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HEAD SUSPENSION ASSEMBLY wrm PRECISE POSITIONING 

AC'l'UA'l'OR AND MANUFACTURING METHOD OF THE ASSEMBLY 

FIELD OF THE INVENTION 

The present invention relates to a head suspension 

assembly with a precise positi.oning actuator, used for a· 

magnetic disk device, and to a method of manufacturing the 

assembly. 

DESCRIPTION OF THE RELATED ART 

In such magnetic disk device, a thin-film magnetic head 

element for writing magnetic information into and/or reading 

magnetic infoxma.tion from a magnetic disk is in general fo:cned 

on a magnetic head slider flying in operation above the 

rotating magnetic disk. The slider is supported at a top end 

section of a suspension extended from one end of each moyab1e 

arm of the magnetic disk device. 

Recently, recording density along.the radial direction 

in the magnetic disk or along the track width direction 

rapidly increases to satisfy the requirement forever 

increasing data storage capacities and densities in today's 

magnetic disk devices. Thus, it is difficult to perfoxm 

correct positioning of the magnetic head with respect to the 

track in the magnetic disk by the control of only a voice co:l.l 

motor (VCM) as the conventional art. 
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Techniques for realizing precise positioning of a 

magnetic head are described in for example U.S. Patent No. 

5,745,319 and Japanese unexamined patent publication No. 8-

180623. In these techniques, another actuator mechanism is 

presented at a position nearer to a magnetic head slider than 

the conventiona1 VCM so as to perfonn fine precise positioning 

that cannot be realized by the Vaf only. 

However, if such additional actuator is adopted, 

problems may be occurred due to lead lines between the 

magnetic head and the additional actuator. In a typical 

magnetic head, for example a canposite type magnetic hea.d with 

a read head part of a magnetoresistive effect (MR) transducer 

element and a write head part of an inductive transducer 

element, four or more lead l.ines are required for reading and 

writing operations and two or more additional lead lines are 

required for driving the actuator. Thus, it is necessary to 

make six or more lead lines on a suspension. Since the total 

width of the lead lines increases, the elasticity and the 

rigidity of the lead. lines become large causing an attitude of 

the magnetic head and a movement perfomiance of the head·by 

mean of the actuator to affect. Furthemlore, there is no 

space to fo:r:m so many lead. lines within a tongue at which the 

additional actuator and the magnetic head slider are attached. 

The additional actuator drives the magnetic head slider 

to move its top end section having the magnetic head element 
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in the track width direction. However, this movement of the 

slider will also produce movement at electrical connection 

part between the magnetic head slider and the lead lines fixed 

to the suspension causing an electrical or mechan:lcal break in 

the coupled part. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

provide a head suspension assembly with a precise positioning 

actuator and a method of manufacturing the assembly, whereby 

an attitude a magnetic head will not be so affected by 

elasticity and rigidity·of lead lines. 

Another object of the present invention is to provide a 

head suspension assembly with a precise positioning actuator 

and a method of manufacturing the assembly, whereby a movement 

perf o.nnance of a magnetic head by the actuator will not be so 

affected by elasti.city and ri.gidity of lead lines. 

Further object of the present invention is to provide a 

head suspension assembly with a precise positioning actuator 

and a method of manufacturing the assembly. whereby an 

electrical or mechanical break in a connection part between a 

magnetic head element and lead lines can be prevented from 

occurring. 

According to the present invention, a head suspens.ion 

assembly includes a magnetic head slider with at least one 
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thin-film magnetic head element. an actuator fixed to the 

magnetic head slider for performing precise positioning of the 

at least one thin-film magnetic head element. a support member 

for supporting the actuator, a flexible first lead conductor 

member with one end e1ectrica11y connected to the at least one 

thin-fi.lm magnetic head element, at least part of the f1.rst 

lead conductor member being fonned. on the support member.. and 

a second lead conductor member with one end electrically 

connected to the actuator. At least part of the second lead 

conductor member .is fo.DDed on the support member. The -support 

member has a first portion on which the one end of the first 

lead conductor member is fo.Dned and a second portion. The 

first portion is individually separated from the second 

portion. 

According to the conventional three-pieces structure 

suspension with a load beam, a flexure and a lead conductor 

fox:med on the flexure, if an actuator is located between the 

suspension and a magneti.c head slider, lead 11.nes for the 

magnetic head slider cannot be made as a part of the lead 

conductor fo.Dned on the flexure. Thus, it is necessary to use 

lead w1.res for the connection with the magnetic head slider. 

