9 OCT 2003 MANUFACTURI NG METHOD OF HEAD SUSPENSI ON ASSEMBLY W Fbtf:ﬁmgP
FI ELD OF THE | NVENTI ON The present invention relates to a mefhed

manuf acturi ng a head suspensi on assenbly used for a magnetic di sk device,
whi ch includes a slider with at | east one thin- filmnmgnetic head el enent,
a resilient suspension for supporting the slider and a head I C chip.
DESCRI PTI ON OF THE RELATED ART In such nmagnetic disk device, the thin-film
magneti c head el enent for witing nagnetic information into and/or

readi ng nmagnet MANUFACTURING METHOM QF nHEATE tSUSPENSEKON AJSEMBO¥NEreH f or med on
the slider flying in operation above the rotating nmagnetic disk. The
slider igcsgapprted by the suspension made of a resilient thin nmetal plate
extended from one end of each novable arm of the magnetic di sk device.
Recently, recording frequency in the magnetic disk rapidly increases to
satisfy the requirenent for ever increasing data storage capacities and

densi ti egrefipt @8 oS INVRAPEOHNC di sk devices. In order to realize higher
frequency recording, proposed is a head suspension assenbly structure

wih a suspensiufld hplsPANNERRINON fed! kos @ty hgad 1C chip of a
driver circuit tor“the magnetic Read et ewent .

manufacturing a head suspension assembly used for a magnetic

disk device, which includes a slider with at least one thin-

film magnetic head element, a resilient suspension for

supporting the slider and a head IC chip.

DESCRIPTION OF THE RELATED ART

In such magnetic disk device, the thin-film magnetic
head element for writing magnetic information into and/or
reading magnetic information from a magnetic disk is in
general formed on the slider flying in operation above the
rotating magnetic disk. The slider is supported by the
suspension made of a resilient thin metal plate extended.frOm
one end of each movable arm of the magnetic disk device.

Recently, recording frequency in the magnetic disk
rapidly 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 head suspension assembly structure
with a suspension for supporting both a slider and a head IC

chip of a driver circuit for the magnetic head element.



According to this structure, since the length of lead lines fromthe
driver circuit to the magnetic head el enent can be shortened, ! 9@%5‘[&05@1
of unnecessary noises fromthe lead 1lines can be effectively suppressed
resulting high frequency recording characteristics to inprove. fabricating
such magnetic di sk device, according a conventional nethod, each of the
head |1 C chi ps was nounted on and connected to a connection conductor
formed on a suspension by flip chip bonding with a ref | ow sol dering
process. Betordingeaof ahis ngtideturef | simeo|tder ibggph onfedeadf Liesvas appl i ed
to the connection conductor, and then the IC chip with bunp balls of

sol der maggsh athavar-ikendetrdyit e SR drigmidicVhesd €Rawingt ehi, bdr ocesses
called as C4 (Controlled Collapse Chip Connection) including (a) flux

appl yi ng phosested,( RbnblaPisaior hﬁﬂgéégga&@oa%iges(f&on{ &heOveg@! deri ng
process, (d) clean g process, (e) dry process, and underfill |nject|on

and fill glge rQge t%ﬁg% I f the

flip chip1 Hglng ?% %gfé%rne §n%hﬁ#ﬁe re %%ﬁggg erlnéJEEPng ux it is

necessary N after bondi ng. Nanely, in refl ow
ré&ﬁﬁ%f?ghﬁgr%%g?ﬁs‘}% tgﬁei@%%%. ! - :

heat bondrng spension at a position which the IC

chip is bonded rder +§ Qg PLOPL e MELL LN o) d tenporarily
adhere the IC CII"N rJ’tcﬁle guslf)cgeﬁris"}a egurl%bsq{re o§veSo%1 errld"r%%l wever,

in h
since t econventlonal method, each of the head IC chips was mounted on

and connected to a connection conductor formed on a suspension
by £1ip chip bonding with a reflow soldering process. Before
performing the reflow soldering process, flux was applied to
the connection coﬁductor, and then the IC chip with bump balls
of solder material was bonded by the soldering. More
concretely, processes called as C4 (Controlled Collapse Chip
Connection) including (a) flux applying process, {(b) flip chip
bonding process, (c)} reflow soldering process, (d) cleaning
process, (e) dry process, and (f) underfill injection and
filling process were sequentially performed.

As will be noted, if the flip chip bonding is performed
by the reflow soldering using flux, it is necessary to execute
the cleaning process after bonding. Namely, in reflow heat
bonding, 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. However, since the

applied flux may have adverse effect of producing out gas for



applled flux may have adverse effect of producing out gas for, g Cﬁt} ﬁfB
exanpl e, the cleaning has to be done after bonding. It is desﬁr d P

an underfill into a clearance between the connection conductor on the
suspensi on and the head 1C chip to inprove heat radiation characteristics,
i nprove nmechani cal strength of this area, and to cover a part the I1C chip.
However, this filling of the underf ill has to be done after the cl eaning
process. Therefore, according to the conventional fabrication nethod,

after thesddmpali,p thadchesaningondsdtd od lMneoanest itvhaaagduct or on the
suspensi on then the cl eaning process had been finished, the filling of the

underfill into the£lRakpe8etdetACANt BEIGFINACEHEH a CARBEHEE and the head
| C chip was executed by injection. However, it is very difficult to fil

the U”derﬂéﬂéJeelﬂythle”b&?ﬁéd%loh”%é)n&nﬁ@tc&xbh%ﬁékdﬁf&%‘i’oﬁ' e Which will

be ically 50 gmor |ess. Therefore, working tine an |nspect|on ti me becone

ong_resyltlNgct ﬁﬁ& %@I%e"\ﬂé £ e alt | Snpé}gﬁ?d%sceggs{: o the whole

nanufactur|ng proce econes ong, an manu actur|ng cost
becones hj further.. NVENT ON t herefore an obj ect
of “the_ pradday .ﬁwsﬁ?%%? gtrs{»‘% bt & r"f‘gt%‘aa'ofa“:?aﬁﬁfﬁ%ﬁﬁl%é)ai head

zﬁiffgﬁggy %%%elclghip. ow ver I%h g %1ff3§3“% eCtéeé%ﬂilnﬁagagobe

be done after the cleaning process. Therefore, according to
the conventional fabrication method, afterrthe IC chip had
been bonded to the connection conductor on the suspension and
then the cleaning process had been finished, the filling of
the underfill into the clearance between the connection
conductor and the head IC chip was executed by injection.
However, it is very difficult to £ill the underfill by
injection into the extremely narrow clearance which will -be
typically 50 u#m or less. Therefore, working time and
inspection time become long resulting that lead time which is
the processing time of the whole manufacturing processes
becomes long, and also that manufacturing cost becomes high

further.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a method of manufacturing a head suspension assembly,
whereby working time and inspection time can be shorteneq and

inspection can be simplified.



