; 3R e3e* F*>>?LBABXEGETFVf CONNECTOR FOR FLEXI BLE PRI NTED Cl RCU T BOARDS
HEAD ACTUATOR PROVI DED W TH THE SAME, AND DI SK DRI VE BACK

| NVENTI ON 5 The present invention relates to a connector ﬁwm%mﬂmwm
flexible printed circuit boards, a head actuator provided w

connector, and a disk drive. In general, a disk drlve such as a fagftetic
di sk 10 drive conprises magnetic di sks; aisptndle

rotating the nagnetic disks, a head actuator supportlng nagnﬂMﬂﬁmlﬂwﬂmMMW
voice coil motor for driving the head actuator, a substrate
whi ch are housed in a casing. iiTIneohe@@anNw@quomncIudes a beeagopooyy

portion attached to the casing and a plurality of arns extending fromthe
bearing porti oOONRECRQREFOR FEBRIBEENMPRINEEDOCIRAUI TaBOARDSHEARBDOf a
suspensi on. The substrate unit includes a main flexible printed 20 circuit
board (herei naACBUATERePROVIDEDaWIMHI THEPSAME, haNDI SISK ®RdVEorti on of

whi ch extends close to the bearing portion. Each magnetic head is connected
to one end of a relay flexi BACKGROUEND @F rTHE t INGBNTIQKer ei nafter referred
to as relay FPC) on each arm 25 and the other end portion of the relay FPC
is connetted to theThei prEPEntThoyensdon wegadeisc tieead donnesvec tfed
electrically to the substrate unit - 2 through the relay and main FPC s
and control | edcBypnaehaBdof lepébdghpriatedygiecult boards, a head

actuator provided with the connector, and a disk
drive.
In general, a disk drive such as a magnetic disk

10 drive comprises magnetic disks, a spindle motor for
supporting and rotating the magnetic disks, a head
actuator supporting magnetic heads, a voice coil motor
for driving the head actuator, a substrate unit, etc,
which are housed in a casing.

15 The head actuator includes a bearing portion
attached to the casing and a plurality of arms
extending from the bearing portion. A magnetic head
is mounted on each arm by means of a suspension. The
substrate unit includes a main flexible printed

20 circuit board (hereinafter referred to as main FPC}),
the distal end portion of which extends close to the
bearing portion. Each magnetic head is connected to
one end of a relay flexible printed circuit board
(hereinafter referred to as relay FPC) on each arm,

25 and the other end portion of the relay FPC is
connected to the main FPC. Thus, each magnetic head

is connected electrically to the substrate unit



"In the case where the printed circuit boards are connected electrically to
each other in this manner, 5 each printed circuit board is provided with
connecting pads, a pre-tinning layer is forned on each connecting pad, and
the pads are opposed to one another. In this state, the pre-tinning |ayer
is heated fromthe basel ayer side of one of the printed circuit boards. By
10 doing this, the pre-tinning |layer is melted to connect the pads

el ectrically and nmechanically. Possibly, the relay and main FPC s may be
connected by contact bonding. In the magnetic disk drive, however, the

connected portiQpoHghWeRd tBea}5ah8! ﬁ\xlanﬂeﬁ%naﬁacc%n@\sqaeasbEyhe head
actuator rocks, and”is subjected to vibration and shock. Accordingly,

soldering is thghy gsedhéosiiPpeoMeet Hgikel iability of connection. In
conventional assenbly processes for a nmagnetic 20 disk drive, soldering the

FPC s is carried outni aBhe eckeanwhees tHewpréhtedheisehuder bagreeaatd on

i ncludes a process for nelting solder by neans of a soldering iron. In this
process, out gassnngctednedettuxcaillyheol ekehi nthee dfal dedsmagngemer at e,
possi bly 25 contam nating the atnosphere in the clean roomand exerting a
bad i nfluence @poh prhetedoapoaehtsbokudt her provtidedi mdthheonekayimgd main
FPC s - 3 involves operation for soldering very fine connecting pads, so
that the reliapadibi yaoprehtisolder lagersigagpkpednbhuenchd copnrotiimgnshi p.
Furt her nore, repalrlng t he head actuator requires 5 resoldering after the
sol der on the RadneeRfnghpoPafsndresoppREPEdLOTRDS, anephiers ada thdsgbl esome
and their achievenent |evel easily lowers. In addition, an MR elenent is
used for the n%b%%?rcthéaHrEth@nFﬁgc&PVéﬁt1§sBe§§e§h§F°ﬂh§hﬁa§ﬁéﬁlc head
of this 10 typ is ver st stati,c electr|C|ty Therefore, in
Sssenbly for’ ALPUSH StiEabhr OARdORaGHe PELGEER GRFGELY BoPdas w B t ho

sane, IS ne essar to tgﬁs neas L es. aga;nst electrg?tgtlc br eakdown to

preventf%.larg iﬁgr fsfr fPBﬁf anﬁP %yFﬁelﬁaﬁﬁ fEa&FoPFPEMm
out si de. BRI EF, gg §Y gfez r%HQYEy 59@ hB%?%gﬁﬁ i nventi on has been
ese‘clr

achieved in con5|d ration o ances, and its object is to

provi de a connect or Bg%%gh§X|th ?EEB e PEd%&HhtF%% go§%§s pecapabl e of

easily securely connec flexibleprin Circuit boar a head actuator

Do 1 SOsserEe B9%apfhek Cehengln sidepel pygelkste e sbove
aspect of the 4pve8li RBwkse, COABCEbAReE@Ed portion between the
15 relay and main FPC’s moves as the head actuator rocks,
and is subjected to vibration and shock. Accordingly,
soldering is widely used to improve the reliability of
connection.
In conventional assembly processes for a magnetic
20 disk drive, soldering the FPC's is carried out in a
clean room. However, the soldering operation includes
a process for melting solder by means of a soldering
iron. 1In this process, outgassing from a flux or
the like in the solder may generate, possibly
25 contaminating the atmosphere in the clean room and

exerting a bad influence upon other components.

Further, soldering the relay and main FPC's



electrically connecting a pair of first flexible printed circuit boards,
fixed individually on the - 4 respective surfaces of two arns spaced and
opposed to each other and each extending froma distal end portion of each
armto a proxinmal end portion thereof, and a second flexible printed
circuit board extending 5 fromany other portion than the arns toward the
proxi mal end portions. The connector conp3ises: a female connector forned
of the first flexible printed circuit boards; and a mal e connector provided
at the second flexible printed circuit board. 10 The fenal e connector

includes a pai in@ef)w@gnsgékagi@ﬁr EbengolaereHgORekOSPERLI ¥BnAELKE Bl - Si de
end portions of the first flexible printed cifcuit boards and oppoSed to

each other acrgsgsp gbvVeERatpPeRE, redehboliitheogonnectbnaepeni @8s having
first contacts 15 forned by exposing a part of a conductor pattern of the

first flexibleepsibyetin€iuencédbpgrdoramphehapity of short-circuit contacts
and a short-circuit piece which contacts with the plurality of
short-circuit contaftstbermsrep tepaitrhegcthdutkbad patbetori megqudr26 cl osed
| oop. The mal e connector includes a projection and a pressing portion which
are confd guredresobadefingedfberweba shédeonascthagcponecomsgof the fenmal e
connector, second contacts provided on the projection 25 and connected to a
conduct or pat tePhtbPnghdsseevavett exThhe, prepeédschreurrosbiegomehe second
contacts being arranged so as to contact with the first - 5 contacts
when the proj e’Rfohhe3rf pEhEEVEBEREcASVRE BBAALYt LAYSESrti dAs, and the
pressing portion _being configured to press and detach the short-circuit

pi ece from t heBdRoFOR r 2l MRcBhRAERE ARdusefedSs the BPeBedils P8P when
the pressing portions are fitted between the connectin ortions, . According
Lo the connactOF LFSr 17| GXFEPREpHPRTEA EPAEUFPeDBARUStLonBErdcOBAthASt hi s

nmanner, 6he f!rst flex%ble ﬁri ted cir ui% goaydz and.second flexible 10
prlnteJ'C|rCU|Yy%%a+ﬁs cah BeoRHBLt & 8FBLLFi € FFgrfSl g¢h ot her by only

i nserting and *ﬁéiéfgréhe'H[gggﬁébggigﬁgd?FﬁggéiQgtBQEFEOQEdOf the mal e

connector that s attache exiple printed crrcuit boards

into the spaceg,brLiegnyt Bg &?%28???8%5888p9&Eh°gﬁ?°Eaﬁ%?eﬁ%”ﬁhe

connectors. Thus] connecting t rst and secon I exible printed circuit
boards requiregeB8s8§8kfetbngakantlehbaretongaiNg¥er160RBRLAR RS t he

atnmosphere in a clean room Further, no veferan skill is needed, and
variation I1n breakdown to prevent a large current from flowing into
15 the magnetic head from outside.
BRIEF SUMMARY OF THE INVENTION
The present invention has been achieved in
consideration of these circumstances, and its object
is to provide a connector for flexible printed circuit
20 boards, capable of easily securely connecting flexible
printed circuit boards, a head actuator provided with
the same, and a disk drive.
In order to achieve the above object, a connector
for flexible printed circuit boards according to an
25 aspect of the invention is a connector for

electrically connecting a pair of first flexible

printed circuit boards, fixed individually on the



*20 wor kmanshi p can be lowered. In addition, since the female connectors are
constructed by opposing the connecting portions of the first flexible
printed circuit boards that are attached to the arnms, no dedi cated housi ngs
for the 25 connectors are needed, so that the construction can be
sinmplified. The connecting portion provided on the first - 6 flexible
printed circuit board of each arm has £ he short-circuit contacts and
short-circuit piece that short-circuits the sanme, and thus the armitself
conprises a short-circuit nmechanismfor preventing 5 electrostatic

breakdown fromogcaEting EHLFL08s JherBEORBnsC¥BACES IaHa 5%@5%8“% the arm
has not been assenbled and remains intact, it i's possible to prevent

el ectrostatic dierksoner f 40m @s;@lwékﬂgn@mngl eebhoRi i §@APOBARAL S connect ed
to the first flexible 10 printed circuit board. Furthernore, when the nmale

connector is opowretdedot cehble demate gopperimas, ehai perkiskedhwvibBet his
connection, the short-circuit carried out by the short-circuit piece is

rel eased. Thusatidieafsesdtndnflldbilskeopdinaed Eiexubtebpardt edtenddngt boards
can be electrically connected to each other. Wen the nale connector is

det ached fr om fhemfampl eticenneetbisn thehotkd howmp tewaodnedein the first
flexible printed circuit boards by neans of each short-circuit piece 20
agai n, therebypf¢$hm@lp¢@dem©rh§0@$ectfbsta@hnebteakdgmpriﬁeﬁ1oécurring on
t he electronic conponents. Consequently, inserting and extracting the
mal e connect orfemab@dcorpactoe ferned @thg@téirsé fgﬁéﬁbéﬁ priptedenting
el ectrostati c breakdown can be 25 stopped or resuned easily. Thus, the
connecti on bet%k@%u%%eb??F§¥'aﬁ@ds%c%ﬂ efF@QPBFEOErPﬁPgadéﬂréﬁlFhBoards can

be facilitated, noreo epairs g replacing the electronic
conponent s canS§e° § %f%ﬂl bg %5%??? %FﬁgﬁﬂtaEPﬁﬁgor accordi ng to anot her
aspect of the |nvent on_conpri ses earing portions.twy arns 5 each

havi ng & pr oxi mal h pS?ngﬁ S?Pﬁgﬁgartanﬂg Séaﬁlﬁalﬁopélon and a di st al

d i f h h
bei ng_opposed TorisehEnd esPhto S FAEhPY r?%"s%egﬁ P PReRthrh e
ci Toul € boar ds,f i xed. 10,0011 g kyrge DT BRRCELLKEeA" R rcREnect e

electrically to respective eads
boards and opposed to each other across a given space,

each of the connecting portions having first contacts
15 formed by exposing a part of a conductor pattern of

the first flexible printed circuit board, a plurality

of short-circuit contacts and a short-circuit piece

which contacts with the plurality of short-circuit

contacts so as to turn the conductor pattern into a
20 closed loop.

