnbe @‘1‘“@5 éhf) %ﬁfle&g dofP t#?é%tjﬁp%?acesurface
of a sli der 2 ResweRat the ;ﬁrttlaéf’rt%ém@pae%ﬂ%iﬁrf dce Incghebdlyptaredey ext ended
to forma spacabbdimeen, Ehecta@ﬁum£mtlﬁgamgnhhe skhglerinza YWih tdia,step
provi ded on t r?ﬁ‘ezgr@@{d@ Qh Ohe SIIARG £bimd i Yfe p%afdleﬁlf%m?ngg errlg'eua%]%ourt h

di nensi onal eryor ces, and _errors i n asse
enmbodi ment of q?htﬁﬁn%%ﬁﬁﬁ 8ﬁg t do.9 bgPhis the same as Fig. SA with the

i5 exception that, instead of providing a step on the lower
surface of an actuator 4, a step is provided on the upper
surface of a slider 2 so that a part of the upper surface
can be upwardly extended to form a space betweeh the
actuator 4 and the slider 2. With the step provided on the

20 actuator or slider, it is thus possible to reduce
dimensional errors in the spaces and errors in assembling.
In the fourth embodiment of the invention, too, both
opposite surfaces of the head constituents should preferably
be substantially parallel with each other.

25 In the present invention, the aforesaid first to fourth
embodiments may be used in combination of two or more. For
instance, the means for forming the space between the
actuator and the suspension may be different from the means
for forming the space between the actuator and the slider.

30 In the present invention, the space-forming means on
each of the suspension, actuator and slider should
preferably be located symmetrically with respect to the
center axis thereof parallel with the direction of extension
of the suspension. For instance, the terminal electrodes

35 13A, 13B, 13C shown in Fig. 1B, the terminal electrodes 144,
14B, 14C shown in Fig. 1C and the interconnecting pattern 5
shown in Fig. 3A are all located symmetrically with respect



opposite surfaces of the head constituents should preferably be
substantially parallel with each other. 25 In the present invention, the
aforesaid first to fourth enbodinments may be used in conbination of two or
nore. For instance, the neans for form ng the space between the actuator
and the suspension nmay be different fromthe neans for form' ng the space
bet ween the actuator and the slider. 30 In the present bﬁ% @:I)Bg
space-form ng neans on each of the suspension, act uator & houl d
preferably be |ocated symmetrically w thigespect to the center axis

t hereof parallel with the direction of extension of the suspension. For

i nstance, the termnal electrodes 35 13A, 13B, 13C shown in Fig. 1B, the
term nal el ectrodes 14A, 14B, 14C shown in Fig. 1C and the interconnecting
pattern 5 showh the FegteBAvdsepabhlladcatietl syambivdceabhyofiekdienespect 28

Oct ober 2005 -d® dhe bbsp@mc@lr 3axise wxalzbﬁkawdﬂeua@og'Jr?Ctth'eOarg& ng
raw ng

ext ensi on of us iQn t.he horizontal dir j on
paper). such S%I%Te’%? i (%gjaéflr aﬁme'?rernjtcs IR AR A ﬁéa?’r Eil ﬁg‘ EtRE 6 the

slider under &9%&d°6ntihelicgd, urirr ianpPavecs thse hepdbidna yimpfovde
actuator WhHi | echiet sitgbiltingernt thet detpitesenhil&vientisoarit-éni s preferable

that the space fonfi pg nfr EndBiS oD Of 1AN6R AL PPIG Nl Lg and at

| east three unlts 0 three or nore unifs are Inearly arranged
as typical ly iT1GSt ?aF%Jdlgi FeRPy. 298 mafife 1B 004 e"r}i’ﬁet‘?aPre‘P%’é‘% Modes ash 13B
and 13C in Fi gt IBaaFethiwe unfios esfaishidnihsee whi clorarenitet arenear | y

arr angedI B)t; lameangy r@rﬁngbaaSés tw;g%ammyt §11dbttrﬁ't§dv‘ﬁ¥ ﬁl%3n§ﬁ antI,%lgfacets
can easi | ygbe @ik tuator, and other, head constituents.
This in turn enab Iégi E ?E’g% o bé‘ggasﬁE 31% rnosflll%d H¥h@*5i téfied by the
actuator 4 m%%?ﬁ?ﬁeﬂ ‘%’&6§t’ atie i I%epa?'alflﬂé’feawlb’haﬁ@%ﬁirfaﬁxe of a disk

medi um | n tkerpnesentat Aeeat i ;e heiss zim ojhlbheaﬁpaﬁﬁ&taﬁevé;dﬁdesbet ween

t he head constdahuentsS) yey heidel8ldd B@gweéﬂ“%h QgEugébf'gﬁ%rggécegﬁﬁgccurs

durlng the re%%kggfkég%ég Sgh%%gq%nEuggegég les the slider to be easil yy the

suspensi on
15 rolled and pitched by the actuator 4 in a rlane

substantially parallel with the surface of a disk medium.

In the present invention, the size of the spaces
provided between the head constituents may be determined
such that no interference occurs during the relative

20 displacement thereof, while loads produced by the suspension
and the rigidity of the head constituents are taken into
consideration. However, the space size should preferably be
5 pm and 50 pum, and especially between 10 um and 30 pm. Too
narrow spaces may cause the head constituents to come in

25 contact with each other while the actuater is driven. On
the other hand, too wide spaces incur an increase in the
thickness of the magnetic head, and a decrease in the
rigidity thereof.

The thickness of the friction-reducing means may be-

30 determined depending on the length of the spaces provided
between the head constituents; it may be substantially equal
to that length. However, if the thickness of the friction-
reducing means is restricted depending on what material is
used for the friction-reducing means and how to form the

35 friction-reducing means, it is then preferable that the
space length is determined in association with the thickness

of the friction~reducing means.



and the rigidity of the head constituents are taken into consideration.
However, the space size should preferably be 5 gmand 50 m and especially
between 10 mand 30 gm Too narrow spaces may cause the head constituents
to cone in 25 contact with each other while the actuator is driven. On the
ot her hand, too w de spaces incur an increase in the thickness of the
magneti ¢ head, and a decrease in the rigidity thereof. The thick of
the friction-reduci ng neans may be 30 determ ned dependi%OGFquga%?éngth
of the spaces provided between the head2constituents; it nmay be
substantially equal to that |ength. However, if the thickness of the
friction- reducing neans is restricted depending on what material is used
for the friction-reducing neans and how to formthe 35 friction-reducing
means, it is then phefEriilienthedueing mepagertarigier i th erfvrpedidn
associ ati on widdacebeatdircnespiaiied la Fuichédomdraduci ng neans. 28 Cct ober
2005 -20 The frictken; Ci r ovj ihn.the aforesaid _spaces are
now expl ai ned in f,gr@t ﬁ%%é%eﬁgglgﬁl%ggagég‘g%%e h%ragvfarésdtlbtéltevr\lé:gnaﬁead
constituents d¥RHBRET FRAYabdlels ithersPpRgiPlfodsi Brevers gheybredt he head
5 constit uent ssdsoateemindgrion comtrgrtinwkbht&ac lwioghhesch itheoiBd St at e.

However, if the:sRacesadre mhRded; betneen cthe head GoRshitUeNLs, it is
i kely that tr}%eh%ggd sonstituents .def.l egt of cgl:al I de t h each ot her due
to external forces applied B8R s hédd 8r Lthe'XwidrE bfe £ gnetic 10 disk
system Upon dePpEetrertsofdefhecthedtd codAdeet witit sachhetheli sipleatenment

capability of eateasiliafdticeBBYphE dd"RAI hEHedd orl BBef hiYd O cEMBURLS.0fr 13 Sl i der
may becomt ol NAAGN! af & enthod MRREAL GONS! LhUANLS, GRLLLAR, WL egch other,
on th_e ot her hang_l, %’FFS%/ 112 0SSI reak down or the .%ilsplfaderrent 15
capability of FRBIaCTIRittoF2hay Yy ﬁ%aﬁ?e%ﬁt%v@?é’ ke impaiged ofk r educi ng
means are provhgedlyinprevent dpposiiéer headbeonst iimaentisate onwaemi ng in
contact with eaechhedd&onstlbeedtPact 11@si $idNcacaf ot headchbcsgases and
any Increase hand, they may possibly break down or the displacement
15 capability of the actuator may be impaired. However, if
friction-reducing means are provided to prevent opposite
head constituents from coming in contact with each other,
the impact resistance of the head increases and any increase-
in the friction between the head constituents is avoidable.
20 By the provision of the friction-reducing means, the head
can be assembled with high accuracy because the spaces
between the head constituents can easily be adjusted to a
given length. When only the spaces are provided, it is
preferable to ensure assembly accuracy by the temporal 7
25 insertion of spacers in the spaces. However, if the
friction-reducing means afe used instead of these spacers,
it is then unnecessary to remove the spacers during
fabrication, resulting in a reduction in the number of steps
and an increase in fabrication yield. More specifically,
30 when the head is assembled, the positioning of the actuator
in its height direction can be so facilitated that control
of the spacing and parallelism between opposite head
constituents can be easily gained.
In the present invention, a lubricant, a film composed
35 mainly of an organic material or an inorganic material, or a