I.nspection can be sinplified. 9 O C 1 2003 Anot her object of the present
I nvention is to provide a nethod of manufacturing a head suspe@ﬁ@@q 2003
assenbly, whereby nmanufacturing cost can be reduced. According to the

present invention, a nethod of manufacturing a head suspension assenbly

i ncl udes attaching wunderfill to a portion on which an IC chip with a
circuit for a thin-filmmagnetic head elenent is to be nounted, disposing
the IC chip on the attached underfill, and perform ng ultrasonic bonding

of the |C chip. adsasdictgebe shetHy ppesént NMRRNIEOEH {31 @reRnige & nethod
of manufacturing a head suspension assenbly which has a nagnetic head

slider wihbrda lgashnaR8ctithitg bl H%&@%bbﬁsﬁ]@ﬁdass%n%_ Ntynépsypport menber

for supporting the magnetic héad slider, an ICchip with a circuit for the

at | east pne dhidn=ithl ReR08L LE | ement, a | ead conductor nenber on
which the IC cﬁ%ﬁlﬁg E%nde , and un erfill filled in a clearance between

The method | ol teEe kiR Bof drssenn FviAstich e uISE 1 on 5f “the | ead
conduct or_ nenber__at_whi ch osition the IC chip..i unt and thereafter,
pr  or m MG AEORY c° O] AJ BRI FESCRPDY drlsofRE eGP BNeuct or
member. SiifSeihh' to"d Sordita SRR an®P0 885 WnCh dittuit for
a thin-film magnetic head element is to be mounted, disposing
the IC chip on the attached underfill, and performing |
ultrésonic bonding of the IC chip.
According to the present invention, furthermore, a
method of manufacturing a head suspension assembly which has a
magnetic head slider with at least one thin-film magnetic head
element, a support member for supporting the magnetic head
slider, an IC chip with a circuit for the at least one thin-
film magnetic head element, a lead conductor member on which
the IC chip is bonded, and underfill filled in a clearance
between a bottom face of the IC chip and the lead conductor
member, is provided. The method includes attaching underfill
to a mounting position of the lead conductor member at which
position the IC chip is mounted, and thereafter, performing
ultrasonic bonding of the IC chip with the lead conductor
member.
Since filling of the underfill can be done only by

attaching it before bonding of the IC chip, the underfill

filling process can be extremely simplified. As a result,



attaching it before bonding of the I1C chip, the underfill fining process
can be extrenmely sinplified. As a result, working time and i nsp€ctiiidn2djime
can be shortened.and inspection process can be sinplified. Thus,

manuf acturing cost can be reduced. Thanks to ultrasonic bonding, it is not
necessary to pass the IC chips that are weak from heat stress through a
hi gh tenperature reflow furnace. Therefore, reliability of finished head
suspensi on assenblies can be inproved and al so yield of head suspension

assenbl i esoxkiigy itimeosed. ifspddiabivt fne k2Gabs eshertefddowngol deri ng process
that requires very long processing tinme is needed, the working tinme can be

nor e shoriggettiaddptbedss o okl 8XnsDl rde. NArHRS Uhbfuffciaagl Ng process.
The magnetic head slider flies on the surface of the nagneticC disk with

keepi ng a-&&f t@innpat Fodwds t 0 secure a very mnute crevice between the
slider and the magnetic-disk surface. In order to keep this attitude, it is

very inportant jipliak @ pending. 8a0hens! 19398 SUERANSIANL o Suppor Li ng

the slider even after the cleaning process. Since I njection 6f ul trasonic

vi brati on_of Wﬁég&egﬁﬁip ie% Esagée&gﬁfqigur%ﬁg%dgﬁggnggﬁgr c%gs, it is

difficuItP?§§ cl éan € asse Iles_ Wt hou { _ angle of
EP:aﬁ?ﬁgqgﬁhPQ%mpeHgﬂ%%§&bfi%%o%gfﬁgkéf)%ﬂg% o%%?ngeiiggitfﬁgnbeInce no
finished head suspension assemblles can be improved and also
vield of head suspension assemblies can be improved.
Furthermore, because no reflow soldering process that requires
very long processing time is needed, the working time can be
more shortened.
In addition, no reflow soldering results no cleaning
process. The magnetic head slider flies on the surface of the
magnetic disk with keeping a certain attitude to secure a very
minute crevice between the slider and the magnetic-disk
surface. In order to keep this attitude, it is very important
to maintain a bending angle of each suspension for supporting
the slide; even after the cleaning process. Since injection
or ultrasonic vibration of washing ligquid is executed during
cleaning process, it is difficult to clean the assemblies
without changing the bending angle of the suspensions.
However, according to the present invention, since no cléaning
process is done, the above-mentioned problems are certainly
resolved.

