';eBe' I$#J$B 6Xx' T'{~ .., 1 TITLE OF THE | NVENTI ON HEAD SUSPENSI ON
ASSEVBLY .AND MAGNETI C DI SK APPARATUS COVPRI SI NG THE HEAD SUSPENSI ON
ASSEMBLY BACKGROUND COF THE | NVENTI ON 5 The present inventy Mm‘“\mm‘ﬁm“to a
head suspension assenbly (hereinafter abbreviated as a memmm

particularly to a HSA nounting a head | C together w th a magnglyje+ head, and
a magnetic di sk apparatus conprising the HAS. 10 In general, a magnetic

di sk apparatus conprises a magnetic disk, a“spindl e notor for supporting,
rotating the magnetic disk, a carriage assenbly for supporting and driving
a magnetic head, a voice coil nmotor for driving the carriage assenbly, and
a main 15 flexible printed circuitlHdarQF (FEF et NEENEIORal | ed as a main FPC)
for electrically_connecting the nagnetic head to a control section, which
are arranged in BERRSEUS LON rASFRMBRY ANPy MARNETAEs DESEc APPAGATHS

attached to the case._and a plurality of HSAs extending 20 fromthe bearing
unit. The nagneIQQM?ﬁ%EFN% ?ékwﬁ%@DoﬁuﬁﬁﬁNéﬁ?gnﬁgﬁEgﬁagportion of each HAS.

lﬂhspg_f’? i Q;Smﬁ? ch 15 "Suppor 2&%@?@%@5%@%?ﬁ?ggﬁ?@?’oﬂgéi  suspensi on
extending f rom 26 thenh stalognd slyLlle; 81 250 3UPRAT L AG.LhS,IBANELLS

head on its distal en on, and an elronga race adhéred o

suspension and 3fdenflity TAGNALifactor Ubbrdyiliead Ls GORREY!gflalo the min

FPC t hrough the trac ace 1s construc y er

flexible printedaividiilabuanch o yid MILAELRL 41 RESIPLE! Logbohopxaml e,

made of stainless or the li'"ke. 5 The maln as a connectfon end portion

fixed on the begfithy didgrdt i HdRW AW 2 RAGXEEBE &Nk PREHAPRLgONNeCt ed
to the control circuit board fixed to the case. Al so, the main FPC has a

plurality of comapdiginpdhemag. ded at the connection end portion, and 10
a plurality of wiring patterns extending fromthese connection pads to the
proxi mal 1énd porti on.IrFwdrergl t e prgmetdd @bsk pappavatws ¢dbeptisee
extending fromthe nmagnetic heads is soldered on the connection pads

provi ded at t he acowgaetiion damsd par ispdmddfe tintomi fofFROPEStiing hi s manner,
the magnetic heads are electrically connected to the control circuit board
and control | ed BPterisdcéher srsdietdd disder & IBENATe @sgablieatry C
(signal processin integrated gircuit element) whjch a Jifiestﬁ si gha

I C, .
20 read from th8ORRGRLIPE ABCo ING ol dREF it HERfer THER G
| | i t t.rol i it .b d | t , ently, th
Dot h of cadlPRBRoRNbRC dZRMN G chial Sk A0 Graddhi I (M i FHE can b
hor t th A0 41| . , i f t i1
T ernedas | N2lekiB1e"EUInRRACE (ABALE AL 11k naA A Gl Tdd g
near the magnethCnheadrpay 2BEWB1ERt32BANAYS RHHE P HHeA R HIA

Publ i cation
head to a control section, which are arranged in a case.
The carriage assembly includes a bearing unit

attached to the case, and a plurality of HSAs extending

20 from the bearing unit. The magnetic head is mounted on
the extended end portion of each HAS. This HSA has
an arm made of a thin metal plate spring and having
a proximal end portion which is supported on the
bearing unit, an elongate suspension extending from

25 the distal end of the arm and supporting the magnetic

head on its distal end portion, and an elongate trace

adhered on the suspension and arm. The magnetic

AR
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5 3 MNo. 11-213365, for exanple. In addition, a proposal has been nade for
a HSA equi pped with a capacitor (capacitor elenent) for snoothening the
péwer source. If the head 1Cis thus equi pped on the HSA, total 5 five
wiring patterns, i.e., tw signal lines, two power lines (Vcc and Vee), and
one ground line (GND) are fornmed on the trace. Meanwhile, in the main FPC
connected with the trace, independent five wiring patterns are provided in
10 correspondence with one trace. Therefore® for exanple, the main FPC in a
magneti c di sk apparatus conprising four HSAs has twenty i ndependent wring
patterns and two_ W rin atterns for VCM so that the entire width of the
mai n FPC becomes!faf gis E%??ﬁ%??dtﬁ?sthﬁi%aFPCFRG tbrevghctBeatnaoabl e part
which shifts in accordance with rotation of the head actuator. Therefore,

if the width is TNtTeRbRTE 1HeCRRT I epeednb¥si pRBFINgaRsE8laYr ESpEiRhee

20 8 structure (R UHEER G ToHEE PORAER i nadBPOP BOPRLILIRER BIEtSandw ched
wring patterns o tAEETARRE (€L AT Fedt | ¥ CoRhebthh v th the head IC
conduct i vity. and a siopenaion Teonef p BaRleBLELR et BekPEoR Fo¥ed"Bh

ined. Th f bedri id f4 i filel d
attai ne er efie, bédrig didfd QY ta terFag af te%]eﬂa.ﬁdggic}{n%ié erxg@t%&e@% te

a- 4 fromthe head IC, and the tenperature o xceed a
guar ant eed t enper@ingcddinge.tfdirddiirohedirdi o pderdeatd.d & {6 anss gr s to

the magnetic head so that the characteristics of the nagnetic head

change, and the ddss.ng Filsd e tfe theid reme a4 heLSHSPERS| O dawndbersm! |y
expand t hereby changing the characteristics of the entire HSA. In addition,

if circuits in tdeslshembvi@adhatt goreradmdwatonfend glomreienj eard e not
provided 10 symmetrically in the right and |left sides with respect to the
center |ilfe of the®lNgALitteafalwisxiyehHattemnsotx ety i iadm bdtewen t he
left and right sides in the part which supports the magnetic head of the
suspensi on. ConS&EFFERTLPT HRElsc e ddree mirsyigw bfenchearigimet i ¢ hasthels, may
be deteriorated. .If the head | C and the capacitor are installed on the HSA,

the capacitor camfoPTe& ¢ ROE Parpt i eheaP e BeanEa off 1am
R A R e T R T
?R\C/Ielntsi gﬁf ﬁ;rsreggg%%rr%g e' iar?R\lﬁ%EW§§%§§ia noIeelﬂ%cil‘prOc r%ENToing\l? ZB-'% alrﬁf%%‘r%g?lb&
obj ect ofsprovi @nN@his manner, the magnetic heads are electrically
connected to the control circuit board and controlled
by this control circuit board.
Meanwhile, the head IC (signal processing IC,
integrated circuit element) which amplifies a signal
20 read from the magnetic recording medium by the magnetic
head is generally equipped on the control circuit board.
In contrast,'recently, the length of each wiring
pattern from the magnetic head to the head IC can be
shortened so that the inductances and capacitances of
25 the wiring patterns can be reduced by mounting the head

IC on the trace of the HSA near the magnetic head, as

shown in Japanese Patent Application KOKAI Publication



25 a~head suspension assenbly capabl e of reducing influences from heat of
the head 1 C and mai ntai ni ng excel l ent characteristics and a magnetic disk
appar at us s 0 - 5 conprising the head suspensi on assenbly. The present

i nvention has anot her object of providing a head suspension assenbly on
whi ch a capacitor can be installed w thout damaging 5 the magnetic di sk and
a magnetic di sk apparatus conprising the s§ge. The present invention
further has anot her object of providinga magretic di sk apparatus capabl e
of reducing the nunber of wiring lines of the main FPC and 10 of reducing
thereby the entire width. To achi eve the above objects, a head suspension
assenbly accordiifg td#Hs38Pesdrt EF@ERlicon Wdééépna fUSPERASHT havi ng
a distal end portion on which a nagnetic head is nmounted; a flexible
printed circuit%fﬁ 65Pd "2FRaf Q& d 20 i SPh & BIDPERS ¥ 2 53PS H My pl ate

i nterposed thergbetmeeQ; ang a hg@d | C nDunt%q an tQ flexible printed
circuit board and®BESHtPEnEFSRERF )t RETEGINETFE HESd Fhfh € FiEx IS S5ri nt ed
circuit board includ first, wW.rj ter i el ect.ri y

connects the magneti g%hge{l& v%%taﬁ1 tIﬁeq%eg%‘R‘ﬁsC,er&él\ysbg%?nd) nw&rqené'?égldt ttgo(r)tnalv\hi ch

extends fgom the;head;L Gy OPﬁtE%9§%naﬁ.%nd Q%%t%g%n%ﬁ.ﬁﬁ%e%USRﬁﬂ§5 Rre2Nd

i E‘ *
insulation filns mhlcﬁ cover t (st "and second>wm ri ng pat't erns “from both

sides, and the hRgdkatier 234l bBS aLgdr &RV edoiinemanar@dpyhigl faces the
head I C, and the Iiniﬁg pl ate angsfhg'suspengggnnhas aﬁ épenwgg'in the area

whi ch faces thesheaddl ensueb thatethe first a - 6 and second wiring
patterns are exposed through the opening) Al so, according to another head
suspensi on assenbly ofeanfdipeesént theavaaliinorrd ke reetddd ayiph rded 5
circuit board includes a first wiring pattern which electrically connects

t he magneti c headawet hinhHepheddnktCf izmeswdandgwpaithgrpst teen paovikiedx tiends
fromthe head IC to a base end side of the suspension, and insulation filns
whi ch coV@r thecerkpagopdeneenwithoanBotiiasedes Thegetheei, nforaeixempiliel, ns
are renoved froman area_which faces the head IC, and the |ining plate and
the suspensi on KBS BALlBpERCnglRaf MRENEEAS WRSEhIPREEITLURe CRERE LEENJIA heat
radi ati on nmenber. is Eroviggd in the kept .in contact with the

