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HEAD SUSPENSirn ASSEMBLY wrm PRF.CISE P<EITICNIR; AC"IUA'IDR 

FIEID OF THE INVENTIOO 

'lhe present lllven.tion .i:elates to a head suspension assembly 

(HSA) or a head gimbal assembly (HGA) , with a precise positioning 

actuator for a thin-film magnetic head element used 1n a magnetic 

hard disk drive (IIDD) • 

DESCRIPrIOO OF THE RELATED ARr 

In the magnetic HOD, thin-film magnetic head elenents for 

writing magnetic infcmna.tion into and/or ma.ding magnetic 

lll:foD11a.tion fran magnetic disks are in general fonred on magnetic 

head sliders flying in operation above the :rotating magnetic disks. 

'!he sliders are supported at top end sections of suspensions of the 

HSAs. 

Recently, either record:i.ng and reproducing dens.ity along the 

track d.irection 1n the magnetic disk (bit density) , or record:i.ng and 

z:eproduc1ng density along the radial diJ:ection or along the track 

width direction m the magnetic disk (track density) rapidly 

increase to satisfy, the requi..renen.t for ever 1ncreasmg data storage 

capacities and densities in today's HDDs. Also, the reqW.renent for 

high data rate in the HDDs increases and thus inp:'ovement in the 

speed of the disk rotation is advanced. 

For advancing the bit density, because of a long distance 

between a head drive circuit and a thin-film magnetic head e1enent, 
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f1oatlng noises gerieratecl in the Wiring for oorinecting the drive 

circuit with the head e1em:mt have becane a big prob1em. Also, for 

advancing the track density, the position control of the magnetic 

head e1emant wlth respect to the track in the magnetic disk by a 

voi.oe coil JOOtor (VCM) only has never pxesented enough accura.cy. 

In order to solve the fcmner problem, a drive IC (integrated 

aixcui.t) chip having a part of the drive circuit of the magnetic 

head e1ement is IIDUilted on a suspension. Also, in order to solve 

the latter problem, another actuator mechanism is IOOUilted at a 

position nearer to the magnetic head slider than the VQII so. as to 

perfonn fine precise positioning that cannot be realized by the VOi 

only. The latter ted:miques for realizing precise positioning of 

the magnetic head am described in for example u .s. Patent No. 

s. 745,319 and Japanese unexamined patent publication No. 8-180623. 

However, even if either the bit density or the track dellsity 

is advanced, it is very difficlll.t to satisfy the recent requiremant 

for further increased data storage densities in the HDDs. 

It would have been considered that the IIDUllting of both of 

the IC chip and the additiona1 actuator on the sane suspension nm:e 

:i.rrprove the data storage densities. However, if they are IOOUD.ted 

together on the suspension, the following problems have occurred. 

( 1) The nmiber of trace conductors fonned on the suspension is 

grea.t1y increased. In a typica1 magnetic head, for exaup1e a 

canposite type magnetic head with a read head part of a 

magneto:resistive effect (MR) transducer element and a write head 
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pa.rt of an :inductive transducer element, four. dr ioore trace 

conductors are required for reading and writing opera.~ions and two 

or nm:e additional. trace conductors are required for dri.ving the 

additional actuator. Thus, it is necessary to make s:ix or I1DI:e 

trace conductors on the suspension. 'lha.t is twice of that in the 

oonventiona1 HSA. If the number of the trace condllctors :running on 

the suspension increases. noises due to the floating cap:iC.itence of -

the trace conductors may affect the read/Write sigilals, and/or heat 

may be oonsiderably generated. on the suspension. 

(2) Canparati.vely high voltage is required to drive the actuator. 

~. sinoe the suspension bas the IC chip on its middle section, 

it is ver.y di£ficult to design aw.iring of the HSA and a circuit of 

the HDD so as to fo::an trace conductors for providing such high 

voltage to the actuator 1ocated at the top end section of the 

suspension fnm the HDD along the whole length of the suspension. 

'nlUs, oonventionally. the IC chip and the additional actuator 

never have been IOOUllted. together on the same suspension. 

In addition, 1£ a piezoelectric material type actuator is 

used, poor resistance to shock will becx:l1e a large problem. Nanely, 

such piezoelectric material type actuator may be physically broken 

and/or depolarized easily if a shock is applied in the direction 

that intersects its plane when a voltage is applied thereto. 

~ OF THE INVENTICE 

It is therefoi.:e an object of the present invention to provide 
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a HSA. whereby ~it for :further in~~ data storage 

densities .in HDDs can be sufficiently satisfied. 

Another ob:ject of the present invention is to provl.de a HSA. 

~..xeu..r tb.-:~ numbe~: of trace conductors· fanned or. a &'llSpeilSi.on can be· 

reduc:.ec..'t. 