Since no reflow soldering also results no flux



process is done, the above-nentioned problens are certainly resolved.
Since no reflow soldering also results no flux OG application prgcgg$ 2003
causi ng the nunber of fabricating processes to nore reduce. In the reflow
soldering, it is difficult to correctly control the fused anount of sol der
and thus the ICchip will freely descend to abut to the connection
termnals by its own weight. Therefore, according to the conventi onal

met hod, sufficient stability in bonded size of the assenblies cannot be
expect ed. appweraiiondpeocdsH rdus inGeths aatider BY eRdbiItatiagnce ul trasonic
bonding is adopted instead of the reflow soldering, the stability in

bonded si ggo@dsddie tasperbl #&fucean be greatly inproved by controlling
energy during the bonding. As the suspension has a plate spring structure,

the bonding fagg a{etﬁeefmsgq%évﬁgg,n%!ﬂgsdm%ﬂit theAabaeigent part

of the base plate. In the re dering process, since it 1S necessary
to suppor e t ' fage ' t ' r der t-ai n
effectiveéﬁégﬁk%gﬁﬁugﬁfgﬁqgﬁgggb%%n% p£%%%ﬁ§r€ ?ép%e §§|8%$p§%ﬁ%3 of the IC

chip, the_ inclination of th ondi ng_face_ nust, be taken, into
Cone! der SEFERY (AREERA €4 Al RATehOLI AL THE RIS B "y own i g
the ul trasopi.c bondi n necessary.is th the bonding face of the
suspensi ofet & Yror ?ﬁé%ﬂrQanﬂcFﬂﬁaiHQNEQ the conved%lona méthod,

sufficient stability in bonded size of the assemblies cannot
be expected. However, according to the present invention,
since ultrasonic bonding is adopted instead of the reflow
soldering, the stability in bonded size of the assemblies can
be greatly improved by contrelling energy during the bonding.

As the suspension has a plate spring structure, the
bonding face of the suspension inclines against the attachment
part of the base plate. In the reflow soldering process,
since it is necessary to support to keep the bonding face
horizontal in order to obtain effective heat conduction and to
melt uniformly the solder bumps of the IC chip, the
inclination of the bonding face must be taken into
consideration. However, accdrding to the present invention,
by adopting the ultrasonic bonding, necessary is that the
bonding face of the suspension is horizontal and therefore
easier bonding of the IC chip can be expected.

It is preferred that the lead conductor member has a
first portion formed on the support member and a second

portion elongated out of the support member, and that the



easi er bonding of the I1C chip can be expected. It is preferred that the

| ead conductor nenber has a first portion fornmed on the supparg Tozd)3and
a second portion elongated out of the support nenber, and that the 2003
OCT 2003 nounting position is located within the first portion or the
second portion of the |l ead conductor nenber. It is also preferred that the
nmet hod further includes formng of Au or Cu bunps on first connection
termnals of the 1C chip before the ultrasonic bonding. In this case, the
form ng ofmoluting @esidnps bsylacadtkeddeifloimithg 6ird prt@on bunidse on t he
first connection termnals by using Au or Cu balls. It is preferred that
t he et hodeéfond heortiionl ufethe flaad ognd@ictAir member pads as second connecti on
termnals which the first connection termnals of the I C chip are bonded,

before the ul tragons Galingiregertdd ithat! sRe ity edrihed iaugrEhod further
i ncl udes formng of Au or Cu bunps on second connection term nals which

first conpgghih Jreni Bal &u qimrrp%eohcfﬁmﬂo c@hﬁe@\@f&?%em&ﬁalgr@f tife

ultrasonic bonding. In this case, the formng of Au or Cu bunps may

| ncl ude 660, QaeBieOLnEHtkHIRENO0 difn8ECORM 1190NBELL Oyler i nal s by

usi ng Au or Is preferre t he net urther incl udes
forming of Au or Cu bumps may include forming of Au or Cu

bumps on the first connection terminals by using Au or Cu
balls.

It is preferred that the method further includes
forming of Au or Cu pads as second connection terminals to
which the first connection terminals of the IC chip are bonded,
before the ultrasonic bonding.

It is also preferred that the method further includes
forming of Au or Cu bumps on second comnection terminals to
which first connection terminals of the IC chip are bonded,
before the ultrasonic bonding. In this case, the forming of
Au or Cu bumps may include forming of Au or Cua bumps on the
second connection terminals by using Au or Cu balls.

It is preferred that the method further includes
forming of Au or Cu pads as the first connection terminals of
the IC chip before the ultrasonic bonding.

As the size of the head IC chip is very small, bump
ball size has to make small and a pitch between the bumps has
to make large when solder balls are adopted and the reflow

soldering is executed. However, by using Au or Cu balls as



formng of Au or Cu pads as the first connection termnals of the IC chip
before the ultrasonic bonding. As the size of the head I C chi Qﬁi& O 003
smal |, bunmp ball size has to nmake small pitch between the bunps has make

| arge when sol der balls are adopted and the reflow sol dering is executed.
However, by using Au or Cu balls as 9 OC T 20D3 the present invention, not
only the bunp size but also the bunp pitch can nake small. Thus, bunps can
be formed very weasily. The smaller bunp pitch results high density bunps
and t herigiompereskat cimyesiioa, caot ey ther bohie ed.zel bugeaktsalthe f sol der
contai ns nmuch Au, nechanical strength of the bonding | owers. Thus,

accor di ngoump fphechcomy andkieosakl Met Fads adepips1gahhbe stdiesd Raklys, the Au

| ayer of the connection termnals in the | ead conductor nenber nust nake

extrenel Yeddiilg.. Hnweaal1by BEGPipiteht FesfitPalibhh dénsigatumpstig sol der

balls, the thickness of the Au | ayer of the connection termnals c be

opti onal |phedalreral Arsl. ciiy SR8E NBLE beARBPE HhdWhdeR.t he conventional nethod
adopting the solder balls, there is no neans for controlling fused height

of the sol der blﬁp%%ngggjat hys ﬂﬁekfﬁﬂ% f“hch%vgﬁ[%%ﬁgﬂ%éfnd to incline

by its own weight “depen I ng upon ayout chi p. However,
by adOpt'QE}ength of the bonding lowers. Thus, according to the

conventional method adopting the solder balls, the Au layer of
- the connection terminals in the lead conductor member must

make extremely thin. However, by adopting the Au balls
instead of the solder balls, the thickness of the Au layer of
the connection terminals can be optionally determined.

Furthermore, according to the conventional method
adopting the solder balls, there is no means for controliing
fused height of the solder bumps and thus the IC chip will
descend and tend to incline by its own weight depending upon
the bump layout of the IC chip. However, by adopting
ultrasonic bonding of Au or Cu balls as the present invention,
it is possible to easily keep the bonding face of the IC chip
horizontal and to control the distance between the bottom face
of the IC chip and the lead conductor member at a desired
value.

