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PI-EZOELECTRI C DEVI CES, ESPECI ALLY FOR DUAL STAGE SERVO SYSTEMS OF HI GH IPos cory
DENSI.TY HARD DI SK DRI VES FI ELD OF THE | NVENTI ON The present invention
relates to the field of piezoelectric devices and nore particularly, but
not by way of limtation, to piezoelectric actuators suitable for use as
t he secondary actuators in dual stage heqd positioning servo systens of
hard di sk drives. This invention will be primarily described in relation to
this application but is not so limted in scope. DESCRI PTI ON OF THE RELATED
ART .Pi ezoel ectric actuators have been widely used for fine positioning in
fields such as optics, precision machining, fluid control and optical disk

drives due to (pgzOELECTRICDEVICES, ESPECIALLY FOR DUAIPSTAGE BERVCE, qui ck
response, and, most 'Mfe’i\ﬁé’oﬂnhwbbﬁué(mr%ﬁhbaﬁ BRI .

nanoneters. Miltilayer piezoelectric ac rs and binorph (or uninorph)

pi ezoel ectric actuators are the two nost commonly used types. Their nerits

and denerits are quite different. Miultilayer actuators have | arge generated
force, - qui ckFlﬁbeaﬁsﬂ*EmygNTdﬂﬂ hi gh resonance frequency, but relatively

| ar ge di mensions. Hence, they are generally used in cases where relatively

large driving fOr'fﬁe-iSregggtd?rgve%r%%nepéiglgeg'%c? %: 8 ﬁglg 8? piezoelectric devices
and more particularly, but not by way of limitation, to piezoelectric
actuators suitable for use as the secondary actuators in dual stage head
positioning servo systems of hard disk drives. This invention will be
primarily described in relation to this application but is not so limited in

scope.

DESCRIPTION OF THE RELATED ART

Piezoelectric actuators have been widely used for fine positioning in
fields such as optics, precision machining, fluid control and optical disk
drives due to their characteristics of small size, simple structure, quick
response, and,. most important, controllable displacement down to
nanometers.

Multilayer piezoelectric actuators and bimdrph (or unimorph)
piezoelectric actuators are the two most commonly used types. Their
merits and demerits are quite different. Multilayer actuators have large
generated force, quick response speed, and high resonance frequency, but
relatively large dimensions. Hence, they are generally used in cases
where relatively large driving force is needed and enough space can be
provided to incorporate the actuator. However, bimorph and unimorph

actuators have high displacement/voltage sensitivity, and simple structure,



provided to incorporate the actuator. However, binorph and uni norph

actuators have high displacenent/voltage sensitivity,

2 but snal |

generated force. They are generally used in cases where

relatively | arge displacenent output is needed. In sone special - cases,

as the dual

stage head positioning servo,ystemof hard disk drives, t

two types of actuators are not well suitéd for use directly as the
secondary stage fine positioning actuator. The dual stage servo system
conpri ses a bunvemal ogeneratéd efocce.| Thayoraré @aherally pusedhrin a@iseat wherer

track seeking,
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drives with very

densi rious mcro-actuators,

including pi@aesgstem of Ifardcisknehivey, i thesadived aypes sdfabttuatony ard eon
devel oped to neet this purpose. However, so far there are still many
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The dual stage servo system comprises a conventional voice coil
motor (VCM) as primary actuator for track seeking, and a secondary
micro-actuator cooperating with the VCM for settling and track following.
Adding a secondary stage micro-actuator is one of the solutions to
achieve a high bandwidth servo system for hard disk drives with very high
track density. Various micro-actuators, including piezoelectric,
electromagnetic and electrostatic, have been developed to meet this
purpose. However, so far there are still many difficulties in implementing
them in real hard disk drives, such as high cost, high driving voltage, poor
reliability and robustness, and so on.

The structure and performance of the secondary actuator are key
factors affecting the overall dual stage servo system design. A dual stage
servo system is disclosed in US patent 5189578 by Kenji Mori et.al,
wherein a stack or multilayer piezoelectric actuator mounted into the arm
is employed as the secondary piggyback actuator. In addition to its high
cost, the multilayer piezoelectric actuator can only be located on the arm.
Because of the relatively large mass and moment of inertia to be driven by
the actuator and the poor dynamics of the suspension, it is difficult for the
multilayer actuator to take advantage of its high resonance frequency. As
to the bimorph actuator, a low resonance frequency restrains its
application in high bandwidth head positioning servo systems.

To meet the high resonance frequency requirement, the mounting
place of the secondary stage actuator should be as close to the magnetic

head as possible, but the operation of the actuator should not affect the

and sinple structure,

such
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and a secgndary m cro-actuator, cooperating with the VCM for
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reliability and robustness, and so on. The structure and perfornmance of the
secondary actuator are key factors affecting the overall dual stage servo
system desi gn. A dual stage servo systemis disclosed in US patent 5189578
by Kenji Mri et.al, wherein a stack or nmultilayer piezoelectric actuator
nounted into the armis enployed as the_,secondary piggyback actuator. In
addition to its high cost, the nmultilayér piezoelectric actuator can only
be |l ocated on the arm Because of the relatively | arge nass and nonent of
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frequency, small height and mass, and low cost for the dual stage servo

system of hard disk drives.

SUMMARY OF THE INVENTION

A general object of the present invention is to provide a planar
piezoelectric device which in a preferred embodiment, can have a
relatively small height or thickness, and a relatively large width and length,
and can generate lateral bending deformation along the widthwise
direction.