The male connector includes a projection and a
pressing portion which are configured to be fitted
between the connecting portions of the female
connector, second contacts provided on the projection

25 and connected to a conductor pattern of the second
flexible printed circuit board, the second contacts

being arranged so as to contact with the first



‘fromthe heads to the proximal end portions of the arns a second flexible
printed circuit board connected to the first flexible printed circuit 15
boards; and a nmal e connector attached to the second flexible printed
circuit board. Each of the first flexible printed circuit boards includes a
connecting portion provided at the proximal end portion of the arm and
having first contacts 20 formed by expesifhg a part of a conductor pattern,
a plurality of short-circuit contacts, and a shortcircuit piece which
contacts with the plurality of short-circuit contacts so as to turn the
conductor pattesnthbts ®hehoshd beepeclomhesr €speet yetaerneghieng portions
on the two arns are opposed to each other across a given space to
constitute a feomhectbngepbvotions, gnd the pakesdagneoteionnbeidegs a
projection and a pressing portions which are configured to be fitted

bet ween t he conoefigngegordi pnssef ahdedetaehetbenskortrciandisepirde
contacts provided on the 5 projection and connected to a conductor pattern
of the second fremi bhe phpnteditcréti cobbacts ehd sedendectheactosid ng
arranged so as_to contact with the first contacts when the projection is
fitted betweenlPfe ¢BAReERENRrPEFLNENBOTARANEhALHr E4SitRg PeitwWeens the bei ng
arranged so as to press and detach the shortcircuit piece fromthe
short-circuit €ORPEEESNIaRALF&PBEse the cl osed | oop when the pressing

portions are fitted_between the connecting portions. A . di.sk drive according
to still another asp&EPT HQStPhEanQQHP?gﬁ°€O§ﬁFi§é§xégﬁﬁsﬁr%9tﬁ§ad

fi dt ite,] d trievi i nf I, f t he di sk head
contt 0 ed L0 ML L8N oL LR Ll QLR N Ot e 945 P

bstrat it fi d.1o i t ] tput si | it t toth
cubstrats U cSRLLOU e bockINE R, BUGRUS SHANRESd IERIBRE! Lo the

it ; d tac; d I . _attached t
UnLt anfo connegsfcL Ligcheadagtiat oo aRcapiELe BTtk ar alugened (o
beari ng port'098_é&@thtﬁEBBb?aSPlga!hBQr%iﬁﬁoéhﬁaEi%EQnBOEth” attached to

the bearing portion, and a dista nd portion supporting’the head,

ext endi ng fronbkafeQE§5hsgand-p9esaehgiPerpaeﬁsabﬁsthgiﬁglgpposed to each
ot her across a giVven spaces and relay flexible printed circuit boards fixed

i ndi vidual Iy oBohhectesperhtVveésaatitachednest edeekeebhdCa&lkbxibaet he
respective heads, and extending 5 fromthe heads to the proxi mal end

portions of theranted Eaebuat bberdel ayitbl ekebkpapeisnbedweehctthe boar ds
i ncl udes a connecting portion provided at the proxinal
15 connecting portions of the female connectors. Thus,
connecting the first and second flexible printed
circuit boards requires no soldering, and therefore,
never contaminates the atmosphere in a clean room.
Further, no veteran skill 1s needed, and variation in
20 workmanship can be lowered.

In addition, since the female connectors are
constructed by opposing the connecting portions of the
first flexible printed circuit boards that are
attached to the arms, no dedicated housings for the

25 connectors are needed, so that the construction can be
simplified.

The connecting portion provided on the first



‘end portion of the armand having first contacts 10 fornmed by exposing a
part of a conductor pattern, a plurality of short-circuit contacts and a
short circuit piece which contacts with the plurality of short-circuit
contacts so as to turn the conductor pattern into a closed |oop, the
connecting portions 15 being opposed to each other across a given space to
constitute a fermal e connector. The nmale aonnector includes a projection and
a pressing portions which are configured to be fitted detachably in and
fromthe femal e connector, and 20 second contacts exposed on the projection

and connected fpei6P8dyel Rfeati 8ENiOf bbBBdMBENELRXERPMEnALI Rhed circuit
board. The first contacts of the femal e connectors and the second contacts

of the mal e cosieetocinceipressedced sdndesrbrotberchytf pikcBgthhe _
proj ection and pressing portion of the male connector into the connecting

portions of thshéetattrecohtectioessame, t 8atl thasr ehayarm- it8elfl exi bl e
printed circuit board and the main flexible printed circuit board are
electrically coomprieesta shchtethecuitindethensbor foei peavenpiage i s
pressed by nmeans of the pressing portion to conme apart fromthe 5
short-ci¥cuit ebathrestatherkebgakdbensfngmt hecukoind ktbepeocAddi ti onal
obj ects and advantages of the invention will be set forth in the
descri pti on whfk@resrrensevandinntharstatel thatobbroasm ham npé peen

description, or may be |earned by practice of the .
assembled and remains intact, it is possible to

prevent electrostatic breakdown from occurring on
electronic components connected to the first flexible
10 printed circuit board.

Furthermore, when the male connector is connected
to the female connectors, being linked with this
connection, the short-circuit carried out by the
short-circuit piece is released. Thus the first and

15 second main flexible printed circuit boards can be
electrically connected to each other. When the male
connector is detached from the female connectors, a
closed loop is formed in the first flexible printed
circuit boards by means of each short-circuit piece

20 again, thereby firmly preventing electrostatic
breakdown from occurring on the electronic components.

Consequently, by inserting and extracting the
male connector in and from the female connector, a
function of preventing electrostatic breakdown can be

25 stopped or resumed easily. Thus, the connection
between the first and second flexible printed circuit

boards can be facilitated, moreover, repairs such as



"invehtion. The objects and advantages of the invention may be realized and
obt ai ned by neans of the instrunentalities and conbinations particularly
poi nted out hereinafter. 15 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng draw ngs, which are incorporated in and constitute
a part of illustrate an enbodi nent of together with the general d 20 the
detail ed description of below serve to explain the invention. the
specification, the invention, and ascription given above and the enbodi nent
given principles of the FIG 1 is a perspective view showing the interior

of an HDD accorghngcifgaPh8nbodttBshief cbNBoREREENEaROLENKERYHER; ofkG 2 1S
an expl oded perspective view of a head actuator attached to the HDD, - 11

FIG 3 is a pessperyive view of the head actuator; FIGS. 4A 4B and 4C are
pl an view, sectional view and perspective view, respectively, showing a 5
connecting portion prhegadedctnaeachaatordinghecheaadtaetruaispectFb® 5 is a
perspective view showi ng a mal e connector for the head actuator; FIG 6Ais
a sectional vieheointéetimhecompnesést dObeakéngapomggibhe kiwneakMa- 1 VA in
FIG 5; FIG 6B is a sectional view of the mal e connector taken along the
line I VB | VB iea¢hCGasingl & pecxivad srdt pontlioni ewwtethadpkoj &bei on of the
mal e connector; 15 FIGS. 7A and 7B are sectional views schematically
bearing portion, and a distal end portion supporting a
head, extending from the bearing portion, the arms
being opposed to each other across a given space;
first flexible printed circuit boards fixed
10 individually on the respective arms, connected
electrically to the respective heads, and extending
from the heads to the proximal end portions of the
arms; a second flexible printed circuit board
connected to the first flexible printed circuit
15 boards; and a male connector attached to the second
flexible printed circuit board.
Each of the first flexible printed circuit boards
includes a connecting portion provided at the proximal
end portion of the arm and having first contacts
20 formed by exposing a part of a conductor pattern, a
plurality of short-circuit contacts, and a short-
circuit piece which contacts with the plurality of
short-circuit contacts so as to turn the conductor
pattern into a closed loop.
25 The respective connecting portions on the two

arms are opposed to each other across a given space to

constitute a female connector.



'showi ng a process of connecting femal e connectors of the head actuator to
the mal e connector; FIG 8 is a sectional view schematically show ng a
state of connecting the fermal e connectors of the 20 head actuator to the
mal e connector; and FIGS. 9A and 9B are sectional views schematically
showi ng a process for releasing a closed | oop corresponding to connection
of the femal e connectors of the head actuyptor to the nml e connector. 25
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A hard di sk drive (hereinafter
referred to as HDD) as a disk drive according to an enbodi nent of the -

12 present inventi gAeWnhlene¥nhecdBsChnbetddel debabljewttibnr @her ance to the
acconpanyi ng drawi ngs. As shown in FIG 1, the HDD conprises a casing 10 in

the form of anpppes: hgppedtientanpithr abexcandigueetiopocbeerfifnet shown)
that is fixed to the casing by neans of screws and covers the top opening

of the casing.bdtweensthg &O6nnscsingedownttibnswofmapeetffemadesks 12a and 12b
for use as nmagnetic recording nedia, a 10 spindle notor 13 for supporting
and rotating tbenmaghetj caddskscondgnehtacheagsofradedr ohi nhei n and readi ng
information fromthe magneti c di sks, a head actuator 14 that support the
magnet i ¢d headspfojeabieneandwconneetpdctot 8 thaduagnest pettiesksof28he5 and
12b. The casing 10 is further stored with a VCM
second flexible printed circuit board, the second
contacts being arranged so as to contact with the
first contacts when the projection is fitted between
the connecting portions, and the pressing portions
10 being arranged so as to press and detach the short-
circuit piece from the short-circuit contacts, and
release the closed loop when the pressing portions are
fitted between the connecting portions.
A disk drive according to still another aspect of
15 the invention comprises a disk; a head configured to
write in and retrieving information from the disk; a
head actuator supporting the head for movement with
respect to the disk; a substrate unit configured to
input and output signals with respect to the head; a
20 main flexible printed circuit board extending from the
substrate unit and connected to the head actuator; and
a male connector attached to the main flexible printed
circuit board.
The head actuator includes a bearing portion; two
25 arms each having a proximal end portion attached to

the bearing portion, and a distal end portion

supporting the head, extending from the bearing



*16 for rocking and positioning the head actuator, a ranp |oad nechani sm 18
that holds the magnetic heads in positions distant fromthe magnetic disks
when the magnetic heads are noved to the outernost periphery of 20 the
magnetic disks, an inertia |latch nechanism 20 for hol ding the head actuator
in a refuge position, and a flexible printed circuit board unit
(hereinafter referred to as FPC unit) _17gmunted with circuit conponents
such as a preanplifier. 25 Further, a printed circuit board (not shown) for
controlling the respective operations of the spindle notor 13, VCM 16, and

magneti c heads,di iBANSAl dfifs peidd ofBGsui Lo 1dats SehERedoLgsLhg outer

surface of the casing 10 and opposed to e bottom wa e casing. Each

of the magnet i vlirpkfpalady %@d1@15@%%§i@i@n§fﬁﬁt&ﬁ,ciﬁéuﬁﬂa%éﬁds% mm

(2.5 inches), and includes nmagnetic recording layers forned individually on

its upper and figwRi divicdsal Ifeol Wehdegdspéct veksrndp asgnddbear e
coaxially fitted on a hub (not shown) of the spindle notor 13, clanped by a

10 cl anp spri regleddt riardll By aokethe nréyesSivé Regilypnaspacrkteéndihg axi al
direction of the hub. The nmagnetic disks 12a and 12b are rotated at a given
speed by nmeansfmdm tthee dppanl etotloe @dioxAsakhened por€i&ss dftoh8, the head
actuator 14 is 15 provided with a bearing assenbly 24 that is fixed on the
bottom wal | ofaxnkee. casi ng 10. The bearing assenbly 24, which serves as a
bearing portion, includes a pivot 23 set up on the bottomwall of the
casing 10 and a cylEachiehl thebrobayhbleksblet aranted20isgpporbedrda t he

pi vot by neans, of  a pair of bearjngs. An annular flange 29 is forned on the
upper end of tHEHALDE cRrNCENERPPoieR oPrevibded ndtntharBuadinat | over
end portion of the hub, Further, the head actuator 14 includes four arnms 25
27a, 27b, 27c Y BOAF IO Rt Rp AR FFNGRAVERY ahHr 9BLCONRRERSare nount ed
on the hub 26,_and ur magneti ¢ head assenblies 30 supported on the arnmns,

O A T QEATRS B PRHOTHS 4 5008 o RSSO PRREFRER, Sheet of a

Sta'nleSS_Ste%hﬁ¥§¥?¥§mgf”éﬁ%rt§%§¥kgft%9%%%%ts and a short-

circuit piece which contacts with the plurality of
short-circuit contacts so as to turn the conductor
pattern into a closed loop, the connecting portions

15 being opposed to each other across a given space to
constitute a female connector.