It is preferred that the underfill attaching includes
dropping the underfill to the mounting position of the lead
conductor member. In this case, preferably the dropping of

the underfill is executed so that a central part of the



ul trasonic bonding of Au or Cu balls as the present invention, it is

possible to easily keep the bonding face of the I1C chip hori;og@qgggqﬂﬂgo
control the distance between the bottomface the I1C chip and tHh

conductor nenber at a desired value . It is preferred that the underfil
attaching includes dropping the underf ill to the nmounting position of the
| ead conductor nenber. In this case, preferably the dropping of the
underfill is executed so that a central part of the OCT 2003 attached
underf i lattwaded ocodeeRilbriast anvaoovéheoxppeowsmad ttheSupper tgertunderfill is

dropped so as to have the convex form when the IC chip is disposed on thus
shaped urslerdd lthe tih@erfigariana@eoppédasn aisheo pdteorhkasen®dx tiwem,C chi p and
the surface of the | ead conductor nenber is filled with the underfil

Wi thout figidH RBeddy &8N tis depbBed DiteekssRasEAWMAREAPES, Q:fhet he present
invention wll be apparent fromthe foll ow ng descrlptlon of the

pref er r e eihadCAeAL bydln e bBYEGH Gkaadel HidiSid 3he@ hilalfi accompanying
drawi ngs. BRI EF DESCRIPTICN OF THE DRAWNGS Fig. 1 s pl ane view of a

P et | om0 BPTEnd R HARRDS %maagggglﬁ/lﬁ%a%gwugﬁto the present

i nvention ow sect VI ews | ratlng a part

under£ill without forming any cavity.

Further objects and advantages of the present invention
will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a plane view of a preférred embodiment of
a head suspension assembly according to the present invention;
and

Figs. 2a to 2d show sectional views illustrating a part
of manufacturing processes of the head suspension assembly

according to the embodiment shown in Fig. 1.

DESCRIPTICN OF THE PREFERRED EMBODIMENTS
Fig. 1 schematically illustrates a head suspension
assembly as a preferred embodiment of the present invention.
As shown in the figure, a head suspension assembly is
assembled by fixing a slider 11 having a thin-film magnetic

head element to a top end section of a suspension 10, and by



of manufacturing processes of the head suspension assenbly aéﬁérding to

t he enbodi ment shown in Fig. 1. DESCRI PTION OF THE PREFERRED EMSORLVERGES | .
schematically illustrates a head suspension assenbly as a preferred

enbodi mrent of the present invention. As shown in the figure, a head
suspensi on assenbly is assenbled by fixing a slider 11 having-a thin--film
magnetic head elenent to a top end section of a suspension 10, and by O CT
2003 nounting a head IC chip 12 on a mddle |ocation of this suspension
10. The ghowdringl aahdad heC lvbdg LZ ohig niidddeelodabiet ofi hiurf ace of the
suspensi on 10, which will oppose to the magnetic disk surface in

oper at i onsuskhinsisur iace Tak shbdersugpendi the iteea@irbechiierie aabter as a
slider-attached surface. The suspension 10 is substantially constituted by

a resilignted baxdr sudfaodicghthar sudferddiensho defnibh i1l tspggagys | ocated
near its top end section and supports the head I1C chip its mddle |ocation,

a resiliefife hRdfcbeanaild Wirehcs UPYdetatibn! | B3t Herfdcexdrerds. and a

base plate 15 formed at a base end section of the | oad beam 14. The | oad

beam 14 NanBhasbhcid YedideaSHBRLARH NG e Sl idlal-atlal U iRl f ect | on

of a magnetic disk In operation. exur e as t "t ongue
e e Sk gp AR 7 ) e AT R 1L o
resilient flexure 13 which carries the slider 11 at its tongue
located near its top end section and supports the head IC chip
12 at its middle location, a resilient load beam 14 which
supports and fixes the flexure 13, and a base plate 15 formed
at a base end section of the load beam 14.
The load beam 14 has elasticity for suppressing the
slider 11 toward the direction of a magnetic disk in operation.
The flexure 13 has the flewible tongue centered by a dimple
formed on the load beam 14 and has elasticity for supporting
the slider 11 flexibly by this toﬁgue. As will be noted, in
this embodiment, the suspension 10 has a three-pieces
structure constituted by individual components of the flexure
13, the load beam 14 and the base plate 15. In such three-
pieces structure, stiffness of the flexure 13 is set to be
lower than that of the load beam 14.
In the head IC chip 12, an integrated driver circuit
constituting a head amplifier of the magnetic head element is
formed. Although it is a mere example, the size of the IC

chip 12 is 1.0 mm X 1.0 mm X 0.25 mm. The fixed position of

10



t.hi s enbodi nent, the suspension 10 has a three-pieces structure ,
constituted by individual conponents of the flexure the |oad beam $4087d200:
the base plate 15. such three pieces structure, stiffness of the flexure 13
is set to be lower than that of the |oad beam 14. In the head IC chip 12,
an integrated driver circuit constituting a head anplifier of the nmagnetic
head el enment is formed. Although it is a nere exanple, the size of the IC
chip 12 is 1.OmMmm: 1.0 mm X 0.25 nm The fixed position of 10 9 OCT 200:

t he | C chilpe IZ ehiph#2 serspdmesisappéfision i10 tibi $n ettbiediembotimaiter mi ned so as
to inmprove heat radiation characteristics el ectromagnetic characteristics
and to nedetemiimiidngo ods tie iProedimeaasndidbeot | @uraetddidsidpadagof in
this enbodiment a stainless steel plate (for exanple SUS304TA) with a -

t hi cknesse1&dtrah@yheic HRarAckepds QI UGHOEC | ANES nRfuntih§! ¢ firlempattern 16
that constitutes necessary nunber of lead lines is fornmed on the flexure

13 al ong dHiy, lgagth. One end of the |ead conductor 16 (the base plate 15
side) is connected via the IC chip 12 to connection termnals 17 which

will be Connecpﬁﬂ5EQe§ﬁ£grﬂ9Hs %Eh%“&%%uzQEHstQSb8&ﬂ&£nFQd of the |ead

conductor 16 is
stainless steel plate (for example SUS304TA) with a thickness

of about 25 um.

