», paedeg. d. 6T.EL!1 | , 1 MAGNETI C HEAD DEVI CE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention . The present invention relates to s nagng(bcnlﬂfazbﬂs
device used in a magnet Ec di sk apparatus arid a nagneto-optic di

appat at us. 2. Description of the Related Art R magnetic head devices in
.general conprises a magnetic head slider, where a magnetic head el enent is
formed supported by a slider supporter (suspension)_'i: hoe magnetic head

devi ce-perfornms data reproduction or recording on a recordi ng di sk such as
"a magnetic disk, with the magnetic head slider being flown by a specific
di stance fromthe' rercording disk means of the suspension (16 MAY 2D03
Such a flying-type magnetic head device of related art is assenbl ed such

that a magAGNETICOHEADDEWEE i s bonded on a suspension with a resin adhesive
and 7 bondi ng pads of the slider and bonding pads of the suspension are
connected to . one another through halt bonding using gold (Au), for

exanpl e. BACKGROURD'ORTHE INVERHON device in a practical use, static
el ectricity is generated due to the friction between the flying surface of

the slider and the disk surface anti due to the fact that the flying height
of the-slq{ der Figid ofhe/Invéftloh The thin-filmnmagnetic head el enent nmay be
damaged; Measures are taken to' prevent such static damage. However) usual
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The present invention relates to a magnetic head device used in a magnetic
. disk apparatus and a magneto-optic disk apparatus.
)

2. Description of the Related Art

A magnetic head device in general comprises a magnetic head slider, where
a magnetic head element is formed, supported by a slider supporter (suspension).
The magnetic head device-performs data reproduction or recording on a recording
disk such as a magnetic disk, with the magnetic head slider being flown by a
specific distance from the recording disk by means of the suspension.

Such a flying-type magnetic head device of related art is assembled such
that a magnetic head slider is-bonded on a suspension with a resin: adhesive and °
bonding pads of the slider arid bonding pads of the suspension are connected to
) one another through balt 'bonding using gold (Au), for example. In sucha magnetic .
head device in a pracﬂut use, static electricity is generated ‘due to the friction
betweentheﬂymgsurl’aoe of the slider and the disk-surface and due to the fact that
the flying height of the slider is very small. The: thin-film magnetic head element
may be damaged. Measures are taken to prevent such static damage. However,
usual
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magneti ¢ head devi ces have problens as follows due to electrical connection
t hrough bal |l bondi ng and neasures agai nst static electricity. Th{§ Drivhy 9883
will be specifically described, referring to FIG 15 and FIG 16. FIG 15
illustrates a specific configuration of a related-art magnetic head device.
FIG 16 is a cross section taken along line XV-XV of FIG 15. FIG 16
Illustrates the magnetic head device in use wherein a nediumis shown in
the |l ower part of the drawing, which ig an upsi de-down view of FIG 15. The
magneti ¢ head device 100 conprises a nmagnetic head slider 101 and a

suspensi o ' L.der nsipn 102 is made up
of a fl ex%%@ E zti%qgﬁaas(?%{g&%u%%‘é% Flgorbﬁé‘%fg%i féﬂé&l'g-ﬁltﬁggg%Egcgﬁ%c?gc%rch&on
supporter), 102B. netic head el enent. n | enent, r ex | e) 104
and” bonai HrepanbAl BRSERE fad S See A inb Pt hdialy. o Hearopliamant
formed surface) 10 f the slider 101. The flexure 102A form ng the
suspensi oﬁ’lﬁg’l’ ﬁ@cmydiesﬁr‘;ﬁﬂnr%?rémﬂ&?f@t dajand Bte . about 25 u min
thickness and fixed to the front part of the | oad beam 102B. The flexure
102A per f or ns A Ggildpllustysées aispacifiegenfignration of acekited@rt htignetmur | ead
patterns 106a to 106d made of thin filns as input/output signal lines are

f or med onhehé devieur #FIGOAA ialacirgsnseution takenexivhg dineeXUtXV tofidi6ofl5. Ends of
the | ead patterns 106a to 106d are each connected to four bondi ng pads 107a

to 107d, FEcpastillusiratesTtie plagnetie hdaddevidecinl @adwhatdifdmed0®a k0 106d are
each connected to termnals (not shown) of thin filnms for providing

comnect B (6K s s A R Benh A 10
15. The magnetic head device 100 comprises a magnetic head slider 101
and a suspension 102 for supporting the slider 101. The suspension 102 is
made up of a flexure (an elastic supporter) 102A and a load beam (a rigid
supporter) 102B.

A magnetic head element (an MR element, for example) 104 and
bonding pads 105a to 105d for signals are formed on a side (element formed
surface) 101a of the slider 101.

The flexure 102A forming the suspension 102 is made of a thin
stainless steel plate of about 25 p m in thickness and fixed to the front part
of the load beam 102B. The flexure 102A performs a gimbal operation
together with the slider 101. Four lead patterns 106a to 106d made of thin
films as input/ output signal lines are formed on the flexure 102A along
nearly the entire length thereof. Ends of the lead patterns 106a to 106d are
each connected to four bonding pads 107a to 107d, respectively. The other
ends of the lead patterns 106a to 106d are each connected to terminals (not

shown) of thin films for providing connection to an external circuit. The

bonding pads 107a to 107d are fixed to and electrically connected to the



3 bondi ng pads 105a to 105d of the slider 101. The | oad beam 102B i s nade
of a stainless steel plate as thick as about 62 to 76 u m The1fg 90& 2A
is fixed to the | oad beam 102B at a plurality of welding spots (such asa
spot 108) through | aser welding, for exanple. The | oad beam 102B has a
projection 109 for pressing the back of the slider 101 at a point. The
projection 109 cones to contact with the flexure 102A in intinmate contact
with the back of the slider 101 and coptrols backward novenents of the