The male connector includes a projection and a
pressing portions which are configured to be fitted
detachably in and from the female connector, and

20 second contacts exposed on the projection and
connected to a conductor pattern of the main flexible
printed circuit board.

The first contacts of the female connectors and
the second contacts of the male connector are pressed

25 to each other by fitting the projection and pressing
portion of the male connector into the connecting

portions of the female connectors, so that the relay



“having a thickness of about 250 ,um A circular 5 aperture 31 is fornmed in
one end or proximal end of each arm Each magnetic head assenbly 30

i ncl udes an el ongate suspension 32 and a magnetic head 33 fixed to the
suspensi on. The suspension 32 is forned of a 10 plate spring with a

t hi ckness of 60 to 70 um and its proximal end is fixed to the distal end
of each correspondi ng one of the arns-27a0to-27d by spot wel ding or
adhesi ve bondi ng and extends fromthe arm Each magnetic head 33 includes a
substantially 15 rectangul ar slider (not shown) and a witing/reading M

(magnetic rel ugtapeBlehpadnteanedrefithBoskudand 2pd nsihi ¥edxligia gi mbals
portion that is forned on the distal end portion of the suspension 32.

Further, each pagnetdccheadi83bbagdf ave ellectiradaslineonskewed t30 The
suspension 32 may be fornmed of the same nmaterial as and integrally with the
arm Each suspeashontB&randnit sheoshespendirrngisr miecestiist pire saredaby
according to the present invention. As shown in FIGS. 2 and 3, each
magneti ¢ head 88anrs of the hredsavgurpbotita te commeepedtelfecivitbal |y to a
main FPC 42 (nentioned later) through a relay FPC 62. The relay FPC 62,

whi ch se?ves ashartresrcuibxipnsacts,15hepepit s€leipsdnigt theacdosied fi xedly
stuck on the respective surfaces of each arm and each suspension 32 of the
head actuat or 32%Pand extends fromthe distal end of the suspension to the

proxi mal end of the grnl,S The rela¥ FPC 62 is in the formof an el ongate
Additional objects and advantages of the

invention will be set forth in the description which
follows, and in part will be obvious from the
10 description, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.
15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate an embodiment of the invention, and
together with the general description given above and
20 the detailed description of the embodiment given
below, serve to explain the principles of the
invention.
FIG. 1 is a perspective view showing the interior
of an HDD according to an embodiment of the present
25 invention;
FIG. 2 is an exploded perspective view of a head

actuator attached to the HDD;



‘belt'as a whole, the distal end of which is connected electrically to the
magneti ¢ head 33, and the proximal end portion of which constitutes a
connecting portion 64. The relay FPC 62 includes a base |ayer of an 10
insulating material such as polyimde, a conductor pattern of a copper foi
on the base |ayer, and a solder resist |layer fornmed over the whole
conductor pattern on the base | ayer exceptt pad portions. The el ectrodes of
the magnetic head 33 are 15 soldered to the pad portions (not shown) on the
di stal end portion of the relay FPC 62. Further, as shown in FIGS. 2 to 4C,
the connecting portires.64 ek thpeirBbarthife 8dewndrudde adlaurality of first
contacts 65 that are fornmed by exposing parts of the conductor pattern, 20
and is | ocat edagthhacent to a side edge of the armat the proximl end
portion of the arm Each connecting portion 64 includes four elongate first
contacts 65, which FIG8nd4An 4Bdanec#Coarsulpdiaantvisa,y seertpiemdilcwliaw to t he
| ongitudinal direction of the arm25 or to the side edge of the arm and
are arranged aandi pensppatasei miehwe rengetctidvedly,dishestingnaof the arm Each
connecting portion 64 includes a pair of - 16 short-circuit contacts 80
| ocat ed par al | ebnnecthegf ppstiesnpraevides. omheashortrmciofc e deadacts 80
are connected respectively to two of the first contacts 65. Further, a
short-circuit preeat8p/made of netal 5 and having a spring property is
fixed on the connecting portion 64. A tip portion_of the shortcircuit piece
82 is resiliently pFéSsed a§aPnPEISRECHAVE Fie¥hFhoXdNd & Madént acts 80,
thereby el ectricall hort-circuiting the 10

conduct i L. e.
short-circuit EBHP%%FQIS 9rTtheP8F§,aF%BaGSﬁductor pattern of the relay
FPC 62 t endi f th tic head 33.h I d | ._AS
result, a head arm ARG tBanSpRer St LA SGE G 1% HEmITBRCTS T nt o
t he nagfgtic h?§ﬂe§3a159§r§9¥ ?Eg¥egbhggvg5igl%&brogtatic breakdown in the
ing.” I'n"the ma e

magneti ¢ head Trom occur nner sCri'béd above, the

shortcircuit contackss80gand shol b.H%%%ﬁtvﬁ%ﬁp%fB%H%ﬂﬁﬁqg‘8q§§§ctor

short-circuit mechanismftor preventing the électrostatic breakdown 1 n the

magnetic head 33120 LigALOERKr fikRg. Thateyhat, ralgihgugh the arm 27b is
represented for the explanation in FIG 4A or 4C, the connecting portions

64 provided on the ether 6ar A% &/adecdionand vaéd Jfe L Prdjdedtiesh idr t he sane
manner as the 25 connecting portion described above. As described above,

the four arns 2He, maTl, cdraeandri7d, thus fitted with the magnetic head
assenbl y - 17 30 and the relay FPC 62 each, are stacked on the flange 29
and noub$ed on the RABS267RAnaadndBnares seitttilvata 1t e adwsh schemedsiesh itlhy ough
their respective apertures 31. Further, the spacer rings 28a and 28b 5 are
fitted on the Bbhbw28gi & proapser ofuchnnkiat inigef emead es apdwiesited soetfween t he
arms 27a and 27b and between the arnms 27c and 27d, respectively.
the head actuator to the male connector:;
FIG. 8 is a sectional view schematically showing
a state of connecting the female connectors of the
20 head actuator to the male connector; and
FIGS. 9A and 9B are sectional views schematically
showing a process for releasing a closed loop
corresponding to connection of the female connectors
of the head actuator to the male connector.
25 DETAILED DESCRIPTION OF THE INVENTION

A hard disk drive (hereinafter referred to as

HDD) as a disk drive according to an embodiment of the



'The four arnms 27a to 27d and the two spacer rings 28a and 28b that are
fitted on the hub 26 are 10 interposed between the flange 29 and a nut (not
shown) that is screwed on the thread portion of the hub 26, and are fixedly
hel d on the hub 26. Thus, the four arns 27a to 27d extend parallel to one
another in the sanme direction fromthe hub 26 with gi ven spaces 15 between
them The magnetic head assenblies 30-and2t he magneti c heads 33 that are
nounted on the arns 27a and 27b are opposed to one another. Likew se, the
magneti ¢ head assenblies 30 and the magnetic heads 33 that are 20 nounted
on the arns 27graBén27dnaeft@BROGEU1t Ao@NBeaBBERRE bediN@ nakid® a2 1awli@h27d and
the magneti c head assenblies 30 fixed thereon can rock integrally with the
hub 26. As showefépeht&Sto2thedadcofipaagyal, dkh@idgsrespective connecting
portions 64 of the relay FPC s 62 that are attached individually to the
arnms 27a and 27b ar @8soppowedinoF&gchlet ke HDD kempedpest aveasingl8.0
proxi mal end portions of the arns with a given space between them and
constitute a fenathecbanecoér ag6open-thepednmectrogudhrt beoxmaind EPC
(mentioned later). Likew se, the respective connecting portions 64 of the 5
relay FPT s 62teRacoues anehcRBRaWnhdiERRuas| fikedt ke &hes CRBEngnd®Y27d are
opposed to each other at the respective proximal end portions of the arns
with a given spagesbefweerevheandar@vessstheuterarpendénaf efaltdeconnect or 66
for the connection of the nain 10 FPC. As shown in FIG 2, each of the
spacer rings 283S4Rd-28b has an extending portion 21 that extends toward a
si de edge of the pr

e cdse of e or gl gh B LT, SRR ag A mand close Lo
i f d havi i f ~abut ti ti 25 that,. i t. to_th id
o o 1520081 1281 R PRE 80 28l Ok 05l e o1 e

di ti f the. .t uat i ndivi i 20 sid f
g rection, o (0g AETLeRlst 43l ool BOLXEOUSLLY S0 LBs oaneskyg 20 <1 des o

28a and 28b ar g, gpupt edagtiLheniyhoP0cohehlie bear|,agcassentl ¥ngd,

therefore, the extending porfion 21 and the abutting portions 25 of each
spacer ring argeghiHgt eHrSHRELYBHI RYchNenWNRbgnd® iR BRYYY a0he@@Ch

correspondi ng two adjacent or opposite connecfing portions 64 except the
si de edge porthepugtothesatAntAstippped Rakemdgaet@t AeclBlse for 19
movement with respect to the magnetic disks 12a
15 and 12b. The casing 10 is further stored with a VCM
16 for rocking and positioning the head actuator, a
ramp load mechanism 18 that holds the magnetic heads
in positions distant from the magnetic disks when the
magnetic heads are moved to the outermost periphery of
20 the magnetic disks, an inertia latch mechanism 20 for
holding the head actuator in a refuge position, and a
flexible printed circuit board unit (hereinafter
referred to as FPC unit) 17 mounted with circuit
components such as a preamplifier.
25 Further, a printed circuit board (not shown) for

controlling the respective operations of the spindle

motor 13, VCM 16, and magnetic heads by means of the



‘connector 44 (nmentioned later) is formed in one of the abutting portions 25
of each of the spacer rings 28a and 28b. The spacer ring 28b has a support
frame 34 that 5 extends in the direction opposite fromthe extending
direction of the arns 27a to 27d, and is integrally forned of a synthetic
resin or the like. A voice coil 36 that constitutes a part of the VCM 16 is
enbedded in the frane 34. Two pi n-shapedighi td contacts 35 10 protrude from
the frame 34 and are situated side by side with the fenal e connectors 66.
The third contacts 35 are connected electrically to the voice coil 36 by

means of Wi resppaohnshowm) i shatraheqepBedredoiiekhgusnper bef kage 34. 15
When the head actuator 14 constructed in this manner is set in the casing

10, as seen freasfhé& 14, ahdeoppesedi eodt Bk ddatbm fhiuabedthet ween the arns
27a and 27b, while the disk 12b is situated between the arns 27c and 27d.