Further object of the :px::esent invention is to p.rovlde <'.:~ HSA. 

where.by a wiring design of the HSt'\ and a circuit: design of c~. HDD can 

be easj.ly cattl.ed out. 

St~U f'm:ther object of the present :!.DVE!nticn :ls to prmrl.de a 

HSA. whereby physical. b.I:eakage of and/or depo~_zation in 

piezoe.lectrlc naterial of an actuator by the shc:ck can be· 

effectively prevented even if a piezoelectric material type actuato.r 

is u.c;ed. 

Aooording to the present invention. a HSA includes a magnetic 

head slider with at l.east one thin-film nagnetic head element. an 

.actuator fixed to the magnetic head slider for performing precise 

position1ng of the at least one thin-film magnetic head element. an 

IC chip having a first cll'cuit for the thin-film magnetic head 

e1ernent and a second circuit for driving the actuator. and a 

suspension for supporting the actuator and the IC chip. 

Since both the IC chip and the actuator az:e IIDUilted on the 

suspension. it is possible to increase the bit density and the track 

density together and th.e:refore requirement for further increased 

data storage dens.ities in HDDs can be suff.iciently satisf1ed. Al.so. 

since the secxmd c1J:cu1t for driving the actuator is famed in the 
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fonned on t.11.e suspension can be reduced. -Thus, noises generated· 
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driv:L"'lg a write s;ignal to the at leest one thin-i'Dnt magnetic; :i.'lee.C. 

element. 

It is also preferred the f;sc::oncl circuit i!lcludes a fi.~."St 

cont...-x>l circuit for produc.ing a i::')sitioning signal. depending upon 

the :read signal fran the at least: one ta."'l:in-film magnetic head 

element1 and a booster circuit for lxlosting the produced positioning 

signal to produce a drive signal used for driving the- actuator. 

Since such the booster circuits are also fcmred in the IC chip 

I00UI1ted on the suspension, the drive signals with a caipara.tively 

high voltage for the actuator will pass through only the c::onductors 

provided between the IC chip and the actuator resulting that a 

wiring design on the suspension beoanes easy. In additi.on, since it 

is no neoessaz:y to generate such carpn:atively high voltage signals 

at the lIDD. a circuit design of the IIDD becates easy and further its 

specification beoanes sinple. 

Preferably, the read signal fran the at least one thin-film 
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nagnetic heac. element is a se:rvo signal .generated at the at least 

cne tbin··film magr.etio heaa e.lemant by. rec.di.n.g out servo infomati.on 
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c'Jeter;ts ·thl~ &~. Si...'"lCE: the :!1~.: detection .ci:rc.uit :~.s fcmred in 

the IC chip mounted on the SU!~pensicn, a shock applied ·::'.o the 

act-uator zoounted on the sane sttspension can be directly . detected and 

application of the: voltage to the actuator can be stopp:rl by the 

second c.ont:rol circuit on timing. Therefore, physical breakage 

and/o.r depolarization of the actuator by the shock can be 

effective.ly p.revented even if a piezoe1ectric material type actuator 

is used. 

It is prefer.red. that the actuator and the IC chip are located 

on one surface of the suspension. 'Ibis one surface of the 

suspension may be a surface faced to a magnetic disk sw:face in 

operation. 

It is also prefer.red that the HSA further includes a first 

conductor member with one end electrically connected to the at least 

one thin-film magnetic head elarent and the other end electrically 

connected to the IC chip, a second conductor member with one end 
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electrically connected to the actuator and the· other end 

electrically connected to the IC chip, and a third conductor nenber 

wit.It one end electrically connected ·to the IC chip and the other end 

electrically connected to connection pads to be connected to an 

eJctarnal circuit. 

Preferably, the one end of the fL""St conductor nenber is 

di..'""eetl.y connected to te:rrninals of the at least one tlrln-film 

magnetic heall. elerrent by ball bonding ox.· by stitch bondi.ng. 

It is further preferrf'.ii that the :first,· second and third 

conductor members are fonned by flexible ·print circuits with trace 

conductor layers sandwiched by insulation layers. 

Further·objects and advantages of the present invention will 

be apparent fn.m tlle f ollow:ing description of the pref er.red 

embod.1ments of the lliventi.pn as illustrated .lll the acocmpany.ing 

drawings. 

BRIEF DESCRIPI'ICN OF THE DRAWil'GS 

Fig. 1 is a top of view schematical Jy illustrating whole 

structure of a HSA as a prefer.red embod.1ment acconling to the 

present invention; 

Fig. 2 is a plane view illustrat.lllg a top end section of the 

HSA shC?WD in Fig. l; 

Fig. 3 is a side view schematically illustrat.lllg an 

attaclment structure of a precise positioning actuator and a 

magnetic head slider with a flexure in the HSA shown in Fig. 1; 
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Fig. 4 is a view schematic.al J;y illustrating an attadltent 

structure of a precise positioning actuator and a magnetic head 

slider with a flexure and a c.i.rc.'llit structure in an IC chip of the 

BSA shown in Fig. 1; and 

Fig. 5 is a v.iew schematically illustrating an attadment 

structure of a precise positioning actuator and a magnetic head 

slider with a flexure and a circuit structure in an IC chip of ·a HSA 

as another embod:llrent aoc..-onting to the present invention. 

