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HEAD SUPPORT MECHANISM AND THIN FIIM PIEZOELECTRIC ACTUATOR

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION:

The present invention relates to a head support
mechanism provided in a magnetic disk apparatus for use in
a computer storage apparatus and the like. More
particularly. the present invention relates to an optimal
head support mechanism for high-density data recording, and

a thin film plezoelectric actuator suitable for the head
support mechanism.

2. DESCRIPTION OF THE RELATED ART:

Recently, the racording density of a magnetic disk
provided in a magnetid disk apparatus has been vigorously
increased. A magnetlc head for use in recording and
reproducing data to and from a magnetic disk is typically
provided on a slider. The slider carrying the magnetic head
is supported on é. head support mechanism provided in a
magnetic disk apparatus. The head support mechanism has a
head actuator arm to which the slifder is attached. The head
actuator arm is rotated by a voice coll motor (VCM). The
head provided on the slider is placed at an arbitrary

position on a magnetic disk by controlling the voice coil
motox.

High-density data recording on a magnetic disk
requires a high ievel of precise pdsitioning of the magnetic
head. In the case whare the positioning of the magnetic head
is performed by the VCM rotating the head actuator arm, there
is a problem in that the positioning of the magnetic head
1s less precise. To avoid such a problem, a head support
mechanism has already been proposed which achieves
h_igh-precision positioning of the magnetic head.
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Figure 45 is a top view 1llustrating a conventional
head support mechanism 400 for use in a magnetlc disk
apparatus. A head 402 is used to record and reproduce data
to and from a rotating magnetic disk (not shown). The

head 402 is =supported on an end portion of a suspension

arm 404. The other end portion of the suspension arm 404
is supported on a projection portion 408 provided in the
tip portion of a carriage 406 in such a manner as to rotate
within & small angle range on the projection portion 408.
A base portion of the carriage 406 is supported on an axis
member 410 £ixed to a housing of the magnetié disk apparatus
in such & manner as to rotate on the axis member 410.

* A permanent magnet (not shown) 1s fixed to the
carriage 406. A drive coll 414 as a part of a magnetic
circuit 412 fixed to the housing is controlled by an
excitation current flowing therethrough. The carriége 406
is rotated on the axis member 410 by interaoction of the
permanent magnet and the drive coil 414. Thereby, the
head 402 1s moved in a substantially radial direction of
a magnetic disk.

A pair of piezocelectric elements 416 are provided
between the carriage 406 and the suspension arm 404. The
longitudinal directions of the piezoelectric elements 416
are slightly deviated from the longitudinal direction of
the carriage 406 in opposite directions. The suspension
arm 404 1s rotated within a small angular range on the
projection portion 408 and along a surface of the
carriage 406 by expansion or contraction along a direction
indicated by arrow Al4 of the plezoelectric elements 416.
T!nereby, the head 402 attached to the tip portion of the
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suspension arm 404 is moved along a surface of a magnetic
disk within a small range so that the head 402 can be
precisely placed at a desired position on the magnetic disk.

In the conventional head support mechanism 400 of
Figure 45, each piezoelectric element 416 is interposed
between the suspension arm 404 and the carriage 406. Side
portions in the longitudinal direction of each
plezoelectric element 416 contact the suspension arm 404
and the carriage 406. Deformation of each plezoelectric
alement 416 causes the suspension arm 404 to be rotated so
that the head 402 18 slightly displaced. In other words,
a voltage is applled to each plezoelectric element 416 to
cause the rotation of the suspension arm 404, resulting in
a small;displacement of the head 402. However, the head 402
does not always follow the voltage applied to each
plezoelectric element 416 with great precision. It i8 thus

unlikely that the head 402 is precisely placed at a desired
position.

SUMMARY OF THE INVENTION

According to one aspect of the present invention,
a head support mechanism includes: a slider for carrying
a head at least for performing reproduction of data from
a disk: and a holding portion for holding the slider. The
holding portion includes: a first portion including a first
plezoelectric element; a second portion including a second
piezoelectric element:; a third portion connected to the
first and second portions, the slider being provided on the
third portion; and a fixing portion for fixing the first
and second portions. At least one of the first and second
piiezoelectric elements is contracted and expanded in a
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direction substantially parallel to a surface of the disk,
in the presence of an applied voltage so that the slider
provided on the third portion 1is rotated around a
predetermined center of rotation.

In one embodiment of this invention, the head
support mechanism further includes a load beam provided at
a side of the holding portion opposite to the slider. The
load beam 1nclude§ a dimple projecting toward the slider
in such amanner as to apply a load to the slider. The holding
portion further includes a first joining portion for joining
the first and third portions. and a second .jo:l.ning portion
for Jjoining the second and third portions. The dimple is
provided at a substantially middle point between the first
and sscond joining portions. '

In one embodiment of this invention, the first and
second jolning portions include first and second elastic
hinges, respectively., each having a width sufficient to
reduce a load required for rotation of the slider.

In one embodiment of this invention, the first and
second portions include first and second conductor patterns
provided along the first and second elastic hinges,
respectively. The first and sec¢ond elastic hinges each have
2 minimum width required for providing the first and second
conductor patterns, respectively.

In one embodiment of this invention, the head
support mechanism further includes: a load beam provided
at a side of the holding portion opposite to the slider:
and a s811dexr holding plate provided between the third portion
1poluded in the holding portion and the load beam. The load
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beam includes a dimple projecting toward the slider in such
a manner as to press the third portion via the slidex holding
plate. The slider holding plate has such a shape that the
centér of gravity of a combination of the slider holding

plate and the slider substantially corresponds to the
predetermined center of yrotation.

In one embodiment of this invention, the load beam

includes a regulation portion for regulating the slider
holding plate.

In one embodiment of this invention, the dimple
contacts a pdint of the glider holding plate to support the
slider holding plate pressing the third portion in such a
manner: that the third portion can be rotated in all

directions including a pitch direction, a roll direction,
and a yaw direction.

In one embodiment of this invention, the head
support mechanism further includes: a load beam provided
at a side of the holding portion opposite to the slider;
and a slider holding plate provided between the third portion
included in the holding portion and the load beam. The load
beam includes a dimple projecting toward the slider in such
a manner as to press the third portion via the slider holding
plate. The slider provided on the third portion is rotatead
on the dimple acting as the praedetermined center of rotation.

In one embodiment of this invention, the second
portion is provided in such a manner that a distance between
the BsBecond portion and the surface of the d4disk 1s

substantially equal to a distance between the £irst portion
a.pd the surface of the disk.
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In one embodiment of this invention, the first

.portion includes a first electrode for applylng a voltage

to the first piezoelectric element: and the second portion
includes a second electrode for applying a voltage to the
second plezoelectric element.

In one embodiment of this invention, the first
portion 1includes a first substrate. The second portion
includes a second substrate. The first and second
substrates are provided along a tangential direction of the
disk. At least one of the first and second plezoelectric
elements 1is contracted and expanded in a direction
substantially parallel teo the surface df the disk in such
a manner that at least one of the first and second substrates
is bent in a direction nearing or leaving the disk, so that
the slider carrying the head is rotated by a small amount
in a yaw direction.

In one embodiment of this invention, at least one
of the first and second plezoelectric elements is contracted
and expanded in a direction substantially parallel to the
surface of the disk in such a manner that only one of the
first and second substrates is bent in a direction nearlng
or leaving the disk, so that the slider carxying the head
is rotated by a small amount in a yaw direction.

In one embodiment of this invention, the first and
sscond portions further include first and second flexible
materials covering the first and second pilezoelectric
elements and the first and second substrates, respectively.

In one embodiment of this invention, the slider has
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an ailr bearing surface on which an appropriate air flow is
generated between the slider and the rotating disk. The
third portion is arranged so that a center position of the

alr bearing surface substantially corresponds to the
predetermined center of rotation.

Accordingtoanotheraspactofthepresentinvention,
a head support mechanism includes: a slider for carrying
a head at least for performing reproduction of data from
a2 disk; and a holding portion for holding the slider. The
holding portion includes: a £irst portion including a £irst
piezoelectrioc 'alement; a second portion inéluding a second
piezoelectric element; and a £ixing portion for fixing the
first and second portion. At lesast orie of the first and
second'piezoelectric elements is contracted and expanded
in a direction substantially parallel to a surface of the
disk, in the presence of an applied voltage so that the slider
is rotated around a predetermined center of rotation. The
head support mechanism further includes: a load beam
provided at a side of the holding portion opposite to the
slider; and a slider holding plate provided between the
holding portion and the load beam and provided at a posgition
corresponding to the slider. The load beam includes a
dimple projecting toward the slidexr in such a manner as to
press the third portion via the élider holding plate. The
slider holding plate nas such a shape that the center of
gravity of a combination of the slider holding plate and

the slider substantially corresponds to the predetermined
centexr of rotation.

In one embodiment of this invention, the holding
portion further includes a third portion, the slider beilng
p_rovided on the third portion. At least one of the first
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and second piezoelectric elements 1s contracted and
expanded in a direction substantlally parallel to the
surface of the disk, in the presence of applied voltage so

that the third portion is rotated around the predetermined
center of rotation.

In one embodiment of this invention, the holding
portion includes a first joining portion for joining the
first and third portions, and a second joining portion for
joining the second and third portions. The dimple 1is
provided at a substantially middle point between the first
and second jolning portions. -

In one embodiment of this invention, the slider is
rotated on the dimple corresponding to the predetermined
center of rotation.

In one embodiment of this invention, the second
portion is provided in such a manner that a distance between
the second portion and the surface of the disk is
substantially equal to a distance between the first portion
and the surface of the disk.

According to still another aspect of the present
invention, a method for producing a thin £ilm piezoelectric
element, includes the steps of: a) forming a first metal
electrode f£ilm, & first thin film piezoelectric element,
and a second metal electrode £ilm on a first substrate in
this order; b) forming a third metal electrode film, a
second thin film piezoelectrioc element, and & fourth metal
electrode film on a second s8substrate in this order;
¢) attaching the second metal electrode £ilm to the fourth
mgtal elsctrode film: d) removing the first substrate by
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etching; e) shaping the first metal electrode f£ilm, the
first thin film piezoelectric element, the second metal
electrode £ilm, the fourth metal electrode £ilm, the second
thin f£ilm plezoelectric element, and the third metal
electrode film; £) covering the first metal electrode £1lm,
the first thin £film piezoelectric element, the second metal
alectrode £ilm, the fourth metal electrode £ilm, the second
thin f£1lm pilezoeleotric element, and the third metal
electrode film, with a coating resin; and g) removing the
second substrate by etching.

In one embodiment of this 1nventiori, the first and
second substrates are each a mono-crystal substrate.

 In one embodiment of this invention, the linear
expansion coefficient of the first substrate is greaterxr than
the linear expansion coefficient of the first thin film
plezoelectric element. The linear expansion coefficient of
the second substrate is greater than the linear expansion
coefficient of the second thin £film piezocelectric element.

In one embodiment of thie invention, step c¢)
includes attaching the second metal electrode £11lm to the
fourth metal electrode f£ilm using a conductive adhesive.

In one embodiment of this invention, step c)
includes attaching the second metal electrode £11lm to the
fourth metal electrode f£film using a thermal melting
technique using ultrasonio vibratilon.