20 Wien the HDEmssn@ctuated, the nmagnetic heads 33 that are attached to the
arns 27a and 27b are opposed individually to the upper and | ower surfaces
of the magnetic di skadRapfabtdHehmhgnthécddikk$?2a2ar amdbal fiades. Li kew se,

t he magnetic heads 33 that are 25 attached to the arns 27c and 27d are
opposed 5 ndi vidiahéyer oof hefappexampile| o6br mmurRadbesncheshe emdnetic di sk
12b, and hold the disk 12 from both - 20 sides. Wen the head actuator
14 is set in thectadéenguagnehbeeboeprding Vayvesscbormed tihdtvidualizd to
the support frame 34 is situated between a pair of yokes 5 38 that are
fixed on the ceBih§s1ePr9heandkeewss gngfacatigneThendwosmagnptikat is fi xed
to one of the yokes constitute the VCM 16. Wen the voice coil 36 is

energi zed, thedhehy heeuardrldl ppeksoawhatdtipbhttrd RAgANP® heads 33 are

noved to and positioned on 10 desired tracks of _the netic di sks 12a and
12b. As shown %OFI%QQWQ)t%%4EPetﬁ81 uﬁPF°{71hascgg%BegaH§uPar boar d

body 40 that is,fixed t he, bot t | f.th i 10, d | it
of o1 ectf oni ¢ CHHBBERELRS Cohnetter SEacked dPelngancedtor FndBoard 15
body. Further,_the FPC unit_17_ingludes.th - d in_flexibl
or i M ed ¢l rcul TORGRr i (FOF cPPLal (§LEEERAPH PRCrhEo Rar GTBCPPORAFLY

ts the b b 4 t h h I PC 42, which
Serves as a seaonte rFok R StP AFe: B3Pl A B gty PRt Fr om the

board body 40.n,,& N8I & COROESHORAFE h8EoE! €8trically connecting the main FPC
42 and the head actuator 14 is stuck on the rear surface of the extending

end portion of the mBi Bhbke 43. FIBS. M RoFBC 48l hehar BRA uabegnal iy with
the 25 board body 40. The main FPC 42 includes a base filmof an insulating
mat eri a5 such gsopdlyd nivieh a veadififoassembly 24 that is fixed on
the bottom wall of the casing 10. The bearing
assembly 24, which serves as a bearing portion,
includes a pivot 23 set up on the bottom wall of the
casing 10 and a cylindrical hub 26 that is rotatably
20 supported on the pivot by means of a pair of bearings.
An annular flange 29 is formed on the upper end of the
hub 26, and a thread portion (not shown) around the
lower end portion of the hub.
Further, the head actuator 14 includes four arms
25 27a, 27b, 27c and 27d and two spacer rings 28a and

28b, which are mounted on the hub 26, and four

magnetic head assemblies 30 supported on the arms,



‘- 21" 5 pattern that is forned by patterning fornmed on the base film and a
sol der formed of an insulating material that area of the conductor pattern
and the pad portions of the conductor pattern situated on the extendi ng end
portion copper foil resist |ayer covers the whole base filmexcept that are
the main FPC. As shown in FIGS. 3 and 5, the conductor pattern 10 15 20 25
of the main FPC 42 includes a nunber aof ggnducting wires 45 that extend
parallel to one another in the axial direction of the FPC. Further, the
extendi ng end portion of the main FPC 42 is fornmed having four connecting
pad groups 46 gga£9§gggg%gg to the magnetic heads 33 in nunber and two pad
portions 47 that are to connected to the voice coil 36. The pad groups

46 and the pad portggpg 4% %ﬁ@nQQH%d2W% theohpand Body 40 fAwtmeareof the
conducting wires 45, individually. Each connecting pad group 46 includes

si X connectingopadsseQintependtea1tBakba Rheekiadessatht Be wEgReui c head 33
and the poles of a head ICin nunber. The connecting pads are spaced and

arranged side hyvshdeai bhackheakgbf hboati R50heumaxi @ dlifr@actdon of the main
FPC 42. Further, the extending end portion of the main FPC 42 is forned
havi ng a5t hr oughehbtliee48] whi €brmedusadone sadewrngrolkémdilseald edfid portion
of the FPC to the bearing assenbly 24 of the head actuator 14. As shown in
FIGS. 3 and 5 eacbCarmhe mal e connector 44 that is attached to the
ext endi ng end - 22 portion of the main FPC 42 includes a base 50 in the
form of a rectangul Bacpl magnetdcahpaidr asisembdtyad§ulizclpdsise@ni ons 52 t hat
protrude fromone surface of the base at right angles to it. The male
connector 44 |glgngat@gﬁaﬁp?nﬁépﬁeézoﬁnénalWégpéﬁﬂﬁghﬁﬁﬂeﬁﬁaﬁl§ﬁéht@s a
synthetic resin. The base 50 has a thickness of about 0.5 mm_and is forned
of a synthetlct?ésﬁHsPﬁﬁﬁlQBntaFH§ §rapensacyr dér 1o LREMSCarE Pts strength.
n 10 the, ot her

The ext ding e ortion of t PC 42 is stuck

surface f thepgéEg BBriffeWhy r@dtbFSF8€§?oH§ 85 %Pe Boﬁﬂ&jqﬂﬂn%ﬁfa.5|ze
and shape such_that t an b d di vi,dually intao the,femal e
connectors 66 BFOFﬁ@aﬂeéaga&Fugﬂé dli ﬁ&ydéFga&r¥Bﬁggg S4F% el to each
other 15 with a _given space between_the n xt.en h ngi t udi nal

di rection of tﬁgg HOEBtQQZPnEagﬁ E%Ojg% %o%7§ Eﬁag7d b&l%p g connecti ng

surfaces 54 thgglg§5§ngrpggﬁ899bguLgbéxﬂéf8$E;Q§t2%ﬁ§ %Qohhth@earm.

| ongi tudi nal direction of e main
Each magnetic head 33 includes a substantially

15 rectangular slider (not shown) and a writing/reading
MR (magnetic reluctance) head formed on the slider,
and is fixed to a gimbals portion that is formed on
the distal end portion of the suspension 32. Further,
each magnetic head 33 has four electrodes (not shown).

20 The suspension 32 may be formed of the same material
as and integrally with the arm. Each suspension 32
and its corresponding arm constitute an arm according
to the present invention.

As shown in FIGS. 2 and 3, each magnetic head 33

25 of the head actuator 14 is connected electrically to a
main FPC 42 (mentioned later) through a relay FPC 62.

The relay FPC 62, which serves as a first flexible



'20 connecting surfaces 54 are opposed to each other across a given space.
Each connecting surface 54 is forned having six engagi hg grooves 55 that
extend at right angles to the base 50 and are arranged at given spaces in
the |l ongitudinal direction of the main 25 FPC 42. Each engagi ng groove 55
is fitted with a second contact 56 in the formof an elongate rod for -
23 electrical connection with the relayEPC_62 of the head actuator 14.
The second contacts 56 extend al ong the grooves 55 and slightly project
fromtheir correspondi ng connecting surfaces 54. Further, the 5 second

contacts 56 pegeirata Lhe hase,30 and Lhe yai FRE AZ aRd kol ect from the

mai n FPC, and are soldered individuall'y to thérr “correspondi ng pad portions

of ‘the pad o Oupspdrebet 88, FBLASTBE oEBNS arkN@ntceatd GOREARLS 0ROt el ve
in total nunmber, on each 10 projection 52 are connected electrically to the

conductor pattgentRk hBadnBLRubER6Erd24, Fahbhekienes trhenmhe earreaqtor 44
i ncludes a pair of pressing projections 84 that protrude perpendicularly

fromone surfagpa ef the baspehBiohStbagheobrbhempnessidnd rprejeealrinns 84 is
made of an insulating material such as a synthetic resin and forned
integraldy with theTheojredtiyolrP82.62THe [pmes$iend opjosClanors ocBdjaser Vi Nng as
pressing nenbers extend continuously with the projection 52 in the 20

| ongi t udi nal dbeétt asnaoWhbhe, mbihe BREt43. ehd addwhich, isacknpeessidng
projections 84 has a pair of pressing claws 85 extendi ng perpendicularly
fromthe base sdecthécpléysingtbeamegdsticehepgosSéd evodeddle orlosimailt h a
predeterm ned space. Wien the 25 nale connector 44 is connected to the

f emal e connect®hd Berbionhefhwhdchcraassitisest Re CONBSSILAGICPORE 1®B press
their correspondi ng_short-circuit - 24 pieces 82 in the direction to
di sengage fronPfhe SR8rteépVcHPE €8ninclydess sobaset dayeregfead short
circuit, Mre specifically, the pressing claws 85 function as a
short-ctPcuit +# FE%@Fﬁ@gp%?F?BhaahPBﬁhSaFeP@é§é§1?ﬁe & 6983dUCE8F of the

relay FPC 62. pattern of a copper foil on the base layer, and a
solder resist layer formed over the whole conductor
pattern on the base layer except pad portions.

The electrodes of the magnetic head 33 are

15 soldered to the pad portions (not shown) on the distal
end portion of the relay FPC 62. Further, as shown in
FIGS. 2 to 4C, the connecting portion 64 of the relay
FPC 62 includes a plurality of first contacts 65 that
are formed by exposing parts of the conductor pattern,

20 and is located adjacent to a side edge of the arm at
the proximal end portion of the arm. Each connecting
portion 64 includes four elongate first contacts 65,
which extend in a direction substantially
perpendicular to the longitudinal direction of the arm

25 or to the side edge of the arm, and are arranged at
given spaces in the longitudinal direction of the arm.

Each connecting portion 64 includes a pair of



" The mal e connector 44 is provided with fourth contacts 60 for current
supply to the voice coil 36 and hybridi zed. Mre specifically, a pair of

t hrough holes 58 are fornmed in the base 50, and the fourth 10 contacts 60
are arranged individually in the through holes so as to extend along their
respective inner peripheral surfaces. The fourth contacts 60 penetrate the
main FPC 42 and project fromit, and areigoldered individually to their
correspondi ng pad portions 47 of 15 the main FPC. Thus, the two fourth
contacts 60 are connected electrically to the conductor pattern of the nmain
FPC 42. The basigob0-©f r&her nebrrse08egb0L0d4te8 paraedehavbngna t hrough
hol e 61 through which the male 20 connector, along with the main FPC 42, is
screwed to thefhestl ashvatos 4. Theet Bhoughcheteitlcbatakttgned wmikeh the

t hrough hole 48 of the main FPC. In connecting the main FPC 42, fitted with
the mal e connecdmmeddedonsspect bdeln tbi swonofiethet firhe 26nheatsact uat or
14, the projections 52 are fitted into their corresponding femal e
connectors 66,6%2s shewphén, FRGshoBt-ZArciBtapiie8e 84 mhfds ofsmetahe

proj ections - 25 52 and pressing projections 84 are inserted therein

wi th thed pai reah@dbheving posprong psopestyassghiged. ofhehpaired abutting
portions 25 is provided on the spacer rings 28a and 28b, respectively.

Ther eupon, 5 e2RMNSFting Bebfteri bhs 52 hRE PPEESPAgOHr BPecthers—-84 are
fitted in a manper such that they are situated in a predeterm ned position
with respect tor¥fett RbEFesPpOndfngePihafRtLBnRERESRI68IBENERatPEhey are
positioned in the Io€gitudénal directiog C of Bhe Erns 10 by neans of each
pair of abutti®ytporti DRSISECLEARET FARCEEESNEY cohPEEERYSE on each

proj ection 52 aig g£e55ﬁg agaigst t he ogposite fi£§t‘cont cts ﬁg of the
fenalg connec;% Esa Xelg? B?F%B%f oﬁduCF?8ﬁ, WhEFBapoi%t erelig rEC
62 e nai I e e . e
nalgncdﬁgectorg§§§§%cgﬁﬁ%§%tggggggﬁﬁeggénafgé%%ﬁ%%%¥0%§66§8g98%E§£head

actuator 14, éf@gfﬁzoEMQthréfgytPbédgﬁpgkégégiﬁﬁ Ebal, ppatrude fromthe

support frane are inserted and fitted into eir correspondi ng

through hol es o808+ § hen gRke3§0DBEEHES - 2 TRUSseliNEobBi M dagopt 3L§185 are
pressed against their corresponding fourth contacts 60 in the holes 58 to

make el ectricah KeOAMdUSELOA1oMBCEEHPEReTBRLVEKEESSOVE Sfir2BHtt Reommi N FPC 42
are connected
flowing into the magnetic head 33, thereby preventing
15 electrostatic breakdown in the magnetic head from
occurring. In the manner described above, the short-
circuit contacts 80 and short-circuit piece 82
constitute a short-circuit mechanism for preventing
the electrostatic breakdown in the magnetic head 33
20 from occurring.

Note that, although the arm 27b is represented
for the explanation in FIG. 4A or 4C, the connecting
portions 64 provided on the other arms 27a, 27c and
27d are constructed in the same manner as the

25 connecting portion described above.

