
;e3eHuppqts".st6tTHuqvB 20 June 2003  -1    TITLE OF THE INVENTION
WRITE/READ HEAD SUPPORTING MECHANISM, AND WRITE/READ SYSTEM 5 FIELD OF THE
INVENTION The present invention relates to a write/read head supporting
mechanism for write/read systems such as hard disk drives (hereinafter HDDs
for short) or optical disk drives, and a write/read system comprising such
a 10 write/read head supporting mechanism. BACKGROUND OF THE INVENTION A
prior art magnetic head supporting mechanism used with HDDs is generally
built up of a slider having an 15 electromagnetic transducer element, a
suspension for supporting the slider, and an interconnecting pattern
connected to the electromagnetic transducer element. The electromagnetic
transducer element comprises a magnetic pole and coil for converting
electric signals to 20 magnetic signals, and vice versa, a
magnetoresistance effect element for transforming magnetic signals to
voltage signals) and so on, each being fabricated by thin-film techniques,
assembly techniques, etc. The slider is formed of non-magnetic ceramics
such as A1203-TiC or CaTiO3 or a 25 magnetic material such as ferrite, and
has a generally cuboidal shape. The surface (air bearing surface) of the
slider opposite to a disk medium is processed into a shape suitable for
generating pressure to fly the slider on tree disk medium at a small
spacing. 30 The suspension for supporting the magnetic head is formed by
bending, punching or otherwise processing a resilient stainless sheet. 



Proposed for the interconnecting pattern are an arrangement where, as
typically set forth in JU-.~ 61-15317.'7, 35 an interconnecting wire formed
on the suspension is connected to the  electromagnetic is transducer
element ray way of a lead wire, and an arrangement where all   -2 20 June
2003 interconnecting wires are brought in close co;~tact veith the surface
of the suspension. On the other hard, a HDD is increasingly requires: to be
downsized with ever-higher recording density and, hence, 5 have ever-higher
track density and ever-narrower track width. To improve tracking precision
in a high-density recording HDD, it is effective to provide the magnetic
head with an actuator for effecting a mitre-displacement of the
electromagnetic transducer element or slider with respect 10 to the
suspension. Such an actuator, for instance, is disclosed in JF-A's
6-259905, 6-309822 and 8-180623. SUMMARY OF' THE INVFNTIOIQ A problem with
the magnetic head having a~~ actuat.or is 15 that interconnecting wires for
connecting the suspension side to the electromagnetic transducer element
ire like7.y to provide an impediment to the relative disp7.acement of the
slider with respect to the suspension, which occurs when the slider is
driven by the actuator. 20 However, the above publications disclosing ;.he
provision of the actuator say nothing about the interconnecting wires for
connecting the suspension side to the electromagnetic transducer element.
In other words or as a matter of course) the influence the interconnecting
25 wires have on the displacement capability of the actuator is not taken
into consideration. An object of the present invention is to provide a
write/read head supporting mechanism for a magnetic or optical disk system
having a micro-displacement actuator, 30 by which any impediment to the
displacement capability of the actuator is eliminated. 



Such an object is achievable by the constructions of the invention defined
below as (1) to (11). (1) A write/read head supporting mechanism <;ompxi:;
ing ~35 a sl~.der provided with an electromagnetir_ transd'.~CeY' element
or an optical modulE, 'and a suspension, wherein said slider is supported
cn sold J~;CpPnsion by wa~.> of an   20 June 2003 actuator for displacing
said slider, an electrical connection to said electromagnetic transducer
element or said optical module is made by a first interconnecting
arrangement movable and/or deformable in a displacement 5 direction of said
slider by said actuator, and ar_ electrical connection to said actuator is
made by a second interconnecting arrangement. (2) The write/read head
supporting mechanism according to (1) above, wherein said first
interconnecting 10 arrangement includes a lead wire floating away from a
surface of said suspension. (3) The write/read head supporting mechanism
according to (2) above, wherein said lead wire floating away form the
surface of said suspension is a bonding wire. 15 (4) The write/read head
supporting mechanism according to (1) above, wherein said first
interconnecting arrangement includes a flexible printed wire. (5) The
wzite/read head supporting mechanism according to (J.) above, wherein said
first interconnecting 20 arrangement is formed by bringing wires in close
contact with a surface of said suspension, and then removing a part of said
suspension so that a part of said wires in close contact with the surface
of said suspension is placed in a floating state. 25 (6) The write/read
head supporting mechanism according to (1) above) wherein said first
interconnecting arrangement is formed on a surface of said suspension while
said first interconnecting arrangement is in close contact therewith, and
allowing an area of low rigidity to exist at 30 a part of said suspension,
so that said first interconnecting arrangement is movable and/or deformable
in the displacement direction of said slider by said actuator. (7) The
write/rearl head ~~upporting mechanism according to any one of (1) to (6)
above) wherein at least 35 one part of said first interconnecting
arrangement and at least. one part of said second interconnecting
arrangement are unable to exist on the same surface of said suspension. 