In one embodiment of this Ainvention, step a)
includes forming the first thin £ilm piezoelectrxic element
in such a manner that a polarization direction of the first
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thin £1lim piezoelectric element substantially corresponds
to a direction perpendicular to a surface of the first thin
£1ilm plezoelectric element. Step b) includes forming the
second thin f£1lm piezoelectric element in such a manner that
a polarizatlon direction of the sgecond thin £film
plezoelectric element subsgtantially corresponds to a
directlon perpendicular to a surface of the second thin £ilm
plezoelectric element.

According to still another aspect of the present
invention, a thin film piezoelectric device includes: a
first metal electrode £ilm; a first thin fiim plezoelectric
element provided on the first metal electrode film; a second
metal electrode £ilm provided on thae first thin film
plezoelectric element; a third metal ‘electrode film: a
second thin £ilm piezoelectric element provided on the third
metal electrode £ilm; a fourth metal elsctrode film provided
on the second thin £1ilm piezoelectric element; and adhesive
means for attaching the second metal electrode £ilm to the
fourth metal electrode £ilim.

In one embodiment of thls invention, the thin f£ilm
piezoelectric device further includes voltage applying
means for applying a voltage to the thin £film plezoelectric
device. The voltage applying means includes: a first
terminal for applying a driving voltage to the first and
third metal electrode films: and a second terminal for
grounding the second and fourth metal electrode films.

According to still another aspect of the present
invention, a head support mechanism includes: a slider for
carxying a hsad; and a holding portion for holding the slider.
Tpe holding portion includes: a first portion including a
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first piezoelectric eslement; a 8econd portion including a
second plezoelectric element; a third portion connected to
the first and second portions, the slider being provided
on the third portion; and a fixing portion for fixing the
first and second portions. The first and second

plezoelactric elements include the above-described thin
film pilezoelectric device.

Thus, the invention described herein makes posgsible
the advantages of providing: (1) a head support mechanism
for use in a disk apparatus., which enables a hsad to move
by a small displacement with great precision for the purposes
of tracking correction and the like for a magnetic disk and
the like: (2) a head support mechanism. for use in a - disk
apparatus, which enables a head to " move by a small
displacement with great precision by control of a voltage;
and (3) a thin £ilm piezoelectric actuator preferably used
for such head support mechanisms.

These and other advantages of the present invention
will become apparent to those skilled in the art upon reading

and understanding the following detailed description with
reference to the accompanying figures. '

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view illustrating a head

support mechanism according to Example 1 of the present
invention.

Figure 2 1s au exploded, perspective view
illustrating the head support mechanism of Example 1.
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Figure 3 is aperspective viewillustratinga slider
for use in the head support mechanism of Example 1.

Figure 4 1s a bottom view of a major part of a thin
film plezoelectric element substrate for use in the head
support mechanism of Example 1.

Figure 5 1s a top view 11lustrating a major part of
the thin £film plezoelectric element substrate of Example 1.

Figure 6 is across-~sectional viewof Figure 2 taken
along line X-X,

Figure 7 1s a oross-sectional viewof Figure 4 taken
along line ¥-Y. '

Figure 8 is a side view of a major part of the head
support mechanism of Example 1, used for explaining
operation thereof.

Figure 9 1s a side view of a major part of the head
support mechanism of Example 1, used for explaining
operation thereof. -

Figure 10 is a top view of a major part of the head
support mechanism of Example 1, used for explaining
operation thereof. '

Figure 11 is a perspective view 1llustrating a head

support mechanism according to Example 2 of the present
invention.

Figure 12 i1is an exploded, perspective view
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illustrating the head support mechanism of Example 2.

Figure 13 is a perspective view illustrating a
glider for use in the head support mechanism of Example 2.

Figure 14 is a top view illustrating a major part
of a thin film piezoelectric element substrate for use in

the head support mechanism of Example 2, and the vicinity
thereof.

Figure 15 is a bottom view il1lustrating a major part
of the thin film piezoelectric element substrate of
Example 2, and the vicinity thereof.

. Figure 16 is a cross-sectional view of Figure 12
taken along line X-X.

Figure 17 is a cross-sectional view of Figure 15
taken along line ¥Y1-Y1.

Figure 18 is a side view of a major part of the head

support mechanism of Example 2, used for explaining
operation therectf. '

Figure 19 is a side view of a major part of the head

support mechanism of Example 2, used for explaining
operation thereof. .

Figure 20 is a top view of a major part of the head

support mechanism of Example 2, used@ for explaining
operation thereof.

Figures 21A and 21B are schematic dlagrams used for
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explaining operation the head support mechanism of
Example 1,

Figures 22A and 22B are schematic diagrams used for

explaining operation the head support mechanism of
Example 2.

Figures 23A through 23C are perspective views
illustrating vibration modes of a load beam of Example 2.

Figures 24A and 24B are graphé showing response
characteristics of the head support mechanism of
Figures 21A and 21B.

' Figures 25A and 25B are graphé showing response
characteristics of the head support mechanism of
Figures 22A and 22B.

Figures 26A and 26B are schematic diagrams used for
explaining the operation of the head support mechanism as
a variation of Example 2.

Figures 27A and 27B are graphs showing responée
characterigstics of the head support mechanism of
Figures 26A and 26B.

Figure 28 is a perspective view illustrating a head

support mechanism according to Example 3 of the present
invention.

Figure 29 1s an exploded, perspective view
i1llustrating the head support mechanism of Example 3.
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Figure 30 1s a perspective view 1illustrating a
slider for use in the head support mechanism of Example 3.

Figure 31 is a diagram illustrating a structure of
a flexure for use in the head support mechanism of Example 3.

Figure 32 is a top view illustrating a thin £film
plezoelectric element of Example 3.

Figure 33 is a cross-sectional view of Figure 32
taken along line X1-X1.

Figure 34 is a top view illustrating the £flexure for
use in the head support mechanism of Example 3.

Figure 35 is a ocross-sectional view of Figure 34
taken along line X2-X2.

Figure 38 is a bottom view illustrating the flexure
for use in the head support mechanism of Example 3.

Figure 37 1s a cross-sectional view of Figure 34
taken along line Y2-Y2 where the thin £ilm piezoelectric
element is attached to the flexure.

Figures 38A through 38C are diagrams showing a
procedure for forming the thin film plezoelectric element

of Example 3 and electrodes thereof on a mono-crystal
substrate.

Figuras 39A through 39G are diagrams showing a
procedure for forming the thin film piezoelectric element

O_f Example 3 having a two-layer structure on a mono-crys tal



10

15

20

25

30

- 16 -
substrate.

Figure 40 is a flowchart showing a method for
producing the thin £ilm piezoelectric element of Example 3.

Figure 41 is a cross-sectional view illustrating an
electrode connection portion of the thin £film piezoelectric
element of Example 3.

Figure 42 1s a slde view of the head support
mechanism of Example 3. |

Figures 43A through 43C are diagrams including a
cross-sectional view of the thin f£film plezoelectric device
and graphs of applled voltage, used for eiplaining'operation
of the head support mechanism of Example 3.

Figures 44A and 44B are top views illustrating a
schematic structure of the head support mechanism of
Example 3, used for explaining operation thereof.

Figure 45 is a top view illustrating an example of
a conventional head support mechanism. '

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the prasént invention will be
described by way of illustrative examples with reference

to the accompanying drawings.

(Example 1)
Figure 1 is a perspective view illustrating a head
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i
support mechanism 100 for use in a disk apparatus according
to Example 1 of the present invention, viewed from a disk
side. Figurs 2 1is an exploded, perspective view

illustrating the head support mechanism 100.

Referring to Figures 1 and 2, the head support
mechanism 100 has a load beam 4, on a tip portion of which
a glider 2 having an attached head 1 is supported. The load
beam 4 includes a base portion 4A which is fixed by beam
welding to a base plate 5 attached to a head actuator arm.
The base portion 4A and the base plate 5 each have a similar
square shape. The load beam 4 includes a neck portion 4B
tapering from the base portion 4A, and a beam portion 4C
extending straight from the neck portion 4B. An opening
portion 4D is provided in the middle of the neck portion 4B.
In the neck portion 4B, portionse on the opposite sides of

the opening portion 4D each function as a plate spring
portion 4E.

A slider holding plate 3 1s provided on the tip
portion of the beam portion 4C of the load beam 4 in such
a manner as to rotate.

The slider holding plate 3 1is provided with a
projection portion 3A which projects toward the base

portion 4A of the load beam 4. In the tip portion of the
beam portion 4.C, a dimple 4G is provided which contacts and
presses the projection portion 3A. The slider holding
plate 3 is placed on the tip portion of the beam portion 4C
and i1s engaged with each regulation portion 4F in such a
manner that the projection portion 3A is pressed and held
by the dimple 4G. Therefore, the slider holding plate 3A
can be rotated on the dimple 4G in all directions.



10

15

20

25

30

- 18 -

The regulation portion 4F 18 provided on each sids
edge of the tip portion of the beam portion 4C. The
regulation portions 4!' are engaged with the respective side
edges of the slider holding plate 3 so that rotation of the
slider holding plate 3 can be regulated. Each regulation
portion 4P extends straight £from the tip portion of the beam
portion 4C toward the base portion 4A. The side edges of
the slider holding plate 3 are engaged with and regulated
by the respective regulation portions 4F.

A thin £ilm plezoelsotric drive conductor pattern 7
and a thin film pilezoelectric substrate 8 are provided on
the beam portion 4C of the load beam 4. The thin film
plezoelectric substrate 8 is made of a cbnductiva' and rigid
material, such as stalinless steel or copper. One end
portion of the thin film pilezoelectric drive conductor
pattern 7 1s a thin film plezoelectric terminal holding
portion 7A which 1s positioned around the middle of the beam
porticn 4C. The thin £ilm piezoelectric terminal holding
portion 7A is partially overlapped with a part of thin film
plezoelectric substrate 8. One end portion of the thin film
piezoelectric substrate 8 is a slider attachment portion 8A
which 1s provided on the slider holding plate 3. Further,

the slider 2 carrying the head 1 1s provided on the slider
attachment portion B8A.

The slider 2 1is 1in the form of a ractangular
parallelepiped as shown in Figure 3. The head 1 including
an MR (Magneto-~Resistive) element is provided at the middle
of an upper portion of a side 8l at the beam portion 4C tip
portion side of the slider 2. The slider 2 is placed in such
a manner that the head 1 1s oriented toward a tangential
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1line of amagnetic head. Further, four terminals 2A through
2D are disposed in a transverse direction in a lower portion
of the side 81 of the slider 2. Further, an air bearing
surface 2E 1s provided on an upper side of the slider 2.
An air flow generated by a rotating magnetic disk is passed
in a pitch direction of the slider 2 (a tangential direction
of a magnetic disk) so that an air lubricating film 1is

generated between the air bearing surface 2E and a magnetic
disk. '

As shown in Figures 2 and 3, a center position M1
of the air bearing surface 2E substantially corresponds to
the projection portion 3A of the slider holding plate 3
supported on the dimple 4G. The slider 2 is supported on
the slider attachment portion 8A in such a manner that the

side S1 of the slider 2 faces the tip portion of the beam
portion 4C of the load beam 4.

The slider holding plate 3 is held by the dimple 4G
provided in the tip portion of the load beam 4 in such a
manner that the slider holding plate 3 can be rotated on
the projection portion 3A by a small displacement in all
directions. Therefore, the slider 2 having its ocenter
position M1l on the projection portion 3A can be rotated on

the projection portion 3A by a small displacement in all
directions.