A lead conductor layer of a thin-film pattern 16 that
constitutes necessary number of lead lines is formed on the
flexure 13 along its length. One end of the lead conductor 16
(the base plate 15 side) is connected via the IC chip 12 to
connection terminals 17 which will be connected to external
circuits, and the other end of the lead conductor 16 is
connected to connection terminals for the magnetic head élider
11 formed at the top end section of the flexure 13.

| The load beam 14 is made of in this embodiment a
resilient stainless steel plate with a thickness of about 60-
65 um and supports the flexure 13 along its whole length.
This load beam 14 has a shape with a width that narrows with
approaching to its top end. Fixing of the flexure 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

11



connected to connection termnals for the nmagnetic head slidereﬂélg qr nEh
at the top end section of the flexure 13. The | oad beam 14 i s nmade of in
this enbodinment a resilient stainless steel plate with a thickness of
about 60 65 el mand supports the flexure 13 along its whole I eng This | oad
beam 14 has a shape with a width that narrows with approaching to its top
end. Fixing of the flexure 13 to the |oad beam 14 is achi eved by neans of
a plurality of welded spots. The base plate 15 is nmade of a stainless

st eel or amonncandéhosnf ibyedikdnghen atdmchmdnt goanton 8obft hike |mad beam 14 by
wel di ng. The suspension 10 will be attached to each novable I T (not shown)
by fixi ngplateaatibachneind npaab1€8anh. t he base plate 15 to the novable In
nodi fication, the suspension may be fornmed in a two pieces structure with a

base plate fl extf enddagdchensn i iplkeadspéndite hAyeBe FSASRY Thl HCEkEe Wi th the
flexure 13, the |oad beam 14 and the base plate 15. As aforenentioned, the

slider 1ljMiddy ReuBBAREtith AeBske §188NEnd Sa FRLSE - 98ad ﬁ?eaﬁrfe)ngue of the

flexure 13 at the top end section of the suspension 10. The ad conduct or

layer 16 ;jihiceh bECHHIAHEREpPECES SAMICRHPRSH 9 theaf1LilRs PASERS Poth
lecad 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 lead conductor layer 16
which includes the necessary number of lead lines passes both
sides of the slider 11 and turns back at the top end section
of the flexure 13 to the connection terminals so as to be
electrically connected with input/output electrodes of the
slider 11. The insulation material iayér made of the resin
covers the connected part.

The head IC chip 12 is mounted cn the slider-attached
surface at the middle length location of the suspension 10.
The IC chip 12 in this embodiment is formed by a bear chip and
mounted on and connected to the connection pads formed on the
way of the lead conductor iayer 16 that is formed on the
flexure 13 of the suspension 10 via an insulation material
layer. an underfill is filled in a clearance between the
bottom surface of the IC chip 12 and the lead conductor layer
so as to improve heat radiation characteristics, to improve

mechanical strength of this area, and to cover a part of the
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sides. of the slider 11 and turns back at the top end section of hﬁ 2003
flexure 13 to the connection termnals so as to be electrically cbn glt 3
wi th input/output electrodes of the slider 11. The insulation nateri al

| ayer made of the resin covers the connected part. The head IC chip 12 is
mounted on the slider-attached surface at the mddle Iength |ocation of
the suspension 10. The IC chip 12 in this enbodinent is fornmed by a bear
chip and nounted on and connected to the connection pads formed on the

way of thec |latdg eanductor layer 16 that is formed on the flexure 13 of the
suspension 10 via an insulation material layer. An underfill is filled in

a cl earance betm@efinafeerhobdmmmgubEatke ofc tdhep! £ cliid Fid1ang spe | ead
conductor |ayer so as to inprove heat radiation characteristics, nechani cal

strengt h 1gfe tlﬁu'aareifﬁ,a&&a&aﬁceaefh@_p&@génefiﬁd&mian-w%]fﬂﬁ% 2003 1C chip
12. Hereinafter, bonding of the IC ship 12 and filling o the underfil

accor di ngiés%rgﬁﬁdp&fﬂ?@eﬂe%\éﬁeéié’@ ﬂ'dﬁl. Qg t<§j ribed with reference to
. As sho l'e

Figs. 2a to 2 wn in Frg. the xure 13 ‘made of stainless stea

plate, the thinfi %Om%rra vezgpaghe&ge ifslex{l%mﬁgm%eao%/el | - known met hod
i ‘hod

simlar to the patterning

stainless steal plate, the thin-film conductive pattern is
formed by a well-known method similar to the patterning method
of forming a printed circuit board on a thin metal plate such
as a flexible printed circuit (FPC). For example, the
conductive pattern is formed by sequentially depositing a
first insulation material layer 20 made of a resin such as
polyimide with a thickness of about 5 um, a patterned Cu
layver (conductive layer) 21 with a thickness of about 4 ym,
and a second insulation material layer 22 made of a resin such
as polyimide with a thickness of about 5 #m on the fleﬁure 13
in this order. Within the regions of the connection terminals
to the magnetic head slider and to the external circuit and
also connection pads 23 to the IC chip 12, an Au layer 24 is
deposited on the Cu layer 21 and there is no second insulation
material layer on the Au layer 24.

Then, as shown in Fig. 2a, an underfill 25 in liquid
state for improving heat radiation characteristics, improving
mechanical strength of this area, and covering a part of the
IC chip 12 is dropped on and attached to a portion around the

connection pads 23 of the thin-film conductive pattern. The
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formng a printed circuit board on a thin netal plate such as a flexible
printed circuit (FPC). For exanple, the conductive pattern is—@oﬂr@é‘d?ﬂ%
sequentially depositing a first insulation material |ayer 20 nmade of a
resin such as polyimde with a thickness of about 5 um a patterned Cu

| ayer (conductive layer) 21 with a thickness of about 4 ,um and a second
i nsulation material |ayer 22 made of a resin such as polyimde with a

t hi ckness of about 5 I'"mon the flexure 13 this order. Wthin the regions

of the comn@etfian Ler s ngdal heatnegimidtavieadnstdden madetor thg external
circuit also connection pads 23 to the I1C chip 12, an Au layer 24 is

deposi t edegdingilee mPthy &5f 2l raBent HGEe dsS eﬁ&?%ﬁl@ bAQUiRd iRt er i al
| ayer on the Au layer 24. Then, as shown in Fig. 2a, an underfill 25 in

liquid &ial& oL bHPER Maeabnd @t Rlign GMALACHELIRld Ghatl Imgéovi ng

mechani cal strength of "this area, and covéring a part of the chip 12 is

dropped og, 1athachse Hi %t%éﬁ%%ggﬁ#}tﬁ%?? h%%ngc#élg‘?e}paf% 23 of the

thin-filmconducfive pattern S goo conductivity

mat eri al f.for _ex e m.xture, of resin _such as Xy resin and
sl ati oo speobend S | iteC o ol FRbJeR (e RACEREL S That Che

central Rt Qo MR8 A ICSUgEI I L1300 G A A 0T

clearance between the bottom face of the IC chip 12 and the
thin-film conductive pattern when the IC chip 12 is disposed
on the underfill 25 and pushed down.

