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Figure 32 is a plan schematic illustrative of a flying
type magnetic head and a positioning mechanism therefor used
in a conventional magnetic or hard disk drive (HDD).

As shown in Fig. 32, the magnetic head is built up of a

15 slider 2 having an electromagnetic transducer element 1, and
a suspension 3 for supporting the slider 2. For the purpose
of simplification, interconnecting lines to make electric
connections between the electromagnetic transducer element 1
and a signal processing circuit in the hard disk drive for

20 the transmission of read/write signals are not illustrated.

A VCM (voice coil motor) 5 is used in an actuator for
magnetic head positioning. The VCM 5 is built up of a coil 51,
a permanent magnet 52, a bearing 53 and an arm 54. The arm 54
is provided with the coil 51 at one end and with the

25 suspension 3 of the magnetic head at the other end. It is
noted that, although not illustrated, another permanent
magnet is provided on the coil 51.

The electromagnetic transducer element 1 comprises a
magnetic pole and coil for converting electric signals to

30 magnetic signals, and vice versa, and a magnetoresistance
effect element for transforming magnetic signals into a
voltage change, etc., each being fabricated by thin film
techniques, assembly techniques, etc. The slider 2 is formed
of non-magnetic ceramics such as Al;03-TiC or CaTiO; or a

35 magnetic material such as ferrite, and has a generally
cuboidal shape. The surface (air bearing surface) of the
slider 2 opposite to a disk medium 6 is processed into a
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by Itfo hand, the slider 2 is pressed by the suspension 3 toward the
disk medium 6 under a given load, so that the slider 2 is
flied on the disk medium 6 at a small spacing on the basis of
a flying force vs. pressure relation.
The magnetic head is connected to the VCM 5, and so is
15 movable in the radial direction of the disk medium 6 by its
swing motion around the bearing 53, allowing positioning
control of the electromagnetic transducer element 1, i.é.,
seek control for moving the element 1 onto any read/write
track, -and read/write track-following control.
20 For positioning control of the electromagnetic
transducer element 1, the electromagnetic transducer element
1 first detects a track position signal recorded in the disk -
medium 6. Then, the signal is operated in a head positioning
control circuit 7 so that a given current is passed through
25 the coil 51 in the VCM 5 via an amplifier 8 to control force
generated between the coil 51 and the permanent magnet 52.
Upon positioned on the target track, the electromagnetic
transducer element 1 writes and reads magnetic signals in and
from the disk medium 6.
30 As mentioned above, it has so far been general to use a
voice coil motor as magnetic head positioning means.

A problem with a magnetic disk drive is a track
misregistration that is an offset between the magnetic head
and the recording tracks caused by vibrations of the disk

.35 medium surface in synchronism or asynchronism with the
rotation of the disk medium, eccentricity of the disk medium,
thermal expansion and extraneous vibrations of the magnetic
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A grave problem attendant to the conventional magnetic
disk dfive is, however, that there is a limit in positioning
precision, especially recording track-following precision due

15 to the swing motion of the whole of a massive structure
comprising the magnetic head, arm and coil, the movement of
the slider via the resilient suspension, and the fact that
the bearing providiﬁg the center of the swing motion has in
itself friction resistance, eccentricity, and so on.

20 On the other hand, a magnetic disk drive is increasingly
required to have ever-higher recording density, and so have
ever-higher track density and ever-narrower track width and,
with this, it is required to make magnetic head positioning
precision ever-higher. So far, a positioning control

25 Dbandwidth is up to about 500 Hz and positioning precision is
about 0.3 um. As the recording track width becomes as narrow
as about 1 pum, however, it is required that the control
bandwidth be extended to a few kHz and the poéitioning

- precision be on the order of about 0.1 pum or less. For these

30 reasons, the problems associated with a conventional magnetic
head positioning mechanism become even more troublesome.

The flying height of the magnetic head is generally
within the range of about 50 nm to about 100 nm. As the
read/write track pitch becomes as narrow as about 1 pum while

35 such a flying height is maintained, however, several problems
arise, for instance, erasion upon recording of signal
information stored in adjacent tracks due to a recording



This-track msregistration | eads to problem for instance, erasion upon
recordi ng of signal information stored in adjacent tracks due to
overwiting, a drop upon reproduction 54f the |evel of signals outputted
fromthe track concerned, and a quality drop of output signals due to the
entrance of signals from adjacent tracks in the formof crosstal k noi ses.
For read/wite purposes, it is thus required to allow the position of the
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contact type head that is always in contact with a disk
medium, too, is under development. For these magnetic heads
15 taking aim at achieving much higher recording densities, it
is very difficult to conduct seek control or read/write
track-following control.
For one approach to improving magnetic head positioning
precision, it has been proposed to provide a magnetic head
20 mounting arm or supporting spring (suspension) with a micro-
displacement actuator such as a piezoelectric element (see
JP-A's 5-28670 and 5-47216). With this approach some
improvement may be introduced in the magnetic head
positioning precision.' However, this approach, too, is
25 unavoidably affected by vibrations of the suspension because
the slider is driven via the suspension having resiliency as
in the case of the aforesaid VCM positioning mechanism. Thus
there is a limit in positioning precision improvements.
For slider displacement, it has also been put forward to
30 use an electrostatic force microactuator ("Magnetic Recording
Head Positioning at Very High Track Densities Using a
Microactuator-Based, Two-Stage Servo System", IEEE
TRANSACTIONS ON INDUSTRIAL ELECTRONICS, Vol. 42, No. 3, pp.
222-233, June 1995) or an electromagnetic force microactuator
35 ("Silicon Microstructures and Microactuators for Compact
Computer Disk Drives", IEEE CONTROL SYSTEMS, pp. 52-57,
December 1994). However, it is found that with the
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10 “problem is also found in JP-A 8-180623 disclosing that a

slider is driven by an electrostatic actuator.

Further; JP-A 6-259905 discloses an actuator for a
read/write system, in which a slider comprising a read/write
function part (an electromagnetic transducer element) is

15 coupled to a suspension driven by a voice coil motor via a
driving member such as a piezoelectric element. In the first
embodiment (see Fig. 1) described therein, a thin type micro-
motion mechanism part (a driving member) is built up of a set
of opposite thin sheets and a set of piezoelectric elements.

20 Both ends of each sheet are diagonally provided with flexures
for connecting thereto either one of both ends of each
piezoelectric element, and the terminals of the piezoelectric
elements are connected to such flexures. At the this type
micro-motion mechanism part, both the piezoelectric elements

25 are deformed in such a manner that they elongate or contract,
thereby providing micro-displacement of the read/write
function part in a direction substantially perpendicular to
the elongation, and contraction direction of the piezo-
electric elements. In the second embodiment (see Fig. 2)

30 described in the publication, a thin type micro-motion
mechanism part is again built up of a set of opposite thin
sheets and a set of piezoelectric elements. However, this
second embodiment is different from the first embodiment in
that a flexure for connecting one end of each piezoelectric

35 element is provided at one end of each thin sheet. At the
thin type micro-motion mechanism part, each piezoelectric
element is bendable within a plane parallel with the flying
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Howev is found that wt | ectrostati c force actuator i's
d,ff|§é|tpp§q@ slechrdc element embedded in a slider itself as a prior

art example, and notes that such a slider (a micro-motion
actuator) has an adverse influence on its flying
characteristics because its flying surface is twisted,
distorted or otherwise deformed. In connection with the

15 advantages of the invention, on the other hand, the
publication notes that since no stress is applied at all on
the slider at the aforesaid thin type micro-motion mechanism
part and so no deformation of the slider occurs, it is
possible to construct an actuator having no adverse influence

20 at all on the flying behavior of the magnetic head. However,
the first and second embodiments of the thin type micro-
motion mechanism part described therein are each of an
assembly structure wherein a set of thin sheets are connected
together with a set of piezoelectric elements, assuming that

25 there is no characteristic difference between both
piezoelectric elements. Nonetheless, the magnetic head is
susceptible to displacement in the flying direction
(fluctuations in the flying height) due to assembly errors,
etc. Assembly steps required for the assembly structure incur

30 some considerable cost, and the assembly structure renders it
difficult to increase its rigidity, resulting in a mechanical
robustness drop problem associated with bonded parts. In
addition, the assembly structure becomes poor in displacement
characteristics due to the need of drawing interconnecting

35 1lines out of the electrodes of the piezoelectric elements,
and costs much as well thanks to its complexity. The third
embodiment, too, poses similar problems, for instance,
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pie dlsplacement transmitted, or otherwise no displacement is

transmitted to the actuator whatsoever. To eliminate such a

15 gap, high-precision assembly techniques are need, but not
only do they involve technical difficulties but incur some
considerable expense as well.

JP-A 63-291271 discloses a magnetic head positioning

arrangement including a micro-motion mechanism comprising a

20 piezoelectric element or an electrostrictive element between
a slider and a load bar. The micro-motion mechanism set forth
in the example of the publication comprisés a thin
piezoelectric element sheet provided with a C-shaped cutout.
By elongating or contracting a part of the piezoelectric

25 element sheet, the slider can be linearly displaced in the
same direction as the direction of elongation and contraction.
This micro-motion mechanism is of an integrated structure
rather than an assembly structure, wherein the amount of
displacement of the slider depends on the amount of linear

30 displacement of the piezoelectric element sheet. To increase
the amount of displacement of Ehe slider, therefore, there is
no choice but to increase the size of the micro-motion
mechanism.

In the arrangement illustrated in Figs. 1 to 4 of JP-A.

.35 5-47126, a sheet form of piezoelectric element itself is
bonded to a head supporting spring, and so the head
supporting spring provides a load that hampers the
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10 Transmission loss occurs because the displacement of the

piezoelectric element gives rise to deformation of the
adhésive layer; bonding reliability drops because some load
is applied on the adhesive layer upon the displacement of the
piezoelectric element; and displacement transmitted from the

15 piezoelectric element to the electromagnetic transducer
element through the adhesive layer is susceptible to a
secular change because the adhesive force (fixing force), and
rigidity of the adhesive layer changes depending on the
aforesaid load, and ambient conditions (high temperature,

20 high humidity, and so on).

Illustrated in Fig. 6 of JP-A 6-309822 is a read/write
head comprising driving means of the structure in which
pliezoelectric elements, each in a sheet form, are mounted on
a pair of metal thin sheets forming parallel leaf springs of

25 a gimbal member formed at a tip of a suspension. According to
such driving means, upon the elongation and contraction of
the piezoelectric elements there is a difference between
their length and the length of the metal thin sheets, which
in turn allows both the elements and the sheets to be so

30 deflected that an electromagnetic transducer element can be
displaced. In this arrangement, too, there is again a
reliability drop because the piezoelectric elements deflect
the metal thin sheets through an adhesive layer. |

JP-A 60-47271 discloses a flying head having a driving

35 element between a slider and a head body, said driving
element providing micro-motion of the head body in a
direction of intersecting the parallel information tracks. As
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direction, i.e., piezoelectric longitudinal effect, which
gives rise to a thickness-wise linear displacement to
displace the head body linearly. A problem with this flying
head is, therefore, that the size of the piezoelectric

15 element must be increased to increase the amount of
displacement of the head body. Another problem with this
flying head is that a part of the flying surface is
susceptible to deformation, and displacement as well. This
leads to further problems that the flying characteristics are

20 unstable, and the read/write characteristics are unstable as
well due to fluctuations in the spacing between the head body
and the medium.

While explanation has been made with reference to a

magnetic head out of read/write heads, it is understood that

25 the problems mentioned in connection with magnetic head
positioning are all true of a recording/ reproducing head for
optical disk systems. A conventional optical disk system
makes use of an optical pickup comprising an optical module
including at least a lens. This optical pickup is so designed

30 that the lens can be mechanically controlled so as to be.
focused on the recording surface of the optical disk. In
recent years, near field recording has been proposed to
achieve ever-higher optical disk recording densities. In this
regard, see "NIKKEI ELECTRONICS", 1997.6.16 (No. 691), page

35 99. This near field recording makes use of a flying head
which uses a slider like a slider used with a flying type
magnetic head. Built in this slider is an optical module



variations in displacenent characteristics due to assenbly errors. It is
noted that the actuator shown in Fig. 6 of JP-A 6- 259905 as an prior art
exanpl e, and the actuator set forth i R1B-JP-A 5-28670 has a structure
wher ei n di spl acenent generating nmeans such as piezoelectric elenents are
fitted into a suspension. For such a structure, it is difficult to place
the size of the displacenent generating neans and the size of the spaces in

whi ch t hegompeibihred haftsphartiiandenzoiialdled 40sofFdd pieEtel @t ldns

el enent s havi a_very small_di-spl ac nt, ampunt . it is undesitable that a
gap exi st ?rbggg#.\eﬁ ?‘ﬁéﬂ?%’e%aﬁfs%quﬁ‘b?"g‘ 'ag‘lIORS§e8Prg19%r?%ffbna%é %he anmount
of di spl apgeéntusingshens ed Anotherhéilwisg headi @t avmmerfidlsli transmitted to

th t : { i Lgh- pr £&+ Si
asconbl y £ CeRaanas By ol eeter e, i TR RS Acts, plRthe oL SLER AT

di f fi cul t AesopGEcphcdisk onted ot icrakipas iorpwast &ycher| flyimg erdo1271

di scl osesnasnpapgt hegheAsePasidd APtk JSnBNGLEBNT A M A RiHer0- ot i on
mechani sm conpri sing a 20 i ezoelectric elenent or an, el ectrostrictive

el ement bEPREEACZLR it‘:l%re%%%%?q FHFDH FESPPRE APcFESREEIRE HERHSHI sthQ et
forth in thmeepacblemsfas mermtiriethtivh ¢efpreaes Bottha Pleinoel©gdsi c

el enment s E QV{ ' a C-shaped cutout. By elongating or contracting
a part of §§e85§2%§$§c¥%%%525 el enent sheet, the slider can be linearly

di spl¥Hted in the sane direction as the direction of elongation and
contraction. This m cro- nDpreRLEBEREGF e AfviirTon €grated structure
' One object of the present invention is to achieve high-
precision yet fast positioning of an electromagnetic
transducer element or an optical module mounted in a
15 read/write head in read/write systems such as magnetic or
optical disk devices. BAnother object of the present invention
is to achieve easy control of position fluctuations, upon |
such positioning, of the electromagnetic transducer element
or optical element in a direction vertical to a recording
20 medium surface.
Such objects are achievable by the inventions defined
below as (1) to (17).
(1) A read/write head comprising a slider provided with
an electromagnetic transducer element or an optical module,
25 an actuator, and a suspension, wherein:
said slider is supported on said suspension via said
actuator,
said actuator comprises a fixed part, a movable part and
at least two beam members for connecting said fixed and
30 movable parts together, at least one of said two beam members
having a displacement generating means that elongates and
contracts by inverse piezoelectric effect or electrostrictive .
effect in a direction of connecting said fixed part and said
movable part, and said fixed part being fixed to said
35 suspension and said movable part béing fixed to said slider,
upon elongation and contraction of said displacement

generating means, said displacement generating means deflects
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rather than an assenbly structure, wherein the anount of displacenent of
~the slider depends on the anount of |inear 30 displacenent of the

piezoel ectric el ement sheet. To incredde the anount of displacenent of the
slider, therefore, there is no choice but to increase the size of the

m cro-notion nmechanism In the arrangement illustrated in Figs. 1 to 4 of
JP-A 35 5-47126, a sheet formof piezoelectric elenent itself is bonded to
a head supparsahd saprabte paxck siidgimdesadineppbyt i ahreplanty psovi des a | oad

that hanpeps t08na11d! SPLACEIGNC O d IR0 9208LEELELCiR! £ Bine FOT LI S

reason, ere 'S a ease anount of |spl acenment of
t he p|ezodhﬁenﬁdcbﬁl@n%h@et+lﬂkﬁhmqmbﬁr g0ds GRAACPLRAELFIPRERPELS | S

achi evabl ErQﬁEéﬁéSrSQﬂ&néz‘P@dof Sséi@miiﬂl%éloﬁoahﬁepaﬁggfé@@é rig £l ement,
resulting I n a reduction of its life nd a prenature degradat)on of |ts

perfor%n@ére%éﬁnaﬁfa%%%?ﬁ/%cqlé}%rrq’?ﬁféilw ESﬁﬁ]‘Fs?ﬂga CHRYARE resin,

etc. is umedib@r mhg Dm&aﬂgo@fciﬁ&wremw&ct &hé@ el ement, the follow ng
probl ems ari se, snmi ssi on I occ rs % ause th di spl acement of

t he piezoel ect rgf"‘& elféﬁﬁatpﬁ\:lesm?‘r ﬁ’é adh®si ve | ayer;
bondi ng r €birmbdl aisyadrmtsednmm&es:s—ngm Ipoad:el byappbvedlng\ a hezolalhesi ve

|ayer upon e, 0L SPLAGEERIL £fshdif MR BBkl GoRbEFEBLeqa0H 41 sPl acement

transmtt rom-t
piezoelectric or electrostrictive material.

(2) The read/write head recited in (1), wherein said
actuator is located on a back or side surface of said slider.

(3) The read/write head recited in (2), wherein said
actuator is located in a space formed by a step provided on

15 the back surface of said slider.

(4) The read/write head recited in any one of (1) to (3),
wherein said slider and said actuator are opposed to each
other with said suspension sandwiched therebetween.

(5) The read/write head recited in any one of (1) to (4),

20 wherein a part of said suspension is provided with a gimbal
member for allowing said slider to follow a surface of said
recording medium, and said actuator is coupled to said gimbal
member.

(6) The read/write head recited in any one of (1) to (5),

25 wherein at least two piezoelectfic or electrostrictive
material layers, each having electrode layers on both sides,
are provided at said displacement generating means in said
actuator.

(7) The read/write head recited in any one of (1) to (6},

30 wherein an amount of displacement of said electro-magnetic
transducer element or said optical module is larger than an
amount of elongation and contraction of said displacement
generating means in said actuator.

(8) The read/write head recited in (7), wherein the

35 amount of displaéement of said electromagnetic transducer
element or said optical module is larger than an amount of
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15 piezoelectric elenment to the el ectromagnetic transducer el enment through
t he adhesive layer is susceptible to a secul ar change because the adhesive
force (fixing force), and rigidity of -t adhesive | ayer changes depending
on the aforesaid | oad, and ambi ent conditions (high tenperature, 20 high
hum dity, and so on). Illustrated in Fig. 6 of JP-A 6-309822 is a

read/ wite head conprising driving neans of the structure in which

pi ezoel ectiisplacementsofeaciiuneture thatiweaes maidr slident agdogaddpair of

metal thinpghaebs.formng parallel |eaf springs of 25 a ginbal nmenber
formed at a tip of a suspension. _ According to such driving neans, -upon the
el ongati on and @dnfRgcrReA/ WF1ERherd ZRF AT i1 d7dnert 8¢ heBeFeln

di ff erencenkebwoantt BEi 8ibsngtdmen dheadinguhcturehbet@bah shia sheets,

which in tyrn allo both_the el enents and the sheets to pe so 30

def |l ec edsﬁﬁgﬁraﬁngfgéi oRBLRETT 15 AfFEHRrethEre ﬁtagaﬁngeogisplaced. In

t hi s arr arejemgationoendt hentrast homiof saie idlspllacgmdnbpgbrenatinghe

piezoelec%&%%ﬁeﬁﬁgg%gg_gthggérghe nmetal thin sheets through an adhesive
- i S

| ayer. JP- closes _a flying head having a driving 35 el enent
bet ween a sliddld0indhg wead/woilye Read wreitedy i@ empnongr 6% dilhgto

m cro-moti(@n olnebainead PRE¥ridnfedtiiGCtligR Hithnkespacti Bg khegparal | el
|nforfgt|%gt%g%%§sénd/or said electromagnetic transducer element or
said optical module is formed at said suspension.
(11) A read/write head positioning mechanism comprising
a read/write head as recited in any one of (1) to (10), and a
main actuator for driving the whole of said read/write head.

15 (12) A mechanism for performing positioning of a
read/write head comprising a slider provided with an
electromagnetic transducer element or an optical module, an
actuator, and a suspension, wherein:

said slider is supported on said suspensioﬁ via said
20 actuator,
said actuator comprises a fixed part, a movable part and
at least two beam members for coupling said fixed part and
sald movable part together, said at least two beam members
each having a displacement generating means that elongates

25 and contracts by inverse piezoelectric effect or electro-
strictive effect in a direction of connecting said fixed part
and said movable part, and said fixed part being fixed to
said suspension and said movable part being fixed to said
slider,

30 upon elongation and contraction of said displacement
generating means, said displacement generating means deflect
and said movable part displaces linearly, circularly or
rotationally with resbect to said fixed part, whereby said
electromagnetic ‘transducer element or said optical module

35 displaces in a linear or circular orbit and said

~ electromagnetic transducer element or said optical module
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this driving el ement a piezoelectric elenment is nentioned. Typically, the
publication refers to a flying head nmaki ng use of a thickness change of a
md tilayer piezoelectric element to prdéde micro-notion of the head body,
and a flying head 5 maki ng use of a binorph type piezoelectric elenment. The
head body set foerth in the publication is an ordinary bul k type magnetic
head, rather than a thin filmhead type of el ectromagnetic transducer
el ement . PiSDRaces| aper givecklontof cintarssutingscerbeding thecksbbncation
utilizes 30reloraliagefitiuhniahe PAIEIdSQbNI8s BRpetockhnC fiel d
direction, i.e., piezoelectric longitudinal effect, ich gives rise to a
t hi ckness- wi se YSReBPSditipranenehtatleraia ©ft e ife 4 eB6E9MAPREEEFY. A
probl em witiranisdugel! glegeheadri said heptefcaie moduae thatshaispdhcédein a
piezoeéectni% %5 egﬁneng nust. be |nCﬂfased tQ |ncreaﬁe t he anmount of

5 e3tt"B

di spl atemSht °SFPRe BAFEEID FAAT FRANERS FRAERPs FP§i hgtRkad i s
t hat a pasumobft Arivingnyoltades eaprsl isadh ceptdalilie displlabementi on, and

dispIacenag&eggtggélEsgggsi%gggétéégéﬁqtégﬂké% ogggﬁgtéﬁgi the flying

characteristics 0. uns he read/ Wi racteristics are
unst abl e &onREPRtdaé eBYfFimeuati ons in the spacing between the head body

dth di um i e ; : .
”agfe% Thead }éﬁt‘ghohﬁ?e%%%?iﬂ% R e LA i i
th e

pr obl rEn d“PRTERhection with magnetic head positioning are al
true of a recordidigectépnodficebondietibd Gnd pRiontalacdisly 5¥stase. A

Conventi0@iEpQBEEﬁghtd&éﬁefgéiggnmeans is invariable with respect to
an applied voltage having the same polarity, and '
a voltage applied on each displacement generating means
15 is a voltage having a control voltage added to a direct
current bias voltage, and the total sum of said control
voltages added to said displacement generating means is
controlled in such a manner that said total sum is constantly
zero at any time.
20 (14) The read/write head positioning mechanism recited
in (12) or (13), wherein: |
each of. said displacement generating means comprises a
displacement part that elongates and contracts by an applied
voltage and a pair of coverings between which said
25 displacement part is sandwiched, said displacement part and
said coverings being stacked in a direction vertical to a
surface of a recording medium, and
said coverings are in close contact with said
displacement part, and are deformed upon elongation and
30 contraction of said displacement part.
(15) The read/write head positioning mechanism recited
in any one of (12) to (14), wherein said read/write head is a
read/write head as recited in any one of (1) to (10).
(16) The read/write head positioning mechanism recited
35 in any one of (12) to (15), which further comprises a main
actuator for driving the whole of said read/write head.
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makes use of an optical pickup conprising an optical nodul e including at

| east a lens. This optical pickup is so designed 30 that the |l ens can be
mechanically controlled so as to be feddsed on the recording surface of the
optical disk. In recent years, near field recording has been proposed to
achi eve ever-higher optical disk recording densities. In this regard, see
"N KKEI ELECTRONI CS", 1997.6.16 (No. 691), page 35 99. This near field
recordlng WakealuserEead?wyiﬁg éwgﬁbmwu nﬁﬁmhgaaskhdﬂVwkuke healli der used

mnth af netlc hga n this ptical nodul e
n% é énh sBhH&r? ﬂl qﬁ% é%bléﬁ'g'gb Z%Elhargggﬁ lens or SIL,

a nagnetl@o%uehdn&ngumathanismcascteqytndI;n.amw @nprefodmévngoléhﬁ) Anot her

flying head for near field recording is disclosed in United States Patent

NO. 5,497,359. An optical 5 disk used in combination with such a flying
head h3s very high reco®RIFF DESCRIBERANt PESTHE DRAGENGSgl y, when

posi tioning isgekheet gdiw hhpee éétt.n}é) @Ry inasksattike s&mengr obl ens
as nentioned wth. reference ?

DI SCL CSUREVER CREDPRVENTPORF OG- Uo7 2 e (HBAROCe AE P OGHCFBRFSCT 0.

achi eve hltgllé' plegensi Qﬂvb&ﬁtltf)ﬁstarmsu:ﬁe @ugig iehiag eleebandsmgfieri en
t ransducer ggpnt or unted in aread/wite head in

read/mﬁlt@¥§f SWEQESEﬁC ggﬁﬁﬁﬁ%$?%:%ieqﬁﬁlcal di sk devi ces.

10 Figure 2 is.a perspective schematic illustrative of one
actuator embodiment wherein the actuator is located on the
back surface of the slider in the magnetic head according to
the present invention.

Figure 3 is a perspective schematic illustrative of

15 another actuator embodiment wherein the actuator is located
on the back surface of the slider in the magnetic head
according to the present invention.

Figure 4 is a perspective schematic illustrative of a
further actuator embodiment wherein the actuator is located

20 on the back surface of the slider in the magnetic head
according to the present invention.

Figure 5 is a perspective schematic illustrative of a
still further actuator embodiment wherein the actuator is
located on the back surface of the slider in the magnetic

25 Thead according to the present invention.

Figure 6 is a plan schematic illustrative of one
embodiment of the actuator in the magnetic head according to
the present invention.

Figure 7A is a plan schematic that illustrates

30 exaggeratively the deflection of each part upon the linear
displacement of a movable part in the actuator shown in Fig.
6, and Figure 7B is a plan schematic that illustrates
exaggeratively the deflection of each part upon the
rotational displacement of a movable part in the actuator

35 shown in Fig. 6.
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15 Ahot her object of the present invention is to achieve easy control of
position fluctuations, upon such positioning, of the electromagnetic
transducer el enent or optical elenent i%-a direction vertical to a
recordi ng nmedi um surface. In accordance with the invention, there is
provided a 20 read/wite head conprising a slider provided with an
electromagneti c transducer el enent or an optical nodul e arranged for

posi tioni ng ovéigueeoBdisgat paskssclienatisr arldiusrnaedivenofaanatheat or, and a

suspensi ORmpASHERT: of theldceudtdel fl IR rabrRiBROLLEH QBc52hEhgusgensi on
~via said actuator, sald actuator conprises a fixed part, a novable part and
at | east the PEEFERENBEVSNESPRconnecting said fixed and novable 5 parts

toget her, at I@q@?ﬁﬂ@ ?.fs aa%:q!aﬁwgamti@rﬁ:)ﬁ%ﬁ@tii% @fdhsehalezaat@n_t
generatin ns at el ongates and contracts Jnverse piezgelectric

ef f ect or%&g‘é%tli“ﬁ%r PE: the efFuRtoT finy the éﬁ%“@%lsf EBANBEEPRALRAI P i xed
part and shiedptewsehteipaehtiend said fixed part being fixed to said
suspensi on andF% ' e19_0m)vable art being fixed 1o éaid sl.i der

. upon
el ongati on and“con racti on SfP% ds%ﬁ?ﬂﬁ % uiﬁﬁ? %XFiﬁg ﬁegﬁ%?gsaid
di spl acendmrthene enbodgmantnst deli¢ exttuahnd sai dheowabhetparheadspl aces

L:gﬁgrgg%ﬁﬁg 9@&%@'EooEhé0§§é§&&§uﬁ&éﬂéﬂbdﬁ5peCt to said fixed part in a
10 Figure 11 is a perspective schematic illustrative of one
actuator embodiment wherein the actuator is located on the
side of the slider in the magnetic head according to the
present invention.

Figure 12 is a perspective schematic illustrative of

15 another actuator embodiment wherein the actuator is located
on the side of the slider in the magnetic head according to
the present invention.

Figure 13 is a perspective schematic illustrative of a
further actuator embodiment wherein the actuator is located

20 on the side of the slider in the magnetic head according to
the present invention.

Figure 14 is a perspective schematic illustrative of one
actuator embodiment wherein the actuator is located in a
space formed by a step provided on the back surface of the

25 slider in the magnetic head according to the present
invention. _

Figure 15 is a perspective schematic illustrative of
another embodiment wherein the actuator is located in a space
formed by a step provided on the back surface of the slider

30 in the magnetic head according to the present invention. _

Figure 16 is a perspective schematic illustrative of one
actuator embodiment wherein the slider and actuator are
opposed to each other with the suspension sandwiched between
them.