A. specific object of the present invention is to provide a
piezoelectric device which, in a suitable form, can be used as a secondary
actuator in a dual stage servo system of a hard disk drive.

A more specific object of the present invention is to provide a
piezoelectric actuator which, in a preferred adaption, can be part of the
suspension to directly drive the slider and head so as to obtain a head
positioning servo system with high bandwidth.

Yet another specific object of the present invention is to provide a
piezoelectric device which can be of simple structure so that it can be
easily realised with low additional cost.

Another object of the present invention is to provide a piezoelectric

actuator, which, at least in a preferred embodiment, has enough



disk drives with nmultiple heads and di sks, the ideal secondary actuator for
a dual -stage servo system should have |ow profile to preserve disk to disk

space and |ow nmass to maintain high access speed. This requires devel oping
a piezoelectric actuator with relatively high resonance frequency, snal

hei ght and mass, and | ow cost for the dual stage servo system of hard di sk

drives. SUMVARY OF THE | NVENTI ON A general object of the present invention

is to provide a planar piezoelectric device which in a preferred
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of sinple stimptidingy aR ihtedral bo@fofdpiezoelectric material which is longer and
wider than it is thick. The device is characterised in that it further
includes, in contact with the body, respective pairs of electrodes, in that
the electrodes of each pair are opposed in the thickness direction, and in
that the pairs are spaced in a direction transverse to the thickness
direction, whereby the body of piezoelectric material deflects along said
transverse direction when a voltage is applied to the electrode pairs.

In a preferred embodiment, the piezoelectric device is divided into
two or more symmetric parts by splitting the electrodes. Polarisation
vectors in these parts are preferably in the direction of its thickness and
can be polarised in the same or opposite orientation. Driving voltages are
preferably so arranged that they make half of these parts expand by the
*31" action while the other half, ie., their symmetric part, contracts. This
will result in a bending motion of the actuator along the direction of its
width, like the bending of a bimorph actuator, where the bending is in the
direction of its thickness. The preferred said actuator is actually a split
electrode in-plane bending piezoelectric actuator. Analogous to the term
"bimorph”, it can be defined as "split-morph". If the poling vectors in the
two corresponding symmetric parts are oppositely oriented, the said
actuator is called anti-parallel split-morph, and if the poling factors are the
same, it is called parallel split-morph.

If one of two longitudinally spaced ends of the actuator is clamped

to a base, like a cantilever, the motion of the free end or the tip can be



easily realised with | ow additional cost. Another object of the present

i nvention is to provide a piezoelectric actuator, which, at least in a
preferred enbodi nent, has enough 4 di spl acenent stroke to neet the

requi renent of conpensating tracking msregistration under supply voltage

| ess than 12 volts. The above objects cag be achi eved by desi gning or

sel ecting an appropriate el ectrode configuration, and preferably a
correspondi ng poling schene, for a piezoelectric body. The invention
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plane. With these advantages and features, the actuator can be installed
on the suspension of a hard disk drive to position the read/write head to
track the runout fast and accurately.

Another important preferred feature of the present invention is that
although the device is electrically divided into two or more parts by the
respective pairs of electrodes, the body of the device is actually an
integrated piece of solid ceramics. This integrated piece may be a single
element, or it may be formed by bonding together separate elements of
the piezoelectric material, e.g. a pair of such elements bonded together at
the aforesaid plane of symmetry. Therefore, the troublesome problem of
the adhesive film, which commonly melts in bimorph devices, can be
avoided.

Other objects, as well as structures and features of the present
invention able to achieve those objects, will be understood by considering
the following detailed description of preferred embodiments, presented

with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top perspective view of the basic structure of a split-
morph piezoelectric device, being an embodiment of the invention.
FIG. 2 is a top perspective view of a split-morph with varying width

along the direction of its length.



two or nore symmetric parts by splitting the el ectrodes. Polarisation
vectors in these parts are preferably in the direction of its thickness and
can be polarised in the same or opposite orientation. Driving voltages are
preferably so arranged that they make half of these parts expand by the

"31" action while the other half, ie., t6heir symetric part, contracts.
This will result in a bending notion of the actuator along the direction of

its width, like the bending of a binorph actuator, where the bending is in
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positioning servo system.
FIG. 10a and FIG. 10b are a plan view and a side view,
respectively, of an existing swage-mounted suspension assembly.
FIG. 11 through FIG. 16 are views of several variations of

compound suspension.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, basic structures and preferred embodiments of the
present invention will be described with reference to the drawings. FIG. 1
through FIG. 9 show the basic structures and the corresponding
operations of such embodiments.

- Referring more particularly to the drawings, FIG. 1 illustrates the
basic structure of a split-morph according to an embodiment of the
present invention. It includes a single piece of piezoelectric material
rectangular plate 1 of length, 1, width, w, thickness, t, and polarised in
the direction of its thickness.

The piezoelectric plate 1 has upper and lower electrodes split into
two separate parts, a and b, by an intervening gap or crevice 4 where no
electrode is applied on piezoelectric plate 1. 2a, 2b and 3a, 3b are pairs
of symmetric parts of the upper electrode 2 and the lower electrode 3,
respectively, forming a pair of opposed electrodes 2a, 3a; 2b, 3b. The

piezoelectric plate 1 is rigidly clamped at one end on a base, which is



An advant age and novel aspect of a preferred enbodi nent of the present
invention is its sinple plate-like structure and the concept of split

el ectrode, which enable the actuator to have small hei ght or thickness and
| ow added cost, and to generate | ateral displacenent within the el ectrode
pl ane. Wth these advantages and features, the actuator can be installed on
t he suspension of a hard disk drive to gosition the read/wite head to
track the runout fast and accurately. Another inportant preferred feature
of the presdesighatednas &n As dekeribed ahovghthehtwdeparts ai andtbecan beapaled
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z-axis. The deflection of the split-morph as it moves under a driving
voltage is then along the y-axis. It should be noted that the drawings
referred to in this document are not to scale. The displacement/voltage
sensitivity and resonance frequency of the actuators can be controlled by
varying the dimensions of its length, 1, width, w, and thickness, t.

