| -1 TITLE OF THE | NVENTI ON WRI TE/ READ HEAD SUPPORTI NG MECHANI SM AND
WRI TE/ READ SYSTEM M| 5 FIELD OF THE | NVENTI ON The present i '
relates'to a wite/read head - supporting mechani smfor \Mﬁ‘ﬂ\mmﬂwu“\“\
systens such as hard disk drives (hereinafter HDDs for shor opt cal
disk drives, and a wite/read system conprising such a wwite/ré%ﬁ”%b head

supporting nmechani sm BACKGROUND OF THE I NVENTION A prior art nagnetic head
supporting mechanismused wth HDDs is general I&Qbui It up of a slider

having an 15 el ectronmagnetic frahsd@Ee s eRyHVTIEN,

suspensi on for
supporting the slider,yRfrt: AREADTEEAD NOECRORII NG IMBIHANDSMED  ONn the

lanaducer ol et The. el et rBIBGHEETE TPEROREEET | brent “comprihie o 0.
magneti c pole and coil for converting electric signals to magn#H”mmum"””mmm
si gnal s$ and vice versa, a magy 8% stangerehfeely el ement for a

transform ng magnetic signals to voltage signals, and so on, each Bé’?oﬁzé
fabricated by t e foiranendc Hmvegson FSdarmsiSy toechiitgied redcc Refe sl der

is formed %fu@%&%m%tanqsgﬁrf%m G5 iTe0R cad AL203nbi Gueh GaTiHdFdor a
magnetic material such as ferrite, and has a,gen rall% %ubohd%{ iﬁape.
The surfacéick Amegs deseiraddrrofie T6F & r&gp(%i £EYG% a “di*k medi um
i s processegdivitis0 arshapensud/ablael fogrstegeremptriisgnpr esstr e woitkyrehd

sl i der gn HPe i sk medi,umat 30 a small spacing. The suspension for

suppor t¥ng %%§ RIS ¢ P h &EF P8 8 med by bendi ng, punching or ot herw se

processi ng
BACKGROUND OF THE INVENTION
A prior art magnetic head supporting mechanism used

with HDDs is generally built up of a slider having an

15 electromagnetic transducer element, a suspension for
supporting the slider, and an interconnecting pattern 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 techniques, etc. The slider is formed of non-

25 magnetic ceramics such as Alp03-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



a resilient stainless sheet. The interconnecting pattern has a general
structure whHerein conductor wires are covered with a resin. Electrical
connections using the 35 interconnecting_pattern forned on the surface of
the suspension are snaller in capacitiv%"conponents and -2 inductive
conponents 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 ag?_, hence, 5
have ever - Hirghett ¥ ctORRIERES dithre Vet fary o RAGiSH h 2ROTS O Affove

tracki ng pr&ci s i fba 1 G- geisidney eciafri Ngredddind. is effective to
provi de the magnetic head with a a tor for eff.ect .

mi cro- di spl acenet O1€ t Heref elﬁal‘r}%'naagﬁﬁt?clst rjgh%rcﬁuacselrnéelli};%eeﬁqulorredsItlode]?e with
respect to gdhd Need uspenséwsr - Sioteanr aoinditgy ,denei instrghc dierias,

di sclosed i,n JP-A s 6-259905. 6:,300822 180623, - SIUMARY Qe THE geh

| NVENTI Aéa‘f%ee‘éeﬁ%éjrg?%r ]i”a%/celérsl’ dgey .su%_daé%i act uagloar as 15 ment ,ild’;ined
above, the ® iteprovspteeesing| prévesjoni ih arkekgerdenst ther QRIRFERT on.

When, at t*ﬁﬁ?tif@1i§dééfggﬁivge@9 50591 AL UERE SmEQRBL 10 KR agitmi &b each
other, i.e.; the "actuator_and suspension, the actuator fﬁndrﬁs)l i der, and the
slider and aeiepREaY ofo® ofel @At Ht AdEL Gi R SRIP AT The™D di spl acenent

capabi l ity of cdbEorREinat D& &5ahsPadEede bymerdt i @t i €ni ddeadi ity tesmect to
possibility that the alignment . accuracy. .of a t net:i.c transducer
el ement OmaycRY et 28 ?1%%” r‘?ngC,h t%raecatl%até)rpos%s?ﬁjbi %ls{t?/i 4t “the
reliabilitydbéceasdd hendIpenssi 6u2h?90my Gletd 22 ah@d §0l&%63Fiction | oads
and collision inpacts. Furthernore, there is a possibility that the
reliability of wite/read capability may drop by reason of wear,

col lisions, dusting, etc. HOWEREARY B v T1&%tions disclosing the

provision of thg.actyakerpayisoaateAtbPnstehsaehaptohtensasi kely to 30
arise between head constituents. An_object of the present invention is to
provi dé5a Wﬁ?é%%‘éda\%@éﬁ'sE]B%o?f?‘ﬂﬁrn‘gﬁ‘%ﬁ?%ﬁf%gaatlﬁé%lr?’etvlnc or optical
di sk syst em-baye8g 8onmtheosdspphatenentWisat uattorthisy 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 possibility 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 below as (1) to (23).



whi ch any inpedinment to the displacenent capability of the 35 actuator is
elimnated to achieve reliability inprovements. Such an object is

achi evabl e by the constructions of the invention defined below as (1) to
(23). -3 (1) Awite/read head supportiﬁé'nechanisn1conprising a slider, a
suspensi on and an actuator as at |east head constituents, said slider
being provided with an el ectromagnetic 5 transducer el enent or an opti cal
modul e, said slider being supported on said suspension b way of, said
actuator, and saild siA G&rl U HREYI RGAACEEIRY A TIPS IR T HEPBRPE Y t o
sai d suspension daf,sal Gagidialin aeren nacthaspacesf atniiagsoehasdar e
provided to forma space between relatively displacing head constituents.
(2) The wrid¥ISEedd supporting mechani smaccording to (1) above,
wherei n at | eastsagnrke «fider dentg quegviabed iwt gn cannesefhyopagnetncand a

bondi ng.nenher ovi de t ween. saj d. I di spl aci ng head
constit entéﬁ?gp éﬁﬂréggéggﬁﬁ %%a%%-?%gﬁiﬁéaﬁggﬁg¥'(3) The wite/read head
supporting mechasd isinsiciotedibring U)o rhey ol whatdi ALSRFESbeRdPRgWAENber

has el ectrigal,, conductiyvity.o<9 (4) The wite/read head supporting
mechani sm according. to any one of (1) to aboye, . wh

(32 : §rein ﬁ steg
provi ded on at S&ibtsbitehbeng EFRIFTREY %i§5¥§&?ﬁ§ KeWdtBoh8EPEGENL s
is used as sRigh sPasest sl PPassid(aytiheow i wakread:head supporting
mechani sm accordin 25 to, any one of (1 . (4 ove,. wWhereLn.sai d space
has a 18ize of E?Q%%?Ké%ﬁ?ﬁnQGTe%%% ﬁf%téfégééeéeg 'Eﬁﬁgg?t%ﬁégﬁechanism
accordi ng Bervean anelafiyd)ytoi¢b)aabogeheafiecenatsfg@nspace-form ng
means are | ocatef, Sy ér%§§{éY¥¥%&hhéﬁ%PgﬁprPt@n&eﬂEEEaﬁQsﬁXhéc@£d§ﬁ§h of
i der iC

sai d suspension, ‘actuator and s center axis is substantially
paral | el with &idiakersonberedRt ehsiBASEF OB 8Ls GSp&SitCIer) 2Fhe
writelread headh SappektiRNg PREHSHh SAhacaobehfng member provided

15 between said relatively displacing head constituents is used
as said 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
ig 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 is substantially parallel with a direction of
extension of said suspension.

(7) The write/read head supporting mechanism according
to 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.



to any one of (1) to (6) above, wherein at |east one of said 35
space:f\orm ng means is made up of three or nore constituent units, with at
| east t'hree units of said three or nore , constituent units being not
linearly arranged. -4 (8) The write/read head supporting mechanism
according 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 substantial I i
other and/or a d8f aB&eoMr &4/ & &EY g&?@r SEHHC’ﬁ%&BPf QSS%PE%I&? lcglf’lrgléiglgv\ﬁ?gﬂ
i o e s e R

| parallel wi ach ather.. { Lt eiread a i
mechani sm é&%‘la&loﬁg_anfo & 5“5%’7‘0&8 foff a(lé %%JS’E% %S\%'Blo%,l%%ngr %i %p?é%ﬁ%% Icggt
is dplr esentcagaxt lttidronritedseiiny speares liorage shsrehREWerIsHL® spaces,
sai d L ubri cant. contalning. 3 Saldid Akt il Yo o par ul ele sdameicer
subst anti al” y &5’ 0-a“l"ength of sauf spaces.. .15 (10). The wite/read
head supporstiity awecirdmrs mrat corsdirifgee @ { P ighsld Iath & BiGt &4 | ubri cant

has said sqljdnard i) &adi sRaTsed;ith aSeNisraeld doantiedr thdrequittiecl 1
The wri te/_rggg> head supporting nechani sm accordi ng 1o (9) or e((ijJ.HO) - ael()ov)e
wher ei n saiadd FEISEART Ifes Yo RS wih SHau& Ay, (12) The writel read

\?\Eg(rjeisﬁpp?rfi ngt(rggcha;;}iémxaiwﬂam hela@l avprone ioly (EChea i(E8) agtsoreling

\ at |l east one film. composed mainly . O ganiiGr [

i norgahPc Gfat®P &7% soé)%?s)ent?gagg)sa%%g\?%i cﬁ%%]}rgd%g{%%rl%aﬁ ?én g{ gn

| east one ofremint ds;pamsgrmmﬁﬁﬁadmnmgn@rmJékr?é'ssie%ﬁfbsqra%t?&%%ﬁ qual
| eng of . sai d, Spackp.aNek hel ih e ity tp 9l wdfc ltemn digandy

consti tuents§avﬁ? | sal Biaspacen% ocat ed, thelﬁgqbet er?ﬁor@%ﬁ:nf ic ed 40 any aof

sai d two hewarticohstdianster SEFUIC M Wi T & et Luppor t1Hg

mechani sm ding to (12) above, wherein said filmhas electrical

oy aesbet Yy G Mt e 150 PBRRYLL 00, TREARIINR apesiling, o
. to (9) above, wherein said lubricant has said solid particle
dispersed in a semi-solid 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 two head
constituents.

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

(14) The write/read head supportihg 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



spaces has as said friction-reducing neans and/or said space 35 form ng
means.at | east one protuberance extending fromat |east one of two head
constituents with said space |ocated -5 therebetween, said protuberance
having a hei ght substantially equal to'é'length of said space. (15) The
wite/read head supporting nmechani smaccording to (14) above, wherein said
protuberance is provided with a 5 curved. surface in the vicinity of an
end t hereof. (16% The wite/read head supporting nmechani smaccording to
(14) or (15f¥habebetwaper ePpidaPyoprberdeFantayERep? i RekoRt prot uberance

body and a §QB§EhﬂgiE&h??E@ﬁa@?t@rhngeﬁétheéﬁtsai@esﬁaééﬂlty of an end
thereof, said coverln% |In1be|n% %0 fo%ned of a materi.al having a _,
coefficient of fhitcti OR®I BheFe/FRAA BRAY %ﬁp%%fﬁlﬁﬁcﬁ%ﬁﬁﬁ%ﬁﬁ%a%§§ﬁ£d¥%ﬁ)
The wite/read(headabuppor whageimchandspracaoedanmge {9 anyvoded ofifddy to
(16) abave. WAGLE! 0, 5RLAPY QL URET BAGe, 315 Lo ORd.AR BALP BpLuator. 15 (18)
The WW|te/rea5 gad suppor ti'ng mechanisntaccording to any one of (14) to
(17) above, wher¢iLA)sThd protebeeadckeadasurert ing dhe o jadagrdinrm)

The writel regd (gadosunpant LAGyBRChADL ST, age 0l dhAgtybar Ae ORGnOE 1 £dd 40
(18) above, wherein said actuator makes 20 use of Inverse piezoelectric

effect or ePEetrBstrnEei Ped¥f peet 2 CPYOYinBel WPt EPF c2@VEEH stppt?isthg

mechani sm agger ¢iBgnit9 amyaanenal thirebd, (491 daboveringerein B8ing

i ntercannec ing .wre to _said c%uator and/ o fan.iq%er onnecting wire to
sai d 25 %] i §8F ﬁgeofo?nﬁatSnggi AL RY T O AT THE wir 167 Bhd HEd
supporting teehanham afcerdidngrotobangnoaebofly(1l) to (20) above, which
includes a main u r LYJ3N [ i ; ' r.ead
Syst em ahi ch comii Seana WFirel Fea] HeBd SupEREnsy kel o
recited in sayaswecoe ef) (14) £21)(1&HorPOVBRI WFeEXIR ARRTRONE CFUTRRTFAW NGS

Fi gs. 1A an§sl@ogﬁgdsbgesgggmgcgﬁagag,exenplary 35 construction of the

nagnetH%yhead ac%gg?l%getgrggg/igggthead 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
to any one of (1) to (18) above, wherein sald actuator makes

20 use of inverse piezoelectric effect or electrostrictive
effect.

