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K>UNTING METHOD OF IC CHIP AND MANUFACTURING METHOD OF 

HEAD SUSPENSION ASSF.MBLY WITH THE IC CHIP 

FIELD OF THE INVENTION 

The present invention relates to a method of mounting 

an IC (integrated clrcuit) chip for a thin-filmmagneti.o head 

element used for a magneti.c disk devi.ce for example, and to a 

method of manufacturing a head suspensi.on assembly '(HSA) with 

the IC chip. 

DESCRIPTION OF THE RELATED ART 

In a ma.gneti.c disk device, a thin-film magneti.o head 

element for writing magnetic information into and/or reading 

magneti.c infonna.ti.on from a magnetic disk i.s in general fonned 

on a magneti.c head slider flying in operation above the 

rotating ma.gneti.c disk. The slider is supported by a 

suspensi.on made of a resilient thin metal plate extended from 

one end of each movable ann of the magneti.o disk device. 

Recently, recording frequency 1n the magneti.c di.sk 

rapid1y increases to satisfy the requirement for ever 

increasing data storage capacities and densities in today's 

magnetic disk devices. In order to realize higher frequency 

recording, proposed is a HSA structure with a suspension for 

supporting both a magnetic head slider and a drl.ve IC chip of 

a driver circuit for the magnetic head el.einent. According to 
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this structure, since the length of trace conductors from the 

driver c1rcui.t to the magnetic head element can be shortened, 

generation of unnecessary noises from the trace conductors can 

be effectively suppressed resulting high frequency recording 

characteristics to improve. 

SUch the IC chip may be however heated to a high 

temperature due to the writing current flowing through it 

during recording operations. In order to cool the heated IC 

chip by air flowing produced by the rotating magnetic disk, 

the IC chi.p will be mounted on a surface of the suspension, 

which counters the magnetic disk surface in operation. 

The BSA with the IC chip will have a larger thiclmess 

increased by the mounting height of the IC chip. Generally, 

in the magnetic disk device, in order to increase the record 

capaoi.ty per magnetic disk, both sides of the disk are used 

. for record, and in addition, a plurality of such the magneti.c 

disks are axi.a11y mounted. Therefore, two BS.As for 

writing/reading magnetic infozmation will exist between the 

two magneti.c disks, and thus the whole thickness of the 

magnetic disk elev.ice equipped with the HSAs with IC chips 

becomes great. This large thickness of the magnetic disk 

device w.111 become a big problem partioularlywhen the 

magnetic disk device is mounted in a thin notebook type 

personal computer. 

Therefore, it is required for such IC chip to fabricate 
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thinner than a general.-purpose IC chip. Name1y, the general.­

purpose IC chip has a thickness of about o. 3-0. 4 nm, whereas 

the IC chip for the thin-film magnetic head has a thickness 

less than O. 25 nm, for example a thickness of about O .12 nm. 

The C4 (Controlled Collapse Chip Connection) process is 

a typical process for mounting such IC chip on a suspension. 

In the C4 process, first, flux for solder material 1.s applied 

to bump balls of the IC chip and then the IC chip is bonded to 

connection pads by reflow heat bonding. 

If the mounting of the IC chip is perfoDned by the 

ref low soldering using flux, it is necessary to execute the 

ol.eaning process after bonding. Namely, in the C4 bonding 

process, flux is applied to the suspension at a position to 

which the IC chip is bonded, in order to promote melting of 

the solder and temporarily adhere the IC chip to the 

suspension during reflow soldering. Since the applied flux 

may have adverse effect of producing out gas for example, the 

cleaning has to be done after bonding. 

Thi.s cleaning process will exert an influence upon the 

suspension. Namely, al.though high accuracy is required in a 

bending angle of the suspension, this bending angle may 

unintentionally change during the cleaning process. '!bus, it 

is difficult to use the C4 process in the mounting of the IC 

chip on the suspension. 

