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FLEXI BLE PRI NTED Cl RCU T BOARDS, HEAD ACTUATOR PROVI DED W TH UO?AND
Dl SK DRI VE BACKGROUND COF THE | NVENTI ON 5 The present invention relates to
a connector for connecting flexible printed circuit boards, a head
actuator provided with the connector, and a disk drive. In general, a disk
drive such as a hard disk drive (hereinafter feferred to as HDD) conpri ses
magneti c 10 di sks housed in a casing, a spindle notor for supporting and
rotating the magnetic disks, a head actuator supporting nmagnetic heads, a
voice coil motor for driving theiteadogctruat gNVERTSORStrate unit, etc. The
head actuator includes a bearing portion 15 attached to the casing and a
plurality of arn€ONKRCEOR FOR f FIEN IBIE RRINTRD CARICUAT. BAARBgNeHEADhead i s
nount ed on each arm by neans of a suspension. The substrate unit includes
a main flexible PETBAEAR CPROQVIBED B THEe rsdiMiaf AD DEBEr DRGVEO as nain
FPC), the distal 20 end portion of which extends close to the bearing
portion. Each nmagnetic head i sSBRORGRQYNR @D YHe BWVENIIONa rel ay flexible
printed circuit board (hereinafter referred to as relay FPC) on each arm
and the otRer end pofRfoRreferhelnedndiiqrpeylatesnteceg¢onpechernépn 25

C. Thus, each magnet| head i s connect ed
FP cognectfng flexible printed circuit boards, a head

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

{(hereinafter referred to as HDD) comprises magnetic

10 disks housed in a casing, 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.

The head actuator includes a bearing portion

15 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 circuit
board (hereinafter referred to as main FPC), the distal

20 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, and the other
end portion of the relay FPC is connected to the main

25 FPC. Thus, each magnetic head is connected
electrically to the substrate unit through the relay

and main FPC's and controlled by means of the substrate



electrically to the substrate unit through the relay and main FPC s and
controll ed by neans of the substrate - 2 - unit. In the case where the
printed circuit boards are connected electrically to each other in this
manner, each printed circuit board is provided with connecting 5 pads, a
pre-tinning layer is formed on each connecting pad, and the pads are
opposed to one another. In this state, thepre-tinning | ayer is heated
fromthe base-layer side of one of the printed circuit boards. By doing
this, the pre-tinning layer is nelted to 10 connect the pads electrically
and nechani cal | yuniPossibly, the relay and main FPC s nmay be connected by
contact bonding. In the magnetic disk drive, however, the connected
portion between the ré&hayheandsanineFPClse mvigseab dilreuidadboactgasse r ocks,
and is 15 subjected to vibration and shock. Accordingly, soldering is

wi dely used to i npnpeetetiectettnbiaily o eatneddieiroan Lhisomerneronal
assenbly processes for a magnetic disk drive, soldering the FPC s is
carried out in 2@aghcpeantedorirewiiekaard He faloydciefywaser 8PRBACTLAG| udes
a process for nmelting solder by neans of a soldering iron, In this, process,
outgassing5fron1EaﬂﬁuxaoPr?hElmkagi#ﬁYQﬁe%ﬁﬂQﬁﬁmQHa?ng@ﬁéFaFQPnBSEégﬁIy
contam nating the atnosphere in the clean ro and 25 exerting_a d

i nfl uence upgn oPREY EB%pBﬁ%n?%@s are opposeénpo one anot%er. gIn Qﬁls

state, the pre-tinning layer is heated from the
base-layer side of one of the printed circuit boards.
By doing this, the pre-tinning layer is melted to
10 connect the pads electrically and mechanically.
Possibly, the relay and main FPC's may be
connected by contact bonding. In the magnetic disk
drive, however, the connected portion between the relay
and main FPC’s moves as the head actuator rocks, and is
15 subjected to vibration and shock. Accordingly,
soldering is widely used to improve the reliability of
connection.
In conventional assembly processes for a magnetic
disk drive, soldering the FPC's is carried out in
20 a clean room. However, the soldering operation
includes a process for melting solder by means of
a soldering iron. In this process, outgassing from
a flux or the like in the solder may generate, possibly
contaminating the atmosphere in the clean room and
25 exerting a bad influence upon other components.
Further, soldering the relay and main FPC's

involves operation for soldering very fine connecting



Further, soldering the relay and main FPC s involves operation for

sol dering very fine connecting 3 pads, so that the reliability of the
soldering is easily influenced by workmanshi p. Furthernore, repairing the
head actuator requires resoldering after the solder on the connecting
portions 5 is renoved. Thus, repairs are troubl esone and their achi evenent
| evel easily |owers. BRI EF SUVWWARY OF THE | BIVENTI ON The present invention
has been contrived in consideration of these circunstances, and its object
is 10 to provide a connector for flexible printed circuit boards, capable
of easily securelpadsonsecthayg thextbl tabpllty esf cilrec wWdldeadmds isa head
actuator provided with the sane, and a disk drive. In order to achieve the
above object, a cesidgt anfltdnted byewobkmamshiged circuit boards according
to an aspect of the invention is a connector for electrically connecting
a pair of first flexi Busthermosd, crepairingobiheishedd aatuaidivvirqgiingson t he
respective surfaces of two arns spaced and opposed to each other and each
20 extendi ng fromegodidetrandeadtpsr thensotdencin dihm twwrpestdRionRoréagns
portion thereof, and a second flexible printed circuit board extending
from any other pditit6HOVEeHan THESar FRPRbERIr}S Her Prbasee éad fdeiifons. The

connector conprises: a fengli connect o formed of 25 the first flexible
printed circuit gyemgng ieygtecasily lowers.

BRIEF SUMMARY OF THE INVENTION
The present invention has been contrived in

consideration of these circumstances, and its object is
10 to provide a connector for flexible printed circuit

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

15 for flexible printed circuit boards according to an

aspect of the invention is a connector for electrically

connecting a pair of first flexible printed circuit

boards, fixed individually on the respective surfaces

of two arms spaced and opposed to each other and each
20 extending from a distal end portion of each arm to

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 connector comprises: a female connector formed of
25 the first flexible printed circuit boards; and a male

connector provided at the second flexible printed

circuit board. The female connector includes a pair of



connector provided at the second flexible printed circuit board. The
femal e connector includes a pair of 4 connecting portions forned on
respective proximl-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 a first contact 5 forned by exposing a part
of a conductor pattern of the first flexibde printed circuit board. The
mal e connector includes a projection configured to be fitted between the
connecting portions of the female connector, and second contacts provi ded
on the 10 proj ectbaneatiingopoeti@ts t fomnebrohuatespepativer prokimbhesséeond
flexible printed circuit board, the second contacts being arranged so as
to contact with thd porsionsoof achs fhest tfexpidjeepiriiofeds cirttuét bet ween
the connecting portions. 15 A head actuator according to another aspect of
the invention cboprisesndacheasé¢hgtprradiomthern samesseachiveavERgcar
proxi mal end portion attached to the bearing portion, and a distal end
portion supporti rgch héathe exnredtirg fRw ians kearingg apditsEnCcopRachr ns
bei ng 20 opposed to each other across a given space; first flexihle
printed ci gcuit Boarad PYxedPrPathyidRATY O 2 (e dusdsecPrféespngt the

connected electrically to the respective heads, and eﬁﬁgndigg fromthe
heads to the pr&iFffl TeRYIBLF tPOHIEYF FHEEH RO Sec ffexi bl e 25

printed circuit ES%RQC 89”?&& gdég érg%gﬂéé%igd(%gg¥f%ured to be fitted

between the connecting portions of the female
connector, and second contacts provided on the

10 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 the
connecting portions.

i5 A head actuator according to another aspect of the
invention comprises: a bearing portion; two arms each
having a proximal end portion attached to the bearing
portion, and a distal end portion supporting a head,
extending from the bearing portion, the arms being

20 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

25 printed circuit board connected to the first flexible
printed circuit boards; and a male connector attached

to the second flexible printed circuit board,



printed circuit boards; and a nmale connector attached to the second
flexible printed circuit board, 5 each of the first flexible printed
circuit boards including a connecting portion provided at the proximal
end portion of the armand having a first contact fornmed by exposing a
part of a conductor pattern of the 5 first flexible printed circuit board,
t he respective connecting portions on the t%w -arns bei ng opposed to each
ot her across a given space to constitute a fermal e connector, the male
connector including a projection 10 configured to be fitted between the
connecting portions ekchheffehal EiconnBreoibbadsieomud adanvadt boprdei ded
on the projection and connected to a conductor pattern of the second

f1 exi bl e print ediociodihgbeacdnpnedielnse oot ioomrastisiedeiatg ther pngadmad as
to contact with the 15 respective first contacts when the projection is
fitted between ehd ponhécni af poetaomnsand kaslng e d ratceraicrgtto still
anot her aspect of the invention conprises a disk; a head configured to
wite and read i Aoamgdr BYr PERPRHNY Nt el | Oh F rerRdusEoxo PattsRINaOKe bR
actuator supporting the head for povepent wth respect to the disk; a
substrate @nit cdAEP§uféaxibbei RptRtehdcbiRpt RA&Ftal s with respect to the
head; a nmain flexible printed circuit board extending fro t he substrate
unit and connect ed to%PﬁerﬁégacgéYﬁa?ﬁ??eﬁ l%ﬁm?%#%ﬁﬂé%(9%*E&@t5woaﬁfgéhed

to the main flexbgkgg opposed to each other across a given space to

constitute a female connector,
the male connector including a projection

10 configured to be fitted between the connecting portions
of the female 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

15 respective first contacts when the projection is fitted
between the connecting portions.