As shown in Figures 1 and 2, the other end portion
of the thin film plezoelectric drive conductor pattern 7
is an external connection terminal holding portion 7B which
is provided on an edge portion of the base portion 4A of
the load beam 4. Three terminal portions 15A, 15B, and 15C
are provided on the thin £ilm piezoelectric terminal holding
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portion 7A, and connected to respective external connection
terminal portions 16A, 16B, and 16C which are provided on
the external connection terminal holding portion 7B.

A terminal holding portion 8B is provided on an edge
portion opposed to the edge of the thin £ilm piezoelactric
substrate 8 on which the slider attachment portion 8A is
provided. The terminal holding portion 8B is positioned at
an edge of the base portion 4A of the load beam 4, and at
the neck portion 4b side with respect to the external
connection terminal holding portion 7B.

Figures 4 and 5 are a bottom view and a top view,
respectively, illustrating the slider attachment
portion 8A and the vicinity thereof, of the thin F£ilm
plezcelectric substrate 8.

As shown in FPigures 1 and 4, a palr of first and
second conductor substrate portions 8D and 8E contiguocus
to the slider attachment portion 8A are provided on the thin
film plezoelectric substrats 8. The conductor substrate
portions 8D and B8E extend straight from the slider
attachment portion 8A and are disposed a distance from each
other and in parallel.

Elastic hinge portions 8F and 8G each having a
narrow width are provided between the slider attachment
portion B8A and conductor substrate portions 8D and 8E of
the thin filmpilezoelectric substrate 8, respectively. The
elastic hinge portions 8F and 8G are elastically bent in
the same plane as the slider attachment portion 8A.

The thin £11mpilezoelectric substrate 8 and the thin
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film piezoelectric drive conductor pattern 7 may be
integrated together. |

Figure 6 is a cross-sectional view of the thin film
piezoelectric substrate 8 taken along line X-X shown in
Figure 2. Figure 7 is a cross-sectlonal view of the thin

f1lm piezosleotric substrate 8 taken along line ¥Y-¥Y shown
in Figure 4.

As shown in Figures 5 and 6, the first and second
conductor substrate portions 8D and 8E are covered with a
flexible material 6 made of a polymer suci'x as polylmide.
On upper surfaces of the conductor substrate portions 8D
and 8E, a pailr of conductor patterns 12A and 12B and a pair
of conductor patterns 12C and 12D are p‘rovlded. ‘extending
along the conductor substrate porticns 8D and B8E.
respectively. - The conductor patterns 12A and 12B are
attached by the flexible material 6 to the conductor
substrate portion 3D. The conduotor patterns 12C and 12D

are attached to the conductor substrate portion 8E by the
flexible material 6.

As shown in Figures 2 and 5, one end of the conductor
patterns 12A, 12B, 12C and 12D are terminals which are
provided on the slider attachment portion 8A. Further, the
conductor patterns 12A, 12B, 12C and 12D are laid on a
conductor portion 8C of the thin £ilm piezoelectric
substrate 8. The other ends of the conductor patterns 12A,
12B, 12C and 12D are terminals which are provided on the
terminal holding portion 8B. Each conductor pattern 12A
through 12D is covered with the flexible materlal 6.

As shown in Figure 5, on an end portion (hatched
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portion 1in Figure 5} opposed to the slider attachment
portion BA of the conductor substrate portions 8D and 8=,
a fixing member (not shown) is provided which contacts and
fixes the thin f£film plezoelectric drive conductor

patterns 15A, 158 and 15C (Figure 2) with terminals 13A,
13B and 13C {Figure 4).

As shown in Figure 6, first and second thin film
plezoelactric elements 11A and 11B are provided under the
first and second conductor substrate portions 8D and 8E,
respectlively. An upper side electrode 9A and a lower side
electrode 9B made of platinum are provided 6n an upper side
and a lower glde of the firat thin £1lm plezoelectric
element 11A, respectively. Similarly, an upper side
electrode 9A and a lower side electrode '9B made of platinum
are provided on an upper side and a lower side of the second
thin f1lm piezoeleotrio element 11B, respectively.

As shown in Figure 7. & short member 14 for shorting
the conductor substrate portions 8D and BE is provided on
an end portion distal to the slider attachment portion B8A
of each of the upper side electro&es 9A provided on the upper

sides of the first and second thin film plezoelectric
elements 11lA and 11B.

As shown in Figures 4 and 7, end portions proximal
to the slider attachment portion 8A of the lower side
electrodes 9B provided on the lower sides of the first and
second thin £1lm piezoelectric elements 11A and 11B are not
covered with the flexible material 6 and are connected to
terminals 13A and 13B, respectively. Therefore, the
terminals 13A and 138 are exposed from the flexible
material 6. Further, the terminal 13C is connected to a
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lower surface of a middle portion in a width direction of
a portion close to the conductor substrate portions 8D and
8E of the conductor portion 8C. The terxrminal 13C 1is also
exposed from the flexible material 6.

The terminal 13C connected to the conduoctive
conductor portion 8C and the upper electrodes 9A providead
on the respective thin £ilm piezoelectric elements 11A and
11B are shorted by the short member 14.

The terminals 13A through 13C (Figure 4) provided
on the lower slde of the conductor substrate portions 8D
and 8E are connected to the respactive terminals 15A through
15¢ (Figure 2) on the thin film pilezoelectric terminal
holding portion 7A of the thin film plezoelectric drive

conductor pattern 7 which is positioned around the middle
of the beam portion 4C.

As shown in Figure 2, the sllider 2 is disposed on
the slider attachment portion 8A of the thin f£film
plezocelsatric substrate 8 which is provided on the slider
holding plate 3. The slider 2 is connected via the four
terminal portions provided on the slider attachment

portion 8 to the conductor patterns 12A, 12B, 12C and 12D,
respectively. '

Operation of the head support mechanism 100 having
such a structure will be descr.ibed with reference to
Figures 8 through 10. The terminal portion 13C (F_:Lgure 4)
provided at a linkage portion of the conductof subgstrate
portions 8D and 8K of the thin film pilezoeleoctric
substrate 8 is set to the ground level via the thin film
plezoelectric drive conductor pattern 7 (FPigure 2). As
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shown in Figure 7, since the terminal 13C shorts the upper
silde electrodes 9A provided on the upper sldes of the first
and second thin film plezoelectric elements 11A and 11B,
the upper side electrodes 9A are set to the ground level.
A voltage V, is applied to one terminal 13A (Figure 4) of
the first conductor substrate portion 8D of the thin fllm
plezoelectric substrate 8, and a voltage of zerc is applied

to the terminal 13B (Figure 4) of the second conductor
substrate portion BE.

In this way., the voltage V, between the upper
electrode 9A and i:he lower electrode 9B of the first thin
film pilezoelectric element 11A provided on the first
conductor substrate portion 8D is applied to the first thin
£f1lm plezoelectric element 11A. Meanwhile, a voltage is
not applied between the upper electrode 9A and the lower
electrode 9B of the ssecond thin film piezoelectric

element 11B provided on the second conductor substrate
portion 8E,.

Ags a result, the first thin £ilm pilezocelectric
element 11A extends in its longitudinal direction
(indicated by arrow Al in Figure 8). In this case, since
the conductor substrate portion BD stacked on the first thin
£11m piezoelectric element 11A is made of stainless steel,
copper. or the like, the conductor substrate portion 8D is
considerably rigid in the extension direction(indicated by
arrow Al in Figure 8). The first thin film piezoelectric
element 11A and the conductor substrate portion 8D are bent
toward a magnetic disk due to a bimorph effect, as shown
in Figure 8. In contrast, since a voltage is not applied
to the second thin film piezocelectric element 11B, the
s_econd conductor substrate portion 8E is not substantlally
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bent.

Figure 10 is a top view illustrating states of the

conductor substrate portions 8D and 8E of the thin film
plezoelectric substrate 8.

The first thin £ilm piezoelectric element 11A and
the conductor substrate portion 8D which are bent are
shorter by a small displacement 31 than the second thin f£ilm
piezoelectric element 11B and the conductor substrate
portion 8R which are not bent. As a result, the slider
holding plate 3 is rotated by a small amounf in a direction
indicated by arrow A2 in Figure 10. Therefore, the
slider 2 provided on the slider holding plate 3 1s rotated

on the-dimple 4G (Figure 2) by a emall amount in the same
direction.

In contrast, when the voltage V, is applied to one
terminal 13B of the second conductor substrate portion BE
of the thin film plezoelectric substrate 8 and the
voltage zero i1s applied to the terminal 13E of the first
conductor substrate portion 8D, the second thin film
plezoelectric element 11B and the conductor substrate
portion 8E are bent and the second thin £ilm piezoelactric
element 11B and the conductor substrate portion 8E are not
bent. Therefore, the slider 3 is rotated on the dimple 4G
by a small amount in a direction opposite to the direction
indicated by arrow A2 in Figure .10. The slider 2 provided

on the slider holding plate 3 is also rotated by a small
amount in the same direction. '

Therefore, the head 1 provided on the slider 2 is
moved along a width direction of each track provided in the



10

15

20

25

30

- 26 -

form of a concentrioc circla on a magnetic disk. Thereby,
an on-tra¢k characteristic can be improved. The on-track
characteristic means an ability of the head 1 to follow a
track.

In this case, a load on the elastic hinge portions 8F
and 8G upon rotation of the slider attachment portion B8A
is reduced so that the slider attachment portion 8A can be
reliably rotated, gsincs the conductor patterns 12A, 12B,
12C and 12D each have a minimum width.

_ A load (20 to 30 mN) 1s applled to fhe slider 2 via
the plate spring 4E (Figure 2) of the load beam 4. When the
slider holding plate 3 13 rotated, such a load is applied
between the dimple 4G (Figure 2) and the slider holding
plate 3. Therefore, a frictional force determined by a
frictional coefficlent between the gsllder holding plate 3
and the dimple 4G is appllied to the slider holding plate 3.
Thereby, the frictional force prevents the slider holding
plate 3 from being deviated from the dimple 4G, although
the projection portion 3A of the slider holding plate 3 can
be freely rotated on the dimple 4G.

The same voltage is applied to the £first and second
thin film piezoelectric elements 11A and 11B so as to operate
in the same manner. Alternatively, when the first and
second thin film plezoelectric elements 11A and 11B are bent
in the absence of applied voltage, voltages having opposite
phases may be applied to the respective first and second
thin film pilezoelectric elements 11A and 11B to drive the

first thin £ilm plezoelectric element 11A and the conductor

substrate portion 8D, and the second thin film
plezoelectric element 11B and the conductor substrate
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portion 8E.

Further, in the example shown in Figure 8, a voltage
is applied to the first thin £ilm plezoelectric element 11A
s0 that the first thin film pilezoelectric element 1l1lA 1s
bent to become & convex shape. Alternatively, a voltage may
be applied to the first thin film piezoelectric element 11A
so that the first thin film piezoelectric element 1lA is
bent to become a concave shape.

In Example 1, when the head 1 is moved in a radial
direction of adisk, the displacement magnitﬁde of thehead 1
was about 1 um where the thin film pilezoelectric substrate 8
was about 3 pm thick, the first and second thin film
piezoelectric elements 11A and 11B each were about 2 um
thick, the length of £irst and second thin filmplezoelectric
eiementa 11A and 11B each were about 2 mm, and a voltage

of 5 Vwas applied between the upper and lowerx electrodss SA
and 9B.