35 Figure 17 is a side schematic illustrative of one
actuator embodiment wherein, in the magnetic head according
to the present invention, the actuator is coupled to the



15 by the nenbers, such that said el ectromagnetic transducer el enent or
sai d optical nodule is correspondingly displaced in a direction
intersecting the recording tracks on t+é-+recording nediumin a |inear or
circular orbit, and said fixed part, novable part and beam nenbers are
formed 20 as an-.integrated single piece by providing a hole and/or a cutout
I - a sheet-1ike menber constructed of a piezoelectric or electrostrictive
mat eri al . suspanstibar iasphet vitheiey ¢of thy awnted of peekdnysotf ar -12-
erformn It Lani . e i i e rising a slider provided
\I?vith an e%&%@%&%gng E’gﬁ'?gﬁédglgée\r,\éie (gerr%na?’%o?a%ag%hcal nodul e arranged
for positionindigwre A8doisi agsidackchematiq ccohuditmativel of oas act uat or
and a suspaRidAhenth8fCthe Pnventidfiwhetd 4L He s14RRY' §8dcB0p3aldto
suspensi on vi,a_sald actuator, salid actuator conprises . a fixed part, a

movabl @ pdr G18RE1aPaFeast Ehe PeEREREIATAN (e EogpetAg B&PE fixed part and
sai d novabklceopdihgt egether préses alnv@asiord Warnde atgirabess ¢ach 20agaving a
displacenen%. ener.ati.n ans t&at el ongates and contracts by inverse

pi ezoel ect F‘chfoghg cBFPELHPi ve effect in a direction of
connecti ng sai difgured 19ar tisaads $de dsaiversdnt B pidrtustaatival o ff emedhpart bei ng

fixed 1o RidaiteReNSEOBnENnd8hts P AN SRR thP 81906 180828 YS! 1 der

10 a gimbal part of the suspension in the magnetic head

Iao=]

according to the present invention, and Figure 19B is a side
schematic of that embodiment.

Figure 20A is a side schematic illustrative of a further
embodiment of the invention wherein the slider is coupled to

15 a gimbal part of the suspension in the magnetic head
according to the present invention, and Figure 20B is a side
schematic of that embodiment.

Figure 21 is a perspective schematic illustrative of one
embodiment of the invention wherein the actuator is coupled

20 to the slider with a gimbal part of the suspension éandwiched
between them.

Figure 22A is a plan view illustrative of one embodiment
of the invention wherein; in the magnetic head according to
the present invention, the amount of'displacement of the

25 electromagnetic transducer element can be larger than the
amount of elongation and contraction of displacement
generating means in the actuator, and. Figure 22B is a side
schematic of that embodiment.

Figure 23A is a plan view illustrative of one embodiment

30 of the invention wherein, in the magnetic head according'to
the present invention, the amount of displacement of the
electromagnetic transducer element can be larger than the
amount of elongation and contraction of displacement
generating means in the actuator, and Figure 23B is a side

35 schematic of that embodiment. |



15 - upon elongation and contraction of said displacenent generating
nmeans, said di splacenent generating neans deflect and said novabl e part

di splaces linearly, circularly or rotatlimenally with respect to said fixed
part, such that said el ectromagnetic transducer el enent or said optical
nodul e i s correspondi ngly 20 displaced in a direction intersecting the
recordi ng tracks on the recording nediumin a linear or circular orbit, and
wherei n positi gnigigredR24sdisd acbeekpestgnetvLew rilsfrat igecmEnbner said

optical nodyle, is ffected_in_a manner wmher.eh - 13- total sum of
driving v@’#’fé’éﬁ“%lﬁe&g&agﬁ?ﬂtﬁ? s"b?%‘ge"\lﬁe & é%@?&??#écnielgﬁg i s kept
const ant . SicRIPAGHYENG SHEEPradedt/lin®Sfcion.. 14- BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi gur e, | er. ti L ond Ayl ' typi cal

Sur R YRS AN B G  cRpkacat o YD

basi c constructi . e magneti¢C, [ ng to_the present invention
and t hg pasilistiiatd viee ofapnenetbediment ok dntaragle BlectraAsdLe¥rT & enent .

Figure 2 igf MGhaReOSE/esSaNgMBL | Schématsid afl MEteatale of one
embodiment of terminal electrodes.

Figure 26 is a perspective schematic illustrative of one
typical basic construction of driving control in the magnetic

10 head positioning mechanism. '

Figure 27 is a sectional schematic of the actuator.

Figure 28 is a graph showing a change-with-time of the
displacement of the electromagnetic transducer element 1,
shown in Fig. 26, in the X-axis direction.

15 Figﬁre 29A is a graph showing a change-with-time of
voltage applied on one displacement generating means in the
actuator, and Figure 29C is a graph showing a change-with-
time of the displacement of the electromagnetic transducer
element in the Z-axis direction upon the application of said

20 voltage. Figure 29B is a graph showing a change-with-time of
voltage applied on another displacement generating means in
the actuator, and Figure 29D is a graph showing a change-
with-time of the displacement of the electromagnetic
.transducer element in the Z-axis direction upon the

25 application of said voltage. Figure 29E is a graph showing a
change-with-time of the displacement of the electromagnetic
transducer element in the Z-axis direction upon the
application of the voltage shown in Fig. 29A on one
displacement generating means and upon the'application of the

30 voltage shown in Fig. 29B on another displacement generating
means. '

Figure 30A is a graph showing a change-with-time of
voltage applied on one displacement generating means in the
actuator, and Figure 30C is a graph showing a change-with-

35 time of the displacement of the electromagnetic transducer
element in the Z-axis direction upon the application of said

voltage. Figure 30B is a graph showing a change-with-time of



actuat or enbodi nrent wherein the actuator is |located on the back surface of
the slider in the magnetic head according to the present invention. 10
Figure 3 is a perspective schematic ilHli$strative of another actuator

enbodi ment wherein the actuator is located on the back surface of the
slider in the magnetic head according to the present invention. Figure 4 is
a perspective schematic illustrative of a 15 further actuator enbodi nent
wher ei n t Nel&egearpplied| onatrether tdisHiacenent! gepephting megOerinn the

magnet | ¢ ReadaBeGALHENTabd Gl ORIt d b GBN snblEHECaOchangeper spect | ve
schematic 1 llustrative of further act uat or enbodi nent wherein the

act uat or WathoEamedosnthe @h%P%ﬁEﬁ@%ﬂﬁfQ§x¥hﬁ alpetsPPagreEACt he magnetic

head accokgdhfgduieethelphesenini twentipa.s Hiddc@ i®ni §pdnPtR8 schematic
illustrative._of ne enmhodi nt f the ctuatogagn t he magneti.c head

accor ngaPBIPﬁg pPBs8 ts?h eh? J€ o5 FIGUreriyf &S &80T showing,
schemat i cchihge-wikhutimat ef exegiispiltdcanaentt lod dhble&écbnom&gnethcpart

upon the \Laeak,dLaPLICRERE! 121 o MPYAN £ 1l igockyator shown in

Fig. 6, an an sc ust es exaggeratlvely t he
deflectloﬁpﬁﬂleéehopaﬁﬁ EgthQlﬁaanshﬂwnuﬂn(ngpIé@én@ﬁtoee 30 a novabl e

part in thespihbahehtS§eMBraPind Iedhs and upon the application of the
10 voltage shown in Fig. 30B on another displacement generating
means. '
Figure 31 is a plan schematic illustrative of an
actuator comprising four displacement generating means.
Figure 32 is a plan view illustrative of one typical
15 construction of a magnetic head positioning mechanism in a
conventional magnetic disk drive. |

THE BEST MODE FOR CARRING OUT THE INVENTION

Features and advantages of the read/write head according

20 to the present invention will now be explained specifically
with reference to a magnetic head.

One exemplary structure of the magnetic head according
to the present invention is illustrated in Figure 1. 2an
actuator 4 is located between a slider 2 having an electro-

25 magnetic transducer element 1 and a suspension 3 to make
connections between them. The actuator 4 is provided with at
least one piezoelectric or electrostrictive material layer
having electrode layers on both sides. 1In the present
invention, this layer acts as a displacement generating means.

30 The displacement generating means generates elongation and
contraction motions by inverse piezoelectric effect or
electrostrictive effect. The elongation and contraction

. motions in turn cause the displacement of the slider 2
relative to the suspension 3. At this time, the slider 2 is

35 coupled to the actuator 4 in such a direction that the
direction of displacement of the electromagnetic transducer
element 1 crosses recording tracks, preferably in a direction



Figure 8 is a plan schematic illustrative of another enbodinent of the
actuator in the nmagnetic head according to the present invention. Figure 9

is-a plan schematic illustrative of a-i%ther 5 enmbodi nent of the actuator
i'n the magnetic head according to the present invention. Figure 10 is a

pl an schematic i-llustrative of a still further enbodi nent of the actuator
i~ the magnetic head according to the present invention. 10 Fi gure

11 is a peubséentialivhénbersectingtthe inecosiioge tuackat at ehdiati ment
wherein t %%gﬁ%buatﬁﬁ tite | foAIAGON khe %UQﬁgQEléHeaﬁch'@@rEtfa{bél% grgneti c

head accor t he present i1nvention. Figure IS a perspective
schemati c t%ﬁ %Q'FP ?‘F%‘eﬂF q%ne%ﬁﬂrwerm%?a%&&Fogﬁﬁeaiﬁéngymg}@%t he

act uat or icenleeat bdséd bhetﬁadle @Isﬁéﬁsﬁiﬁdi@bnl BibhR18POB6t tkabeade
res nven i on. tlve schemati c

et Al ehecPOnBhhRERG, LEMENGR: Didint 1P o FoRTOPPERL (¥E-SEIRIE

| ocat ed 2@rackst.he side of the slider in the nmagnetic head according to the

present inventiQn.gl %hgﬁealé?%geﬂeﬁﬁr%ﬂ%?&h%%u%ﬁ%%ﬂ@&'glihEPStrat'Ve of one

act uat or enbodlnent erern ator i's lTocated Space fornmed by a
step provP@EdtéRniRg Buckhsuplergatsion madsonsragsionnof hehemgnetic head

accor di ng digpll BeeReftegbnbfyeNd QRearld GH & kS akSudtBer SRRCHE VE. SafRIaLi C

|IIus{6at|ve1eLs In addition, slider positioning control frequencies
can be increased to a few kHz or higher for the reasons that
the mass of the slider to be driven by the actuator is much
smaller than that of the whole of the magnetic head including
an arm, a coil and a suspension that form a conventional

15 positioning mechanism (VCM), the slider is regarded as a
rigid body because of being free of spring nature, the
driving force the actuator can generate through inverse
piezoelectric effect or electrostrictive effect is
sufficiently larger than that genérated by an electrostatic

20 force actuator having the same amount of displacement, and so
on. It is thus possible to increase positioning precision to
much higher levels, as compared with a conventional magnetic
disk system in which positioning is carried out by use of VCM
alone. It is also most unlikely that the disk medium may be

25 adversely affected by a flux leakage which may occur in the
case of an electromagnetic force actuator. For an actuator
making use of electrostatic force or electromagnetic force,
it is required that a movable part be supported by a
resilient member having a relatively low rigidity, and so

30 misregistration is likely to occur due to vibrations or
shocks. In the present invention, however, such
misregistration is unlikely to occur because it is possible
to use piezoelectric or electrostrictive ceramics having high
rigidity, and the actuator can be coupled to the élider with

35 no resilient member located between them. '

With the magnetic head of the present invention, it is

thus possible to make positioning control frequency bandwidth



anot her enbodi nent wherein the actuator is located in a space forned by a
step provided on the back surface of the slider 30 in the magnetic head
according to the present invention. FF@U%E 16 is a perspective schematic

Il lustrative of one actuator enbodi nent wherein the slider and actuator are
opposed to each-other with the suspension sandw ched between them 35
Figure 17 is a side schematjc illustrative of one actuator enbodi nent

wherei n, WAdekeaRaghenre achdewe deigherrreeaindopr &¥apk PRSERLPBANT! he

actuator icontewl edst eoinpered wiéh éﬂéﬁ?ﬁﬁﬁéﬁtﬂdﬁé&hﬁoégﬁﬁ?hiﬁggﬁetﬂ&dgggt?;
of gravity,of a_structure copprising the slider and,actuator, Figure [
a sigde sc%’gﬁﬁﬁl&i Hlﬁug'ﬁf’g?iQEp%fm%gfgete’er&ﬁar?gﬁtan'Pgﬁﬂg Pn¥BREPER wherein

t he sl i desuspevsiphedst diSphagediiay VﬁMtonﬁa1mﬂar©a§nepihoeménttge na%netlp
head agcorgi pLES Ny L0, | qur 8B.I side schematic
of thg? eﬁ%gg%E%%t%nngégeggé%é%ggi?%l é=3%%£%§%ych§|§§?§%?FV6 of anot her
enbodinenFoﬁvenﬁéopﬁ&enﬁﬁéhiQthgnmﬁﬁhﬂﬂswhanaim @ sdageedisodigplacednbal
part of th¢ aHSEEREREBri isihg SPENEId& 1680 RECY dirng1k8 bR Pheseat

invention, and Figure 19B is a side schematic of that enbodi nént. Figure
20A is a $PJESschematic illustrative of a further
In the actuator used herein, the (fixed and movable)

10 parts connected to the slider and suspension and the beam
members having displacement generating means are formed as an
integrated single piece by providing a hole and/or a cutout
in a sheet member formed of a piezoelectric or electro-
strictive material. It is thus possible to increase the

15 rigidity and dimensional accuracy of the actuator with no
concern about assembly errors. There is also no problem
regarding transmission loss due to an adhesive layer, a
secular change of adhesion strength and so on, because no
adhesive is used for the fabrication of the actuator itself

20 and hence any adhesive layer does not exist at parts
producing stresses due to the deformation of the displacement .
generating means. In addition, since the respective parts are
formed as an integrated single piece, internal electrode
layers A;, Bj and G formed on the displacement generating

25 means may be extended to a fixed part 43 for connection to
terminal electrodes Ag, By and Gp thereof, as depicted
typically in Figs. 25A and 25B. In this arrangement, it is
unnecessary to connect wires or other interconnections to the
electrodes of the displacement generating means for the

30 purpose of driving the actuator. Furthermore, it is possible
to achieve interconnections to the slider via the actuator,
rather than via wires, etc. Consequently, actuator
fabrication can be easily achieved with high reliability.
However, the actuator (thin type micro-motion mechanism part)

35 set forth in JP-A 6-259905 is poor in rigidity, robustness,
and dimensional accuracy because members corresponding to
fixed and movable parts and members corresponding to



embodi nent of the invention wherein the slider is coupled to 15 a gi nbal
part- of the suspension in the magnetic head according to the present
invention, and Figure 20B is a side sctzamatic of that enbodi nent. Figure 21

i*s a perspective schematic illustrative of one enbodi nent of the invention
wherein the actuator is coupled 20 to the slider with a ginbal part of the
suspensi on sandw ched between them Figure 22A is a plan view illustrative

of one eﬂﬂ(id'pfraﬁbmehtt genepseihtg aneartetaive beent Eﬁ&rﬁ’agmﬁtﬂépeh@aﬁlthy:cordi ng

ooty ommaREtieaRea: b8A: chlf SITU & PO SIRERE Blebls Fmthsr

eIongatiosuahdanonptaatonnlafsmﬂegptﬂhﬂmemm Jduetanragnsednsthe fheing
actuator, di%c%hglrlr BhiARs! Eo one é%)l%és‘énﬁgg Qﬂf—o‘:’ D0 i R Her i e 23A

is a p| an view Il lustrative odi nent e I nvent| on er ei n,
i n t hed ma§REE @rﬁbékemaceéiaenge%rcim frakydeatinneAPEBn, @fe anobunt of

di spl acerr&@thablmeyebe%ﬁgémﬁﬂfé | Tn SRR 0Bk BBNEhE alleBet &1 gET T han
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-17- Fi gugena4ailiyvanpedsdective view illustrative of one
Fundamentally, the magnetic head of the present

10 invention can be achieved simply by adding the actuator
described herein to a conventional magnetic head, and so
conventional parts or members for electromagnetic transducer
element, slider and suspension can be immediately used with

~ no considerable cost increase. _

15 The amount of displacement generated by inverse piezo-
electric effect or electrostrictive effect is very small but,
according to the present invention, it is possible to make
the amount of displacement of the electromagnetic transducer
element larger than the amount of elongation and contraction

20 of the displacement generating means or the amount of
displacement of the movable part. In short, it is possible to
amplify the amount of displacement. In one exemplary
embodiment of the actuator, the displacement generating means
is designed to deflect upon its elongation and contraction.

25 In an actuator as shown typically in Fig. 22A, it is possible
to make the amount of displacement of a movable part 44 (a
juncture between the slider and the actuator) larger than the
amount of elongation and contraction of a displacement
generating means 41. Thus, the actuator shown in Fig. 22A is

30 an embodiment of the present invention wherein the actuator
itself has the function of amplifying displacement. When the
displacement of the movable part. generated with respect to
the fixed part upon the elongation and contraction of the
displacement generating means is a circular or rotational

35 displacement, it is possible to make the amount of
dispiacement of the electromagnetic transducer element larger
than that of the movable part by making suitable



enbodi nent of the actuator used with the magnetic head according to the
present invention. Figure 25A i's an expl oded perspective schematic 5
ifl{ustrative of one enbodi nent of intes2tal el ectrode |ayers, and Figure 25B
_i's a plan schematic illustrative of one enbodi nent of term nal electrodes.
Figure 26 is a perspective schematic illustrative of one typical basic
construction of driving control in the magnetic 10 head positioning
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enough amount of displacement even.when the actuator is
miniaturized. In an arrangement wherein the elongation and
contraction of a piezoelectric element are used to provide

15 1linear displacement in the same direction as the direction of
elongation and contraction, however, it is inevitably
required to increase the size of the actuator so as to obtain
a practically sufficient amount of displacement.

If, in the present invention, the displacement

20 generating means in the actuator has a so-called multilayer
structure wherein there exist at least two piezoelectric or
electrostrictive material layers, each having electrode
layers on both sides, it is then possible to make each piezo-
electric or electfostrictive material layer thin and hence

25 increase electric field intensity upon the application of a
given driving voltage thereon. It is in turn possible to
increase the amount of displacement, or to reduce the driving
voltage required for the generation of a given amount of
displacement.

30 : Advantages and features of specific embodiments of the
present invention will now be explained. _ .

If, in the present invention, the actuator 4 is located
on the back surface of the slider 2 as depicted typically in
Figs. 2 to 5, the back surface of the slider 2 is then

35 available for interconnections.

If, in the present invention, the actuator 4 is located

on a side of the slider 2 as depicted typically in Figs. 11



di spt acenent generating neans and upon the application of the 30 voltage
shown in Fig. 29B on anot her displacenent generating neans. Figure 30Ais a
graph showi ng a change-with-tine of voel23age applied on one displ acenent
generating neans in the actuator, and Figure 30C is a graph showi ng a
change-with- 35_.time of the displacenent of the el ectromagnetic transducer
elenent in the Z-axis direction upon the application of said voltage.
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10 required to reduce a spacing between adjacent disk media.

Therefore, if the actuator 4 is located on the side of the
slider 2 as shown, the thickness increase of the magnetic
head can then be so reduced that it is easily achieved to
make the magnetic disk system thin.

15 Even though, as shown in Figs. 14 and 15 for instance,
the actuator 4 is located in a space 21 defined by at least
one step formed on the back surface of the slider 2, it is
then possible to reduce an increase in the thickness of the
magnetic head. In this case, it is additionally possible to

20 provide an extension of control bandwidth because of a

- decrease in the mass of the slider 2 to be driven.

If the slider 2 is opposed to the actuator 4 with the
suspension 3 sandwiched between them as shown typically in
Figs. 16 and 17, it is then possible to substantially

25 eliminate such a structural imbalance as found in a
conventional magnetic head, said imbalance resulting from the
fact that there is a slider on one side of a suspension but
is nothing on the other side. For this reason, the distortion,
etc. of the suspension is reduced upon the swing motion of

30 the overall magnetic head by means of VCM or the like, so
that the slider can be in a stabilized position. Especially
if the mass of a structure comprising slider 2 and actuator 4
is distributed at substantially 1l:1 between above and below
the suspension 3, that is, if the suspension 3 or a line

35 extending therefrom is designed to bass through the Vicinity
of the center of gravity of that structure, the aforesaid

structural imbalance can be overcome to much higher levels.



conventional magnetic disk drive. THE BEST MODE FCR_CARRPNG QuUT THE
| NVENTI ON Feat ures and advantages of the read/wite head according 20 to

_the present invention will now be expl-ad4red specifically with reference to
a magnetic head. One exenplary structure of the magnetic head according to
the present invention is illustrated in Figure 1. An actuator 4 is |ocated

between a slider 2 having an electro- 25 nmgnetic transducer element 1 and
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with at | eashedRa ofl @zaag,esterbeoﬁaé S ! | nfidate (%ttﬁﬁrhahp!r@ § having
electrode Ia ers on both present 1nvention yer acts
as a dlspm§%éﬁ5 rg@ﬁ€Fthﬁ§ ﬁ%&ﬁ@S Qhﬁ ﬁikﬂQﬁs%ﬂ%méH%ﬂPWgénerat|ng nmeans

gener at es gRIfQRgaHioan o&ndhéoﬂ?$§§éé06f rrm% QUSs KO Ynd J1VGE. sex@l ez@temfé ri tc .
effect_.or el ectrostrictiye effect on i on raction notions
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di rection di o] di spl acs Egﬁ g iC
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the actuatple Hilhereiongatten 8RdekONGIRGT Wenler upon track

10 following is not applied on the actuator, and so any lowering

of actuator performance is prevented with improved
reliability.

When the present invention is applied to a conventional
magnetic disk system, it is usually preferable to use a VCM

15 or the like that is a positioning control mechanism in the
conventional magnetic disk system as a main actuator, and use
the actuator mounted on the magnetic head according to the
present invention as a secondary actuator. In other words, it
is general that the VCM plays a main roll in seek motion and

20 the actuator coupled to the slider plays a main roll in track
following motion. Consequently, satisfactory positioning
precision can be obtained. An electrostatic or
electromagnetic force actuator, for which a slider must be
supported by a resilient member, is susceptible to track

25 misregistration due to residual vibrations after seek motion,
and extraneous shocks and vibrations. According to the
present invention, however, such track misregistration is
unlikely to occur because the actuator is coupled to the
slider not via any resilient member, and the actuator is

30 overall constructed of a piezoelectric or electrostrictive
ceramic material having high rigidity.

With the magnetic head of the present invention as
described above, and a system set up by combining this
magnetic head with a conventional positioning device such as

35 VCM, it is possible to achieve high-precision yet fast
positioning and, hence, to make recording.track widths on
disk media narrow and increase track densities thereon. This



t he di spl acenent generating neans is controlled by voltage control based on
track msregistration signals, so that the 5 el ectromagnetic transducer
elenent 1 can follow the recording tra@ss. In such an arrangenent, the
preci sion of slider positioning by the elongation and contraction of the

di spl acenent generating neans in the actuator can be 0.1 [err]m 10 or

l ess. In addition, slider positioning control frequencies can be increased
to a few Wiz tarnhingkes forpbbeibvbasonsirddrdadehearazrding dbasstiderono be
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having a relatiyvely lowrigidity, and so ) ]
recording tracks) betwéen the inner peripheral side and the
outer peripheral side of the disk medium 6. This in turn
causes the air-bearing surface of the slider to generate
15 +varying states of pressure, resulting in fluctuations in the
flying characteristic of the slider. Fluctuations in the
angle of the slider, if any, give rise to fluctuations in the
angle of the electromagnetic transducer element with the '
recording tracks as well as in the read/write track widths.
20 However, if the slider is displaced by the actuator in a
circular or rotational orbit thereby reducing the change in
the angle of the slider with the recording tracks, preferably
keeping that angle constant, it is then possible to reduce
flying characteristic fluctuations and read/write track width
25 fluctuations.

It is noted that the present invention is applicable not
only to a magnetic head in every magnetic disk system but
also to a magnetic head in magnetic read/write systems making
no use of a coarse-motion actuator such as VCM, for instance,

30 a fixed or rotating head type magnetic tape read/write system,
and other read/write systems using magnetic recording media.

A preferable method used for driving the magnetic head
including an actuator will now be explained.

Referring to Fig. 1, positioning control of the

35 electromagnetic transducer element 1 is performed as follows.
First, the electromagnetic transducer element 1 detects track
position signals recorded on the disk medium 6. Then, the



30 Mmsregistrationis likely to occur due to vibrations or shocks. In the
present invention, however, such msregistration is unlikely to occur
because it is possible to use piezoelec2d4c or electrostrictive ceramcs
having high rigidity, and the actuator can be coupled to the slider with 35
no resilient nenber | ocated between them Wth the magnetic head of the
present invention, it is thus possible to nmake positioning control
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10 displacement generating means are formed as an integrated
single piece. However, the displacement generating means, for
instance, may vary in shape and material, or may otherwise be
asymmetric in a direction vertical to the direction of
elongation and contraction thereof. In this case, the

15 electromagnetic transducer element 1 displaces toward or away
from the disk medium 6 when the displacement generating means
in the actuator 4 are placed under elongation and contraction
control based on the track position signals, resulting in
fluctuations in the flying height of the electromagnetic

20 transducer element 1 with respect to the disk medium 6. Such
fluctuations take the form of a level change of output
signals, which makes the error rate of read information worse.
In addition, when the magnitude of fluctuations is large,
there arises a grave head crash problem due to contact of the

25 magnetic head with the disk medium.

To prevent the.displacement of the displacement
generating means in an unintended or unexpected direction,
the shape symmetry, homogeneousness and other factors of the
displacement generating means must be severely controlled.

30 However, such severe control incurs a mass-productivity drop,
and some considerable expense as well.

With the magnetic head positioning mechanism according
to the present invention, fluctuations in the flying height
due to the asymmetric shape, unhomogeneousness, and other

35 defects of the displacement generating means in the flying
direction can be reduced by control of driving voltage
applied on the actuator. More specifically, the applied



concérn about assenbly errors. There is al so no problemregarding _
transm ssion | oss due to an adhesive | ayer, a secul ar change of adhesion
strength and so on, because no adhesi ve7s used for the fabrication of the
actuator itself 20 and hence any adhesive | ayer does not exist at parts
produci ng stresses due to the deformation of the displacenent generating
means. I n addition, since the respective parts are fornmed as an integrated
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. 10 contact of the magnetic head with the disk medium can be
reduced or substantially eliminated so that stable yet high-
precision track positioning control is feasible. It is thus
possible to preset the flying height at a low level and hence
reduce the read/write track widths on the disk medium. It is
15 in turn possible to increase track densities and hence
recording densities on the disk medium.

The aforesaid method of controlling the driving voltage
applied on the actuator is also effective for the aforesaid
pseudo-contact type or contact type head. To provide a

20 constant contact pressure, load is applied on these heads in
such a direction that they are directed toward the surfaces
of media. A factor in fluctuations in the flying height of a
flying type head is tantamount to a factor in changes in the
aforesaid contact pressure in the pseudo-contact type or

25 contact type head. The contact pressure change in these heads
brings about a frictional force change having an adverse
influence on seek control, and track following control. An
incremental contact pressure change causes fatal defects such
as medium's surface failure and its concomitant dusting, and

30 electromagnetic transducer element failure. However, if the
aforesaid driving voltage.control method is applied to the
pseudo-contact type or contact type head, reliability
improvements are then achievable because the contact pressure
fluctuations can be reduced or substantially eliminated.

35 It is noted that such a positioning mechanism capable of
controlling displacements in the flying direction can also be
applied to a thin type micro-motion mechanism part of an



fabricated, and then assenbled into a single piece. Further, such an
actuator is susceptible to fluctuations in the flying direction thanks to
uhavoi dabl e assenbly errors. Further-ne2&; 5 sone problens arise regarding
fabrication cost, and reliability because wire interconnections to the
nmenbers correspanding to the displacenent generating means are generally
needed. Fundanental |y, the magnetic head of the present 10 invention can
be. achi evexsssEniily dnruaddireg asheeacfoathr igase+A B 39H08 £dro idstance.
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of di spl aceda IRNYHABBIYY hPYeESe piezo- electric effect or
electrostrictive effect is very small but, according to the present
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juncture heidsefindhaedlibdetoaifithecRetpad M | Biel ibhahalhBeamount of
elOngatiO%m%ﬂ%e%ﬁn%kgékkggsog glgéggléfﬁiggg to a slider used with the
 aforesaid magnetic head, and an optical module built in the
slider. Alternatively, the slider itself may be made up of an

15 optical module. The optical module comprises at least a lens
and, if required, a built-in lens actuator or magnetic field
generating coil. Such an optical head, for instance, may be a
flying type head used for the aforesaid near field recording, -
specifically one disclosed in United States Patent No.

20 5,497,359. Besides, the present invention may be appliéd to
an optical head with a slider slidable on the surface of a
recording medium, i.e., a pseudo-contact type or contact type
optical head. Advantages and features of the present
invention obtained when it is applied to the optical head

25 will be readily understood by regarding the electromagnetic
transducer element referred to in the foregoing explanation
as being an optical module.

Conceptually, the term "read/write head" used herein
shall include a read/write head, a write-only head, and a

30 read-only head. Likewise, the term "read/write system" used
herein shall include a read/write system, a wfite—only system,
and a read-only system. The term "recording medium" used
herein, too, shall include a read-only type medium such as a
read-only optical disk in addition to a recordable medium.