As described above, the four arms 27a, 27b, 27c

and 27d, thus fitted with the magnetic head assembly



25 electrically to each other. In addition, as the male connector 44 is
connected to the femal e connectors 66 of the head - 26 actuator 14 in

t he manner shown in FIGS. 9A and 9B, the second contacts 56 of each
projection 52 are pressed by neans of the first contacts 65 of each fenale
connector 66 to make electrical conduction. 5 After that, each pressing
claw 85 of each pressing projection 84 fgrnmed on the nmale connector 44 is
t hrust between their corresponding short-circuit piece 82 and the
short-circuit contacts 80. Thus each short-circuit piece 82 is pressed by
the pressing chguu Bheandisty #pReEor eskchi caLLY 5tLAREADYA ekl ng from the
short-circuit contacts §o. a résult, thé shortcircurt of the paired

short-circuit EPQE?Et§98thnmsaﬁhe80Bﬂe%hénﬁuBOQ%iQH 84mapnke! gasgd so that
the cl osed | oop befween the nagnetic head 33 and the relay 15 FPC 62 is

rel eased, thatthst the RubCHkt phSsepeRfdoudh thesrt r@Bpekhev@agnetic head
33 has been connected to the nmale connector 44 so that the closed loop is

provided in thgpdrtheesnBlmanrarthéher eher epackectiagkatisa bheakdpwn does
not occur thereto. 20 After the male connector 44 is connected to the head
actuator514, aaser €nt78di sndtheehubnké tiheat appedrheueh2Saaitnthleg one
abutting portion 25 of the spacer ring 28b through the through hole 48 of
the mai n FPC 42rendabhfiwithedubktiveka 6heofirmbe2ifal encdo@ibctod, 25 wher eby
the mal e connector 44 is screwed to the bearing assenbly 24. Thereupon,
connecti ng t hebghveaerPtha2arpst Réchead 2dduarespgstiyefliyni shed. - 27
Note that, when the male connector 44 of the main FPC 42 is disconnected
fromthe fenal e conhBet §P8r6eres LHE Kead 'scangt dheldWon spagar trdNg& nt ai n
or repair the HDD, each pressing projection 84 of the nmale 5 connector 44
i s di sengaged £8#sng ??gnFFﬁé §ﬁ6rﬁ£5¢?éupp brecBuB2 26f ake fenul e

connectpor 66. Thus, the sgort-circ it piece Sg cones into contact with the
pair of1@nort-tPFEEPPSESN SEV§e§Ot§§aﬁ A SﬁﬁeélggFiéPP$,sgﬁ¥Péby
t i th i it.of the 1 ti h 33 d I FP 2.int
closed t oop. AFEBF 18 AERGVERCOB bogdTPOGA ROFRA RaffoNEo0ED: B8 above

d ti Le. b d i tic head,
The becond conif arBaTsReuTypheRa g chEORLBTE. [l 30uRT LRE, FRANCEI T, oo

first contacts,fgs0 LhEonWB'ExEQHBe§%9§l§@1 28dohilze ;6RRARG AN thgt ween

. 37
the first and second contacts 1s release
same direction from the hub 26 with given spaces

15 between them.

The magnetic head assemblies 30 and the magnetic
heads 33 that are mounted on the arms 27a and 27b are
opposed to one another. Likewise, the magnetic head
assemblies 30 and the magnetic heads 33 that are

20 mounted on the arms 27c and 27d are opposed to one
another. The arms 27a to 27d and the magnetic head
assemblies 30 fixed thereon can rock integrally with
the hub 26.

As shown in FIGS. 2 and 3, moreover, the

25 respective connecting portions 64 of the relay FPC's
62 that are attached individually to the arms 27a and

27b are opposed to each other at the respective



"According to the HDD constructed in this manner, the relay FPC 62 and the
mai n FPC 42 can be connected 20 electrically to each other by only
inserting and fitting the projections 52 of the male connector 44 that is
attached to the main FPC 42 into the spaces between the connecting portions
64 of the female connectors 66 that are attached to the head 25 actuator
14. Thus, connecting these FPC s reqqueﬁgno_soldering, and therefore,
never contam nates the atnosphere in a clean room Further, no veteran

ski | | - 28 is needed, and variation in workmanship can be |owered. In

consequence, téf?gfﬁgfbéXd %gthgHsbﬁfsERgt O& &9th”8r§¥$ekh§p€ﬁg

manuf act uri ng I Cl ency an ower 't manuracturing co

reliability ofporfoORCChLAN &R0 BSnLERLAYEds PLRSEC!BAnhEBRLE BENEEEIOTS 66

are constructed by opposing the connecting portions e relay FPC s

62 that are at{rehednh8dtybdusk! ¥nkomhhR RPEB (mBRESBHEH, 1hPEY)Can be
automatically forned by 10 attaching the arns to the bearing assenbly 24.

Since the abuttipewpes)i ene QésﬁécﬁB@esééﬁﬁécthﬁgsp3§ﬁléﬂg 88bogappdoubl e
as the respective hou5|ngs of the femal e connectors 66, furthernore, no

dedi cat e8] housteysyfPPCt Be62OBneEt are ateabrededndsoitiialliyheoclbhe
construction can be sinplified. The first and second contacts 65 and 56 can

be accurately somse2iedahd Phé anet bppobgdposi ehohi bghtlheatmkiBeconnect or 44
with respect to the female connectors 66 by neans of the abutting portions
25 of 20 the spaspectiwngspf8aimall €88. pdhtispnshefpthehesmef withe eont acts
can be narrowed, so that the connectors can be mniaturized. Further,
screwi ng can igpyenespacerketudeni theni pndveansbhtvtedasenbegenent that is
attributable to vibration, shock, and rotation of the 25 head actuator. The
connecti ng porfemalescennegkarabm 6prt kbeheaanaetianopf14hpanatne
short-circuit contacts 80 and
10 FPC.
As shown in FIG. 2, each of the spacer rings 28a
and 28b has an extending portion 21 that extends
toward a side edge of the proximal end portion of its
corresponding arm and close to the connecting portion
15 64 of the relay FPC 62. The extending portion 21 is
formed having a pair of abutting portions 25 that
project to the side edge of the arm. These abutting
portions 25 are spaced in the extending direction of
the arm and situated individually on the opposite
20 sides of the connecting portion 64. When the arms 27a
to 27d and the spacer rings 28a and 28b are mounted on
the hub 26 of the bearing assembly 24, therefore, the
extending portion 21 and the abutting portions 25 of
each spacer ring are situated surrounding the whole
25 periphery of each corresponding two adjacent or

opposite connecting portions 64 except the side edge

portion of the arm. A tapped hole 25a for a male



‘- 29* short-circuit piece 82 which short-circuits the shortcircuit contacts
80, and thus the armitself conprises a short-circuit nmechani smfor
preventing el ectrostatic breakdown from occurring thereon. Therefore, even
in5 the state that the arm has not been assenbled and remains intact, it
is possible to prevent el ectrostatic breakdown from occurring on the
magneti ¢ head 33. Furthernore, when the | e_connector 44 of the 10 nmin
FPC 42 of the head connection, short-circu head 33 and 15 each other. is
connected to the fenmal e connectors 66 actuator 14, being linked with this
the short-circyj Led,o .t he i iece.82_ s rel eased. Thus,the
magnetic main %éép§§%6%egéoxﬁ8§¥één§9eéF£F%QIﬁ% F8§Wﬁ§n§§h§%§a g %gﬁnector
44 of the mai nEPC. 42 i ~ edcf t Qr 6-,@f, the head
actuator 14, aé%?ggéﬁgl%ggﬁﬁgﬁgo?%eé@gsggﬁ %%n?hg %P??E?tgé ggag%anagnetic
head by neans gfqeagh. short-circuit piece 82, thereby firmy preventing 20
el ectrostatic breakdown from occurring on the magnetic head. Consequently,
by fitting and extregki BgatBe ¥ahg 08BNRGKOE 4hppdrand rmemsie e
connectors 66, a function of preventing electrostatic breakdown can be 25

stopped ®r resggedn@€ssihythdhdsretbtoaonppokice Febweehet batlbaadnact uat or
14 and the main FPC 42 can be facilitated, noreover, repairs such as

repl aci ng - dDretbeonngbethe hemd Rfat he Bfag aatuakodinekgraddy be
carried out easily. Furthernore, the female connectors 66 are provided on

t he respecti vefprozdnaf endypohetdnsrekib phetaendiker. rackiongenobiidn, and
the mal e connector 44 is connected to the fenmale connectors. Therefore, the
center of gravBbytbétthensbhhetesrs pamtbefsithealVed dode embelddedent er of

rotation of the head actuator 14, so that the nonent of inertia can be
| onered, and in the frame 34. Two pin-shaped third contacts 35

10 protrude from the frame 34 and are situated side by
side with the female connectors 66. The third
contacts 35 are connected electrically to the voice
coil 36 by means of wires (not shown) that are
embedded in the support frame 34.

15 When the head actuator 14 constructed in this
manner is set in the casing 10, as seen from FIG. 1,
the magnetic disk 12a is situated between the arms 27a
and 27b, while the disk 12b is situated between the
arms 27c and 27d.

20 When the HDD is actuated, the magnetic heads 33
that are attached to the arms 27a and 27b are opposed
individually to the upper and lower surfaces of the
magnetic disk 12a, and hold the disk 12a from both
sides. Likewise, the magnetic heads 33 that are

25 attached to the arms 27c and 27d are opposed
individually to the upper and lower surfaces of the

magnetic disk 12b, and hold the disk 12 from both



10 the accessing speed can be inproved. According to the enbodi nent

descri bed above, the nmal e connector 44 is provided wth the fourth contacts
60 for the connection between the voice coil 36 and the main FPC 42.
Therefore, male connector 44 15 can be hybridi zed, and the relay FPC s 62
and the voice coil 36 can be connected to the main FPC 42 by neans of only
one connector. Thus, the main FPC 42 can/be connected to the head actuator
14 entirely by connector-connection, so that t he connecting operation 20
can be made easier. The following is a description of a head actuator 14 of
an HDD accordlng Eg a second enbodi nent of the invention and its structure
for connection. E € reference nunerals are used to designate |ike 25

portions of the f'rﬁheﬁnghﬁe %gg %qﬁggﬁgﬁnqg ;ang % det giyld caég%&ﬁw ption of

those portions is omtte f erences etmeen the t

enbodi ments  1p 3ﬂqortefbkzlerbet9165%'l%dcbald%featha*tellgwflé%@ﬁ:@ RGO the
second enbodi nenf, as shown in FI GS. | OB, a support frane 34 of the

head actuator &ApbsrPr e¥hfedswi b élfth%%'elaﬂ BeRieRhEd PaGir GW tyorear d for
connection (herernafter referred to as connecting FPC) 72 that is connected

el ectrically tggatwatcareoift xd8. ohheheoragdhignd OFPCThZ §ekerdgsclaese to
femal e connectors 66. A connecting portion having a third contact 35 is

formed by expoai mggpad lAoposhben3 ehaz dendicked tpabher vf Ahwaly®ke@nnect or
44 has a pair of engaging projections 74 that protrude perpendicularly from
a base 50 and apestpposedthe ¥&dhlét.heiWhaor the Fodiceerodpad®d. iA fourth
contact 60 is fixed to the inner
energized, the head actuator 14 rocks, whereupon
the magnetic heads 33 are moved to and positioned on
10 desired tracks of the magnetic disks 12a and 12b.

As shown in FIGS. 1 to 4C, the FPC unit 17 has a
rectangular board body 40 that is fixed on the bottom
wall of the casing 10, and a plurality of electronic
components, connectors, etc. are mounted on the board

15 body. Further, the FPC unit 17 includes the
belt-shaped main flexible printed circuit board
(referred to as main FPC) 42 that electrically
connects the board body 40 and the head actuator 14.
The main FPC 42, which serves as a second flexible

20 printed circuit board, extends from the board body 40.
A male connector 44 for electrically connecting the
main FPC 42 and the head actuator 14 is stuck on the
rear surface of the extending end portion of the main
FPC 42. The main FPC 42 is formed integrally with the

25 board body 40.