Accorcling to the pr(!Sent inventi.on, however, the support 

member is divided into a first portion on which one end 

connected to the magnetic head slider of the first lead 

conductor member is f o:cmed. and a second portion so that the 
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first portion is individually separated from the second 

porti.on. Thus, it is possible to exist the first lead 

conductor member in different planes and therefore wireless 

lead conductor can be provided. Furthezmore. s.ince the first 

portion or a top end portion of the support member is 

individually separated from the second.portion or the other 

portion. a part for establishing electrical connection with 

the actuator and a part for establishing electrical connection 

with the magnetic head element of the lead conductor member 

are divided. Therefore. wireless l.ead conductor members can 

be provided without introducing any interference between.the 

movements of the lead conductor members even when the actuator 

displaces the position of the magnetic head element. As a 

result. the elasticity and the rigidity of the lead conductor 

members will not affect an attitude of the magneti~ head. In 

addition, s.inoe an air-floating portion of the flexible first 

lead conductor member absorbs the movement of the actuator, 

electrical and/or mechanical break at the electrical 

connection part with the magnetic head element can be 

prevented from occurring. 

Since.no wired connection is used for establishing 

electrical connections with the actuator and the magnetic head 

element. no wire-forming process is needed resulting 

improvement in productivity and improvement in the resistance 

characteristics against static electricity. 
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It is preferred that the actuator and the magnetic head 

s1ider are located at one face side of the. support member. In 

this case, the support member may include a resilient 1oad 

beam and a resilient flexure supported by the 1oad beam, and 

at least part of the first and second 1ead conductor members 

may be fanned on one face of the flexure. Also, in this case, 

the support member may inc1ude a resilient f1exure-1oad beam, 

and at least part of the first and second 1ead conductor 

members may be formed on ~ne face· of the f1exure-load beam •. 

It is also preferred that the magnetic head slider is 

located at one face side of the support member and the 

actuator is located at the other face side of the support 

member. In this case, the support member may include a 

resil.1.ent flexure-load beam, and at I.east part of the first 

and second lead conductor members may be fozmed on one face of 

the flexure-load beam. 

It is preferred that the support member has a via 

section, and that the actuator is connected to the one end of 

the second lead conductor member through the via section. 

It is pref erred that the first and second portions of 

the support member are located in different planes, and that 

the f .i.rst lead conductor member can be free1y curved from the 

first portion to the second portion. 

It is also pref erred that the first portion of the 

support member has at least one via hole. In this case, the 
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actuator may be directly fixed to the magnetic head slider 

through the at I.east one via hole. The at least one via· hole . 

may be via holes for reducing a weight of the first portion. 

Preferably, the one end of the first lead conductor 

member is directly connected to te:cminals of the at least one 

thin-fi.llll magnetic head element by ball bonding or by stitch 

bonding. 

It is preferred that the first and second lead 

conductor members are fonned by fl.exible print circlll.ts with 

lead conductor layers sandwiched by insulation l.ayers. 

According to the present invention, furthennore, a 

manufacturing method of a head suspension assembly which 

includes a magnetic head slider with at least one thin-film 

magnetic head _element, an actuator fixed to the magnetic head 

slider for perfo:cming precise positioning of the at least one 

thin-film magnetic head element, a support member ·for 

supporting the actuator, a flexible first lead conductor 

member, at least part of the first lead conductor member being 

fonned on the support member, and a second lead conductor 

member, at least part of the second lead conductor member 

being f o:aned on the support member has the steps of 

electrically connecting one end of the first lead conductor 

member to the at least· one thin-film magnetic head element, 

electrically connecting one end of the second lead conductor 

member to the actuator, and thereafter, cutting the support 
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member into first and second portions so that the first 

portion on whicb the one end of the first lead conductor. 

member is fomied is individually separated from the second 

portion. 

If the suspension is separated before assembling it 

with the actuator and the slider, workability of the assembl.y 

process will be extremely reduced. However, according to the 

present :1.nventi.on, since cutt:l.ng of the first portion or top 

end portion of the support member is perf olllled after 

assembling of the magnetic head slider, the actuator and the 

suspension, a wireless suspension can be provided without 

reducing the workability of the assembl.y process. 

It is preferred that the support member includes a 

resilient load beam and a resilient flexure supported by the 

load beam, and that at least part of the first and second lead 

conductor members are fomted on· one face of the f1exure. 

It is al.so preferred that the support member includes a 

resilient flexure-1oad beam, and that at 1east part_ of the 

first and second lead conductor members are fonned on one face 

of the flexure-load beam. 

It .is preferred that the first lead conductor member is 

f onned so as to be freely curved from the first portion to the 

second portion. 