20 June 2003 (8) The write/read head supporting mechanism according to any
one of (1) to (7) above, wherein said actuator makes use of an inverse
piezoelectric efifF:t c-~r- a:~ electrostrictive effect. 5 (9) The
write/read head supporting mechanism according to any one of (1) to (8)
above, wherein a head driving IC chip is built on said suspension. (10) The
write/read head :uppcrting mechanism according to any one of (1) to (9)
above, which includes a 10 main actuator for driving said suspension. (11.)
A write/read system which comprises a write/read head supporting mechanism
as recited in any one of (1) to (10) above. BRIEF EXPLANATI0~1 OF THE
i~RAWIIvIGS:L5Fig. 1Ais a plan view of the surface of tl:esuspension
opposite to a medium in the magnetic headac:cord:ing tothe first aspect of
the invention.Fig. ~LBis a plan view of the suspension si~uwn in I'ig.lA,
on whichthe slider is mounted with the actuator20located between them.Fig.
1Cis a side view of Fig. :LB.Fig. 2is a side view of one exemplary
construction of.the magnetichead according to the first aspect o.C
theinvention.25Fig. 3is a side view of another exemplaryconstructionof the
magnetic. head according t~ the ~.rtaspect of the invention.F'ig . 4i s a
plan view of the surface of the suspens ionopposite tothe medium.30Fig.
5Ais a p7.an view of l.he surface o1 thesuspension opposite to a medium in
the magnetic headaccording tothe second aspect o.C t:he invention.F'ig.
5THis a plan view of r_he S11S'.')r?nSl(~1~ :>h~~~v,-n i:i L'in.5A, on
whichthe slider S.s ~~ouxir~d wit h the actuat:u.~:35located between
them.i~lC~. ~C1S a Side VleW Uf r~lg. >f.   -5 20 June 2003 Fig. 6A is a
plan view of the surface of the suspension. opposite to a medium in the
magnetic lead according to the third aspect of the invention. Fig. 6B is a
plan view of the suspension showr_ in ~ ir. 5 6A, on which the slider is
mounted with the actuator located between them. Fig. 6C is a side view of
Fig. 6B. 



Fig. 7 is a plan view of the magnetic head according to the third aspect of
the invention, wherein the slider is 10 mounted on the suspension with the
actuator located between them. Fig. 8 is a plan view of the magnetic head
according to the fourth aspect of the invention, wherein the slider is
mounted on the suspension with the actuator located 15 between them. Fig.
9A is a plan view of the surface of the suspension opposite to a medium in
the magnetic head according to the third aspect o~ the invention. F'ig. 9B
is a plan view of the suspension shown in Fig. 20 9A, on which the slider
is mo~:nted with the actuator located between them. Fig. 10 is an exploded
perspective view of one exemplary construction of the magnetic head
supporting mechanism. 25 PREFERRED EMBODIMENTS OF THE INZIEN~PTON The
write/read head supporting mechanism according to the invention comprises a
slider provided with an electromagnetic transducer element or an optical
module, 30 and a suspension on which the slider is mounted while am
actuator for displacing the s7_ide~: is located between them . The present
invention will now be explained with reference to a magnetic head wi i_h an
e7_e ~-tromannet is transdwc~r element mounted on a slider. 35 First of
a11, typical constructions of the suspension, actuator and s!pder are
explained.   20 June 2003 _6_ Fig. 10 is an exploded perspective vie~~r ef
cne exemplary construction of the magnetic head supporting mechanism
including an actuator. This magnetic head supporting mechanism is built up
of a slider 2 provided 5 with an electro-magnetic transducer element 1 and
a suspension 3 for supporting the slider 2, with an actuator 4 located
between the slider 2 and the suspension 3. 



The actuator 4 is to effect a micro-displacement cl the slider 2 with
respect to the suspension 3, and is fixed 10 as by bonding to a gimbal
block 3a located at an end portion of the suspension 3. The gimbal block 3a
is formed by providing grooves in the suspension member by el.ching,
punching or the like for the purpose of allowing the slider to follow a
disk medium surface. It is here noted that the 1:~ magnetic head is
provided with a main actuator_ for driving the whole of the suspensicn. The
actuator 4 comprises a fixed part 43 and a movable part 44, and further
includes two rod-like displacement generating means 41 and 41. Each of the
displacement 20 generating means 41 is provided with at least one
piezoelectric or electrostrictive material layer. having electrode layers
on both sides, and constructed such that it elongates and contracts upon
the application of voltage on the electrode layers. The piezoelectric or 25
electrostrictive material layer is formed of a piezoelectric or
electrostrictive material that Elongates and contracts by inverse
piezoelectric effect or electrostrictive effect. One end cf the
displacement generating means 41 is coupled to the suspension via the 30
fixed part 43, and the other end of the displacement generating means 41 is
coupled to the slider vi~r the movable part 44. Upon the elongation and
contraction of the displacement g~:nsrating means 41, Ckre slider _Ls ~;
displaced that the electromagnetic transducer element i:~ 35 displaced
circularly. This in turn causes the electromagnetic transducer e'!_erneot
to cross over -recording tracks on c disk medium.   20 June 2003 When t:~e
piezoelectric or electrostrictive materia~ layer sandwiched between the
electrode layers in the displacement generating means 41 of the actuator 4
is constructed of a so-called piezoelectric material sucr as 5 PZT, the
piezoelectric or electrostrictive material layer is usually subjected to a
polarizing treatment so as tc improve its displacement capability. The
direction of polarization by this polarization treatment is a thicknesswise
direction of the actuator. ~~Then the direction of an 10 electric field
upcn the application of oltage on the electrode layers is in alignment with
the direction of polarization, the piezoelectric or electrostrictive
material layer between both electrode layers elongates in its
thickness-wise direction (piezoelectric longitudinal 15 effect), and
contracts in its plane direction (piezoelectric transverse effect). When
the direction o~ the electric field is reverse to the direction o1
polarization, on the other hand, the piezoelectric or electrostrictive
material layer contracts in its thickness 2U wise direction (piezoelectric
longitudinal effect), and elongates in its plane direction (piezoel.ectric
transverse effect). When contraction-inducing voltage is applied
alternately on one displacement generating means and another displacement
generating means, the length ratio 



