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1 TITLE OF THE | NVENTI ON DI SK DEVI CE BACKGROUND OF
THE | NVENTION This invention relates to a dISk devi ce

Pecn “years. ok deu coc. sun as mionett ¢ o NIATAN

devi ces, optical disk devices, etc., have been w del Mwww
used as external recording deV|ces of conputers and
i mge recordi ng devices. 10 A-magneti c

di s
an exanple of a disk device generally has a case |m
the formof an open- topped rectangul ar box and a J\WNWMWWNNMM
cover that closes a tdpITHRMONITHE INWENEESN The case +goooor*
contai ns magnetic disks for use as magnetic recording
medi a,PIPEHEVIIGE 15 notor, magnetic heads, and a head
actuator. The spindle nDtor serves as drlve nmeans t hat
supports and rotat BACKGROUNOKOF THE AMYRNTIONheads

are used t wite and read information to and from
the di sks. HERE Ao & dia @ tdhies redpieiee provided

sheads V. w th respect t he magnetic

d skswf%urt s'ﬁo %['E% dc§§§ & déa\rm ce coil motor,

a substrat ntet 0|ce coil nmotor ,rocks and

posi ti ons qn Lfr‘]-:lh afetaugor Lok SedingSard hids magnetic
head H@ska@@th%s|'%%tl%%lT%%é%pH%%ngg tonlﬁ%%e been

voi ce coil, which
w1dely used as external recording devices of computers

and image recording devices.

A magnetic disk device as an example of a disk
device generally has a case in the form of an open-
topped rectangular box ana a top cover that closes
a top opening of the case. The case contains magnetic
disks for use as magnetic recording media, a spindle
motor, magnetic heads, and a head actuator. The
spindle motor serves as drive means that supports and
rotates the disks. The magnetic heads are used to
write and read information to and from the disks.

The head actuator supports the magnetic heads for
movement with respect to the magnetic disks. Further,
the case contains a voice coil motor, a substrate
unit, etc. The voice coil motor rocks and positions
the head actuator. The substrate unit has a head IC
and the like.

The voice coil motor has a voice coil, which is
located at an end portion of the head actuator, and

a magnet and a yoke that are fixed to the case and



| ocated at an end portion of the head actuator, and a
magnet and a yoke that are fixed to the case and 2
opposed to the voice coil. Arotational force is
produced by interaction between the magnetic field of
the magnet and a nmagnetic field that is generated when
the voice coil is energized, whereby the head actuator
5is rotated. A structure for-figing a voice coil to a

actuator is described in, for exanple, Jpn. Pat.

Appl n. KOKAI Publication No. 2-55558. In this

st r uctoppeseiche ov @ihee veslide idkifll xedy Width @b radhes ¥& t 05

10 a netal franme that extends fromthe head actuator

Accor ¢inegluced) fry. iPateraddlon He@tAlerPWNd erigrdtidNOofield of
2003- 224955, there is provided a structure in which a

whol e thei s@gasit! ansl eowergea thye & iredsd nthat ds ajgherated when
formed integrally with an actuator. 15 In the forner

fi xi n§h&t VQécer €oifatl susee rdigedadwsineby tthe et actuator
strength of the voice coil is liable to variation

5that S EZPLA6Gtrable to variation in the shape of a
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bonded surface of the coil._ In order to keep the bond
strength of thé&3FGU¢E 1 F19E9 Rerdticite Cine §9 13 head
Vi scosj| c. .of .adhesi ve

caref%FFé?t?% %gnﬁg%?gﬁgégoﬁp’ EOFmERETD 1 B
on thQFéihUak@kA§'gﬁb?gEEQQOnaﬁ%?neL%S%%BRhef%xéﬁ¥§”’

connec

nmust be _wat ched ver

Ing wres for
structure, the voice coil is fixed with an adhesive to

a metal frame that extends from the head actuator.
According to Jpn. Pat. Appln. KOKAI Publication

No. 2003-224955, there is provided a structure in
which a whole voice coil is covered by a resin mold
and formed integrally with an actuator.

In the former fixing structure that uses the
adhesive, the bond strength of the voice coil is
liable to variation that is attributable to variation
in the shape of a bonded surface of the coil.

In order to keep the bond strength of the voice coil,
therefore, the fill, viscosity, etc. of the adhesive
must be watched very'carefully. In connecting coil
terminals to terminals on the actuator side during
assembly of the actuator, connecting wires for the
voice coil must be formed. 1In this case, the adhesive
must be also applied to the connecting wires for

the purpose of suppressing the movement of the wires.