FIG. 2 illustrates a modification of the basic structure shown in FIG.
1. The only difference is that the width of the piezoelectric plate varies
along its length, i.e., x-axis. In FIG. 2, reference numeration is the same
as that in FIG. 1. The operation of this actuator is the same as that
shown in FIG. 1. Generally, the width of the rigidly clamped end should be
larger than that of the free end and the shape of width edge can be
arbitrarily changed according to its application requirement, provided it is
symmetrical about a plane of symmetry at the electrode crevices 4. For
example, when viewed from the top, the device cantilever beam can have
a trapezoidal or other symmetric configuration.

To obtain high resonance frequency is a basic requirement of most
actuator design, especially for the secondary stage actuator of the dual
stage servo system. Generally, the higher the element's rigidity, the
higher its first resonance frequency. The resonance frequency of the split-
morph in the y direction is much higher than that in the z direction
because the width is much larger thén the thickness. Although the main
vibration of the split-morph stimulated by applied voltage is along the

width direction, it is very easy to excite the vibration along the height or



FIG 1is a top perspective view of the basic structure of a split- norph
pi ezoel ectric device, being an enbodi nent of the invention. FIG 2 is a top
perspective view of a split-morph with varying width along the direction of
its | ength. 6 FIG 3 is a top perspective view and cross-sectional view
of a split- norph of U shape cross-sectigon. FIG 4 is a top perspective
view of a dual -1 ayer stacked split-norph. FIG 5 through FIG 8 are
cross-sectional views of several structures of stacked split-nmorph. EIG 9
is a plan vthickmdssadinestibribetause itdhasi much Idwer flesxagal rﬂﬁiditVitbﬁPrfga%&fvo

system FIG, 10a and . FIG. 10b are a plan vi and a_ si [ .
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structures displaveniatt/ivsltagedsdnsitivity of théeactuator, i.e., large displacement

output under low driving voltage. In order to fulfil this purpose, other
preferred structures are proposed and described below with reference to
the drawings.

To improve the flexural rigidity in the z-axis (thickness) direction,
the cross-section of the said piezoelectric element can take the shape of
U-section, I-section, T-section, E-section, H-section, circular arch and so
on. Shown in FIG. 3 is a split-morph with U-type cross-section.
Polarisation is in the thickness direction. The thickness of the
piezoelectric element is thin and even everywhere so that the two
symmetric parts, a and b, of the element can expand or contract uniformly
under relatively lower applied voltage. This structure can increase the
flexural rigidity of the actuator along the z-axis significantly and suppress
the torsion deformation perpendicular to the x-axis.

The strength of thin piezoelectric ceramic plates is always a
problem in mounting and servicing. To solve this problem, a stack
structure is preferably employed in which the devices are bonded together
to increase stiffness in said thickness direction, and electrically connected
and polarised so that the piezoelectric devices generate a synchronised
bending motion. FIG. 4 shows a two-layer stacked structure. Two thin
split-morphs 6 and 7 as described in FIG. 1 are bonded together so that
the stiffness as well as the strength in the z direction is increased.

" There are several different configurations of this bi-laminar split-
morph due to differences in manufacturing method. Typical forms and
variations will be depicted below with reference to FIG. 5 through FIG. 8.

In FIG. 5, designated by reference 6 and 7 are two anti-parallel

split-morph, where 8, 9 and 10 are the upper, intermediate and lower



present invention will be described wth reference to the drawings. FIG 1
through FIG 9 show the basic structures and the correspondi ng operations
of such enbodi ments. Referring nore particularly to the drawings, FIG 1
illustrates the basic structure of a split-norph according to an enbodi nent
of the present invention. It includes 3 singl e piece of piezoelectric
material rectangular plate 1 of length, 1, wdth, w thickness, t, and
polarised in the direction of its thickness. The piezoelectric plate 1 has
upper and | elastrodeecespedtivelyn| The ipolarisationsegeiorg ef the adjacantiparts, oh§ an

I nt erveni ng or crevice 4 where. ng el ectrode. is applied, o Lezoel ectric
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in FIG 1 i‘?hglllzfgl[g,i e B‘-la%inﬁpléﬂlft-rmﬁ% has similar displacement/voltage
sensitivity to the single plate one. Also, a multi-layer split-morph
structure is proposed in FIG. 6. Its operating mechanism is similar to that
of the bi-laminar split-morph.
FIG. 7 shows another configuration of bi-laminar split-morph. In
FIG. 7, designated by 6 and 7 are two parallel split-morphs with their
polarisation vectors directed towards each other. 8a and 8b, 9a and 9b,
10a and 10b are three pairs of symmetric electrodes. 4 are the electrode
gaps or crevices. 8b, 9a and 10b are connected to one terminal of the
voltage source while 8a, 9b and 10a are connected to the other one. This
configuration can also generate lateral bending motion under an applied
driving voltage and has the same sensitivity with the configuration shown
in FIG. 5.
The robustness of the bi-laminar anti-parallel split-morph shown in
FIG. 5 can also be improved at the cost of decreasing the
displacement/voltage sensitivity by using a central metal layer so that the
tri-laminar structure is obtained. FIG. 8 shows an actuator with this
structure. Designated by 11 is a central metal layer in the form of a metal
shim. Reference numbers are the same as those in FIG. 5. This metal
shim can improve the strength of the actuator. The thickness of the
central metal layer can significantly affect the performance of the
actuator. The central metal shim 11 is extended beyond the piezoelectric
plates at both the length ends to provide simple mounting and allow

electric contact to be made to the intermediate electrode 9.