25 between one displacement generating means and another displacement
generating means changes so that both displacement generating means deflect
in the same direction in the plane of the actuator. By t_l~is deflection,
the movable part 44 rolls and pitches with respect to the fi~;ed 30 part 43
in a direction indicated by arrows in Fig. 10, with the center of the
roll-and-pitch motion defined by the position of the movable part 44 in the
absence of voltag~a. This roll-and-pitch motion allows the movable part ~~4
to displace c~~rcularly in a direction substantially 35 perper~dicu~ar to
the direction of elongation and contraction of the displacement generating
means 41, with the direction of the roll--anti-L~ii:ch motion lying within
the   20 June 2003 plane of the actuator. Thus, the electromagnetic
tra:~sducer element, too, rolls and pitches in a circular orbit. At this
time, there is no fear of attenuation of polarization because the direction
of voltage is in alignment with that 5 of polarization. It is noted that
even when both the displacement generating means are elongated by voltage
applied alternately thereon) similar rcll-and-pitch motion occurs. In the
illustrated actuator, voltages may be 10 simultaneously applied on both
displacement generating means in such a manner that their displacements are
.reverse to each other. In other words, alternating voltages may be
simultaneously applied on both the displacement generating means in such a
manner that one elongates while another 15 contracts, and vice versa. At
this time, the center of the roll-and-pitch motion of the movable part 44
is defined by the position of the movable part 44 W the absence of voltage.
Assuming here that the same driving voltage is used, the amplitude of the
roll-and-pitch motion is about 2.0 twice as large as that in the case of
the alternate application of voltage. On one side of the roll-and-pitch
motion in this case, however, the displacement generating means is so
elongated that the direction of the driving voltage is reverse to the
direction of_ polarization. For 25 this reason, the polarization of the
piezoelectric or electrostrictive material layer may possibly attenuate at
a high applied voltage or upon the continued application cf voltage. It is
thus required that the driving voltage be obtained by applying a constant
direct current bias voltage 30 in the same direction as that of
polarization and superposing the aforesaid alternating voltage on the bias
voltage, thereby foreclosing the possibility that the direction of driving
voltage may be reverse to t.lit-~ direction of polarization. The center of
the roll-and-piton 35 motion in this case is defined by the position of the
displacement generating means wil.h the hi_as vc.~lLage alone applied
thereon.  



20 June 2003 _g_ The actuator 4 has a structure in which the displacement
generating meara 4.1, and f.i.xed and movable parts 43 and 44 are formed as
an integrated single piece by holing and notching a sheet-like member of
piezoelectric or 5 electrostrictive material with electrode layers formed
at given sites. It is thus possible to increase the rigidity and
dimensional accuracy of the actuator, with no fear of assembly errors. In
addition, since any adhesive is not used f_or actuator fabrication, it is
highly unlikely that 10 any adhesive layer is deposited at the position of
the actuator where stresses are induced by the deformation of the
displacement generating means. Stated otherwise, problems such as
transmission losses due to the adhes;we layer and charges-with-time of
adhesion strength are 15 absolutely unlikely to come up. By the
"piezoelectric or electrostrictive material" used herein is meant a
material capable of elongating or contracting due to the .inverse
piezoelectric: effect. or electrostrictive effect. Any desired
piezoe7.ectric ox 20 electrostrictive material may be used provided that it
can be applied to the displacement generating means of the actuator. By
reason of high rigidity, however, it is usually preferable to use ceramic
piezoelectric or electrostrictive materials such as PZT [Pb(Zr, Ti)03], PT
25 (PbTi03), PLZT [(Pb, La)(Zr, Ti)03], and barium titanate (BaTi03). The
actuator, when it is made up of ceramic piezoelectric or electrostrictive
materials, may easily be fabricated using thick--film techniques such as a
sheetmaking or printing process. It is noted that the actuator 30 may also
be fabricated by thin-film techniques. The piezoelectric or_
electrostri,^_t::.ve material ) when i t has a crystalline structure, may
be of_ either a polycrystalline structure or a monocrystallin<~ structure.
No special limitation is imposed on how to form tr~e 35 electrode layers;
an appropriat.e~ se.Lection may be madF fr_~~m various processes such as
printing, firing, sputtering) arid evaporation OF conductive paste ~rrhile
how to foam the   -lo- 20 June 2003 piezoelectric or electrostrictive
material layer is taken into account. 