Wi ring patternsfo$s E§PEnBAS EﬂﬁPﬁgrgﬁgghggé§ﬁén¥F65nasQéﬁﬁ?§n§c€89ding to
th toi tior i : i havi di | d ti

on vhi oh & magnEPPc NEAE0] BRRERRRAdTOR PRl BPoCBPFuLDA EPFCRE: WBeaTd
install ed th I It | pi t | d t

2 "head 1C mount 35 SHCCRELR £k, PeBohbl, BhrBe? Urflshaky’ RIS maif BRE, Ton:
the magngiic heaghs@apdcashgaholbadiat HhaRtRADER SRYEELNGnaRcLHLALneY face of

t he head I C
with rotation of the head actuator. Therefore, if the
width is increased, the main FPC undesirably causes
a resistance when the head actuator moves.
Also, the FPC forming part of the trace has

20 a structure in which wiring patterns made of copper
foil are sandwiched between insulation layers made of
polyimide or the like. Further, the wiring patterns of
the FPC which is electrically connected with the head
IC are covered with insulation layers, a lining plate

25 having a low heat conductivity, and a suspension, so

that only poor heat radiation is attained. Therefore,

it is difficult to radiate efficiently heat generated



According to the head actuator assenblies having 25 the above nentioned
construction, the heat radiation efficiency of the head ICis inproved so
that tenperature increase exceeding a guaranteed tenperature r a range of
the head I C, characteristic changes of the nagnetic head, and deterioration
of mechani cal characteristics of the suspension due to heat can be
prevented. 5 Al'so, according to another head actuator assenbly of the
present invention, the suspension and the IIrning plate are wel ded to each
other at a wel ding point positioned between the slider and the head IC.

Further, the t | the Lini | at d 10_h '

posi (1 ohed bet webil B Seb ot foi RS sHEE  HERRBSREREe #f ERe SPPBcERr o as

d i bed ab , h C be t itted to_th i

Chr ough tho wel Qi BATSTT A PERrr S nFHmRTEe FT ot 852 1 anERBFPRRG to 1 he
gh the wel di'g poi 7S hi it _

xcoedi ng the guaant Sl Larper i i r iRt o s nS ke MEARELE} hae il T

changes of the ragnatic ﬂ?@%h%‘&l@f%é%@t%?ntfé ABGHE0L E&) o

characteristics of the 20 suspensi on due to head can be preven?%d. Furt her,

accordi ngst o aniheigdieachd UsSREMSi iPh ASSEAE Yo Pfehd e I Esetgqi nvention, the
head I1C has a wite driver circuit and a bias current circuit which are

each arranged swinetsugiadrigion thay esieatal 0y 2Bxpa k@it r &Y Sci®dnd ey
suspension. In the structure as described above, stable operation can be
assured steadi | ythe tdiartadyealdtngs & tdee balainee Hga L he suspensi on even if
the suspension is thermally expanded due to head fromthe head IC. Another
head suspensi on asseniit yaddicoraei ngif ociteupresont theviesdd oIC colipe i ses: a
suspension having 5 a distal end portion on which a magnetic head is
nmounting; a fledMeraha Medt @f duigh wedrariesang rek @ravigdedispensi on with
a lining Blate i nter posed therebetween; a head |C nounted on the flexible
printed &°rcuit SHENFLECR IIdsily el Hishit e dgfifetSidaratith oreanpat
capacitor mounted qn the flexihle printed circuit board between the

nmagneti ¢ head a%(? t%ﬁ‘g (FE1F St Hne é’réré:%kfedis&'o%ert“@]t IFRERANTIAN &l "Atde of
t he suspensi on ad ILC Wth the structur.e.as described above, the
15 capaci t or vvhltS e;tts}qgggr g’éattéqreeﬁeitg ft tehfzcnainﬁiterﬁeg IS29%8 grbvifted cl oser
to the magnetichead fiah thedaead e | | o) [ | d side
of the suspensi gn. As a res&l%t, hel gthte r?naafggr}entglcfﬁﬁaeéas%é vh\ﬁ% %‘Se eelg l?%’ t he

magnetic di sks, ceasklalendafggeneornd@ abhe rhiaad caUse tHO AT heaard the
magneti ¢ di sks can be reduced. Meanwhil e, a nagnetic di sk apparatus

accordi ng5t o t hmapr beedetiemiemticed.i S constructed by conprising any one of
t he head suspensi on assenblies described above. 25 Another magnetic disk
appar at us accordi ng tI¢ tthe eesedC iamdenthieor apanyirticaesren imagatlierd di sk; a
plurality of magnetic heads for recodi ng/reproducing 1r, I _ g _ of

i nformati on wit R0r 88ge8BAy othRecARgRdtior ghskotabearthiagedasoerbitpan
supporting the magneti c heads novably with respect to the nagnetic disk,
the carriage as§BRobP§aPndFuBPRguUaEhHOAr ik gfFuctame aapdutiierefose,5 head

suspensi on assegglies each which has a Eroxinal ) _
e capacltor may contact the magnetic disk surface

20 when the magnetic disk apparatus receives an impact or
the like and is deformed thereby.
BRIEF SUMMARY OF THE INVENTION
The present invention has been made in view of
the above circumstances, and has an object of providing
25 a head suspension assembly capable of reducing
influences from heat of the head IC and maintaining

excellent characteristics and a magnetic disk apparatus



end portion supported by the bearing unit and a distal end portion on which
one of the magnetic heads is nounted; and a main flexible printed circuit
bobard having a connection end portion attached to the 10 carri age assenbly,
and a proximal end portion positioned apart fromthe connection end
portion. Each of the head suspension assenblies includes an arm extendi ng
fromthe bearing unit, a suspension projecting froman extended end of the
arm an elongate 15 relay flexible printed Tircuit board provided on the
arm and the suspension and having a distal end portion connected to the

magneti c head and a proximl. end rtion connected to the connection end
portion of the ﬁ?‘??‘%%%&%ﬁé‘@pﬂ?%ﬁf@os%%&ﬁwrbo%%?m%m a head I¢c 20

nmounted on the rela | exible printed circuit board near, the nagnetic head.
The relay flexible gr ¢ﬁERF%E?ékn%nYﬁ%ﬁ%P?ﬁ%?%d%%Ogh%¥gﬂ%ve?Fn%? a power

source line, an g ine ending fromth neti.c, head to the
proxi mal end ZS%L)I(aJOthg'LlagLn hAr o}{l}g%ae%uesn%eena%qrbasﬁweé“Wn 1 I@H%I‘e printed
circuit board i |d&¥§%‘ i 4 t f t ] , in
correspondence raacr - l%ooql V‘%raﬁ] %%elq{oﬁ%slgﬁ?ff%é%ﬁéiﬁﬁii on
assenbl i es, the (RN PIASIOTaRAGH rifdnd i Ypas fd'sﬂﬁér ond and

third connection pads Tespectively connect'ed wth the |gn51 I ne, power

source |ine and cpnmpiidingate Gfarfdhe relay flexible printed circuit board,
and the main flexible printed circuit "board i ncludes a connection line

whi ch connects the plmitealgdeseaft tiivehpiasts MirthaadaOtdesthar Bk | i ne
extending fromone of the third connection pads to the proxinmal end 10

portion, and a pfuraloviyiofy si grandtitesliemk aptiarg tes pegidbied Yof rom t he
first and second connection pads to the proximal end portion. Wth the
magneti c di sk apgaiuetiag Fae mymbesr sifr sdiing deses el Eirowe i IRPOEmMier  of
conductive 15 lines in the main flexible printed circuit board can be
reduced &8 that Ofh&edNciing wiheriebyarthise enddace@idth .t hi s manner, the main
flexible printed circuit hoard can be snoothly defornmed, follow ng the
operation of the carfPadSidsyenttineg ahaye 1o essisst #hdeathAYsReRTBL @D t he

carri age assenblé ca lbe reduced. Addi%ional obj ects and advant ages of the
invention will BES§BPLYoPPROFR*PRe tReSOfi BEESH™ i EY SRSILHOSWS OMBFd S8 *par t

e vent o roaaL SRRPEH TS RRLALECR. 35l LegIad R Sragh ce o Lhe
Do oty pac S Patiel sk e MBRHLAL kot S BB O B e e
SEVERAL M5 EW5 CbodHE BRAWLBED on the suspension with a lining plate
interposed therebetween; and a head IC mounted on
the flexible printed circuit board and positioned near
the magnetic head. The flexible printed circuit board
includes a first wiring pattern which electrically
20 connects the magnetic head with the head IC, a second
wiring pattern which extends from the head IC to
a proximal end portion of the suspension, and
insulation films which cover the first and second
wiring patterns from both sides, and the insulation
25 films are removed from an area which faces the head IC,
and the lining plate and the suspension has an opening

in the area which faces the head IC such that the first



,The acconpanyi ng draw ngs, which are incorporated in and constitute a part
of the specification, illust rate presently preferred embodi nents of the
i*nvention, 5 and together with the general description given above and the
detail ed description of the preferred enbodi nents given bel ow, serve to
explain the principles of the invention. FIG 1 is a perspective view
showi ng the inside of 10 a HDD according_to.the first enbodi ment of the
present invention; FIG 2 is a perspective View showing a carriage assenbly
and a board unit of the HDD;, FIG 3 is a plan view show ng a HSA of the 15

carriage assenbly; . FIG 4. is, an enlarged plan view showng a part of a main
FPC of the boar cf}/%istgcqﬂdewzsr}r%g aPaptrtzgﬁFﬁe%%h%’W?%e‘g ﬂS’%’%%@o?l&‘? ng to the
second enbodi ment q{.the present invention; 20 FIG 6 is an enlarged pl an
vi ew show ng a|ﬁﬂ% B¥9a main FPC according to the second enbodi ment; FIG