fl exure 102A. A conductive resin 110 such as silver paste is applied

bet ween t J ﬁi@f\‘ r .sid 0lb of the slider 101, as shown
in FIG 12&‘2@%@ e qaggﬁ(?gf%ﬂ“geﬁgl(ﬁhe slider 101 are electrically
connected. Thgybase;of th exure, 102A is electrically cqonnected to an
encl osure of ihﬁﬁgﬂdg’leﬁ%fg%%é?&% stapg Sémlgiﬁ?ﬁ%@lﬁhﬁé@@hut he
encl osure tatic ele icity generated in the slider 101 is thereby

al | oned tgzgggépé‘ m-oﬁﬁﬁﬁesa&f%&%gxgd tethe lapd bearo JPRB akaf | exure 102A
to the grounded encl osure of the disk drive apparatus. The nagnetic head
devi ce 10plyraiky aliveddimeespoth smehrasthepatt H)R) throughilaser welilitd)dost ep of
bondi ng the slider 101 on the flexure 102A of the suspension 102 with a
resi n adhesample. ( ZThe loadshesm d02Bomares prrojgctibe 100rfd: Eﬁeé@;@ﬁétﬁ@ﬁ&cﬁ gf 105d of

the slider 101 to the bonding pads 107a to 107d of the flexure 102A through

gol d (Au) thasliddror0li aga podit. t BhépRGe@forR DY ¥bies 30 cohiach Wih Bhe CUT i NG
resin (LTV resin) 111 for protecting the ball bonding portions; (4) the

step of aflkwWiINIA e HARANAEE CHRLICE N1 %ﬂ@bé@( HPﬁ?éJ@g@eraﬁ?i Qﬁ% c?ﬁ%toisc

electricity; and (5) the step of applying ultravio rays

| i ol ]ﬁ*%.d¥ﬁ i . 6 Y2003 4 As i bed,
;Jhter ?rglnafg%% ur |Ilng ngﬁﬁgt%é{lglﬁegg- ar% %%zgf}ﬁetli&gg%%%c TefetAstd lﬁgéif" g’écﬁr:eagur es
. cl o Lhe & f . ) . ( .
botveon ¢ Hivarcufte s kbflibd hetiert R AR BN A Bld nost e TOD BF e

required in;addition,to the ndj, n tep,of the slider and the connection
step thr oﬂb#rg@h aﬁaﬁh"“ﬁbﬁh?i@: %:ségoaﬁ’raZ§hPtﬂ,exﬂlﬁ% 10gAand the slidemi@kased and
costs are rai sed,ai well since gold wires are used in the bonding step.
Fur t her mo?%e eleptricallyconpegteds iLher hase efdhedlexwre J§RAdseledsmically st eps
descri bed above, the device nay be damaged due to static electricity during
handl! i ng. conecipsl tpaan epelognrgyoka disk drive apparatvemotishewsuspd gsownddds
defornmed with a | oad applied thereto if a pressure greater than a specific
pressur e throughithe @énclosurennStatioeleviridityggdbrasdd m tiguslider TET oy med
suspensi on affects the flying performance of the slider and causes a

reduct i ontlierely alldwedAofdseapdrfronsthebaclvbf thetdnled 103 WHrsGhRIRE flcRujépanese
Pat ent Application Laid-open Sho 63-226999 (1988). The fleéexible shield wre

board is @2Aresltldighountiid etivleire VRO SICARGE GppUpattReet is thermally
fused and fixed to an insulating substrate where el ectrode termnals are

formed and t hehshegindtsc RbSEHELEE10D iS 2lire@ tht!&ééﬁ'r’t]igé ggéﬁss of the

substrate. If the anisotropic conductive sheet 1s used, bondi ng
step coul requihhed. L S i ffl.cubt in ctige to
el ectri ca]l cyi}ﬁlclgghggttﬁg ﬁé@}%ﬁﬁé@?d@ gttp hzﬂl\s&%éggsolt’loﬂr‘luleﬁ?’s{fﬁhﬂi%o}a Sotr opi c
conducti v, { sifge.the si.ze of the slj,der is,as mnute.as, 1.0 nmby 1.2
mm A tec nsi’gﬁgminsid?ﬂ&g&#}b%éas?lr?(gb?ﬁé‘f?eg) %{ft%ﬁ? O)Kﬁ%‘i“il%fgm%ﬂlq_‘a? 1188en Hei
9- 115125 (1997). for dj .rag ic . head to a suspension with a film 1
o Ay 20008 eyt O b e i e Db ehevBomdiatoacs R ioniontdl efidioni r o
bondi ng sf;lep and prevent shorting of term nals.
exure 102A through gold (Au)gball bonding; (3) the step of applying an
ultraviolet curing resin (UV resin) 111 for protecting the ball bonding
portions; (4) the step of applying the conductive resin 110 as measures

against static electricity; and (5) the step of applying ultraviolet rays to the

ultraviolet curing resin 111 to heat.