An ultrasonic bonding can be carried out without 

3 



. . . . . .~~ .. G7ii:::::: Giii" · ~-

executing the cleaning process. In the ultrasonic bonding 

process, no solder bwnp is used but gold (Au) bumps folllled on 

the IC chip are used. Namely, bonding is executed by applying 

an appropriate pressure and ultrasonic vibration to the Au 

bumps that are contacting with the respective Au pads on the 

suspension so as to fuse the Au. Since no soldering flux is 

utilized in thi.s ultrasonic bonding process, no cleaning 

process is necessary. 

However, if a heavy load and great ultrasonic power are 

applied to the very thin and small IC chi.p for the thin ... film 

magneti9 head element in order to mount it in the u1trason1.c 

bondi.D.g process, damages such as scratches or cracks may be 

produced on the IC chip surface. 

Even 1.f few damages such as scratches or cracks arise 

on the IC chip surface, a silicon particle falling from this 

IC chip may occur. 'l'his is never allowed in the magnetic disk 

dev.ice. Name1y, in the ma.gneti.c disk device, genera1ly, since 

the magnetic head sli.der f li.es at extremely low height above 

the rotating disk for perfonning reading/writing operations, 

no dust is allowed to exist. Thus, it is very difficult to 

detennine the conditi.ons for mounting the IC chip using the 

ultrasoni.c bonding process. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
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provide a method of mounting an IC chip and a method of 

manufacturing a HSA with the IC chip, whereby no damage occurs 

on a body of the IC chip even if the IC chip is very thin and 

very small. 

According to the present invention, a method of 

mounting an IC chip on a suspension is provided. The 

suspension has connection pads, and the IC chip has a circuit 

for a thin-film magnetic head el.ement and connection texminals · 

connected to the circuit. The mounting method incl.udes a step 

of increasing a load applied to the IC.chi.p so that metal 

bmnps f m:med on the connection tennina1s press the connection 

pads formed on the suspension, respecti.ve1y, and. a step of 

starting application of u1trasonic vibration to the IC chip 

during the increasing of the load applied to the IC chip. 

Also, according to the present invention, a method of 

manufacturing a HSA wi.th a suspension and an IC chip is 

provided. The suspension has connection pads, and the IC chip 

has a circuit for a thin-film magneti.c head el.ernent and 

connection te.rminals connected to the circuit. The 

manufacturing method includes a step of f o.:ming metal bumps on 

the connection terminals, a step of positioning the IC chip so 

that the metal bumps oppose to the connection pads fonned on 

the suspensi.on, respectively, a step of increasing a load 

app11.ed to the IC chip so that the metal. bumps press the 

connection pads formed on the suspension, and a step of 
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starting application of ultrasonic vibration to the IC chip 

during the increasing of the load applied to the IC chip to 

mount the IC chip on the suspension. . 

If the application of the ultrasonic vibration is 

,. started while the load applied to the. IC chip is increasing~ 

top ends of the meta1 bumps, which have a convex shape,, are . 

·softened by the ultrasonic vibra·tion, and pushed by the 

···applied load against the connection pads of· the suspension. 

·Also, tliis load applied to the IC ·chip. is increasing. Thus. 

the metal bumps are bonded with the connection pads. with 

' melting and cntshing their top ends. As a result, although 

=the IC chip for the thin-film magnetic head element 1.s very 

thin and very small, sufficient mounting intensity can be 

obtained without applying unnecessary large 1oad to the body 

Of the IC chip. 

In other words, according to the present invention, the 

u1trason1c bonding can be perfo:cmedwithout generating damages 

on the surface of the IC chip. Even 1f the IC chip is very 

thin and small, since the mounting is possible under the lower 

ultrasonic power and load, the decrease of inspection items at 

the actual fabri.cati.on and the improvement in quality can be 

expected. Therefore, the producti.vity can be greatly improved. 

