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~y wrm 'mE AClUA'IOR, DISK DRIVE APPARA'!US wrm 'DIE HF.AD 

FIELD OF 'DIE INVENI'ICN 

'lbe present invention relates to a pi:ecise position1ng 

actuator for a head element sud1 as a thin-film magnetic head 

el.Ement or an optical head element, to a bead g:lmba1 assembly (IQ) • 

with the actuator, to a disk dr.i.ve apparatus with the IGA and to a 

manufacturing nethod of an IGA. 

In a magnetic disk dr.1.ve apparatus, thin-film magneti.c head 

el..enents for writing magnetic infoma.tion :into and/or reading 

magnetic info:anation fran magnetic disks are :1n geneml fcmned on 

magnetic head sliders flying in opemt:l.on above· the :rotating 

magnetic disks. 'lbe sl.idem are supported at top end sections of 

suspensions of !Gs, respectively. 

Recently. xecording and :mpmduc1ng density along the rad:l.al. 

dllection or along the track width d:lrection :1n the magnetic disk 

{b:ack density} ~Y increase to satisfy the :requirement for ever 

incmasing data stomge capao1 ties and <lensi.ties :1n today's magnetic 

disk drive apparatus. For advancing the tmck density, the position 

cx:ntrol. of the magnetic head element with :respect to the track :1n 

the magnetic disk by a voice coil llDtor (VOi) only has never 
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~ted enough accm:aoy. 

In omer to solve tb1s problem, an additional actuator 

mechanism is IOOUnted at a position nearer to the magnetic head 

slider than the VtM so as to perfonn fine preaise positioning that 

· cannot be i:eal.ized by the VO( ooly. '!be techniques for i::eall.zing 

precise positioning of the magnetic head am described in for 

exanple U.S. Patent No. 5, 745,319 and Japanese patent publication No. 

08180623 A. 

Inventors of this appli.cation have been pmposed a piggy-back 

stmctm:e actuator. 'lbis piggy-back structure actuator is fcmned by 

piezoelectr.i.c material. of PZT in an I-dlaracter shape with one end 

secti.on to be fixed to a suspension, the other end section to be 

fixed to a magnetic head sl.1.der and a pi 11 ar shaped DDVable m:::m 

oonnect:ed between these end sections. Qi the suspension, stepaise 

stacked are the actuator and the ma.gnet:l.a head slider, nanel.y, the 

actuator is caught between the suspension and the slider to fozm a 

stacked cantilever smictm:e. 

However, an JG. with such pi.ggy-back stmctm:e actuator will 

have fol.lowing var1.ous problems: 

( 1) Becm1se of the stepw.Lse stacked stJ:ucture, a total thi.ckness 

of the HGA around the magnetic head slider 1.ncI:eases by the 

thickness of the actuator; 

(2) 'lhe actuator as a l<.'hole consists of p1ezoelect:r.lo material. 

such as PZT of a britt1e mater.f.al., and the actuator and the magnetic 

head sJ ider am stacked to fonn a amtilever stmctm:e. A shock 
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easily occurs with a nanent and also sbock .resistance is vm:y poor; 

( 3) Depending upon the size of the magnetic head slider, a tx:avel. 

of the magnetic head element during the precise positioning 

operation varies. 'lhus, 1.t is diffi.cult to obtain enough stroke; 

( 4) Because of three-dimensional and oarplicated attadmant 

stmcture of the actuator, the handling at the tDe of an assemb1y 

of the IG\ is ve:cy diffi.cult and it is ilq;>ossible to use a 

oanventiona1 IG\ assembly equipnent causing pmducti.rlty to be VMy 

worse: and 

( 5) In order not to interfere With the mvanent of the actuator. 

:l.t is neoessai:y to asseni>le with keeping a gap between the actuator 

and the magnetic head slider and also between the actuator and tbe 

suspension. HaoJever, fomling of such gap will 11Dre decrease the 

shock msistanoe and it is d:iffi.cult to precisely keep the gap 

constant. Particularly, since i.t 1s difficult to keep the 

suspens:lon, the actuator and the magnetic head slider :in parallel. 

pr:ecisely I the head cilaraoted.stios deteriomtes • 

StHmRY OF '!HE :mvmrirn 

It is tberefom an object of the px:esent invention to provide 

a precise posi.tioning actuator· fqr a head el.eaent-! an H;A with the 

actuator, a disk drive appamtus with the IG\ and a manufactur.ing 

nethod of an IG\, whereby a th:ldmess of the IG\ will not inamase 

eYeD :if the actuator is lll)Ullted thereto. 

An.other object Of the present invention is to provide a 
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pi:ec:i.se posi.tion1ng actuator for a head element. an IGA with the 

actuator, a disk drive apparatus wi.th the HGA and a manufactur.mg 

nethod of an 19.. whereby a shock resistance can be greatly impl:oved. 

Further object of the pz:esent invention is to pmvide a 

pi:ec:i.se positioning actuator for a head elenent. an IG\ with the 

actuator, a disk drive apparatus wi.th the HGA and a manufacturing 

netbod of an HGA.. whereby the pttiductivity and also quality of tbe 

mA can be gz:eatly inpi:oved. 

AccoDling to the present invention, a pmcise positioning 

actuator to be f.1xed with a head slider with at least one head 

element and with a support, for precisely position1ng the at least 

one head element, .includes a pair of nx:wab1e azns capable of 

displacing in :response to a dri.ve s1.gna1 applied to the actuator 

'!be head sll.der 1.s caught 1n a space between the IOOVable a:ms. 

Since the head slider is caught in a space between the 

mvable ams capable of d1splacing in response to a drive signal 

applied the.mto. the thiclmess of an la around the bead slider does 

not increase even if the actuator is attacbed. 'lbus, no 

IRXlif:ications in size of a disk drive appam.tus due to the roounting 

of tbe actuator is neoessm:y. Also, since the actuator and the head 

slider are not stacked to foDn a cantilever stJ:ucture, a shock 

i:esi.stanoe can be greatly jnpl:oved. Fm:themm:e. since the head 

sl.1der 1.s caught in between the nnvab1e anns. the top end sect:l.ons 

of the ioovable ams, Whidl aot:ually transfer the displ.aoement to the 

head s]j der. can be always positioned at the top end of the head 
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slider. 'Ihus, i.t is possible to provide a oonstant travel to the 

bead slider even i£ i.ts size changes, and t:herefore an enough sb:oke 

of the head element at the precise positioning opemti.on can be 

always obtained. 

