.31 MAR 2004 HEAD SUSPENSI ON ASSEMBLY W TH PRECI SE POSI TI ONI NG ACHUNERR?(04
FI ELD OF THE | NVENTI ON The present invention relates to a head suspension
assenmbly (HSA) or a head ginbal assenbly (HGA), with a precise positioning

actuator for a thin-filmnagnetic head el ement used in a magnetic hard

di sk drive (HDD). DESCRIPTION OF THE In the magnetic HDD, thin-film
magneti c head el enents for witing nagnetic information into and/or
readi ng magnetic rmati on from magnetic disks are in general formed on
magnet i c_head sk dBkprldrit skl 9PRTH pRRIERBRITRGIA! AibRforTagnet | C

di sks. The slrders are supported at top end sections of suspensions of the
Recently, either recording and reproduci ng density along ck direction in
the magnetic disk (bit density), or reco reproducing density along the
radial direction or along the track wdth direction in the magnetic disk
(track E§W§?9§fﬁﬁéﬁﬁﬂﬁvI ncrease to satisfy the requirenment for ever

i ncreasing data storage capacities and densities in today's HDDs.

requi renent f&he faventien rrlates TMposheat SEIRES1M FSEHURLYI npr ovenent
speed of the disk rotation is advanced. For advancing the bit density,
because (B§A)aor ghfead grimbrle assrmbli e(fiGh) hadsh oy Preciser eegitianinda thin-film
magneti c head elenent, 3 1 MAR 2004 fl oating noises generated in the wring
f or conaelEitny fidrea dibiinefilyi magmetighesd elemdidatsed anemmafdetdcbecone a big
problem Also, for cing the track density, the position control of the
magnet i batk diisle deient(HMDY.n respect to the track in the nmagnetic disk by a

DESCRIPTICN OF THE RELATED ART

In the magnetic HDD, thin-film magnetic head elements for
writing magnetic information into and/or reading magnetic
information from magnetic disks are in general formed on magnetic
head sliders fiying in operation above the rotating magnetic disks.
The sliders are supported at top end sections of suspensions of the
HSAs.

Recently, either recording and reproducing density along the
track direction in the magnetic disk (bit density). or recording and
reproducing density along the radial direction or along the track
width direction in the magnetic disk (track density) rapidly
increase to satisfy the requirement for ever increasing data storage
capacities and densities in today's HDﬁs. Also, the requirement for
high data rate in the HDDs increases and thus improvement 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 element,



voi ce coil motor (VCM only has never presented enough accuracy.3!n MARI004
to 'solve the fornmer problem a drive IC (integrated circuit) chip having a
part of the drive circuit of the nmagnetic head elenent is nounted on a
suspension. Also, in order to solve the latter problem another actuator
mechanismis nounted at a position nearer to the magnetic head slider than
the VCMso as to performfine precise positioning that carrot be realized
by the VCM only. The latter techniques for realizing precise positioning
of the netic head are described in for exanple U S. Patent No.

S, 745, 3 TEREPS IPLAE SETAT e b SLEHIS Bk BMRT IO b B 580603. However
even if either the hit density or the track density_ is advanced, it is very
di ffi cul 1YLt JtRihe head glement have W@a%@agﬁmﬁl@%réb@fdé%i ties in
the HD It woul d have been considered that the nounting of both of the IC
chi p andcadveecHithe daark denstiivor thin pesidionmonsuebh @fsthsnmagnedici nprove t he
data storage densities. However, if they are nounted together on the
suspensilmad elngend|widthi regppeioioethe: hoack duclirerwapnetiy dikk byaber of trace
conductors formed on the suspension is greatly increased. In a typical
magnet i cvdieadsoiflanotexa (M enlyohqs sever pyesented retough leeadradyt. h a read head
part of a nmagnetoresistive effect (MR) transducer elenent and a wite head
3 1 MAR 2004 pmar brddr a6 dolvel cihsvEorneansdblak, al @iivet IC fattephte®re trace
conductors are required for reading and witing operations and two or nore

addi t i onglrchitiC ehyp heUiigOh Spatteof atdi drdef@ircdit \WeENehd hagddit i onal
actuator. Thus, it is necessary to nmake six or nore trace conductors on
the suspRA| dkmedPal hdmith @d fsldpabsiol. Also, in order to solve
the latter problem, another actuator mechanism is mounted at a
position nearer to the magnetic head slider than the VOM so as to
perform fine precise positioning that cannot be realized by the V(M
only. The latter techniques for realizing precise positioning of
the magnetic head are described in for example U.S. Patent No.
5,745,319 and Japanese unexamined patent publication No. 8-180623.
However, even if either the bit density or the track density
is advanced, it is very difficult to satisfy the recent requirement
for further increased data storage densities in the HDDs.
It would have been considered that the mounting of both of
the IC chip and the additional actuator on the same suspension more
improve the data storage densities. However, if they are mounted
together on the suspension, the following problems have occurred.
(1) The mumber of trace conductors formed on the suspension is
greatly increased. In a typical magnetic head, for example a
composite type magnetic head with a read head part of a

magnetoresistive effect (MR) transducer element and a write head



conventional HSA. If the nunber of the trace conductors runningJon MAR 2004
suspensi on i ncreases, noises due to the flQating capacitance of the trace
conductors may affect the read/wite signals, and/or heat my be

consi derably generated on the suspension. (2) Conparatively high voltage is
required to drive the actuator. However, since the suspension has the IC
chip onits mddle section, it is very difficult to design a wiring of the
HSA and a circuit of the HDD so as to formtrace conductors for providing
such high voltage to the actuator |ocated at the top end section of the
suspensi Y PH AN ARdydbive tEaREduRer Herent. e OB oA et$G8pensi on.  us,
conventionally, the IC chip and the additional actuator never have been
mount ed ¢BGECHES are tpauiredefogusprdiapomd ypitigdionesatians anditegoel ectri c
material type actuator is used, poor resistance to shock will becane a

| ar ge pr@bimere adidthiopadzZigale ctonilechont exriearedquiped dforudtioingrehebe physical |y
broken and/or depolariz fly if a shock is applied in the direction that

i nt er secdditicnapl avmatten Thusgl 1ade nsceapaty ¢d nidker ei0 or SMWARY OF THE
INVENTION It is therefore an object of the present invention to provide 3 1

MAR 201 tarabSAsondhietcagyor ebidi suspaidiohor Thut tidetwicecoeasad dathe St or age
densities in HDDs sufficiently satisfied. Another object of the present

i nvent i Gdnbéntiiondl ehde 1& Whehaer! BE thdMBRice dorlihdt sCongiay s fornmed on
a suspensi on can reduced. Further object of the present invention is to

provi de the suspension increases, noises due to the floating capacitance of
the trace conductors may affect the read/write signals, and/or heat
may be considerably generated on the suspension.
(2) Comparatively high voltage is required to drive the actuator.
However, since the suspension has the IC chip on its middle section,
it is very difficult to design a wiring of the HSA and a circuit of
the HDD so as to form trace conductors for providing such high
voltage to the actuator located at the top end section of the
suspension' from the HDD along the whole length of the suspension.

Thus, conventionally, the IC chip and the additional actuator
never have been mounted tegether on the same suspension.

In addition, if a piezoelectric material type actuator is
used, poor resistance to shock will became a large problem. Namely,
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.