protuberance extending from at least one of two head



in the friction between the head constituents is avoidable. 20 By the
provi sion of the friction-reducing neans, the head can be assenbled with
hi gh accuracy because the spaces between the head constituents can easily
be adjusted to a given length. Wen only the spaces are provided, it is
preferable to ensure assenbly accuracy by the tenporal 25 insertion of
spacers in the spaces. However, if the friction-reducin ans ar sed
i nstead of these spacers, it is then unnecessary to reng¥ﬁ89W®e§§§9 rs
during fabrication, resulting in a redugiion in the nunber of steps and
an increase in fabrication yield. Mre specifically, 30 when the head is
assenbl ed, the positioning of the actuator in its height direction can be
so facilitated that control of the spacing and parallelism between
opposi te head cowtstutuentstbhan fmeadekbytgainedebbnwéde mavedentsedivent i on

a lubricant, adidi®d ¢oiPORRd redqci®y Mekn@l an organic material or an
i norgani c materi al IO extending fromat | easf one of two

or . a t upera
head 28 Cbtober,206§c}%Tu€§%¥tiﬁ%ﬂﬁ%g%ﬁFF?Faf%§6gﬁéw?oéé@é5'P%érebetmeen may
be used as thlscdpees ot rfeguehnepveans se¢ord gempakayh tbeitt ed St ates Patent
No. ;5_, 856, &g6 ccdipiahﬁs?ﬂaa%]{r flayst hipgelrupah1:s eCapdapariags apb%gtéhaetera_ 5
conpl i ant sheay; e aPL Yy ehr] r ter, tilm). is
sy ele (BLEARRABLY AT o144 CRBLYEELEL, CLLOM

coupl ed between the sli t beam exte rom exurg'forning

a part of the SP¥pEREi B G epering RePatt R |thce PRFPFRITIBN tBePHBEIT bot h,
and that a | ubrdiggatre Yaregedmpotihrsbetwben danth). asdpriotd deduboidaduce wear

and 10 debris GAauseR-Railsg! abbyfodMYeTBnbrQfidat Bo JO& W/ aL fiddm set forth
in the afq&gs % ngl&g%%pgn rd ‘ponded to Qﬁt@ #elatlvely di spl aci ng head
constituents %%iﬁé sTIger Stipport™ BEalr APt e sPPr), and so shear force
occurs in the nyl a?h?il?%airnfag%cﬁﬁtatfioéhhvﬁft Hheheferssridy eulbbich siginacement
of both head cdendbhiadnics botheredtdreli’l Msplaecaysieef Joaspgrditsa rigi d
member, def | ecl-g,cURPIudLEELPLrt HedEnSNERY HABES) , THHAS &S HORSIAered to

permt relative . . : C . .
occurs in the mylar film in association with the relative

15 displacement of both head constituents. The mylar film,
because of being not a rigid member, deflects upon receipt
of the shear force. This is considered to permit relative
motion between the head constituents. However, an actuator
of a magnetic head has a high operating (response) freguency

20 during tracking. Resin films such as mylar film are
generally less susceptible to deflection. For this reason,
when the resin film is sandwiched between and bonded to both
head constituents, there is a possibility that the resin
film cannot well follow the displacement of both head

25 constituents, resulting in an impairment in the displacement
capability of the actuator. A problem with resin films
inclusive of the mylar film is that their displacement
capability is likely to be affected by environmental
temperature changes because their flexibility is generally

30 dependent on temperature.

Even when a common disk lubricant is used instead of
the mylar film, it is impossible to prevent a collision
between head constituents due to external force.

In view of such prior arts, the present invention uses

35 as the friction-reducing means a lubricant containing a
solid particle having a particle diameter substantially
equal to the length of the space. For the solid particle,



noti on between the head constituents. However, an actuator of a nagnetic

head has a high operating (response) frequency 20 during tracking. Resin

films such as nmylar filmare generally | ess susceptible to deflection. For
this reason, when the resin filmis sandw ched between and bonded to both
head constituents, there is a possibility that the resin filmcannot well
follow the displacenent of both head 25 constituents, reéﬁléi ng i 2 @ﬁ]

i mpai rnent in the displacenent capability of the actuat&f. S&[OB?B P8P wi t h
resin films inclusive of the nylar filnopgs that their displacenent :
capability is likely to be affected by environnental tenperature changes

because their flexibility is generally 30 dependent on tenperature. Even

when a common di sk lubricant is used instead of the nylar film it is

i npossi bl e to garevehes anszdillei 85 on sdigtivkepr hread soddidvtimgnbsaldue to

external force.,yhic¥t 8V ProplEhi &Y iQknakl Sgrddhg Bl §8&N-1l8VERG i ON uses 35
as the fricti on-r %gum n%eigeggs al Ut?:l’.l ﬁant cont aini n%ea olid ﬁal’tl cle
havi ng a par t ifIECEPANR (SIS Gbet FRAGAFLGS TRUEFEFE 1He | BHYtth 56f*Fhe space.
For the solidpysatirtee,s2d a@st oberirz0@3rt 29l graendctebcinyalsheberate sol i d

| ubri cant a@nd daawioged) gloo,| Hbe i &addpigbpe OpELEh 5n IWER 88sgf apfickeon
particles and be@gkg?dfm glss?%;lcx%geedo%guéc\h@es Aare peferred. Qher solid

particles such as alum na particles an al ci um car bonat e aOé()ﬂ(;l,rt_i cles, too,
are accept abl E°NEGARITH % IFPBe c iR LONECEL FOTP 956CoREReT ond? 2diddfBared with
t he case wher gcheadse consigabuents wotesi nitcoxt acteptdilecaohust her. In

addition to tgaRit NOLGaRN 6Pl of | fod HhACRERTADIA 1bP1 HS &aslr gani c
particleslcéonpo ed of resins SL{_'h s fl.uorine béas iEO ol ymers. To keep the
Cength of ‘SpaceaBetneerot HEART 1EBITR i YushPS L BISPARD Bt Feduce
friction withaoaspetiente corataradrconstitudristieheriddl raspert itel es shoul d
preferably hake Resdibsiramtiabhtys spher s6alda $hapecpaw shoundf@rdnepapiy cl e
diameter. 15 TQ.Rr eVaHse30@tL ATy NPnel: SO | hapRr L& ! LEnRbLE 1R ic1e
diameter.
15 To prevent scattering of solid particles while the
actuator is driven and obtain a further reduction in the
friction with respect to the head constituents, however, it
is preferable to use a lubricant with solid particles
dispersed in a semi-solid and/or a ligquid. For the semi-
20 solid or liquid, it is preferable to use a semi-solid or
liguid that is in itself a lubricant, i.e., a semi-sclid or
liquid lubricant. Even when solid particles having low
lubricating properties are used, it is thus possible to
reduce friction to a sufficiently low level. It is here
25 noted that when used in combination with solid particles
having high lubricating properties, the semi-solid or liquid
should preferably function only as a preventive against
scattering of the s0lid particles; it is not required to
have lubricating properties.
30 For the semi-solid lubricant, for instance, grease may
be used. For the liguid lubricant, for instance, fluorine
base o0ils may be used.
No particular limitation is imposed on how to
incorporate the lubricant in the spaces. For instance, the
35 lubricant may be coated or otherwise formed on the surfaces
of head constituents before they are assembled together.

Alternatively, the lubricant may be pored into the spaces




actuator is driven and obtain a further reduction in the friction with
respect to the head constituents, however, it 1is preferable to use a

| ubricant with solid particles dispersed in a sem-solid and/or a liquid.
For the semi 20 solid or liquid, it is preferable to use a sem-solid or
liquid that is initself a lubricant, i.e., a sem-solid or |Iliquid

| ubricant. Even when solid particles having low |lubricating properties are
used, it is thus possible to reduce friction to a suffi &8 'P93f39p5evel

It is here 25 noted that when used in cogbination with solid particles
havi ng hi gh lubricating properties, the sem-solid or liquid should
preferably function only as a preventive against scattering of the solid
particles; it is not required to have lubricating properties. 30 For the
sen -sol id | ulrdteant, héor donst ancentsghuEase amembbengisedn e tdheeki quid
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during assenb/Merg. cq’h‘%t]ftiuleﬁf%sb‘dlea§1ﬂﬁérfSrLiRPPifénb‘F%Utfe?dnghﬁeahsdqrﬁ now 5
expl ai ned. Theénakbe gsadtnnii heehtStcat, esn Patenithde. hdnB5ah896:1 14 ssdqoses

nylar films b%@d@get&f{c{ Iantfééﬁél\ﬁ%l }ﬁegflép.lhsa%'l@ger hﬁ%d‘:%s&ﬁiﬁ}‘ tS (t he

slider su gort am and. t he s|.i der resent 1 nventio
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to only one 1@rotnfiwrdhdadanonst | tweehesdwidrietd typace wickakedpéet ween t hem
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them Even whepoan. ARl UBLOEGNAS 2:RigbcyPRRLEh: o L5GRRONSE); I fquency

during tracki
9 gllkely that the displacement capablllty of the actuator is

15 impaired.

The film used as the friction-reducing means in the
invention comprises an organic or inorganic material as a
main component, and is a low-friction film which is reduced
in terms of friction with respect to head constituents and

20 . another similar film.