It is prefer.red that the actuator further includes a base 

f:!xed to the support and that the JOOVable aims extend fI:an the base. 

It is also prefer.red that the DDVabl.e aims have at their top 

end sections sl..1.der fixl.ng sections to be fixed to side sur.faces of 

the head sl:fder, respectively. In this case, pmfem.bl.y, the 

actuator has a shape so that thm:e exists air gaps between the 

movable anns and side surfaces of the head slider except for the 

slider fixing sections,, respectively. 

It is also pz:eferred that the base .is made of an elastic 

sintet:ed ceramic. F\l:rt:henlm:e, it is prefen:ed that each of the 

movable amis includes an mm member made of an elastic sin.tam. 

cm:amic, and a piezoelectr.ic element fonned on a side surface of the 

mm member. Since the main sections of the actuator are made of 

elastic sintered ceramic such as Zl:Oz that is. strong for bending, a 

shock resistance of the actuator itself :lnareases. 

It is prefen:ed that the novable a:nns is constituted so that 

the bead slider is linearly and laterally oscillated in response to 

the drive signal. Since the head slider displaces namely oscillates 

wi.th 1 inear notion not swinging or :rotational m:>tioo., nm.-e :pcecise 

positioning of the head el..enEnt can be expected. 

It is also prefen:ed that inner corners at coupling sections 
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of the base and the rmvable ams have an obtuse angle plane shape or 

a SltDOth plane shape. ':lhus, the shock resistance of the actuator 

itself is extremely .impmved. 

It is preferred that the actuator bas a rough U-plane shape. 

It is also preferred that the actuator has a thickness equal 

to or less than a tbidkness of a head sJ.ider to be caught. 

It is preferred that a spacing between the pair of nDVab1.e 

m:ms is dete.unined to a value slightly shorter than a width of the 

head slider to be caught. 

It is preferred that the at least one head element is at 

1east one thin-film magnetic head element. 

Acco.l:d:ing to the pi:esent invention, an HGA includes a head 

slider with at 1east one head e1ement, a support and the 

aforementioned precise positi.on:lng actuator fixed with the head 

slider and with the support for pmcisel.y positioning the at least 

one bead element. 

It is prefer.red that the DDVabl.e ams of the actuator and the 

bead slider are fixed with an adhesive. 

It is also prefermd that the actuator and the support are 

£1.xed with an adhesive or a solder. 

According to the present invention, a disk drive apparatus 

having at least one HGA mentioned above. 

Also, according to the present invention, a manufactur:ing 

method of an HGA inclndes a step of pmpar.ing a precise pos1.tion1ng 

actuator with a pair of DDVable ams capable of d1spl.ac1ng 1n 
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resi:aisa to a drive signal applied thereto, a step of ca.tdling a 

head slider wi:th at least one head elenent in a space between the 

IOOVab1e ams of the actuator, and a step of fixing the actuator with 

the caught head slider to the support. 

First, the head slider is caught in a space between the 

roovable anns of the actuator, and tben the actuator wi.th the caught 

head slider is fixed to the support. Since assembling of the head 

slider and the actuator can be cai:ried out en the flat plate, 

alignment of the slider and the actuator beoanes easy resulting that 

a higher accuracy assembling can be expected. Also, since a 

tbmmosetting adhesive wi.th excellent caring perfomanoe although it 

needs a long curing tine can be used, a high quality assembly of the 

head slider and the actuator can be obtained. Furthemm:e, since 

the asseal>ly has a sinp1e shape,, adbesi.on and el.ectr.1cal. connection 

of the assa:tbly wi.th a suspens1m can be perfanned by using a 

geneml H;A assent>ling equ:lpnent .msul.ting the pmductivity to 

ext:n!mely :lnprove ·and tlms the manufacturing oost to mduoe. 

It is pz:e:ferl.'ed that the catching SteP includes :flxlng the 

head slider bet:t.ieen the IOOVable anns wi.th an adhesive. 

It is also prefermd that a spacing between the pair of 

nDVabl.e anns is slightly shorter than a width of the bead slider to 

be caught, and that the ca.tdring step includes provisionally fixing 

the head slider between the m>vable anns by a p1ndllng fo:r.:ce of the 

RDVab1e amis. 'lbe provisional fixing can be attained wi.thout using 

any holder. 
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It is prefer.red that the catdling step includes secm:e1y 

:f1x:lng the head slider to the roovable ams by th.emaally Oldng the 

adhesive after the provisional fixing. 

It is also prefer:ced that the fixing step includes fixing the 

actuator to the support with an adhesive or a solder 

FUrt:her objects and advantages of the pmsent invention will 

be appamnt fran the following description of the prefer.red 

embodiments of the invention as illustrated in the accatpmying 

drawings. 

BRIEF DESCRIPl'Im OF 'DIE DRAWlHiS 

Fig. 1 is an oblique view schematicall.y lllustmting main 

cxmp:ments of a magnetic disk drive apparatus in a prefer.ced 

embodiment accord1ng to the present invention; 

Fig. 2 is an oblique view illustrating the whole stmatm:e of 

an HGA in the embodiment of Fig. l; 

Fig. 3 is an oblique view illustrating a top end section of 

the HGA :in the embodiment of Fig. 1; 

Fig. 4 is an oblique view illustrating the top end section of 

the HGA in the embodiment of Fig. 1, seen fran different direction 

f.nm that of Fig. 3; 

Fig. 5 is a plane view illustrating a stmcture of an 

actuator in the art>od:i.nEnt of Fig. 1; 

Fig. 6 is a sectiona1 v:l.ew ill.ustrating a stI.Ucture of a 

p:1ezoelectric eleoent secti.on of the actuator shown in Fig. 5; 
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Fig. 7 is an oblique view illustmting an operation of the 

actuator shown in Fig. 5; 

Fig. 8 is an oblique view illustrating a part of a 

manufacturing process of the mA in the embod:lment of Fig. l; 

Fig. 9 is an oblique view illustmting a part of a 

manufacturing pmoess of the Im in the embodiment of Fig. 1; 

Figs. lOa and lOb are oblique views illustrating a part of a 

manufacturing process of the IDA in the embodiment of Fig. l; 

Fig. 11 is an oblique view schematically illustrating a 

st:I:uctUl:e of an actuator in another embodiment acoo:r:dlng to the 

present invention; 

Fig. 12 is an oblique vi.ew sdlanatical ly illustrating a 

stru.ctm:e of an actuator in a further embod1ment aocord1ng to the 

present :invention; and 

Fig. 13 is an oblique view schematically mustrating a 

struotm:e Of an actuator in a still :further embodiment aooo:cding to 

the present invention. 

