-;e3el 1 6Tjn-31 AUG 2004 TITLE OF THE | NVENTI ON HEAD SUSPENSlCEN@
AND MAGNETI C DI SK APPARATUS COVPRI SI NG THE HEAD SUSPENSI ON ASS
BACKGR@UND OF THE I NVENTION 5 The present invention relates to a head
-suspensi on assenbly (hereinafter abbreviated as a HAS) and particul ar
a HSA nounting a head I C together with a nagnetic head and ﬁw !ﬂmﬂ,mﬂmwl sk
apparatus conprising the HAS. 10 In general, a nmagnetic dIS
conprises a nmagnetic disk, a spindle nntorlfo# supporti ng, rotavwm@*the
magneti c di sk, a carriage assenbly for supporting and driving a nagnetic
head, a voice coil notor for driving the carriage assenbly, and a main 15
flexible printed circuit board ¢{herei oaf rge caiveedIan a nmain FPC) for
el ectrically connecting the magnetic head to a control section, which are
arranged in a GENM. SDISPENSTONAGES SEMBINDIAND MAGNERI G IIESK i ARPARATUSL t ached
to the case, and a plurality of HSAs extending 20 fromthe bearing unit.
The magneti ¢ h&QHPRT SENGNTHIE GIEATHhS USRENSION AGEBMBLY on of each HAS. This
HSA has an arm nade of a thin nmetal plate spring and having a proxi mal end
portion which is supported orPAGCRED F FHE  INVERTEPat e suspensi on
extending from 25 the di stal end of the arm.and supporting_ the magnetic

t

head on Pts dlstal e RAFasOH %ﬂﬂf%ﬁiQﬂ(ﬁﬂﬁﬁ¥9§r%&eaé@mé#e%u%ﬂe¥%€°n
suspensi on and a he netlc AU 004 - 2 head is connected to
the main FPC t S -i Q§h£ﬁ¥ rﬁﬁrQKHQ§P $ayering a
relay flexible printe C|rc d on thln e Iate for.

exanpl e, nmade &lgu% 5&? 4:F;J(€! q'a l}:%ﬁmectl on end

portion fixed h | \f ortion
connected to tﬁ@'ttgo %l%rn(ﬁQg'Ew dar |x2&c/1¥q aenctthg Cgla ea{%aﬁﬂ-ﬂ.} e nmain

FPC has a pIur@bhg& Qfi nePRARCHAGN pads provided at the connection end
portion, and 10 pllura%'oty o?il \%1 ring patterns extending fromthese

10 In general, a magnetic disk apparatus comprises
a magnetic disk, a spindle motor for supporting,
rotating the magnetic disk, a carriage assembly for
supporting and driving a magnetic head, a voice coil
motor for driving the carriage assembly, and a main
15 flexible printed circuit board (hereinafter called as
a main FPC) for electrically connecting the magnetic
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 HAé. 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

A

*G00002*



connection pads to the proxinmal end portion. Further, the proxiga%Aﬁﬁqp#
portion of the trace extending fromthe nagnetic heads is sol defe
connection pads provided at the connection end portion of the main FPC 15
In this manner, the nmagnetic heads are electrically connected to the
control circuit board and controlled by this control circuit board.
Meanwhi |l e, the head I C (signal processing IC, integrated circuit el enent)
which anplifies a signal 20 read from the 2magnetic recordi ng nedi um by the
magneti c head is generally equi pped on the control circuit board. In
contrast, recently, the length of each wiring pattern fromthe magnetic
head to the headadCisarohaeshexit eoedtheo maiat FRCe thiducihardes tarete.

capaci tances of 25 the wiring patterns can be reduced by nounting the head

| C on the trac@hdf threcESAsneanstiraciegndy dayeadngas stedwy iflekideese
Patent Application KOKAl Publication 31 AU G 2004 - 3 No. 11-213365,
for exanpl e. |prastedi earcaipr bpess onas Hodm medelf dringdHPA ad®ui pped Wit h
a capacitor (capacitor element) for smpothening the power source. If the
head ICis thu§°€q8ﬁﬁﬁ€&emnmﬁﬁ€ Asastedndess ory&hg ke patterns i.e

two s l'i nes, ower line Vcc and Vee and. one groun e GND
are flo?rrgd oln t he t|T pmaﬁﬁ‘aﬁ{ﬁﬁ %@(5 |anct°ﬁ‘é‘er?§|lz?q: uf\%{ Ei'fp L

W ih one i1 co i inBPetarg, oot Bamneetefirc g K %%‘é}%wéo HehetE e,

appar atus conbLghg,LautoH3As BAs ANty Jadependant ea;getoggwoaéﬁeer ns and

two wring patterns he“entire w mai n FPC

becones |arge. g@thehls%h'%hEahﬁlﬁpfp%5h%%“%?%H%&%.?g$p¥ﬁﬁere Wﬁ# the

shifts in accor ance wth'rotation t'he head act ua
width is Incregaag p&B%lG&H”aEP@h@”@%ﬁhE%thnC%M%B%d%tﬁ%ﬁiSkﬁﬂpe mhen the

head actuator noves. the FPC form ng part of 'the trace has 20 a
structuge in w@lpmuwhnumg p&t wefrAinghpee teirnegORR®ending from these
connection pads to the proximal end portion. Further,
the proximal end portion of the trace extending from
the magnetic heads is soldered on the connection pads
provided at the connection end portion of the main FPC.
15 In this 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 céntrol 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



foil are sandw ched between insulation | ayers nade of polyin de 3ot AUGe2004

| ike. Further, the wiring patterns of the FPC which is electrically
connected with the head IC are covered with insulation layers, a lining
-pl-ate 25 having a | ow heat conductivity, and a suspension, so that only
poor heat radiation is attained. Therefore, it is difficult to radiate
efficiently heat generated 31 AUG 2004 - 4 fromthe head IC, and the
tenmperature of the head IC nmay exceed a gulrant eed tenperature range.
Further, heat fromthe head IC transfers to the nagnetic head so that the
characteristics of the magnetic head 5 change, and the lining plate of the
trace and the SWsPeriSi2ABI6GD), tiwr ratdmp laxparth tddd ehyor haa g igpd el
characteristics of the entire HSA. In addition, if circuits in the head I1C
t hat generate s beferhingltec dflaor ize HEZe emptigpedivdiech 10 csywaettoxcal |y in the
right and left sides with respect to the center line of the HSA thernal
expansi on i s ndicapanistord edlensattiedon ramdadfhtersimy rightpereiessourede part
whi ch supports the magnetic head of the suspension. Consequently, the
characteristics of the thgyt@at Hea 1BumedeipkedronrhediSAf takahead 1 C
and the capacitor are installed on the HSA, the capacitor cannot be thinned
nore tham the Hed® MEHEGaRSEtETNS/s It uctif, SRk NekRgHr etWe Hrower
capacitor may cantact, the netic dis surfacelﬁg when t he magnetic di sk
appar at us recei Sarf YIS Fehre ANk OB FTURE MR o $¥RY B5P BRI EF
SUMVARY OF THE NVENTIONt&%Ftpresent i nvention has been nmade in view of the
above circunmst &T¢EEY S S éf%ﬁﬁect of providing 25 a head suspensi on