Thus, the former fixing structure entails troublesome
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voi ce coil mnust be fornmed. In this case, the adhesive
25 nust be also applied to the connecting wires for

t he purpose of suppressing the novenent of the wres.
Thus, the former fixing structure entails troubl esone
3 assenbly work and cannot readily ensure a high
manufacturing efficiency. In the case of the latter
fixing structure, on the other hand, managenent of
the adhesive and formng 5 of coil wres need not be
performed because they are already conpleted by the

tinme efssely AldBNGnd ddtura@lddn hewemare 4 he gl d
uniformy covers the whole outer periphery of the

coi |, mequfreatt uitng effficdiatecw.0i ce coill length is

shorter than that for 10 the forner bonding structure

by a margi frediievatase of aclihel dthieckneissimaf dtheuamirk, on
Since that part which holds the voice coil is forned

of a &S Prhes danst, manmgemarttt mfsshef aahssdlwe @oid forming

assenb&y is inevitably |ower than that of the former
st r ucfr EXHat eS8 rothdeapemtrmedvigganse they

LTSS S L A S
(et SEREROANGE MSMESY o S5 SR REere
et WD pe R YRR e e
THE | BVENER@Ne voice coil length is shorter than that for
the former bonding structure by a margin equivalent
to the thickness of the mold. Since that part which
holds the voice -coil is formed of a resin, moreover,
the stiffness of a whole coil assembly is inevitably
lower than that of the former structure that uses the
metal frame. Modern high-capacity hard .disk drives
(hereinafter referred as HDDs) require an increasing
servo frequency, so that the resonance frequency of
the coil assembly must be increased. If the stiffness
of the whole coil assembly is thus low, it is hard
satisfactorily to increase the resonance frequency.
BRIEF SUMMARY OF THE INVENTION
According to an embodiment of the present
invention, there is provided a disk device comprising:
a disk-shaped recording medium; a motor which supports
and rotates the recording medium; a head which
processes information for the recording medium; a head

actuator which is rotatable around a bearing portion



According to an enbodi ment of the present invention,
there is provided a disk device conprising: a

di sk- shaped recordi ng nmedi um a notor which supports
25 and rotates the recording nedium a head which
processes information for the recording nmedium a head
actuator which is rotatable around a bearing portion 4
and supports the head for novenmest with respect to

the recording nmedi um and a voice coil notor which
rotates the head actuator around the bearing portion.

The head acbpatres has AeldPFOR! mbkamenexwerdi Rashee® 2o
the bearing portion and formed of netal. The voice

coi | Kbeorecpekdidegs madiaim¢e atdi kb, volicehchas aowiordivhg ch

central axis extending substantially parallel to a

r ot at FeRa4riss tbe hkedheastiuatbratopuaddthe beeatied portion.

the support frane, and a lead wire extending fromthe

10 vo?gé B8RF 3REUREPENHaE BoRHPEPLSNnLeANe FMsendiog from
5coiI Egﬁdgn outer peri pheral portiaon, and annul ar

upper FsﬁéPgsBPFaeeg,apﬁe@eaméﬁ Bérmphatal pPbet vedce

i ncl udj.k ' t i ph |, t] d, .
o't naota RBEBY, LECTUARE BovaRBELEaibar uhiRh PRRoRainding
15 j ' - . i.ph i th
oshectPEBat M EECExElnl o YL BLRAL LTI RE AL e 2

i xed:boathensuRRer bef LAECHELLNARLLEELE ORLASY hebuRen 1n
pport franme and the opposite outer periphéra
portione, sapgotberkend, Wah8 hS1694e(edeP¥xReMR A from the

10 voice coil and having a connection end. The voice
coil has an outer peripheral portion, and annular
upper and lower surfaces, the outer peripheral portion
including opposite outer peripheral portions opposed
to the support frame and an exposed outer peripheral

15 po;tion situated on the outermost periphery with
respect to the bearing portion. The voice coil is
fixed to the support frame with a resin molded between
the support frame and the opposite outer peripheral
portions, and the lead wire is covered by a molded

20 resin and fixed in a predetermined position on the

| head actuator. The annular upper and lower surfaces
and the exposed outer peripheral portion are exposed
to the outside without being covered with'the resin.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

25 The accompanying drawings, which are incorporated
in and constitute a part of the specification,

illustrate embodiments of the invention, and together
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20 resin and fixed in a predeterm ned position on the
head actuator. The annul ar upper and | ower surfaces
and the exposed outer peripheral portion are exposed
to the outside w thout being covered with the resin.
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
25 The acconpanyi ng draw ngs, which are incorporated
in and constitute a part of the gpecification,
illustrate enbodi nents of the invention, and together
with the general description given above and the

det ai haehdeser ig%ia%lofd,efs'&%i?%"i%i TEY LS %ﬁld’grg

serve to explai'n the principlfes of “the I nventl

1 is aepaigpecieserypb@WonnoW RE eaRmHNR 1 me et Yidid Bl ow,
an enbodi ment of the invention; FIG 2 is an €xpl oded

per speetrivee twi ewpdbia Readpragtusties iof the HPRerddiGn.
3 is a perspective view of the head actuator; 10 FIG

