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HEAD SUPPORT MECHANISM .AND THIN FILM PIEZOELECTRIC ACTUATOR 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTIONt 

The present ~nvention relates to a head support 

5 mechanism provided in a magnetic disk. apparatus for use in 

a comp~ter storage apparatus and the like. More 
part.1.cu1arly. the present invention relates to an optimal 

head support mechanism for high-density data record.1.ng. and 

a thin fil.m p1ezoeleotrio actuator ~uitable for the head 

10 support mechanism. 

2. DESCRIPTION OF THE RELATED ART: 
Recently. the recording density of a magnetic disk 

provided ~n a magnetic disk apparatus has been vigorously 

15 increaaed. A magnetic 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 a head support mechan~sm prov1ded in a 

magnetic disk apparatus. The head support mechanism has a 

20 head actuator arm to which the slider is attached. The head 

actuator arm is rotated by a voice co11 motor (VCM). The 
head prov.1.ded on the slider 1.s placed ·at an arbitrary 

position on a magnetic disk by controlli.ng the vo~ce coil 

motor. 

25 

H:l..gh-density data reoord'.1.ng on a magnetic disk 
• 

requires a h1.gh level of precise po~i tioning of tbe magnet.1.c 

head. In the case where the pos:ltioning of the magnetic head 

is performed by the VCM rotating the head actuator arm, there 

30 is a problem 1n that the positioning of the magnet1c head 

is less prec.1.se. To avoid such a probl.em. a head support 

mechanism has already been proposed whi.ch achieves 

high-precision positioning of the magnetic head. 
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Figure 45 is a top view illustrating a conventional 

head support mechanism 400 for use in a magnetic disk 

apparatus. A head 402 is used to record and reproduce data 

5 to and from a rotating ~agnetic 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 1.n the 

tip portion of a carriage 406 1-n such a manner as to rotate 

10 within a small angle range on the projection portion 408. 

15 

A base portion of the carriage 406 is supported on an axis 

member 410 f.1.xed to a housing of the magnetic di_sk apparatus 

in such a manner as to rotate on the axis member 410. 

• A permanent magnet (not shown) is fixed to the 

carriage 406. A drive coil 414 as a part of a magnetic 

circuit 412 fixed to the housing is controlled by an 

exc1.tat1.on current fl.owing therethrough. The carriage 406 

is rotated on the axis member 410 by interaction of the 

20 permanent magnet and the drive coil 414. Thereby. the 

head 402 is moved in a substantially radial direction of 

a magnetic disk. 

A pair of piezoelectric elements 416 are provided 

25 between the carriage 406 and the suspension arm 404. The 

longitudinal directions of the piezoelectric elements 416 
are s1ightly deviated from the longitudinal direction of 

the carriage 406 in opposite directions. The suspension 

arm 404 is rotated within a small angula~ range on the 

30 projection portion 408 and along a surface of the 

oarr1.age 406 by expans:ton or contraotion al.ong a d1.rect1.on 

indicated by arrow A14 of tbe piezoelectric elements 416. 

Thereby. the head 402 attached to the tip portion of the 
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suspension arm 404 is moved along a surf ace of a magnetic 

di.sk within a small range so that the head 402 can be 

precisely placed at a des1red position on the magnet1-c disk. 

5 In the conventional head support mechanism 400 of 

Figure 45. each piezoe1ectric element 416 is interposed 

between the suspension arm 404 and the carriage 406. S:i.de 

portions in the long1tudinal direction of each 

p1ezoelectric element 416 contact the suspension arm 404 

10 and the carriage 406. Deformation of each piezoelectr1c 

element 416 causes the suspension arm 404 to be rotated so 

that the head 402 is slightly dis~1aced. In other words. 

a voltage is applied ta each piezoelectric element 416 to 

cause the rotation of the suspension arm 404. resulting in 

15 a small., displacement of the head 402. However. the head 402 

does not always follow the voltage appl1.ed to each 

piezoelectric element 416 wi.th great precision. It is thus 

unlikely that the head 402 is prec1.se1y pl.aced at a des1.red 

pos1.tion. 

20 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention. 

a head support meohan1.sm includes: a slider for carrying 

25 a head at ieast for performing reproduction of data from 

a disk: and a holding port1.on for holding the slider. The 

holding portion includes: a first ·port1.on including a first 

p1-ezoelectric element: a second portion including a second 

piezoelectric element: a third port1.on connected to the 

30 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 

piezoelectric elements is contracted and expanded in a 
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d.1..rection substant1.ally 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. 

In one embodiment of this invention, the head 

support mechanism further includes a load beam provided at 

a s1.de of the holding portion opposite to the slider. The 

load beam includes a dimple projecting toward the slider 

10 in such a manner as to apply a load to the sl.1.der. The holding 

portion further includes a first joining portion for joining 

the first and th1.rd portions. and a second joining port1.on 

for joining the second and third port1.ons. The dimple is 

provj_ded at a substantiall.y m1.ddle poi.tit between the first 

15 and se~ond joining portions. 

In one embod1.ment of th:i.s invention. the first and 

second jo1.ning portions include first and second elastic 

hinges, respectively. each having a width sufficient to 

20 reduce a load required for rotation of the slider. 

In one embodiment of this invention, the £1.rst and 

second portions include first and second conductor patterns 

provided along the first and second elastic hinges. 

25 respectively. The £1.rst and second el.ast1.c hinges each have 

a mini.mum width required for prov.1d.1.ng the first an<l second 

conductor patterns, respectively. 

In one embodiment of this invention, the head 

30 support mechanism further includes: a load beam prov~ded 

at a side of the holdi.ng portion opposite to the s1ider: 

and a sl.1.der holding plate provided between the third portion 

included in the holding portion and the load beam. The load 
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beam 1.ncludes a dimpl.e projecting toward the sl.ider in such 

a manner as to press the third portion via the sl..1.der holding 

plate. The slider holding plate has such a shape that the 

center of gravity of a combination of the slider holding 

5 plate and the slider substantially corresponds to the 

predetermined center 0£ rotation. 

In one embodiment of this invention. the l.oad beam 

includes a regulation portion for regulating the slider 

10 holding plate. 

In one embod.1ment of this invention, the dimple 

contacts a point of the sl.ider ho1-d1.ng plate to support the 

slider holding plate pressing the th~rd portion in such a 

15 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 

20 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 1.ncl.udes a dimple projecting toward the slider in such 

25 a manner as to press the third port:1on via the slider holding 

plate. The slider prov.1.ded on the third portion is rotated 

on the dimple acting as the predetermined center of rotation. 

In one embodiment of this invention. the second 

30 portion is provided in suoh a manner that a distance between 

the second portion and the surf ace of the disk is 

substantially equal to a distance between the first portion 

and the surface of the disk. 
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In one embodiment of this invent.ion, the first 

. portion includes a first electrode for applying a voltage 

to the first piezoelectric element: and the second portion 

5 includes a second eiectrode for applying a voltage to the 

second piezoe1ectric element. 

In one embodiment 0£ this invention. the first 

portion includes a first substrate. The second portion 

10 includes a second substrate. The f1.rst and second 

substrates are provided along a tangential direction of the 

disk. At least one of the first and second piezoelectr~c 

elements is contracted and expanded in a direction 

substant~a1ly parallel to the surface of the disk in such 

15 a manne!C' that at least one of the first and second substrates 

is bent in a direct1.on nearing or leaving the disk, so that 

the slider carrying the head is rotated by a small amount 

in a yaw direction. 

20 In one embodiment of this invention. at least one 

of the first and second p1.ezoe.l.ectr1.c elements 1.s contracted 

and expanded in a direction substantially parallel to the 

surf ace of the disk in such a manner that only one of the 

first and second substrates is bent in a d1.rection nearing 

25 or leaving the disk, so that the si1.der carrying the head 

is rotated by a small amount 1n a yaw d.1.rect~on. 

In one embodiment of thi.s i.nvention. the f1.rst and 

second port~ons further include first and second flex1.ble 

30 materials cover1.ng the first and second p1ezoe1ectric 

elements and ·the first and second substrates. respectively. 

In one embodiment of this invention, the slider has 
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an a1.r bearing surface on wh1-ch an appropriate air flow 1.s 

generated between the slider and the rotating disk. The 

third portion is arranged so that a center position of the 

a1-r bearing surface substant1.ally corresponds to the 

s predeterinined center of rotation. 

According to another aspe.ct of the present invention, 

a head support mechanism 1nc1udes: a slider for carrying 

a head at least for performing reproduction of data from 

10 a disk; and a holding portion for holding the slider. The 

holding portion includes: a first portion including a first 

piezoelectric el.ement: a second portion including a second 

p1.ezoelectric element; and a f1.xing port1.on for fixing the 

first and second portion. At least one of the first and 

15 second•piezoeiectric elements is contracted and expanded 

in a direction substantially parallel to a surf ace of the 

disk. in the presence of an appl1.ed voltage so that the slider 

1.s rotated around a predetermined center of rotat1on. The 

head support mechanism further includes: a load beam 

20 provided at a s1.de of the holding portion opposite to the 

sl1der; and a slider hold1ng p1ate provided between the 

holding portion and the 1oad beam and provided at a position 

corresponding to the slider. The load beam includes a 

d:Lmple projecti.ng toward. the slider in such a manner as to 

25 press the third portion via the sl..1der hol.d1.ng pl.ate. The 

slider holding plate has such a shape that the center of 

gravity of a combination of the slider holding plate and 

the slider substantially corresponds to the predetermi.ned 

center of rotation. 

30 

In one embodiment of this invention, the holding 

portion further includes a third portion, the slider being 

provided on the third portion. At least one of the first 
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and second piezoelectric eiements is contracted and 

expanded in a direction substantially parallel to the 

surface of the disk, in the presence of applied voltage so 

that the third portion is rotated around the predeterm1.ned 

5 center of rotation. 

In one embodiment of this invention, the holding 

portion 1na1udes a first join~ng portion for jo1.ning the 

first and thi.rd portions, and a second joining portion for 

10 joining the second and third port1.ons. The dimple .is 

prov:1.ded at a substantially middle point between the first 

and second joining portions. 

In one embodiment of this invention. the slider 1.s 

15 rotate~ on the dimple corresponding to the predetermined 

center of rotation. 

In one embodiment of this invention. the second 

port1.on is provided in such a manner that a di.stance between 

20 the second portion and the surface of the d1.sk is 

substantially equal. to a distance between the first portion 

and the surface of the disk. 

According to sti11 another aspect of the present 

25 invention, a method for produc1.ng a thin film piezoelectric 

element, inc1udes the steps of: a) forming a first metal 

electrode film. a first thin fi~ piezoelectric element, 

and a second metal. electrode film on a first substrate in 

this order; b) forming a third metal eiec~rode film, a 

30 second thin fi.lm piezoelectric element. and a fourth metal 

electrode film on a second substrate in th.1.s order; 

c) attaching the second metal electrode f1.lm to the fourth 

metal electrode film; d) removing the first substrate by 
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etching: e) shaping the first metal electrode film. the 

first thin film piezoelectric element, the second metal 

electrode film, the fourth metal electrode film, the second 

thin f 1lm piezoelectric element, and the third metal 

s electrode film; f) covering the first metal electrode f.1.lm. 

the first thin film p1.ezoelectric element, the second metal 

el.ectrode film, the fourth metal electrode film, the second 

thin f.1.lm piezoelectric el.ement. and the third metal 

electrode film, with a coating resin: and g) removing the 

10 second substrate by etching. 

In one embodiment of this invention, the first and 

second substrates are each a mono-crystal substrate. 

' 15 • In one embodiment of this invention, the linear 

expansion coefficient of the first substrate is greater than 

the linear expansion coefficient of the first thin film 

piezoel.ectric element. The l.inear expansion coefficient of 

the second substrate is greater than the linear expansion 

20 coefficient of the second thin film piezoelectric eJ.ement. 

