;ede-| (()t+: F+<,6, T-W4 4 Specification 1. Title of the Invention: Hard
disk appar at us, inder supporting structure, head gi nbal assenbly, and

nuf act ur i hg et hod 2 3. Detailed Description of the
Inventlon @ﬂ mwu"ﬂm Id of the invention] The present invention relates to
a hard d| a slider supporting structure for holding a slider,

which is a conn@ment of the hard di sk apparatus and p QQ?
t hereon, so that the slider can be noved close to thqulsﬂﬁrggé

surface ommmmm“mm"mmm"sk appar atus, the construction of a head glnba
assenbly referred to as a HG assenbly) having the slider with
this structuresep@aad a manuf acturing nethod thereof, and nore particularly
to the construction of a flexure fﬁﬁeQﬂﬁWS@ﬁP?nholdlng the slider, the
construction of the pad of the point portion of a lead line, and a nethod
of joining the slider pad and the | ead pad. [0002] [Background art] A Bent
Lead nethod and a gold ball nethod, for exanple, are hitherto known as a
met hod of foiﬁﬁ#@e ody £88r L tad |ine. [0003] In the Bent Lead nethod,
as shown in Figure 11, the point portion of a lead 53 is pressed against a
pﬁd 63 fgr med H%Etd? ahbﬁeraég?axémutsbe weiger 58squoatulnt;r asﬁ)ﬂlil@tlhﬂé’l,del’he[a@nd ;n
this conditio r n i { 0 3 [ 0004
on the ot her R BSRMSLY drBhARaERRlEPlAg hed ot e REE 15 P he pad
63 of a slider 52 and the point portion of a Iead 54 are di sposed adj acent
in proximty to each other so as to form about 90 degrees, and a netal |ine
56 supported by a clanper 57 is noved near through a capillary 55. And the -
point portion of the nmetal |ine 56, heated into a spherical shape by heat
means such as an el ectrode and the like, is pressed against the pad 63 of
the slider 52 and the point portion of the |ead 54 and then both are joi ned
by thermal adhesion. In this gold ball nmethod, the joined portion is
further joined by ultrasonic waves and fi ni shed.




[ 0005] In these nethods of connection, the slider 52 nust be fixed to an
roperating jig or the like in the ultrasonic join process. For this reason,
an aperture (indicated at reference nuneral 59h in Figure 12), through

whi ch a push menber (not shown) acting on the slider,52 in the direction of
arrow P in Figures 11 and 12 is passed, is provided 1r1 N@VaZU@Bam 59 to
push the slider 52 against a fixed tabRe (not shown). [0006] This aperture
puts restrictions on thinning the configuration of the point portion of the
| oad beam 59 because it is formed in the point portion, and makes a
reduction in the weight of the load beamdifficult. For this reason, a

sol der ball joining nethod to be described infra has been proposed which
does not require the ultrasonic join process. [0007] In the background art,
however, the construction of the HG assenbly adopted in this sol der bal
joining nmethod is the appropriation of the HG assenbly adopted in the

af orenenti oned 4 gold ball nmethod, a top view of the construction being
shown in Figure 13 and a sectional view taken along index |ine 105-105
bei ng shown in Figure 14, respectively. [0008] The slider 52 in the figures
is fixed to a flexure tongue 59a, formed by a pair of slits 6la and 61b of

a flexure 59 and_an aperture 61c_cgnn .01 hem through an insulating
sheet 60b, a of -f K e Eg%'the fl exure 59 through an
i nsul ati ng sheet 60a. [0009] The | ead pad 54, which is one end portion of
the leaqop41jis formed to have a large area and is disposed at a position
adj acent to a bonding pad 63 provided on the slider 52, while the other end
portion of the lead 54 is connected to a nmulti-connector (not shown) to be
caonnect dd ieddaRtekber Ha®\WHCR] And the | ead pad 54a and the bonding pad 63
are joined by a solder ball joining method to be described infra, whereby a
sol der edripor pireBe®¥ iisvkatied tdedmebet vieena [WDOXD] dBRkt FPRGHREMShar’l, the
Ipoi gt pgltii 5%%? rtTiRGS?tirqg{-_uréZbe_ Houa ki ag aigtlhﬂférmsmhagmngisshfeﬁt 60a
aid under the p s shgwn e : Fides due head he
fol | owi it REASE s . Ofrhgt eeaga]é%d f%lhsg(ft aEE Eli‘%i §&|r glgég Qf, the i gsylating
sheet 60hengerorigp nAhey beef Sldgr( &2 Posl'tYon indrcated a_br oken
line in FegirdEntd sursackhaf ithei baafli gheld PRI ANE r &Aye é?ﬁa‘S(C%/fBFFl%ﬁd in
Figure 149 qf g | gafbPadaSddiniowenereinat e srafegaiedt heo r ear &ndCwil |
protrude_| nr{rtlbhl%ﬁ.)di rh%g,tiingng!g Al LPY S begause @fisan safuetuddl i ngnd  a

manuf act U7 he "spacin etween the rear f thi and
the poi MPaPBFIGOITinga BECHUE §PFH§?£522¥% s%%ggo%frklbﬁ%ggﬁg Rafl efe

. ens %ﬁ R,M, S0 that t he
f I uct uat comsthatt idve gfoiantt learreofos28 1 FeC v MydHEed B Sdthgulati ng
sheet 608c@@gridEdN SoMothdTopay edlf wehé potuk portion pofi i A§athd 18Fi der 52
to the flexure 1qnae 598: AN Wild s9ause pagasmpdiney 1tadopady . [0011]

[0002]

[Background art]

A Bent Lead method and a gold ball method, for example, are

hitherto known as a method of joining a slider and a lead line.

[0003]

In the Bent Lead method, as shown in Figure 11, the point
portion of a lead 53 is pressed against a pad 63 formed on a
slider 52 by the wedge 58 of a ultrasonic bonder, and in this

condition, ultrasonic vibration is applied to join them.



To avoid this incommodity, the rear end of the insulating sheet 60a is
rpreviously extended in the direction of arrow S so that the point portion
52a of the slider is nounted on the insulating sheet 60a with reliability.
And by interposing the insulating sheet 60b with the sane thickness as the
i nsul ati ng sheet 60a between the fl exure tongue 59 the slider 52, the
slider 52 is prevented frominclining. [0012] [Pr oa ang] 3ol ved by t he
i nvention] Although the point portion 82a (Figure 14) of the sllder 52 is
nounted on the insulating sheet 60a, as described supra and is fixed with a
conductive adhesive agent 65 in the sane way as the other places, there is
a possibility that this adhesive agent 65 will protrude fromthe joined
portion ando@bntact the | ead pad 54a, the bonding pad 63, and the sol dered
portion 64. Also, if the |ead pad 54a is sufficiently spaced fromthe

bodi ng pad 6 rder t o, prevent. thesa i ent . 6, éng
the | ead g% ‘3‘% rerhe‘—’”}ds’ al% E‘Cr?]bl é;}r%(it hgtggg'o ggp?ﬁ% %:%n%?c{{‘frgnrasrp\?\f]% bad.