4 is a perd$péct ilvé svisewestspwiatd v suipporshowiraymearariDR
voice coil of the head actuator; and FIG 5 is a

per sp8€cprv¥dingehos Rowengothmensy efs ¢ hes ity egft itcng

support frame and the voice coil. DETAILED

DESCRI PTI ONIEF FHES| RVERFPARCES Rerepesdiiventviey whf oh head

this invention.,is plied to a HDD as a disk device
will ARG “8§°Ee§BrF§§dhbﬁf detail with reference to the

ﬁEEFgEﬁB¥:Eggqr%mﬁggg'pé%s%%%QQJenJ?é%so éﬁgﬂ&%aéhe
actuator;
FIG. 4 is a perspective view showing a support
frame and a voice coil of the head actuator; and
FIG. 5 is a perspective view showing the reverse
side of the support frame and the voice coil.
DETAILED DESCRIPTION OF THE INVENTION
An embodiment in which this invention is applied
to a HDD as a disk device will now be described in
detail with reference to the accompanying drawings.
As shown in FIGS. 1 and 2, the HDD comprises
a case 10 in the form of an open-topped rectangular
box and a top cover (not shown), which is fixed to the
case by screws and closes a top opening of the case.
The case 10 contains two magnetic disks 12a and
12b for use as recording media, spindle motor 13,
magnetic heads, head actuator 14, voice coil motor
(hereinafter referred as a VCM) 16, ramp load

mechanism 18, inertia latch mechanism 20, and flexible

printed circuit board unit (hereinafter referred as an
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a case 10 in the formof an open-topped rectangul ar 20
box and a top cover (not shown), which is fixed to the
case by screws and cl oses a top opening of the case.
The case 10 contains two magnetic disks 12a and 12b
for use as recording nedia, spindle notor 13,

magneti ¢ heads, head actuator 14, voice coil notor 25
(hereinafter referred as a VOV ¢46,-ranp | oad
mechani sm 18, inertia |latch nechanism 20, and flexible
printed circuit board unit (hereinafter referred as an

6 FPCrpoi tnidy. 17he fRENBLLAPRERIBLEBSOFAcBRE and reproduce
reproduce information to and fromthe magnetic di sks

12a aidfo#@btidhetbeafddactunt @helthaguBRakt glilshk® 12a and
magnetic heads for novenent relative to the magnetic

di sksl2aBa 5Thadhé2d. adheaVel 16 sapgbes santepasighietis

the head actuator 14. The ranp | oad nechani sm 18

hol dsheéads Regneevemprtdsehatdivet dncehef magnetidc disks 12a
magneti ¢ disks 12a and_12b when the heads are noved

to t h@"Qut ePnosthep¥elphér resasest ReddpskdtipRs the head
inertia latch ggchanésn110 20 hol ds the head actuator

14 i nPStYREPRatEd pbSPLFRRP leprclipchasisandft oldgcihe

o, 2 BESRPLc PRIV ;30 LS FEGUULL MipBeigy giois

oper aLpgnens {1202 ARTELE HBLTE A YOUeICro"ilelBuemmost

the opéeipreriasespf thbeqboktom wakl 18k 4H8 §a%enlthechanism
20 holds the head actuator 14 in a retreated position.
Circuit components, such as a preamp, are mounted.on
the FPC unit 17.

A printed circuit board (not shown) that controls
the operations of the spindle motor 13, VCM 16, and
magnetic heads through the FPC unit 17 is screwed to
the outer surface of the bottom wall of the case 10
and situated opposite the case bottom wall.

Each of the magnetic disks 12a and 12b is 65 mm
(2.5 inches) in diameter, for example, and has
magnetic recording layers on its upper and lower
surfaces, individually. The two disks 12a and 12b are
coaxially fitted on a hub (not shown) of the spindle
motor 13 and clamped by a clamp screw 21. They are
stacked in layers at a given space in the axial
direction of the hub. The magnetic disks are rotated

at a given speed by the motor 13 as a drive unit.