25 

30 

In one embodiment of this invention, step c) 

includes attaching the second metal electrode fi1m to the 

fourth metal electrode film using a conductive adhesive. 

In one embodiment of this invention. step c) 

includes attaching the second metal electrode film to the 

fourth metal electrode film using a thermai melt1.ng 

technique using ultrasonic vibration. 

In one embodiment of this invention. step a) 

includes form1.ng the first thin film p.1ezoelectr1.c element 

in such a manner that a polarization direction of the first 
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thin f i1m piezoe1ectric e1ement substantially corresponds 

to a direoti.on perpendicular to a surface of the first thin 

f 1lm piezoelectric element. Step b) includes forming the 

second thin f1.lm piezoelectric element in such a manner that 

5 a polarization direction of the second thin f ~lm 

piezoeleotr1c element substantially corresponds to a 

direction perpendicular to a surface of the second thin film 

piezoelectric element. 

10 According to still another aspect of the present 

invention. a thin f11m p~ezoelectric device includes: a 

first metal electrode film; a first th:ln film piezoelectr.1.c 

element prov:ided on the first metal electrode film: a second 

metal electrode film provided on the first thin film 

15 piezoe1ectric element: a third metal 'electrode film~ a 

second thin film piezoelectr1c element provided on the third 

metal electrode film; a fourth metal electrode film provided 

on the second thi.n film piezoelectric element; and adhesive 

means for attaching the second metal electrode film to the 

20 fourth metal electrode £~1m. 

In one embodiment of this inventi.on, the thin fil.m 

piezoelectric device further includes voltage applying 

means for applying a vol tags to the th.1.n f.1.lm piezoelectric 

25 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. 

30 According to still another aspect of the present 

1.nvention. a head support mechanism includes: a slider for 

carrying a head; and a holding portion for holding the slider. 

The holding portion includes: a first portion including a 
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first p1.ezoelectric element; a second porti.on including a 

second piezoelectric element; a th1.rd portion connected to 

the first and second portions. the slider being provided 

on the third portion; and a fixing portion for fixing the 

first arid second portions. The first and second 

piezoelectric elements 1.nciude the above-described thin 

film piezoelectric device. 

Thus. the invention described herein makes possible 

10 the advantages of providing: (1) a head support mechanism 

for use in a disk apparatus. which enables a head to move 

by a smal.1 displacement w1.th great precision for the purposes 

of tracking correction and the like for a magnet1.c disk and 

the like; (2) _a head support mechanism for use in a· disk 

15 apparatus. which enables a head to move by· a smal.1 

d1.spl.acement with great prec.1s1on by control of a voltage; 

and ( 3) a thin film piezoelectric actuator preferably used 

for such head support mechanisms. 

20 These and other advantages of the present invention 

25 

30 

will become apparent to those skilled in the art upon reading 

and understand1ng 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 is an exploded, perspective view 

11iustrating the head support mechanism of Example 1. 
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Figure 3 1.s a perspective view illustrat:lng a slider 

for use in the head support mechanism of Example 1. 

Figure 4 is a bottom view of a major part of a thin 

5 f 1lm piezoelectric element substrate for use in the head 

support meohan.1.sm of Example 1. 

10 

Figure 5 :ts a top view illustrating a major part of 

the thin film p1ezoel.ectr1.c el.ement substrate of Example 1. 

F.1gure 6 is a cross-sectional view of F1.gure 2 taken 

along line X-X. 

Figure 7 is a cross-sectional view of Figure 4 taken 

15 along line Y-Y. 

20 

25 

Figure 8 is a s1.de view of a major part of the head 

support mechanism of Example 1 • used for explaining 

operation thereof. 

Figure 9 is 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 v1.ew of a major part of the head 

support mechanism of Example 1 • used for explaining 

operation thereof. 

F1gure 11 i.s a perspeot.1.ve v.1.ew 1.llus_trati.ng a head 

30 support mechanism accord1.ng to Example 2 of the present 

i.nvent1.on. 

F1.gure 12 is an exploded. perspective view 
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illustrating the head support mechanism of Example 2. 

Figure 13 is a perspective view 11.lustrating a 

slider for use in the head support mechanism of Example 2 • 

Figure 14 is a top view illustrating a major part 

of a th.in film piezoelectric element substrate £or use in 

the head support mechanism of Example 2, and the vicinity 

thereof. 

Figure 15 is a bottom view illustrating a major part 

of the thin film piezoelectric element substrate of 

Example 2, and the vicinity thereof. 

15 ·Figure 16 is a cross-sectional.view of Figure 12 

20 

taken along line X-X. 

Figure 17 is a cross-sectional view of Figure 15 

taken along line Yl-Yl. 

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

support mechanism of Example 2. used for explaining 

operation thereof. 

25 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 1s a top view of a major part of the head 

30 support mechanism of Example 2. used for explaining 

operation thereof. 

Figures 21A and 21B are schematic diagrams used for 
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explain~ng operation the head support mechan~sm of 

Example 1. 

Figures 22A and 22B are schematic diagrams used for 

5 explaining operation the head support mechanism of 

Examp1e 2. 

10 

15 

Figures 23A through 23C are perspective views 

illustrating Vibration modes of a load beam of Example 2. 

Figures 24A and 24B are graphs showing response 
characteristics of the head support mechanism of 

Figures 21.A and 21B. 

, Figures 25A and 25B are graphs showing· re6ponse 

characteristics of the head support mechanism of 

Figures 22A and 22B. 

Figures 26A and 268 are schematic diagrams used for 

20 explaining the operation of the head support mechanism as 

a var~ation of Example 2. 

Figures 27A and 278 are graphs showing response 

characteristics of the head support mechanism of 

25 Figures 26A and 26B. 

30 

Figure 28 is a perspective view illustrating a head 

support mechanism according to. Examp1e 3 of the present 

invention. 

Figure 29 is an exploded, perspective view 

illustrating the head support mechanism of Example 3. 
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F1.gure 30 is a perspective view 1.ll.ustrating a 

s1ider for use in the head support mechanism of Example 3. 

Figure 31 is a d:lagram illustrating a structure of 

5 a flexure.for use in the head support mechanism of Example 3. 

10 

15 

F1.gure 32 is a top view illustrating a thin film 

piezoeleotrio element of Example 3. 

Figure 33 is a cross-sectional view of Figure 32 

taken along line Xl-Xl. 

Figure 34 is a top view 111ustrating the f'1exure for 

use in the head support mechanism of £xample 3. 

Figure 35 is a cross-sectional view of Figure 34 

taken along line X2-X2. 

Figure 3!i is a bottom v1.ew il.lustrating the flexure 

20 for use in the head support mechanism of Example 3. 

25 

30 

Figure 37 is a cross-sectional view of Figure 34 

taken along line Y2-Y2 where the thin £i1m piezoelectric 

element is attached to the flexure. 

Figures 38A through 38C a.re diagrams showing a 

procedure for form~ng the thin fX1m piezoelectric element 

of Example 3 and electrodes thereof on a mono-crystal 

substrate. 

Figures 39A through 39G are diagrams showing a 

procedure for form~ng the thin film piezoelectric element 

of Example 3 hav1.ng a two- layer structure on a mono-crystal 
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substrate. 

Figure 40 is a flowchart showing a method for 

producing the thin film piezoe.lectrio element of Example 3. 

Figure 41 is a cross-sectional view 1.l.l.ustrating an 

electrode connection portion of the thin fil.m piezoel.ectr!c 

element of Example 3. 

Figure 42 1.s a side view of the head support 

mechanism of Example 3. 

Figures 43A through 43C are diagrams includ~ng a 

cross-sectional view of the thin film piezoelectric device 

15 and graphs Of applied voltage, used for explaining·operation 

of the head support mechanism of Example 3. 

Figures 44A and 448 are top views illustrating a 

schematic structure of the head support mechanism of 

20 Example 3. used for explaining operation thereof. 

25 

30 

Figure 45 is a ~op view illustrating an example of 

a conventional head support mechanism. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 

described by way of illustrative examples with reference 

to the accompanying drawings. 

(Example 1) 

Figure l is a perspective view illustrating a head 
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I 

sup~ort mechanism 100 for use in a disk apparatus according 

to Example l of the present invention. viewed from a disk 

side. Figure 2 is an exploded. perspective view 

illustrating the head support mechanism 100. 

Referring to Figures 1 and 2, the head support 

mechanism 100 has a 1.oad beam 4. on a tip portion of wh:t.oh 

a sl1.der 2 having an attached head 1 is supported. The J.oad 

beam 4 includes a base portion 4A which ~s f 1xed by beam 

10 welding to a base· plate 5 attached to a head actuator arm. 

The base port:lon 4A and the base plate 5 each have a s1m1lar 

square shape. The l.oad beam 4 includes a neck port1.on 4B 

tapering from the base portion 4A. and a beam portion 4C 

extending straight from the neck portion 4B. An open:lng 

15 portioa 4D is provided in the middle of the neck portion 48. 

20 

In the neck portion 48. portions on the opposite sides of 

the opening portion 4D each function as a plate spring 

portion 4E. 

A slider holding plate 3 is provided on the tip 

porti~n 0£ the beam portion 4C of the load beam 4 in such 

a manner as to rotate. 

The sl.ider ho1ding plate 3 is provided with a 

2S projection port.ion 3A which projects toward the base 

portion 4A of the load beam 4. In the tip port~on of the 

beam porti.on 4C, a dimple 4G is pr'ovided which contacts and 

presses the projection portion 3A. The slider holding 

plate 3 :la placed on the t.1.p port.ion of the beam portion 4C 

30 and is 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. 
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The regulation portion 4F is provided on each side 

edge of the tip portion of the beam portion 4C. The 

regulation portions 4F are engaged with the respective side 

s edges of the sli.der holding plate 3 so that rotation of the 

sl..1der holding plate 3 can be regulated. Each regulat:1on 

port1.on 41" extends straight from the tj_p portion of the beam 

portion 4C toward the base portion 4A. The side edges of 

the sli.der holding plate 3 are engaged with and regulated 

10 by the respective regulation portions 4F. 

A th:ln film piezoel.eotrio drive conductor pattern 7 

and a thin f il.m p.1ezoelectric substrate 8 are provided on 

the beam portion 4C of the load beam'4. The thin film 
' 15 piezoelectri.c substrate 8 j_s made of a conductive· and rigid 

material, such as stainless steel or copper. One end 

portion of the thin film piezoelectric drive conductor 

pattern 7 is a thin film piezoelectric terminal holding 
portion 7 A which is posi t1.oned around the middle of the beam 

20 portion 4C. The thin film piezoelectr.1.c terminal holding 

porti.on 7A is part1.all.y overl.apped with a part of thin f:l..lm 

piezoelectric substrate 8. One end port.ion of the thin film 

piezoelectr1.c substrate 8 is a. slider attachment portion BA 

which is prov1.ded on the slider holding pl.ate 3. Further. 

25 the sl..1.der 2 carry.ing the head 1 is provided on the slider 

attachment portion BA. 

The sl.ider 2 is 1.n the form of a rectangular 

parallelepiped as shown 1.n Figure 3 • The head 1 inolud:lng 

30 an MR (Magneto-Resistive) element is provided at the middle 

of an upper portion of a side Slat the beam portion 4C tip 

portion sJ.de of the sli.der 2. The slider 2 is placed in such 

a manner that the head 1 is oriented toward a tangential 
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l.1.ne of a magnetic head. Further. four terminals 2A through 

2D are disposed in a transverse direction in a lower portion 

of the side Sl of the slider 2. Further, an air bearing 

surface 2E is provided on an upper side of the slider 2. 

s An a:1r flow generated by a rotating magnetic disk is passed 

:1.n a pitch direct:1on of the slider 2 (a tangential d:1rect1on 

of a magnetic disk) so that an air lubricating film 1.s 

generated between the air bearing surface 2E and a magnetic 

disk. 