Since the slider holding plate 3 is supported on the
dimple 4G in such a manner that the slider holding plate 3
can be rotated in all directions, the frictional loss of
the gslider holding plate 3 upon rotation can be
significantly reduced. Therefore., a small magnitude of
driving force can lead to a great amount of displacement
of the head 1. Further, the slider 2 is supported in such
a manner that the slider 2 can be rotated on the center
position M1 of the air bearing surface 2E. Therefore, the
position of the head 1 on the slider 2 1s unlikely to be
disturbed by a frictional force due to the vigcosity of ailr.

In Example 1, the beam structure composed of the
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conductor substrates 8D and 8E and the thin film
plezoelectric elements 11A and 11B is considerably rigid
in the direction Al shown in Figure B. Therefore, the
vibrational resonance point o©of the head support
mechanism 100 can be structurally set to a high value.
Thereby, the head support mechanism 100 can operate with
an excellent response characteristic when the thin film
plezoelectric elements are driven at high freguency.

(Example 2)

Example 2 of the present invention will be described
below.

Figure 11 is a perspective view illustrating a head
support mechanism 200 for use in a disk a:pparatus according
to Example 2 of the present invention, viewed from a disk
side. Figure 12 1s an exploded, perspective view
illustrating the head support mechanism 200. Components
similar to the corresponding components described in
Example 1 are designated by the same raference numerals as
used in Example 1. The description of such components is
therefore omitted.

The head support mechanism 200 of Example 2
includes: a slider 2 carrying a head 1; a slider holding
plate 103 holding the slider 2; a load beam 4 supporting
the slider 2 and the slider holding plate 103 in such a
manner that the slider 2 and the slider holding plate 103
can rotate; a thin £ilm piezoelectric plate 8 for rotating
the slider 2: a first conductor pattern 12 provided so as
to extend £from an end of the thin film piezoelectric plate B8:

and a second conductor pattern 7 provided along the first
conductor pattern 12.
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The load beam 4 includes: a square-shaped base
portion 4A; a neck portion 4B; and a tapering beam
portion 4C extending from the neck portion 4B.

A square-shaped base plate' 5 1g attached by beam
welding to a bottom side of the base portion 4A of the load
beam 4. The base plate 5 is also attached to a head actuator
(not shown) in such a manner that the base plate 5 canrotate.
The load beam 4 is rotated on the base portion 4A in such
a manner that the tip of the beam portion 4C is moved
substantially in a radial direction of a maénetic disk (not
shown). That is, the load beam 4 1s driven to rotate so that

the head 1 is moved substantially in a radial direction of
a magnetic disk. ‘

An opening portion 4D is provided in a middle of the
neck portion 4B of the load beam 4. In the neck portion 4B,
portions on the opposite sides of the opening portion 4D
sach function as a plate spring portion 4E. The beam
portion 4C 1is elastically displaced in a dlrection
perpendicular to a surface of a magnetic disk by the plate
spring portions 4E. The elastic displacement of the beam
portion 4C causes & locad to be applied on the glider 2
provided on. the tip portion of the beam portion 4.

A hemisphers-shaped dimple 4G projecting upward is
integrated into the tip portion of the beam portion 4C.
Further, a pair of regulation portions 4F extending
straight from the tip portion of the beam portion 4C toward
the base portion 4A are provided on the tip portion of the
beam portion 4C. There i1s an appropriate gap between each
regulation portion 4F and the upper surface of the bean
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portion 4C.

The slider holding plate 103 is provided on the tip
portion of the beam portion 4C. The slider 2 is provided
on the slider holding plate 103 via the tip portion of the
thin £film plezoelectric substrate 8. As shown in Figure 12,
a substrate junction portion 1038, which is joined to a lower
side of the tip portion of the thin film plezoelectric
subgstrate 8, is provided at a tip portion of the slider
holding plate 103. The slide holding plate 3 includes a
pair of balance welght portions 103C extending toward the
base portion 4A. A semicircle-shapéd projection
portion 103A slightly projecting toward the base portion 4A
18 provided in a middle of the slider holding plate 103 and
between the pair of balance weight portions 103C.

The slider holding plate 103 is supported on the
dimple 4G provided on the tip portion of the beam portion 4C
of the load beam 4 where a lower side of the projection
portion 103A contacts a point of the dimple 4G. The balance
welght portions 103C are provided at a small gap from the
regulation portions 4F provided on the tip portion of the
beam portion 4C. Therefore, the slider holding plate 103
can be rotated in all directions so as to be displaced by
a small angle along with the slider 2 provided on the slider
holding plate 103. The center of gravity of the rotatable
slider holding plate 103 carrying the slider 2
substantially corresponds to .the oenter point of the
rotation, i.e., the dimple 4G.

Figure 13 is a perspective view i1llustrating a
slider 2. The head 1 inocluding an MR element is provided
in a middle of an upper edge portion on a tip side of the
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slider 2. Four terminals 2A through 2D are arranged in a
transverse direction in a lower edge portion of the tip side
of the slider 2. An upper slde of the slider 2 faces a
surface of a magnetic disk. Further, an air bearing
surface 2E 1s provided on the upper side of the slider 2.
An air flow generated by a rotating magnetic disk is passed
in a tangential direction of the magnetic disk so that an
air lubricating film is generated between the ailr bearing
surface 2E and the magnetic disk.

A center position M1l of the air bearing surface 2E
substantially corresponds to the dimple 4.G on which the
slider holding plate 3 is rotated and which substantially
corresponds to the center of gravity of the slidex holding
plate 3. The slider 2 is supported on the slider attachment
portion 8A in such a manner that the side 81 of the slider 2
faces the tip portion of the beam portion 4C of the load
beanm 4. The slider 2 can bhe rotated on the center
position M1l of the alr bearing surface 2E by & small amount
in all of the following directions: a pitch direction which
is a direction of rotation around an axis in a longitudinal
direction of the beam portion 4C through the head 1; a roll
direction which is a direction of rotation around an axis
along the air bearing surface 2E perpendicular to a
longitudinal axis of the beam portion 4C; and a yaw direction
which 1s a direction of rotation around an axis perpendicular
to both the center axis of the pitch direction and the center
axis of the roll direction. When the slider 2 is rotated
by a small displacement angle in the yaw direction, the

head 1 is moved by a small displacement substantially in
a radial direotion of a magnetic disk.

Note that the head 1 is _disposed g0 as to face a
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surface of a magnetic disk, and more specifically, to face
in a tangential direction of the magnetic disk.

Figures 14 and 15 are top and bottom views
illustrating the thin film pilezoeleotric substrate 8
provided on the load beam 4 and the vicinity thereof.
Figure 16 i8 a cross-sectional view taken along line X-X
shown in Figure 12. Figure 17 is a cross-sectional view
taken along line Y1-Y¥1 shown in Figure 15.

Ag shown in Figure 12, the thin film piezoelectric
substrate 8 1s in the shape of a reotangle' extending from
the tip portion of the load beam 4 toward the base portion 4A
of the load beam 4. The thin filmplezoelectric subatrate 8
is provided along a surface of a magneﬁic disk.  The thin
£1ilm pilezoelectric substrate 8 may be made of a flexible,
thin stainless steel plate or the like.

As shown in Figures 14 and 15, the slider 2 is
attached to the upper side of the tip portion of the thin
£film plezoelectric substrate 8, while a slider support
portion 8A is provided on the lowerxr side of the tip portion
of the thin film piezoelectric substrate 8. The slider
support portion 8A 1s joined to the substrate junction
portion 3B of the slider holding plate 103. Substantially
half of the tip portion side of the slider 2 is provided
and attached to the slider support portion B8A.

A pair of transformation operation portions 8D and
8E which are trangformed in a direction pefpendicular to
a surface of a magnetic disk with different phases, are
provided at an end at the base portion 4A side of the slider
s_upport portion 8a, via elastic hinge portions 8F and 8G.
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Thus, the transformation operation portions 8D and 8E are
integrated with the slider support portion 8A. A fixed
portion 8C 1s provided on the upper side of the beam
portion 4C of the load beam 4.

The pair of transformation operation portions 8D
and 8E are disposed in parallel and spaced at a predetermined
gap by providing a slit in an intermediate portion in a width
direction of the thin film plezoelectric substrate 8. The
pair of elastic hinge portions 8F and 8G are formed by
reducing the width of tip portions of the transformation
operation portions 8D and 8E, The élider support
portion 8A can be rotated in the directions other than the
yaw direction due to the elastic hinge portions 8F and 8G.
Therefors, thea slider 2 which is providéd on the upper side
of the slider support portion 8A and the slider holding
plate 103 provided on the lower side of the slider support
portion 8A is not rotated in the yaw direction.

First and . second thin f£ilm plezoelectric
elements 11A and 11B are provided on the lower side of the
thin film piezoelectric substrate 8. The first and second
thin film plezoelectric elements 11A and 11B are provided
on the lower side of the pailr of transformation operation
portions 8D and 8E and on the lower side of the Fixed
portion 8C, resulting in amulti-layer structure. The thin
film piezoelectric elements 11A and 11B and the
transformation operation portions 8D and B8E are covered
with a flexible material 6 and integrated with the thin film
piezoelectric substrate 8. The thin film plezoelactric
elements 11A and 11B each expand in a longitudinal direction
thereof in the presence of applied voltage between the upper
and lower sides thereof. depending on the value of the
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voltage. The expansion of the thin film plezoelectric
elements 11A and 11B causes the transformation operation
portions 8D and BE to be bent in a thickness direction
thereof. As a result, the thin film piezoelectric
substrate 8 is displaced in a direction perpendicular to
a surface of a magnetic disk.

An upper side electrode 94 and a lower side
electrode 9B made of platinum axe provided on the upper side
and the lower side of the first thin film pilezoslectric
element 11A, respectively. Similarly, an upper side
electrode 9A and a lower side electrode 9B made of platinum
are provided on the upper side and the lower side of the
gsecond thin film piezoelectric element 11B, respectively.

As shown in Figures 15 and 17, three terminal
portions 13A, 13B, and 13C are provided on the lower side
of the fixed portion 8C of the thin film plezoelectrio
substrate 8 in such a manner that the three terminal
portions 13A, 13B, and 13C are exposed from the flexible
material 6. The palr of the terminal portions 13A and 13B
are attached to end portions (at the base portion 4A side)
of the respective lower side electrodes 9B. The terminal
portion 13C is connected to a short member 14 which

electrically shorts the end portions of the upper side
electrodes SA.

As shown in Figure 14, a first conductor pattern 12
composed of four conductor lines 12A through 12D 1s provided
on the upper side of the thin film piezoelectrxic substrate 8
so ag to transfer a recording and reproducing signal to and
from the head 1. One end of the four conductor lines 12A
tprough 12D are oconnected to respective terminals 2A
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through 2D of the slider 2 provided on the upper side of

the slider support portion 8A of the thin filmpiezoelectric
gsubstrate 8.

A pair of the conductor lines 12A and 12B of the
first conductor pattern 12 are drawn to the base portion 4A
side via the transformation operation portion 8D and the
fixed portion 8C of the thin £11mpiezoelectric substrate 8.
The other pair of the conductor lines 12C and 12D of the
first conductor pattern 12 are drawn to the base portion 4A
side via the transformation operation portion 8E and the

fixed portion 8C of the thin film piezoelectric
substrate 8.