As shown in FIGS. 1 to 3, the head actuator 14
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and situated opposite the case bottomwall. Each of
the magnetic disks 12a and 12b is 65 mm (2.5 inches)
in diameter, for exanple, and has 20 nagnetic
recording |layers on its upper and | ower surfaces,

i ndividually. The two disks 12a and 12b are coaxially
fitted on a hub (not shown) of the spindle notor 13
and cl anped by a clanp screw 21.7They are stacked in
| ayers at a given space in the axial 25 direction of
the hub. The magnetic disks are rotated at a given

speedihyltiiesmat Beat3ngs ag sebls YAl i AW FIPWhd bottom
FIGS. 1 to 3, the head actuator 14 includes a bearing

assenwe¥l24ff thedcanet 1O .boThembesaliingfa sdemixias e 4,0 . which

The bearing assenbly 24, which serves as a bearing

porti 8ArVASsaa pi bear2sgsporpoon hialse sbatitverh & Isedf up on
the case 10 and a cylindrical hub 5 26 that is

r ot at BPEyPLERBr vadlontt khepiopse BY ansaia cywdfindrical hub

beariggs. A ring-shaped flange 29 is formed on the .

upper “8ntiN3F tReTRGBTEBLYas¥PROSECEWPortthicopidms by a pair
around.the_l ower en ortion. The head actuator_14 is

provi Edgﬁffﬁ“%ur gr Eﬂ'ngfﬁg‘??&d fg'ﬁ‘,ngﬁczgarhf FRFmed on

UM Ef:ph0E DU B8 STAUoURCB PR AL 26:

€ arns, magreti

Suppoi£8dninghyl dUGLLY oA BAZcilaspect|ve extended
ends of the suspensions, anhd three spacer rings 28a,

??gtaBFaEEQhelﬁeEQCECQBaE%% A LR el bt £UP arms
27a, 27b, 27c and 27d mounted on the hub 26, four
suspensions 32 extending individually from the arms,
magnetic heads 33 supported individually on the
respective extended ends of the suspensions, and three
spacer rings 28a, 28b and 28c.

Each of the arms 27a to 27d is a thin flat plate
of about 250 um thickness formed of a stainless-
steel-based material, such as SUS 304. A circular
through hole 31 is formed in one end or proximal
end of each arm. Each of the arms 27a to 27d has
a lug that protrudes from its proximal end, and
a positioning hole 35 is formed in the lug.

Each suspension 32 is formed of an elongate
leaf spring with- a thickness of 60 to 70 um, and
its proximal end is fixed to the distal end of its
corresponding one of the arms 27a to 27d by spot

welding or adhesive bonding and extends from the arm.

The suspension 32 and its corresponding arm may be .



5

10

15

20

25

of about 250 u mthickness fornmed of a stainless-

steel -based material, such as SUS 304. A circular
through hole 31 is formed in one end or proxinmal end
of each arm Each of the arns 27a to 27d has 20 a |lug
that protrudes fromits proximal end, and a
positioning hole 35 is fornmed in the lug. Each
suspension 32 is forned of an_el gngate |eaf spring
with a thickness of 60 to 70 gm and its proximl end
is fixed to the distal end of its 25 correspondi ng one

of theam® AadP A0, Byr sl sl dh% of , pdhesi ve

bondi ng and extends fromthe arm The suspension 32

and its COHRIPAUHHAKL B MEBY Pe.nds fHrsmestatessalyy
of the same material. Each nagnetic head 33 has a

subst artataingn l aredlarisd afned | Segwrnaind oW cardli iy and
recordi ng and reproduci ng magnetic resistance (M

head frepredveirg tegredtiidersesimkdrscd | {6R) thead giohedd on
portion that is formed on the distal end of each :
suspeiditofldger Eai Hend B dhawe forinbaks rvesi gmdihat
shown),. gs shown in FIG,K6 2, each magnetic head 33 of

the HSadIMEhB W i doh @t Pelergh i LFrs Tirm 32.

1 exi BrE DR e T TS o Hodt AT hafte $ e ed

oo o Al TP AT 3 S el e ene

of th@ead actuator 14 is connected electrically to a main
FPC 42 (mentioned later) through a relay flexible
printed circuit board (hereinafter referred as a relay
FPC) 62. The relay FPC 62 is fixedly stuck on the
respective surfaces of each arm and suspension of the
test tube 1 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.
Its distal end is connected electrically to the
magnetic head 33, while its proximal end portion
extends outward from the proximal end of the arm and
forms a terminal area 64 that has a plurality of
connector pads.

As shown in FIGS. 2 and 3, the four arms 27a to

27d are stacked in the axial direction of the hub 26
on the flange 29 when they are fitted on the hub in
a manner such that the hub penetrates the through hole

31. The spacer rings 28a, 28b and 28c are sandwiched

between the arms 27a and 27b, between the arms 27c¢ and
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test tube 1 and extends fromthe distal end of the 15
suspension to the proxinmal end of the arm The rel ay

FPC 62 is in the formof an elongate belt as a whole.