DESCRIPl'Ial OF THE PREf'.ERRED FJHDIMENI'S 

Fig. 1 schematically illustrates whole structure of a HSA 

(head suspension assembly) in a pxefer.red embodiment acooi:ding to 

the present invention and Fig. 2 illustrates in detail a top end 

section of the HSA. These figures are top of views seen fI:an a 

slider-attached side. Fig. 3 schema.ti.cal Jy illustrates an 

attachment structure of a precise positioning actuator and a 

magnetic head slider with a flexure and Fig. 4 schematically 

illustrates the attachment structure and a circuit structure in an 

IC chip of the HSA shown in Fig. 1. 

As shown in these figures. the HSA is assembled by fixing a 

fine tracking actuator 11 for precise positioning of a thin-film 

magnetic head element to a top end section of a suspension 10, and 

by fixing a magnetic head slider 12 with the thin-film magnetic head 

el.enent 12a to the actuator 11. '1b.e magnetic head element 12a may 

have a read head part of a MR transducer element and a write head 
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part of an .inductive transducer element. 

As is well known, a rIDD has a main or oou:rse actuator of va4 

for rotationally IOOVing a DDVable ann to which such HSA is attached. 

The actuator 11 oontributes the fine positioning of the HSA, which 

carmot be adjusted by the ma:in or course actuator. 

The actuator 11 has as will be described in detail later a 

s:ingle layer structure or a null.ti-layered sL.-uctum including a 

pj.ezoelectric material. layer whi.ch expands and contracts by their 

reverse piezoelectric effect. The actuator -11 is mechanically 

coupled to the slider 12 and mechanically and electrically coupled 

to the suspension 10. '!he size of the actuator 11 is substantially 

equal to that of the slider 12 with for exauple 1.25 nm x 1.0 nm X 

0.3 nm. In this embodiment, the actuator 11 is IOOUilted at a 

position of the top end section of the suspension 10, near the 

slider 12, in consideration of its nechanical and electrical 

perfcmnanoe. 

As shown in Fig. 1, a drive IC chip 16 is 1IDUI1ted on a middle 

1oca.tion of the suspension 10. In this IC chip 16, as will be 

nentioned later, head anplifiers for the magnetic head el.eirent 12a 

and a drive ciI:cuit for the actuator 11 are foDDed. Although it is 

a mere example, the size of the IC chip 16 is 1.4 nm x 1.0 mn x 

0.125 nm. 

In the embodiment. the actuator 11, the slider 12 and the IC 

chip 16 are IOOUilted on a surface of the suspension 10. which sw:face 

will be faced to the magnetic disk surface in operation. 
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'lhe suspension 10 is substantially fonood by a resilient 

flexure 13 which car.ries the slider 12 through the actuator 11 at 

its tongue 17 located near its top end section and carries the IC 

chip 16 at its middle section, a resilient load beam 14 which 

supports and fixes the flexur:e 13. and a base plate 15 fonred at a 

base end section of the load beam 14. 

'!he load beam 14 has elasticity for pressing the slider 12 

through the actuator 11 toward the direction of a magnetic disk in 

operation. 

The flexure 13 has the flexible tongue 17 depressed by a 

d:impJ.e (projection) f<mred on the l.oad beam 14 and has elasticity 

for supporting flexibly the slider 12 through the actuator 11 by 

this tongue. As will be noted, in this embod:lment, the suspension 

10 has a tlu:ee-pi.eces structure constituted by :indivi.dual canponents 

of the flexure 13. the load beam 14 and the base plate 15. In such 

ttu:ae-pieces structure, sti£fness of the flexm:e 13 is set to be 

lower than that of the load beam 14. 

The flexure 13 is made of in this embod:lment a stainless 

steel plate (for exanple SUS304TA) with a thic1mess of about 25 /lm. 

As will be descri.bed later, a top end section 13a of the flexure 13 

is separated flXID other section 13b of the flexure 13. 

Qi the flexure 13 and out of the flexure 13, flexible 

conductor nenbers 18a, 18b and 18c each including a plurality of 

trace conductors of a thin-fiJm Rlllti-layered pattern ~ fonned. 

'!be cxmductor nenbers 18a, 18b and 18c are fODlled by a lmown method 
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similar to the pattem:Lng method of fcmning a printed circuit board 

on a thin metal plate such as a flexible printed circuit (FPC) • For 

example, the nenbers 18a, 18b and 18c are fcmred by sequentially 

depos.iting a first insulation material layer made of a resin such as 

polyimide with a thickness of about 10 JJ.m, a pattemed CU layer 

(trace conductor layer) with a thickness of about 10 J.Lm, and a 

second insulation material layer made of a resin such as polyimide 

with a thickness of about 5 JJ.m on the flexum 13 in this order. 