An actuator may have any structure in which at least one piezoelectric or
electrostrictive material layer, 5 having electrode layers on both sides,
exists at the displacement generating means. However, it is preferable to
use a mufti-layer structure wherein tvao or more such piezoelectric or
electrostrictive material layers are stacked one upon another. The amount
of elongation and 10 contraction of the piezoelectric or electrostrictive
material layer is proportional to electric f_ieid intensity. However, the
aforesaid multilayer structure makes it possible to make the piezoelectric
or electrostrictive material layer so thin that the required electric field
15 intensity can be obtained at a low voltage, and so the driving voltage
can be lowered. h.t the same dl'lVillg vo7 rage as that used with a single
layer structure, the amount of elongation and contraction can become much
larger. The thickness of the piezoelectric or electrostrictive material 20
layer is not critical, and so may be determined depending on various
conditions such as driving voltage, the required amount of elongation and
contraction) and ease of fabrication. However, a thickness of about 5 ~m to
about 50 ~.m is usually preferred in the practice of the invention. 25
Similarly, the upper limit to the number of piezoelectric or
electrostrictive material layers stacked one upon another is not critical,
and so may be determined in such a manner that displacement generating
means having a desired thickness are obtainable. Tt is noted that a
covering 30 piezoelectric or ~lectrostrir_tive material layer is usually
provided on the outermost electrode layer. Although not illustrated, the
suspension 3 is provided on its surface with an interconnecting pattern fcr
driving the actuator 4 and an interconnecting pattern to he 35 connected to
the electromagnetic transclucer element 1 as occasion may be. The
suspension 3 may also be provided oil its surface with a head driving TC
chip (a read/write TC).   20 June 2003 -11 If a signal processing IC is
mounted on the suspension, it is then possible to reduce the length of the
interconnecting pattern from the electromagnetic transducer element to the
signal processing IC, so that the sigra.l_ 5 frequency can be made high due
to a decrease in inducing components. InThile the present invention is
suitable for cases where the actuator of the illustrated integral structure
is used, it is understood that the present invention may also 



10 be used for cases where various actuators having assembly structures
employing piezoelectric elements) and actuators making use of electrostatic
force, and electromagnetic Force are used. The suspension 3 is Generally
foxmed of a resilient 15 metal material such as stainless steel. For the
interconnecting pattern, on the ether hand, a part thercoL has a general
structure wherein a resin-coated conductor wire is brought in close contact
with the surFace of the suspension. No special limitation is imposed cn how
to form 20 the interconnecting pattern having such a structure; however, it
is preferable to make use of a process wherein an insulating resin film is
formed on the surface of the suspension 3 and a conductor wire is formed on
the resin film followed by forming another resin film thereon as a 25
protective film, and a process wherein an interconnecting film having a
multilayer structure comprising such a resin film and a conductor wire is
bonded to the suspension 3. In the magnetic head supporting mechanism
having such a structure as herein mentioned) an electrical connection 30 to
the electromagnetic transducer element is made by a First interconnecting
arrangement capable of moving and/or deforming in the displacement
direction of the slider by the actuator) and an electrical c~omnrct~~0I1 to
the actuator is made by a second interconnecting arrangement. 35 Then,
exemplary constructicn~, of the fir~;t and sPr.~,nd interconnecting
arrangements are explained. '   -12 20 June 2003 One exemplary embodiment
of the ~irst aspect of the invention is illustrated in Fig. 1A, 1B and ~C.
Fic~. lA is a plan view of the suspension 3 with the actuator and slider
removed therefrom, as viewed from the side of tae 5 suspension 3 opposite
to a medium. Fig. 1B is a plan view of the Fig. 1A suspension 3 on which
the slider '? is mounted with the actuator 4 located between them. Fig. iC
is a side view of the embodiment as shown in Fig. 1B. Referring tc Fig. lA,
a second interconnecting 10 arrangement 52, having three conductor wires
for driving the actuator is provided in close contact with the surface of
the suspension 3 opposite to a medium, and connected on its base end side
to a terminal electrode group 91 provided on the surface of. the suspenspon
3 opposite to the medium and 15 on its leading end side to a terminal
electrode grour~ 92 provided at a gimbal block 3a. It is here noted that
each of terminal electrodes in the terminal electrode group 91 is connected
with a wire (not shown) to be connected to an actuator driving circuit
and/or a write/read circuit. 