(20) The write/read head supporting mechanism according
to 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 exemplary
35 construction of the magnetic head according to the first
embodiment of the invention, wherein electrodes are used as

the space-forming means.



embodi ment of the invention, wherein electrodes are used as the
spacesformnig neans. -6 Fig. 1Cis a plan view of one exenplary
construction of the suspension used in the first enbodinent. Fig. 1Dis a
ptan vi ew of one exenplary construction Of the actuator used in the first
enbodiment. 5 Figs. 2A and 2B are side views of another exenplary
construction of the magnetic head according to the first enbodinent of the
i nvention, wherein electrodes are used as the space-form ng neans. Fig. 3A
is a plan view ofignel@xéspraPyanonservueti oReorxerplony sossemsicsaornothe

second enmbodi genl s96ns Neni Hyeat !LHntheV\/@ﬂ’g'tneﬁBoH’i‘.h@h‘EOﬂneCt' ng pattern is
used as the space- form ng means. gw is a plan_view of the actuator
g

nmounted on the Bigpehdi bh §h8%ﬁnlﬁl OfSﬂn91§XPW€1a§@ coTg tE¥EtioRartvi ew
taken al ongehdea&Gatbneussd EhgthaB:tlEts@ edBoldsmangect i onal vi ew t aken

along t DDIlipe in i 3 s.a_side_view one ex nplary
construgtlon of Pﬁ%sth%fngﬁﬁeEF gaalaccor§Wﬁg°Fanﬁ€%th &engbgfy of the
i nvention, adeserucbbomdi 0f nhﬁbmagnatecuh@ddagcp@edspac@o'mmanﬂu;smeans
Figs. 5A a | ¢ANSH bUEtiens ket i etic
head accord%ﬁ%ﬁ?gﬁgﬂé ?guyhﬁm§39£n§E§HPngﬁ¥rg t he #nventlo% ewhgsg?%ga
step or stepeprRfeelorRiRGeMS@Rface of the actuator and/or on the

surface of the sgigersaresusedias {fh']@wsQ@anfeoémeﬂﬁlmn%onsrtlr@ct@.Anl s>fa
perspectlve vi ew of the actuator rOV|ged bmnth frlc& gg red UC|ng neans.
Fig. 6B% s BNSieeSRERWIOR HigtRBASCEPES APPSR EXBEodER pEVEREdPPYe vi ew
of one exenpeaeincansinuerconnetttihg pagnetnc ilseadesupporthiengpanechani sm
accordi ng tg%%gfn%nﬁggﬁgon Fig. 7B is a side view of the magnetic head

e

supporting hani'sm shown in Fig. 7A
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 is 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 supporting
mechanism accordiﬁg to the invention. '

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

35 mechanism shown in Fig. 7A.



_17 Fig, 8 is a side view of one exenplary construction of the magnetic
head, -wherei'n a ginbal part of the suspension is used as the space-forning
means. Fig. 9 is a side vieW/of‘another_gﬁgnplary construction 5 of the
magneti ¢ 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-formng ngans, 10 Ei .11 is side view of ,a further
exenpl ary const Fu€ti 8nidf 2t R Rayhsli g hgﬁﬁ,eﬁﬁ@P PRYt RBNGFRBAE 1PN O of

t he suspensias magHsedcaheblie whaceihoanphgbatapartFog. th2Asuspansion

perspective,vi ew qof _one, exenpl ar constr i.on of the actuator used
herein. 15 ﬁﬁggsngan%gesF§§c$iéﬁggﬁnghggﬁéﬁhetic head supporting

mechani sm usi ng Flig.aét dat er ssewniew FEgantPRer Fegemplairy apnexplodedn

per spectd ve vi (o] . ex ar r uct,k f etie head
supporti%g Oéegﬁgn%gggggéngggé ;E%%%%%Dﬁwghggé%Fp%ﬁEa?ﬁv&ﬁ%lCN The
writel/read Fuagesgppsr tPnySAECRANEEM BRESLATAGMEBY '8 Snventi on conpri ses

a slider providegiw thoans @l agheoiagnebirc yetansdueer ekempniargr an optical
nodul e, and 25 a susgensi%n gn whi ch the_ slider_is nounted %pile an
actuator fofCHSSFMEELRE Phe Lo BEFNPEIF0RREEd HBATELR PhEMTCaHhE2pFeSdnt

i nvention wthe Bagpbeséxpl asnededi th takespace-foeamangageehnisc head with an

el ectropgnetic Lrgnsdycgr ol gupnt apUNted 08,8 ALLdgLo 39 Elr st of all,
typi cal~const ructions of £hé suspension, = actuator and s |§e are
expl ai ned. Eigsti8citéonnoéxshedaaopetipebcide vWhewesn She Jdndmdl payt

constructiopotpbhe,aRgRetbe headsesdpRar thad spaeeharir-eMignaldading an
actuator. This magnetic head 35. supporting,nmechanismis built- up of a
slider 2 provideHi@i-t B2RahScPePEFEPRAEGHEE F1EVaASdAREr SEFBREALYI and a

suspensi on 3onBtruction 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 supporting
mechanism.

20
PREFERRED EMBODIMENTS OF THE INVENTION

The write/read head supporting mechanism according to
the invention coﬁprises a slider provided with an
electromagnetic transducer element or an optical module, 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 suspenglon 3, and is fixed as 5 by

bonding to a ginmbal part 3a |ocated 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 |Ii ke for the purpose of allowing the slider to
follow a di sk nedium surface. i s here noted that the mi%et head is
10 provi dedfai tW@Q@W%&%tﬂrlc}*e&r ar |Wﬂltﬁb A& R o K?Eilispensi on.

fThet ﬁct uat qlgetébqé?&mt Héeil.lﬁiiﬂ %cbﬂmrﬁhé?sxmrasmytazbl e part 44, and

urther includes_two rod-like dis enerati

Each or the di splifcetentadudy g4en’€grgtt aths |r;% [Sfrlqugl%% ]th%g'?tl cast

one pi ezo&l]emem @ (mtEH eazatsmitr el mkea rmtmeraildra)&er araV iy fleieéi:taﬁode

layers gn tpii?f es ﬂ%éf%ae%]%hléé‘@éed tat %Qn&@&%o@{porpwgracts
i ca

upon th voI age o e electrode. |ayers
pi ezoel ect rilee mu@mxmm cfThee g2obaat BAEEl SPayEr fP§m1e§r R¥dpgpviding

pi ezoel ectri £, Kes & £CLROSEEsSEMYEoTBR NS Bhadt @l Ongat@manithe ey rast s by
i nverse piezoelectric effect or e% ecﬁ)ost rictive end ({ Lhe

di spl acementHgRnE?at g PERRS91° OBHRA % ?ﬁjeé%ﬂspenm on° Vi
fixed part f3di@ntsifEa®s herrternd Heref rdreditdpltaches meggetdicabiead ntéans 41

is coupled to the .slider via the e par t yWation and
cont raglol orP%‘?VJt‘ﬁ%dd‘%b & Eifent gcetgarta%l ng(prarn::cgatrrllgv zfigu He vm‘(ﬁgder is so
di spl aced tédatpé¢meie@hectromagnetic transducer element is displaced

circularly. Thispp égguag@ys sc&ﬁgzr@e@l@cglr}g;@wﬂ @ 1 raans deeyvagl1enent

to cross over recordin racks on di sk nedi u n_the piezoelectric or
el ectrostrika¥vedémt @@gafur‘ﬁ&??ér 1%%1}1@%% hete b%??gn\eﬁwef h%l%?%g??%%t'[ ayers in
the displ éﬂgﬁétQE@GM@éﬁ§94nE@@§ 41. ofgaldhe cacttiat ari sblissed®ntenst r uct ed
of 2 S3seal et pLeroel eebipcy el erialy BiEh apes ATyl mysgootectr ¢ or
treatnent spiasotbetpiover-8lectrostrictive materlal 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 piezoelectric 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. Upon the elongation and
contraction of the displacement-generating means 41, the
slider is soidisplaced 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 polarizing treatment so as to improve



its displacement capability. The direction of polarization by this

pol ari zatioh treatnment is a thickness-w se direction of the actuator. Wen
the direction of an electric ficeld wupon _the application of voltage on the
el ectrode layers is 5 in alignment with “Phe direction of pol ari zation, the
pi ezoel ectric or electrostrictive material |ayer between both el ectrode

| ayers elongates in its thickness-wise direction (piezoelectric

| ongi tudi nal effect and contracts, in its plane dlrect%on ( |ezoeJectr|c
transver se idf¥ ekl aceifih SRR FBEY i o FHLRT LR (9L B 78 Y Wer se

to the d'ﬁﬁ?tﬂﬂﬁb<§oIH&f%a€ﬁ6h06re@ﬂméhe @gharthaadnebbew1peeaoeéeﬁibnc or

el ectrostrictive materi al %§¥ tr@g%ﬁﬁ n tthk?GSé g 1éect|on

(pi ezoel ectd cth%r?g‘f’i%?%i q‘réctt% Cetflo%a?%sa’iln TS ptane*@rfection

(pl6206|eChﬁk&xMiéréﬁ§ﬁf¢§@1@ﬁf@ftvolﬂ%ge onnthacelentirndaciLagevel tage is

applled altern tely on one_di age n I nd not her
Eg%ﬁ¥¥ Bt hES SRl ﬁ P? gﬁ §k Fb@gggﬁéﬂﬁoﬁ thé

dlsplac ans, et ween one
dlsplacenenﬁxqgn&ﬁeﬂtrqplnaanslaﬂdraﬁbrhétlvﬁl@pFaééﬁén@agéﬁeb9§Wﬁ@nneans

changes so :{\: déi'f@gﬁ@fgn@mnggeggaihngtgea%cqﬁteggc@uge the same
direction |n the ne of the actuator {ﬂthl gflecﬁlon t he bl e

part 44 roVi%r%ﬁﬁP?ﬂt&ﬁ%%29$%ﬁcF§§5e%?ngbt enelxE4Eeph! ¢ 3§dlﬁ°HtHPFg§t|on
i ndi cat ed bM'laitfé)Vﬁlaﬂe ngreaslow '(]bleizheleeﬁt:er: otahheerskl efifidep) t ch

ti fi th iti bl 4 b f
Vol tagdl” T (EiT GHEPFECh ot FBR STEBNL Ené Ao0asre  Surt s tho e o
di spl ace C|dxxédﬂiqn|mfapdlaecZaonosubsnahheabt@erpbﬁpéndﬁbalar to the
di rection %ﬁ%@{ﬂ@éw{‘c%g ggg&?e&t%ct%etRst@ﬁaha@s Bt CGEB%QEEHQ

neans 41, ditection he roll-and-pitch m g W h|n
the plane ofnthes tlickress-ThEs, dﬂﬁécéﬂéétr(BFrﬁéﬁétlﬁétFllém%SB@éFu L8

t oo, rO||Se§ﬂg3@thQ§§ éﬂoﬁgﬁtéguhﬁrlﬁébbﬁanétdhﬁb&thbﬁe(phbebelebSrmﬁ
fear of attenuation of go ari zation because ection volta eisin

ali gnmeéft WFEMIHESSIS %eﬁB?af|@Eﬁ?cﬁPn?¥a?§l%%t%ﬁé?%%?gé%p = oth the
di spl acenendpgened adl bgrnragiyaoe ehengaspdabymeottageegamlappmeeds and

alternately tht SP”dlspﬂéé%&eﬁ?L&éﬁ@?éﬁ&k&“m@%&%?”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 polarization because the
direction of voltage is in alignment with that of