DESCRIPl'ICD OF THE PREE'&<RED EHD>IMENl'S 

Fig. 1 illustrates main OCl1p>llellts of a magnetic disk uni.t of 

a prefet:n!d embodiment aocord1ng to the present invention, Fig. 2 

illustrates the lh>le structm:e of an mA in this embodiment, and 

Figs. 3 and 4 illustrate a top end section of the Im in this 

embod:ilren.t, seen fnm dif:fe.nmt din!lCtions with each other. 

In Fig. 1. reference nunaral. 10 denotes a plurality of 
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magnetic hard disks rotating around an axis 11, and 12 denotes an 

assembly carr:tage device for positioning ea.ch magnetic head element 

on a track of each disk. '!he assembly carriage device 12 is mainly 

constituted by a carr.iage 14 capable of :rotating ~d an axis 13 

and a main actuator 15 such as for example a voice coll DDtor (VCM) 

for driving the carr.iage 14 to rotate. 

Base sections at one ends of a plurality of drive anns 16 

stacked along tbe axis 13 are attadled to the carriage 14, and one 

or two mAs 17 are mounted on a top section at the other end of each 

ann 16. F.ach of the lG\s 17 bas a sl.ide.r llDUilted at its top end 

section so that the slider opp:>ses to one surface (reoording and 

reproduc:ing sm:faoe) of each of the magnetic d1sks 10. 

As ·shown in Figs. 2 to 4, the HGl\ is asseobl.ed by fixing a 

fine tracking actuator 22 for precise positioning of a thin-film 

magnetic head el.ellent to a top end section of a suspension 20. The 

actuator 22 holds s1.de surfaces of a magnetic head slider 21 with 

the thin-film magnetic head elsnent so that the slider 21 is caught 

in a space between its llDV8ble ams. 

A main or course actuator of VCM 15 shown in Fig. 1 is used 

for :rotationally llDVing the drive ann 16 to 'Which such HGl\ is 

attached, so as to nDVe the l'ihol.e asseni>ly. 'Ihe actuator 22 

oontributes the fine positioning of the IQ, which cannot be 

adjusted by the main or course actuator 15. 

'lbe suspension 20 is substant:l.all.y fOIIDed, as shown in Figs. 

2 to 4# by first and second load beams 23 and 24, a z:es111.ent binge 
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25 ooapled with both these first and second 1oad beams 23 and 24. a 

resilient flexure 26 fixed on the second load beam 24 and the hinge 

25, and a ciJ:'cul.ar base plate 27 famed at an attadling section 23a 

of the first 1oad beam 23. 

'J.he flexure 26 has a flexible tongue 26a depl:essed by a 

dinple (not shown) fcmtBd on the second load beam 24 at its one end 

section. en the tongue 26a, fixed is a base section 22a of the 

actuator 22 via an :insulation layer 26b made of for exall'(>le 

poly.bn:ide. 

'lbe flexure 26 has elasticity for supporting flexibly the 

nagnetic head slider 21 th:mugh the actuator 22 by this tongue 26a. 

'lhe flexure 26 is made of in this enibod:iment a stainless steel plate 

(for exarple SUS304TA) with a thic1mess of about 20 µm. 'lhe flexure 

26 is fixed with the second load beam 24 and with the hinge 25 at a 

plurality of po:ints by pinpoint welding. 

'J.he h:lng:e 25 has elasticity pmviding. to the secxmd load 

beam 24, a force for pressing the mgnetic bead slider 21 towam. the 

d:irection of a magnetic disk surface through the actuator 22 in 

operation. 'Dle hinge 25 is made of in this embod1ment a stainless 

steel plate w1.th a thiclmess of about 40 µm. 

'!be first load beam 23 is made of :ln this enibod:iment a 

stainless steel plate with a thickness of about 100 µm, and supports 

the whole sur£aoe of the hinge 25. 'J.he fixing of the first load 

beam 23 with tbe hinge 25 is perfonned by pinpoint weld:ing at a 

plm:al.1.ty of points. 
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The second load beam 24 is al.so made of in this embod:lment a 

stainless steel plate with a thickness of about 100 µm, and fixed to 

the binge 25 at its rear end section. The fixing of the second load 

beam 24 with the hinge 25 is per£m:med al.so by pinpoint .Uding at a 

plurality of points. At a top end of this second 1oad beam 24, 

fonmd. is a lift-tab 24a for separating the mA fnDl the magnetic­

disk surface during out of opemtion is prepm:ed. 

'l'he base plate 27 to be attadled to the drive mm 16 shoNI1 in 

Fig. 1 is made of in this embodfnent a stainless steel or imn plate 

with a thickness of about 150 pm. 'lbis base plate 27 iS fixed to 

the attadling section 23a of the first load beam 23 by .Ud:lng. 

cm the flexw:e 26, a fl.ex:Lb1e oondu.ctor member 28 incl..ud:lng a 

plurality of trace conductors of a thin-film nul.ti-1.ay&ed pattem 

is fm:med or disposed. The oondactor nenber 28 is fm:med by a knoWn 

method similar to the pattem:lng method of fonn:lng a printed all:cuit 

board en a thin metal plate sum as a flexible printed circm.t (FJ?C) • 

For exanpl.e, the member 28 is fonned by sequentially depositing a 

first insulation material. layer made of a :resin such as po1yjm.i.de 

with a thiclmess of about 5 IJJll, a pattemed 01 layer (tr::aoe 

oondllctor layer} with a thidmess of about 4 µm. and a second 

insulation materl.al. layer made of a x.-esin such as po1yindde with a 

thickness of about 5 pm on the fl.exllre 26 in this on1er. Within the 

zeg:Lons of the connection pads fm:med for connecting with the 

actuator. the magnetic head elsnent and an extema1 ci.rou1.t, an Au 

layer is deposited on the Qi layer and them is no second insulation 
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material I.a,yer on the Au layer. 