10 

As shown in Figures 2 and 3, a center position Ml 

of the air bear:1ng surf ace 2E substantially correspo~ds to 

the projection portion 3A of the slider holding pl.ate 3 

supported on the dimpl.e 4G. The sl.:tder 2 is supported on 

15 the slider attachment portion BA in such a manner that the 

side Sl of the slider 2 faces the tip portion of the beam 

portion 4C of the load beam 4. 

The sl.:10er holding plate 3 is held by the d1.mp1e 4G 

20 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 smal.l d1.sp1acement in al.I 

directions. Therefore. the slider 2 having i'ts center 

position Ml on the projection portion 3A can be rotated on 

25 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 piezoelectric drive conductor pattern 7 

30 is an external connection terminal hol.ding porti.on 7B which 

is provided on an edge portion of the base portion 4A of 

the load beam 4. Three terminal portions 15A. 15~. and 15C 

are provided on the thin film piezoelectric terminal holding 
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portion 7A. and connected to respective external connection 

tenninal portions 16A, i6B, and 16C wh1ch are provided on 

the external connection terminal holding portion 7B. 

A tertn1na1 holding portion 8B is provided on an edge 

portion opposed to the edge of the thin film piezoel.ectrio 

substrate 8 on which the slider attachment portion 8A is 

provided. The terminal holding portion BB is positioned at 

an edge of the base portion 4A of the load beam 4. and at 

10 the neck portion 4b side with respect to the external 

connection terminal ho1d1ng portion 7B. 

Figures 4 and 5 are a bottom view and a top view, 

respectively. illustrating the slider attachment 

15 portion 8A and the vicin.ity thereof. of the thin fil.m 

piezoelectric substrate 8. 

As shown in Figures 1 and 4. a pair of first and 

second conductor substrate portions SD and 8B contiguous 

20 to the sl1der attachment port.ion SA are provided on the thin 

film piezoe1ectric substrate B. The conductor substrate 

portions 8D and SE extend straight from the sl1.der 

attachment portion BA and are di.sposed a d1.stance from each 

other and in parallel. 

25 

Elast1.c hinge portions 8!" and 8G each having a 

narrow width are provided betwe~n the slider attachment 

portion BA and conductor substrate portions 8D and SE of 

the thin film piezoelectric substrate 8. respectively. The 

30 e1astic hinge port1ons 8F and BG are elastically bent in 

the same plane as the slider attachment portion 8A. 

The thin f:11-m piezoelectric substrate 8 and the thin 
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fi1m piezoelectric drive conductor pattern 7 may be 

integrated together. 

Figure 6 is a cross-sectional view of the thin film 

5 piezoelectric substrate 8 taken along line X-X shown in 

Figure 2. Figure 7 is a cross-sectional view of the thin 

film piezoelectric substrate 8 taken along line Y-Y shown 

in Figure 4. 

10 As shown in F~gures 5 and 6. the first and second 

conductor substrate portions BD and SE are covered with a 

flexible material 6 made of a polymer such as polylmide. 

On upper surf aces of the conductor substrate portions 8D 

and BE. a pair of conductor patterns 12A and 12B and a pair 
\ 

15 of conductor patterns 12C and 12D are provided. ·extending 

along the conductor substrate portions BD and BE. 

respectively. · The conductor patterns 12A and 128 are 

attached. by the f 1.ex.1.ble mater1a1 6 to the conductor 

substrate portion SD. The conductor patterns l.2C and 12D 

20 are attached to the conductor substrate portion SE by the 

f1ex1ble material 6. 

As shown in Figures 2 and 5, one end of the conductor 

patterns 12A. 12B. 12C and 12D are termina1s which are 

25 prov.1.ded on the s11der attachment portion 8A. Further, the 

conductor patterns 12A, 128. 12C and 12D are laid on a 

conductor portion ac of the th.in film piezoelectric 

substrate 8. The other ends of the conductor patterns 12A, 

12B, 12C and 12D are terminals wh~ch are provided on the 

30 terminal holding portion 8B. Each conductor pattern 12A 

through 12D is covered w~th the flexible material 6. 

As shown in Figure s. on an end portion (hatched 
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portJ.on .t.n Figure s} opposed to the slider attachment 

port~on 8A of the conductor substrate portions 8D and 8E1 

a fixing member {not shown) 1.s provided which contacts and 

fixes the thin film piezoelectric drive conductor 

s patterns 15A, l5B and 15C (Figure 2) w~th terminals 13A, 

138 and 13C (Figure 4). 

As shown in Figure 6. first and second thin f~lm 

piezoelectric elements llA and llB are provided under the 
10 first and second conductor substrate port:ton.s 8D and BE, 

respectively. An upper side electrode 9A and a 1.ower side 

el.ectrode 98 made of platinum are provided on an upper side 

and a lower side of the first thJ.n f1.lm piezoeleotr:to 

element llA. respectively. Similarly. an upper side 
' 15 electrade 9A. and a lower side electrode 9B made of platinum 

are provided on an upper side and a lower side of the second 

thin film piezoeleotrio element 118, respectively. 

As shown in Figure 7. a short member 14 for shorting 

20 the conductor substrate portions 8D and 8E is provided on 

an end portion distal to the sl~der attachment portion 8A 

of e~oh of the upper side electrodes 9A provided on the upper 

sides of the f:Lrst and second thin film piezoelectric 

elements llA and 118. 

25 

As shown in Figures 4 and 7, end portions proxi.mal 

to the slider attachment portion BA of the lower s.1c1e 

electrodes 9B provided on the lower sides of the first and 

second thin f.11m piezoelectric elements llA .and llB are not 

30 covered with the flexible material 6 and are connected to 

terminals l3A and 13B, respectively. Therefore, the 

terminals 13A and 13B are exposed from the flexible 

material 6. Further. the terminal 13C is connected to a 
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lower surface of a midd1e portion in a width direction of 

a portion close to the conductor substrate portions SD and 

8E of the conductor portion BC. The terminal 13C is also 

exposed from the flexible material 6. 

The terminal 13C connected to the conductive 

conductor port~on 8C and the upper e1ectrodes 9A provided 

on the respective th.in £1.lm piezoelectric elements llA and 

118 are shorted by the short member 14. 

The terminals 13A through 13C (Figure 4) provided 

on the lower side of the conductor substrate portions SD 

and BE are connected to the respective term1nale 15A through 

15C {Figure 2) on the thin film piezoelectric terminal 

15 holding portion 7A of the thin film piezoelectric drive 

conductor pattern 7 which is positioned around the middle 

of the beam portion 4C. 

As shown in Figure 2. the slider 2 is disposed on 

20 the slider attachment portion 8A of the thin film 

piezoeleotric substrate 8 which is provided on the slider 

holding plate 3. The slider 2 is connected via the four 

term~nal portions prov1ded on the slider attachment 

port1.on 8 to the conductor patterns 12A, l2B, 12C and 12D. 

25 respectively. 

Operation of the head support mechanism 100 hav1.ng 

such a structure will be described with reference to 

Figures 8 through 10. The terminal portion 13C (Figure 4) 

30 provided at a linkage portion of the conductor substrate 

portions 8D and 8B of the thin film piezoelectric 

substrate 8 is set to the ground level via the thin film 

piezoelectric drive conductor pattern 7 (Figure 2). As 
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shown in F1.gure 7. since the terminal 13C shorts the upper 

side electrodes 9A provided. on the upper sides of the first 

and second thin film piezoelectric elements llA and llB, 

the upper side electrodes 9A are set to the ground level. 

5 A voltage V0 .1.s applied to one te:r:minal ·13A (Figure 4) of 

the f1rst conductor substrate portion 8D of the thin film 

piezoelectric substrate 8, and a voltage of zero is applied 

to the term1.nal 138 (Figure 4) of the second conductor 

substrate portion 8E. 

10 

In this way. the voltage V0 between the upper 

electrode 9A and the lower electrode 9B of the first thin 

film piezoel.ectric element llA provided on the first 

conductor substrate portion BD is applied to the first thin 

15 film piezoelectric element llA. Meanwhile, a voltage is 

not applied between the upper electrode 9A and the lower 

electrode 98 of the second thin film piezoelectric 

element llB provided on the second conductor substrate 

portion BE. 

20 

As a result. the first thin film piezoelectric 

el.ement llA extends in its longitudinal d1.rection 

(indicated by arrow Al in Figure 8). In this case, sinoe 

the conductor substrate port.1.on BD stacked on the first thin 

25 f.1.lm piezoelectric element llA is made of stainless steel. 

copper. or the 11.ke. the conductor substrate portion 8D is 

cons1.derab1y rig:ld in the extension direction ( indioa ted by 

arrow Al in F1.gure 8). The first thin film piezoeleotri.c 

element llA and the conductor substrate port;J.on 80 are bent 

30 toward a magnetic disk due to a bimorph effect. as shown 

in Figure 8. In contrast. since a voltage i.s not applied 

to the second thin film piezoelectric element llB. the 

second conductor substrate portion 8E is not substant:lally 
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bent. 

Figure l.O is a top view illustrating states of the 

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

5 piezoelectric substrate 8. 

The f1-rst thin film piezoelectric element llA and 

the conductor substrate portion 8D which are bent are 

shorter by a smal.l d1-.splacement t>l than the second thin film 

10 piezoelectric el.ement llB and the conductor substrate 

portion SE which are not bent. As a result. the slider 

holding pl.ate 3 is rotated by a small amount in a dire~tion 

indicated by arrow A2 in Figure 10. Therefore. the 

slider 2 provided on the slider holding· plate 3 is rotated 

15 on the •dimple 4G (Figure 2) by a small amount in the same 

direction. 

In contrast. when the voltage V0 is applied to one 

term.1.na1 138 of the second conductor substrate portion BE 

20 of the thin film piezoelectric substrate 8 and the 

voltage zero is applied to the terminal l3E of the first 

conductor substrate portion 80. the second thin film 

piezoelectr.1c element 11B and the conductor "substrate 

port1on 8E are bent and the second thin f 11m p1ezoe1ectr1.c 

25 element llB and the conductor substrate portion 8B are not 

bent. Therefore. the slider 3 is rotated on the dimple 4G 

by a small amount in a direction o_ppos1te to the direction 

1.ndicated by arrow A2 :1n Figure -10. The slider 2 provided 

on the slider holding plate 3 is also rotated by a small 

30 amount in the same d1.rect1on. 

Therefore. the head l provided on the slider 2 is 

moved along a width direction of each track prov:tded 1.n the 
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form of a concentric circle on a magnetic disk. Thereby. 

an on-track character1.st1.o 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 port.ions BF 

and BG upon rotation of the slider attachment portion BA 

is reduced so that the slider attachment portion BA can be 

reliably rotated. since the conductor patterns 12A, 12B, 

10 12C and 12D each have a minimum width. 

A load ( 20 to 30 mN) j_s app11.ed to the slider 2 via 

the plate spr.1.ng 4!i (Figure 2) of the load beam 4. When the 

slider holding plate ·3 is rotated, such a load is applied 

15 between the dimple 4G (Figure 2) and the slide·r holding 

plate 3. Therefore, a frictional force determined by a 

frictional coefficient between the slider holding plate 3 

and the dimpl.e 4.G is applied to the slider hold.1.ng plate 3 . 

Thereby, the frict~ona1 force prevents the slider hol.ding 

20 plate 3 from being deviated from the dimple 4G. although 

the project.ion portion 3A of the slider ho1-ding plate 3 can 

be freely rotated on the dimple 4G. 

The same voltage .is appl.ied to the £1.rst and second 

25 thin film piezoelectric elements llA and 11B so as to operate 

in the same manner. Alternatively, when the first and 

second thin film p1ezoelectric ele~ents llA and llB are bent 

in the absence of applied voltage, voltages having opposite 

phases may be applied to the respective fi~st and second 

30 th1n film piezoelectric elements llA and llB to drive the 

first thin film piezoelectric element llA and the conductor 

substrate port.ion 8D. and the 

piezoel.ectric element 118 and the 

second thin f1.l.m 

conductor substrate 
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porti.on 8E. 