20 Tn the first interconnecting arrangement having four conductor wires to
be connected to the electromagnetic transducer element, close-contact wires
51A in close contact with the surface of the suspension 3 opposite to the
medium are connected to lead wires 51B floating away 25 from the suspension
3 at least in the vicinity of a junction with the electromagnetic
transducer element by way of a terminal electrode group 93, as shown in
Fig. 1B. On the base end side of the first interconnecting arrangement the
close-contact wires 51A are connected to the above 30 terminal electrode
group 91, and on the leading end side the lead wires 51B pass through a
through-hole 31 formed in the suspension 3 to the back surface of the
suspension 3, whence they are tmrned back aroianrl the leading end of the
suspension 3, terminating at connections to the germinal 35 electrode group
in the electromagnetic transducer element .provided on the slider 2.   20
June 2003 -13 In the first aspect of the invention shown in Fig. 1A) 1B and
1C) the connection to the electromagnetic transducer element provided on
the slider 2 i~ made by the lead wires 51B. 'these lead wires 51B are
capable of moving and/or 5 deforming in the displacement direction of the
slide:. ? by the actuator 4, and so provide no impediment to the
displacement capability of the actuator 4. In the practice of the
invention, bonding wires may be used as the lead wires floating away from
the surface of 10 the suspension. Figs. 2 and 3 are side views of exemplary
bonding wire arrangements. As shown in Figs. 2 and 3, a close-contact wire
51A extending to an extreme end portion of the susp~~nsior~ 3 is provided
at its extreme end with a terminal electrode group, 15 which is in turn
connected to a terminal electrode group in the electromagnetic transducer
element provided on the slider 2 by way of a bonding wire 51E. The bonding
wire 51E has an extra length as shown, so that it can move and/or deform in
the displacement direction of the slider 2. In 20 this embodiment, too, the
first interconnecting arrangement provides no impediment to the
displacement capability of the actuator 4. The bonding wire 51E is formed
by a wire bending process. The use of an automatic border enables an 



25 interconnecting step to be so automated that productivity can be
ir<:proved, resulting in cost reductions. For wire bonding, use may be made
of ordinarily employed thermocompression bonding processes, ultrasonic
1_~onding processes, and thermo-sonic bonding processes with 30 application
of ultrasonic waves during thermccompression. No particular limitaticn is
imposed on the rnate.r_ial of bonding wires; an appropriate selection may
be made from ordinar'_ly employed Au, Al, Cu, etc. However, F:u is
particularly preferred because of its satisfactory 35 r_orrosion
resa_starce. Although depending on what material is used .for the bonding
wire, the diameter thereof may be determined such that sufficient
elect.rpca=L conduction and   -14 20 June 2003 mechanical strength are
achievable together with flexibility enough to provide no impediment to the
displacement of the slider 2. However, the bondinc wire should preferably
have a diameter of 2C to 50 elm. Too fine 5 a bonding wire makes
conductivity and mechanir_a1 strength likely to become insufficient,
whereas too thic)c a bonding wire may impair the displacement of the slider
2 due to its too high rigidity. In Fig. 2, the actuator 4 is located on the
back 10 surface side of the slider 2, i.e., the surface of the slider 2
apposite to the suspension 3, as in Fig. 1.C. In Fig. .3, on the other
hand, the actuator 4 is located on one side of glider 2 so as to keep the
height of the whole low. In all arrangements included herein) to say
nothing of the 15 interconnecting arrangement using bonding wires, the
slider should preferably be located relative to the actuator as shown in
Fig. 2 or Fig. 3. In the embodiment as just mentioned above, i=he second
interconnecting arrangement that is not needed to move or 2C deform in
association with the driving of the actuator is formed in close contact
with the surface of the suspension. This structure is preferable because
adjustment of the second interconnecting arrangement is hardly nee-ded,
arid the step of forming the second interconnecting arrangement 25 can be
simplified. In the practice of_ the invention, however, i't is acceptable
to flat at least a part of r_he second interconnecting arrangement 52 away
from trio suspension 3) as shown in Fig. 4 for instance. One exemplary
embodiment of the second aspect of the 3C invention is shown in Fig. 5A, 5B
and 5C. Fig. 5A is a plan view of the suspension 3 with the actuator and
slider removed therefrom, as viewed from the side of the suspension 3
opposite to a m~dium. Fic~. 5B i;~ a plan vie=w of the Fig. 5A suspension 3
on which the slider ~ is 



35 mounted with the actuator 4 located between them. Iig. 5~. is a side
view of the embodiment as shown in F'p . 5B.   20 June 2003 ._15 This
embodiment according to the second aspect cf_ the invention is the same as
i_he embodiment accordinc; to the first aspect with the exception that
flexible printed :,ires 51C are used for the lead wires 51B shown in Fig.
1B. The 5 flexible printed wires 51C used in this embodiment is capable of
moving and/or deforming in the displacement direction of the slider 2; in
this embodiment, too, the first interconnecting arrangement provides no
impediment tc~ the displacement capability of the actuator 4. 10 One
exemplary embodiment of the third aspect of the invention is shown in Fig.
6A, 6B and 6C. Fig. 6A is a plan view of the suspension 3 with the actuator
and slider removed therefrom, as viewed from the side of the suspension 3
opposite to a medium. Fig. 6B is a plan view 15 of the Fig. 6A suspension 3
on which the slider 2 is mounted with the actuator 4 located between them.
Fig. EC is a side view of the embodiment as shown in Fig. 6B. As shown in
Fig. 6A, the second interconnecting arrangement 52 in the third aspect of_
the invention has a 20 close-contact structure as in the rest of the
invention. The first interconnecting arrangement shown in Fig. 6A comprises
close-contact wires 51A in close contact with the suspension 3 and floating
wires 51D floating away from the suspension 3. This first interconnecting
arrangement is 25 formed by forming close-contact wires on the surface of
the suspension 3 opposite to a medium, and then removing a leading end
portion of the suspens:i.on 3, thereby placing a part of the close-contact
wires in a floating state. In the illustrated embodiment) the close-contact
wires having a 30 terminal electrode group 94 comprising four to?~minal
electrodes is previously formed on the leading erxd portion of the
suspension 3. Then, tl~e leading end portion of the suspensi on ; is
removed to leave the area where tile terminal electrode group 94 exists in
the form of a 55 terminal electrode sheet 32. Subse~~uontl.y, the floating
wires 51D are bent or curved to COnIIeCt the terminal electrode group 9; to
a terminal elFCtrode group on the.   