In this embodiment, the conductor member 28 consists of a 

first conductor member 28a with two traoe oonductors connected to 

the magnetic head element for one side, thus four traoe conductors 

for both sides, and a second oonductor nenber 28b with a trace 

oondnctor connected to the aqtuator 22 for one side, thus two trace 

oonductoz:s for both sides. 

cne end of the trace conductors of the first ex>nduotor meamr 

28a is e1ectrically connected to head element connect1on pads 29 

fOJ:med on an individually separated and freely oovable section 26c 

of the flexure 26. 'lbe oonnection pads 29 are ball-bonded to 

tenn1na1 electrodes 21a of the magnetic head slider 21 by Au bonding, 

wil:e bonding or stitch band:l..ng. The other end of the trace 

oondllctors of the first oonductor l1Biiler 28a is electrically 

connected to extemal circui.t connect1on pads 30 used for connect1on 

with an extemal c:lrcu:1t. 

cne end of trace oonduotors of the second conductor meamr 

28b is electrically connected to actuator oonneotion pads 31 fm:med 

on an insulation layer 26b on the tongue 26a of the flexure 26. 'lbe 

connection pads 31 are connected to A channel and B dlannel. signa1 

temdnal.s 22b and 22c of the actuator 22. respectivel.y. 'lbe other 

end of trace oondnctors of the second conductor meaDe.r 28b is 

el.ectrically connected to the extemal circuit connect1on pads 30. 

A stI:uctUJ:'e of the Im aoco.rd:lng to the present inVention 1s 

not limited to the afonmmtioned stm.cture. FUI:thelm:>re, although 

13 



it is not shown, a head drlve IC dlip n&y be nmnted on a middle of 

the suspension 20. 

Fig. 5 illustrates a stmoture of the actuator 22 in the 

eni>od:lment of Fig. l, Fig. 6 illustmtes a stmcture of a 

pj.ezoelectr1.c element section of the actuator 22 and Fig. 7 

illustmtes DDVing operatim of this actuator 22. 

As will be noted fnm Fig. s. the actuator 22 has a rough u­

plane shape and consists of a base 50 ( 22a) to be fixed to a 

suspension and a pair of DDVa.bl.e am1S 51 and 52 pexpend1calarly 

extending fJ:an both side ends of the base so. At top end sections 

of the roovabl.e ams 51 and 52, fOJ:nEd i:espectively are slider fixing 

sections 53 and 54 to be fixed to side sm:faoes of the magnetic head 

slider 21 so that the slider 21 is caught in a space between the 

slider fixing sections 53 and 54. 'lbe spacing between the slider 

fixing secti.ons 53 and 54 is detenn:lned to a value slightly shorter 

than the width of the magnet.io head slider to be caught tbenml. A 

tbickness of the actuator 22 is detemined to a value equal to or 

thinner than that of the magnetic head slider to be held so that the 

total. thickness of the H2A will not increase due to the roounting of 

the actuator. Conversely, by thickening the actuator 22 up to the 

th1.c1mess of the magnetic head slider to be held, stnmgth of the 

actuator .itself can be 1ncmased without increasing the total. 

thidkness of the IDA. 

The slider fixing sect:lons 53 and 54 m:e projected inwanlly. 

nanely toward the magnetic head slider 21, so that only these 
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sections 53 and 54 are attached to the side surfaces of the magnetic 

head slider 21 and that there exists air gaps between the rena:ining 

sections of the IOOVable anns 51 and 52 and the side surfaces of the 

magnetic head slider 21. 

'lhe llDVabl.e ams 51 and 52 consist of ann membel:s Sla and 52a 

and piezoelectr1c elements Slb and 52b fanned on side sm:faces of 

the ann members 51a and 52a, respectively. 

'!be base 50 and the ann nenbe.rs Sla and 52a of the actuator 

22 are united by an elastic sintemd oem.nic sudl as ZIO.z far 

exanple. Since the main sections of the actuator are made of the 

elastic sintemd ceramic such as Zi:O.z that is strong for bending, a 

shock i:esistance of the actuator itself increases. 

F.ach of the piezoelectri.c elements Slb and 52b has, as shown 

in F1.g. 6, a mu.1.ti.-.1.ayared st.nlctm'e of al.tm:natel.y lam1.na.ting 

piezoelectric material layers 60. signal electrode layers 61 and 

ground ( ccmuon) electrode layers 62. By app1ying vo1tage across the 

sJ.gna1 el.ectmde layers 61 and the ground {ca11101.) layers 62, the 

piezoelectri.c mat:ert.al. layers 60 expand and oontract. '!be 

piezoel.ectr1c mater1al J..aye.r 60 1s made of mate:cial. that expands and 

oontra.cts by :reverse piezoel.ectr.ic effect or by elect:I:ostrictive 

effect. 'lhe signal electrode layers 61 are e1ectr.1cal.l.y oonnected 

to the A dlannel. si.gnal temi.na1 2~b or the B dlannel sj_gna1 

teDninal. 22c, and the ground (camrn) e1ectrode layers 62 are 

el.eotrically oonnected to ground ( canoon.) tenn:lnal 22d or 22e, shown 

in Fi.gs. 3 and 4. 
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In case that the layers 60 are made of piezoelectric materia1 

such as PZT (Lead Zirconate Titanate Qxidi ?.ation), these 

piezoelectric mater.ial layers are in genet:al polarized so as to 

inprove their displaoement pei:fol:manoe. 'lbe polarized direction is 

the lam:ina,tion direction of the p1ezoelectr.i.c mate:rial. layers 60. 