35 Preferred embodiments of the present invention will now
be explained more specifically with reference to magnetic

head embodiments shown in the accompanying drawings; however,



generating nmeans 41. Thus, the actuator shown in Fig. 22A is 30 an

enbodi nent of the present invention wherein the actuator itself has the
frunction of anplifying displacenment. W29 the displacenent of the novable
part generated with respect to the fixed part upon the el ongation and
contraction of ‘the displacenent generating neans is a circular or
rotational 35 displacenent, it is possible to make the anmount of

di spl acendnt isf hielre ehdersboednehatc thensdsemt dneevniohamgerbehan that of

t he nnvab%gFﬁg%%bgg @%kgﬂgo?EéégfLﬁ q. -22- nodifications to actuator

structure position o onne§%%oh between the actuator and the
slider. In an &uatloisas pRogRecybVe af¢henatin ¢gllpshrathgenpfabhe part

di spl aces peidieuldnlstrubtioh Al SoséSthidd @8 Whe! HagnBeiWeRBag the nmovabl e
part 44 and the slider 2 is |located away, fromthe electyomagnetic
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I's then pgssiFilge 10coRkeikbe andlidenf2 Grsptiar@mithotnt he el ectromagnetic
t ransducer el%pent 1 Iarg&k th&n t hat, of the movabl e gant 4§. According 10
c

to the prSEMTTPAPERETSR WRBPEFACTheSLmstith Tuf 2urSsPEReReRt > c5R% be
anpl i fi edsupporsingushposiifér 2o aid am actywedor dallbgasadubbtweeant of

di spl acemtal, @MaRNONhRCLAC! KAl 0nd Sl AUHE! Z6Muals 3 1L ARgEMTEN!
wherei n the elongation and contraction of a piezoelectric elenent are used
‘to prdQi detructure in which displacement generating means, and fixed

and movable parts are formed as an integrated single piece.
The displacement generating means are each provided with at
least one piezoelectric or electrostrictive material layer
having electrode layers on both sides, and are constructed in

15 ' such a manner that they elongate and contract upon the
application of voltage on the electrode layers. The piezo-
electric or electrostrictive material layer is formed of a
piezoelectric or electrostrictive material that elongates and
contracts by inverse piezoelectric effect or electrostrictive

20 effect. One end of the displacement generating means is
coupled to the slider 2 via the movable part, and the other
end of the displacement generating means is coupled to the
suspension 3 via.the fixed part. Upon the elongation and
contraction of the displacement generating means, the slider

25 2 is displaced to displace the electromagnetic transducer
element 1 linearly or circularly, so that the electromagnetic
transducer element 1 can move across recording tracks on a
disk medium 6.

30 Embodiment of the invention wherein the actuator is located

on the back surface of the glider
Fig. 2 is an exploded perspective schematic illustrative:
of one exemplary construction of the magnetic head according
to the present invention. The actuator depicted in Fig. 2 is
35 provided with fixed and movable parts 43 and 44. Two rod-like
beam members for making connections between the parts 43 and
44 are located in parallel with each other, and are each



15 Tlinear displacenent in the same direction as the direction of

el ongati on and contraction, however, it is inevitably required to increase
the size of the actuator so as to obtat30a practically sufficient anmount of
di spl acenent. 1f, in the present invention, the displacenent 20 generating
means in the actwator has a so-called nmultilayer structure wherein there
exI st at |least two piezoelectric or electrostrictive material |ayers, each

havi ng el eatovadied ayiats amm&@bhreddesayef 415 &mm‘bmﬁéﬁlacteﬁlemke each
pi ezo- eletrlrcatcir elecr ric, mat(frlal ayer thn nd he ce 25
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i ncrease & ectric 9 &GS nt Asi y u% ea‘ré:pp i C&t ronZof “8"Gi v%]ﬁmdﬂlw ng
vol t age t Mhleﬁh the displacementpgssebheing memreakle aride mavelie phrt

di spl acenepy o dycRfuce HhE bl 40l tAded pauksedal ghat Be gegeration

of a given anmpunt of displacenent. Advantages and features of
speci f Pc &Rl e tSHédSFegeﬁ{ldl PNERPRRHHPTHI | HRSRESE 1edlai AEADYIf, in
the presemordiv®yiti on, the actuator 4 is |located on the back surface of the

Slider 2 15 t o Rctlr gebieled BReFEanne dabii Saerain SRS e en:
i nvent i on,int mdhiadt uatcohold eiss alrec fvedednin &isiseatf-tike wemibetr 2has depl cted
typically’ﬂd}dgéy%f %ipiezb%%éctric or electrostrictive material and
10 has electrode layers 45 at given positions to form the
displacement generating means 41, fixed part 43, and movable
part 44. This structure also holds for actuators which will
be explained with reference to Figs. 2 to 5.
_ In Fig. 2, the electrode layers 45 are shown, just as
15 they are present on the surface of the displacement
generating means 41, to provide a clear illustration thereof.
Usually, however, the electrode layers are not exposed on the
surface of the actuator. In other words, on the surface of
each electrode layer there is a piezoelectric or
20 electrostri¢tive material layer acting as a covering. This
also holds for embédiments of the invention which will be
explained with reference to other drawings.
When the piezoelectric or'electrostrictive material
layer sandwiched between a pair of electrode layers 45 in the
25 displacement generating means 41 is constructed of a so-
called piezoelectric material such as PZT, the piezoelectric
or electrostrictive material layer is usually subjected to a
polarizing treatment so as to improve its ability to displace.
The direction of polarization by this polarization treatment
30 is a thickness-wise direction of the sheet-like member. When
the direction of an electric field upon the application of
voltage on the electrode layers is in alignment with the
direction of polarization, the piezoelectric or
electrostrictive material layer between both electrode layers
35 elongates in its thickness-wise direction (piezoelectric
longitudinal effect), and contracts in its plane direction
(piezoelectric transverse effect). When the direction of the



to 13, it is then possible to minimze an increase in the overall thickness
of the nagnetic head which may ot herw se be caused by the provision of the
attuator 4. Wien, in this case, the actiiator 4 is thinner than the slider
2, it is then 5 possible to elimnate any increase in the thickness of the
magneti c head. An ordinary magnetic disk systemusually conprises a
plurality of disk media superposed one upon another with a magnetic head

oper at i ng elpaoerixafiiwlchdd betreesa tdethe Tdﬁ.r‘mi@.‘drh@ﬂ@@rlah:ﬁeadﬁ.sh,syzt em
thin, it is required _too reduce_a_spacing bet ween . adjacent .di sk nedi a.
Ther ef o e 1t {FhG AR REoF- 4 tRE Phelohocty i o et R T ok s o ae
shown, t hendtierialesdswviercicoaseactst e g nigtickdessdwime diercheono reduced
that it is ' RV h et i i ihhiiRg 15
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t hi ckness of th nagietic head. I.n this case |¢]|s addi ti nallé possi bl e
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t he mass ddlddtradtirdetiet maberdal veayet fin he &Ginederiod iof appasedihg t he
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suspen3|gnggnghe slider 2, so that the electromagnetic transducer
element 1 can be circularly displaced across the recording
tracks. .

15 When, in the illustrated embodiment, contraction-
inducing voltage.is-applied alternately on one displacement
generating means and another displacement generating means,
the length ratio between one displacement generating means
and another displacement generating means changes so that

20 both displacement generating means deflect in the plane of
the aforesaid sheet-like member, i.e., in the plane of the
actuator in its plane direction. By this deflection, the
movable part 44 swings with respect to the fixed part 43 in a
direction indicated by arrows in Fig. 2, with the center of

25 the swing motion defined by the position of the movable part -
44 in the absence of voltage. This swing motion allows the
movable part 44 to displace circularly in a direction
substantially perpendicular to the direction of elongation
and contraction of the dispiacement generating means 41. In

30 this case, the center of the circular orbit is found in the
vicinity of the center between two positions where both beam
members are connected to the fixed part 43. Since the
direction of the swing motion of the movable part 44 lies
within the plane of the actuator, the electromagnetic

35 transducer element 1, too, swings in a circular orbit. At
this time, there is no fear of attenuation of polarization
because the direction of voltage is in alignment with that of



is nothing on the other side. For this reason, the distortion, etc. of the
suspension is reduced upon the sw ng notion of 30 the overall magnetic
head by nmeans of VCMor the like, so tha2-the slider can be in a stabilized
position. Especially if the mass of a structure conprising slider 2 and
actuator 4 is distributed at substantially 1:1 between above and bel ow the
suspension 3, that is, if the suspension 3 or a line 35 extending .
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21, the sﬁpml‘orﬂl&'mmwr gendedting hmeags rMmimireat wwingpmiongpnmenber
or part thtogdd ows the slider 2 to follow a deflection of the surface of

t he disk medium If, in this 5 case, the actuator 4 is coupled to the
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10 manner that one elongates while another contracts, and vice
versa. At this time, the center of the swing motion of the
movable part 44 is defined by the position of the movable
part 44 in the absence of voltage. Assuming here that the
same driving voltage is used, the amplitude of the swing
15 motion is about twice as large as that in the case of the
alternate application of voltage. On one side of the swing
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 this
20 reason, the polarization of the piezoelectric or
electrostrictive material layer may possibly attenuate at a
high applied voltage or upon the continued application of
voltage. It is thus required that the driving voltage be
obtained by applying a constant direct current bias voltage
25 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 the direction of
polarization. The center of the swing motion in this case is
30 defined by the position of the displacement generating means
with the bias voltage alone applied thereon.

In a modification of the embodiment shown in Fig. 2, it
is pdssible to provide one beam member alone with the
displacement generating means. In this modification, it is

35 acceptable to increase the amount of displacement by not only
' the contraction but also the elongation of the displacement
generating means, or to prevent the attenuation of



magnetic disk system it is usually preferable to use a VCM 15 or the like
that* is a positioning control nmechanismin the conventional magnetic disk
system as a nmain actuator, and use the33ctuator nounted on the magnetic
head according to the present invention as a secondary actuator. |In other
words, it is general that the VCM plays a main roll in seek notion and 20
thhe actuator coupled to the slider plays a main roll in track foll ow ng
notion. Copegieatliyn bt chéaahsl Ve ichibigspredicagen asnibethbt ai ned.

An el ectrostati ¢ | ect netl farce t ua for which a slider nust -
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present i PoR3gE H’gséhgﬁEE‘IOg‘BMe‘%o&g &) SO §'§‘Ptﬁp B?péﬁﬁﬁf“ﬁ?ﬁg this
nmagneti c Ig@mér\adthhgamansenm OrfHe padisrieaitigndeti peesvebeasrl3S o’CM it is
Fecor di ng TFLER REALAS LR HEERE Wt 20 oty BN o ben et 1a B (Pea
t her ed®. Embodiment shown in Fig. 2. Only one difference is the

provision of a hinge part 421 that is an area located between

the displacement generating means 41 and the movable part 44.

The hinge part 421 is smaller than the displacement

generating means 41 in terms of width relative to thickness,

15 and is lower than the displacement generating means 41 in
terms of rigidity in the plane direction of the actuator.

When, in this embodiment, wvoltage is applied on both
displacement generating means in such a manner that they
displace in opposite directions, the hinge part 421, because

20 of having a relatively low rigidity, deflects in the plane
direction of the actuator upon the elongation and contraction
of both displacement generating means. The amount of
deflection of both displacement generating means, on the
other hand, is small because of their relatively high

25 rigidity. Consequently, the movable part 44 effects a

' rotational displacement, the center of which lies in the
vicinity of the center between two junctures with both beam
members, so that an electromagnetic transducer element 1 can
displace in a circular orbit.

30 In this embodiment, the lower the rigidity of the hinge
part relative to that of the displacement generating means 41,
the smaller is the amount of deflection of the displacement
generating means 41. Consequently, the angle of rotation of
the movable part 44 becomes large per unit amount of

35 contraction of the displacement generating means 41.

Like the embodiment shown in Fig. 2, this embodiment,
too, allows alternate application of voltage on both



-25-"in turn nmakes it possible to increase recording densities on disk
nmedira and storage capacities of magnetic di sk systens. Furthernore, it is
possi ble to achieve a magnetic di sk sy§ﬁ€n1mﬂth a much shorter access tine.
5 In some specific enmbodi ments of the present invention wherein the
slider provided-with the el ectromagnetic transducer elenment is displaced in
a-circular or rotational orbit, it is noted that it is possible to control
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track wi dths. However, | s displ ace actuator in a
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the slideloudelrh fifamer @EOEHENctGAESSE, Prefwiidld paeeeriangnthakednghe

and r 500 e FERo PoREaRn . 2800 | BEVAR h L T PETREL BEePnEETPRE present
I nvent i on fiexr apmneciing both parts together. In the embodiment shown
in Fig. 4 two beam members are used, while in the embodiment
shown in Fig. 5 four beam members are used. The outer
configuration of each actuator rotationally symmetric with
15 respect to an axis of symmetry (Z-axis shown) which is
vertical to the plane of each actuator and passing through
the center of the movable part 44.
When, in each embodiment, voltage is applied on both -
displacement generating means in such a manner that they
20 contract concurrently or elongate at the same time, the
movable part 44 effects rotational motion around the
aforesaid axis of symmetry, so that an electromagnetic
transducer element 1 can dispiace in a circular orbit. These
actuator embodiments are less likely to have an adverse
25 influence on the vibration characteristics of the magnetic
head because the slider is rotationally driven and so
reaction to driving is limited. Even with the embodiment
shown in Fig. 3, similar advantages and features are
achievable because it is possible to drive the slider
30 rotationally. It is here noted that by the wording
"rotational driving of the slider" is intended the rotation
of the slider around an axis passing therethrough.
In each of such actuator embodiments, it is noted that
an area located between the displacement generating means 41
35 and the movable part 44 may be designed in such a shape that
its rigidity lying in the plane direction of the actuator
becomes lower than that of the displacement generating means



only to a magnetic head in every magnetic disk systembut also to a
magnetic head in magnetic read/wite systens naking no use of a .
coarse-noti on actuator such as VCM for35nAstance, 30 a fixed or rotating
head type magnetic tape read/wite system and other read/ wi te systens
using magnetic recording nmedia. A preferable method used for driving the
magneti c head including an actuator will now be explained. Referring to
Fig. 1, poélti Ghisgageat thenotctieildmueh ete emgnalanhicrr agsdhechiagenent 1
S perforn§ @sgd Pl { pWe. 4 Figst, the el ectromagnetic transducer elenent 1
detects trac p05|t|on sq nals recorded on the disk nmedium 6. Then, the -
-26- head posi tWbHR n%ﬁ%rﬁﬁ dihesier egituaronnembe@inents wheyerier dthe beam
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n driving current
" appPi o b VM e S eniiereRBt FbA BEFSR gkl e Sheppivablen | he
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'n sha%e %ggmgfgégliiowever, the bggﬁﬁéembers may be designed to cross :
the slit-like hole transversely.
To allow the movable part to effect rotational motion,'
the number of beam members is not necessarily two or four;
that is, it may be three or five or more. The outer or inner
15 configurations of the frame form of fixed part and the
movable part, too, are not limited to a rectangular shape;
that is, they may be either in other polygonal shape or in
round shape.
In Fig. 5, there are two sets of pairs of beam members
20 symmetric with respect to the aforesaid axis of symmetry.
Only one set of beam members may be provided with electrode
layers. In this case, another set of beam members may act as
a support or hinge part.
In Fig. 4, too, only one beam member may be provided
25 with electrode layers. Alternatively, only one beam member
may be provided with electrode layers and another beam member
may be located in such a manner that it crosses the aforesaid
slit-form hole transversely, thereby forming a hinge part. 1In
these embodiments, however, the center axis of rotational
30 motion is located off the center of the movable part.
In an actuator embodiment shown in Fig. 6, upon the
elongation and contraction of displacement generating means
they deflect and a movable part displaces linearly or
rotationally with respect to a fixed part in a plane of said
35 sheet-like member.
More specifically, an actuator 4 shown in Fig. 6

comprises a frame form of fixed part 43 in which enclosed are



asymmetric in a direction vertical to the direction of el ongation and
contraction thereof. In this case, the 15 electromagnetic transducer.

el ement 1 displaces toward or away frond6he di sk nedi um 6 when the _

di spl acenent generating neans in the actuator 4 are placed under el ongation
and contraction control based on the track position signals, resulting in
fluctuations in the flying height of the el ectromagnetic 20 transducer
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means_in the flying direction c e reduce driving vol t age

appl i 88 orF? HeaQiFradionveie edpagntienl agd eoncrasiliond of the

displacement generating means. The first and second pairs of

displacement generating means are specularly symmetric with
respect to each other, with the X-axis located between them.

Each displacement generating means is coupled to fixed

15 connectors 431 and 432 mounted on the fixed part 43. These
fixed connectors are formed by providing slit-like holes
through a portion of the frame form of fixed part 43, and are
areas that are of narrow width, and low rigidity in the plane
direction. The reason for coupling the displacement

20 generating means to the fixed connector of low rigidity is to
permit its elongation'and contraction to occur in an
undisturbed manner. The means for decreasing the rigidity of
the fixed connectors is not particularly limited. The
rigidity decrease may be achieved by not only a structure as

25 depicted in Fig. 6 but also making a portion of the fixed
part 43 thin as in the case of fixed connectors 431 to 434
shown in Fig. 10 for instance. Since the fixed connectors
must be deformed upon the actuator driven, they are not
bonded to the suspension when the fixed part of the actuator

30 is bonded thereto. This is also true of an actuator that will
be explained with reference to Fig. 10.

Figs. 72 and 7B are plan schematics showing
exaggeratively the deformation of each part when the actuator
is driven. The operation of the actuator will be explained

35 ©below with reference to these figures.

Now assume that, at the startup of the actuator, the

displacement generating means 41lla and 412a located on one



-27- voltage is operated and controlled in the positioning control circuit
7 upon el ongation and contraction control of the displacenent generating
neans, so that the total sum of voltage¥7-applied on the di spl acenent
generating means is kept 5 constant at any tine. By doing this it is
possible to reduce fluctuations in the flying height upon driving of the
acfuator. Thus, even when asymetry and unhonbgeneousness are found in the
di spl acemssitdgjettdrantliafy mdsies oft Régl eVl ofhdlrﬁgereﬁpenttimﬁ ptaiigmalareand t he

ossibilit f ad with
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d/ Kk he di k medi u It.is 15 in turn possible to
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t uat ti [ e seudaq- cont ac cont ac
ype- head CoFPSfusersr iyt RIS RACERSA e ety AERIsEk: oa on
t hese headn |$11C§Uc‘=h mengiere thabn thimt bedeye arerkix ent ddhet ovightt shidesur f aces
of medi a. #d ad Und %&aﬂ%”ﬁ&k@nalﬁﬁlé@é‘s fii}ﬂ%&lgﬁ il 4 Blti' ng type

head |s tantapmount, to g factor In changes in t foresal d contact pressure
in théf psé’i?d'tﬁi%rﬂléﬁc’:ﬁ?ﬁe or 25 contact type head. The contact pressure

change in thesead®a@s here that the displacement generating means 41la

on the left side of the first pair and the displacement
generating means 412b on the right side of the second pair
are contracted while other displacement generating means 411b

15 and 412a are elongated. Then, as shown in Fig. 7B, the fixed
connectors 431 and 432 deflect so that each displacement
generating means elongates and contracts in an undisturbed
manner. Consequently, the first pair of displacement
generating means deflect in such a manner that they become

20 convex on the right side and the second pair of displacement
generating means deflect in such a manner that they become
convex on the left side. As a result, the movable part 44
displaces rotationally in the clockwise direction around the
Z-axis that passes through the movable part 44 and is

25 wvertical to the plane of the actuator.

If, in the embodiment shown in Fig. 6, the position
relation of the contracting displacement generating means to
the elongating displacement generating means is specularly
symmetric with respect to the X-axis, the movable part then

30 displaces linearly. If this position relation is rotationally
symmetric with respect to the Z-axis, the movable part then
displaces rotationally.

If, upon the aforesaid linear or rotational displacement,
the order of the contracting displacement generating means

35 and elongating displacement génerating means is reverse to
that mentioned abdve, the direction of deflection of the
displacement generating means is reverse, and so the movable



"brings about a frictional force change having an adverse influence on seek
control, and track following control. An increnental contact pressure
change causes fatal defects such as nedB&nais surface failure and its
concomitant dusting, and 30 electromagnetic transducer elenent failure.
However, if the aforesaid driving voltage control method is applied to the
pséudo-contact type or contact type head, reliability inprovenents are then
achi evabl epdmsca&&eiitérelanuu ddhnepradgstinetheutéfiathanded ali de tiesiieed or

subst anti ally, %% coun erCﬁggﬁwEQ%eglrt‘Q such a positioning
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possi blLe to control unintended or unexpecte acements I.n the flying
di r ect Pon, ISR IRY maaRs, heve E’@eﬁa%ﬁarb?e@s%%rhﬁﬁngem. e with = whijle

the presenrdadi\iiidron HowebeeN €8s CdiResk rdd dﬁfe@.ro%?(ielbﬁ !tahgnaﬁgl ' ggt ion
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whi ch the preésent I nverntion may_be . )
words, it is essentially required that the direction of
elongation and contraction of each displacement generating
means be not parallel with the end direction of displacement
(the X-axis direction in Fig. 6). 1In short, only the opposite
arrangement of the first and second pairs is needed with the
15 X-axis positioned between them; no particular limitation is
imposed on the angle between both pairs, and the angle
between both displacement generating means forming each pair.
In some cases or for the purpose of rigidity improvements, it
is acceptable to make both pairs or both displacement
20 generating means forming each pair nonparallel with each
other.
In the embodiment shown in Fig. 6, it is noted that one
displacement generating means of each pair may be made up of
a beam member that does neither elongate nor contract, as is
25 the case with the embodiment shown in Fig. 2. Even in this
case, it is possible to dlsplace the movable part linearly or
‘rotationally.
The operating principle of the actuator shown in Fig. 6
is identical with that of the actuator shown in Fig. 2 in
30 respect of making use of the deflection 6f the displacement
generating means. With the actuator embodiment shown in Fig.
6 wherein the movable part is supported from two opposite
directions (from above and from below in the illustrated
state), there is a rigidity increase in the plane direction
35 and a direction (flying direction) vertical to .the plane. For
this reason, when acceleration is added to the slider via
external force due to its contact with the disk medium or



applied, conprises a slider simlar to a slider used with the aforesaid
magnetic head, and an optical nodule built in the slider. Alternatively,
the slider itself may be made up of an~3% optical nodule. The optical
modul e conprises at least a lens and, if required, a built-in | ens actuator
or magnetic field generating coil. Such an optical head, for instance, may
be*a flying type head used for the aforesaid near field recording,
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acconpanyﬁéukfyggMﬁg¥; (%%“@Xgﬁlacement generating means 4l1lla and 411b),
a second pair (of displacement generating means 412a and
412b), a third pair (of displacement generating means 413a
15 and 413b), and a fourth pair (of displacement generating
‘means 414a and 414b). The directions of elongation and
contraction of each pair of displacement generating means are
parallel with each other. However, in the embodiment shown in
Fig. 8, too, the directions of elongation and contraction of
20 each pair of displacement generating means need not be
parallel with each other, and so are two displacement
generating means forming each pair, as is the case with the
embodiment shown in Fig. 6. In other words, it is essentially
required that the direction of elongation and contraction of
25 each displacement generating means be not parallel with the
end direction of displacement (the X-axis direction in Fig.
8).
In a plane of the actuator shown in Fig. 8, let an X-
axis be defined as an axis that passes through the movable
30 part 44 and is vertical to the direction of elongation and
contraction of the displacement generating means. On one side
(the upper side of Fig. 8) of the X-axis the movable part 44
is sandwiched between the first and second pairs at air
spacings, and on the other side (the lower side of Fig. 8)

35 the movable part 44 is sandwiched between the third and
fourth pairs at air spacings.



-29-"it is here understood that the present invention may be applicable to
an optical head. Fig. 1 is a perspective schematic illustrative of the
basi c construction, and operation of tt%tagnetic head 5 according to the
present invention. The magnetic head shown in Fig. 1 conprises a slider 2
provi ded with amr el ectromagnetic transducer elenent 1, a suspensi on 3 for
supporting the slider 2, and an actuator 4 |ocated between the slider 2 and
the suspensi on Bre Thexast iagtod34 chmprises fixed cconmedtenshiddl dinspMagenment

gener at i NEdreaifuplaig fdogednard tABVaLLS] Aekhén @ ferdradAmeaRsi Nt egr at ed
single pi e]%*e. The di spl acenent generatl ng nmeans are each provided wth at
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The first pair is coupled at one end to the fixed connector
431 and at the other end to the movable connector 441, the
second pair is coupled at one end to the fixed connector 432
and at the other end to the movable connector 442, the third
15 pair is coupled at one end to the fixed connector 431 and at
the other end to the movable part 443, and the fourth pair is
coupled at one end to the fixed connector 432 and at the
other end to the movable connector 444.
Assume here that, upon the startup of the actuator, the
20 displacement generating means 41la, 412a, 413a and 414a
located on one sides of the respective pairs (on the left

side of Fig. 8) are contracted while the displacement
generating means 411b, 412b, 413b and 414b on the other sides
of the respective pairs (on the right side of Fig. 8) are

25 elongated. Then, each displacement generating means deflects
in the left-handed direction so.that the movable part 44
displaces linearly in the left-handed direction. When the
contracting, and elongating displacement generating means are
in reverse order, on the other hand, the direction of

30 deflection of the displacement generating means is so reverse
that the movable part 44 displaces linearly in the right-
handed direction.

In the embodiment shown in Fig. 8, it is noted that one

displacement generating means of each pair may be made up of

35 a beam member that does neither elongate nor contract, as is
the case with the embodiment shown in Fig. 2. Even in this
case, it is possible to displace the movable part linearly.



25 2 is displaced to displace the el ectromagnetic transducer elenent 1
Iineérly or circularly, so that the el ectromagnetic transducer elenent 1
can nmove across recording tracks on a tdlsk nedium 6. 30 Enbodi nent of the
invention wherein the actuator is |ocated on the back surface of the slider
Fig. 2 is an expl oded perspective schematic illustrative- of one exenplary
construction of the magnetic head according to the present invention. The
act uat or depictEnbﬁerdﬁhy Zhies r3§idptyvoflethevndvdbbee dcameatorasbdd lpart s 43

and 44. r%& | i QaqmlgePFg%éaé%% ealéﬂ&g gryéeglgg@%lgﬁt \é\ﬁgn the parts

43 and 44 are Iocate ara are ea -50 -
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connect i N@iRH1lERMeRED geRelr At $n§ THOSEBIY ddcuredd ¢ed uadliaclir-gd body in a
state ere it is bonded to the novable part 44 and slider 2, and so the

advant aged@ ¥ -eat ures 5 of the present invention are not affected
what soever. |t Tise hperatdhegdpirhiatiplei 6f uthie castaatort (shbtmndmt Fibe 8

other vior i el 320 wifiy PBaf SPOXRPULqt nlfin dRPRRL PR bhon 305 "
bet ween t lrespsQratcdr making tge of i the d.@flzect'aspn pft I’célecdsepd\acemenl;onnect or

2a in the QERGAITRR! RRAWY | Bokdybr 1&his actuator is more preferable
10 than the actuator shown in Fig. 6 because higher rigidity and
larger driving force are available due to the use of more
pairs of displacement generating means.

Illustrated in Fig. 9 is a further actuator embodiment
wherein, upon the elongation and contraction of displacement

15 generating means, they deflect and a movable part displaces
rotationally with respect to a fixed part in a plane of the
aforesaid sheet-like member.

An actuator 4 shown in Fig. 9 comprises a frame form of
fixed part 43 in which enclosed are a movable part 44 and two

20 pairs of displacement generating means, each comprised of two
parallel displacement generating means, i.e., a first pair
(of displacement generatihg means 4lla and 411b) and a second
pair (of displacement generating means 412a and 412b). The
directions of elongation and contréction of each pair of

25 displacement generating means are parallel with each other.

A Z-axis of the actuator is here defined as a straight
line that is vertical to its plane and passes through the
movable part 44. The movable part 44 is located between the
first and second pairs at air spacings. Junctures between the

30 respective pairs and the movable part are in positions
symmetric with respéct to the Z-axis, and junctures between
the respective pairs and the fixed part, too, are in
positions symmetric with respect to the Z-axis.

In this actuator embodiment, too, the directions of

35 elongation and contraction of each pair of displacement
generating means need not be parallel with each other. This
is also true of two displacement generating means forming



In the practice of the present invention, electrical signals are
transmtted through interconnections to the actuator and/ or t he

el ectromagnetic transducer el enent.-42- The 15 interconnections are
preferably provided in the formof a conductor pattern on the suspension.
In the enbodi nent shown in Fig. 21, four interconnection |ines form
patterns 33 which are provi ded on the | oner surface of the suspension.
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relation. 443 &@hd in such a manner that, at one end and the other
end of the movable part 44, they intersect the direction of
elongation and contraction of the displacement generating
means at right angles. The first pair is coupled at one end
15 to the fixed part 43 and at the other end to the movable
connector 441, and the second pair is coupled at one end to
the fixed part 43 and at the other end to the movable
connector 442.
Assume here that, at the startup of this actuator, the
20 displacement generating means 41la and 412a in the respective
pairs, located relatively away from the Z-axis, are
contracted and the displacement generating means 411b and
412b located relatively near to the Z-axis are elongated.
Then, each pair deflects in a direction farther away from the
25 Z-axis, so that the movable part 44 displaces rotationally in.
the clockwise direction around the Z-axis. When the
cdntracting, and elongating displacement generating means are
in reverse order, however, the direction of deflection of the
displacement generating means is reverse, so that the movable
30 part 44 displaces rotationally in the counterclockwise
direction.
In the embodiment shown in Fig. 9, it is noted that one
displacement generating means of each pair may be made up of
a beam member that does neither elongate nor contract, as is
35 the case with the embodiment shown in Fig. 2. Even in this
case, it is possible to displace the movable part '
rotationally.