_1H_ 20 June 2003 slider 2, as shown in Figs. 6B and 6C. Ir- the l~;
~ac:`ice cf the invention, however) it is not an essential requirement to
form the terminal electrode sheet 32; that i~, the fir:~L interconnecting
arrangement may be connected directly Le 5 the terminal electrode group on
the slider 2. Removal of a part of the suspension 3, for instance, may bP
achieved by wet etching. In the third aspect of the invention, a portion
c:f the firstly formed close-contact wires which prow des at least 10 the
floating wires 51D should preferably be curved or bent as shown. This
allows the floating wires 51D to move and/or deform easily in t:ne
displacement direction of the slider 2 by the actuator 4, so that in the
third aspect of the invention, too, the first interconnecting arrangement
15 provides no impediment to tile displacement capab~l~ty of the actuator
4. One modification of the third asr~ect of the invention is shOWIl 7.n
F'ig. 7. 'rha_s modification is d.itterer~t from the embodiment shown in
Fig. 6B in that at a position near to 20 the leading end of the suspension,
close-contact wires 51A in a first interconnecting arrangement are changed
to floating wires 51D. Thus, the floating wires 51D are more easily movable
and deformable than those in Fig. 6B. The structure shown in Fig. 7 may be
for_rned in the same manner 25 as that shown in Fig. 6B. The third aspect
of the invention is suitable i:or fabrication process automation because
tree number of steps can be smaller than that in fig. 7.8, and Fig. 5I3. In
addition, any control is hardly needed because a 30 substantial portion of
the first interconnecting arrangement comprises close-contact wires,
resulting in stability improvements. In a ma~Jnotir_- head emL;odirncrW
acco:~dinc~ !.o tl~f~ Ccu~-tl-~ aspect of the nvent:ion, a fir st
i_nt~rconnecriy 35 arrangement is provided in close contact with floe
surface of the suspension 3 and a part of the: suspen:~ion 3 is provi de:l
with an area ref low riqic,i ty, ;~r :~hrn~n i n r ig . ~ ,   20 June 2003
-17 



so that this area and the first interconnecting arrangement 51 in close
contact with the surface thex.~eof are movable and/or deformable in the
displacement directicn ef a slider 2. In Fig. 8, the area of low rigidity
is definea by a 5 narrow low-rigidity area 33 provided at a leading end
portion of the suspension 3. The shape, width ai=d length of the
low-rigidity area may be determined such that the displacement of a slider
2 is not impaired, while the amount of displacement, displacement
frequency, etc. are .LO taken into consideration. The magnetic head
according to the fourth aspect ~` the invention may be fabricated by a
process simi.Lar to that for the magnetic head according to the third
aspect of the invention. Ref_er_ring back to Fig. 6A illustrative of 15 the
third aspect of the invention, the terminal electrode sheet 32 is
completely separate from the suspension 3. when the magnetic head according
to the fourth aspect is fabricated, however, it is acceptable to bring the
terminal electrode sheet 32 in partial contact with the suspension 3, 20
thereby allowing the first interconnecting arrangement to come in close
contact with that area of partial contact. In other words, if a narrow area
is left by providing a through-hole through the leading end portion of tl:e
suspension 3 by means of etching or punching, optionally 25 with the
etching-out or punching-out of the outer edge of the leading end portion of
the suspc-nsi.on, tYzis ~~rea can then provide the low-rigidity area 33. In
this regard, it is also acceptable to shape the suspension 3 upon provided
with close-contact wires or form close-contact wires on the 30 pre-shaped
suspension 3. In Fig. 8, the actuator 4 is located on one side of the
slider 2. However, the fourth aspect of the invention may also be applied
to a structure where the actu,3tox 4 is lor_ated on the bacJc surface Slde
of the slides ~ . In the 35 case, it is required that the leading end
portion of the suspension is curved or,bent over i.le actuator tcnaarc: the
slider and a paz t of thE~ afor esaic9 .Leading F~nd hoi aio~~ be   20 June
2003 -18 of rigidity low enough to be mcvable and;'or defclman:l.e In the
displacement direction of r_he slider by the ac~uater. Stated otherwise,
the leading end portion of the suspension should preferably be curved or
bent such that the terminal 5 electrode sheet goes over the actuator 4 and
reach the slpder 2 as is the case with the terminal electrode sheet 32
shown in Fig. 5C. In the fourth aspect of the invention, too) the terminal
electrode sheet 32 is not an essential r-equir2ment 10 as in the third
aspect of the invention. Further, the 