SUMMARY OF THE INVENTICN

It is therefore an object of the present invention to provide



whereby a wiring design of the USA and a circuit design of a HDD &an MAR 20(
easily carried out. Still further object of the present invention is to
provi de a by physical breakage of and/or depolarization in piezoelectric
material of an actuator by the shock can be effectively prevented even if
a piezoelectric material type actuator is used. According to the present
invention, a HSA includes a magnetic head slider with at |east one
thin-filmnmagnetic head el ement, actuator fixed to the magnetic head slider

for perf ?Eﬁn recise positio 'n%ioh the at le s# one thin-filmmagnetic
head el "i? chi!g@ﬁ%’f nrgqguﬁn?gii %?Fr R &Pc“ﬁ‘?ge? gfﬁecpﬁ?%eagneti ¢ head
el emrent and,.a. seco circuit for. drivin %he_a tuator, and a suspension
f or supp(gei""ﬁL % g Pfu%bea?l’%f{'%nly'% %ﬁ‘ Eflgﬁgnce both the IC chip and the
actuator are nounted on the suspension, it is possible to increase the bit
density and t HEthek PPiedn of et BRreeRk AryRaticRet 2 torRrvédeia Bint f or
further increased data storage densities in HDDs can be sufficiently
sati sf i edergyy dhe JURPEr tafe tECoARNAICEQ Formed en jay Pugpenitometudeor i s
formed 3 1 MAR 2004 |1 C chip nounted on the suspension, the nunber of trace
conduct giedugest-ned on the suspensi on can noi ses generated fromthe trace
conductors, which will adversely affect the d/wite signal of the magnetic
head el enment, Foabhdye obgaiicell the gmesentu inivenfioanis lhe girogide matlfzon due to
current flow ng through the trace conductors on the suspension can be al so
redo |t wherghyehewirdegtdestign o€ fhe $ISA Gindcaidirtaict ddexmast aHTHDD fdagmr
be easily carried out.
Still further object of the present invention is to provide a
HSA, whereby physical breakage of and/or depolarization in
piezoelectric material of an actuator by the shock can be
effectively prevented even if a piezoelectric material type actuator
is used.
According to the present invention, a HSA includes a magnetic
head slider with at least one thin-film magnetic head element, an
actuator fixed to the magnetic head slider for performing precise
positioning of the at least one thin-film magnetic head element, an
IC chip having a first circuit for the thin-film magnetic head
element 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 are mounted on the
suspension, it is possible to increase the bit density and the track
density together and therefore requirement for further increased
data storage densities in HDDs can be sufficiently satisfied. Also,

since the second circuit for driving the actuator is formed in the



circuit for anplifying a read signal fromthe at |east one thin-gijl maR 2004
) o

magneti ¢ head el and an anplifier circuit for anplifying or driving a wite
signal to the at |east one thin-filmnmagnetic head element. It is also
preferred the second circuit includes a control circuit for producing a
positioning signal depending upon the read signal fromthe at |east one
thin-fil mmagnetic head elenent, and a booster circuit for boosting the
produced positioning signal to produce a drive signal used for driving the
actuator, Since such the booster circuits are also forned in the I1C chip
mount ed Hn FHR MOURtRh SRothe FaPepicRe heyRYNer,\Pf HTgce GIopdRdEOrsel y  hi gh
voltage for the actuator will pass through only the conductors provided
bet ween ¥4Eed onc Khe siigpensien anybe gedueasiy| tThyg. tnadses geperdted design on the
suspensi on becones easy. In addition, since it 1is no necessary to generate
such confemathey grgcenicghdurdbras,gahigly walls adwersehy afibBet dhei rcuit design of
the HDD becones easy and further its specification becones sinple.

Pr ef er abead/witider sigmad i gfh dhe fmagnetilcchedd bbarent proent be weftided 8ol MAR 2004
magneti c head element is a servo signal generated at the at |east one

t hi n-f i loocnagingt | andhheak ebremattob yiue elad cagrentit FRHNG thib@ihrehé on |imnarily
recorded -on a magnetic disk. It is preferred that the IC chip includes a

third citrac toch@ictorst &t tthe gsispensich Uainope 4168 Rlmsscal br eakage and/ or
depol ari zation due to a shock applied thereto. In this case, the third

circuit include ahprepaGadelRCind Fitdt’ eiduit Olnd8b&s bhNampiiefde appl i ed
thereto, and a second control circuit for stopping supply of the
circuit for amplifying a read signal from the at least one thin-fiim
magnetic head element, and an amplifier circuit for amplifying or
driving a write signal to the at least one thin-film magnetic head
element.

It is also preferred the second circuit includes a first
control circuit for producing a positioning signal depending upon
the read signal from the at least one thin-film magnetic head
element, and a booster circuit for boosting the produced positioning
signal to produce a drive signal used for driving the actuator.
Since such the booster circuits are also formed in the IC chip
mounted on the suspension, the drive signals with a comparatively
high voltage for the actuator will pass through only the conductors
provided between the IC chip and the actuator resulting that a
wiring design on the suspension becomes easy. In addition, since it
is no necessary to generate such comparatively high voltage signals
at the HDD, a circuit design of the HDD becomes easy and further its
specification becomes simple.

Preferably, the read signal from the at least one thin-fiim



drive signals to the actuator when the inpact detection circuit geq eaLp 2004
t he" shock. Since the inpact detection circuit is formed the ICc

nount ed on the suspension, a shock applied to the actuator nmounted on the
sanme suspension can be directly detected application of the voltage to the
actuator can be stopped by the second control circuit on timng.

Theref ore, physical breakage and/ or depol arization of the actuator by the
sh effectively prevented even if a piezoelectric material type actuator is

L HOHE MR R a2 B aen: %2

surface e suspensi on hl S one S suspen5| 0]

surface fac net di k sur face |n eratl on. is also
preferre‘anet%g‘t‘n%ﬁ‘@“ ]r)i % 1%:3%% OHERHE with one

end el ectricall connect ed to the at Ieast one thin-filmnmagnetic head
el enent WW%&%WP’%& pognatic disgnnected to the 1C chip, a second

conductor menber with one end 3 1 MAR 2004 el ectrically connected to the

actuat or and tHeldtBreferrescthate 3he ICoanie dpeidded "’tﬁ@-‘l%cém‘iﬂt 91 a third
conductor rinmer with one end electrically connected to the I1C chip and the
ot her erRroéPeEngi thet POtEBRRcbEdPYG1eBh heethiagh FudordePhbaigake® ed to an

circuit. Preferably, the one end of the first conductor nenber is directly
connect editet to tee shogkapppldfedt theratol edntthdaecasei ntle Khvirdragratitc head el enent
by ball bonding or by stitch bonding. It is further preferred that the
first, sedbnihcinde tani ipactodebection oibnet sfar detfeptimygl shyck laprlisdde pri nt
circuits with trace conductor |ayers sandw ched by insul ation |ayers.

thereto, and a second control circuit for stopping supply of the

drive signals to the actuator when the impact detection circuit

detects the shock. Since the impact detection circuit is formed in

the IC chip mounted on the suspension, a shock applied to the

actuator mounted on the same suspension can be directly detected and

application of the voltage to the actuator can be stopped by the

second control circuit 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 used.

It is preferred that the actuator and the IC c¢hip are located

on one surface of the suspension. This one surface of the

suspension may be a surface faced to a magnetic disk surface in

operation.

It is also preferred that the HSA further includes a first
conductor member with one end electrically comnected to the at least

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

connected to the IC chip, a second conductor member with one end



»

Further objects and advantages of the present invention will be al?pﬂf.\ﬁné[)ﬂ‘l
fromthe foll owi ng description of the preferred enbodi nents of tﬁe
invention as illustrated in the acconpanying draw ngs. BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a top of view schematically illustrating whol e
structure of a HSA as a preferred enbodi nrent according to the present
invention; 2 is a plane viewillustrating a top end section of the HSA
shown in Fig. 1, Fig. 3 is a side view schematically illustrating an

attachnment structure of a precise posjtioning actuator. and a nagnetic head
sl i der vﬁr}teﬁ%ﬁl ¥Lﬁ°ém?cﬁtefih£° ﬁi‘ﬁ%‘ﬂﬁ”? ﬁn‘ii—’i‘g‘te heg1eifhR 2005 Fig. 4 is a
vi ew schemat i cal % illustrating an attachnent _structure of a precise

posi t i orﬁiﬁ&tﬁﬁa&i senggted HRdhetic R and g detrd\copiuster 8T and a

circuit structure in an |IC chip of the HSA shown in Fig. 1, and a view
schemat i'B&| 9re PRY, SeatTicglhn comestpdein the dGceireand the mther sdyosi ti oni ng

actuator and a nmagnetic head slider with a flexure and a circuit structure
in an | Gleatpicelly aaEpeciedafp chriectitpdade o be condeetgdt to Bhe present
invention. DESCRI PTION OF THE PREFERRED Fig. 1 schematically illustrates
whol e stepiexrnalecofcudt HSA (head suspension assenbly) in a preferred
enbodi nent according to the present invention and Fig. 2 illustrates in
detail a top @mdfersibty) dheodnet bml dBAthel ifeser tomgluctsr aksbésof vi ews seen
froma
directly connected to terminals of the at least one thin-film
magnetic head element by ball bonding or by stitch bonding.
It is further preferred that the first, second and third
conductor members are formed by flexible print circuits with trace
conducter layers sandwiched by insulation layers.
Further objects and advantages of the present invention will
be apparent from the following description of the preferred
embodiments of the invention as illustrated in the accowpanying

drawings.