e oaPhLe, PG L e SR Wdet oL el U et
AUG 2004 trace, independent five wiring patterns are provided in
10 correspondence with one trace. Therefore, for example,
the main FPC in a magnetic disk apparatus comprising
four HSAs has twenty independent wiring patterns and
two wiring patterns for VCM, so that the entire width
of the main FPC becomes large. Further, this main‘FPC
15 constructs a movable part which shifts in accordance
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 conducti?ity, and a suspension, so
that only poor heat radiation is attained. Therefore,

it is difficult to radiate efficiently heat generated



- 5 conprising the head suspension assenbly. The present invergiogygh g@
anot her object of providing a head suspension assenbly on which a cap ftor
can beinstalled w thout damaging 5 the nagnetic disk and a magnetic disk
-apparatus conprising the same. The present invention further has anot her

obj ect of providing a magnetic di sk apparatus capabl e of reducing the
nunber of wiring lines of the main FPC and 10 of reduci ng thereby the
entire wwdth. To achi eve the above objects4 a head suspension assenbly
according to the present invention conprises: a suspension having a distal
end portion on which a magnetic head is nounted; a flexible printed circuit
15 board arrandgewnortHehdesids [emsiamd wheh tenperaigiys adf thd dirgeod exc

t her ebet ween; and a head 1 C nounted on the flexible printed circuit board
and positi oned mayarexdeedrergplarantesdl tRrpddaite ecgrged edwitloen i board
includes a first wring pattern which electrically 20 connects the nagnetic
head with the h@@@IﬂQOM1Qh§xhﬂ§dMHQ|ﬁ§%ﬂﬁﬁ&ﬂ&1ﬂﬂuﬁhﬁ(m@qnﬁk#qrhﬂﬁdhe head
IC to a proximal end portion of the suspension, and insulation filnms which
cover the firsECakdadeddifd AhatacsaFditaians of dhadagngtdas head t he

i nsul atign 25 fllns are remyved from an area which faces the head |1 C, and
the |iniRAg pl aCLaReE ﬁé‘ds&g‘ﬁeﬂﬁnd-r?% a4 Sferfilify tﬁ?‘qc%@ ea which faces

the head I C such that the .first 200 - co d wring
patterns are e%&@ SXSPRNSHRT MY 5%@WW%§E$M%§P Qﬂ: AHtHer head
ciTou T board (S GHBE TSI (g D (S AR Sf'ei’l ?. Cal 'y connect s
fromthe head 1C to 4 EEae GRF c?e%% A e S Ton T 1
pensit on, insulation filns
whi ch cover thgepeiai@ m%%&@%&5hwﬁﬂnd§¥d}£§‘¥¥% not prov1ded
10 symmetrically in the right and left sides with respect
to the center line of the HSA, thermal expansion is not
symmetrical between the left and right sides in the
part which supports the magnetic head of the suspension.
Consequently, the characteristics of the magnetic head
15 may be deteriorated.
If the head IC and the capacitor are installed
on the HSA, the capacitor cannot be thinned more than
the head IC because of its structure, and therefore,
the capacitor 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 objecﬁ 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



10 The insulation filns are renoved froman area which faces tgﬁ Rredgh C
and the lining plate and the suspensi on has an opening at the ea ch
faces: tthe head I C. A heat radiation nenber is provided in the opening, kept
in contact with the wiring patterns. 15 Further, another head suspension
assenbly according to the present invention conprises: a suspension having
a distal end portion on which a magnetic head is nounted; a flexible
printed circuit board installed on the-su$persion with a lining plate 20

i nterposed therebetween; a head IC nounted on the flexible printed circuit
board and positioned near the magnetic head; and a heat radiation nmenber
covering an outempsisfiagetht hbadheadpkfisibacasdiemplya t he head actuat or
assenbl i es having 25 the above nentioned construction, the heat radiation
efficiency of the h@he pCesentnminveadion thast anohematalrjEedtnatease
exceedi ng a guaranteed tenperature 3 9 AUG 2004 _ ~ _ range of the head

| C, charact eri providihnggeshetdt Buspagséonc assemb lynéndathdichor at i on of
mechani cal characteristics of the suspension due to heat can be prevented.
5 Al so, accordRn§2pPacaterhepnhbad iastadderd H3$EeMty dgmagi@dpr esent

i nvention, the susgension and &Qe l.inin | at,e ar.e wel ded to each other at
a wel di ng poi ntPBoUPEREHEE HaE éﬁdtﬁemgﬁsﬁéﬂca Skn@PREX@YE. Further, the
trace is formed at _the lining plate and 10 has an openi ng positioned

bet ween t he meFﬂWﬁﬁlﬁbPﬁtthﬁdsgﬂg’head IC. In the structure as descri bed

above, heat fromt hg,%%eﬁg glsgn%aq_nggnttri%r&s 'Pu&lt%%xl %até]t%‘élﬁ)%ﬁ%%n%b%é@r ough

t he wel di ng point, i's hinderéd from trans g to

magnetic head by prayiding annapemkag. o8k Ub3UANSY caRRY ghr e | ncrease

exceedi ng the guarant ee nperature range O characteristic

changes of ther@ﬁﬂ@?hgcgﬁéaﬁumﬁaﬁ_Q?tgﬁkghgtgggg%fo%EQm%”h@ﬁh FPC and

characteristics of t 0 suspension due t can be prevented. Further,
accordi ng to apet bepubend sHapPeRy eReaanedlkywilithhe present invention, the

head IC has a wite drivér circuit and a bias current circuit
To achieve the above objects, a 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

15 board arranged 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 tﬁe 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



