9 OCT 2003 MANUFACTURI NG METHOD OF HEAD SUSPENSI ON ASSEMBLY W tf: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 dISk devi ce,
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

with a suspenshﬁgrg? Séﬂgnyﬂy%h%gﬁggégi é@lkggéd@#gggbg gad IC chip of a

driver circuit e magnet| enen According to this

StrUCturﬁmnﬁkggfhfiHﬁl eﬂ@é& §Gsﬂéﬁ¥10h'gsgembly 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.



fromthe driver circuit to the nmagnetic head el ement can be shortened,
generation of unnecessary noises fromthe |lead |ines can be eff (ﬁﬁ'ﬁléﬂﬂa
suppressed resulting high frequency recording characteristics to inprove.
fabricating such magnetic di sk device, according a conventional nethod,
each of the head I C chips was nounted on and connected to a connection
conductor formed on a suspension by flip chip bonding wwth a‘ref |ow

sol dering process. Before performng the reflow soldering process, flux
was appl i adcdérdirnghaoc ahnecstimectmmradusinte tared Iehghh tde le@dchipesv t h bunp
balls of solder material was bonded by the soldering. More concretely,

processesfreahl @k @-108r (&orddial tedthe | haffaichhpad Gonseeiti ean bacl udi ng (a)
flux applying process, (b) flip chip bonding process, (c) reflow sol dering

process, LRIrEdRA) YeREPSESSh JrehnHEYedHAGLNSisa80rkdm twadeshgl | injection
and filling process were sequentially perforned. As will be noted, if the

necoseary T exetuts CrRe o Ca RaPpr aisak L er AT SR L et

necessary to execute eafi ng process a in reflow

heat bo”d£&%§gﬁ5ﬁfch 20PLi&d it EQQHQ#EREPSiOH at a position which the IC

chip is bon I’n order to pronote ting of the solder and tenporarily

adhere the | C chip.to.the. suspension duri refl ow sol deringa. However,
since the appl ?%df#qr&fa%al?gh%\&;% g&%?géce ekct(:%lfe(‘)’ C‘B‘ro u%?fr%% uft gas for 40

9 2&'?’conventionall. 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



exanpl e, the cleaning has to be done after bonding. It is desi,,;%d—tnq‘ Zbﬁj
an underfill into a clearance between the connection conduct ér orq t'h
suspensi on and the head I1C 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 cleaning
process. Therefore, according to the conventional fabrication nethod,
after the IC chip had been bonded to the connection conductor on the
suspensi GikdnijaR,t kBeCtBedtiing RASCES Sodadnkeadtét Hdndadg.the filling of the

underfill into the clearance between the connection conductor and the head
I C chip was exegpted dawirBlieed i1GN1 BAVeYE&rFill kAtyed Yoldaihhesd! t to fill
the underfill by injection into the extrenely narrow cl earance which will

be i cal | Y50, Shel £5eck18heEBSuoth bhNGnb | SR RALIbASARS Ly 11 e becorre

|l ong resulting that lead tine IS the processing tine of the whole
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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.



net hod of manufacturing a head suspension assenbly, whereby manufacturing
cost can be reduced. According to the present invention, a met«h

manuf acturi ng a head suspensi on assenbly includes attaching er IF QO a
portion on which an IC chip with a circuit for a thi n-filmmagnetlc head
element is to be nmounted, disposing the IC chip on the attached underfill,
and performng wultrasonic bonding of the IC chip. According to the present
invention, furthernore, a nethod of manufacturing a head suspension

assenbl y whi ch Rastier mgesti 6f erdpsbiger viehtabn! £asto PrevilEnafilm
magnetic head elenment, a support member for supporting the magnetic head

slider, afetffoc fafpm%ﬁha@t&ﬁ@uht hé&d dudpedbibfasiseRty! Nlsrddy M magnetic
head el enent, a |l ead conductor nenber on which the Cychl p i s bonded, and

underfil 'méﬁddéa‘ad%uﬂnge%ﬁr@dﬁcﬂe pg&%gln a bottom fa_ce of the IC chip and

t he | ead conduct or , 1S provi The met hod i ncl udes attaching

underfill to a é% n tBOﬁ%é (}ﬁ%s% tt%%f‘%ngﬁ[%ncog%%h%d rg%nber at which

position the ICA ormng wultrasonic

bond f ad d fill f
il Lﬂge?wﬁq%sgﬁrﬁagd%% 20 SR %%ﬁ“c‘%ﬂrt“%a I RENAR
hip, th d f f b t | lified. As
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process can be sij rrpl i fied., Thus, manufacturi ngD .
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,