To obtain the low-friction film fixed to only one of
two head constituents with a space located between them, the
low-friction film may be formed on the surface of one head
constituent by means of thin-film techniques such as

25 sputtering, evaporation or CVD or coating techniques such as
screen printing, dipping or spraying. At this time,
patterning may further be carried out to form discrete low-
friction film sections at plural sites. It is also possible
to make use of a process where one or more independent films

30 are stuck to head constituents. If one low-friction film is
divided into a plurality of sections dispersed in the space,
it is then possible to reduce the area of contact of the
low-friction film with head constituents or the area of
contact of the film sections while the stability of a slider

35 is ensured during driving, thereby making friction much
lower.



unlikely that the displacenent capability of the actuator is 15 inpaired.
The filmused as the friction-reducing neans in the invention conprises an
organic or inorganic material as a nmin conponent, and is a lowfriction
filmwhich is reduced in terns of friction with respect to head
constituents and 20 another simlar film To obtain the lowfriction film
fixed to only one of tw head constituents with a space | ocat ed E ween
them the lowfriction filmmay be fornmed on the surfac@3dPctgRer &
constituent by neans of thin-filmtechnigyes such as 25 sputtering, :
evaporation or CVD or coating techniques such as screen printing, dipping
or spraying. At this tine, patterning may further be carried out to form
discrete low friction filmsections at plural sites. It is also possible
to make use of a pmheasshaiee fonetDén NiNe Endeperdentyf thers3@war e st uck

to head constifuents si;it fﬁ& o QW Lgé&tasor&hfe't Em&orﬂ'ﬂéaﬁsﬁn@ Melrnd, pﬁﬁra' ity

of sections di sSperse ace possible to re uce the area
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contact of thepfatigedewttlornhendpiveftirg-ismaljilint y Holewers) iideris35 is ensured

during driv ngprdtheaeby t@kidig thé Cldw¥riTeehon | OV on28n RéQLEL268056 - 24
When t he Iomffrch§3Q fl|ﬁ1flxed to“%nly head constituents is

used as the frléilon Feducing partﬁezfm?eTtrl SEFORA-TE Slaced on

whi ch head con&i§d @@ﬁﬁlilsarep%é\wafé#%tﬁnt ReetERder penw fJ1SI FLrEowever, it
is 5 preferablecdakefioom & mrgewatea aiicanelbbtrion sabsacstat orhiorstephe

fol | owi ng reascs)ﬁssta\éﬂg gsugh ea'eszgsé@cgaretgrﬁcwa&%r $18%0ctia8d sher el n are

fabri cat ed | ectro pattern_i1s firs st ack

pi ezoel ectij F‘&Fels 'ﬁﬁp§a§F@pt° dt @PQCRF%@OW}% 18F ‘&CEI?T{S{%% g;te?er n on
t he p|ezoelectmulxlp@1suhsuﬁaﬁetust¢epaaﬁednso Gbeai negrtefogefisrmncd udi ng a
mul tiplicity ofutathuat escfat ber asviddemy gasbheidrmit sby Bilowliiga cutter
or divided by ﬁgyyighgg gheret% pg gﬁéﬁ@nng multiplicity of actuators in
one operation. If, in such a fabrication process, the low-
15 friction film is formed on a main surface of at least one of
the preforms prior to the cutting or punching-out of the
preform, it is then possible to minimize an increase in the
amount of labor due to the provision of the low-friction
film. As typically shown in Fig. 2A, it is preferable that
20 the low-friction film is not formed on a region of the
surface of the actuator, which bonds to other head
constituents. This is to prevent an impairment of bonding
force. To this end, it is thus preferable to carry out
patterning using a mask or the like when the low-friction
25 film is formed on the main surface of the preform or form
the low-frictien film on the main surface of the preform,
followed by removal of a part thereof. When the slider or
suspension is bonded to the side of the actuator, on the
other hand, it is possible to form the low-friction film all
30 over the main surface of the preform. However, it is noted
that too large a film-forming area may often cause an
impairment in the displacement of the actuator. wWith this
in mind, it is thus preferable to determine the film-forming
area.
35 To allow the low-friction film to remain unfixed to any
of two head constituents with a space located between them,

it is preferable to insert an independent low-friction film



particles thereto to obtain a nultiplicity of actuators in one operation.
If, in such a fabrication process, the low 15 friction filmis forned on a
mai n surface of at |east one of the preforns prior to the cutting or
punchi ng-out of the preform it is then possible to m nimze an increase
in the anount of |abor due to the provision of the lowfriction film As
typically showmn in Fig. 2A it is preferable that 20 the lowfriction film
is not formed on a region of the surface of the actuatoR8 Q#Pbar BePRIs to
other head constituents. This is to preyent an inpairment of bonding
force. To this end, it is thus preferable to carry out patterning using a
mask or the |ike mhen the lowfriction 25 filmis formed on the main
surface of the preformor form the lowfriction filmon the main surface
of the preformetwéal l@uediby heaDvahsel taepay t Fh@ranishwhenaﬁhe inder or
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al | OwW e OW- | 0 remai n_unf 0 an
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constituents a space | oca et ieen t i'$pré
an i ndependenPeFRvEFdS ct T il 88 axd &@euarzoesrarz@%ém}@eﬁh@pmu te head
consti tuents. disgladbhieshousnaratieghndan®entl afret bendwierdd pacwhel aibem,

di spl acenent - ggaesaid g cgReds: 4L e8f 220, AIHALAT 2 g A esﬁ%ered Wi th
friction- E&du0|n conprising fluorine basgﬁghﬁﬁner films. As shown

nea
in5 a set |<3n3f£%ﬁ EFta%%éﬁiﬁE?th H ERg. MBEeh AcFRRRRT ¥8duci ng
means 8 conprPseharicT iibngsSumdied-8b, each bent at both ends. The filns 8a
and 8b are arrangeld; suChctaptadiie todbspt agRMERbLY 90 ald REeNB@S AL are

sandui ched bebyearh Uhei:,; 20ChE 98l 15 CONL G i bin 2 SUspenshon,and a
slide, 10 resEectlvé1 : wher chEAG suppofilng
ow-— frlctlon fllm 1n a part of the space and fill the

15 lubricant in a region with no low-friction film provided
therecn. For this lubricant, it is preferable to use the
semi-solid or liquid lubricant; however, it is acceptable to
use the afeoresaid solid particle-containing lubricant.

Preferable for the low-friction film composed mainly of

20 an inorganic material is a diamond-like carbon (DLC) film,
and preferable for the low-friction film composed mainly of
organic material is a fluorine base polymer film such as a
polytetrafluoroethylene film, because of their low friction
and good wear resistance.

25 The DLC film is of low friction because of having high
hardness and because its surface can be made smooth. The
DLC film can be made thin because sufficient bonding force
and mechanical strength are obtainable even when it is a
very thin form. Accordingly, the DLC film is less

30 susceptible to elastic deformation and, hence, distortion
upon loads applied on the slider, and shear force applied
thereon in association with-the displacement of the slider
by the actuator. When the actuator is driven while the
slider is flying over a medium, it is thus possible to

35 prevent any impairment in the displacement of the slider.

The DLC film is often referred to as an i-carbon thin

film or the like. For instance, the diamond-like carbon



mechanismis assenbled. It is acceptable to coat the |ubricant on the
surface of the lowfriction film it is acceptable to provide the
lowfriction filmin a part of the space and fill the 15 lubricant in a
region with no lowfriction filmprovided thereon. For this lubricant, it
is preferable to use the sem-solid or liquid |ubricant; however, it is
acceptable to wuse the aforesaid solid particle-containing |ubri cant
Preferable for the lowfriction filmconposed mainly of g %Fﬁbre'hgq;%nic
material is a dianond-1like carbon (DLC) _-$3§lm and preferable for the
low-friction filmconposed nmainly of organic material is a fluorine base
polymer filmsuch as a polytetrafluoroethylene film because of their |ow
friction and good wear resistance. 25 The DLC filmis of low friction
because of hawhig Rilh isha@idnissedind b@eaube A718998 ur free DtANnsievaTade
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whi ch contains rbon a rogen as M
gbn and gy rgé The DLC fllm may be formed by a plasma

15 CVD process, an ionizing evaporation process, a sputtering
process, etc.

It is noted that the fluorine base polymer film foxed -
to only one of the head constituents should preferably be
formed as by a coating process or a thin-film technique.

20 As shown in Fig. 1B and Fig. 2A, respectively, the low-
friction films may be provided on one of two opposite head
constituents with a space located between them or both.

Reference is now made tc an embodiment of the invention,
wherein a protuberance extending from one two head

25 constituents with a space located between them is used as
the friétion—reducing means.

One exemplary constructicon of the friction-reducing
means is shown in an exploded perspective view attached
hereto as Fig. 7A, and in a side view attached hereto as Fig.

30 7B. In this exemplary construction, two protuberances 43a
are provided on a surface of a fixed part 43 of an actuator
4, which surface is opposite to a suspension 3, and two
protuberances 43b are provided on a surface of the fixed
part 43, which surface is opposite to a slider 2. Likewise,

35 two protuberances 44a are provided on a surface of a movable
part 44 of the actuator 4, which surface is opposite to the

suspension 3, and two protuberances 44b are provided on a



components and in which carbon-carbon spa bonds are randomy 10 present.
The DLC has usually an atomc Cto Hratio of the order of 95 to 60:5 to
40. As indicated in the aforesaid publication, the DLC fil mnmay contain at
| east one of various elenents such as Si, N, O and F in addition to
carbon and hydrogen. The DLC fil mnmay be fornmed by a plasma 15 CVD process,
an ionizing evaporation process, a sputtering process, etc. It is noted
that the fluorine base polymer filmfoxed to only one ofBtReoRerd00s
constituents should preferably be fornmed,as by a coating process or a
thin-filmtechnique. 20 As shown in Fig. 1B and Fig. 2A, respectively, the
low friction filnms may be provided on one of two opposite head
constituents with a space | ocated between them or both. Reference is now
made to an enbodifaest odfti@okAMBAtdaE, 44 WheiRIH sarpsot UberRREE: extendi ng
fromone two hgad 25;cpnstituents with a space located between themis used
as the friction-reducl ng neans. One exenplary construction of the

friction-reduci ng ChedS BTEhMRFranresn Bh ISy PpEIR GRS titveand etvat t ached

hereto as Fi g.fupAtiamdhd nthe $rietidrewedttahecaher etan adeFoghe3hanB, | n
this exenplsar }HeORSh £ &isdri-0Rest ¥8n Rl UBBT AACES 19384 86 HPLRLAE AN a

surface of a fj art .43 of an actuator .4, which surface is opposite to
a suspensi on §x%§% 8t$ﬁ¥bﬁ5?o%udgfgﬁ%’s%ﬂ§E33§%? B?S%iﬂgdjﬁhsgagﬁFface of the
fixed part 4§:°‘WHP%H“%%BSf-aC@ ithigppesiatert othe spprtar apd l9ksawi se, 35 two
pr ot uber ances pdbauvaeearpreaV hdedf @med aurd asemetracaDyali€ioPArdndt4oof the.