- Which are each arranged symetrically with respect to 25 a cepyesyczis of
the suspension. In the structure as described above, stable operation can
be assured steadily without breaking 3 1 AUG 2ap4 _ g _ the bal ance of
the suspension even if the suspension is thernally expanded due to head
fromthe head I C. Anot her head suspensi on assenbly according to the present
i nvention conprises: a suspension having 5 a distal end portion on which a
magnetic head is nmounting; a flexible prifiedcircuit 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
magnet i ¢ head; abd @edoadcapadingo parmertnsd aore tdypddeskitimoygh Mtheed circuit
board between the nagnetic head and the head | C and arranged cl oser to the
di stal end si depehinige suspension than the head IC. Wth the structure as
descri bed above, the 15 capacitor which has a greater height than the head
| C is provided cl oséflsn tAfeansdna ite Remtharamaark sippnsdon . e., cl oser
to the distal end side of the suspension. As a result, height margins
i ncrease with P€§ﬁ@@@Yt8ftﬁ@en§€ﬁéﬁq§(%Qﬂ%&t%ﬂ9¢tﬁhe(ﬁ%ﬁﬁﬁiﬁ%ﬂ?%ﬂ?QQQehead
suspensi gn assenbl .ang t he magnetjc di sks can ,be reduced. Meanwhile, a
maghet | codi ok SPBETHULCREEOrHNEUES the e AHE W, ARGLRFT STUHS r Uct ed
by conpri sing ne of .t he head su nsi_Q ssenbl.ies. .desqgni ove. 25
Aot her magnet ELSGRER RIAYT SOERE R HAR S <Y TR R e
comprises. a ”g%”.eta' %e@'g?i?; X?Jé% Palele A VRGNS AN the head
recodi ng/ r epr odudi ng Pp,~ _ 9 _
IC to a base end side of the suspension, and insulation
films which cover the wiring patterns from both sides.
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



of information with respect to the magnetic disk; a carriage assenbl
supporting the magnetic heads novably with respect to the nagneti%1dﬁgkﬂm4
the cafriage assenbly including a bearing unit, and a plurality of 5 head
-suspensi on assenblies each which has a proxi mal end portion supported by
the bearing unit and a distal end portion on which one of the magnetic
heads is nounted; and a nain flexible printed circuit board having a
connection end portion attached to the -0 tar+iage assenbly, and a proxi nal
end portion positioned apart fromthe connection end portion. Each of the
head suspensi on assenblies includes an armextending fromthe bearing unit,
a suspensi on prapneet iofg theomead @t eted aertedrdfs tilte cltangean ol ongat e 15
relay flexible printed circuit board provided on the armand the suspension
and havi ng a ditdeamagnetior hiead ,c aumde cedd rtionatd ammgfetliesheagridcand a

proxi mal end portion connected to the connection end portion of the main

fl exi bl e print edarpetert stdgsd ofatdrea shepensd o0 dusuricedent fa kg ay
flexible printed circuit board near the magnetic head. The relay flexible
printed circui Pr6¥&P&eAncl udes a signal line, a power source line, and a

round | Lne extending fromthe netic head tq th roxi mal end ortion
'?hrough bhe head | CAlSRe r?é’lcr?#lggﬁ % aﬁ‘rqtﬁi%qﬁar‘gﬁqt%]ﬂ q%ﬁﬁ’@e‘g a
plurality of sets_ _of connectiqn_pads, in_correspondence AUG 20 - 10
B ththe i ur aPEs 5361 DREREAE, SPuBBase s, BT e AT AN 1D 3D o
each set inclu first, d.,an ir ctJ S T ctivel
connect ed mﬁthgﬁﬁgesﬁgkaﬁgﬁﬁ%g,t%o%g%%sgﬁpggn%&hg'gﬁﬁgggghﬁ%ﬁﬁﬁhe 5 o? t he

rel ay fleXiblepB%E@E%ﬁe&@%%%Féeﬂo%ﬁ%’sﬁ&ﬁe&h%n@mq$él‘diﬂféf”inted circuit

board includes™a connection line chconnects the plurality of third pads
with each ot hepyranghQURtlel ikRacexXtieNdoiaell @ Ui Afi il Hiidtd Gappection

pads to the proximal end 10 portion, and a plurality of "signal IInes
extendi ng respaeki ¥al bpehafgt PBshitishedndeteeend tiRNARAGINY Rt and
the head IC.

In the structure as described above, heat from the
head IC can be transmitted to the suspension through
the welding point, and heat is hindered from

15 transferring to the magnetic head by providing
an opening. In this manner, temperature increase
exceeding the guaranteed temperature range of the head
© IC, characteristic changes of the magnetic head, and
deterioration of mechanicai characteristics of the
20 suspension due to head can be prevented.

Further, according to another ﬁead 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




to the proximal end portion. Wth the nmagnetic di sk apparatus hag NALGh "
structure descri bed above, the nunber of conductive 15 lines in the na
flexible printed circuit board can be reduced so that the entire width can
‘be reduced. In this manner, the main flexible printed circuit board can be
snoot hly deforned, follow ng the operation of the carriage assenbly, and
the resistance applied to 20 the carriage assenbly can be reduced.
Addi ti onal objects and advant ages of thke i8nvention will be set forth in the
description which follows, and in part will be obvious fromthe
description, or may be | earned by practice of the invention. The objects 25
and advant agestbé bhéanaeenfi thenayspenséahi egénand ¢hieaismsgpems iopads of
the instrunentalities and conbina tions particularly pointed out
hereinafter. thepwglly exmandsﬂléneDEscReadlémomFt BEhSBUERA. VI EWs OF THE
DRAW NG The acconpanyi ng draw ngs, which are incorporated in and constitute
a part of the speci PReifPsnhepd| §eePeatdop 8SERMALYpRECOLER % R di nent s of
the invention, 5 and together with the general descriptiqn given above and
the detail ed dEQ@rPE?FSgtanYﬁBtbPBfEPWngéﬁﬁédP RESPENGLP8N "BYLHE, serve
to expla%n t he prlnﬁigles of the invent] rspective view
showi ng the in&i d&sSEf

on, FIG 1is a,pe
: . 16ng.955 éeeoPBiW.lFB fh@aﬁpﬁ§fceﬁﬁg i fént of the
present et bRl b ApkioRRRLSERILYR KiSEIoN AR Sk ang AsseLy
carriage assenpVinEl GusfehSi8R GPLAT 4°41R1AG BhGPeSIAMRPoR ANt Of
therebetween; a head IC mounted on the flexible printed
circuit board and positioned near the magnetic head;
10 and a capacitor mounted on the flexible printed circuit
board between the magnetic head and the head IC
and arranged closer to the distal end side of the
suspension than the head IC.
With the structure as described above, the
15 capacitor which has a greater height than the head IC
is provided closer to 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