7 is an enlarged pl arhdlvggw%gg%%f fcﬁréngéh&hﬁggdlééhgéénﬁsgfna HSA

according to the third enbodi nen e present inve FIG 8 is a

cross-sectional a\‘gseé‘%kpllﬂ} & ang g)ié.e%gxtl\/lc;}lr{‘ie\lﬂ%jloaé’?% iﬁ‘ﬂ%]fg;pﬁéﬁeog is

a cross-sectional view show ng part

accordi ngst 0 t he ifleuitd el imNtudds ther ¥ as e r il G4 18kn Riacl0 1S a
cross-sectional view showing a head I1C part of a HSA according to the fifth

enbodi nent of 5 dikefriesally igvmeiEdtd ;tHd @adilet ic hdddmMlewshaday a HSA
according to the sixth enbodi nent of the present invention; FIG 12 is a
pl an vi ew show 1Ig ,a aHSEcebndimond pdtdtersewsnidh eaahdenirod the pyasent
invention; 10 FIG 13 is a plan view schematically showing a head ICin a
HSA according t3da he & dglade emsbd irdento foft Hehes ymmesseniton nveard i iomsuldtGonsd i s
a plan view showing a HSA according to the ninth enbodi nent of the present
invention; and ¥31lmsGwhi%h sovesi ddieyiwsw iofg paiSk e dntimdath tdigles.
10 The insulation films are removed from an area which
faces the head IC, and the lining plate and the
suspension has an opening at the area which faces
the head IC. A heat radiation member is provided in
the opening, kept in contact with the wiring patterns.
15 Further, another head suspension assembly
according to the present invention comprises:
a suspension having a distal end portion on which
a magnetic head is mounted; a flexible printed circuit
board installed on the suspension with a lining plate
20 interposed therebetween; a head IC mounted on the
flexible printed circuit board and positioned near
the magnetic head; and a heat radiation member covering
an outer surface of the head IC.
According to the head actuator assemblies having
25 the above mentioned construction, the heat radiation

efficiency of the head IC is improved so that

temperature increase exceeding a guaranteed temperature



ni ntth enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON There will now be
"desctibed an enbodi nent which applies the present invention to a hard disk
drive 20 (hereinafter called a HDD) with reference to the acconpanyi ng
drawi ngs. As shown in FIG 1, the HDD has a rectangul ar box-Iike case 10,
and a top cover not shown, which is fixed to the case by a plurality of
screws thereby 25 closing a top opening of7the case. In the case 10 are
arranged two magnetic disks 12a and 12b7ser'ving as magnetic recording
medi a, a spindle ct - 13 notor 13 for supporting and rotating these

magnetic disks, a plurality of ma neti% heads f.or ,rec rdin% and reproduci ng
i nformati on on BAA9Fr 8 thE REGRetFe GPERECERIISCafdaRIEEMNYY 14 which

supports novably these 5 nagneti.c head ith respect to th tic disks
12a and 12b, a ¥8Pc@a88FFlﬁDE8Pdch8P§ia& éﬁoggﬁﬂgﬁ VéNFeFiﬁgﬁ%%gting and
positioning the carriage.assenbl and_a rd it 1 ui pped w th
circuit parts sﬁﬁﬁras%%aﬁF?6F5|8§ iﬁ& FH%PFngﬁnlgﬁ% %ﬁ éﬁ%& g%&%ﬂ%% boar d
15 for_controlIb%gvgg%eggeration of the spindle notor 13, VCM 16, and the
magneti c heads rough the board unit 17 is fixed to the outer surface of

the case 30 by Screws aad o3 ORRASI 8ol AridihddOtdMY WRlth o s deaisty 15

Each of the magnetic disKs 172a and “12b has a di aneter of 65 mm (2.5 i'nches)

and magnetic regerdhpgphakehs QRvehtiBRNCLh2NGulsPerls 1o fadcde thelhd ntivwg
magneti c di sks 12a and 12b are engaged coaxially with a hub not shown of

the spindle notgnalld, a2edyanged0 st aakad owhiehr atpredeleingnedintt erval in
the axis direction of the hub. Further, the nagnetic disks 12a and 12b are

rotated at a predetieiBneddbspeednbyhiehe ldgiendlandmther hEdd AL .shown in FIGS
1 and 2, the carriage assenbly 25 14 conprises a bearing assenbly 18 as a
bearing unit fi Xedthert,héheottramendlsl fofrmelde agtasdel G indmg Pdateclagdyat e
head suspensi on assenblies (hereinafter called C- 14 HSAs) extending in
paral | el 10i th ehels enhepehism Preipdanedgbessess heg weddidwoweint @rds. 2
and 3, each HSA 22 conprises an arm 20, an el ongate suspension 24 attached
to the 5 extendé8eeh@adf IChe arm a nmgnetic head 26 fixed~to the
suspensi on, an elongate trace 28 adhered onto.&pe ar,m and sgéf §§Pq:qu

electrical |y connectdd 8 FENETHEE @Sh&&s FiPeth #RPead's hbunted on

the t h tic,head. _10.Th i s, f foof |

tai nl aos based AfoiPareD LA ot ankibats B, End BusHelElcl RiughiieP) &
h havi te thi f * Al 1 d of th

20 15 formed a ShbciPRiRr B33athorat, BoRy, 35, iRk FEortlY, Do bear ino.

15 assenmpby 18 i$ahasertedy TR t3SRARskeen c2hdae by Prdvaldiay el ongate | eaf
spring having a plate thickness of 60to 70 ,um The suspension 24 has a

proxi mal end fijedobentihg.di ghakhesdmahnkelre akmpaldiyrepdncweatieng or
adhesi on and extends fromthe arm Note that the
exceeding the guaranteed temperature range of the head
IC, characteristic changes of the magnetic head, and
deterioration of mechanical characteristics of the
20 suspension due to head can be prevented.
Further, according to another head suspension
assembly of the present invention, the head IC has
a write driver circuit and a bias current circuit
which are each arranged symmetrically with respect to
25 a center axis of the suspension.

In the structure as described above, stable

operation can be assured steadily without breaking



,20 suspension 24 may be fornmed to be integral with the arm 20 fromthe sane
material as the arm 20. The magnetic head 26 is constructed by a conposite
separation type nagneti c head which is conprised of an MR el enent
(magnetoresistive elenent) for reproduction 25 (reading) and a thin film
head for recording (witing). The nmagnetic head 26 is fixed to a
rectangul ar slider 25 which is attached to a ginbal part provided at - 15
the distal end portion of the suspensioﬁ'243 The slider 25 is applied with
a pressure in the magnetic disk direction by the function of the suspension
24 as a |leaf spring, and serves to fly up the nmagnetic head 5 26 by a
substantial |y céhet &l adicst &fcéher smsPedshagnhavien difs ikheusuErensiafedss of
air pressure caused b{ the rotation of the magnetic di sk surface. The trace
28 i s construct &EdeBaildyecrngraefediy ftioekiedice fHamitd® Biecli%C boar d
(hereinafter called a 10 relay FPC) 52 on a thin lining plate made of netal
such as stainl ess st &&°HeY &\?aldi lgél.SpﬁﬂSslan ST %‘é{) 1% %he

surfaces of the %rn120 an susgension 24 on the side of the linin | at e

and extends from thEITSENT eV V6P HRE TRYRELSE Hedd SHERE SRS JEdkinfal end

1 i f 0...Lh L i f .th 28 d

15 port o o UBecateud0u IE pCast SRS AOr (ool 41 e 2, ox enc

head 1C 50 i s npuahednadn %h?lEﬁgBXeFEQi‘ﬁ%f'dnc '%u(i(%n%'ota'r‘an.i‘?lfst%jHQ@ir chi p,
en 0o to be

and is |located at the dista portion t he suspension

adj acent to theopngnet suspeadidn. wikg hehaniRECHA+el ihierdoaes 28 incl udes
a first wiring pattern conprised of four conductive |ines 54 which connect,

for exanple, fodheekbetiedas af hbha 2t meaneldC oheate? & 1wixiiih 1le0wr (RS
described | ater of the head IC 50, and a second wiring pattern conprised of

five conductivecliirnestS6oatrdchndopoedtiohed exarplde magnkhict headt;her
remai ni ng five bunps of the head IC with the el ectrode pad section 53.
These cobh@uct i ventdi aesapécatercuapnieddoof theo fdiegikilel préntidard reuitwo
power source lines Vee and Vcc, and a ground line GND. In 5 addition, each
of the first wibPagdphetweancsipr nggaesficahgadupndf thendiged V€ | i nes 54 and
the second wiring pattern conprised of a group of conductive |lines 56 are
arranged in an §9ﬁn§FFPBgP§ygEPSﬁFtﬁ°r§§6eéﬂsﬁéltﬁ@dcéﬁﬁérOﬁiﬁ@ein t he

| ongi tudi nal direction,of %Be 1ghsuEEeasi%n 24, at |east on the suspension
24. The el ect r odBSBEBS$BBt FBA53"6f "PAE Lface 28 has five el ectrode pads 58

conduct ed respective o,the conductive |lines 56. .These el ectrode pads 58
are arranged in Iineh¥ﬁktﬁéeoF%5Fc Fr9e§F gﬁ%Frﬁggé g%°§ﬁa %@ex fromthe

oot 145, IR SRREe a8 0 AR ooy, LIS o 22 oo
bearing assenbl ys18rbhsgetied1b8e+N€0 the magnetic head than the
head IC, i.e., closer to the distal end side of the
suspension. As a result, height margins increase with
respect to the magnetic disks, so that damages on
20 the head suspension assembly and the magnetic disks
can be reduced.

Meanwhile, a magnetic disk apparatus according to
the present invention is constructed by comprising any
one of the head suspension assemblies described above.