« The four conductor lines 12A through 12p drawn to
the base portion 4A side of the thin film pilezoelectric
substrate 8 pass through a conductor portion 12E of the
first conductor pattern 12 and reach a terminal holding
portion 12F, and are connected to respective externally
connected terminals 12A' through 12D’ on the termlnal
holding portion 12F (Figure 12).

As shown in Figure 16, the four conductor lines 12A
through 12D are fixed to the upper side of the thin £ilm
plezoelectric substrate 8 using the flexible material 6.

Referring to Figure 12, a second conductor
pattern 7 18 used to drive the first and second thin film
plezoelectric elements.llA and 11B provided on the lower
side of the thin £film plezoelectric substrate 8. The second
conductor pattern 7 includes three conductor lines. One
end of the conductor lines are connected to respective
i_nternally connected terminals 135A through 15C. The three
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internally connected terminals 15A through 15C are
connected to respective terminal portions 13A through 13C
(Figure 15) provided on the lowar side of the fixed
portion 8C of the thin £ilm plezoelectric substrate 8. The
fixed portion B8C is fixed via a terminal holding portion 7A

on the upper side of the beam portion 4C ¢f the load beam 4
as shown in Figure 4.

As shown in Figure 12, the three conductor lines
provided on the second conductor pattern 7 pass through a
conductor portion 7C of the second conductor pattern 7 and
reach the terminal holding portion 78, and are connected
to respective externally connected terminals 16A, 16B, and
16C on the terminal holding portion 7B.

As shown in Figure 11, the terminal holding
portion 12F of the first conductor pattern 12 and the
terminal holding portion 7B of the second conductor
pattern 7 are attached to one edge portion of the base
portion 4A of the load beam 4, beilng arranged side by side
in the longitudinal direction of the load beam 4.

Operatidn of the thus-constructed head support

mechanism 200 will be desoribed with reference o
Figures 18 through 27.

Referring to Figures 12, 15 and 17, the upper
electrodes 9A provided on the upper sides of the first and
second thin film piezoelectric elements 11A and 11B are
grounded via the short member 14, the terminal portion 13C,
and the internally connected terminal 15C and the

externally connected terminal 16C of the second conductor
pattern 7.
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Further, a voltage V 18 applied to the lower
alactrode 9B joined with the lower side of the first thin
film plezoelectric element 11lA, via the externally
connected terminal 16A and the internally connected
terminal 15A of the second conductor pattern 7. Further,
a voltage zero is applied to the lower elaectrode 9B joined
with the lower side of the second thin £ilm piezoelectric
element 11B, via the externally connscted terminal 16B and
the intermally connected terminal 158 of the second
conductor pattern 7 and the terminal portion 13B.

Therefore, the voltage V between the upper side
electrode 9A and the lower side electrode 9B is applied to
the first thin £1ilm plezoelectric element 11A. As a result,
the first thin film piezoelectric element 11lA expands in

a longitudinal direction thereof (indicated by arrow Al in
Figure 18).

"In this case, since the transformation operation
portion 8D of the thin film pilezoelectric substrate 8
provided on the f£irst thin £11m plezoelectric element 11A
is made of stainless steel or the like, the rigidity in an
expanding direction (indicated by arrow Al in Figure 18)
of the transformation operation portion 8D is increased.
Therefore, the transformation operation portion 8D of the
thin £ilm piezoelectric substrate 8 provided on the first
thin £11m plezoelectric element 1llA is bent due to a bimorph
effect in a direction away £rom a surface of a magnatic disk,

i.e., in such a manner as to project toward the thin film
piezoelectric elements 11A and 1l1B side.

In contrast, a voltage 1s not appiied to the second
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thin film piezoelectric element 11B. Therefore, as shown
in Figure 19, the second thin film pilezoelectric
element 11B and the transformation operation portion 8E of
the thin film piezcelectric substrate 8 provided on the
second thin film piezoelectric element 11B are not
substantially bent.

Referring to Figure 20, when the transformation
operation portion 8D is bent, the length in the longitudinal
direction of the transformation operation portion 8D, which
is projected onto the same plane as the transformation
operation portion 8E which is not bent, is shorter by a small
displacement §1 than the length of the transformation
operation portion 8E which is not bent. Therefore, the
sllder .support portion 8A of the thin F1ilm plezoelectric
substrate B8 1s rotated by a small amount in the yaw direction
indicated by arrow A2 in Figure 20, while the slider 2 and
the slider holding plate 103 are also rotated on the

dimple 4G (Flgure 12) by & small amount in the same
direction.

In contrast, when a voltage zero is applied to the
lower side electrode 9B provided on the lower side of the
first thin £ilm plezocelectric element 11A and a voltage V
19 applied to the lower side electrode 9B provided on the
lower side of the second thin filmpiezoelectric element 11B,
the transformation operation portion 8D of the thin f£f1lm
plezoelectric substrate 8 provided on the first thin £film
plezoelectric element 11A is not substantially bent, and
the transformation operation portion 8E of the thin f£film
Plezoelectric substrate 8 provided on the second thin £ilm
plezoelectric element 11B is bent.
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Therefore, the slider support portion 8A of the thin
£ilm pilezoelectric substrate 8 is rotated by a small amount
in the yaw direction opposite to the direction indicated

- by arrow A2 in Figure 20. As a result, the slider 2 and the

slider holding plate 103 are rotated on the dimple 4G
(Figure 12) by a small amount in the same direction.

As described above, voltages having opposite phases
are applied to the respective first and second thin f£ilm
piezoelectric elements 1l1A and 1l1B so that the head 1
carxried on the slider 2 is moved with great precision by
a small size of displacement oorresponding to applied
voltage, in a radial direction of a magnetic disk, l.e.,
a width direction of each track in the form of a concentric
circle:'on the magnetic disk. Therefore, an' on-track
operation for causing the head 1 to follow a track can be
conducted with great preclsion.

Note that the elastic hinge portions 8G and 8F
connecting the slider support portion 8A and the
transformation operation portions 8D and 8E of the thin £ilm
plezoelectrioc substrate 8 are designed to be minimum sizes
S0 that the conductor lines 12A and 12B, and 12C and 12D
of the conductor pattern 12 are provided on the respective
elastic hinge portions 8G and B8F. Therefore, a load
required for rotation of the slider support portion B8A is
reduced. whereby the slider support portlion 8A can be
reliably rotated by a small load.

Further, when a lcoad (20 tc 30 mN) is applied to the
slider 2 by the plate gpring portions 4E and 4E of the load
beam 4 (Figure 12) so that the slider holding plate 103 is
rotated, such a load is also applied between the.dimple 4G
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and the slider holding plate 103. Therefore, frictional
forxrce determined by a frictional coefficlent between the
slider holding plate 103 and the dimple 4G is applied to

"the slider holding plate 103. Thereby, the frictional

force prevents the slider holding plate 103 from being
shifted from the dimple 4G, although the projection

portion 103A of the slider holding plate 103 can be rotated
on the dimple 4@G.

The same voltage is applied to the first and second
thin filmpiezoalectric elements 1lA and 11B so as to operate
in the same manner. Therefore, the first and second thin
film plezoelectric slements 11A and 11B may be designed to
be bent in the absence of applied voltage, and voltages
havingoppositephasesm&ybeappliedtotharespeotivefirst
and second thin film piezoelectric elements 11A and 11B to
drive the first thin £ilm plezcelectric element 11A and the
transformation operation portion 8D, and the second thin

film pilezoeleotric element 11B and the transformation
operatlon portion 8E.

In Example 2, a voltags is applied to the thin f£ilm
piezoelectric elements 1llA and 11B so that the thin £1ilm
plezoelectric elements 11A and 11B are bent to become a
convex shape. Alternatively, a voltage may be applied to
the thin film pilezoelectric slements 11A and 11B so that

the thin film piezoelectric elemeénts 11A and 11B are bent
to become a concave shape.

Note that the elastic hinge poftions 8G and BF are
ecach sufficilently flexible so that the slider 2 can be
rotated in the roll direction and the pitch direction.
Tperafore, a floating characteristic of the slider 2 with
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raespect to a magnetic disk can be improved by the air bearing
due to the air bearing surface 2E.

The dynamic characteristics of the head support
mechanism of the present invention will be described below.

Figures 21A and 21B and Figures 22A and 22B are
schematic diagrams illustrating two models of a head support
mechanism. Figures 21A and 21B illustrate a head support
mechanism in which the center of gravity G of a small
rotation portion including the slider 2 and the slider
holding plate 3 is positioned between the dimple 4G and the
head 1. Figures 22A and 22B 1lllustrate the head support
mechanism 200 of Example 2 in which the center of gravity G
of a small rotation portion including the slider 2 and the
slider holding plate 103 substantially corresponds to the
position of the dimple 46G.

When voltages having opposite phases are applied to
the respective first and second thin f£film piezoelectric
elements 11A and 11B so that the transformation operation
portion 8D 18 contracted and the transformation operation
portion BE 1is expanded, a tracking characteristic of the
head 1 with respect to a target track on a magnetic disk
is ‘greatly affected by the position of the center of
gravity G.

A description will be given of when the center of
gravity 6 of the small rotation portion .including the
slider 2 and the slider holding plate 3 1s positioned

between the dimple 4G and the head 1 as shown in Figures 21A
and 21B.
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As shown in Figure 21A, when the transformation
operation poxtion 8D and BE are contracted and expanded,
respectively, forces Fl and P2 having opposite directions
are generated in the elastic hinge portions 86 and B8F,
respectively. In this case, the slider holding plate 3 can
be freely displaced ‘in the contraction and expansion
directions of transformatlion operation portion 8D and 8E
due to the dimple 4G provided on the load beam 4. On the
other hand., the slider holding plate 3 is restrained in the
bend direction of the transformation operation portion 8D
and 8B due to frictional force. As a result, an angular
moment Ma around the center of gravity G is generated by

the forces F1 and F2, which acts on the slider 2 and the
elider holding plate 3.

As shown in Figures 21A and 21B, assuming that the
distance between the center of gravity G and the dimple 4G
i1s 8a in a longitudiﬁal direction of the beam portion 4C
of the load beanm 4, areaction force Ra (=Ma/8a) is generated
to act the dimple 4G. The force Ra leads to transformation

of the beam portion 4C of the load beam 4. Figure 21B
schematically shows such a situation.

As shown in Figure 21B, even if the slider 2 is
rotated in the counterclockwise direction, the
transformation operation portions 8D and 8E are transformed
by the reaction force Ra sc that the head 1 18 not moved
over a predetermined amount. Since the slider 2 and the
slider holding plate 3 each have a mass, the slider 2 and
the slider holding plate 3 have a delayed response to the

transformation of the transformation operation portions 8D
and 8E.
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Figures 24A and 24B are graphs showing the tracking
characteristic of the head suppoxrt mechanism of Figures 21A
and 21B with respect to a target track of the head.
Figure 24A shows gain characteristics, and Figure 24B shows
phase characteristics.