cost can be reduced. Thanks to ultrasonic bonding, it is not necessary to
pass the I1C chips that are weak from heat stress through a hkg@ 00T 2003
tenperature reflow furnace. Therefore, reliability of finishéd head
suspensi on assenblies can be inproved and al so yield of head suspension
assenblies ¢ be inproved. Furthernore, because no refl ow sol dering process
that requires very long processing tine is needed, the working tinme can be
nore shortened. addition, no reflow soldering results no cl eaning process.
The magnewbrkiepdiski ded frispestaont binswahabe shottmedragaetic disk with
keeping a certain attitude to secure a very mnute crevice between the

slider anghdfhe-tieanptocesh dansvef aehp1ifiedl defnis) kaRRFAdE @Gt i tude, it is
very inportant maintain a bending angle of each suspension for supporting

the slidego&Yeandbtereditéact! €ani ng process. Since injection or ultrasonic
vibration of washing liquid is executed during cleaning process, it is

difficult to ol fo2aseiilns, Hihhloy! (51900100 dde.Bendi pg angle of

t he suspensi ons. wever, accor e pr esen I nvent since no

cleaning o%%%sIbsé%¥ o Qeaggove n%g%bg d?%gﬁﬁ%g%ngQ%%gygertalnIy

resol ved.P |nce nor oW 56l erlng a SO Bbl i cation
Process ﬁ%ﬂ§1qgmkggé ﬁggx¥éfi %8£ﬁégglr§%erefore, reliability of

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



processes to nore reduce. In the reflow soldering, it is difficult to
correctly control the fused anount of solder and thus the IC chgpy@q 2003
freely descend to abut to the connection termnals by its own weight.
Therefore, according to the conventional nethod, sufficient stability in
bonded size of the assenblies 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 assenblies can be

greatly i gppovestin pedbess |dangianetny winbergof heatheitditagg As t he
suspensi on has a plate spring structure, the bonding face of the

suspensi Oprbdsdddie s odfidt8steddta at tachnent  part of the base plate. In the
r ef IOM/soIdering process since it is necessary to support to keep the

bondi ng face ﬁ%ﬂe so er rify,0RtaiH (%f‘;fﬁ%hﬂe%@e&;rr%% ction and

to nelt unlfor unps of the | I nclination of the

bondi g { aGe. it e £hOKE IR, oBODSI B! L0 EMRYSE: cAgEQEANg Lo the

present inAven opt1ng t soni ¢ on I 'ng, ssary i s that

the bondin ace of th ensi i s _hori zont and.th refore easi er
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2003 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, accerding 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



mounting position is |located wwthin the first portion or the second
portion of the | ead conductor nmenber. It is also preferred thalgt@ Tngmaod
further includes formng of Au or Cu bunps on first connection termnals
of the IC chip before the ultrasonic bonding. In this case, the formng
of Au or Cu bunps may include formng of Au or Cu bunps on the first
connection termnals by using Au or Cu balls. It is preferred that the
nmet hod further includes formng of Au or Cu pads as second connection

t er m nal smehnting reditiet tonewtednwigrin rihesfibfst hritGoohop e bonded,
before the ultrasonic bonding. It is also preferred that the nethod further
i ncl udes bkecomdopmftidn of the Mwagds condsscanaembanecti on term nal s which
first connection termnals of the I1C chip are bonded, bef ore the

ul trasoni c bondirfgis |dLddpFe€asfed thatf Eh&TMENND FAYtREr GhdIUGBE NMBY
i nclude formng of Au or Cu bunps on the second connection term nals by

using AU ehrfithdds 3u bi: &8 Hiﬁr%fsebﬁeﬂlféﬁtcohﬁécf'f&h%ﬁrﬁhéb§rof gudes

formng of Au or Cu pads as the first connectlon termnals of the IC chip

bef ore thfc‘&’ﬁ)ﬁ{;f%%%ebﬁ’ﬂé"ﬂgcraéénw 1gch %Q%hﬁgaga%] Giijep IS very

smal |, bunp sl ze has to nake sna tween t he’ bunps has nake

[ar ge’ wheposl e gl arg&gg]g@gtggyaﬂpﬂms FSMAALS o d5bP%d S execut ed.

