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*159159* DI SK DEVICE Il *@00002* - 1 TITLE OF THE
I NVENTI ON BACKGROUND OF THE | NVENTI ON Thi s i nvention

rjmmmmmmmHWﬁNWisk device having a 5 disk for use as a
r um Recently, disk devices, such as
magnetiseisali sk devi ces, optical disk devices, etc.

have been wi dely used as external recording deV|ces

fo or video/audio récording and

re@ ﬁ@mﬂ QWEWViceS 10 A magnetic di sk device, for

ex ally conprises a magnetic disk |ocated

in a h6ePRhg, a spi NdiEEdiiorTHeha: %?Nﬁ%%&s and

rota k, a head actuator that supports
BN RENGEE, | i

magn a voice coil motor for driving the

head actuator, a CBéEHb%%&§Db§9rgHEn&%%§§%g%NThe head

actuator is prOV|de earing attached

to a case@nNd amEidiah, y&%atsetsactlf) N diayers Qrd I?l%v1ng a

bearing portion and extend from the bearing port
A negheli ¢olteadel & sMaURRDraRngeacliamm by neans Of a

suspensi on. 20 The housi ng includes an open-topped

base on WReclently, disk devices, such as magnetic disk
devices, optical disk devices, etc., have been widely
used as external recording devices for computers or
video/audio recording and reproducing devices.

A magnetic disk device, for example, generally
comprises a magnetic disk located in a housing, a
spindle motor that supports and rotates the disk, a
head actuator that supports magnetic heads, a voice
coil motor for driving the head actuator, a circuit
board unit, etc. The head actuator is provided with a
bearing portion attached to a case and arms that are
stack in layers on the bearing portion and extend from
the bearing portion. A magnetic head is mounted on
each arm by means of a suspension.

The housing includes an open-topped base on which
mechanical units are mounted and a cover that covers
an opening of the cover. Normally, the cover is
screwed to the peripheral edge portion of the upper
surface of the base by screws. The bearing portion of
the head actuator has a pivot that is set up on the

base. The distal end portion of the pivot is screwed

to the cover. Thus, the pivot is supported at both
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mechani cal units are nounted and a cover that covers
an openi ng of the cover. Nornmally, the cover is
screwed to the peripheral edge portion of the upper
surface of the base by screws. The bearing portion of
25 the head actuator has a pivot that is set up on the
base. The distal end portion of the pivot is screwed
to the cover. Thus, the pivot i4 supported at both
ends when it is located in the housing. The magnetic
di sk device constructed in this manner undergoes

vi br §PFGn W ﬁ&t150&§nﬁ§ﬁ@§§dréPaFP@nho&ﬁlPﬁe spi ndl e
not or and t.ic di vi,bration 5 of the head

act uat or ﬁ“trlm‘ﬁl & €5 \ﬂeﬁf&gﬁectoﬁlzf‘t r%@&rﬁé’nté’sls
rotahggﬂegfukﬁgﬁg@ggeb rgkiéh %tha a@?ﬁ&ﬁ&? rogation

acconpani es see opera on “of 't e “hedd

The yirbeati apsnafict BecsRi Bdle ARt Al ﬂ%@l%hﬁlg%adv1bratlon
actuator that serve as vibration gegeratlng el énent’s

10 ave thanamktt adrhatbheaplkateushaned teouek ihiheddRhat
the base, the pivot of the head actuator, etc.

Ther eaponmpant.ke cotetlmnbbéteheamdggemebauesknohsarakﬁon

the frequency of normal node of vibration of the

covekhp§ a@F@@éaﬂéeﬁhéeﬁkeqaemetegnobfth@evhbadtaaﬂgator,

transmtted 15 to the cover, in particular,

resofiffice 38§eVéB§até8“Stﬁ§ttbﬁespﬂbﬁéﬁl@@taﬁpﬁmﬁu@é§ head
or and the head actuator increase.

of the, spindl

I'n c8ﬁ§88586c§ha h&°hgFsas XP?SatﬁEPe8§€§rPﬁé@9tSBPVentS

|0 BEETEARRE s HBODE! L 0L 36 e, SBALE U0 200k ene
base, the pivot of the head actuator, etc. Thereupon,
the cover vibrates and generates noise. If the
frequency of normal mode of vibration of the cover is
close to the frequencies of the Vibrations transmitted
to the cover, in particular, a resonance develops, so
that the vibration amplitudes of the spindle motor and
the head actuator increase. 1In consequence, the noise
also increases inevitably.