A disk drive according to still another aspect of
the invention comprises a disk; a head configured to
write and read in and retrieving information from the

20 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 main flexible printed circuit board extending from
the substrate unit and connected to the head actuator;

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

the head actuator including a bearing portion; two



printed circuit board, the head actuator including a bearing portion; tw 6
arns each having a proximal end portion attached to the bearing portion,
and a distal end portion supporting the head, extending fromthe bearing
portion, the arnms being opposed to each other across a given space; and 5
relay flexible printed circuit boards fixed individually on the respective
arms, connected electrically to the respectéive heads, and extending from
the heads to the proximl end portions of the arnms; 10 each of the rel ay
flexible printed circuit boards including a connecting portion provided at
the proxi mal endrpertaoh bévihe arpmwandnalavanty pertilost atbachet forbke by
exposing a part of a conductor pattern of the relay flexible printed
circuit board, theatdngepoirngonlsampbra idistaleieny mogdden svppachinbgher
across a given space to constitute a fenmal e connector, the mal e connector

i ncl udi ng a proj ébei baadeoartgud by tirye Fhe tep iagveertina, cbRRed Mg
portions of the femal e connector and second contacts provided on 28 t he
proj ecti on and cBRAEEt eEPPELE AR LR tAGHPSS 2 CHYCRaSRaFPexPBfe

printed circuit board, the second contacts bein ranged so as to contact
with the PespectPiayrite¥ibbpiREint eﬁﬂ?qH%HNQﬁA£a§ %ﬁgﬁ fitted between

the connect ing portions, .25, Addi L onal  obiests And advankages of the

electrically to the respective heads, and extending
from the heads to the proximal end portions of the
arms;

10 each of the relay flexible printed circuit boards
including a connecting portion provided at the proximal
end portion of the arm and having a first contact
formed by exposing a part of a conductor pattern of the
relay flexible printed circuit board, the connecting

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

the male connector including a projection
configured to be fitted between the connecting portions
of the female connector and second contacts provided on

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

25 Additional objects and advantages of the invention
will be set forth in the description which follows, and

in part will be obvious from the description, or may be



will be set forth in the description which follows, and in part wll be
obvi ous fromthe description, or may be 7 |earned by practice of the

i nvention. 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. 5 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng draw ngs, which ale Tncorporated in and
constitute a part of the specification, illustrate an enbodi ment of the
invention, and together wth the general description %jven above and the
10 detail ed deschiegrned by Phactibedefreble ginegntbicow, Theeobdec§serprai n
the principles of the invention, FIG 1 is a perspective view show ng the
interior of an ROVaatesedi A§ EheakneambleRamY 1€ tiRd a8k And i nventi on;
15 FIG 2 is an expl gded perspective view of a head . actuator, attached to
the HDD, FIG 3 Pta1perspEchPoRSyPRWE 1HECHERD Y 209G 4 is a

per specti ve vi v shoslig ctel e respsel ootk et astusnar, 20 FIG
S F °5. BEHEAe LR phi SR O B gy e
FIGS. 6A and 6B are S%%%i%%%Bm¥5%9§n§CH§QBRLSQJ'%hich 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 the

10 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
invention;

15 FIG. 2 is an exploded perspective view of a head
actuator attached to the HDD;

FIG. 3 is a perspective view of the head actuator;

FIG. 4 is a perspective view showing a male
connector for the head actuator;

20 FIG. 5A is a sectional view of the male connector
taken along line VA-VA in FIG. 4;

FIG. 5B is a sectional view of the male connector
taken along line VB-VB in FIG. 4;

FIG. 5C is a sectional view of the male connector;

25 FIGS. 6A and 6B are sectional views schematically
showing a process for connecting female connectors of

the head actuator and the male connector:;



showi ng a process for connecting femal e connectors of the head actuator
and the male connector; 8 FIG 7 is a sectional view schematically show ng
the femal e connectors of the head actuator and the male connector
connected to one another; FIG 8 is an expl oded perspective view show ng a
5 head actuator of an HDD according to a second enbodi nent of the
invention; FIG 9 is a perspective vieM/Eho%ﬁﬁg a male connector for the
head actuator of the HDD according to the second enbodi nment; and 10 FI GS.
10A and 10B are sectional views schematically showi ng a process for
connecting fermal e colREet drsSop saetieral actemtcthemad ided Liyalsbowénagect or
of FIG 9. DETAILED DESCRI PTI ON OF THE | NVENTI ON 15 An HDD as a disk drive
according to an ERBOAERRLE CORNREECHY cdferithg MAast iBGHURLOE ABW bRedmaiei bed

in detail with referegce to the a qpnpaq¥ing drawi ngs. As shown in FIG 1,
the HDD conpri se§°EPESEPHgEABeTHER heP fFtm IO t® Topen- t opped rect angul ar

of ‘sereve and covers ERE-t B BpBh HEP BIAT P HRHAR- v d Lede FhGTIDY & ot or ed
A T R S KA R R
magnetic heads fopyugihiRg &f & invention;

FIG. 9 is a perspective view showing a male
connector for the head actuator of the HDD according to
the second embodiment; and

10 FIGS. 10A and 10B are sectional views
schematically showing a process for connecting female
connectors of the head actuator and the male connector
of FIG. 9.

DETAILED DESCRIPTION OF THE INVENTION

15 An HDD as a disk drive according to an embodiment
of the present invention will now be described in
detail with reference to the accompanying drawings.

As shown in FIG. 1, the HDD comprises a casing 10
in the form of an open-topped rectangular box and a top

20 cover (not shown) that is fixed to the casing by means
of screws and covers the top opening of the casing.

The casing 10 is stored with two magnetic disks
12a and 12b for use as magnetic recording media,

a spindle motor 13 for supporting and rotating the

25 magnetic disks, magnetic heads for writing in and
reading information from the magnetic disks, a head

actuator 14 that support the magnetic heads for



reading information fromthe nmagnetic disks, a head actuator 14 that
support the magnetic heads for 9 _ novenent with respect to the nmagnetic

di sks 12a and 12b. The casing 10 is further stored with a VCM 16 for
rocki ng and positioning the head actuator, a ranp |oad nechanism 18 that
hol ds the magnetic heads in 5 positions distant fromthe magnetic disks
when the magnetic heads are noved to tHe out €1 nost peri phery of the
magneti c disks, an inertia |latch nechanism 20 for hol ding the head
actuator in a refuge position, and a flexible printed circuit board unit
(hereinafter 10mpeémeniediiih asesRGudia \they megnetde diieksclieuit
conmponents such as a preanplifier. Further, a printed circyit board {not
shown) for contﬁ@dl12@-tﬂ£h$e@ﬁﬁkngV%3dﬁ%ﬂ%ﬁi & §torre ¥pFRdReVHot®r 13,
VCM 16, and nmagneti c heads by neans of the 15 FPC gnit 17.is screwed to the
outer surface of fPRerOehsRrALAD RARH LisPuidut PRE%DBELYATRAS | 2oF 2 Re

casing,  Each of Lhe, mRanell & 4 Pk 0L 120 hasnadienetar of, for
|01V by 200004 Li3p4RBEL SO0 LOUETUBRRTCTIO S0 BT L, O ok
I the axial o PEREPBRC ORI RE Ain e R0 B S reHESE, Bes ot IaE o
rotated at a giV%Hesﬂggﬂepybrﬁﬁgfﬁfﬁaﬁ'Eiertia latch mechanism 20 for
holding the head actuator in a refuge position, and
a flexible printed circuit board unit (hereinafter
10 referred to as FPC unit) 17 mounted with circuit
components such as a preamplifier.
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
15 FPC unit 17 is screwed to the outer surface of the
casing 10 and opposed to the bottom wall of the casing.
Each of the magnetic disks 12a and 12b has a
diameter of, for example, 65 mm (2.5 inches), and
includes magnetic recording layers formed individually
20 on its upper and lower surfaces. The two magnetic
disks 12a and 12b are coaxially fitted on a hub
(not shown) of the spindle motor 13, clamped by a clamp
spring 21, and stacked in layers at a given space in
the axial direction of the hub. The magnetic disks 12a
25 and 12b are rotated at a given speed by means of the
spindle motor 13.