However, Dby usi’hg Au or

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



9 OCT 20D3 the present invention, not only the bunp size but also the
bunp pitch can nake small. Thus, bunps can be forned very easﬁiIQ/.DCﬂhé[}US
smal l er bunp pitch results high density bunps and therefore the chip size
can be nore reduced. In general, if solder contains much Au, nechanica
strength of the bonding | owers. Thus, according to the conventional nethod
adopting the solder balls, the Au | ayer of the connection termnals in'the
| ead conductor nenber nust neke extrenely thin. However, by adopting the
Au bal | s thenstresendf inventsiondenobabilly, thhebtuip ckirees pudf alde the | ayer of the
connection ternminals ¢ be optionally deternined. Furthernore, according to
t he convaninpopalkchetiwdnakadepel by Thassobwgrs kahl Be tdmiedl verpo neans for
controlling fused height of the solder bunps and thus the IC chip wll

descend anghitend e ishehlae Bing 3 teW &I hdgReash 1w RARps t Ay bunp
| ayout of the IC chip. However, by adopting ultrasonic bonding of Au or Cu

bal I's as dagcRbesehhe | HGNEHR8, cad tbd MoP@SSédicRed.0 easily keep the bonding
face of the I1C chip horizontal and to control the distance between the

bottom f ace thg[rl Seﬁ@!'rﬁl?“ﬂf tgg,?ld][afag?t UCtAEn ’dg'LeCﬁéPﬁcngi red val ue .

It is preferred that the under aching 1nclu oppl ng the underf

L0 S TRRh T 88 01188011 505 fhuc O BHEERnd PR, 1 th s case.

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



t.He underfill is executed so that a central part of the OCT 2003 attached

underf ill has a convex formtoward the upper part. Since the rugii)ﬁ)lr#ﬁ %s
dropped so as to have the convex form when the IC chip is dispP p us
shaped underfill, the clearance between the bottomface of the IC chip and

the surface of the |ead conductor nenber is filled with the wunderfill

w thout formng any cavity. Further objects and advantages of the present
invention wll be apparent fromthe follow ng description of the

pr ef er r ecaterdudetidnanterfflX hes aventvex fasmi ktowstd atheduppet heartacconpanyi ng
draw ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows a plane view of a

pr ef er r edsiardeodheenhdarfickdd isudpepped s asetd| awre abedbogvdsd fdie,pr esent
invention; and Figs. 2a to 2d show sectional views illustrating a part of

manuf act usidig the0gessrsp Uis Tcﬁ%gb@é&' &umasgﬁ%@ﬁmaeﬂimpwedi ng to the
enbodi mrent shown in Fig. 1. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS ].

schemat i GaldayahlbbUBLERES the BBELSH SRRIES bENLRS %%gaén& deferred

enbodi ment of the present invention. As shown int igure, a head

suspensi qR, 288 BEYihe ASRPURhACPY T8 25 ARl dduayldg @ thin: - i1 m

magneti c enent To a top end section of a suspension 10, and by O CT

2003 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



nounttng a head IC chip 12 on a mddle location of this suspension 10. The
slider 11 and the head IC chip 12 are fixed on a surface of th Qﬁgpam on
10, which will oppose to the magnetic disk surface in operation. This
surface of the suspension is called hereinafter as a slider-attached
surface. The suspension 10 is substantially constituted by a -resilient
flexure 13 which carries the slider 11 at its tongue |located near its top
end section and supports the head IC chip its mddle |location, a resilient

| oad beamduhtvilnigch bephpadid $hapdl?ioes nltiddikekorstib®, ofinthis base pl ate 15
formed at a base end section of the | oad beam 14. The | oad beam 14 has

el asti ci tsudpensivpplessithg shidesslliidendlthé awaiad TChehi) riectir-en of a
magnetic disk in operation. The flexure 13 has the flexible tongue

centered Hiked dnBl Surfaide eRet figsgerd ohead) Mhidndwhas Gprell ety for
supporting the slider 11 flexibly by this tongue. As will be noted, in

this enbogidmepinethe SLaONFA8e 1ih Nerdthibh S8 Th §CEGrfild UE! ‘gﬁé
constituted by individual conponents of the flexure the | oad beam 14 and