The underfill resin with good heat conductivity
composing the underfill layer 25 may be for example a resin
such as epoxy resin containing fused silica (heat conductivity
ratio of about 12 X 10™ cal/cm sec degrees), a resin
containing alumina (heat conductivity ratio of about 40 X 10™*
cal/cm sec degrees), a resin containing crystal silica {heat
.conductivity ratio of about 35 X 10 cal/cm sec degrees), or a
resin containing aluminum nitride (heat conductivity ratio of
about 40 X 10™ cal/cm sec degrees) .

' As shown in Fig. 2b, bumps 26 of Au balls are
preliminarily made on connection pads (not shown) formed on
the bottom face of the IC chip 12. This IC chip 12 is picked
up by a ultrasonic bonding head 27 that is abutted to the top
face of the IC chip as shown in Fig. 2b, and aligned with the
connection pads 23 of the thin-film conductive pattern.

Then, as shown in Fig. 2c¢, the IC chip 12 is depressed
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t.oward the upper part. Thanks to such convex form of the attacheg
underfill, no cavity will be remained in the, clearance bet weenh 9t &TbggQ&nn
face of the IC chip 12 and the thin-film conductive pattern when the IC
chip 12 is disposed on the underfill 25 and pushed down. The underfi l
resin with good heat conductivity conposing the underfill layer 25 may be
for exanple a resin such as epoxy resin containing fused silica (heat
conductivity ratio of about 12 X 10-4 cal/cm sec degrees), a resin

cont ai ni nfowdudn andifecsion ol gt iawicoy 2&ttico sgheabeuthel@tXadBed cal/cm sec
degrees), a resin containing crystal silica (heat conductivity ratio of
about 35 dnd€rfli ldal2bcamtil deydemebpll dsudps REsbA tlentl whig &k um num
nitride (heat conductivity ratio of about 40 X 10-4 cal/cm sec degrees).

As shown hpufs Gn e bofpsctforoipads balds theethphefi T RahthytPsde on
connection pads (not shown) formed on the bottomface of the IC chip 12.

This | C chapreid,i snbi 6K88 ultitadondc WiBR89%nCaPongi did-dieadnd 7ot Naf i
abutted to the top face of the IC chip as showm in Fig. 2b, and aligned

with the ;connenf i(QRtRRLP &iF-FibR8) LM Nihh i B CRAGN GlHaY &1 P {. Then, as
shown in Fig. 2c, (t he 1C chip 12l is)deprggseghm 9 O ST Zogéé(t?rg\%ard a
directi onhg%%% arrow 28 to squeeze the attached wunderfill 25 until the Au

bal | bunps of the IC chip 12

The depression with a constant pressure {(load) and the
application of ultrasonic vibration result fused bonding of
the Au ball bumps 26 of the IC chip 12 with the Au layer 24 of
the connection pads 23.

Thus, as shown in Fig. 2d, not only connection between
connection terminals of the IC chip 12 and the connection pads
23 is achieved but also the clearance between the bottom face
of the IC chip 12 and the surface the thin-film conductive
pattern is completely filled with the underfill 25 without
forming any cavity. The underfill 25 is cured during a heat
and dry process executed later. Since the underfill 25 is
dropped so as to have the convex form and the IC chip 12
depresses thus shaped underfill 25, the clearance betweeﬁ the
bottom face of the IC chip 12 and the surface of the thin-film
conductive pattern is completely filled with the underfill 25
without forming any cavity.

According to the embodiment, since the Au ball bumps 26
of the IC chip 12 with the Au layer 24 of the connection pads

23 are electrically and mechanically bonded by ultrasonic
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abuts. on the connection pads 23 of the thin-filmconductive patter a
al so ultrasonic vibration along directions arrow 29 (lateral dir C§C$n§ﬁ3is
applied fromthe ultrasonic head 27. The depression with a constant
pressure (load) and the application of ultrasonic vibration result fused
bondi ng of the Au ball bunps 26 of the IC chip 12 wth the Au |layer the
connection pads 23. Thus, as shown in Fig. 2d, not only connection between
connection termnals of the IC chip 12 and the connection pads 23 is

achi eved kyteal séndihey, Cheatamsardierueeng tdre vhet tanthas edrheeffowhi p 12 and
the surface the thin-filmconductive pattern is conpletely filled with the

under fil | s8Pad-ifipuls rbahitd¥. apdreftndte , THEn&E dBllthakbn 8 driy cured during

a heat dry process executed later. Since the underfill 25 is dropped so as
to have tAgnCRINEOH PG {d%ichE, CRi D1 BEESSEE tHdYund underfill
25, the cPea?gnce betmeenﬂghe Bbtfon1?%%§]5%%the | C chip 12 and the

nder1 11| 235 1 S5 ep Eped L' VDR il boniRE, ohE et ao B oy
connect | oRBEHe” 123 PocERtaticdt, YUK hasnathaart RSB ER U Fason ¢
15 -9 C)EgTﬁg%égﬁEe3only after the reflow soldering and cleaning

processes are finished. Therefore, difficult filling of the

underf£ill by injection has to be performed and re-heating

after the reflow soldering process is required. Furthermore,

available underfill material is restricted to shorten a

machine process time. However, according to this embodiment,

since ultrasonic bonding using the Au ball bumps 1s adopted,

it is possible to attach the underfill to a portion of a

suspension on which an.IC chip is bonded, and to dry the

underfill by heating after the IC chip is bonded. Thus, the

flexibility of the resin selection for the underfill and a

process design increases, and large shortening of the machine

processing time can be expected.