actuator 4, WhioCleBUdREE 16Sp0RPAY Lot SUFPENS|,QN 131 ,ANG t
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so that when no substantial load is applied between these
15 head constituents and the protuberances, friction can be
extremely reduced. Referring here to the number of
protuberances functioning as the friction-reducing means, at
least one protuberance should preferably be provided for
each space. The lesser the protuberances, the smaller the
20 friction becomes. As the number of protuberances increases,
on the other hand, it is possible to reduce load for each
protuberance, because loads produced as by collision can
then be dispersed. Although there is no upper limit to the
number of protuberances, it is usually preferable to use
25 five protuberances or less. The protuberance functioning as
the friction-reducing means may have a flat end. However, 7
it is preferable that a portion of the prcoctuberance near to
the end is defined by a curved surface, for instance, a
hemispherical surface as illustrated, because it is possible
30 to considerably reduce friction in the absence of load.
When the end of the protuberance is defined by a curved
surface, no particular limitation is imposed on the size of
the protuberance. When the end of the protuberance is
defined by a flat surface, the end of the protuberance
35 should preferably have a relatively small diameter of the
corder of 30 to 100 um for instance.



formng neans. In this actuator, the upper and | ower protuberances are
formed at a symmetrical position, and so no attention is paid to the upper
vs. lower relation of the 10 actuator when the magnetic head is assenbl ed.
The protuberances 44a and 43b functioning as the friction-reducing neans
can be extrenely reduced in ternms of their areas of contact with the

suspension 3 and slider 2, so that when no substanti al
bet ween these 15 head constituents and the protuberanceszgaﬂ?tegﬁ'bgé)é%n be

extrenely reduced. Referring here to the,punber of protuberances
functioning as the friction-reducing neans, at |east one protuberance
shoul d preferably be provided for each space. The | esser the

pr ot uberances, the snmaller the 20 friction becones. As the nunber of

prot uber ances i ncreaseise haad Ebeiat her dhapéehsdd ihscpos&ida vo1seetice | oad
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pr ot uber ances,"F FSYISFalMEP prs ‘gﬁtlaée?ooﬁstélezgleﬁ‘iiv‘éortﬂt&ttﬂﬁél:%nces or
| ess. The protawrstancieaXlynearahlelg wdsh eheh fatibetri. ortheeguotvigermars may have

a flat endﬁ Hawavend 44y ﬂuglckai&flﬁ{galélsegtlbﬂt %fp%tel Sha - thoBﬁlﬁé%é&}éf ance
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hem spherical surface as | Fate because |t
consi derabl y Peghes ¢F it QHOFH*P‘%IW@C&b?é%@Q?fmgo% the\/\ﬁé‘ﬁﬂth@hend of the
pr ot uber ance ireddefngetkdhy an€urheerosubéiese monpa{chueigl as thaitation is

i rposed on th% §b5556gm1ﬂ§hﬁegﬁénéﬂ3%ﬁadﬁf%féy@%@ytQ@ tgﬁngiqkuberance

is defln 3 flat surface, e en protu erance

pref er ablye} ha\?«gr CaPF ORI Wil | thY endtfe POBF RFRFUBGFABFE DI B0 100 m
for instance. H@Beecxfomsym%ke%tlhb thetdrarsd offi bbeesits tiesgersed in the
adhesi ve | ayelconysethatst Barsppaefiohnkaeh RaRs  asrakheady mentioned, it is

then easy to .f e he d constituents st ant aIIy
parallel with eggﬁﬁ h%lé %‘ﬁe& reotattfg anc%%t %ié ajﬁd"’eﬂﬁ Fgﬁ%?l oénl ng as a
part of the Sﬁ EEaT%Hqﬁoﬁg4n§%fk§1UStratEd the actuator 4 can then be

15 easily positioned with respect to a jig when the jig is used
to bond the suspension 3 to the actuator 4, because the
actuator 4 is mounted horizontal with respect to the jig.

The protuberances functioning as the friction-reducing
means and the protuberances functioning as the space-forming

20 means should preferably be formed at the same time so as to
achieve productivity improvements. Although no particular
limitation is imposed on how to form the protuberances, it
is understood that such a hemispherical protuberance as
illustrated may be formed by the process which is explained

25 Dbelow as an example. First, a paste comprising glass
powders having a relatively low melting point and a binder
is coated on a given head constituent by means of screen
printing or a dispenser in a spotted state. Then, the
coating is thermally treated to melt the glass, thereby

30 obtaining a hemispherical protuberance. The thermal
treatment conditions may be determined depending on the
physical properties of the glass powders used. Preferably,
however, the coating should be thermally treated at a
temperature of the order of 500 to 800°C, and especially 600

35 teo 700°C in the air.

No particular limitation is imposed on what material is

used for the protuberances; inorganic materials (e.g., DLC



have the sanme effect as the aforesaid hard filler. The nunber of the
pr ot uberance functioning as the friction- reducing neans and the
pr ot uberance functioning as the space-form ng neans should preferably be

at least three in 10 all. The provision of three or nore protuberances in
all makes it easy to keep the surfaces of opposite head constituents
parallel with each other. |If three protuberances or re

the | ower surface of the actuator 4 as illustrated, thesggﬁ‘aﬁsﬁﬁﬁéﬁ

then be 15 easily positioned with respectqto a jig when the jigis used to
bond the suspension 3 to the actuator 4, Because the actuator 4 is nounted
hori zontal wth respect to the jig. The protuberances functioning as the
friction-reducing neans and the protuberances functioning as the

space-f or m ng ai) meeahs sheul dhas ef lersabhyd berdJ-oviaedaaéridie sasr 44 ne so as
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spot t ed stater&fﬁ {J%,hgbg’ brg% gng ] Covﬁr“ﬁ%lﬁllﬁreat ?ivetr&nﬁefg ®the gl ass,
t hereby 30 obt“"a?‘lcr;'ri“iﬁlea"%e’:ﬁaies6F’f€r‘i’%a‘JrhG’pib@tikiberlﬁn(ébls'I"h?emt-heiin”lafls treat ment
condi ti ons mayadeeptelbbr monddrdepandibegande theli eghysi ghdsgPo@perd i Bikenf the

gl ass powders aseeqheﬁrﬂ&{ qgwfn&q\eevmmé & foaLi Pﬂ;&fl%‘é' fape thermally
treated at, a e era%L&re ﬁ %r of 500 to 800" C, and especially 600
35 to 700"C i RrHESRI +11%0 °paPlts ¢ 1518 PP S MrShIPE=# R tedicn that

material is (€8 forenner phat ferlgnsesthe ndcgant tesratfethal snde.of. , DLC 28
Cct ober 2005 -t22 Bbbdidetadl) cothasa ttlmaae\gims and organic materials such as

resins (e.g. fl uoﬁiﬂ‘ﬁa S@hQO Jiy b%)ra eu%ormeg on Ieogcl:“l l?artaénces
fornmed of these terla orrre

e 1llustrated embodlment 1t is understoed that they

15 may also be formed on other head constituent. In this
.regard, it is noted that if a screen printing process or the
like is used to form a multiplicity of protuberances on at
least one of large-area actuator preforms in one operation
and then divide the actuator preform into individual

20 actuators, some considerable productivity improvements are
then achievable as in the case of the aforesaid low-friction
films. For this reason, it is preferable to provide the
protuberance on the actuator. In this regard, an actuator
making use of a piezoelectric material is preferable by

25 reason of its relatively high heat resistance, because it
can be thermally treated after coated thereon with a glass
or metal paste. When the protuberance is provided on the
slider, for instance, it is preferable to make use of a
sputtering process for the purpose of averting any adverse

30 influence on the electromagnetic transducer element due to
temperature increases.

The thickness of the friction-reducing means should be
‘determined such that the friction-reducing means come in
contact with the head constituents while no load is applied

35 on the slider; that is, the thickness is substantially equal
to the length of the space. It is thus possible to prevent

any collision between head constituents opposite to each



thin-filmtechni ques using a mask or screen printing. 5 Alternatively, the
pr ot uberance may be constructed of a protuberance body and a covering film
for covering the wvicinity of the end of the body. In this case, it is
acceptable to form protuberance bodies of glass or the like, and then form
lowfriction films such as fluorine base 10 polyner filnms or DLC filns on
t he protuberance bodies in such a nmanner that at |east the vicinities of
the ends of the bodies are covered therewith. Although ?ﬁéDQPB?D%@Q%nceS

are forned on the actuator in the illustgated enbodinment, it is understood
that they 15 may al so be fornmed on other head constituent. In this regard,
it is noted that if a screen printing process or the Ilike is used to form

a multiplicity of protuberances on at |east one of |arge-area actuator
prefornms in omghepevdili @nspare tdvanedi vhdekdtgeant vatcbmipieioeminto

i ndi vi dual 20 36LUSRI ShcreQlBs comkgeg@éﬂﬁlag@ Ctﬂh\él tey¥i Eppspvenent s are

t hen achlevabledas in the c q{ % resai frlctlon filns. For
ncin eans 1 refer b Y ve ckness

this reason, it gi rab Fovi de thé otu &t ance Oh the actuator.