Its distal end is connected electrically to the

magnetic head 33, while its proximl end portion

extends outward fromthe proximal end of the arm and

20 forns a termnal area 64 that %has-a plurality of
connector pads. As shown in FIGS. 2 and 3, the four

arms 27a to 27d are stacked in the axial direction of

t he hi/d6 aroh hdtewdérmngen?® she(mémeyormed® fatéed amd the
the hub in 25 a manner such that the hub penetrates

t he t AU holrespact el gparertheéngsr@8a] t128h @amdthe hub
28c are sandwi ched between the arns 27a and 27b,

bet wedf ¢t hEaO Db antPamE airgbelfdic 2%mthag a lug on

nmentiqned | ate and the arm 27d, respectivel as
Lhey T (QHTHHGn T DUtET96 MEsH o7 Hoke SFacker 2 £ixing
rings o 28c has,a lug on the outside, and a
scr ewszrrct%ﬁen"{ iy IR0 F'% Yi%ing 5 screwis forned

in the Iugan g%%9¥H%@£%f%¥%?%%02?gdaﬁﬂdtﬁgeséggggrrings 28a

rings 28a to ed On the hub ar e

i nt er pesed hafaeealr-d he iy %%bﬁ'lg% C}?ﬁés?hé t"z-l'fi‘é@‘szl.ergtlhé/drposed

fitted on the screw portion ub 26

the floaigead thld rand a1 e JHxed! ¥s hel e ed N PUHESd on the
peri phery of the hub 26. A positioning scréw 47 is

passedddenougirttiom 8Isidf athechi®l 86, Hnd neHder Bange 29,

27a to 27d and the
and are fixedly held on the outer periphery of the hub
26. A positioning screw 47 is passed through the |
positioning holes 35 in the arms 27a to 27d and the
screw mounting holes 39 in the spacer rings 28a to 28c
from above, and is screwed in the screw mounting hole
in the lowermost spacer ring Zéc. Thus, the arms 27a
to 27d and the spacer rings 28a to 28c are relatively
positioned with respect to the circumferential
direction of the hub 26. The four arms 27a to 27d
extend in the same direction from the hub 26.
These arms and the suspensions 32 can rock integrally
with the hub 26.

The arms 27a and 27b are situated parallel to
each other and spaced, and the suspensions 32 and the
magnetic heads 33 on these arms are situated opposite
one another. The arms 27c and 27d are situated

parallel to each other and spaced, and the suspensions

32 and the magnetic heads 33 on. these arms are
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screw nounting holes 39 in the spacer rings 28a to 28c
fromabove, and is screwed in the screw nounting hol e
15 in the | owernost spacer ring 28c. Thus, the arns
27a to 27d and the spacer rings 28a to 28c are
relatively positioned with respect to the
circunferential direction of the hub 26. The four
arms 27a to 27d extend in the sgye direction fromthe
hub 26. 20 These arnms and the suspensions 32 can rock
integrally wth the hub 26. The arns 27a and 27b are

si t uatsict pai e | Sdpd i t £a8He og,{@gh%p.d spaced, and the
e

suspensi ons 32 and the magnetic ads 33 on these

arms are siAsiaslesvOPPOSIIES 252 068 SNOEMEr spdBEr aF PRy 28b has
27c and 27d are situated parallel to each other and

spaced rEid tde sumpensianss B2 ek tdecamgnit | thdeadsection
33 on. these arnms are 10 situated opposite one

anot héPPIREL hdWien it GRm® 2Tm 50 t3kd spiderrespec28bo the
has 1§£ir of support arns 34 that extend in the

di r ec 28ppd ties fhanmechel nrear Py tof 2Ead £ hsuch as

respect, to the 5 hub 26. It is forned integrally of
met al 2 STERUS Off FRAIMOTS st Tl esSThe kA irehes fport arms

suppor. g 4 extend suhstantjally radially from

t he pi%lo{%’%n ansdﬁ)frt@ré frradgrﬁae]a]c% %‘i%r?l}/"f pivot 23

conj unRGld '%ﬁg cer . ri 28b, they constitute .,

a subst an%r}:a%l\'} Cleté]%}: apeeaaChsuog%loerr[' frfé'}reél%quncuon with
the spacer ring 28b, they constitute a substantially

U-shaped support frame 37.

A voice coil 36 that constitutes a part of the
VCM 16 is fixed to the support frame 37. The voice
coil 36 has a winding axis that extends substantially
parallel to the pivot 23 of the bearing assembly 24,
and is wound in the shape of a substantially
rectangular frame. The voice coil 36 is located
between the support arms 34. The voice coil 36 has an
outer peripheral portion, and annular upper and lower
surfaces. The outer peripheral portion of the voice
coil 36 includes three opposite-side outer peripheral
portions 36a and one exposed outer peripheral portion
36b. The outer peripheral portions 36a are adjacently
opposed to the support frame 37. The exposed outer
peripheral portion 36b is situated on the outermoét
periphery with respect to the pivot 23 and exposed to

the outside.