With:ln the regions of the oonnection pads famed for aonnecting with 

the IC chip 16. the actuator 11. the magnetic head slider 12a and an 

extemal c1rcuit, an Au layer is deposited on the CU layer and there 

is no second insulation material layer on the Au layer. 

In this embodiment, as shown in Fig. 2 in detail, the first 

conductor merriber 18a includes two trace conductors connected to the 

magnetic head element for one side. thus four trace cond.uctors for 

both Si.des, and the seoond conductor nenber 18b includes two trace 

conductors connected to the actuator 11 for one side, thus four 

trace cond.uctors for both sides. '!he third conductor member 18c is 

used for connecting the IC chip 16 with extemal circuit connection 

pads 20 provided for connection with the extemal c1rcuit. 

One end of the trace conductors of the first conductor Irember 

18a is electrically connected to head element oonnection pads 19 

fo.med on the individtiall;y separated top end section 13a of the 

flexure 13. 'lhe connection pads 19 are ball-bonded to temrinal. 

electrodes of the magnetic head slider 12 by Au balls 21 as shown in 
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Fig. 3. The other end of the trace conductors of the first 

conductor member 18a is electrically connected to IC chip oomection 

pads {not shown ) provided for connection with the IC chip 16. 

As will be apparent fran Fig. 3. the first conductor member 

18a consists of a first section fm::rned. on the other section 13b of 

the flexure 13. a second section floating in the air at both si.aes 

of the actuator 11 and the magnetic head slider 12, and a third 

section fonned on the indiv:idnaJJy separated. top end section 13a of 

the flexure 13. '1b.e top end section 13a and the other section 13b 

of the flexure 13 are located in different planes. respectively. 

However, since the air-floating section of the first conductor 

member 18a can freely bend, electrical connection between the 

conductor member 18a and the magnetic head el.enent can be ensm:ed 

without applying stress to the individually separated. top end 

section 13a of the flexure 13. 

Instead of the ball bonding, stitch bonding can be executed 

for cxmnecting the tenninal. electrodes of the magnetic head slider 

12 with the connection pads 19. 

one end of trace conductors of the second conductor membe.r 

18b is electrically connected to actuator connection pads 22 fo.DOOd. 

on the tongue 17 of the fl.exure 13. '1b.e connection pads 22 are 

connected to tenninal. electrodes of the actuator 11. The other end 

of trace conductors of the second conductor member 18b is 

electrically connected to the IC chip connection pads (not shown ) 

provided for connection with the IC chip 16. 
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O:le end of trace conductors of the thi.nl conductor mem:>er 18c 

is electrically oonnected to the IC chip connection pads. and the 

other end thereof is electrically connected. to the extemal ci.rcuit 

connection pads 20. 

The load beam 14 is made of in this embod:inent a :resilient 

stalll1ess steel plate with a thidkness of about 60-65 JLm and 

supports the other section 13b of the flexure 13 along its whole 

length. This l.oa.d beam 14 has a shape with a width that nar.rows 

with approaching to its top end. Fixing of the flexure 13 to the 

l.oad beam 14 is achieved by neans of a pl.urality of welded spots. 

The base plate 15 is made of a sta:inl.ess steel or iron and is 

fixed to the base end section of the load beam 14 by welding. The 

suspension 10 will be attached to each IOOVable amt (not shown) by 

fixing an attachnent part 23 of the base plate 15 to the m:wable a.mi. 

In IOOdification, the suspension may be fomed in a two-pieces 

st:cuctme with a base plate and a flexure-l.oa.d beam instead. of the 

thJ:ee-pieces stmctm:e with the flemre 13. the load beam 14 and the 

base plate 15. 

As shown in Fig. 4. a fixed part lla of the actuator 11 is 

fixed to the tongue 17 of the flexure 13. '!he f:ix:ing of the · 

actuator 11 to the tongue 17 may be achieved by solder bonding 

tenn:inal. el.ectnxies famed on the fixed part lla of the actuator 11 

with connection pads 22 fomed on the tongue 17 of the flexure 13. 

by adhering using conductive adhesives the temrlnal electrodes 

fm:ned on the f1xed part lla of the actuator 11 with the o6nnection 
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pads 22 fm:med on the tongue 17 of the flexure 13, or by adhering 

using adhesives the fixed part lla of the actuator 11 with the 

tongue 17 of the flexure 13. A ioovable part llb of the actuator 11 

is directly fixed by using adhesives to a rear end section 12a at 

which side a magnetic head el..eoent 12b is fm:rood. of the slider 12, 

or indirectly fixed by using adhesives to the :rear end section 12a 

through the top end section 13a of the flexure 13. 