Arrows shown in all the draw ngs hereinafter represent polarisation
directions. As shown in FIG 1, we designate the length direction of the
split- norph as x-axis, the width direction as y-axis and the hei ght
direction as z-axis. The deflection of the split-norph as it noves under a
driving voltage is then along the y-axig It should be noted that the
drawings referred to in this document are not to scale. The
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together at a high speed. An array of vertically aligned head sliders, one
of which is designated by reference S1, is attached through a plurality of
compound suspensions S2 to a plurality of supporting arms S3. An
electromagnetic voice coil motor (VCM) A1 is used as the primary stage
rotary actuator to move all the head slider in a long stroke to any desired
one of a plurality of tracks on the surfaces of the disk D1 along an
accurate path A for seeking. Any suitable one of the specific piezoelectric
actuators of the present invention, designated by reference A2, is
mounted on the compound suspension as the secondary stage fine
positioning actuator to drive the individual head slider in a fine stroke at
very high speed for settling and track following.

This embodiment can provide a valuable advantageous effect on
individually correcting off-track states so that the respective head can be
positioned with high accuracy. Although the dual stage servo system in
this embodiment is illustrated by an example of hard disk drive, it is also
applicable to an optical disk system for obtaining high compact feature.

Turning now to the compound suspension which is another
embodiment of the present invention. During operation of the disk drive,
there exists an air bearing between the head slider and the rotating disk or
media due to aerodynamics. This air bearing affects the flying height of
the head as well as the magnetic spacing between head and medium.

The head-to-medium spacing is a decisive factor for signal-to-noise



stage servo system GCenerally, the higher the elenment's rigidity, the
higher its first resonance frequency. The resonance frequency of the split-
nmorph in the y direction is much higher than that in the z direction
because the width is nuch | arger than the thickness. Al though the main
vibration of the split-norph stinulated py applied voltage is along the
width direction, it is very easy to excite the vibration along the height
or thi ckness direction because it has-much lower flexural rigidity than
that of thechar@cteiisticsdandchatyrally, theihit deasisy of dhe lisk drivas dnt orgler itgi di t y
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drawi ngs. Teoftnjin dihe Metti¢alespitchl andgirdll t giréctiarneanad stif§ iat ithe kimeplahe

di ti , th - ti f the_said piezoelectric elepent can take the
shape of L QEEEHGRS. | THSES1PEn, oneoof fhish SUBPERRION oFiesians BBISCHeS is dal ar
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of the dual stage servo system, one of the ideal mounting locations of the
secondary actuator should be on suspension. As shown in FIG.9, the long
‘axis of the suspension is parallel with the long axis of the arm. In this
case, the driving direction of the secondary actuator should preferably be
perpendicular to the long axis of the suspension. As described above,
split-morph just possesses this property so that it is suitable for mounting
on the load beam of the suspension to form a compound suspension. To
design a compound suspension, it is necessary to know the details of the
conventional suspension.

FIG. 10 shows an existing swage-mounted suspension assembly. It
is made up of three components: load beam, gimbal-slider and base plate
designated by 12, 13 and 14, respectively. The suspension supports a
head slider and provides the preload necessary for the head to fly at the
desired height above a disk. The suspension is attached to a supporting
arm (designated by reference S3 in FIG. 9) by means of a swaging
operation via a hollow cylinder or boss 15 at the base plate 14. The
suspension also incorporates flanges 16 as stiffening ribs for suppressing
out-of-plane motion by the respective piezoelectric devices. The
compliance of the suspension is mainly attributed to the load beam where
no flange exists. The gimbal 13 has a high compliance that mechanically
isolates the slider from the rest of the mechanism and allows it to follow
moderate axial runout of the disk.

FIG. 11.shows an embodiment of the present invention in which a

split-morph described in FIG. 1 is mounted on the suspension as the



pi ezoel ectric elenment is thin and even everywhere so that the two symetric
parts, a and b, of the element can expand or contract uniformy under
relatively lower applied voltage. This structure can increase the flexura
rigidity of the actuator along the z-axis significantly and suppress the
torsion deformation perpendicular to the x-axis. The strength of thin

pi ezoel ectric ceramc plates is always a problemin nounting and servi cing.
To solve this problem a stack structure is preferably enployed i n which

t he devi cessevondaoy déage agtuator to Jormca sempaund suspension.s dndFlEni thndss

direction, and electrically connected d | ari sed
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in the z diaectdophetted oy dlenges TBer eAasiage\platel split-marpht 1doi ithePat i ons
of this bi-lamnar split- norph due to,differences in r{ﬁgt{fg‘?ctur' ng.,net hod.
t r
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and | ower of |eaf springs which has low rigidity in the driving direction of the split-
morph and high rigidity in the other direction. The advantages of the
flanges are obvious because the in-plane bending motion of the split-
morph is unconstrained, but the out-of-plane motion is greatly suppressed.
These features will not only reduce the peak stress at the root of the split-
morph, but also suppress uncontrollable torsion deformation during the
operation of the actuator.