It is al.so preferred that the one end of the first lead 

conductor member is directly connected tQ tellllin.al.s of the at 
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1east one thin-film magnetic head e1ement by ba11 bonding or 

by stitch bonding. 

Further objects and advantages of the present invention 

will be apparent from the f o11owing description of the · 

pref er.red embodiments of the invention as i11ustrated in the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a p1ane view schema.tica11y illustrating whole 

structure of a head suspension assembly as a pref erred 

embodiment according to the present invention; 

Fig. 2 is a plane view illustrating a top end section 

of the head suspension assembly shown in Fig. 1; 

Fig. 3 is a side view schematica1ly illustrating.three­

dimensional structure of the top end section of the head 

suspension assembly shown in Fig. 1; 

Fig. 4 is an exploded oblique view schematica1ly 

illustrating an attachment structure of a precise positioning 

actuator and a magnetic head slider with a suspension in the 

head suspension assembly shown in Fig. 1; 

Fig. 5 is an exploded oblique view schematica1ly 

illustrating a part of manufacturing processes of the head 

suspension assembly shown in Fig. 1; 

Fig. 6 is an exploded oblique view schematically 

1.1lustrating a part of manufacturing processes of a head 
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suspension assembly in another embodiment according to the 

present invention: 

Fig. 7 is a side view schematically illustrating three­

dimensiona1 structure of a top end section of a head 

suspension assembly in.a further embodiment according to the 

present invention; and 

Fig. 8 is a side view schematically illustrating three­

dimensiona1 structure of a top end section of a head 

suspension assembly in a still further embodiment according to 

the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 schematically illustrates whole structure of a 

head suspension assembly in a pref erred embodiment according 

to the present invention and Fig. 2 illustrates in detail a 

top end section of the head suspension assembly. These 

figures are plane views seen from a slider-attached side. Fig. 

3 is a side view schematically illustrating three-dimensional 

structure of the top end section of the head suspension 

assembly. 

As shown in these figures, a head suspension assembly 

is assembled by fixing a fine tracking actuator 11 for precise 

positi.oning of a thin-film magnetic head el.ement to a top end 

section of a suspension 10, and by fixing a slider with the 

magnetic head element to the actuator 11. 
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As is well known, a magnetic di.sk device has a main or 

course actuator of VCM for rotationally moving a movable arm 

to which such head suspension assembly is attached. The 

actuator 11 shares the fine positioning of the assembly, which 

cannot be adjusted by the main or course actuator. 

The actuator 11 has as will be described in detail 

later a single layer struct~ or a multi-layered structure 

incl.udi.ng a piezoelectric or electrostrictive material layer 

which expands and.contracts by theJ.r reverse piezoelectric 

effect or electrostrictive effect. The actuator 11 is 

mechanically coupled to a magnetic head slider 12 and 

mechanically and electrically coupled to the suspension 10. 

The size of the actuator 11 is substantially equal to that of 

the magnetic head slider 12 with for example 1.25 nm X 1:0 nm 

x 0.3 nm. In this embodiment. the actuator 11 is mounted at a 

position of the top end section of the suspension 10, near.the 

slider 12, in consideration of its mechanical and electrical. 

perfonnance. 

In the embodiment, also. both the actuator 11 and the 

slider 12 are fixed on a surfa.Ce of the suspension 10. which 

will oppose to the magnetic di.sk surface in operation. This 

surface of the suspension is called hereinafter as a slider­

attached surface. 

A1though it is not shown in the figures, a head dri.ver 

IC chip may be mounted on a middle location of the suspension 
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10. 

The suspension 10 is substantially constituted by a 

resilient flexure 13 which carries the slider 12 tm:ough the 

actuator 11 at its tongue 17 located near its top end section, 

a resilient load beam 14 which supports and fixes the flexure 

13. and a base plate 15 fanned at a base·end section of.the 

load beam 14. 

The load beam 14 has elasticity for pressing the slider 

12 through the actuator 11 toward the direction of a magnetic 

disk in operation. 

The flexure 13 has the flexible tongue 17 depressed by 

a dimple fo:cmed on the load beam 14 and has elasticity for 

supporting f l.exibl.y the sl.ider 12 through the actuator 11 by 

this tongue. As will be noted. in this embodiment, the 

suspension 10 bas a three-pieces structure consti.tuted by 

individual components of the flexure 13, the load beam 14 and 

the base plate 15. In such three-pieces structure, stiffness 

of the f 1exure 13 is set to be lower than that of the load 

beam 14. 