However, the nethod using such an anisotropic conductive filmrequires a

‘hi gh- preci sion alignnment technique for connecting the nagneti c1g;ey@yt 906$e
suspensi on through fixing the anisotropic conductive film In addition he
met hod requires the two steps of prelimnary bonding and final bonding. It
is therefore difficult to reduce the lead tine. SUMVARY OF THE | NVENTI ON It
is an object of the invention to provide a nagnetic head device and a

met hod of manufacturing the same for igproving the yield of flying
performance of a magnetic head slider, sinplifying nmanufacturing steps so

as to reduce LWTE,....an revents n mags to,a etic head el enent
due to stati cAgl%g%% Fiﬁ%?rf@?(ﬂ,&ﬁﬁgﬁéﬁ%ﬁagaﬁg@% Ogg%ﬁ Eeéagémg#emiaﬁ%ﬁf ?’ﬁﬁdi ncl udes
a magneti ¢ head sl.ider having a. eti c,head. el egent and_ a fjrst electrode
Gnd o sl | SRFCS (RAHLRRRT TR St GleitIcHge. ( RASIEbPF BRRIGHRR 1o ( he
first electrode. The magnetic _head slider is fixed to the slider supporter
and the feanskuctiveesigdeetareentdiesiens paraolitherdides aankithe suspesgionds t he
slider supporter are electrically connected to each other with an

ani sot r opthereforel wequired ie sidditiom te blee hogtiagi tep ofitheleliderand the s preferred
that a plurality of the first electrodes are forned in a surface of the
slider, tdmmuatibacee aeiough fuid YalldeonditgpoAs arxesalty the Mad dhid ¢ of the
second el ectrodes are forned in a surface of the slider supporter, the

surface faerddsedEndtoddsare YhRERIAR WalRsRIce Golddefes AGI i@ dORERNOt her are
electrically connected to one another with the ani sotropic 1 6 MAY 2003 6

conduct i VEod itk itep.! FrtMe®hfdrs efntd e aévib@iaéfabcm%t@&kﬁrdgghwe plurality

of electrodes 6f the siider and the slider supporter are ectrodes for
gr oundi ng [ f f.aci NG.; h i c head
devi co, tmaliEr B ler AL ARLAREAD.. AF ARty e Eimagha WS BB T TR
first electrode of, t.he .slider a th ongd el ectrode of the slider
suppor t er® g dpringia ng&%%%?ggx& n&ﬁgﬁ”\ﬂ?%‘%} a’érflf‘%otropic
conductive resin. Fuyrthernpre, damage tQ e magnetic head el enment due to
static el BIPEMEIONS] f%re%@m@aaﬁwg%wgﬁ E]aerét‘bﬁfﬁ Bressyrogragter thant ang
second el ectrodes, at |east one pair of the e|lectrodes being those for

gr oundi nga She¢ific pyeswtretip apphiod der epnnestigpovithezeld ballpanSnekauring a
magneti c head device including a magnetic head slider having a magnetic
head el endeformed suspensiongaiffects duellying perfirmancenftheslider hndicagses second
el ectrode that corresponds to the first electrode. The nethod includes the
st eps of : rahmtipnng yWeldsi sot ropi ¢ conductive resin to at |east either a
surface of the magnetic head el enent facing the slider supporter or a
surface of tha fidsdiBRrsHblP®idetodrdds discldred inghglanesé Paded Apphitaticand

pl aci ng the magneti c head el enent on the slider supporter; and fixing the

slider tOL’éﬂFoﬁéﬁ S8b @12@%9999%89[ eTRE ek ik shid1QWILE boRsd i orkiddSt
el ectrode of the slider and the second el ectrode of the slider supporter to

each ot heégél?ﬂ?&% GHIdoRFb & oAUt Rfe et iﬁg{bﬁsl?&féc}yﬁxéeﬁsdr{q fiREE 06 hng to

the netho e anisotroprc resin allows t to be Tixed to the

lid ' ' cond
ol cot r ode it fioe 3Byt WHeth B Hikle i Pufhalehie TohlEl BB BERERC,

o electrically connected to the terminals of the substrate. If the anisotropic

conductive sheet is used, no ball bonding step could be required. However,
it is very difficult in practice to electrically connect the slider to the
suspension through the anisotropic conductive sheet since the size of the
slider is as minute as 1.0 mm by 1.2 mm.

A technique is disclosed in Japanese Patent Application Laid-open Hei

9-115125 (1997) for bonding a magnetic head to a suspension with a film-



1 6 VAY 2003 conductive resin. It is preferred that at |east one pair of
the plurality of electrodes of the slider and the slider supporter &Vi?

el ectrodes for grounding) the pair of electrodes facing each oﬂ MAY Ug%e
magneti c head device) the magnetic head slider is fixed to the slider
supporter and the first electrode of the stiller and the second el ectrode
of the slider supporter are electrically connected to each other with the
ani sotropi ¢ conduce resin. Furthernoregdamage to the nmagnetic head el enent

due to c electrically --~is prevented by providing a plurality~ of the
first and second el ectrodes, of. | east. one.pair, of the el ectrodes being those
for o ounthiied eperoRiarrekize SHeps bl Cibhate Fho o Tr b Rian SERATbL t he

i nvention w |l appear re f,ulag/ fromthe foll ow ng description BRIEF
DESCRI PTI PX¢VERt PRRTBRAR AEMB3ES- 1 i s a perspective view oaf a magnetic
head devi ce of_an enbodi nent of the' invention a ~9; | FIG 2 is a cross

section t akenHavaygr) theempthod psingfsuch@mn ansptgopi: ¢qndustivatfdsn a pattern
configuration of the magnetic head slider of the , nagnetic head device
shown i n Fequirds a high-paecisionuaigmnest techaique for conheciimagthe magnetive | exure
of the magnetic head device shown in FIG1. FIG 5 is a cross section for

i 11 ustrat hegd so thestispensidn ehromghsitingrhe asvssivepic ¢endestive fikad Ta t he

magneti ¢ head device shown in FIG 1. FIG 6 is another cross section for
i 11 ustrat hagitfod, $6 h&hod retifredhe Yo Rbiss SIPYSUTin48y bBAhg and final
bonding. It is therefore difficult to reduce the lead time.
SUMMARY OF THE INVENTION

It is an object of the invention to provide a magnetic head device and a
method of manufacturing the same for improving the yield of flying
performance of a magnetic head slider, simplifying manufacturing steps so
as to reduce lead time, and preventing damage to a magnetic head element
due to static electricity.