As shown in FIGS. 1 to 3, the head actuator 14 is



spindle notor 13. As shown in FIGS. 1 to 3, the head actuator 14 is 10
provided with a bearing assenbly 24 that is fixed on the bottomwall of
the casing 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 5
cylindrical hub 26 that is rotatably supported on the pivot by nmeans of a
pair of bearings. An annular fl ange 297 s1formed on the upper end of the
hub 26, and a thread portion (not shown) around the |ower end portion of
the hub. 10 Further, the head actuator 14 includes four arns,  27a, 27b, 27c
and 27d and two ppatédediwieh 28deanimsmssemilon 24r EhasuAafedisadt @@ hub 26,
and four magnetic head assenblies 30 supported on the arns, individually.
Each of the arnsthabebtompvakl of Hihe fagingndd. Iheppegring assembly

stai nl ess-steel -based material, such as SUS304, having a_thickness of
about 250 gm A &frcHhafh spEYe®rds B R FRh@PLth OFne 18RAUGRSpRoRIHAF end

of each arm Each magnetic head .assenbl 0 includes 20 an.el ongate
suspensi on 32 and3aSfhghBt PR éhﬁuPQﬁ$9W>ﬁéﬁi f&ﬁt §5§ﬁ8ﬁs?8n?n h#

i 32 is forned, of I i n i t.h hj f 70
andits pPoxi mFYARREFSCr Sl rf R G doaeey SRER0IEE, B ke g one
of the arns 27a ﬁgvézdb9ymé£§§ g? g*ﬂé&ﬂ“bf”bé%ﬁ%%yéYe %B”Qhﬂglégd extends

fromthe arm
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.

10 Further, the head actuator 14 includes four arms
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, individually.

Each of the arms 27a to 27b is a thin flat sheet

15 of a stainless—-steel-based material, such as SUS304,
having a thickness of about 250 ugm. A circular
aperture 31 is formed in one end or proximal end of
each arm.

Each magnetic head assembly 30 includes

20 an elongate suspension 32 and a magnetic head 33 fixed
to the suspension. The suspension 32 is formed of
a plate spring with a thickness of 60 to 70 upm, and
its proximal end is fixed to the distal end of each
corresponding one of the arms 27a to 27d by spot

25 welding or adhesive bonding and extends from the arm.

Each magnetic head 33 includes a substantially

rectangular slider (not shown) and a writing/reading MR



Each magnetic head 33 includes a substantially rectangular slider (not
shown) and a witing/reading MR - 11 (magnetic reluctance) head forned on
the slider, and is fixed to a ginbals portion that is formed on the distal
end portion of the suspension 32. Further, each magnetic head 33 has four
el ectrodes (not shown). 5 The suspension 32 may be forned of the sane

material as and integrally with the arm Each™suspension 32 and

correspondi ng armconstitute a armaccording to the p

relay FPC 62. The relay FPC 62, which serves as a first flexible,
circuit board, iEixesekdya syimdrelon pordionedpadt iivefoumpdces bReecdth

its

resent invention. As
shown in FIGS. 2 and 3, each magnetic head 33 10 of the head actuator 14
i s connected el e¢maguetly teluctaiae)FPead formerdi oRethPasbifer hrad@hli &

grinted

¥ m and

each suspension 32 15 of the head actuator, 14, and_extends fromthe distal
h¢he PRFAy FPC 62 is

end of the suspefBfope¥blemerhrida MISRETEION Bhe aFHIC

in the formof an el ongate q§lt S a ol e, the dist?l nd, of
& PR

connected el ect PREAEHIC 1RPR fiouTh &1 35095/
ortion of _which_constitut i t. ,
Pnclhdes a5ba;e T%9e$U%?gn§ﬁﬂ?ﬁ§ﬁEgﬁfﬁﬁpﬁﬁgﬁkﬁég%sgﬁﬁ
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its corresponding arm constitute a arm according to the

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

10 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

printed circuit board, is fixedly stuck on the

15

20

25

respective surfaces of each arm and each suspension 32
of the head actuator 14, and extends from the distal
end of the suspension to the proximal end of the arm.
The relay FPC 62 is in the form of an elongate
belt as a whole, the distal end of which is connected
electrically to the magnetic head 33, and the proximal
end portion of which constitutes a connecting
portion 64. The relay FPC 62 includes a base layer of
an insulating material such as polyimide, a conductor
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

soldered to the pad portions (not shown) on the distal



The el ectrodes of the magnetic head 33 are soldered to the pad portions
(not shown) on the distal - 12 end portion of the relay FPC 62. Further,
the connecting portion 64 of the relay FPC 62 includes a plurality of
first contacts 65 that are forned by exposing parts of the conductor
pattern, and is located 5 adjacent to a side edge of the armat the
proxi mal end portion of the arm Each condécting portion 64 includes six
el ongate first contacts 65, which extend in a direction substantially
perpendicular to the longitudinal direction of the armor to the side edge
10 of the arm aeddapertieangédtiae xglan BRacEs | Fumder offget udi na
direction of the arm The four arnms 27a, 27b, 27c and 27d, thus fitted

with the nagneti €ohbggtiBechdryicon ehd Hhg alehpWBECe$2 dachudgpe st acked
on the flange 29 and nounted on _the 15 hub 26 in a manner such that the hub
i s passed through PLBERL1EBsPECEIGEt fRAGaARES &P thad efer TormedsBYcer

rings 28a and 28b are fitted on the hub 26 in a manner such.,that they are
sandwi ched bet we&FPPR&Er RRT T a0 hnkhe 25470 ‘H%ﬁﬁﬁgﬁrphea n§52$8c3 8“27d,

tively. 20 The f 27a to 27d_and the t | 8a and
235 Chat are 11t PRASGRAENEONTES S4E aT80% |4 ar o duth 1n sl LERE PR An§820 and

2 0t Sounkr gk b BAECUER. 400 SALRRABY L b L, i 20

extend parall el Egcgﬂgegngngéléﬂgépg first contacts 65, which extend
in a direction substantially perpendicular to the
longitudinal direction of the arm or to the side edge

10 of the arm, and are arranged at given spaces in the
longitudinal direction of the arm.

The four arms 27a, 27b, 27c and 27d, thus fitted
with the magnetic head assembly 30 and the relay FPC 62
each, are stacked on the flange 29 and mounted on the

15 hub 26 in a manner such that the hub is passed through
their respective apertures 31. Further, the spacer
rings 28a and 28b are fitted on the hub 26 in a manner
such that they are sandwiched between the arms 27a and
27b and between the arms 27c and 27d, respectively.