In Flgures 24A and 24B, reference numerals Jl
through J5 each indicate a resonance point when the thin
film piezoelectric elements 11A and 11B in the head support
mechanism of Figures 21A and 218 are driven. Jl indicates
a resonance point in a twist first-order mode of the beam
portion 4C of the load beam 4 shown in f‘igure 23A. J2
indicates a resonance point in a twist second-order mode
of the beam portion 4C of the load beam 4 shown in Figure 23B.
J3 indicates a resonance point in a plane vibration mode
(Sway) of the beam portion 4C of the load beam 4 shown in
Figure 23C. J4 and J5 each indicate a resonance point in
& resonance mode of the transformation operation
portions 8D and B8E of the thin f£ilm plezoelectric
substrate 8.

From the view point of the dynamic characteristics
of the head support mechanism, the frequencies in those
raegsonance modes are prefarably inoreased up to a sufficient
frequency region such that the frequencies do not affect
the positioning of the head. Since the resonance points J1
through J3 are characteristics which result from the
stxucture of the load beam 4. there is necessarily a limit
to the resonance frequency., so that the resonance fregquency
cannot be greatly increased. Therefore, it ié necssgary to

reduce -the phase delay of responses of the resonance
points J1 through J3.
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Figures 22A and 22B aras diagrams lllustrating the
head support mechanism 200 of Example 2 in which the
position of the center of gravity G of the small rotation
portion including the slider 2 and the slider holding
plate 103 substantially corresponds to the position of the
dimple 4G6. As shown in Figure 22A, since the position of
the center G of gravity substantially corresponds to the
position of the dimple 4G, a reaction force Rb due to an
angular moment Mb is not generated. Therefore, as shown in
Figure 22A, the displacement amounts of the transformation
operation portions 8D and 8E are converted to rotation in
the yaw direction of the slider 2. The resﬁltant response
characteristics are shown in Figures 25A and 23B.

Figure 25A shows galn characteristics, and Figure 25B shows
phase characteristics. ‘

As shown in Figures 25A and 25B, sinoe the position
of the center of gravity G of the small rotation portion
including the slider 2 and the slider holding plate 103
substantially corresponds to the position of the dimple 4G,
an amplitude characteristic and a phase characteristic of
resonance at a twist second-order mode resonance point J2

can be improved and a parallel vibration resonance point J3
is substantlially not present.

Ag @described above, in the head support
mechanism 200 of the present invention, the position of the
center of gravity G of the small rotation portion including
the slider 2 and the slider holding plate 103 substantially
corresponds to the position of the dimple 4G. Therefore,
the head support mechanism 200 of the present invention can
achieve an excellent response characteristic when the thin
f_:le plezoelectric elements 11A and 11B are driven at a high
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frequency.

Further, the slider 2 and the sglider holding
plate 103 are supported ori the dimple 4G 80 as to rotate
not only in the yvaw direction but also 1n all other directions.
Therefore, a friction loss of the slider holding plate 103
upon rotation can be greatly reduced, thereby making it
possible to produce a great amount of displacement of the
head 1 with a sma.li driving force.

Further., the center position M1 of the air bearing
surface 2E substantially corresponds to ‘the ocenter of
rotation of the slider 2. Therefore, the head 1 on the
slider 2 is not likely to be disturbed by a frictional force
due to'the viscosity of air, for exampie.

Furthermore, the beam structure composed of the thin
film pilezoelectric substrate 8 and the thin £film
plezoelectric elements 11A and 11B has a high level of
rigidity in a direction indicated by arrow Al in Figure 18.
Therefore, the vibrational resonance point of the head
support mechanism 200 can be structurally improved.

Figures 26A and 26B are schematic diagrams
11lustrating a model of another head support mechanism
according to Example 2 of the present invention. The basic
structure of the head support meclianism is the same as that
of the above-described head s8upport mechanism 200 of
Example 2. Thus, the components of the another head support
mechanism are not herein described.

The another head support mechanism of Example 2 18
characterized as shown in Figure 26A in that the dimple 4G
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is positioned between the head 1 and the center of gravity G
of the small rotation portion including slider 2 and the

slider holding plate 103 where the small rotation portion
rotates on the dimple 4G.

Voltages having opposite phases are applied to the
respective thin f£ilm plezoelectric elements 11A and 11B so
that the head 1 is displaced by a small amount toward a
position of a farget track. In this case, the
transformation operation portion 8D of the thin £ilm
plezoelectric substrate 8 1is contracted while the
transformation operation portion 8E therebf is expanded,
thereby generating forces Fl and F2 which act the elastic

hinge portions 86 and 8F in the directions shown in
Figure *26A. '

In this casa, the tranasformation operation
portions 8D and 8E can be displaced in the contraction and
expansion directions. However. the slider holding
plate 103 is restrained in the bend direction of the
transformation operation portion 8 and B8E due to
frictional force. As a result, ﬁn angular moment Mc around
the center of gravity G 1s generated by the forces F1 and
F2, which acts on the slider 2 and the slider holdingplate 3.
There 18 a distance Sc befween the center G of gravity and
the dimple 4G, so that a reaction force Ro {=Mo/8e) 1is
generated to act the dimple 4G.

The reaction force Ro leads to transformation of the
beam 4C of the load beam 4. However, as is different from
the case of Figures 21A and 21B, the reaction force Ro acts
on the head 1 in the desired direction of dlsplacement,
t_hereby promoting the movement of the head 1 due to the
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rotation of the slider 2. This situation is shown in
Figure 26B.

Since the slider 2 and the slider holding plate 3
each have a mass, the slider 2 and the slider holding plate 3
exhibit a characteristic in which a phase leads an input
signal instructing the movement of the head 1.

Figures 27A and 27B are graphs showlng tracking
characteristics of the head support mechanism of
Figures 26A and 26B with respect to a target track of the
head. Figure 27A shows gain ocharacteristics, and
Figure 27B shows phase characteristics.

+ In Figures 27A and 27B, reference numerals J1
through J5 each indicate a resonance point when the thin
film plezoelectric elemaents 11A and 11B in the head support
mechanlism of Figures 26A and 26B are driven. J1 indicates
a resonance point in a twist first-order mode of the beam
portion 4C of the load beam 4 shown in Figure 23A. J2
indicates a regsonance point in a twist second-order mode
of the beam portion 4C of the lcad beam 4 shown inFigure 23B.
J3 indicates a'resonande point in a plane vibration mode
(sway)} of the beam portion 4C of the load beam 4 shown in
Figure 23C. J4 and J5 each indicate a resonance point in
a resonance mode of the transformation operation

portions 80 and 8E of the thin film pilezoeleotric
substrate 8.

The phase characteristicge of the resonance
points J2 and J3 in Figures 27A and 27B each exhibit a
leading phase, which isg advantageous to the stablillity of
tpe control. Further, 1f the peak values of the galn
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characteristice of the resonance points J2 and J3 are
attenuated by a damper or the like (not shown), more
satisfactory control characteristics can be obtained.

In the another head support mechanism of Example 2,
the dimple 4G is positioned between the head 1 and the center
of gravity G of the small rotation portion inoluding
slider 2 and the slider holding portion 103 where the small
rotation portion rotates on the dimple 4G. Therefore, when
a2 thin £ilm pilezoelectric element 1ls driven at a high
frequenoy, an excellent response characteristic is obtained
in operation. Further, a stable control chai‘acteristi_o can

be achieved in spite of variations in the position of the
center of gravity.

(Example 3)

Figure 28 is8 a perspective view 11llustrating a head
support mechanism 300 for use in a disk apparatus according
to Example 3 of the present invention, viewed from a disk
side. Figure 29 is an exploded, perspective view
illustrating the head support mechanism 300. Components
similar to the corresponding . components described in
Example 1 are designated by the same reference numerals as

used in Example 1. The description of such components 1s
therefore omitted.

Referring to Figures 28 and 29, the head support
mechanism 300 has a load beam 4, on a tip portion of which
a s8lider 2 attached to & head 1 is supported. The load
beam 4 includes a square-shaped base portion 4A which 1s
fixed by beam welding to a base plate 5. The basa portion 4A
and the base plate 5 are attached to a head actuator arm

(not shown). The lcocad beam 4 includes a neck portion 4B
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tapering from the base portion 4A, and a beam portion 4C
extending straight from the neck portion 4B. An opening
portion 4D is provided in the middle of the neck portion 4B.
In the neck portion 4B, portions on the opposite sides of

the opening portion 4D each function as a plate spring
portion 4E.

As shown in Figure 30, & head 1 including an MR
element is provided in a side of the elidexr 2. Further, four
terminals 2A through 2D are disposed in a transverse
direction in the lower portion of the side of the slider 2.
Furthermore, an air bearing surface 2B is .provided on an
upper silde of the slider 2. An air flow generated by a
rotating magnetic disk 1s passed in a pltch direction of
the slider 2 (a tangential direction of a magnetic dlsk)
s0 that an air lubricating f£ilm is generated between the
air bearing surface 2E and a magnetioc disk.

As shown in Figure 29, a flexure 307 having a head
conductor pattern 306 is provided on the beam portion 4C
of the load beam 4. A base material of the flexure 307 is
stainless steel. The slider 2 c&rrying the head 1 is placed
on a slider attachment portion 307X of the flexure 307.

As shown in Flgure 31, patterned conductors 306A,
306B, 306C and 306D are provided on the flexure 307. A
slider holding plate 303A is attached to a side opposite
to the slider 2 of the slider attachment portion 307X. The
outside shape of the slider holding plate 303A is formed
along with the flexure substrate 303 by etching. Further,
4 projection portion 303B is provided in the slider holding
plate 303A. The projection portion 3033 contacts a
d%mple 4G which 1s provided in the vicinity of the tip
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portion of the load beam 4 of Figure 29. The projection
portion 303B is pressed by the dimple 4G so that the slider

holding plate 303A can be rotated on the dimple 4G in all
directions.

The slider 2 of Figure 30 is attached to the slider
holding plate 303A in such a manner that the center
position M1 of the air bearing surface 2E substantlally
corresponds to the dimple 4G of the load beam 4 of Figure 29.
An externally connected terminal holding portion 307Y is
provided on the other end of the flexure 307 as shown in
Figure 29. The externally oconnected terminal holding

portion 307Y is disposed at an edge of the base portion 4A
of the load beam 4. ‘

As shown in Figure 29, a pair of regulation
portions 4F are provided on the tip portion of the beam
portion 4C. There 1s an appropriate gap between the
regulation portions 4F and the slider holding plate 303A
go that the slider hoid:l.ng plate 303A can be rotated. Each
regulation portion 4F extends straight from the tip portion
of the beam portion 4C toward the base portion 4A.

A thin £41m plezocelectric element 310 in Example 3
is attached to thin film plezoelectric holding
portions 308A and 3088 of the flexure 307 (Figures 29 and
31). Figure 32 1s a top view of the thin film pilezoelectric
element 310. The thin £ilm piézoelectric element 310

includes a pair of elements 310A and 310B which are separated

from each other. Figure 33 is a cross-sectional view of the

thin f£ilm pilezoelectric element 310. The thin film
plezoelectric element 310 has two layers, i.e., flrst and
sacond thin f£ilm plezoelectric elements 311A and 311B.
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First and second metai elesctrode filmsg 312A and 312B are
provided on upper and lower sides of the first thin film
plezoelectric slement 311A, respectively. The first thin
film plezoelectric element 311A 1s provided above the
second thin film plezoelectric slement 311B. Similarly,.
third and fourth metal electrode films 312C and 312D are
provided on upper and lower sides of the second thin film
plezoelectric element 311B, respectively. The second
metal electrode f£ilm 312B and the fourth metal alectrode
film 312D are electrically shorted bhy a conductive
adhesive 313. The entire thin £ilm plezoelectric
element 310 is covered with flexible coating resin 314.
The coating resin 314 combines the thin £ilm piezoelectric
element 310A with the thin filmpiezoelectric element 310B.