a main FPC of the board unit; FIG 5 is a plan view showi ng a HS%.paﬁﬁrﬁing
to the second enbodi nent of the present invention, 20 FIG 6 is an e d
pl an view showing a part of a main FPC according to the second enbodi nent;
‘FIG 77is an enlarged plan view showing a part of a head I C part of a HSA
according to the third enbodi mrent of the present invention; 25 FIG 8 is a
cross-sectional view cut along a line VIII-VIII showmm in FIG 7; FIG 9 is
a cross-sectional view showing a head I-C 934 AU G 20p4 - 12 part of a
HSA according to the fourth, enbodi nent of the present invention; FIG 10
IS a cross-sectional view showing a head I1C part of a HSA according to the
fifth enbodi nentf dhformae ipnesdnth irespadtorto ANe nElgretiac pismk vi ew show ng
a HSA according to the sixth enbodi nent of the present invention;, FIG 12
is a plan viewaslcawimigos HSAembdyr diuppart inge they emstdnedrindiessds of the
present invention; 10 FIG 13 is a plan view schematically show ng a head

| C in a HSA ac@ovaibdy wa thhaesipgistth tontrdd maanesfia whigkesddm dariagon;
FIG 14 is a plan view showing a HSA according to , the ninth enbodi nent of

the present in®&SERGRY dR¢luklingca Peardng dindd vigdd &f RIWRA et &fding to
the ninth enbo%inent. DETAI,LED DESCRI.PTI ON OF THE | NVENTI ON There will now
be descrPbed abn€dGfhSySPERSipR assemblies each which has a proximal

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

10 carriage assembly, and a proximal end portion
positioned apart from the connection end portion.

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

15 relay flexible printed circuit board provided on the
arm and the suspeﬁsion 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



.applies the present invention to a hard disk drive 20 (hereinaé.pmuq%hhed a
HDD) with reference to the acconpanyi ng drawi ngs. As shown in H G

HDD has: a rectangul ar 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 nedia, a spindle 3 1 AUG 20p4 - 13 notor
13 for supporting and rotating these nmagn&@i c-di sks, a plurality of
magneti c heads for recording and reproducing information on and fromthe
magneti c di sks, a carriage assenbly 14 which supports novably these 5
magnet i ¢ headswithhthespéaraldtiyhefnhgadt isasgieslss oh? assmthbldles,a voi ce coi
notor (hereinafter called VCM for rotating and positioning the carriage
assenbly |6, and a hber doumiectidnegaidsped wadh ceatcuinclpalass fSinst as

control ICs and the like. 10 A printed circuit board 15 for controlling the
operation of tRecepindhd tbisd CONNYCHMiLE, pads tlespesdively mgmm§0¢ﬁxbugh

the board unit 17 is fixed to the outer surface of the case 10 screms
and i s opposit¥ith the Béghah \J\anp,opow&é egy&ce] 3 ingc Rng¥

di sks 12a and 12b has a_di aneter_of 65 (2.5 |nqhez and na netlc
recordi ng | ayeP$§ GHelF§léﬁpéﬁe§ﬁal?oﬁéﬁn§ﬁﬁf&&§§ul?h tic di sks
12a and 12b are engaged_coqaxi_al | nat_sh mm of dl e notor
13, and are 20 stac%gﬁ R 53 Fé&ﬁ%epﬁl % ﬁﬁﬁ%ﬂﬁ Fection

Of e hub. Fugt BehnelbS IRgRLl gqh@tkgoﬁg\gc%ggt%%bﬁiih%a&gttgs%%l 3, e

predeterm ned spee e spln

carri age assengsas%ﬂcﬁl S9ER pERS:2 BORtbAq 33 kb Aadho? ched dhid LN !

fixed to the bottom wa € case 1 our el ongate~h suspensi on

assenblies (hepgi pakt ehical k8HnecBibnAdals2@Bl thelbroiSmal @xlgending in
parallel with each other fromthe

10 portion, and a plurality of signal lines extending
respectively from the first and second connection pads
to the proximal end portion.

With the magnetic disk apparatus having the
structure described above, the number of conductive

15 lines in the main flexible printed circuit board can be
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 advantaées 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.



.bearing assenbly 18. As shown in FIGS. 2 and 3, each HSA 22 conprises an
arm 20, an elongate suspension 24 attached to the 5 extended e ol AMIGt 2084
arm a magnetic head 26 fixed to the suspension, an elongate trace 28
-adhered onto the arm and suspension and electrically connected to the
magnetic head 26, and a head |1 C 50 nounted on the trace near the magnetic
head. 10 The arm 20 is fornmed of, for exanple, stainless based nateri al
such as SUS304 or the like, into a thin plate=like shape having a plate

t hi ckness of 250 ,um At the proximal end of the arm20 is forned a
circular through hole 23 into which the hub of the bearing 15 assenbly 18
is inserted. ThBRIBEFPBESCRIPTZONS OfFoTHE] SEVERALE MIEHS OF CHE HRAWINGavi ng
a plate thickness of 60 to 70 ,um The suspension 24 has a proxi mal end
fixed to the distal Toedactompenyimg2drioyisgst, whlidhngrer iadieagwionstes
extends fromthe arm Note that the 20 suspension 24 may be forned to be
integral with iReaBdntoDstibnteha pakt At theaPpgsifAcazien20illugsd-
magneti c head 26 is constructed by a conposite separation type magnetic
head which is E®hpPrPEeaeBELXnPRRIBFERENEMPRAGRENESe Of s thfe LBVEREACR /f or

duction 25 (readi dathin fil d for di, iting). Th
magnet| ¢ hoad 384 EOPPRART | B5R, EREaRBNPAR S APREF Lok Lo 6HVRE APPYEnGY Lo o
i mbal t i,d 3.1 .AUG 2004, ~ 15 _the distal ti f th
duspensi on 24, SHcoip | dera348 CIERR Lek Rl REa proLEree TR RERE et ¢
di sk directi he. Lop. of hon 2 : Lpg, and
erves {0 1y TRNEReSHEgRoPhRBKE.abE005 R0 BABIETx SnRs i ETpaRR LRS- 2"

di stance fromLphg & ke di sk surface by nmeans of air pressure caused by
the rotation 0? ?hgﬁgggﬁggPé di sk surface. The trace 28 is constructed by

layering a relay flexghl e pii gt gdrebeedlivebatd CherANRARNY ivdlileRd ox 10
relay FPC) 52 on a thin lining plate made of netal such as stainless steel

or the igke. Thigpbraeeo28ihg vel €ré EorkBeepvblamentobsft k@ecapiedenand
suspension 24 on the side of the lining plate and extends fromthe vicinity

.of the magneti &tnteadidfh;to the proxi mal end 15 portion of the arm 20. The
proxi mal end portion of the trace 28 extends to the outside of the arm and
constructs an el ect Fode RadssecpeospédtiViee viiewd showidd & weunrtiedeon t he
relay FPC 52 in the condition of a bear chip, and is |ocated at the distal
end portion assembly and a board unit of the HDD;
FIG. 3 is a plan view showing a HSA of the
15, carriage assembly;
FIG. 4 is an enlarged plan view showing a part of
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 émbodiment;
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