(0013] InléddFB@ohads?%c@ftﬁeséFﬁﬂ%r 5220 ¥R RP T (B T8 fHe 1 o 59a
t hrough t be amsukaspogeghedta&Oit winhprbeigiie thi eRAksSthsrt Ae ﬁﬁsubatlng
sheet 60ar,ife a%%hghtgdooéééf@é‘s of ahhe Honeiay padebF @r ovpgetcan the sl ider

52 becones_hi gher_than th 54 S0, tAhat co d i
nove bot hS¢RB %Ft%7e¥hgpved neér ggﬁ% T eon qﬂlark g%onﬁ?ﬁd Lhd %8£$orned

on the sl pdetioe <P% shratnetdly 1r1é‘§t r-r’iﬁczt dgasfrd 6HF9 3 FPH‘?’Ee‘aa]ar%}éa%%n be
ensured f aeacaatespad. s@oht kes otherelwmmaodeheah@adhypadl B, hds envaghedpace

and a w dg QERQt'%hS”EH&eés BY i Ss1ieRson, thet hesd sanaci pyrofod hetl ead
pad 54a b%ﬁ??@?éﬁ e 8t C%ﬂgarﬁgtH‘SPetgngQQ'ﬂ QRQHQQL Senddesp 11 fear

t hat the b&PRedh-8 FPSe 'A° eratu Leqperature
will occuithieaosd| Hall reethrd eﬁﬂF\MQH“qdnéﬁthQPeéﬁl$8r§B?geF?hﬁe 8515]
Furt her no@trhbensolwieresd apdr fionsBed shrinks with a reduction in
tenperature after join, so there is a problemthat a warp will be produced
due to thi ﬁgrlnkage and the rigidity of the flexure 59 and. the HG
assenbl y 528 { be supported at a predeterm ned posture. [0016] An object
of the present invention is to provide the construction and the

manuf act urinngheethadtbbds hef H® msisiny  diiet #Bliderob 2t BasSobdefl igH| to

j oi ning ”EﬁhQanthhg OME G fige t hElse var itaes uirebkensc [j6Qh 7proceSsnmary

of the Invg ’}“@rﬁt e 88EA, dagge, plsl‘:ieufél %%H&Eéaeédtae iraverthea tnlﬂlﬁtreQaHS
ucture

provided a str or suppor

ider. sal slé er beg % e
such that 3% c¥h BéInbYed évogg“ig recordlnggéurface of |sk 0 di sk
appar at us,aqti@gsenuther 81édapr P3i HYy: the SHERITICN |Hx & Hali Ag 5H9§5€Pture
and a fl exur eddonguésbeasgefipsiti pnedidadhin atldaad gregjme Sds tionteasthhéhe
aperture subgtanshablyihdt the iseechbase @st tdiwaperture, for attaching the
slider to the flexure tongue in a predeterm ned direction, and the elastic

[0006]

This aperture puts restrictions on thinning the configuration
of the point portion of the load beam 59 because it is formed
in the point portion, and makes a reduction in the weight of
the load beam difficult. For this reason, a solder ball
joining method to be described infra has been proposed which
does not require the ultrasonic join process.

[0007]

In the background art, however, the construction of the HG
assembly adopted in this solder ball joining method is the
appropriation of the HG assembly adopted in the aforementioned



flexure functioning as a suspension; and a plurality of |eads supported by
'the elastic flexure such that an end portion of each | ead having a pad
faces substantially perpendicular to a pad joint surface of the slider, and
wherein the aperture is fornmed such that at least a tip of each of the pads
is included in the area of the aperture. Another ?f;iegl ngd{ﬂ"f i nvention
provi des a head gi nbal assenbly for noving adjace t di ng surface
of a disk of a disk drive, the head giﬁbal assenbly conprising: an elastic
fl exure having an aperture, and a flexlre tongue bei ng positioned such that
it projects into the aperture substantially in the sane plane as the
aperture, the slider being attached to the flexure tongue in a
predet er mgodd talechediod ard tdye veleas bifc theerunet furicitdromieriggashawn in
suspensi Ofij ¢& rel '1qeran§lur%\pc§é&('10‘ﬂ'alt he 6! %%tk'eﬁ f Ileasgr enabd fioheedowiihsa
plurality of fir ﬁ urallt¥% | eads Supported by the elastic
flexure sREH"OnhE 03 H%&ﬁﬁBVilé ' of CBREHETEHY ‘havi ng a second pad faces
substantially perpendicular to a pad joint surface of a correspondi ng one
of the pl yromloistyy of first pads, wherein the second pads are Iocated in

proximty to the plurality of first pads, respectively; and wherein
the aperture is formed such positions. that the first and seco pads
are adj acemt® 5 14FE |52 Ilﬂdeae l?’f‘r’ee%re% ngxe e akr {lLﬁxélre S PINGL Egr"l

aspect of fidymednvanta arpipr o dekits nakal andGke br i 9k, acbhprise ng? andi 8R; a
head gi nbadpea&sle@blqu‘ OtonMaG gl adpaciin,t octarduetor ah NdnsuldvLeg Ofshicke

di sk; whergj 3\% &gﬁg ghakal s A D CHTREHSES: A Pih fec sfd enyeqhavi ng

an aperture exure to el ng positioned suc it projeécts
into the éﬁeﬁfﬁwea§65§t§ﬁﬁ?Eﬂ %%I n the same plane as the aperture t he
slider being attached to the flexure tongue in a predeterm ned direction,
and the elpxtdag fl exure functioning as a suspension; a slider supported on
the elastic flexure and formed with a plurality of first pads;
The lead pad 54, which is one end portion of the lead 54, is
formed to have a large area and is disposed at a position
adjacent to a bonding pad 63 provided on the slider 52, while
the other end portion of the lead 54 1is connected to a
multi-connector (not shown) to be connected to an external
unit. And the lead pad 54a and the bonding pad 63 are joined
by a solder ball joining method to be described infra, whereby
a soldered portion 64 is formed therebetween.

[0010]

On the other hand, the point portion 52a of the slider 52 is
mounted on the insulating sheet 60a laid under the lead pad
54a, as shown in Figqure 14. This is due to the following
reasons. The rear end (left end in Figure 14) of the
insulating sheet 60a may originally be formed (at a position
indicated by a broken line in Figure 14) so that it is aligned
with the rear end (left end in Figure 14) of the lead pad 54a;
however, in this case, the rear end will protrude in the
direction of arrow S because of an error during manufacturing.
The spacing between the rear end of this lead pad 54a and the
point portion 52a of the slider 52 is set to tens of um, so
that the fluctuation that the point portion 52a is now mounted
on the insulating sheet 60a and then is not mounted will occur



and a plurality of |eads supported by the elastic flexure such that an end
'portion of each |ead having a second pad faces substantially perpendicul ar
to a pad-joint surface of a corresponding one of the plurality of first

pads, wherein the second pads are located in proximty to the plurality of

first pads, respectively; and wherein the aperture is Ho hat t he
first and second pads are included in the area of the g lqsgpéqﬁnleferred

enbodi ment Figure 1 is a top view of a hard di sk apparatus 70 showi ng an
enbodi nent of the present invention. Id the figure, a disk 71 is supported
integrally on the hub 74 of a spindle notor 73 nmounted on a base 72 and is
driven to rotate by the spindle notor 73. A HG assenbly 1 to be descr.i bed
infra is forfedihgt éhealdyidsirt 52 toi Ith§up%kﬁ)tur@or‘%qr%ﬁ\le755%andaflfieé’f]yu

rot at abl y. suppordLdmBYidyr 06 adddg shaft 76 stood up in the base 72.