When voltage is applied across the electrode layers and the 

d:i.reotion of the produced electr.l..ca.l field is the sane as the 

polarized direction, the piezoel.eotric material. layer between the 

electrode layers expands in its lam:l.na.tion direction (piezoel.ectri.c 

longitudinal. effect) and contracts 1n its in-plane direction 

(p1ezoel.ectric lateral effect) • a:mtracy to th1s. ldien the 

direction of the produoed electrical field 1s :in inverse as the 

polarized dllection. the piezoelectric ma.ter.ial layer between the 

el.ectl:ode layers contracts in its lamination c1:liection 

(piezoelectr.i.c l.ongitud:lllal effect) and expands in its in-plane . 

d:1mction (pj.ezoel.ectr.1 lateml effect). 

If the voltage With a polarity whi.ch will 1ndnoe the 

contraction or expansion is applied to the piezoelectric eleneit 51b 

or 52b, the piezoelect:r.i.c element contracts or expands :in response 

to the applied voltage polar.i.ty and thus the mvab1e amt 51 or 52 

bends to trace a S-dlaracter as shown in Fig. 7 resulting the top 

end section of the amt 51 or 52 to laterally and linearly displace. 

'Dms. the magnetic head slider 21 fixed With the actuator 22 also 

lateJ:B.ll.y and linearly di.spl.aoes. Since the slider d1spl.aoes namely 

oscillates with linear notion not swinging or rotational notion, 
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nm:e pmc1se positioning of the magnetic head el.enent can be 

expected. 

It is possible to apply vo1tages that induce mutually J::eVerSe 

ootions may be s:lmJl.taneously applied to the piezoelectric el.enelts 

Slb and 52b, respectively. In other woms, AC voltages may be 

sJmlltaneously applied to the piezoelectr.lc el.enents Slb and 52b so 

that cme piezoelectric el..enent expands when the other piezoelectric 

element oontmcts and v1.oe versa. '!be osc1 J Jation of the llDVBble 

anns is oentet:ed when no voltage is applied to the piezoeleotric 

el.e.nelts. 

However, one of the piezoelectric elenelts is expanded and 

tbeI:efore the direction of the driving voltage opposes to that of 

the polarization in the pi.ezoel.ectric material ~. Thus, if the 

applied voltage is high or the voltage is continuously applied, 

attenuation 1n polarization of the piezoeleotric material. 1ayar nay 

oc:x:nr. It is desired therefm:e that a oonstant DC bias voltage in 

the same direction as the polarization direction be additionally 

applied to the AC voltage to fOJlll the dr.1.ving vol.tage so that the 

direction of the driving vol.tage never opposes to that of the 

polar.1.zat1.on 1n the piezoelectr1.c material ~. The oscillation 

of the roovable anns is centered when only the bias voltage is 

applied to the piezoelectric elements. 

In this specification, the piezoelectric material is ma.terial 

that expands or contracts by their i:evmse piezoelectric effect or 

el.ecb:ostri.at1.ve effect. Any p1.ezoelectr.lc material. appllcabl.e fOr 
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the piezoelectric elenents of the actuator can be used. However,, 

for high rigidity, it is des.ired to use a oet.anics piezoelectric 

mater:l.a1 such as PZT[Pb(zr,Ti)~], Pl'(~), PLZT[(Pb,La)(zr,Ti.)~J, 

· or bariun titanate (Ba.Ti.~) • 

As aforemantioned, since the actuator 22 in this eni>od:i:nent 

holds the side sur.faoes of the magnetic head sl.1.der 21 so that the 

slider 21 is caught in a space between the IOOVable anns 51 and 52, 

the tbickness of the IDA around the magnetic head slider does not 

inacease even if the actuator 22 is attached. '!bus, no 

IOOdifi.ca.tions in size of the magnetic disk drive apparatus due to 

the m::>mlting of the actuator is neoessai:y. Also, since the actuator 

22 and the magnetic head slider 21 are not stacked to fonn a 

cantilever structure, a shock resistance can be greatly :inpmved.. 

l\lrtbenoore, sinoe the magnetic head slider 21 is caught in between 

the· rmvabl.e azms 51 and 52, the top end secti.ans of the DDVab1e azms 

51 and 52, WlUch actually transfer the displaoement to the sl 1der 21, 

can be always posi.tioned at the top end of the sl.idar 21. 'lbus, it 

is possible to provide a constant tmvel to the slider even if the 

size of the magnetic bead slider 21 dlanges, and therefm:e an enough 

stroke of the magnetic head at the precise positioning operation can 

be always obtained. 

Figs. a, 9 1oa and lOb illustm.te parts of a manufactur.ing 

process ~ the Im in this enl>odiment. 

First, a magnetic head slider 21 and an actuator 22 are 

prepamd. 'lhe magnetic head slider 21 is fabricated by a known 
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manufacturing method. ibe actuator 22 may be fabr.i.cated for exanple 

by fonn:lng rectangular tube wi.th a U-section as shown in Fig. 5, 

namely with tmee side faces and one enti:mly opened side face, made 

of a sintered oerami.c such as for example ~. by fomdng or 

printing oontinuous piezoelectr.lo elements with the section shown in 

Fig. 6 on the both side faces of the tube, by cutting the tube 

pei::pendicularly to 1.ts axis with a pmdeteDn:ined intei:val to 

separate into individllal actuator franes, and by fcmning temd.nal 

elect:I:odes on each sepamted actuator :frane. 

nien, as shown 1n Fig. 8, the magnetic head slider 21 and the 

actuator 22 are assenbl.ed. First,. an adhesive 80 such as a 

thenoosetting epoxy :resin family adhesive is coated on parts of both 

side surfaces of the magnetic head slider 21. 'l'hen, the slider 21 

is disposed on a flat plate· 81 and inserted between the novable ams 

51 and 52 of the actuator 22 that is also disposed on the flat plate 

81. 

'1'tle spacing WA between the novable ams 51 and 52 of the 

actuator 22 is set a little smaller than the width Ws of the 

magnetic head slider 21. '!bus. the magnetic head slider 21 can be 

provisionally fixed between the novabl.e ams 51 and 52 by a pinching 

fome of these ams without using any haliler. nien, by themlal.ly 

curing the adhesive 80, the slider 21 is .sea.mily fixed to the 

DDVable ams 51 and 52. 