The main FPC 42 includes a base film of an

insulating material such as polyimide, a conductor



15 surface of each engaging projection 74. Each fourth contact 60
penetrates the base 50 and a main FPC 42 and projects fromthe main FPC It
is soldered to its corresponding pad portion of the main FPC. Thus, the two
fourth contacts 60 are connected electrically to 20 the conductor pattern
of the main FPC 42. Wen the mal e connector 44 constructed in this manner
is connected to the femal e connectors_66,9f the head actuator 14, a side
edge portion of the support frame 34 of the support frame 34 on which the
third 25 contact 35 is provided is fitted in a fitting recess that is

defined bet weep,t pe-AngAGE NG5 PECLRCH 8 SpZ§tegﬁﬁa Bhgobguit ogqnt acts 80

on the respective Inner - sur ject are pressed

agai nst the thggsdne@nbACtnd5pQBet hﬁlﬁqupaﬂat f%@ﬁﬁe§4rE9 @%kqagzle‘%ct“ cal
conduction, whereupon the voice coil 36 and the main connect ed

electrlcally t foLmed 6fOhReinsUNet$AEOREteFRAad FBAL éb%é@ge@hb”W%Wl% manner
can enjoy the sane functions and effects of the foregoing enbodinent. If

the mal e connestea 44 thehybnidczed paeeedhngntothbebsgeord 1ameadicpent
noreover, it is 10 necessary only that the contacts are redirected, so that
t he cost5of thpadopoetions ednthe towdnedorAgdttie@nakhadvamreages and

nodi fications will readily occur to those skilled in the art. Therefore,

t he i nvention shtuatediroadtheaspeehding eatl pbrktied thelmatihe Fegecific
details and representative enbodi nents shown and descri bed herein.

Accordi ngly, variouBsnstp¥hcani A6Saay badmade thiet lconduddpar partd efrmom t he
spirit or scope of the general inventive concept as defined by the appended
claims and thepf EgeimalentBC 48 Avebrdeagat surherf ofegondycéibadi ment s,

for exanple, the arns_are four in nunber. However, the nunber of the arns
according to t%br?ﬁvéﬁtFBﬁtl§XE§B€cPééaéﬁP} be aRceqBAtheRbAR, thed may be
two or X or nore AIMED I'S: 1. A connector for

electritally c%ﬁh%%t?hﬁe%tb%?r gftPFrEPcflefPEFEeﬁrlﬁ?@deéFFEGFPgboards
fixed individually on the r ective surfa of two ar paced and
opposed to each” %tﬂ%?téﬂﬁ %gcﬁhﬁx?@ﬁalﬁgcfggnﬁﬁ 59§P§g g%alﬁ8r?PHﬁ of each
armto a prOX|na ngnglgo rtiqon_thereof |l e prin

circuit board &X Fhg9 £ P3th GhYUBEhaP ﬁ8FFFSR°PﬁéHgth égﬁsmﬁgﬁﬁﬁdcthe

proxi mal end pﬁéé&9n§3 igenumber and two pad portions 47 that are to

be connected to the voice coil 36. The pad groups 46

15 and the pad portions 47 connected to the board body 40
by means of the conducting wires 45, individually.
Each connecting pad group 46 includes six connecting
pads corresponding to the electrodes of the magnetic
head 33 and the poles of a head IC in number. The

20 connecting pads are spaced and arranged side by side
in a straight line in the axial direction of the main
FPC 42. Further, the extending end portion of the
main FPC 42 is formed having a through hole 48, which
is used in screwing the distal end portion of the FPC

25 to the bearing assembly 24 of the head actuator 14.

As shown in FIGS. 3 and 5 to 6C, the male

connector 44 that is attached to the extending end



"10 connector conprising: a female connector forned of the first flexible
printed circuit boards and a mal e connector provided at the second flexible
printed circuit board, 15 the femal e connector including a pair of
connecting portions forned on respective proximal-side end portions of the
first flexible printed circuit boards and opposed to each other across a
given space, each of the connecting partbens_having first contacts 20
formed by exposing a part of a conductor pattern of the first flexible
printed circuit board, a plurality of short-circuit contacts and a

short-circuit pLece,whiehfonkachspptt Bot DE-RlUEE! LT YaQE §ROLH- GhEcul t

ih
contacts so as to turn the con%uctor pagtern rnto a éggcloseé | oop, and the

mal e connect or ¢4 pcl Yei pg } o) r essiLk rt.| i are
cont i gured to Bori P e e PE e e e e E T ahe ho

femal e connectgrojandi 685098 €RAtagkstPaY! de8moBnkhguRkaLBCHIFORKAN
connected to a conductor pattern of the second flexible printed circuit

board, the seceagdeSatonightsahglog 86r afgedTre Aslkocennkaebrwghikhe first
contacts when the projection is fitted between the connecting portions, and
t he presSing pbritégnabeiynfoemnedi gfrad insplesingnnaderaah shehshert-circuit
pi ece fromthe short-circuit contacts and rel ease the 10 cl osed | oop when

t he pressing parsyobhesi€itésinbet Bbenbtbhe 606nhest anghpokheessof2. The
connector according to claim1, wherein the first contacts of each
connecti ng porabonteftbrnmmacangdsishéoemedndifng diyntbektdn oksthethmtrs and 15
are arranged substantially in parallel to each other at given spaces in the
ext endi ng direeonbains ghesarip ohdepl bpampiptatnshost strepdgih.cofibacts are
arranged parallel to the first contacts and connected to the respective
first contactseXheerpendepnflyPopbieReohr bPechpdh KBRS A2pasr séfCKoRRBect i ng
surfaces_opposed indjvidually to the pajir of connecting portions of the
femal e tdnnectbh® PRReFaPBrEBRReet oFPRaB28pPlrality of second contacts

rovi ded i ndi vi dual on _the connecting surfaces qof the 25 projection,
gorresponding to thiXFiP@%rﬁgnPﬁeﬂngégBStﬁé BF&S%PﬁEeSO%FWgH hds a pair of

pressing ol aws, WLCh 41 £, 5007 LOUL LR PHESSchieLEneiLegly cuit pi eces

individually into the female connectors 66 of the head
actuator 14. They are arranged parallel to each other

15 with a given space between them, and extend in the
longitudinal direction of the main FPC 42. Each
projection 52 has a pair of connecting surfaces 54
that extend perpendicularly from the base 50 in the
longitudinal direction of the main FPC 42. The

20 connecting surfaces 54 are opposed to each other
across a given space. Each connecting surface 54 is
formed having six engaging grooves 55 that extend at
right angles to the base 50 and are arranged at given
spaces in the longitudinal direction of the main

25 FPC 42.

Each engaging groove 55 is fitted with a second

contact 56 in the form of an elongate rod for



‘- 35" of the connecting portions, respectively. 3. The connector according
to claiml1, wherein the mal e connector has a base fixed on an extendi ng end
portion of the second flexible printed circuit 5 board and forned of an
insulating material, the projection and the pressing portion are provided
on the base and protrude therefrom and the second contact provided on each
connecting surface of the projection is egnnected to the 10 conductor
pattern of the second flexible printed circuit board. 4. The connector
according to claim1, wherein the short-circuit piece has elasticity and is

configured to @héé&kEéEhngﬁBQE%éﬂd geﬂt% fg \f@r R ReclyShor tel reuit

contacts when the mal e connector etac e omthe femal € connectors. 5.

The connect or ﬁéﬁ@rﬁbﬂgaterch@'”‘bheWQ%E%h@ R tRIRSS 1580 RHOR 1 q
arranged such that, in a case where the nmale connector is connectedto the

femal e 20 COﬂnEﬁéogrobb@sp5553h89sQQ@thQ RPreSees ihenshdklLCircuit piece
after the first and second contacts are connected to each other, and in a

case where thecoekrespondeagotohsediiagnaecifadelr om.t heuremeie eoRnect or
the pressing portion conmes apart fromthe short 25 circuit piece before the
connecti bn bet seenntiheohtastsahéd peaendatentaet baise HEl easedhe main
FPC 42 and project from the main FPC, and are soldered
individually to their corresponding pad portions of
the pad groups 46 of the main FPC. Thus, the second
contacts 56, twelve in total number, on each

10 projection 52 are connected electrically to the
conductor pattern of the main FPC 42.

Furthermore, the male connector 44 includes a
pair of pressing projections 84 that protrude
perpendicularly from one surfaces of the base 50.

15 Each of the pressing projections 84 is made of an
insulating material such as a synthetic resin and
formed integrally with the projection 52. The
pressing projections 84 serving as pressing members
extend continuously with the projection 52 in the

20 longitudinal direction of the main FPC 43.

In addition, each pressing projections 84 has a
pair of pressing claws 85 extending perpendicularly
from the base 50. The pressing claws 85 are opposed
to each other with a predetermined space. When the

25 male connector 44 is connected to the female
connectors 66 of the head actuator 14, the pressing

claws 85 press their corresponding short-circuit



'6. A'head actuator conprising: - 36 a bearing portion; two arnms each
havi ng a proximal end portion attached to the bearing portion, and a distal
end portion supporting a head, extending fromthe bearing 5 portion, the
arns bei ng opposed to each other across a given space; first flexible
printed circuit boards fixed individually on the respective arns, connected
electrically to the respective heads, -angdgextending 10 fromthe heads to
the proximal end portions of the arnms; a second flexible printed circuit
board connected to the first flexible printed circuit boards; and a nale

connector attaghedek0gbhensenand;ifbexiibhe t15 Rishgad i, o tploard, wherein
each of the first flexible printed circuit boards i ncluding a connecting

portion provi dgloat-thecpiexicehtaeRd BOr 50ROk of He 13/¥eand ity first
contacts forned by exposing a part of a conductor 20 pattern, a plurality

of short-circuctreaatact Moazed speshi@ii tadilkGuithepipees swhicClz16ert &sts with the
plurality of short-circuit contacts so as to turn the conductor
function as a short-circuit releasing portion which
5 releases the closed loop of the relay FPC 62.
The male connector 44 is provided with fourth
contacts 60 for current supply to the voice coil 36
and hybridized. More specifically, a pair of through
holes 58 are formed in the base 50, and the fourth
10 contacts 60 are arranged individually in the through
holes so as to extend along their respective inner
peripheral surfaces. The fourth contacts 60 penetrate
the main FPC 42 and project from it, and are soldered
individually to their corresponding pad portions 47 of
15 the main FPC. Thus, the two fourth contacts 60 are
connected electrically to the conductor pattern of the
main FPC 42.
The base 50 of the male connector 44 is formed
having a through hole 61 through which the male
20 connector, along with the main FPC 42, is screwed to
the head actuator 14. The through hole 61 is aligned
with the through hole 48 of the main FPC.
In connecting the main FPC 42, fitted with the
male connector 44 constructed in this manner, to the
25 head actuator 14, the projections 52 are fitted into
their corresponding female connectors 66, as shown in

FIGS. 3, 7A, 7B and 8. In this case, the projections



‘pattern into a closed | oop, the respective connecting portions on the two
25 arnms bei ng opposed to each other across a given space to constitute a
femal e connector, and the mal e connector including a projection and a -
37 pressing portion configured to be fitted between the connecting
portions of the female connector, and second contacts provided on the
projection and connected to a conductar pattern of the second 5 flexible
printed circuit board, the second contacts being arranged so as to contact
with the first contacts when the projection is fitted between the

connecting porthoQ8y g?gséﬁﬁgpgﬁéﬁkegigﬂ%tb%”a@%‘E%s%rk%@g%%e§%l%§ to press

and detach the short-circult ece fromthe short-circuit contacts and

rel ease the clgsed tﬁeppwﬂﬁedt QSuQE@ﬁ%‘ B9 rR9bhis0nS Aed iaks! ghikelween the
connecting portions. 7. head actuator according to claim®6, wherein the

first contactsrtpé gagbeaoaaaﬁthﬂg @6&%&@&51556&%6P oRa s onhenext endi ng
direction of the arns and are arranged substantially parallel to each other

at given spacegphBetheifykendungndi Pebt i easpectheeakm trhe rehupoal,i ty of
short-circuit contacts are arranged substantially parallel to the first
contact s520 andachnoéctid peotibetieapesi wadf pirelksdont pebs cctdependant | y,
the projection has a pair of connecting surfaces opposed individually to a
pai r of connecaragfpotedons ef mbheetremsakld tbamechely, atree siwluaetednrnect or has
a 25 plurality of second contacts provided individually on the connecting
surfaces of the prefetervanedoppesdpdndi Wgthorespefitr $o toetiacts, and - 38
the pressing portion has a pair of pressing claws which are conflgured to
press the shor€oEreeapndpngcésmaiet renaeniie&t 6dg oFothiagnheyesiyect i vel y.