A magnetic head device of the invention includes a magnetic head slider
having a magnetic head element and a first electrode and a slider supporter
having a second electrode that corresponds to the first electrode. The
magnetic head slider is fixed to the slider supporter and the first electrode of
the slider and the second electrode of the slider supporter are electrically
connected to each other with an anisotropic conductive resin. In the
magnetic head device, it is preferred that a plurality of the first electrodes
are formed in a surface of the slider, the surface facing the slider supporter,
and a plurality of the second electrodes are formed in a surface of the slider

supporter, the surface facing the slider, wherein the electrodes facing one

another are electrically connected to one another with the anisotropic



~' ~- 16 MAY 1003 s FIG 7 is a cross section for illustrating a function
of an isotropic conductive resin. FIG 8 is a plot for iIIustragiﬁld‘lAWlé.’U%
rel ati onshi p between the thickness of the anisotropic conductive resin and
the peel strength. FIG 9 is a plot for illustrating the reship between the
area where r 1 6 MAY 2003 9 | oad beam (a rigid supporter) 20B. FIG 3
illustrates the back of the slider 10, that is, a surface 14 facing the

fl exure 20A. A magnetic head el ement sgch as a magnetoresistive (MR
elenment 11 is formed in the front side surface (an el enent formed surface

10a) of the iLder 10. ect rodes a.to,12d for_si s are.forped in the
i nt er medi 8?%%%’3’?0% ot ﬁjiés QF?%Eﬁ:ed%%‘.at&%é?%%nod‘ee?@E?’?gia‘épT‘ga’iI’éyfo rmed in
the rear epd, of, the slider 10, .The . electrodes 12a .to 12d and the el ectrode
13 each cElEcEOHERAT the idn 4R the ShfermuRROT et R estEpdre R iEpURdine,
illustrates a surface 24 of the flexure 20A form ng the suspension 20

faci ng t hehesppgaf eleetrodes farimg gachoather.s nade of a stainl ess steel pl ate
having a thickness of about 25 a m for exanple. Four lead patterns 2la to
21d nmade of t lndhe mhagnetic besxhdevicGubhe magnetiahpad slider isfized totheut si gnal
lines are fornmed on the surface 24 of the flexure 20A along nearly the

entire | esliflér suygroztdr. arkdhthse firstt dlectiredel opthid didwr Rddtliosétbidaslecteadd
connected to four electrodes 22a to 22d for signals, made of thin filns,

respect i vef the Slider! Rapoperiaendecttitall9 cdhfested t62abh bitkadwith ke el ectrodes
12a to 12d of the slider 10, respectively. A ground el ectrode 23 is forned

in a posi shfyanfogg& g}gl \gﬁi [l%gﬁﬁ %%hg%%ré%ﬁa%&& fid ﬂl%gné&c hbag

el ectrodes 22a e el ectrode 23 ea orrespond to a second

o L1 08 Bl Y T 05 B SERS BRMREE PR 10, 20
ggﬁﬁ:gt (e(?ﬁ%r%t %rg(i g?%%lﬁpelcl%:tgé&%sg ;J;x% 'feél\éqi 0?1% ﬁa% o% ?ﬁéj ef%%%o?ireg %egnlgatﬁo%e &1? are
grounding.
A method of the invention is provided for manufacturing a magnetic
head device including a magnetic head slider having a magnetic head
element and a first electrode and a slider supporter having a second
electrode that corresponds to the first electrode. The method includes the
steps of: applying an anisotropic conductive resin to at least either a surface
of the magnetic head element facing the slider supporter or a surface of the
slider supporter facing the magnetic head element, and placing the magnetic
head element on the slider supporter; and fixing the slider to the slider
supporter and electrically connecting the first electrode of the slider and the
second electrode of the slider supporter to each other through curing the
anisotropic conductive resin.
According to the method, the anisotropic resin allows the slider to be

fixed to the slider supporter and the first electrode of the slider and the

second electrode of the slider supporter to be electrically connected to each



Al

+ The | oad beam 20B is made of a stainless steel plate as thick as about 1
¢, 6.-MaY. 2uu3 10 70 u m for exanple. The flexure 20Ais fixed to t d
1'8, a7 %2003

beam 20B at a plurality of welding spots through | aser wel ding,

exanpl e. The ani sotropic conductive resin 30 is made of an adhesive | ayer
in which a conductive filler is dispersed. FIG 5 is a magnified view of
the portion in which the slider 10 and the flexure 20A are bonded to each
other with the anisotropic conductive resin 30. In contrast, FIG 7

"illustrates a bonding structure with an isotropic conductive resin

general ly used, for conparison. In an isotropic conductive resin 40, a
conductive filler 42 is mxed in an adhesive |ayer 41 as nuch as possible.

Conduct oreondwdivesresing Htis preferreddoaliat lepstiane pain of theiphumalityofeleptrodesefact rmade
anong gr gj : ogﬂﬁ td il Ler t i sotropic
conducti Sggrssggélrn%%teﬁg arrogné%g?é%rh&eﬁcgn uoételgv@P#(f@;rng?agwfﬁthgnadhesi ve

| ayer 31 electrodesifacing eachathetnal | a vol une as possi bl e and the adhesive | ayer
31 is made thin in the anisotropic conductive resin 30. In the resin 30,
conduction is obtained between the signal electrodes 12b and 22a, between

the signal el dcthespgbetiobpadrevice the magnetic head slider-is fixed tajthesliderr odes 13 and