FIG. 12 shows another embodiment of the present invention in
which another configuration of the compound suspension is proposed. In
FIG. 12, the middle part of the suspension designated by reference 12 in
FIG. 11 is cut away and replaced by a bi-laminar split-morph 18 shown in
FIG. 5. It should be noted that the actuator must be electrically isolated
from the suspension so that the read/write process of the magnetic head
is not affected by the operation of the actuator.
In fact, the bi-laminar split-morph 18 can be substituted by any one

of the specific preferred actuators of the present invention. FIG. 13
shows another configuration of the compound suspension in which a bi-
laminar split-morph with central metal shim (described in FIG. 8) 19 is
used as the secondary actuator. In this case, the two piezoelectric
actuators are arranged to be driven by applied voltages to generate a
synchronised actuating action to drive the head slider for settling and
track following. Taking the suspension as the central metal shim, then a
simple structure of the compound suspension can be constructed. It is

illustrated in FIG. 14. In this structure, the effect of the actuator's driving



9 el ectrode, respectively. The polarisation vectors of the adjacent parts
of 6 and 7 are all opposite in orientation. The internediate electrode 9 is
connected to one termnal of the input voltage while the upper and | ower

el ectrodes 8 and 10 are connected to the other one. \When the voltage is
applied, parts 6 and 7 can generate a sypchronous bendi ng noti on.

Therefore, this bi-lamnar split-nmorph has simlar displacenent/voltage
sensitivity to the single plate one. Also, a multi-layer splLit-norph
structure | eperationsetd i readl?arite. processpeshouldg heeceensideieds dihe | 8ameo t hat

f the bi-Iarg lig-norph, FILG 7 sh th fi ti f
b1 -1 am nar  GRPTARSRS A thGRR RITAC. B demigRgRece e GomRb I HRL t wo. par al | e

split-morphs witmdnaiy ROV issthér ehfifddifnnt 6°¢he redBRt dfvertion ahher

8a and 8b, 9a and 9b, 10a and 10b are three pairs of symetric el ectrodes.
4 are the einith anetigapsonfiguration axfstheBbompaund dsukpensioe isqpnoposed. tla one

term nal of the voltage source while 8a, 9b and 10a are connected to .the
ot her one. Wﬁ§e§lﬂﬂ'i7§'6rf&?ﬂbﬁaﬁ thesexigting siseensien,ig replacg apyiakn

d . e L A
cont1 gurat| e Breyfiblsiy i8oHflbhad motliktdhE ahd ins Yfaef HBpU ditil ddiféctiye
anti - par al | gttaghéd ttomeie tips ufwthd aictudtor.S This sthutturee makesovsesl previdus cost

of decreasing the

design configurations much simpler and improves their resonance
performance by removing the tip of the suspension 12 b in FIG. 12. To
improve the performance of the secondary actuator, the actuator can take
varying width shape along its length. FIG. 16 shows an embodiment of
the present invention with a varying width shaped actuator along its
length. It also should be noted that the actuator must be electrically
isolated from both the load beam and head-slider gimbal, so that the
read/write process of the magnetic head is not affected by the driving
operation of the actuator.

Although the above explanation is made by referring to swage-
mounted suspensions, it is also applicable to screw-mounted suspensions.

The advantages of the proposed compound suspension are obvious.
In addition to providing high bandwidth and therefore high track density,
such a servo system will help tremendously in reducing access time,
realizing high compact structures, decreasing the cost of the secondary
actuator, and allowing simultaneous tracking of individual heads. The last
feature is particularly important for the video server/digital editing
application; with the ability to keep every single read/write head on track,
all of the recording channels can now work in parallel so that it is possible
to substantially increase the data transfer rate.

Properties of an example of a typical actuator and compound
suspension of the present invention are given below. As described

before, the stroke and resonance frequency of said actuators depend on



di spl acenent/voltage sensitivity by using a central netal |ayer so that the
tri-lamnar structure is obtained. FIG 8 shows an actuator with this
structure. Designated by 11 is a central netal layer in the formof a netal
shim Reference nunbers are the sane as those in FIG 5. This netal shim
can inprove the strength of the actuator, The thickness of the central

nmetal |ayer can significantly affect the performance of the actuator. The
central netal shim1ll is extended beyond the piezoelectric plates at both
the length meﬂsdhnelpsionsdeF@ the actuatots mjtramblic&nesnfvfmmcﬁ i oraote 8e3 to be
made to the_int

tr.od f d
Troodi vent cMgf. [t OB i af: T2,17m ot 2 min e Bomifadbe (o
FIG 9 throggbkd! & thtip!dt 1280hks féuw\h magst 8 waa;\se@ra A t@s the

secondary f| ne p03|t|on| ng act uat or 'S app | uaI stage servo
system of htQludh,swhilei thesresbh@ncé® frédumbvasd:etwe‘einr 4tkHdnitodl TrkHz.0Ast hi s
aspect of the present invention. Shown in FIG Is atop plan view of a

hard di sk diq Hae \Gormperngh sysRensian Wwithastainlass sg%ql Vst gBd; 14 a R FlGmat ed
by referencg, Dl'h%( R1k|@| 4 thd bp, 9o It 1sHatith 8P IheQuibisr, AwiPbeCmpihES" for

rotating the d
but the resonance frequency will be reduced as compared with that of the

actuator alone. Nevertheless, the order of magnitudes are still maintained
at micrometer order for stroke and about 10 kHz for resonance frequency.