Further. in the example shown in Figure a. a voltage 

is applied to the first thin film piezoelectric element llA 

5 so that the first thin film piezoelectric element llA is 

bent to become a convex shape. Alternatively. a voltage may 

be appl.1.ed to the first thin fil.m piezoelectric el.ement 11.A 

so that the first thin film piezoelectric element llA is 

bent to become a concave shape. 

10 

In Exampl.e 1. when the head 1. is moved in a radial 

direction of a disk, the displacement magnitude of the head 1 

was about l µm where the thin film piezoelectric substrate 8 

was about 3 µm thick. the first and' second thin fil.m 

15 piezoelectric elements l.lA and llB each were about 2 µm 

thick. the length of first and second thin fil.m p1.ezoe1-ectric 

elements llA and llB each were about 2 mm. and a voltage 

of 5 v was applied between the upper and lower electrodes 9A 

and 9B. 

20 

Since the slider holding pl.ate 3 is supported on the 

dimple _4iG in such a manner that the slider holding plate 3 

can be rotated in all directions, the frictional loss of 

the sl1der holding plate 3 upon rotation can be 

25 significantly reduced. Therefore. a small magnitude of 

driving force can lead to a great amount of displacement 

of the head 1. Further. the sl1-der 2 is supported in such 

a manner that the slider 2 can. be rotated on the center 

position Ml of the air bearing surface 2&. Therefore. the 

30 position of the head 1 on the slider 2 is unlikely to be 

disturbed by a frictional force due to the v1-scos1. ty of a:lr. 

In Example 1. the beam structure composed of the 
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conductor substrates BD and SE and the thin film 

piezoelectric el·ements 11.A. and. llB is considerably rigid 

1n the direction Al shown in Figure 8. Therefore. the 

vibrational resonance po1.nt of the head support 

5 mechanism-loo can be struotural1y set to a high va1ue. 

10 

Thereby. the head support mechan1.sm 100 can operate with 

an excellent response charaoterist~c when the thin film 

piezoelectric elements are driven at high frequency. 

(EXHillple 2) 

Example 2 of the present invention will be descr1.bed 

below. 

Figure 111s a perspective view ·111ustrat1.ng a head 

15 suppor1J mechanism 200 for use .1.n a disk apparatus ·according 

to Example 2 of the present 1nvent1.on. viewed from a disk 

side. Figure 12 is an exploded, perspective view 

1.llustrating the head support mechanism 200. Components 

simiJ.ar to the correspond.1ng components described in 

20 Example 1 are designated by the same reference numeral.s as 

used in Exam.pie 1. The description of such components is 

therefore omitted. 

The head support meohan~sm 200 of Example 2 

25 ~ncludes: a slider 2 car~ying a head l; a slider holding 

plate 103 holding the slider 2; a load beam 4 support~ng 

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 film piezoelectric plate ~ for rotating 

30 the slider 2: a first conductor pattern 12-provided so as 

to extend from an end of the thin f1lm piezoelectric plate 8: 

and a second conductor pattern 7 provided along the first 

conductor pattern 12. 
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The l.oad 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 is attached by beam 

welding to a bottom side of the base port.1.on 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 can rotate. 

10 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 

substant:1al.1y 1.n a radial direction of a magnetic disk (not 

shown). That is. the load beam 4 is dr.1.ven to rotate so that 

the head 1 is moved substantially in a radial direot1.on of 

15 a magnet1.c disk. 

An opening portion 40 is provided in a middle of the 

neck portion 4B of the load beam 4. In the neck portion 4B. 

port.1.ons on the opposite s:tdes of the opening portion 4D 

20 each funct1.on as a plate spring portion 4E. The beam 

portion 4C is elastically displaced in a direction 

perpendicular to a surf ace of a magnetic disk by the plate 

spring portions 4E. The elastic displacement of the beam 

portion 4C causes a load to be appiied on the slider 2 

25 provided on the t1.p portion of the beam portion 4. 

A hemisphere-shaped d1.mpl~ 4G projecting upward is 

integrated into the tip port1on of the beam portion 4c. 

Further. a pair of regulation portions 4F extending 

30 straight from the tip port1.on of the beam portion 4C toward 

the base portion 4A are p:r.ovided on the t1.p portion of the 

beam portion 4C. There 1.s 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 sl.ider 2 is provided 

5 on the slider holding plate 103 via the tip portion of the 

th.i.n film piezoel.ectric substrate 8. As shown in Figure 12, 

a substrate junctl.on portion 1038. which is joined to a lower 

side of the tip portion of the thin film piezoelectric 

substrate 8. is provided at a ti.p port~on of the slider 

10 holding p1ate 103. The si1.de ho1d1.ng plate 3 includes a 

pair of balance weight portions 103C extending toward the 

base portion 4A. A semicircle-shaped projection 

port1-on 103A slightly projecting toward the base port1-on 4A 

is provided in a middle of the sl.ider ho1ding plate 103 and 

15 between the pa1.r of balance weight porti.ons 103C. 

The slider hol.d1-ng plate 103 is supported on the 

dimple 4G provided on the t1.p port1.on of the beam portion 4C 

of the load beam 4 where a lower side of the projection 

20 portion 103A contacts a point of the dimple 4G. The balance 

weight portions l03C are provided at a small gap from the 

regulation portions 4F prov~ded on the tip portion of the 

beam portion 4C. Therefore. the slider holding ·pl.ate 103 

can be rotated 1n all directions so as to be displaced by 

25 a small. angle along with the slider 2 prov.ided 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 center point of the 

rotation. i.e •• the dimple 4G. 

30 

Figure 13 is a perspective view illustrating a 

slider 2. The head 1 in.eluding 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 side of the slider 2 faces a 

surf ace of a magnetic disk. Further. an air bearj_ng 

5 surface 2E 1.s provided on the upper side of the slider 2. 

10 

An air f1ow generated by a rotating magnet1.c disk is passed 

in a tangentj_al direction of the magnetic disk so that an 

air lubrioat1.ng film is generated between the air bearing 

surface 2E and the magnetic disk. 

A center pos1t1on Ml of the air bearing surface 2E 

substantially corresponds to the d:lmple 4G on which the 

slider holding plate 3 is rotated and which substantially 

corresponds to the center of gravity of.the slider holding 

15 pJ.ate 3. The slider 2 1.s supported on the slider attachment 

portion 8A in such a manner that the side Sl of the slider 2 

faces the tip portion of the beam portion 4C of the load 

beam 4. The sl.ider 2 can be rotated on the center 

pos1.t.1.on Ml of the air bear1.ng surface 2E by a small amount 

20 in all of the fol1owing directions: a pitch d:1rect1on which 

is a direot1.on of rotation a.round an axis in a long! tudinai 

direction of the beam portion 4C through the head 1: a roll 

d1rect1.on Which is a direction of rotation around an ax1s 

along the air bearing surf ace 2E perpendiou1ar to a 

25 longitudinal ax.1-s of the beam portion 4C: and a yaw direction 

which is a directi.on 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 tn the yaw direction. the 

30 head 1 is moved by a small displacement substantially in 

a rad1al direction of a magnetic disk. 

Note that the head 1 is disposed so as to face a 
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surface of a magnetic disk. and more specifically. to face 

in a tangential direction of the magnetio ~isk. 

Figures 14 and 15 are top and bottom views 

5 illustrating the thin film piezoeleotr:tc substrate a 
provided on the load beam 4 and the vicin.i. ty thereof. 

Figure 16 is a cross-sectional view taken along 11ne X-X 

shown in Figure 12. Figure 17 is a cross-sectional view 

taken along line Yl-Y1 shown in Figure 15. 

10 

As shown in Figure 12, the th:tn film piezoelectric 

substrate 8 is in the shape of a rectangle extending from 

the tip portion of the load beam 4 toward the base portion 4A 

of the load beam 4. The thin film piezoelectric substrate 8 . 
15 is provided along a surface of a magnetic disk. · The thin 

film piezoelectric substrate 8 may be made of a flexible. 

thin stainless atee1 plate or the like. 

As shown in Figures 14 and 15, the slider 2 is 

20 attached to the upper side of the tip portion of the thin 

film piezoelsotric substrate 8. while a slider support 

portion 8A is provided on the J.ower side of the t.ip portion 

of the thin fil.m piezoelectric substrate 8. The slider 

support portion 8A is joined to the substrate junotion 

25 portion 3B of the s.11der holding plate 103. Substantially 

half of the tip portion side of the slider 2 is provided 

and attached to the siioer suppo~t portion 8A. 

A pair of transformation operat.1on portions 80 and 

30 8E which are transformed .in a d.irection perpendicular to 

a surface of a magnetic disk with different phases. are 

provided at an end at the base portion 4A side of the s1.1der 

support portion SA, via eiastic hinge portions 8F and BG. 
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Thus. the transformation operation portions 8D and SE are 

integrated with the slider support portion 8A. A fixed 

portion 8C is provided on the upper side of the beam 

port:t.on 4C of the load beam 4. 

The pair of transfonnat.1.on operation portions SD 
and SE are disposed 1.n para1lel and spaced at a predeterm1.ned 

gap by providing a slit 1.n an intermediate portion in a width 

direction of the thin film piezoelectric substrate 8. The 

10 pair of eiast1c hinge portions BF and BG are formed by 

reducing the width of tip portions of the transformation 

operation portions 8D and 8E. The slider su~port 

portion 8A can be rotated in the d.1.rect1.ons other than the 

yaw direction due to the elastic h.1.nge port.ions 8P and 8G. 

15 Therefore. the sl1.der 2 which is provided on the upper s1.de 

of the slider support port~on 8A and the slider holding 
plate 103 provided on the lower s1.de of the slider support 

portion BA is not rotated in the yaw direct~on. 

20 First and . second thin film piezoelectric 

elements llA and llB are provided on the lower s1.de of the 

thi~ film piezoelectric substrate 8. The first and second 

th~n film piezoelectric elements llA and llB are provided 
on the lower side of the pa1.r of transformat~on operat1.on 

25 portions BD and 8E and on the lower side of the f1.xed 

portion BC. resulting in a multi-layer structure. The th1.n 

film piezoelectric elements llA and llB and the 

~ransformation operation portions 8D and BE are covered 

with a flexible material 6 and integrated with the thin fil.m 

30 piezoelectric substrate 8. The thin film piezoelectric 

elements llA and llB 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 piezoelectric 

elements 11A and llB causes the transformation operation 

portions 8D and 8E to be bent in a thickness direction 

thereof. As a result, the thin film piezoelectric 

5 substrate 8 is displaced in a direction perpendicular to 

a surface of a magnetic disk. 

An upper side electrode 9A and a lower side 

electrode 98 made of p1at1num are provided on the upper side 

10 and the lower side of the first thin film piezoelectr~c 

element ll.A. respectively. Similarl.y. an upper side 

electrode 9A and a lower side electrode 98 made of platinum 

are provided on the upper side and the lower side of the 

second thin film piezoelectric element·11B. respectively. 

15 

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 piezoelectric 

substrate 8 in . such a manner that the three terminal 

20 portions 13A. 13B. and 13C are exposed from the flex~ble 

material 6. The pair of the terminal portions lJA and 138 

are attached to end portions (at the base portion 4A side) 

of the respective lower side electrodes 9B. The term1.na.l 

portion l3C is connected to a short member 14 which 

25 electrically shorts the end portions of the upper side 

electrodes 9A. 

As shown in Figure 14. a first conductor pattern 12 

composed of four conductor lines 12A through ~2D 1s provided 

30 on the upper side of the thin film piezoelectric substrate 8 

so as to transfer a recordi.ng and reproducing signal to and 

from the head 1. One end of the four conductor 1ines 12A 

through 120 are connected to respective terminals 2A 
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through 20 of the s1ider 2 provided on the upper side of 

the slider support portion 8A of the thin film piezoe1eotr1c 

substrate 8. 