In recent years, magnetic disk devices are used
in various fields and expected to produce less noise.
Proposed in, for example, Jpn. Pat. Appln. KOKAI
Publication No. 2004-5783, therefore, is a magnetic
disk device in which the plate thickness of the outer
peripheral portion around a threaded hole through
which a screw for fastening the pivot of the head
actuator and the cover of the housing is passed is

reduced. In the device arranged in this manner, the
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Proposed in, for exanple, Jpn. Pat. Appln. KOKAI
Publ i cati on No. 2004-5783, therefore, is a magnetic

di sk device in which the plate thickness of the outer
peri pheral portion around a threaded hol e through 25
which a screw for fastening the pivot of the head
actuator and the cover of the housing is passed is
reduced. In the device arrangeddinthis manner, the
outer peripheral portion around the threaded hole is
made | ess rigid than other portions so that vibration

of thetesveerisheedlcedrtByn| swernAgthRethirgrdetyhofle is

t he out er _peri pher al Egrtlon around t he threaded hol e,
5 t h@2gfpr8EFoR1ELENS Ft@BhFﬁrBeﬁﬁlPﬁé Eﬁséhéﬁdvﬂﬁéatlon

goxg f'gh?;§§§§gt§gnrmﬁ80ﬁ§gnegvcxabé?tbgCFgg rigidity of
o vor ot Ophae) B85 BRE¥ELPRLEEL ofIOSEBRALY, LR ENEEscR Ao hoLe,

ends Q¥ bmsrseysﬁ apdnkhecbagecnkbubhethbgbdkky afk Eh@
outer peripheral portion around the threaded hol e of

the pover is atewrueded}henetene, cael ipgsekhibat bentak

a positioning nechanismincluding the pivot

I ncreases, isortdatetlhe 15 reliability of the disk

devi ce may possibly be |owered. BRI EF SUWARY OF THE

| NVENTI ONIThicgei magneitén Haskbdenigrdeleisgribed in the
conS|derat|on of these circunstances, and its object

i s tBPPVBVPAECRT JOCHMERTdebPEEVEApablE BfVPEJREI RS head

nOISSc%ﬁg 8%tlgaghhpgrted at both ends by the cover and

the base. TIf the rigidity of the outer peripheral
portion around the threaded hole of the cover is
lowered, therefore, self-oscillation of a positioning
mechanism including the pivot increases, so that the
reliability of the disk device may possibly be
lowered.

BRIEF SUMMARY OF THE INVENTION

This invention has been made in consideration of
these circumstances, and its object is to provide a
disk device capable of reducing noise without failing
to maintain reliability and restrain an increase in
manufacturing costs.

According to an aspect of the invention, there is
provided a disk device comprising: a housing having an
open-topped rectangular base and a cover in the form
of a rectangular plate which is screwed to the base

and closes a top opening of the base; a magnetic disk
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to maintain reliability and restrain an increase in
manuf acturing costs. According to an aspect of the
invention, there is provided a disk device
conprising: a housing having an 25 open-topped
rectangul ar base and a cover in the formof a
rectangul ar plate which is screwed to the base and

cl oses a top opening of the bhasé; a magnetic disk
arranged in the housing; a spindle notor which is
nount ed on the base and supports and rotates the
magnetrirendesk inatheadouliioh;r ecepdsdardmpgprodbdes is
information to and fromthe magnetic di sk; and a head
5 achgarsedwRichPRoPESSt RRChERAPRIER RBSpeetatsst ke
magneti c di sk, the head actuator conprising a bearin
portWéHneﬁéﬁiﬁésgprnga i ¥ acgor?ﬁsreasengnaepﬁsduc S
cover, rm__extendi,ng fromthe heari.ng parti and
cuppsrEERgRERenTEbnand TARE EhGr fodt Cadt oh Sk ehor g nead

| ocapedugRot-h@nsicdemorRBOShte nkaam,tihe %%gb@EEhto the
respect to the bearing portion and rotates the arm