23 in th 1 i - i .a1.ns of the
conduct | SUPATEF irllg st BRirUR/ring ildeh Y 68 3Bt etiitds bf fhe Sidur

di r ect i oSypporter aerelemnically, cornesied-tp pagh sthen with ke anisetropicieonductive 12b, 12c

and 12d, a4 NBurirefm e‘%ﬁw ﬁmﬁ’ gﬁ%@g e el ectrode
13 and the el ectrqd@g' ato f% n tg‘gtgaween t ggéeifoec rode and the
eMect r odissprevantedbypraviding aplurality ef the first ang secandielectrodan Atjeestongr ai ns of the
conduct i ﬁgﬁyt}ém&%&h&?,gmngpnfi guration shown in FIG 5 each

el ectrode projects 16 Y 2003 11 fromthe surfaces of the slider 10 and
the flexure 20A, a simlar conduction state is obtained with a

conf i gur ati onOWeE ahé Tuti? iR, Tedtares lafd ofl the mvehtRmt wide 13 of the
slider 10 are enbedded an m back .of the slider 10 is made fl at as shown
DQM

in FIG 8PPeRIrigQ i Bsi ve layer 31 of the anisotropic
conductive resin 30 may be a thernosetting resin that cures through an

appl i cat | L0l k eat such as an acrylic resin. The
conduct i b%ﬁ?%#ﬁ@%?ﬁwﬁéée&@ﬂe%et al grains of silver (Ag), for
exanple, or netal-coated plastic grains, dispersed therein. The average

grain dianmete . ! | !rs | gmj@ 'am'y d .t he maxi num
di aneter is pé'g?férnag%& ouéw%dégml ‘Le grdaeleﬁg%g?'gem pA °sfi | ver, for
exanpl e. tharinventianot r opi ¢ conductive resin made of acrylic iA which silver
grains are m xed may be nmade through m xing silver grains, yurethane

acrylate) and.acrylic ester. The ani sotropic conductive reé"i n cures through
an applicati oﬁ%?ﬁﬂmmwgbm lingolho e FISA. i n t ot al =1 i ght quantity,
for exanple, under a load of 2.0 kgw cn2, for exanple, and¢through an
application of heat at 20 C for 30 mnutes, for exanple. FIG 8 shows the
rel ati onshi p H6: adiistrales a patierneanfiguration,ef theiraagnetis, head slider of the ,

magnetic head device shown in FIG. 1.

FIG. 4 illustrates a pattern configuration of the flexure of the magnetic head
device shown in FIG. 1.

FIG. 5 is a cross section for illustrating a function of an anisotropic
conductive resin used in the magnetic head device shown in FIG. 1.

FIG. 6 is another cross section for illustrating a function of the anisotropic
conductive resin.



«conductive resin (,u n) and the peel strength when the bonding area is
canstant (1.0 m2). FIG 9 shows the relationship between the bop@ Magagmm
, (m®) of the anisotropic conductive resin and the peel strength when the
t hi ckness is constant (20 ,u m. The ani sotropic conductive resin used is
an acrylic resin wherein silver grains are m xed by about 40 to 60 percent.
The result is that the thickness of the anisotropic conductive resin 30 is
1 6 MAY 2003 12 preferably 6.0 u mor above to obtain a peel strength of
-the predeternined specification (1.Q or above when the bonding area is 1.0
mR. Since the conduction resistance could be increased if the resin 30 is
too thick, the thickness is preferably 25 a mor below Mre preferably,
t he t hi ckness FIG. Zisumtrosssestiomfor dlustrating adunationrof)am isotropic cenductive10 , u ) of
silver. Sipgilarly, when the thickness is 20 u m the area where the
ani sotropi ¢ conductive resin 30 is applied is preferably 0.95 mm2 or above.
A net hod of manufacturing the magnetic head device 1 of the enbodi mnent wll

now be descri . i ' 0 j i d hed to the
surface 24 of 'ea E@Q%F@MP& @%ﬁ%%ﬁ%@f@#@ﬁ?@g@ﬁ%%@o 22d and

t he gr ouranisetrepi¢ conductivé resirearidthepdel stangth.l | der 10 is then placed on the

ani sotropi ¢ conductive resin 30 so that the surfaces 24 and 14 face each
other. The resin 30 may be applied to the slider 10 or may be applied to
both the sli d&IG.Bs apibt frdiustrating the RRfonshipdetweenthe arehiwheread (2. 0 kgw cn?,
for exanple), ultraviolet rays are applied to the resin 30 and the resin 30
is further heated at a specific tenperature. The resin 30 is thereby cured.
AB)a result) the slider 10 is fixed to the flexure 20A and the signal
el’'ectrodes 12a to 12d of the slider 10 are each electrically connected to
the signal electrodes 22a to 22d of the flexure 20A, respectively. The
magneti ¢ head device 1 showmn in FIG 1 is thus formed. According to the
enbodi ment thus described, sinply bonding the slider 10 to the fl exure 20A
with the anisotropic conductive resin 30 allows the slider 10 to be fixed
to the flexure 20A. At the sane tine, the signal 1 6 MAY 2003 13

el ectrodes 12a to 12d of the slider 10 are thereby each electrically
connected to the signal electrodes 22a to 22d of the flexure 20A,
respectively. Furthernore, the ground electrode 13 provided in the reverse
(rear) portion of the magnetic head elenent 11 of the slider 10 is
connected to the ground el ectrode 23 of the flexure 20A as well. G ounding
is thereby provided for preventing damage to the nagnetic head el enent 11
due to static electricity. In the enbodinent, the step of fixing the slider
10 to the flexure 20A and the step of electrically connecting the signal

el ectrodes 12a to 12d and the ground el ectrode 13 of the slider 10 to the
signal electrodes 22a to 22d and the ground el ectrode 23 of} the flexure 20A
may be perforned in a single step. That is, the steps of (2) and (4) in the
rel ated-art manufacturing process described above are no nore necessary.
The manufacturing process of the magnetic head device 1 is therefore
reduced. In addition, since electrical connection is achieved with the

ani sotropi ¢ conductive resin 30, gold (Au) that is used in the related-art
bondi ng step is not required. Manufacturing costs are therefore reduced.
Since the bonding step is not required, there is no chance that the
suspensi on of the flexure 20A and so on is defornmed. The yield of the
flying performance is thereby inproved. FIG 10 and FIG 11 illustrate the
flying performance obtai ned of the nmagnetic head sliders of the nagnetic
head device 1 of the enbodi nent of the invention and a magnetic head devi ce
of related art, in conparison with each other. Solid line A indicates the
result obtained with the device of the enbodi mrent of the invention. Dotted
line Bindicates the result obtained with the related-art device. FIG 10
shows the average flying heights