A pair of the conductor 1ines 12A and 12B of the 

fJ.rst conductor pattern 12 are drawn to the base portion 4A 

side via the transfonnation operation portion 80 and the 

fix.ed portion BC of the thi.n film pi.ezoeiectric substrate 8. 

The other pair of the conductor lines 12C and 12D of the 

10 fi.rst conductor pattern 12 are drawn to the base portion 4A 

side via the transformation operation portion 8E and the 

fixed port.ion BC of the thin film piezoel.eotric 

substrate 8. 

15 • The four conductor lines 12A through 12D drawn to 

the base portion 4A side of the thin film piezoelectric 

substrate 8 pass through a conductor portion 12E of the 

first conductor pattern 12 and reach a termi.nai holding 

portion 12F. and are connected to respective externally 

20 connected termi.nal.s 12A' through 12D' on the terminal. 

holding portion 12F (Figure 12). 

As shown 1.n Figure 16. the £our conductor lines 12A 

through 12D are fixed to the upper si.de of the thin film 

25 pi.ezoelectric substrate 8 using the flexible material 6. 

Referri.ng to Figure 12_. a second conductor 

pattern 7 is used to drive the first and second thin film 

piezoelectric elements llA and llB provided on the lower 

30 side of the thin film piezoelectric substrate 8. The second 

conductor pattern 7 includes three conductor lines. One 

end of the conductor lines are connected to respective 

internally connected terminals 15A 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 lower side of the fixed 

portion SC of the thin film piezoelectric substrate 8. The 

5 fixed port:1.on 8C is fixed via a terminal ho1d1ng portion 7A 

on the upper side of the beam portion 4C of the load beam 4 

as shown :1.n Figure 4. 

As shown in Figure 12. the three conductor lines 

10 provided on the second conductor pattern 7 pass through a 

conductor portion 7C of the second conductor pattern 7 and 

reaoh the terminal holding portion 7B. and are connected 

to respeot:1.ve externally connected terminal.a lfiA. l6B. and 

16C on the termina1 holding portion 78. 

15 

As shown in F:1.gure ii. the terminal holding 

portion 12F of the first conductor pattern 12 and the 

terminal hold:1.ng portion 78 of the second conductor 

pattern 7 are attached to one edge portion of the base 

20 port1.on 4.A. of the load beam 4. being arranged s1.de by side 

in the long1.tud1na1 direction of the load beam 4. 

Operation of the thus-constructed hea·d support 

mechanism 200 will be described with reference to 

25 Figures 18 through 27. 

Ref erring to Figures 12 ~ 15 and 17. the upper 

electrodes 9A provided on the upper s.1.des of the f.1.rst and 
second.th~n film p~ezoelectr1c elements 11A and llB are 

30 grounded via the short member 14. the terminal portion 13C. 

and the internally connected term.1.nal 15C and the 

externally connected term.inal 16C of the second conductor 

pattern 7. 
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Further. a vo1 tage V :ts applied to the lower 

electrode 9B joined with the lower side of the first thin 

film piezoelectric element llA. via the externally 

5 connected te.:aninal l6A and the internally connected 

terminal lSA of the second conductor pattern 7. Further, 

a vol. tage zero is applied to the lower electrode 9B joined 

with the lower side 0£ the second thj_n film piezoelectric 

element llB, vi.a the externally connected terminal UiB and 

10 the internally connected terminal 15B of the second 

conducto~ pattern 7 and the tenn1nal portion 13B. 

Therefore, the voltage v between the upper side 

electrode 9A and the lower side electrode 9B is appl.:Led to 

15 the first thin fj_lm p1-ezoe1ectric element llA. As a result. 

the first thin film piezoelectric element l1A expands in 

a longitudinal direction thereof (indicated by arrow A1 in 

Figure 18). 

20 · In this case. since the transformation operation 

portion SD of the thin film piezoelectric substrate 8 

provided on the first thin film piezoelectric element llA 

is made of stainless steel or the l~ke. the r~g1dity in an 

expanding direction (indicated by arrow Al in Figure 18) 

25 of the transformation operation portion 8D is increased. 

Therefore. the transfo.:anation operation portion 8D of the 

thin film piezoelectric substrate 8 prov1ded on the first 

thin film piezoelectric element llA is bent due to a b1.morph 

effect in a direct1.on away from a surface of a magnetic disk. 

30 i.e., in such a manner as to project toward the thin film 

piezoelectric elements llA and llB side. 

In contrast. a voltage is not applied to the second 
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thin film piezoelectric e1ement llB. Therefore, as shown 

in Figure 19, the second thin film piezoelectric 

element 11B and the transformation operation portion 8E of 

the thin f11m piezoelectric substrate 8 provided on the 

5 second thin film piezoeiectric e1ement llB are not 

substantially bent. 

Referring to Figure 20. when the transformation 

operation portion 8D is bent. the length in the l.ong1 tudinal 

10 direction of the transformation operation port:l.on 8D. which 

is projected onto the same plane as the transformation 

operation portion SE wh1ch 1s not bent. is shorter by a. ·smal.l 

displacement 61 than the length of the transformation 

operation portion 8E which is not bent. Therefore, the 

15 s11der.support portion 8A of the thin film p~ezoeiectric 

substrate B is rotated by a smal1 amount in the yaw direction 

indicated by arrow A2 in Figure 20, whil.e the s1ider 2 and 

the slider holding plate 103 are also rotated on the 

dimp1e 4G (Figure 12) by a. small amount in the same 

20 direction. 

In contrast. when a voltage zero is applied to the 

lower side electrode 9B provided on the lower side of the 

first thin film piezoelectric element 11A and a voltage V 

25 is applied to the lower side electrode 9B provided on the 

lower side of the second thin film piezoelectric element llB. 

the transformation operation portion 8D of the thin film 

piezoelectric substrate 8 provided on the first thin film 

piezoelectric element llA is not substantially bent. and 

30 the transformation operation portion 8E of the thin film 

piezoelectric substrate 6 provided on the second thin film 

piezoelectric element llB is bent. 
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Therefore. the sli.der support portion 8A of the thin 

film piezoelectric substrate 8 1.s rotated by a small amount 

in the yaw direction opposite to the direction indicated 

· by arrow A.2 in F~gure 20. As a result. the slider 2 and the 

5 slider ho°ld1ng plate 103 are rotated on the dimple 4G 

(Figure 12) by a small amount in the same di.rection. 

As described above, voltages having opposite phases 

are applied to the respective first and second thin film 

10 piezoelectric elements llA and 118 so that the head l 

carr1ed on the slider 2 is moved with great precisi.on by 

a smal.J. size of displacement corresponding to applied 

voltage. in a radial direction of a magnetic disk, 1.e .• 

a width direoti.on of each track in the form of a oonoen trio 
' 

15 circle• on the magnetic dj_sk. Therefore. an· on~track 

operat1on for causing the head 1 to follow a track can be 

conducted with great precision. 

Note that the eiastio hinge portions 8G and BF 

20 connecting the slider support port.ion SA and the 

transformat.1.on operation portions 8D and 8E of the thin f.1.lm 

piezoelectric substrate 8 are designed to be minimum sizes 

so that the conductor lines 12A and 12B. and 12C and 12D 

of the conductor pattern 12 are provided on the respective 

25 elastic hinge portions 8G and 8!'. Therefore. a load 

required for rotation of the slider support portion 8A is 

reduced. whereby the slider su»port portion 8A can be 

reliably rotated by a small load. 

30 Further. when a load ( 20 to 30 mN) is applied to the 

slider 2 by the plate spring portions 4E and 4E of the load 

beam 4 (Figure 12) so that the sl1der holding plate 103 :1.s 

rotated. such a load is also applied between the dimpl.e 4G 
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and the slider holding p1ate 103. Therefore, frictional 

fo~ce determined by a frictional coefficient between the 

slider holding plate 103 and the dimple 4G is applied to 

the slider holding plate 103. Thereby. the frictional 

5 force prevents the slider holding pl.ate 103 from be1.ng 

shifted from the dimple 4G. although the projection 

portion 103A of the sl1.der ho1ding plate 103 can be rotated 

on the dimple 4G. 

10 The same voltage is applied to the f1.rst and second 

thin film piezoel.ectric elements llA and llB so as to operate 

in the same manner. Therefore. the first and second thin 

film p1.ezoelectr1.c elements l.ll and 11B may be designed to 

be bent in the absence of applied vol"tage. and voltages 

15 having opposite phases may be applied to the respective f.1.rst 

and second thin f1.l.m piezoelectric elements llA and llB to 

drive the first thin film pi.ezoeleotric element 11A and the 

transformation operation portion 8D, and the second thin 

film piezoelectric element llB and the transformati.on 

20 operation portion BE. 

In Exampl.e 2. a voltage is applied to the th1.n fi1m 

piezoelectric elements llA and llB so that the.thin film 

piezoelectric elements 11A and llB are bent to become a 

25 convex shape. Alternatively 1 a voltage may be appl.ied to 

the thin film piezoelectric elements llA and llB so that 

the thin film piezoelectric elements llA and llB are bent 

to become a concave shape. 

30 Note that the elastic hinge portions 8G and 8F are 

each sufficiently flexibl.e so that the sl.ider 2 can be 

rotated in the roll direction and the pitch direction. 

Therefore. a floating characteristic of the slider 2 with 
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respect to a magnetio disk can be improved by the air bearing 

due to the air bearing surface 2E. 

The dynamic characteristics of the head support 

s mechanism of the present inventi.on w:U.l. be descr:1.bed _below. 

Figures 21A and 21B and Figures 22A and 22B are 

sohematio diagrams illustrating two model.a of a head support 

mechanism. Fi.gures 21A and 218 illustrate a head support 

10 mechanism in which the center of gravity G of a small. 

rotation portion including the s11der 2 and the slider 

holding plate 3 is posi.tioned between the dimple 4G and the 

head 1. Figures 22A and 22B illustrate the head support 

mechanism 200 of Example 2 in which the 'center of gravity G . 
15 0£ a small rotation portion including the slider- 2 and the 

slider holding plate 103 substantially corresponds to the 

position of the dimple 4G. 

When voltages having opposite phases are applied to 

20 the respective first and second thin f~.lm p~e~oelectric 

elements llA and 118 so that the transformation operation 

portion 8D is contracted a.nd the transformation operation 

port~on 8E is expanded. a track1ng characteristic of the 

head l w~th respect to a target track on a magnetic disk 

25 is ·greatly affected by the position of the center of 

gravity G. 

A description w1.ll be given of when the center of 

gravity G of the small rotation portion .including the 

30 slider 2 and the sl1.der holding plate 3 is positioned 

between the dimple 4G and the head :r. as shown in Figures 21A 

and 21B. 
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As shown in Figure 21A. when the transformation 

operation portion 8D and BB are contracted and expanded, 

respectively. forces Pl and P2 having opposite directions 

are generated in the eiastic hinge portions 8G and 8F. 

5 respectively. In this case, the slider holding plate 3 can 

be freely d.1.spl.aced ·in the contraction and expans1.on 

directions of transformation operation portion 8D and 8E 

due to the dimpl.e 4G provided on the load beam 4. On the 

other hand. the slider hol.ding pl.ate 3 is restrained in the 

10 bend direction of the transformation operation portion BD 

and BE due to frictional force. As a result, an angular 

moment Ma around the center of gravity G is generated by 

the forces Fl and F2, which acts on the slider 2 and the 

sl.ider holding plate 3. 