20 The four arms 27a to 27d and the two spacer rings
28a and 28b that are fitted on the hub 26 are
interposed between the flange 29 and a nut (not shown)
that is screwed on the thread portion of the hub 26,
and are fixedly held on the hub 26. Thus, the four

25 arms 27a to 27d extend parallel to one another in the
same direction from the hub 26 with given spaces

between them.



sanme direction fromthe hub 26 with given spaces between them - 13 The
magneti ¢ head assenblies 30 and the nagnetic heads 33 that are nounted on
the arns 27a and 27b are opposed to one another. Likew se, the magnetic
head assenblies 30 and the nmagnetic heads 33 that are 5 nounted on the
arnms 27c and 27d are opposed to one another. The arns 27a to 27d and the
magneti c head assenblies 30 fixed thereonldan-rock integrally with the
hub 26. As shown in FIGS. 2 and 3, noreover, the 10 respective connecting
portions 64 of the relay FPC s 62 that are attached individually to the
arns 27a and 27b are Thpposedetdacehehdobbeemal i¢he3d espbditierengynetiimal end
portions of the arms with a given space between them and constitute a

f emal e connect or h@@disoB3t hbatS5actenmegnten i the amin FHRCafdedi/bored

| ater). Likew se, the respective connecting portions 64 of the relay
FPC s 62 that ar erRosgchéa Pndi ehdbbery tbikewiser mheo madmedizydeade
opposed to each other _ at the respective proximal end portions of the arns
with 20 a given gsacabideredf fREnfhanBagemiis thradsinbt HdRt pEfal e
connector 66 for the connectjon of the main FPC. As shown in FIG 2, each

of the spacer ri A§¥P284 QRALD8HARBE &NC XAl hF TFOrAHRGT oS Hon & Cext ends
2 50 U oLt a0l 21, Q0L O e 2 SR 19 2
assemblies 30 fixed thereon can rock integrally with
the hub 26.
As shown in FIGS. 2 and 3, moreover, the

10 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 proximal
end portions of the arms with a given space between
them, and constitute a female connector 66 for the

15 connection of the main FPC (mentioned later).
Likewise, the respective connecting portions 64 of the
relay FPC's 62 that are attached individually to the
arms 27c and 27d are opposed to each other at the
respective proximal end portions of the arms with

20 a given space between them, and constitute another
female connector 66 for the connection of the main 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

25 corresponding arm and close to the connecting portion
64 of the relay FPC 62. The extending portion 21 is

formed having a pair of abutting portions 25 that



64 of the relay FPC 62. The extending portion 21 is fornmed having a pair
of abutting portions 25 that 14 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 sides of the connecting portion 64.
When the arnms 27a to 27d 5 and the spacer rings 28a and 28b are nounted on
the hub 26 of the bearing assenbly 24, thdfefore, the extending portion
21 and the abutting portions 25 of each spacer ring are situated
surroundi ng the whol e peri phery of each corresponding two adjacent or
opposi te connect ipmgjeetptpt kbassbde eadeptof Nehsiatm .edJheser vbuitdéhdt he arm
A tapped hole 25a for a mal e connector 44 (nmentioned later) is formed in
one of the abuttiPegtponsi 8hsazs spacedchn ofhe exteliey dimgstiga afd 28b.
The spacer ring 28b has a support frame 34 that 15 extends in the,

di recti on opposi thef pgm eRE sktvablirdgindlvidialy o the QPpesits £6de%d,
and is integrally fornmed of a synthetic resin or the like. A_voice_caqi

36 that constituPds thepgPrngFting RRFF1en i &4 entftfiedhen 2 ¥5e 27Rak® 349 Two

S de by side w PO 05 SRAPECCERRGEL TS T SR AR PR UEAasrs thgstiPe

connect 20 ol ect bkl ch HSCOLCE S FBY GBI, WS LRah R0

constructed in tg5§tion 21 and the abutting portions 25 of each spacer
ring are situated surrounding the whole periphery of
each corresponding two adjacent or opposite connecting

10 portions 64 except the side edge portion of the arm.
A tapped hole 25a for a male connector 44 (mentioned
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

15 extends in the direction opposite from the extending
direction of the arms 27a to 27d, and is integrally
formed of a synthetic resin or the like. A voice coil
36 that constitutes a part of the VCM 16 is embedded in
the frame 34. Two pin-shaped third contacts 35

20 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.

25 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



manner is set in the casing 10, as seen fromFIG 1, the magnetic disk 12a
is situated between the arns 27a - 15 and 27b, while the disk 12b is
situated between the arms 27c and 27d. When the HDD is actuated, the
magneti c heads 33 that are attached to the arns 27a and 27b are opposed 5
individually to the upper and | ower surfaces of the magnetic disk 12a, and
hol d the disk 12a fromboth sides. Likew g the magnetic heads 33 that
are attached to the arns 27c and 27d are opposed individually to the
upper and |ower surfaces of the 10 magnetic disk 12b, and hold the disk 12
fromboth sidesanghédby hehhéadthetdbsbrlald is sidudted etersnngheo,
noreover, the voice coil 36 that is fixed to the support frame 34 is

si t uat ed betweena&M§alrCofngoRkéd-38 15 that are fixed on the casing 10. The

yokes 38 and a magnet (not shown) that is fixed to one of the yokes
constitute the VCM 16% eﬁhﬁthboFEeaEBvﬁt%@'i%heéﬁﬁﬁyﬂ%édﬁe@ﬁé Réad

14 Kk t etic h 33 d to and
posi 11 oned OL""Z%haﬁ”;%%%ﬁgﬁ’ﬁasﬂ%dﬁg?ﬁéi o 2 an@%v”@z“é%napmsedﬁg -
h in FI.GS. 1.tqg.4, .t FP it 17 has a,rectangu oar y a
ST xed of the BORISHACAGH bp P BTG SR Fsiaras £y one

e e SrERAELR cCARUECL 817 4 o IPUILAP 12 WiSLRRGA 25 ooy
sides. Likewise, the magnetic heads 33 that are
attached to the arms 27c¢ and 27d are opposed
individually to the upper and lower surfaces of the

10 magnetic disk 12b, and hold the disk 12 from both
sides.

When the head actuator 14 is set in the casing 10,
moreover, the voice coil 36 that is fixed to the
support frame 34 is situated between a pair of yokes 38

15 that are fixed on the casing 10. The yokes 38 and
a magnet (not shown) that is fixed to one of the yokes
constitute the VCM 16. When the voice coil 36 is
energized, the head actuator 14 rocks, whereupon
the magnetic heads 33 are moved to and positioned on
20 desired tracks of the magnetic disks 12a and 12b.

As shown in FIGS. 1 to 4, 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

25 body. Further, the FPC unit 17 includes the
belt-shaped main flexible printed circuit board

(referred to as main FPC) 42 that electrically connects



bel t-shaped main flexible printed circuit board (referred to as main FPC)
42 that electrically connects 16 the board body 40 and the head act uat or
14. The main FPC 42, which serves as a second flexible printed circuit
board, extends fromthe board body 40. A nmale connector 44 for

el ectrically connecting the main FPC 5 42 and the head actuator 14 is stuck
on the rear surface of the extending ermd gdrtion of the main FPC 42. The
main FPC 42 is forned integrally with the board body 40. The main FPC 42
i ncludes a base filmof an 10 insulating material such as polyimde, a
conduct or patt efthet baprdsbpdynéd &yd ptite credchg@ctusdsperl 4.0i Thef srabd on
the base film and a solder resist |layer formed of an insulating nateri al
that covers the kK6l é2arwhich spEvedndRick oveqrnd drlexddd o wEibise film
except 15 pad portions of the conductor pattern that are situated on the
ext endi ng end pofFEF&HithBOAEAN EPESNAE ERIthe dnass bpdynd04, Anmale
conductor pattern of the i? FPC 42 includes a nunber of conducting

W res 45 that exFQHHeﬁﬁPﬁlggl PH BHECERBEHELY ISP HE %R MgireEFFon of

the FPC. Further, th i d_portjpn of the main FPC 42 is formed
having four  cond@ctiotPaa gt auRc dstehr T Lot g 16 (e Faghet ¢ heads
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board body 40 FPC 42. The main FPC 42 is formed integrally with
the board body 40.
The main FPC 42 includes a base film of an
10 insulating material such as polyimide, a conductor
pattern that is formed by patterning a copper foil
formed on the base film, and a solder resist layer
formed of an insulating material that covers the whole
area of the conductor pattern and the base film except
15 pad portions of the conductor pattern that are situated
on the extending end portion the main FPC.