It is preferred that the load is increased to a 

predetennined value, kept at the pred.etenn:l.ned value for a 

predete.onined period of time, and then decreased. 
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It is also prefer.red that the load is increased to a 

f.irst predetermined value, kept at ~ first predetermined 

val.ue for a first predetermined period of time,· increased to a 

second predetei:mined value, kept at .th~ second pre®telln:l.ned 

value for a second predetenni.ned period of time, and then 

decreased. 

It is preferred that the application of ultrasoni.c 

vibration· to the IC chip is finished·during tbe application of 

the load to the IC chi.p. 

It is further pref erred that the application of 

ultrasonic vibration to the IC chip is f ini.shed during the 

increasing of the load applied to the IC ohi.p. 

Preferably, .the metal bumps are gold bumps or copper 

bllmps. A1so, preferably, the connection pads are made of gold 

or copper. 

It is preferred that the suspension is fabricated by 

f olllling a trace conductor member and the connection pads 

connected to the trace conductor member on a resilient f1exure, 

and by fixing the flexure to a resilient load beam. 

Further objects and advantages of the present invention 

wi.11 be apparent from the following description of the 

pref erred embodiments of the invention as illustrated in the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 shOws a plane view of a preferred embodiment of 

a BSA according to the present invention; 

Figs. 2a to 2e show sectional views illustrating a part 

of manufacturing processes of the BSA according to the 

embodiment shown in Fig. 1: 

Figs. 3 shows graphs illustrating ultrasonic bonding 

contitions according to the conventional technique; 

Figs. 4 shows graphs illustrating ul.trasonio bonding 

conditions according to the embodiment shown in Fig. 1; and 

Figs. 5 shows graphs illustrating ul.trasonic bonding 

conditions according to another embodiment of the present 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 schematically illustrates a head suspension 

assembly (BSA) as a preferred embodiment of the present 

invention. 

As shown in the figure, the BSA is assembled by fixing 

a slider 11 having a thin-film magneti.c head element to a top 

end section of a suspension 10, and by mounting a drive IC 

ch:Lp 12 on a midd1e location of this suspension 10. The 

sli.der 11 and the drive IC chip 12 are fixed on a surface of 

the suspension 10, which will oppose to the magnetic disk 

surface in operation. This surface of the suspension is 

called hereinafter as a slider-attached surface. 
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The suspension 10 is substantially constituted by a 

resilient flexure 13 for carrying the slider 11 at its tongue 

located near its top end section and supports the drive IC 

ohi.p 12 at its middle section, a resilient load beam 14 for 

supporting and fixing the flexure 13, and a base plate 15 

fonned at a base end section of the load beam 14. 

The load beam 14 has elasticity for suppressing the 

sli.der 11 toward the direction of the magnetic disk in 

operati.on. The flexure 13 has the flexible tongue centered by 

a Cl:lmple fonned en the load beam 14 and has elasticity for 

supporting the slider 11 flexibly by this tongue. As wil.l be 

noted. in this embodiment, the suspension 10 has a three­

pi.eces structure constituted by indivi.dual components of the 

flexure 13, the load beam 14 and the base plate 15. In such 

three-pieces structure, stiffness of the flexure 13 i.s set to 

be lower than that of the load beam 14. 

In the drive IC chip 12, an integrated driver circuit 

constituting a head amplifier of the magnetic head element is 

fanned. A1though it is mere examples, the size of the IC chip 

12 may be 1.0 mm X 1.0 nm X 0.15 nm or 1.5 nm X 1.5 nm X 

0.25 nm. The fixed position of the IC chip 12 on the 

suspension 10 is in this embodiment determined so as to 

improve heat radiation characteristics and electromagnetic 

characterist.ics and to make mounting of the IC chip easy. 

The flexure 13 is made of in this embodiment a 
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stainless steel plate (for example SUS304TA) with a thickness 

of about 25 µm. This flexure 13 has a unifonn width smaller 

than that of the load beam 14. 

A trace conductor layer 16 of a thin-film patte:m that 

constitutes necessary number of input/output signal lines is 

fo:aned on the flexure 13 along its length. One end of the 

trace conductor 16 is connected to slider-connection pads for 

making electrical connection with the magnetic head slider 11 

fo:cned at the top end section of the flexure 13, and the other 

end of the trace conductor 16 is connected via the IC chip 12 

to external connection pads 17 which will be connected to 

external circuits. 