1 6 MAY 2U03 14 determned in the three zones including the inner, center
.and outer zones of a magnetic disk. FIG 11 shows the di spersi o pfMANe003
flying heights in the three zones. The result is that there is no
particularly great difference in the average flying heights (FIG 10) while
the dispersion of the flying height (FIG 11) of the device of the
enbodiment is smaller than that of the relatedart device in the three
zones. The result thus indicates that gqa steady flying performance is
obtained. FIG 12 to FIG 14 illustrate the flying height distribution in

the thre e . . 2 shows the result obtained in the inner
zone of ﬁﬁggﬁééﬁe&%ibdf%%f?ﬁqﬂ@)%?gshom the result obtained in the center
zone. FIG 14 0, t he result obtained..i,n e .oyter zone. There is a

si gni ficant df ﬁ(ge@‘b%r%%ﬁg‘emﬁz‘gﬁgg ngieﬂggt L{Ilﬁ’rl%s\i’}'fgﬁe tlag';?‘@lgat ed-art
device and the device does not conformto the specification. The yield is
t hereby ridgfiesare 204 ot magneticthead; elpment shch @s igmagaetaresistive @B d i ne
A of the device of the enbodinent is small and the device falls within the
speci fi catlement Thas dewedirnthe froné sistediurfate (an elbment dprmeddurfacepared to
the related-art device. As thus described, the flying performance of the
magnet i ¢ 1pdfdhyislided 10f EhatsrdesdiZzetot 12dfortsiphals avo fpaned in 6hé he

rel ated-art device, and the yield is inproved. Since the ground el ectrode

13 is praytéedediatd Fgiogaf tROELION10f AR@oshd dRictideWs ok medRarthef rom t he
magneti c head element 11 formed in the front portion, static electricity is

al | oned 222 SEART the sligr gb.exq*h% eﬂ@cﬁfrwésh% t@ii&ahgwem@ct@&wt 1. 1

6 MAY 2U03 15 In the enbodi nent the anisotropic conductive resin is used as
a bondin S , n i .sfep is only required as
descri be aﬁi&&%{‘esﬁn@éﬁ{ﬁr%ﬁs& etl%&f%(% &e@%ﬁgggg?ﬁﬁt echnique that requires the
two bonding s s, includjn relinynary, and fin ondj n wherein the

fil mshaped aﬁf@o’% F]E'b‘?tﬁate&%’dg‘@gjﬁ%nbé F?ég]?e ﬁ@xﬂgeegbAgﬁ‘?EB’tg ly, the |ead
time is reduced co red to the case erein the . related-art anjsotropic
conduct | \ARSPRBBION 2D (s th%h&reﬁ@nt*ﬁﬁ@@mlr%ﬁgﬁs s o Bismlesst he

f or egoi ng enbodi nent | but mai1 be practiced in still other ways. In the

f or egoi nctepbiplaterbaving athickaass of aba % e wetfov expeple. 3Bopxleashl ied to
the entire surface of the flexure 20A that faces the slider 10 and the

fl exure 20atteims 2Yeetes?ldvradeofthen flmsgiftcoppex (Gu)afor esarhpleaah impl@r at t he
entire surfaces. Alternatively, the slider 10 and the flexure 20 A nay be

bonded t cowtpub sigridlinsstdre formued ioni thietsuafacer2s of ther flesgiredOA xlong t he
conductive resin 30 to the el ectrode portions only, depending on the sizes

of the el g&diPdRs cAfite IshgtBRAharsbf22&nlde o2 2He 36Ul pattens DL t6RNAGEYr € of the
suspension 20 as the slider supporter is not limted to the one illustrated

in the T ofRGAIoNGeBHIOY IIRY blduiod¥8 22360 flr AEENn 19 Emafie RHHI 1k, ¢ he
magneti ¢ head device of the invention thus described, the nmagnetic head

shider i s, sk»ﬁ&gvél . UBfe ?éécfﬁ%%éi&gfﬁ%% 23R%b Gk fxE 5'tRE I o s t he

slider an e setond elec e slider supporter are electrically

Comeet et A PURELI Iy SyFOAL R g USRS AP E Al 8O
e Rt o bR 15 (82 o ! LS ARodes? ¢
22a to 22d and the electrode 23 each correspond to a second electrode of the
invention. The other ends of the lead patterns 21a to 21d are each
connected to a connection terminal (not shown) of a thin film of copper (Cu),
for example, through which the lead patterns 21a to 21d are connected to
external circuitry.

The load beam 20B is made of a stainless steel plate as thick as about



1 6 MAY ~uu~ 16 In the magnetic head device a plurality of the first angg
'second el ectrodes may be provided and at | east one pair of the ellel (M LH03
may be el ectrodes for groundi ng. Danage to the magnetic head el enent due to
static electricity is thereby prevented. According to the nethod of
manuf-acturi ng a magneti c head device of the invention, an anisotropic
conductive resin is cured so that the magnetic head slider is fixed to the
slider supporter and the first electrqadge of the slider and the second

el ectrode of the slider supporter are electrically connected to each other.