The flexure 13 is made of in this embodiment a 

stainless steel. plate (for example SUS304TA) with a thickness 

of about 25 JJ,m. As will be described later, a top end portion 

13a of the flexure 13 is separated from other portion 13b of 

the flexure 13. 

On the flexure 13 and out of the flexure 13, a flexible 
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lead conductor member 18 including a plurality of lead 

conductors of a thin-film multi-layered pattern is formed. 

Th~ lead conductor member 18 is formed by a kne>Wn method 

similar to the patterning method of fo.nning a printed circuit 

board on a thin metal. plate such as a flexible printed circuit 

(FPC). For example, the member 18 is fo:aned by sequentially 

depositing a first insulation material layer ma.de of a resin 

such as polyimide with a thickness of about 5 P.m, a patterned 

CU layer (lead conductor layer) with a thickness of about 4 µ, 

m, and a second insulation material layer made of a resin such 

as polyimide with a thickness of about 5 P.m on the flexuxe 13 

in this order. Within the regions of the connection pads to 

the magnetic head slider and to an external c1rcu:Lt. an Au 

layer is deposited on the cu layer and there is no second 

insulation material. layer on the Au layer. 

In this embodiment, as shown in.Fig. 2 in detail. the 

lead conductor member 18 is constituted by a first conductor 

member 18a including two lead lines connected to the magnetic 

head element for one side, thus four lead lines for both sides, 

and a second conductor member 18b including two lead lines 

connected to the actuator 11 for one side, thus four lead 

lines for both sides. 

One end of the lead lines of the first conductor member 

18a is connected to connection pads 19 formed on the 

individually separated top end portion 13a of the flexure 13. 
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The connection pads 19 are ball-bonded to tex:minal electrodes 

of the magnetic head slider 12 by Au balls 21 as shown in Fig •. 

3. The other end of the lead lines of the first conductor 

member 18a is connected to connection pads 20 provided for 

connection with an external circuit • 

. As shown in Fig. 3, the first conductor member lBa 

consists of a first section fonned on the other portion 13b of 

the flexure 13, a second section floating in the air at both 

sides of the actuator 11 and the magnetic head slider 12, and 

a third section fo:cned on the individually separated top end 

portion 13a of the flexure 13. The top end portion 13a and 

the other portion 13b of the flexure 13 are located in 

different planes. respectively. However. since the air-

floating section.of the first conductor member 18a can freely 

bend, electrical connection between the conductor member.18a 

and the magnetic head element can be ensured without applying 

stress to the individually separated top end portion 13a of 

the flexure 13. 

Instead of the ball bonding, stitch bonding. can be 

executed for connecting the terminal electrodes of the 

magnetic head slider 12 with the connection pads 19. 

Olle'end of lead lines of the second conductor member 

18b is connected to connection pads 22 formed on the tongue 17 

of the flexure 13. The connection pads 22 are connected to 

te:cminal electrodes of the actuator 11. The other end of lead 

14 



lines of the second conductor member 18b is connected to the 

connection pads 20 provided for connection with an external 

circuit. 

The load beam 14 is made of in this embodiment a 

resilient stainless steel plate with a thickness of about 60-

65 µ,m and supports the other portion 13b of the flexure 13 

along its whole length. This load beam 14 has a shape w.ith a 

width that narrows with approaching to its top end. Fixi.ng of 

the f 1exure 13 to the load beam 14 is achieved by means of a 

plurality of welded spots. 

The base plate 15 is made of a stainless steel or iron 

and is fixed to the base end section of the load beam 14 by 

welding. The suspension 10 will be attached to each movable 

arm (not shown) by fixing an attachment part 23 of the base 

plate 15 to the movable arm. 

In modification, the suspension may be foz:med in a two­

pieces structure with a base plate and a flexure-load beam 

instead of the three-pieces structure with the flexure 13, the 

load beam 14 and the base plate 15. 

Fig. 4 schematically illustrates an attachment 

structure of the actuator 11 and the magnetic head slider 12 

with the flexure 13. In the figure, indication of the 

conductor members is omitted. 

A fixed part lla of the actuator 11 is fixed to the 

tongue 17 of the flexure 13. The fixing of the actuator 11 to 

15 



the tongue 17 may be achi.eved by solder bonding tenninal 

electrodes formed on the fixed part lla of the actuator ~1 

with connection pads 22 formed on the tongue 17 of the flexure 

13, by adhering using conductive adhesives the tei:mina.l 

electrodes formed on the fixed part lla of the actuator 11 

with connection pads 22 formed on the tongue 17 of the flexure 

13, or by adhering using no:cmal adhesives the fixed part lla 

of the actuator 11 with the tongue 17 of the flexure 13. A 

movable part llb of the actuator 11 is directly fixed by using 

adhesives to a rear end portion 12a at which side a magnetic 

head element 12b is formed, of the slider 12, or indirectly 

fixed by using adhesives to the rear end portion 12a through 

the top end portion 13a of the flexure 13. In this 

· specification, •fixed coupling" means such direct or indirect 

fixing. 