The voice coil 36.is fixed to the support frame



A voice coil 36 that constitutes a part of the VCM 16
is fixed to the support franme 37. The voice <coil 36
has a wi nding axis that extends substantially

paral l el to the pivot 23 of the bearing assenbly 24,
15 and is wound in the shape of a substantially
rectangul ar frane. The voice coil 36 is |ocated
between the support arns 34. _Thevoice coil 36 has an
outer peripheral portion, and annul ar upper and |.ower
surfaces. The outer peripheral portion of the voice 20

coi | 3§thn8|HQ%%ntQ%e%hQEpgg'Eﬁsﬁkq m%ﬂ @l4 r%&&%{%etween

pOFtI ons 36a and one exposed outer era

36b. the @ubﬁbrﬁefkﬁﬁ%réb Eﬁﬁttﬁ@so%éérab%f¥$ﬁg¥§ﬁ|§6rtlons
opposed to the support frame 37. The exposed outer

peri pBéaal Howbiemr,36hel anaulldat e@dper bRQ QWWRHTRSr fAZes,
peri phery with respect to the pivot 23 and exposed to

t he oandi ke Ehposedceuter| padaiphetriate@olrd itdhe 3BPRE tthe
frame - 11 wth a resin 45 that is insert-nolded in

Sgaps Beigeefoithdb6sapporkpbeane t87 tard oulteiciet erithout being
peri pheral portions 36a. However, the annul ar upper

and | BREETeYr PYcERe rﬁﬁéntheAe%SégeuléGtéﬁ s&Eitple&tainds
port| n 36 the 5 v coil 36_are exposed to_the
oyt5| Fﬂ8uY°68?n§ ovér 88 ByliRe pesuRd g &8¢ surface
TS B PR P e ARt BB B o
fiXedatﬁaﬁHSrSQQGErtﬁbgglknls covered by a molded resin 48.
10 A leading end or connection end of the lead wire 46 is
embedded in a molded connector 50 on a side edge
portion of the spacer ring 28b. The connection end of
the wire 46 is connected to connection terminals 43
that’ are embedded in the connector 50.
15 The spacer ring 28b is provided integrally with
a lug 70, which projects so as to be substantially
flush with on side edge of each of the arms 27c and
27d. This lug 70 is formed having a tapped hole 72
for screwing a connection end portion 42a of the main
20 FPC, which will be mentioned later.

With the head actuator 14 of the above-described
construction incorporated in the case 10, as is well
seen from FIG. 1, the magnetic disks 12a and 12b are
situated between the arms 27a and 27b and between the

25 arms 27c and 27d, respectively.
When the HDD is on, the magnetic heads 33 on the

arms 27a and 27b face the upper and lower surfaces,
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a manner such that it is covered by a nolded resin 48.
10 A leading end or connection end of the lead wire 46

enbedded in a nol ded connector 50 on a side edge

portion of the spacer ring 28b. The connection end of
the wire 46 is connected to connection termnals 43
that are enbedded in the connector 50. 15 The spacer
ring 28b is provided integrally th. a lug 70, which
projects so as to be substantially flush with on side
edge of each of the arnms 27c and 27d. This lug 70 is

f or medebpeictd va 1tgpped thel tabhetl it HHIEWIYW #d hold the
connection end portion 42a of the main 20 FPC, which

bé sikeiRiaofedn doeh s\Wdds .t hahead st utiomaddnedic

t he above-described construction incorporated in the

case DPgadss3i3sopeithe seew RIomaFldG27d fawe naymeipmer and

di sks_12a and 12b are situated between the arns 27a

and 2%8W§ﬁdSHétf\%@@ﬁrtﬁ@spzstarvreslmcofartdxezmgnetic disk 12b

respectiyvel en the HDD is on, the nmagnetic heads
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fixed on the case 10. The voice coil 36, along with