BRIEF DESCRTIPTION OF THE DRAWINGS

Fig. 1 is a top of view schematically illustrating whole
structure of a HSA as a preferred embodiment according to the
present invention:; ’ |

Fig. 2 is a plane view illustrating a top end section of the
HSA shown in Fig. 1;

Fig. 3 is a side view schematically illustrating an
attachment structure of a precise positioning actuator and a

magnetic head slider with a flexuare in the HSA shown in Fig. 1;



slider-attached side. Fig. 3 schematically illustrates an attachgentMAR 20(
structure of a precise positioning actuator and a magnetic head slider
with a flexure and Fig. 4 schematically illustrates the attachnent
structure and a circuit structure in an IC chip of the HSA shown in Fig. As
shown in these figures, the HSA is assenbled by fixing a fine tracking
actuator 11 for precise positioning of a thin-filmmagnetic head el enent to
a top end section of a suspension by fixing a magnetic head slider 12 with
the thin-filmmagnetic head el ement 12a, the actuator 11. magnetic head

el enent 12a ndy-ShateSaaresy ssmbisAl o i lugiRet 1o ap Adpdmedtent and a

wite head MAR 200 of an inductive transducer elenent. 11 known, a HDD has
a mai n oftEEHEEe0h @ pREGISCOPOSIEIMHRE aPateABE 18 MAgRAtAE eadovable armto
whi ch such HSA is attached. The actuator 11 contributes the fine

posi ti ordldgeniwithea Hipxurphieh & clridt Beaugidresie @nbiC chib mdi Bheor cour se
actuator. The actuator 11 has be described in detail later a single |ayer
st r uct urisAoshewnmist tFligl alreprd structure including a piezoelectric materi al
| ayer whi ch expands and contracts by their reverse piezoelectric effect.
The actuator Figi S5 ischarieeadhgmatdicaplyedl tustirheirgl anlettddmaentd nmechanical |y
and electrically coupled the suspension 10. The size of the actuator 11 is

subst antgtabdtureosfial pieriks aposatidriag ddtdetorl andvid hadr@tiexmanl e 1. 25 min X
1.0 0.3 nm In this enbodinment, the actuator 11 is nounted at a position
of the t0pI@N¢iseE FOBaRb 4t astiSRANSs istPudtire BABNI E chip of a HSA

as another embodiment according to the present invention.

DESCRTPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrates whole structure of a HSA
(head suspension assembly) in a preferred embodiment according to
the present invention and Fig. 2 illustrates in detail a top end
section of the HSA. These figures are top of views seen from a
slider-attached side. Fig. 3 schaematically illustrates an
attachment structure of a precise positiconing 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
element 12a to the actuator 11. The magnetic head element 12a may

have a read head part of a MR transducer element and a write head



slider 12, in consideration of its mechanical and electrical perf r?ﬁggﬁ. 0
As shown in Fig. 1, a drive ICchip 16 is nounted on a nmddle |ogati &m
t he suspension 10. In this ICchip 16, as will be nentioned |ater, head
anplifiers for the nmagnetic head elenment 12a and a drive circuit for the
actuator 11 are fornmed. Although it is a nmere exanple, the size of the IC
chip 16is 1.4 Mm X 1.0 mn X 0.125 n the enbodi nent, the actuator 11, the
slider 12 and the IC chip 16 are nounted on a surface of the suspension 10,

which s CSe &N:hkm@ﬁb%gﬁﬁgmkﬁ L %lgﬁgﬁgtic di sk surface in operation. 3 1

MAR 200 € suspension 'S su ntralTy formed by a resilient flexure 13

which carries the sli r 12 th h the actuator 11 at .its t ue 17
ocated near s kol o B Fbs 4 3f o b eeduret B IO% T i e
section,_a resilie | oad beam 14 which supports_and fixes the flexure 13,
and a bdS& PYtde JPYeRg & Mgvags@eig @E@Fi%’r?hofﬁsp’t A8 93aeh%skbam 14. The

| oad beam 14 has elasticity for pressing the slider 12 through the
actuatoﬂh?fmﬁyﬂgwa19H€”H??%HFFGH“bﬁ1%3ﬁﬁﬁH@PPHKﬁP§kUFhHS%p on. The
flexure 13 has the flexible tongue 17 depressed by a dinple (projection)

formed SARPfe bpRAHUEEINPY 4then B HE ST FAEEe Adtyatarer supporting flexi bly the
slider 12 through the actuator 11 by this tongue. As will be noted, in
t hi s enbodi mefibe adisatars peisisons Widl Hxs desariibed-ipi detad 1statectar e
constituted by individual conponents of the flexure 13, the | oad bean 14
and t he shhagle phpdre stfyctuhe ee- pimdés- Hyeved wtegctsire finedsdingf at he fl exure 13
is set to be lower than that of the | oad beam 14.

piezoelectric material layer which 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. The size of the actuvator 11 is substantially

equal 1.:0 that of the slider 12 with for example 1.25 mm X 1.0 mm X

0.3 mnr. In this embodiment, the actuator 11 is mounted at a

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

slider 12, in consideration of its mechanical and electrical

performance.

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

location of the suspension 10. In this IC chip 16, as will be

mentioned later, head amplifiers for the magnetic head element 12a

and a drive circuit for the actuator 11 are formed. Although it is

a mere example, the size of the IC chip 16 is 1.4 mm X 1.0 mm X

0.125 mm.

In the embodiment, the actuator 11, the slider 12 and the IC
chip 16 are mounted on a surface of the suspension 10, which surface

will be faced to the magnetic disk surface in operaticn.



The flexure 13 is made of in this enbodinent a stainless steel pjaf AR QB0
exanpl e SUS304TA) with a thickness of about 25 m As will be descri bed

| ater, a top end section 13a of the flexure 13 is separated from ot her
section 13b of the flexure 13. On the flexure 13 and out of the flexure 13,
flexi ble conductor nenbers 18a, 18b and 18c each including a plurality of
trace conductors of a thin-filmnulti-layered pattern are fornmed. The
conductor nenbers 18a, 18b and 18c are formed by a known nethod 10 3 7 MAR
2001 ar to the patterning nmethod of form.ng a prlnted circuit board on a
thin metal plaf¥® SyeRengton 1P s spbstaptiglsdtemed it a(msd}ientor exanpl e, the
menbers 18a, 18b and 18c are fornmed by sequentially depositing a first

i nsul at i YRR dAi Wrldhagarrisg diieofligdercld fhuoush Hhe petHaderwik Ata t hi ckness
of about 10 /Lm a patterned Cu | ayer (trace conductor layer) with a

t hi cknesktsotongisui7 1ocatedanepa 1§e dopdend sedtdonoandraaries| theayer nade of a
resin such as polyimde ith a thickness of about 5 mon the flexure 13 in
thi s ordévip W i it middlegserisonf & mesiddenkdoadrbepmdst Whiated for connecting
with the IC chip 16, the actuator 11, the magnetic head slider 12a and an
ext er nalsupports tind dixds thayflexiree d8pomid atbaze plete(b [faymsd anchth is no
second insulation material layer on the Au lay this enbodi nent, as shown in
Fig. 2 ivasdedrdl bectiiba of thé waadweinor4.renber 18a includes two trace
conductors connected to the magnetic head el enent for one side, thus four

trace conduct ahs i b&et N4 Sides1asangi tyh eos geeasingondliel flexesber 18b
i ncludes two trace conductors connected to the actuator 11 for one side,

it[;us f OYhroldiA¢Re GRREMIOLE tRbrd ¥hd @ikdesionThe 4 hhdibtsondukt Hf member 18c

operation.

The flexure 13 has the flexible tongue 17 depressed by a
dimple (projection) formed on the load beam 14 and has elasticity
for supporting flexibly the slider 12 through the actuator 11 by
this tongue. As will be noted, in this embodiment, the suspension
10 has a three-pieces structure constituted by individual camponents
of the flexure 13, the load beam 14 and the base plate 15. In such
three-pieces structure, stj;ffhess of the flexure 13 is set to be
lower than that of the load beam 14.