35 poiarization. It is noted that even when both the

displacement-generating means are elongated by voltage



occurs. In the illustrated actuator enbodi ment, voltages may be

si mul t aneously applied on both displacenent-generating neans 5 in such a
manner that their displacenents are reverse to each other. In other words,
atternating voltages may be sinultaneoﬁésy applied on both the

di spl acenent -generating neans in such a manner that one el ongates while
another contracts, and vice versa. At this tinme, the center of the 10
roll-and-pitch notion of the novable part 44 is defined by the position of
t he novabl eapatied4alherhatabgehiereen, voinager Asslnphg-héteht matiche sane
driving vol tagg-Ls used, the anplitude of the roll-and-pitch notion is
about twice as large as_that in the case of tge alternate_15 appllcatlon

of voltage. on ok &h@eldtuehBaFef| 2GhH2HPE cRMPRALIEAT nVPhFagegsBay
however, t hglﬂﬁwga_@@ﬁgm&- gepeiedi o9 bB‘EBI’l31bﬁl&@eﬁbﬁﬂg@éﬁérbh&hg’[ heans

di t f t { di t

ol ar 1 2011 ot POFR PrPaTPEebhat RS bl AFToLeT SREOFS  REC pf B0EFEGERi ¢ or 20
el ectrostri ebtheotrheeri din | agterr rmyrc;mssalb;leprr&tttmmaloelf&tg@ nygheappl i ed
vol tage of upAl: EGCCADL | ned B0R! b63bLOR Ohe MOLLABenkh:lchRun iegl red

that the drrving vo tai ned applying a constan irect Current
bi as vol t ageeans mesgaheadma%@roﬁhag @ﬁateb@ngapasﬂzlaﬂ@nalaﬁa 13

super posi nchﬂ@réE@éeséhé ahterpatkag Vol taees O@m@e m@&ew@fa@ﬁ tﬂ@ereby
forecl osing the

t that t directjon ing V.0 ta
reverseth o FRé! ngchFBﬁh ?thPaPEZEP?oWOV hg cBﬁF gf ghgeﬁ& %ﬁggypltch
motion - in thespeaseiba def lthedmbyabhle pasitt 4dn iaf tifee atissplcacenfent 30

generating nmeaps with,the bia t r h
illustrated’ 8??3%F0r %ﬁsumlé ruc %rggg%a%ﬁg gﬁﬁeanYép aggggﬁ d gﬁeratlng
means 41, andefli xeHeanupibvudeecfpahesradlapndanisch NotAeB 45 apout

i ntegrated gjagke,pi @ﬁﬁg@yashehlaegﬁﬂ%@%@gbnafatsl@egtltléﬂﬁgt@nber of
pi ezoel ectric or % eCtrostrictive material _with el ectrg? §ngyers Lorned
t

at givien sPPeSicptips PRU¥OPEAERDI O o°FAcP EA8eCt ERFI §P aRytc
di mensi onal maeguhaeyu ehitheaaet urbwevewt Bhaodfieal aokmassegbhyratiags. | n

Prohy o RERGSC Rt adhesi Vgt 2aPhatUu3sd (oL ACHUAM OF AR iGaUR Tt Ts
voltage is reverse to the direction of polarization. For
this reason, the polarization 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 required 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 motion 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



any adhesive |ayer is deposited at the position of the actuator where
stresses are induced by the deformation of 5 the displacenent-generating
nmeans. Stated otherw se, problens such as transm ssion | osses due to the
adhesive |ayer and changes-with-time oflhdhesion strength are absolutely
unlikely to come up. By the "piezoelectric or electrostrictive material,,
10 used herein is neant a material capable of elongating or contracting
due to the inverse piezoelectric effect or electrostrictive effect. Any
desired pi eaeekebiyi eroprsel el radd i ves ituterarat aﬁéws@efw'@d nertovi ded

that it can, be appll gqﬁseﬁ&hgaﬂ?egegﬁﬁenatggeem&hmg GRanRe oy the 1o

actuator. By reason o owever is ~usual E Ereferable to
use ceranlcapwe2§ébéévﬁléawﬁr éFeé?P@§?FF@tPQetHﬁtEPFéFéogue RepzT

[ Pb(Zr, T')Q%%uaggr @BQ?bogkreEbZI EQBblnBaiéarbyTth@3aefaﬂﬂabﬁanGf
titanate (BaTiQ . The actuator, it cer.am c 20
p|ezoelé%trﬁ@eo@lépéépﬁ8§PFlSﬁp§éaﬁéP8rW§F§s rég}ﬁﬁﬁé)%}qﬁ§ °%bri cat ed

usi ng t hi ckpfrbbmehechicauas wahsaasalsheébssaakdng oo phienadhgsprecess. |t

is noted that the _actuator e ta f technlques
The piezoeﬁ@gFFigngr §F855?0¥¥F ??$§ ﬁ%tggpggﬁsﬂ g%r%ﬂ Eh 5£Q1
crystal | i neadisolictely, umdykbéyoftoecrher ur-pol ycrystalline structure or a

monocrystal i ne %ﬁ UeLUnes MR JRe¢kak b!rnbtl@t:t%swmepeéeﬂa@@rh@wto form
the. electrode ers; ppropriate sel ection from a

processkd opsﬁﬁlﬁﬁﬁﬁ@naﬁé W?PPﬁgaeW@EFFiéélF?p%8%8u§ﬁl9éo§@abb§?e°5nd
vari ous progessesctusly @&esﬁétkhélﬂgveeﬁap@ﬁahb@mecaﬂﬂcCHDfmhtIerhom/to

formthe piezoelectric or strjcti e mat rla en into
account . eé@FG&P&Frﬁ§§1N5v8 3 %str BEURTARE {%é Bne
plezoelectneleMtnbbe&hmmivE|mhteelaﬁtmayabelayed phavnﬂgd Bhakl Bet ¢ade
pavers on bolh i3ty P i Hi%c%'m%?ilta%%'ﬁ%@atg_%@eh%%hggo'?fe%ﬂé Hovever ,

it is prefergblg to Use “a er strudcture whérein two or nore such
pi ezoel BTt r iactorator2 eBEcrﬁéspnl@ﬁl eohet £9i Al ty ayewe g’ sttack®d one upon

anot her. The RmEURt Rfe Rlrapdal iten ward ceeBiiacierceflethieic or
electrostrictive materials such as P2T [Pb(2r, Ti)O3], PT

(PbTiO3), PLZT [(Pb, La)(Zr, Ti)03], 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 a;tuator
may also be fabricated by thin-film techniques. The
piezoelectric or electrostrictive material, when it has a

25 crystaliine 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



pi ezoel ectric or electrostrictive material layer is proportional to
electric field intensity. However, the 5 aforesaid nultilayer structure
makes it possible to make the piezoelectiric or electrostrictive materi al

| ayer so thin that the required electrit“field intensity can be obtained
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 elongation and contraction can beconme much |arger. The thickness of the
pi ezoel ect réledrrosi mict tivee maténiea hatayens 28§ePLaGkedIORe i ¥PRAl, and so

may be detgrdined dependiig AN JMard 14y KON 4 e S Asi ordId Vil
vol tage, the required anount of eIongatlon and action, and ease of

15 cont
fabricati orRigFRRARSF LT EC t PF cRhRSETOBDFL 4BbbuY S5 AFEH 4 o%?y%ﬁ his usually
preferred igrddert el i €8 oletbeiénfealiont&haitar | yHowdweemppere limt to

t he nunmber o iezoelecirifc or_electrosiricti teri r acked
one upoﬁzmﬁé?é%s?ggﬁgT E+f?¥%51?t5%%t§%eﬁgék%g gg %é%%%%%%g%giﬁagécﬁﬁg
manner t hatp thsp beetment - genet et tngstnkahivhanbhgraadespyed shi tkivess are

obtai nable 1, I8 noled: 108! o B LOVPET RICPRCZABLACIEYCoBh BLeGhERBhERCLI Ve
mat eri al Iaﬁ%r i s usuarly prOV|%ed on the outernost el ectrode |ayer. 25
Al t hough noiti4|lesw reaebdage heasdspenshendsivang, ypildede 6a% P& JGMEEEE with

an interconpecti 0o DAL t@F {04 F6ivhpg athenaet uakar withnd aingle layer
i nterconnecting pattern to be con etic_transducer

Pecied to.the electrgnagg

el ement01 aStrERESEF ontRAYABRUNTHRL s BRARFORM 32 HEy C8PEH bE BF 0FFded on 30
its surfacepadhe anberdl drgat ng THe afijrKreegead whe epi)celadtmicignal
processing 1Cis nmounted.on t ensi,an, : Lt . ks~ther ssihlestomgeduce
the length O E?Eﬁo?%fﬁ?g%%%é% ?%%ygga??ggg %%oﬁ?%hgggﬁggggénggﬁefécm ¥
transducer leéedenerninefiedesenfahgppoc¥ssings| condatipas EHENsAFnal

frequency cap: be, 35 gade hi obngUechaidcdeargase bl ENdughiyencapmonents.
While the present”inventton is suitable f ases whe

Or G re the actuator of
the il Gst raerereatiehal 288 Geear 8L SakLeFatiey tH?‘ge\’]‘ﬁ’ae@ttg%Jchﬂfrh%?St he
present inveatippubRY @hSeobgbusedsof pn tasasusheyepvafieousdathuabers
havi ng assgggégtfééug%”Eﬁé invention. Similarly, the upper limit to

the number of piezoelectric or electrostrictive material
layers stacked one upon another is not critical, and so may

20 be determined in such a manner that displacement-generating
means having a desired thickness are obtainable. It 1is
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,



enpl oyi ng pi ezoel ectric elenents, and actuators making use of

el ectrostatic force, and el ectromagnetic force are used. 5 The suspension 3
is generally forned of a resilient netal nmaterial such as stainless steel.
On the other hand, the interconnecting“ﬁéﬁtern has a structure wherein
conductor wires are covered with a resin. No special Ilimtation is inposed
on howto formthe interconnecting 10 pattern having such a structure;
however, it is preferable to make use of a process wherein an insulating
resin filmil$ iformeerstocke thalf b€ O esea ts dsyyandiiom aahd BT driuesed

wire is formed enskhehesknvhiiBubohl-ewadoly HakMindg sarekaly Jtesidtfdddn
thereon as a protective film and a process 15ngnere|n an i nterconnecting
fi1m havi ng SEPASVERPaParZostPGEtdfe SEEMEFTSI NG PSud R3OS SH M R%nF s
conduct or wolfe ﬁlie%tli@ﬁ@%(ﬁibo fidte es uspensiler tFomagnictd aregietd adeadked.
supportinhg mechapism havi ng.such .constructi,on_a ntioned ahque, .spaces
are prov?ded bet n 5928 °H ngiveﬁﬁ gfgﬁfgéﬁﬁgfﬁggp%%ggsfigﬁgﬁﬁ§e§§bording
to the presertalnweneirdal Fhehmeansthonlpsevisdieed .subh tpaceshes hhadei n

referred 10c83 N IRAGRLLANMNGIRANS nHle MARANGur PSRN el atl i vely

di spl aci ng head constituents ahereln understood to refer to, for
i nstance, bEPREESR tLOKe WiE g IB& 225 oFareofvitthe aadtafdtor NRdSPRE18dspensi on,

bet ween the 1npMabkeonsiike igbola &l WOt Abrirha s | defer sdtthdetwaen the
slider _and the suspension. P&gferably in thgﬁ resent .i nventio friction

a
reduci nj¥ me&AsFerne havang, A PEUCIRG SreBRYCVRAvi Ad 4 SsPF&ESFAH S ni ng
function is tpr makeedsien oft d gasices30 wire edin tdre iaforlesaint spacies fiokm tie

f ti ' t tact j ts.
e movabl e it BooP i FE aeEArEr (oq Rorbn e Uhderetoot 1o P 10 a

site that diwdpleades foatmad val yha wiesinedpdet fiod lomest Myedwoing ianemmer
Referring backito kg t3eridn BRe Myakleetsiie Aiith resPech AR dhe

suspension 3_1s .defined by the displacenent- e:neratlr&gcyl ans 41, and the

movabl el par WhgxeiRg&n 1nHeE SREVENte S e W R VRESp e nﬁfé’etrhe slider 2
i s defined Ryriueeudiesploageieinggenehat rgsimafs 1mdhndard comeuditoed wiaret 43.