the gavyaethavaagka plurality of first through holes

whi ch are provided individually in four corner 15
portions ahet heacowetuancdr compspadhnigve teartrrialg parttdon

of long side edges of the cover and through which
screhdvihigch Payprén fiikedcsvethanbaske abdsé&heocexel, an arm
other are passed, and a second through hole which is

pr ovRH#EGNEpPEsitLem heepPeet 1aAd PPREdGEHh 2kl EHPROSELaE the

20 ich fastens the cover .to t ivot _i s passed,
ead, and a drive section w ?c% 1s located on the side

opposite from the arm with respect to the bearing
portion and rotates the arm,

the cover having a plurality of first through
holes which are provided individually in four corner
portions of the cover and in respective central parts
of long side edges of the cover and through which
screws which fasten the cover and the base to each
other are passed, and a second through hole which is
provided opposite the pivot and through which a screw
which fastens the cover to the pivot is passed,

the cover including an aperture formed in a
region shaped like a triangle and opposed to the drive
section so as to contain a center of gravity of the
triangle, the triangle having vertices individually on
a center of the second through hole and respective
centers of those two of the first through holes which

are located closest to the second through hole.
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the cover including an aperture forned in a region
shaped i ke a triangle and opposed to the drive
section so as to contain a center of gravity of the
triangle, the triangle having vertices individually on
25 a center of the second through hole and respective
centers of those two of the first through holes which
are located closest to the second through hol e.
According to an aspect of the invention, there can be
provi ded a di sk devi ce capabl e of reducing noise

wi t hout faArkpnding iai ahacapeeki abi they iangntiesyr &hgre
an increase in manufacturing costs. 5 Additional ,

obj e€®B aﬂdpaavaﬁ?ag@sdbﬁktaéVlFﬁveﬁPﬁsﬁempﬁ|rseugépg

forth in th Lpt i ich_.foll , L t
i | 1P86S8b0 LGS r b L BS BBSEREPERGR, TF LAk 165 =hd

| . ti h | ' - ject d
advaheaon: Bt 2fnafs8nabatr bAKGERCEN- RO 0BRSS S
obt ai ned Qﬁdﬁ%%%ﬁa@fPbﬁ%ct%”%ﬁﬁ“@%&%ﬁk%@%%sp%n@he

conbi nations particularly pointed out hereinafter.

BRI EFnPESCRbRTION1 Cbe TEEL SEVERAL 1 M| EXE Q& sEHEpDROW NGich
The acconpanyi ng draw ngs, which are incorporated 15

i n afdlconsti butleia part eflfihbespbeibusatiirom, the
illustrate enbodi nents of the invention, and together

wi t hdehergehépal desweiypbeohegirned Bbovsaghdcenhef the
detai |l ed description of the enbodi nents given bel ow,
servénvgnekpnai nThRecpipRESpRES 8FVERE2PRFeRE 6RE 20

FIG .1 is an expl oded pe [ '
invent?on mgy e rgaaigg%tg%% %E%gi%g%wb

ggm%ans of the
instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is an exploded perspective view showing a
hard disk drive (HDD) according to a first embodiment
of the invention;

FIG. 2 is an image showing a sound pressure
mapping result at 3,240 Hz on the surface of a cover
of the HDD;

FIG. 3 is an image showing a vibration mode of

the cover of the HDD around 3,240 Hz;



hard di sk drive (HDD) according to a first enbodi nent
of the invention; FIG 2 is an imge showi ng a sound
pressure mapping result at 3,240 Hz on the surface of
a cover 25 of the HDD, FIG 3 is an inmage showi ng a
vi brati on node of the cover of the HDD around 3, 240
Hz; FIG 4 is a perspective view show ng the cover of
the HDD, FIG 5 is a diagram showing frequency
analysis results on a sound pressure |evel neasured
in a5 position at a vertical distance of 300 nmfrom
the surf&é€.oft theacbesspeFkGresviiewasperdpactigecover of
vi ew showi ng a cover of an HDD according to a second
embo8lRefiPPof the invention; and 10 FIG 7 is a

t | f. th t VI | -
of 'FI G 6FLBETAI L EDSDESHE ] EROCE™ THELRVERTYORTAL V1o
har d t
I T S R S L