It is evident that the present invention achieves the objects and
meets the ends set forth above, as well as those inherent therein. Various
modifications may occur to one skilled in the art. Accordingly, the
present invention is not limited to the embodiments as described in details

herein and as shown in the accompanying drawings.



together at a high speed. An array of vertically aligned head sliders, one
of which is designated by reference S1, is attached through a plurality of
conpound suspensions S2 to a plurality of supporting arns S3. An

- el ectromagnetic voice coil nmotor (VCM Al is used as the primary stage

rotary actuator to nove all the head sl%der I n a | eng—stroke—to—anydesired

one of a plurality of tracks on the suffaces of the disk -
accurate path A for seeking. Any suitable one of the“wm | I I ectric
actuators of the present invention, designated by re L P g unt ed

on the co rﬁﬂ'(ﬁsuspensi on as the secondary stage fine positioning actuator
‘to drive Pﬁgx vidual head slider in a fine stroke at very high speed for

settling and track foll owi ng. This enbodi nent can provide a val uabl e
advant ageous effect on individually correcting off-track states so that the
respect i velheadAcpiezbeleptric tdevited coiiphisiig anaittegrat bodyl bh Pisveldrridual
stage servo systemin this enmbodinment is illustrated by an exanple of hard
di sk dri ve',“qté"?’swzh'%*b i longeraand wisexthaptit da thigks kchayaeterisedrinothati ni ng
hi gh conp r r:Qj o] ound suspensign which is
Aot her | ontis; 88 @?’“l%é%@%ghm bRotaRE SRR i Voﬁ_%?%‘?“fg‘!i’r? BRI? I di sk
drive, theelecesdas sirathatitheléttrdded s BREN paftardithodei IR thathidKiss Ot at 1 N
di sk or nedia due to aerodynamics. This air bearing affects the ying
hei ght of @iFectipmaand iméhat the paies argyspaced ipadireptiont transvérsadoasaldnmedi um
thickness direction, whereby said body deflects along said transverse

direction when a voltage is applied to said electrode pairs.

2. A piezoelectric device according to claim 1, further characterised in
that said integral body of piezoelectric material is an elongated plate and

said transverse direction is the width direction of the plates.

3. A piezoelectric device according to claim 2, further characterised in
that the device is configured to exhibit a plane of symmetry extending

longitudinally of the plate between the respective pairs of electrodes.

4. A piezoelectric device according to claim 3, further characterised in
that said electrodes are planar electrodes applied to respective faces of
said integral body of piezoelectric material, and in that on each face
respective electrodes of each pair are separated by a narrow gap in said

plane of symmetry.

5. A piezoelectric device according to claim 1, further characterised in
that said integral body of piezoelectric material is polarised in said
thickness direction, the polarisation vectors being parallel and of uniform

orientation.



The head-to-nmedi um spacing is a decisive factor far_signal-to-noise
characteristics and, naturally, the bit density of the disk drive. Tn order

to maintai n proper head/ nedia conpliance and obt ai J"m _ i dt h,
t he design of the ginbal and suspension shoul d be g H”mmﬂ,mmm
relatively soft in the vertical, pitch d roll direttiontand s¢i in the
I n-plane directions. Therefore, one of the suspension design objectives is
to preferably increase the in-plane stiffness. As described before, for the
dual st age B.er voA piezasiectricedafice laecontiag tomlaim g fudbat icbasactérisédd in
secondary actuator $houl.aj ge on Zus ens" on. As shown.in FIG 9, the |ong

axi s of thdhatispaifsinteoral bedy| of| plazpglectiic | myateriali is Jpolariged, iR Said ¢ h s
case, the Yy i: 1.0 f I ly be
per pendi cul TS difeEiioh’ ne polgtfealfEhC(édble BEMHETGncLINg lalt B et

spl i t - mor phplané of ByRIReEYSbding DpposRel orieitedhat it is suitable for
nmounting on the | oad beam of the suspension to forma conpound suspensi on.
To design a conmpound suspension, it is necessary to know the details of the
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base pl ate that said integral body of piezoelectric material is formed by bonding

together separate elements of the material.

8. A piezoelectric device according to claim 7, further characterised in
that there are a pair of said separate elements bonded together at said

plane of symmetry.

9. A piezoelectric device according to claim 1, further characterised in
that the device is configured so that its cross section transverse to said
longitudinal direction is shaped to enhance the flexural rigidity of the
device in the thickness direction while being responsive to relatively low

driving voltages.

10. A piezoelectric actuator characterised by a stack of piezoelectric
devices according to claim 2 bonded together to increase stiffness in said
thickness direction, and electrically connected and polarised so that the

piezoelectric devices generate a synchronised bending motion.

11. A piezoelectric actuator according to claim 10, wherein said stack
has two of said piezoelectric devices, further characterised in that a metal

shim is sandwiched between the devices to enhance robustness.

12. A dual stage head positioning servo system for a hard disk drive

having one or more disks and a respective head slider for each of the



designated by 12, 13 and 14, respectively. The’sﬁgggg_nsj—g\q’wppb’rﬁ a head
slider and provides the prel oad necessary for the head to f| t he
desired hei ght above a disk. The suspension is a m“L %@B‘orti ng arm
(designated by reference S3 in FIG 9) by neans “‘m S ation via
a hollow cylinder or boss 15 at the ba plate 14* The Suspensi on al so

I ncorporates flanges 16 as stiffening ribs for suppressing out-of-plane

notion by the respective piezoel ectric devices. The conpliance of the
suspensi ondisks mauppertadt byb@ gespectivee ¢ampoved nsusrension fanthdartharst s.