25 Another magnetic disk apparatus according to

the present invention comprises: a magnetic disk;

a plurality of magnetic heads for recoding/reproducing



through hol e 23, and extend in parallel with each other 20 and in the sane
"direction. In addition, the HSAs 22 are arranged such that every two of the
ymagneti ¢ heads 26 face each other. The carriage assenbly 14 has a support
frame not shown but projecting fromthe bearing assenbly 18 in 25 the
direction opposite in which the arns 20 extend, and a voice coil not shown
but constructing a part of the VCMis fixeq to the support frane. 6 - 17
In a state where the carriage assenbly I4 rs installed in the case 10, the
magnetic disk 12a is positioned between two HSAs 22 on the upper side, and
the magnetic disk 12b is positioned between two HSAs 5 on.the | ower

side. Further, ?helPbarm bﬂ%tW%t%e§%§P§€tsEBpBP?eHaB9eFH€ fig8K: 22 cont act

respectively the u er and | ower_surfaces of th neti¢c dis 12a and
155 and thiis. oF BT HESRRERRERELE| SRESPF BP0t Re oRABSe E3RengBREe coi

bet veen o pai 1 B °é%k{s2v‘3‘“%h?%a%%e%%%ﬁi%éi@%ﬁgé%”ﬁ' SYokec Bl Pt hE S okes.

VoI 16, The cartTagh %%iuéﬂfig $ Pefafha gfbr cBio B0 DERRRENCRE NG 15
Lracks on the m%%ei?‘? Loy R b R R s

2, and 4, the hog4 é'f'tiorl@&;f%@fté@sbﬁ EﬁétB@QPiﬁé ﬁhieuaﬁdbgaagszglbody
34 fixed to the bottom wal he case 10, and an el ongate main flexible

printed cirecui texb@a% £ heri ebmafh £6h Cathé edf atHai Mafbetid2hexdendsng from
this circuit board body, and a plurality of electronic parts, a connector

40, and the |i ksowtieedpuateda anaimef téxtbié BbibbaddcbodyiB4bokndt her, as
will be described |later, the magnetic heads 26 of the HSAs 22 are

el ectrically commetngdatoonheccionuend bpartibndgtBdcheédotighthe- 18 the
trace 28 and the main FPC 32. The main FPC 32 is fornmed into a
substantial |y bemerisge shagrebluandandck upeeximabnerdt Pontéad portion 32a
attached to the bearing assenbly 18 of the carriage 5 assenbly 14, and a
proxi mel end pdP@$bRicaped fapdet fXOBethat @QRACCHWIOR eRe BPFELPR - board body
34. The connection end gortlon 32a has a through hole 61 and i flxed to
the bearing assenbl yEd8hp9t tg%r%ﬁP@SSEEPéﬁéaog aFBthél$§séﬁﬁiV €8 t hrough
the through hole. 10 Note %at a relnforcenent Iate nog shown | s gdhered

to the back sur?%d%m%fe¥?ﬁp TP BnRA P PO BT RS Sudpens o

projecting from an extended end of the arm, an elongate
15 relay flexible printed circuit board provided on the
arm and the suspension and having a distal end portion
connected to the magnetic head and a proximal end
portion connected to the connection end portion of the
main flexible printed circuit board, and a head IC
20 mounted on the relay flexible printed circuit board
near the magnetic head.
The relay flexible printed circuit board includes
a signal line, a power source line, and a ground line
extending from the magnetic head to the proximal end
25 portion through the head IC,
the main flexible printed circuit board includes a

plurality of sets of connection pads, in correspondence



,The \main FPC 32 has a wiring pattern conprised of a plurality of conductive
lines 62 extending in parallel with each other in the |ongitudinal axis 15
di recti on between the connection end portion 32a and the proxi mal end
portion 32b. Four pairs of connection pad sections 64 are forned at the
connection end portion 32a of the main FPC 32, in correspondence with the
nunber of magnetic heads. 20 Each connecti pad section 64 has five
connection pads 66. These five connecti©on deS—GG are arranged linearly in
the longitudinal axis direction of the main FPC 32. In addition, the four
sets of connection pad sections 64 are arranged in parallel w th each other
at 25 a predet eVitRe8henPéiyalitynofnhBepleSupPeasBoa assembeAeSeonnection
pads 66 of each set respectively correspond to the electrode - 19 pads
58 provided on the ttR€e§°2BeGE1PRe PAGAS 022 €38R Shite 1dHCIHEEEd Tk Sitime i n
t he order of Vee GNE, Vgc Y, ,and X fromthe distal end sade of the
connection end PBFPREn2B3athhd CORREEFTBR pads E6SPSFty¥elyr cPRpested
connecti on pad segéigﬁ 64.are,connected with each gther tgrou%% q 14

WEBR TR R4dlEloni B hePRBRREPREHCpAdLCeR 0PI ERPA 0 1 Re

connection |ine
ti d i 1 t W h
comneoti o Pine EabhEaralef ERERIBEE BEANELE B0y ELIBRAILCHEN Toe are

connected with each erat hr : 0 kAN i 68 e f the
conductive |ines 62 E?Btﬁgaﬁa?gg%%%}%QB?Egﬁhgeglgggﬁ? Pﬁgggeﬁ Eggagggnal

lines connect edat @chhecEOBNELih®NwRER 66nheEtsi gRal p1Xrandty 4% ehieach
set, a common power source |line connected to any one of the connection pads

66 for Vcc, e.gpadsheithvwesopsétrennest gpsupadliinecengendehlp kirem eaanect ed
to any one of the connection pads 66 for G\D, e.g., the | owernost
connecti on pad,of thenbhipdweonsectien2padisneocthaeptredimalaagdone of the
connection pads 66 for Vee, e.g., the | owernost connection pad, and further
two powek0 sour ceorthes, cantieatptiuralihy ©bi ségnall ldoheshexveniibg Furt her,
five el ectrode pads 58 provided at the 25 connection end portion 53 of the
trace 28 of eacke#SachIvely foPmetlee firsheandspeecondeconnectbanepeddn pads

66 of a corresponding set of the connection end S - 20 portions 32a of
the main FPC 32t°| Hhe lPEoFdhmerendarfr fh@Retic head 26 is electrically

ted to th i i d body.34 .th h the head |IC 5 th I
comectsd 1o e oL rgilh BESr o bay 1L Lioua e RoRg L £ 50 e TS Y
34 i | ectri I nt i i 1..b h th
oL Lo, e NS L LRI e Ao defghbrguan L

connect ign pads%p@eg Of n VEfe Fhaibr TRk b TG BEnt LEC EPENEE LR BAGEN BBe f OF
G\D t hereof, and the
reduced so that the entire width can be reduced. 1In
this manner, the main flexible printed circuit board
can be smoothly deformed, following the operation of
the carriage assembly, and the resistance applied to
20 the carriage assembly can be reduced.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may
be learned by practice of the invention. The objects

25 and advantages of the invention may be realized and

obtained by means of the instrumentalities and combina-

tions particularly pointed out hereinafter.



.10 connection pads 66 for Vee thereof are provided at the distal end
portion of the main FPC, and are connected with each other through the
tonnection lines 68a, 68b, and 68c. Therefore, these connection pads are
connected to the circuit board body 34 through common 15 conductive |ines.
Accordingly, the nunber of conductive |lines 62 of the main FPC 32 can be
reduced, and the width of the main FPC can fhus be reduced. In this manner,
the resistance of the main FPC 32 when the carriage assenbly 14 operates
can be reduced. 20 In addition, in the connection end portion 32a of the
main FPC 32, the er_qf _lLipes. which exten hr h.spaces between
connecti on pads gg%gg ﬁE38868T§§NtH§tTﬁﬁegﬁyﬁékai%#%WSfBEaEHE|PﬁéWEEH be

i ncreased. As shown tg FIGS. 5 and_6, ,according Fo a HDD of 25 a sgcgnd
embodi ment of the preS8nfCPRURARY SRY EREVEBHRecH PR padS FOFOERPTAFE
omtted fromthe_c ection.end porti a_pf the main_FPC 32,.ln_place of
the o 21 om 17 o paieh €61 06e PE R EE e IS o bPRnEE Bt ipanin s T he

t hrough hole 6 o} j p j areu t h hol e
61, "Thi's connectos ROGTEREYY CRPRELEYEa PRRbARTn SRR S8 etle R LBE B
5 a screw 63 Wigh {SqdOeeF Lok “tﬁ@egéHéPé'ghd@:@éfié@iéﬂdgi§eﬁl gebyscal ly
conductive. In addition, the arm 20 and suspension 24 of each HSA 22 are
made of materi adndUehe age €4 2l éd €88s St iéﬂ‘i'aéfi;§h@|§§éfé§§éa>’e1ﬁﬁcﬂdyﬂiVe-
Furt her, each trace 10 28 has a hole 70 formed in the insulation film and
the |ining platmenis tditverl yldPC S&rvat tdhexpbain whe hpoyes i pDss aof
conductive line 56a for G\D connected to the head I C 50. The conductive
line 56a i s contlestiadvémtidme. suspensi on 24 through the hole 70. 15 Thus,
G\D of the head IC 50 provided on each HAS is electrically connected to the
conductive portion 6REGeflthe amperspecB8ivehvbeghshheingntbet ineifienefs56a
for G\D, suspension 24, arm 20, and the screw 63, and is electrically
connect éd to t e BRD RFIOPDERE Bodyha4f Post hebbepinert cohdtieei Reesenre 62.
In this manner,, the e] ectrode pads for G\D provided at the trace 28 of each
HSA 22 and t he ¥bfREEt?®Nn pads for GND provided at the connection end
portion 32a of the n FPC, 32 can_be og%tted 25 According sol deri ng

. I
portions of the main FPC 32 3anY PRESPRASS%C chhePheS I RHLER 2 g%ffﬁﬁ?e
assenbl i ng feas%%#lg%a%gqéeg%gﬂéi 1¥i19fo£' hteh Dy, gan be inproved. _ 22
e Tea