In addition, according to the embodiment, no transfer
process of solder flux and also no reflow soldering process
are needed, and therefore no cleaning process is needed.
Furthermore, since it is possible to £ill the underfill before
bonding of the IC chip, the underfill filling process can be
extremely simplified. As a result, not only the machine

processing time can be extremely shortened, but also quality
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sted-bonding, no tenporal fixing of the IC chip nor reflow soldering is
required. Furthernore, since ultrasonic and conpression bonden@ H§T dzoss.

filling process of the underfiil 25 can be perforned before the I1C chip
bondi ng. As mentioned before, in the conventional nethod, filling of the
underfill is possible only after the reflow sol dering and cl eani ng

processes are finished. Therefore, difficult filling of the wunderfill by

injection has to be perfornmed and re-heating after the refl ow sol dering
process i efr tignli fakd-i catiet hisearbrsmspeavidn adsembhedecdn IHe gaeatial is
restricted to shorten a nmachine process tinme. However, according to this
enbodi menimprs¥éire ul trasoni c bondi ng using the Au ball bunps is adopted,
it is possible to attach the underfill to a portion of a suspension on

whi ch an | C chi pyi hd¥dadmeatfondl EmpolifiBentindgel hh! ndir isnggafter the

| C chip is bonded. Thus, the flexibility of the resin selection for the

under fill oAnthd 1PIRGESE2 A8/ Phel ﬂﬁrf@;eg&maeﬁt ErRleEi &R A Pf the

machi ne processing tine can be expected. In addition, according to the

embodi renss 4% Wsheby BOSRIAMLANAR. THdpevand eheandef | ow

sol dering process are t ore no cléaning process i s needed.
il TS T eSS b, b, RARPe 4 bbbV WO Lyelf ption v o
Ao 2 restlly Doty qabat e IREl 00 REOGRA "Hat] S rP At X ST Y

layer instead of the Au balls and the Au layer. In

modifications, the bumps may be formed on the connection pads

of the thin-film conductive pattern.

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 specific

embodiments described in the specification, except as defined

in the appended claims.
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16 - 9 OCT 2003 of the fabricated head suspension assenbl e can ‘%4 @203

i nproved. In the aforenentioned enbodi nent, the Au ball bunps 26 of the IC
chip 12 and the Au |l ayer 24 of the connection pads 23 are bonded by

ul trasoni ¢ bondi ng. However, the present invention can be achieved by

ul trasoni c bonding using Cu balls a Cu | ayer or using another netal balls
and anot her netal |ayer instead of the Au balls and the Au |l ayer. In

nodi fications, the bunps may be forned on the connection pads of the
thin-fil mygonduciciwemppt t€rn. Many wi dely different enbodi nents of the
present invention rmay be constructed w thout departing fromthe spirit d

rvent Lonti s hot THIEe Tt B TRE R a hal SSRRR O AAENELR N Che

invention Is not limted to the speci _ in the
e Lokl BGeRhe e g8l a0 1 the appended ol al o 17 8 OCT 2005
chip with a o EaRERs: vBaRRFRLY Hernaoreten: e nteh aerc PefPo b
with a circuit for a thin-film magnetic head element is to be
mounted;

disposing said IC chip on the attached underfill; and

performing ultrasonic bonding of said IC chip.

2. The method as claimed in claim 1, wherein said method
further includes the step of forming Au or Cu bumps on first
connection terminals of said IC chip before said ultrasonic

bonding.

3. The method as claimed in claim 2, wherein said forming
step of Au or Cu bumps includes forming Au or Cu bumps on said

first connection terminals by using Au or Cu balls.

4. The method as claimed in claim 2, wherein said method
further includes the step of forming Au or Cu pads as second
connection terminals to which said first connection terminals

of said IC chip are bonded, before said ultrasonic bonding.

5. The method as claimed in claim 1, wherein said method

further includes the step of forming Au or Cu bumps on second
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nount ed; disposing said IC chip on the attached underfill; performng

ultrasoni c bonding of said IC chip. 2. The nethod as cl ai ned L:ﬂ&Cfo;J@YFQQ’B&

wherein said nmethod further includes the step of forming Au or bunps on

first connection termnals of said IC chip before said ultrasonic

bonding. 3. The nethod as clained in claim?2, wherein said fo step of Au or
Cu bunps includes formng Au or Cu bunps on said first connection
termnals by using Au or Cu balls. 4. The nmethod as clainmed in claim 2,

wher ei n sabfnaet fwvud tefmii hdks toehidasriher sioppeotidmrisrgndls o6 Cu pads as
second connection termnals to which said first connection term nals of

said | C chapaare diapdade beidd® pairdry! 4406 Alccadid BdnaThg. met hod as
claimed in claim1l1, wherein said nmethod further includes the step of

formng Au or Cu bunps on second 1 r; connection termnals to which first
connection termnals of said IC chip are bonded, before said ultrasonic

bondi ng. Jhe rre.tfggq“ o ak"B a:i.rﬁle&l&?lli gagimv@'e%wafgi&i‘é)?gw&nstep of Au

or Cu bunps includes formng Au or nps on sai second “conngct i on

termnal s j L. . . The method as clained in claimb5,
wher ei n S%?%p er%t %gldéyf (glﬁt%nrpbsiar}gf% aﬂéﬁst Oemgpgpg%fmf chnEH’ap%uorbrsaé% pads as
sai d second connection terminals by using Au or Cu balls.

7. The method as claimed in claim 5, wherein said method
further includes the step of forming Au or Cu pads as said
first connection terminals of said IC chip before said

ultrasonic bonding.

8. The method as claimed in claim 1, wherein said
underfill attaching step includes dropping the underfill to

said portion position on which said IC chip is to be mounted.

9. The method as claimed in claim 8, wherein said dropping
of the underfill is executed so that a central part of the

attached underfill has a convex form toward the upper part.