The actuator 11 consists of the fixed part lla, the 

movable part llb, and two rod shaped beam parts llc and lld 

for coup1ing these fixed and movable parts lJa and llb. Each 

of the beam parts llc and lld is foDned by at least one 

piezoelectric or electrostrictive material layer sandwiched by 

electrode layers. By applying voltage across the electrode 

layers, the piezoelectric or electrostrictive materi.al layer 

expands and contracts. The piezoelectric or e1ectrostrictive 

material 1ayer is made of material that expands and contracts 

by reverse piezoelectric effect or by electrostrictive effect. 
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As aforementioned, one end of the beam parts llc and 

lld is united with the fixed part lla and this fixed part lla 

is fixed to the flexure 13. The other end of the beam parts 

llc and lld is united with the movable part llb and this 

movable part llb is fixed to the slider 12. Thus, bending 

motion of the beam parts llc and lld due to their expanding 

and contracting generates the displacement of the movable part 

llb and therefore the displacement of the slider 12. This 

displacement of the slider 12 results the swing of the 

magnetic head element along an arc so as to cross recording 

tracks. of the magnetic disk surface. 

In case that the piezoelectric or electrostri.ctive 

material layer of the beam parts llc and lld is made of 

piezoelectric material such as PZT {Lead Zirconate Titanate), 

the piezoelectric material layers are in general polarized so 

as to improve their displacement perfonnance. The polarized 
. . 

direction is the thickness direction of the actuator 11. When 

voltage is applied across the electrode layers and the 

direction of the produced electrical f leld ls the same as the 

polarized direction. the piezoelectric material layer between 

the electrode layers expands in its thickness direction 

{piezoelectric longitudinal effect) and contracts in its in-

plane direction (piezoelectric lateral effect). Contrary to 

this, when the direction of the produced electrical field is 

1n inverse as the polarized direction, the piezoelectric 
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material layer between the electrode layers contracts in its 

thickness direction (piezoelectric longitudinal effeet) and , 

expands in its in-plane direction· (piezoelectric lateral 

effect). If the voltage with a polarity which will induce the 

contraction is applied to the beam parts llc and lld 

alternately. a ratio between the length of one beam part and 

the other beam part changes resulti.Iig.that both the beam parts 

llc and lld bend toward the same diredtion iii a plane of the 

actuator 11. By this bending motion. the movable part llb 

swings around the fixed part Ila along the arrow 24 shown in 

Fig. 4. If no voltage is applied, the movable part llb stays 

at the center position. Thi.s swi.Iig is the displacement of the 

movable part llb to draw an arc locus in the direction 

substantially perpendicular to.the expanding and contracting 

direction of the beam parts llc and lld and the arc locus is 

in a plane of the actuator 11. Therefore, the magnetic head 

element also swings to draw the arc locus. Thanks to the same 

direction between the applied vo1tage and the polarizati.on in 

the piezoelectric material layer,· no attenuation in 

polarization in occurs. 

Similar swing motion can be obtained even if the 

voltage alternately applied to the beam parts llc and lld is 

that inducing expansion of the beam parts. 

In the embodiment, voltages that induce mutually 

reverse motions may be simultaneously applied to the beam 
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parts llc and lld. respectively. In other words. alternating 

voltages may be simultaneously applied to the beam parts llc 

and lld so that one beam part expands when the other beam part 

contracts_ and vice versa. The swil_lg motion of the movable 

part llb is centered when no voltage is applied to the beam 

parts. In this case, the amplitude of the swing motion of the 

movable part llb becanes about twi.ce of that when the voltage 

is alternately not simultaneously applied to the beam parts 

under the condition that the driving voltage levels are the 

same. 

However. in this case. one of the beam parts is 

expanded and therefore the direction of the driving voltage 

opposes to that of the polarization in the piezoelectric 

material layer. Thus, if the applied voltage is high or the 

voltage is continuously applied, attenuation in polarization 

of the piezoelectric material layer may occur. It is desired 

therefore that a eonstant DC bias voltage in the same 

direction as the polarization direction is additionally 

applied to the alternating voltage to fo:mt the driving voltage 

so that the direction of the driving voltage never opposes to 

that of the polarization in the piezoelectric material layer. 