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
"betweeﬂ 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



Then, exenplary constructions of the space-form ng neans and
friction-reduci ng neans are explained. 5 In the first enbodi nent of the
invention, an electrode provided between the surface of the actuator and
the surface of the suspension and/or anl®tectrode provided between the
surface of the actuator and the surface of the slider are used as the

af oresai d space-form ng neans. This enbodi nent 10 is explained with
reference to Figs. 1A, 1B, 1C and 1D. Referring to Fig. 1A an el ectrode
10 i s | ocatedebel iden. 2t he defifedebpftha Aisphtoemeanbnaendeabing aveand a
suspensi on e r 19.is | ocated between the surface of the
actuator 4 g%dmgﬁé gﬁ? gggg%fﬁgfglgéer 2, so that they can 15 be used as
the space-forn n§haRansXemPIATY BEOR$ e bt @3S 20F f Fiign $RRFE of orming

friction- reﬂ@&h@@aﬂ@aﬂﬁlgti@ﬁaigaueﬂngh@e&@@@@ﬁe shownined Fi g. 1A
Referring to Fig. e electrode 10 Iogated between the su

g face
actuator 4 and th@ Eh%p hEF bn=BPP l%%ﬁ% o-0p OFVEIY R Al %J%ﬁ:?%
group whlchp£0ﬁpﬁe6ebeawéennthalsueEecéroﬂethéoactnstancendsébeFSgrth& for
connecti ng 29 eELUgLoE=0Li XL g, PLET SONDPSLLPIARALLSY Maa OBt ez trface of
t he suspension Tectro ayer in the actuator 4, termna

el ectrode faurﬁakengfatbgnnebuabﬂrbéﬂdeéheaﬁUQSaFﬁt@ﬁcéhﬁeéﬂiﬁ@rp®¥?ern
(usual I'y fopged 88 the sekiacg:qf sphbe- §H§ﬁ§ﬂ§'1@8a§sa| tmwaexﬂwdlm\w)

connected to an el ectromagnetic transducer  ele ﬁ fn in erconnect|ng
patterﬁfkno%ssﬁﬁﬁh?lﬂéénﬂa Bnreherenreate Bi9fhe %ct Bt otC 4an On the
ot her hand, Réb@r?hﬁ@tt@dEléO imcanpdebetweeac300t he suchaecé bétvtvéenacheator

4 and the surface of .the slide 2 A SR i.ded onpect

i nt er connectth aﬁﬁt?érﬁnf8fhﬁa£°5n tﬁ@gsgﬁﬁaégrgg %he@agtuagg?nﬁl?n

t er mi nal eIﬁhnledenoéletheoééet@rmﬁagneatedtbahwaanethelénﬁﬁﬁcproﬁléba on
the slider ZochOcbbig Legatfle LbreScDobeda!Batabhes!idetndei thedSean

el ectrically 1nsulated ron1the electro by neans of a insulting film
or the 15 kebel nsefli ssefbedrrBAL fptfmrusLGa&\ééﬁﬁablFel%a]tBtWel%Sda@eteSfc?rm ng
nmeans are 0?&@innﬁériayotOEmaglomkEdhbengem@ah@ds tetated hiskoessspaessi nal

el ectrodes 13A 13B 13C (see Fig. 1C) on the surface of the suspension 3
and t erm nafhown in’ Fig. 1A.

Referring to Fig. 1B, the electrode 10 located between

t he

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 1nterconnect1ng 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 patterﬁ formed
on the surface of the actuator 4 to a terminal electrode of
the electromagnetic transducer element 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.



5 el ectrodes 14A, 14B, 14C (see Fig. ID) on the surface of the actuator 4.
Al ternativel'y, the space-formng neans may be obtained in the formof an
assenbl'y wherein other conductive nenbers are sandw ched as el ectrodes
between term nal electrode pairs. No patbrcular limtation is inposed on
how 10 to formthe el ectrodes to be used as the space-fornng neans.
However, it is preferable to make use of processes enabling thick netal
films to be formed with hi gh di nensional accuracy, for instance, a plasna
spray process orIa sbieermbpdimentg ptodessaccpatilyepsbatiséhehepearect rodes

are often 1§o£ﬁ9ﬁgrﬁgaﬁlg Qgets %E%'é%ehhw GGy wtm %Ie elegtiredes, and

partly because t ectro ave to bé forned MAt di nensi ona
(t hi ckness) tagelr beyckseas. t sekwépathelestrPeess 1éf tﬁéBheéaccéﬁgFth%nts

with the el ggy rQHGthn suelrase eantaed FiRlRHsarn thenet ecsubskantial ly
parallel_wth e t her

d f,.th
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el ectrodes 1 ween 't he actua or a sudspension 3 bet ween t he
actuator 4 meubehe skiedepndwichedceisoRlesdyOs§ MEASeD, t@é@ﬁnﬁﬁ a film

form are Qﬁ.@g\ftgsge' Ba&b}gse ﬁ@aﬁéﬁtlémabl mﬁitaag&ﬁrem,nw@sed on how
friction-reducing neans are | ocated._ on f%d%ﬁgte 30 surfaces of the
ust%f

rel ativdy HPsﬁPé@l ﬁ&ehé’é&céé‘ﬁﬁeist GFents ISPACETERST NG BEEREh
other. The gklaggenent SROWrefidtable t2Bmae the QﬁhQWdﬁﬁyieSIQDEhﬂl&@nE as

the Fig. 2A an th th tlon a sli S

posi ti oned BHlF% mgFg@ %ﬁw%ﬁetSCESa? QE% lgghdl?3g§% 3%bod|nent of
the inventiancuekegtrifor wmseanpeovad@dab@amegmaVepappeéEyodl§pEa€ﬁﬁg head
ConSt'tuent r%ﬁglﬂgnggéeg @fQQQ§a%Qc%B§%et%%r@1@Qt@%@%§ aré6o¥ﬁb§

enbodi nent TS now ai ne r éf erence to g%% 3B, Fig. 3C
and Fi g5 3Drepeisefi k§ ©6 P'-lhg-Cki?K then i 9ENEHh &g la te[ Todss i he
surface of gngupperRIOBec3auks FREE iR c@frodRs hiafkC@andet fognkdl mibavi ng a

structure 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. 22, 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 slider 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.



5 wherein conductors are covered with a resin |layer. A part of the
conductors is uncovered to formterminal electrodes 13A, 13B, 13C for
connection to the actuator. Fig. 3B shows an actuator 4 bonded to the
suspension 3 illustrated in Fig. 3A Flé6'30 is a sectional viewtaken
along the CGCline in 10 Fig. 3B, and Fig. 3D is a sectional view taken
along the DD line in Fig. 3B. Regarding Figs. 3C and 3D, it is noted
that only cut sections are shown;, nothing is shown in the depth direction.
As shown i nTHig. eacodamﬁh%edsp@pw gxrdfinies atitthat@ieren® it duitleBnt o

the intercopigct bRy RAlenk andAFiGAN 0L ReeR ihAm FogridD 3@n Bhe ot her
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this arrang&menth €9 uFﬁ|9§sp8§§| EIOV$§ ﬁflskn Fe “fivdi sttﬂybeerd d sBFﬁ errents
of the di splofceamentcongamenats g neats/eted 4k farn heearirengeseatt rodes
Ltustrated, 53 bl haemeel, Ihpliandreducing. mrans, i s piovi dad diy.she

25 space for rred by the space-formng neans. Alternatively,
i nter connectainn@%altatt@rrn 4 Hems@oh ot hrdres HusRaRsgfon e 1 ééksd’éta&re% W % -he

rFqU|red thP@Kne?§%”aYCb€sU§eQe@§15h§l $ﬂéﬁetﬁgéﬁlagoﬂ§aﬂﬁe §LCLU1ne in

al ternatively, er.connecting patterns fornmed o esur

suspenst 9n f)égan By h@”giUIFflgce % A B el e atgrb%g% D
form ng rrearlsineV\Vitrﬂ e.*:rgef enaencaegarﬁéng Fade .odCy ahd 3e 1$pacse riveteagten t he

act uat or %ht he Sli | %@_ctlons; abl%n%%r %ooqloté}ﬁ r%}g taq;; t he

actuator an formed by usi an I'n erconnec ing 35
pattern or mtélrdsrb@rtrx@dl on the surface of the actuator and/or on the

surface of the shiddehounl Ll trihe il 1l nhodidmnt of dhedaventiane: «

bondi ng nenbers provi bet ween rel atively displ aci n%:b constituents
are useddas Eh@oRCRESRE ShscdMEHRMGFSFEITY Paffis e odlp‘ﬁeﬁf"n Snow
expl ai ned widdenr efr@nerGe .t 3N @n 4£hd Fefer maglt diglackndrere is a

bondi ng nen%%%era.lgﬁf%%a%ge4l 41 displacing relatively with respect

to the suspension 3 are spaced 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-
éenerating»means 41, 41. In the arrangement illustrated,
film form of friétion—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 tﬁe 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.



surface of an actuator 4 and the surface of a suspension 3 while there is
a bondi ng neénber 6 between the surface of the actuator 4 and the surface
of a slider 2. These bonding nenbers 6 are provided to bond the head
constituents of a 10 magneti c head togef%@?. In this enbodi ment of the

i nvention, however, the bonding nenbers 6 are formed with the required

t hi ckness, whereby they can be used as the space-formng neans. In the
illustrated enbodinment, a filmformof friction-reducing neans 8 is
provided in the &patbedéhinddenbogymene gpathef sRWEAGHL ARan30ndHeS bondi ng

nmenber may HgmbEQE”EgobXdEQaEEBQe@anQQEBQV@Q?n&iQﬁlééiﬁgaﬁéa@ne surface of
two head constituyents to be bonded to eth%k’ln ggc a mapner, that it has
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i nstance, ifuafiaadhefi we kayertwict B anfatdef shképcedpSpar sedreheiennli s

used as a bgg ﬁegtﬂsgelegﬁeahs?gai@ggPﬂel%éege@b@étv@@éhta@@ have, & upt for

thickness wthinits p . hus possi bl.e to make the bondi ng nenber
thin to theacheaessatyarfnthinfrefere Pf psSaFd8r possithisEa EREERS he

suLfaceS_orPéhgebg?? ﬁ@@spﬁbueaﬁa ﬂbtboh$ﬁph@ngéa§ Bﬁﬂbeiﬁu%?tQCBfthretO
substantja ara th e ot her. is n turn es an _,

el ectro]négn%‘ g ef?ﬁngﬁﬁ\gle?:og?gﬁ@ﬁt r1]ﬁf o hhR ¢ Cfée]d“ea{httd Qpﬁ'e{}?ﬁed”b‘ﬂﬁrftﬁeon'
actuat or 4 howavpkanehesbbatianti akhjpepar &l bek fBoithetihel shir flaeerefuared sk
nmedium In fi d 0 erhodi agn t i.av i it is
not ed t hat Fﬁgggﬁ% géelgﬁg%.e%gnfggg ggntﬁg ﬁ_éeg% %% g%%s%ﬁ?%%n]?g}%\nt t he
space- f or m ngangansizhole di bheseratry emeodimmitantd iy F&ea ©€1 with each

other. -18 kpitheshovehicenRodiaBat goist Poi DAt LANEh@ SHEPe Odlef SHERS
formed on the surface of the actuator and/or, on.the syrface of the slider
are usetP asP¥hihgr §PeSsr doEPARE- MEEPRI ngl He I smeé#b%‘ai“}f’é’ntbe? s now

expl ai ned wfbbmbdr bf,eceaeéngoaFbgadibd apdnbBonRefeleany dve Fesgridbde afstep

Is providedt%g %ggduggggtigﬁgﬁgg 9% ! %SEH%EOEo§e§Be£h§£ 8uch a manner

that it has the required thickness upon bonding or sticking
a bonding sheet thereto. It is noted, however, that the

20 bonding 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 wiEh 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 thé 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.