10. A method of manufacturing a head suspension assembly
which includes a magnetic head slider with at least one thin-
film magnetic head element, a support member for supporting
said magnetic head slider, an IC chip with a circuit for‘said

at least one thin-film magnetic head element, a lead conductor
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first. connection termnals of said IC chip before said ultrasonic bonding.
The nmethod as clainmed in claim1, wherein said underf ill attaching step

i ncl udes dropping the underf ill said portion position on wdhQfA

chip is to be nounted. The nmethod as clained in claim8, wherein said
dropping the underfill is executed so that a central part of the attached
underf ill has a convex formtoward the upper part. 10. A nethod of

manuf acturi ng a head suspensi on assenbly which includes a nagnetic head
slider wmhdniadr lomaghichesdild 1C Ehipn imgeeidea, haadl widerEnl]l B\ilIHdEP0rt nenber
for supporting said nmagnetic head slider, an IC chip with a circuit for

said at ieasicleaeahbé bdtvddnagpetidn ferd eFes@nd .1cachepdacpnrgddet or 19 9
OCT 2003 nenber on which said IC chip is bonded, and underfill filled in a

cl ear ance; dgf WRARUBLELAMBIrACafE mAiHbd ComPiPs AR thal Srep Lk conduct or
menber, said nethod conprising the steps of: attaching underfill to a

mounting posi { i o £fhg! nd 11C‘EBd?%c9|5n’gﬁ{§|b?Bsiﬂoﬁ’@fc%g@ﬁsié%é)n said IC

chip is nounted; reafter, performn rasoni ¢ bonding of said IC

hi ith gl : " | aj [ | ai
0. "wher cr Atk S Rl B Warerbn, 68 R, SeCts iiBhicd on sai d

support .

thereafter, performing ultrasonic bonding of said IC

chip with said lead conductor member.

11. The method as claimed in claim 10, wherein said lead
conductor member has a first portion formed on said support
member and a second portion elongated out of said support
member, and wherein said mounting position is located within

said first portion of said lead conductor member.

12. The method as claimed in claim 10, wherein said lead
conductor member has a first portion formed on said support
member and a second portion elongated out of said support
member, and wherein said mounting position is located within

said second portion of said lead conductor member.

13. The method as claimed in claim 10, wherein said method
further includes the step of forming Au or Cu bumps on first
connection terminals of said IC chip before said ultrasonic

bonding.
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menber and a second portion el ongated out of said support nenber, and
wherein said nounting position is located within said first-parQfpn2iis
said | ead conductor nenber. 12. The nethod as clained in claim10, wherein
said | ead conductor nenber has a first portion formed on said support
menber and a second portion el ongated out of said support nenber, and
wherein said nounting position is located within said second portion of
said | ead conductor nenber. 13. The nethod as clained in claim 10, wherein
said nmethod further includes the step of forming Au or Cu bunps on first
connection termnals of said IC chip before said ultrasonic bonding. 20 9

OCT 2053 4. ThendeidiedbdassCtraid iR elain b3, wBeesh s ¢obR{AGNY step

of Au or Cu bunps includes formng Au or Cu bunps on said first connection

terni nal sghy, W ARG AF % Kdngelihsiudds £DRMi Gt AR b Tl binfB tbod BGli M 13,

wherein said nethod further includes the stép of formng Au or Cu pads as
second c J 1 hih j i i rst tion termnals said
| C chip are EoﬁJgg?Eg%§%?245a| l%r%fggﬁﬁggA%oﬁgfﬁg?ﬂqg%'The nmet hod as
clainmed in claim210, wherein said nethod further includes the step of

form ng Au or Cu bunps on second connection termnals to which first
connect i off ter Mk 13ba 58 iR iR B SuP YHotneRELS P ndebd rason ©
further includes the step of forming Au or Cu pads as second

connection terminals to which said first connection terminals

of said IC chip are bonded, before said ultrasonic bonding.

16. The method as claimed in claim 10, wherein said mefhod
further includes the step of forming Au or Cu bumps on second
connection terminals to which first connection terminals of

said IC chip are bonded, before said ultrasonic bonding.

17. The method as claimed in claim 16, wherein said forming
step of Au or Cu bumps includes forming Au or Cu bumps on said

second connection terminals by using Au or Cu balls.

is. The method as claimed in c¢laim 16, wherein said method
further includes the step of forming Au or Cu pads as said
first connection terminals of said IC chip before said

ultrasonic bonding.

19. The method as claimed in claim 10, wherein said
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17. The method as clained in claim 16, wherein said fo step of Au or Cu
bunps includes formng Au or Cu bunps on said second connectianakgrﬁﬂdyﬂ S
by using Au or Cu balls. 18. The method as clainmed in claim Ib: r

said nmethod further includes the step of formng Au or Cu pads as said
first connection termnals of said IC chip before said ultrasonic bonding.
19. The method as clained in claim10, wherein said 21 0Ci 20 03 underfil

attaching step includes dropping the underfill to said nmounting position of
sai d | eadus@snchianoatiBeheig 2@p Thelv@hdoppihd atiediniderel ai md 9, wherein
said dropping of the underfill is executed so that a central p of the

attached gagemiduntifgSpes coibted sl 9ol t QU doh8SctiPflembBal t . 22 ABSTRACT
OF THE DI SCLOSURE MANUFACTURI NG METHOD OF HEAD SUSPENSI ON' ASSEMBLY W TH | C

CH P A nethod of manufacturing a head suspensi on assenbly includes
attaching underfill to a portion on which an IC chip wth a circuit for a

thin-fil ni(gr_agnehiug n@%%deggngféjﬂe% 58 Qfajm 19, wherein said
dropping of the underfill is executed so that a central part
of the attached underfill has a convex form toward the upper

part.
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n‘bunt‘ed, di sposing the IC chip on the attached underfill, perform ng
ul trasonic bonding of the IC chip. FIG 2C -9 00T 2003

ABSTRACT OF THE DISCLOSURE

MANUFACTURING METHOD OF HEAD SUSPENSION ASSEMBLY
WITH IC CHIP

A method of manufacturing a head suspension assembly
includes attaching underfill to a portion on which én IC chip
with a circuit for a thin-film magnetic head element is to be
mounted, disposing the IC chip on the attached underfill, and

performing ultrasonic bonding of the IC chip.

FIG. 2C

23