The actuator 11 has the fixed part lla, the m::>vable part llb. 

and two rod shaped beam parts llc and lld for coupling these fixed 

and m:JVable parts lla and llb. Each of the beam parts llc and lld 

is fm::med by at least one piezoelectric material layer sandwiched by 

electrode layers. By appl.ying vol.tage across the el.ectrode layers. 

the piezoelectii.c material. layer expands and contracts. The 

piezoelectric material. layer is ma.de of material. that expands and 

contracts by :reverse piezoelectric effect or by electrostrictive 

effect. 

As aforeaentioned. one end of the beam parts llc and lld is 

united with the fixed part lla and this fixed part lla is fixed to 

the fl.ex.ure 13. The other end of the beam parts llc and lld is 

united with the ioovable ·part llb and this roovable part llb is f:ixed 

to the slider 12. Thus. bending IIDtion of the beam parts llc and 

lld due to their expanding and contracting generates the 

displ.acem:mt of the roovable part llb and therefore the displacenent 

of the slider 12. '!his displ..a.ceaent of the slider 12 :cesul.ts the 

swing of the magnetic head element al.ong an arc so as to cross 
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recording tracks of the magnetic disk surface. 

In case that the piezoelectric material layer of the beam 

parts llc and lld is made of piezoelectric material such as PZT 

(Lead Ziroonate Titanate) , the p:i.ezoelectric material layers are in 

general polarized so as to :inprove their displacement per.fcmnance. 

The po1arized direction is the thickness direction of the actuator 

11. When voltage is applied across the electrode layers and the 

direct:i.on of the produced electrical field is the same as the 

polarized. direction. the piezoelectric material layer between the 

electrode layers expands 1n :its th:i.ckness direction (piezoelectric 

longitudinal effect) and contracts in its in-plane diJ:ection 

(piezoelectric lateral effect). Contrary to this, when the 

d1rect:i.on of the produced electrical field is in inverse as the 

polarized di.J:ection, the piezoe1ectr1.c material layer between the 

electrode layers contracts in its thickness direction (piezoelectric 

longitudinal effect) and expands in its in-plane direction 

(piezoelectric lateral effect). If the voltage with a polarity 

which will induce the oontra.ct:lon is applied to the beam parts llc 

and lld alternately, a ratio between the length of one beam part and 

the other beam part changes resulting that both the beam parts llc 

and lld bend toward the same clil:ection in a plane of the actuator 11. 

By this bending nDtion, the IOOVable part llb swings around the fixed 

part lla along the ar.row 24 shown in Fig. 4. If no voltage is 

applied, the IOOVabJ.e part llb stays at the center position. 

This swing is the disp.1.ac::enent of the ioovable part llb to 
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draw an arc locus in the d1.rection substantially perpendicular to 

the expanding and oontracting clirection of the beam parts llc and 

lld and the arc locus is in a plane of the actuator 11. Therefore. 

the magnetic head element also swings to draw the arc locus. Due to 

operating the same d.1l:ection between the applied voltage and the 

polarization in the piezoelectric material layer. no attenuation in 

polarization in occurs. 

Sjmilar swing RDtion can be obtained even if the voltage 

altemately applied to the beam parts llc and lld is that inducing 

expansion of the beam parts. 

In the embodiment. voltages that induce 1111tually reverse 

RDtions may be s.itrultaneously applied to the beam parts llc and lld, 

respectively. In other words, AC voltages may be simll.taneously 

applied to the beam parts llc and lld so that one beam part expands 

when the other beam part contracts and vice versa. The swing m:>tion 

of the m:wable part llb is centered when no voltage is applied to 

the beam parts. In this case. the anq>litude of the swing m:>tion of 

the IOOVable part llb becanes about twice of that when the· voltage is 

altema.tely not s:ilrultaneously applied to the beam parts under the 

condition that the dri.ving vol.tage leve1s a:re the same. 

However. in this case, one of the beam parts is expanded and 

therefore the dil:ection of the drivlll.g voltage opposes to that of 

the polarization in the piezoelectric material. layer. Thus, 1£ the 

applied vol.tage is high or the voltage is continuously applied. 

attenuation in polarization of the piezoelectric material. layer may 
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occur. It is desi:r:ed therefore that a oonstant DC bias voltage in 

the same direction as the polarization direction be additionally 

applied to the N:. voltage to fonn the driv:ing voltage so that the 

direction of the driving voltage never opposes to that of the 

po1arization in the piezoelectric material layer. The swing RDtion 

of the DDVable part is oentei:ed when only the bias voltage is 

applied to the beam parts. 