Further, heat o can be easrly %Lanshitted to the suspension

24, thus heat radiatgpn effect, Pa@evlgﬁrﬁﬂgﬂin 28554 g@d¥§eshow an

essential part of a HDD 5 according to a third efbodi nent of the present
inventiams The dd@ceadd Hfsaasly HSA includes a lining plate 80 and a relay
FPC 52 | ayered on the lining pllate. The lining plate 80 is in contact with
the suspension 24. TiEG! & ays FC &1 dngéddssad OvLoppshiolronyg 82pd et nbAg

conductive lines 54 and 56 which
a main FPC of the board unit;
FIG. 5 is a plan view showing a HSA according to
the second embodiment of the present invention;
20 FIG. 6 is an enlarged plan view showing a part of
a main FPC according to the second embodiment;
FIG. 7 is an enlarged plan view showing a part of
a head IC part of a HSA according to the third
embodiment of the present invention;
25 FIG. 8 is a cross-sectional view cut along a line

VIII-VIII shown in FIG. 7;

FIG. 9 is a cross-sectional view showing a head IC



function as first and second wiring patterns, and upper and | ower
insulation filns 83 and 84 made of polyinm de which covers both surface

si des of the copper foil. According to the third enbodi nent, upper and

| ower 15 insulation filnms 83 and 84 are renoved fromthe part of each trace
28 where the head IC 50 is equi pped, and the head 1Cis nmounted on the
copper foil 82 through sol dering bunps 81.1 nder filler 85 is filled

bet ween the head I C 50 and the copper foil~82. In addition, an 20 opening
86 is formed in those parts of the lining plate 80 and the suspension 24
that face the head 1C.50. In this manner, the cg&ger foil 82 is e§poied to
the outside thrBa§h PhedoPehi AGCEEILIRE tRe tP&r £OWRE e ePRRIARSAY €E55NESs
equi pped. AccordinglxJC heat 55 enerated fromthe head I C 50 can be

radi ated ef fici BhEPFR sd™VABEPE/i s possible to prevent tenperature

i ncrease exceedi ng a_guar ant eed _t rature. -.23..ra .characterijstic
changes of the nagneF?g’hg§d§§6adggggg'ﬁ%g%ﬁggflfggﬁwt%g%W3§§ chggé and
deterioration o niea r LSHLCS A0 he . p i cordi ng
fo & fourth enbod BARE of Fhichy BccBrlEhbrTertnb A TLAERRLATNER; 627000
radi ationspl ate.B8 prdgeRt TRLERLAbnSUCh as Cu, ceramics, or the like that
has a high thernmal conductivity is provided in the opening 86 fornmed in the
lining plate 80 and ¥heg,swWgpeask Blgéyviﬁﬁ %ﬁ?%&%@sathSAPQEE%&dH%b|t%z

0
t hrough 10 an under filler 89 made of -material such as silicon grease or

the like that hgpeashkgh éMBoEBhefONdECEthYI bYesbAtt hhfeftibgature, heat
generated fromthe head |1 C can be radiated nore efficiently by the heat

radi ation plate 88, BOGLhak tenpepabur ¢iencetawdnafl at HSAheadokr@ihh to
exceedi ng a guaranteed tenperature range, characteristic changes of the
magneti ¢ head 28hdusevenhkhaembodimehe béatheCpEesenhdideencionati on of
mechani cal characteristics of the suspension 24 can be _prevented. 20
Accordinflto a fifthFEfwodPniAt aoPleReVpewserhematdpeld showAngnarl G 10,
in place of providing an opening in the lining plate 80 and the suspension
24, a heat radi3erdnlpl 4R oBShs2gEPEERRE £6 gﬂ% fpgRERaR@PeAdBeBEr Phces of
the head 1C 50 through filler 90 made 25 of, for exanple, silicon grease.
Al'so, in the fiFPh BRhBBERrehEVERGLCRonst ruct ed, heat generated from the

plate 92 So tha 1 cRBErabhr 4% AcPuatc P RECHIAY PoiEd EfeRfthe 88 71O
d LSLI 1 i c head
36 due (o heat | [romThs romietEAERe of LRk BrePoRrTinfontitnlolal] (2, "o

charactefq stics of thegsuspensi Qns2deCaleheckr 8VaBhedecchbhdafgi tboRnedust
and fragnents sticking to the wafer of the head I C can be prévented from

falling down onnifeh nagbediteft Sks, by covering the entire surface of the
head 1C 50 with the 10 heat radiation plate 92, the under filler 85, and
the filler 90. Accordi ngDEDAALBDXDASERDBBIAOWNOFOTHENENPYENTEAN

There will now be described an embodiment which
applies the present invention to a hard disk drive

20 (hereinafter called a HDD) with reference to the
accompanying drawings.

As shown in FIG. 1, the HDD has a rectangular
box-like case 10, and a top cover not shown, which is
fixed to the case by a plurality of screws thereby

25 closing a top opening of the case.

In the case 10 are arranged two magnetic disks 12a

and 12b serving as magnetic recording media, a spindle



Jnvention shown in FIG 11, the lining plate of the trace 28 and the
suspensi on 24 are wel ded to each other 15 at a wel ding poi nt 92 positioned
on the center axis C of the suspension 24, between the slider 25 and the
head 1C 50. In this structure, heat generated fromthe head I C 50 can be
transmtted to the suspension 24 through the 20 wel ding point 92, so that
heat radi ation effect can be strengthened. én addition, even if the lining
plate near the head ICis thermally expéndé by heat fromthe head |IC 50,
parts that support the slider 25 is fixed by the welding point 92, so that
deterioration of 25 nﬁﬁhanical characteristics of, the suspension 24 can be

prevent ed. Furt AOTaddor@tnG UPPOL ted e i &fddiifshithsse magnetic,e '
resent inventiqn shown in FIG, 12, the linin | ate of the trace 28 and
Fhe suspensi on %&%Fe \ﬁelpgélcfa&&té(a&f B'taﬁéﬁetd'tcgtk\%? |f&rn&e&9rﬁf1§1g9?ngcat ed
between the slider 25 and the headtLC 50. Thgﬁ& wel%%ng oin%§ 5 9% are
arranged synnetFFggp cﬁPﬁhlPégﬁg@thg e & EPTaxE &390 é&bﬂﬁi&ﬁ/ a

t of the lini f t i b i der 25
Bnd the head | G50 2 RECEDEa P i "hASH: RGTBYE L e VaRI, H0EE [ o

formed sygmetri ﬁl%tk;'n)ét‘ﬂict ReR@EPRAkht ‘i‘efs%%cjco toeRhe m%’é]ir%t@c. 'd"iﬁtlé%e 19lructure

descri bed above, the sane operation and effect as inthe sixth enbodi nents
can be obtai nedahy ppevi di %it:@ec%'ldh'&&o&og'ﬁ%%eg%’af%@@ keat cef vichg head 1C
50 can be hindered frombeing 15 transmtted to parts that support the
slider 25. Thusfogereta®ial ahdoboRREhaniag thkacaskebige! acscadlybas,
securely prevented. Meanwhile, as shown in FIG 13, the circuit that
gener at es heat ahdt hebbagheshitalldr equdpped @ittuiciscolit?2patrhe lsestt bE 50
is the wite driver circuit 50a, and the circuit that generates heat of the
next hi ghest cafFonitgolsI@sbirasl ¢tber @dakecircuit 50b. Further, as the lining
pl ate and the suspension 24 are thermally expanded by heat fromthese
circuitsl80a and 50bA PHdNFRdagdacyit2boae d9s forsicomtireolddgdadd@ so t hat
t he mechani cal characteristics are deteriorated. Hence, in an eighth

embodi nent of tRABeHRESEAt Of thegsSPinddpt MeROIhdin VRMFLE, 88d the wite

driver circuit 50a and the hias,current circuit, 50h of _the head | C are each
f or med synnetri@agpﬁtﬁftHeﬁg§p§BF°PSEtﬁ8ngﬁF§ﬁ HRLE E70f-St frd*X€6s 58nsi on

24. In this 5 th I i f t i ni | at dth
suspezsioh824 ggggﬁéugﬁﬁﬁéggﬁégépagfhggzggggtq?okkﬂégggﬁﬁgP%giﬁf C,eso t hat
the suspension gabsiyel LobehaneedofCGandi BE! KnedELegloration of
mechani cal characteristics can be prevented. 1 ccording to a ninth

enbodi mepg of the pregemt JeNyeR! HA”NSRAWN diiRKEl 2a hhd@N8bl hast WO
capacitors 96 are nounted on the trace 28 of each HSA 22. The hei ghts of

the slider 25, ghemeapacbEob59%m andst hacheay hbdShagaeteaseechbriiing order.
Further, according 15 to the present enbodinment, the slider 25 is
positioned at theydrstah énd opptheasdspewerosu2facand t Mbecapaci tors 96
are nounted on the trace 28 between the slider and the head IC 50, and is
connected to magnetic disks 12a and 12b are engaged coaxially with
a hub not shown of the spindle motor 13, and are
20 stacked with a predetermined interval in the axis
direction of the hub. Further, the magnetic disks 12a
and 12b are rotated at a predetermined speed by
the spindle motor 13.
As shown in FIGS. 1 and 2, the carriage assembly
25 14 comprises a bearing assembly 18 as a bearing unit

fixed to the bottom wall of the case 10, and four

elongate head suspension assemblies (hereinafter called



the head IC. 20 In the structure as descri bed above, the height nmargins of
the head | C 50 and the capacitors 96 can be set wide with respect to the
magneti ¢ di sks. Accordingly, the head IC 50 and the capacitors 96 are
prevented fromcoinciding with the surfaces of the 25 magnetic di sks and
from bei ng damaged thereby, even if the HSA 22 is defornmed due to an
external inpact or the |ike. - 27 In th§4second to ninth enbodi nents
descri bed above, the other points of thé structures than those descri bed
above are the same as those in the first enbodi nent. Therefore, the sanme
parts as those in the first 5 enbodi nent. are denoted at commpn reference
nuneral s, and dét3fi)ePXENENRE iidh RIFG AL WHEL (RAGH QERRK HEr St rihR
Further, each of the above ti oned enbodi ments nay be conbi ned with other
one or nore errb&ﬁ%ﬁ%ﬂ%.asl%%t]i mal advant ages and nodi fications will
readily occur to tho