The flexure 13 is made of in this embodiment a stainless
steel plate (for example SUS304TA) with a thickness of about 25 Um.
As will be described later, a top end section 13a of the flexure 13
is separated from other section 13b of the flexure 13.

On the flexure 13 and ocut of the flexure 13, flexible
conductor members 18a, 18b and 18c each including a plurality of
trace conductors of a thin-film multi-layered pattern are formed.

The conductor members 18a, 18b and 18c are formed by a known method

10



ed for connecting the 1C chip 16 with external circuit conpectioa 1p$g® 261
provi ded for connection with the external circuit. One end of the 't e
conductors of the first conductor 18a is electrically connected to head

el enment connection pads 19 formed on the individually separated top end
section 13a of the flexure 13. The connection pads 19 are ball-bonded to
termnal electrodes of the magnetic head slider 12 by Au balls 21 as shown
in 11 3 1 MAR 2001', Fig. 3. The other end of the trace conductors of the f
conductor, nenber 18a is electrically connected to I C chip connection (not
shown ) PPEIEdE ¥ PEbIFEERT BRTHGG AL (ieeming enppinted qigcwit boped appar ent
fromFig. 3, the first conductor nenber 18a consists of a first section

formed ot AhEvig: Ketalsetateomucings ot flewble| myipred Tircuits ERFd skt i on
floating in the air at both sides of the actuator 11 and the magnetic head
slider lexample) 4he iWefberssd8a, dAb fandniid ore thoemed divvsetmehtiaidypar at ed t op
end section 13a of the flexure 13. The top end section 13a and the other
sect i on depbsPfing e fiirsix insulk®iom eatedialnlajieff wadenbf ree spsixt isueth \as However ,
since the air-floating section of the first conductor nenber 18a can

freely heagimigeerithi &§aihicRfRectt ebobietiveam, t Apateandactonaprber 18a and
the magneti c head el enent can be ensured w thout applying stress to the

i ndi vi dyakhde SoRMALE ) ¥Ath a5eRidkeBsd 33 Abadtheo fhaXurg 43. Instead of
the ball bonding, stitch bonding can be executed for connecting the
ter m nalsegbet ingdietist maberimINflekGndiRage d k88 such as polyimide

with a thickness of about 5 (m on the flexure 13 in this order.

Within the regions of the connection pads formed for connecting with

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

external circuit, 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 member 18a includes two traoe conductors connected to the
magnetic head element for one side, thus four trace conductors for
both sides, and the second conductor member 18b includes two trace
conductors connected to the actuator 11 for cone side, thus four
trace conductors for both sides. The third conductor member 18c is
used for connecting the IC chip 16 with external circuit connection
pads 20 provided for comnection with the external circuit.

One end of the trace conductors of the first conductor member
18a is electrically comnected to head element connection pads 19
fomed on the individually separated top end section 13a of the

flexuare 13. The connection pads 19 are ball-bonded to terminal

electrodes of the magnetic head slider 12 by Au balls 21 as shown in
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12 with the connection pads 19. One end of trace conductors of tHe 1sep@na@if:
conductor nmenber 18b is electrically connected to actuator connection pads
22 formed on the tongue 17 of the flexure 13. The connection pads 22 are
connected to term nal electrodes of the actuator 11. The other end of
trace conductors of the second conductor nenber 18b is electrically
connected to the I C chip connection pads (not shown provided for
connection with the 1C chip 16. 12 1 MAR 2004 One end of trace conductors
of the third_conductqr nenper 18c, is electrically connected to the IC chip
connect i Jrg'pgds,'l%ﬁn‘a ee“qﬁ?ﬁe Ce HEAENEPRYPteIS af dber fH8t y connected to
the external circuit connectjon pads 20. The |oad beam 14 is nmade of in
this enbSRNERRT BReFly (82 de elegtrieddy gaspectadate 15 ehimopmastiens of about
60-65 /1. m supports the other section 13b of the flexure 13 along its whol e
gth . ' tPaiss (NQJagheyenh nwpvided Foseopaeqiiion withi they IChehipndésrows th
approaching to its top end. g of the flexure 13 to the |oad beam 14 is
achi eved by neshwibl be apparent tfyomfFigel dleths dfidrst conflectivarseenieat e 15 i s
made of a stainless steel or iron and is fixed to the base end section of
t he | oadl8@secamsli4thyofive| £iinst). seftrdon Sospehsnothel Otiwix] kedddioat 13cbed ta each
novabl e arm (not shown) by fixing an attache 23 of the base plate 15 to the
movabl e the fibskiuieCH,i ansecohd seuspensieatingyirbehd erifesk bbtia didBs pi eces cture
with a base plate and a flexure-load beaminstead of the

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

section formed on the individually separated top end section 13a of
the flexure 13. The top end section 13a and the other sectiocn 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 element can be ensured
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 comnecting the terminal electrodes of the magnetic head slider
12 with the connection pads 19. |

One end of trace conductors of the second conductor member
18b is electrically comnected to actuator comnection pads 22 formed
on the tongue 17 of the flexure 13. The comnection pads 22 are
connected to terminal 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 1é.

12



t hree-pi eces structure with the flexure 13, the | oad beam 14 and tr%Aﬁj%ﬂ
plate 15. As shown in Fig. 4, a fixed part Ila of the actuator 1 S I xed
to the tongue 17 of the flexure 13. The fixing of the actuator 11 to the
tongue 17 may be achieved by sol der bon termi nal electrodes fornmed on the
fixed Ila of the actuator 11 with connection pads 22 forned on the tongue
17 of the flexure by adhering using conductive adhesives the term nal

el ectrodes forned on the fixed part 1la of the actuator 11 with the

connection 13 2%‘cep@ﬁ] 0 qusq&;g:ﬁe e flexure
13, or by adhe%eﬁgh@tljggi ng ad emééosrgt%e I Xe pa?c.na%%g’%o e %%t uator 11
with the ;%1 EES - vable part. |l b t he actuator
11 di regﬁ %/9% I Xe Qp&él ngt%%ﬁ?égﬁ?eeéét%égr@)é’g?c%ﬁ %aéifti%ﬁf at  which
side a net i ead elenent 12b is forne f the slider or indirectly

fixed b;‘ﬁ% | neél%aglﬂ%’?logejss Fge‘ftﬁé%gr g@cg?o 195 pe GigHitthe top end

section 13a of the flexure 13. The actuator 11 has the fixed part 1la, the
movabl e FEPECHLLB, nt®two rod shaped beam parts Ilc and lid for coupling
these fixed and npvabl e parts Ila and 1lb. Each of the 1lc and lid is
formed by at T@&sioashkedh 408 Bade PE Hmithis srbedipent sarerildfell by el ectrode
| ayers. By applying voltage across the electrode |lay the piezoelectric

mat er i alstabylessestieeidplatrdviddne riddtimesgi ef abbwic 60+65 it endal | ayer is nade

of material that expands contracts by reverse piezoelectric effect or by
el ect r oStpp@tisvehe other section 13b of the flexure 13 along its whole

length. This load beam 14 has a shape with a width that narrows
with approaching to its top end. Fixing of the flexure 13 to the
load beam 14 is achieved by means of a plurality of welded spots.

The base plate 15 is made of a stainless 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 movable arm (not shown) by
fiwing an attachment part 23 of the base plate 15 to the movable arm.

In modification, the suspension may be formed in a two-pieces
structure with a base plate and a flexure-load beam instead of the
three-pieces structure with the flexure 13, the load beam 14 and the
base plate 15.