withopefergncatt g b@%t%&ﬁ@”B%Qibﬁ@ed6§“8093mmA§réQOWHe
in FIG 1, the HDD conprises a housing 11. The

houskagritehas anbasevd®;in the formof an
open-t opped rectangul ar box and a cover 15 in the form
of a rectaﬁgulériplat@erfpecadvervﬁswfa@bwdeg o colwver of
20 base by screws and closes a top opening of the
basean HDD according to a second embodiment of the
invention; and
FIG. 7 is a sectional view of the cover taken
along line VII-VII of FIG. 6.
DETAILED DESCRIPTION OF THE INVENTION
A hard disk drive (HDD) according to a first
embodiment of this invention will now be described in
detail with reference to the accompanying drawings.
As shown in FIG. 1, the HDD comprises a housing
11. The housing 11 has a base 10 in the form of an
open-topped rectangular box and a cover 15 in the form
of a rectangular plate. The cover is fastened to the
base by screws and closes a top opening of the base.
The base 10 contains therein a magnetic disk 12
for use as a recording medium, spindle motor 13,
magnetic heads 33, head actuator 14, voice coil motor
(VCM) 22, ramp load mechanism 18, inertia latch
mechanism 20, and flexible printed circuit board unit

(FPC unit) 17. The spindle motor 13 supports and

rotates the magnetic disk. The magnetic heads 33
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The base 10 contains therein a magnetic disk 12 for
use as a recording nedium spindle notor 13, nagnetic
heads 33, head actuator 14, voice coil nmotor (VCM

22, ranp | oad nmechanism 18, inertia latch 25 nmechani sm
20, and flexible printed circuit board unit (FPC
unit) 17. The spindle notor 13 supports and rotates
the magnetic di sk. The magnetic’heads 33 record and
reproduce information to and fromthe disk 12. The
head actuator 14 supports the magnetic heads 33 for
nmovelReAOrdi 8hdr sspeefuce théodmgkiop, tPhangdckromp the disk
rotates and positions the head actuator. The r

goadlﬁechghﬁsﬁ?i§ RGFHE “PFe L fragHBPPE tResdS @ég&g%lc heads
t f h di sk h d

Tovedt SOEHRCDNa OBt BeF EAREFY 6P PHE GGk, Fne The Ve
| ner bbacbghel maahaghantadagotis &Egdh%%@ua%%%atO&h£4ramp

nare reate posi |on [ or the Tike acts on

10 thgaHDRecELBEEROABCHEEULCeBe RHERcRIAheads 33 at
pre-anplifier, are nounted on the FPC unit 17. The

spi ndietaptes (2omt haeVilgAdriandigkpninwedn e¢heCtickhds are
board (not shown) for controlling the operation of

t he magrdt ko headsul8ravetsprevwptiery blfe th® outsér. The
surface of the base 10 through the FPC unit 17, and

are éneuatadleppbsimeehansemt ﬁ1W@ﬂHSoﬁhﬁh@eaésécz@ator 14
The magnetic disk 12 is, for exanple, 8
|nché§)a|ﬁeﬁFﬁﬁéﬁgrPSﬁ&tH§§ ﬁégﬁe?@@ckeeér&Pﬁg i¥¢ acts on

| ayers o ts er and | ower, surf
y ﬁ ﬂDb %R%ctronqc devices, a%% alngl%&%u%Hﬁﬁlfler,

are mounted on the FPC unit 17.

The spindle motor 13, the VCM 22, and a printed
circuit board (not shown) for controlling the
operation of the magnetic heads 33 are screwed to the
outer surface of the base 10 through the FPC unit 17,
and are situated opposite a bottom wall of the
base 10.

The magnetic disk 12 is, for example, 65 mm
(2.5 inches) in diameter and has magnetic recording
layers on its upper and lower surfaces, individually.
The disk 12 is coaxially fitted on a hub (not shown)
of the spindle motor 13, clamped by a clamp spring 21,
and fixed to the hub. The magnetic disk 12 is rotated
at a predetermined speed, e.g., at 5,400 rpm, by the
spindle motor 13 as a driver.