0 o el SRR SR ko kAR el e 12
O, 5l SRS SR A8 ) B B of LS TRt o
chip 12 if%s%lgegg1fléxé%éﬂquw i@E‘éEEriggetﬁéX§¥§d%%siiié%‘iﬂé 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



10 9 OCT 200: the IC chip 12 on the suspension 10 is in this enbodi nent
determ ned so as to inprove heat radiation characteristics electroﬁa@ﬁgtmm
characteristics and to nake nmounting of the I1C chip easy. The flexure 13
is made of in this enbodinment a stainless steel plate (for exanple
SUS304TA) with a thickness of about 25 gm A |ead conductor |ayer of a
thin-filmpattern 16 that constitutes necessary nunber of lead lines is
formed on the flexure 13 along its Ilength. One end of the | ead conductor
16 (the tase(lchtip 15 i dde sespemsiont d@ Wsaih hehilsCembb@idéntt 0 connecti on
termnals 17 which will be connected to external <circuits, and the other
end of t h@eteaadneanduci®drtal @mpsove amac radihoi 6P ieGhaceari Sfidang for the
magneti c head slider 11 formed at the top end section of the flexure 13.
The | oad draferbhabfietBdairabethls: @Thod ¥8hal rrfo%ﬁithhﬁrﬁf SRl Rkess steel
plate with a thickness of about 60 65 el mand supports the flexure 13 al ong
its mholqﬂh%n@a;?[s | oad beam 14 has a shape with a wdth that narrows with
approaching to

‘
.

s top end. Fixing of the flexure 13 to the |oad beam 14

2L, O RS Sl B WAkt O '8 Rk erlg Dase PLaLe 1912
the |oad é%gyyl%ésbgteel 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



méldiﬂg.

The suspension 10 will be attached to each novable I T (no

by fixing an attachment part 18 of the base plate 15 to the novab
nodi fication, the suspension may be fornmed in a two pieces structu
base plate flexure-load beaminstead of the three-pieces structure with the
flexure 13, the |oad beam 14 and the base plate 15. As aforenenti
slider 11 with the magnetic, head elenent is nounted on the tongu
flexure 13 at the top end section of the suspension 10. The | ead
| ayer 16 amuhi(cloti shbwmle byt Hdxhagess arttachmbet wirt d8doki ks asses both

si des of

the slider 11 and turns back at the top end section of t

bk rshowry)
B %‘

re with a
oned, the
e of the
conduct or

he

fl exure 1Rdte tisetootineaidvableesrmnal s so as to be electrically connected
wi th input/output electrodes of the slider 11. The insulation mat

layer nmade of the roSiFicatDMES SHehuspeMEEne hapabs -t d18adal &ughip 12 is
mounted on the slider-attached surface at the mddle |ength |ocat

t he susp
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eri al

i on of
a bear

chip and nounted on and connected to the connection pads formed on the

vay of [Nadi2ad 6endustidldbyelodd ddidkehie AP danslBfund lioXUER,

suspension 10 via an 1nsulatTon materi a

ayer. An un

a clearance PbuGels L& 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

12

13 of the
illed in



bottom surface of the I1C chip 12 and the | ead conductor |ayer sg gsogf 2003
| nprove heat radiation characteristics, nmechanical strength of thfs ea
and to cover a part of the 12 - 9 QCT 2003 IC chip 12. Hereinafter,
bonding of the I1C ship 12 and filling of the underfill according to the
present invention will be described with reference to Figs. 2a to 2d. As
shown in Fig. the flexure 13 nade of stainless steal plate, the thin-film
conductive patternis formed by a well-known nethod simlar to the

pat t er ni nic retipod2forming a printed circuit board on a thin netal plate
such as a flexible printed circuit (FPC). For exanple, the conductive

pattern is for mgdinaseausbomiing depess timghap 12 raia imgukagi @ materi al
| ayer 20 nade of a resin such as polyimde with a thickness of about 5 um

a patterngg Qagekrayel Ac&duali ¥6 h_?ev«ifr[)aséﬁtvm}én%ibhi fess, of about 4

,um and a second insulation material |ayer 22 nade of a resin such as

pol yi m d%é@éﬁfa%ﬁé@%@{}%?r%ﬁcébe&tﬁ d. grop,the flexure 13 this order.