As shown in Fig. 4, a fixed part 1la of the actuator 11 is
fixed to the tongue 17 of the flexure 13. The fixing of the
actuator 11 to the tongue 17 may be achieved by solder bonding
terminal electrodes formed on the fixed part 1la of the actuator 11
with connection pads 22 formed on the tongue 17 of the flexure 13,
by adhering using conductive adhesives the terminal electrodes

formed on the fixed part 1lla of the actuator 11 with the connection
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effect. aforementioned, one end of the beamparts 1lc and lid is3uni MaR 2004
with the fixed part Ila and this fixed part Ilais fixed to the flexure
13. The other end of the beamparts Ibc and lid is wunited with the novabl e
part |lb and this novable part ilb is fixed to the slider 12. Thus,
bendi ng notion of the beamparts lic and |id due to their expanding and
contracting generates the displacenent of the novable part |lib and
therefore the displacenment of the slider 12. This displacenent of the

slider 12 resul e_ sw ng of e netic he el enent. al.ong an arc so
as to cr%as‘{sS .ﬁLg éf’i%?( %Iitﬁlég"fer %EI?;%% ?%%X%Egig't PEE% géh%rd\n ace. case
that the piezoelectri erial er of the beamparts. 11c and lid is nmade
of - pi o0 o8 SIS TEIS End ISR ast Haof (PE PR Co b E T Bt o) ¢ he

pi ezoelectric material |ayers are in arized so as to inprove

| |
thei 1 di S9CHE RRE. ey FHPRER S - THs TOURGNS B A1 Gt Feh SFRIAI0E Thi cknoss

direction of the actuator 11. Wen voltage is applied across the el ectrode
| ayers avid diReCt 1y e Iah using ﬁ@l?ﬁlﬁﬁ%l@é’daeqeﬁét@q gectiop| g 8tt he same as
the polarized direction, the piezoelectric material |ayer between the
el ect r oddriFhyaide @ ypanesic head slemgngkhdbsds diorwed. of s ekisisiret2 i c
| ongi tudinal effect) and contracts in its in-plane direction
( pi ezoelarindigerbly faked tyeeding Liesiwasy to dhehrenr ek ethion fi2a ecti on of
t he produced electrical field is in inverse as the polarized direction, the
pi ezoel edirough Ihe erdpaénd ageticoel¥eefi Heeflevmge 13ayers contracts in its
t hi ckness direction (piezoelectric |longitudinal effect) and expands in its
i n--plane dir apki aftuatr 42 0edse the ifixediparal 11af f et hovdblletfa-tvoid,age with a
polarity

and two rod shaped beam parts llc and 11d for coupling these fixed

and movable parts 1lla and 11b. Each of the beam parts 1llc and 114

is formed by at least one piezocelectric material layer sandwiched by

electrode layers. By applying iroltage across the electrode layers,

the piezoelectric material layer expands and contracts. The

piezoelectric material layer is made of material that expands and

contracts by reverse pliezoelectric effect or by electrostrictive

effect.

As aforementioned, one end of the beam parts 1lc and 114 is

mnited with the fixed part 1la and this fixed part lla is fixed to

the flexure 13. The cther end of the beam parts llc and 114 is

united with the movable part 11b and this movable part 11b is fixed

to the slider 12. Thus, bending motion of the beam parts 11c and

114 due to their expanding and contracting generates the

displacement of the movable part 11b and therefore the displacement

of the slider 12. This displacement of the slider 12 results the

swing of the magnetic head element along an arc so as to cross
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which will induce the contraction is applied to the lic and lid
alternately, a ratio between the I ength of one beam part the other3béAW$R 2l
part changes resulting that both the bean lie and |lid bend toward the sane
direction in a plane of the actuator 11. By this bending notion, the
novabl e part ilb swings around the fixed part Ila along the arrow 24 shown
in Fig. 4. If no voltage is applied, the novable part |ib stays at the
center position. This swing is the displacenent of the novable part lib to

15 1 MA gg a C 0. i Lon substantially perpendicul ar
to the expan |n€gw§n c%ﬁt%hgcﬁ%l&'@ﬁél i&éggisé}ri\%%?e't he beam 11c and 11d and the
arc locus is ip a_plane of the actuator 11. Therefore he magneti c head

el ement al so s%l ﬁﬁ'ge{%g'aar% Pjneézoél%&(%c&?%ﬁqqn qulfeo’g(ﬁ?@ Fecti on bet ween
the applie vg%%gﬂg&ﬁgd_the pol arization.in the piezoelectric materi al

| ayer, t i 1 BBt BS20R1$5HEC dRtaELdofrdh a8 it he obt ai ned
even if the voltage alternately applied to the beamparts Ilc and 11d is
that i nddepfgfineRialies TEngtet nhdhp dipreplectriq paterdad dsyerswe, ivol t ages
that induce nutually reverse notions may be sinultaneously applied to the

| | ¢ and 9ePgrak @opakizedeio as| e dnprave ey, displocsnent @erfieymapee.

si mul t aneousl y
The polarized direction is the thickness direction of the actuator

11. When voltage is applied across the electrode layers and the
direction of the produced electrical field is the same as the
polarized direction, the piezoelectric material layer between the
electrode layers expands in its thickness direction (piezoelectric
longitudinal effect) and contracts in its in-plane direction
(piezoelectric lateral effect). Contrary to this, when the
direction of the produced electrical field is in inverse as the
polarized direction, the piezoelectric material layer between the
electrode layers contracts in its thickness direction (piezoelectric
longitudinatl effect) and expands in its in-plane direction
(piezoelectric lateral effect). If the voltage with a polarity
which will induce the contraction is appl_led to the beam parts 1llc
and 114 alternately, a ratio between the length of one beam part and
the other beam part changes resulting that both the beam parts llc
and 114 bend toward the same direction in a plane of the actuator 11.
By this bending motion, the movable part 11b swings around the fixed
part 1la along the arrow 24 shown in Fig. 4. If no voltage is
applied, the movable part 11b stays at the center position.

This swing is the displacement of the movable part 11b to
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applied to the 11c and 11d so that one beam part expands when the 30t1h§1r 20
beam part contracts and vice versa. The swing notion of the novabl'e p fb‘ﬁ
lib is centered when no voltage is applied to the beamn this case, the
anplitude of the swing notion of the novable part |l b becones about tw ce
of that when the voltage is alternately not sinultaneously applied to the
beam parts under condition that the driving voltage |levels are the s
However, in this case, one of the beamparts is expanded therefore the

directio d i n t age 0 i f_th | arization in the
pi ezoel e@'[-ar%if gﬁ%eil a| %ﬁ%.@%gﬁpgﬁs§%B%M£% ®he vol tage is
conti nuousl appl.i ed attenuation, in, polarization of th i ezoel ectric

mat eri al ea)é@ﬂﬁl&?gfng PHREEYHE ‘I%treFEP%g%r%’& {’??&B%Sef%ﬁépda constant DC

bi as vol e in.the sane direction as the polarization direction be
addi ti ongaqg?é }Bﬁl%g?% & RcaREpgRF tthf%tH?J‘i%el%iTi VIHRLeBet age so t hat
the direction of the _driving voltage never opposes to that of the
pol ar i zateoetindegicalspent @lee SHRNST ite drawyghe arpelosiifngDHBtion of the
movabl e part is centered when only the bias voltage is applied to the beam
parts. TIREraeingaths sene Kizestiopnpeiweemdheneonlied yoltage aud dbeure of the
fixed part 1lla, the novable part lib, and the Ilc and lid with a hole and
not ches Hodarization daghhe piesnglectrigaraterial | layert aperas tefiugiienal ectri c
material with partially forned

polarization in cccurs.

Similar swing motion can be obtained even if the voltage
alternately applied to the beam parts lic and 11d is that inducing
expansion of the beam parts.

In the embodiment, voltages that induce mutually reverse
motions may be simuiltaneously applied to the beam parts 1llc and 114,
respectively. In other words, AC voltages may be simultaneously
applied to the beam parts 1llc and 11d so that one beam part expands
when the other beam part contracts and vice versa. The swing motion
of the movable part 1lb is centered when no voltage is applied to
the beam parts. In this case, the amplitude of the swing motion of
the movable part 11b becomes about twice of that when the voltage is
alternately not simaltaneously applied to the beam parts under the
condition that the driving voltage levels are the same.