positioned in the longitudinal direction C of the arms
10 by means of each pair of abutting portions 25. Thus,
the second contacts 56 on each projection 52 are
pressed against the opposite first contacts 65 of the
female connector 66 to make electrical conduction,
whereupon the relay FPC 62 and the main FPC 42 are
15 connected electrically to each other.
As the male connector 44 is connected to the
female connectors 66 of the head actuator 14,
moreover, two of the third contacts 35 that protrude
from the support frame 34 are inserted and fitted into
20 their corresponding through holes 58 of the male
connector. Thus, the third contacts 35 are pressed
against their corresponding fourth contacts 60 in the
holes 58 to make electrical conduction, whereupon the
voice coil 36 and the main FPC 42 are connected
25 electrically to each other.
In addition, as the male connector 44 is

connected to the female connectors 66 of the head



‘8. The head actuator according to claim7, 5 wherein the nmale connector has
a base fixed on extending end portion of the second flexible printed
circuit board and forned of an insulating material, the projection and the
pressing portion are provided on the base and protrude therefrom and 10

t he second contact provided on each connecting surface of the projection is
connected to the conductor pattern of _thggsecond flexible printed circuit
board. 9. The connector according to claim®6, wherein 15 the short-circuit
pi ece has elasticity and is configured to elastically deform and contact

with the shortacirgubl ¢gntgctaowhennbhe ABLE GANAREROr ohs gt aghed from

the femal e connectors. hé Connector "according to claime6, "Wierein 20

the pressing pprki QBcbAd2EbAREEHsSHGhoENRhch! reggé%%owh%&ea&%e mal e
connector is connected to the female connector, The pressing portion

presses the 5h9£és§bacbytméhﬁ§eo§fEﬁé thesti Eohtaed sS@coRE earhacts are
connected to each other, and in a case where the nale 25 connector is

di sconnect ed f reimlbecbanabecgosBeebomakihelpeessicad pehduekieanes apart
fromthe short circuit piece before the connection between the first
5 After that, each pressing claw 85 of each pressing
projection 84 formed on the male connector 44 is
thrust between their corresponding short-circuit piece
82 and the short-circuit contacts 80. Thus each
short-circuit piece 82 is pressed by the pressing claw

10 85 and strained resiliently, thereby leaving from the
short-circuit contacts 80. As a result, the short-
circuit of the paired short-circuit contacts 80 in
each connecting portion 64 is released so that the
closed loop between the magnetic head 33 and the relay

15 FPC 62 is released, that is, the circuit is opened.

At this time, the magnetic head 33 has been connected
to the male connector 44 so that the closed loop is
provided in the different manner. Therefore,
electrostatic breakdown does not occur thereto.

20 After the male connector 44 is connected to the
head actuator 14, a screw 70 is driven into the tapped
hole 25a in the one abutting portion 25 of the spacer
ring 28b through the through hole 48 of the main FPC
42 and the through hole 61 of the male connector,

25 whereby the male connector 44 is screwed to the
bearing assembly 24. Thereupon, connecting the main

FPC 42 to the head actuator 14 is finished.



- 39' and second contacts is released. 11. The head actuator according to
claim®6, wherein the base is screwed to the bearing portion. 12. The head
actuator according to claim6, 5 wherein the bearing portion includes a
spacer held between the two arns, and the spacer having an abutting portion
configured to abut against the projection fitted in the femal e connectors
to position the projection and pressing 3§ partion in the extending
direction of the arnms with respect to the femal e connector. 13. The head
actuator according to claim®6, which further conprises: a support frane

extending fromthe hggel RGaROT Whel 2R HRYR! ednwddt 3 drd \aanh%Olnlaf‘nor 15

rocking motion; and a third ¢ontact provi ded on the support frane and

connected el ectpicabl yst aibhenackkeaWsebai Rntheemmhe CORRREL R CEEPI i ses a
fourth contact connected to the conductor pattern of the second 20 flexible

printed circui brbenedhand peessedragai ast otAert kor haGambagt oir0 repanect the
second flexible printed circuit board and the coil electrically to each

other. 14. A dtRk HDDyeeaehppiresBiingapdogkctibnasidead e¢bhef mgureed to wite
in and retrieving informati on fromthe disk; a head actuator supporting the
head for5novenenhnecto#4044 is disengaged firstly from the short-
circuit piece 82 of the female connector 66. Thus,
the short-circuit piece 82 comes into contact with the
pair of short-circuit contacts 80 again by its own
elasticity, thereby turning the circuit of the
10 magnetic head 33 and relay FPC 62 into a closed loop.
After forming the closed loop in the manner
described above and preventing electrostatic breakdown
from occurring on the magnetic head, the second
contacts 56 of each projection 52 are disengaged from
15 the first contacts 65 of the female connector 66, and
the connection between the first and second contacts
is released.
According to the HDD constructed in this manner,
the relay FPC 62 and the main FPC 42 can be connected
20 electrically to each other by only inserting and
fitting the projections 52 of the male connector 44
that is attached to the main FPC 42 into the spaces
between the connecting portions 64 of the female
connectors 66 that are attached to the head
25 actuator 14. Thus, connecting these FPC's requires no
soldering, and therefore, never contaminates the

atmosphere in a clean room. Further, no veteran skill



‘Wi th'respect to the disk; a substrate unit configured to input and out put
signals with respect to the head; a main flexible printed circuit board
extending 5 fromthe substrate unit and connected to the head actuator; and
a nmal e connector attached to the main flexible printed circuit board,
wherein the head actuator including a bearing portion; 10 two arns each
having a proximal end portion attached tegthe bearing portion, and a di stal
end portion supporting the head, extending fromthe bearing portion, the
arns bei ng opposed to each other across a given space; and relay flexible
printed circuitsbgardsqlSahixgdriad ¥hdygl Ly QmahggigeéBﬁCbbve ar ns,
connected electrically fo the respective heags, an xtending fromthe

heads to the pyewtsel.endnpebhbelsefket Nehar BBschBEY @fimkheahebay flexible
printed circuit boards 20 including a connecting poftion provided at the

proxi mal end pshbiroenedl tbeimprvasdthavinagufhtstreant agks chenendahy
exposing a part of a conductor pattern, a plurality of short-circuit

contacts and alshertthermahtifpceaeinbi ebsepnhadt shei rhltihpiplukabifty 25 of
short-circuit contacts so as to turn the conductor pattern into a cl osed

| oop, th® connechnagtpont cansbbeimgroppdsed to each ot her across a given
space to - 41 constitute a fermal e connector, and the mal e connector

i ncl udi ng a project Boncentthe pemsdkengopoetitomswsite hrar eonstirugieed byo be
fitted between the connecting portions of the female 5 connector, and
second cont acterPpedindethenconrepgtdpecrrotiiand 6€4nnéctbd relaycEREUSt or
pattern of the second flexible grinted.circuit board, the second contacts
bei ng arranged®3othattareopthechadt hindpgidppddycsnt eesaffén the proj ection
is fitted between 10 the connecting portions, and the pressing portions
bei ng arranged®ebe8¥%efo pPe¥sCandPBetdEAMRR&CERSYt EPFREAL PYi ece from the

hort - cj it t act | t d | , i
Sorti ol s 1 18R ERtIBhhE herEBnERct g PROTLEne S5 e80T 2he SiBRedri ve
according to c{ imJl14, wherein the figst co tacts of each cgpnecting
portion extend g%rﬁggtFﬁggeg?EﬁaPﬂa g%rggtlgﬁ 8PAFRE ArRESafd®aPBYr r anged

substantially ﬁ@ﬁaégglQéQngcQFOEHg{Féggghgﬁgesggﬁgﬁn%n EQngétending

direction of the arm prura ort-crrcu conracCts are

arranged paral ghal0 LhEnLbEsksogel aghs.AtnaoRnCEbClckocLbEA eSPECt i ve

first contacts |n%epenQent the projection as a pair of connecting
surfaces opposgdusigy¥i dyal tiet 8ohHBcRBKE QkeCABBAEH, NgoPEREEORKES Of the

femal e connector, the male connector has a plurality of second contacts
provi degds i ndi vignat Fiicenohheasopaestinpyigiiefiaces of the projection,
The first and second contacts 65 and 56 can be
accurately connected to one another by positioning the
male connector 44 with respect to the female
connectors 66 by means of the abutting portions 25 of
20 the spacer rings 28a and 28b. Thus, the pitches of
the contacts can be narrowed, so that the connectors
can be miniaturized. Further, screwing can improve
the reliability of prevention of disengagement that is
attributable to vibration, shock, and rotation of the
25 head actuator.

The connecting portion 64 of each arm of the head

actuator 14 has the short-circuit contacts 80 and



'- 42 corresponding to the first contacts, and the pressing portion has a
pair of pressing claws which press the short-circuit pieces of the
connecting portions, respectively. 5 16. The disk drive according to claim
14, wherein the mal e connector has a base fixed on extending end portion of
the second flexible printed circuit board and fornmed of an insulating
material, the projection and the pressinggportion are 10 provided on the
base and protrude therefrom and the second contact provided on each
connecting surface of the projection is connected to the conductor pattern

of the second %h&%tbﬁﬁrgﬁiﬁt geg rg9 LnRear dnote-L{rch E%sdkﬁF b:%?fy and

according to clarm1 ere e shori-circuit plece has e

i's configured &Qrehﬁetbsathﬁtgeéernhaadtﬁget%ﬁe Wi b 1E§e1§hebh ¢l e t
contacts when the male connector is detached fromt emale ¢ nnectors 20

18. The di sk dai ¥ygoaeceli deiftt Reehahishd fovhpieivBnthagPeestiRBsRAkicON iS
arranged such that, in a case where the nale connector is connected to the
femal e COﬂneCtheakh@wﬁr@Sémngcﬁﬁkkhﬁ@ ehegees .t henhsherbekl, cCeivknpiigce after
the first and second contacts are 25 connected to each other, and in a case
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between the head actuator 14 and the main FPC 42 can

be facilitated, moreover, repairs such as replacing
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the arms for rocking motion, and the male connector 44
is connected to the female connectors. Therefore, the
center of gravity of the connectors can be situated
close to the center of rotation of the head actuator
14, so that the moment of inertia can be lowered, and
the accessing speed can be improved.

According to the embodiment described above,
the male connector 44 is provided with the fourth
contacts 60 for the connection between the voice coil
36 and the main FPC 42. Therefore, male connector 44
can be hybridized, and the relay FPC's 62 and the
voice coil 36 can be connected to the main FPC 42 by
means of only one connector. Thus, the main FPC 42
can be connected to the head actuator 14 entirely by
connector-connection, so that the connecting operation
can be made easier.

The following is a description of a head actuator
14 of an HDD according to a second embodiment of
the invention and its structure for connection.
Like reference numerals are used to designate like
portions of the first and second embodiments, and
a detailed description of those portions is omitted.

Thus, only differences between the two embodiments

1*10
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actuator 14 is provided with a flexible printed

5 circuit board for connection (hereinafter referred to

as connecting FPC) 72 that is connected electrically

to a voice coil 36. The connecting FPC 72 extends

close to female connectors 66. A connecting portion

having a third contact 35 is formed by exposing pad

10 portions of a conductor pattern.