fourth aspect of the invention is suitable for fabrication process
automation because the number: of steps can be reduced as in the third
aspect of the invention. F'urthermoxe, any control is hardly needed because
a 15 substantial portion of the first inter_cor~neotillc~ arrangement COI;
lprlSeS ClOSE'-cC)ntaC:t Wl_reS) reSUl1_~.nq lIl stability improvements. Tn
the practice of the inventica-r, it .is preferable that at least a part of
the first interconnecting 2U arrangement and at least a part of. the second
interconnecting arrangement do not exist on the same surface of the
suspension, as typically shown in Fig. 1F3 and Fig. 5B, respectively. This
makes it possible to reduce interferences between head signals and actuator
driving 25 signals. 7n the first and second aspect: of the irzvention, the
close-contact wires 51A may be formed on the surface of. tJ:~e suspension 3
which faces away fronu the medium while the suspension 3 is not provided
with the through--hole 31. Tn 30 the third aspect of the invention, tt~e
close-contact wires 51A may be farmed on the surface oL the suspenwion 3
facing away from the medium, so that the floating wires 51D can go over.
the leac~inc,~ end of the ~~uspension 3. rrdhen the actuator ~ is located
on the side cf the :~5 slider 2., it is acceptable to bond together tJ1<~
sidew; of botr~. However, adhesion strength may often bECOme insufficient
due to a r-elative~y :;mall bondincJ area. In   20 June 2003 this case, it
is thus preferable tn use a backup member capable of bondinc at a large
area to both tl:e s7_~der 2 and the actuator 4. Illustrated in Fig. 9A is
one embodiment of the magnetic head of the third aspect of_ the invention,
5 wherein such a backup member is provided. In Fig. 9A, a backup sheet 34
functions as the aforesaid baclcup member. This backup sheet 34 is of size
enough to bord to both the back surface of the slider 2 and the back
surface of the movable part in the actuator 4. As shown in F'ig. 9B, the 10
backup sheet is bonded to and astride boil: the back surfaces. The
illustrated backup sheet 34 has a terminal electrode group 94 as is the
case with the terminal electrode sheet 32 shown in F'ig. 6A, and may be
formed by processing the suspension 3 as Ls the case with the 15 terminal
electrode sheet 32. 



In this regard, it is not an essential requirement to provide the backup
sheet 34 with the terminal electrode group 94; that i.s, the backup sheet.
34 may be des:i_gned to function only as a backup member. While the
illustrated 20 backup sheet 34 is a member independent of the suspension 3,
it is understood Lhat the backup sheet may be constructed as a part of the
suspension 3 as is the case with the terminal electrode sheet 32 shown in
Fig. 8. Thus, the backup sheet may be used not only in the third aspect of
25 the invention but also in the first, second and fourth aspects of the
invention. While explanation has been made with reference to the HDD
magnetic head out= of write/read heads) it is understood that the present
invention may also he applied to an 30 optical disk system. A conventiona7_
optical dill: system makes use of an optical pickup comprising an optical
module includi ng at least a 7_ens . ThiC opt_i cal pickup 1 s :~o designed
t_hai. tree lens can J~e nm~:hami_c.ally <:c~ut rM lec'1 sc~ ._-~s to be
focused on the recording ;surface of the ~r;tical disk. '35 In recent
years) near field recoic_:ing has been proposed t.o ' achieve ever--higher
optical disk ~~ecordir~c~ den;; i.' ~.es . :Crs thlS Y'Pguzd, :~eo ,~NIvKEI
ELF;C`C'1~?ClI('~;'~ , ~_~)~'7.6.15 (No. E9'L) ,   20 June 2003 -20 page
99. This near field recording makes use of a flying head which uses a
slider like a slider used with a flying type magnetic head. Built in this
slider is an optical module comprising a hemispherical lens called a sold 5
immersion lens or SIL, a magnetic field modulation recording coil, and a
prefocusing lens. Another fl.yr~g head for near field recording is
disclosed in United States Patent nlo. 5,497,559. With higher recording
densities, such a flying head, too, is increasingly required to have higher
10 tracking precision as in the case of a HDD magnetic head. Thus, the
micro-displacement actuator is also effective for the flying head.
Accordingly, the present intention may also be applied to such a
wr_ite/read head (optical head) for optical recording media. 15 More
generally, the optical head to which the present invention can be applied
comprises a slider simil~.~r to that in the aforesaid magnetic head, with
an opticaJ_ module built therein, or a slider which is in itself
constructed of an optical module. The optical module comprises at least 20
a lens, if required, with a lens actuator and a magnetic field generating
coil incorporated therein. ,Such an optical head, for instance, includes
not only a flying tread for near field recording such as one mentioned just
above bur. also an optical head wherein a slider is slidable cm the 25
surface of a recording medium, i.e., a pseudo-contact type or contact type
optical head, To have an easy understanding of the case where the present
invention is applied to the optical head, the electromagnetic transducer
element ~n the foregoing explanation should he read as an optical head. I:t