However, in this case, one of the beam parts is expanded and
therefore the direction of the drlv:Lng voltage opposes to that of
the pelarization in the piezoelectric material layer. Thus, if the
applied voltage is high or the voltage is continuocusly applied,

attenuation in polarization of the piezoelectric material layer may
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| ayers. Thus, high rigidity and accurate di nensions of the actuat MAR 200
expected w thout occurring assenbling error. Al so, since no adhes vé é
used for fabricating the actuator, no adhesive | ayer exists at the portion
where stress will be produ deformati on of the beam parts. by no nmechanica
transformation | oss due to the adhesive |ayer and no deterioration in
adhesive ngth In this specification, the piezoelectric material is material
t hat expands or contracts by their reverse piezoelectric effect or

el ectrostr] f r cable for the beam
parts of e actua%égg%%%ﬁ%%m%gg %bémeve mﬁ%%f'%ng%-Ba I's desired

to use ceran1 |ezoele r|c mat er | Z Pb Zr T|)C8 ],
PT(PbTi %ﬁ SrppRizagto Y s). 17 3 1
MAR 200 As aforenentloned the drive IC Chlp 16 |s nDunted on the surface

at the ﬁF@ﬂF@ilQhBFhAFdEHFﬂﬁhtBF&FWéU§UQE€ﬁ§Hdﬁﬂi€93Tﬁl?*“15@%t|on of the
|C chip 16 is determned so as to inprove the cooling effect and the
el ect r orfgREtioR ehihgcdving ivodtage pener) epposhs goatitatt ofehecut e easy
mounting of the IC chip. The I1C chip 16 in enbodinent is fornmed by a bear
chi p andodatimasiondnate Péiesnedesiadctatentall Gavdy.p cHhiensetngomopian An
underfill is filled in a clearance between the bottom

of the movable part is centered when only the bias voltage is

applied to the beam parts.

The actuator 11 has in this embodiment a united structure of
the fixed part 1la, the movable part 11b, and the beam parts 1llc and
11d with a hole and notches formmed through a single layer or multi-
layers of piezoelectric material with partially formed electrode
layers. Thus, high rigidity and accurate dimensions of the actuator
can be expected without occurring assembling error. Also, since no
adhesive is used for fabricating the actuator, no adhesive layer
exists at the portion where stress will be produced by the
deformation of the beam parts. Thus, no mechanical transformation
loss due to the adhesive layer and no deterioration in adhesive
strength occur.

In this specificaticn, 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 desired to use a ceramics piezoelectric material
such as PZT[Pb(Zr,Ti)O,]1., PT{PbTiO,), PLZT[{Pb,La)({Zr,Ti)0,], or

barium titanate (BaTiO,}.
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surface of the IC chip 16 and the thin-filmpattern surface so asgt o MAR 4m
i nprove heat radiation characteristics, to inprove nechanical strength o
this area, and to cover a part of the IC chip 16. the IC chip 16, a head
anplifier circuit 16a for anplifying read and wite signals fromand to the
thin-filmmagnetic head el ement 12a, a positioning control c 16b for
producing a control signal for the main actuator (VCM precise control
signals for precise positioning of the actuator 11 dependi ng upon servo

signals of th netic, .hea enent rqyi ded fromthe circuit 16a,
and boost er cﬁ?g%ﬁ?§“?%%“ﬁﬁg'%%8¢§7 e%ggSEﬁ?ﬂé'Fﬁgnﬂq i ¥& ¥6si ti oni ng
control signal frogmthe. circui 6b,. .to generate drjve_signals applied to
the act ?*iftagﬁ’Pb dL”*ﬁb ﬁ%ﬁﬁ”ﬁhﬁ?i eFUREPRInT 1962 TS o gener al
head anplifier for aqPIitying_an anal og _signal. The positioning control

ci rcuit P6BtIENEf dhesIC qbbekd 43 dab S0 g d-os gpIRve idicovi ded from t he
magneti c head el enent 1 control signal applied to the nain actuator (VCM
and t he g9pding effigrt3anghihe clechoaaaneiiicngharanterdstiey il Beused for preci se
positioning of the actuator 11. The servo signals are generated at the
magnet i chiipaand t0 exentte] eashyowmtEdgef the Seehip.i nfher A€tdhdp 1 éhi ninarily
recorded on the magnetic disk. The circuit configuration of the

posi ti orthig erbodinent cis foimedl by a4 bedamciiie dndosiuated ioncand s 16¢ and 16d
boost the precise positioning control signals of 3-5 V or less to voltage
si ghal s cofmectbduto the \ICt blalp iconneetiiion @edf.or driving the piezoelectric
material type actuator 11. The voltage of the precise positioning control
signal w || ban3ufe¥rall IEOEiNLE HECAUSeatdiceSutiveen okt ggeosuppl i ed

surface of the IC chip 16 and the thin-film pattern surface so as to
improve heat radiation characteristics, to improve mechanical
strength of this area, and to cover a part of the IC chip 16.

As shown in Fig. 4, in the IC chip 16, a head amplifier
circuit léa for amplifying read and write signals from and to the
thin-film magnetic head element 12a, a positioning control circuit
16b for producing a control signal for the main actuator (VCM) and
precise control signals for precise positioning of the actuator 11
depending upon servo signals of the magnetic head element 12a
provided from the circuit 1l6a, and booster circuits 16c and 164 for
boosting the precise positioning control signal from the circuit 16b
to generate drive signals applied to the actuator 11 are formed.

The head amplifier circuit 16a is a general head amplifier
for amplifying an analog signal.

The positioning control circuit 16b generates, depending upon
the servo signals provided from the magnetic head element 12a, the

control signal applied to the main actuator (VCM) and the precise

18



the IC chip 16 is about 3-5 V. Such booster circuit constituted by a boost

" switching regul ator or by a boost convert consisting of a MOSFET Jnid MAR 2004
switching regulator controller for driving the power MOSFET. In the latter
case, a current switching regulator controller LTC1624 of Linear Technol ogy
Co., Ltd. or its equivalent circuit may controller for exanple. ed for
the switching regulator this enbodi nent, these head anplifier circuit 1
sitioning control circuit 16b, and the booster circuits 16¢c and 16d are

integrated.in the single I.C chip 16.. As aforenenti.oned i etail, according
Lo i o BiburHag: Sogph el Ber e TuRelts Foatadhiw s fR o 11 are
nount ed on the uspension 10, it is possible to increase the bit density
and the % 5”a&isit e YFEP FhReyReorted ahirammetiohend ¢ her

i ncreased data storage densities in HDDs sufficiently 19 1 MAR 2 satisfied.
Al so, sifEReRhd23d3 TRaKngCo feFE 1aferdaiion preisingeid¥r macadedir i ve
signals of the actuator 11 is integrated in the IC chip 16 nounted on the
suspensi@h the magpetigudids. ofha chr@igopifdowral ion ofethe PosHdosirpensi on 10

noi ses generated reduced. the trace conductors, which wll adversely affect
t he control circuit 16b is known.

The booster circuits 16c and 16d boost the precise
positioning cohtrol signals of 3-5 V or less to voltage signals of
about 15 V that is required for driving the piezoelectric material
type actuator 11. The voltage of the precise positioning control
signal will be 3-5 V at maximum because the source voltage supplied
to the IC chip 16 is about 3-5 V. Such booster circuit can be
constituted by a boost switching regulator or by a boost converter
consisting of a power MOSFET and a switching regulator controller
for driving the power MOSFET. In the latter case, a current mode
switching regulator controller LTC1624 of Linear Technology Co., Ltd.
or its eguivalent circuit may be used for the switching regulator
controller for example.

In this embodiment, theée head amplifier circuit l6a, the
positioning control circuit 16b, and the booster circuits l6c and
l6d are integrated in the single IC chip 16.

As aforementioned in detail, according to this embodiment,
since both the IC chip 16 and the actuator 11 are mounted on the
suspension 10, it is possible to increase the bit density and the
track density together and therefore requirement for further

increased data storage densities in HDDs can be sufficiently
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d/wite signal of the magnetic head el ement, can be reduced occurr3 d hegt 75
generation due to current fl trace conductors on the suspension can be al so
redo re, since the booster circuits 16¢c and 16d are also integrated in the
|C chip 16 nounted on the suspension 10, the drive signals with a
conparatively high voltage for the actuator 11 will pass through only the
second conduct or nenber 18b provided be the IC chip 16 and the actuator 11
resulting a suspension beconmes g design on the In addition, since it is no

necessargiﬁg g&per&%% a%ﬁgﬁgggﬁgégﬁﬁg | hlgmnxolta e ﬁﬁﬁt | s etsthe HDD, a

circuit design of t ones sr

speci fication 5 sch ustrates a tachnen structure of a
preci se POST Jtﬂqg‘?@l act ‘gﬁ%ﬂ‘%aﬁ%% ﬁ HEath %‘@fd W tHealC £ | exure and
acircuit structure in an I C chip of _a HSA as_anot her enbodi nent accordi ng
to the prEBet? ™HY G PoibecHiPegtion 19ndhe Jprber ifntragsdcendvaiitsges of this
enbodi nent are the sane as those of the enbodi nent of Fig. configuration in
the | C difEpeden thie syapRNSigRPOnefh Pearedured o nbiles napisest gquegatedl use t he
sane reference nunerals and their 20 1 MAR 201 expl anations are omtted.

t he | C diFop B8 tradeegenduebprd.i which will adversely affect the

read/write signal of the magnetic head element, can be reduced from

occurring, and heat generation due to current flowing through the
trace conductors on the suspension can be alsc reduced.