.20 of the suspension 24 to be adjacent to the magnetic head 25. 131?3 I¥U‘El Fai 1]
FPC 52 of the trace 28 includes a first wiring pattern conprised o our
conductjve lines 54 which connect, for exanple, four electrodes of the 25
-magnetic head 26 with four bunps described |ater of the head I1C 50, and a
second wiring pattern conprised of five conductive |ines 56 which connect,
for exanple, $ 1 AUG ?pp4 - 16 the other remaining five bunps of the
head IC with the el ectrode pad section-5312These conductive lines 56 are
conprised of two signal lines X and Y, two power source |ines Vee and Vcc,
and a ground line G\ND. In 5 addition, each of the first wiring pattern
conpri sed of apgrdupfofa ¢Eadwcdordinodes FTherfburtsh segmdindgnt mf pate ern
conprised of a group of conductive lines 56 are arranged in an synmetric

| ayout with rep¥esento imvenddemer [ine in the longitudinal direction of the
10 suspension 24, at |east on the suspension 24. The el ectrode pad section
53 of the trace 28 W& filMe if dctItEs ARt B &b itheY thewkhecd iRR4Y to the
conductive lines 56. These el ectrode pads 58 are arranged in line in the
order of Vee, @RDPaV¥iclofya &vd p5cRn 4% theld idrth f?é“%?&&ﬁ‘@% ad 26.
As shown_in FIGS. 1 and %i.the HSAs 22 are respectively attached to the
beari ng assenblPe1ETHEENT HEVERF 6Pt he bearing assenbly 18 inserted in the

th h hole 23, tend .i I LWt jn. t
di I[:ggtgl on? Ien add??%oIg’),(' trie %ﬁﬁapg%r{aﬂeleﬁ r%ﬁé@ﬁﬁ%ﬁ%ﬁcﬁg%&? \/\ggo?agﬁe
magneti c headst g fs@?&hje%%[ﬂxo%t Mt 'gl}e tg%(ra?r]%%%rgczsi thJl Jhas a support

frame not shown but projectl romthe senbly in 25 the

direction opposite iggmich i’;gwa 1Hh 33, &xt % j’ixﬂée]da P! L& S indoto shown

but constructing a part of the VCMiIs fixe support frane.
the seventh embodiment of the present invention;

10 FIG. 13 is a plan view schematically showing a
head IC in a HSA according to the eighth embodiment of
the present invention;

FIG. 14 is a plan view showing a HSA according to-
the ninth embodiment of the present invention; and

15 FIG. 15 is a side view of a HSA according to the
ninth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

There will now be described an embodiment which
applies thevpresent 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 1l2a

and 12b serving as magnetic recording media, a spindle



3 1 AUG Zpp4 - 17 In a state where the carriage assenbly 14 is g nsual soeg
in the case 10, the magnetic disk 12a is positioned between two HSAs 22 on
t he upper side, and the magnetic disk 12b is positioned between two HSAs 22
-5 on the lower side. Further, the four magnetic heads 26 supported by the
HSAs 22 contact respectively the upper and | ower surfaces of the magnetic
di sks 12a and 12b, and thus clanp the magnetic disks fromboth sides. The
voice coil fixed to the support frame of 1he 40 carriage assenbly 14 is
positi oned between a pair of yokes 30 fixed to the case 10. The voice coil,
t he yokes, and a magnet not shown but fixed to one of the yokes together
construct the nE&ME613Thercanppegeingsant| yotdtiagr ahasedmaygnettdetrical ly
conducting 15 the voice coil, so that the magnetic heads 26 are positioned
on desired tradkskepn ahplumghéticofli magné2acahdadab fokkaenbirkddngaanshown in
FIGS. 1, 2, and 4, the board unit 17 conprises a rectangular circuit board
20 body 34 fixeépreduaéngoinbarmationf onhandagsomothanmagnesiongdsksnai n
flexible printed circuit board (hereinafter called a main_FPC) 32 extending
fromthis circ@ai¢apbapachdasembhy 44pvhiahi BYPEPrEEcBPVERILY $RLES a
connector 40, and the |]j ke _are,npunted on the gircuit 25 boar bogy 34.
Further,”as wiPPIBRtYESRPRBEQWLEReFeSPREENEGNEPRCMRERBE 196ddF BN 2ASAS 22

D4 - 16 the ehdcEPBe AntotRe Faih PPEOS2(RoREiRAtHeRPEad3oHe Uhtned | nto

TR Lo YoB B ke ShAR o250 bRER TS 42008 Q0:BRLGLH, o0 527
and a board unit 17 equipped with circuit parts such as
control ICs and the like.

10 A printed circuit board 15 for controlling the
operation of the spindle motor 13, VCM 16, and the
magnetic heads through the board unit 17 is fixed to
the outer surface of the case 10 by screws and is
opposite to the bottom wall of the case.

15 Each of the magnetic disks 1l2a and 12b has a
diameter of 65 mm (2.5 inches) and magnetic recording
layers on its upper and lower surfaces. The two

"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 ﬁagnétic diské 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



.5 assenbly 14, and a proxinmal end portion 32b formed to be integrgq AWG o4
the circuit board body 34. The connection end portion 32a has a through
hole 61:and is fixed to the bearing assenbly 18 by a screw 63 screwed in to
the assenbly 18 through the through hole. 10 Note that a reinforcenent

pl ate not shown is adhered to the back surface of the connection end
portion 32a. The main FPC 32 has a wiring pattern conprised of a plurality
of conductive lines 62 extending in pafallél with each other in the

| ongi tudi nal axis 15 direction between the connection end portion 32a and
the proximal end portion 32b. Four pairs of connection pad sections 64 are
formed at the geABgcekapndddgpant patralalofvitche esmihn cRAEr3Eram the
correspondence with the nunber of nagnetic heads. 20 Each connection pad
section 64 hasbthvéngoaseembdy p8ds 66. These five connection pads 66 are
arranged linearly in the longitudinal axis direction of the main FPC 32. In
addition, the four #etshofvncdmn&dGiSon 2padidsSat e 682 ArompRjetes n
parallel with each other at 25 a predetermi ned interval. In the present
enmbodi ment, thancaifedfiioanpadongeter sugpensdons dpadtiaghied ¢6r td¢ond to
the el ectrode 3 ~ AUG 200 - 19 pads 58 provided on the traces 28 of the
HSAs 22,%and aP&t@nrdpesend rf| the prMvnhé Begdetdc beed @fpfived e and X

f t he di st d side of th ti d ti 32a. T ti
pads 66 for VoERS! SERBCBSCORn0RR BICRAA BotErGR aF ALBeZohobted WA h each
ther th h ' [ 68a.; | (] [ ds 66

or OND of Che EinAGR PEADEEE 80C ANt SLACRF & el FOLA . SECITB: hor

through a Connﬁgéh\%ﬂti iH8a§896 angqf ur BQ%B’ Ibh‘éocﬂl%ﬂ%%teido%nlg_éu%a%%a@% for