The load beam 14 is made of in this embodiment a 

resilient stainless steel p.late with a thickness of about 60-

65 µm and supports the flexure 13 along its whole length. 

This load beam 14 bas a shape with a width that narrows with 

approaching to its top end. Fixing of the flexure 13 to the 

l.oad beam 14 is achieved by means of a plurality of welded 

spots. 

The base pl.ate 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 

ann (not shown) by fixing an attachment part 18 of the base 

plate 15 to the movable ann. 

In modification, the suspension may be fonned in a two-
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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. 

As aforementioned. the slider 11 with the magnetic head 

element is mounted on the tongue of the flexure 13 at the top 

end. section of the suspension 10. The trace conductor layer 

16 which includes the necessary number of the input/output 

signal lines passes both sides of the slider 11 and turns back 

at the top end section of the flexure 13 to the slider­

connection pads so as to be electrically connected with. 

input/output electrodes of the slider 11. The insulation 

material layer made of the resin covers the connected part. 

The drive IC chip 12 is mounted on the slider-attached 

surface at the middle length location of the suspensi.on 10. 

The IC chi.p 12 in this embodiment is fonned by a bear chip and 

mounted, by the ultrasonic bonding. on and connected to chi.p­

connection pads formed. on the way of the trace conductor layer 

16 that is fonned on the flexure 13 of the suspension 10 via 

an insulation materia1 layer. 

An underfi11 is filled in a clearance between the 

bottom surf ace of the IC chi.p 12 and the trace conductor layer 

surface so as to improve heat radiation characteristics. to 

improve mechanical strength of this area, and to cover a part 

of the IC chip 12. 

Hereinafter, a mounting process of the IC shi.p 12 to 
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the suspension acoOrding to this embodiment will be described 

wi.th reference to Fi.gs. 2a to 2e. 

As shown in Fig. 2a,, on the flexure 13 that is made of 

stainless steal plate, the thin-film conductive pattern is 

fonned by a well-known method similar to the patterning method 

of fonning a printed circuit board on a thin metal plate such 

as a flexible printed circuit (FPC). 

For example,, the conductive pattem is fonned by 

sequentially deposi.t1.ng a fi.rst insulati.on material l.ayer 20 

made of a resin such as polyimi.de wi.th a thickness of about 5 

pm, a pattemed cu (copper) 1ayer (conductive 1ayer) 21 with a 

thickness of about 4 µm, and a second insulation material 

layer 22 made of a resin such as polyimide with a th:Lckness of 

about 5 pm on the f1exure 13 in this order. With:Ln the 

regions of the slider-connection pads to the magnetic head 

slider, external-connection pads to the external circuit and 

chip-connection pads 23 to the IC ch:l.p 12, only an Au layer 24 

is deposited on the Cu layer 21 and there is no second 

insu1ation materia1 lay~ on the Au layer 24 .. 

As shown in Fig. 2b, bumps 25 of Au·balls are 

preliminarily ma.de on connection tenninals (not shown) f onned 

on the bottom face of the IC chip 12. This IC Chip 12 is 

picked up by a ultrasonic bonding head or nozzle 26 that is in 

contact wi.th the top face of the IC ch:lp by the bonding head 

as shown in Fig. 2b, and aligned with the chi.p-connection pads 
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23 of the thin-film conductive pattem. 

Then, the nozzle 26 moves down until the Au ball bmnps 

25 of the IC chip 12 come in contact with the respective chip­

connection pads 23 of the thin-film conductive patte:m, and 

presses the IC chip 12 toward a d:lrection of an arrow 27, as 

shown in Fig. 2c, so as to apply a load onto the IC chip 12. 

'l'hi.s load applied is gradually increased. 