An assenib1y 82 of the magnetic head slider 21 and the 

actuator 22 is thus :fomel. 
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Since assembling of the nagnetic head slider 21 and the 

actuator 22 am be car.rled out on the flat plate, alignment of the 

slider and the actuator becxnes easy resulting that a higher 

accuracy assembling am be expected. Also, s~ a t:heml:>setting 

adhesive with excellent ruring perfonnanoe although it needs a long 

curing time can be used, a high quality assembly 82 of the magnetic 

head slider 21 and the actuator 22 can pa obtained. 

'lben,, as shown in fig. 9, the assembly 82 of the magnetic 

head slider 21 and the actuator 22 1s f:ilCed on the fl.exllre 26 of the 

suspension 20. lbre concretely, adhesi.ve 90 and 91 are coated on 

the insulation layer 26b on the tongue 26a of the flexure 26 and on 

the sepai:ated section 26c of the flexure 26, :respect.1.vely, and the 

base 22a ( 50) of the actuator 22 of the assembly 82 and the top end 

sectiDn of the magnetic head slider 21 of the assemb1y 82 are 

adhel:ed on the insulation I.ayer 26b and on the separated section 26c,, 

:respectively. 

'Dlen, as shown in Figs. 3 and loa., the A dlannel and B 

channel. signal te.mdnal.s 22b and 22c (fig. 3) of the actuator 22 are 

el..ectrically connected with the actuator oanneoti.on pads 31 by 

sol.der1ng or using silver containing epox;y msin. Also, the ground 

( camvn) tenn:lnal.s 22d and 22e (Fig. 3) of the actuator 22 are 

electr:i.cally connected with ground ( CXJlllOll) connection pads 100 by 

sol.de.ring or using silver containing epox;y resm. If the soldering 

is used for the connection, connection strength of the assembly 82 

with the suspensiDn will inccease. 
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'lbereafter, as shown :in Figs. 3 and !Ob, the temr1nals 

el.ectrodes 21a (Fi.g. 3) of the magnetic bead slider 21 are 

electrically connected to the head el.enent connection pads 29 by Au 

ball-bonding for exanple. 

Since the assembly 82 has a sinple shape, the above-nentioned 

processes of adhesion and electr.i..cal. connection of the assed>ly 82 

wi.th the suspension c.an be pet;fonnecl by using a general mA. 

assembl:ing equi.plent :cesulting the productivi.ty to extremely .inp::ove 

and thus the manufactur.lng cost to reduoe. 

Fig. 11 schenatical ly illustrates a stmctu:re of an actuator 

1n another enilod:iment according to the present invention. 

As shown 1n the figure, this actuator has a rough U-plane 

shape and consists of a base 110 to be fixed to a suspension and a 

pa:lr of IOOVabl.e m:ms 111 and 112 pei:pendicul.arly extending frail both 

side ends of the base 110. At top end sections of the ioovable a:ans 

111 and 112, famed ~vely are slider fixing sections 113 and 

114 to be fixed to side sm:faoes of a magnetic head slider 21. 

'!be s]jder fixing sections 113 and 114 are projected 1.nwanll.y, 

namely toward the magnetic head sl 1der 21, so that only these 

sections 113 and 114 a:ce attached to the side sm:faces of the 

magnetic head slider 21 and that there exists air gaps between the 

nna:lning sections of the DDVabl.e ams 111 and 112 and the side 

sur.faoes of the magnetic head slider 21. 

'!be mvable m:ms 111 and 112 consist of ann members llla and 

112a and pi.ezoel.ectr1c el.ements lllb and 112b fomed <n side 
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surfaces of the am llBldlers Illa and 112a, i:espectively. 

'Ihe base 110 and the mm members llla and 112a of the 

actuator are united by an elastic sintered oeram1c sudl as Zi:O.z for 

exant>le. Since the main sections of the actuator are made of the 

elastic sintemd ceramic sudl as Zi:O.z that is strong for bending, a 

shock resistance of the actuator itself increases. 

Conf:lgma.tions and opemt:lons of the piezoelectric elements 

lllb and l12b are the same as those .in the actuator shown in Fig. 5. 

In the embod:lment shown in Fig. 11. c:xnner reinforoements 115 

to 118 are fmmed at inner oome:cs at the coupling sections of the 

DDVabl.e anns 111 and 112 and the base 110 and at inner comers at 

the coupling sections of the m:>vab1.e a:ans 111 and 112 and the slider 

fixing sections 113 and 114 so ~t these inner comers have a plane 

shape with an obtuse angle not a I:'ight angle as those of the 

actuator shown in Fig. 5. '!be om::ner reinforcements 115 to 118 are 

united with the base 110 and the am naabeI:s llla and 112a by the 

same sintel:ed ceramic. nms, the shock resistance of the actuator 

itself is extrenely improved. 

other configurations, opemt:lons and advantages of this 

errixxlinent are the same as those of the embodiment of Fig. 2. 

Fig. 12 schematically illustmtes a stmcture of an actuator 

in a further embod:lment according to the present invention. 

As shown in the figum, this actuator has a J:OUgh U-plane 

shape and consists of a base 120 to be fixed to a suspensioo and a 

pair of nxwabl.e amas 121 and 122 pm:pend1cularl.y extending fI.Un both 
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side ends of the base 120. At top end sections of the nDVable m:ms 

121 and 122, fC>lllEd respectively are slider fixing sections 123 and 

124 to be fixed to side surfaces of a magnetic head slider 21. 

'lhe slider fixing sections 123 and 124 am pn:>jected 1nwanlly. 

namel.y towanl the magnetic head slider 21, so that aily these 

sections 123 and 124 are attached to the side Slll'faces of the 

magnetic head slider 21 and that there exists air gaps between the 

lBlla1n:lng sections of the DDVabl.e anns 121 and 122 and the side 

surfaces of the magnetic head slider 21. 

'lhe IOOVabJ.e anns 121 and 122 consist of azm menbe1:s 12la and 

122a and piezoelectric elements 12lb and 122b fC>lllEd on side 

Slll'faces of the ann meni>ers 121a and 122a, respectively. 