Vee are connec each other through a connection |ine he group
of the conduct hugrl tRESMEEnet ibhgeqmi,n FPC 32 incl udes eight independent
signal lines connected to“the connection pads 66 for signals x and Y 15 of

each sefg a compn RPAYERrHOVNCE s iFdemeeNBEG! bt @x@ipldle sHfaitdlegrgannect i on
pads 66 for Vcc, e.g., the | owernost connection pad, a common G\D | ine

connected to apysedematethalcenpdchsoBUB3de 6¢ e EiRke,eidto thehiewmer nost
connection pad, a commopn power source 20 |line connected to any one of the
connecti on padplé6efdik¥eshapeghaving hopdatesthdoknests of 2&8@, @and further
two power source |ines connected to the voice coil of
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 arﬁ 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 f£ilm head for recording (writing).

The magnetic head 26 is fixed to a rectangular slider

25 which is attached to a gimbal part provided at



.the VCM 16. Further, five electrode pads 58 provided at the 25 %Q”N@§Qhﬂn
end portion 53 of the trace 28 of each HSA 22 are soldered to t

respective five connection pads 66 of a corresponding set of the connection
-end 3 1 AUG ~# - 20 portions 32a of the main FPC 32. In this nmanner,
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 84 % etectrically connected to the
printed circuit board 15 through the connector 40. According to the HDD
constructed as descri bed above, the connection pads 66 for Vcc of the main
FPC 32, the cotinecdisvabaeisd 6ot biomNDE t heeeshspandiohe240 cBhaecti on pads
66 for Vee thereof are provided at the distal end portion of the main FPC
and are connecskider t25 ebshapphéedtWiiblugh presavraecéni bhel magsessds, 68b,

and 68c. Therefore, these connection pads are connected to the circuit
board body 34 dhsbudhreshion bB bb%dﬁ%@?Véonlﬂésthﬁcébﬁﬂﬁﬁgﬂ9n 2hedBunber
of conductive lines 62 of the main FPC 32 can be reduced, and the w dth of
the main FPC canleafisSPEiR@dudRd. SEFVeRi sOnak¥ieP the MagnetificBesf the

mai n FPC 32 when t he carrla e as 14 o erates can_be reduced. 20 In
additiorP in the RBnhettPoh %Fﬂaiﬁyt?%%SEQH @l?ﬁ@nﬁﬁlﬁrﬁﬁctg t he nunber

f ol whi ch d h b i d d
2 that the f.rn%gxﬁfﬁ t%+°1§2%aaf ?ﬁ%s%ﬁﬁ%’%%%‘éfS%i%&b%ng%%mﬁgpéae{ cs. &
and 6,_accord| a¥g{§{£g §*ﬁ$§ gg?gdagggt?ggfggﬁ.present

onnec e

i nvention, the I on pads re onmitte rom-t connecti on end

portion 32a of the @HéntEEEe?»ze ie ebaserattbliepy 3ayeh¥ig?BPrelay 21
om tted pads, one of the conductive |ne§ 62 extgnds§to tﬁe through hol e 61

and forms a copgegibve g@iﬁt@d‘ @Eﬂc@i@umaawe(hef@ugafeekecalleahas
connection end portion 32a is fixed to the bearing assenbly 18 by 5 a screw
63 whicipis i neerdgdrp) t52 éhroughihol énfigapliate made of metal such
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,



.is electrically conductive. In addition, the arm 20 and suspensg qnais sif
each HSA 22 are made of material such as stainless steel that is

el ectrictally conductive. Further, each trace 10 28 has a hole 70 forned in
‘the insulation filmand the lining plate of the relay FPC 52, at the part
whi ch overlaps a conductive |line 56a for G\D connected to the head | C 50.
The conductive line 56a is connected to the suspension 24 through the hole
70. 15 Thus, GN\D of the head | C 50 providéfl on each HAS is 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
i s el ectricall gheontdetredemainiagcifive bupwsr ¢fhdde IearD thmiddh thee
conductive line 62. In this manner, the el ectrode pads for GN\D provided at
the trace 28 oflegtiodsApr2g seetima &8nned@hicse FRISUHLIVEND iBasyiafed at the
connection end portion 32a of the main FPC_ 32, can be omtted. 25

Accordi ngly, s8F8eFPRRIASLL 6fstyp EAENFdi 1imee 3 afify %h&YSROYEan be

reduced, so that assenhling feasihility and reliabiljty of e HDD can be
i nproved. 3 J‘i°):'1\t‘389~TIJ)--"“*?ZVe@ur""f‘tﬁjleP’,‘:"Heeﬂi’tn%o1a t‘i’r’@"’ﬁ‘éad'ﬁn@ can easily

I T T e et g il Tt LY
L ot e B BLRRak et SISt 368 BAERIIRE |
et i So7hopReR e s iRkl by, SeeReRsian Kk Tl Mk 52
function as figst-aaRdasenonRd Wyhindd riat tekRut AEHRpect to the
center line in the longitudinal direction of the
10 suspension 24, at least on the suspension 24.

The electrode pad section 53 of the trace 28 has
five electrode pads 58 conducted respectively to the
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, énd 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‘l4 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.