[0023] This coil support 75 hol ds a coil 78 at the opposite side fromthe
HG assenbly 1 with respect to the rotating shaft 76. This coil 78
constitut&80hlloice coil nmotor (hereinafter referred to as a VCM al ong
with a magnet (not shown) fixed above the coil 78 to an upper magnet

30' di ng D&Q]E gvdia fiped inRohbeaha e] TiRe arshF Girat ©F the hHEsassenddysieétn the
irection arrow Bl or ;Not &t o
A &5 Oﬂr%\fl?‘f'ﬁelyupeﬁ(et[en%eﬁ (Rl NRtel 1J>:rk %‘f € rvodt € 4PPERat

essentlal

t' nofdrn IS cu out a d shomm
for convehh@ncEOlWMeIé%ﬂépﬁal5ﬁérn95e|ﬁ H%MHP dﬁerREH Fin
| ower nagmﬁguh@&thm;nﬁéﬁ<5qaun1tmhamﬂpab@alhmld|ﬁgdabnagnQ@r@@m%@th$¢ng
the E/C'V' Efa %é}%&@%%tﬁﬁ e G t?ﬁclk&e@é ous deﬂeumdeﬂlahﬁngoh I
78. [0025 orti of_.t he H €£5 25 nd at
‘pr edet er nPHEGT ?t =Sh ef§F|35rC%§5§E?ﬂ§ Fad S%ggéaéégngzwwf??ng a
si gnal , d@é@ﬂﬁﬁeﬁ2|h¥m&evaméeér§9?ﬂeﬁ“ﬂvﬁ€ﬁgthe HG assenbly 1 rotates in
the direction arrow Bl and noves over the recording surface on the hard
disk 71, theg,shider 25 flies over the recording surface of the disk 71 such
that the head is opposed with a predeterm ned space to the recording
surface. [0026£ A ranp 79 di sposed on the base 72 places the tab 17 of the
poi nt  por tPERPAEME hed HRES £S5 &iPH PY 1R Rt BEN N the HG assenmbly 1 is,
unl oaded and is at its hone position. [0027] The aforenentioned descrlption
has been m@ﬂaoqghtBgeaﬁgyﬂptp&w&i&ﬁﬂszduxﬂﬁ@udedusk 8f itbeasdidgleS@néssi ded

di sk. Fb“%\ lnted o% the insulating sheet 60a, as described supra and is
fixed with a conductive adhesive agent 65 in the same way as
the other places, there is a possibility that this adhesive
agent 65 will protrude from the joined portion and contact the
lead pad 54a, the bonding pad 63, and the soldered portion 64.
Also, if the 1lead pad 54a is sufficiently spaced from the
boding pad 63 in order to prevent the adhesive agent 65 from
contacting the lead pad 54a, there is a problem that soldering
conditions will go bad.

[0013]

In addition, since the slider 52 is fixed to the flexure tongue
59a through the insulating sheet 60b with the same thickness as
the insulating sheet 60a, the height position of the bonding
pad 63 provided on the slider 52 becomes higher than the lead
pad 54a, so that it becomes difficult to move both close

together.



when data is recorded on both sides of a hard disk, another HG assenbly for
hol ding a head that scans each recording surface is prepared. The other HG
fssenbly is fixed to the coil support 75 at an overl appi ng position spaced
a predeterm ned distance fromthe HG assenbly 1 of Figure 1. [0028]
Furthernore, when data is recorded on a plurality of doubl e-sided hard

di sks, they are integrally supported with predeterm ned spaces in the
direction of the rotational axis of the spindle notor 33 aqghr 74. And
HG assenblies for holding a head that scans each recor iL are
prepared by the nunber of recording surfaces and are fixed to the coi
support portion 75 at overl appi ng positions spaced predeterm ned di stances
fromthe HG assenbly 1 of Figure 1. Since this structure itself is well
known in theobagkground art, a detailed description thereof is onmtted.
[0029] Figure 2 is a perspective view of the HG assenbly 1 show ng the
enbodi nent _of the present inyention, iLle_Figure 3 is_an expl ode .

per spect i vEOTF&WPEHO iﬁb paR %T%cﬁ@@'gghpoﬂ%ﬂﬁﬁiopnth gekﬁﬁd5§§nbg§ 1*5 t he
conponent sspathylly seestwiisited andsegligneelinosdblanea cae beganesrednfor
actuator ae#tR padf oasectHdiotWed! h¥ndi t Bhéhtesd GLIBAE aBBdehOIGNS

t
portion 75 i gu )...18 freely. raqtat y p. b h tating..shaft
76 (Figureaég;ga%gd%sa%éﬁV%%%%§%fﬁ§'vcﬁpk(6@5%}8%#§8He¥8%hg?gﬁaﬁébggfégad
beam 6, a RBUMENG§HdatRAY 54 dPRCINS LTESTESL CUMARES iHHR privicbed Hted
rel ati onshppddéscr sbedhereais mnffear phati chleadiffehend®adetiesam 6a aniksé he
flei<_ure ioiﬁnﬁémbélféﬂg:@rhddntgea&@ .ti}ipeeﬁyéz?@ﬂ&é)Rvitﬂﬁlo‘é%l%hr_mﬁeﬂi '%]fdea,r .
portion oad .heam 6. is o] . e plane portion 4 o
t he actuatggkééﬁgfhggcJHthéchﬁede%%%ggx%fg?%§g§é§0ator arm2 is aligned
Wth the index line 102 ( Figure 3 ) of the load beam6 . This | oad beam 6
s’ made, foPO&Xanplie, of elastic stainless steel with a thickness of 0.038
to 0.05 nmsuch that it is thin and Iight in weight and hol ds necessary
gl dity. O3l A R el er BNSE AOTLI AN AL §NCchPRRPSARI. o Wbl L Fofie!
bonded to the actuator arm2, 1S forned wMth a .generally trapezol da
portion 11'BepFBBEERtIRSt ARLEDH- ARY2 dofif &PF@Eti|1§ﬁp§9%%ﬁ%a%%%ﬁlQaYﬁigsing
process, awWdliubehpredwecd bbid walddsisaal Bgnkagel engi thei nagiditecef ovhare
bent, excl fillergra E¥t agd. 1Ehadjreassbnble cdget9 had dupgoarteed wct ha a
flange 12 FEggggg&ﬁQneéIﬁ@@Qg¥eenhancing rigidity. The portion 13 not fornmned
with the flange 12 has elasticity and constitutes a hinge portion. [0034]
In addition, within the depressed portion 11 of the | oad beam 6, an
el ongated &PPiplic regulation hole 14 is formed. The plane portion of the
| oad beam 6 cl oser to the point portion than the depressed portion 11 is
formed w t hna gbhgkat pb¥ot the ppekeehtngintehbonipwas d dbreptbendof thgure

3, descri beengeia&i&wgn&rmge,ma%h%aeehmn?g?\teeitﬁadofoft had oggl Qgeg&%}e s

formed with a,t 17. [0035 e ugti ng .pl. 7.and the.fl exur
ot ol nedusshBhe  Fant ShE kol dS s Batn, "B iRiRbT nbefBY { MRiLE RV SRS

di sposed these various problems.