During the increasing of the load, ultrasonic vibration 

along directions of an arrow 28 (lateral directions) is 

applied from the ultrasonic head 26, as shown in Fig. 2c. 

The depression due to the load and the application of 

ultrasonic vibration result fused bonding of the Au ball bumps 

25 of the IC chip 12 with the Au layer 24 of the chip­

connection pads 23. 

Thus, as shown in Fig. 2d, electrical connection 

between the connect.ion te::aninals of the IC chip 12 and the 

chip-connection pads 23 is achieved. 

Then, as shown in Fig. 2e, an underfill 29 in liquid 

state for improving heat radiation characteristics, improving 

mechanical strength of this area, and covering a part of the 

IC chip 12 is injected into a clearance between the bottom 

face of the IC chip 12 and the surface of the thin-film 

conductive pattern. The underfill 29 is good heat 

conductivity material made of for example mixture of a res:in 

such as epoxy resin and insulation material with good heat 
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conductivity. The underfill 29 will be oured during a heat 

and dry process executed later. 

The underf111 resin with good heat conductivity 

composing the underf 111 layer 29 may be for example a resin 

such as epoxy resin containing fused silica (heat conductivity 

ratio of about 50. 4 X 10-5 W/m • 'C), a resin containing alumina 

(heat conductivity ratio of about 168 X 10-6 W/m • 'C). a resin 

containing crystal silica (heat conductivity ratio of about 

147 X 10-6 W/m • 'C), or a resin containing aluminum nitride 

(heat conductivity ratio of about 168 X 10·5 W/m •'C). 

According to the embodiment, since the Au ball bumps 25 

of the IC chip 12 are electrioall.y and mechanically bonded 

w1.th the Au layer 24 of the chi.p-oonnection pads 23 by the 

ultrasonic fUsed bonding, no temporal fixing Of the IC chip 

nor reflow soldering is required. 

The ultrason1.o bonding process according to this 

embodiment will be now desor1.bed in detail in comparison wi.th 

the conventional ultrasonic bonding process. 

Figs. 3 illustrates ultrasonic bonding conditions in 

the conventional ultrasonic bonding process. In the figure, 

(A) denotes characteristics of a relative height or pos:l.tion 

of the ultrasonic bonding head from the chip-connection pads 

with respect to time, (B) characteristics of a load applied to 

the IC chip with respect to time. and (C) characteristics of 

an ultrasonic power applied to the IC chip with respect to 
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time. 

The ultrasonic bonding head moves down and thus the 

bumps of the IC chip come in contact with the chip-connection 

pads at Vdl shown in Fig. 3 (A). As shown in Fig. 3 (B), a 

load at thi.s point is represented as a contact load P0 • The 

l.oad is increased from this contact load P 0 for a ti.me period 

'1'2 • • When the load reaches a predetemined load Pb2' (equal to 

about 13.72 N), this load is kept at that va1ue for a 

predetexmined time period T5 • • 

As shown in Fig. 3 ( C) • when the load becomes at the 

contact load P0 , a timer starts. Then, when the timer exceeds 

a time period T7 ', application of the ultrasonic vibration 

starts with an ultrasonic power of Pw' = 1.4 W for the 

u1trasonic bonding. This starting point of the ultrasonic 

v:i,bration application is set within a period where the load is 

kept at the load Pb2'. The application of ultrasonic vibration 

is continued for T8 ' and then finished. 

After the predetemined time T5 ' elapsed, the 1oad is 

reduced to the contact load P0 for a time period T,' and then 

the ultrasonic bonding head moves upward to end the bonding 

process. 

Figs. 4 illustrates ultrasonic bonding conditions in 

the aforementioned embodiment. In the figure, {A) denotes 

characteristics of a relative height or position of the 

ultrasonic bonding head 26 from the chip-connection pads 23 
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with respect to time, (B) characterist.ics of a 1oad applied to 

the IC chip 12 with respect to time, and (C) characteristics 

of an ultrasonic power applied to the IC chip 12 with respect 

to time. 