30 is understood that the present invention may be applied to a
pseudo-contar_t type or contact type magnetic head as well. Conceptually,
the term "write/read head" used herein shall include a write; read hEad, a
~Nr.ite-unit' head, arid a read-only head. L~.kewise, the term "write/read
system" used a5 herein shall include a write/read system, a w~~~te--only
system, and a read-only system. The term "recording mod:il_~m" used herein)
t.oc, shall include a read-only type mPdimm   -2120 June 2003 such as a
read-only optical disk in addition t:: a recordable medium. To ascertain
the advantages of the invention, the following experimentation was carried
out. 5 Experimental Example 1 A magnetic head of such construction as shown
in Fig. 1A, 1B and 1C was prepared. Polyimide-coated conductor wires were
used as the close-contact wires 51A, and conductor wires having an outer
diameter of 40 Nm were used 10 for the lead wires 51B. The same wires as
the close-contact wires 51A were used for the first interconnecting
arrangement 52. The actuator used was set out using PZT (piezoelectric
constant d31 = -200 x 10-12 m/V) as a piezoelecr_ric or 15 electrostrictive
material. When 10 V (DC bias voltage)  10 V was applied on both
displacement generating means in such a manner that the phases of sine wave
driving voltage were mutually inverted, the movable parts showed a
displacement amount of about 0.5 ~Lm. 20 Using this magnetic head, the
actuator was driven under a head load of 2.5 g. Consequently, the amount of
displacement of the electromagnetic transducer element provided on the
slider 2 was about 0.5 Vim, indicating that the displacement capability of
the actuator is rot impaired. 25 Experimental Example 2 A magnetic head
having such construction as shown in Fig. 2 was prepared. The close-contact
wires 51A and the second interconnecting arrangement were formed as in
Experimental Example 1. Au wires having a diameter of 25 ~tm 30 were used
for the bonding wires 51E. The actuator and slider used were the same as in
Experimental Example 1. This magnetic head was driven as in Experimental 



Example 1. Consequently, it was ascertained that tree displacement
capability of the actuator is not impaired. 35 Experimental Example 3 A
magnetic head having such constructicn as shown in Fig. 7 was prepared. The
second interconnecting arrangement   20 June 2003 -22 52 was formed as in
Experimental Example i. The first interconnecting arrangement was formed in
the following manner. First, close-contact wires were formed on the surface
of the suspension. In this state, a part of the 5 suspension was then wet
etched out) thereby floating a part of the close-contact wires away From
the suspension 3. In this manner, the first interconnecting arrangement
comprising close-contact wires 51A and floating wires S1D was obtained. 10
This magnetic head was driven as in Experimental Example 1. Ccnsequently)
it was ascertained that the displacement capability of the actuator is not
impaired. ADVANTAGES OF THE INVENTION 15 In the write/read head supporting
mechanism of the invention, the displacement capability of the actuator is
not impaired because the suspension side is connected to the
electromagnetic transducer element by way of the interconnecting
arrangement movable and/or deformable in 20 the displacement direction of
the slider by the actuator. Japanese Patent Application Nos. 10-341131 and
7.1200358 are herein incorporated by reference. The structures illustrated
and described herein illustrate the principles of the ir_vention.
Modifications 25 to the illustrated embodiments may be made without
departing from the spirit and scope of the invention. Therefore the present
invention includes the subject matter defined by the appended claims and
all reasonable equivalents. 30 



20 June 2003 -~ i 'A T UI:-i A T U~:r C Lr, _`~I ~ S 1. A wr:t~~read huaa
supputtir~; mechal;lsta. eumprmn~; a slider proviVed wth an electroma~;mtic
transuucer ulrm~nt ur an upuc.:l module. a suspension. sald slider bcin~`
supported un sat;i suspensln by as actu;aur tur displacing said slldvr; a
first int~rconnecttn~; arran5ement muwbie and,'or do Curmable tn a
displacement dirrcttun of sari sIIdcC by said actuator for makin~~ an
electrical connuctlon to Bald e(ectroma`~n~tic transducer e;ement or said
optical module; and a second interconnecUn~; arrar,~;ement fur making an
electrical connection to said actuator. wherein slid tilst wt;;rcunn~ctin~;
alT~ln`~~illsnf 1~ funned by Fortnin~~ sail arran~.:etnent on a surface
ot~san suspension, and then rumw ink,, a part of sail StlSpt;nSlOn SU thaC
a pan of said arran~~emznt is placed in a tluattr,~~ state 2. The
write/read head supporting ~:,ecra:~isfi~ according to claim 1, wherein
said first interconnecting arrangement includes a lead wire flcating away
front a surface of said suspension. 3. The write/read head supporting
mechanism according to claim 1, wherein said first interconnecting
arrangement includes a flexible printed wire. 4. The write/read head
st:pporting mechanism according to any one of claims 1 to 3, wherein said
actuator makes use of an inverse piezoelectric effect or an
electrostrictive effect. 5. The write/read head supporting mechanism
according to any one of claims 7_ to ~, wherein a head driving IC chip is
built on said suspension. 



. The write/read head supporting mechanism according to any one of claims 1
to 5, Lahich includes a main actuator for driving said suspension. A
write/read system which comprises a write/read head supporting mechanism as
recited :in any one of claims 1 to .Al.A 9.A9.A .A.A%.A .A.AYL.A{.AY.A
.A3_.A.A.A9.A .A9.A .A3h.AF.AF_.A`r45HR^_
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