[0017]



12 such that its edge 18 is aligned with the index line 102 (Figure 3) of
the | oad beam 6. And the flexure 8, excluding a portion fromthe index |int
103 (Figure 3) to the point portion, is joined to the |load beam6 so as to
cover the trapezoidal depressed portion 1]1. [0036] Tﬁngrmﬁi s made,
for exanple, of stainless steel with a thickness of u nd has a
desired elasticity. And an arch-shaped aperture 19 is fornmed fromthe

j oi ned port geRmapy\ef e thenfiGR- 0l ned portion, the central portion of the
bottom of this aperture 19 near the point of the flexure 8 being forned
with a flexure tongue 20 protruding toward the center. The nounting plate 7
may al so be nadeglof st&i’lnl ess ftﬁgll .Of E.he same naterial as the fl exure 8.
[0037] An i Tt 25Puanes yith ap aspeet oY, e invgption thete js prayided a stretws far SYPROSHRE ng
4 | eads 32 4 elideh, said slieEbeing Mchted isBethat it Bsh BORRVeBSlo8O1d MRk ol Y sificd8E
contact one apother, One end of each lead is arranged in a row in order to
constitut e adighof p diskeppEews, the sirpciPre3ompyiBinge t he ot her end of each | ead
is set so that the individual |ead ends can be connected to the pad-joint
surfaces of 4 bonding pads 28, 29, 30, 31 (Figure 6) forned on the slider
by a joi ni ng net hadelassdidxbechavirg an afefits ind\adlektve tpngue leingpositivhed such

34t & cur B pBPEn e (EE RRPTEP TyOURT AL, Polbeptis BRSO 16 HHbgd o

the nounti ngtaehingehd slider ®hheldxirdtoagne i a HodktéAnRPirt@dn, LA@Fh GlafOom
the curved portign 36 to the termnal portion 37 of the insulating sheet 33
(excl udi ng Heere fingtoning as # suspgwjon; aAdl t he other end of the lead 32 are
bonded to the flexure 8. Note that the other end of the lead 32 is bonded
on the flexure 8 t hrough an insul ating sheet 38. [0039] In the slider

25, a magnet o r esd pluralidy loé dehds lseppoirted ftyethe et fleglure suels theat alvRnd qador6f f or

readi ng out t . e ro- et.l¢ i nduct.i an ite head 27 are

provi ded at eagﬁel%e(fg%&lgggoé aég}éaic?si %EP%?”L‘%@@BE‘PFQ‘@F@% %‘lé 29Ut sripes of thiur e
are shown fgidecandeni ence and therefore their positions are not correct
ones ) . Each head has 2 | eader lines ( not shown ) , the individual |eader
| i nes being connected to 4 bondi ng pads 28, 29, 30,e31 (Figure 6),
respectively. Andwhdiein thiagerturdSs iforniddx @home: & feasthedptdt &g Jr! (R B0l is
tongue 20 with an adhesive agent. [0040] Next, a description wl e nade
of the nut uBfludedindle areapf Bre aperetier 1 exure arms 23, 24 constituted with
both side portions of the aperture 19 of the flexure 8, a pair of L-shaped
apertures 21, 22 formed near the point portion of the flexure 8, the ginbal
pi vot 15 f ohmsheraspedtef theaidvérdmmBovitérea bédddgmbabassembilydfot matvivey &djsoenr ©

orove, 0 R0 L LR ke BB B0

a sectional view taken along index line 104. Figure 5 is a perspective view
of the point portjon of +he HG assenbly 1, the_slider 25 being attached to
the flexure tongd® %?lc [t%&rf]hai"wgtaﬂeapf%ﬁrﬁ’ Hgg?rﬂﬁ’fur?ﬁ@‘%‘?r?ﬁg‘lg HﬁSU’(S‘Pe‘iSHC
(Figure 5) that if projets @so thespeitnedubupiially on tid@ntd fake E@{'Plg,apéxkﬂ@ref hexyag 8

i's bonded to.the ll?gdgqobtg? 6 until the index line 103, an he flexure arns
: a

23, 2 4 no tb%ﬂ@ﬂ i éPllef(’%&Hf?dBrat prpﬁ@emnig%hiiiéeqﬁ@ﬁgw thg elastig flexure
conti nuous fiR&foRk: aslaQdnsion:

a slider supported on the elastic flexure and formed with a plurality of first pads;
and

a plurality of leads supported by the elastic flexure such that an end portion of
each lead having a second pad faces substantially perpendicular to a pad-joint surface of a
corresponding one of the plurality of first pads, wherein the second pads are located in

proximity to the plurality of first pads, respectively; and



Wth the join between the |oad beam 6 and the flexure 8, the flexure tongue
20 is supported at one point by the ginbal pivot 15. This abutted portion
is on a 100x axis (Figure 4) equivalent to the |ongitudinal cent éi ne of
the flexure 8, and a 100y axis passing thgough the abut ﬂed NGVIﬁO nd
crossing the 100x axis perpendicularly is°Shown in the sane figure. At this
time, the flexure arns 23, 24 are slightly warped, whereby the flexure
tongue 20 is presqmerefDfhknpbrtiregs Hrmkalsugi Hat Ré&ior{sQQéH]le & afili s d%@dé S
di sposed on the flexure tongue 20 such that the central portion of the
slider 25 i greadipsentrie ped inglugedinithe areanf theappdurei on abutted by the gi nbal

pi vot 15, as shown by a broken line in Figure 5. Wth this, the slider 25
beconmes rotatable slightly with the 100x and 100y axes as center, and a

pr edet er m n¥et dridtheriaspeat of the imehii@nprobries rbardatisisdrite; comPldhy: The 4 | eads
32 are fixed to the flexure 8 until the front end portion 37 of an

i nsul ati ng sheet 33 and are also fixed to the flexure 8 through an

insul ating sheet 38ispt the portion of the platform 39 of the forenpst
portion of the flexure 8 |located on the opposite side of the flexure tongue
20 across two apertures 21, 22. [0046] Between them the 4 |eads 32 are
bent two by two i | LS r r 0 the flexure ar 23 4 .and
float in the air gggegdsé%(ytap?%e%grr}i%gtn%ﬁ g o) gfo.arec gcﬁngf{;r‘rzaciend&‘ité? 8’&&1

ot her end pwhticonihe btad gimbabademBY, copprisest t wo by two, are curved fromthe
platform 39, through two apertures 21, 22, and toward the flexure tongue
20, respectively. Furthernore, the end portions formlead pads 41, 42, 43,
44 in accordance i élasticexReshdviidin SierluAS agd af ' glﬁ&ﬁ:

30, 31 (Figure 6) forned on the s id?ré_ 25’.t h((i;ltg ﬂiess(ﬂgtt?gécl%le%w‘%o t leogtg?g&;%re
tongue 20. fhebitProiveie inteshe gnesurosubsientizibiin the sameplage 85 thesapierfuysathte slider

part 11 oat soeirg eidengh (T Aokl oRR0e REebREGba Al dng B bl AR

sane as t hefunonehingapashspénsiothe ot her | ead pads are al so constructed the
sanme. [0049] Now, a description will be nade of a nethod of electrically
joining the bonding pads 28, 29, 30, 31 (Figure 6), forned on the slider

25, and the | ead pslithr éippoft2d od 3he ddsticHlegurecard) fosthed Wath4 pleadsy (¥irst pads;
respectivel Xf@g[ 0050] Figure 7 is a part-enlarged view show ng how t he
bondi ng pad of the slider 25 and the |ead pad 42 of the |lead 32 are
joined by the solder ball joining nethod, the section of the HG assenbly 1

bei ng shown at the sane position as Figure 5. [0051] In performng

sol der-bal | j oi nihpluraliie of eads supported biyatbe clagtc Sexurhsublo thiit ay epd doBtonaefd
the j oi ni ng.sHhdA I ried wifh.th

assenbly 1 tEFi gur gﬁ‘é?%ladns%})ﬁ] dstg%% S’?ﬁsg?’nl%%ﬁglbg{?r%#%gglg} %’9aa¥\édt éntasrﬁrﬁgto%bout
45 degr ees corkgponding one of the plurality of first pads, wherein the second pads are located in

proximity to the plurality of first pads, respectively; and

wherein the aperture is formed such that the first and second pads are included in

the area of the aperture.