The swing motion of the movable part is centered when only the 

bias voltage-is applied to the beam parts. 

The actuator 11 has in this embodiment a united 

structure of the fixed part lla .. the movable part llb, and the 
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beam parts llc and lld with a hole and notches fonned through 

a single layer or multi-layers of.piezoelectric or 

electrostrictive material with partially formed electrode 

layers. Thus. high rigidity an<t accurate dimensions of the 

actuator can be expected without occurring assembling error. 

Also. since no adhesive is used for fabricating the actuator, 

no adhesive layer exists at the portion where stress will be 

produced by the defo:anati.on of the beam parts. Thus, no 

mechanical transf o:anati.on loss due to the adhesive layer and 

no deterioration in adhesive strength occur. 

In this specification, the piezoelectric or 

electrostrictive rnc:tteri.al is material that expands or 

contracts by their reverse piezoelectric effect or 
' 

electrostrictive effect. Any piezoelectric or 

electrostrictive material applicable for the beam parts of the 

actuator can be used. However, for hi.gh rigidity, it is 

desired to use a ceramics piezoelectric or electrostrictive 

material such as PZT[Pb(Zr.~i)03]. PT(PbTi03). 

PLZT[ (Pb,La)(Zr,Ti)03], or barium titanate (BaTi03). 

Fig. 5 schematically illustrates a part of 

manufacturing processes of the head suspension assembly shown 

in Fig. 1. 

As shown in the figure, first, the flexure 13 on which 

most of the flexible first and second conductor member 18a and 

18b are directly fonned, the load beam 14 for supporting and 
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fixing the f1exure 13, and the base plate 15 fonned at the 

base end section of the 1oad beam 14 are integra11y fixed with. 

ea.ch other. The top end portion .13a of the f1exure 13 is not 

separated but is united with the other portion 13b through two 

resi1ient support tabs 13c at this stage. 

Then, the fixed part lla of the actuator 11 is fixed to 

the tongue 17 of the f1exure 13 and the texminal. e1ectrodes of 

the actuator 11 are connected to the connection pads 22. 

Then, the rear end portion 12a of the magnetic hef;ld 

slider 12 is indirect1y fixed by using adhesives to the 

movab1e part llb of the actuator 11 through the top end 

portion 13a of the flexure 13. 

Then, the tenninal. e1ectrodes of the magnetic head 

s1ider 12 are ba11-bonded with the connection pads 19 on the 

top end portion 13a of the f1exure 13 ·by using the Au ba11s 21. 

Thereafter, the top end portion 13a is separated fran 

the f 1exure 13 by cutting the two support tabs 13c at both 

sides of the flexure 13. The separation of the top end 

portion 13a of the f 1exure 13 may be perfoxmed by cutting each 

of the support tabs 13c at one position near the top end 

portion 13a, or by cutting it at two different positions near 

and far from the top end portion 13a so as to omit a part of 

the support tab 13c. 

As mentioned-above, according to this embodiment, the 

top end portion ·13a of the flexure 13 on which one end of the 
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-~irst conductor member 18a, whi.ch is connected to the magnetic 

head element is foJllled is individual1y separated from the 

other portion 13b of the flexure 13. Thus, it is possible to 

locate the first conductor member 18a in different planes and 

therefore a three-dimensional suspension that was difficult to 

fabricate according to the conventional art can be easily 

provided. As a result, a wireless suspension with the 

actuator 11 can be provided even if it has a three-p1.eces 

structure. 

FurthellllOre, since the top end portion 13a of the 

flexure 13 is individually separated from the other portion 

13b of the flexure 13, a part for establishing electrical 

connection with the actuator 11 and a part for establishing 

electrical connection with the magnetic head element of the 

lead conductor member are divided. Therefore, wireless lead 

conductor members can be provided without introducing any 

interference between the movements of the lead conductor 

members even when the actuator 11 displaces the position of 

the magneti.c head element. As a result, the elasticity and 

the rigidity of the lead conductor members will not affect an 

attitude of the magnetic head. Furthei:more, since the 

movement of the actuator 11 is absorbed.by an air-floating 

porti9n of the flexible first lead conductor member 18b, 

electrical and/or mechanical break at the electrical 

connection part with the magnetic head element can be 
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prevented from occurring. 

Since no wire connection is used for establishing 

electrical connections with the actuator 11 and the magnetic 

head element. no wire-fonning process is needed resulting 

improvement in productivity and improvement in the resistance 

characteristics against static electricity. 