Figure 34 is a top view of the <flexure 307.
Figure 35 is a oross-sectional view of the thin film
plezoelectric element holding portions 308A and 308B of the
flexure 307, taken along line X2-X2 shown in Figure 34.
Substrates 315A and 316B in the respective thin film
piezoelectric element holding portions 30BA and 308B are
formed at the same time when a conductor 306 1s formed and
patterned by etching or the like, so that the material and
thickness of the substrates 315A and 315B are substantially
identical to those of the oconductor 3066, and the
substrates 315A and 315B and the conductor 306 are provided
on the same plane. The substrates 315A and 315B and the
conductor 306 are covered with an insulating material 316
such as polyimide resin. A side of the substrates 315A and
315B are exposed., to which side the thin £ilm piezocelectric
element 310 is attached, so that the adhesive strength
between the thin film plezocelectric elemant 310 and the
substrates 315A and 315B is secured. Figure 36 1s a bottom
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Figure 37 is a oross-sectional view 1llustrating
the thin film piezocelectric element holding portions 308A

and 308B attached to the thin £film plezoelectric element 310

using an adhesive 317. As shown in Figure 37, the thin £ilm

piezoelectric element holding portions 310A and 310B each
include a two layer structure composed of the first and
second thin film pilezoelectric elements 311A and 311B.

As shown 1in Figure 38A, the ‘metal electrode
f£ilm 312A {312C) is provided on a. mono-crystal
substrate 318 having a lattice constant close to that of
the £irst and second thin £ilm plezoelecdtric elements 311A
and 312B. As shown in Figure 38B, the first thin film
plezoelectric element 311A (311B). which is made of PZT or
the 1ike, is provided on themetal electrode £1lm 312A (312C).
Therefore, the thin film piezoelectric element 311A (311B)
is mono-crystally grown on the metal electrode film 312A.
As shown in Figure 38C, the metal electrode £ilm 312B (312D)
is provided on the upper side of the thin film piezoelectrio
element 311A (311B). In this case, the polarization
direction of the thin film pilezoelectric element 311A
{311B) is uniformly a direction indicated by arrows A in
Figure 38C, just after the formation of the £ilm. The
linear thermal expansion coefficlent of the mono-crystal
substrate 318 1s higher than that of the thin £film
plezoelectric element 311A (311B).

Referring to Figures 39A through 39G and Figure 40,
a method for producing the two layer structure will be
described. Figures 39A through 39G show a procedure for
pn_':oducing a two-layer structure of thin film piezoelectric
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element formed on a mono-crystal substrate. TFigure 40 is
a flowchart showing a method for producing the thin £ilm
plezoelectric element of Examplse 3. As shown in Figure 394,
a first metal electrode f£ilm 312A, a f£irst thin f£ilm
piezocelectric element 311A, and a second metal electrode
£film 312B are formed on a first mono-orystal substrate 318A
(Figure 40: $1301). As shown in Figure 39B, a third metal
electrode film 312C, a second thin film pilezoelactric
element 311B, and a fourth metal electrcde film 312D are

formed on a second mono-crystal substrate 318B (Figure 40:
51302).

As shown in Figure 39C, the second metal slectrode
film 312B (Figure 39A) and the fourth metal electrode
film 332D (Flgure 39B) are adhered to each other using the
conductive adhesive 313 {(Figure 40: S1303). As shown in
Figure 39D, the first mono-crystal substrate 318A of the
mono-crystal substrate 318 1is removed by etching
(Figure 40: S1304). As shown in Figure 39E, the two-layer
structure ¢of the thin film piezoelectric elements 311A and
3118 are dry-etched to be in the form of the thin film
plezoelectric element 310 (Figure 40: S1305). As shown in

"Figure 39F, a surface of the second mono-crystal

substrate 3188 on which the thin film pilezoelectric
element 310 is formed is covered with the coating resin 314
50 aB to avoid corrosion of the thin film plezoelectric
element 310 (Figure 40: S1306). As shown in Figure 39G,
the still remaining second mono~crystal substrate 318B is
removed by etching to obtain the thin £ilm pilezoelectric
element 310A (310B)} (Flgure 40: S1307). Note that the
first metal electrode £ilm 312B and the fourth metal
electrode £ilm 312D are adhered to each other using a thermal
mglting technique using ultrasonic vibration.
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Wet etching or the like other than dry etching can
be used as a shaping method in the present invention.

Referring to Figure 29, one end of the thin film
piezoelectric element terminals 309A, 309B, 309C, and 309D
provided in a middle of the flexure 307 are connected to
the externally connected terminal holding portion 307Y
which 1s oconnected to an external driving circuit.
Referring to Figure 31, linkage portions 319A and 319B
which 1link the respective thin film pilezocelectric
portions 308A and 308B in the flexure 307 with the slider
attachment portion 307X, are elastic hinge portions.

+ Referring to Figure 41, formation of the electrodes
in the thin film pilezoelectric element 310 (310A and 310B)
will be described. A positivse voltage 18 applied to the
metal electrode £ilms 312A and 312C. The metal electrode
films 312B and 312D are grounded. Figure 41 1s a diagram
illustrating Jjunction of the thin film piezoelectric
element 310 (310A and 310B) and the thin film piezoelectric
terminal 309A and 309B at a position corresponding to the
Y2-¥2 cross-section of Figures 32 and 34. A method for
forming ground connection portions 320 in the thin film
plezoelectric element 310 (310A and 3108) will be described.
As shown in Figure 41, the first metal electrode film 312A
and the first tﬁin film pilezoelectric element 311lA are
etched (a first etching step) up to the upper surface of
the second metal electrode £ilm 312B. In the etched portion,
the second metal electrode f£ilm 312B and the oconductive
adhesive 313 are removed by etching (second etching step).
Thereafter, the first metal electrode f£ilm 312A in the
gz_:ound connection portion 320 is covered with the coating
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resin 314. Finally, ground metal terminal films 321 for
shorting the second metal electrode £i1lm 312B and the fourth
metal electrode £f11m 312D are formed as a ground electrode.

The ground metal terminal films 321 are connected
via a bonding wire 324 to the respective thin f£film
piezoelectric element terminals 3098 and 309C (Figure 34).
In the first electrode connection portion 322 (Figures 32
and 41), part of the coating resin 314 is removed s0 as to
expose the first metal electrode £ilm 312A. Similarly, in
the fourth electrode connection portion 323 (Figures 32 and
41) . part of the coating resin 314 is removed s0 as to expose
the first metal electxrode £ilm 312A. As shown in Figure 41,
the first metal electrode f£ilm 312A 'in the electrode
connection portion 322 and the electrode connection
portion 323 in the electrode connection portion 323 are
connected via the bonding wire 324 to the thin fi1lm
plezoelectric elements 309A and 309D, respectively.

The head support mechaniem 300 having the thus-
constructed thin film plezoelectric element will bDe
described with reference to Figures 42, 43A, 43B, 44A and
44B., Figure 42 18 a side view of the head support
mechanism 300. Figure 43A is an enlarged, cross-sectional
view of the thin £ilm piezoelectric element 310A (310B) of
Figure 42 shown in the dashed ocircle. The thin f£ilm
plezoelectric element terminals 309B and 309C (Figure 34)
are grounded. Driving voltages are applied to the thin £11lm
plezoeleciric element terminals 309A and 309D to drive the
thin £ilm piezcelectric elements 310A and 310B,
respectively, as shown in Figures 43B and 43C. Driving
voltages having opposite phases with reference to a bias
Vt:_)ltage VO are applied to the thin film plezoelectric
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element terminals 309A and 309D, respectively.
Consistently-positive driving voltages are applied to the
thin f£ilm pilezoelectric elements 311A and 3118,
respectively. As shown in Figure 43A, the thin film
plezoelectric elements 311A and 311B are contracted in a
direction indicated by arrow B in the presence of applied
voltage. 1In this case; however, the thin filmplezoelectric

element 310A {(310B) is bent due to the substrate 315B
{315A).

The contraction and expansion of the thin £ilm
plezoelectric elements 311A and 31l1lB causé the thin film
plezoelectric element holding portion 308A (308B) to be
contracted and expanded, thereby charnging a dlstance L
betweer a border portion 303X (Figure 36) with the thin film
plezoelectric element holding portion 308 of the flexure
substrate 303 and the elastic hinge portion 319A and 319B
of the flexure 307 (Figure 36). At the same time, the bend
of the thin £ilm piezoelectric element holding portion 315
is changed, leading to a change in the curvature of the thin
film piezoeleotric element holding portion 308. Such a
curvature change leads to & change in the distance L.
Therefore, the change in the distance L and the curvature
change are combined. A driving voltage is applied to the
thin film pilezoelectric elements 311A and 311B in a
polarization direction A shown in Figure 38C. Therefore,
the polarization of the thin film plezoelectric
elements 311A and 311B are - not reversed, so that
characteristics of the thin £f1ilm
elements 311A and 311B are not impaired.

plezoelectric

Figure 44A 1s a diagram illustrating rotation of the
s;ider 2 when the thin film piezoelectric element 310A is
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expanded and the thin film plezoelectric element 310B is
contracted. Figure 44B is a schematic diagram of
Figure 44A. When the thiln £1ilm piezoelectric element 310A
is expanded in a direction indicated by arrows E and the
thin film piezoelectric element 310B is contracted in a
direction indicated by arrows D, the slider 2 and the slider
holding plate 303A are rotated in a direction indicated by
arrow C on the dimple 4G ocontacting the projection
portion 303B. Therefore, the head 1 provided on the
slider 2 1s moved along a width direction of each track
provided in the form of a concentric circle on a magnetiloc

disk. Thereby, a high-precision on-track capability can be
obtained.

« A load on the elastic hinge portlions 319A and 319B
upon rotation of the slider holding plate 303A is reduced
s0 that the slider attachment portion 303A can be reliably
rotated, since the elastic hinge portions 319A and 319B sach
have a minimum width required for provision of the patterned
conductorg 306A, 306B, 306C and 306D (Figure 31).

A load (20 to 30 mN) is applied to the slider 2 via
the plate gpring portion 4E (Figure 29) of the load beam 4.
When the slider holding plate 303A is rotated, such a load
is applied between the dimple 4G and the slider holding
plate 303A. Therefore, frictional force determined by a
frictional coefficient betweert the slider holding
plate 303A and the dimple 4G 1s applied to the slider holding
plate 303A. Thereby, the frictional force prevents the
slider holding plate 303A from being shifted from the
dimple 4G, although the projection portion 303B of the

slider holding plate 303A can be freely rotated on the
d_imple 4G. |
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Referring to Figure 44B, a first Dbeam 3161
consisting of the thin film piezoelectric element holding
portion 308A and the thin film plezoelectric element 310A
and a second beam 3162 consisting of the thin film
piezoelectxic elemenﬁ holding portion 308B and the thin
film plezocelectric element 310B are linked to the slider
holding plate 303A in such a manner that the slider holding
plate 303A can be restrained by the dimple 4G and rotated

on the dimple 4G. The head 1 is provided on the slider 2
a distance ¥ from the dimple 4G.