The head actuator 14 is provided with a bearing

assembly 24 that is fixed on the bottom wall of the
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The disk 12 is coaxially fitted on a hub (not shown)

of the spindle notor 13, clanped by a clanp spring 21,
and fixed to the hub. The magnetic disk 12 is rotated

at a predeterm ned speed, e.g., at 5,400 rpm by the

25 spindle notor 13 as a driver. The head actuator 14

is provided with a bearing assenbly 24 that is fixed

on the bottomwall of the base 80.~ The bearing

assenbly 24, which serves as a bearing portion, has a
pivot 23 set up on the bottom wall of the base 10 and

a cybaadrieal Hop bearhag pssembixt db) yWBLEpoFEEYSENAS 2

the pivot by a pair of 5 bearings. The head actuat or
14 cBRPFiBEsPPRbIaPnsl2? 2aPt¥Ehed3t 5SFnBPhGB 55? gﬁﬁtom

| 127 < EhEEnah 26 oRt
The RBBheCFCeEaHE S35  OSaRhoRt BH-ORCF SEpclrpass Chst: s

eXtePg€9t§89§ %Bpégfteaugﬂegﬁgo %Vak%%&vgnghEyofand

spacer rings: ach magnetic hea has

substaptiakky faetapgul actshider 14nebnphewsl and arms 27
read/ wite~ magnetic resistance (MR) head el enent

f or medtaanthetoskhdenuband, i swbi xedpkasaogsnbal extending
portion formed on the distal end portion of each
suspémsinonh80arkachibtBimagnetily, hehd B3ghstdonheetsd 33
electrically to a main FPC 42 (nentioned |ater)

t hr oaghrarkefapnFPEspaet 1 vehewipndTHe engisay fFPEe; s
pasted on respective surfaces of each arm 27 and each

r ei nFYPEEREAP FenbBA1V3GUEL l¥ne 2REadPEECGatdP 984 and

extends {om { he JL3tal 20,1 ol L e SYRRUTAL 3 2

rectangular slider (not shown) and a read/write
magnetic resistance (MR) head element formed on the
slider, and is fixed to a gimbals portion formed on
the distal end portion of each suspension 30. Each
magnetic head 33 is connected electrically to a main
FPC 42 (mentioned later) through a relay FPC (not
shown). The relay FPC is pasted on respective
surfaces of each arm 27 and each reinforcement member
30 of the head actuator 14 and extends from the distal
end of the suspension and a rocking proximal end of
the arm. The relay FPC is in the form of an elongate
belt as a whole. Its distal end is connected
electrically to the magnetic head 33, and its proximal
end portion to the main FPC 42. Thus, each magnetic
head 33 is connected electrically to the FPC unit 17
through the relay FPC and the main FPC 42,

The arms 27 that are fitted on the hub 26 are
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the arm The relay FPCis in the formof an elongate
belt as a whole. Its distal end is connected
electrically to the nmagnetic head 33, and its proxinal
end portion to the main FPC 42. Thus, each magnetic 25
head 33 is connected electrically to the FPC unit 17
through the relay FPC and the main FPC 42. The arns 27
that are fitted on the hub 26 a?e situated extending
parallel to each other with a predeterm ned space

bet ween them so that the suspensions 30 and the
magnetitoabheddsx88ndnngheaarigelf dcecand amnbemewitfhe
VCM 22 has a support frame (not 5 shown) nounted on

t he RUBA2ECsH1IA§0 §PagreRGtWReRhENERi BecLhal &PSosite

fromthe arm 27 and a voice coil  supported_on th
suppSPFPFPﬁﬁBFSwﬁQnaPﬁetﬁéaHagQEF&&tgFafE Sé on the arms

[ d i b 10 h [ il

o1t uteq BorwelR acRar T6F Y5Kee 3B End: SAPEFD frBg (not
on tgﬁo?ﬁ§em$9ntzﬁegﬁokgg ﬁ9b|26tgg ﬁ%k%%’e§Q@ndain the
magnet (not shown) fixed to one of the yokes

ConSHHEHEQiEHGOEQUEE%e Vhen the wehnce7cahk aSvoice coil
energi zed, the head actuator 14 rotates, whereupon

eachsupgnetiec beadhd3 supporvtedradeandwpesi theneeadn an

15 area over a desired track. The rectangul ar cover 15

i s ferfedtby presds- imolodicrgasrdalionithembalskoy Opl ahe voice
wth a plate thickness of, for exanple, 0.4 mm First

t hr oG§R1hdFes14024rE PRENEEA PndPdird@adl Vpkes Bduihat are

corner. portions of the_20 cover 15 and i.n respective
subs%éﬁ?ﬁapncg eP§58f1 . The volce coil, the yokes, and

a magnet (not shown) fixed to one of the yokes
constitute the VCM 22. When the voice coil is
energized, the head actuator 14 rotates, whereupon
each magnetic head 33 is moved to and positioned in an
area over a desired track.