In this regar@?néﬁa éh?@rtoﬁﬁkﬂﬁg agé %ﬁP%fﬁﬂléZob$e@@rﬁQ:3ﬁaW@r|aI is
pr ef er abl e sby a25howegts orarghing twi tte kthic Veh yerhiiagh ibeated asicstance, Thecause it

Sﬁgnbfhte hg: gftlltjlgyn; F]J?‘gcttle.‘tgna;éﬂc q.%at)ngg?t nﬁé}&oQt%igfﬁctﬂtﬁE?aﬁ}géeal@t al paste.
preferable to Hg% FEFFWESbr8@§s§a¥dﬁo%Qh?lﬁu?ﬁ%§%d@Wnavert|ng

any adverse S@Hﬁnm¢h@ﬂ6@lgn<hﬁet@leent@wagneml@hermmmﬂumestehaﬂamtodue to

tenperature i aeheasesvithheathi ceess @f dhbeofréLti-0r reg&%mkﬂeans Shoulﬂ
be deternpne t r ans come_in. nt act W t
t he head ggns?f?ﬁégﬁﬁl%wﬁ %Dﬁ% %%adggg é?llﬁ?ég cre%? lglrtﬁ§é] that is,

t he t hi cknessTPELLA%t 4Rt tl&tt%ﬂsts&uérlcttm heH?"éﬁtgitrh 6Pl’fh’e€ I94cETUGL i s

t hus possi bl eof ocaprigydrifilm. amyl sool tositon chefneen dieaddconst nledaBt Sreopposi t e

to each 28 Ochebesr2Q08n130.Q5h8k Wt by 3 sRAG8.! Oral L dher gbei ween, and
mnimze thickness.

i5 If required, electrical conductivity should be imparted
to the friction-reducing means. 2 slider is often
electrically charged due to fricrtion with air, etc., because
it floats at a very small height over a medium rotating at
high speed. In some cases, the slider is electrically

20 charged by CS55 (contact start stop). When the slider is
electrically charged, an electromagnetic transducer element
or an optical module may possibly break down due to static
electricity. If the friction-reducing means with electrical
conductivity imparted thereto are arranged in such a pattern

25 as to enable static electricity to escape in the order of
slider — actuator — suspension by way of the friction-
reducing means, it is then possible to prevent any
electrostatic breakdown of the electromagnetic transducer
element or optical module. No particular limitation is

30 imposed on how to impart electrical conductivity to the
friction-reducing means. For instance, when solid particle-
containing lubricants are used as the friction-reducing
means, graphite particles or other particles having
electrical conductivity should be used. It is also possible

35 to make use of low-friction films doped with conductive
elements. Furthermore, it is possible to construct the

protuberances of conductive materials.



friction increases. Mire specifically, the friction- reducing nmeans shoul d
preferably have a thickness of generally 5 nmto 50 m and especially 10
rimto 30 )un, 5 although varying with what nmaterial is used therefor. Too
thin friction-reducing nmeans nmake it difficult to obtain sufficient
mechani cal strength, and may possi bly break down and nal function due to

contact with the heat constituents or contact with each Bwerb O@ @ge
ot her hand, too thick 10 friction-reducing neans are | i kéPYOFBPaEEMIAse in

rigidity, resulting in increased frictigep. However, this is not true of a
DLC film Also, too thick friction-reducing neans are net preferable
because of an increase in magnetic head thickness. 15 If required,

el ectrical conductivity should be inparted to the friction-reducing neans.
A slider is often Oél eee rafzalelyidharaged fdueing Meinet | € WcohAiAagr, etc.,

because | Tt [ laberal s Bnehy 18RI, NCLOB! ) G oRuBBALIES QhalLAg @k i gh
speed. In sone cases ll;{le §|BI dgr |shel ﬁgtl’l cqal I% 20 ¢C arge by S (cont act
start stop) . WWien Hﬁe_ 7 dEr 8% SRR RIS 2Ehar B SARCEFE&@Y omagnet i c
transducer el EfERHCtEYitn fopt thal safsdakasomy gosehbiyndst dalstdamvelue t o
static el &tricityeféferdeeibr 6l imeider edUGidigtTRARS M tWheebegt theal
conducti vi ty 1JIRActefh [REOSALSALANGEh] fJUGD A JALLELN.ZD B8 Lo

enabl e static electricity to escape in e order o or -,
suspensi on by 3§y of the friction- reducing neans, it is then possible to

prevent any el ect Postatspenbiealadedinént hdhogheth roigmehas 4 ransducer
el ement or optdteakeaPsWorprNoi Rard isGUpadsildnmbbal i PN 15 43%1mased on how to
inpart el ggtr |(q5<’illef(&9 )dléct lvity tot g_elef jcti og-redum g nmeans., For
i nstance, “when $0 |cf£]parat| cle==tont &i nl?fé]“}%ﬁrnl c }H?’ée%{leaﬁéeﬂ "% he
friction-reducPnfouiegrthson §hapheadingaerilceesthsr syshersivar bdy ebldwmivi ng
el ectrical comeaotiyityTsaquwbthes useskes thisugt $0 tpessiklie 135 (hor "eke use
of lowfricti@Rolh) Brioned Wi tdCQRAUC iMg e SLOMBNY S nEUrfhermre, it is
possi bl e to_consfruck;,the  profuberances of conductive materals. 28
Oct ober 2005 g. means provided on a
15 movable part of an actuator 4. The actuator 4 is located on
the back surface side of the slider 2, and so the pivot 33
applies an initial load on the slider 2 by way of the
friction-reducing means 8 and the aforesaid movable part.
In another embodiment shown in Fig. 9, an actuator 4 is
20  located on one side of a slider 2, and a pivot 33 comes in
contact with a film form of friction-reducing means 8
provided on the back surface of the slider 2. 1In this
embodiment, the pivot 33 directly applies an initial load on
the slider 2.
25 In yet another embodiment shown in Fig. 10, a gimbal
part 3a is provided with a recess, thereby forming a
protuberance 3la protruding’toward a slider 2, and a pivot
33 is inserted in the aforesaid recess. This embodiment is
otherwise similar to that shown in Fig. 9. In this
30 embodiment, the protuberance 3la comes in contact with
Vfriction—reducing means 8 on the back surface of the slider
2, and functions as a pivot. With this structure, it is
possible to prevent any plane misalignment of the gimbal
part 3a with the result that any plane misalignment of the
35 slider 2 can be prevented, making any track misalignment of
an electromagnetic transducer element unlikely ﬁo occur. By

the term "plane misalignment” used herein is meant a



-31 O the aforesaid space-form ng neans, the bonding nenbers 6 shown in
Fig. 4 and the protuberances 43a and 44b shown in Fig. 7B, too, should
preferably have electrical conductivity for the sane reasons as nentioned
just above. 5 Reference is now nade to magnetic heads wherein the
structure of the suspension is different fromthat explained above. One

suspensi on enbodi nent shown in Fig. 8 has a structure cQmprisjin
suspensi on body 31, a ginbal part 10 (flexure) 3a nount %g (é‘ﬁo elg%&%:’ ng end

thereof, and a pivot 33 nounted on the |l.gading end of the suspension body
(load beam 31. The pivot 33 passes through a through-hole (not shown)
provided in the ginbal part 3a, and cones in contact wth a filmform of
friction-reducing nmeans 8 provided on a 15 novabl e part of an actuator 4.
The actuator 4nisnlligomerd ion thehplbacldiserf ace «fi demefiidthe Bbi der 2, and so

the pivot 33 apManes, athididikah id0adt0nst Deadldadel, endYrWa%c9fnthe
friction- reduc&neqsrlrlgaggSl %glrgge af ?(r esai d novabl e part. In another
enbodi nent shovvn E Y actUatord4 is 20 |ocated on one side of a
slider 2, and a p| &m%@%&w&mﬁodm@who% tily Hifi | ¥ f or gpiohal part

friction-reduciangsmpansided prieki deslhnalibe dRclecsucéacamrebpershiider 2. In
this enbodi n'eé"tprou:nﬁelpér}/c_%t 3%@ gf&&chtdllxgatp&ulralr%s Egli efOIZal | Oad 0n33 t he

slider 2. 25 In_yet another part 3a
is provided w5 7REds o ﬁ]%‘? eqiﬁbfa&rﬂ?ﬁtg 32 tﬁr %%@&néélgﬁa&l droétir udi ng
toward a sliderw Zheaﬁtil@!ﬂq)l2vot’l‘h1339m0dmrtt ¢d othdrive saf otmelaird cbecess.

Thi s enbodi rTEf'tthalts sh&lhamirs g, S M hééofdlnfgh% éﬂ%n&edﬂn&at YnekBid i s 30
enbodi nment,,, %b %Eg erance ?1}? COMes i N t fv\%%gto ri ctl on-reduci ng
means 8 on the SUTTace o VST 8l °aﬁd1‘ T8n8fas a pivot =
Wth this strdétGEéonitedusingoreiig @ pEOpidafenn by heickneunfaa iognnent of
the ginbal pahie 3aidet l2,t he iespidsithat tanyeducanehd Halad ganeste L t he 35
slider 2 can he preyen %@m%&n@ %}ﬁo%{(ﬁﬁcm %@iﬂngfruﬁb £0kri @on-

el ectromagnetl ¢ transducer g gmsnt unli to occ
ucing means rom the embodlments of Flgs 8 to 11, too,

15 are included in the present invention, because the pivot 33
and the protuberances 3la and 31b function as the frlctlon—
reducing means.