As shown in FIGS. 3 and 4, the conductor pattern
of the main FPC 42 includes a number of conducting
wires 45 that extend parallel to one another in

20 the axial direction of the FPC. Further, the extending
end portion of the main FPC 42 is formed having four
connecting pad groups 46 corresponding to the magnetic
heads 33 in number and two pad portions 47 that are to
be connected to the voice coil 36. The pad groups 46

25 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



by neans of the conducting wires 45, individually. Each connecting pad
group 46 includes six connecting - 17 pads corresponding to the el ectrodes
of the magnetic head 33 and the poles of a head I C in nunber. The
connecting pads are spaced and arranged side by side in a straight line in
the axial direction of 5 the main FPC 42. Further, the extending end
portion of the main FPC 42 is forned having a—through hole 48, which is
used in screwing the distal end portion of the FPC to the bearing assenbly
24 of the head actuator 14. As shown in FIGS. 3 to 5C, the mal e connector
44 10 that is apedshedrresphadérgehdi bige enbleqoradam of tthee maginetERC 42

i ncludes a base 50 in the formof a rectangular plate and a pair of
rectangul ar profeac 8dsangd that rptesrofiea fhead oife Sumaderof the base at
right angles to it. The male connector 44 is 15 integrally faormed of an

i nsul ating mat er if&le SOBREESING BHALh_EE cSPRETH. 2Nh@ PRI D SHAS RYt hi ckness
of about 0.5 mm ,and . is forned of a,synthetic resin that .contains glass
in order to mainffdof iPs3sBrERGPRT FHRe ek el R ichld PGSR oLt he mai n

FPC 42 is stuck 0 on.th t her surface of, the base, 50. The pair.ed
proj ecti ons 52 aFéefEF&Qd%ﬁg Hﬁg aﬁgFE%erEUEP%rﬁﬁﬁfQﬁkﬂgtﬁﬂﬁ d%ﬂ;&ogaﬂfbe

They are arr anged SaFairoF FHo%8abh SORBIOTILE i VATt pEe RBreen
them and eXtendquchh§slnghtggigékewing the distal end portion of the
FPC to the bearing assembly 24 of the head actuator 14.
As shown in FIGS. 3 to 5C, the male connector 44
10 that is attached to the extending end portion of
the main FPC 42 includes a base 50 in the form of
a rectangular plate and a pair of rectangular
projections 52 that protrude from one surface of the
base at right angles to it. The male connector 44 is
15 integrally formed of an insulating material such as
a synthetic resin. The base 50 has a thickness of
about 0.5 mm, and is formed of a synthetic resin that
contains glass in order to maintain its strength.
The extending end poxrtion of the main FPC 42 is stuck
20 on the other surface of the base 50.
The paired projections 52 are formed having a size
and shape such that they can be fitted individually
into the female connectors 66 of the head actuator 14.
They are arranged parallel to each other with a given
25 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



direction of the main FPC 42. Each projection 52 has a pair of connecting
surfaces 54 that extend 18 perpendicularly fromthe base 50 in the

| ongi tudinal direction of the main FPC 42. The connecting surfaces 54 are
opposed to each other across a given space. Each connecting surface 54 is
formed having six 5 engaging grooves 55 that extend at right angles to the
base 50 and are arranged at given spaces in&he |ongitudinal direction of
the main FPC 42. Each engagi ng groove 55 is fitted with a second contact
56 in the formof an elongate rod for 10 electrical connection with the
rel ay FPC 62 of toeepleesdcudetrldiat 6rom4thd@heasechhdinditeadiendaueinedd al ong
the grooves 55 and slightly project fromtheir correspondi ng connecting
surfaces 54. Furtdigectipa ofetbadmadnt BEEs4%6 pErrtranneatiahsdd f8gegnd t he
main 15 FPC 42 and project fromthe main FPC, and are sol dered

i ndi vidual |y to t¥eidrecePPesSpeniPngaphdobeY i dMODY & HE VeRadP§iCSups 46 of
the main FPC. Thus, the second contacts_56, twelve_ in total nunber, on
each projection EREhaCOnRERhéBEe8UEEREEr PEalT IR T eI TTRILSST pattern 20

Fourth contacts 655G TEUFERT5uBR) FFb ERESoI Te TAdl S8BT Hybr i di 2ed.

Mor e specificalIﬁh'aﬁggkrégfsnéhégégggﬁoleg?SSFarevforned in.th%h%ase 50,

and the 25 fourt 0 t$5°6 r r 6%% nd vg%hﬁﬂlquQ$§lﬁ§
longitudinal direction of the main FPC 42.

Each engaging groove 55 is fitted with a second

contact 56 in the form of an elongate rod for
10 electrical connection with the relay FPC 62 of the head
actuator 14. The second contacts 56 extend along
the grooves 55 and slightly project from their
corresponding connecting surfaces 54. Further, the
second contacts 56 penetrate the base 50 and the main
15 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 projection
52 are connected electrically to the conductor pattern
20 of the main FPC 42.

Furthermore, 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

25 fourth contacts 60 are arranged individually in the

through holes so as to extend along their respective

inner peripheral surfaces. The fourth contacts 60



t hrough holes so as to extend along their respective inner peripheral
surfaces. The fourth contacts 60 - 19 penetrate the main FPC 42 and
project fromit, and are soldered individually to their correspondi ng pad
portions 47 of the main FPC. Thus, the two fourth contacts 60 are
connected electrically to the conductor 5 pattern of the main FPC 42. The
base 50 of the male connector 44 is formed 1%aving a through hole 61

t hrough which the male connector, along with the main FPC 42, is screwed
to the head actuator 14. The through hole 61 is aligned 10 with the

t hrough hol e 48 @lenelieatei thEPBaihnFBONS2 candgotdieatmifirddPEt42 antd etred wit h
the male connector 44 constructed in this manner, to the head actuator
14, the projecti ¢oddsZedr énflividdal hyotot ble¢ir coprrssyrontiing bedal e
connectors 66, as shown in 15 FIGS. 3, 6A, 6B and 7. The abutting portions
25 on the spacePoritiges284 afdtbgbmatprvEPGs gthWos Ther tee fousdlrti on of
the projections 52. Thereupon, each projection 52 is fitted in a manner
such that it is COPL@&tEd°PnagepFenReetd? neteposidaloy i fFheespBECtRT 20
its corresgfndin femal e ¢on ector 6 Qr %hat it is positioned in the

| ongi tudi n@ di r ®&GEEA 0Pt KBS aPAL bEFC nBans of each pair of abutting
portions 25. Thus, th

. secaond gontact s 56, 0n eacqj roj ectio 52e re
pressed against the g%ﬁb R Plrg% %%ﬁt%%}g %@P%ﬁ'gﬁ%‘@gﬁﬁi 925 Connect or
66 to make eleCt55%§5gcgngﬂggh8ﬂ’hgfgrgfpgﬁiough which the male
connector, along with the main FPC 42, is screwed to
the head actuator 14. The through hole 61 is aligned
10 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
head actuator 14, the projections 52 are fitted into
their corresponding female connectors 66, as shown in

15 FIGS. 3, 6A, 6B and 7. The abutting portions 25 on the
spacer rings 28a and 28b serve as guides for the
insertion of the projections 52. Thereupon, each
projection 52 is fitted in a manner such that it is
situated in a predetermined position with respect to

20 its corresponding female connector 66 or that it is
positioned in the longitudinal direction of the arms 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

25 connector 66 to make electrical conduction, whereupon
the relay FPC 62 and the main FPC 42 are connected

electrically to each other.



the relay FPC 62 and the main FPC 42 are connected electrically to each
other. - 20 As the nmale connector 44 is connected to the
connectors 66 of the head actuator 14, noreover, the two third contacts 35
that protrude fromthe support frame 34 are inserted and fitted into their
Thus, the third
contacts 35 are pressed against their corrédsponding fourth contacts 60 in
the holes 58 to nmke electrical conduction, whereupon the voice coil 36

10 other. After the
mal e connector 44 is dsnridet ddleocphpechenddécisiacmeacted texrtde 70 i s
driven into the tapped hole 25a in the one abutting portion 25 of the
spacer ring 28b fiemedggkonnectnrsufh dbl ehaghead tardupdiar REC #Rresvand t he
t hrough hole 61 of the mal e connector, whereby the nale connector 44 is
screwed to the bdde Ayo £84&RbFYNDACTThe?P etlpph PRI iTFP™ Kéenmi n FPC 42
to the head actuator 14 is finished., K Accordin o_the HDD constructed in

t hi s manner, 205PP@°F5|£§aﬁpc§éza5ﬁdl?ﬁ%FFﬁ§réhéxfkﬁ¥%d;+35? néct ed
electrically to each other,.b ly inserting.and. fitti

52 of the e cOMMEEPBPREAnS; RAFOREN B beReef (o (i Male
spaces = between g%scoﬁ!]g%ﬁggggolPBHx_tQQ?s 645 o 4 NG d W & A3 EQRREL QNS 66

5 correspondi ng through holes 58 of the mal e connector.

and the main FPC 42 are connected electrically to each

that are attached 10t

femal e

t he projections

FPE"AZPhto the

corresponding fourth contacts 60 in the holes 58 to

make electrical conduction, whereupon the voice coil 36

and the main FPC 42 are connected electrically to each

10 other.

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

15 and the through hole 61 of the male connector, 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.

According to the HDD constructed in this manner,

20 the relay FPC 62 and the main FPC 42 can be connected

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

25 connectors 66 that are attached to the head

actuator 14. Thus, connecting these FPC's requires

no soldering, and therefore, never contaminates the



actuator 14. Thus, connecting these FPC s requires no soldering, and
therefore, never contam nates the 21 atnosphere in a clean room Further,
no veteran skill is needed, and variation in workmanshi p can be | owered.