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

As shown in FIG. 1, the FPC unit 17 has a base
portion 40 and the main flexible printed circuit board
(hereinafter referred as a main FPC) 42. The base
portion 40 is formed by bending a flexible printed
circuit board into a substantially rectangular shape.
The main FPC 42 is in the form of an élongate belt
that extends from the base portion. An extended end
portion of the main FPC 42 constitutes the connection
end portion 42a. As shown in FIG. 2, a large number |
of connector pads 44 are formed on one surface of the
connection end portion 42a. Each connector péd 44 is

connected electrically to the side of the base portion
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case 10, the voice coil 36 fixed to the support franme
37 is situated between a pair of yokes 38 that are
fixed on the case 10. The voice coil 36, along with 10
the yokes 38 and a nagnet (not shown) fixed to one of
t he yokes, constitutes the VCM 16. \Wen the voice

coil 36 is energized, the head actuator 14 rotates,
wher eupon t he nmagnetic heads 33 age noved to and
positioned on desired tracks of the magnetic disks 12a
15 and 12b. As shown in FIG 1, the FPC unit 17 has a

base 4fbordy an déhdust dheyed n rﬁé@xét%ﬁnpféﬂtﬁ@e Crhé:%“ Fpc 42.
board (hereinafter referred as a main FPC) 42. The

base Apardiirdiording glrted hyibetigh nfomfdexd bdgbstantially
printed 20 circuit board into a substantially

r ect affftenghage plate imi fil FRC 4@ tiseiothdre surfacd of

an elongate belt that extends fromthe base portion.

An ext YRl SPTERFL isot tersh wirtimn nd2a. FPthelend portion 42a
constltutes t he connection end portion 42a. As shown
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relnfqmwdmgﬂﬂgngﬁgghiﬂ1ﬂ gy mof a substantially
rectangul ar plate is Tixe to the ot her surface of the

connect i on reNdsHuW 110D FESs . The 8B POffd b AfPhal areas 64
of the relay FPCs 62 that extend from the arms 27a to
27d are positioned on the connection end portion 42a
of the main FPC 42. The conneétion pads of each
terminal area 64 are soldered to their corresponding
connector pads 44 on the side of the connection end
portion 42a. Thus, the main FPC 42 is connected
electrically and mechanically to the four relay FPCs
62. In other words, the head actuator 14 and the FPC
unit 17 are connected electrically and mechanically to
each other, thereby forming a head actuator unit.

According to the HDD constructed in this manner,
the voice coil 36 is fixed to the support frame 37
with the molded resin 45f The lead wire 46 of the
voice coil 36 is covered by the molded resin 48.
It is molded in a given shape when it is fixed to the
spacer ring 28b. Thus, fixing the voice coil 36 and
fbrming the lead wire 46 can be carried out simultane-

ously by insert molding, so that the number of



51is screwed to the proximal end portion of the head
actuator 14 in a manner such that a fixing screw 74 is
screwed into the tapped hole 72 of the spacer ring 28b
t hrough a through hole 58. As shown in FIGS. 2 and 3,
the termnal areas 64 10 of the relay FPCs 62 that
extend fromthe arns 27a to 27d are positioned on the
connection end portion 42a of the nain FPC 42. The
connection pads of -each term nal area 64 are sol dered
to their corresponding connector pads 44 on the side

of t henatwimeaiuih ek odds 08 té N BRaredlBisd, 14181 "BHid head
FPC 42 is connected electrically and nechanically to

the f ewtuedicay deRCde Giand fa@ilesd vef fisg 1 dritel head

actuator 14 and the FPC wunit 17 are connected
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fixed to the support, frame 37 with the nolded resin
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ef fi Coemtlelry peripheral portion 36b of the voice coil 36 that
10 is situated on the outermost periphery is exposed
without being covered by the resin. If the size of
the head actuator is fixed, therefore, the effective
coil length can be maximized.
The coil terminals can be also arranged in
15 necessary regions only, so that wires can be prevented
from being carelessly cut in undesired positions,
and the lead wire can be prevented from lifting.
More specifically, according to the present
embodiment, the conductor portion of the lead wire is
20 housed in the resin, and its exposed portion is joined
to the FPC. Unlike the conventional exposed lead
wire, therefore, the lead wire of the embodiment
dispenses with forming or any other operation for
manual disposition. Thus, snapping of the lead wire
25 during such operation or its lifting at the time of
mounting can be avoided.

The present invention is not limited directly



Further, the support frame 37 that is fornmed of a

hi gh-stiffness material, such as netal, is used as 5 a
support portion for the voice coil 36 and fixed with

the insert-nolded resin. By doing this, the retention
force of the voice coil can be enhanced to increase

the resonance frequency. In this case, the exposed

outer peripheral portion 36b _of jtshe voice coil 36 that
10is situated on the outernost periphery is exposed

wi t hout being covered by the resin. If the size of
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prevented fromlifting. Mre specifically, according

to t h¥apieventnvenbédnsenay bleemededbet suigetliyorcafbining
the lead wre is 20 housed in the resin, and its
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different embodiments may be combined as required.
The number of magnetic disks in the HDD is not
limited to two and may be increased or decreased as
required. This invention is not limited to magnetic