15 

As shown 1.n Figures 21A and 21B, assuming that the 

distance between the center of gravity G and the dimple 4G 

is Sa in a longitudinal direction of the beam portion 4C 

of the load beam 4, a reaction force Ra (=Ma/Sa) i.s generated 

20 to act the d:t.mpl.e 4G. The force Ra leads to trans£ormat:lon 

of the beam port~on 4C of the load beam 4. Figure 21B 

schematically shows such a situation. 

As shown 1.n Figure 218. even if the sl.ider 2 is 

25 rotated in the counterclockw:t.se d:t.rection, the 

transformation operat:lon portions SD and SE are transformed 

by the react~on force Ra so that· the head l 1.s not moved 

over a p~edetermined amount. Since the slider 2 and the 

slider holding plate 3 each have a mass. the slider 2 and 

30 the slider holding plate 3 have a delayed response to the 

transformat1.on of the transformation operation port1ons SD 

and 8E. 
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Figures 24A and 24B are graphs showing the tracking 

characteristic of the head support mechanism of Figures 21A 

and 21B with respect to a target track of the head. 

Figure 24A shows gain characteristics. and F1.gure 24B shows 

5 phase characteristics. 

In Figures 24A and 248. reference numerals Jl. 

through J5 each indicate a resonance point when the thin 

film piezoelectric elements llA and llB in the head support 

10 mechanism of Figures 21A and 21B are driven. Jl 1.nd.icates 

a resonance point in a tw~st first-order mode of the beam 

portion 4C of the load beam 4 shown in Figure 23A. J2 

indicates a resonance po~nt in a twist second-order mode 

of the beam port.1.on 4C of the load beam 4 shown in F iguI.'e 23B . 

15 J3 ind~cates 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 JS each indicate a resonance point in 

a resonance mode of the transformation operation 

port~ons 8D and 8E of the thin £ilm piezoeiectric 

20 substrate 8. 

From the v1ew point of the dynamic character1.st1.cs 

of the head support meohan.1sm, the frequencies· in those 

resonance modes are preferably increased up to a suff1.cient 

25 frequency reg~on such that the frequencies do not affect 

the positioning of the head. Since the resonance points J1 

through J3 are characteristics· wh.1.ch result from the 

structure of the load beam 4. there is necessarily a limit 

to the resonance frequency. so that the resonance frequency 

30 cannot be greatly increased. Therefore. it is necessary to 

reduce ·the phase delay of responses of the resonance 

points Jl through J3. 
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F1gures 22A and 22B are d1.agrams illustrating the 

head support mechanism 200 of Example 2 in which the 

position of the center of gravity G of the small rotation 

port1on including the sl1.der 2 and the slider holding 

5 pl.ate 103 substantially corresponds to the position of the 

dimple 4G. As shown in Figure 22A. since the position of 

the center G of gravity substantia11y corresponds to the 

posit1on of the dimple 4G, a reaction force Rb due to an 

angu1ar moment Mb is not generated. Therefore, as shown in 

10 Figure 22A. the displacement amounts of the transformati.on 

operation portions 8D and 8E are converted to rotation in 

the yaw direction of the sl.1.der 2. The resultant response 

characteristics are shown in Figures 25A and 25B. 

Figure 25A shows gain characteristics, and Figure 25B shows 

15 phase aharaoteristics. 

As shown in Figures 25A and 25B, since the position 

of the center of gravity G of the small rotation portion 

including the s1~der 2 and the s11-der ho1ding plate 103 

20 substantiall.y corresponds to the pos1.t1-on of the dimple 4G. 

an amplitude characteristic and a phase characterist1.c of 

resonance at a twist second-order mode resonance point J2 

can be improved and a parall.el v.1brat.1on resonance po1.nt J3 

1.s substantia1ly not present. 

25 

As described above, in the head support 

mechanism 200 of the present invention. the position of the 

center of grav1.ty G 0£ the small rotation portion including 

the slider 2 and the slider holding plate 103 substantially 

30 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 

film piezoelectric elements llA and llB are dr1.ven at a high 
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frequency. 

Further. the slider 2 and the slider holding 

plate 103 are supported on the dimple 4G so as to rotate 

5 not only in the yaw direction but also in all other directions . 

10 

Therefore, a friction loss of the slider holding p1ate 103 

upon rotation can be greatly reduced. thereby rnak~ng it 

possible to produce a great amount of displacement of the 

head 1 with a small driving force. 

Further. the center positi.on Ml of the air bearing 

surface 2E substantially corresponds to the center of 

rotation of the slider 2. Therefore. the head 1 on the 

sl.1der 2 is not likel.y to be disturbed by a frictional force 

15 due to•the viscosity of air, for example. 

Furthermore, the beam structure composed of the thin 

film p~ezoelectric substrate 8 and the thin film 

piezoelectric elements llA and llB has a high level. of 

20 rigidity in a direction indicated by arrow Al in Figure 18. 

Therefore. the v1.brat1onal resonance point of the head 

support mechanism 200 can be structural.l.y :tinproved. 

Figures 26A and 26B are schematic diagrams 

25 illustrating a model. of another head support mechanism 

accor(ling to Example 2 of the present 1.nvent.1.on. The basic 

structure of the head support mechanism is the same as that 

of the above-described head .support mechanism 200 of 

Example 2. Thus. the components of the anothe.r head support 

30 mechan~sm are not herein described. 

The another head support mechanism of Example 2 1s 

character12ed as shown in Figure 26A in that the dimple 4G 



• 

5 

10 

- 46 -

is pos1-tioned between the head land 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 oppos1.te phases are applied to the 

respective thin fj_1m p1.ezoe1ectr1.c elements llA and llB so 

that the head 1 is d1.sp1aoed by a small amount toward a 

position of a target track. In th1-s case, the 

transf o:tmation operation portion BD of the thin film 

piezoelectric substrate 8 is contracted while the 

transformation operation portion 8E thereof is expa~ded. 

thereby generating foroee Fl and F2 which act the elastic 

hinge portions 8G and BF in the di·reotions shown in 

15 Figure•26A. 

In this case. the transformation operation 

portions BD and 8E can be displaced in the contraction and 

expansion directions. However. the slider holding 

20 pl.ate 103 is restra1-ned in the bend direction of the 

transformation operation port1.on 8D and BE due to 

frictional force. As a result 1 an angular moment Mo around 

the center of grav1ty G is generated by the forces Pl and 

F2. which acts on the sl.:1.der 2. and the slider holding p1ate 3. 

25 There .is a di.stance So between the center G of grav1.ty and 

the dimple 4G. so that a reaction force Ro {=Mo/Sc) is 

generated to aot the dimple 4G. 

The reaction force Ro leads to transformation of the 

30 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 displacement. 

thereby promot:t.ng the movement of the head 1 due to the 
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rotation of the sl:tder 2. This situation is shown i.n 

Figure 26B. 

Since the slider 2 and the slider holding plate 3 

5 each have a mass, the slider 2 and the slider holding plate 3 

exhibit a characteristic in which a phase leads an input 

s:tgnai 1nstruct:tng the movement of the head 1. 

Figures 27A and 27B are graphs showing tracking 

10 characteristics of the head support mechanism of 

Figures 26A ano 268 with respect to a target track of the 

head. Figure 27A shows gain characteristics, and 

Fi.gure 27B shows phase characteristics. 

15 ' 
• In Figures 27A and 27B. reference numerals 31 

through JS each indicate a resonance po~nt when the thin 

film piezoelectric elements llA and llB in the head support 

mechani.sm of Figures 26A and 26B are driven. Jl indi.cates 

a resonance po:tnt in a twist first-order mode of the beam 

20 portion 4C of the l.oad beam 4 shown in Figure 23A. J2 

ind:toates 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 

25 Figure 23C. 34 and JS each ~ndicate a resonance point in 

a resonance mode of the transformation operation 

portions 8D and Sa of the thin film piezoelectric 

substrate B. 

30 The phase characteristics of the resonance 

points J2 and J3 in Figures 27A and 27B each e::i<h1bit a 

leading phase. which is .advantageous to the stability of 

the control. Further 1 if the peak values of the ga~n 
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character1.stics of the resonance points J2 and J3 are 

attenuated by a damper or the li.ke (not shown}, more 

satisfactory control characteristics can be obtained. 

5 In the another head support mechanism of Example 2 , 

the dimple 4G is positioned between the head land the center 

of gravity G of the smal.l. rota ti.on portion including 

al.ider 2 and the slider holding portion 103 where the small 

rotation portion rotates on the dimple 4G. Therefore, when 

10 a thi.n film piezoelectric element is driven at a high 

frequency. an excellent response characteristic is obta1.ned 

in operation. Further, a stable control characteristi9 can 

be achieved in spi.te of variations in the position of the 

center of gravity. 

15 

(Example 3) 

Figure 28 is a perspective view illustrating a head 

support mechanism· 300 for use 1.n a <1isk apparatus according 

to Example 3 of the present invention. vi.ewed from a disk 

20 side. Figure 29 is an exploded, perspective view 

illustrating the head support mechanism 300. Components 

similar to the correspond1.ng components described in 

Example 1 are designated by the same reference numerals as 

used in Example 1. The description of such components is 

25 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 slider 2 attached to a head 1 is supported. The load 

30 beam 4 includes a square-shaped base portion 4A which is 

fixed by beam welding to a base plate 5. The base portion 4A 

and the base plate 5 are attached to a head actuator arm 

(not shown). The load ~eam 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 

port1.on 4D is provided in the middle of the neck portion 48. 

In the neck portion 48. portions on the opposite sides of 
5 the opening portion 40 each function as a plate spring 

portion 4E. 

As shown in Figure 30. a head l including an MR 

el·ement 1.s provided in a side of the sl1.der 2. Further, four 

10 term1.nals 2A through 2D are disposed i.n a transverse 

direction in the lower portion of the side of the slider 2. 

Furthermore. an air bearing surface 2E is provided on an 

upper s.ide of the sl.1.der 2. An air flow generated by a 

rotating magnetic disk ~s passed in a pitch direction of 

15 the slider 2 (a tangential direction of a magnetic disk) 

so that an air 1ubricating film is generated between the 

air bearing surface 2E and a magnetic disk. 

As shown in Fi.gure 29. a flexure 307 having a head 

20 conductor pattern 306 is prov1ded on the beam portion 4C 

of the load beam 4. A base material of the flexure 307 is 

stainless steel. The slider 2 carrying the head 1 is placed 

on a slider attachment portion 307X of the flexure 307. 

25 As shown in Figure 31, patterned conductors 306A. 

3068, 306C and 3060 are provided on the flexure 307. A 

slider holding plate 303A is att~ched to a side opposite 

to the slider 2 of the slider attachment portion 307X. The 

outside shape of the slider holding plate 3_03A is formed 

30 along with the flexure substrate 303 by etching. Further, 

a projection portion 303B is provided in the slider holding 

plate 303A. The proje.ction portion 303B contacts a 

dimple 4G which is 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 d~mple 4G in all 

d1rect1ons. 

The sl.1.der 2 of Figure 30 is attached to the slider 

holding plate 303.A in such a manner that the center 

position Ml of the air bearing surface 2E substantially 

corresponds to the dimple 4G of the load beam 4 of Figure 2 9. 

10 An externally connected terminal holding portion 307Y is 

provided on the other end of the flexure 307 as shown in 

Figure 29. The externally connected tenninal holding 

portion 307Y is disposed at an edge of the base portion 4A 

of the load beam 4. 

15 

As shown in Figure 29. a pair of regulation 

portions 4F are provided on the tip portion of the beam 

portion 4C. There is an appropriate gap between the 

regulation portions 4F and the sl~der holding plate 303A 

20 so that the slider holding plate 303A can be rotated. Each 

regulation porti.on 41" extends straight from the tip portion 

of the beam portion 4C toward the base portion 4A. 