The actuator 11 has in this embod:iment a united st:r:uctm:e of 

the fixed part lla, t..""le IIDVable part llb, and the beam parts llc and 

lld with a hole and notches f<>lllM through a single layer or nul.ti­

l.ayers of piezoelectric material with partially fomed electrode 

layers. Thus, high rigidity and a.ocurate dimensions of the actuator 

can be expected without oocurring assembling er.ror. Also, s1noe no 

adhesive is used for fabricating the actuator, no adhesive layer 

exists at the portion where stress will be produced by the 

defomiation of the beam parts. Thus, no mechanical transfonnation 

loss due to the adhesive layer and no deterioration in adhesive 

strength oc:x::ur. 

In this specification, the piezoelectric material is material 

that expands or contracts by their :reverse piezoelectric effect or 

electrostrictive effect. Any piezoelectric material applicable for 

the beam parts of the actuator can be used. However, for high 

rigidity, it is desi:r:ed to use a ceramics piezoelectric material 

such as PZT[Pb( Zr, Ti )°=31. PI'(PbTi.°=3). PLZT[ (Pb, La)( Zr. Ti 1°=31 , or 

barit111 titanate (Ba.Ti.O.i) • 
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As aforenentioned, the drive IC chip 16 is rrounted on the 

sur:face at the middle length location of the suspension 10. This 

location of the IC chip 16 is dete:r:mined so as to imp:rove the 

cooling effect and the electrana.gnetic c.haracteristics of the IC 

chip and to execute easy m:>llllting of the IC chip. The IC chip 16 in 

tP.iS embod1ment is fOl'lDed by a bear chip and m:mnted on and 

connected to the IC chip connection pads. 

An under.fill is fi 11 eil in a clearance between the bottan 

surface of the IC chip 16 and the thin-film pa.ttem sm:face so as to 

improve heat radiation characteristics, to imp:rove mechanical 

strength of this area, and to cover a part of the IC c'hip 16. 

As shown .in Fig. 4, in the IC chip 16, a head amplifier 

circuit 16a for arcplifying read and write signals fran and to the 

thin-film magnetic head el.enent 12a, a positioning oontrol circuit 

16b for producing a oontrol signa1 for the nain actuator (VCM) and 

precise control signals for precise positioning of the actuator 11 

depending upon se:cvo signals of the nagnetio head el.enent 12a 

provided fran the cil:cuit 16a, and booster circuits 16c and 16d for 

boosting the precise positioning oonti:ol signal fran the cllcuit 16b 

to generate drive signals applied to the actuator 11 am fonted. 

'lhe head amplifier circuit 16a 1s a general head anplifier 

for anplifying an analog signal. 

The positioning oontrol circuit l6b generates, depending upon 

the servo signals provided fran the magnetic head elemant 12a, the 

oonti:ol signal applied to the main actuator (VCM) and the precise 
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positioning oont:rol signals used for precise positioning of the 

actuator 11. The servo signals are generated at the magnetic head 

element 12a by reading out servo infOJ:mation pml.:iminarily i:eoo:rded 

on the magnetic disk. The ci:L'Cui.t configuration of the positioning 

control circuit 16b is kn.awn. 

The booster circuits 16c and 16d boost the prec.ise 

positioning oont:rol signals of 3-5 V or less to voltage signals of 

about 15 V that is required for driving the piezoelectr.1.c material. 

type actuator 11. '1he voltage of the pz:ecise positioning control 

signal. will be 3-5 Vat maxi.nun because the som:oe voltage supplied 

to the IC chip 16 is about 3-5 v. SUch booster circoit can be 

oonstituted by a boost switching :regulator or by a boost oonve.rter 

oonsisting of a power M>SF'ET and a switching regulator controller 

for driving the power M>SF'ET. In the latter case, a cur.rent IOOde 

switching regulator controller L'l'Cl624 of Linear Technology C.o., Ltd. 

or its equivalent circuit may be used for the switch:Lng regulator 

controller for example. 

In this EINxx'linent, these head anpli£ier circoit 16a, the 

positioning control circuit 16b, and the booster circoits 16c and 

16d are integrated in the single IC chip 16. 

As aforementioned in detail, acxxn:'d:ing to this embod:inent, 

since both the IC chip 16 and the actuator 11 are m:>unted on the 

suspension 10, it is possible to increase the bit density and the 

track density together and therefore requ:b:ement for further 

increased data storage densities in HDDs can be sufficiently 
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satisfied. Also, since the positioning control circuit 16b for 

generating drive signals of the actuator 11 is integrated in the IC 

chi.p 16 nnmted on the suspension 10, the number of trace conductors 

fonned on the suspensi.on 10 can be :reduced. Thus, noises generated 

fI:an the trace conductors. which will adversel.y affect the 

x:ea.d/write signal. of the magnetic head e1eaent, can be x:edu.ced fJ:QU 

occuxring, and heat generation due to cur.rent fl.00.ng through the 

trace conductors on the suspension can be also reduced. 