'lhe base 120 and the azm llBflbers 12la and 122a of the 

actuator are mited by an elastic sinteI:ed oeramic such as Zl:Oz for 

exanpl.e. Since the main sections of the actuator are made of the 

elastic s.intemd ceramic such as Zl:Oz that is strong for bending~ a 

shock resistance of the actuator itself ~. 

Configm::ations and operations of the piezoelectric elements 

121b and 122b are the sane as those in the actuator shown in Fig. 5. 

In the embodinent shor.m in Fig. 12, oo.mer minfmoenents 125 

to 128 are fanned at inner OODle1:'S at the ooap1:lng sections of the 

DDVabl.e aims 121 and 122 and the base 120 and at inner comers at 

the coupling sections of the RDVable anns 121 and 122 and the sJ jder 

fixing sections 123 and 124 so that these inner co:mers have a 

SllDOth plane shape not a right angle plane shape as those of the 
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actuator shcMl in Fig. 5. '!be comer reinforcements 125 to 128 are 

united with the base 120 and the am nenbers 121a and 122a by the 

same sinte'I'ed ceramic. '!bus, the shock resistance of the actuator 

itself is extremely inproved. 

other configm:ations f operations and advantages of this 

embodiment are the sane as those of the embodiment Of Fig. 2. 

Fig. 13 sdena.tically illustrates a stmcture of an actuator 

in a still further embod:iment accm:ding to the present :invention. 

As shown in the figure, this actuator has a rough U-plane 

shape and consists of a base 130 to be fixed to a suspension and a 

pair of IOOVable ams 131 and 132 perpendicularly extending fn:m both 

side ends of the base 130. At top end sections of the novabl.e ams 

131 and 132. fonned respectively are slider fixing sections 133 and 

134 to be fixed to side surfaces of a magnetic head slider 21. 

'!he slicJer fixing sections 133 and 134 are projected inwardly, 

nanely toward the magnetic head slider 21, so that on1y these 

sections 133 ·and 134 are attadled to the si.de surfaces of the 

magnetic bead slider 21 and that them exists air gaps be'bleen the 

re.ma:ln1ng sections of the DDVabl.e m:ms 131 and 132 and the si.de 

surfaces of the magnetic head slider 21. 

The DDva.ble ams 131 and 132 consist of ann membet:s 13la and 

132a and piezoel.ectr1c elements 13lb and 132b fm:med on side 

surfaces of tbe am nBmers 131a and 132a, respectively. 

'D1e base 130 and the ann membeI.'S 131a and 132a of the 

actuator are un:i.ted by an elastic sintered ee.t:am1c such as Z:cOz for 
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exanpl.e. Since the ma:in sections of the actuator are made of the 

elastic sintered oerami.c such as Zl:O:z that is strong for bending, a 

shock resistance of the actuator itself increases. 

COilfi.gurati.ons and operations of the piezoelectric elements 

13lb and 132b are the same as those in the actuator shown in Fig. 5. 

In the embod:lment shown in Fig. 13, comer reinfomements 135 

to 138 made of epoxy resin are additionally foDned at inner corners 

at the coupling sections of the ioovable anns 131 and 132 and the 

base 130 and at inner corners at the ooupl..ing sections of the 

DDVable anns 131 and 132 and the slider fixing sections 133 and 134. 

'lhus, the shock resistance of the actuator itself is extnmely 

inproved. 

other configurations, opera.ti.ans and advantages of this 

embodinent are the same as those of the embodiment of Fig. 2. 

In the afm:ementiooed embodiments, the pmcise positioning 

actuatozs for the thin-film magnetic head elements and the 19.s wi.th 

the actuators are described. Hawver, it is appamnt that the 

present invention can be applied to a pmc1se positioning actuator 

for a head element such as an optical head el.enEnt other than the 

thin-film magnetic head elenent and an mA wi.th the actuator. 

MarJ¥ widely different embod:lments of the present invention 

may be constructed wi.thout departing fran the spirit and scope of 

the present invention. It should be understood that the present 

inventi.on is not limited to the specific embodiments described :In 

the specification, except as defined in the appended cla:lms. 
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WHAT IS CLAIMED IS: 
I fllJ Hll1J llljl 1111111 

s * 

1. A pi:ecise positioning actuator to be fixed with a head slider 

with at least one head element and with a support, for precisely 

posi.ti.oning said at least one head element. coopris1ng: 

a pair of IOOVable anns capabl.e of d1spl.aoing 1n response to a 

drive signal. applied to said actuator, for catching said head slider 

1n a space between said roovable anns. 

2. 'lbe actuator as cla:imed 1n cla:im 1, wherein said actuator 

further ocrrpr1ses a base fixed to said support, said llDWble anns 

extending fran said base. 

3. 'lb0 actuator as claimed in c1a1m 2, wherein said m:JVabl.e amis 

have at their top end sections slider fix:lng sections to be fJxed to 

side su:cfaces of said head slider, respectively. 

4. 'lbe actuator as claimed in c1a1m 3, lli1ere1n said actuator bas 

a shape so that theI:e exists air gaps between said IOOVable anns and 

side su:cfaces of said head slidsr except for said slider fix:lng 

sections. respectively. 

5. '!be actuator as claimed in cla:lm 2, ~ said base is made 

of an elastic sintexed oemmic. 

6. 'lbe actuator as cl.ained in cla1m 5, whem:ln said elastic 
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sintered oaramic is Zi:Oi. 

7. The actuator as cl.a:lmed in claim 2, where1n ead1 of said 

RDVable axm coop.rises an am ned>er made of an elastic sintered 

ceramic, and a p1.ezoelectric element fODDed on a side surface of 

said ann menber. 

8. The actuator as c1.a:imed in cl.aim 7, where.in said elastic 

sintered ceramic 1.s Zl:'.Oi· 

9. The actuator as c1.a:imed in cl.aim 2, Wherein said mvable anns 

1.s oonstituted so that said head sl..ider is linear1y and latemll.y 

oscil.l.ated in response to the drive signal. 

10. The actuator as cla1med in claim 2, Where1n inner comers at 

ooupl:ing sections of said base and said mvable ams have an obtuse 

angle plane shape. 