In addition. according to the embodiment, since cutting 

of the top end portion 13a of the flexure 13 is perfooned 

after assembling of the magnetic head slider, the actuator and 

the suspension. the workability of the assembly process is 

never reduced. 

The advantages of the embodiment are as follows: 

( 1) A wireless suspension with an actuator mounted thereon, 

which was considered as difficult to fabricate can be 

provided; 

(2) A wireless lead lines can be provi.ded without reducing 

moving perfo.nnance of the actuator and workabi.lity of the head 

suspension assembly: and 

(3) A three-dime:Qsional suspension can be provided and thus 

the actuator can be easily mounted on a suspension with a 

three-pieces structure. 

Fig. 6 schematical.ly illustrates a part of 

manufacturing processes of a head suspension assembly in 

another embodiment according to the present in'7ention. 

This embodiment differs from the embodiment of Fi.g. 1 
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only in that a top end portion 13a' of a flexure 13 has a 

plurality of via holes 25 and 26. Thus. in Fig. 6. using the 

same reference nbmerals indicates the same elements as these 

in the embodiment of Fig. 1. 

The via holes 25 and 26 are aimed to reduce the weight 

of the top end portion 13a' and therefore to give the part 

13a' a frisky movement. The via holes 25 are further aimed to 

directly adhere a magnetic head slider 12 with an actuator 11 

through the via holes 25. 

It is desired that the via holes 25 and 26 have a 

circular shape as shown in the figure, but they may have a 

rectangular shape or another shape. The size of the via holes 

25 and 26 will be optionally detei:mined. 

Another constitutions, modifications and advantages in 

this embodiment are the quite same as those in the embodiment 

of Fig. 1. 

Fig. 7 schematically illustrates a three-dimensional 

strt1cture of a top end section of a head suspension assembly 

in a fUrther embodiment according to the present invention. 

In this embodiment, a suspension is fanned in a two­

pieces structure with a base plate and a flexure-load beam 

that is a single canponent sharing a flexure and a load beam. 

An actuator 11 and a magnetic head slider 12 are mounted on 

opposite surfaces of the suspension, respectively. 

Particularly, in this embodiment. a first lead 
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conductor member 18a' connected to a magnetic head element is 

mounted on one surface of the flexure-load beam, and a second 

lead conductor member 18b' connected to the actuator 11 is 

mounted on the other surfaee of the flexure-load beam. 

Another constitutions, modifications and advantages in 

this embodiment are the quite same as those in the embodiment 

of Fig. 1. Of course, in Fig. 7, using the same reference 

numera1s indicates the same elements as these in the 

embodiment of Fig. 1. 

Fig. 8 sohematica.lly illustrates a three~dimensional. 

structure of a top end section of a head suspension assembly 

1.n a still.further embodiment according to the present 

invention. 

In this embodiment, a suspension is formed in a two­

pieces structure with a base plate and a flexure-load beam 

that i.s a single component sharing a flexure and a load beam. 

An actuator 11 and a magnetic bead slider 12 are mounted on 

opposite surfaces of the suspension, respectively. 

Particularly, in this embodiment, a first lead 

conductor member 18a' • connected to a magnetic head el~nt 

and a second lead conductor member 18b • • connected to the 

actuator 11 is mounted on one surface of the flexure-load beam. 

Thus, a via section 27 for connecting the actuator with one 

end of the second lead conductor member 18b' ' is folllled in the 

other part l3b' of the flexure. By a soldered conductor 28 
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passing through the via section 27. tei:minal electrodes of the 

actuator 11 is electrically connected to and mechanically 

fixed to connection pads that are connecte.d to one end of the 

second lead conductor member 18b • • • 

Another constitutions, modifications and advantages in 

thi.s embodiment are the quite same as those in the embodiment 

of Fig. 1. Of course, in Fig. 8. us.ing the same reference 

nmnerals ind:l.cates the same elements as these in the 

embodiment of Fig. 1. 

Many widely d:l.ff erent embodiments of the present 

invention may be constructed wi.thout departing from the spirit 

and scope of the present invention. It shoul.d be understood 

that the present invention is not limited to the specific 

embodiments described in the specification. except as defined 

in the appended claims. 
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1. A head suspension assembly comprising: 

a magnetic head slider with at least one thin-film 

magnetic head element; 

an actuator fixed to said magnetic head slider for 

performing precise positioning of said. at least one thin-film 

magnetic head element: 

a support member for.supporting said actuator; 

a flexible first lead conductor member with one end 

electrically connected to said at least one thin-film magnetic 

head element, at least part of said first lead conductor 

member being foDDed on said support member; and 

.a second lead conductor member with one end 

electrically connected to said actuator, at least part of said 

second lead conductor member being f onned on said support 

member, 

said support member having a first portion on which 

said one end of said first lead conductor member is f onned and 

a second portion, said first port.ion being individually 

separated from said second portion. 