illed.i t. f , i ti i it
br oader aspects is nz}es is‘? I ‘frgd“i %ﬁg %e%l?érih%’r E%?Oé}?el%égﬁ%lé %‘S‘F@%Jg%%?i 1/eS
nmbodi t h i in. I | i 5
ATl ot one. e 2t AP CTPROIRE <SS 2 QAN TG ehe (e
[ ti t f t i .
Lo val entec ! R ot I G, AR AS B ed N
conprising: a SYsRERMPENAEMNY A HIFR]a @GR 1) LhMUELRIBIRet i C

head is mounted; 5 a flexible printed cCircuit board installed on the

suspensi on W t h agnl iaHd G idH st dtiachaiwestines t@add GHeount ed
on the flexible printed circuit board and positioned near the nmagnetic
head; and a heamagaditald dreadedser aaler ihegdir O EemainfatonlGad tdweead
IC. ' 15 2, The head suspensi on assenbly according to claim~.~ further
conpri si ng a heaeagoridec ragnetiid dreagubst ance filled between the head I1C
and the heat radiation nenber and between the head I1C and the flexible
printed éOrcuit boar Ehe3.amm Rhd s fsparesd of asfsantaxanwkir i staigiless-
suspensi on having a distal end portion on which a magnetic head i s nounted;

a flexible print@§ed MEHAL IsdarsdGhnt5alSUSS Idn cth&hep ldkesysifdiesidorthdint h a

lini,~g plate ianrpose t her ebet ween; a head | C nounted on the flexible
print ed circuit Plate-like shape having a plate thickness of 250 um.

At the proximal end of the arm 20 is formed a circular
through hole 23 into which the hub of the bearing

15 assembly 18 is inserted. The suspension 24 is formed
of an elongate leaf spring having a plate thickness of
60 to 70 um. The suspension 24 has a proximal end
fixed to the distal end of the arm 20 by spot welding
or adhesion and extends from the arm. Note that the

20 suspension 24 may be formed to be integral with the arm
20 from the same material as the arm 20.

The magnetic head 26 is constructed by a composite

separation type magnetic head which is comprised of an
MR element (magnetoresistive element) for reproduction

25 (reading) and a thin film head for recording (writing).
The magnetic head 26 is fixed to a rectangular slider

25 which is attached to a gimbal part provided at



_board and positioned near the magnetic head, wherein the suspension and the
lining plate are wel ded to each other at a wel ding point positioned between
the slider and the head IC. - 29 ~The~head suspensi on assenbly according
to claim3, wherein the lining plate has an openi ng between the wel di ng
point and the head I C. 5. A head suspension assenbly conprising: a
suspensi on having a distal end portion on @gich a magnetic head is nounted;
a flexible printed circuit board installed“on fhe suspension with a |ining
pl ate interposed therebetween; a head I C nounted on the flexible printed

circuit board and positiaqned pear the nagnetic head, wherein the head IC
has a wite dri \FS"re cﬂ‘rﬁﬁi‘ﬁt %{}?Q RPN af?r@}ﬁ THSRERTLIQMI Th arB®ach '
arranged symetri.cal | jth respect,to a center axis of the suspension. 6,
A head sushensi G LAz AR 1k G ot O % RARSSNRS o HR ARG o end
portion on whi créd..ra?}{raér}?eetcisc. heraFg* iﬁlqﬁf{’q%:itdi{qrﬁ c{#ge%iglsglqp#rg%%gc' causit
board installed tﬂ§ﬁb I i i t

t her ebet ween; a_h nted on the flexihl.e printed circuit 20 bpard
and positioned r?eg%%ﬁe%pglglﬁét i¢ esaedf;vefn Oatgcle}'pélcﬁ '?CO € r%aﬁﬂeel%fcoﬁjﬁ%ée)
flexible printe i jt { = tdG ed head | C,
and arranged cl %sir}ﬂt::)g tshe |ag%%%l\éiﬁﬁ%§%§:%§gﬁe§%uspe#s%% an the head
IC. 25 - 30 ‘haghdBBaNetiisk HuRRPYAMERE0BY ISiNGras Bl sk; a

plurality of magnetic heads for recodi ng/reproducing of information with

respect to the mRQReld G oHatdond oFarthed @i FHeEdldi sRfdded t he nagnetic
heads novably wth respect to the magnetic disk, the carriage assenbly

i ncluding a bearing uwhd ,trawk 2 9liy aldrigtmicdwbdhys Uspansiof asseldy) | es
each of which has a,proxinmal 10 end portion supported by the bearing unit
and a distal end leeitilen porinteidcicicesisf Hdwe drgdrestd inafasds dasl lmgunt ed; and
a min flexible printed circuit board having a connection end portion
attachedlfo thereday IFE)152asvedthinaddrang edaks mrade @ medlpesiah oned

apart fromthe connection end portion, wherein , '
as stainless steel or the like. This trace 28 is

welded to the surfaces of the arm 20 and suspension 24
on the side of the lining plate and extends from the
vicinity of the magnetic head 26 to the proximal end
15 portion of the arm 20. The proximal end portion of
the trace 28 extends to the outside of the arm and
constructs an electrode pad section 53. The head IC 50
is mounted on the relay FPC 52 in the condition of
a bear chip, and is located at the distal end portion
20 of the suspension 24 to be adjacent to the magnetic
head 25.
The relay FPC 52 of the trace 28 includes a first
wiring pattern comprised of four conductive lines 54
which connect, for example, four electrodes of the
25 magnetic head 26 with four bumps described later of
the head IC 50, and a second wiring pattern comprised

of five conductive lines 56 which connect, for example,



each-of the head suspension assenblies includes an armextending fromthe
‘beari'ng unit, a suspension projecting froman extended end of the arm an
el ongate 20 25 r - 31 relay flexible printed circuit board provided on
the arm and the suspension and having a distal end portion electrically
connected to the magnetic head and a proxi mal end portion connected to the
connection end 5 portion of the main flexib£§ printed circuit board, and a
head I C nounted on the relay flexible print circuit board near the
magneti c head, the relay flexible printed circuit board includes a signal
line, a power source ljine, and,a,ground |ljine 10 extending fromthe nmagnetic
head to Phe prothﬁIoéhﬁrpB?PPbﬁlgﬁréﬁﬁﬁ PHBPReSd Fbe PﬁgdnﬁanﬂFBxFBPe
printed circuit b arg igclud s a ELuraégty OL sets of connecti,on pggs, in
cor r espondence mf?ﬁc hRdF| BRG) PEGTOPMhadd sUSpERsFBRIYSEENS L&8e518%¢ he
connecti on pads of each set inc#uges first iecond and tgir connection
pads respectivel §¥EoRRERF&8SHi Ph tH] S1gRAL FFRBS FoRBF LeouF¥8 PPKE&Tand
round line of t ay. x{,pl e [ d ¢ircui r.d, .and e iLn
?Iexible printedgnggéi%léégrgg%n%ﬁ%dgé82ogg&c%n%5§§$8n1FﬁﬁeG§Efcﬂ?gonnects
the pluraldty of J48itdopads.uhifeeanl ptber v2-ohguadclbns exhgndiag beom
one of the third connection pads to the proxim nd portion, and a
plurality of S'géabrbb?e§feéé§@9é99vée§P§é§!!@'Xn&rEHbtﬁécBh&S&iEEH second
connection pads 25 to the proximal end portion. 8 The nagnetic dISE
appar at us accor dhagtéon Ctempr ¥sedN6f eh NgtBep' 8 ay¥ohlestble pPihstedschrauit
S - 32 board of each of the head suspension assenblies includes a signal
el ectrode pad, sappawrgedoim cen espahevfic phdyoabdwatlr pesgeet ecdbrone pad
whi ch are provided at the proximal end portion and connected 5 respectively
with the signal ¢émeerthengoimertiseoulcegituéinahddihecyionndf|the of the
relay flexible printed circuit board, the ground el ectrode pad and the
pover sourkte el evdsRRRS ol 24 e Pt oleaiet ehotke $wspemsilenol4the 10 magnetic
head than the signal e]ectrode pad, the second and third connection pads of
the main flexible prift@deteFErrdepbaddsafkiprobfded Ehestrace gRehasst al

ond gide, of the sppncciion sud poct 1on Lhep, e, List.coNzES o0 pRg and
conductive lines 56. These electrode pads 58 are
arranged in line in the order of Vee, GND, Vcc, Y, and
15 X from the side of the magnetic head 26.

As shown in FIGS. 1 and 2, the HSAs 22 are
respectively attached to the bearing assembly 18 with
the hub of the bearing assembly 18 inserted in the
through hole 23, and extend in parallel with each other

20 and in the same direction. 1In addition, the HSAs 22
are arranged such that every two of the magnetic heads
26 face each other.

The carriage assembly 14 has a support frame not

shown but projecting from the bearing assembly 18 in
25 the direction opposite in which the arms 20 extend, and

a voice coil not shown but constructing a part of the

VCM is fixed to the support frame.