Preferred embodiment

Figure 1 is a top view of a hard disk apparatus 70 showing an embodiment of the present
invention. In the figure, a disk 71 is supported integrally on the hub 74 of a spindle motor
73 mounted on a base 72 and is driven to rotate by the spindle motor 73. A HG assembly
1 to be described infra is formed integrally with a coil support portion 75 and freely
rotatably supported by a rotating shaft 76 stood up in the base 72.



relative to the direction that can take advantage of gravity so that the
‘surfaces 29a, 42a are substantially perpendicular to each other. [0052] On
the other hand, a capillary 46 forns part of a solder ball joining
apparatus (not shown), and its point portion is disposed at a position

adj acent to the bonding pad 29 and the |l ead pad 42, with the center axis
104 of the inner cylindrical hollow porgion 46a supponft [ irection
of utilizing gravity, i.e., at an anglé;of about 45 gfggpnugpﬁafhe
joining surface 42a of the | ead pad 42. [0053] The sol der ball joining
apparatus stores a plurality of spherical solder balls 47 and sends out a
single solder ball 47 to the point end through the hollow portion 46a after
the capil [4PY346 has been 1ocated at the aforementioned desired position.
At this tinme, nitrogen gas NZ is caused to flowin the direction of arrow

a, therebyny59:89) t Bepstdefs balilqAh tQ OV idt W%@%b@ﬂe%wegf%ﬁty
and al sa rgacgﬁs t he gfln# gortlon of tq§ ﬁgplll%r%.4 aﬁd thﬁg sl% htly
presses th8%sHPABFSERPTY 47 UbHh tTHPITt % 1@ 75iAY S0P Fhck® 29atBtSt he
bondi ng p&@i2978nacrsielfudian g veuckacei428069r t kel idd fivgd 42fefped4foln
Ehii condthanchEea$oh@eWibml& maﬁmémguaﬂpaﬂaﬁug eitixes ha?eé thghboilh )
i ndi cate J iR Ri e : r r t he
hO||OM/pO?€i§ﬁ 5@ ﬁéﬁé%[ﬁ?éé%ﬁ ﬁ0§?§H36PZ%E%?é jﬁggﬁi%% t?%eggé |9?09$gf|OML
Wth thi s TPERFER, DR ASTERPEAI | 4% TIF (0 EGrd SRAt 81 MEEYad® Gin€lsur f ace
29a of the bonding pad 29 and the joining surface 42a of the |ead pad 42,
t her eby foqooeag a sol dered portion 48 shown in Figure 8. Note that the
nitrogen gas Nz, flowing at this time, pushes the 17 nelted sol der
agai nst each johnin surface and al so covers thg%ﬁolden and prgvents
oxi dat | on \PREr EBFC [BOBH] i 16 Tre URPGFeREACTOHEN HE 15Bef TAEEE! MBRET W ¢ h
rel ati on M@9nRE basding pdaheng7t he bohdiong pad 2hoph tiee siongenigbcand t he
| ead pad 4Reofextbenbbafod® Méidy asis@inddly Raldrokidhe ljiaen batweenapadgent

each of the Rept hab1RhAGESphardl Seng¥eCUhEdn | he SR LRY 4 EhANIL NOnhBRet

position of "plagi the capLllary 46. [00Q%6] Figure a 10 e .
constructfgﬁgaﬁg ?gm%'§W% <h6.%50 ¥ﬁnpéf(£iﬁﬁn§ﬁ§°8Fat%8 ggﬁf?%gia??oﬁsof

| ead pads PAPViRAPBUEPAeM then Ioiidur/8-9, a lead 66 is continuous to the end
portion of a |l ead pad 65 having an area where its heat capacity becones
nearly thego9aBg as a bonding pad. This differs froma |lead pad 54a in
Figure 13 fornmed so as to have a wde area. Also, in Figure 10, the w de
end portion 67 of a | ead 68 has an el ongated configuration, but the |ead
pad 67a offEn@oPIENPORELPRoATI SPENEFMEPPFTRLY bf f‘og%mat Rélfiead?88 BYda
groove 67kt whredebgrmheetheazesiddpasi oy béeombidararhsadshefogameaddng bohdi ng
pad. [005&ndTheifreagi agsagnhbe dbeatiwapanifing,| areegroyitiba. sawRenCcanebe

j udged by g, SddeBiGhangsehBeanial e 01 FONIHALIAN p3UGRAAROLEE over

ned, but’it is pot to be limted tq this jud nt one. It
shoul d be efﬁgpgﬁéagmfaa?§0? 5% hER e AR Uk 1L e SdpaaFt 2do HiePhe
| ead and BYRF HYepHECITdbRI [ DUHSICH Adv&heagéskol 1t fiech rihait ithe] haeddoidi ng
to the pregpoisednwethi ®nprddecapdhedr 8pa@e it ey irdedrdhnersdhéadeead pad
42, as shown in Figure 5. Therefore, even 18 if an adhesive agent
bondi ng th%0 | ider 25 to the flexure tongue 20 protrudes fromthe joined
portion, &€ 1i's no possibility that the adhesive agent will contact the
| ead pads 41 to 44 and the bondi ng pads 28 to 31, because the adhesive
agent wilIa beampves dawpeaed bnomHiehebagper Tur eld2es Fahet hiad rigason, thiee
llead pads ghlifft0 A4r£Aih b&TOYRd CHOS@&@nbie bPNAiNG-RAdS @fed 0 tdke Wyhout

restricti 0ansss'embly 1 is unloaded and is at its home position.

[0027]

The aforementioned description has been made on the assumption
that the hard-disk 71 is a single one-sided disk. However,



[ 0059] Also, the slider 25 can be joined directly to the flexure tongue 20
‘wi thout an insulating sheet for adjusting the height of the slider.

Therefore, the bonding pad 29 can be disposed in proximty to the | ead pads
28 to 31 with respect to height, so that soldering can easily be perforned.

[ 0060] Since the apertures 21, 22 (Figure 6) are for i xure at a
adf 1 NOVT268

position adjacent to the sol dered porti®n between pads ty of the
flexure at this portion becones weakened and therefore absorbs the warp
produced due to the shrinkage of the soldered portion. As a result, the HG
assenbly can hold a predeterm ned posture. [0061] In addition, according to
the present invention, the |lead pad is designed such that its heat capacity
i s nearlywhhe date as trbatrddd tdre Hagridisiglgsadf BhdvaetloddéskwhenotbedelG

refl ows, asgeﬂpgyatfafenauéﬁn@ng fieh@MRAGLAL Yeandr @achn Reblapagssadyanse

substanti gl I y 5| rrul td?neo 80 rth%tG sggégfbaﬁ} OEX Sﬁ)%%l’l P9 GaL b8011

per f or med. 't her S|nce t here soni C j ol n process,
there is ﬁBPB@éEI '8 3% @IheOS‘PFH@?P“FbrP?‘f"n%%l?réa%ﬁcecﬂ hér@ﬁe§eﬁ6rml&9d need
to form adiapentdar erddridiggliconas sbmalyrehbef Higurpudhi ng t he slider agai nst
the | oad beamis passed. Therefore, the configuration of the point portion
of the Ioig Qg?m can be made narrow, whereby a reduction in the weight can
be achi ev Brief Description of the Drawings: Figure 1 is a top view
of a hard di sk apparatus 70 show ng an enbodi nent of the present invention;
Fi gure Zursharperspecwwh&e viewaof id heagbogidedal rHG)a asseénbhyitly showi ng

the enboda%a&eoélam %@aerﬁléw&ve%h@p Elegumté’gfasll@n 8% &Ld@éh with,
perspective view sh OV\% t e %lg] nentos the ro}astlo erlrbl%;
the conpok&Af'S-GEMAY® e@rrﬂ‘l“ n §§ﬁu heR: OFi it ga?f‘ &nPhr ged
view of t k&epdimindder tniwrof 73 hbY HEhes it Y41 best HE hesspnbbieosips
attached; hbilging a imeadl seGli ehansviewnt akevrdaiogg sundexrel iame peépanedi gure