2. The head suspension assembly as claimed in claim 1, 

wherein said actuator and said magnetic head slider are 
located at one face side of said support member. 
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3. The head suspension assembly as claimed in claim 2·, 

wherein said support member includes a resilient load beam and 

a resilient flexure supported by said load beam, and wherein 

at least part of said first and second lead conductor members 

are fonned on one face of said flexure. 

4. The head suspension assembly as claimed in claim 2, 

wherein said support member includes a resilient flexure-load 

beam, and wherein at least part of said first and second lead 

conductor members are formed on one face of said flexure-load 

beam. 

5. The head suspension assembly as claimed in claim 1, 

wherein-said magnetic head sli.der is located at one face side 

of said support member and said actuator is located at the 

other face side of said support member. 

6. The head suspension assembly as claimed in claim 5, 

wherein said support member has a via section, and wherein 

said actuator is connected to said one end of said second lead 

conductor member through said via section. 

7. The head suspension assembly as claimed in claim 5, 

wherein said support member includes a resilient flexure-load 

beam, and wherein at least part of said first and second lead 
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conductor members are formed on one face of said f1exure-load 

beam. 

8. The head suspension assembly as claimed in claim 1, 

wherein said first and second portions of said support m0mber 

are located in different p1anes, and wherein said first lead 

conductor member can be freely curved from said first porti.on 

to said second portion. 

9. The head suspension assembly as claimed in cl.aim 1, 

wherein said first portion of said support member has at least 

one via ho1e. 

10. The head suspension assembly as claimed in claim 9, 

wherein said actuator is directly fixed to sai.d magnetic·head 

slider through said at least one via ho1e. 

11. The head suspension assembly as claimed in c1aim 9, 

wherei.n sai.d at leaSt one vi.a ho1e is vi.a holes for reducing a 

weight of said first portion. 

12. The head suspension assembly as claimed in claim 1, 

wherein said one end of sai.d first 1ead conductor member is 

directly connected to tenninal.s of said at 1east one thin-film 

magnetic head element by ball bonding. 
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13. The head suspension assembly as claimed in claim 1. 

wherein said one end of said first lead conductor member is 

connected to tenninals of said at least one thin-film magnetic 

head element by stitch bonding. 

14. The head suspension assembly as claimed 1.n claim 1. 

wherein said first and second lead conductor members are 

folllled by flexible print circuits with lead conductor layers 

sandwiched by insulation layers. 

15. A manufacturing method Qf a head suspension assembly 

including a magnetic head slider with at least one thin-film 

magneti.c head element, an actuator fixed to said magnetic head 

slider for perfo:cming precise positioning of said at least one 

thin-fi.lm magnetic head element, a support member for 

supporting said actuator, a flexible first lead .conductor 

member, at least part of said first lead conductor member 

being fo:cmed on said support member, and a second lead 

conductor member. at least part of said second lead conductor 

member being fonned on said support member, said method 

comprising the steps of: 

electrica1ly connecting one end of said first lead 

conductor member to said at least one thin_;film magnetic head 

element: 
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electrically connecting one end of said second lead 

conductor member to said actuator; and 

thereafter, cutting said support member into firSt and 

second portions so that said first porti.on on which said one 

end of said first lead conductor member is f oi:med. is 

individually separated from said second portion. 

16. The method as claimed in claim 15, wherein said support 

member includes a resilient load beam and a resilient flexure 

supported by said load beam, and wherein at least part of sai.d 

first and second lead conductor members are formed on one face 

of said flexure. 

17. The method as claimed in claim 15. wherein said support 

member incl.udes a resilient fl.exure-1oad beam, and wherei.n at 

least·part of said first and second lead conductor members are 

formed on one face of said flexure-load beam. 

18. The method as cl.aimed in. cl.aim 15, wherein sai.d first 

lead conductor member are formed so as to be freely curved 

from sai.d first portion to said second portion. 

19. The method as claimed in cl.aim 15, wherein said one end 

of said first lead conductor member is directly connected to 

terminals of said at least one thin-film magnetic head element 
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by ball bonding. 

20. The method as claimed in claim 15, wherein said one end 

of said first lead conductor member· is connected to teilllinals 

of said at least one thin-film magnetic head element by stitch 

bonding. 
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