Furth.emD:re, since the booster circu:lts 16c and 16d are also 

integrated in the IC chip 16 IOOUD.ted on the suspension 10, the dri.ve 

signals with a ccmparatively high voltage for the actuator 11 will 

pass through only the second conductor l1BltleI:' 18b provided between 

the IC chip 16 and the actuator 11 resulting a w:i.r.ing design on the 

suspension becanes easy. In addition, since it is no necessary to 

generate such a.mparatively high vo1tage signals at the HOD, a 

cixcui.t desi.gn of the HOO beoanes easy and further its specification 

bec::mes s:i.npl.e. 

Fig. s schematically illustrates an attachnent sb:uctm::e of a 

pxecise posi.tioning actuator and a magnetic head slider with a 

flexure and a cirouit structm:e in an IC chip of a HSA as another 

embodiment according to the present invention. 

Configurations, operations and advantages of this edxxliment 

are the same as those of the edxxliment of Fig. 1 except for the 

configuration in the IC chip 56. Thus, the same CXllp>Ilents as the 

edxxliment of Fig. 1 use the same reference mnerals and their 
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explanations are anitted. 

As shown in Fig. 5. in the IC chip 56, a head anpl.ifier 

circuit 56a for amplifying .read and write signals fnm and to the 

thin-film magnetic head element 12a, a positioning control c:ircllit 

56b for producing a control signal for the main actuator (va-t) and 

precise control signals for precise positioning of the actuator 11 

depending upon servo signals of the magnetic head el.enent 12a 

provided fran the circui.t 56a, booster circui.ts 56c and 56d for 

boosting the pmcise positioning control signal fran the circuit 56b 

to generate drive signals applied to the actuator 11. an impact 

sensor 56e for detecting a shock applied thereto, and a control 

c1rcuit 56f for stopping supply of the drive signals to the actuator 

11 when the ~ sensor 56e detects shock are fODled. 

'!he head amplifier circuit 56a is a general head amplifier 

for anpli:fying an analog signal. 

'!he positioning control circuit 56b generates. depending upon 

the servo signals whim are obtained the magnetic head element 12a 

by reading out servo infm:mation prel1minaril.y recorded on the 

magnetic disk, the control signal applied to the main actuator (V~) 

and the precise positioning control signals used for precise 

positioning of the actuator 11. The circuit configuration of the 

positioning control circui.t 56b is known. 

The booster circuits 56c and 56d boost the precise 

positioning control signals of 3-5 V or less to voltage signals of 

about 15 V that is required for dri.ving the piezoelectric material 
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type actuator 11. 'lbe voltage of the pmcise positioning control 

signal will be 3-5 Vat maxim.Jn because the souroe voltage supplied 

to the IC chip 56 is about 3-5 v. Such booster ciJ:cuit can be 

constru.cted by a boost switching regulator or by a boost converter 

consisting of a power K>SF'ET and a switching regulator controller 

for driving the power M)SF'E'l'. In the latter case, a cur.rent nDde 

switching regulator oont:roller LTC1624 of Linear Technology Co. • Ltd. 

or its equivalent circuit may be used for the switching regulator 

oontroller for exanple. 

'!be impact sensor 56e is a shock sensor or an aoceleration 

sensor. As for an example of the fonner, there is a shock sensor 

for HOD B451ASH of 'IDK CoI:poration. As for an exanpl.e of the later, 

there is an a.ccel.eration sensor ADXL202 of Analog Devices Inc. or an 

acceleration sensor MAS1301T of Mitsubishi Electric Cozpora.tion. 

'!be control circuit 56f is a switch circuit and may be 

oonst:ru.cted by a switch element that intercepts oontrol signals to 

the booster circuit 56c and 56d when a shock detected signal is 

applied fran the inq>act sensor 56e. In IOOdification, this control 

ciz'cui.t 56£ may be inserted at the output side of the positioning 

control. circuit 56e, or fm:med inside of the positioning control. 

c1rcuit 56e. 

In this embodiment, these head anplifier cirouit 56a, the 

positioning control. circuit 56b, the booster circuits 56c and 56d, 

the impact sensor 56e and the control circuit 56f are integrated in 

the single IC chip 56. 
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As aforementioned in detail. according to this emtxxliroont. 

since both the IC chip 56 and the actuator 11 are roounted on the 

suspension 10. it is possible to increase the bit density and the 

track density together and therefore mquirement for further 

increased data storage densities in HDDs can be sufficiently 

satisfied. Also, since the positioning control circuit 56b for 

generating drive signals of the actuator 11 is integrated in the IC 

chip 56 IOOUilted on the suspensi.on 10. the nmiber of trace conductors 

fonned on the suspension 10 can be reduced. Thus, noises generated 

fi:an the trace conductors, which will adversely affect the 

read/write signal of the magnetic head e1en&lt, can be reduced fi:an 

occm:ring. and heat generation due to cur.rent flawing through the 

trace conductors on the suspensi.on can be also reduced. 