4; Figurep ithed MRembeReGl YRckir@Wngf shb@a@@g nan@oakéomﬁédths Effe] cagsenbly
1, the slider 2§ bei ngtattachs;gi to f:] e flexijre i ongu ure _7.is.a
b

part - enl afgef“Vi-ew SR6WHY t he” nei §hbor Ro0d OF° tite boidi ltglomgd 2§ ofzeflhe
slider 25PiRdetREMiReY Fadtancet LheM &3¢ 3t RAFRPYY | En rﬂetg biIer ot der
bal | j oi nisagceettivid; Four®wu® | steeldi ags amedAoviinmyra sol dee pgwckigerupdi ned
by the solader, halikthoi&d ngsdtipedonFtBeréod is omia@eatructi on di agram
show ng anot her enbodi nent of the configuration of the |ead pad;"’

[0029]

Figure 2 is a perspective view of the HG assembly 1 showing the
embodiment of the present invention, while Figure 3 is an
exploded perspective view showing the stacked components of
this HG assembly 1, the components being disassembled in
sequence. '

[0030]

In the figures, an actuator arm 2 is formed integrally with the
aforementioned coil support portion 75 (Figure 1); is freely
rotatably supported by the rotating shaft 76 (Figure 1); and is
driven by the VCM.

[0031]

Oon the other hand, a load beam 6, a mounting plate 7, and a
flexure 8 are bonded in a predetermined relationship described



20 Figure 10 is a construction di agram showi ng anot her enbodi nent of the
*construction of the lead pad; Figure 11 is a diagramused for describing a
Bent Lead nmethod that is a conventional joining nmethod; Figure 12 is a
di agram used for describing a gold ball nethod that is a conventi onal
joining nethod; Figure 13 is a top view show ng part t he constructlon of
a conventional HG assenbly used in a sqlider ball joinfﬁb and Fi gure
14 is a sectional view showing part of the construction of the conventional
HG assenbly used in the solder ball joining nethod. [Description of
synbols] 1 ... HG assenbly 2 ... Actuator arm3 ... Aperture 4 ... Plane
portion 6 ... Load beam7 ... Munting plate 8 ... Flexure 9 ... Edge 10
Planelﬂg&blon93§t10u1 esged payald omebhd . .6 Amangeht3 flexhirages

porti on 1% stl5§g9$$ﬂhgﬁxﬂz a%Stﬁﬁe Siaals ot 17 ... Tab 18 ... Edge

19 ... I'éxure tongte 21 . Aperture 21 22 ...
Aperture 23 ... Flexure arm24 ... Flexure arm25 ... Slider 26 ... MR head
27 ... Wiro@e3shgad 28 ... Bonding pad 29 ... Bonding pad 30 ... Bonding pad
31 ... Bonding pad 32 ... Lead

The plane portion 10 of the load beam 6 is fixedly joined to
the plane portion 4 of the actuator arm 2 such that the edge 9
of the actuator arm 2 is aligned with the index line 102
(Figure 3) of the load beam 6. This load beam 6 is made, for
example, of elastic stainless steel with a thickness of 0.038
to 0.05 mm such that it is thin and light in weight and holds
necessary rigidity.

[0033]

A predetermined portion of the load beam 6, which is not bonded
to the actuator arm 2, is formed with a generally trapezoidal
portion 11 depressed in the up-and-down direction of Figure 3
by a pressing process, and furthermore, both edges along the
longitudinal direction are bent, excluding a portion 13
adjacent to the edge 9 and is formed with a flange 12 (Figure
4), thereby enhancing rigidity. The portion 13 not formed with
the flange 12 has elasticity and constitutes a hinge portion.

[0034]

In addition, within the depressed portion 11 of the load beam
6, an elongated elliptic regulation hole 14 is formed. The
plane portion of the load beam 6 closer to the point portion
than the depressed portion 11 is formed with a gimbal pivot 15
projecting in the upward direction of Figure 3, described
infra. Furthermore, the point portion of the load beam 6 is
formed with a tab 17.

[0035]

The mounting plate 7 and the flexure 8 are both joined to the
load beam 6. At this time, the mounting plate 7 is disposed



a ,33 ... Insulating sheet 34 ... Milti-connector portion 35 ... Integral
“type'conductive lead 36 ... Curved portion 37 ... Termnal portion 38 ...
I nsul ating sheet 39 ... Platform4l1l ... Lead pad 42 ... Lead pad 43 ...

Lead pad 44 ... Lead pad 46 ... Capillary 47 ... Solder ball 48 ...

Sol dered portion 52 ... Slider 70 ... rd disk a t 7110 Di sk 72
... Base 73 ... Spindle notor 74 ... #E‘ﬁ 75 ... Cgﬁﬁgumng%;ation 76 ...
Rotating shaft 77 ... Upper magnet holding plate 78 ... Coil 79 ... Ranp
22 - Cainms; 1. A structure for supporting a slider, said slider being

|l ocated such that it can be noved close to a recording surface of a disk of
a di sk apparatus, the structure conprising: an elastic flexure having an
aperture, sacd ahatexive tedgguelbeing Ppogingdoneitsuthet hirdgx pidfecdt’™® into
the apert klg‘gg@l@sj And# alHey lidadt heamame plaaae tas thexapers urescXwiirat taachi ng
the slider to.the flexure tangue in;a.Preget QaLaed iy eqll OBpeargbidie

el astic fP8kbFE"f udct onl'Ag 'aS a suspension; ‘and a_pluraljty of L eads
suppor t edpbytioe, elifstitingdext e t8Gchl 23tht PEANerld fb‘grtaisont%f C84ER 1'ead

having a padpéactsalsulestranteal pyripenpdndi cular to a pad joint surface of
the slider, and wherein the aperture is forned such that at least a tip of
each of th%og\gds is included in the area of the aperture. 2. The structure
of claim 1! érein the pad forned on the | ead has nearly the sane heat
capacity as that of the pad joint surface of the slider.

The flexure 8 is made, for example, of stainless steel with a

thickness of about 20 um and has a desired elasticity. And an
arch-shaped aperture 19 is formed from the joined portion
toward the non-joined portion, the central portion of the
bottom of this aperture 19 near the point of the flexure 8
being formed with a flexure tongue 20 protruding toward the
center. The mounting plate 7 may also be made of stainless
steel of the same material as the flexure 8.

[0037]

An integral type conductive lead 35 is formed by integrally
bonding 4 leads 32 to an extremely thin, insulating sheet 33 so
that they do not contact one another. One end of each lead is
arranged in a row in order to constitute a multi-connector
portion 34, while the other end of each lead is set so that the
individual lead ends can be connected to the pad-joint surfaces
of 4 bonding pads 28, 29, 30, 31 (Figure 6) formed on the
slider by a joining method described infra.