-31- el ectric field is reverse to the direction of polarization, on the

ot her hand, the piezoelectric or electrostrictive material |ayer contracts
in-its thickness-wi se direction (piezoetctric |ongitudinal effect), and
elongates in its 5 plane direction (piezoelectric transverse effect). In
the illustrated enbodi nent, the piezoelectric transverse effect, i.e., the
el bngati on and contraction of the piezoelectric or electrostrictive
material | ayer Theariyididty @f dhecownwebilengonhectoreddhcdnbvids ermarts 43

and 44 1S 4560 16ndl Sl A4E o121 BecTRUBEA L AT ind b fld LAY o
direction indicated by arrows in Fig. 2. This displacenent in turn effects.
the swi ng MRRERPeE itheumegeion Wéght Bae mecakle qomumaaieats cshowandducer
elenent 1 E&gytna circularly displaced acr oss the recgrdigg ag?fgsé %g
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di spl aceneis Genesate regs rokats oft hhel aogtdtont slovetieamigane dinspl aceme?';]at
90 “bot h S, B e 38, B8 REE SRR o4l A R kRR ™
af or esai d genRaatinge neavisor , With. the metmtymenbodimeatashawtoini Aigt s
plane diregtiiweddt t Higrdef begtaen, iDe.pRvables RRI4 ¢ (i Ngs with
respeﬁt to the:gléfd %?rt 43 in_a direction I ndicated by an;pwsilnsF|g. 2,
with tfe CHRRATGNDPT (the IRVARLADPRBR EEAM HetP PRAR Heosticesi ionst he
nmovabl e paand the provision of more displacement generating means.
Illustrated in Fig. 10 is a further actuator embodiment
in which, upon the elongation and contraction of displacement
generating means, they deflect and a movable part displaces
15 rotationally with respect to a fixed part in a plane of the
aforesaid sheet-like member.
An actuator 4 shown in Fig. 10 comprises a frame form of
fixed part 43 in which enclosed are a movable part 44 and
four pairs of displacement generating means, each comprised
20 of two parallel displacement generating means, i.e., a first
pair (of displacement generating means 41la and 411b), a
second pair (of displacement generating means 412a and 412b),
a third pair (of displacement generating means 413a and 413b),
and a fourth pair (of displacement generating means 414a and
25 414b). The respective pairs extend radially from the movable
part 44 at 90° intervals in such a manner that the first pair
opposes to the third pair and the second pair opposes to the
fourth pair. Then, these pairs are connected to fixed
connectors 431, 432, 433 and 434 in the fixed part 43.
30 In a plane of this actuator, let a Z-axis be defined as
an axis that is vertical to the plane and passes through the
movable part 44. Assume here that, the displacement
generating means 41lla, 412a, 413a and 414a located on one
sides of the respective pairs with respect to the Z-axis (on
35 the left side of Fig. 10 with respect to the Z-axis) are
contracted and the displacement generating means 411b, 412b,
413b and 414b located on the other sides with respect to the



44 in the absence of voltage. This swing notion allows the novabl e part 44
to displace circularly in a direction substantially perpendicul ar to the
direction of elongation and contracti orddf the displacenent generating
means 41. In 30 this case, the center of the circular orbit is found in
the vicinity of the center between two positions where both beam nmenbers
aré connected to the fixed part 43. Since the direction of the swi ng notion
of the noalexdspdon 4hel raghti shde ¢HeFidyankd ofitthereapiecat @o, theezZ-
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10 direction.

In the embodiment shown in Fig. 10, it is noted that one
displacement generating means of each pair may be made up of
a beam member that does neither elongate nor contract, as is
the case with the embodiment shown in Fig. 2. Even in this

15 case, it is possible to displace the movable part
- rotationally.

Like the fixed connectors 431 and 432 shown in Fig. 6,
the fixed connectors 431, 432, 433 and 434 should deflect in
such a manner that the elongation and contraction of each

20 displacement generating means occur in an undisturbed manner.
As shown, therefore, their width is made narrow with a
decrease in their rigidity in the plane direction. It is here
-noted that the structure of the fixed connectors are not
always limited to that shown. For instance, like the fixed

25 connectors shown in Fig. 6, they may be formed by providing a
slit-like hole in the frame form of fixed part.

The operating principle of the actuator shown in Fig. 10
is the same as that of the actuator shown in Fig. 6 in that
the movable part displaces rotationally. In other words, the

30 position relation of the contracting displacement generating

- means to the elongating displacement generating means is
rotationally symmetric with respect to the Z-axis, so that
the movable part displaces rotationally. However, the
actuator embodiment shown in Fig. 10 is more preferable than

35 that shown in Fig. 6 because higher rigidity and larger
driving force are available due to the fact that the movable



nmovabl e part 44 is defined by the position of the novabl e part 44 in the
absence of voltage. Assuming here that the same driving voltage is used,
the anplitude of the swing 15 notion t45about twi ce as large as that in
the case of the alternate application of voltage. On one side of_the_svm ng
notion in this case, however, the displacenent generating neans is soO

el obngated that the direction of the driving voltage is reverse to t he

di rect i on RArtpolsirsunpdniied Eromt fiper28irectioms, tdred puwmy iddatdlacendenithe

| ezoel ectgd : Lt | material |ayer may possibly attenuate at
g hi gh appgféirg%%/tolﬁg:%ga%r%t Sg%nhtg%g'conti nued applicatiron of voltage. It is

thus required tTRR afeahw igmpoddmenge Blowht 4R neke Kiigunss imentiansadgt ant

direct curdisiite bitdfe \Filkled@ a2 ekbch@f WRHRidl fleCid A e Of _
ating voltage qn the bias

ol ari zation _and superposing the aforesajd alter _bi
\F;ol t agd, tancg:r r'ipﬁ &E‘ec{u&iﬁ ﬁgm?ﬂﬁeﬁogé‘?‘ﬁi?]i‘?ﬁ% aqeNent [GESEET IS dri vi ng
vol t age nmayedns randemewaldet bardi aeetéml@éecﬁ)olharsiezatfi anhTfaefeajﬁéefoﬁh t he

i ng not i s i aseq fined b e Rposition of .the
?iymsp?acerreérjlft] fglgcnéedr1 tlrﬁl\tgil%]s{g%sg%i ?g%ﬁggg?%%div%ﬁ ad@tﬁ_roﬁgsgﬁbqﬁed fﬂ’ér eon.
In a nodi finshanse owhene thebsdknenor shoverippdd gis Qy iat piEepossitblis t o

provi de oRRREMNSTRIFP RroakioRgmlbE NS D Qiéﬂﬁfﬁ@@ntg%%%%itﬁgg”&%%s In
this dification, it is 35 acceptable to_I'ncrease tHhe anount o _
di spl ené?ﬁcad’f%&rheofwmﬁhgoe‘éfa%aeii%\ebﬁﬂtX%d Rpntheasl degarioped: the
di spl acemirge gehahat IFIQMREEBEM OF £Oxdd QR 41 aldreudiices b
reductions of damage to the actuator due to runaway, etc. 1In
addition, since there is an increase in the bonding area
allowed for fixing the actuator to its substrate, high
15 Dbonding strength is available with ease of bonding and
mounting operations. Furthermore, the fixed part is coupled
to a thin sheet form of suspension, and so the rigidity of
the juncture can be increased.
While the fixed part in each of the aforesaid actuator
20 embodiments has been described as being constructed of a
frame form of member in which the displacement generating
means and movable part are completely enclosed, it is
understood that any form of fixed part may be used, provided
that it allows displacement. For instance, it is acceptable
25 to provide a cutout in a portion of the fixed part, if
required. Alternatively, it is acceptable to use a non-frame
form of fixed part, as can be seen from a specific embodiment
that will be described with reference to Fig. 11.
In the actuator shown in Figs. 2, 3, 4, 5, 6, 8, 9, and
30 10, at least two hole parts are provided in a sheet-like
member formed of a piezoelectric or electrostrictive material
to form the fixed part 43, mévable part 44 and at least two
beam members for connecting them together as an integrated
single piece. Electrode layers are formed on at least one
35 portion of at least one beam member in such a manner that the
elongation and contraction thereof occur in the direction of
connecting the fixed and movable parts 43 and 44, thereby



-33- polarization by the application of bias voltage, as is the case with

t he enbodi nent shown in Fig. 2. An actuator embodi ment shown in Fig. 3 is
simlar to that shown in Fig. 2 in that-4&-frame formof fixed part 43 5 and
a.novabl e part 44 are connected to each other by means of two rod-1ike beam
nmenbers and each-beam nenber is provided with a pair of electrode |ayers 45
to constitute displacenent generating neans 41. The pol arization of
piezoelectcbnSbiteténgr@$$p1anémenUnganénmtingomeans SIUpdﬁNtHS) that in the
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neans on éhe ot her hand, is smal ause o atTvely
isplacement generatlng means 41 for coupllng fixed and

movable parts 43 and 44 together, with the sides of the

movable part 44 bonded to the sides of a slider 2. This

actuator is similar in construction to the actuator shown in

Fig. 2 with the exception that the fixed part 43 is not in a
15 frame form.

In an actuator embodiment shown in Fig. 12, an actuator
is built up of a fixed part 43, and movable parts 44 provided
at tips of two rod-like displacement generating means 41
extending from the fixed part 43. The respective movable

20 parts 44 are coupled to a pair of opposite sides of the
slider 2 in such a manner that the slider 2 is sandwiched
between both displacement generating means. Like the
embodiment shown in Fig. 2, this embodiment makes use of the
deflecting displacement of the displacement generating means,

25 with an electromagnetic transducer element 1 displacing
circularly.

In the embodiments wherein the actuator is located on
the side of the slider, the actuator is thinner than the
slider, as illustrated. Consequently, it is unlikely that the

30 thickness of the magnetic head may increase, or the actuator
may come into contact with the disk medium.

In some cases, the actuator may be equal to or 1arger
than the slider in terms of thickness. If, in this case, the
actuator is located on the side of the siider, it is then

35 possible to reduce the thickness increase of the magnetic
head by a size A at which the slider 2 and the actuator 4
overlap in the thickness-wise direction (see Fig. 13).



25 rigidity. Consequently, the novable part 44 effects a rotational

di splacenent, the center of which lies in the vicinity of the center
bétween two junctures with both beam nedbers, so that an el ectromagnetic
transducer elenent 1 can displace in a circular orbit. 30 In this
enbodi nent, the lower ‘the rigidity of the hinge part relative to that of
the di spl acenent generating neans 41, the smaller is the anount of
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provide a step on a back surface of a cuboidal slider 2 in

such a manner that there is left a room available for the
. formation of an electromagnetic transducer element 1, and an
actuator 4 is located within a space 21 defined by the step.
This embodiments is effective for reducing the thickness
15 increase of the magnetic head due to the provision of the
actuator, and reducing the mass of the slider as well.
Referring then to Fig. 15, two steps are provided on a
back surface of a slider 2, whereby a groove form of space 21
is formed in a substahtially center position of the back
20 surface of the slider 2. An actuator 4 is located in the
space 21. This embodiment does not only have the advantages
mentioned concerning the embodiment shown in Fig. 14 but is
also improved in terms of mass balance, and so is more
preferable for displacement characteristics.
25 While the actuator embodiment shown in Fig. 2 has been
used in the embodiments shown in Figs. 14 and 15, it is
understood that use of other actuators may also be acceptable.

Embodiments of the invention wherein the suspension is
30 located between the slider and the actuator
When positioning operation is performed by swinging a
magnetic head by means of VCM, it is not preferable that
there is a mass imbalance between the upper and lower _
surfaces of a suspension because the undisturbed, and stable
35 operation of a slider is not achieved due to distortion or
moment. According to a magnetic head embodiment shown in Fig.
16 wherein an actuator 4 is located on an upper surface of a



for connecting both parts together. In the enbodi nent shown in Fig. 4 two
beam nenbers are used, while in the enbodi nent shown in Fig. 5 four beam
menbers are used. The outer configurati4$- of each actuator rotationally
symmetric with 15 respect to an axis of symmetry (Z-axis shown) which is
vertical to the plane of each actuator and passing through the center of
t he novabl e part 44. \Wen, in each enbodinent, voltage is applied on both
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In the embodiment illustrated, it is noted that to
provide a space for receiving the suspension 3 between the
slider 2 and the actuator 4, a projection form of connector

15 2a is integrally provided on the back surface of the slider 2
for bonding to the actuator 4. Generally speaking, it is
preferable to prdvide such a projection or form a cutout in
the back surface of the slider 2, as illustrated in Fig. 14,
thereby achieving_a structure in which the slider and

20 connector form an integrated single piece. However, it is
also preferable to use anlindependent connector similar in
shape to the connector 2a for the purpose of coupling the
slider and actuator together. Alternatively, it is acceptable
to form a connector as illustrated on the actuator as an

25 integrated single piece. Still alternatively, it is '
acceptable to use a portion of the suspension as a connector,

as will be described with reference to Fig. 21.

Embodiments of the invention wherein the actuator is coupled
30 to the gimbal part of the suspension

Usually, a gimbal mechanism such as a flexure is mounted
in the vicinity of a tip of the suspension to allow the
slider to follow fluctuations in the surface of the disk

- medium. Some exemplary applications of the present invention
35 to a magnetic head having such a gimbal mechanism are
illustrated in Figs. 18A, 19A, 20A and 21A.



-35- 41. This area then acts in nuch the sane manner as the hinge part 421
in Fig. 3. Wth each of these actuator enbodi mrents wherein the beam nenbers
are located parallel with the |ongitudié4fal direction 5 of a slit-like hole
bet ween the fixed part 43 and the novable part 44 or, in another parlance,
in such a manner that they traverse the slit-like hole longitudinally, it

I s possible to nake the di splacenent generating neans 41 | ong and hence
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4 is coupled to the gimbal part in the suspension 3 in such a

10 manner that the gimbal part can perform its gimbal function
in an undisturbed fashion. Such embodiments enable the gimbal
part to absorb distortions or stresses generated by the
following motion of the slider with respect to the surface of
the disk medium, so that the application of harmful external

15 force on the actuator can be avoided, resulting in
improvements in the ability of the actuator to displace, and
the reliability of the actuator. Of the gimbal embodiments -
shown, those shown in Figs. 19A and 20A are preferred because
the gimbals can have high rigidity in the displacing, and

20 driving directions of the slider 2, with the embodiment shown
in Fig. 20A being most preferred. When the suspension having
the gimbal part shown in Fig. 192, and Fig. 204, respectively,
is used, it is possible to locate the suspension between the
slider and the actuator.

25 In an embodiment shown in Fig. 21, a slider 2 and an
actuator 4 are located in place with a gimbal part 32 in a
suspension 3 positioned between them. This gimbal part 32 is
formed by providing a punched-out groove in the suspension 3.
By the provision of the punched-out groove, the gimbal part

30 32 is provided with a T-shaped connector. This connector is
made up of a support portion 32a that corresponds to a
vertical bar of the letter T and is contiguous to the gimbal
part 32, and a connecting portion 32b that corresponds to a
transverse bar of the letter T. The connecting portion 32b is

35 Dbonded on the front side to a movable part 44 of the actuator
4 and on the back side to the slider 2. The rigidity of the
support portion 32a-is decreased in such almanner that the



In Fi'g. 4, too, only one beam nenber may be provided 25 with el ectrode

| ayers. Alternatively, only one beam nenber may be provided with el ectrode
| ayers and anot her beam nenber may be t88ated in such a manner that it
crosses the aforesaid slit-formhole transversely, thereby form ng a hinge
part. In these enbodi nents, however, the center axis of rotational 30
notion is |ocated off the center of the novable part. In an actuator
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nmovabl e paghe Mokt Shg PYdrtGd¥n 32b between the actuator 4 and the
10 "slider 2, as in the case of the connector 2a in the
embodiment shown in Fig. 16.

In the practice of the present invention, inter-
connections to the actuator and/or the electromagnetic
transducer element are preferably carried out by providing a

15 conductor pattern on the suspension. In the embodiment shown
in Fig. 21, four interconnection patterns 33 to be connected
to an electromagnetic transducer element 1 are formed on the
lower surface of the suspension. '

20 Embodiments of the invention wherein the amount of
displacement is amplified

The amount of displacement (the amount of contraction of
displacemeht generating means) generated by inverse piezo-
electric effect or electrostrictive effect is very small. In

25 ° the present invention, however, when the movable part is
displaced making use of the deflection of the displacement
generating means, it is possible to make the amount of
displacement of a juncture between the slider and the
actuator (the movable part in the actuator) larger than the

30 amount of elongation and contraction of the displacement
generating means. In other words, the actuator itself can
have displacement enlarging function. When the movable part
displaces circularly or rotationally in the practice of the
present invention, it is possible to mechanically enlarge the

35 displacement of the electromagnetic transducer element by
allowing the movable part and electromagnetic transducer
element to have an appropriate position relation. By such
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10 to the direction of elongation and contraction of the displacenent
generating neans. The first and second pairs of displacenent generating
neans are specularly symetric with reégett to each other, with the X-axis
focated between them Each displ acement generating nmeans is coupled to
fixed 15 connect.ors 431 and 432 nounted on the fixed part 43. These fi xed
connectors are fornmed by providing slit-like holes through a portion of the
frame for disblecenensaenlaggenedt arkt akreprasifleate bringr Eb® ¥Rt and
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aCtuator’n&Q%ble part 44 circularly displaceable by the deflection of
a beam member. Assume here that only one displacement

generating means 41 contracts in an amount of contraction A.
15 It is then possible to make an amount of displacement B of
the movable part 44 that is a juncture with the slider larger
than the amount of contraction A. It is notéd that the amount
of displacement of the movable part 44 is much the same as
that of an electromagnetic transducer element 1. For instance,
20 consider the case where both displacement generating means
are 1 mm in length, 0.1 mm in width and 0.2 mm in thickness,
a slit-like hole between them is 0.1 mm in width, and the
amount of contraction of them is about 0.2 pm. In this case,
the amount of displacement of the movable part (the amount of
25 its displacement in a direction intersecting at right angles
with the lengthwise direction of the displacement generating
means) is about 0.5 um or, in another parlance, the
magnification of displacement is about 2.5. In Figs. 22A and
22B, arrows indicate the direction of contraction of the
30 displacement generating means 41 and the direction of
displacement of the movable part 44.

In an actﬁator embodiment with the rotational
displacement of a movable part as typically shown in Fig. 4,
that the amount of displacement of the movable part is larger

35 than the amount of elongation and contraction of displacement
generating means implies that the amount of displacement of
the movable part in the vicinity of a juncture with the



di spt acenent generating neans 41l1a and 412a | ocated on one -37- side
(theleft side of Fig. 7) of the respective pairs are contracted and the

di spl acenent generating neans 411b and242b | ocated on the other side (the
right side of Fig. 7) are elongated. Then, as shown in Fig. 7A, the fixed
connectors 5 431 and 432 deflect so that each di spl acenent generating neans

elongates and contracts in an undi sturbed nmanner. Consequently, all the
di spl acenehtSRIGRIMENT genexas iagr peansi i slRFRr e the AMOUREy Ofecome

convex on dlvhddtitin e contdtas®ibAeoDYRE! §iPsTdcaiit feferdtigr|y in the
right- 10 handed direction. Assunme here that the displacenment generating
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part ié movable part displaces circularly or rotationally, the
electromagnetic transducer element displaces circularly in
concentric relation to the displacement of the movable'part.
If the slider is coupled to the movable part in such a manner
that the radius of rotation of circular displacement of the
15 electromagnetic transducer element becomes larger than the
radius of rotation of circular or rotational displacement of
the movable part, it is then possible to make the amount of
displacement of the electromagnetic transducer element larger
than that of the juncture between the slider and the movable
20 part. Fig. 23A is a plan schematic illustrative of an
embodiment wherein a juncture between a movable part 44 and a
~slider 2 is at a pbsition farther off an electromagnetic
transducer element 1 than the juncture shown in Fig. 22A, and
Fig. 23B is a side schematic of that embodiment. By make a
25 distance of the electromagnetic transducer element 1 from the
center of circular displacement longer than that of the
movable part 44 as shown, it is possible to make an amount of
displacement C of the electromagnetic transducer element 1
larger than an ambunt of displacement B of the movable part
30 44. Assume here that the size of the actuator is the same as
that explained with reference to Fig. 22A. If, for instance,
the position of the juncture between the movable part 44 and
the slider 2 is spaced 0.5 mm away from the electromagnetic
transducer element 1, the amount of displacement C is about
35 1.5 times as large as the amount of displacement B.



di spl aces rotationally in the clockw se direction around the Z-axis that
passes through the novable part 44 and is 25 vertical to the plane of the
actuator. If, in the embodi ment shown T#TFig. 6, the position relation of
the contracting di splacenment generating nmeans to the el ongating

di spl acenent generating neans is specularly symetric with respect to the
X--axi s, the novable part then 30 displaces linearly. |If this position
rel ati on iRetaiks ofhfihe agpuasoric with respect to the Z-axis, the novable
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' 10 vibrations on the actuator can be avoided. In addition, the
mechanical strength and impact resistance of the actuator can
be improved because the respective parts of the actuator are
bridged together by the flexible filler.
In the embodiment shown in Fig. 24, electrode layers are
15 built in displacement generating means 41. In this embodiment,
the end faces of the electrode layers are exposed on both
sides of the displacement generating means 41, but corrosion
of the electrode layers can be prevented because both sides
are covered with the flexible filler. Preferably, the
20 flexible filler used should be resistant to electro-erosion.
In the practice of the present invention, it is also
acceptable to £ill the flexible filler in only one hole in
the actuator.
According to this embodiment wherein the flexible filler
.25 is filled in the holes in such a manner that it is perfectly
confined in the plane of the actuator, the amount of the
filler filled is kept constant enough to prevent performance
variations due to a variation in the amount of the filler
filled. In addition, there is no substantial increase in the
30 actuator thickness due to the filler filled.
No particular 1imitation is imposed on the type,
hardness, and amount of the . flexible filler used in this
embodiment; a choice may be made from suitable fillers that
have little influence on the displacement of the movable part,
35 and can achieve improvements in vibration-damping performance,
strength, and impact resistance. However, it is preferred to



di spl acenent generating neans formng each pair. In other 10 words, it is
essentially required that the direction of elongation and contraction of
each di spl acenent generating neans be fid-parallel with the end direction
of displacenent (the X-axis direction in Fig. 6). In short, only the
opposite arrangenent of the first and second pairs is needed with the 15
X~axi s positioned between them no particular [imtation is inposed on the
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For
smaller than the thickness thereof. This in turn enables the

rigidity of the beam member in the plane direction of the
actuator to be smaller than that in the thickness-wise

15 direction. For this reason, the deflection of the beam member
generated by the elongation and contraction of the
displacement generating means 41 concentrates in the plane
direction of the actuator, so making unnecessary
displacements such as flapping unlikely to occur. The width-

20 to-thickness ratio of the beam member is preferably about 1/2
to about 1/5 although not critical.

The aforesaid advantage is achievable if at least one
beam member has such a width-to-thickness ratio as defined
above. However, if all the beam members satisfy this width-

25 to-thickness ratio condition, more remarkable advantages are
then achievable. In view of symmetry, too, it is preferable
that all the beam members satisfy this width-to-thickness
ratio condition.

In the actuator embodiment shown typically in Fig. 2, it

30 is noted that the narrower the spacing (the distance between
the center lines of the beam members) between two beam
members for connecting the fixed and movable parts 43 and 44
together, the larger is the amount of deflection of the beam
members per unit amount of elongation and contraction of the

35 displacement generating means and, hence, the larger is the
amount of displacement of the movable part 44 per said unit
amount of elongation and contraction. Also, the narrower the



thi s reason, when accel eration is added to the slider via external force

due to its contact with the di sk nedi um or -39- inpacts on the system
the deflection of the slider in the plabp®-direction or a direction vertical
thereto becones small. Illustrated in Fig. 8 is a further actuator

- enbodi nent wherein, upon the elongation and contraction of displacenent 5
generating nmeans, they deflect and a novabl e part displaces linearly with
respect tospadingdgiarden rthehafpirasaidf twhebedormadiar sshadte |lidwemeaber . An
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gener at i NrEBANRembe®s , thd iattroR@ir’ chAf bei ERé aGSIEg IRIRID heteans 41la
and 411b), a second g?lr (of displacenent generating nmeans 412a and 412b),
S

a thir® padfoxefaif sprakshfmeglsesat i FieF LRPSQTY 5 COREQTREBE) Loand a
fourth paithé Odfsh&dd At anrith-gerehitkigsseaasid ldendind ohl 4l alkee
Gener at | ng® HESTEL YT o B ralt [RICERRCR. dHc RS, FBP A Fisho v Pt TR enBod men
shown i n RgdrByingovoltegalinechicitans b webhgati on and contraction of 20
each palr of di gl ehenEN ALIARO 1HPRIG. N32031108, B8, PR 2ldse] ad gach
ot her, and so are two di spl acenent
0 an axis of symmetry exists in its plane. Referring to Fig. 2,

for instance, this axis is the X-axis that passes ﬁhrough a

slit-like hole between two displacement generating means in

their longitudinal direction. For this reason, the actuator

can be used upside down, and so the mounting of the actuator

15 to a magnetic head is much more facilitated.

The actuator shown in Fig. 4, 5, 6, 9, and 10,
respectively, is rotationally symmetric with respect to the
axis of symmetry (the Z-axis shown) that is vertical to the
plane and passes through the center of the movable part 44

20 (for instance, diad symmetry in Fig. 4 and tetrad symmetry in
Fig. 5), said axis of symmetry being in élignment with the
center axis of rotational motion of the movable part 44. To
mount the actuator on a magnetic head, therefore, only the
alignment of the center axis of rotational motion with the

25 given center position of rotation of the slider is needed; no
critical limitation is placed on the angle of the actuator in
its plane direction, and so mounting is much more facilitated.

Each of the embodiments shown makes use of the
elongation and contraction of the displacement generating

30 means due to piezoelectric transverse effect, as mentioned
above. In the practice of the present invention, however, it
is acceptable to make use of elongation and contraction in a
direction in alignment with the direction of an electric
field, i.e., elongation and contraction due to the so-called

35 piezoelectric longitudinal effect. When the piezoelectric
longitudinal effect is utilized, eleétrode layers are
provided on the displacement generating means in such a



generating means forming each pair, as is the case with the enbodi nent
shown in Fig. 6. In other words, it is essentially required that the
direction of elongation and contracti on5®f 25 each di spl acenent generati ng
means be not parallel with the end direction of displacenent (the X-axis
directionin Fig. 8. In a plane of the actuator shown in Fig. 8, let an X-
axis be defined as an axis that passes through the novable 30 part 44 and
i's verticananmen Hhatl rtdeyi ereofreskdagat tonthedd e triart ich anndwsing

di spl ace t RARS €Sl pe Oof Fig. 8) of
ther- axirr?n% g&%d;tﬁﬂ@ art 4? 93 egnaa Qﬁc}g %&é&pen&{t he@?I fst and second
pairs at HRPAHRIHES maéﬁ#@gohlﬁeh@fot:h@rpsea@ekwwwv@a@ms& sfifgcts) 35

the novablerastertdridn Trdvisehed batwese hhsutiitgranddowth pairs at air
spaci ngs. -40- The fixed_ part 43 congrlses fixed connectors 431 and 432

for codpl IMRFAR e StHRRIES JPSEERERT OheHR? AFHATR%Ns. These connectors
extend toward tThee naovablcf Eaich @&r&lQngthéeaékaatértisSthhMﬁﬂtﬂdai movabl e

art 44 t t The novabl e art 4 onprlses
vaabl e connetc)%%)r s%af% d% I%Ztig ﬁﬁgiﬁﬂl?%ror&o T i d"s[td:éléi &<
di spl acem:afi ydrRamEatisy headn&o Whéchoitbis m&mﬂorﬁedrélsapposeZthat end
fromone et fedhed il enRatli1$fePBESELEL! Y M) LBR &ide of this

10 sheet-like product is usually about 0.5 mm to about 3.0 mm in
length and about 0.1 mm to about 0.5 mm in thickness. The
displacement generating means is on the other hand about 0.3
mm to about 2.5 mm in length. The amount of displacement is
about 0.0l um to about 5 um as expressed by the distance of

15 movement in the plane direction of the sheet-like product,
and about 0.05° to about 2° as expressed by the angle of
rotation. The driving voltage is usually about 3 V to about
100 Vv, preferably about 3 V to about 50 V.