I n consequence, the assenbly tinme can be shortened to inprove the

manuf acturing efficiency and |l ower the 5 manufacturing cost, and the
reliability of connection can be inproved2lSince the fenale connectors 66
are constructed by opposing the connecting portions 64 of the relay FPC s
62 that are attached individually to the arnms, 10 noreover, they can be
automati cal |y foetedspheatt anhangledinercoms tKudtherheao wgtessanbkyl24.
Since the abutting portions 25 of the spacer rings 28a and 28b can doubl e
as the respectivéshoesidads ahdtheriapbdre irormndotarshi®s cahubehépwored. no
dedi cat ed housings for 15 the connectors are needed, so that the
construction canlInbeossaghenced. thteasseml yidine cond beoshastsnes &ad 56
can be accurately connected to one another by positioning the nmale
connector 44 wi t Rp&syectheonenel 2ehar Bng ot e @rsh Loyeke&hs of t he
abutting portions 25 of the spacer rings 2 i tches of

N 8a and 28b. Thus, the
t he contacts caWaBBfﬁSFPB%EE,C%%tth%ﬁdtﬁﬁf(ﬂﬁﬂﬁ§§%$%$yb8§ S@nnﬁFﬁEQPurized.

Furt her, scremﬁngﬁcag inHrove he reliability of prevention of
di sengagement t &8 8€28™BfPYFBut abl e to vibration, shock, and rotation of

the Since the female connectors 66 are constructed by
opposing the connecting portions 64 of the relay
FPC's 62 that are attached individually to the arms,

10 moreover, they can be automatically formed by attaching
the arms to the bearing assembly 24. Since the
abutting portions 25 of the spacer rings 28a and 28b
can double as the respective housings of the female
connectors 66, furthermore, no dedicated housings for

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

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

20 66 by means of the abutting portions 25 of 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

25 attributable to vibration, shock; and rotation of the
head actuator.

Furthermore, the female connectors 66 are provided



head actuator. Furthernore, the fenal e connectors 66 are provided 22 on
the respective proxinmal end portions of the arnms for rocking notion, and
the mal e connector 44 is connected to the female connectors. Therefore,
the center of gravity of the connectors can be situated close to the 5
center of rotation of the head actuator 14, so that the nonent of inertia
can be lowered, and the accessing speed c&®? be inproved. According to the
enbodi ment descri bed above, the male connector 44 is provided with the
fourth 10 contacts 60 for the connection between the voice coil 36 and the
mai n FPC 42. Therosf dihe resbectomacproximal ewrth mer thydnd difzdde awast herrel ay
FPC s 62 and the voice <coil 36 can be connected to the main FPC 42 by
means of only oﬁ@%me@p&ﬁonmagd the hale O etgatbdsisoassséeted to

the head actuator 14 entirely connect or-connection, so that the
connecting oper atfi%ih ecéﬁmaéenﬁe@n@a§@€$ TT@@?%ﬁQQﬁMrﬁ?q:§©§t§€S@ﬁiption of
a head actuator 14 qof an HDE accordln to a second enbodi f 2 the

i nvention and it 98¢t Qfet SrCEBﬂﬂEE Foncan | pg s itdadash oﬁl‘f Palt8€ar e

dto d te ik t he, first mhad d
ot ai | o dscr | pEFBToa SEnBEEAbPEi ShatPe Bt (e S FHhg 4-onFy et EPences

between the two GrOAUTRH §tkkh s 28nPBe IPSSELAET dilh U TR Mg

speed can be improved.
According to the embodiment described above,
the male connector 44 is provided with the fourth
10 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
15 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
20 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 will
25 be described in detail below.
According to the second embodiment, as shown

in FIGS. 8 to 10B, a support frame 34 of the head



According to the second enbodi nent, as shown in FIGS. 8 to 10B, a support
frame 34 of the head 23 actuator 14 is provided with a flexible printed
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 5 to female connectors 66. A connecting portion having a
third contact 35 is formed by exposing pad $brtions of a conductor

pattern. A male connector 44 has a pair of engaging projections 74 that
protrude perpendicularly froma 10 base 50 and are opposed to each ot her
across a given spataatarf ddrih pooavadedoitlk 4ikkexkilwle meintest ciggifiice of
each engagi ng projection 74. Each fourth contact 60 penetrates the base 50
and a mai n FPC 4bocaxd fproresnsctiom (heredhaliC referreddladésed to its 15
correspondi ng pad portign of the_main FPC. Thus, the two fourth contacts
60 are connect ed OPEECtiiagl EYCl 072t Feak ohdueethreperd P Hir 199d vaitR FPC 42.

When the mal e connector 44 constructed in this nann is connected to the
femal e connect or & 8616F Fﬁéi 98- hek® acPrReor1ng FEE g%@%@spé:hpisén of

th t_ f 3 f.th t f 4 ich the t.hi tact 35
o pr ovi e 151 6L ST SaCPITEERG P ebBos A1 RAITS Tl Mo 5 i otne

enangi 19 1 o1 ot 10Tk celilEy, S50 LM HIREON AL A0 PR R SRR Ve
of a conductor pattern.
A male connector 44 has a pair of engaging

projections 74 that protrude perpendicularly from a

10 base 50 and are opposed to each other across a given
space. A fourth contact 60 is fixed to the inner
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

15 corresponding pad portion of the main FPC. Thus, the
two fourth contacts 60 are connected electrically to
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

20 head actuator 14, a side edge portion of the support
frame 34 of the support frame 34 on which the third
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

25 surfaces of the projections 74 are pressed against the
third contact 35 on the support frame 34 to make

electrical conduction, whereupon the voice coil 36 and



third contact 35 on the support frame 34 to make electrical conduction,
wher eupon the voice coil 36 and - 24 the main FPC 42 are connected
electrically to each other. The second enbodi nent arranged in this manner
can enjoy the sanme functions and effects of the foregoing 5 enbodinent.
If the mal e connector 44 is hybridized according to the second enbodi nent,
noreover, it is necessary only that the c8Atacts be redirected, so that
the cost of the connectors can be | owered. Additional advantages and

modi fications will 10 readily occur to those skilled in the art. Therefore,
the invention inthesmainalR¢ 43 pare sdmnawied ietiecddicgllynhtospaehfic
details and representative enbodi nents shown and descri bed herein.

Accordi ngly, varPbbsr-nodifications may be nmade without departing fromthe
15 spirit or scope of the general inventive concepi .as,  define t he

appended cl ai ms and tﬁ@?r56&9?@a?@ﬁﬁ%imeQQxﬁﬁQﬁqﬁfq(}ntﬁ@lﬁopéagﬁgécan
enbodi nents, for exanple, the arns are four,i unber. weyer, the nunber
of the arms accoPBPRY FBetﬁ%m? ?%ﬂpﬁsﬁgﬁ)%£ﬁ%§gge8fogg§ g8r§ﬁ°éQ%n
purber. 8 Ty B0t X U B A 1 o BB LREL 1! 1
a pair according to the second embodiment, moreover, it is
necessary only that the contacts be redirected, so that
the cost of the connectors can be lowered.
Additional advantages and modifications will
10 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
15 spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.
According to the foregoing embodiments, for
example, the arms are four in number. However, the
number of the arms according to the invention is

20 expected only be an even number, and may be two or six

Oor more.



of first flexible printed circuit boards, fixed individually on the
respective surfaces of two arns 5 spaced and opposed to each other and each
extending froma distal end portion of each armto a proximal end portion

t hereof, and a second flexible printed circuit boar [ ny
other portion than the arns toward the proxinmal end%ﬂﬂ'mgﬁ!"ﬂﬂ“[mr
connector 10 conprising: a female connector2¥ ormed df the TLrst Is bl e
printed circuit boards; and a mal e connector provided at the second
flexible printed circuit board, 15 the fenal e connector including a pair
of connecting portions fornmed on WEafedti CBAPMBRI B%l - si de end portions of
the first flexible printed circuit boards and opposed to each other across
a given space, each df- tRecopnrstoirngopoeltobsldall ngeenfégtsing enteadtr 20
formed by exposing a part of a conductor pattern of the first flexible
printed circuit Bdafdrsthélegibleonnérted ¢hHeFWH Rpardsiojidetsdon

configured to be fitted between the connecting portions of the female
connector, and seéCSHy1E8RLAYt 8NpEBYi BEEPSSL bYF tH ATl dwoakd™Sonnect ed
to a conduct or patter%a of. the segond flexible Prin ed ﬁlrcuit hoard, the
second contacts BEAGIaPPInGRRCS6a0t SAERMERET i1h IR MXTeFE1NGhe fir st

contacts when th%r%%?%e%ggggllgn&'égggion of each arm to 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 connector

i0 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 a first contact

20 formed by exposing a part of a conductor pattern of the
first flexible printed circuit board,

the male connector including a projection
configured to be fitted between the connecting portions
of the female connector, and second contacts provided