A thin film p1.ezoel.eotric element 310 in Example 3 

25 is attached to thin film piezoe1eotrio ho1-ding 

portions 308A and 308B of the flexure 307 (Figures 29 and 

31). Figure 32 is a top view of th~ thin film piezoelectric 

element 310. The thin film piezoelectric element 310 

1.ncl.udes a pair of elements 310A and 310B Which are separated 

30 from each other. Figure 33 1s a cross-sectional view of the 

thin f~lm piezoelectric element 310. The thin film 

piezoelectric element 310 has two layers. i.e .• first and 

second thin film piezoelectr~c elements 311A and 311B. 
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First and second metal electrode f i1ms 312A and 312B are 

provided on upper and lower sides .of the first thi.n film 

piezoelectric element 31lA, respectively. The first thin 

f.1.lm piezoelectric element 311A is provided above the 

5 second thin film piezoelectric element 311B. Similarly. 

th1rd and fourth metal electrode films 312C and 312D are 

provided on upper and lower sides of the second thin film 

piezoel.ectric el.ement 3118. respectively. The second 

metal electrode film 3128 and the fourth metal electrode 

10 film 312D are electrically shorted by a conductj,ve 

ac.1hesive 313. The entire thin f1.l.m pi.ezoelectric 

element 310 is covered with flexible coating resin 314. 

The ooat1-ng resin 314 comb1-nes the th1-n film piezoe1ectr1.c 

element 310Awith the th1n fi.1m p1ezoe1ectric element 310B. 

15 

Figure 34 is a top view of the flexure 307. 

F.1.gure 35 is a cross-sectional view of the th1-n film 

piezoelectric element holding port1-ons 308A and 308B of the 

flexure 307, taken along line X2-X2 shown in Figure 34. 

20 Substrates 315.A and 315B in the respect.ive thin film 

piezoelectric element holding portions 30BA and 308B are 

formed at the same time when a conductor 306 is formed and 

patterned by etching or the like. so that the material and 

thickness of the substrates 315A and 3158 are substantially 

25 identical to those of the conductor 306. and the 

substrates 315A and 3158 and the conductor 306 are prov:t..ded 

on the same plane. The substrates 315A and 3158 and the 

conductor 306 are covered with an insulating material 316 

such as polyirnide resin. A side of the substrates 315A and 

30 3158 are exposed. to which side the thin film p:1.ezoelectr1o 

element 310 is attached. so that the adhesive strength 

between the thin film piezoelectric element 310 and the 

substrates 315A and 3158 is secured. Figure 36 1.s a bottom 
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view of the flexure 307. as is different from Figure 34. 

Figure 37 is a cross-sectional view illustrating 

the thin film piezoelectric element holding portions 308A 

5 and 30813 attached to the thin film piezoelectric element 310 

using an adhesive 317. As shown in Figure 37. the thin film 

piezoelectric element holding portions 310A and 310B each 

include a two layer structure composed of the first and 

second thin film piezoelectric elements 311A and 311B. 

10 

As shown in Figure 38A, the metal electrode 

fil.m 312A (312C) 1.s provided on a mono-crystal 

substrate 318 having a lattice constant close to that of 

the first and second thin film piezoeJ.edtric elements 311.A 

15 and 311B. As shown in Figure 38B, the first thin film 

piezoelectric element 31.lA (311B). which is made of PZT or 

the like, is provided on.the metal electrode film 312A (312C). 

Therefore, the thin film piezoelectric element 311A (311B) 

is mono-crysta11y grown on the metal electrode fi1m 312A. 

20 As shown in Figure 38C, the metal electrode film 312B (312D) 

is provided on the upper si.de of the thin fi1m piezoelectric 

element 311A ( 3l1B). In this case, the polar1.zation 

direction of the thin film piezoelectric element 311.A 

(31.lB) is uniform1y a d1.:rect1on indicated by arrows A in 

25 Figure 38C, just after the formation of the film. The 

linear thermal expansion coefficient of the mono-crystal 

substrate 318 is higher than that of the thin film 

piezoe1ectric element 311A (311B). 

30 Referring to F1.gures 39A through 39G and Figure 40. 

a method for produc1.ng the two layer structure will be 

described. Figures 39A through 39G show a procedure for 

producing a two-layer structure of thin film piezoelectric 
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element formed on a mono-crystal substrate. Figure 40 is 

a flowchart showing a method for producing the thin f 1lm 

p1.ezoelectrio element of Example 3. As shown in Figure 39A. 

a first metal electrode film 312A. a first thin f1.lm 

5 p~ezoelectric element 311A, and a second metal electrode 

f11m 312.B are formed on a first mono-crystal substrate 318A 

(Figure 40: S1301). As shown in Figure 39B. a third metal 

electrode film 312C, a second thin film p1.ezoe1ectr1c 

element 3llB. and a fourth metal electrode film 312D are 

10 formed on a second mono-crystal substrate 3188 (Figure 40: 

$1302). 

As shown in Figure 39C, the second metal electrode 

film 312B (Figure 39A) and the fourth metal electrode 

15 f1.lm 31'2D (Figure 39B) are adhered to each other ·us.ing the 

conductive adhesive 313 {Figure 40: Sl303). As shown in 

Figure 39D, the first mono-crystal substrate 318A of the 

mono-crystal substrate 318 is removed by etching 

(F.1gure 40: Sl304). As shown in Figure 39£. the two-layer 

20 structure of the thin f1l.m pi.ezoel.ectric e1ements 311A and 

3118 are dry-etched to be in the form of the thin film 

pi.ezoelectrio el.ement 310 (Figure 40: 81305). As shown in 

Figure 39F. a surface of the second mono-crystal 

substrate 318B on which the th1.n film p1.ezoelectric 

25 element 310 is formed is covered with the coating resin 314 

so as to avo.id corrosion of the thin film p.1ezoe1ectr1c 

element 310 (Figure 40: Sl306). ·As shown in Figure 39G. 

the still remaining second mono"crystal substrate 318B is 

removed by etching to obtain the thin film p1.ezoelectric 

30 element 31DA (310B) (Figure 40: S1307). Note that the 

fi.rst metal electrode film 312B and the fourth metal 

electrode film 312D are adhered to each other using a thermal 

melting 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 

piezoelectr.1.c element terminals 309A. 309B. 309C, and 309D 

provided in a m~ddle of the flexure 307 are connected to 

the externall.y connected terminal hol.d.1.ng portion 307Y 

Which is connected to an external dr.1.ving circuit. 

10 Referring to Figure 31. linkage portions 3l.9A and 3l9B 

which link the respective thin film piezoelectric 

portions 308A and 30BB in the flexure 307 with the slider 

attachment portion 307X, are el.astic hinge portions. 

15 • Referring to F1gure 41. formation of the electrodes 

in the thin film piezoelectric element 310 ( 3lOA and 31.0B) 

will be described. A positive voltage is applied to the 

metal electrode films 312A and 312C. The m~tal electrode 

films 312B and 312D are grounded. Figure 41 is a diagram 

20 illustrating junction of the thin film piezoelectr1.c 

element 310 ( 310A and 310B) and the thin film p1.ezoelectric 

terminal 309A and 309B at a position correspond1.ng to the 

Y2-Y2 cross-section of F1.gures 32 and 34. A method for 

form1ng ground connection port1ons 320 in the thin film 

25 piezoelectr1c element 310 (310Aand 310B) will be described. 

As shown in F1.gure 41, the first metal electrode film 312A 

and the first thin film piezoel'ectric element 311.A are 

etched (a first etching step) up to the upper surface of 

the second metal e1ectrode film 3128. In the etched portion, 

30 the second metal electrode film 312B and the conductive 

adhes:tve 313 are removed by etching (second etching step). 

Thereafter. the first metal electrode film 312A in the 

ground 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 film 312B and the fourth 

metal electrode film 312D are formed as a ground electrode. 

5 The ground metal terminal films 321 are connected 

vi.a a bonding w.1re 324 to the respect1.ve thin film 

piezoel.ectric element te:aninals 309B and 309C {Figure 34) . 

In the first electrode connection portion 322 (Figures 32 

and 41.), part of the coating res1-n 314 is removed so as to 

10 expose the first meta.l electrode film 312A. Similarl.y. in 

the fourth eJ.ectrode connection port1.on 323 (Figures 32 and 

41) • part of the coating resin 314 is removed so as to expose 

the first metal electrode film 312A. As shown in Figure 41, 

the first metal el.ectrode film 312A · in the e1ectrode 

15 conneotilon portion 322 and the electrode connection 

portion 323 in the electrode connection portion 323 are 

connected via the bonding wire 324 to the th1.n f1lm 

piezoelectric elements 309A and 3090, respectively. 

20 The head support mechanism 300 having the thus­

constructed thin film piezoelect.ric element will be 

described with reference to Figures 42, 43A, 43B. 44A and 

44.B. Figure 42 1.s a side view of the head. support 

mechanism 300. Figure 43A is an enlarged. cross·sectiona1 

25 view of the thin film piezoelectric el.ement 31.0A (310B) of 

Figure 42 shown in the dashed circle. The thin film 

piezoelectric element tenninals 309B and 309C (Figure 34) 

are grounded. Driving voltages are applied to the thin fiJ.m 

piezoelectric element terminals 309A and 309D to drive the 

30 thin film p~ezoelectric elements 310A and 310B. 

respectively. as shown in Figures 43B and 43C. Driving 

voltages having opposite phases with reference to a bias 

voltage VO are appl.1.ed to the thin film piezoelectric 
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element terminals 309A and 3090. respectively. 

Consistently-positive driving voltages are applied to the 

thin film p~ezoelectric elements 311A and 311B. 

respectively. As shown in Figure 43A. the thin film 

s piezoelectric elements 311A and 311B are contracted in a 

10 

direction ind~cated by arrow B in the presence of applied 

voltage. In this casei however. the thin film piezoelectric 

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

{315A). 

The contraction and expansion of the thin film 

piezoelectric elements 311A and 311B cause the thin· film 

piezoelectric element holding portion 308A (308B) to be 

contracted and expanded, thereby ohang1ng a distance L 

15 between• a border portion 303X (Figure 36) with the·thi.n film 

piezoelectric 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 ti.me. the bend 

of the thin fi1m piezoelectric element holdi.ng porti_on 315 

20 is changed, leadj_ng to a change in the curvature of the thin 

f 11-m piezoelectric e1ement ho1-d1ng portion 308. Such a 

curvature change leads to a change in the distance L. 

Therefore. the change in the distance L and the curvature 

change are combined. A dr.ivi.ng voltage 1.s appl.1.ed to the 

25 thin film piezoel.ectr~c elements 311A and 311B in a 

po1ar1zation direction A shown in Figure 38C. Therefore. 

the polarization of tbe thin film piezoelectric 

elements 311A and 3118 are . not reversed. so that 

characteristics of the thin f 1lm piezoelectric 

30 elements 311A and 311B are not impaired. 

Figure 44.A 1s a diagram illustrating rotation of the 

slider 2 when the th1n film piezoelectric element 310A is 
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expanded and the th1.n f1lm p1.ezoelectric element 310B is 

contracted. Figure 44B is a schematic diagram of 

Figure 44A. When the thin film piezoelectric element 310A 

is expanded in a.direction indicated by arrows E and the 

5 thin film ·piezoelectrio element 310B is contracted in a 

direot1.on indicated by arrows D. the slider 2 and the sl.1.der 

hold1.ng plate 303A are rotated 1.n a direction indicated by 

arrow C on the dimple 4G contacting the projection 

portion 303B. Therefore. the head 1 provided on the 

10 slider 2 ·is moved along a width direction of each track 

provided 1.n the form of a oonoentr1.o circle on a magnet1.o 

disk. Thereby. a high-precision on-track oapab1.l.i ty can be 

obtained. 

15 • A load on the elastic hinge port1.ons 319A and 3198 

upon rotation of the slider holding plate J03A 1.s reduced 

so that the slider attachment portion 303A can be reliably 

rotated. since the elast1c h1nge portions 319A and 319B each 

have a min1:mum width required for provision of the patterned 

20 conductors 306A. 306B. 306C and 306D (F~gure 31). 