By the term "piezoelectric or electrostrictive material"

20 wused herein is intended a material that elongates and
contracts due to inverse piezoelectric effect or electro-
striétive effect. The piezoelectric or electrostrictive
material used in the present invention may be any material
that can be applied to the displacement generating means in

25 an actuator. However, it is'usually preferable to use ceramic
piezoelectric or electrostrictive materials such as PZT
[Eb(Zr, Ti)O03], PT (PbTiO3), PLZT [(Pb, La) (Zr, Ti)03], and
barium titanate (BaTiO3) because of their high rigidity. An
actuator, when it is constructed of a ceramic piezo-electric

30 or electrostrictive material, can be easily fabricated using
thick film technologies such as sheet-making, and printing
processes. It is noted that the actuator may also be
fabricated using thin film technologies. When the
piezoelectric or electrostrictive material has a crystal

35 strﬁcture, the crystal structure may comprise either
polycrystals or single crystals. |



axi s, and the novabl e connectors 443 and 444 extend fromthe 10 other end
of t'he novable part 44 parallelly with the X-axis. .-The first pair is

coupl ed at one end to the fixed connect®f/-431 and at the other end to the
novabl e connector 441, the second pair is coupled at one end to the fixed
connector 432 and at the other end to the novabl e connector 442, the third
15 pair is coupled at one end to the fixed connector 431 and at the other.
end to the novabibe parfortwFhenred ectierotieudafepai isisottoupltsiccal; ene end to
the fixed t h r 444,
posure her PERG o Fhae taor Suar A8l B ot et s e et
gener at i ngeheARECLANGICHUE, PasLes o FRUEISEINGc ARG PRRATE i ¥ S he

respectivethai pfoddsddeof efdrmingetlk bifzo8ledtLid WY rdaEdaddshil e the
di spl acenent fener at i n’gelim]%ﬁ_n 411b, 412b,.  413b and 414b on the ot her sides

of the>r esPEEIFTE DI SrSgAFesFakeRf 1BFY.2%°U%e 25 el ongat ed.
Then, each di sphacacewtgennenatiavg egnstodattecs sin nwhivh laf tldetdethe

di rection \ I rt..44 displ [N i eft - handed
directi on.5@%%%%%‘%‘%%%?@%%&%&%&%&5 18%}71561@%12%%18'0 éjcée%rfeﬁitak%glﬁjer ating
means are éhe¢cevedsclayenrs ompothesdteer Bmhsls tde wie ctispdmasnedd
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novabl e part 44 displ aces |inear ¥; In the right- handed direction. In the
enbodilfent 13FEans FrHGE Y e wheanelns tHet 8 PAEE BrEN RISARIGRAL Yoker at i ng
means of ealécppostriotiife MERriA10lagersaabeast AEHER o) Apoio ahottietrher

el ongat e nﬁﬂe%%ﬂ%&é%ndfEgiéﬁ%ation and contraction of the piezoelectric
or electrostrictive material layer is proportional to
electric field intensity. However, the aforesaid multilayer
15 structure makes it possible to make the piezoelectric or
electrostrictive material layer so thin that the required
electric field intensity can be obtained at a low voltage,
and so the driving voltage can be lowered. At the same
driving voltage as that used with a single layer structure,
20 the amount of elongation and contraction can become much
larger. The thickness of the piezoelectric or
electrostrictive material layer is not critical, and so may
be determined depending on various conditions such as driving
voltage, the required amount of elongation and contraction,
25 and ease of manufacture. However, a thickness of about 5 um
to about 50 um is usually preferred in the practice of the
present invention. 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
30 such a manner that displacement generating means having a
desired thickness are obtainable. It is noted that such a
covering piezoelectric or electrostrictive material layer as
will be described later is usually provided on the outermost
electrode layer.
35 For the purpose of simplification or clearly indicating
areas for the displacement generating means, the shape of the
electrode layers is roughly illustrated. Actually, however,



the tase with the enbodi nent shown in Fig. 2. Even in this case, it is
possi ble to displace the novable part linearly. -41- Preferably, the
rigidity of the novable connectors 44175842, 443 and 444 is decreased in
the plane direction, as shown. This is to allow the el ongation and
contraction of the displacenent generating neans to occur in an undi sturbed
5 manner. The operating principle of the actuator shown in Fig. 8 is

i denti cal mtérhndahtebécttmiertlsptear ofheuehi stFugtubeias redspect of nmaki ng
use of the . IO, - th i a NEE a1 D0 SBRAN1S, 1 HOVEM hi s
act uat or i%gﬁ%égfge%%ﬁ'eezlsg\ %H?a%%gﬁe%g%taugg gfrl %h%wn I'n ]Fi g. 6ﬁ{)oedcéduse
hi gher ri gtdi showmdin Figer 2hB.ving force are avail able due to the use of

more pairs of displ agegenigenieiadd Rd dRRNScthlbuskr al8dtidsttfetHds a
0 5pl 2B oA CSEa bolRYSRT P Imdaioe 2 0h SR OdEPRECEO AR MR ¥ il o
di spl aces aetastenal IThendikzbedpeekritoon élsetreartidtive paaraiafl t he
af oresai d heetjé'ﬁe.nenberhegp act.yat or % shomg ﬁnaﬁﬁgh %&éﬁ rises a
frame forma¥-fi Q PRRTASIG TR e FOFE8EE HEP 2P otABTE Fart 44 and two
20 pairs eledtxzpiachmest Genebdflliengheephszoedehtxbrprr sseatfra-wo paral | el
di spl acenegi 980G A e P B Shayer® 2022 ik b3bvRAEE on its surface with
10 an internal electrode layer A; and an internal electrode layer
B1. A combination of the internal electrode layers Gp and Az
and a combination of the internal electrode layérs G1 and B;
provide a pair of electrode layers, each having a
piezoelectric or electrostrictive layer sandwiched between
15 them. In this embodiment, displacement is generated in
various patterns as mentioned above, by controlling the
voltage potential of the internal electrode layers Al and Bl
against the potential of the internal electrode layer Gl, and
by controlling the timing of application of voltage on the
20 internal electrode layers Al and Bl. ‘
Fig. 25B illustrates an example of terminal electrodes
used in the case where the internal electrode layers shown in
Fig. 25A are provided. In this example, a fixed part 43 is
provided on its sides with terminal electrodes Gg, Ap and Bp
25 for connection to the end faces of the internal electrode
layers Gi, A; and B] exposed on the sides of the-fixed part 43.
An actuator may consist only of piezoelectric or
electrostrictive material layers, electrode layers, and
flexible filler. However, it is acceptable to improve the
30 performance and robustness of the actuator by putting a
resilient sheet or a vibration-damping seal thereon.

Fabrication process
Embodiments of the process of fabricating actuators used

35 1in the present invention will now be explained specifically
with reference to the use of ceramic piezoelectric or
electrostrictive materials.



(of displacement generating neans 41la and 411b) and a second pair (of

di spl acenent generating neans 412a and 412b). The directions of elongation
and contraction of each pair of 25 dispPacement generating nmeans are
parallel with each other. A Z-axis of the actuator is here defined as a
straight line that is vertical to its plane and passes through the novable
part 44. The novable part 44 is |ocated between the first and second pairs
at air spaci ngsfonurRe UFarinatieen ofhe sbeetelpbetmembenios canantite novabl e
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441 aEG binder, and solvent are milled into an internal electrode

layer paste. Then, the internal electrode layer paste is

printed on the green sheet to form such a given pattern as
shown typically in Fig. 25A. A given number of such sheets

are stacked one upon another, and pressed together to form a

15 multilayer structure. The multilayer structure is fired to
obtain a thin sheet form of sintered member. This sintered
menmber may be immediately shaped, as explained just below.
However, it is also acceptable to cut the sintered member to
a suitable size for shaping.

20 Then, the thin sheet form of sintered member is shaped
to provide holes or cutouts. Usually, a plurality of
actuators are cut out of the sintered member, and this
cutting, too, is carried out simultaneously with shaping. For
shaping, a photoresist layer is first formed all over the

25 surface of the sintered member. After pattern-wise exposure,
the photoresist layer is then developed to remove portions of
the photoresist layer that are found at areas corresponding
to a boundary site between adjacent actuators, holes, and
cutouts. Then, portions that are not covered with the

30 photoresist layer are removed by sandblasting to obtain a
plurality of actuators having a desired shape. After the
shaping, the photoresist is removed and, if required,
terminal electrodes are formed. The terminal electrodes may"
be formed in ordinary ﬁanners such as baking, and evaporation.

35 - Ultrasonic honing may also be used for shaping. In this
case;, ultrasonic honing is applied to the member to be shaped



442 for coupling together the displacenent generating neans. These
connéctors 441 and 442 are opposite to each other with 10 the Z-axis
posi ti oned between them The .connector<$®41 and 442 extend in such a
manner that, at one end and the other end of the novable part 44, they

I ntersect the dicection of elongation and contraction of the displacenent
generating neans at right angles. The first pair is coupled at one end 15
to the fixetifjer thé3manbeat ishtma¢hesd eivd 4 adlheichy st abpaetirer 441, and

t he second L0 S end to the fixed part 43 and at the other
end to theg%%&a Iélgg%%éggoﬁﬁﬁggfnﬁssune here that, at the startup of this

actuator, the 2Ghagiizg meynbet cgeneedtowy prkors Wl firdnd.412a in the

respective pairgnd aeatedy’ skabi ¥sbyl avay; d rﬂeéﬂ%&zw hs_sgaaee%et racted
and t he_di spl acenent ,generati ng neans_41£b and 412b |l ocated relatively near
to the Z- agebezpdl¥ FBaPEES WYiarolanidntian tFeataens. i nln e xadrice

farther a}Nl@BE fch@rrﬁh:beleas. iﬁvéﬁléﬁon,st?téd",atiﬂ h.%dfli}[h‘ﬁ%légaréfibkesérébﬁﬁ 8ses
rotationa in_the ockwi se _direction araoun - axi s. en e-
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order, howdseplliyhetter polavhzatickeftssdtimentofist bardiedl eaenkbnt thener ati ng

' t hat _t rt. 44 d| C rotationally in
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a beam neneeathahtdfey Bei bELFoRIONIA & HWsteQR! b&CtheddfbSesaid thin
sheet form of sintered member.
For coupling the actuator to the suspension and slider,

an adhesive is usually employed. For this purpose, however,

15 it is preferable to use an adhesive that has high hardness
upon bonding to prevent misalignment due to the vibration of
the actuator, etc. Such adhesives, for example, include an
epoxy adhesive.

20 Actuator prototype
An actuator of the structure shown in Fig. 2 was made,

using PZT (where the piezoelectric constant is d3; = -250 x
10-12 m/V) as a piezoelectric or electrostrictive material and
utilizing the aforesaid thick film process.

25 This actuator prototype had a multilayer structure built
up of eight piezoelectric or electrostrictive material layers,
each having a thickness of 20 um and electrode layers on both
sides, and two coverings, one for the uppermost layer and
another for the lowermost layer, ten layers in all (with a

30 total thickness of 0.2 mm). Displacement generating means
were each 1 mm in length, 0.1 mm in width and 0.2 mm in

- thickness, a slit-like hole between both displacement
generating means was 0.1 mm in width, and the displacement
generating means were subjected to polarization treatment.

35 When a voltage of 20 V was applied on this actuator in
the same direction as the direction of poiarization, the

amount of contraction of the'displacement generating means



35 the case with the enbodi mrent shown in Fig. 2. Even in this case, it is
possi bl e to displace the novable part rotationally. -43- The rigidity of
t’he novabl e connectors 441 and 442 in the-plane direction is decreased for
the same reason as nentioned in connection with the novabl e connectors
shown in Fig. 8..5 The operating principle of the actuator shown in
Fig. 9 is the sane as that of the actuator shown in Fig. 2 in respect of .
maki ng usewa$ abeutded |Z2qim andfthehamduspl aﬁedéapl@@@mrmio'@ theans. Wth the
actuator e | h | avai l able
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part diSspl afesedaid  voLEagmaras, aliternatesycaop l‘a P P in a plane of

the af or eSdidpE&l@@theﬂnt kfer@rditing ARadet UdhOEhd stiaen hand gchel ey i ses a
frarreform f. flx %art 43 | whi ch ﬁnclos d . are @V_.@bd;g@&t 44 and

four pairsCbf WHFRPFEERTRNCY A% ﬁegﬁ‘g BAR 2R OMprT set “of two
paral |l el di spl acenent generat| ng neans, i.e., -a first :
Driving control method in the netic head positionin

10 mechanism
A preferred control method for driving a magnetic head
of such structure as shown in Fig. 26 is now explained. The
driving control method explained herein is preferably applied
to the presently invented magnetic head wherein an actuator
15 is overall constructed of a piezoelectric or electrostrictive
material in the form of an integrated single piece. However,
it is understood that this driving control method may also be
applicable to a magnetic head comprising an actuator of such
structure that independently fabricated fixed and movable
20 parts, and displacement generating means are assembled
together, or an actuator that has such assembly structure and
includes fixed and movable parts made up of a material other
than the piezo-electric or electrostrictive material.
A magnetic head embodiment shown in Fig. 26 is similar
25 1in construction to that shown in Fig. 2. In connection with
Fig. 26, it is noted that electrode layers in an actuator 4
are not shown.
In order to make positioning correction for an
electromagnetic transducer element 1 in the embodiment shown
30 in Fig. 26, a control signal for coarse motion and a control
signal for micro-motion are generated by operation in a head
positioning control circuit 7, and then amplified at
amplifiers 81, 82 and 83, so that the amplified signals are
applied in the form of driving voltage and current on
35 displacement generating means 411 and 412 in the actuator 4
and VCM (not shown). This driving voltage in turn causes the
elongation or contraction of the displacement generating



pai r (of displacenent generating neans 41la and 411b), a second pair (of

di spl acenent generating neans 412a and 412b), a third pair (of displacenent
generating nmeans 413a and 413b), and a-62urth pair (of displacenent-
generating neans 414a and 25 414b). The respective pairs extend radially
fromthe novable part 44 at 90 intervals in such a manner that the first
pair opposes to the third pair and the second pair opposes to the fourth

pair. Thﬁﬁnefairiyi;erﬁbé@éﬁElSipnﬂ@@téxédﬂrdma)gﬁé' tdf@nlliﬁehedﬂcéﬁleléﬁant433 and
434 in the,fixe art t hi t uat t
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Wien the ¢ONtT |ng, g di enen genera I'ng means are in
rever3é put 1n operation for positioning the electromagnetic

transducer element. The displacement in the flying direction
is tantamount to a fluctuation in the flying height, and may
possibly lead to a head crash. It is thus of wvital importance
to control the displacement in the flying direction.

15 In the practice of the present invention, it is
preferable to fabricate an actuator by making a sheet-like
member of a ceramic piezoelectric or electrostrictive
material by thick film technologies, then firing the sheet-
like member, and finally providing cutouts or holes in the

20 sheet-like member, as explained above. When the actuator is
fabricated by the shaping of the sheet-like member, there is
no assembly error. In some cases, howevér, the thus
fabricated actuator, too, is susceptible to variations in the
shape and material property of the displacement generation

25 means, and inducing asymmetry in a direction vertical to the
direction of elongation and contraction of the displacement
generating means. In the presence of such variations and
asymmetry, displacement tends to occur in directions other
than the desired direction when the displacement generating

30 means elongate and contract. For instance, it is difficult to
shape the sides of the displacement generating means in such
a manner that they are perfectly vertical to the plane of the
multilayer structure because of various factors such as the
gradual slenderization of the photoresist during sandblasting,

35 sandblasting time and angle, and a hardness difference
between the piezoelectric or electrostrictive material and

the aforesaid coverings. Fig. 27 is a sectional schematic of



order, however, the direction of deflection of the displacenent generating
means is so reverse that the novable part 44 displaces rotationally in the
countercl ockwi se 10 direction. In the -@d®odi rent shown in Fig. 10, it is
noted that one displacement generating means of each pair may be made up of
a beam nmenber that does neither elongate nor contract, as is the case with
the enbodi nent shown in Fig. 2. Even in this 15 case, it is possible to
di spl ace t kam nZahllengainhcladshygotié | Jispldcendit Genedatdngentans 481 and

432 shown i i.g. e.fi copnectors 431, 432, 433 and 434 shoul d
dofl ect 1 n k2 Buckd” 1 KBS (96717 e a Bb, 8RR FFOR TS Bl SHBR 20
displacenenﬁugﬁnhﬂSQﬁmagWnsansrute@romtl#nlaudﬂnanmﬂ@adoﬁanﬁerphés.shomn, .
therefore, gﬂ%@ﬂorre‘ﬂ'i‘itthbbﬁaﬂadgrgaﬁéi)%{/v%]féh A8 833 bndE?‘Ele% E?Q{:d' ty in
the plane direction. It is hefe noted that the structure of the fiIxed
connect ®r s W% HRSPeStANPs SEPRioRe ¢6 thatdigplacemest geseraténg| MRanshe

fixed 25 @anneegidos 2skevr gntfggezgﬁdépgmnﬂﬁy be formed by providipgla f
slit-like hole ip t frame formof fixed part. The operating principle o
the actuator sh i ﬁﬂ%ﬁFeTﬁnFngﬂ%riE&RQeﬂ??%%fﬂﬂﬁ Pﬁ@'éégué 8FsABwn i n

Fig. 6 in tagt. 2fecoopatikesparfispbpteanas: peirt i4dialll, yantin4opher foomed, the
the of ongating. 0o SAa SRt gBher KT S AT e FRCALaRarLybsynmet ri e w th
respectOt o sligetzoge; daverst hacated omdfihe sigles,dasphateofr coverings| y.
However, tR@1-2 and 411-3 with the displacement part 411-1 sandwiched
therebetween, and a pair of coverings 412-2 and 412-3 with
the displacement part 412-1 sandwiched therebetween. A pair
of cdverings (411-2 and 411-3, and 412-2 and 412-3) in each
15 displacement generating means have the Same thickness, but
differ in width by sandblasting. With the elongation and
contraction of the displacement generating means by the
application of voltage thereon, there is also a displacement
in the stacking direction due to a width difference between
20 the upper and lower coverings between which the displacement
part is sandwiched. Here consider thejcase where the
displacement generating means 411 and 412 have such a
sectional shape as shown in Fig. 27. Upon the contraction of
either one of the displacement generating means shown in Fig.
25 26, the electromagnetic transducer element 1 displaées not
only in the direction shown by arrows in Fig. 26 but also in
a direction of -2, i.e., the flying direction.
To explain the displacement in the flying direction,
suppose the position of the electromagnetic transducer
30 element 1 with no voltage applied on the displacement
generating means to be indicated by 0. Consider here the case
where the displacement of the electromagnetic transducer
element 1 from +Ll1 to -L2 in the X-axis direction in Fig. 26
is continuously carried out by the application of voltage on
35 the displacement generating means. Illustrated in Fig. 28 is
a relation found at this time between the displacement of the



act uat or enbodi ment shown in Fig. 10 is nore preferable than 35 that shown
in Fig. 6 because higher rigidity and larger driving force are avail able
due to the fact that the novable -4be4part is supported from four
directions, and nore displacement generating neans are used. The actuat or
enbodi nents shown in the figures nentioned above, the fixed part extends
within the plane of the 5 actuator in such a nmanner that the displacenent

gener at i ng:IayoneRfhavivairangautedr 616A6hOSEdin U of-a5ieh d rbkcaienf or m of
fixed part es an easy-to-handl e actuator possible. For instance, when

the actuat®Bt |:§Wﬁw pped as by a pincette, it is possible to avoid damage to
t he di spl acemerﬂ‘o gﬂrﬂematuhcg alegtsoh8ghet aasteramedicame Jmxeanton cn:fo the fixed

part can %‘b@%ucjﬁs% ofis E'iﬁcEfnéHE 0 830y faxed dag a%' %‘B]o | but es

to reducti ons damage t e actuator due to runaway, ition,
si nce Pher®lgs 2 |Ct?é'¥sé§l§§ hﬁrﬁh§hsoﬂ@|$ﬂgw1@@1é% Wl teesd 1f30|alﬂ'—|e>¥‘rlﬁ§eﬂbre

actuat or tapilied dSidh ¢esPedbite 82861 Merdr e Wdbratidaeablse WA h ease

d nounti,ng ,operations. Furthernmore, the fixéd part is coupled

of bondi ng ,an
to a thi ngg??é'etcafsc?r'm’&f is,EEHAFSH, CAnPREY (PR q'}fegl%st%;aﬁ’ﬁmﬁﬁ@ juncture can
be i ncr eagpsherdilng teanisi ¥ad pavbltageashowing udf & edrindeativat-or 20

enbodi ment,s ias, HeglAe36! Hagd 3900100 SRUUY 89n8] ¢ is requirea

10 to apply on the displacement generating means 412 a voltage
showing such a change-with-time as shown in Fig. 29B. It is
noted that the applied voltage, when its direction is equal
to the direction of polarization of the displacement
generating means, is marked with a plus sign. Upon the

15 application of voltage V1 on the displécement generating
means 411, the electromagnetic transducer element effects a
displacement of +Ll in the X-axis direction, and the
application of voltage V1 on the displacement generating
means 412, the electromagnetic transducer element 1 effects a

20 displacement of -L2 in the X-axis direction. Thus, the
displacement generating means 411 and 412 contract
alternately, so that the electromagnetic transducer element 1
generates a displacement from +L1 to -L2 in the X-axis
direction.

25 Then, consider displacement in the flying or Z-axis
direction for each of two displacement generating means. The
change-with-time of voltage applied on the displacement
generating means 411 is illustrated in Fig. 294, and the
displacement part 411-1 contracts on the basis of this

30 voltage. On the other hand, both coverings with this
displacement part sandwiched between them do not contract
because no voltage is applied thereon due to the fact that
they are not sandwiched between electrode layers. This is
also true even when the displacement part is made up of. the

35 piezoelectric or electrostrictive material layer. However,
the coverings, because of being in close contact with the

displacement part, is deformed incidental to the contraction



frame form of member in which the displacement generating neans and novabl e
part are conpletely enclosed, it is understood that any formof fixed part
may: be used, provided that it allows disf#acement. For instance, it is
acceptable 25 to provide a cutout in a portion of the fixed part, if
required. Alternatively, it is acceptable to use a non-frame formof fixed
part, as can be seen froma specific enbodinent that will be described with
ref erence tef Rihg diksplacementapauat orTlehewvening ¢dl-2, sBown, i5, FHg. 8279,

d 30 10,; r igﬁg%i =] nmgnber
?grrred of al%%%érgfé&%%ﬁ?}%e}agc?%sgrlg{%e ma e%eglc'%t@%%ﬁgpjmﬁ?'%gsfixed
part 43, nRaHIng parkeletiyedyatlargasvidue. bdameordipely . f sporobhRect i ng t hem

toget her ascoHtrdHtaHrAlsTd thien@h 8pPheeRent! S&tt el 113y bR #oVab2empdren at
ortion of at asf one in sych a nmanner that the

Lleg?\tgafggn%gﬁdﬂﬁﬂt% Reiis P:ﬁ‘gyebfl '6ct§re {nﬁng?niié’el'{ji%ﬁlﬁﬁ df onkecting the
fixed and rdivsdteiqar t oAdegquently, tites @Jlséctronﬂgnegﬁgstégé?fdig??gn o the
i bl aconori B 21 Moo HBo1oRE0 drPIe T A Ry aohe B ST S aces
circul arl y,time aaff dihe lelestromagnet yic witdnsdspse teiemenite 1f iixmedthpoZtion in 5
the plane ofxidiesaldasal, dyalen! cbikespBARS to RHP Uiley Gb1khgel nvention
wherein the actuator is |ocate . _

10 shown in Fig. 29A, is graphically illustrated in Fig. 29C for
instance. In this graph, the maximum value of displacement in
the -Z direction is supposed to be Zl. The smaller the width
difference between the upper and lower coverings with the
displacement part sandwiched between them, the smaller is Zz1,

15 and vice versa.

Similarly, a change-with-time of displacement of the
electromagnetic transducer element 1 in the Z-axis direction
upon the application of the voltage shown in Fig. 29B on the
displacement generating means 412 is graphically illustrated

20 in Fig. 29D. When, for instance, a width difference between
the coverings 412-2 and 412-3 in one displacement generating
means 412 is smaller than a width difference between the
coverings 411-2 and 411-3 in another displacement generating
means 411, the maximum value 22 of displacement in the -2

25 direction is smaller than the aforesaid Zzl.

Accordingly, when the voltage shown in Fig. 29A is
applied on the displacement generating means 411 and the
voltage shown in Fig. 29B is applied on the displacement
generating means 412, the change-with-time of displacement of

30 the electromagnetic transducer element 1 in the Z-axis
direction is the sum of that shown in Fig. 29C plus that
shown in Fig. 29D; that is, it is illustrated in Fig. 29E. As
illustrated, the maximum value of the magnitude of
fluctuations in the Z-axis direction displacement is Z1.

35 When, as explained above, the displacement generating
means has a multilayer structure wherein a displacement part
that elongate and contract upon the application of voltage



on the side of the slider An actuator shown in Fig. 11 conprises two

rod-1i ke 10 di spl acenent generating neans 41 for coupling fixed and novabl e

parts 43 and 44 together, with the si de2%vf the novabl e part 44 bonded to

the sides of a slider 2. This actuator is simlar in construction to the

actuator shown i-n Fig. 2 with the exception that the fixed part 43 is not

ina 15 frame form In an actuator enmbodi ment shown in Fig. 12, an actuator

is built Uphesien ANdke@ PRLE 25, caverimgAvithdhe USRIeOPIEad RRIEI ps of

Z \g/o rTﬁd-l 'é&ﬂiﬂi@%&@{eeﬁ%%ﬁéﬁt !taEQ ﬁ@é’é‘lﬁeéﬂlt &H&th Re & _@H‘rb]?@ifahxedt part
: e respective nmov e parts 44 are coupl ed a pair of opposite

si des of t tﬁqaéertoz tﬁ%ﬁ ?&éﬁe-a°ﬁaﬁné?-51ﬂ‘fﬁ?&c‘ﬁ‘g éﬂis@’g'facfgﬁegtséﬁdﬁgghed

bet ween bairdlyigpicatarehtingeher afongsabdnsertidel tdiaeentiodi, mént.shamwn in

Fig. 2. this i K use oft.the deflecting.dis epen t he

di spl aéemt:tn € %&%@éeﬁéﬁé’ %Btvmhﬁcglﬁaté?secats’rc‘)” glriet %il%rgﬁs Ltlfgliér

el enent 1 mikgs ddiengeaid/emlitel gharactaei enbosliokite Wiskeimedibm worgator is

| ocated ontd j Lfs Li,ger int nis thinner than the slider,

as iIIustrr%ar%eg. i!Oo%r?f)sec:fue%ﬁ%, lu?tE s %ﬁ??ﬁ%f@fﬁa the 30 thickness of the

magneti ¢ head MRERNGE ¥ ingr coREradt EiﬁF’é‘Pgn%%P% qfteendElddfon t h t he
di sk nmedi Whe MhEOMdASES f1hbeuativat Oh PRy PBredireetdbnl arger than the

flhiedgﬁ_aiend#ie%ré%q&jn}%}&ir %1 S?’? l@%‘gg‘égnégls case, the actuator is |ocated on
In the embodiment shown in Fig. 26, and 27, the :
displacement of the electromagnetic transducer element 1 in
the X-axis direction takes the form of an applied voltage
. difference between the displacement generating means 411 and
15 412. To bring a change-with-time of displacement of the
' electromagnetic transducer element 1 in the X-axis direction
in conformity with that shown in Fig. 28, therefore, it is
preferable to bring a change-with-time of voltage applied on
the displacement generating means 411 in conformity with that
20 shown in Fig. 30A and a change-with-time of voltage applied
on the displacement generating means 412 in conformity with
that shown in Fig. 30B. The voltage applied on the
displacement generating means 411 is the sum of a direct
current bias voltage Vbl plus a voltage applied for
25 controlling the amount of displacement (the latter voltage
- will hereinafter be called control voltage), while the
voltage applied on the displacement genérating means 412 is
the sum of a direct current bias voltage Vb2 plus the control
voltage. In Fig. 302, and 30B, the control voltage added in
30 the displacement generating means 411 and the control voltage
added in the displacement generating means 412 are determined
in such a manner that their absolute values are always the
same but their signs are opposite to each other. In other
. words, the sum of the voltage applied on the displacement
35 generating means 411 plus the voltage applied on the
displacement generating means 412, i.e., the total sum of



35 possible to reduce the thickness increase of the magnetic head by a size
A at which the slider 2 and the actuator 4 overlap in the thickness-w se
diTection (see Fig. 13). -47- In the-éttuator shown in Fig. 11, and 12,
too, the fixed part. 43, novabl e part 44 and di spl acenent generating neans
41 are fornmed as an integrated single piece by providing holes or cutouts
In a sheet-like nmenber fornmed of a piezoelectric 5 or electrostrictive

mat eri al . Epbpehdantgopliddon ruendisplibenent) gdteriiig afedns liscated in a
space fornmed by a ste rovi ded_on slj.d Referring to Fig. 14, cutting
or the li kead]r"éa/%e% CE‘%’%% 3\?1988 éf’gieﬁ @REL back surface of a cuboidal
slider 2 in suchlit hammmred Hitatt leedizetef tuarenvrbiamsivaliagd drs ttee

formation o e i r aps . t A, ; r-4is
| ocared w iy ave 3y, WRBRacT ol BESPUEREL S fIRN o (A aidpIadRR

ef fecti e foenexafuihdnasns t fisc RAzsadysmentiere@- of the magnetic head due
to the provisionpgf &dh asf URIP'GispNEcEREHE! §Enbher 1S Snétnd hardd der as

well. Referring then_to Fig. 15, .two steps,are provided on a hack surface
of a slidercsifiRr HFRIAGIGRE A8 RS TLPLRE 24 726t BF§GFien. Just
subst ant i al 1 k& ettierafursddaion epbotiifiehack Rfppisd degeofthbltesakhder 2. An

actuator 4 451968l ok | P 5P35G7 30d ke TR UL UpySUSR A (G Y have

10 displacement generating means 411 and 412, respectively, for
their independent driving. Then, changes-with-time of the
electromagnetic transducer element 1 in the flying direction
are those shown in Figs. 30C and 30D, respectively. The
center value of fluctuations in the Z-axis direction

15 displacement is shifted by the amount of displacement Zbl,
and Zb2 due to direct current bias voltage, and so is -Zbl,
and -Zb2, respectively. The magnitude of fluctuations in the
displacement of each displacement generating means in the Z-
axis direction is then given by Zl, and Z2, respectively,

- 20 cdrresponding to V1 that is twice the amplitude of the
control voltage.