fixed part 43 can be upwardly extended to forma space between the
actuator 4 and a suspension 3. Likewi se, a step is provided on the |ower
surface of the actuator 4 so that a 10 novabl e part 44 can be downwardly
extended to forma space between the actifator 4 and a slider 2. In the
illustrated enbodinent, friction-reducing neans 8, each in a filmform
are provided in the spaces forned by the space-form ng neans. On the ot her
hand, Fig. 5B is the sane as Fig. 5A with the 15 exception that, instead of
provi di ng a step Ion thfe foudh ehddiceerst ofn E& darvent4ora §& 65 SPs Ofr ovi ded

on the upperg, i fraceedf o HHdurZkse tdRateie paftuiford RidRREors WHace
can be upwardly extended to forma s%)ace etween the actuator 4 and the

slider 2. WS Taee Slepgift RARRE AFg Hese Oasactﬁifat OTTSEIT FBHECST is thus
possi bl e to ARHIGR; rliamRNsi ghdk embodsmentt he apacespaadnedr @ishin

assenbling. In the fourth enbaqd| nen the d nventiqn, _t.go, -hoth osite
surfacesgof AHELRSF %c?ns‘%iqsh'eqn{% asrh%u%' préafférarﬁlng 2 efd bstsg’ht FaF?‘%B
paral l el wi tis gaclvicidteran 2S¢ nupher psestarte | of et | artuater of gresdiar fa r st
to fourth eBag) MERls S e s Qb FOLAAA Ao (MBPTa R FOT

i nstance, theé neans for formng the s etween the actuator and the
suspensi on mREWsendi fieraiiud Fom 4 RNGEa i SHES B i nglt heWspaced bt fReen
the actuat or; ad-dvigiesd idderehS0Ldwet heupFasend £ | tvenid B tdhel sgpacshdtoran ng

h of th i t uat d_slider. shoul d ferably b
ocat edh 8y mRARL (525 T roibaie FOVEHE S LEnTRr RS Wheh ot el

with the di nreawesn afhexdensitoor dfandiea suisipbnsizon. IRochensianeerathé

term nal el ectrogdes 35 ] 2 QQ% ig. t:he 3ctl
el ectrodes fﬁ“kfo linfé?t’l s t(])lv\(% |Iglegfﬁc;l éaér%ldg:ti%'e elja%therlglor?tng::lgn{r}glogglt't ern
5 shown inafiqgp@Nigled aln the stracey nfaife@ HY VIR t9PaGesfedMingD fNeRhshe

center axis Jar dé et hAde digctimn of iextengd ods ©fg !t hea sesension 3
(the horizontal di

rection on. the drawin er), Such s tric
ar r angehent xtemiilay Fhafe FIBHIGaY Shiriey Hiihe ST e ¥9%ad on
the head, andidfEYOVEE S hecstabitity efstde actprbdotdediide theispplerven.
In the pr esesr&rgancveencgé Oa{]’si{dé1§ frseg et—[k%é & t&aét tcﬁe the upper surface
can be upwardly extended to form a space between 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 14a,
14B, 14C shown in Fig. 1C and the interconnecting pattern 5
shown in Fig. 3A are all located symmetrically with respect



space-form ng neans are nmade up of three or nore units and at |east three
units, of said three or nore units are not linearly arranged, as typica[ly
illustrated in Fig. 1B. The 10 term nal electrodes 13A, 13B and 13Cin Fig.
1B are the aforesaid units, which are néf- linearly arranged. By arranging
at least three units in this way, constant spaces can easily be maintained
bet ween the actuator and other head constituents. This in turn enables the
slider to be easily 15 rolled and pitched by the actuator 4 in a plane
substanti al ty pheatéetew &rishpasallasewdtha titiesklimedition oifn exitensiosent

| nvention, Petﬁézsugﬁeﬁgﬁ ﬁp§c?§h8rQﬁkgggn@%HWQQBeE@ﬁoﬂe%g Q@ﬂ§tﬁ&ﬁﬂﬂ&ﬁ
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to cone in 25 comhachemptbseach1nvbat1whhIetth@ acefatreblies tdeitvdie On t he
other hand, tOge\l\%ggm%ggcggahgcg(:eagahgchﬁa%% ifhAhe o RiekNess: of ddee

magneti c healaa rease in the rigidity thereof. The thickness of
the frictioatrédastnghneansnity bé S@@ddébéﬁﬁlﬁ@dnﬂéﬁbhﬂﬂﬁ@ @< €Y engt h

of the 5paCF§n859Y}/d§graQ§Eﬁeeast hephead 1gonstiduenttsd iin My bep. The
substantially equa i.f, the ess of .t he

to that wever hi ¢
frictiorf réGH@Fﬁ@lnﬁéﬁ§tF§dP§sgﬁﬁctEgBdéﬁgn&PﬁbJﬁhE; BT a’f s  used
for the frléEbQ@sé@dughmgsneahﬁcandrbOWOtolh@mmmﬂweaiianQi|oByredUC|ng

means, it is_then.preferable.t h a t
associ ati on®W £H9 fﬁ Elg ﬁgng%E %tﬁgliglg 5ﬁﬂgégm%ﬁng§%§£nH%H%?ékes
friction-redani rgshégnbepmevntednied bleswers éé@ RC s A A exiiad ned

in further gsaétktughtépaC@ﬁlér§npegyhd@gaggb@egaeh%aqa@@n%blmue@b%ﬁxy
ment i oned above h ossi ble to prevent, the 5 constituents

from cob ngTPhledneagat Pwtt:ﬁeéa@h’ StiFerrGret Horddi® & R However, if the
spaces are pug¥idedibetyeglrallel 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 therecf, 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 um and 50 pm, 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 actuator 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 thaf 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.



the head constituents, it is likely that the head constituents deflect or
collide with each other due to external forces applied on a head or the
whol e of a magnetic 10 di sk system Upon_deflection of the head
constituents, the displacenent capab|I|%9 of an actuator may be inpaired
or the fIying anount of a slider may becone inaccurate. Wen the head
constituents collide with each other, on the other hand, they may possibly
break down or the displacenent 15 capablllty of the actuator nay be

i mpai r ed. FbmeveThelfrlﬁtﬂ@DreﬁdﬁeéG@|m@aﬁéaﬁ§oﬁﬁée§re9|@b@ abopragedt
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spaces. HOWENE! nehli tRscLELELLAN &%dug'@quggnéhaEetﬂéeﬁeaastead of these

spacers, én unnecessary to renove acers during fabrication,
resul ting i acastétuentendefilers punser lafespdss eéﬁh aRhPRCcFBEsECI n

fabricationgyiglfda1MpbecaReshbhb cak! }zSn 30nwhancrhenbeadols assgnbhgdectbe
positioning _of the actuator 1n jts Ight direction can be so facilitated

t hat ccﬂrﬁroiﬂlsbeYﬁéeg‘pacha‘?ﬁf ?%’r‘? 195 et TP T Hexd the

constltuentalepmabemea8|bﬁpgaum&dy bfi theaptesent mayebE|mmpaarbdbprcant, a

film conpos nanl ancorg i erial,

or a protuggﬁaggelggte PHB roé1§?&§east % 8éc$& %&9%&%%% constltuents
wi th a spacehkeobetddcbhetébuensencedyibe wish ea§htﬁéhﬁrvcﬁnoﬁh?eéﬁbﬁﬁg
means. lnc'ﬁgﬁhalkﬁeyuahyego§5§5§%a8§ggﬁtdB@n ér8§ﬁe88§sp@h§€héﬁes at

fourth colum, second arag l.iant s ear er (prgferably
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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

25 insertion of spacers in the spaces. However, if the
friction-reducing means are 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



relative | ateral notion between both, and that a lubricant (a common disk
| ubricant) is provided to reduce wear and 10 debris caused by relative
movenment of both. The nylar filmset forth in the aforesaid publication is
bonded to both relatively displacing hedd constituents (the slider support
beam and the slider), and so shear force occurs in the nylar filmin
association with the relative 15 displacenent of both head constituents.

The nylar film because of being not a rigi neq?er, def | ect.s upon.recei pt
of the sheapn$oieentThiwith @oﬁ%@ﬂ%rje‘EF?‘be%etr FERFURTR 2T of° Bt ween

the head copstiiueptstibaue¥encing mehnator of a magnetic head has a high
operating (response) frequency 20 during tr i ng.Red i | such as
nylar filmare I%eH ?%F?§f¥es§n§5§ge%Y?%?% ]?%é(%{eyfglNeA;t i%o’%gﬁ'—‘ogp%t his reason,
when the resikp1bsbs b Sandwhcheliubet weenonddodoraebh otlbdt 2 head
constituents here i possibil] i £ifigd raael |
T s A T W gy

fol | ow? he“d 5 constituents, resulting in an
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resin f'ln%rokngbgskygxﬂﬁet@%rﬁih@rafbbﬂti§fthﬁé thependispl asepentit
capabi lity s 11 6|ﬁ to be affected by envjro nentalt tgngefggyrgagganges
because t heelatl¥gi ﬁF?F91i§O§éﬁ8r§FF§ee§0 a&ﬁenaﬁ t B ténperature. Even
when a comgn .dinskn! HREkCaNbrisansedibnpreaddedl toheedytarweéstnandt s

i npossi bl e to prevent ol lision_bet n_he tituents due to

ext er ngl fé??é?slﬁa95§a7§V §ﬁ§ﬁgﬁyﬁoPO§§§3?Qtﬁg %gggént i nvention, uses 35
as the frictionThedngilag Weanssatl doritbant €bAt aEAFAFRAS BBPLUCPhFPPcl e

having a pactisle dl aueleq subabantiall uispauakngonthe bengthrointhe space.
or the sofid particle, - particles us%b e

havi ng hi gh theulseiideri KYPPRSEePEPds 28tc §ssé?§5%??ggégr%%E%Eéggagggge
mol ybdenumygicsulsf i de thar tiyalzes fane phekesoedatabhewisbl tdepaelptive such as
Buen |56 { nF Spaeg oo oo e s AR he 56 nat 20 Y LR the hove wher o
head constddagRrtes oo iimy aarnt actriwich reabkrot Heklerk sad@icni sFceipt
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) frequency
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 gubstantially
equal to the length of the space. For the solid particle,



to these inorganic particles, it is acceptable to use organic particles
conposed of ‘resins such as fluorine base 10 polyners. To keep the length of
spaces between the head constituents cogitant and reduce friction with
respect to the head constituents, the S6I“id particles should preferably
have a substantially spherical shape and a uniformparticle dianeter. 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
constit uent sarhbakeer uspblpsapr af 6PabPe WHTrdsens PHBr FEXACWPER S0l i d
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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 liquid. For the semi-

20 solid or liquid, it is preferable to use a semi-solid or
liquid that is in itself a lubricant, i.e., a semi-solid 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 solid particles; it is not required to
have lubricating properties.

30 For the semi-solid lubricant, for instance, grease may
be used. For the liquid lubricant, for instance, fluorine
base oils 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



In the present invention, on the other hand, the filmused as the
friction-reducing neans is either fixed to only one 10 of two head
constituents with a space | ocated between them or unfixed to any of two
head constituents with a space |ocated-Ztween them Even when an actuator
has a high operating (response) frequency during tracking, it is thus

unli kely that the displacenent capability of the actuator is 15 inpaired.
The filmused as the friction-reducing neans in the invention conprises an
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low-friction fi |xe to on one of head constituents Is used as

t he frlct|0h0¢®©%@|hgtW%9%sthﬁﬁ garan cihelr a1 RIHAEF 1P HIadEEdn whi ch
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an el eaty odempaitedn is first stacked on a | arge-area piezoelectric
substrate. This ?ﬁgpfilm 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 technigques 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.



of stacking the electrode pattern on the piezoelectric 10 substrate is
repeated to obtain preforns including a nmultiplicity of actuator patterns.
Then, each preformis cut by a cutter or divided by punching out it by
bromjng particles thereto to obtain a mAftiplicity of actuators in one
operation. If, in such a fabrication process, the low 15 friction filmis
formed on a main surface of at |east one of the preforns prior to the
cutting or punching-out of the preform it is then possible to mnimze an
i ncrease in the Wasputheoflowatfegd cgdent §idhe fpredi SPoANSY PRE PEWLFPI cti on
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filmform ng farea BHhPLIURN Lalss R pam@rhn%&t the thezdiesplagerent of the
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any of tworhgad padnrstoy l:tﬁintaS:ﬂMatdbrap&p:a:(ée‘rﬂsOCaThdnbeéa\Elenpthémm it is

preferable to nsert an ndepe enty I fricti Sy posite
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sandwi ched b%% orm}t¥%nis 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 carrxry 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-friction film on the main surface of the preform,
foliowed by removal of a part thereof. When the slider or
suspension is bonded to the side of the actuator, on the
other hand,vit 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. With 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



and cone in contact with a suspension and a slide, 10 respectively, in a
state where'the magnetic head supporting nechanismis assenbled. It is
acceptable to coat the lubricant on the surface of the lowfriction film
it is acceptable to provide the |owfrirébron filmin a part of the space
and fill the 15 lubricant in a region with no lowfriction film provided
thereon. For this lubricant, it is preferable to use the sem-solid or
liquid lubricant; however, it is acceptable to use the aforesaid solid
parti cl e- carrtaedmgopmibs i tanheadPrefistabhenter. thEgloaAféhc&éoanfilrn

conposed ' 0,an o] t S | i ke _carbon (
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of ten ref emieasthdro 95 o dsEafboagthin filmor the like. For instance, the
di anond-|i ke car on -26 thin filn1|s dlscloseg #n JP-A 11-278990. The DLC
shows a broad (15550 $9° P58 ek Q) CRAmhPEbiBPpLFBRTpERK ERE FUBEACecm 1,
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semi-solid or liguid lubricant; however, it is acceptable to
use the aforesaid 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
polytetrafluorcethylene 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



conponents and in which carbon-carbon sp3 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 film my contain at
| east one of various elements such as SF8-N, 0 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 polynmer filmfoxed to only one of the head
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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.