Furthenoore. since the booster ciJ:cuits 56c and 56d az:e also 

integrated in the IC chip 56 roounted on the suspension 10, the drive 

signals with a ee:rig;m:atively high voltage for the actuator 11 will 

pass through only the seoond conductor melTiber 18b provided between 

the IC chip 56 and the actuator 11 resulting a wiring design on the 

suspension becxxnes easy. In addition, since it is no necesscu:y to 

generate such oarparatively high voltage signals at the HDD, a 

circuit design of the HOD becxxnes easy and further i.ts specifi.cation 

beoates simple. 

Also, accx:>rd1ng to this entxxliment, since the .iirg;>act sensor 

56e is fOllDed in the IC chip 56 roounted on the suspensi.on 10, a 

shock applied to the actuator 11 rmmted on the same suspension 10 
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can be directly detected and application of the voltage to the 

actuator 11 can be stopped by the cxmtrol ciJ:cuit 56f on timing. 

Therefore. physical breakage and/or depolarization of the actuator 

by the shock can be effectively prevented even if a piezoelectric 

material type actuator is use<I. 

Many widely different embodiments of the present .invention 

may be constructed without departing fran the spirit and soope of 

the present invention. It should be understood. that the present 

invention is not limited to the specific embodiments described m 

the specification. except as defined in the appended claims. 
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111111~ 1111~ 11~1111(1111111 
WHAT IS CLAIMED IS: 

1. A head suspension assembly carpri.sing: 

a magnetic head slider with at least one thin-film magnetic 

head element; 

an actuator fixed to said magnetic head slider for perfcmn:ing 

precise positioning Of said at least one th:ln-film magnetic head 

el.anent; 

an IC chip having a first ci:rouit for said thin-film magnetic 

head element and a second circuit for driving said actuator; and 

a suspension for supporting said actuator and said IC chip. 

2. The head suspension assembly as claimed in claim l, wherein 

said first ci:rouit mclucles an anplifier circuit for anplifying a 

read si.gna1 fran said at least one th:ln-film magnetic head element. 

and an cmpli£ier circuit for anplifying a w.d.te signal to said at 

least one thin-film magnetic head elemant. 

3. The head suspension assembly as cla1med 1n cla1m 1, wherein 

said second circuit includes a first control circuit for pmducing a 

positioning signal. depending upon the read signal. fran said at least 

one thin-film magnetic head element. and a booster circuit for 

boosting said produced positioning signal to prod.uoe a drive signal. 

used for driving said actuator. 

4. The head suspension assembly as c1a:imed in claim 3. wherein 
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said read signal :fl:an said at least one thin-film magnetic head 

elenent is a servo signal generated at said at least one thin-film 

magnetic head elenent by reading out servo infOllDation preliminarily 

recorded on a magnetic disk. 

5. The head suspension assembly as claimed in claim 3, wherein 

sa:id IC chip :inc1udes a th:i.nl c1rcuit for protect:ing sa:i..d actuator 

fJ::an physical bl:eakage and/or depolarization due to a shock applied 

thereto. 

6. The head suspension assembly as claimed in c1aim 5. wherein 

said third circuit includes an 1mpa.ct detection circuit for 

detecting shock applied the:reto. and a second oontro1 circuit for 

stopp:ing supply of the dri.ve signals to said actuator when the 

impact detecti.on c1.rcu1.t detects the shock. 

7. The head suspension assembly as claimed in claim 1, wherein 

sa1.d. actuator and said IC chi.p are 1ocated on one surface of said 

suspension. 

8. 'lbe head suspension assembly as claimed in cla:im 7, wherein 

sa1.d. one sw:face of the suspensi.on is a surface faced to a magneti.c 

disk surface 1n operation. 

9. 'lhe head suspension assembly as claimed in claim 1, wherein 
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said head suspension assembly further oa_1prises a first conductor 

member with one end electrically connected to said at least one 

thin-film magnetic head element and the other end el.ectrically 

oonnected to said IC chip, a second conductor membe.r with one end 

electrically connected to said actuator and the other end 

electrically connected to said IC chip, and a th1zd conductor member 

with one end electrically connected to said IC chip and the other 

end electrically connected to connection pads to be COilllected to an 

extema1 cil:cuit. 

10. The head suspension assembly as cl.a.llred in cl.a:im 9, whei:ein 

said one end of said first conductor member is clil:ectly connected to 

tenninals of said at least one thin-film magnetic head el.enent by 

ball bonding. 

11. 'lhe head suspensi.on assembly as cl.a:1med in claim 9. wherein 

said one end of said first conductor membe.r is connected to 

tenn:inals of said at least one thin-film magnetic head elearent by 

stitch bonding. 

12. '!he head suspension assembly as cl.a:1med in claim 9, wberein 

said first. second and third conductor members are fODDed by 

flexible print circuits with trace conductor layers sandwiched by 

insulation layers. 
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