25 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



bet ween the connecting portions. 2. A connector according to claima1,
wherein the nmale connector Eﬂﬁprises a base in the forned of a 5 plate of
[

an insulating gﬂ“ﬂ& “ irst and second surfaces opposite to each
ot her, the ext

on of the second flexible printed circuit
board is fixed*on‘the first surface of the base, the projection protrudes
fromthe second surface of the base and ha®0~a pair of connecting
surfaces opposed individually to the connecting portions of the fenmale
connector, and the second contact is provided on each connecting surface
of the projectiofhgndigshincerbacts when hmdurstisctiant disn fafttede second
flexible printed 15 circuit board through the base. 3. A connector
according to cl aPRFYeeRnERgi GORRRFLiRG RL iWect i ng portions of the
femal e connector has _a plurality of the first contacts extending across
the extending directfon C?ﬂ@egFﬂE AP ER IR G B2 i Vlen whegedpagbs in
the extending directiaon of8£he arns,, the projection_has a pair of

connecti ng surf af88opPBREGLCT NP TR HARET VP ¢ %QM%nb5ﬁﬁeéPFW§§p6¢tPons of the
connect | ngour f B5EBrOF e SESRERTaN Moo At Beding ng b Fhe Feeded
contacts. 4. A BERHaBELUGHOEs PSR Al AMGAT AL RREERGTRg! it ! ! 11T
portigh of the second flexible printed circuit board is
fixed on the first surface of the base, the projection
protrudes from the second surface of the base and has
10 a pair of connecting surfaces opposed individually to
the connecting portions of the female connector, and
the second contact is provided on each connecting
surface of the projection and connected to the
conductor pattern of the second flexible printed
15 circuit board through the base.
3. A connector according to claim 1, wherein each
of the connecting portions of the female connector has
a plurality of the first contacts extending across the
extending direction of the arms and arranged at given
20 spaces in the extending direction of the arms, the
projection has a pair of connecting surfaces opposed
individually to the connecting portions of the female
connector, and the second contacts are provided
individually on the connecting surfaces of the
25 projection, corresponding to the first contacts.
4. A head actuator comprising:

a bearing portion;



two arns each having a proximal end portion attached to the bearing
portion, and a distal end portion supporting a head, extending fromthe

beari ng port, al ng opposed to each other across a 5 given
space; first ﬂm lm“m mu circuit boards fixed individually on the
respective arms cconnetted ‘electrically to the respective heads, and

ext endi ng fronlthe heads to the proxinal £hd portions of the 10 arns; a
second flexible printed circuit board connected to the first flexible
printed circuit boards; and a mal e connector attached to the second
flexible printed ciriig tamsaech bagisl f prhsimalsend|rodtbian print ed
circuit boards including a connecting portion provided at the proximal

end portion of t3e %ﬁhﬁ@ﬁ%?l%%ﬁ P&aélPHrEPrééﬁPac%n¢oﬁrﬁﬁﬁ é%ﬁg5|ng a part

of a conductor pattern of the irst_flexi bIe lnte t board, 20 the
respective connébql?t}fj’”poﬁqﬂp&%l&ﬁ ?h@ef“ao ﬁ?‘ﬁ% Pe3F@&h ot her
across a given e to tgjﬁpstl tube a femle éognec%@é the mal e connect or
i ncluding a proleéﬁ S P 0re 8L BIpBPPPPER I Det rP§nﬁ§(ﬁﬁﬁﬂiﬁnang

portions 25 of ﬂﬁeﬂc sg%l connector and second contacts provided on the
proj ection and hnected 16 a conduct or pattern of the second flexible

printed circuit boards; the Secand o LLYLAYR AN cuit 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

10 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,

15 each of the first flexible printed circuit boards
including a connecting portion provided at the proximal
end portion of the arm and having a first contact
formed by exposing a part of a conductor pattern of the
first flexible printed circuit board,

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

the male connector including a projection
configured to be fitted between the connecting portions

25 of the female connector and second contacts provided on
the projection and connected to a conductor pattern of

the second flexible printed circuit board, the second



L M28 contacts being arranged so as to contact with the respective first
contacts when the projection is fitted between the connecting portions. 5.
A head act uat or accordaﬂ@BlK% |n14, wherein 5 the nal e connector

conprises a bas “\nu f a plate of an insulating material having
first and secon posite to each other, the extending end

portion of the sécohd flexible printed ciréfit- board is fixed on the first
surface of the base, the projection 10 protrudes fromthe second surface
of the base and has a pair of connecting surfaces opposed individually to
the connecting peertarss dieine Fmreigedceonest 6o, candactheitlecomel contact is
provi ded on each connecting  surface of the pro ection and connected to the
15 conduct or pat¥%$me©’¢l‘{¢1ef]sreﬁ:forﬁ9ffcla®tlsbw@eﬁr LeHrOjpEELPR bDaFdtient ough
the base. 6. A head actuator according to claim4, wherein each of the
connecting portiBREVEED t e feaRNSCtdsn&drs§Aongas a plurality of the first
contacts extending ac oss_ 20 the extending direction of the ar
arranged at given spa es PrPeIR ASHEHANG qqgépﬁbﬁooFY?ﬁ@ érnﬁﬂgf?h%
prolectlon has a_pair f connecting surf.aces osed idually.to the
connecti ng pOFtIBﬁ% %ﬁ rﬁQHQ%ﬁﬁﬂr'%55ﬁﬁ3@F r @ g% t hB tg ﬁﬁr%%ﬁtégt% are
provi ded 25 i ndiyi dual the nec surf es._of .th rQjectio
cor r espondi ng top%%g f?r§% AU %¥1ng'%mt%rlal BsG: ing f& St MY §&46
surfaces opposite to each other, the extending end
portion of the second flexible printed circuit board is
fixed on the first surface of the base, the projection
10 protrudes from the second surface of the base and has
a pair of connecting surfaces opposed individually to
the connecting portions of the female connector, and
the second contact is provided on each connecting
surface of the projection and connected to the
15 conductor pattern of the second flexible printed
circuit board through the base.
6. A head actuator according to claim 4, wherein
each of the connecting portions of the female connector
has a plurality of the first contacts extending across
20 the extending direction of the arms and arrandged at
given spaces in the extending direction of the arms,
the projection has a pair of connecting surfaces
opposed individually to the connecting portions of the
female connector, and the second contacts are provided
25 individually on the connecting surfaces of the

projection, corresponding to the first contacts.

7. A head actuator according to claim 4, wherein



7. A head actuator according to claim4, wherein 1111111! 2111111 11111
(1rrr rarrir * CLMS - 29 the base is screwed to the bearing portion.

8. A head act uagmummmmmlw laim4, wherein the bearing portion

i ncl udes a spac | arilMhe two arns, t he spacer having an abutting
portion 5 configuted t6 abut®against the projection fitted in the female
connector and to position the projection i B%the extending direction of the
arms With respect to the female connector. 9. A head actuator according to
claim4, which 10 further conprises a support frame extending fromthe

bearing portion &he pds@tes s¢rewed did iy beeidingoporkdoki ng notion, and a

third contact provided on the support frame and connected electrically to
the coil, and whereifi-thd head ackimanracanstiingedoacilednt A, 18hevaiact
connected to the conductor pattern of the second flexible printed circuit
board and pressel® 38R AsRY tRRC AT d ncdmdest & sPesriebelenbetueamdthe

flexible printed_circuit bgard and the coil electrically to each other. 20

10. A head act uab¥? aER%r diiMy SRAERINAYGRIMGEr SPHLELRE PRFEHORONtact is in

the formof a pin_protrudin utward frqom.the support frape nd the mal e

connect or gh_as ac%xg{%ggﬁe%f%@%% afgc?l}ﬁsl% & Ec’,‘f’gggh‘%a bﬁt%%dlntﬂéethi rd

contact 1s flttef'emale connector and to position the projection in the
extending direction of the arms with respect to the
female connector.
9. A head actuator according to claim 4, which

10 further comprises a support frame extending from the
bearing portion and mounted with a driving coil for
rocking motion, and a third contact provided on the
support frame and connected electrically to the coil,
and wherein the male connector comprises a fourth

15 contact connected to the conductor pattern of the
second 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.