A male connector 44 has a pair of engaging
projections 74 that protrude perpendicularly from a
base 50 and are opposed to each other across a given
space. A fourth contact 60 is fixed to the inner

15 surface of each engaging projection 74. Each fourth
contact 60 penetrates the base 50 and a main FPC 42
and projects from the main FPC. It is soldered to its
corresponding pad portion of the main FPC. Thus, the
two fourth contacts 60 are connected electrically to

20 the conductor pattern of the main FPC 42.

When the male connector 44 constructed in this
manner is connected to the female connectors 66 of the
head actuator 14, a side edge portion of the support
frame 34 of the support frame 34 on which the third

25 contact 35 is provided is fitted in a fitting recess

that is defined between the engaging projections 74.

Thus, the fourth contacts 60 on the respective inner
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10 necessary only that the contacts are redirected, so

that the cost of the connectors can be lowered.
Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

15 the specific details and representative embodiments
shown and described herein. Accordingly, various
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.

20 According to the foregoing embodiments, for
example, the arms are four in number. However, the
number of the arms according to the invention is
expected only be an even number, and may be two or six

or more.



‘10PP ' 10PPEEE&F] FFFJEHC 10PP!y

"10% 0& () - 10% 0& () -10% 0& () -10% 0& ()-10% o0& ()- ",

109% 0& () - FF( G*GGGHIEHC 10PP! 9% 109% 0& () - #M 109% 0& ()-"10% 0& () -

109% 0& ()-L10% 0& ()-Y109% 0& ()-HH ;1 U || dEHC

10PP! 6" 10% 0& () - 4' 10% 0& () - 310% 0& () -

110% 0& () - @ 10% 0& () - -M 10% 0&' () - L1 ) 3%J+1, J3IKEK_@PP! * " 110% & ()-y!i "
1 109% ()-y 10% & ()- 10'0 10'0

10' 0: F10% 0& () - 810% 0& () - SKLLLNINCz[ 9_@PP! , / "1098*8*& ()-m #'10% & () - G
| #" 10%=& () -G

110% & ()-1"109B@@ ()--! " 10%=8 1) - - 0OEP-3ZoPP! 08 1 1000E: () - 2! x9& 1 1

0% ()-z&10%v& ()- 30: Aocoﬁgecﬂ%9%¥&r(klec& i@%@§gséoﬁhe%klng a
P~QQRRS\ T} [ 9~\ =OPP! / * | 100KK&' () -21 % 1

1 10%=& () yM é@%f&af)fngle%be&e(brﬂhf@ETEIf@WuSﬂaQbiblb 16%&eq) - : ! XLL
109& ()-:L110% & ()- 10MV 10MM

10NNIy8Z10%WNRlﬁd1#1d&@9®@&oﬁ)tENVyywwéXK}&SUSﬁQESbEE bF0%koF a&mE) - 8
1940% : & ()-"10% & ()-!"10%=& ()-!"10%=& ()-10% & () - X>YgYZZZZZZr S10!i L !
109%& () -5nmL0% &péyredllnd dPposéO=tbbbiaObro&he)- 4h8%&ch) ektendiays-. F. & ()-8
Z[[\\\]}~<rS10ti L! % 10%/Y&' ()-zL!'10% c& ()-!'L!10%c& ()-110% & ()-!
10% " & ()-@ ! 1oom&a(JipFaLrgnt_poftiohoaB4ehLhOew® ¢p- a proximal

end portion thereof, and a second flexible printed

circuit board extending from any other portion than

the arms toward the proximal end portions, the

10 connector comprising:

a female connector formed of the first flexible
printed circuit boards; and

a male connector provided at the second flexible
printed circuit board,

15 the female connector including a pair of
connecting portions formed on respective proximal-side
end portions of the first flexible printed circuit
boards and opposed to each other across a given space,
each of the connecting portions having first contacts

20 formed by exposing a part of a conductor pattern of
the first flexible printed circuit board, a plurality
of short-circuit contacts and a short-circuit piece
which contacts with the plurality of short-circuit
contacts so as to turn the conductor pattern into a

25 closed loop, and

the male connector including a projection and a

pressing portion which are configured to be fitted
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projection and connected to a conductor pattern of the
second flexible printed circuit board, the second

5 contacts being arranged so as to contact with the

first contacts when the projection is fitted between
the connecting portions, and the pressing portion
being configured to press and detach the short-circuit
piece from the short-circuit contacts and release the

10 closed loop when the pressing portion is fitted
between the connecting portions.

2. The connector according to claim 1, wherein
the first contacts of each connecting portion
extend across the extending direction of the arms and

15 are arranged substantially in parallel to each other
at given spaces in the extending direction of the arm,

the plurality of short-circuit contacts are
arranged parallel to the first contacts and connected
to the respective first contacts independently,

20 the projection has a pair of connecting surfaces
opposed individually to the pair of connecting
portions of the female connector, the male connector
has a plurality of second contacts provided
individually on the connecting surfaces of the

25 projection, corresponding to the first contacts, and

the pressing portion has a pair of pressing claws

which are configured to press the short-circuit pieces
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5 board and formed of an insulating material,

the projection and the pressing portion are
provided on the base and protrude therefrom, and

the second contact provided on each connecting
surface of the projection is connected to the

10 conductor pattern of the second flexible printed
circuit board.

4, The connector accordiﬁg to claim 1, wherein
the short-circuit piece has elasticity and is
configured to elastically deform and contact with the

15 short-circuit contacts when the male connector is
detached from the female connectors.

5. The connector according to claim 1, wherein
the pressing portion is arranged such that, in a case
where the male connector is connected to the female

20 connector, the pressing portion presses the short-
circuit piece after the first and second contacts are
connected to each other, and in a case where the male
connector is disconnected from the female connector,
the pressing portion comes apart from the short-

25 circuit piece before the connection between the first

and second contacts is released.

6. A head actuator comprising:
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portion supporting a head, extending from the bearing
portion, the arms being opposed to each other across a
given space;

first flexible printed circuit boards fixed
individually on the respective arms, connected
electrically to the respective heads, and extending
from the heads to the proximal end portions of the
arms;

a second flexible printed circuit board connected
to the first flexible printed circuit boards; and

a male connector attached to the second flexible
printed circuit board, wherein

each of the first flexible printed circuit boards
including a connecting portion provided at the
proximal end portion of the arm and having first
contacts formed by exposing a part of a conductor
pattern, a plurality of short-circuit contacts and a
short-circuit piece which contacts with the plurality
of short-circuit contacts so as to turn the conductor
pattern into a closed loop,

the respective connecting portions on the two
arms being opposed to each other across a given space
to constitute a female connector, and

the male connector including a projection and a
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second contacts provided on the projection and
connected to a conductor pattern of the second
5 flexible printed circuit board, the second contacts
being arranged so as to contact with the first
contacts when the projection is fitted between the
connecting portions, and the pressing portion being
arranged so as to press and detach the short-circuit
10 piece from the short-circuit contacts and release the
closed loop when the pressing portions are fitted
between the connecting portions.
7. The head actuator according to claim 6,
wherein the first contacts of each connecting portion
15 extend across the extending direction of the arms and
are arranged substantially parallel to each other at
given spaces in the extending direction of the arm,
the plurality of short-circuit contacts are
arranged substantially parallel to the first contacts
20 and connected to the respective first contacts
independently,
the projection has a pair of connecting surfaces
opposed individually to a pair of connecting portions
of the female connector, the male connector has a
25 plurality of second contacts provided individually on
the connecting surfaces of the projection,

corresponding to the first contacts, and
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which are configured to press the short-circuit pieces
of the connecting portions, respectively.
8. The head actuator according to claim 7,

5 wherein the male connector has a base fixed on
extending end portion of the second flexible printed
circuit board and formed of an insulating material,

the projection and the pressing portion are
provided on the base and protrude therefrom, and
10 the second contact provided on each connecting
surface of the projection is connected to the
conductor pattern of the second flexible printed
circuit board.
9. The connector according to claim 6, wherein
15 the short-circuit piece has elasticity and is
configured to elastically deform and contact with the
short-circuit contacts when the male connector is
detached from the female connectors.
10. The connector according to claim 6, wherein
20 the pressing portion is arranged such that, in a case
where the male connector is connected to the female
connector, the pressing portion presses the short-
circuit piece after the first and second contacts are
connected to each other, and in a case where the male
25 connector is disconnected from the female connector,
the pressing portion comes apart from the short-

circuit piece before the connection between the first
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11. The head actuator according to claim 6,
wherein the base is screwed to the bearing portion.

12. The head actuator according to claim 6,

5 wherein the bearing portion includes a spacer held
between the two arms, and
the spacer having an abutting portion configured
to abut against the projection fitted in the female
connectors to position the projection and pressing
10 portion in the extending direction of the arms with
respect to the female connector.

13. The head actuator according to claim 6, which
further comprises: a support frame extending from the
bearing portion and mounted with a driving coil for

15 rocking motion; and
a third contact provided on the support frame and
connected electrically to the coil, wherein
the male connector comprises a fourth contact
connected to the conductor pattern of the second
20 flexible printed circuit board and pressed against the
third contact to connect the second flexible printed
circuit board and the coil electrically to each other.
14. A disk drive comprising:
a disk;
25 a head configured to write in and retrieving

information from the disk;

a head actuator supporting the head for movement
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a substrate unit configured to input and output
signals with respect to the head;

a main flexible printed circuit board extending

5 from the substrate unit and connected to the head

actuator; and

a male connector attached to the main flexible
printed circuit board, wherein

the head actuator including a bearing portion;

10 two arms each having a proximal end portion attached
to the bearing portion, and a distal end portion
supporting the head, extending from the bearing
portion, the arms being opposed to each other across a
given space; and relay flexible printed circuit boards

15 fixed individually on the respective arms, connected
electrically to the respective heads, and extending
from the heads to the proximal end portions of the
arms,

each of the relay flexible printed circuit boards

20 including a connecting portion provided at the
proximal end portion of the arm and having first
contacts formed by exposing a part of a conductor
pattern, a plurality of short-circuit contacts and a
short-circuit piece which contacts with the plurality

25 of short-circuit contacts so as to turn the conductor
pattern into a closed loop, the connecting portions

being opposed to each other across a given space to
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the male connector including a projection and a
pressing portion which are configured to be fitted
between the connecting portions of the female

5 connector, and second contacts provided on the

projection and connected to a conductor pattern of the
second flexible printed circuit board, the second
contacts being arranged so as to contact with the
first contacts when the projection is fitted between

10 the connecting portions, and the pressing portions
being arranged so as to press and detach the short-
circuit piece from the short-circuit contacts and
release the closed loop, when the pressing portion is
fitted between the connecting portions.

15 15. The disk drive according to claim 14, wherein
the first contacts of each connecting portion extend
across the extending direction of the arms and are
arranged substantially parallel to each other at given
spaces in the extending direction of the arm,

20 the plurality of short-circuit contacts are
arranged parallel to the first contacts and connected
to the respective first contacts independently,

the projection has a pair of connecting surfaces
opposed individually to the pair of connecting portion

25 of the female connector, the male connector has a
plurality of second contacts provided individually on

the connecting surfaces of the projection,
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5 16. The disk drive according to claim 14, wherein

the male connector has a base fixed on extending end

portion of the second flexible printed circuit board
and formed of an insulating material,
the projection and the pressing portion are
10 provided on the base and protrude therefrom, and
the second contact provided on each connecting
surface of the projection is connected to the
conductor pattern of the second flexible printed
circuit board.

15 17. The disk drive according to claim 14, wherein
the short-circuit piece has elasticity and is
configured to elastically deform and contact with the
short-circuit contacts when the male connector is
detached from the female connectors.

20 18. The disk drive according to claim 14, wherein
the pressing portion is arranged such that, in a case
where the male connector is connected to the female
connector, the pressing portion presses the short-
circuit piece after the first and second contacts are

25 connected to each other, and in a case where the male

connector is disconnected from the female connector,

the pressing portion comes apart from the
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short-circuit piece before the connection between the

first and second contacts is released.