As a resubp, ,t ,etf%%fng, haad Seule0M R dd 4 (i BEHNRGIRIOR di | T Oved

i s manufacture r ol st nplif steps an time I's reduced.
possi bi e PROBHEBF el Bk Bt ARS8 PRRUSS: P BB or or o to b
e o009 g RSP S ASFRISHAEY) o el g 00 ™
clainmed is: 1 6 MAY 2003 1. A nmgnetic head device inducting a _magnetic
head sl i dehiehgicagductieg fidler és disparsade ndfiG. Hnig aammenified vievoef the st and a
slider supporter having a plurality of second el ectrodes that are opposed
to the pl poetion in whidh tha slidexc1Q audghe flexure 20A are bonded to each other

with the anisotropic conductive resin 30. In contrast, FIG. 7 illustrates a

bonding structure with an isotropic conductive resin generally used, for

comparison. In an isotropic conductive resin 40, a conductive filler 42 is

mixed in an adhesive layer 41 as much as possible. Conductors 43a and 43b

are brought into conduction through contact made among grains of the

conductive filler 42.

In contrast to such an isotropic conductive resin, the amount of the

conductive filler 32 in the adhesive layer 31 is reduced to as small a volume

as possible and the adhesive layer 31 is made thin in the anisotropic

conductive resin 30. In the resin 30, conduction is obtained between the

signal electrodes 12b and 22a, between the signal electrodes 12d and 22c,

and between the ground electrodes 13 and 23 in the direction of thickness

through contact among the grains of the conductive filler 32. In the

direction of length (the horizontal direction), no conduction is obtained

among the electrodes 12a, 12b, 12c and 12d, among the electrodes 22a, 22b,

22¢ and 22d, between the electrode 13 and the electrodes 12a to 12d, and

between the electrode 23 and the electrodes 22a to 22d since there is little

contact among the grains of the conductive filler 32.

Although in the configuration shown in FIG. 5 each electrode projects



t he magnetic head slider being fixed to the slider supporter w sh an
ani aotropic conductive rosin) ~ . --~~ each of the r of first1éi$ﬂ“r33@%
being electrically connected to each of the plurality of opposing second
el ectrodes with the ani sdtropi c conductive resin, and at |east ore pair of
the Brat electrode and the second el ectrode ~ teeing an el ectrode for
grounding 2. - A magnetic head device according to claim1l) wherein the
magneti c head elenment is provided at ap end portion of the slider and the
el ectrode forging, is provided in the other end potion of the seder 3. A
magnet | ¢ detidRiitiel 8f tRONiA: £ 8hiItht Adkdge AACHithildi%AgRALRC head
ead el enent. 4. e ea

eIenEPt :s.a nmagnet oresi stive . e n gnetic . accorging to
adhesi ve Al RHiRiie ERE bR PhiREh taf AN e Fethd g e

h [ ' 5. ..A jc h | ' . cl ai 1
to 4, whehBiaedthe 1 P ae-AlikIo ¢ S sapeddad agd Sis Barkof e widdk Hhisneri o
head devi ce accordi ng to_agﬁ}Pé'clainB 1 to 5, wherein the conductive

filler ignadgilafas
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of él)trasviolet rays of 3000 md/ cm? in total light quantity, for example, under

a load of 2.0 kgw / cm2, for example, and through an application of heat at

20 °C for 30 minutes, for example.

FIG. 8 shows the relationship between the thickness of the anisotropic
conductive resin (¢ m) and the peel strength when the bonding area is
constant (1.0 mm2). FIG. 9 shows the relationship between the bonding
area (mm?) of the anisotropic conductive resin and the peel strength when
the thickness is constant (20 # m). The anisotropic conductive resin used
is an acrylic resin wherein silver grains are mixed by about 40 to 60 percent.

The result is that the thickness of the anisotropic conductive resin 30 is
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specification (1.0) or above when the bonding area is 1.0 mm2. Since the
conduction resistance could be increased if the resin 30 is too thick, the
thickness is preferably 25 u m or below. More preferably, the thickness is
equal to or below the maximum grain diameter (10 u m) of silver.

Similarly, when the thickness is 20 u m, the area where the anisotropic
conductive resin 30 is applied is preferably 0.95 mm?2 or above.

A method of manufacturing the magnetic head device 1 of the
embodiment will now be described.

The anisotropic conductive resin 30 is applied to the surface 24 of the
flexure 20A where the signal electrodes 22a to 22d and the ground electrode
23 are formed. The slider 10 is then placed on the anisotropic conductive
resin 30 so that the surfaces 24 and 14 face each other. The resin 30 may be
applied to the slider 10 or may be applied to both the slider 10 and the
flexure 20A. Under a specific load (2.0 kgw/ cm?2, for example), ultraviolet
rays are applied to the resin 30 and the resin 30 is further heated at a
specific temperature. The resin 30 is thereby cured. As a result, the slider
10 is fixed to the flexure 20A and the signal electrodes 12a to 12d of the
slider 10 are each electrically connected to the signal electrodes 22a to 22d of
the flexure 20A, respectively. The magnetic head device 1 shown in FIG. 1
is thus formed.

According to the embodiment thus described, simply bonding the slider
10 to the flexure 20A with the anisotropic conductive resin 30 allows the

slider 10 to be fixed to the flexure 20A. At the same time, the signal
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electrodes 12a to 12d of the slider 10 are thereby each electrically connected
to the signal electrodes 22a to 22d of the flexure 20A, respectively.
Furthermore, the ground electrode 13 provided in the reverse (rear) portion
of the magnetic head element 11 of the slider 10 is connected to the ground
electrode 23 of the flexure 20A as well. Grounding is thereby provided for
preventing damage to the magnetic head element 11 due to static electricity.