11. The actuator as cl.a:lmed in claim 2, wherein inner oamm:s at 

ooupling sections of said base and said roovabl.e ams have a s:oooth 

plane shape. 

12. The actuator as cla1med 1n cla:1m 1, wbem1n said actuator has 

a rough U-plane shape. 
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13. '!be actuator as cla:imed in cla.im 1, lCiemin said actuator bas 

a tb:l..ckness ~ to or less than a thickness of a head slider to be 

aw.ght. 

14. The actuator as cla:imed 1n claim 1, wherein a spacing between 

said pair of DDVab1e mms is detenn:lned to a value slightl.y shorter 

than a width of said head slide.r to be caught. 

15. '1be actuator as cla:imed in ol.a1m 1, wherein said at least one 

head element is at least one thin-film magnetic head element. 

16. A head g1mba.1 assembly :lncl.uding a head slider wi.th at least 

one head element, a support and a precise posi.tioning actuator fixed 

wi.th sa:1.d head slider and with sa1d support for prec:lsel.y 

positioning said at least one head element, sa:1.d actuator CCIDprising 

a pa1r of mvab1e anns capable of d1spl.ac1ng in :cesponse to a drive 

si.gnal applied thereto, said head slider is caught in a space 

between said ioovable anns. 

17. The head giirba1 assembl.y as c.l.aimed in c1a:1m 16, whece1n said 

actuator farther oarprises a base fixed to said support, said 

DDVabl.e ams extending fmn said base. 

18. 'Dle head g1mba.1 assembly as claimed in ol.a1m 17, wherein sa:td 

mvab1e anns have at their top end sections slider fixing sections 
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fbced to side sur.faoes of said head slider. i:espectively. 

19. 'lbe head gimbal assembly as cl.aimed in claim 18~ whem:ln said 

actuator has a shape so that them exists air gaps between said 

RDVable anns and side sur£aoes of said head slider except for said 

slider f:bd.ng sections. respectively. 

20. The head g1mbal. assenl>l.y as c1aimecl in claim 17. wherein said 

base is made of an elastic sintered ceramic. 

21. '!he head gimbal assembly as o1a:imed in o1aim 20, wherein said 

elasti.c sintered ceramic 1.s Zn>z. 

22. '!he head g1mba1 assemb1y as cl.aimed in claim 17, 'dJem1n each 

of said m::wable m:ms carpr.ises an amt nerber made of an elastic 

sintei:ed ceramic, and a piezoelectric elsnent :follned on a side 

sm:face of said amt member. 

23. 'lbe head gimbal assembly as c1aimecl in claim 22, whe.'.re:in said 

elast1.c sintered oeram1c is znl.i. 

24. '!he head g1mba1 assembly as cl.a:imed in claim 17. whme:ln said 

m:wab1e anns 1.s constituted so that said head slider is linearly and 

latel:ally oscillated in x:esponse to the drive signal.. 
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25. The head gi:mbal assembly as cl.a:lmed in c.1a1m 17,, We.min 

inner comers at roupling sections of said base and said m:wable 

amlS have an obtuse angle plane shape. 

26. The head gini>a1 assembly as ol.aimed in cl.aim 17, wbet:e1n 

inner oom.ers at coupling sections of said base and said m:wabl.e 

m:ms have a sroooth plane shape. 

27. The head gi:mbal assembly as ol.aimed in claim 16, wherein said 

actuator has a i:ough. U-plane shape. 

28. The head gi:mbal assembly as cl.aimed in claim 16. wherein said 

actuator has a thidOless equal to or less than a thiclmess of said 

head slider. 

29. The head g:lnbal. assembly as cl.a:1med in c1.a1m 16, whet:e:ln a 

spacing between said pair of m:JVable m:ms 1s detenn:lned to a value 

slightly shorter than a width of said head slider. 

30. The head g:intJa1 assenbl.y as cl.a:1med 1n cl.aim 16, wbel:e1n said 

at least one head elen&lt is at least one thin-film magnetic head 

element. 

31. 'lbe head g1nt>a.l assembly as cla.1med in cl.aim 16, wherein said 

imvable aDl1S of said actuator and said head slider are fixed with an 
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adhesive. 

32. '!be head g1mbal assembly as al.a:lned in cl.a:im 16, whel:e:in said 

actuator and said support m::e fixecl With an adhesive and a solder. 

33. A disk dr.ive appamtus having at least one head g.imbal 

assenbly that inalnifes a head slider with at least one head element, 

a support and a pi:ecise positioning actuator fixed with said head 

slider and with said support for prec1sely positioning said at least 

one head element. said actuator cmrprising a pair of novabl.e mms 

capable of displacing in .response to a drive si.gnal. applied thereto, 

said head slider is caught in a space between said J.OOVBble anns. 

34. A manufacturing method of a head g1mbal. assembly oarpd..sing 

the steps of: 

preparing a precise posi.tioning actuator with a pair of 

novabl.e m:ms capable of displac1ng in .response to a drive signa1 

applied thet:eto; 

catdl:lng a head slider with at least one head element in a 

space between said llDVabl.e anus of said actuator; and 

fixing said actuator with sa1.d caught head slider to said 

support. 

35. 'Ble manufactur.ing nethod as cl..a:inEd 1n cl.a:im 34. wherein sai.d 

catdl:ing step ocrrpr1ses fixing said head slider between said DDVab1e 

31 



I If lllll llllll lllll lllll II llll 
C L l'I s * 

anns with an adhesive. 

36. 'Ble manufacturing method as claimed in cla:im 35, wherein a 

spacing between said pair of m::Mibl..e anns is slightly shorter than a 

width of said head slider to be caught, and wherein said catdling 

step canpr1ses provisionally £1.xing said head slider between said 

mvab1e anns by a pinching fOJDe of said DDVab.le anns. 

37. '!be manufact¢ng nethod as cl.aimed in claim 36, wherein said 

catch:lng step canpr1ses secm:ely fixing said head slider to said 

ioovab1e anns by the.mlally cur.Ing the adhesi.ve after the provis1.onal.. 

fJxing. 

38. '!be manufacturing method as cl.aimed in c1a:lm 34. wherein said 

fixing step carprises fixing said actuator to said support wi.th an 

adhesive or a sol.der 
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