disk devices and may be also applied to any other disk

devices, such as optical disk devices.
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to the enbodi nent described above, and its conponents
may be enbodied in nodified forns w thout departing
fromthe scope or spirit of the invention. Further,
various inventions may be made by suitably conbining 5
a plurality of conponents described in connection with
the foregoi ng enbodi nent. For exanple, sone of the
conponents according to the foreggi ng enbodi nent may
be omtted. Furthernore, conponents according to

di fferent enbodi nents nmay be conbi ned as required. 10

The nunber of magnetic ¢igaks 1ish ctageMEBD1iss not
limted to two and may be increased or decreased as

required. This A nveskidewvice nedmpirigigg: to magnetic
di sk devices and may be al so applied to any other disk
devi ces, swhlibskoptaped xhokrdiow cesdidm; WHAT |S
CLAIMED IS: 1. A disk device conprising: a
di sk- shaped® M Wil gledsupport smant Yt atesupper recording
and rotates the recording 5 nedium a head which
roce Yhf ormation for the recording medium a

head actuator, which js rotatable around a pearin
portion and glf‘pap%r"fk}é“ﬁhemf%ca%s?%? mtilo'ioéﬁ?\?thhe
<0Gl SAE LGggna, redium and a vorce call
a head actuator which is rotatable around
a bearing portion and supports the head for movement
with respect to the recording medium; and
a voice coil motor which rotates the head
actuator around the bearing portion,
the head actuator having a support frame
extending from the bearing portion and formed of
metal,
the voice coil motor including a voice coil,
which has a winding central axis extending substan-
tially parallel to a rotation axis of the head
actuator and is located in the support frame, and
a lead wire extending from the voice coil and having
a connection end,
the voice coil having an outer peripheral
portion, and annular upper and lower surfaces, the
outer peripheral portion including opposite outer
peripheral portions opposed to the support frame and

an exposed outer peripheral portion situated on the

outermost periphery with respect to the bearing
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actuator around the bearing portion, the head actuator
havi ng a support frame extending fromthe bearing
portion and formed of 15 netal, the voice coil notor
including a voice coil, which has a winding centra
axi s extendi ng substan- tially parallel to a rotation
axis of the head actuator and is located in the
support frame, and 20 a |l ead wirgyextending fromthe
voi ce coil and having a connection end, the voice
coil having an outer peripheral portion, and annul ar
upper paid ilogver surfaces, the outer peripheral
portion including opposite outer 25 peripheral

portions opfieserbice tdel SURPid f120® BHdthanseypesedrrame
outer peripheral portion situated on the outernost

peri phatyn i tde sries pedidedh Yetovdrearing duppeott £oame and
the voice coil being fixed to the support frane with a

resi n US| d&Pasditife v tieie pRUpdTar4 apertahens ¢ hehe lead

opposi t.e out eri pheral portions, the |ead 5 wre

&l \ .
bei ng“¢EPePET NGy COVRASTLPY SinPIARF fisetniand fixed in
prede%ernine%epﬁajgj n on .the head actuat an t he

r
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cut o 5P PRSI, BRI SLOCEEELL, 1O Sposed
outer peripheral portion being exposed to the outside
without-being covered with the resin.

2. A disk device according to claim 1, wherein
the head actuator includes a connector molded on the
head actuator so as to overlap the connection end of
the lead wire.

3. A disk device according to claim 1, wherein
the support frame is substantially U-shaped and the
voice coil is wound in a substantially rectangular
shape and has three opposite-side outer peripheral
portions individually opposed to the support.frame
and the one exposed outer peripheral portion.

4. A disk device according to claim 3, wherein
the head actuator includes arms extending from the
bearing portion and supporting the heads, and a spacer
ring fitted on the bearing portion and interposed
between the arms,

the support frame includes a pair of support arms
extending from the spacer ring in a direction opposite

to the arms, and



10 2. A disk device according to claim1, wherein the
head actuator includes a connector nolded on the head
actuator so as to overlap the connection end of the
lead wire. 3. A disk device according to claim]1,
wherein 15 the support frame is substantially
U-shaped and the voice coil is wound in a
substantially rectangul ar shapeiland-has three

opposi te-side outer peripheral portions individually
opposed to the support frame and the one exposed
outer peri pttes aboposteoOnl 29 4rréngfeakpdewkeqf the support
according to claim 3, wherein the head actuator

i ncl udagnsar ns extending fromthe bearing portion and
supporting the heads, and a spacer ring fitted on the
bearing portion and interposed between the arns, 25
the support frane includes a pair of support armns
extending fromthe spacer ring in a direction opposite
to the arns, and the voice coil is arranged between

t he support arns.