Reférence is now made to 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 friction-reducing means.

One exemplary construction 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 oppoéite to a suspension 335 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



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 nmeans can be extrenely reduced in
terms of their areas of contact with thé/suspension 3 and slider 2, so
that when no substantial load is applied between these 15 head constituents
and the protuberances, friction can be extrenely reduced. Referring here
to the nunber of protuberances functioning as the friction-reduci ng neans,
at | east omserpeoeubér sheemgtiobld peetehdbl yhbehpeovided foroppashtsphce.
The | esser tf{g prokubesances, the smaller the 20 friction becomes. As the
nunber of protuberances increases, on the other hand, it is possible to
reduce | oad for BAchhepRoPHBEFAREBNCEBcatRE PHRAHEPPFIERE A4S By chIPi si on

can then beudtspehnsed. tAkt Beugbibheredising mMppes. | ioH teie ddeer Marwer of
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i nposed on the size of the protuberance. \Wen the e he prot uberance
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the protubeerpgembupctb@itsg. aRd ferrisRaceAords nhaeambshefl d preferably

be at leaStpggESgeLanes 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 upperilimit to the
number of protuberances, it 1s usually preferable to use

25 five protuberances or less. The protuberance functioning as
the friction-reducing means may have a flat end. However,
it is preferable that a portion of the protuberance 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

order of 30 to 100 um for instance.



10 all. The provision of three or nore protuberances in all nakes it easy
to keep the surfaces of opposite head constituents parallel with each
other. 'If three protuberances or nore are present on the | ower surface of
the actuator 4 as illustrated, the actuat®r 4 can then be 15 easily
positioned with respect to a jlg when the jig is used to bond the
suspension 3 to the actuator 4, because the actuator 4 is nounted
horizontal with respect to the jig. The protuberances functioning as the
friction-reduci nf veansanddfihéepr dsubespacesdf uncthenadbeasvehdayer
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condi tions m@®u©@n@emean$n@dddéb@nﬁrﬁgubﬁr@h@e pupstéanipgoperthes of the

gl ass powdeéﬁa&éﬁﬁor£?§59ﬁ39h¥ shBQmGV§feféP§b99a@éngtshggéé beréberial |y
treated at a _tenperature of the order of 500 to 800*C, and espeC|aIIy 600

35 to #60* @lh- t HEiREOWG ik 19 uFRY SR i (BRT P T L YhiodtEHnt
”Héerla|l;Smaﬁéﬁdlioéaéﬁet@rQégbGEEECESrfhﬁéégaFlGpﬂﬂbetéahsaae.g.t DLC -29
and netal) other.than gl ass erials as _resins (e.g.,

f1 uorine ba%%n%5+§ﬂ%?§? hay g ls g% TH&® ?ébu erZﬁ%gélforned of these
mat eri al s npyobebéovanedsbyr nhia- arbnpteehntqgesthglhgwarnagkféﬁeseﬁeen
printing. ScALiscoabiyely. aEh?lPﬁ$£FQ?%Q”CEhQBXCQQaEBPSErHﬁﬁeghen pt 2

pr ot uber ancé y and a coverin covering Z... vicipity of the
end of 1Bhe %@@yIYIPP$thO%§§erF@ respackepPaBl &19 0WROR Nt PP ol thet Bingeed

bodi es of gt@sgoRd the biukgensabf thep trenatewatsichi opethlise sHeh as
fluorine baggtuator 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 below 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 to 700°C in the air.
No particular limitation is imposed on what material is

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



10 polynmer filnms or DLC filns on the protuberance bodies in such a manner
that ‘at | east the vicinities of the ends of the bodies are covered
therewith. Al though the protuberances are formed on the actuator in the
illustrated embodiment, it is understood2®hat they 15 may also be forned
on ot her head constituent In this regard, it is noted that if a screen
printing process or the like is used to forma multiplicity of

prot uberances on at |east one of |arge-area actuator preforns in one
operation and mhealdi etdert hbancylassrapdedovgamiint vatedilwilduat:c20 as

actuators, §9g?n§0@é'gerapteothQUBagaltalyaptgyemsptggatgedthe@héch'evab'e

as in the case o foresaid Towfriction his reason, it is
pref er abl e PEOPRBOFaRCERefOpNEEUBEr BREECORAERELIAABUBAYr Lol formies kygard, an

act uat or rratstﬂgfym @écanpt;@éeeheghglg ﬂﬁ@t}erbal sb%e@ﬁebe&alehecby 25 reason
of its relat#vel eat,  resi stance, because.it can be tE |1y
rr

treated afte tEB%?Eﬂg?%ereBHemPFﬁta §FARSS BRAY BEalcopssteic e
pr ot uber ancerosupeosndedbodyt had sl cdeerihgr filist &nececomeriingpr-aferable to

nmake use of aClggg%tgFegﬁrpégge8?IEgr 5@ Hpurggs?hgg gggrtlgg any adver se

30 i nfl uencé oh omagneti ¢ transducer el enent tenperature
i ncreases. Fheephitkkaess 6prmherpruberonceckoding AfaddasiFoogkd e like,

det er m ned §Hahthaﬁtfgbﬁ tet]ctfk@etteﬁuetmﬂsneaeﬁ 6AMR 1B iGRNEAGe Wi th the
head constltuents while no |lo plied 35 on the slider; that is, the

ad is
t hi cknéds Eoéﬁ%gtaﬁtF%Fl9reaﬁglflﬂBStHQ FEﬁgPH°6PbFH€n§§a$§ Hﬁsl%Pthus
possi bl e toSﬁtherthanﬁey €rdti st ohehet wers eatncenski bienhs eppesofe to
each -30 ot %n h a s ace |l oc aé ghghereggtmeen and mninmze friction
i ncreases. 8%%8?f? IF?YeFﬁ PEEE’s reduci ng neans shoul d
preferably have althoeghesseoprogeherahtgsbanm fforb@d~om tdued asspedicad |y 10

0, 30 9M o ScALLIPNIBAEKKNGBLLInBNRL  TR! €] Bhals sUsed LABKCIglEy Too

thin friction uci ng nmeans na cult to obtain i cienf
nechanil®al Be¥Yen§th, Pandorngipessrbhgrbheal denftisigntal f LAcERSA due to

contact wi thegheqheat eensbibdeRhstOif @oBtaeknWokineash piBeessOd:t hte
ot her hand,ltgg Eglﬁged 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 plezoelectric material is preferable by
25 reason of its relatively high heat resistance, because it
can be thermally treated after cocated 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 thickhess 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



10 friction-reducing neans are likely to decrease in rigidity, resulting
in increased friction. However, this is not true of a DLCfilm Al so, too
thick friction-reducing nmeans are not preferable because of an increase in
magneti c head thickness. 15 If requi red;3%l ectrical conducti vi ty shoul d be
inparted to the friction-reducing nmeans. A slider is often electrically
charged due to friction with air, etc., because it floats at a very snall
hei ght over a nediumrotating at high speed. In sone cases, the slider is
el ectrical | YERT Harded HPagss Jassritat ttharahetstans),. ansemirtianisid der i s

el ectrical | yreharaad, i iy &l Qd r opRaRekbetirarsducer tglemrent. 1@ -an optical
nodul e may pOS(?I b.II%{%break down due to static. electricity. If the
friction-redRTHy HedMAMW (HBHSE TR 2RIBh RS B (R IHEESCe@Lt heret o are

arranged i n gamdral patd emn 25 %6 |ino, earablessé@talel Bt ctd y36 ouescape in

t he ordeg of i ---> gct Or 1= - - >~ pensi on_ b of . the friction-
r educi nggrreaanls?“l i sv?Welr{laggo@g}bl‘"éh%to nbar%E\L/&Zlnafe‘L any use%/de\(,:@?eors?fa% c bP&akdown
of the el ectoimadgiteidtcl ay-aresiciory reasrremakse ioptdicdiiawldulter d¥giarti cul ar

limtation i, B30 dHosebonWt & drdRfth eltd MaGal GNIHG iidy, (e
friction-reducjng nmeans., For_instance, when solid particle- containing

| ubri cants &% J&EHCHIRD U HDRIERRG MG thddhs heptamans igarantd & or
ot her bIoargi Cdcﬁﬁ:étﬁyimig:h e‘i‘ﬂfH rcitifl'fﬁr .COOElU]‘ZQ:h:eVioftYlei"hﬁ'elhd,E@o@sgﬂickt is also
possi 540 e use of., |owfrictionf.i oped with canductiyve

b enent £0 P & Sa i fieekieh 4 J LTSt AE RS 258 QrUEE o
conduct i ve mserlitallrgy 8 Lr0ir qdwedafforiegaiah spHowelerm npisednsnotherhendi ng
menbers 6 shawn, 'rchF'ﬁlbnftyaﬁidLsU,‘etBEOEHQSf(a@E‘%a;‘%gﬁ.-.‘?Bgué%ﬂg @ngg LPF g

7B, too, should prefera ave electrical conductivity o e ‘Sane
reasons as Mt iIiRfEGaRte Asspelsss Hefadt et sas o Mgl drdpred i ¢ heads
wher ei n t he tisitgiddy.e of the suspension is different fromthat explained

above. %e suspensi on enbodj ment shown .in Fig. 8 has a. structure
conpristig a susg§%§ﬁﬁﬁ“ﬁ' ,e%fﬁﬁqﬁﬁﬂc ctivity should be imparted
to the friction-reducing means. A slider is often

electrically charged due to friction 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 CSS (contact start stop). When the slider is
electrically charged, an electromagnetic transducer element
or an optigal 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—redubing
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.



10 (flexure) 3a nounted on a | eading end thereof, and a pivot 33 nounted on
the | eading 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
comes in contact with a filmformof friétion- reduci ng neans 8 provided on
a 15 novabl e part of an actuator 4. The actuator 4 is |ocated on the back
surface side of the slider 2, and so the pivot 33 applies an initial |oad
on the slider way of the friction-reducing means 8 and the aforesaid
nmovabl e part. Inognéhﬁeﬁf@ﬁﬁééﬂﬁeﬁpa§ﬁoﬁﬁrmmnglqea9$ ahhacbomfibng4 is 20

| ocated on gagbebdesobnadwsl hdekig, angng Ph¥o n th a
filmformof, friction- reXUC|n%oﬁéans " rov|br§§uﬁ@?ﬁﬁc% cﬁgguéﬁacew%f t he

slider 2. ITPPWRsiRefibYdi fnt | PheSBPyég B3efprabiyyhayel ¢rectinid¢al ti al

| oad on theoﬁaudetvﬂtyZSOkntmetsam@tb@&s@ﬁbodb”ﬁahtibﬁéﬂ §0sEl Gpodl, a
gi mbal gpart 3a ﬁéf&%@ §Ed with a rec form ng”a , profuberance

$S
3la protrudlng t owar d | +8eFCY, "aHg p@@gFegég Pgafpsu ?Eﬂl?nt@ﬁe
af oresai d r%@é@@tUﬂhlsfenbedsnEpEnssonoubedmﬁfersnn1fﬂ@mtﬁhahaéxﬁh@Mﬂedin
Fig. 9. In thiss30 enbodi ment, the protuberance 3la cones in contact with
friction-reducing neans 8 on the back surface of the slider 2, and
functions as a pPudtSUSPERSLANsCEPPEENaRE, Shewn sin ptsi b8 ehap Eprevent any

pl ane nlSa|$©m@@@&r@fc6ﬁ§rQSBB§|a @@éﬁeﬁ@i&%tﬁbé e 1 esyldifhat Ak pl ane
nlsallgﬁ { g Xthe 35 slider ﬁ can f grevente naklng any _track
m sal i gnment - 6FUER ef 2cPPOREGAePRc et FaASHDE ePRRI BRRREC nI?R@I? RHVekcur.