[0038]

And the portion of the integral-type conductive lead 35 leading
from the multi-connector portion 34 to a curved portion 36
(excluding the curved portion 36) is bonded on the mounting
plate 7, as shown in Fiqure 2. And the portion, leading from
the curved portion 36 to the terminal portion 37 of the
insulating sheet 33 (excluding the curved portion 36), and the
other end of the lead 32 are bonded to the flexure 8. Note
that the other end of the lead 32 is bonded on the flexure 8



3. A head ginbal assenbly for noving adjacent to a recording surface of a
" di'sk: of a disk drive, the head ginbal assenbly conprising: an elastic
flexure having an aperture, and a fl exure tongue being positioned such that
it projects into the aperture substantially in the same plane as the
aperture, the slider being attached t? the flexure tongye in a
predeterm ned direction, and the el as Pc flexure functi, ﬂlwﬁo %
suspension; a slider supported on the elastic flexure and formed wth a
plurality of first pads; and a plurality of |eads supported by the elastic
fl exure such that an end portion of each | ead having a second pad faces
substantially perpendicular to a pad joint surface of a correspondi ng one
of the plunabuyy &f fddnlatpadsshaderzdn - 23 - the second pads are

| ocated in proximty to the plurality of first pads, respectively; and
wherein the agerture is formed such that positions that the first and
second pa adj acent to are included in the area of the aperture. 4.
The head gi nbal assenbly of claim3 wherein a heat capacity of the first

Eadz gnqunhe@hecaaﬁméy ofs the SﬁE@ﬂdt@adﬁeﬁjﬁ&ﬁfwr Qpeaaaltqh&r@ﬂmfteé A
ar is i cQuprisin i S a,head g r Vi

adj acent t% §¥§8%0% SSsugfacedl?ﬁacphe Q ggr Wﬁg}éjﬁﬁ Xa 9 ﬁ%aﬁﬂg
assenbl y éﬁﬁﬁFFge%ag%ﬁFkﬂ adPdEcEieR ur 8t Hei M ash éﬂer?ﬁ?e Péﬂ81%9qle&%re

t ongue beiprgdposrhimekdpsuichionisat riespprojeels (th® hbéadsapertune figure
subst ant i @lrey shBwh o5 ad®h RIrARR caS ahRetRRLEEdr e, tHNG PolsdelioRei Afe afd@ched
Lo e Tl BRIELORRUE) |1 BaBheRgLE 1LO%E GLLGEL! 90neBN T hcs fhiy 1“0 chLexure
functionin E s?lder e el as |c exure and
formed wi CRUGVAARLI FEg96K }ines “gfitpected to 4 bonding pads 29,

g

29, 30, 31 (Figqure 6), respectively. And this slider 25 is
fixed and attached to the flexure tongue 20 with an adhesive
agent.
[0040]

-

Next, a description will be made of the mutual disposition of a
pair flexure arms 23, 24 constituted with both side portions of
the aperture 19 of the flexure 8, a pair of L-shaped apertures
21, 22 formed near the point portion of the flexure 8, the
gimbal pivot 15 formed on the load beam 6, the slider 25 bonded
to the flexure tongue 20, and so on.

[0041]

Figure 4 is a part-enlarged view of the point portion of the HG
assembly 1 before the slider 25 is attached. Fiqure 5 is a
sectional view taken along index line 104. Figure 6 is a
perspective view of the point portion of the HG assembly 1, the
slider 25 being attached to the flexure tongue 20.

[0042]

In the load beam 6, the gimbal pivot 15 (Figure 5) is formed as
described supra. On the other hand, the flexure 8 is bonded to
the load beam 6 until the index line 103, and the flexure arms
23, 24, not bonded, elastically support the flexure tongue 20



a plurality of |eads supported by the elastic flexure such that an end
"portion of each |lead having a second pad faces substantially perpendicul ar
to a pad joint surface of a corresponding one of the plurality of first
pads, wherein the second pads are located in proximty to the plurality of
first pads, respectively; and wherei nlzﬁhe aperture is fornmed such that the
first and second pads are included in"the area of the aperture. 6. The hard
disk drive of claim5, wherein a heat capacity of th TlN@f\/ EBBQ and a heat
capacity of the second pads are approximately equal. .Al..Ar.Alf. A@Al,
.A9. AH Y. An.A. ,R A .,,.A,.A@. AU. Ar. Ah, . A?. A?. AR A{. A . A@ .As. An" +.t{
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roken ‘line in Flgure 5. With this, the slider 25 becomes
rotatable slightly with the 100x and 100y axes as center, and a
predetermined tilt in all directions becomes possible.

[0045]

The 4 leads 32 are fixed to the flexure 8 until the front end
portion 37 of an insulatinglsheet 33 and are also fixed to the
flexure 8 through an insulating sheet 38 at the portion of the
platform 39 of the foremost portion of the flexure 8 located on
the opposite side of the flexure tongue 20 across two apertures
21, 22.

[0046]
Between them, the 4 leads 32 are bent two by two in pairs in

crank form along the flexure arms 23, 24 and float in the air
so as not to contact one another.
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[00471]

The individual other end portions of the leads 32, paired two

' by two, are curved from the platform 39, through two apertures
21, 22, and toward the flexure tongue 20, respectively.
Furthermore, the end portions form lead pads 41, 42, 43, 44 in
accordance with the pad-joint surfaces of the bonding pads 28,
29, 30, 31 (Figure 6) formed on the slider 25 that is attached
to the flexure tongue 20.

[0048]

The lead pad 42, as shown in Figure 5, is in part supported on
the platform 39 in consideration of strength, but the most part
floats. It is also preferable that the heat capacity be nearly
the same as the bonding pad 29. The other lead pads are also
constructed the same.

[0049]

Now, a description will be made of a method of electrically
joining the bonding pads 28, 29, 30, 31 (Figure 6), formed on
the slider 25, and the lead pads 41, 42, 43, 44 (Figure 6) of
the 4 leads 32, respectively.

; [0050]

Figure 7 is a part-enlarged view showing how the bonding pad 29
of the slider 25 and the lead pad 42 of the lead 32 are joined
by the solder ball joining method, the section of +the HG
assembly 1 being shown at the same position as Figure 5.

[0051]

In performing solder-ball joining, the pad-joint surface 29a of
the bonding pad 29 and the joining surface 42a of the lead pad
42 are supported with the HG assembly 1 (Figure 2) inclined
such that the surfaces 29a, 42a are at about 45 degrees
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relative to the direction that can take advantage of gravity so
that the surfaces 29a, 42a are substantially perpendicular to
each other.

[0052]

on the other hand, a capillary 46 forms part of a solder ball
joining apparatus (not shown), and its point portion is
disposed at a position adjacent to the bonding pad 29 and the
lead pad 42, with the center axis 104 of the inner cylindrical
hollow portlon 46a supported in the direction of wutilizing
grav1ty, i.e., at an angle of about 45 degrees with the joining
surface 42a of the lead pad 42.

[0053]

The solder ball Jjoining apparatus stores a plurality of
spherical solder balls 47 and sends out a single solder ball 47
to the point end through the hollow portion 46a after the
capillary 46 has been located at the aforementioned desired
position. At this time, nitrogen gas N, is caused to flow in
the direction of arrow a, thereby urging the solder ball 47 to
move in cooperation with gravity and also reaches the point
portion of the capillary 46 and then slightly presses the
solder ball 47 abutting both the pad-joint surface 2%a of the
bonding pad 29 and the joining surface 42a of the lead pad 42.

F—

[0054]

In this condition, the solder ball joining apparatus emits
laser light (indicated by broken line LZ in Figure 7) to the
solder ball 47 through the hollow portion 46a of the capillary
46, thereby causing the ball to reflow. With this reflow, the
solder ball 47 melts and wets the pad-joint surface 29a of the
bonding pad 29 and the joining surface 42a of the lead pad 42,
thereby forming a soldered portion 48 shown in Figure 8.

Note that the nitrogen gas N,;, flowing at this time, pushes the
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solder and prevents oxidation thereof.
[0055]

While the aforementioned has been described with relation to
the case of joining the bonding pad 29 of the slider 25 and the
lead pad 42 of the lead 32 with a solder ball, the join between
pads at each of the 3 other places is also executed the same by
changing the position of placing the capillary 46.