The ultrasonic bonding head 26 moves down and tlllls the 

bumps 25 of the IC chip 12 come in contact with the chip­

connection pads 23 at Ven shown in Fig. 4 (A). As shown in Fig. 

4 (B), a load at this point is represented as a contact 1oad 

Pc. The load is increased from th1.s contact load Pe for a time 

period T2 • When the load reaches a first predetermined load 

Pbl. (equal to about 1.96 N), this load Pbl 1.s kept at that value 

for a first predetennined time period T3 • After the f:lrst 

predetennined time T3 elapsed. the load is increased from the 

value Pb1 for a time period T4 • When then the load reaches a 

second predetermined load Pb2 (equal to about 4. 9 N) , this load 

Pta is kept at that value for a second predetermined time 

period T5 • 

As shown in Fig. 4 ( c) • when the load becomes at the 

contact load Pc• a timer starts. Then, when the timer exceeds 

a time per.1.od T7 , appl.1.cation of the u1trasonic vibration 

starts with a low ultrasonic power of P." = 0.2 W for the 

ul.trasonic bonding. This starting point of the ultrasonic 

vibration application is set with1.n a period where the load is 

increasing from the first predetezm:lned load Pb1 to the second 

predete:cmined load Pb2, that is. during the time period T,. 
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The application of ultrasonic vibration is continued for T8 

and then finished. In the embodiment, the finishing point of 

the ultrasonic vibration application is set also within this 

period where the load is increasing from the first 

predetexmined load Pb1 to the second predete:cmined load Pb2, 

that is, during the time period T4 • 

After the predetemined time T5 elapsed, the load is 

reduced to the contact load Pc for a time period T6 and then 

the ultrasonic bonding head 26 moves upward to end the bonding 

process. 

As described in detail, according to the conventi.ona1 

ultrasonic bonding method, the application of the ultrasonic 

vibration starts when the load is reached and kept at the 

value P1t2'. As for a large and thick general-purpose IC chip, 

since it has a sufficient power apply area and can bear a 

great load applied thereto. there will occur no problem for 

such conventional ultrasonic bonding conditions. However. 

since the IC chip for the thin-film magnetic head is very thin 

and small. if the conventional ultrasonic bonding conditions 

are adopted, serious damages such as scratches or cracks may 

be produced on the IC chip surface. 

Whereas according to the ultrasonic bonding method of 

this embodiment. the ultrasonic vibration application starts 

within a period where the l.oad is increasing from the first 

predetennined load Pbl to the second predete:cmined load P112 • 
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Therefore. the Au bumps 25 of the IC chip 12 in the softened 

state due to the received u1trasonic vibration come in contact 

with the Au layer 24 of the chip-connection pads 23 and are 

pushed against the chip-connection pads 23. Namely, the Au 

bumps 25 are bonded with the Au layer 24, in melting. Since 

the IC chip for the thin-film magnetic bead element is very 

thin and small, and furthennore. there are few bumps on the IC 

chip, bonding can be perfonned by only applying very low 

ultrasonic power if the bumps are bonded, melting. Thanks for 

a m1n1mal ultrasonic amplitude, prec1se positioning of the IC 

Chip at mounting can be expected.· Also. damages on the sUrface 

of the IC chip can be prevented from occurring because of the 

lower ultrasonic power and load applied to the IC chip. As a 

result, a silicon particle falling from the IC chip due to the 

damages on its surface. whi.ch is never allowed in the magnetic 

disk device, can be certainly prevented. 

Figs. 5 illustrates ultrasonic bonding conditions 

according to another embodiment of the present invention. 

configurations. operations and advantages in this embodiment 

are the same as these of the embodiment shown in Fig. 1 except 

for the ultrasonic bonding conditions. Thus, in this 

embodiment. the same reference numerals as these in the 

embodiment of Fig. 1 are used. 