By the terhﬁ"mmmeedisaltgan&abalngednhebelMhbssﬂepahsaon380ayS@ibﬂanﬁnt

in the plang i onmof a i For st ance, this nment i s
i nduced by t f‘:ﬁfr at P‘P(%ln&r § g ﬁm spsgsn%si otnr}lrd)dqu hG $E8R99E %Iorjr% Pt her
enbodi nent %Ywmn) mranzgdeqllnatlgengamb@hrparts B |@<ﬁ)rmn€£tedlrwddmtaact

plurality af; ﬁec@em Mﬁﬁe@y Eprat G068
t oward sllher |vesﬂg.np€%@6@ﬁ{¥qrrl |n€gﬁnﬁgﬁt §g to apply

0
an ini fLSaI Iﬁ‘%‘éﬂolzef OPGPE% %%I gera gt“"r‘F\Pg &nbodigréfttyasd gt el d@Ssited an to
that shown tlre Park Surfaos dshfet of t bthe erbadt nENtawdes®i 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. In 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
friction-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 to occur. By

the term "plane misalignment" used herein is meant a



10 the protuberance 31b gives a push to a filmformof friction-reducing
means ‘8 provi ded 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- reducing means 8 fromthe emsodi ments of Figs. 8 to 11, too,
15 are included in the present invention, because the pivot 33 and the
protuberances 3la and 31b function as the friction- reducing neans.
Preferably in the enbodinents of Figs. 8 to 11, the filmform of
friction-reddsitddomeens drshida @ linofdiniaptiao of @ diediumecduse | oads are

appl i ed onl \ n@ft anlte , p@iilss nﬁrsailirgfrﬁffé@& afs GeRhRGEY &y the gxflz‘bk‘}fé%’{BrF egdeici ng
an

nmeans 8 wth, the E;vot 33 an t he praqtuberances 31a and slips

have to occlt*€at FRESS HL 158 §67F380s of contact. It is thus

particul arly preflar ablfexrtt@emseniho@iﬂimrtdmryatn igh 25 du apidddy Jd&
films asgthefric r%@ Qgﬁne§H®18 1t fﬁ in Figs. to 11 a space
i'S provi Yed Betiedh  THa gl 414 C} &9 2 el nsar t
of the glnﬁaprpépbegan?@ Bdbnpa0$teﬂgn@ttwmauﬁUersﬂd@@rthat Ahplv@£039sald

th e d-.3 rrbodrretof he
ot her spaceyfiQkli BILIBANS o EHQ g L) FH§€ 3a Qooggﬁgﬁia% I%ﬁ%; é

actuator is shown in Fig. 12A e actuator enb Shown
conprises atfr&hE FiREToR - f|?%HSp%m¥°@3m$@Fniﬁgoéheewnsedelmnéﬂe ob the

actuator, athaevahbenpaht F44.surronpdseahghtbhent Exedpbathed? and ET@
shaped spkg%e means 41 and_ 41 for 35 connecti ng tﬁ |xed

gener at |
and novabl e par fms:oiti - (11s ¥ SgEefgﬁéﬁes STRESHUES de fdHApE o8M fe actuator is
vertical w fhireépeetredtoipbaneanand peobtatidedabhy thgntRlki &umrhler @Fpect to

an axis -33 ry (a,.Z-ax i r h the center of the
novabl e par ttﬂ%méimghg agfuétgokﬁl)sss&%r%%v:% eéjédq#é% 61 &€ ol 1 ow
bot h di spl acehBAfLUgBRePREAAGSHeRSs raNoxATgl thet (fldomfroerm odr feliangatre at

t he sane tlﬁEdubhﬁgnﬁééﬁEGSpﬁfbm5tﬂé @ﬁﬁ@élﬁe59536¥ gg%bonsagguqq the,
afores%kg axi s of t he slide o t he novabl € part

44, too, nﬁﬁ@slﬁc}}i%g&lﬂo?%npr@eéﬁr é§1YIePt1t°ﬁ1e b@lcééltsteométﬂiv@t 33
transducer ehd@nthe pabEBbaranceel anzonhiit 316 gunt2Bons & Hhde AH QW iQfn-a

magnetic headsekhondsfs .
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 outside frame of the actuator, a
movable part 44 surrounded with the fixed part 43 and two L-
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



10 of this actuator. As shown therein, an actuator 4 is bonded to a ginbal
part 3a and a slider 2 with bonding nenbers 6, and the bonding nenbers 6
form space-form ng nmeans. A suspension i.§ substantially simlar in
structure to that shown in Fig. 8 with éﬁé exception that the ginbal part
3a 15 is not used as the space-formng neans. It is noted, however, that a
pi vot 33 provided at a | eading end of a suspension body 31 gives force to
the center of rotation of a vable part 44 to apply load thereto. In this

embodi ment , °t FEFES §yndasgb§9‘éﬁt| H2S5IOGr PTOMIEY (tEHe Isenkean ofhahsi vot 20
33 and the movablle part 44 .whhkethbeagcuuabor 1kSp@biva8d wIBHSvolbgge

Lhe.dr i vi ngoar Phe Scruacer 85 BésCARF PubirySPkRtaEa oV RPRE kbl BRAL An

the driving e actuator can
has been made @PpkrActeraned ongatiee at25hidDbamegeétiec haadmovabok wairte/ read

heads, i4 ig3qupdeEst aogotwgtmsta@oﬂrsf?@ﬁd'eﬂgnéfgpimd%@ be: appl i ed to

an optlcal di sk system_ A conventiona tical disk system s use of
an optical PYEREp ¥onpPrsSAg LR 5éﬂﬁ€élbﬁﬁ@@ﬂetPnéhadmﬁgabée beast 44,1 ens.

Thi s opticakopi ckeRekssaspodesignedibhat 220 4 hedans gap be nechanical ly
control |l ed 89.28..L0 be focu n_the iecordlng surface of_the opti cal

ed
di sk. In recent yearss ﬁSaErFPﬁgHC?ﬁcﬁ BPRYC hagkpReR PPk eEPhehi eve
ever - hi gher optlEaQ digR decerdiidg déasi bfes. mhgnéhis hé&@amﬂk1§§eus@|KKH

ELECTRAN CSoe UL Gclfialio. O01)endagccdfofy TH S0 dlel d L ocardipo,

nmakes use of a whi ch uses i Ke"a
flying typetonﬁgﬁémbélhﬁaﬁt Bai prdi A @hi@egl2dexthsbqnﬂxnn|membmm@uﬁe -34

conprising anheghephPehical heRsesal %e@oﬁmsgtheLM§h&%e£§QS of SIL, a
magneti c fleld nodul at i on recordlng%c0| ocusing [ens. Anot her

flyi ng head“foPSRBAPTT {81 GUPFERBFURhEY i §lla%%%¥oélédSFﬁu®hv¥@dt@t ghet Pat ent
No. 5,497, 388owH Wthlblgaewltlect)hdlagcdpﬂﬁcbﬁlﬁ‘@at su@@ @iyl Nghheath too,

i s ingreasing r h i gher.trackin C|5|on as. in the case
of a Fgffnai%e%¥g 5 SghEBe ?ﬁgcﬁlg 5MHY K F%%g b adt diioidi s al so

ef fective f}é@w?%%rfl’yhﬂg aeptlvot AT opxeniiiegd aheaplmmglem@mfoan may al so

be applied $@spension body 31 gives force to the center of rotation of
a movable part 44 to apply load 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
on the recording surface of the optical disk. In recent
years, near field recording has been proposed to achieve
ever-higher optical disk recording densities. 1In this
regard, see "NIKKEI ELECTRONICS", 1997.6.16 (No. 69i), 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 module



10 such a wite/read head (optical head) for optical recording nedia. Mre
generally, the optical head to which the present invention can be applied
conprises a slider simlar to that in thg aforesaid nmagnetic head, with an
optical nodule built 15 therein, or a sli d%r which is in itself constructed
of an optical nodule. The optical rmdul e conprises at least a lens, if
required, with a [ens actuator and a rragnetic field generating coi |

i ncorporated_therein. a t| cal nst a i ncludes not
only a flyi ng PRt e %é}?mﬁ Zﬁ i “r?g]‘o]seiftt? §§’ HERESOREd | ust
above but al Jsenanoro@mcaeh ﬂmmletmer’el@lca sddudlest icn siedia:bheugnrbdﬂe sHd ace
of a recor c cgotac pe

opti cal hea? rk%)é%av&egga%é ef'(?lesns un Zﬁ&?%ﬁdl%ng%’% %‘%88 ngen er%lfaﬁié pr esent

i nvention i sr%ﬂﬁ)ﬁ¢@%ﬂtbst<ﬂles©@$%®l ipgUpbbeld $trtes Rateadivet i 4t9r7ar’13§dimer
el enent Bn tiech 1101 QG0 Nbe €Y ARALA O Shaud d hey %@%1@% h%%td' C%'oo,effl

is understood that fhe present invention may al so be appli
pseudo- cont adtCHSAHEI ALY FEEE T €5 pe© vt o racking Iprf‘%}ULSlon as

Conce|/ot ualjl Kn,n Ej&teet&im"a\tliiem%@aga@e@ﬂ %@&theﬁem@ h%*B@' lmEc%' _ude a ]
witel/rea ad.-a wite-on ea ly. hea e t e
term"wi te/c‘r? sfalasf/esl?eex?ﬁ sk t%rje? nng%%l GFEE%%? faowtgfee/’%'ﬁ\é]d‘
wite-only Psqxsneinnmhd athe gorondyt syxsvemloﬂ'hmy eglmd rkm:oambhgedmtdm um' 38
used hefgin,g (9,5 ShA{e )Nl q‘raeaad r?ﬁ?’cf&lly ﬁé’ (}' %&Qtﬁ%% . _r%go%dlng

read-only optical dis |nad|t|on a recor

- Experi nent alm@@eﬁml e To ascertain the advant ages of the invention, the

fol | owing experi m@tg&{erarﬂﬂ@%McalN&%&i 1o Reddsh AhesYhesent
construction as shovvn I n I?T]? (fJ 3B, 3C, 3D, 4/ SA _and 5B were
prepar ed. HoWESEt loéhfafr? Ik?ﬁgf?ﬁ of fcf?IP:I’?]fjo?]esl‘ I YR TeHins 18 T e GHRE
provi ded. |im edoh afbgpedatd hesghet he Isgadesviet vireroacitdedl aiodh landbuilt
suspensign %hearr&rp,etalﬁeg' @fltd@ Qnyhlﬂ'cl'?r}.% SJ.lri Cg'.‘“:irsezlf.h"i‘:%nastrlLl%r’E:%té~I %f %0 gm
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.