A 1.oad ( 20 to 30 mN) 1.s appl1ed to the slider 2 via 

the plate spr1.ng portion 4E (Figure 29) of the load beam 4. 

When the slider holding plate 303A is rotated. such a load 

25 ~s app1ied between the dimple 4G and the slider ho1ding 

plate 303A. Therefore, fr.1ct.1onal force determ1ned by a 

frictional coefficient between the slider holding 

plate 303A and the dimple 4G 1s appl1ed to the slider holding 

plate 303A. Thereby. the fr.1ct1onal force prevents the 

30 slider holding plate 303A from being shifted from the 

d.imple 4G, although the projection port:l.on 303B of the 

slider holding plate 303A can be freely rotated on the 

dimple 4G. 
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Referring to Figure 44B. a first beam 3161 

consisting of the thin film piezoelectric element holding 

portion 308A and the thin film pie~oelectrio element 310A 

5 and a second beam 31.62 consisting of the th1n f1.lm 

piezoelectric element holding portion 308B and the thin 

film piezoelectric element 31.0B are l~nked to the sl~der 

holding plate 303A in such a manner that the slider holding 

plate 303A can be restrained by the dimple 4G and rotated 

10 on the dimple 4G. The head 1 is provided on the slider 2 

a d1stance F from the d1mple 4G. 

The elastic hinge portions 3l9A and 3198 are each 

sufficientl.y flexible such that the sli.der 2 can be rotated 
I 

15 in the roll direct.ion and the pitch direction. Therefore. 

a floating characteristic of the slider 2 with respect to 

a magnetic disk can be made satisfactory. 

As described above. according to Example 3. a th1.n 

20 film piezoelectric actuator can be ach~eved. in which a 

mono-crystal piezoelectric element has a two-layer 

structure. whereby a great displacement can be obtained by 

a small level of voltage. 

25 Further. the two-layer structure confers rigid1ty 

30 

to the thin film piezoelectric element. thereby increas1ng 

the resonance frequency of the a~tuator. Therefore. the 

driving frequency can be increased. thereby mak1.ng .1. t 

possible to obtain a high level tracking characterist~c. 

As described above. in the head support mechanism 

of the present 1nvention for use in a disk apparatus. the 

head can be moved by a small amount with great prec1.sion 
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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 

response to an applied voltage. 

5 Further. the head support mechanism of the present 

10 

invention has a simple structure in which thin film 

piezoelectric elements are provi~e~ on a single side of a 

substrate. thereby reducing manufacturing cost by a great 

amount. 

Furthermore, in the head support mechanism of the 

present invent.ion. the center of gravity of the small 

rotation portion including the slider can be optimized. 

thereby greatly ameliorating a potential adverse resonance 

15 charaoneristic of the load beam. 

Various other modifications will be apparent to and 

can be readily made by those skilled in the art without 

departing from the scope and spirit of this invention. 

20 Accordingly. it is not intended that the scope of the c1aims 

appended hereto be 1im1 ted to the description as set forth 

herein. but rather that the c1aims be broadly construed. 
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i WHAT IS CLAIMED IS: 

1. A head support mechanism. including: 

a slider for carry~ng a head at least for performing 

reproduction of data from a disk; and 

a holding portion for holding the slider, 

wherein the ho1ding portion includes: 

a f 1.rst portion incl.uding a f1rst 

piezoeleotr:tc element: 

a second portion including a second 

piezoelectric element: 

a th1.rd portion connected to the f1.rst and 

second portions. the slider be1ng provided on the third 

portion; and 

a fixing portion for fixing the £1.rst and 

second portions, and 

at least one of the first and seoond piezoelectric 

elements 1s contracted and expanded 1.n a direction 

substantially parallel. to a surface of the disk, in the 

presence of an applied voltage so that the slider provided 

on the th1.rd port.ion is rotated around a predetermined center 

of rotation. 

2. A head support mechanism according to claim 1. further 

including a load beam provided at a side of the holding 

portion opposite to the siider. wherein: 

the ioad beam includes a dimple projecting toward 

the slider in such a manner as to. apply a load to the slider; 

the holding porti.on further 1-nc1udes a first joining 

portion for joining the first and third portions. and a 

second joining portion for joining the second and third 

port1.ons; 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 jo1ning portions include first and 

second elastic hinges. respectively, each having a width 

suffic~ent to reduce a load required for rotation of the 

sl.ider. 

4 . A head support meohani.sm according to claim 3 , wherein; 

the f 1rst and second portions include first and 

second conductor patterns provided along the first and 

second elastic hinges, respectively: and 

the first and second elast~c hinges each have a 

minimwn width rec;zuired for providing the first and second 

conducnor patterns, respectively. 

5. A head support mechanism according to claim 1. further 

including: 

a 1oad bemn provided at a si.de 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 sl.1.der holding plate; and 

the sl1-der holding plate ~as such a shape that the 

center of gravity of a combination of the slider holding 

plate and the slider substantially corresponds to the 

predetermined center of rotation. 

6. A head support mechanism aooording to claim 5. wherein 

the load beam 1nc1.udes a regulation portion for regulat1.ng 
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7. A head support mechanism according to claim 6, wherein 

the dimple contacts a point of the slider holding plate to 

support the. slider holding plate press1ng the third portion 

in such a manner that the third portion can be rotated in 

all directions including a p1.tch direction. a roll direction, 

and a yaw direction. 

B. A head support mechanism· according to o1a1.m 1. further 

inolud.1.ng; 

a load beam provided at a side of the holding port:ton 

opposite to the slider; and 

a slider holding plate provided between the third 

portion 1.ncluded in the holding port1.on' and the l:.oad 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 i. wherein 

the second portion is provided in such a manner that a 

distance. between the second portion and the surf ace of the 

disk is substantially equal to a distance between the first 

portion and the surface of the d1sk. 

10. A head support mechanism accord1.ng to claim 1, wherein 

the first portion includes a first electrode for apply~ng 

a voltage to the first piezoelectr~c element: and 

the second portion incl.udes a second electrode for 

applying a voltage to the second piezoelectric 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 second substrates are provided along 

a tangential direot1on of the disk: and 

at least one of the first and second piezoel.ectr1c 

elements is contracted and expanded in a d~rection 

substantially parallel to the surf ace of the disk in such 

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

1.s bent in a direction nearing or leaving the disk. so that 

the siider carrying the head is rotated by a small amount 

in a yaw 01rection. 

12. A head support mechanism according to claim 11. where.in 

at least one of the first and second piezoelectric 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 nearing or leaving the disk, so that the slider 

carrying the head is rotated by a small amount 1.n a yaw 

direction. 

13 • A head support mechanism according to ola.1m 11 • wherein 

the first and second portions further include first and 

second flexible materials covering the first and second 

piezoelectric elements and the fir.st and second substrates, 

respectively. 

14. A head support mechanism according to claim 1, where.in: 

the slider has an air bearing surf ace on which an 

appropriate air flow is g~nerated between the slider and 

the rotating disk: and 
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the third portion is 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 sl.ider for carrying a head a.t least for performing 

reproduction of data from a disk; and 

a hold~ng portion for holding the slider, 

wherein the holding portion inoludesc 

a first portion includ1-ng a first 

piezoelectric element; 

a second portion including a second 

piezoelectric element; and 

a fixing portion for fixing the first and 

second.portion. and 

at least one of the first and second p.1.ezoe1-ectric 

elements is contracted and expanded in a direction 

substantial.ly 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 inc1ude~: 

a load beam provided at a side of the ho1ding portion 

opposite to the slider; and 

a sli.der ho1ding pl.ate provided between the hol.ding 

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 port1-on 

via the slider holding plate; and 

the slider hold1-ng plate has such a shape that the 

center of gravity of a combination of the slider holding 

pl.ate and the slider substantially corresponds to the 
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predetermined center of rotation. 

16. A head support mechanism according to claim 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 piezoel.ectric 

elements is contracted and expanded in a direction 

substantially parallel to the surface of the disk, in the 

presence of applied voitage so that the third portion is 

rotated around the predetermined center of rotation. 

17. A head support mechan1sm according to claim 15. 

where1.n: 

. 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 d.imple is provided at a substantia11y middle 

point between the first and second joining portions. 

18. A head support mechanism according to claim 15, wherein 

the slider is rotated on the dimple corresponding to the 

predetermined center of rotation. 

19. A head support mechanism according to claim 15. wherej_n 

the second portion is prov~ded in such a manner that a 

distance between the second portion and the surface of the 

disk 1& substantially equal to a distance betw~en the first 

portion and the surface of the disk. 

20. A method for producing a thin film piezoelectric el.ement. 

including the steps of: 
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a) forming a first metal electrode f~lm. a first 

thin film p:lezoelectric element, and a second metal 

electrode film on a first substrate in this order; 

b) forming a third metal electrode film. a second 

thin film piezoelectric element. and a fourth metal 

electrode film on a second substrate in th:ls order: 

c) attaching the second metal electrode film to the 

fourth metal electrode film; 

d) removing the first substrate by etching; 

e) shaping the first metal electrode film. the first 

thin film piezoel.ectric element, the second metal electrode 

film. the fourth metal electrode film. the second thin film 

piezoelectric element. and the th1rd metal electrode f.1.lm: 

f) covering the first metal electrode film, the 

first bhin film pi.ezoelectric el.ement.' the second metal 

electrode film. the fourth metal electrode film. the second 

thin film piezoelectric element, and the third metal 

electrode film1 w~th a coating resin: and 

g) removing the second substrate by etching. 

21. A method according to c-laim 20. wherein the f1.rst and 

second substrates are each a mono-crystal substrate. 

22. A method according to claim 20. where~n: 

the 11.near expansion coeffici.ent of the first 

substrate is greater than the linear expansion ooeffici.ent 

of the first th1.n film piezoelectric element: and 

the linear expansion coefficient of the second 

substrate is greater than the linear expansion coefficient 

of the second thin film piezoelectric element. 

23. A method according to claim 20, wherein step c) includes 

attaching the second metal electrode film to the fourth metal 
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electrode film using a conductive adhesive. 

24. A method according to cla1.m 20, wherein step o) includes 

attaching the second meta1 electrode film to the fourth metal 

electrode film using a thermal melting technique using 

ultrasonic vibration. 

25. A method acoord~ng to claim 20, wherein: 

step a) inol.udes form1.ng the first thin fil.m 

piezoel.ectric element in such a manner that a polarization 

direction of the first thin film piezoelectric element 

substantially corresponds to a direction perpend1.cular to 

a surface of the first thin film piezoelectric element; and 

step b) includes forming the second th1n film 

piezoe.ltectrio element in such a manner that a pol.-ari.zation 

direction of the second thin film piezoelectric element 

substantially corresponds to a direction perpendicular to 

a surface of the second thin film piezoelectric element. 

26. A thin film piezoelectric device, inolud.1.ng: 

a first metal e1ectrode.film; 

a first th1.n f1.l.m p1.ezoe1ectr1c eiement provided on 

the first metal electrode film; 

a second metal electrode film provided on the f.1.rst 

thin film piezoelectric element; 

a third metal electrode film; 

a second thin film piezoelectric element provided 

on the third metal electrode film; 

a fourth metal electrode f 11.m provided _on the second 

thin film p~ezoelectric element; and 

adhesive means for attaching the second metal 

electrode film to the fourth metal electrode film. 
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27. A thin fil.m pie:1;oelectrio device according to cl.a1.m 26. 

further inoluding voltage applying means for appl.ying a 

voltage to the thin film piazoel.eotric 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. 1ncluding: 

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 

piezoelectric element; 

a second portion including a second 

piezoelectric element; 

a third portion connected to the first and 

second portions. the s11der being provided on the third 

portion: and 

a fixing portion for fixing the first and 

second portions, and 

the first and second piezoelectric el.ements include 

a thin film piezoelectric device according to claim 26. 