.and lower insulation filnms 83 and 84 made of polyi m de which cqy?rﬁueb%g
surface sides of the copper foil. According to the third enbodi nment, er
and l.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 I C is nounted on
the copper foil 82 through soldering bunps 81. Under filler 85 is filled
between the head 1 C 50 and the copper foil 82. In addition, an 20 openi ng
86 is forned in those parts of the linnglplate 80 and the suspension 24
that face the head IC 50. In this manner, the copper foil 82 is exposed to
t he outside through the opening 86, at the part where the head IC 50 is
equi pped. Accordi ngliy, ahsatt25whemer ahed chromagiee asesatbll@ 3@ dan be
radiated efficiently, so that it is possible to prevent tenperature

i ncrease exceetllhagailgdainntbedcaeapéPat the magnetigsdigh 1223isrange,
characteristic changes of the magnetic head 26 due to the heat fromthe
head | C 50, anBog@itépnedabrbwesh wwehHAREaR2cRAr 4bLelPPErCcS1i6L /t BB

suspensi on 24. According,to a fourth enbodinment of the present 5 inggﬂtion
shown in FIG bheamagRetigdfaskoh2Bl ABcPBBitRABCH PREVELRAWOLERASS

i he |k h h high. th d i Vi N i ded
coram ce, or Lhe LhECiLhaL hagca Miah et el conducti vy s gy 950
tacts th iL,l.82.th fill . i al
comacts, the coppSheighl 02l AUD 10 SRUALE' LELbEE OB pPURcoleber o
t hi t t 6 i d
(s oL et ur eapfioab gengtabedoli om LIE BealolEocanls 1l ahadumre

the head 1 C 1oapycerdlng) andueha hagHot SEPAL Gk erbANBBLrCRAkAELEr | Stic

changes of the magnetic ue"to heat fromthe h I C 50, and

deterioration of nmeghanyeakbeChaiackekedt k6Sthk LRPPIHENERGIMRN 024 than be
prevented. 20 According to a fifth enbodi nent of the present invention

shown ingFI G d8rriagel aseemblpr 0¥i dsngosntopastnpeitivetheal pairgofl ate 80
and the suspension 24, a heat radiation plate 92 is attached to the upper
and si de surfagekesf30héikedadtdbCth8 taseughb.fifther veAcendei2s ahe for
exanpl e, silicon grease.
yokes, and a magnet not shown but fixed to one of the
yokes together construct the VCM 16. The carriage
assembly 14 is rotated by electrically conducting
15 the voice coil, so that the magnetic heads 26 are
positioned on desired tracks on the magnetic disks 1l2a
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



Also, in the fifth enbodi nent thus constructed, heat generated f¢QMEtﬂ@m
head |.C can be radi ated nore S 1 AUG 204 - 24 efficiently @h ough e
heat Tadiation plate 92, so that tenperature increase of the head IC
-exceedi ng a guaranteed tenperature range, characteristic changes of the
magneti c head 26 due to heat fromthe head 1C 50, 5 and deterioration of
mechani cal characteristics of the suspension 24 can be prevented. In
addition, dust and fragnments sticking to tBe wafer of the head IC can be
prevented fromfalling down on the magnetic di sks, by covering the entire
surface of the head 1C 50 with the 10 heat radiation plate 92,, the under
filler 85, andthiee tiriaklee289@ndAther dharig F¥®Ca 32.xt h enbodi nent of the
present invention shown in FIG 11, the lining plate of the trace 28 and

t he suspension 24 arlhendladed REE &acHisotfaumers igita avduhsippoiaklp?2
positioned on the center axis C of_ the _suspension 24, between the slider 25
and the head | Eagd-like ghapreyr daCuABClNERS GefOMREST Qo BRhPHEEPT C 50

be t itted to th [ 24 th h.the 20 | di int 92,
Chat heat radi d2PORCEAFBEE San tBE BEPEHIERSEIALY AdHdh G AT 1798 he
lini t t hegd IC.is th | | ded b t_ f t he head
1C 500 parts  AEECURIEoNA  REA B SEP IR A, HP Ly P A S Poi nt 92,
so t hat deterlgéﬁ%bonpﬁég%%&gggQﬁ?%é%{ggg%éggé Qﬁﬁkf%ﬁﬁﬁﬂéﬁge suspensi on 24

can be prevent urtt ccor ( enbodin of 8 1 AUG
200 - 25 the QBES%BBnbE%%BB'%%gsgBW%iggd%bﬁ-H&é éﬁﬁhﬁd@gﬂ“ﬁdﬁ&“ of the

trace 28 and t he suspension 2 re wel to each o two wel di ng

points 92 |ocahgd hel Wesayl RE $hicd®e a2l ngNGslmisAd d P& sHess ¢4l ding
|1 t'he

points 5 92 are arranged symmetrically wth respecCt to
screwed in to the assembly 18 through the through hole.

10 Note that a reinforcement plate not shown is adhered to
the back surface of the connection end portion 32a.

The main FPC 32 has a wiring pattern comprised of
a plurality of conductive lines 62 extending in
parallel with each other in the longitudinal axis

15 direction between the connection end portion 32a and
the proximal end portion 32b. Four pairs of connection
pad sections 64 are formed at the connection end
portion 32a of the main FPC 32, in correspondence with
the number of magnetic heads.

20 Each connection pad section 64 has five connection
pads 66. These five connection padé 66 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 with each other at

25 a predetermined interval.

In the present embodiment, the connection pads 66

of each set respectively correspond to the electrode



.center axis C. In addition, a part of the lining plate of thegst{aué 28kis
renoved between the slider 25 and the head I1C 50, thereby to form an
opening 93. This opening 93 is forned symetrically with respect to the 10
-center axis C. In the structure described above, the sane operation and
effect as in the sixth enbodi nents can be obtained by providing the wel ding
points 92, and heat of the head I C 50 can be hindered from being 15
transnmitted to parts that support the-slilder 25. Thus, deterioration of
mechani cal characteristics can be securely prevented. Meanwhil e, as shown
in FIG 13, the circuit that generates heat of the highest cal orie anong
circuits of 20(pdde Feanrdidédd icn ttiee viraceslr28eof ctheul$A8032, aaudt he
circuit that generates heat of the next highest calorie is a bias current
circuit 50b. Rare hdispesed hin|linegipl the ander hef sviepenSNBn Yacar &,
thermal |y expanded by heat fromthese circuits 50a and 50b, the bal ance of
25 the suspensiish ¥ stxfemyrtlteddsstahaend neidecphintkal cenaeaeieri 8bflcs are
deteriorated. Hence, in an eighth enbodi nent of the present 3.1 AUG 2pp, ~
- 26 inventi RPEWIM 328 £ Fha CORIRCHEPR PUES veF EPFCUFE 8BatBfd the bias

current circuit 50b of the head | C are each fornmed symmetrically with
respect o trmFQ%ﬁﬁ%ﬁl%&i%aQ:%ﬁc?+ﬁps€%p%ﬁ§i%ﬂnﬁﬂ9t?ﬁ YHi 82 ﬂgﬁ?r

th I [ f the lini | at th i 24

Symotri Cal i TP Aot (CRM TR Rt the P8 C TR0 CARELBe El¥ponsi on 24 i s
Il bal d. di ngl ' ' f ' . teristi

bo provent ed. IOIREGHAr RP9E S8 oF Ao HAE ABhERLLGRTER & Cention

shown in FIGS. , LL IS4 d g trace 28 of
Sach HoA 2. The FRTON D A TrEa el AR, Bhe B Rk i The hoa

| C 50 decrease, idoifést DMl in&US4HEranACERF€haH, 1Bhé OcbRRe Bt £6RNT _
enbodi nent, the slider 25 is positioned at the distal end of the suspension