Accordingly, when the voltage shown in Fig. 30A is
applied on the displacement generating means 411 and the
voltage shown in Fig. 30B is applied on the displacement

25 generating means 412, the change-with-time of displacement of
the electromagnetic transducer element 1 in the Z-axis
direction is the sum of that shown in Fig. 30C plus that
shown in Fig. 30D; that is, it is shown in Fig. 30E. The
displacement fluctuations shown in Fié. 30C, and 30D,

30 respectively, result from the control voltage alone, and
displacements due to the control voltage are set off because
of their opposite phase relations. Thus, the magnitude of
displacement fluctuations in Fig. 30E is given by a
difference between Z1 and Z2. When the amplitudes of

35 displacements Z1/2 and Z2/2 are equal tb each other, the
magnitude of fluctuations is 0, and the center value of
displacement fluctuations is the sum of displacements -Zbl



menti'oned concerning the enbodi ment shown in Fig. 14 but is also inproved
in terms of mass balance, and so is nmore preferable for displacement
characteristics. 25 Wi |l e the actégat or enbodi mrent shown in Fig. 2
has been used in the enbodi ments shown in Figs. 14 and 15, it is understood
that use of other actuators nmay al so be acceptabl e. Enbodi nents of the
“invention wherein the suspension is 30 |ocated between the slider and the
act uat or \\agid pahlt geniergtefebat dbredts ¢u¥ﬁenﬁnhiahyvs®tagbsg arlmeagnet i ¢

head by regns of YEM oLt 1300boPLEISL AlLE JNALINGLE LS AaRR3ei Bhal ance

between th lrﬁﬁer ower SBur f of a suspen5|on becaus
undi st ur begquadd tst gbkch Qshgperamdomt ofeas ts|dntemajys beozexohpevad due to

di stort! on:QeaFRnyo108601 dliged 0.2 uFRGNCHSE, Neadignbadkorat SheUNLAS Fig.

16 wherein an actuator 41s |l'ocatéd on an uppéer surface of
suspens? on &3 VadFages engegho tospreveredtf qnﬁﬁﬁﬂéb@FF&EBaGFOPthsuspens|on
3, the afo&gggqubmaghance Is so elimnated to such an extent that the

stabl e operation of t er 2 is ensured. i.,n _thi di ment, the
Tmas of Lhe nct b crelaited ahoke: nSeaEe ainsat i G ERRlEFERhy, ('S
t hen possi kife the sllwﬂ:ammaghéylel tnamsdecdhee laranes di dni khel dresibecause,

as i 11ustr el f 9 1he LORCGILE el ALK 1Gr0LAVBIEUSEULS the

conprising's and actu 'S posI
10 dlsplacement generatlng means 411 and upon the application of

voltage on the displacement generating means 412, it is

possible to control the magnitude of fluctuations in the

displacement of the electromagnetic transducer element 1 in

the Z-axis direction by keeping the total sum of voltages
15 applied on the displacement generating means constant.

In this connection, it is noted that the displacement of
the electromagnetic transducer element in the Z-axis
direction has been explained on the assumption that when the

_ amount of displacement in the Z-axis direction varies at each

20 displacement generating means, there is no distortion of the
movable part. In an actuator fabricated by the shaping of the
sheet-like member, indeed, its movable part is most unlikely
to be distorted even when there is a difference in the amount
of displacement in the Z-axis direction between each

25 displacement generating means. However, even when the movable
part is distorted, the advantages of the aforesaid driving
control method are available. To minimize influences of the
distortion of the movable part, it is preferable to locate
the electromagnetic transducer element 1 at a substantially

30 central position of the side of the slider 2, as shown in Fig.
26. .

The foregoing explanation has been made on the premise
that the actuator having the sectional shape shown in Fig. 27
is used; that is, the displacement of the electromagnetic

35 transducer element 1 in the Z-axis (flying) direction occurs
in the direction of -Z. However, wheh the sandblasting
direction, for instance, is the direction of -Z, the



the Vicinity of a line extending fromthe surface of the 10 suspension 3.
Thi s “enbodi nent may be applied to other actuators as well. In the

etbodi nent illustrated, it is noted thaf®o provide a space for receiving
the suspension 3 between the slider 2 and the actuator 4, a projection form
of connector 15 -2a is integrally provided on the back surface of the
slirder 2 for bonding to the actuator 4. Cenerally speaking, it is,

pr ef er abl etrappreifdd sheabe alprepetciaropiotheofisnlagenent | genera bk

surface of mbhgsskbdehvars@std | tnit Iatfh i Fig. 34, LBersby esbieving a
structure in which the slider and 20 connector forman integrated single
pi ece. HofidvBracemept gf sbherefeqtmadnsetise tLXANSABERENBLFFR bR cCER?

simlar ingzshape BorbbeicANSECHs :i|2'ﬁ siaC:4 diht@cmibaosgl oz.cq?xr&ri nigh tdrelssl i der
and actuat gr _together. Alternative LI .1 s,accept .to fo connect or
2o i [1 (Rt r SPES" ohoPhe hcttardresrtanh sy friso FifichtaFasie gF obie 247
al ternativekis direstiovepisplacenmenisean per coonrollefiecbyuspenst othas a

connect or, 533 Wkl aber 0951 D5GL ML hdial SteoLEnFEde direEpbodigents of

the inventi erein the actuator is coup o the gi part of the
suspensi on tBeu&LLFEUaLPRABaYaFR%ani sm such as a flexure is nounted in the

vicinity of a tipeOkmbbaifEfibsNGesdr iedldPWartavel Beknt 8xp0hiAYE on
[}t U1 OBl Bthep Bl oge,of AL ch S Ledhu, St excipl oLy, appl ot ons
mechani sm diepilbktest (awing) nifri gee X-@kisl BAre2@Aoandt24Aconstant
amplitude and a constant period. When the aforesaid driving
control method is employed, however, it is unnecessary to
keep amplitude and period constant. In an actual HDD, the
15 amplitude and period of displacement of its electromagnetic
transducer element are variable because the electromagnetic
transducer element displaces in such a manner that it follows
given read/write tracks on a disk-like medium.
In accordance with the aforesaid driving control method,
20 it is necessary to add the control wvoltages having the same
~ absolute value but opposite signs to the direct current bias
voltage Vbl, and Vb2, respectively, to generate driving
voltage. - However, such driving voltage can be easily
generated by the positioning control circuit 7 and amplifier
25 8. The aforesaid driving control method has an additional
advantage of reducing loads on the positioning control
circuit 7 because only the'operation of one control signal is
needed.
The aforesaid driving control method is also effective
30 even for an actuator having more than two displacement
generating means. Fig. 31 illustrates an embodiment wherein
four displacement generating means are used. To consider the
operation of this embodiment, now suppose the displacement
generating means 411 as already mentioned to be divided into
35 4111 and 4112 and the displacement generating means 412 to be
divided into 4121 and 4122. Then, suppose one pair of
displacement generating means 4111 and 4121 and another pair



-49- *A conventional suspension 3 having a flexure 31 coupled thereto to
forma ginbal part is illustrated in a plan schematic of Fig. 18A and a
stde schematic of Fig. 18B. In an enbodi’®ent shown in a plan schematic of
Fig. 19A and a side 5 schematic of Fig. 19B, and in an enbodi ment shown in
a plan schematic_of Fig. 20A and a side schematic of Fig. 20B, a
punched- out groove is provided in a suspension 3 as by etching to forma

gi nbal par bf3Bisphaecembat gaseratingatesmtsnrdld 2 sandodpRad trespeetgvebml part
in the sus Si [ i rha rt.can perform
its gi nbal H‘?lt%ncstgﬁloﬁfi %ogggg?\%i %ﬁ%lr%%&d%s‘ﬁégtr{e% %ggiggnb%a??regr'\?s enabl e t he
gi nbal par inveribbdebali stpr tibas #nd 39 ddwedoferesue@fbyol BaIeS! | owi ng

not i on of TaB?_l%hd%h %&hdiﬁ?P&sémé& tdhen s tigee mebnkhesdi ska pRgbLE 2SO
that the application of harnful external 15 force on the actuator can be
avoi ded® r &8 TR in i nprovements in the ability of the actuator to

di spl ace, and t hehemoatli thiy 6ot dbspldddiait gddertitdng meahseabedi ment s

can have nESRSr gEaf By SFHOPREBE OB TR EHY-56 VRiroERs dhr ERCTond ol ¢ he

slider 2, wontrbieféubbdationssimwrhe rdismlackiinseofgtheseleceferred. Wen

L2 pcusPeniReRy SahREkPUElofgld UG ool Bhytath 208
10 again required that the total sum of voltages applied on the

displacement generating means be kept constant at any time.

Assume here that the voltage applied on each displacement

generating means is the control voltage plus direct current

bias voltage. Then, the total sum of the aforesaid control

15 wvoltages is zero.

It is noted that the number of displacement generating
means is not limited to an even number such as 2 or 4, and so
may be an odd number.

The foregoing explanation has been made on the premise

20 that upon the application of voltages of the same
polarization on the displacement generating means 411 and 412,
displacements in the direction vertical to the direction of
their elongation and contraction (in the aforesaid zZ-axis
direction) are in the same direction. For this case the

25 aforesaid driving control method is most effective. Therefore,
if the displacement of the displacement generating means in
the Z-axis direction is unavoidable, it is then preferable to
fabricate an actuator in such a manner that at least the
displacement of each displacement generating means in the Z-

30 axis direction is in the same direction. When an actuator is
fabricated by the process as mentioned herein, it is
difficult to eliminate the displacement of displacement
generating means in the Z-axis direction, but it is easy to
control the direction of their displacement in the Z-axis

35 direction (bring the directions of displacement of both
displacement generating means in the Z-axis direction in
alignment with each other){' That is, if sandblasting with



slider and the actuator. 25 I n an enbodi nent shown in Fig. 21, a
slider 2 and an actuator 4 are located in place with a ginbal part 32 in a
suspensi on 3 positioned between them TFhls ginbal part 32 is forned by
provi ding a punched-out groove in the suspension 3. By the provision of the
punched-out groove, the ginbal part 30 32 is provided with a T-shaped :
cohnector. This connector is nade up of a support portion 32a that
correspondSeépecatvmtdia:lldwinewt tefekatirg neams is mrﬁHegumm to the

i mbal arg nnect i orton32 hat [1.espo
tglrangvelros; ec% org ‘TCJ%H g-‘?‘el'.%%lf%écé hnec?] %hgoal’(?g%attoégbf %Qg‘g" qbonded on
the front Bigle 2@ by mheimaelqm.lalsungwhahengc@ﬂaa osheetarkikem membegaae si de
to the sl 'é‘;‘?ﬁl%hne'f&'f‘ahﬂd\% d'%ﬁé %go‘i:Q atdPaLILiRg" ét’i:diffcfa‘%ﬁsed I n

such a _manner i'sp acerrent 0 Jﬁe rmva e part 44 occurs

in an &ndi SkeR b@&%ﬂﬁ@osﬂw@%ﬁﬁéé’ﬁﬂhgbﬁ6@$%rﬂ°‘3@b dipRrIAcEmS™ Y odi nent i s
regarded agemeratinfly ifdhhd havreSmath wher Samé sﬁaﬁér&ﬁﬂ it theeadd e part

44 dslid 2 d th d t f it esent
Hventi on BreeantEER 1 o b JoRRaPaBEs or ST a e o ko T2s oth L Pl Spgnent
unnecessargerher&@mgaaﬁeamaamagrnhect:bugladr;—,ootahéZf)utéd tgeertgidtbandaitie 32 by
t he suppor@ &Qﬁfé %@g&lwgggs, t é@@ﬂﬁﬁ%ab&% tgnlgﬁgge only

t he connecti ng por |on Ween
case, the coupllng directions are controlled the aforesaid

driving control method can then function effectively..

While the driving control method according to the
present invention has been explained with reference to the
magnetic head of the structure shown in Fig. 26, it is

15 understood that it may also be applicable to the actuator of
the construction shown in Fig. 3, 6, 8, 9, 10, 11, and 12,
respectively, for instance. '

In the embodiment shown in Fig. 26, the displacements of
the displacement generating means 411 and 412 in the Z-axis

20 direction are often in opposite directions upon the
application of voltages of the same polarity thereon. Even in
this case, the magnitude of fluctuations in their
displacement in the Z-axis direction is unlikely to increase,
if the aforesaid driving control method is employed. Such

25 opposite displacements in the Z-axis direction, fdr instance,

' may be caused when the sandblasting direction varies for each
displacement generating means during the aforesaid
sandblasting. Similar opposite displacements in the Z-axis

. direction may again occur, when between separately fabricated

30 displacement generating means there is a difference in the
direction of coupling them to the fixed part 43 and the
movable part 44, respectively. An account will be given of _
the application of the aforesaid driving control method to an
actuator in which opposite displacements of both generating

35 means in the Z-axis direction occur.

Here assume that the voltage shown in Fig. 29A is
applied on the-displacement generating means 411 and the



10 slrder 2, as in the case of the connector 2a in the enbodi mrent shown in
Fig. 16. In the practice of the present invention, inter- connections to

t he«actuat or and/or the el ectromagneti c-tzansducer el enment are preferably
cdarried out by providing a 15 conductor pattern on the suspension. In the
enbodi ment shown jn Fig. 21, four interconnection patterns 33 to be
connected to an el ectromagnetic transducer elenent 1 are fornmed on the

| ower surf ags1 gd %&msmﬂm@n 238 Eﬂbéﬁﬁﬂﬂéaso@ftﬁémiimmwmerei n
t he amount of di st{)J acement i nplified. T

e armunt of _di nt (t
amount of cHTRTIERLT WA aceﬂ%ﬁ? g MAHS Us: S)fggﬁg s@m gy
i nverse pi etlte dismslademeaft eft the euectroraagmetmyetmrfmiucers alemensmdl | . In

25 the pres e b pafqt i [ ed
maki ng use o n’%}héer%e ecﬁlgfr%%\(@\égh \c,i\g‘fg?ace ggéelﬁrérg{ll ngszrrzr(ia?fgI ﬁ:lt
possi bl & t onaealreurs Hea Jarasu et msmgpleusahem bhe aZ Jasiet e dedringe ooRe

sl i der a”dot%ﬂ'@ AP Lt idd iE FRMeBLE. Bﬁré {'%Pé‘ééﬁ?érﬁf Jgdr@dh@@finghan the

30 anount el ongati on and contraction of spl acement generating
means. I n J¥ESwords, the actuator itself can have di spl acenent enl argi ng
function. When tABsotxedlse Fiﬂfatt dﬂtﬁpkr@qeagéi EhoWarily migr@axiienally in the

Phe 35 di SRR EHBR bt S CERRR G PR T HTE TUCES o e BP%al | ovi ng
t he nowabl wqahtdgarsh@mcm cﬂmgnéDBcz.sr appliiedrom| Brerdispd drarendn
appropri at ;oS4 d Oy rilfld 912 BYTREED the magnitude of fluctuations in
the displacement of the electromagnetic transducer element 1
in the Z-axis direction is given by the sum of the magnitudes
of displacement fluctuations upon the separate application of

15 voltage on each displacement generating means because the
fluctuations in the displacement of each displacement
generating means are generated by the control voltage and the
displacements of both displacement generating means in the Z-
axis direction are in the same phase.

20 In short, when the displacements of both displacement
generating means in the Z-axis direction upon the application
of voltages of the same polarity thereon are in varying
directions, the maximum value of the magnitude of
fluctuations in the displacement of the electromagnetic

25 transducer element 1 in the Z-axis direction upon the
alternate application of driving voltage on each displacement
generating means is the same as the maximum value of the
magnitude of fluctuations in the displacement of the
electromagnetic transducer element 1 in the Z-axis direction

30 when the total sum of driving voltages applied on the
displacement generating means is kept constant. In any cases,
therefore, the maximum value of the magnitude of fluctuations
in the Z-axis direction displacement is most unlikely to
become large according to the aforesaid driving control

35 method where the total sum of driving voltages applied on the
displacement generating means is kept constant.



di spl-acenent enlargenent, it is possible to bring the anmount of

di splracenent of the el ectromagnetic transducer elenment up to practical

| eyel s. Enbodi nents wherein the actuato¥734self has displacenent 5
anplifying function, for instance, are illustrated in Figs. 2, 4, 5, 6, 8,
9, 11 and 12. An _actuator 4 shown in Fig. 22A is an enbodi nent of the
present invention wherein the actuator itself has displacenent enlarging

function. H f&ﬂﬁﬁﬁdl ardhadsi de schenati c,
respectively. | n_Fi

| e actu wn . 2. 1h act
i|lustrated has &P rﬁﬁ)%{ﬂté’r é’%t %E?E gFEﬁ':’éﬁygla‘?"gbl l%é Q{ahen}?e ‘ection
of a beam regthey PZQSS(Nﬂmrieelthet paezoal gcrixc m@mmm dgenera%ﬂgxrreans

4L contractsip BoydTRUN, RleLOdAGIIOR ﬁeléétrhgitkﬁcw@e RRESEDLE 4iu make

an anount di spf aceneén m)va art IS a juncture with
the sli8er utiljginchdahe kdoxesand bhl@bnf—l:bmt@@?%s 1t is noted that the

amount of di spl ageueiiealdiSeiDuhlue eakyed dstiustiohe tiA AT AT that of

an el ect romagnet I C transducer el enent | pst ance consi der t

case where $BE ci?’s?ﬂ%‘?tlcgéﬁele&??ﬁ§°ﬁ‘é‘é+ﬁt‘a‘f% I‘Ftrﬁ"m REYSES, 62F mﬂ in

Wi dth and Oazd-iAg id) tHiidKHess ofa28l - én&eeh@d:tel:ditﬁ viegrerishem | ‘b@t@x 1 mmin

i dt h, d th f f th hi
Case,  the R il SR SOURBADODY TR RoboBre RRTTI e

10 another for the lowermost layer, ten layers in all (with a
total thickness of 0.2 mm). Displacement generating means

were each of a trapezoidal shape in section, and 1 mm in
length and 0.2 mm in thickness, covering width was 0.05 mm at
least and 0.15 mm at most, the pitch between both
15 displacement generating means was 0.2 mm, and the
displacement generating means were subjected to polarization
treatment. _
When a voltage of 20 V was applied on this actuator in
the same direction as the direction of polarization, the
20 amount of contraction of the displacement generating means
was about 0.2 um and the displacement of the movable part in
the X-axis direction was about 0.5 pum, and when a half-wave
sine wave form of voltage of 0 to 20 V was alternately
applied on both displacement generating means, the
- 25 displacement of the movable part in the X-axis direction was
about £ 0.5 um'and the magnitude of fluctuations in the
displacement thereof in the Z-axis direction was about 0.1 um.
On the other hand, when voltage was applied on the two
displacement generating means, said voltage having sine waves,
30 in opposite phases at an amplitude of 10 V, superposed on a
direct current bias voltage of 10 V, the displacement of the
movable part in the X-axis direction was about * 0.5 um, and
the magnitude of fluctuations in the diéplacement thereof in
the Z-axis direction was reduced to 0.01 um or lower (lower
35 than the limit to measurement).
The_above'results clarify the advantages of the present
invention wherein when the actuator is in operation, the



25 its displacenent in a direction intersecting at right angles with the

| engt hwi se direction of the displacenent generating neans) is about 0.5
[érr]mor, in another parlance, the magni4ication of displacenent is about
2.5. In Figs. 22A and 22B, arrows indicate the direction of contraction of
the 30 displacenent generating neans 41 and the direction of displacenent
of 'the novabl e _part 44. In an actuator enbodinment with the rotationa

di spl acenetet@l suHoPEbrelpages agpplind a0 \theholisplacemgntigenbaatihe
anount of ﬂggggaqgnﬁgbtothggaﬁ@vggI5h§wg§m4§ | arger 35 than the anount of
el ongati on and contraction of displacenent generating neans inplies that

t he anobunt of displacenent of the novable part in the vicinity of a
juncture with the -52- displacenent generating nmeans is larger than the
amount of elongation and contraction of the displacenent generating neans.
Enbodi nents wherein the novabl e part displaces 5 circularly or rotationally
while the anount of its displacenent can be nmechanically enlarged or with a
mechani cal |y enl arged anmount of its displacenent are shown in Figs. 2, 3,

4, 5 and 6 (illustrative of rotational displacenents) as well as in Figs.

9, 10, 11 and 12. Wen the 10 novable part displaces circularly or
rotationally, the



el ectfomagneti c transducer el enment displaces circularly in concentric
relation to the displacenent of the novable part ' l|s coupl ed
to the novable part in such a manner that5the rah“ll“lﬂmﬂ“nwﬂumof

circul ar displacenent of the 15 el ectromagnetic trahsducer él effent becones
| arger than the radius of rotation of circular or rotational displacenent
.of the novable part, it is then possible to make the anount of displacenent
of the el eTHAFWE QLAIM (Tfsducer el enent | arger than that of the juncture
bet ween the slider and the novable 20 part. Fig. 23Ais a plan schematic
illustrative of an enbodi nent wherein a juncture between a novable part 44
and a slider 2 ik-at PareadVwrhef headheeorndyisine |a ligeggpeevdderanddbcer

element 1 tharetdect 18 cS hPaRsiicEbJelerént a0 4 bptidRl sacthsicde _
schemati_c of that enbo |m341t. tBl\é make a 25 distance of the el ectromagnetic
fe SCEREEF18

transducer ¥t HEMEHCE G P/ cVRRERER* di spl acement | onger t han

t hat of the novakdidpslideld izs ssipportedt onsspbdssbspehsi omkeiarnsaibunt of

displaceneg;céﬁégogfua el ectromagneti c transducer elenent 1 |larger than an

amount of displacenent B of the novable part 30 44. Assune here that the
size of the actusebd actuator gepadsesae Sipedi pavtwi 2 Meeklemart arr g.

22A. 1T, foge i NedAN08yo tﬁ'éf‘anp(ih%h&)bg%o?ért BEnhEBELA & DRE VEBRd hgrovabl e

part 44 and the slider 2 is space nm away fromthe el ectronagnetic

transddfer BPERRIR Ea}r‘i%é:ofﬂﬁFglﬁF'oﬁtdiL§§F5c‘éﬁ%n‘?f S3id dpiR toepn meEmbars eg

as | arge ashiawingreulisplfadénpltagerefbtBng means that elongates and
contracts by inverse piezoelectric effect or electrostrictive

effect in a direction of connecting said fixed part and said
movable part, and said fixed part being fixed to said:
15 suspension and said movable part being fixed to said slider,
upon elongation and contraction of said displacement
generating means, said displacement generating means deflects
and said movable part displaces linearly, circularly or
rotationally with respect to said fixed part in a plane
20 defined by a sheet-like member, and said electromagnetic
transducer element or said optical module displaces in a
direction of intersecting recording tracks on a recording
medium in a linear or circular orbit, and
said fixed part, movable part and beam members are
25 formed as an integrated single piece by providing a hole
and/or a cutout in a sheet-like member constructed of a
piezoelectric or electrostrictive material. '

2. The read/write head recited in claim 1, wherein said
30 actuator is located on a back or side surface of said slider.

3. The read/write head recited in claim 2, wherein said
actuator is located in a space formed by a step provided on
the back surface of said slider.

35 ' '
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-53- Details of the actuator An actuator shown in Fig. 24 conprises a frame
formof fixed part 43 simlar in construction to t mllﬂ“H“\nlﬁ.ﬁl|t|‘El , and
two-holes in the fixed part 43, which argéfilled mn |IIer
46 in such a manner that it is confined in a plane df the" actuat or.

filling the flexible filler in the holes as illustrated, vibration- danplng

effect is so achi evabl e that adverse influences such as resonance and
extraneous harnfyl 10rhe/idda@l/weiteORhehlieraci tiéd oin caity kmeawd ddaimsl i

addition, the nical str t.h, and |rrpact nc f t.yat or can
be i rrprovedtBeg‘gtu‘r";ﬂi(il CTRE? 3 ‘gc‘%ﬁpeerpfﬂds Gyma! ﬁg%gé{:g)ét%?g %@ r%?ig%%

t oget her byeabkr btharbivithisdid suspansdoanisaddweohed htherepefwegn 24,

el ectrode |l ayers are 15 built in displacenment generating nmeans 41. In this

enbodi ment, the end faces of the electrode |ayers are exposed on both sides
of the & spl acenBnt Mrﬁﬁdf@rﬁ@&nbeﬂ@ rpgitedrinsamn gie e RS dde

| ayers can pg gr eMﬁ@%éﬂnb& duis @%%p%h%l@ﬁvﬁéeﬁrwiaved hﬁliﬂi €a<l bl e
filler. Prefera Iy, Ie bIe fill,e g ﬁF h ge reS|st o
el ect r o- er o8iBRaL Iﬁe'f‘h%r Etd “angt t?é‘lﬁié efieTi Fﬁe P+ oW ?ts‘lué aa"f%
accept abl e kaidl i:écbhalﬁc_t; emédien f idddersaid erityacoe hel ecuplédiecactaial or .

Accor di ng tolég ﬁ gﬁgdlnent wherein the flexible filler 25 is filled in
t he holes i {19080 Ahenher that it is perfectly

6. The read/write head recited in any one of claims 1
to 5, wherein at least two piezoelectric or electrostrictive
material layers, each having electrode layers on both sides,
are provided at said displacement generating means in said

15 actuator.

7. The read/write head recited in any one of claims 1
to 6, wherein an amount of displacement of said electro-
magnetic transducer element or said optical module is larger

20 than an amount of elongation and contraction of said
displacement generating means in said actuator.

8. The read/write head rec1ted in claim 7, wherein the
amount of displacement of said electromagnetic transducer
25 element or said optical module is larger than an amount of
displacement of a juﬁcture between said slider and said
actuator.

9. The read/write head recited in claim 7 or 8, wherein
30 the amount of displacement of said juncture between said
slider and said actuator is larger than the amount of
elongation and contraction of said displacement generating
means in said actuator.

35 10. The read/write head recited in any one of claims 1
to 8, wherein an interconnection line with respect to said

This Sheet Has Been Replaced THIS SHEET HP;S BEEN
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confined in the plane of the actuator, the amount of the filler filled is
kept *const ant enough to prevent performance vari ISR mnuﬂmmltari ation
inmn.the amount of the filler filled. In a@@iti onﬂlmnu“ tanti al
increase in the 30 actuator thickness due to the fillert fi"1&d."No
particular limtation is inposed on the type, hardness, and anount of the

flexible filler used in this enbodinent; a choice nay be nade from suitable
fillers thahchayeotki aﬁa;eor ré&iters:ﬁedwdnﬁgn@taal aeangducef éhememv adet e part,

35 and can achi_eve e b t d t th,
and i npact ?@%@s?ﬁﬁ&gg 9\%’3@? lsr VI glftgrlé?é' Qge{{s& rersagc]?l e>s<| Llegg

resins resistant to el ectro- er05|on silicone resin or urethane resin
-~ as the flexible filleg Xg@ ﬂQ: lheé?é'cf) %Sfllt|f'l.l3ﬁ5.n Sm@éﬂé{ﬁgﬁf#’c&ﬁpﬂmﬁé he
el ectrode | ayers™are expos he si des of -each part not_ 5 covered with

the flexd bl zebd/Weitei head @%c@ﬁ@lﬂ% irp apvoPRge OfoGeRiNg Lajerilorite

sides of eaghppapt ofeatbe PYF RESH/ g RIHRY GHO1RD 0E0EEOE! PBaQfwiEe ehead r ode
| ayers. For an actuator naking use of deflection in the plane direction

such as one shown in Fig. 2, etc., it is preferable 10 that the w dth of
the beam menber 1 .Sexthethaeldn Eor Tpéﬁfbemdhgepbisdmioﬁin@mnéoai ng the

fixed and moyanle parts is soallerdhan Hhadhicknessa heegokn This in turn
10 electromagnetic transducer element or an optical module, an
actuator, and a suspension, wherein:
- said slider is supported on said suspension via said
actuator, _
said actuator comprises a fixed part, a movable part and
15 at least two beam members for coupling said fixed part and
said movable part together, said at least two beam members
each having a displacement generating means that elongates
and contracts by inverse piezoelectric effect or electro-
strictive effect in a direction of connecting said fixed part
20 and said movable part, and said fixed part being fixed to
said suspension and said movable part being fixed to said
slider,
upon elongation and contraction of said displacement
generating means, said displacement generating means deflect
25 and said movable part displaces linearly, circularly or
rotationally with respect to said fixed part, whereby said
electromagnetic transducer element or said optical module
displaces in a linear or circular orbit and said
electromagnetic transducer element or said optical module
30 displaces in a direction of intersecting reéording tracks on
a recording medium in a linear or circular orbit, and
upon positioning of a direction of said electromagnetic
transducer element or said optical module that displaces in a
direction of intersecting said recording tracks, the total
35 sum of driving voltages applied on said displacement
generating means is controlled to keep said total sum
constant at any time.
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rigidity of the beam nmenber in the plane di r ectomof The actuator to be
smal ler than that in the thickness-w se 15 d|re reason,
the-defl ection of the beam nenber generatigad by t gl‘mm m‘mﬂ
contraction of the displacenment generating means oncemrates in the

. plane direction of the actuator, so making unnecessary di splacenents such
as flapping unlikely to occur. The width- 20 to-thickness ratio of the
beam nenber is pnef.erghéyréddirife Headposi tibhingt hedgnhat wecitedlin The
af oresai d ad antagg is,achievable if at |east one beam nmenber has such a

wi dt h-t o-t hiS ¢ alP§T§E def i ned above. However, if all the beam menbers
satisfy this w1dbhdliéctuontbfcéhengatzmn(nnﬂnuﬁnﬁnm¢piwnrefreﬂahkable
advant ages af; f PLeL LY ot Ny ef erabl e
That ai | thoiBEIacSnans SELRCILS dedlt Np AR ol 00eh LebBedt oE T Mo,
In the ditué@oﬁpﬁﬁbéélH@htagﬁdhﬁv%@$|%hﬁI%PW@1HQ%§rlEY i8n80 is noted that-

the narrower theas%(l't'a@e( Ebﬁlﬁéétéﬁ‘C@a&?tdﬁéiﬂéd&leﬁ%nbéhekheﬁﬁgoﬁeéﬁg beam
menbers) between t eam nenbers f r{ﬁﬁctl ng tg&‘d | xed g novabl e
parts 43 andS42 VoJLegs! aYEEQI%rEER #%gt REdsE gef ReBLFBRCof the
beam rrenbers:ume-emnbtasnvumta@é eémg&te cubtaml suanbfaskidncohittde 35
dlsplacenent nerat i

dlsplacenent it ﬁg gfgopﬁ?} 4ﬁ;iﬁeé§§ﬂ' %UﬁeP rﬁ%ﬁﬁ tﬁ§a§$g#§;t?2n and

cont r act® oncoaltgolledeinasuchea mammer that said total sum is constantly
zero at any time.