The elastic hinge portions 319A and 319B are sach
sufficiently flexible such that the slider 2 can be rotated
in the roll direction and the pitch direbtion. Therefore,
a floating charadteristic of the slider 2 with respect to
a magnetic disk can be made satisfaotory.

As described above, according to Example 3, a thin
film plezoelectric actuator can be achieved, in which a
mono-orystal piezoelectric element has a two-layer

structure, whereby a great dlspiacement can be obtained by
a emall level of voltage. '

Further, the two-layer structure confers rigidity
to the thin £ilm piezoelectric element, theraby increasing
the resonance frequency of the actuator. Therefore, the
driving frequency can be 1increased, thereby making it
possible to obtain a high level tracking characteristic.

As described above, in the head support mechanism
of the present invention for use in a disk apparatus, the
head can be moved by a small amount with great precision
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for the purpose of tracking correction and the like, and
the head can be effectively moved by a small amount in
rasponse to an applied voltage.

Further, the head support mechanism of the present
invention has a simple structure in which thin £1lm
plezoelectric elemants are provided on a single side of a
substrate, thereby reducing manufacturing cost by a great
amount .

Furthermore, in the head support mechanism of the
present invention, the center of gravity of the small
rotation portion including the slider can be optimiged,

thereby greatly ameliorating a potential adverse rasonance
characteristic of the load beam. '

Various othexr modifications will be apparent to and
can be readlily made by those skilled in the art without
departing from the scope and spirit of this invention.
Accordingly, it is not intended that the scope of the claims
appended hereto be limited to the description as set forth
herein, but rather that the cléims be broadly construed.



WHAT IS CLAIMED IS:

o I,

1. A head support mechanism, including:

‘a slider for carrying a head at least for performing
reproduction of data from a disk:; and

a holding portion for holding the slider,

wherein the holding portion includes:

a first portion including a first
plezoelectric element:

a second portion including & second
plezoelectric element:
a third portion connected to the first and

second portions, the slider being provided on the third
portion; and

. a fixing portion for fixing the £irst and
second portions, and

at least one of the firast and second pilezoelectrlc
elements 18 contracted and expanded 1in a direction
substantially parallel to a surface of the disk, in the
presence of an applied voltage so that the slider provided

on the third portion is rotated around a predetermined center
of rotation. |

2. A head gupport mechanism according to claim 1, further
including a load beam provided at a side of the holding
portion opposite to the slider, wherein:

the load beam includes a dimple projecting toward
the slider in such a manner as to-apply a load to the slider;

the holding portion further includes a first joining
portion for joining the first and third portions, and a
second joining portion for jolning the second and third
portions; and

the dimple is provided at a substantially middle
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point between the first and second joining portions.

3. A head support mechanism according to claim 2, wherein
the first and second joining portions include first and
second elastic hinges, respectively, each having a width

sufficient to reduce a load required for rotation of the
glider.

4. A head support mechanism according to claim 3, wherein:
the flrst and second portions include first and
second conductor patterns provided along the first and
sacond elastlic hinges, respectively: and
the first and second elastic hinges each have a
minimum width reguired for providing the first and second
conductor patterns, respectively. '

5. A head support mechanism according to claim 1, further
including:

a 1load beam provided at a side of the holding portion
opposite to the glider; and

a slider holding plate provided between the third
portion included in the holding portion and the load beam.

wherein: '

the load bsam includes a dimple projecting toward
the slider in such & manner as to press the third portion
via the slider holding plate; and

the slider holding plate has such a shape that the
center of gravity of a combination of the slider holding
plate and the slider substantlally corresponds to the
predetermined center of rotation.

6. A head support mechanism acocording to claim 5, wherein
the load beam includes a regulation portion for regulating
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the slider holding plate. : ”!Illlcl IHI,L“"J,"ILI ” ,!Il

7. A head support mechanism acocording to claim &, wherein
the dimple contacts a point of the slider holding plate to

support the slider holding plate pressing the third portion
in such a manner that the third portion can be rotated in

all direotions including a pitchdirection, aroll direction,
and a yaw direction.

8. A head support mechanism according to oclaim 1, further
including;

a load beam provided at a side of the holding portion
opposite to the slider; and

a slider holding plate provided between the third
portion included in the holding portion'and the load beam,

wherein:

the load beam includes a dimple projecting toward
the slider in such a manner as to press the third portion
via the slider holding plate: and

the slider provided on the third portion is rotated
on the dimple acting as the predetermined center of rotation.

9. A head support mechanism according to claim 1. wherein
the second portion is provided in such a manner that a
distance between the second portion and the surface of the

disk is substantially equal to a distance between the first
portion and the surface of the disk.

10. A head support mechanism according to claim 1, wherein
the first portion includes a first electrode for applying
a voltage to the first piezoelectric element:; and

the second portion includes a second electrode for
applying a voltage to the second plezoelectric element.
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11. A head support mechanism according to claim 1, wherein:
the first portion includes a first substrate;
the second portion includes a second substrate;
the first and sacond substrates are provided along

a tangential direction of the disk: and
at least one of the first and second.piezoelectric

elements 1is contracted and expanded 1n a direction

substantlially parallel to the surface of the disk in such

a manner that at least one of the first and second substrates

is bent in a direction nearing or leaving the disk., so that

the slider carrying the head is rotated by'a small amount
in a yvyaw direction.

12. A head support mechanism according to claim 11, wherein
at least one of the £first and second plezoelectric elements
1a contracted and expanded in a direction substantially
parallel to the surface of the disk in such a mannexr that
only one of the first and second'aubstrates is bent in a
direction nearing or leaving the disk, so thet the slider

carrying the head is rotated by a small amount in a yaw
direction.

13. A head support mechanism according to claim 11, wherein
the first and second 'portions further include first and
second flexible materials covering the first and second

piezoelectric elements and the first and second substrates,
respectively.

14. A head support mechanism accoxding to claim 1, wherein:
the slider has an alr bearing surface on which an

appropriate alr flow is generated between the slider and
the rotating disk; and
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the third portion 1s arranged so that a center
position of the air bearing surface substantially
corresponds to the predetermined center of rotation.

15. A head support mechanism, including:
a slider for carrying a head at least for performing
reproduction of data from a disk; and
a2 holding portion for holding the slider,
wherein the holding portion includes:
a first portion including a first
plezoelectric element;

a second portion incluaing a second
plezoelectric element; and

a fixing portion for fixing the first and
second .portion, and '

at least one of the first and second piazoelectric
elements 1is contracted and expanded in a direction
substantially parallel to a surface of the disk, in the
presence of an applied voltage so that the slider is rotated
around a predetermined center of rotation, and

the head support mechanism further includes:

a load beam provided at a side of the helding portion
opposite to tha slider: and '

a slider holding plate provided between the holding
portion and the load beam and provided at a position
corresponding to the slider:

wherein:

the load beam includes a dimple projecting toward
the slider in such a manner as to press the third portion
via the slider holding plate; and

the slider holding plate has such a shape that the
center of gravity of a combination of the slider holding
p;ate and the slider substantially corresponds to the
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predetermined center of rotation.

16. A head support mechanism according to oclaim 15,
wherein:

the holding portion further includes a third portion,
the slider being provided on the third portion; and

at least one of the first and second plezoelectric
elements 18 ocontracted and expanded 1in a direction
substantially parallel to the surface ¢of the disk, in the
prasence of applied voltage so that the third portion 1is
rotated around the predetermined center of rotation.

17. A head support mechanism according to claim 15,
wherein: '

. the holding portion includes a first joining portion
for joining the first and third portions, and a second
joining portion for joining the second and third portions;
and

the dimple is provided at a substantially middle
point between the first and second joining portions.

18. A head support maechanism accérding to ¢laim 15, wherein
the slider 1s rotated on the dimple corresponding to the
predetermined center of rotation.

19. A head support mechanism according to claim 15, wherein
the second portion i1s provided in such a manner that a
distance between the second portion and the surface of the
disk 1s substantially equal to a distance between the first
portion and the surface of the disk.

20. Amethod for producing a thin film pilezoelectrioc element,
including the sBteps of:
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a) forming a first metal electrode £ilm, a first
thin film pilezoelectric element, and a second metal
electrode film on a first substrate in this order;

b) forming a third metal electrode film, a second
thin f£film plezoelectric element, and a £fourth metal
electrode film on a second substrate in this order:

c) attaching the second metal electrode £ilm to the
fourth metal electrode film:

d) removing the first substrate by etching;

a) shaping the first metal electrode £ilm, the first
thin film plezoelectric element, the second metal electrode
£11m, the fourth metal electrode £ilm, the second thin £ilm
plezoelectric element, and the third metal electrode film;

f) covering the first metal electrode f£ilm, the
first thin film plezoelectric element , the second metal
eleotrode £ilm, the fourth metal electrode £ilm, the second
thin film pilezoelectric element, and the third metal
electrode film, with a coating resin: and

g) removing the second substrate by etching.

21. A method according to claim 20, wherein the first and

second substrates are each a mono-crystal substrate.

22. A method according to claim 20, wherein:

the linear expansion coefficient of the first
substrate is greater than the linear expansion coefficient
of the first thin film plezoelectric element: and

the linear expansion coefficient of the second
substrate is greater than the linear expansion coefficient
of the second thin f£ilm piezoelectric element.

23. Amethod according to claim 20, wherein step c) includes
a?:taching the secondmetal electrode £ilm to the fourth metal
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electrode film using a conductive adhesive.

24. Amethod according to c¢laim 20, wherein step o) includes
attaching the second metal electrode film to the fourthmetal

electrode film using a thexmal melting technique using
ultrasonic vibration.

25. A method according to clalm 20, wherein:

step a) inocludes forming the first thin £1ilm
plezoelectric element in such a manner that a polarization
direction of the first thin film pilezoelectric element
substantially corresponds to a direction pérpendicular to
a surface of the £irst thin £ilm plezoelectric element; and

step b) includes forming the second thin £ilm
piezoelectric element in such a manner that a polarization
direction of the second thin film plezoelectric element
‘substantially corresponds to a direction perpendicular to
a surface of the second thin f£ilm piezoalectric element.

26. A thin film piezoelectric device, including:

a first metal electrode film;

a first thin £1ilm piezoeiectric element provided on
the first metal electrode film; .

a sacond metal electrode £ilm provided on tha first
thin film piezoelectric element;

@ third metal electrode film;

a sacond thin film pilezoelectric element provided
on the third metal electrode film;

a fourth metal electrode £ilm provided on the sacond
thin f£ilm plezoelectric element; and

adhesive means for attaching the second metal
electrods Ifilm to the fourth metal electrode film.
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27. A thin £film piezoelectric device according to claim 26,
further including voltage applying means for applying a
voltage to the thin £ilm piszoelectric device, wherein the
voltage applying means includes:
a first terminal for applying a driving voltage to
the first and third metal electrode films; and

a second terminal for grounding the second and
fourth metal electrode films.

28. A head support mechanism, including:
a slider for carrying a head; and
a holding portion for holding the'slider,
wherein the holding portion includes:

a first portion including a first
plezoelectric element; '

a sscond portion 1inc¢luding a seoond
plezoelectric element;
a third portion connected to the first and

second portions, the slider being provided on the third

portion; and

a fixing portion for fixing the first and
second portions, and

the £irst and second piezoelectric elements include
a thin £1lm piezoelectric device according to claim 26.