Preferably in the embodiments of Figs. 8 to 11, the
film form of friction-reducing means 8 should be of high

20  rigidity, because loads are applied only on the points or
surfaces of contact of the friction-reducing means 8 with
the pivot 33 and the protuberances 3la and 31b and slips
have to occur at these points or surfaces of contact. It is
thus particularly preferable to use high-hardness vet high—

25 durability DLC films as the friction-reducing means 8.

While, in Figs. 8 to 11, a space is provided between
the gimbal part 3a and the slider 2 by bending a part of. the
gimbal part 3a to form a step, it is understood that the
aforesaid other space-forming means, too, may be used.

30 Another embodiment of the actuator is shown in Fig. 12A.
The actuator embodiment shown therein comprises a frame form
of fixed part 43 forming an ocutside frame of the actuator, a
movable part 44 surrounded with the fixed part 43 and two L-

7 shaped displacement-generating means 41 and 41 for

35 connecting the fixed and movable parts 43 and 44 together.

The outside shape of the actuator is vertical with respect

to plane, and rotationally symmetric with respect to an axis




the term"plane msalignment” used herein is nmeant a 28 COct ober 2005 -32

m salignnment in the plane direction of a nedium For instance, this

m sal i gnment is induced by the vibration of the suspension during seeking.
In a further enbodi nent shown in Fig. 11, a ginbal part 5 3a is provided
with a plurality of recesses, thereby formng a protuberance 31b
protruding toward a slider 2. A pivot 33 gives a push to the ginbal_ part
3a to apply an initial load to the slider 2. This enbod?ﬁéﬁ@oggrg@%%rmjse

simlar to that shown in Fig. 9. Accordifig to this enbodi nent wherein 10
t he protuberance 31b gives a push to a filmformof friction-reducing
nmeans 8 provided on the back surface of the slider 2, it is possible to
reduce the area of contact. Structures obtained by renoving the filmform
of friction- rédegrmerrrdrs Z8akivmHaseisgbudiavemt shef cdritgs. o8 tiwe 11, t o0,
15 are incl ude@dvhpid heu i agentad REeNhEOkh e REGAUSEI RPN AL R es30d the
pr ot uber ances 31@ ﬁ#bo 3]1110f uncti o az the friction-. reduci ng _neans.

e enbodi meH g5 41

Preferably in“PR t3°%0 “YEY IR T HE S FERTF ot e
friction-reduéPngonEais 8rshbenentse agf the ghame2@imegi Ehe yovbbtausart oads are
applied onby a@n illeepai rbsapy mittibacesowfa enst acdrafaitihexfd igxt i on-reduci ng

means 8 with clfifePlyObnd3saNthd 1AL HARANESS 1 4. 210,40 81 T PS
have to occur at these o]0]] nts or surraces or con act . IS ]i us
particul arly pP8f 4% 2t bowRe APYhoRar Afed SR thi §Re 25 durability DLC
films as the Electiormanedici mpnreansr 8elendhit] Bakées dFicgscubat @rbir.a space
is provided betvweefig.t hesgiobalsiRar i s hBgnstidelkad Rykgndipg a part
of . the gbﬁb%k Eﬁqg é% uggogorg?as gﬁﬁL Ie& LS underStggd Rpat hhed d
af or esai d” ot her space-fofm ng fBans; 06{ iy’ bE G§&47530 ‘Adst Repde
enbodi ment of P he HEhFdt BRTt Sasiddnai flidey. 219¥ch bppding tngatersefbodi ment
shown t her ei nagdngiié $esdand reabdrer m £ @fm fdpsed- parmiind3nbansi ng an out si de
frame of the seiiliion 2 DENANLE:RAY AhiSULT eHNASGMLD LG fixed part 43
and two L- shaged dlsgLacegent-genera i ng .means 41 and or
shown 1n Fig. with” the exception that the gimbal part 3a
15 is not used as the space-forming means. It is noted,
however, that a pivot 33 provided at a leading end of a
suspension body 31 gives force to the center of rotation of
a movable part 44 to apply locad thereto. In this embodiment,
there is no substantial lateral friction between the pivot
20 33 and the movable part 44 while the actuator is driven.
Thus, the friction between the movable part 44 and the pivot
33 in association with the driving of the actuator can be
extremely reduced.
While explanation has been made with reference to the
25 HDD magnetic head out of write/read heads, it is understood
that the present invention may also be applied to an 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 is so designed that
30 the lens can be mechanically controlled so as to be focused
ont the recording surface of the optical disk. In recent
years, near field recording has been proposed to achieve
ever-higher optical disk recording densities. In this
regard, see "NIKKEI ELECTRONICS®, 1997.6.16 (No. 691), page
35 99. This near field recording makes use of a fiying head
which uses a slider like a slider used with a flying type

magnetic head. Built in this slider is an optical module



35 connecting the fixed and novabl e parts 43 and 44 together. The outside
shape of the actuator is vertical with respect to plane, and rotationally
symmetric with respect to an axis 28 Cctober 2005 -33 of symetry (a

Z- axis) passing through the center of the novable part 44. As the actuator
is provided with voltage enough to allow both displacenent-generating
means 41 and 41 to contract or elongate at the sane tine, the novable part
5 44 makes a rotary motion around the aforesaid axis of 28yQeteber20@%d so
the slider bonded to the novable part 445, too, makes a rotary notion. As a
result, the "electromagnetic transducer eI enment makes a circular orbit.

Fig. 128 is a side view of a nmagnetic head naking use 10 of this actuator.
As shown therein, an actuator 4 is bonded to a ginbal part 3a and a slider
2 with bondi ngzowirhet sg 63 healmdpm&hﬁcimndieﬂg FEIRRY & Sof i TmPAS Lo Or m Eg
means. A Sus S t t hat own
in Fig. 8 with t %Ieggx%?tltg;?]‘g?ﬁ&ﬂ fyl&%dg%&ﬁhéﬂog LQ%%}H&Q C?lgseaéldzis t he
space-form ng arré’éﬁ§°°'1‘?“’rgs 1586 edAnoﬁB%v@rylnt“hﬁFa% v 8eas3tinlevi ded at a

| eadi ng end ofrexordispeisidimchosyd 3ih @iniesdfSragest Batérer cent 8r49f. 3s6t.at i on

of a novahy) e ypat h‘ﬂéhép 2RBLY1 eemntsh%@;o sddh khi ediaent,, there is
no substantial. | ateral {I’I ction w% E | vot 2 and .t he novabl e
part 44 while Jtnh & SRRt U0 SR LEFT Veh PPV 9T h & TRF b‘f? dH GRS he

nmovabl e part 44 &hg £aee pifét HDB3nagnesgsobpadi ORRWE ¢ Hiehaidrovi ng of the
actuator can hEspaxtessml actadusedis Wisbeeerpdnat Een has fb@@ﬂgmm with

reference to tﬂe%oré;?ngﬂp @gns%&ex&eq@weﬂe &} e 5?’5%39 atd 1s

understood that t resent T nvent g to an optical
di sk syst e ﬁ“&&n@e‘ﬁ’ﬁ%&?aﬂp‘{‘?%l‘OHFéﬁa Jﬁaélﬁn ﬁ’a’ke%ptd§él secerigst i cal

pi ckup conpri gieddgaan optical modul e including at least a lens. This

optical pickup is ﬁ@r@%ﬁdr&ﬁ}gﬂ jh%hQQthgai ensacab »b&é%?%'ﬂ@%@@éé&t
controlled so @8eh l(_t,)ne Ja%c C% rglcgésdl Jg.s é ace t he t| cal
disk. In recent years, Trear ??% r §COFding Has B&&h 6?“688§e8°t adchi eve

in the aforesaid magnetic head, with an optical module built

15 therein, or a slider which is in itself constructed of. an
optical module. The optical module comprises at least 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

20 recording such as one mentioned just above but also an
optical head wherein a slider is slidable on the 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 is applied to the optical

25 head, the electromagnetic transducer element in the
foregoing explanation should be read as an optical head. It
is understood that the present invention may also be applied
to a pseudo-contact type or contact type magnetic head as
well. )

30 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
herein shall include a write/read system, a write-only
system, and a read-only system. The term "recording medium"

35 used herein, too, shall include a read-only type medium such
as a read-only optical disk in addition to a recordable

medium.



ever - hi gher optical disk recording densities. In this regard, see "N KKE
ELECTRONI CS", 1997.6.16 (No. 691), page 35 99. This near field recording
makes use of a flying head which uses a slider like a slider used with a
flying type magnetic head. Built in this slider is an optical nodule 28
Oct ober 2005 -34 conprising a hem spherical lens called a solid imersion
|l ens or SIL, a nagnetic field nodul ation recording coil, ggﬁ E Pé&g cusi ng
| ens. Another flying head for near field recording is dr8PPeRs ni t ed
States Patent No. 5,497.359. 5 Wth higbhgg_recording densities, such a
flying head, too, is increasingly required to have higher tracking
precision as in the case of a HDD magneti c head. Thus, the mcro-
di spl acenent actuator is also effective for the flying head. Accordingly,
the present | Bxeerinenumy Exbeplbe applied to 10 such a wite/read head
(optical head) forropid&dleali@COkdli NaniBYed o VMNE FRDES @Y, chbe opti cal
head to mhlchf%q?ogresent Lnventi.on can be apﬁlled conprises a slider