Wthin the reg connectiontermnals the nmagnetic head slider and

to the exter ”alAsCian[% 'tiglff?éc%%neghiﬂgez%ﬁgiag%hiy r&ara% Iog chip 12, an Au
on ’ an

| ayer 24 is deposite | ayer ere 1I's no second insul ation

material Jayen on Lhe AL LAYe" % thin-fiim 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

13



Then,. as shown in Fig. 2a, an underfill 25 in liquid stale for inproving
heat radiation characteristics, inproving nechanical strength-@fﬁ@ﬁ'QMH
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-filmconductive
pattern. 13 underfill 25 is good heat conductivity material nade of for
exanple m xture of a resin such as epoxy resin and insulation material

wi th good heat conductivity. It is desired that the central part of the
attached widterifiilll 285i8aysd heatvesndwitivitowadtertiag ma@eroPpaddr Thanks to

such convex formof the attached underfill, no cavity will be remained in
the cl easanga Pativesre tdre Debbem sage £f ebbﬁyll%ﬁw Bnd2igfth 4then thin-film
conductive pattern when the IC chip 12 is disposed on the underfill 25 and
pushed daglvoriad WAdRTdodd Heat! BoMhldt 409 NGl 16ORAMGIdd/Ichke gROPOSI NG the
underfill Tayer 25 may be for exanple a resin such as epoxy resin

cont ai ni gfisqdpskt 62 GReaoRM Shiddrdeyyy f%t'h%\rgf abow! 10-4 cal /cm
sec degrees), esin contalnlng al um na % conduc |vf%y rati o of about
40 X 10- 4 S S n|n [ |I|ca (heat
conduct i vi% vy&rdat%lglg gﬁpgﬁ%aﬁr aaféf% !to %‘?cm e egor%'gs?? ﬁ resin

cont ai nin aI m.nu Ilde heat con t Vlt ratio. of about 40 X 10-4
Callcnlsé§: é@ e ily, ng cavity él é&alned

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

14



As shown

This 1C chip 12 is picked wup by a ultrasonic bonding head 27 that is

abutted to the top face of the IC chip as shown in Fig. 2b, and aligned

in Fig. 2b, bunps 26 of Au balls are prelimnarily na%e %%
connection pads (not shown) fornmed on the bottomface of the b ipzm%i

with the connection pads 23 of the thin-filmconductive pattern. Then, as
shown in Fig. 2c, the ICchip 12 is depressed 14 9 O CT 2003 toward a
direction of an arrow 28 to squeeze the attached wunderfill 25 until

the Au

bal | bump$orérdfa tdigerCiohi @f EHh azbaws2®ntd Isgueonacdie aitpallsd23 of the
thin-filmconductive pattern, and al so ultrasonic vibration al ong
di r ect i onandertid 1225( hatil athaliziue bl brisympss 2appki ok frOrchtiper 2l t rasoni c

head 27.

‘The depression with a constant pressure (load) and the

appl i cati aputé dil tthaseshtestivraphas 2eseft tthbusRn boMGi RGnahcthee Au bal |
of the ICchip 12 with the Au |l ayer the connection pads 23. Thus,

as shown pacfdh, 28d BP0 ONl traE0RRECH Ik hWEEsng CPIYeRE L bRS &€74H nal s of
the IC chip 12 and the connection pads 23 is achieved but also the

bunps 26

cl ear ance;betywesn (hheepal (@MJAGELY

thin-filmconductive pattern is conpletely

wi t hout

d wt erfill

) S B g, e

25

g any cavity. The underfill 25 is cured during a heat dry
process executed later. Since the underfill 25 is

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

15



dfopped so as to have the convex formand the I1C chip 12 depresggﬁ h
i

shaped underfill 25, the clearance between the bottomface of ™
12 and the surface of the thin-film conductive pattern is conpletely
filled wwth the underfill 25 wthout form ng any cavity. According to the

enbodi ment, since the Au ball bunps 26 of the ICchip 12 with the Au | ayer
24 of the connection pads 23 are electrically and nmechanically bonded by
ultrasonic 15 - 9 OCT 2 0 G 3 fused bonding, no tenporal fixing of the IC

chip nor raké@WworsBinder hbotépdrequirt fing Fif ther MOr €nifs indeerekisw@soni ¢ and

conpression bonding is done, filling process of the underfiil 25 can be
per f or nedgBehoFthd R Ieqtitdd POREHferdTcTEB i hod adl ta8bAI L arld? t he
conventional method, filling of the underflll i s possible onIy after the
ref | ow sokgekl o A LhARAk Nk RNBCCESERIRY rbbaks e nbheh difficult
filling o%gﬁ% ulnder?h H%y |nject|on be per orne ?% heat i ng
after the e Eﬁﬁ%he Il abl e
underflll25 %erla %%g%?gg rlcte tghgﬁggﬁg%b ﬂon nehgﬁg%ggéﬁ%ﬁne