In the embodiment, the step of fixing the slider 10 to the flexure 20A
and the step of electrically connecting the signal electrodes 12a to 12d and
the ground electrode 13 of the slider 10 to the signal electrodes 22a to 22d
and the ground electrode 23 of the flexure 20A may be performed in a single
step. That is, the steps of (2) and (4) in the related-art manufacturing
process described above are no more necessary. The manufacturing process
of the magnetic head device 1 is therefore reduced. In addition, since
electrical connection is achieved with the anisotropic conductive resin 30,
gold (Au) that is used in the related-art bonding step is not required.
Manufacturing costs are therefore reduced. Since the bonding step is not
required, there is no chance that the suspension of the flexure 20A and so on
is deformed. The yield of the flying performance is thereby improved.

FIG. 10 and FIG. 11 illustrate the flying performance obtained of the
magnetic head sliders of the magnetic head device 1 of the embodiment of
the invention and a magnetic head device of related art, in comparison with
each other. Solid line A indicates the result obtained with the device of the
embodiment of the invention. Dotted line B indicates the result obtained

with the related-art device. FIG. 10 shows the average flying heights
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a magnetic disk. FIG. 11 shows the dispersion of the flying heights in the
three zones.

The result is that there is no particularly great difference in the
average flying heights (FIG. 10) while the dispersion of the flying height
(FIG. 11) of the device of the embodiment is smaller than that of the related-
art device in the three zones. The result thus indicates that a steady flying
performance is obtained.

FIG. 12 to FIG. 14 illustrate the flying height distribution in the three
measurement zones. FIG. 12 shows the result obtained in the inner zone of
the magnetic disk. FIG. 13 shows the result obtained in the center zone.
FIG. 14 shows the result obtained in the outer zone. There is a significant
dispersion among the zones of dotted line B of the related-art device and the
device does not conform to the specification. The yield is thereby reduced.
In contrast, the dispersion among the zones of solid line A of the device of the
embodiment is small and the device falls within the specification. The
device of the embodiment is thus improved, compared to the related-art
device.

As thus described, the flying performance of the magnetic head device 1
of the embodiment is stable, compared to the related-art device, and the yield
is improved. Since the ground electrode 13 is provided in the rear portion of
the slider 10 which is apart from the magnetic head element 11 formed in the
front portion, static electricity is allowed to escape to the flexure 20A without

affecting the element 11.
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In the embodiment the anisotropic conductive resin is used as a
bonding means. As a result, the one bonding step is only required as
described above, in contrast to the related-art technique that requires the
two bonding steps including preliminary and final bondings wherein the
film-shaped anisotropic conductive sheet is used. Consequently, the lead
time 1is reduced compared to the case wherein the related-art anisotropic
conductive sheet is used.

The present invention is not limited to the foregoing embodiment but
may be practiced in still other ways. In the foregoing embodiment, for
example, the conductive resin 30 is applied to the entire surface of the
flexure 20A that faces the slider 10 and the flexure 20A and the slider 10 are
brought to contact with each other at the entire surfaces. Alternatively, the
slider 10 and the flexure 20 A may be bonded to each other with a sufficient
strength through applying the conductive resin 30 to the electrode portions
only, depending on the sizes of the electrodes 12a to 12d and 22a to 22d and
soon. The structure of the suspension 20 as the slider supporter is not
limited to the one illustrated in the foregoing embodiment but may be any
other one.

According to the magnetic head device of the invention thus described,
the magnetic head slider is fixed to the slider supporter and the first
electrode of the slider and the second electrode of the slider supporter are
electrically connected to each other with the anisotropic conductive resin.

As a result, the yield of flying performance of the slider is improved and the

manufacturing steps thereof are simplified so as to reduce the lead time.
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In the magnetic head device a plurality of the first and second
electrodes may be provided and at least one pair of the electrodes may be
electrodes for grounding. Damage to the magnetic head element due to
static electricity is thereby prevented.
According to the method of manufacturing a magnetic head device of
the invention, an anisotropic conductive resin is cured so that the magnetic
head slider is fixed to the slider supporter and the first electrode of the slider
and the second electrode of the slider supporter are electrically connected to
each other. As a result, the magnetic head device whose flying performance
is improved is manufactured through simplified steps and the lead time is
reduced.
Obviously many modifications and variations of the present invention
are possible in the light of the above teachings. It is therefore to be

understood that within the scope of the appended claims the invention may

be practiced otherwise than as specifically described.
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1. A magnetic head device including a magnetic head slider having a magnetic
head element and a plurality of first electrodes and a slider supporter having a
plurality of second electrodes that are opposed to the plurality of first electrodes,
ﬂwmaomﬁcheadslkbrbehgfbndtoﬂmsﬁdarsuppoﬂuuﬂnan
anisotropic conductive resin,
e muumdwmmmummmwma
the plurality of opposing second electrodes with the anisotropic conductive resin,

and )
at least one pair of the first electrode and the second electrode being an

electrode for grounding.

2. - Amamnﬁcmwdo'vbeaocordingtochimtwhereinhmaomﬁchoad
element is provided at an end portion of the slider and the electrode for grounding is
provided in the other end portion of the slider.

3. A magnetic head device according to any of claims 1 to 2, wherein the
magnetic head element Is a magnetoresistive head element.

) 4. A magnetic head device according to any of claims 1 to 3, wherein the
anisotropic conductive resin includes an adhesive layer including a conductive filler
and the adhesive layer is a thermosetting resin.

5. A magnetic head device according to any of claims 1 to 4, wherein the
thermosetting resin is an acrylic resin. .

6. A magnetic head device according to any of claims 1 to 5, wherein the
conductive filler is a silver powder.