The ginbal, 13 has a.high conpliance that nechanically isglates th l'i der
fromthe r@@f“fgf'gt%’_“ (AR SREQRRANY| PEMETPE 19 FBPT%%NaHadﬁPﬁt%‘g%lﬁP@

runout of ' ; i TP Yok i ing¥@Rrtion in
which a sp{:&?t-rgr'o'r%&ﬁeglgggly %@ewwé%?glaﬁglmun%ﬂghﬁﬁ%f) ﬁ”eegggggler?gl on as the
12 secondasyrfategeclearboterisedtia thatthe croepachiisdcondarynactuator includes 81, a
hole 1 2c is punched on the existing suspension al 023 t he ei&g ﬂ the | oad

beam so t hpiezeglectig deviseq actugtari are@rding o 3y pagf claims 2b whi ch
are connected by flanges 16. A single plate split-norph 17 is then

13. A dual stage head positioning servo system according to claim 12,
further characterised in that, for supporting each secondary actuator, the
respective piezoelectric device is incorporated as a component of said

suspension.

14. A dual stage head positioning servo system according to claim 12,
further characterised in that said suspension includes one or more
stiffening ribs for suppressing out-of-plane motion by the respective

piezoelectric devices.

15. A dual stage head positioning servo system according to claim 12,
further characterised in that each head slider is adjustable by a pair of
secondary actuators comprising piezoelectric devices according to any one
of claims 1 to 11, and in that the actuators are arranged to be driven by
applied voltages to generate a synchronised actuating action to drive the

head slider for settling and track following.

16. A dual stage head positioning servo system according to claim 12,
wherein the suspension for the head slider includes a cantilevered load
beam and a gimbal mounting for the slider, further characterised in that
the piezoelectric device is positioned with a first end mounted to the load

beam and a second end linked to the gimbal.



nount ed across the hole by clanmping its two ends on the two parts 1 2a and
1 2b. The two flanges of the suspension is preserved and act as a pair of

| eaf springs which has lowrigidity in the driving direction of the split-
norph and high rigidity in the other direction. The advantages of the

fl anges are obvi ous because the in-plane;pending nmotion of the split- norph
I s unconstrai ned, but the out-of-plane notion is greatly suppressed. These
features will not only reduce the peak stress at the root of the split-
nor ph, but al so suppress uncontrollable torsion deformation during the
operation of k? adHator. FIG 12 shows another enbodi nent of the present
I nvention i ' not her configuration of the conpound suspension is
proposed. In FIG 12, the mddle part of the suspension designated by
reference 12 in FIG 11 is cut away and replaced by a bi-Iam nar
split-norph 18 shown in FIG 5. It should be noted that the actuator nust

be electrically_lLsal | the.r JAWY & rocess
of the mgnet PIRZOFEETRIC VIS EEEECIAY BoR BhACETARE SERYS o 17
fact, the bi-lam nar SYgTENIB' ﬁrﬁ&ﬁﬁ%@?%ﬁhﬁﬂiﬁédﬁiv@%\/ one of the
specific preferred actuators O(P the present invention. FIG 13 shows

anot her configuration of the conpound suspension in which a bi- |am nar

split-morph with central netal shim (described in FIG 8) 19 is used as the
secondary actuator. In this case, the two piezoelectric

A piezoelectric device includes an integral body (1) of piezoelectric

material which is longer and wider than it is.thick and, in contact with this
body, respective pairs of electrodes (2a, 2b; 3a, 3b). The electrodes of
each pair are opposed in the thickness direction, and the pairs are spaced
in a direction transverse to the thickness direction, whereby the body
deflects along the transverse direction when a voltage is applied to the
electrode pairs.

In one broad application, a piezoelectric actuator is formed by a
stack of piezoelectric devices (6,7) bonded together to increase stiffness
in the thickness direction. The devices are electrically connected and
polarised so that the piezoelectric devices generate a synchronised
bending motion.

In a particular application, a dual stage head positidning servo
system for a hard disk drive has one or more disks (D1) and a respective
head slider (S1) for each of the disks supported by a respective compound
suspension (S2). Primary (A1) and secondary (A2) actuators are provided
for course and fine position control respectively of the head sliders relative
to their corresponding disk surfaces. The or each secondary actuator

includes a piezoelectric device or actuator of the disclosed kind.

(Figure 1)



actuators-are arranged to be driven by applied voltages to generate a

e synchroni sed actuating action to drive the head slider for settling and

track follow ng. Taking the suspension as the central netal shim then a
sinple structure of the conpound suspension can be constructed.” It is
<illustrated in FIG 14. In this structure, the effect of the actuator's
driving 13 operation to read/wife_process should be considered. The
sanme references as those in FIG 8 Hégignate t he sane components. FIG 15
shows anot her enbodi ment of the present invention in which another
configuration of the conpound suspgnsion is proposed. In this design, the
front part of the-existing sgspeskion is replaced by any of the previously
menti oned actuators, and the
tip of the actuator.
configurations nmuch_si
renmoving the tip
per f or mance -of -t he
shape along its | enghk
invention with a varyi

Jes thiLr resonance perfornmance by
2>L p G 12. To inprove the
act uat or can take varying w dth
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“l.ength. It also should be noted that the actuator nmust be electrically

i solated fromboth the | oad beam and head-slider ginbal, sb that the

read/ wite process of the nmagnetic head is not affected by the driving
operation of the actuator. Although the above explanation is made by
referring to swage- nounted suspensions, it is-also applicable to

screw nount ed suspensi ons. The advantages of the proposed conpound
suspensi on are obvious. In addition to providing high bandw dth and
therefore high track density, such g ggrvo systemwll help trenendously in
reduci ng access tine, realizing high conpact structures, decreasing the
cost of the secondary actuator, and allow ng sinultaneous tracking of

i ndi viidual heads. The last feature is particularly inportant for the video
server/digital editing application; with the ability to keep every single
read/ wite head on track, all of the recording channels can now work in
paral l el so that it is possible to substantially increase the data transfer
rate. Properties of an exanple of a typical actuator and conpound- _
suspensi on of the present invention are given below. As described before,
the stroke and resonance frequency of said actuators depend on .