10 The actuator used was set Qut using PZT (piezoelectric constant d3l =
1200 x 10-12 M V) as a piezoelectric or electrostrictive material. \Wen 10
v (DC.bias voltage) 10 V (sine wave dri(iﬁg vol tage) was applied on both
di spl acenent - generating nmeans in such a manmer that when the 15 phases of
sine wave driving voltage were nutually inverted, the novable parts showed
a di spl acenent anount of about 0.5 wu Using these magnetic heads, the
actuat or was @K@QE@&@MQQELEgﬁH ad load of 2.5 g. Consequently, the ampunt
of 20 displacenment was_ abou .5 pmwhile the spaces were naintained with
no contact, indicatin S?%’faiﬁ%etl@lésodim&ﬁg@és g@pgggl Lty of the actuator is
not i npai r ed. ABMANTAGESGR i d NVENTI ON 25 Accor di nén¥8nltﬁénwr the/ r ead
head supporting n@g@%geyp (gﬁghe i nventior-¥Weted noehe space-form ng neans
are provided,to_ensure spglc S &fnetich treom&abi@i&gtgso; t he  actuator
and ot her” head’cdfist PBuedCs, 3n, is msglp%e%go ]Erevent CORYWRtiRnBigs.
friction betwaegnfthe &@Egaggrf§gdtother 3 'edﬁﬁ Oristerarads. Hdwdwed hus
unl i kely thag,the_slider dri vi ig "¢Epaisducy nof mduhgugl#gﬁg]&§he ,
posi tioni ng ~precrsi BA9BFtifehekdct thengpalic Fre nsducer e efert Rrovided.
opti cal noduféjPersiopal| eghgl Eekéeé‘nsg gossi bl'e 5 Pr &Fématoreld abid i ty
drops due toldudtion §pads, col[Tsron FoRasor3g ﬂedrsaﬂ@eQU§t§gg.alf, in
the presgnt invention,™3S es of the necessary size are provided as by
providing steps die Mecthearbr 36:&Neid tuents of the wite/read head
supporting fstsamiramdyy, =cophpoll i pg;f he FrPtknesies BYTel(pterodes Pl ;
adhesive laygrs . during assenb ing, | 48 tarern poissd dd Bad O, di S ense W'th
any speci al steﬁoéFrFG #Wﬁgm@m&&&&J,thﬁﬁggylglbngbng down 5 fabrication
cost. If, iM thénpreseat dirW?HE[;i on, gi ven frictionPreddésnyolmeary aep
provi ded indggglég%ﬁs it is then 5688 blest eppirieenin fiddyres and
dustin gMﬂ ch may O EFmﬁgﬁeﬁétéagsmdanbyigogh@%tabggmeen head constituents
ascri babl e Y3259 aef ssine weodsar el ¢n Head assenbl’y PSS G hagc hiehat-ee
with high the movable parts showed . age were mutually inverteq,

um. a displacement amount of abouyt *0.5
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assenbly accuracy. In addition, the slider driving capability of the
actuator is not substantially inpaired even when the friction-reducing
means are provi ded. Japanese Patent ApplkBeation 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. Mdifications to the illustrated enbodi nents may be nade

wi t hout dep@bhbﬂgtuéﬁ@§1bbet§@|Wkitéﬂﬂeéﬁoﬁéa@fsﬁﬁﬁokBY§ch88haqb§ﬁe59re
the 20 present ntlo i ncl udes the sug %ﬁt matter defined by t
I

appended cl &PHE® %ﬁ 139 theaEBnabreseqsi 9 gstro 9SV@ﬁﬂa@@?%i¥@N4?$ﬁr§ A
wite/read feainguppsenbhingechani snthenppossigle atsl dfiepenge suspenshen and

an actuatorg I a ti S, i der _bei.ng provi ded
with an el e é%%%bngggé Q?rgﬁgﬁggé gé%é%%httg?éghgo% icars 9088% , said
slider 5ei nfabuppatied onssai d suspension by way of said actuator and said

sl i der being d'SPfacﬁﬁbEﬁerﬁkéEbM§|YnW@5915ﬁ5p&?%en19ri8t§§ﬁgré&§839 ion by
said actuator, wherein: s pace-form ng nmeans are provided form a space

bet ween reI%??%%l%rﬁlgb?%kﬁﬁ@ heabheofisefEfents. 12, tHRB RPPFéPﬂ@aHOhead
supporting peehant Siratepedi agd Haselagnvhicwhesagi atﬁérwaétb@n@a@ée@n

electrode,_ n 15n%négr 8gnecti§g atterg,gnd ? bondigg EE rovi ded
bet ween sai @ refarfv I§ V§pl*a |ﬁ§ HeHa L 6HSPFPuBRTE1PRP08ed° ABPRGFE
space- flér m hgadeanstc 3. Hewel wrdsteadlyleadi sheslos s Upppoirltii treg- ek ot stg_a:c_cor di ng
to claim 2,a¥@&[\]ﬁw é@bgrg di %”{J@PJ idies gledrisal 20 .4 q%guct' vity. 4.

The wite/read head sup g nmec anlsnlaccordln to any of clains 1
to 3, wher ef®PEEEERY p? vFB@da%ﬁu@Forléésﬂoénéubﬁt@%FHaléYa%m9@i¥Ed

di spl aci ng &eed ﬁ@@ﬁttﬁ@eﬂ£§ct§onuﬁédu@§n§amgaﬁ@aﬁﬁefﬁ%@%ﬂ@e@Eans 25 5.
The wite/read head supportin fnlsnlacggrdlqﬁ) to gﬂy one of clains 1
% ts%&% ication Nos 3411

to 4, wherein sai ®PIPaee RALS 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 equivalents.



of 5to 50 pm 6. The wite/read head supporting nechani smaccording to
any one of ctainms 1 to 5, wherein said space-form ng 30 neans are | ocated
symmetri-cally with respect to a center axis of each of said suspension,
acfuator and slider,. which center axis i¥/substantially parallel with a
di'rection of extension of said suspension. 7. The wite/read head
supporting nechani smaccording 35 to any one of clains 1 to 6, wherein at
| east one of said space-formng neans is nade up of “‘three or nore units,
with -38 at Wemstwt heertvniss of said three or nore units bei ng not

| i nearly arrange 8. The i d rt) hani s qr.di ng
to any one of cl g]rm; -1At%r¥eﬁé%€?}1€4§25&r@%%§# g%c ) l%c 'ﬁaf“%%gg’ﬁalga
surface of saiglsispensi orsmdnsirarandpposiataatay e otiesstwitdadsai d
space | ocat egr;{) ‘?‘b en are substantially parallel with each other
and/or a surtace of _sald_actuator and a surface of said slider which are
opposi t e5to each YA Ershi4er REHS R IRAMEFT R SIS tResie

subst anti al lyrpasdhd@t i édecachr cdhespt ScalTheodwid e/ read head supporting
nmechani sm accordi n '

. .to any .ane of cl ai tq 8, .wherein a.l ubricant is
present as a fri%%’}-%ns-+36€%rci(1‘?|egl%asn%pﬁogrstae[ 1%6as al@esuos esnasllc?ns%%’c&s?y sai d
| ubri cant conf asanidigaa@csatéd pamdicle having a particle 15 dianeter

substantially equal; 4 Osfié%p%&r?% %féﬂa%%%se I%Q-atlh;%l\q hii@Ar eadhead

supporting mechani sm accor di laim9, wherein said |ubricant has said
solid paPticte saidpepseension RensatdlFe iy or We4%did. 11. The
writel/read head sippostfHenIEe ek 5N D€ Qi vigie LA d E Hriansde 10,

wherei n sai dr?l ubri cant_ has eJc\gc%{i cal . co duccti Vi t%‘tlz' tThe witel/read
head suppor t?Hg’ TR HERT &t W tHr ?%faﬁjcf‘%ngf% EBFE AT to 8, wherein
at |l east one film. conpiosedr iee Nt gadfhead oyugar ot imat eveicilandismamcceedgang ¢

25 material |g present agnsAl,filciboger sCl AGeasdidd, dpast one of
sai d spaces, sal I'l'ni having a thickness substantially equal_to a length
of sai dlSpaciterePeeaying pattern and a bonding member provided

between said relatively displacing head constituents is used
as said space-forming means.

3. The write/read head supporting mechanism according
to claim 2, wherein said bonding member has electrical

20 conductivity.

4. The write/read head supporting mechanism according
to any one of claims 1 to 3, wherein a step provided on at
least one of said relatively displacing head constituents is
used .as said space-forming means.

© 25 5. The write/read head supporting mechanism according
to any one of claims 1 to 4, wherein said space has a size
of 5 to 50 um.

6. The write/read head supporting mechanism according
to any one of claims 1 to 5, wherein said space-forming

30 means are located symmetrically4with respect to a center
axis of each of said suspension, actuator and slider, which
center axis.is substantially parallél with a direction of
extension of said suspension.

7. The write/read head supporting mechanism according

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

space-forming means is maded up of three or more units, with



fixed to only one of two head constituents with said space | ocated

t herebetween or unfixed to any of said two head 30 constituents. 13. The
wite/read head supporting mechani smaccording to claim 12, wherein said
filmhas electrical conductivity. 14. TR8-write/read head supporting
mechani sm according to any one of claims 1 to 8, wherein at |east one of
said 35 spaces has as said friction-reduci ng neans and/ or said space
form ng neans at | east one protuberance extending fromat |east one of two
head consti&tehessti threai dngpacef| sedtedhrezo athaisetueidis kaing not

pr ot uber ance. I begighyy substantially equal to a length of said
space. 15. ?ﬁgéékpge?fea ghead supporting nechanismaccording to clajm 14,

wherein sai d proBuber BReewritpy 5¢rHed o/t FURPR rE N A HFHE" idF Tl ing
vicinity of rgnagpdohBepeotlaibs Theowr,t ehreerd rhead sty té Hgsakghani sm
according to claim114 or 15, wherei_n said protuberance cgonprises a _.

pr ot uberancBChBayCanaNE BoFBFEAGSF PEMSPIS SHARS g %t ﬁhﬁéﬁ S RCRE LT Hi Ty
of an end thereath sahdrcevehi ngifli bpelbe Agchl<orured afetawermt exral havi ng

a coeffici egﬁaggg{éékgiﬂggP%gﬁﬁelt %ﬁ@ht Rak1 0o 13 d AHPIM0ET anper RAdYor 17.

The write/reac sup I'ng nmechani sm according _to any one of clains 14
to 16, wherephdsartupterupefanceur§acrorfedadif it dt .249% 18. The

write/read BgadssHEPEL! RONTBERAR GMLACEAHAE Rpad lajvane tHerdiodtBedd t O
17 above, wherein said gégiggeraﬁge has ?%eCt conductivity. 19. The

i 1 E{%%
writel réhd RESdSUBPRBRELE REAT ML dESaiSRSE (0 HHy one of claims 1 to
18, wherein sai dgact ugher wpakegred@ heedofsupmpoertsiegpimerdedreictn i ac @aff@&otg or

el ectrostrictive effect. .The itelr ARG {4 i
accordi ng 8 gﬁy ohe 8? gﬁgfﬁg %WEotgﬁl_ %ﬂ%%@?ﬁ§g% |ﬂ%%€%%2%%2§?%§ghajre
to sai d actaat er fahdtdpnaneflncéncomeestsi A Vitr el aas S owe 25 sFadérsarees.

formed on Seggdsyéﬂfﬂégge- dheaThenw it ebnead Jhead cawppentimy drechanisre
accorngg égagggegngugstgggggﬁl% %%&%’ ané: édgﬂﬁ“¥¥5§%{§“£b§§£§9t°r

10. The write/read head supporting mechanism according
to claim 9, whefein said lubricant has said solid particle
dispersed in a semi-solid and/or a ligquid.

li. The write/read head supporting mechanism according

20 to claiﬁ 9 or 10, wherein said lubricant has electrical
| conductivity.

12. The write/read head supporting mechanism according
to any7ohe of claims 1 to 8, wherein at least one film
composed mainly of anvorganic material or an inorgahic

25 matérial is presenﬁ as said friction-reducing means in at
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 two head

30 constituents.

‘ 13. The write/read head supporting mechanism according
to claim 12;,wherein said film has electrical conductivity.

14. The write/read head supporting mechanism according

_to any one of claims 1 to 8, wherein at least one of said

35 spaces has as said friction-reducing means and/or said space
forming means at least one protuberance extending from at

least one of two head constituents with said space located



for driving said suspension. 22. A wite/read system which conprises a
wite/read 30 head supporting nechanismas recited in any one of clains 1

to 21 above. .
ﬂ./ -39-

therebetween, said protuberance having a height
substantially equal to a length of said space.

'15. The write/read head supporting mechanism according
to claim 14, wherein said protuberance is provided with a

5 curved surface in the vicinity of an end thereof.

16. The write/read head supporting mechanism according
to claim 14 or 15, wherein said protuberance'comprises a
protuberance body and a covering film for covering at least
the vicinity of an end thereof, said covering film being

10 formed of a material having a coefficient of friction lower
than that of said protuberance body. ’

17. The write/read head supporting mechanism according
to any one of claims 14 to 16, wherein said protuberance is
formed on said actuator.

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

19. The write/read head supporting mechanism according
to ahy one of claims 1 to 18, wherein said actuator makes

20 use.of inverse piezoelectric effect or electrostrictive
effect.

200 The write/read head supporting mechanism according
to any one of claims 1°to 19, 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 claims 1 to 20, 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 claims 1

to 21 above.