.el ectrode pad, and the ground el ectrode pad of the relay flexible printed
circuit board are soldered respectively to the first, second, and third
tonnection pads of the main flexible printed circuit board. 20 9, The
apparatus according to claim?7, wherein the main flexible printed circuit
board includes a connection |ine which connects the plurality of second
connection pads with each other, and a pomgr source |line extending fromone
of the second connection 25 pads to the pr Jimal end portion. 10. A
magneti c di sk apparatus conprising: a magnetic disk; - 33 a plurality of
magneti c heads for " recoding/reproducing of ipnformation with respect to
the magnetic disk; a Tardi¥ eaé'@'é‘h"cﬁ VEREIFRTE 137 tdes emihet 14 kRads 5

novably with respect .to {he netic disk, .the carriage assenbly, i ncluding
a bearing unit, l&?&a&lﬁéﬁé’l i &a%g’tp'sdgt?eﬁ%ﬁ%}? éjn"lﬂslf e %ach of which
has a proxi nal Qartion.s grted b he Jeari unit and a, distal end
porti olr[: on whi cﬁ)%%ﬁg:l&netqﬂge giTet ﬁ"@'%é”ft&s izg oy ﬁ%lﬁ]t‘iﬁferarﬁdlde?’rrﬁ
flexible printe i L e r i ; Agll orti C to
the carri gge asgggolng/afgntaeﬁg%géérsx;ﬁr%a lgsng%&r(}%t%idor%}lp% V‘f)eoe:lnedt%a%p?rgtp‘asf % t he

connecti og end REY bheN1 MRS’ §likiel> §RGR Ry ¢ Q%J‘%%ﬁ%?a%‘?{ésé QN SR es

i ncludes an armextending fromthe bearing unit, a susp_n5|3h projecting
from an extendeduppdraled ¢ ahd n3ALlONGYR 48! Bede M iRleA iy %g;é{érf cuit
board provided on the arm and the suspension and having a di'stal e

portion 20 el ectanidcalokirCcenigeced oF ithe MRYMRILIC kEaksand A oxi2ml end
portion connected to the connection end portion of the nmain flexible

printed circuit andatttusaedasmphead h@gmetiiced ienst Feomelbayhf lseddy.e printed
circuit board near the nmagnetic head, 25 the relay flexible printed circuit
board includes a sigfdle Noicearmdid Fowed smurtde |Suppord ehdineg I dhd he
magnetic_head to the proximal end portion through - 34 the head IC, and
a groundlfine esesrdpag RSERMPAY¥ Adads| Cosidicnedebeswesint la pad rswpensi on,
and ' the main flexible printed circuit board includes a common ground |ine
ext endi ng from ¥REESr dRi fakeengos thsr £A6F €8 -t h&heonréeei 6@idnd tH6rti on and
connected to the gead | C through t he arg& susEensiQn, and %round | i ne of

each of the head®8G8peRSfoR RE5BA NL. SRPWDTRUtLENES ECIPER Rbpaf&t us
di t | ai 0 ' in f ' i d ci it 10 board
has a t hrough hoPReForRlaerarT RN SARES: M8 SR B8rti SRS SRATAe88nduct | ve
portion ext endi ng.araupdiyhest Dpoughahgleandeel gatnl,oally genagct ed with
the arm of each of the”head suspension assenblies by~ a screw, ichis

screved is the eﬁarbegcankbiibreagﬁha%Stheemhgheﬂge_Heka apg Qgé a _
conductivity. 12. A magnetic di sk apparatus conpri sing tﬁe head suspensi on

assenbly accordpbgit@osbdi Bhlded3red gREBREI 6ndLhl ARBALALUSd¢QRBr 18kNg the
head and 12b.
Meanwhile, as shown in FIGS. 1, 2, and 4, the
board unit 17 comprises a rectangular circuit board
20 body 34 fixed to the bottom wall of the case 10, and
an elongate main flexible printed circuit board
(hereinafter called a main FPC) 32 extending from this
circuit board body, and a plurality of electronic parts,
a connector 40, and the like are mounted on the circuit
25 board body 34. Further, as will be described later,

the magnetic heads 26 of the HSAs 22 are electrically

connected to the circuit board body 34 through



_suspensi on assenbly according to claim2. 20 1~. A nagnetic di sk apparatus
conprising the head suspension assenbly according to claim3. 15. A
ragneti ¢ di sk apparatus conprising the head suspensi on assenbly according
to claim4. 16. A magnetic di sk apparatus conprising the head 25 suspension
assenbly according to claim~. 17. A magnetic di sk apparatus conprising the
head suspensi on assenbly according to claim®6.
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pads 58 provided on the traces 28 the HSAs 22, and

are disposed in line in the order of Vee, GND, Vcc, Y,
and X from the distal end side of the connection end
portion 32a. The connection pads 66 for Vcc of the
5 connection pad section 64 are connected with each other
through a connection line 68a. In addition, the
connection pads 66 for GND of the connection pad
section 64 are connected with each other through
a connection line 68b, and further, the connection
10 pads 66 for Vee are connected with each other through
a connection line 68c.
The group of the conductive lines 62 of the main
FPC 32 includes eight independent signal lines
connected to the connection pads 66 for signals X and Y
15 of each set, a common power source line connected to
any one of the connection pads 66 for Vcc, e.g., the
lowermost connection pad, a common GND line connected
to any one of the connection pads 66 for GND, e.g.,
the lowermost connection pad, a common power Ssource
20 line connected to any one of the connection pads 66 for
Vee, e.g., the lowermost connection pad, and further
two power source lines connected to the voice coil of
the VCM 16.
Further, five electrode pads 58 provided at the
25 connection end portion 53 of the trace 28 of each HSA
22 are soldered to the respective five connection pads

66 of a corresponding set of the connection end
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210@&|&T()-dEYNE9{EZQnS 32a of’the main FPC 32. In thils manner, each
magnetic head 26 is electrically connected to the
circuit board body 34 through the head IC 50, the relay
FPC 56 of the trace 28, and the main FPC 32, and this
5 circuit board body 34 is electrically connected to the
printed circuit board 15 through the connector 40.
According to the HDD constructed as described
above, the connection pads 66 for Vcc of the main FPC
32, the connection pads 66 for GND thereof, and the

10 connection pads 66 for Vee thereof are provided at the
distal end portion of the main FPC, and are connected
with each other through the connection lines 68a, 68b,
and 68c. Therefore, these connection pads are
connected to the circuit board body 34 through common

15 conductive lines. Accordingly, the number of
conductive lines 62 of the main FPC 32 can be reduced,
and the width of the main FPC can thus be reduced.

In this manner, the resistance of the main FPC 32
when the carriage assembly 14 operates can be reduced.

20 In addition, in the connection end portion 32a of the
main FPC 32, the number of lines which extend through
spaces between connection pads 66 is reduced so that
the line width of each line can be increased.

As shown in FIGS. 5 and 6, according to a HDD of

25 a second embodiment of the present invention, the

connection pads for GND are omitted from the connection

end portion 32a of the main FPC 32. 1In place of the
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10 VIV 10f VIV 1Q£gﬁgg§§ggg@gg'gugy and forms a conductive portion 62a
around the through hole 61. This connection end
portion 32a is fixed to the bearing assembly 18 by
5 a screw 63 which is inserted in the through hole 61 and
is electrically conductive.

In addition, the arm 20 and suspension 24 of each
HSA 22 are made of material such as stainless steel
that is electrically conductive. Further, each trace

10 28 has a hole 70 formed in the insulation film and the
lining plate of the relay FPC 52, at the part which
overlaps a conductive line 56a for GND connected to the
head IC 50. The conductive line 56a is connected to
the suspension 24 through the hole 70.

15 Thus, GND of the head IC 50 provided on each HAS
1s electrically connected to the conductive portion 62a
of the main FPC 32 through the conductive line 56a for
GND, suspension 24, arm 20, and the screw 63, and is
electrically connected to the circuit board body 34

20 through the conductive line 62.

In this manner, the electrode pads for GND
provided at the trace 28 of each HSA 22 and the
connection pads for GND provided at the connection
end portion 32a of the main FPC 32 can be omitted.

25 Accordingly, soldering portions of the main FPC 32 and
the HSA 22 can be reduced, so that assembling

feasibility and reliability of the HDD can be improved.
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FIGS. 7 and 8 show an essential part of a HDD

5 according to a third embodiment of the present
invention. The trace 28 of each HSA includes
a lining plate 80 and a relay FPC 52 layered on
the lining plate. The lining plate 80 is in contact
with the suspension 24. The relay FPC 52 includes

10 copper foil 82 forming conductive lines 54 and 56 which
function as first and second wiring patterns, and upper
and lower insulation films 83 and 84 made of polyimide
which covers both surface sides of the copper foil.

According to the third embodiment, upper and lower

15 insulation films 83 and 84 are removed from the part of
each trace 28 where the head IC 50 is equipped, and the
head IC is mounted on the copper foil 82 through
soldering bumps 81. Under filler 85 is filled between
the head IC 50 and the copper foil 82. In addition, an

20 opening 86 is formed in those parts of the lining plate
80 and the suspension 24 that face the head IC 50.

In this manner, the copper foil 82 is exposed to
the outside through the opening 86, at the part where
the head IC 50 is equipped. Accordingly, heat

25 generated from the head IC 50 can be radiated
efficiently, so that it is possible to prevent

temperature increase exceeding a guaranteed temperature
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According to a fourth embodiment of the present
5 invention shown in FIG. 9, a heat radiation plate 88
made of material such as Cu, ceramics, or the like that
has a high thermal conductivity is provided in the
opening 86 formed in the lining plate 80 and the
suspension 24, and contacts the copper foil 82 through
10 an under filler 89 made of material such as silicon
grease or the like that has a high thermal conductivity.
In this structure, heat generated from the head IC
can be radiated more efficiently by the heat radiation
plate 88, so that temperature increase of the head IC
15 exceeding a guaranteed temperature range,
characteristic changes of the magnetic head 26 due to
heat from the head IC 50, and deterioration of
mechanical characteristics of the suspension 24 can be
prevented.
20 According to a fifth embodiment of the present
invention shown in FIG. 10, in place of providing
an opening in the lining plate 80 and the suspension 24,
a heat radiation plate 92 is attached to the upper and
side surfaces of the head IC 50 through filler 90 made
25 of, for example, silicon grease.
Also, in the fifth embodiment thus constructed,

heat generated from the head IC can be radiated more
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exceeding

a guaranteed temperature range, characteristic changes

of the magnetic head 26 due to heat from

the head IC 50,

5 and deterioration of mechanical characteristics of the

suspension 24 can be prevented. In addition, dust and

fragments sticking to the wafer of the head IC can be

prevented from falling down on the magnetic disks, by

covering the entire surface of the head IC 50 with the

10 heat radiation plate 92, the under filler 85, and the

filler 90.