PR TS B FESATY TBgHat | Head, “WFth an optical nodul e

simlar to that
built 15 therein, Brozet€ic depdanfcisuch renstmeitioponastshmmednofian opti cal
rndule. The op@Lgak,nnﬂubejcenpriseﬁaa@dlBﬁsmeﬁt dr%ﬁgreaf H@Q&hﬁgd, with a
ens act uat or gqugt e gener at i.l ;incorporated therein.
Such an optic§%9h£g?, or%?ng%%#éign ?ﬁ%‘%ﬁ%@gﬁ% So%lfﬁﬁf EﬁéiHBOWﬁé% “for
near field 20 PefBFRiTAPTEHiR BeadndlReAPRoffoPHEED AR Gt 187D an
optical head wherensic: $l.i ded bestwslendableatonr tdthengusiate af ha@ 4 ecordi ng.

medi um i.e., 1@angsgugdogopkact type or contact type optical head. To have
an easy querstandﬁﬂg %&ut@gr case where the present inventio? is applied
to the optical 25 head:’ the eVﬁ??r&?ﬁgﬁ%?i%PQIREﬁgﬁu%%ﬁ EERBALETH he
foregoi ng expCaRAEIHN Bhoul ¢ %er £4d” a8/ Gn 3Spei BAF2IRIEFETEE 7% under st ood

t hat the preseftctrvaitiicebvamyatalrialibe wappl iedv tre aipseusio-LeNt aciotype or

contact type FRgRGL GaldBad ASing'Yoh tadl QUICERLYALL Yon gLt erm "wri tel read

head" used herein . .
displacement-generating means in such a manner that when the

15 phases of sine wave driving voltage were mutually inverted,
the movable parts showed a displacement amount of about £0.5
.
Using these magnetic heads, the actuator was driven
under a head load of 2.5 g. Consequently, the amount of
20 displacement was about +0.5 pum while the spaces were
maintained with no contact, indicating that the displacement

capability of the actuator is not impaired.

ADVANTAGES OF THE INVENTION

25 According to the write/read head supporting mechanism
of the invention wherein the space-forming means are
provided to ensure spaces between the movable site of the
actuator and other head constituents, it is possible to
prevent contact and friction between the actuator and othef

30 head constituents. It is thus unlikely that the slider
driving capability of the actuator (the positioning
precision of the electromagnetic transducer element or
optical module) is impaired. It is also possible to prevent
reliability drops due to friction leads, collision loads,

35 wear and dusting.

If, in the present invention, spaces of the necessary

size are provided as by providing steps on the head



shall include a wite/read head, a wite-only head, and a read-only head.

Li kewi se, the term"wite/read systenf used herein shall include a
wite/read system a wite-only system and a read-only system The term
"recordi ng nmedi unt 35 used herein, too, shall include a read-only type

medi um such as a read-only optical disk in addition to a recordabl e

medi um 28 COctober 2005 -35 Experinental Exanple To asceréi'ﬁn éhe

advant ages of the invention, the follow ng experinent at PBP¢R8er2P93 ed
out. Magnetic heads of such constructionsgs shown in Figs. 5 1A 3A, 3B,
3C, 3D, 4, 5A and 5B were prepared. However, any filmform of
friction-reducing neans 8 were not provided. |In each magnetic head, the
spaces between actuator 4 and suspension 3, and between actuator 4 and
slider 2 had accrsgngtbnod B0 tim wi Ot dheadchoad cruppsedin@snssdiandeh asi ng PZT

(piezoel ectri CeorftQRSE 8 GR1 chiiekMhesl0r1d LB VoaRS &y PABARGLECT£{ & OF
el ectrostrlctlé/er.nnterlal V (DC bi as,.vol t ag (sine wave

., .VWen, 10, 10 V
driving vol t age) 1\7)1/§sa%15b%11‘kilé(rj‘g0nltbojtsr1 tg’&?sﬁ?%%’e?‘?‘éenttpgg%%‘f%{ﬁen@’lﬁrgaﬁ%yi n such
a manner that SHfedathatals qgfhisening spaseswavkeerghwisddmpony alpemwer e rut ual |y
inverted, 3t hetamvabteopaicss.showed a di spl acenent anount of about 0.5 )M

Usi ng these nmagnet k¢ hgads,. tLhesagt Jden er. | oad of
2.5 g. Consequently, the ar?o%nt_sof 20 |st,'p ab_cejd’rrlg\r%?l 5\/52 a%iu?egsggnrﬁ whi |l e

the spaces wer¥2°Fafht KGRt i NPT SRESET: 1indiSc &PPRgPYTRIENED

di spl acement rrEyabk| faidwfest hed adtafdngr whicmotayi wpheretse ABVARISGES OF THE
I NVENTI ON ‘Zfﬁ A@f:@bﬂlﬁﬁ@t tie dld@nWhkd 8/ d2ad 1 beack S WaReE bt Rchaphsm, of the
i nventi on jwherein_t he, spage-forning,means._.are. provided to ensuce spaces
bet veen {he movahFe Site BF° haéssegg%ﬂaf%ralg’r?df%?h_%rtag:gngt%}hrs}t’i%ents, it

i s possi bl e t ®SSFREIEMCEBREEct @n@fEFEet ottt Wedar Wrévaeg uat or and ot her

capability of the actuator is not substantially impaired
even when the friction-reducing means are provided.

Japanese Patent Application Nos. 10-341130, 11-200357

15 and 11-298336 are herein incorporated by reference.

The structures illustrated and described herein
illustrate the principles of the invention. Modifications
to the illustrated embodiments may be made without departing
from the spirit and scope of the invention. Therefore the

20 present invention includes the subject matter defined by the

appended claims and all reasonable egquivalents.



30 head constituents. It is thus unlikely that the slider driving
capability of the actuator (the positioning precision of the

el ectromagneti c transducer elenent or optical nodule) is inpaired. It is
al so possible to prevent reliability drops due to friction | oads,
collision |oads, 35 wear and dusting. If, in the present invention, spaces
of the necessary size are provided as by7prOV|d|ng steps _on the head 28
Oct ober 2005 -36 constituents of the wite/read head supp8rP¢taBengePrani sm
or controlling the thicknesses of electrodes or adhesive layers during
assenbling, it is Whervepoesibise to di spense with any special step of
form ng spaces, thereby slimmng down 5 fabrication cost. If, in the
present invention, given fricti owhieedshdd@s, ﬂﬁ%ﬁﬁm@&%mﬂ ]Lgﬁgﬁhﬂiipe
spaces, it is then possible to prevent faiFures and |ng |cﬁ’nay

ot herwi se be causedmmmymCQMBmmmmbe&mﬂﬁmdha@ﬂxﬁ@m&hh&ﬁﬁmﬁé,aSCfibab|e to

i npacts, 10 | oads, etc. Head assenbly is also facilitated with high
assenbly accuracy. |n addistdeobringtriveidsd witem ettttioniant@ric GapRR bbb §fan bhigal
actuator is not subs ntially inpaired even when the friction-reducing
means are provi ded™ %ﬁbanese Pat ent Application Nos. 10-341130, 11-200357

15 and 11-298336 are her incorporated by reference. The structures
illustrated and descri B&® ‘H%‘PEI‘WUPJPOF‘F%%Sﬁléﬁ!émnhlen prianof pldesuad:, hhe
invention. Mdifications, to the illustrated enbodi nents may be nade

Wi t hout departing froﬁ@?ﬁéEQ%V¥FFP%ﬁ@k§@8béy&ﬂhﬁﬁ@“t%V%H¥W@ﬁm“?h§beore
the 20 present invention.includes the subject matter defined by the

appended cl ai ns an W e o nabl e eqU|vaIents -37 WHAT W CLAIM I S 28

Cct ob 20061 . A d s h
sligesf a suspen5|g%|%z%£§ﬁ%5 %ém m? gg*?é$§F“m %éghﬁg%ﬁggg%%ihggﬂ“OOf

constituents, sai dszﬁil HeStBond ﬁ)eﬂg s&d Q_;}:(Jeqm&@ n]ieansq}gm ge Joca fed Whoe ganae lica cogigtfta'uréxsltg ucer
el enent or an optlca

oppose one another, and

two of said head constituents are arrauged in opposition to one another, and said at

Jeast one space has a size of 5 to 50 wm, and said actuater makes use of inverse piezoelectric

effect or electrostrictive effect,

2 The write/read head supporting mechanism according to claim 1,
wherein said space-forming means comprises at least one element selected from the group

consisting of an electrode, an interconnecting pattern and a bonding member,

3. The write/read head supporting mechanism according

to claim 2, wherein said Yonding member has electrical
conductivity.

4. The write/read head SuUpPporting mechanism gccording

Lo any one of claims 1 to 3, wherein a step provided on at

least one of szaid relatively displacing head canstituents ig
used as said space-forming means.

5. The write/read head Supporting mechanism according

o any one of claims 1 to 4, wherein said space- forming

means are lecated symmetrically with respect to g3 center
z2x1s of each of said suspension, actudtor and slider, which
center axis is substantially parallel wich a direction of

extension of said suspension.