Furthermore, since the booster circuits 16c and 164 are also
integrated in the IC chip 16 mounted on the suspension 10, the drive
signals with a comparatively high voltage for the actuator 11 will
pass through only the second conductor member 18b provided between
the IC chip 16 and the actuator 11 resulting a wiring design on the
suspension becanes easy. In addition, since it is no necessary to
generate such comparatively high voltage signals at the HDD, a
circuit design of the HDD becomes easy and further its specification
becamnes simple.

Fig. 5 schematically illustrates an attachment structure of a
precise positioning actuator and a magnetic head slider with a
flesaare and a circuit structure in an IC chip of a HSA as another
embodiment according to the present invention.

Configurations, operations and advantages of this embodiment
are the same as those of the embodiment of Fig. 1 except for the
configuration in the IC chip 56. Thus, the same camponents as the

embodiment of Fig. 1 use the same reference numerals and their
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circuit 56a for anplifying read and wite signals fromand to the3 1 MAR 20
thin--fil mnmagnetic head el enent 12a, a positioning control circuit 56b for
produci ng a control signal for the main actuator (VCM precise control
signals for precise positioning of the actuator 11 dependi ng upon servo
signals of the magnetic head el enent 12a provided the circuit 56a, booster
circuits 56¢ and 56d for boosting the precise positioning control signal
fromthe circuit 56b to generate drive signals applied to the actuator 11,

an inpact_sensor 56e for .detecting a shock applied thereto, and a control
circuit %ﬁ@“?ﬂﬁ“@?dﬁﬁiﬂ&“§ﬁ§p|y of the drive signals to the actuator 11
when the inpact sensor, 56e detects shock are forned. The head anplifier

circuit 56a i P SheWerll Fifearr drpHis ter B 6npl heagi FPLLAI . The
positioning control circuit 56b generates, depending upon the servo signals
whi ch ar@%@ﬁiﬁ@édf‘?mé‘%wg Fead aad srd e ngionats ﬁ?’“ﬂi"’ﬁg Butthger vo
information prelimnarily recorded on the magnetic disk, the control
appl i ed thint-Relmmpanetdc hwadrelewant dad. ehpopitdoning posfinologingyitont r ol
signals used for precise positioning of the actuator 11. The circuit
confi gurdh for girofimEngos icontmuilngigeadt fa the main tac8stars (W@wand he boost er
circuits 56¢c and 56d boost the precise positioning control signals of 3-5
V or | esprecosey @ohtuyd sigads sfonf preafi seltpobbtidntih@tofi she exptiiated fOr dri vi ng
the piezoelectric material 21 3 1 MAR 20(
depending upon servo signals of the magnetic head element 12a
provided from the circuit 56a, booster circuits 56c and 56d for
boosting the precise positioning control signal fram 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
circuit 56f for stopping supply of the drive signals to the actuator
11 when the impact sensor 56e detects shock are formed.
The head anplifier circuit 56a is a general head amplifier
for amplifying an analog signal.
The positioning control circuit 56b generates, depending upon
the servo signals which are obtained the magnetic head element 12a
by reading out servo information preliminarily recorded on the
magnetic disk, the control signal applied to the main actuator (VCM)
and the precise positioning control signals used for precise
positioning of the actuator 11. The circuit configuration of the
positioning control circuit 56b is known.
The booster circitits 56¢ and 564 beoost the precise
positioning control signals of 3-5 V or less to voltage signals of

about 15 V that is required for driving the piezoelectric material
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actuator 11. The voltage of the precise positioning control si gnal3 \}n W\szem
3-5 V at use the source voltage supplied to the IC chip 56 is about 3-5 V.
Such booster circuit constructed by a boost switching regulator or by a
boost convert consisting of a power MOSFET and a switching for driving the
power tor controller the latter case, a current switching regul ator
controller LTC1624 of Linear Technology Co., Ltd. or its equivalent
circuit may be used for the switching regulator controller for exanple.

The inp S i n At sor. As for
an examPEeoTo Lo i o m SR 38O pblo ARIRIaAL QBRI TD

Cor por at j.on. . As r.an apple.of the lat.. is an acceleration, sensor

AD 205 0k b Yoo Bk el bbansEe g Son"GefTelr BT of

M t subi shi _El ectr.ic rporation._ The copntrol circguit, 56f ii.s a switch
circuit %hied{ geip c%rf?t fotted by - a %\ﬁp‘té‘??sﬁ?’ér?éﬁ?mtthﬁ?nibﬁt ercepts control
signals the booster circuit 56c and 56d when a shock detected signal

appl i ed PPEHRIGHED HpaROOSE FBLCIEAY. TeRUABRR PF R PoPPoSthPvEsHS of  circuit
56f may be inserted at the output side of the positioning control circuit
56e, or cPBFHEANg M gep@ert nd; e riva§cliget Fegulate gpptmdder | n this
enbodi nent, these head anplifier circuit 56a, positioning control circuit
56b, thdobotEving dhemives MBEEANd [66de Laktarngrest 8 amzoenicdedend t he

control circuit 56f are integrated
switching regulator controller LTCl624 of Linear Technology Co., Litd.

or its equivalent circuit may be used for the switching regulator
controller for example.

The impact sensor S5é6e is. a shock sensor or an acceleration
sensor. As for an example of the former, there is a shock sensor
for HDD BA451ASH of TDK Corporation. As for an example of the later,
there is an acceleration sensor ADXL.202 of Analog Devices Inc. or an
acceleration sensor MAS1301T of Mitsubishi Electric Corporation.

The control circuit 56f is a switch circuit and may be
constructed by a switch element that intercepts control signals to
the booster circuit 56¢c and 564 when g shock detected signal is
applied from the impact sensor 56e. In modification, this control
circuit 56f may be inserted at the cutput side of the pesitioning
control circuit 56e, or formed inside of the positioning control
circuit 56e.

In this embodiment, these head amplifier circuit 56a, the
positioning control circuit 56b, the booster circuits 56c and 564,
the impact sensor 56e and the control circuit 56f are integrated in

the single IC chip 56.
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the single IC chip 56. 22 3 1 MAR 201 aforenentioned in detail, adcdrMARGZ0I(
‘to’'since both the I1C chip 56 and the actuator nounted on the suspension 10,
it is possible to increase the bit density and the track density together
and therefore requirenent for furth increased data storage densities in
HDDs can be sufficiently satisfied. Al so, since the positioning control
circuit 56b for generating drive signals of the actuator 11 is integrated
in the IC chip 56 nmounted on the suspension 10, the nunber of trace

conductors forned on the suspension 10 Thu noi ses generated the trace
conduct ors, whi% Bﬂyﬁﬁ‘ H?ﬂec?q¥W£LQ9 't he nagneti-c
head el be reduced occurrlng6 and heat generatlon due to current flow ng

t hr ough FHEet pofethy Jrdt Hhe aolapensildnarmAowtes en thedu

Furt hernore, since the booster circuits 56c and 56d are also integrated in
t he | C c¥ispensionplf 8 th peseibdashedncaase Othet bt densidy andytheés with a
conparatively high voltage for the actuator 11 will pass through only the

second cloadlcdensite togethebangt dhenkddrd gegabrement €or Cutihgr 56 and t he
actuator 11 resulting a wiring design on the pension becones addition,

si nce i tincsesmedndaies stonageodgeitie én HIDh conparsafffigleythy gh vol t age
signals at the HDD, a circuit design of the HDD becones easy and further
I ts speddtiehiddon Alsec @imse Sthepp&sitioning control circuit 56b for

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

chip 56 mounted cn the suspension 10, the number of trace conductors

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

from the trace conductors, which will adversely affect the

read/write signal of the magnetic head element, can be reduced from

occurring, and heat generation due to current flowing thmuéh the

trace conductors on the suspension can be also reduced.