[0056]

Figures 9 and 10 are construction diagrams showing another
embodiment of the configuration of lead pads 41 through 44. 1In
Figure 9, a lead 66 is continuous to the end portion of a lead
pad 65 having an area where its heat capacity becomes nearly
the same as a bonding pad. This differs from a lead pad 54a in
Figure 13 formed so as to have a wide area. Also, in Figure
10, the wide end portion 67 of a lead 68 has an elongated
configuration, but the lead pad 67a of the point portion is
thermally cut off from the lead 68 by a groove 67b, whereby the
heat capacity becomes nearly the same as a bonding pad.

[0057]

The meaning of the "heat capacity is nearly the same" can be
judged by a sudden change in an area or configuration such as
the aforementioned, but it is not to be limited to this
judgement alone. It should be interpreted widely in the
comparison of heat capacities at the lead and bonding pad sides

[0058]
[Advantages of the invention]

According to the present invention, the aperture 22 is provided
under the lead pad 42, as shown in Fiqure 5. Therefore, even
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if an adhesive agent bonding the slider 25 to the flexure
tongue 20 protrudes from the joined portion, there is no
possibility that the adhesive agent will contact the lead pads

" 41 to 44 and the bonding pads 28 to 31, because the adhesive
agent will be moved downward from the aperture 22. For this
reason, the lead pads 41 to 44 can be moved close to the
bonding pads 28 to 31 without restrictions.

[0059]

Also, the slider 25 can be joined directly to the flexure
tongue 20 without an insulating sheet for adjusting the height
of the slider. Therefore, the bonding pad 29 can be disposed
in proximity to the lead pads 28 to 31 with respect to height,
so that soldering can easily be performed.

[0060]

Since the apertures 21, 22 (Fiqure 6) are formed in the flexure
at a position adjacent to the soldered portion between pads,
the rigidity of the flexure at this portion becomes weakened
and therefore absorbs the warp produced due to the shrinkage of
the soldered portion. As a result, the HG assembly can hold a
predetermined posture.

| [0061]

In addition, according to the present invention, the lead pad
is designed such that its heat capacity is nearly the same as
that of the bonding pad. Therefore, when solder reflows, a
temperature rise and a temperature drop in both pads advance
substantially simultaneously, so that satisfactory 501dering
can be performed. .

[0062]

Furthermore, since there is no ultrasonic join process, there
is no need to fix the slider. For this reason, there is no
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eed to form an aperture through which a merlber for pushing the

slider against the load beam 1is passed. Therefore, the
configuration of the point portion of the load beam can be made
" narrow, whereby a reduction in the weight can be achieved.

4. Brief Description of the Drawings:

Figure 1 is a top view of a hard disk apparatus 70 showing an
embodiment of the present invention;

Figure 2 is a perspective view of a head gimbal (HG) assembly 1
showing the embodiment of the present invention;

Figure 3 is an exploded perspective view showing the stacked
components . of this HG assembly 1, the components being
disassembled in sequence;

Figure 4 is a part-enlarged view of the point portion of the HG
assembly 1 before the slider 25 is attached;

Figure 5 is a sectional view taken along index line 104 in
Figure 4;

Figure 6 is a perspective view of the point portion of the HG
assembly 1, the slider 25 being attached to the flexure tongue
20;

Figure 7 is a part-enlarged view showing the neighborhood of
the bonding pad 29 of the slider 25 and the lead pad 42 of the

lead 32 that are joined by a solder ball joining method;

Figure 8 is a diagram showing a solder portion joined by the
solder ball joining method;

Figure 9 is a construction diagram showing another embodiment
of the configuration of the lead pad; "’
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Figure 12 is a diagram used for describing a gold ball method
that is a conventional joining method;

Figure 13 1is a top view showing part of the construction of a
conventional HG assembly used in a solder ball Jjoining method;
and i

Figure 14 is a sectional view showing part of the construction
of the conventional HG assembly used in the solder ball joining

method.

[Description of symbols]

1 ... HG assembly
2 ... Actuator arm
3 ... Aperture
4 ... Plane portion
6 ... Load beam
7 . Mounting plate
j 8 ... Flexure
9 ... Edge
10 ... Plane portion
11 ... Depressed portion
12 ... Flange
13 . Hinge portion
14 . Regulation hole
15 . Gimbal pivot
17 . Tab
18 . Edge
19 ... Aperture
20 ... Flexure tongue
21 . Aperture
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22 ... Aperture
23 ... Flexure arm
24 ... Flexure arm
" 25 ... Slider
26 ... MR head
27 ... Write head
28 ... Bonding pad
29 ... Bonding pad
30 ... Bonding pad
31 ... Bonding pad
32 ... Lead
33 ... Insulating sheet
34 ... Multi-connector portion
35 ... Integral type conductive lead
36 ... Curved portion
37 ... Terminal portion
38 ... Insulating sheet
39 ... Platform
41 ... Lead pad
42 ... Lead pad
43 ... Lead pad
44 ... Lead pad
46 ,.. Capillary
47 ... Solder ball
48 ... Soldered portion
52 ... Slider
70 ... Hard disk apparatus
71 ... Disk
72 ... Base
73 ... Spindle motor
74 ... Hub
75 ... Coil support portion
76 ... Rotating shaft
77 ... Upper magnet holding plate
78 ... Coil
79 ... Ramp
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Claims:

1. A structure for supporting a slider, said slider being located such that it can be

moved close to a recording surface of a disk of a disk apparatus, the structure

comprising:

an elastic flexure having an aperture, and a flexure tongue being
positioned such that it projects into the aperture substantially in the same plane
as the aperture, for attaching the slider to the flexure tongue in a predetermined

direction, and the elastic flexure functioning as a suspension; and

a plurality of leads supported by the elastic flexure such that an end
portion of each lead having a pad faces substantially perpendicular to a pad-joint

surface of the slider, and

wherein the aperture is formed such that at least a tip of each of the pads

is included in the area of the aperture.

2. The structure of claim 1, wherein the pad formed on the lead has nearly the same

heat capacity as that of the pad-joint surface of the slider.

3. A head gimbal assembly for moving adjacent to a recording surface of a disk of a

disk drive, the head gimbal assembly comprising:

an elastic flexure having an aperture, and a flexure tongue being
positioned such that it projects into the aperture substantially in the same plane
as the aperture, the slider being attached to the flexure tongue in a predetermined

direction, and the elastic flexure functioning as a suspension;

a slider supported on the elastic flexure and formed with a plurality of

first pads; and

a plurality of leads supported by the elastic flexure such that an end
portion of each lead having a second pad faces substantially perpendicular to a

pad-joint surface of a corresponding one of the plurality of first pads, wherein
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wherein the aperture is formed such that positions that the first and

second pads are adjacent to are included in the area of the aperture.

4. The head gimbal assembly of claim 3 wherein a heat capacity of the first pads

and a heat capacity of the second pads are approximately equal.
5. A hard disk drive, comprising:
a disk;

a head gimbal assembly for moving adjacent to a recording surface of

the disk; wherein the head gimbal assembly comprises:

an elastic flexure having an aperture, and a flexure tongue being
positioned such that it projects into the aperture substantially in the same plane
as the aperture, the slider being attached to the flexure tongue in a predetermined

direction, and the elastic flexure functioning as a suspension;

a slider supported on the elastic flexure and formed with a plurality of

first pads; and

a plurality of leads supported by the elastic flexure such that an end
portion of each lead having a second pad faces substantially perpendicular to a
pad-joint surface of a corresponding one of the plurality of first pads, wherein ’
the second pads are located in proximity to the plurality of first pads,

respectively; and

wherein the aperture is formed such that the first and second pads are

included in the area of the aperture.

6. The hard disk drive of claim 5, wherein a heat capacity of the first pads and a

heat capacity of the second pads are approximately equal.