F1G.3a

FIG.3b



14 t.hei.r. di mensions. For the actuators with thickness fromQ.1 mmto 0.3
mm I'ength from6 mmto 12 mmand width from2 mmto 5 nm the stroke at
the tip at 12 volts applied driving voltage is between 0.3 urn to 1.0 um
whil e the resonance frequency is between 4 kHz to 17 kHz. As to the
conmpound suspension with stainless steel front end 12 a in FIG 12, the

~stroke at the tip, i.e., the location of the slider, wll be anplified but
t'he resonance frequency will be reduced as conpared with that of the
actuator al one. Neverthel ess, the order ofg/magnitudes are still naintained

at mcrometer order for stroke and about 10 kHz for resonance frequency. It
Is evident that the present invention achieves the objects and neets the
ends set forth above, as well as those inherent therein. Various"-

nodi fications may occur to one skilled in the art. .Accordingly, the
present invention is not limted to the enbodi nents as described in details
herein and as shown in the acconpanylng dr awi ngs. 15 CLAI M5 1. A

pi ezoel ectric device conprising o e goel ectric

FIG.5 FIG.6

10b

FIG.7 FIG.8



-material which is longer and wider than it is thick, characterised in that
.the device further includes, in centact wth said body respective pairs of
el ectrodes, in that the el ectrodes of each pair are opposed in the

t hi ckness direction, and in that the pairs are spaced in a direction
“transverse to said thickness direction,. whereby said body deflects al ong
said transverse direction when a vpttage is -applied to said electrode"
pairs. 2. A pi ezoel ectric device according to claim1, further
characterised in that said jntegral body of piezoelectric material is an

el ongated pl ate &nhd said transverse dlrectlon is the wdth dire on of the
pl ates. 3. pi ezoel ectric deviee ‘ o claim?2, further
i J ibit a plane o
™l he respecti

symetry extending |ongit

of el ectrodes. |4. | claim 3, rther
characterised i gai applied to
respective facq din

that on each f . ach pair are sepa ated y a
narrow gap in | &%

toclaim1, fu
pi ezoel ectric
pol ari sati on vgcy

body of
_dlrectlon

FI1G.9




16 6. , A piezoelectric device according to claim1, further' characterised
in-that said integral body of piezoeleCtric material is polarised in said
t hi ckness direction, the polarisation vectors at the respective sides of
said plane of symetry being oppositely oriented. 7. A pi ezoel ectric
devi ce according to claim1, further characterised in that said integral
body of piezoelectric material is forned by bondi ng together separate’

el enents of the material. 8. A piezoelectric device according to claim?7,
~further characterised in that there are gypair of said separate el enents
bonded together at said plane of symetry. 9. A pi ezoel ectric device

according to claimi, further characterised in that the device is
configured so that its cr¢8s section transverse to said |ongitudina
direction is shaped to efhhance the fled#&al rigidigy of the device in the
t hi ckness direction vyfs el ~espofsive to re¥atively |ow driving

vol tages. 10. A pieZaqf® ¥1ised by a stack of

.pi ezoel ectric devicef e S ponded t oget her to increase
stiffness in said )
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t hickness direction, and electrically connected and pol arised so that the
pi ezoel ectric devices generate a synchroni sed bending notion. 11. A
pi ezoel ectric actuator according to claim 10, wherein said stack has two of
said piezoelectric devices, further characterised in that a nmetal shimis
sandw ched between the deV|ces to enhance robustness. 12. A dual stage
head positioning servo systemfor a d disk drive having one or nore
"disks and a respective head slider f each of the 17 di sks supported by
a respective conpound Eyspensmg& and further including primary and
- secondary actuators fpr coursg and f,ilfe po§2¢lomacontrol respectively of .
ohdl iy i di sk surfaces,
characterised in tha N tuator includes a

13. A dual stage %\hgae g servo system according.to claim 12,
further characterlsed |n that, for supporting each secondary actuator, the
respective piezoelectric device is i ncorporated as a conponent of sai d
suspension. 14. A dual staggGhg® gositioning servo systemaccording to
claim 12, . /5 _ )
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further characterised in that said _suspension includes one or nore
stiffening ribs for suppressing out-of-plane notion by the respective

pi ezoel ectric devices. 15. A dual stage head positioning servo system
according to claim 12, further characterised in that each head slider is
adj ustabl e by a pair of secondary actuators conprising piezoelectric

devi ces according to any one of clains 1 to 11, and in that the actuators
.are arranged to be driven by applied voltages to generate a synchroni sed
actuating action to drive the head slider for settling and track follomnng
«16. A dual stage head positioning ddrvo system according to claim12,
wherei n the suspension for the head slider includes a cantilevered Ioad
béam and a gi nbal nounti nd5f or tha2slider, fgirther characterised in that

t he piezoelectric device | h afirst e mounted to the | oad

15 8
12
14 13
Fi& 15
15 12 18 12

T /e
ARy

.ISL 8

U

/3