G- The write/read head supporting mechanism accerding
to claim 5, wherein

space-forming means is made up of

said
three or mere units, with



nodul e, said slider being supported on said suspension by way of said
actuator, and said slider being displaceable relatively wwth respect to
sai d suspension by said actuator, wherein: space-form ng neans are
provided to format | east one space between at |east two of said head
constituents, said space-form ng neans being | ocated where said head
constituents oppose one another, and two of said head cqQns ituené re
arranged in opposition to one another, and said at |easgd OQ%%.@Dﬁés a
size of 5 to 50 m and said actuator nmakes use of inverse piezoelectric
effect or electrostrictive effect, 2. The wite/read head supporting
mechani sm according to claim1l, wherein said space-form ng neans conprises
at | east one el enent selected fromthe group consisting of an el ectrode,
an intercomecting pattern and a bondi ngzgenber. 3. The wite/read head
supporting mechani smaccording to claim?2, wherein said bonding nenber has
el ectrical conductivity. 4. The wite/read head supporting nmechani sm
according to any one of clains 1 to 3, wherein a step provided on at

| east one ofatsdictatelatrieveliyidispk achng heasdk canstdtent:s 4 $.:used_as said
space-forniqgn@%qqi.a§ra£B§dwwite/read head supporting nechani sm accordi ng
to any one of claifns I to°4, wherein said space-fornmng neans are |ocated
symmetrically w Th reShectiri oe areefitiofad axXirmoft ieacheothasakd §§§&§@§&%n,
actuator and_sLide ich, center_axis i.s substantially parallel with a
direction o?o é%?e%gﬁgﬁkog*ggﬁa gu?%e Si%ﬁﬁ‘%ﬁn'fhg”ﬁ?rféffeaa HEEE=""
supporting ABcRahF$ftaeBoreiiwging grednd s, 2 WHereeith osai ¢f spacdesboradng
means is nmadeiuplobrtBAee O5nPDILiANid So1Wd Ba28:0ckoper 12005 538 jat; J east
three units _of_s units bung- not. linearly arranged. 7.

39f gid three or.mpre un ot . . e

The write/r&ad head EU%ﬁﬁ???h@ HaM S drdidng °foSany BRaC®%- clai ms 1
"to 6, wherein. a Bubr¥oan¥risepresemeadswdonictti;oneceddtingaPans:ing at

| east one 0Eo$@&§i§p§PG§her§§ﬁdséﬂgriﬁﬁygcéﬁynﬁﬁsnE%gdas%ghﬁdpggggéfée

“having a particle , , ..
dispersed in a semi-solid ard/cr a liquid.

9. The write/read head supporting mechanism according
to c¢laim 7 or 8, wherein said lubricant has electrical
cenductivity,

. The wri 3 . . ..

10 1@ write/read head supporting mechanism according

to claim i i i i
+a1im 22, wherein said film has elecrrical cenductivity,

11. The write/read head supporting mechanism according

to any one of claims 1 to 6, wherein at least ocre of said

spaces has a ai i ion-reduc: i
P $ said friction-reducing means and/cr sald space

forming means at least one Prctuberance extending from at

. .
~east cne of two head constituents wich said space located



di aneter substantially equal to a |l ength of said spaces. 8. The wite/read
head supporting nmechani smaccording to claim?7, wherein said |ubricant has
said solid particle dispersed in a sem-solid and/or a liquid. 9. The
write/read head supporting nmechani smaccording to claim7 or 8, wherein
said lubricant has electrical conductivity, 10. The wite/read head
supporting nechani smaccording to claim22, wherein saigqf'l ha

el ectrical conductivity, 11. The wite/read head suppor 8ﬁé° @ﬁéﬂpgn1
according to any one of clainms 1 to 6, wherein at |east one of said spaces
has as said friction-reducing nmeans and/cr said space form ng nmeans at

| east one protuberance extending fromat |east one of two head
constituents with said space | ocated 28 Oct ober 2005 therehetwee , said
prozut erance having substantially equal-i%a |l ength of said space. 12. The
wite/read head supporting nechanismaccc_d ng to claim1ll, wherein said
prot uberance is provided wi=h a curved surface in the vicinity of an end
thereof. 13. The write/read head supporting nmechani smaccord to claim 11 or
12 mherelﬁfﬁ%%fiﬁ%%%beraﬁce comprEses A grigtulerance-body and a
coverlng fI|§ﬁHdﬁéqQQ%Eﬁlﬂg~@E | east 1;AgaAn43 nit;% of..an end thereof, said
covering fl|ﬁ1b€56? d.of a q%terlal having a coeff|C|ent of frlctlon
| ower than that sal ﬁrotﬁﬁe deE BodyISEA. S e TWEPEE/ Feadc headk oo
supporting rechdriismldccotdingn 9 mwﬁﬂubaﬁqﬁﬁéuJ§Jjﬂmb =E3.-:wWhegei n said
protuberance.s, .4 roed gn:gaid.actugiar, 1s5. The wite/read head
supporting mechani sm according to any oné”of‘tla ‘e Tt F0 "14 above,

wherein said protuberaficErhas/ etaétriahls w@@ﬁd@cmgvmﬁyfalﬁ =Thecwwridely ead
head suppor thong irEehanli s BT copdlAg: 4 0s £l aidndwuwhich d nel.udes._a main

act uat or for drlg;n%ﬂsaldogusg195|on such "t hat Lhe MW|te/read head
. reriniy —1inm fox covering at least

ad a

the vicinity of an end thereof, said covering film being

tH

crmed ¢f a material having a coefficient of friccion lower

(T

han that cf said protuberance hodyv.

14. The write/rsad head supporting mschanism according
toe any orne ol claims 1l to 13, wherein sazid protuberance
fecrmed on said actuator.

15. The write/read head supporting mschanism accecrding
to aﬁy cne cf claims 11 to 14 zbove, wherein said

pretuberance has electrical conductivicy.
16 - ﬂmwmﬂmﬁhwdmwmmmmMMMmMWMMdemm

1. which includes i - it 11 e ; .
. arnmnadum01ﬁwdm\mgsmdbuqmnmmmsudimauhe“wmﬂmadhmm

supportng mechanism is movable relative to a disk medium,

l J - jﬁ. \erte! ea =T L I Zom =25 Wl = L=

¢ - 5 rS W llC Dr = (=1 1 QIIE' J
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supporting nmechanismis novable relative to a disk nmedium 17. A wite/read
system which conprises a wite/read head supporting nechanismas recited
in any one of clains 1 to 16 above. 28 Cctober 2005 - 40 18. The
write/read head supporting nmechani smaccording to claim?7. wherein a
surface of said actuator and a surface of said suspension which are
opposite to each other wth said space | ocated therebetween are
substantially parallel with each other. 19. The wite/read HeldeEdBPerti ng
mechani sm according to claim7. wherein a surface of said actuator and a
surface of said slider which are opposite to each other with said space

| ocat ed t herebetween are substantiaftffy-parallel with each other. 20. The
write/read head supporting nmechani smaccording to claim1, wherein an

i nterconnecting wire interconnecting said suspension to said actuator is

formed on said ; suspensipQy i2hedNGaWl Bl -gack-head, SURRAAS ionNgiFEChARIAM
according to claim1, wherein an interconnecting wire interconnecting said

suspensi on atsﬁrf§c%i oq 5 1|diagt%5to} &df aosrupfﬁge & @ﬂigl%;hb enstOIPRERE B&%&pg%e t@‘e 1io1i]§:/r read

head supporti ng nmechanism conprising a er, a suspension and an

actuator as .relatively displacing head constituents,..sai | i der bei ng

P ovidad Wit S B GO OB HET e g B R g iR oBit om *rrodul e,
said slider being supported on said suspension by way q{ sai d .actuator, and
sai d slider bei*TPg- di spl ABeWHICECHEIAE SYRPPYINGIR RABYD ATOTHEE ©A P S ¥PERE on
by said actuator, wherein: space-formng nmeans are provided to form at

| east one spadecchétndeniuatpr drelasturfpgoeohid sBedrdviiedode epitvsits toraph gthersaitly
space-form ng neans being | ocated where said head constituents oppose one
anot her, angid2pac@ttcatzanh28@bveendile subvantafly pailklveddaclonibti. t uent s are
arranged in opposition to one another, and at |east one film conposed
“mainly of an oragani ¢ netien@k/r@E had duppsriganiecimisar dicabrdlig tpcRELN] wiseia
friction-reducing neans. said filmhaving a thickness substantially equal

“to a | engt by, ofi-38kldcte wireARdre HREBRAEE suspRhSod thisehizeRnedUsinng (RaRs bei ng
fixed to a surface of only one of said two of said

SuSpension.

21. The write/read head supporting mechanism according to claim 1, wherein
an interconnecting wire interconnecting said suspension to said shider 1s formed on said
suspension.

22, " A write/read head supporting mechanism comprising a siider, a suspension
and an actuator as relatively displacing head constituents,

said slider being provided with an electromagnetic transducer element or an optical
module,

said slider being supporied on said suspension by way of said actuator, and

said slider being displaceable relatively with respect to said suspenston by said
actuator, wherem:

space-forming means are provided 1o form at least one space between at least two of
said head constituents. said space-forming means being located where said head constituents

oppose one another, and



head constituents with said at | east one space |ocated between said two of
said head constituents, and said friction reduci ng neans being unfixed to
any one of said two head constituents. 23. The wite/read supporting
mechani sm according to claim1l, wherein said space-form ng neans conpri ses
at | east one elenent selected fromthe group consisting of an electrode,
an i nterconnecting pattern, and a bondi ng nenber, and wherein said

sel ected el enent has electrical conductivity. 28 October 2005

two of said head constituents are arranged in opposition to one another, and at least
one film composed mainly of an organic material or an inorganic material is present as a
friction-reducing means, said {ilm having a thickness substaniially equal to a length of said at
least one space,

said friction-reducing means being fixed to a surface of only one of said two of said
head constituents with said at least one space Jocated between said two of said head
constituents,

and said friction reducing means being unfixed to any one of said two head
constituents.

23. The write/read supporting mechanism according to claim 1,

wherein said space-forming means comprises at least one element selected from the
group consisting of an electrode, an interconnecting pattern, and a bonding member, and

wherein said selected element has electrical conductivity.