24, andid he capags te SESS wee aPendethodtédewitRceadl dbeheeedhrbeghl i der
and the head 1C 50, and is connected to the head IC. 20 In the structure as

descri bed above,céheedel gint 1 b gbds. of the head 1 C 50 and the capacitors 96
“an 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 source
20 line connected to any one of the connection pads 66 for
Vee, e.g., the lowermost connection bad, 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 po;tion 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



.be set wide with respect to the magnetic disks. Accordingly, tgf hﬁad I C 50
and the capacitors 96 are prevented fromcoinciding wwth the s ﬁ 2054
the 25 magnetic di sks and from bei ng danmaged thereby, even if the HSA 22 is
-deforned due to an external inpact or the |ike. 31 AUG Zpp - 27 =1n the
second to ninth enbodi nents descri bed above, the other points of the
structures than those described above are the sane as those in the first
embodi ment. Therefore, the sanme parts as ¢hose in the first 5 embodi ment
are denoted at common reference nunerals, and detail ed expl anation thereof
will be omtted herefrom Further, each of the above nentioned enbodi nents
may be conbi nepowiktibnet B2e ofietbe meie ERBodRrenfls. thdsAgdinniegnaleach

advant ages and nodifications will readily occur to those skilled in the
art. Thereforenaghetiavbaadodb6i asi edeptsaged lyspoanecitedndo theited to the
specific details and representative enbodi nents shown and descri bed herein.
Accordingly, vaireustiboasdi Prext Banshxerabe thedderd HEuS Odefdye E%d 2% om
the spirit or scope of the general inventiv%fconcept as3%efined . the

appended cl ai nEP&n86t REi FNBqGFPSPeRBs. 3ndgthe RBET2EPE 3228 ANRHATFS
CLANED L oo ehuleTe BURRA"Bo00, 0 TER BRI Bt R B 9
PriDted o roul brSaLd LERLALLCHLRT. 8 RUSRRDR' PRekisor 10,01 2t
circuit 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



_board and positioned near the magnetic head, wherein 10 the fI A
prlnted circuit board includes a first wiring pattern which electrlcagp
connect's the magnetic head with the head I1C, a second wring pattern mhlch
.extends fromthe head I1C to a proximal end side of the suspension, and
insulation filnms which 15 cover the first and second wiring patterns from
both sides, and the insulation filns are partially renoved at an area which
faces the head IC, and the lining plate ahld the suspension have an openi ng
at the area which faces 20 the head I C such that the wiring patterns are
exposed through the opening. 2. A head suspension assenbly conprising: a
suspensi on havomjtaedi ptdk, eadepoft tha ocondhcthve dugeet 6@ esaénds rount ed;
25 a flexible printed circuit board installed on the suspension with a
lining plate ibherpbsedghhbodbetheand faums a toadGc200¢ pozgioa @@ad |1 C
mounted on the flexible printed circuit board and positioned near the
magnetic head, apheRdi hhehshipughbhelpr bAt ed TBiFcEPnNBE&iON #8Kudes a fir st

wiring pattern which electrically connects the 5 mag netlc head with the
head IC, a secEﬁHt&PﬂlﬁéapéﬁtEFﬁthFEhtBPoPééFénﬂréﬁﬁﬁﬁé Ned8@ P¥ to a base

d side_of th d | at h t he fi_rst d
Cecond Wi ng RabPEPHSCPr BB oot BET CaHat PrENPn S AL e, FPAPE aPBe

tiall d the head I1C, the | | at
nd the SuspontPofiRevaian EhcaPibEPLtAE 2 ca whi ch fates the head |C. and
a heat radiation "Egﬂ L kg £3bhanggd angag 9&%”%%% fSAbn B CYH AGeM th

the first and second wring pafterns tic |sk appar at us

compr i si ng_t heybgagy sypaeRIaNoRSAEEBLYa20SRER B9 @ athkBLlgthe1A MgNEtic

di sk apparatus conprising t suspensi on assenbly according to claim
2. 20 25 . A Y. fnhE. féFef@8E9¥ééll conductive. Further, each trace

_AaF. Aa. Al . A Al. AE. ANY. Al Y. AHY. A AANAWAnM3%YMAMMLNA
%z}~%50ﬂBHH 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
is 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 bads 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 assémbling

feasibility and reliability of the HDD can be improved.
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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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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.
Ih 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 mégnetic 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 piesent
invention shown in FIG. 10, in placé of providing
an opening in the lining plate 80 and the suspension 24,
a heat radiation pléte 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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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
at a welding point 92 positioned on the center axis C
of the suspension 24, between the slider 25 and the
head IC 50.

In this structure, heat generated from the head IC
50 can be transmitted to the suspension 24 through the
welding point 92, so that heat radiation effect can be
strengthened. In 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
mechanical characteristics of the suspension 24 can be
prevented.

Further, according to a seventh embodiment of

, &310% g&afpnteed] AUmpef ptUre0 %asige),- COBR2RAAIUINBLI ANNAI DM 10:
10% & ()-8GLO% & ()- 710% & ()-5f10% & () -

-REE AT/t
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' 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 ﬁext 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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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 cépacitors 96 can
be set wide with respect to the magnetic disks.
Accordingly, the head IC 50 and the capacitors 96 are
preventéd 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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10 SIS L0, B, NS0 UORE (N IRE (1 PSR- (1111000
10% & () s@10% g Sernt are ddioted 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 o 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 spécific 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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5 a flexible printed circuit board installed 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, wherein
10 the flexible printed circuit board includes
a first wiring pattern which electrically connects
the magnetic head with the head IC, a second wiring
pattern which extends from the head IC to a proximal
end side of the suspension, and insulation films which
15 cover the first and second wiring patterns from both
sides, and
the insulation films are partially removed at an
area which faces the head IC, and the lining plate and
the suspension have an opening at the area which faces
20 the head IC such that the wiring patterns are exposed
through the opening. |
2. A head suspension assembly comprising:
a suspension having a distal end portion on which
a magnetic head is mounted;
25 a flexible printed circuit board installed on the
suspension with a lining plate interposed therebetween;

and
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.first and second wiring patterné from both sides, and
the insulation films are partially removedvat
10 _.an area which faces the head IC, the linihg plate and
the suspension have an opening at the area which faces
the head IC, and a heat radiation member is arranged in
the opening, kept in contact with the first and second
wiring patterns.

15 3. A magnetic disk apparatus comprising the head

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

suspension assembly according to claim 2.
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