Furthermore, since the booster circuits 56c and 564 are also
integrated in the IC chip 56 mounted on the suspension 10, the drive
signals with a comparatively high voltage for the actuator 11 will
pass through only the second conductor member 18b provided between
the IC chip 56 and the actuator 11 resulting a wiring design on the
suspension becomes easy. In addition, since it is no necessary to
generate such comparatively high voltage signals at the HDD, a
circuit design of the HDD becomes easy and further its specification
becomes simple.

Also, according to this embodiment, since the impact sensor
56e is formed in the IC chip 56 mounted on the suspension 10, a

shock applied to the actuator 11 mounted on the same suspension 10
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Al so, according to this enbodi ment, since the inpact sensor 56e is forned
in‘the ICdrip 56 nounted on the suspension 10, a shock appli ed t]oMtheggM
actuator 11 nounted on the same suspension 10 23 MAR 2004 be directly
detected and application of the voltage to the actuator 11 can be stopped
by the control circuit 56f on timng. Therefore, physical breakage and/or
depol ari zation of the actuator by the shock can be effectively prevented
even if a piezoelectric material type actuator is Mny vvidely di fferent
enbodi nent s of the sen nvent i may be.cons uct e t hout departing
¥ om t hebRpPF B, e et hriieatint bR aTess B8 'a be
under st ood that t he present invention is not limted to the specific
embodi mMEIRTERLRIS A1 | FBgPE FEFOBRREL PY i 1%t POHTOLGEFMI L o8& FEY 8N t he appended
cl 41 72S AR 200 WHAT IS CLAIMED 1S: 1. A head suspension assenbly
conpr i siThgrefores jphasicat dxerlsop qad/ oF tqepatanléa‘étonoﬁg thri #eH9RERR magnet i ¢
head el enent; an actuator fixed to said magnetic head slider for performng
pr eci se hyothe isbadh ganfbes gffecitivelsn prevensed [gvanfifl m piegaetdadrihead el enent
an I C chip having a first circuit for said thin-filmmagnetic head el ement
and a seatediadi type acthwtodrisybegd.sai d actuator; a suspension for supporting
said actuator and said IC chip. 2. The head suspensi on assenbly as cl ai ned
in claiml, wrngiwidetaiddffereat enbodimentsnefl dbe prasernphvdntéoncircuit for
anplifying a

may be constructed without departing from the spirit and scope of

the present invention. It should be understood that the present
invention is not limited to the specific embodiments described in

the specification, except as defined in the appended claims.
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read signal fromsaid at |east one thin-fil mmagnetic head el and anMAR 200!
anplifier circuit for anplifying a wite signal to said at |east one
thin-filmnmagnetic head elenment. 3. The head suspensi on assenbly as cl ai ned
inclaiml, wherein said second circuit includes a first control circuit
for producing a positioning signal depending upon the read signal fromsaid
at | one thin-filmnmgnetic head el enent, and a booster circuit for
boosti ng said produced positioning signal to produce a drive signal ed for
driving said _actuator. The head suspension assenbly as clainmed in claim3,
wher ei n WBT315 GRBEIHEE: sai d read signal fromsaid at | east one thin-film
magnetic_head elenent is a servo signal generated at said at |east one
thin-fild nmaghdepd FERPELBMSFEMPY FEIRFLEE DUt servo i nformation
prelimnarily recorded on a nagnetic disk. 5. The head suspension assenbly
as clai med in amappetdc hepsh sliwersyity aic lepst opacthiaeEilm mgnediei rcuit for
protecting said actuator from physical breakage and/ or depol arization due
t o a shdeadaglsrent; t hereto 6. The head suspension assenbly as clainmed in
claim5, wherein said third circuit includes an inpact detection circuit
for detectingrshoudatappiixed ticheait magsatdc ehemdcanider oftrr pérfiorming t f or

st oppi ng supply of the drive signals to said actuator when the i npact

det ect i Qireeisiec pobitieheed &t &8l dSHOAkasty ondhghihepiinsagenst araassenbl y as
claimed in claiml, wherein said actuator and said IC chip are | ocated on
one surfaeme: said suspension. The head suspension assenbly as clained in
claim?7, wherein

an IC chip having a first circuit 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 1, wherein
said first circuit includes an amplifier circuit for amplifying a
read signal from said at least one thin-film magnetic head element,
and an amplifier circuit for amplifying a write signal to said at

least one thin-film magnetic head element.

3. The head suspension assembly as claimed in claim 1, wherein
said second circuit includes a first control circuit for producing a
positioning signal depending upon the read signal from said at least
one thin-film magnetic head element, and a booster circuit for
boosting said produced positioning signal to produce a drive signal

used for driving said actuator.

4. The head suspension assembly as claimed in claim 3, wherein
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sai d one surface of the suspension is a ce faced to a magnetic disk s éfﬁﬁ@
in'operation. The head suspension assenbly as clainmed in claim1} %hwx'i :
MAR 200 sai d head suspension assenbly further conprises a first conductor
menber with one end electrically connected to said at least one thin-film
magneti c head el enent and the other end electrically connected to said IC
chip, a second conductor nenber with one end electrically connected to said
actuator and the other electrically connected to said IC chip, and a

conduct of_.nenber th qne end electricall onnected to said I.C chip and the
ot her eﬁﬁugﬁa%ﬁiﬁ%%Fﬂyggahﬁ%¥i3% %%&§01%% |o%l%%5§9F%lS§“5€hnected to an
external circuit. 10. The head suspensi.on ass ly. as clajmed.in claim9,
wher oi n SISHPRE dfea SRV S IGH T SPTE SE S G e L PE AT O1eg AT Gy comnect ed
to als of said at | east one thin-fil mmagnetic head el enent by 11. The head

suspensifangtieherq edemntabyagat Pt Pak Hegvo ibraiation e biEnaktlyof sai d

first conductor nmenber is connected to terminals of said at |east one
t hi n-f i |TecAEdsbPnca RegePtdcedisit stitch bonding. 12. The head suspension
assenbly as clainmed in claim9, wherein said first, second and third
conductor nenbers are fornmed by flexible print circuits with trace
conductor |ayers sandwi ched by insulation |ayers. ABSTRACT OF THE
Dl SCLOSURE HEABe SWSidESISipahs XBSES BB WaEHcBRESA S ROSInT BONHE@e1in

said IC chip includes a third circuit for protecting said actuator

from physical breakage and/or depolarization due to a shock applied

thereto.

6. The head suspension assembly as claimed in claim 5, wherein
said third circuit includes an impact detection circuit for
detecting shock applied thereto, and a second control circuit for
stopping supply of the drive signals to said actuator when the

impact detection circuit detects the shock.

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

said actuator and said IC chip are located on one surface of said

suspension.

8. The head suspension assambly as claimed in claim 7, wherein
said one surface of the suspension is a surface faced to a magnetic

disk surface in operation.

9. The head suspension assenbly as claimed in claim 1, wherein
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ACTUATOR A HSA includes a magnetic head slider with at | east one
magneti ¢ head el enent, an actuator fixed to the nagnetic head sl

per form
el enent
el enent
supporti

ng precise positioning of the at |east one filmnagnetic

el Wap 200

head

an I C chip having a first circuit for the thin-filmmagnetic head
and a second circuit for driving the actuator, and a suspension for

ng the actuator and the |[|C chinp. (Fig. 4)

said head suspension assembly further comprises a first conductor
menber with one end electrically connected to said at least one
thin-£film magnetic head element and the other end electrically
connected to said IC chip, a second conductor mamber with one end
electrically commected to said actuator and the other end
electrically comnected to said IC chip, and a third conductor member
with one end electrically connected to said IC chip and the other
end electrically comnected to comnection pads to be connected to an

external circuit.

10. The head suspension assembly as claimed in claim 9, wherein
said one end of said first conductor member is directly connected to

teminals of sald at least one thin-film magnetic head element by

ball bonding.

11. The head suspension assembly as claimed in claim 9, wherein
sald one end of said first conductor member is connected to

termminals of said at least cne thin-film magnetic head element by

stitch bonding.

12. The head suspension assembly as claimed in claim 9, wherein
said first, second and third conductor members are formed by

flexible print circuits with trace conductor layers sandwiched by

insulation layers.
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