In Fig. 5, (A) denotes charaoteri.sti.cs of a relative 

height or position of the ultrasonic bondi.ng head 26 from the 
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chip-connection pads 23 with respect to time, (B) 

characteristics of a load applied to the IC chip 12 with 

respect to time, and {C) characteristics of an ultrasonic 

power applied to the IC chip 12 with respect to time. 

The ultrasonic bonding head 26 moves down and thus the 

bumps 25 of the IC chip 12 come in contact with the chip-

connection pads 23 at VcU. shown in Fig. s {A). As shown in Fig. 

5 (B), a load at this point is represented as a contact load 

Pc. The load is 1.noreased from this contact load Pc for a time 

period T2 plus T4 ' • When the load reaches a predete:nnined load 

Pb2 (equal to about 4.9 N), thi.s load Pb2 is kept at that value 

for a predetenoined time period T5 • 

As shown in Fig. s { C) , when the load becomes at the 

contact load P0 , a timer starts. Then, when the timer exceeds 

a time period T7 , application of the ultrasonic vibration 

starts with a l.ow ultrasonic power of P.' = O. 2 W for the 

ultrasonic bonding. This starting point of the ultrasonic 

vibrati.on application is set within a period where the load is 

increasing fran the contact load Pc to the predetennined load 

Pb2, that is, during the time period T2 plus T/. The 

application of ultrasonic vibration is continued for T8 and 

then finished. In the embodiment, the finishing point of the 

ultrasonic vibration application is set also w1.thin this 

period where the load is increasing from the contact load P
0 

to the predetei::mined 1oad Ph2, that is, during the time period 
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T2 p1us T4 '. 

After the predetemined time T5 elapsed. the load is 

reduced to the contact load Pe for a time peri.od T6 and then 

the ultrasonic bonding head 26 moves upward to end the bonding 

process. 

According to the ultrasonic bonding method of this 

embodiment, the ultrasonic vibration application starts wi.thin 

a period where the load is increasing from the contact load P0 

to the predetexmined load Pb2. Therefore, the Au bumps 25 Of 

the IC chip 12 in the softened state due to the received 

u1trasoni.c vibration come in contact with the Au layer 24 of 

the chip-connection pads 23 and are pushed against the chip­

connection pads 23. Namely, the Au bumps 25 are bonded with 

the Au layer 24. in melting. Since the IC chip for the ·thin­

film magnetic head element is very thin and small, and 

furthennore, there are few bumps on the IC chip, bonding can 

be perfo:cmed by very low ultrasonic power if the bumps a.re 

bonded, melting. Thanks for a minimal ultrasonic amplitude, 

precise positioning of the IC chip at mounting can be expected. 

Also. damages on the surface of the IC chip can be prevented 

fonn occurring because of the lower ultrasonic power and load 

applied to the IC chip. As a result, a silicon particle 

falling from the IC chip due to the damages on its surface. 

which is never allowed i.n the magnetic di.sk device. can be 

certainly prevented. 
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In the aforementioned embodiments, the fini.shing point 

of the ultrasonic vibration application is set within the 

period where the load is increasing. However, this finishing 

point can be set at any time after the bonding is actually 

perfol'.'llled. 

In the aforementioned embodiments, also, the Au ball 

bmnps 25 of the IC chip 12 and the Au layer 24 of the chip­

connection pads 23 are bonded by ultrasonic bonding. However. 

the present invention can be ach:Leved by ultrasonic bonding 

using CU balls and a Cu 1ayer or using another metal balls and 

another metal layer instead of the Au balls and the Au layer. 

In modificati.ons, the bumps may be fonned on the chip­

connection pads of the :thin-film conductive pattern. 

Furthennore, according to the embodiments, since the 

ultrasonic bonding is used, no transfer process of solder flux 

and also no reflow soldering process are needed, and therefore 

no c1ean1ng process is needed. Still further, since the 

application of the ultrasoni.c vibration is started during 

increasing of the load, no damage is occurred on the surface 

of the silicon body of the IC chip during its mounting process 

resulting that a silicon particle falling frOm the IC chip due 

to the damage can be effectively prevented. 