- 14. The read/write head positioning mechanism recited in
claim 12 or 13, wherein:

15 - each of said displacement generating means comprises a
displacement part that elongates and contracts by an applied
voltage and a pair of coverings between which said
displacement part is sandwiched, said displacement part and
said coverings being stacked in a direction vertical to a

20 surface of a recording medium, and

saild coverings are in close contact with said
displacement part, and are deformed upon elongation and
contraction of said displacement part.

25 15. The read/write head positioning mechanism recited in
any one of claims 12 to 14, wherein said read/write head head
is a read/write head as recited in any one of claims 1 to 10.

16. The read/write head positioning mechanism recited in
30 any one of claims 12 to 15, which further comprises a main
actuator for driving the whole of said read/write head.

17. A read/write system comprising a read/write head as
recited in any one of claims 1 to 10 or a read/write head
35 positioning mechanism as recited in any one of claims 11 to
16. '
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-55- gpaci ng between the aforesaid two beam nenbers, the | ower can be the
drivinhg voltage required to obtain a constant anount of displacenent, and
the-smaller the width of the individual -§8am nenbers, the narrower can be

. the spacing between the 5 aforesaid two beam nenbers. For this reason

- conformng to the_aforesaid wi dth-to-thickness ratio condition is also

- effective for an increase in the anount of displacenent, and a driving

vol tage reduction as well. In the act a¥smragirown in Fig. 2, 3, 6, 8, 10,
11, and 12, 10 an axis of symetry exists in its plane. Referring to Fig.
2, for instance, this axis is the X-axis that passes through a slit-Iike
hol e between two Adirsplddeeitat hgadeofit they reearsciion cogiprisesgpt gdider 2

the rount | nbor ERS MEBRCE L O e v er 8 SO
facilitabedorticadcmadude) showrn i dctriagor 4,5 angl ag SUFRENSAOD, ds ekt vel v,
I's rotationgldey,a$wimat Ebfp¥ §8s F £SPBEdd tghrttha3aXiaS mokapyBNphty 4iheakdaxi s
shown) that is_vertical to the plane an asses through the. cent of the
movabl e par @t44€96C tppoPepRR %Esdgﬁﬂ‘gvﬁﬁéﬁﬁ& ' Fﬁgeghgﬁd eEHS ad
symet ry i npeag mehbetsi Hatsi &8 @isplateient hginegaiting ingansndlwthatt he
ot Uat o on “SOREGNET S ReSHRCTREFErRY o e shearsrhEAf sFRERE BT
axi s of1@ ot alieotalostrticsavei efifetie. 2Theyifieedcpartr 4potst foredite otke i on of
the slider E%éﬂ%%gggh HO and the movable part 44 is fixed to the slider
2. Upon the elongation and contraction of the displacement
generating means 41, the displacement generating means 41
deflects and the movable part 44 displaces linearly,
15 circularly or rotationally with respect to the fixed part 43,
and the electromagnetic transducer element 1 displaces in a
linear or ci:cular orbit, so that the electromagnetic
transducer element 1 intersects recording tracks. In the
actuator 4, the fixed part 43, movable part 44 and beam
20 members are formed as an integrated single piece by providing
a hole and/or a cutout in a sheet-like member constructed of
a piezoelectric or electrostrictive material. The actuator of
‘the structure illustrated is used for the positioning of a
direction intersecting recording tracks. In this case, the
25 total sum of voltages applied on the displacement generating
means is controlled ih such a manner that it is constant at
any time, thereby controlling position fluctuations of the
electromagnetic transducer element in the direction vertical

to the recording medium surface.



critical limtation is placed on the angle of the actuator in its plane
direction, and so nounting is nuch nore facilitated. Each of the
enbodlnents shown makes use of the elongation and contraction of the

di'spl acenent generating 30 nmeans due to piezoelectric transverse effect,
as nentioned above. In the practice of the present invention, however, it
is acceptable to make use of elongation and contraction in a direction in
alignnment with the direction of an electric field, i.e., elongation and

. contraction due to the so-called 35 piezoelectric longitudinal effect.
Wien the piezoelectric |ongi-tudin J fMect is utilized, electrode |ayers
are provided on the displacenent gi tating neans in such a -56- manner
that they are vertical to the direction of connecting the fixed and novabl e
parts to each other. However, enbodi nents nmaki ng use of the piezoelectric
transverse effect are preferred because of ease of manufacture, and a 5
mechani cal strength increase of the actug%or. The size of each part in the
actuator is not critical, and so may be erm ned dependi ng on the
construction, etc., of a nagnetic head to whi
the actuator to be a 6heet-1ike product g
sheet-1i ke product is usugly 0.5
about 0.1 mmto about 0,6 .

sl it is applied. Here suppose
side of this 10
O mmin |length and
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di spl acenent generating neans is on the other hand about 0.3 mmto about
2.5 mmin length. The anount of displacenent is about 0,01 [err]mto about
5 ferr]mas expressed by the distance of 15 novenent in the plane
direction of the sheet-like product, and about 0.05 to about 2[err] as
expressed by the angle of rotation. The driving voltage is usually about 3
V to about 100 V, preferably about 3 V to about 50 V. By the term
"piezoel ectric or electrostrictive material” 20 wused herein is intended a
material that elongates and contracts due to inverse piezoelectric effect
or electro- strictive effect. The piezoelectric or electrostrictive
material used in € pPesent inventigp-fayhe any material that can be
applied to the displacenent gener gt 5 an actuator. However,
it is usually preferable to use~Cerafic piezoeleg, ic or electrostrictive
materials such as PZT [Pb(Z¢” Ti)Jerr]], PT DR Jerr]), PLZT [(Pb
La)(Zr, Ti)Qerr]], andAariumtitanate (B ;'5? Because of their hi gh
rigidity. An actuator] i :L‘,ﬂ' ed of a ceram c piezo-electric
30 or electrostrictive Rale aife easily fabricated using thick film
t echnol ogi es such as ‘sheet ~RQ ", nd pri@%ing processes. It is noted that
the actuator may al so; be_f abri NI g%:iruj# t echnol ogi es. Wen the
< sl basta crystal 35 structure, the
Mywsials or single crystals.




-57- Howto formthe electrode layers is not critical; a choice nmay be nade
from suitabl e processes such as baking of el ectroconductive pastes,
sput-tering, and evaporation while the processes of form ng the
_piezoelectric or electro- 5 strictive material |layers are taken into

i account. An actuator may have any structure in which at |east one

. piezoelectric or electrostrictive material |ayer, having el ectrode | ayers

" on both sides, exists at the displacenent generating nmeans. However, it is
preferable to use a nulti- 10 | ayer structure wherein two or nore such

pi ezoel ectri cFdGelFctrostrictive material layers are stacked one upon

anot her. The anount of el ongation and contraction of the piezoelectric or

el ectrostrictive material |ayer 4 s propogtroral to electric field
intensity. However, the aforesaird nmul it [yre makes it possible
to make the piezoelectric or ele Iayer so thin that
the required electric field ip¥rensity can lbe obtef negd at a | ow vol tage, and
so the driving voltage candf€ | ower el2]1 At |t he~Sarfe quFLﬂgf&oltage as that
used with a single layer s ¢ el gvount of; €l ongati on and
contraction can becone nuc ckness oft tgﬁapiezoelectric or

el ectrostrictive materi al Igu S apd-~So nmay be determ ned .
dependi ng on vari ous condi age, the required
anount of el ongation and cent QE?Pfacture.

However, a thickness of abp

FIG. 4




to about 50 [err]mis usually preferred in the practice of the present
invention. Simlarly, the upper limt to the number of piezoelectric or
el ectrostrictive material |ayers stacked one upon another is not critical,
and so may be deternmined in 30 such a nmanner that displacenent generating
means having a desired thickness are obtainable. It is noted that such a
covering piezoelectric or electrostrictive material |ayer as wll be
described later is usually provided on the outernost el ectrode |ayer. 35
For the purpose qugg lification or clearly indicating areas for the
di spl acenent generafl1'ng neans, the shape of the electrode layers is roughly
illustrated. Actually, however, -58- internal electrodes |ayer -of such
structure as shown typically in Fig. 25Aeafe coqnected with a term nal
el ectrode, as shown in Fig. 35B. Fig 5A il lustra pi ezoel ectric or
el ectrostrictive 5 materi al 7201 and 202 adjacerft to each other in an
actuator. The piezoel ectric gl ectrostrictive e al layer 201 is
provided on its surface w tfR _eli"j’?gylayer err], while the
pi ezoel ectric or electro- g } yer 202 is provided on its

3 . rr] and an internal
el ectrode | ayer B[err]. ¥of 7t he internal gl ectrode | ayers
Jerr] and Alerr] —Z l Pl




.and a‘conbi nation of the internal electrode |ayers Jerr] and B[err]
provide a pair of electrode |ayers, each having a piezoelectric or

el ectrostrictive layer sandwi ched between 15 them |In this enbodi nent,

di'spl acenent is generated in various patterns as nentioned above, by
controlling the voltage potential of the internal electrode |ayers A and
Blerr] against the potential of the internal electrode layer Jerr], and by
controlling the ti Gg ef application of voltage on the 20 internal

el ectrode | ayers A?L JVYand B[err]. Fig. 25B illustrates an exanple of

term nal el ectrodes used||1tr43tase mhere t he |nternal el ectrode | ayers

shown in Fig. 25A are provided. ? gp a fi ed part 43 is
provided on its sides with term \el ectrjodes QFF/ Alerr] and B[err] 25

for connection to the end fades of th rTer mat | ectrode | ayers (err],
Alerr] and B[err] exposed on ther<>ﬂvﬂ-1#—f+mnf|xed part 43. An actuator
may consist only of pjezoel edtriCOr B BETTOS rlctive material |ayers,

el ectrode | ayers, anddT®&Xiblle fii 1l ergi Howeveln, is acceptable to inprove

the 30 performance and robust|ness of Eh@iactuator by ﬁﬂttlng aresilient
sheet or a vibration-danping [seaj thefeph. Fabrida process Enbodi nents
of the process of fabricating actuatoiﬁ;yggd—aﬁ’Tn the present invention
w || now be expl ai ned specifijcal]y wtT_*€flergncd to the use of ceramc
pi ezoel ectric or electrosiiic - =T - U P D
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-59- For the fabrication of a sheet-like nenber of ceram c piezoelectric or
el ectrostrictive material, it is preferable to use thick filmtechnol ogies
repr-esent ed by sheet - naklng or printing processes, as in the case of

mul tilayered ceramic 5 chip capacitors, etc. A general aspect of a typica
sheet - making process is here explained. First, the raw material such as
ceram c powder, binder, and solvent are mlled into a paste which is then
conpacted into a green sheet. Apart from-this green sheet, the raw
material s such aq:ﬁchr conductor, 10 binder, and solvent are mlled into
an internal elect 2] Eger paagq Then, the internal electrode |ayer paste
is printed on the green sheet to
typically in Fig. 25A. A given n
anot her, and pressed toget her)
nultllayer structure is fired

su gi ven patdern as shown
qkbfagﬂgh sheets~”are stacked one upon
Hl'ayer structure. The

menber. This sintered nmenber A y slhaped, as expl ai ned j ust
bel ow. However, it is4dl~se—ac] he i|sintered nenber to a

sui tabl e size for shaping. 20 \ thin sheet formof sintered
menber is shaped to provide hp |1y, a plurality of

actuators are cut out of the pi ep&r, land this cutting, too, is
carried out sinultaneously w } i ng, a photoresist |ayer
is first formed all over the ntered nenber. After
pattern-w se exposure,

44/
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t he photoresist layer is then devel oped to renpve portions of the
photoresi st |layer that are found at areas corresponding to a boundary site
bet ween adj acent actuators, holes, and cutouts. Then, portions that are not
covered with the 30 photoreS|st | ayer are renoved by sandblasting to
obtain a plurality of actuators having a desired shape. After the shaping,
t he photoresist is renoved and, if required, term nal electrodes are
formed. The term nal electrodes nay be formed in ordi nary manners such as
baki ng, and evaporation. 35 43  Utrasonic honing nay also be used for
shaping. In this case, ultras nha honlng i :%pplied tog he nmenber to be
shaped %ﬁéﬁhéie t he nenbe€ f rse a so}p?fﬁh w th abrasive
grains dlspe erein. ihap|ng nay gg[[|ed_au prior to firing. The
ability of piezoelectric terlaI:to dlsplac§ is 5lgenerally inproved by

J

pol ari'zation treatnment. In thq present invention, too, it

is therefore preferable to IsE-ofpotartzpti of treatnent, as al ready

menti oned. Usual | y,41m-pe+fl Ztl op treat :ri:}. s—tarri4ikbut by the

application of a direct currentiipltage, rakijhpjuse of ;&% el ectrode | ayers
.~ in the fabricated acéddor Agyver, thig tiept ment ﬁ& e perforned at
. the stage of the aforesaid jthijngigheg¢t form | EEil nt ¢red nenber .
AN St ."4;___,r_mm- ................. X
/_ —\
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For coupling the actuator to the suspension and slider, an adhesive is
usuatly enployed. For this purpose, however, 15 it is preferable to use
an adhesi ve that has hi gh hardness upon bonding to prevent m salignnent due
to the vibration of the actuator, etc. Such adhesives, for exanple, include
an epoxy adhesive. 20 Actuator prototype An actuator of the structure
shawn in Fig. 2 was nade, using -PZT (where the piezoelectric constant is

dlerr] = -250 x 10[err] mV) as_a piezoelectric or electrostrictive

mat eri al and i'li iing the af#3%aid thick filmprocess. 25 Thi s
actuat or pr otI'JtJ) Gpe‘fbad amltildydriarddiiibe built up &f eight

pi ezoel ectric or electrostrictiv Hgiﬁrizd | ayers, ch having a thickness

of 20 [err]m and el ectr ode +ayersterbeth—sides—and two coverings, one for
the uppernost | ayarm and-anret her[Tor T 3 host | ayer, ten layers in al
(with a 30 total thicknes$ of P.2 mplti Di splacenpnt generati ng neans were
each 1 mmin length, 0.1 W dthigng 0.2 mmminjthic s, aslit-like
hol e between both displacefgnt gener gljiffjg means wap 071 in wdth, and
the di spl acenent gengfdhing |means wertd fdubj ect ed h(/paha&%zation treat ment.
35 When a vol t age OOV JQQELE' TOILERS actUator in the sanme

direction as the direction —=punt of contraction of
t he di spl acenent geqf{aéi means > 412b
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-61- was about 0.2 [err]mand the anmount of displacenent of the novable
part (the anount of displacenent in a direction intersecting at right
angl-es with the I engthw se direction of the displacenent generating neans)
was about 0.5 [err]m Wen the 5 aforesaid voltage was alternately applied
on both displ acenent generating neans, on the other hand, the anount of

di spl acenent of the novable part was about 0.5 [err]m Driving control

met hod in the magnetic head positioning 10 mechanism A preferred control

met hod for driving a magnetic head of such structure as shown in Fig. 26 is
- now expl ained. The driving.control nethod explained herein is preferably
~applied to the presently invented i ead wherein an actuator 15 is

- overall constructed of a piezoelec?ﬁ?@ﬁgrﬁéfectrostrictive material in the
formof an integrated single piece. However, it is understood that this
driving control nethod may al so be applicable to a nmagnetic head conpri sing
an actuator of such structure that independently fabricated fixed and

. nmovabl e 20 parts, and di spl acenment generating nmeans are assenbl ed toget her,
" or an actuator that has such assenbly structure and includes fixed and

. novabl e parts made up of a material other than the piezo-electric or

. electrostrictive material. A magnetic head enbodi nent shown in Fi'g. 26 is

- simlar 25 in construction to that shown in Fig. 2. In connection with Fig.
. 26, it is noted that electrode layers in3n actuater 4 are not shown.




e r————— T

In order to make positioning correction for an el ectromagnetic transducer
elenent 1 in the enbodi nent shown 30 in Fig. 26, a control signal for
coarse notion and a control signal for mcro-notion are generated by
epération in a head positioning control circuit 7, and then anplified at
anplifiers 81, 82 and 83, so that the anplified signals are applied in the
fogmof driving voltage and current on 35 displacenent generating neans 411
and 412 in the actuator 4 and VCM (not shown). This driving voltage in turn
causes the elongation or contraction of the displacenent generating - 62-
means. Consequently, the electromagnetic transducer el enent displ aces
circularly in the plane direction he, actuator 4 or in an XY plane in
Fig. 26, that is, in parallel wth Hé.s gface of a disk medium 5

I n sone practical cases, however, the el ectromagnetic transducer el enent

al so displaces in a direction vertical to the plane of the actuator 4,

i.e., inthe flying (Z-axis) direction. Such displacenent in the flying
direction is a secondary displacenment which occurs when the actuator 4 is
10 put in operation for positioning the el ectromagnetic transducer el enent.
The displacenent in the flying direction is tantamount to a fluctuation in
the flying height, and nay possibly lead to a head crash. It is thus of
vital inportance




to control the displacenent in the flying direction. 15 In the
practice of the present invention, it is preferable to fabricate an
actpator by making a sheet-like nenber of a ceramic piezoelectric or
ef'fectrostrictive material by thick filmtechnol ogies, then firing the

sheet- |ike menber, and finally providing cutouts or holes in the 20
sheet-1i ke nmenber, as expl ai ned above. When the actuator is fabricated by
t he shaping of the sheet-like nenber, there is no assenbly error. 1In sone
cases, however, the thus fabricated actua{or, too, is susceptible to

vari ations ig‘ge &ape and .mat eri al ope of the displacenent
generation 2 ans,; and induci ng-asynmetry in a~girection vertical to the
direction of elongation and cerfraction of the dig
means. In the presence of &lch variatiions and
to occur in directions ot
di spl acement generating 30 >
difficult to shape the siges of
manner that they are perfégct! $#lver Eal g
structure because of varlpus—'L?’g%g:;guﬁGn~

t he photoresi st during sandbfa ], /355985
har dness di fference betwe
and the aforesaid covegjng W’ :

Dl acenment generating

sety y, di splacenent tends
direction when the

contract. For instance, it is
I generating neans in such a
&’ pl ane of the multil ayer

the gradual slenderization of
~.u+ng_1hne and angle, and a
el ectTostrictive materi al

FIG. 15



-63- an X-Z plane including the displacement generating means 411 and 412
shown in Fig. 26. As can be seen fromFig. 27, when sandbl asti ng was
carried out in a direction of +Z, the photore5|st becane gradual |y sl ender
td such a degree that 5 the respective sections of the displacenent
generating nmeans 411 and 412 took a trapezoidal form The displacenent
genérating nmeans 411, and 412 shown in Fig. 27 conprises a displ acenent
part 411-1, and 412-1 forned of a piezoelectric or electrostrictive:-
material with eI trode layers | ocated on both sides, a pair of
coverings 411- 1-3 with the dlsplacenent part 411-1 sandw ched :
t her ebet ween, and a pair of cpvering andg4412-3 with the di splacenent .
part 412-1 sandwi ched t her eb SoFf ::i.'pf'coverlngs (411-2 and 411-3,

and 412-2 and 412-3) in each_J 3 - rati ng neans have the
same thickness, but diffe iﬂﬁs g Wth the el ongation
and contraction of th s4by the application of
vol tage t hereon, ther he stacking direction due
to a width difference /
whi ch the displ acenenjy sanckd etied. Fbre consi dert\t he case where the
di spl acenent generating nean ‘g ¥ <etti onal shape as
shown in Fig. 27. Upon the co-" t he di spl acenent

but also.in

FIG. 17




a diréction of -Z, i.e., the flying direction. To explain the displacenent
in the flying direction, suppose the position of the el.ectromagnetic
transducer 30 elenment 1 with no voltage applied on the displacenent
~generating neans to be indicated by 0. Consider here the case where the

- di spl acenent of the el ectromagnetic transducer elenent 1 from+L1 to -L2 in
~the*X-axis direction in Fig. 26 is continuously carried out by the
“application of voltage on 35 the displacenent generating neans.
Illustrated in Fig. 28 is a relation found at this tinme. between the

di spl acenent of the = -64- ‘el ectromagnetic transducer element 1 in the
X-axis direction and tine. To allow the el ectromagnetic transducer el enent
1 to generate such a displacenent in the X direction as shown in 5 Fig. 28,
consi der here the case where voltage is alternately applied on the
respective disFi e generating neans. In this case, it is required to
apply on the d gﬁ nt generating means 411 a voltage showing such a
change-with- time as shown in Flg 29A On the Ot
10 to apply on the 1

such a change-with-ti
~voltage, when its dir
t he di spl acenent

= rn-Frg 129B. It is nd{ed that/ the applied

ectign |s(:pual tp he direction of polafization of
!
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gener ati ng means, is marked with a plus sign. Upon the 15 application of
vol tage V1 on the di spl acenent generating neans 411, the el ectromagnetic
transducer el ement effects a displacenent of +L1 in the X-axis direction,
~and the application of voltage V1 on the displacenent generating nmeans 412,
the el.ectromagnetiic transducer elenent 1 effects a 20 displacenent of -L2
. in the X-axis direction. Thus, the displacenent generating neans 411 and
- 412 contract alternately, so that the el ectromagnetic transducer elenent 1
generates a displacenment from+L1 to -L2 in the X-axis direction. 25

Then, consider displacenment in the flying or Z-axis direction for each of
two di spl acenent generating neans. The change-with-tine of voltage applied
on the displacenent generating nmeans 411 is illustrated in Fig. 29A, and

t he di spl acenent part 411-1 contracts on the basis of this 30 voltage. n
t he other hand, both coverings with this displacenent part sandw ched

bet ween them do not contract because no voltage is applied thereon due to
the fact that they are not sandw ched between electrode |ayers. This is

al so true even when the displacenent part is nade up of the 35

pi ezoel ectric or electrostrictive material |ayer. However, the .coverings,
because of being Iggﬁéoiﬁbgi ontact with the displacenent part is deforned

incidental to the 32 : 3
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-65- of the displacenment part. The covering 411-3 shown in Fig. 27 is nore
susceptible to deformation than the covering 411-2 having a rel atively

| arge width. Accordingly, upon the contraction of the displacenent part
411-1, the novable part 5 44 displaces not only in a.+X direction but also
~in a-Z direction., Consequently, the el ectromagnetic transducer el enent 1,
. too; displaces in the -Z direction. A change-with- tine of the

: el ectromagnetic transducer elenent 1 in the Z- axis direction, which
corresponds to the %i eg voltage 10 shown in Fig. 29A, is graphically
illustrated in Fig.ig f ﬂxinstance. In this graph, the maxi mum val ue of
di splacenent in the -Z direction is supposed to be Z1. The snaller the

wi dth di fference between the upper and | ower coverings with the

di spl acenent part sandw ched between them the smaller is Z1, 15 and vice
versa. Simlarly, a cgﬁ w th«eThge of displacenment of the el ectromagnetic
transducer el enent 14 h s_o~Nection upon the application of the
vol tage shown in Fig. epent generating nmeans 412 is
graphically illustratedg A #dr instance, a width

di fference between the.Cv l_one di spl acenent
generating nmeans 412 i3 snpk er emc& bet ween t he
coverings 411-2 and 411-%in ans et generating neans 411, the
maxi num val ue Z2 of di spddcenent: i 225 direction is smaller than
the aforesaid Z1. Accondingky,: when: S 0[4_t1agé s¢hown in Fig. 29A is

32b- ";’;"ﬂ'




appl i-ed on the displacenment generating neans 411 and the voltage shown in
Fig. "29B is applied on the displacenent generating neans 412, the
change-with-time of displacement of 30 the el ectromagnetic transducer .
etement 1 in the Z-axis direction is the sumof that shown in Fig. 29C plus
that shown in Fig. 29D; that is, it is illustrated in Fig. 29E. As
illustrated, the maxi num value of the magnitude of fluctuations in the
Z-axis direction displacenent is Z1. 35 When, as expl ai ned above,

t he di spl acenent generating neans has a nultilayer structure wherein a

di spl acenent part that elongate and contract upon the application of

vol t age -66- thereon and a pair of coverings with the displacenent part
sandwi ched b n§523b9§r1are stacked together in a direction vertical to the

pl ane of a di di spl acenent is not $wny enerated in the aforesaid
vertical direction, i.e., inp the flyéng éf'ecti n, but fluctuates as
well. This in turn nakes thej read/wit/e charjacteristics of the di sk nedi um

wor se, and nmay possi bl y rfesuft 1n a hea
met hod capabl e of contrQlf i
direction 10 displac
Fig. 26, and 27, the

crash. Then, a driving control

g tae magni tjude oft fluctuation inithe flying

| ! Lained. {n the enmbodi ment shown in

¥él el ectr omagnetic trangducer el enent
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the X-axis direction takes the formof an applied voltage difference

bet ween the di spl acenent generating neans 411 and 15 412. To bring a
change-wi th-time of displacenment of the el ectromagnetic transducer el enment
1inthe X-axis direction in conformty with that shown in Fig. 28,
‘therefore, it is preferable to bring a change-with-tine of voltage applied
on the di spl acenent generating neans 411 in conformty with that 20 shown
in Fig. 30A and a change-with-tinme of voltage applied on the displacenent
generating neans 412 in conformty with that shown in Fig. 30B. The voltage
applied on the displacenent 'generating neans 411 is the sumof a direct
current bias voltage Vbl plus a voltage applied for 25 controlling the
anount of displacenent (the latter vgi gg%&fll herei nafter be call ed
control voltage), while the voltage Jggi on the di splacenent generating
means 412 is the sumof a direct current bias voltage Vb2 plus the control
voltage. In Fig. 30A, and 30B, the control voltage added in 30 the

di spl acenent generating nmeans 411 and the control voltage added in the

di spl acenent generating neans 412 are determ ned in such a manner that
their absolute values are always the sane but their signs are opposite to
each other. In other words, the sumof the voltage applied on the

di spl acenent 35 generating neans 411 pkys the voltage applied on the

di spl acenent generati ng neans i




-67- vol tages applied on the displacenment generating neans is always a
constant value (Vbl + Vb2). It is noted that the direct current bias
volt-age is to prevent any attenuation of polarization of the displacenment 5
generating means, as al ready nentioned. For each of two displacenent
 generating neans, -then consider displacenent in the flying or Z-axis
rdirection, just Iike the af oresai d enbodi nent. Suppose here that such
~vol tages as shown in Figs. 30A and 30B are applied on the 10 di spl acenent
generating neans 411 and 412, respectively, for their independent driving.
Then, changes-with-tinme of the el ectromagnetic transducer elenent 1 in the
flying direction are those shown in Figs. 30C and 30D, respectively. The
center value of fluctuations in the Z-axis direction 15 displacenent is
shifted by the amount of displacenent Zbl, and Zb2 due to direct current
bias voltage, and so is -Zbl, and -Zb2, respectively. The magnitude of
fluctuations in the dlsplacenent of each dlsplacenent generating neans in
the Z- axis direction ig then given by Z1, and Z2, gspectively, 20
corresponding to V1 th& S-S tgg anpl i tude of t{ie control voltage.
Accordi ngly, when the voltdgge shpwo<fn Flg_ 30A is_abplied on the
. di spl acenent generating ne n in Fig. 30Bis
applied on the disiacenent] 25 g he change-with-tine
of displacenent of&fhe el e : elenent 1 in the Z-axis

~
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direction is the sumof that shown in Fig. 30C plus that shown in Fig. 30D
that is, it is shown in Fig. 30E. The displacenent fluctuations shown in
Fig.- 30C, and 30D, 30 respectively, result fromthe control voltage al one,
and_di spl acenents due to the control voltage are set off because of their
opposi te phase relations. Thus, the magnitude of displacenent fluctuations
in Fig. 30E is given by a difference between Z1 and Z2. \Wen the anplitudes
of 35 displacenents Z1/2 and Z2/2 are equal to each other, the magnitude of
fluctuations is O, and the center value of displacenent fluctuations is the
sum of di spl acenents - Zbl - -68- and -Zb2 generated by direct current bias
vol tages. The direct current bias voltages Vbl and Vb2 may or nay not be
equal to each other, and at Ieasﬂzggfézgy be zero or a negative voltage.
Even in this case, it is preferabl : se 5 a voltage enough to prevent
the aforesaid attenuation of polarization. As explai ned above, when the
direction of displacenent of the el ectromagnetic transducer elenment 1 in
the Z-axis direction is the sane upon the application of voltage on the 10
di spl acenent generating nmeans 411 and upon the application of voltage on

t he di spl acenent generating neans 412, it is possible to control the

magni t ude of fluctuations in the
e
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di spl acenent of the el ectromagnetic transducer element 1 in the Z-axis

di rection by keeping the total sumof voltages 15 applied on the
d|SpIacenent generating means constant. In this connection, it is noted
that the di splacenent of the el ectromagnetic transducer elenent in the
Z-axis direction has been explained on the assunption that when the anount
of displacenent in the Z-axis direction varies at each 20 displ acenent
generating means, there is no distortion of the novable part. In an
actuator fabricated by the shaping of the sheet-like menber, indeed, its
novabl e part is nost unlikely to be distorted even when there is a
difference in the anmount of displacenent in the Z-axis direction between
each 25 displacqu(% gﬁherating nmeans. However, even when the novabl e
part is distorted, the“advantages of the aforesaid driving control nethod
are available. To minimze influences of the distortion of the novable

part, it is preferable to |locate the ctromagn étf t ransducer elenent 1
at a substantially 30 central positi ofl the si of the slider 2, as
shown in Fig. 26. The foregoi ngl2x@ anfati o, bgen made on the prenise
that the actuator having the secfional} shape {sho in Fig. 27 'is used; that
is, the displacenent of the el ecyromaghetic 3 tnansducer elenment 1 in t he
Z-axis (flying) dir cd 7 ver, when the
sandbl asti ng direct i IS th Z, the