A bal 1 AREST s “ildécﬁete%ér?v% mgla%e evind o Tatdcf s uRaerHT o
Cnder 1 ?’iﬁip%sgt R oniT P e ERFPT SIS SISO (1 ext bil| ty of
the resin selection for _the underfill and a, . .

processes are finished. Therefore, dlfflcult 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

16



process design increases, and |arge shortening of the machine processing
time can be expected. In addition, according to the enbodi ment QnglTr2zongf er
process of solder flux and al so no reflow sol dering process are needed,
and therefore no cleaning process is needed. Furthernore, since it is
possible to fill the underfill before bonding of the IC chip, the
underfil.l filling process can be extrenely sinplified. As a result, not
only the machine processing time can be extrenely shortened, but also

qual ity 16f-tRe AbrAdaRedf hede sfumbenshbrecisseati]ls usqrens greasignbl e can be
greatly inproved. In the aforenentioned enbodi nent, the Au ball bunps 26
of the | Cigpidvdd® and the Au | ayer 24 of the connection pads 23 are bonded
by ul trasoni c bondi ng. However, the present invention can be achi eved by

ul trasoni ¢ bondirpgtisid¥hreheRtd bife® efbolidi&it OftndS AR bR RRIpsTBal bal |'s
and another netal |ayer instead of the Au balls and the Au layer. In

modi 1 cat ppNne (ke AYEPE2 MBYa 9l aﬁvrrﬁk,eéla; zgpgfca@%g&@ﬁgﬁ%aﬁ the

thin-filmconductive pattern. Many er ent s of the

Ceope of Phetnt CRRAERY RS FRRCIE! Gihdir ) dloRRe: £ diaae Fecent

scope of the 'present invention. hot ‘be unt t" the present
nvent | onydfedOlon LK B 4G {084SBFOL 1 soRRBOBMMIRN® udERS" (R Ghi, e

and a Cu layer or using another metal balls and another metal

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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in the appended clains. 17 ,m9 OCT 2003 WHAT IS CLAIMED |IS: 1.=A4 fThegidf
manuf acturing a head suspensi on assenbly conprising the steps of:

attaching underfill to a portion on which an IC chip wth a circuit for a
thin-filmmagnetic head elenent is to be nounted; disposing said IC chip
on the attached underfill; perform ng ultrasonic bonding of said IC chip.

2. The nethod as clained in claim1l1, wherein said nethod further includes
the step of form ng Au or Cu bunps on first connection term nals of said
| C chip bgfigrersardMebrasonic bonding. 3. The method as clainmed in claim
2, wherein said fo step of Au or Cu bunps includes form ng Au or Cu bunps

on said {irst gopnacid o ﬁgﬁgfm%lﬁét ﬁs%&g% urt%éngclolpaa é‘%‘sn [A[XeThe met hod

as claimed in claim 2, whereln sai I nclu step of

form ng AU, [&grlgi gagﬁea%%&g&dc connection ternmnals to which said first

connection termn chip are bonded, before said ultrasonic
bondi ng. The metpod as cl ai

wh d hod f h
i ncl udes the st@p CEHIRG }ﬁnﬁﬁr%uhgrtocﬁ ﬁ%ﬁ%@%%@g 5 &t 8 uriher

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

18



connection termnals to which first connection termnals of said IC chip
are bonded, before said ultrasonic bonding. The nethod as cIa ,wn g%glm
5, wherein said formng step of Au or Cu bunps includes fornlng Au or
bunps on said second connection termnals by using Au or Cu balls. 7. The
method as clained in claim5, wherein said nmethod further includes the
step of formng Au or Cu pads as said first connection termnals of said
| C chip before said ultrasonic bonding. The nmethod as clained in claiml,
wher ei n sebnenidiend telriniaslacts Rgishepit4ic|dofascei @PRidrgrihhes Upder f i1 |
said portion position on which said IC chip is to be nounted. The nethod as
cl ai ned i path aiandhipvaesebdndat d vdrepei seid Whersssierd idohdisgexecuted so
that a central part of the attached underf ill has a convex forn1tomard t he
upper part. 10. A nethod of manufacturing a head suspension assenbly which
includes a magnetic head slider with at | east one thin- filmmagnetic head
el enent supp RGN ak0L1 5] rst .sal d i slkider, an IC
&. ehd & ak Eléiﬂ#glh.Eganﬁﬁhiﬁﬂgggfﬁ Sai Qf%%rmﬁe%d el ement .