It i.s apparent that the characteristics of the l.oad and 

the ultrasonic power applied to the IC chi.p with respect to 

time in the ultrasonic bonding conditions according to the 
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present invention are not limited to that in the 

aforementioned embodiments. lmy load and ultrasonic power 

characteristics can be adopted if the application of the 

ultrasonic vibration is started during increasing of the load 

so as to perfonn the bonding by applying a lower load and a 

l.ower ultrasonic power. 

Many widely different embodiments of the present 

invention may be constructed without departing from the spirit 

and scope of the present invention. It should be understood 

that the present invention is not limited to the spec1.fic 

embodiments described in the specification, except as defined 

in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of mounting an IC chip on a suspension having 

connection pads, said IC chip having a circuit for a thin-film 

magnetic head element and connecti.on teminal.s connected to 

said circuit, said method comprising the steps of: 

increasing a 1oad applied to said IC chip so that metal 

bumps f onned on said connection terminal.s press said 

connection pads fonned on said suspension.. respectively: and 

starting application of ultrasonic vibration to said IC 

chi.p during the increasing of the load applied to said IC chip. 

2. The method as claimed in claim 1, wherein said load is 

increased to a predetemined value, kept at the predetermined 

value for a predetennined period of time, and then decreased. 

3. The method as claimed in c1a:1:m 1, wherein said 1oad is 

increased to a fi.rst predetennined value, kept at the fi.rst 

predetennined value for a first pred.etexmined per:iod of time, 

increased to a second predetennined value,, kept at the second 

predetexmined value for a second predetennined period of time, 

and then decreased. 

4. The method as c1a..llned in claim 1. wherein said 

application of ultrasonic vibration to sai.d IC chip is 

finished during the application of the load to said IC chip. 
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5. The method as claimed in claJJn 1. wherein said 

application of ultrasonic vibration to sa1.d IC chip is 

finished during the increasing of the load applied to said IC 

chip. 

6. The method as claimed in claim 1, wherein said metal 

bumps are gold bumps or copper bumps. 

7. The method as claimed in claim 1. wherein said 

connection pads are made of gold or copper. 

8. A method of manufacturing a head suspension assembly 

with a suspension having connection pads .. and an IC chip 

having a c:ircUit for a thin-film magnetic head element and 

connection teDDinals connected to said circuit, said method 

compris:tng the steps of: 

fo:aning metal bumps on said connection teDDinals; 

positioning said IC chip so that said meta1 bumps 

oppose to said connection pads fo:cmed on said suspension, 

respectively; 

increasing a load applied to said IC chip so that said 

metal bumps press said connection pads formed on said 

suspension; and 

starting application of ultrasonic vibration to said IC 
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chip during the increasing of the load applied to said IC chip 

to mount said IC chip on said suspension. 

9. The method as claimed 1n cla.tm 8, wherein said load is 

increased to a predeteDnined value, kept at the predetexmined 

value for a predetennined period of time, and then decreased. 

10. The method as claimed in c1a1m 8, wherein said load is 

increased to a first predetemined value, kept at the first 

predetennined value for a first predetennined period of time, 

increased to a second predetennined value, kept at the second 

predetennined value for a second predetennined period of time, 

and then decreased. 

11. The method as claimed in claim 8. wherein said 

application of ultrasoni.c vibration to said IC chip is 

finished during the app1icat1.on of the load to said IC chip. 

12. The method as claimed 1n cla1m 8. wherein said 

application of ultrasonic vibration to said IC chip is 

finished during the increasing of the load applied to said :re 

chip. 

13. The method as cl.aimed 1n claim 8, wherein said metal 

bumps are gold bumps or copper bumps. 
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14.. The method as cl.aimed in claim 8, wherein said 

suspension is fabricated by foming a trace conductor member 

and said connection pads connected to said trace conductor 

member on a resilient flexure, and by fixing said flexure to a 

resilient load beam. 

15. The method as claimed in claim 8, wherein said 

connection pads are ma.de of gold or copper. 
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