YN i
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-69- trapezoidal shape in section of the displacement generating neans is
inverse to that shown in Fig. 27, so that the displacenent of the

el ectromagneti ¢ transducer elenent in the z-axis direction occurs in the
di‘rection of +Z. Even in this 5 case, too, it is understood that the
fluctuations of the Z- axis direction displacenent can be controlled by use
of the aforesaid driving control nethod although the direction of the
fluctuations varies. The enbodi nents described so far have been expl ai ned
on 10 the assunption that the el ectromagnetic transducer elenment 1

di spl aces (swing) in the X-axis direction at a constant anplitude and a
constant period. \Wen the aforesaid driving control nethod is enpl oyed,
however, it is unnecessary to keep anplitude and period constant. In an
actual HDD, the 15 anplitude and period of displacenent of its
eIectronagneTax§tzaa?§ucer el ement are vari 655 ause the el ectromagnetic
transducer el mt pl aces in such a nan t t follows given

read/ wite thcks on a disk-1like medium accordance with the aforesaid
driving control method, 20 it is necessar to add the control voltages

havi ng t he sdre absolute val ue but opp05|té signs to the direct current
bias voltage [Vbl, and Vb2, respectively, to generate driving vol t age.
However, sYOH AXTVIng 3 TTE@@' T De easMEFge mxw komrm
control circuyt and/anplifigr X5 8. The aforzsgld drj g co nethod
has an addi Pifoma -t 0
Stttz te s b2
Z : y4
| O A
okfr_tz f3 te ts ob—ti_tr ta te ts
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advantage of reducing |oads on the positioning control circuit 7 because
only the operation of one control signal is needed. The aforesaid driving
control nethod is also effective 30 even for an actuator having nore than
t Wo, di spl acenent generating neans. Fig. 31 illustrates an enmbodi ment
wherein four displacenment generating neans are used. To consider the.
operation of this embodi ment, now suppose the di spl acement generating nmeans
411 as already nentioned to be divided into 35 4111 and 4112 and the

di spl acenent generating neans 412 to be divided into 4121 and 4122. Then,
suppose one pair of displacenment generating nmeans 4111 and 4121 and anot her
pair -70- of displacenent generating neans 4112 and 4122, respectively.
The sum of voltages applied on the respective pair is invariable at any
time, and so th::ﬂstqﬂogyn1of vol t ages applied on the displacenent
generati ng nean [ iable at 5 any tinme. Wen nore than two

di spl acenent generating neans are used, it is acceptable to apply varying
vol tages on tye To control fluctuations in the displacenent of the
electro-.ﬂdgﬁ bc transducer element 1 in the flying direction, it is 10
again requir [ hat_the total sun1of voltages applied on the dlsplacenent

generating nsgq > Kep any tine.
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Assun® here that the voltage applied on each di spl acenent generating nmeans
is the control voltage plus direct current bias vol tage. Then, the total
sum-of the aforesaid control 15 voltages is zero. It is noted that the
nimper of di spl acement generating means is not linited to an even nunber
such as 2 or 4, apd so may be an odd nunber. The foregoing explanation has
been nade on the prem se 20 that upon the application of voltages of the
sane pol arization on the displacenent generating nmeans 411 and 412,

di spl acenents in the direction vertical to the direction of their

el ongati on and contraction (in thqgg@yr q?id Z-axis direction) are in the
sane direction. For this case the ‘alForesaid driving control nethod is
nost effective. Therefore, if the displacenent of the displacenent
generating means in the Z-axis direct&gn is unavoidable, it is then
preferable to fabricate an actuator irnp such a manner that at |east the

di spl acenent of each di spl acenent qeanating neans in the Z- 30 axis
direction is in the same girection. Wen an actuptor is fabricated by the
process as nentioned herefn, it is difficult to e|Jimnate the displacenent
of di splacenent generating nmeans in the Z-axis difection, but it is easy to
control the direction of theif di el Th the Z-axis 35 direction
(bring the direct imo&.ﬁ\s% acgngn f toth%ﬂ-&c‘gwgt generati ng neans
in the Z-axis direction ir a it otper). That is, if

sandbl asting W t 3424 ——_ 4111
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-71- rlespect to displacenment generating neans is in the sanme direction
during the fabrication of the actuator 4 shown in Fig. 26 by the

sapdbl asting shaping of a sheet-like nenber as expl ai ned above, the
aforesaid driving control nmethod can 5 then function nost effectively
becguse both di spl.acenent generating nmeans have much the same shape and
nuch the sanme properties. In sone cases, separately fabricated di spl acenent
generating neans may be coupled to the fixed part 43 and the novabl e part
44, respectively, as by bonding. If, in this 10 case, the coupling
directions are controlled, the aforesaid driving control nmethod can then
function effectively. While the driving control nethod according to the
present invention has been expl ai nEKSM §Q reference to the nmagnetic head of
the structure shown in Fig. 26, it is 15 understood that it may al so be
applicable to the actuator of the construction shown in Fig. 3, 6, 8, 9,

10, 11, and 12, respectively, for instance. In the enbodi nent shown in Fig.
26, the displacenents of the displacenment generating neans 411 and 412 in
the Z-axis 20 direction are often in opposite directions upon the
application of voltagesgof the same polarityghereon. Even in this case,
the magni tude of fluctugtions in their displacenent in the Z-axis direction
is unlikely to increase,\if the aforesaid driying control nethod is

enpl oyed. Such
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25 .opposite displacerments in the Z-axis direction, for instance, rra?‘?géle” &
caused when the sandbl asting direction varies for each displacenent t%8s% uae«g
generating nmeans during the aforesaid sandbl asting. Simlar opposi te

di spl acenents in the Z-axis direction may agai n occur, when

. separately fabricated 30 displacenent gener ati riphstiute %hﬂ?ﬁe 23 Jylv 1999
difference in the direction of coupling themto the fixed part 43 and the
novabl e part 44, respectively. An accou will be given of the application

of the aforesaid driving control nethod o an actuator in which opposite

di spl acenents of both generating 35 neans in the Z-axis direction occur.

Here assune that t,h voIt e, sho i I g, I.S_a i donth
di.spl acenent M %H’s p}fvfwl&ﬁg fﬁ'gs cza%ﬁ?_?s gﬁ% J'mf%\ﬁ/ﬁ 1?—‘?% “SoB
is applied on the displacenent generating neans 412. Then t he magni t ude of
fluctuations §H4 het dimagnetdeentieldt oo i gesordingansaiter ¥ et
1l inthe Z-axis direction is given by the sum (Z1 + Z2) of the 5 maxi num
val ues of di gtefirruming hende Anmmtherdflging deadhdor heaxpfietdt Feronding
vol tage on each di spl acenent generating neans. Al so assunme that the voltage
shown in Fig.iss@sciospfll ixdnitddStdtas| PamaysnNOye 5o 3T, B9 reams ddtlieaid
the 10 voltage shown in Fig. 30B is applied on the displacenent

5§ disk used in combination with such a £lying head has vexry high

recording track densities. Accordingly, when positioning is
effected with respect to recording tracks, the same problems as

mentioned with reference to the flying type magmetic head arise.

10 DISCLOSURE OF THE INVENTION
One object of the present invention is to achieve high-
precision yet fast positioning of an electromagnetic transducer
element or an optical module mounted in a read/write head in
read/write systems such as magnetic or optical disk devices.
15 Another object of the present invention is to achieve easy
control of position fluctuations, upon such positionjng, of the
electromagnetic transducer element or optical elemé.nt in a
direction vertical to a recording medium suiface. |
In accordance with the invention, there ié provided a
20 read/write head comprising a slider provided with an
electrdnagnetic transducer eleﬁxent or an optical module arrxanged

for positioning over recording tracks of a recording medium, an

actuator, and a suspension, wherein: | REPLACEMENT SHEET
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generating neans 412. ‘Then, the nagni tude of fluctuations in the

di spl acenent of the el ectromagnetic transducer elenent 1 in the Z-axis
direction is given by the sumof the nmagnitudes of displ acenent
fluctuations upon the separate application of 15 voltage on each

~di spl acenent generating means because the fl uctSubstisute sheeathre 22) July 488 nt
of each displ acenent generating neans are generated by the control voltage
and t he displacenments of both displacenenf, generating neans in the Z- axis
direction are in the sanme phase. 20 -1 9 short, when the di spl acenent s
of both displacenent generating neans in the Z-axis direction upon the
application of voltages of,.the same polarity thereon.are in varyin
directions, the max?%‘h% \?&Ij't%roflf hgﬁﬁﬁﬁﬁkfédé’%f sﬁ%cﬂ]‘ﬁ?ﬁfﬁﬁ?%n "tqﬁe said
di spl acenent of the el ectromagnetic 25 transducer elenment 1 in the Z-axis
di recti on uponacheat®xernate application of driving voltage on each

di spl acenent generating neans is the sane as the nmaxi num val ue of the
magni t ude of fl uct usdidnrsctuvatbhecomilsazcaetixed gare, chemdvabileygparitcand at
transducer elenment 1 in the Z-axis direction 30 when the total sum of

driving vol t agggsageptivedpeim! RemBesl! 262MRBANECPEAR! 403 NERNSd | Snd SRbvable
constant. In any cases, therefore, the maxi num val ue of the magnitude of

[ uetuat onss! Batlp ol iclugasdLill BE TR i Hpsh WORbREDnOLng o
total sum of d&%'gﬁfgcé/r%&ta%&e%fn%d Ak EndL SRIBGEIELL SEHELAML ALy PRNS

I s kept constan

inverse piezoelectric effect or electrostrictive effect in a
direction of connecting said fixed part and said movable part,
and said fixed part being fixed to said suspension and said
10 movable part being f£ixed to said'slider,
upon elongation and contraction of said displacement
generating means, said displécement generating means deflects
and said movable part displaces linearly, circularly or
rotationally with respect to said fixed part in a plane defined
15 by the m@mbérs, such that said electromagnetic transducer
element or said optic#l module ia correspondingly displaced in
a direction intersecting the recording tracks on the recording
medium in a linear or circular orkit, and
said fixed part, movable part and beam members are formed
20 as an integrated single piece by providing a hole and/or a
cutout in a sheet-like member constructed of a piezoelectric or
électrosﬁrictive material.

In another aspect, there is provided a mechanism for
REPLACEMENT SHEET
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-73- Experinental exanrple of the driving control nethod An actuator of the
struct.ure shown in Fig. 26 was made, using PZT (where the piezoelectric

cohstant is d[err] = -250 x 10-12 nmV) as a piezoelectric or
,electrostrictive material and 5 utilizing the aforesaid thick filmprocess.
The actuator was a nultilayer structure built JPubgtitutesheqti-c22-July11999 or

electrostrictive material |ayers, each having a thickness of 20 [err]m and
el ectrode | ayers on both sides, and two qgverings, one for the uppernost
“layer and 10 another for the |owernost “I'dyer, ten layers in all (with a
total thickness of 0.2 mm. Displacenment generating neans were each of a

trapezoi dal sha l.h.sectl d1 i a : | ..t hi S
covering w dt r?‘%as" 58y ﬁér’ng%fi q‘eq‘élgt ogqr"]% %e.%{/wimntlaet E%B‘gt ‘,2‘0"1: el%}'%%h&be%'mdgeern
both 15 displacenent generating neans was 0.2 nm -and the di_spl acenent
generati ng medeovikiad swhtbcian edegbramagueth trapfdueer \MemeRty o age
of 20 V was applied on this actuator in the sanme direction as the direction
of pol ari zati asptiicad @Odubemarrangedcbor rpoeitdondhgt dvendirecbadingtracks of
generating nmeans was about 0.2 [err]m and the displacenent of the novable

part in the X-agdrdiditg medivas ahoadtwhtod candma suspeision, Ritdreaiaite
. sine wave formof voltage of 0 to 20 V was alternately applied on both

di spl acements gener 3jj) g2Aer 4R supported on said suspension via said

actuator,

saia actuator comprises a fixed part, a movable part and at
least two beam members for coupling said fixed part and said
movable part together, said at least two beam mewmbers each

10 having a displacement generating means that elongates and
contracts by inverse piezoelectric effect or electrostrietive
effect in a direction of connecting said fixed part and said

movable part, and said fixed part being fixed to said suspension
and said movable part being fixed to said slider,

15 upon elongation and contraction of said displacement
generating means, said displacement generating means deflect and
said movable part displaces linearly, circularly cr rotaticnally
with respect to said fixed part, such that said electlromagnetic
transduéer element or said optical medule is correspondingly

20 displaced in a direction intersecting the recording tfacks on
the recording medium in a linear or circular oxbit, and

wherein positioning cf gaid electromagnetic transducer

element or said optical module is-effected in a manner whereby
REPLACEMENT SHEET
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25 displacenent of the novable part in the X-axis direction was about 0.5
[err]m and the nagnitude of fluctuations in the displacenent thereof in the
Z-axis direction was about 0.1 [err]m On the other hand, when voltage was
applied on the two displacenent generating neans, said voltage having sine
waves, 30 in opposite phases at an anplitude ¢ubstityte shgetrp@2adulyi 309
direct current bias voltage of 10 V, the displacenent of the novable part
in the X-axis direction was about 0.5 [err]m and the nagnitude of
fluctuations in the displacenent thered-in the Z-axis direction was
reduced to 0.01 [err]mor lower (lower 35 than the limt to measurenent).
The above results clarify the advantages of the_present inyention wherein
when the actbgt 6ptad PWMope RAIGHNY (Wi tages7ADPLoeY) OB (#RHT uARLAfMent
applied on the displacenent generating neans is kept constant at any tine.
- 75 - CLAl Menetatindg meanié wis tleapteatbnetmnti.Si ng a slider provided with an
el ectromagnetic transducer el enent or an optical nodul e arranged for
positioning over recording tracks of a recording nedium an

REPLACEMENT SHEET
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5 actuator, and a suspension, wherein: said slider is supported on said
suspensi on via said actuator, said actuator conprises a fixed part, a
novabl e part and at | east two beam nenbers for connecting said fixed and
movabl e 10 parts together, at |east one of said two beam nenbers having a
di spl acement generating neans that el ongates ar@ubsiitutessheetyy 22y 19

pi ezoel ectric effect or electrostrictive effect in a direction of
connecting said fixed part and said nnvagle part, and said fixed part being
fixed to said suspension and said 15 novabl e part being fixed to said
slider, upon elongation and contraction of said displacenent generating

nmeans, sai d di splacenent ge i ef.lLe & novabl e part
di spl aces linearly, circuléﬁﬁbﬁ%fﬂﬁﬁgggﬁgﬁg1§t @#?Hﬁpggﬁg%f to said fixed
part in a plane dEﬁiglﬁfb 20 by éhﬂef@ﬁ@@ﬂfﬁve SgiEiendtale S ldistirattrenednenec

transducer elenment or said optical nodule is correspondingly displaced_ in a
di rection i nteyplemli bgsifnecorsigngtignt phhe SHIRARLG AAYAREORAIRI R Fhe
| i near or circul ar .orhi sai ixagip e had\h b
menbers are f%rf:?ﬁseed"tZStla{é’eg%ngﬁf egfgra'éed SIn c%sig{{ggxgﬁgy ‘g?g%/?dl ng a hol éa "
and/ or a cu$ ealedtromatietticl tkanstober elsmmntucted of a piezoel ectric or
el ectrostrictive naterial. 2. The read/wite head recited in.claiml
wherein said 30 adth@teft % 1% oRaPEHSBRC ‘b%c%&_y’m%&cce lg"fluf_giratg‘!vﬁdggl, .o’ne
fAﬁC' ng tO“@{jdaééi:%t%&lS BRPSARRntS wherd M $1f8 Hctiakdrneadlsesté@ b e Haidh2,
erein sai -
surface of the slider in the magnetic head according to the

present invention.

10 Figure 3 is a perspective schematic illustrative of another
actuétor embodiment'wherein the actuator is located on the back
suxface of the slider in the magnetic head according to the
present invention.

Figure 4 is a perspective schematic illustrative of a

15 further actuator embodiment wherein the actuator is located on
the back surface of the slider in the magnetic head according to
the present invention. _

Figure 5 is a perspective schematic illustrative of a still
further actuator embodiment wherein the actuator is located on

20 the back surface of the slider in the magnetic head according to
the present invention.

Figure 6 is a plan schematic illustrative of one embodiment
of the actuator in the'magnetic head according to the present
invention. .

25 Figure 7A is @2 plan schematic that illustrates
exaggeratively the deflection of each part upon the 1linear
displacement of a movable part in the actuator shown in Fig. 6,
and Fig. 7B is a plan schematic that illustrates exagge:atively
the deflecticn of each part upon the rotational displacement of

30 a movable part in the actuator shown in Fig. 6. REPLACEMENT SHEET
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actuator is located in a space forned by a step provided on the 35 back
surface of said slider. -76 - 4. The read/wite head of claim1,
wherein said actuator is |ocated on a side surface of said slider 5. The
read/wite head recited in any one of clains 1 to 5 3, wherein said slider
and said actuator are arranged such that said sSuyssityteshees -s '

t herebetween. 6. The read/wite head recited In any one of clains 1 to 5,
wherein a part of said suspension is provided with a ginbal 10 nmenber for
allowing said slider to follow a surface™f said recordi ng medium and said
actuator is coupled to said ginbal nenber. 7. The read/wite head recited
in any one of claims 1 to 15 6, wherein at |east two piezoelectric or
el.ectrostrict ideniacerenr Piysns me¥ehlaaRiTy €4 cREFWie 1A suhigtaxhed

: gi d_es,Thare p& /Qr\élrﬁﬁd:.at g'a.ied d_iirﬁi%'c;@&ﬁgmiiorﬁ%ﬁ][ %tzFiTQirIfEﬁﬁisi Bg@?&ﬂt\:\tﬁﬁﬁ ugkor .
aimount of | di s AR Sy 2 EAHEH BEIY ol ghtAc e, MERER . A% Ta endnd 8P Ehey
opti cal nodul endvabler pert t44amndnsbidame, oand| s hei advantihgesnand cieanures
sai d di spl acengntenae peeabht 0i RS on) a%8l Ho@CitEdted FRatsoevér. The
readiurite head reqiied el Al GRS 1 AR sard od WALLTh"
connecting poxtion 32b to the gimbal part 32 by the support
portion 32a. In other words, it is acceptable to locate only
the connecting porticn 32b between the actuator 4 and the slider
10 2, as in the case of the connector 2a in the embodiment shown in
Fig. 16.

In the practice of the present invention, electrical
signals are transmitted through interconnections to the actuator
and/or the electromagnetic transducer element. The

15 interconnections are preferably provided in the form of a
conductor pattern on the suspension. In the embodiment shown in
Fig. 21, four interconnection lines Eorm pattexms 33 which are
provided on the lower surface of the suspension.

The amount of displacement (the amount of contraction of
diegplacement generating means) generated by inverse
piezoelectric effect or electrostrictive effect is very small.
In the present invention, however, when the movable part is

25 displaced making use of the deflection of the displacement
generating wmweans, i1t 1s possible to make the amount of
displacement of a juncture between the slider and the actuator
{(the movable part in the actuator) larger than the amount of
elongation and contraction of the displacement generating means.

30 In other words, the actuator itaelf can have displacement
enlarging function. When the movable part displaces circularly
or zotationally in the practice of the present invention, it is
possible to mechanicaily enlarge the displacement of the
electromagnetic transducer element by allowing the movable part

35 and electromagnetic transducer element to have an appropriate
position relation. By such

REPLACEMENT SHEET
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el ement or said optical nodule is llarger than an anount of displacenent of

a juncture betwee \ T said actuator. 30 10. The read/wite
head recited in clrlém MV“ Eﬂlm L:i n the amount of displacenent of said
juncture between sat dcsltder and 'said actuator is |arger than the anount of

el ongation and contraction of said di spl acementSukstéuta sheet Jul 35

act uat or. -77 - 11. The read/wite head recited in any one of clains 1
to0.10, wherein an interconnection line is formed on said suspension for
providing electrical signals to the actuRor and/or the el ectromagnetic
transducer elenent or optical nodule. 12. A read/wite head positioning
nechanisn1conQﬁ%§%Eg a read/wite head as recited in any one of clains 1 to
11, and a main dator for driving the whole of said read/ wite head. 10

- 13. - A nechani sm f ol .per foreadyyxitsi headicomprl sing eadlidet prwddeqowpth Hmg
- a slider prov'%%c%wgﬁ&fé %%QHEQ@P%&%L@”&{’%EE e&ggﬂi‘%&%ea&r?&g}e%'
nodul e arranged for Eos|t|on|ng over recording trac B=5F"a recording

medi um an actifF BPB1LHEPIRG PR TPEPFAiRE tamske 16f 2 reappding| pediums an
supported orf satsiasospeandon suspesmichnacwhetein: :

sald slider i1s supported on saild suspension via said
actuator,
sald actuator comprises a fixed part, a movable part and at
least two beam members for connecting said fixed and movable
10 paxts together, at least one of said two beam members having a
displacement generating means that elongates and contracts by
inverse piezoelectric effect or electrostrictive effect in a
direction of connecting said fixed part and said movable part,
and said fixed part being fixed to said suspension and said
15 movable part being fixed to said slider,
upon elongation and contraction of said displacement
generating means, said dispiacement generating means deflects
and said movable part 'displaces linearly, circularly or
rotaticnally with respect to said fixed part in a plane defined
20 by the members, such that s=said electromagnetic transducer
element or said optical module is correspondingly displaced in
a direction intersecting the recording tracks on the recording

medium in a linear or circular orbit, and _
said fixed part, movable part and beam members are formed
25 as an integrated single piece by ﬁroviding a hole and/or a
cutout in a sheet-like member constructed of a plezcelectric or
electrostrictive material.

2.  The read/write head recited in claim 1, wherein said
30 actuator is located on a back surface of said slider, facing
toward the suspension,

3. The read/write head recited in claim 2, wherein said
actuator is located in a space formed by a step provided on the
35 back surface of said slider.

REPLACEMENT SHEET
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sald actuat or conprises—a—fixed—part, a novable part and at | east two beam
nbers for coupling said flxedﬂﬂErt and sai d novabl e part together, said

| east two bea mu‘“jl jﬂ havi ng a di spl acenent generating neans
that el ongat es a verse piezoelectric effect or

el ectrostrictive etfect |n a dlrectlon of conneet , A )
. said novabl e part, and said fixed part being fixed to sald suspen5|on and
said novable part being fixed to said shgder, 25 upon elongation and
. contraction of said displacenent generating neans, said displacenent
'generatlng nmeans defl ect and sai d novabl e part dlsplaces linearly,

. circularly or rotaj, OnQ'hBYr&b&Mi%%OﬁGEdté?f Al nf hxedh&féin sa4GNakbale SRl 0
;electronagnettc£§§1 ucer Sﬁﬂe or g ogi& aLEg? ule 1s

- correspondi ng’r‘%/ PB4 ¥ fing the recording

i tracks on the recording nediumin a | inear or circular orbit, and wherein

- positioning of saigl el gg Erfmnﬁ]eregﬁﬁg recit gle&sum &{(ﬁl % gﬂlg?ﬁ\%cflto

“nmodul e is fected in a ner ng vo

appl i ed on ia?l'd "ﬁ‘e§ F&cﬁ%&t‘@éﬁeﬁ&ﬁaﬁ REARE OF sARR AT TESGSHa AuCh that 78
- 14. The r ewfidvsuspeneddnpbsi samiwivhedecharesetwesrit ed in clai m 13,
wherein: a voltage applied on each di spl acenent generating neans is a

vol t age having a controk vol t age ,added to a dlreit current
6. The read/write head recited in any one of claims 1 to

5, wherein a part of said suspension is provided with a gimbal

10 member for allowing said slider to follow a surface of said
recording medium, and said actuator is coupled to said gimbal
member.

7. The read/write head recited in ahy one of claims 1 to

15 6, wherein at least two -piezoelectric or electrostrictive
material layexs, each having electrode layers on both sides, are
provided at said displacement generating means in said actuator.

8. The read/write head recited in any one of claims 1 to

20 7, wherein an amount of displacement of said electromagnetic

transducer element or said optical module 1s larger than an

amount of elongation and contraction of said displacement
generating means in said actuator

25 9. The read/write head recited in claim 8, wherein the
amount of displacement of said electromagnetiec transducer
_element or said optical module is larger than an amount of
displacement of a Jjuncture between said slider and said
actuator.

10. The read/write head recited in claim 8 or 9, wherein
the amount of displacement of said juncture between said slider
and said actuator is larger than the amount of elongation and
contraction of said displacement generating means in said

35 actuatorx. . )
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5 bias voltage, and the total sumof said control voltages added to said

di spl acement generating means—is—controlled in such a manner that said
total sumis zero at any tine M@E The read/wite head positioning

mechani sm r eci tgmmuuiﬂ Hﬂ or 14, wherein: each of said displacenent
gener ating nmean | acenment part Substityteoshestes 22ndulyck899ct s

. by an applied vol’tage and a palr of coverings ‘between which said

di spl acement part is sandw ched, said displacenment part and said coverings
15 being stacked in a direction vertical7to a surface of a recording

medi um and said coveri ngs are in close contact with said displacement
part, and are deforned on el ongation and contraction of said displacenent
- part. 20 16. The ré&d/vf ¢ e azpbei kevshiTRFLEendmian coei edciairmy ore

- of clainms 13 he,lEhewdids e intefcdmadtdbnt Bidedd F6rhed Q@%\mat@u%i@ﬁ

recited in any [wite head
. posi tioning rrechaﬁugn‘gﬁecbt e&kctﬁgééhoéggn?lﬁl é?mghﬁ at°5uf O Wit gﬁ"?’uﬁ‘ﬁer
- conprises a H#RC&EPﬂégB?t#%rtmﬁﬁuﬁgrt plemgnt owopticdl rueodilw.i te head.
©18. Aread/vite system conprising a read/wite head as 30 recited in any

"one of clains 1 to q(;,qﬂ[ e 05|t|on|n nechani sm as .recited
~in any one of cl ai ms 1 '{l e’ hEad gg’ icning meenak fen comprising a
- read/write head as recited in any one of claims 1 te 11, and a

main actuator for driving the whole of said read/write head.

10 13. A mechanism for performing positioning of a read/write
head comprising a slider provided with an electromagnetic
transducer element or an optical module arranged for positioning
over recording tracks of a recording medium, an actuator, and a
suspension, wherxein:

15 sald slider is supported on said suspension via said
actuator,

said actuator comprises a fixed part, a movable part and at
least two beam members for coupling said fixed part and said
movable part together, said@ at least two beam members each

20 having a displacement generating means that elongates and
contracts by inverse piezoelectric effect or electrostrictive
effect in a direction of connecting said fixed part and said
movable part, and said fixed part being fixed to said suspension
and said movable part being fixed to said slider,

25 upon elongation and contraction of said displacement
generating means, said displacement generating means deflect and
said movable part displaces linearly, circularly or rotationally
with respect to saild fixed part, such that sald electromagnetic
transducer element or said coptical module is correspondingly

30 displaced in a direction intersecting the recorxding tracks on
the recording medium in a linear or circular orbit, and

wherein positioning of said electromagnetic transducer
element or said optical module is effected in a manner whereby
the total sum of driving voltages applied on said displacement

35 generating means is kept constant.
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14. The read/write head positioning mechanism recited in
claim 13, wherein:

a voltage applied on each displacement generating means is
a voltage having a contrel voltage added to a direct current
bias voltage, and the total sum of sald control voltages added
to said displacement generating means is controlled in such a
manner that said total sum is zexro at any time.

15. The read/write head positioning mechanism recited in
claim 13 or 14, wherein:

each of said displacement generating means comprises a
displacement part that elongates and contracts by an applied
voltage and a pair of coverings between which said displacement
part is sandwiched, said displacement part and said coverings
being stacked in a direction vertical to a surface of a
recording medium, and _

said coverings are in close contact with said displacement
part, and are deformed upon elongation and contraction cf said
displacement part.

16. The read/write head positioning mechanism recited in
any one of claims 13 to 15, wherein said read/write head is a
read/write head as recited in any one of claims 1 to 11.

17. The read/write head positioning mechanism recited in
any one of claimes 13 to 16, which further comprises a main
actuator for driving the whole of said read/write head.

18. A read/write system comprising a read/write head as
recited in any one of claims 1 to 11 or a read/write head
positioning mechaniswm as recited in any one of claims 12 to 17.