20 10. A head actuator according to claim 9, wherein
the third contact is in the form of a pin protruding
outward from the support frame, and the male connector
has a hole in which the fourth contact is located and
the third contact is fitted.

25 11. A head actuator according to claim 9, wherein

the support frame has a second connecting portion,

which further comprises a third flexible printed



25 11. A head actuator according to claim9, wherein the support franme has
a second connecting portion, which further conprises a third flexible
printed fflffl~f fff~ff~~Iflff~flfffl~l CL M5 30 cﬂﬂmwu !ﬂ”ﬁlju“w
connected electrically to the driving coil and extendi'Hg® ! '
connecting portion of the support frame, and wherein the third tontact is
formed by exposing a part of the conductor 3¥attern of 5 the third flexible
printed circuit board, and the nmale connector has a fitting recess in
which the fourth contact is |ocated and the second connecting portion of

t he support franmgirsuiict bedrdieonpedied elrewericaigni dinghe d@iaidgsk; a
head configured to wite and read in and retrieving information fromthe
di sk; a head act G8iér 2a8dppsEERAY heo hidhel Ferontb\commect imiot bor&spacoft o t he
di sk; 15 a substrate unit configured to input and output signals with
respect to the h&3§; s¥PRark frawepl aneritkersinitheaiithisacensreéndsng from
the substrate unit ang connected to the head actuator; and 20 a mal e

connect or attach&G 6% R¥ FEPASIRG G P&t i rthey cOncGterbBaternhef head

actuat or i%C|Udi@geat ?%&i?QeQPéiéQEEiéggé circuit board, and the male
connector has a fitting recess in which the fourth
contact is located and the second connecting portion of
the support frame is fitted.
12. A disk drive comprising:
10 a disk;

a head configured to write and read in and
retrieving information from the disk;

a head actuator supporting the head for movement
with respect to the disk;

15 a substrate unit configured to input and output
signals with respect to the head;

a main flexible printed circuit board extending
from the substrate unit and connected to the head
actuator; and

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

the head actuator including a bearing portion; two
arms each having a proximal end portion attached to the
bearing portion, and a distal end portion supporting

25 the head, extending from the bearing portion, the arms
being opposed to each other across a given space; and

relay flexible printed circuit boards fixed



arnms each having a proxinmal end portion attached to the bearing portion,
and a distal end portion supporting 25 the head, extending fromthe bearing

portion, the arnms being opposed to each other across Y ;. and
relay flexible printed circuit boards fixed 1111111111&@H@1i@ﬁ@@3”’%111!
31 _CLF S individually on the respective arnms, co | ally
to the respective heads, and extending ~fré the heads to the proxi mal end
portions of the arms; 5 each of the relay flexible printed circuit boards
i ncluding a connecting portion provided at the proximal end portion of the
arm and havi ng aippigfideahidcenforersteIneatdpssiarpsa gannested conduct or
pattern of the relay flexible printed circuit board, the connecting 10
portions being 0668§£61F61Eécﬁ°oﬁWﬁNr%ﬁRQEQ#W?gﬁ%ﬁﬁ$r apdcextenddnsgtitute a
femal e connector,. the | e connector including a projection configured to
be fitted betmeeﬁrPﬁetggnh%%$§nBPpﬁﬂ%iRﬁR?lWﬁltﬁﬂ@PP@ﬁﬁﬂénéoﬁﬁeEbér and

second contacts provided on 15 the projection and connected to a conductor
pattern of the RBMA‘flexible printed circuit board, the second contacts

Che b oj ecbion 15 11t PGS BEt SRRnTT RS CoHHEARY e b R g L1 BoRI ok
drive according §Qc¢halflyl2 ML thy P R fE3VIBEHOL COHRT [38R1Aa PASE
in the formed of "a
end portion of the arm and having a first contact
formed by exposing a part of a conductor pattern of the
relay flexible printed circuit board, the connecting
10 portions being opposed to each other across a given
space to constitute a female connector,
the male connector including a projection
configured to be fitted between the connecting portions
of the female connector and second contacts provided on
15 the projection and connected to a conductor pattern of
the main flexible printed circuit board, the second
contacts being arranged so as to contact with the
respective first contacts when the projection is fitted
between the connecting portions.
20 13. A disk drive according to claim 12, wherein
the male connector comprises a base in the formed of a
plate of an insulating material having first and second
surfaces opposite to each other, the extending end
portion of the main flexible printed circuit board is
25 fixed on the first surface of the base, the projection
protrudes from the second surface of the base and has

a pair of connecting surfaces opposed individually to



plate of an insulating material having first and second surfaces opposite
to each other, the extending end portion of the main flexible printed

circuit board is 25 fixed on the first surface of thﬁlwﬁa”r“ ﬁll :U(rtutcti on
protrudes fromthe second surface of the base and has''® ) fecting
32

surfaces opposed individually to 111112111 LLITITIT1 III{ICII L1 t he

connecting portions of the female conneCtoB? aind the second contact is
provi ded on each connecting surface of the projection and connected to the
conductor pattern of the main flexible printed circuit 5 board through the
base. 14. A di sktheicengeebing mputoaiisaiof the feBadencorpertof, t ard
connecting portions of the female connector. has a plurality of the first
contacts extendi h3eag?eRRd FIREASE ittty Vdidese eroRa6h ERBNEFRENENd arranged
at 10 given spac n the ending direction of the arns t he projection

. : |
has a pair of co%ﬁﬁt??%gpgﬁéq%uﬁﬁpj dCn §OPPEGEPPY Pt RRe connecting
ti f th f | tor, t he . d. tact i ded
o v dual |y on ERETRSHReAHT FE Shaacde dritnd 111BI5; BEtibAY ehFttbondi ng
to the firgt conégg{,a.thgg?glf H{rgzl%ads{ei ve according to claim 12, which
rame ex

further conprises a suppor ending fromthe bearing portion and
o s 0o 48, R cpatte Pl AROREL
each of the connecting portions of the female connector
has a plurality of the first contacts extending across
the extending direction of the arms and arranged at
10 given spaces in the extending direction of the arms,
the projection has a pair of connecting surfaces
opposed individually to the connecting portions of the
female connector, and the second contacts are provided
individually on the connecting surfaces of the
15 projection, corresponding to the first contacts.

15. A disk drive according to claim 12, which
further comprises a support frame extending from the
bearing portion and mounted with a driving coil for
rocking motion, and a third contact provided on the

20 support frame and connected electrically to the coil,
and wherein the male connector comprises a fourth
contact connected to the conductor pattern of the main
flexible printed circuit board and pressed against the
third contact to connect the main flexible printed

25 circuit board and the coil electrically to each other.

16. A disk drive according to claim 15, wherein

the third contact is in the form of a pin protruding



and wherein the mal e connector conprises a fourth contact connected to the

conductor pattern 1 flexible printed circuit board and pressed
agai nst the tﬂ“ﬂf@ﬁtﬂﬁ\:mxmuonnect the main flexible printed 25 circuit
board and the celectwiecal ky to each other. 16. A disk drive according
to claim15, wherein the third contact is in the formof a pin protruding
FrrrrrrrrrrrrrrrrtrttrriHE € L 33 outward f33om-t he support frame, and the
mal e connector has a hole in which the fourth contact is located and the
third contact is fitted. 17. A disk drive according to claim15, wherein 5
t he support frameuhusrd $ecmntheosummdsing pod,i @nd thlel e ltutbhreceeApri ses
athird flexible printed circuit board connected electrically to the
driving coil anbtagxeehdiaginovhheh soontbwdimesntrgtpdst lonabkd &hé
support frame, and wherein the third contact is 10 forned by exposing a
part of the cond&BeoFhpadt epmtagt imefitiedt flexible printed circuit board,
and the nale connector has a fitting recess in which the fourth contact
is located and the sééond®cO®hfecdiife psraanshingr tot kdadmppr t whenadni s

fitted.
5 the support frame has a second connecting portion,

which further comprises a third flexible printed
circuit board connected electrically to the driving
coil and extending to the second connecting portion of
the support frame, and wherein the third contact is

10 formed by exposing a part of the conductor pattern of
the third flexible printed circuit board, and the male
connector has a fitting recess in which the fourth
contact is located and the second connecting portion of

the support frame is fitted.