chip with a circuit for sald ast one n1nagnet|

a lead co t 9 29 03 . on which said]C ch i S baonded, and
underfi | Igfﬁlog% Ail]i ﬁga ¢ 2T de ggﬁ(\a/\% PorguBgt%%rﬁIf ebB‘F‘P a3 5%%ni p and
said |ead conductor thod (of0) rlskﬁpbagissteps of : attaching

odar i 1) So g HehReol TR SamiiBals Bk NG nedlR of

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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conductor nmenber, at which position said IC chip is nmounted; and
thereafter, performng ultrasonic bonding of said IC chip with said | ead
conductor nenber. 11. The nethod as clained in claim10, wheed) §{Fai2003 ead
conductor nenber has a first portion formed on said support nenber and a
second portion elongated out of said support nenber, and wherein said
nmounting position is |ocated wwthin said first portion of said | ead
conductor nenber. 12. The nethod as clainmed in claim 10, wherein said | ead
conduct ormémdreionhahiah fé¢aist Igochipnid domaddonasdivhdsmpepdl t£iMR@ber and a
second portion elongated out of said support nenber, and wherein said

nount i Ng PEs tdlearhfce asetwdnWat Bbton dades 6€ 088E PAt bANp Mndaidd ead
conductor nenber. 13. The nethod as clainmed in claim210, wherein said

method  fikddontiiet s Gfenited , SEEPa e HIATCORPALs Mg EHebEPRSs YE.fi ISt
connection termnals of said IC chip before said ultrasonic bonding. 20 9

OCT 2053 14. T%{E&H@g ffastAied i B ﬁé&&éjﬁr@gﬁgm{&i Resakh a@%&ﬁf ng step

of Au or Cu bunps I ncliddes formng Au or S on said I r'st connection
termnal s i.0g LS. a:Lhe cl ai in claim1l3,
wher ei n sai lﬁ%?%oﬂéﬁ?%#i%%?Bﬁ%%ﬁd%%gi%%g g%%%hggciéPn#%d“ uqﬁa'Cu pads as
second gggpection termnals to which said first connection termnals

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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said 1 C chip are bonded, before said ultrasonic bonding. 16. The nethod as
clained in claim10, wherein said method further includes the§sgep 23
forming Au or Cu bunps on second connection termnals to which first
connection termnals of said IC chip are bonded, before said ultrasonic
bondi ng. 17. The nmethod as clainmed in claim 16, wherein said fo step of Au
or Cu bunps includes formng Au or Cu bunps on said second connection
termnals by using Au or Cu balls. 18. The nethod as clainmed in claiml16,
wherein said nethod further includes the step of form ng Au or Cu pads as
said first connection termnals of said IC chip before said ultrasonic

bondi ng. 18, Thendeidi®ddasscloaiied iR elainn 1H), whBLEeh sSi@ ¢o2hils | 20 03

underfill attaching step includes dropping the underfill to said nounting
posi tion ofesajrdalbead GQMMTCinBRARES £02RindNEu B f&dgaapgl Rdd n claim
19, wherein'said dropping of the underfill s executed so that a central p

of the at il X t upper art. 22
ABSTRACT %&%ﬁ%&%ﬁé@ﬁ%&%@b&ﬁ@g@w b}igiﬁ' SUSPENS! ON ASSENBLY
WTH ICCH P

15. The method as claimed in claim 13, 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.

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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A method of manufacturi ng a head suspension assenbly includes attaching

underfill to a portion on which an IC chip wth a circuit for_.a b?igﬂfilm
magneti c head element is to be nounted, disposing the IC chi"pgog-- hé&003
attached underfill, perform ng ultrasonic bonding of the IC chip. FIG 2C

underfill attaching step includes dreopping the underfill to

said mounting position of said lead conductor member.

20. The method as claimed in claim 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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