According to a sixth embodiment of the present

invention shown in FIG. 11, the lining plate of the

trace 28 and the suspension 24 are welded to each other

15 at a welding point 92 positioned on the center axis C

of the suspension 24, between the slider

head IC 50.

25 and the

In this structure, heat generated from the head IC

50 can be transmitted to the suspension 24 through the

20 welding point 92, so that heat radiation

effect can be

strengthened. 1In addition, even if the lining plate

near the head IC is thermally expanded by heat from the

head IC 50, parts that support the slider 25 is fixed

by the welding point 92, so that deterioration of

25 mechanical characteristics of the suspension 24 can be

prevented.

Further, according to a seventh embodiment of
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to each other at two welding points 92 located between
the slider 25 and the head IC 50. These welding points

5 92 are arranged symmetrically with respect to the
center axis C. 1In add;tion, a part of the lining plate
of the trace 28 is removed between the slider 25 and
the head IC 50, thereby to form an opening 93. This
opening 93 is formed symmetrically with respect to the

10 center axis C.
In the structure described above, the same
operation and effect as in the sixth embodiments can
be obtained by providing the welding points 92, and
heat of the head IC 50 can be hindered from being
15 transmitted to parts that support the slider 25.
Thus, deterioration of mechanical characteristics can
be securely prevented.
Meanwhile, as shown in FIG. 13, the circuit that
generates heat of the highest calorie among circuits of
20 the head IC 50 is the write driver circuit 50a, and the
circuit that generates heat of the next highest calorie
is a bias current circuit 50b. Further, as the lining
plate and the suspension 24 are thermally expanded by
heat from these circuits 50a and 50b, the balance of
25 the suspension is degraded so that the mechanical
characteristics are deteriorated.

Hence, in an eighth embodiment of the present
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invention shown in FIG. 13, the write driver circuit

50a and the bias current circuit 50b of the head IC

are each formed symmetrically with respect to

the center axis C of the suspension 24. 1In this

5 manner, thermal expansions of the lining plate and

the suspension 24 become symmetrical with respect to

the center axis C, so that the suspension 24 is well

balanced. Accordingly, deterioration of mechanical

characteristics can be prevented.

10 According to a ninth embodiment of the present
invention shown in FIGS. 14 and 15, two capacitors 96
are mounted on the trace 28 of each HSA 22. The
heights of the slider 25, the capacitor 96, and the
head IC 50 decrease in this order. Further, according

15 to the present embodiment, the slider 25 is positioned
at the distal end of the suspension 24, and the
capacitors 96 are mounted on the trace 28 between
the slider and the head IC 50, and is connected to
the head IC.

20 In the structure as described above, the height
margins of the head IC 50 and the capacitors 96 can
be set wide with respect to the magnetic disks.
Accordingly, the head IC 50 and the capacitors 96 are
prevented from coinciding with the surfaces of the

25 magnetic disks and from being damaged thereby, even if

the HSA 22 is deformed due to an external impact or the

like.
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other poin of the structures than those described
above are the same as those in the first embodiment.
Therefore, the same parts as those in the first
5 embodiment are denoted at common reference numerals,
and detailed explanation thereof will be omitted
herefrom.
Further, each of the above mentioned embodiments
may be combined with other one or more embodiments.

10 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

15 modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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a magnetic head is mounted;

5 a flexible printed circuit board installed on the
suspension with a lining plate interposed therebetween;
a head IC mounted on the flexible printed circuit
board and positioned near the magnetic head; and
a heat radiation member covering an outer surface
10 of the head IC.
2. The head suspension assembly according to
claim 1, further comprising a heat conductive filler
substance filled between the head IC and the heat

radiation member and between the head IC and

15
the flexible printed circuit board.

3. A head suspension assembly comprising:

a suspension having a distal end portion on which
a magnetic head is mounted;

a flexible printed circuit board installed on the

20 suspension with a lining plate interposed therebetween;

a head IC mounted on the flexible printed circuit
board and positioned near the magnetic head, wherein

the suspension and the lining plate are welded to
each other at a welding point positioned between the

25
slider and the head IC.
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claim 3, wherein the lining plate has an opening
between the welding point and the head IC.
‘5. A head suspension assembly comprising:
5 a suspension having a distal end portion on which
a magnetic head is mounted; .
a flexible printed circuit board installed on the
suspension with a lining plate interposed therebetween;
a head IC mounted on the flexible printed circuit
10 board and positioned near the magnetic head, wherein
the head IC has a write driver circuit and a bias
current circuit which are each arranged symmetrically
with respect to a center axis of the suspension.
6. A head suspension assembly comprising:
15 a suspension having a distal end portion on which

a magnetic head is mounted;

a flexible printed circuit board installed on the
suspension with a lining plate interposed therebetween;
20 a head IC mounted on the flexible printed circuit
board and positioned near the magnetic head; and
a capacitor mounted on the flexible printed
circuit board between the magnetic head and the head 1IC,

and arranged closer to the distal end side of the

25 suspension than the head IC.
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a magnetic disk;

a plurality of magnetic heads for

recoding/reproducing of information with respect to the

magnetic disk;

a carriage assembly supporting the magnetic heads

movably with respect to the magnetic disk, the carriage

assembly including a bearing unit, and a plurality of

head suspension assemblies each of which has a proximal

10

end portion supported by the bearing unit and a distal

end portion on which one of the magnetic heads is

mounted; and

a main flexible printed circuit board having a

connection end portion attached to the carriage

15

assembly, and a proximal end portion positioned apart

from the connection end portion, wherein

each of the head suspension assemblies includes an

arm extending from the bearing unit, a suspension

projecting from an extended end of the arm, an elongate

20

25
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relay flexible printed circuit board provided on the
arm and the suspension and having a distal end portion
electrically connected to the magnetic head and a
proximal end portion connected to the connection end

5 portion of the main flexible printed circuit board, and
a head IC mounted on the relay flexible printed circuit
board near the magnetic'head,

the relay flexible printed circuit board includes

a signal line, a power source line, and a ground line

10 extending from the magnetic head to the proximal end

portion through the head IC,

the main flexible printed circuit board includes a
plurality of sets of connection pads, in correspondence
with the plurality of head suspension assemblies,

15 the connection pads of each set includes first,
second and third connection pads respectively connected
with the signal line, power source line and ground line
of the relay flexible printed circuit board, and

the main flexible printed circuit board includes

20 a connection line which connects the plurality of third
pads with each other, a ground line extending from one
of the third connection pads to the proximal end
portion, and a plurality of signal lines extending
respectively from the first and second connection pads

25 to the proximal end portion.

8. The magnetic disk apparatus according to

claim 7, wherein the relay flexible printed circuit
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electrode pad, and a ground electrode pad which are
provided at the proximal end portion and connected

5 respectively with the signal line, the power source
line, and the ground line of the relay flexible printed
circuit board,

the ground electrode pad and the power source
electrode pad are provided closer to a side of the
10 magnetic head than the signal electrode pad,
the second and third connection pads of the main
flexible printed circuit board are provided closer to
the distal end side of the connection end portion than
the first connection pad, and
15 the signal electrode pad, the power source
electrode pad, and the ground electrode pad of the
relay flexible printed circuit board are soldered
respectively to the first, second, and third connection
pads of the main flexible printed circuit board.
20 9. The apparatus according to claim 7, wherein
the main flexible printed circuit board includes
a connection line which connects the plurality of
second connection pads with each other, and a power

source line extending from one of the second connection
25 pads to the proximal end portion.
10. A magnetic disk apparatus comprising:

a magnetic disk;
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magnétic disk;
a carriage assembly supporting the magnetic heads
5 movably with respect to the magnetic disk, the carriage
assembly including a bhearing unit, and a plurality of
head suspension assemblies each of which has a proximal
end portion supported by the bearing unit and a distal
end portion on which one of the magnetic heads is
10 mounted; and
a main flexible printed circuit board having
a connection end portion attached to the carriage
assembly, and a proximal end portion positioned apart
from the connection end portion, wherein
15 each of the head suspension assemblies includes
an arm extending from the bearing unit, a suspension
projecting from an extended end of the arm, an elongate
relay flexible printed circuit board provided on the
arm and the suspension and having a distal end portion
20 electrically connected to the magnetic head and
a proximal end portion connected to the connection end
portion of the main flexible printed circuit board, and
a head IC mounted on the relay flexible printed circuit:
board near thé magnetic head,
25 the relay flexible printed circuit board includes

a signal line and a power source line extending from

the magnetic head to the proximal end portion through
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IC and connected with the suspension, and
the main flexible printed circuit board includes
a common ground line extending from the proximal end
5 portion to the connection end portion and connected to
the head IC through the arm, suspension, and ground
line of each of the head suspension assemblies,
1i._ The magnetic disk apparatus according to
claim 10, wherein the main flexible printed circuit
10 board has a through hole formed in the connection end
portion, and a conductive portion extending around
the through hole and electrically connected with
the arm of each of the head suspension assemblies by

a screw, which is screwed in the bearing unit through .

15 the through hole and has a conductivity.

12, A magnetic disk apparatus comprising the head
suspension assembly according to claim 1.

13, A magnetic disk apparatus comprising the head

suspension assembly according to claim 2.

20 14. A magnetic disk apparatus comprising the head

suspension assembly according to claim 3,

15. A magnetic disk apparatus comprising the head
suspension assembly according to claim 4,
16. A magnetic disk apparatus comprising the head
25 suspension assembly according to claim 5.

17. A magnetic disk apparatus comprising the head

' suspension assembly according to claim 6.