The rectangular cover 15 is formed by press-
molding an aluminum alloy plate with a plate thickness
of, for example, 0.4 mm. First through holes 40 are
formed individually in four corner portions of the
cover 15 and in respective substantial centers of a
pair of long side edges of the cover. The cover 15 is
fastened to the base 10 in a manner such that screws
16 that are passed individually through the first
through holes 40 are screwed into threaded holes in
the peripheral edge portion of the base, and closes
the top opening of the base. The cover 15 faces the

magnetic disk 12 in parallel to each other with a
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pair of |ong side edges of the cover. The cover 15 is-
fastened to the base 10 in a manner such that screws
16 that are passed individually through the first

t hrough hol es 40 are screwed into threaded holes in 25
t he peripheral edge portion of the base, and cl oses
the top opening of the base. The cover 15 faces the
magneti c disk 12 in parallel- td0each other with a 10
predet erm ned gap. A second through hole 44 is forned
in that part of the cover 15 which faces the pivot 23
of theedbtarimhgedsgepbly 24. A part of the cover 15
and the 5 pivot 23 are fastened to each other in a
manner suBhSeERaf &hrioxiohg hedrew443 Spdesaect Rno iR Tt e rt

secon hrough hole 44 |s screwed into the_upper . end
Tt PEnthir & i borhash” KBEBEAEAg! B ok 2anBRs e

d d
o DESEEhED85Skah 16, Buyol %3 Rk gt R keler 15 and, £ne
housBnggl 3TQ§% FaEE@n@GV@B tachagehe §hx fhrﬁheg such

t hr ough ho es 4 screw ng in the periphera

porttaataadfangngegeeew MbrEHQBeBOkﬁréﬁgﬁth%C%%Wbﬂ@
over the pivot 23. FIG 5 shows frequency anal ysis

resuthsoaghaholt gquhd peessdteihevekheeappeedend portion
position at a vertical distance of 300 nm fromthe
surfafetbeé pheotcdder ABcwrthnHDY,stbk tbeoafitceesaidd
construction kept idling at 5,400 rom In FIG 5, a

br okBRTFiABSR2L EBEr ed¥ALs 28 ﬁnréqaéﬁ@yrﬁﬁdl }}@FiQVrlélsl@lltly by

on ag QDEgse 10 and the cover 15 of the housing 11. Thus,
the cover 15 has the six first through holes 40 for
screwing in the peripheral edge portion and the second
through hole 44 for screwing over the pivot 23.

FIG. 5 shows frequency analysis results on a
sound pressure level measured in a position at a
vertical distance of 300 mm from the surface of the
cover 15 with HDD’s of the aforesaid construction kept
idling at 5,400 rpm. In FIG. 5, a broken line R2
represents a frequency analysis result on an HDD that
is not provided with an aperture 50 (mentioned later)
in the cover 15. As seen from FIG. 5, a discrete peak
is prominent at 3,240 Hz. This peak is attributable
to an electromagnetic sound of the spindle motor 13,
and the prominent frequency is settled depending on
composition conditions of the spindle motor, that is,
the number of stator slots and the number of rotor

poles. 1In the case of a 2.5-inch HDD in which a
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20 is not provided with an aperture 50 (nentioned
later) in the cover 15. As seen fromFIG 5, a

di screte peak is promnent at 3,240 Hz. This peak is
attributable to an el ectronmagnetic sound of the
spindle notor 13, and the prom nent frequency is
settl ed dependi ng on 25 conposition conditions of the
spindle notor, that is, the nditber- of stator slots
and the nunber of rotor poles. In the case of a
2.5-inch HOD in which a - 11 nmagnetic disk is rotated
at ampgratiienslisspéed rotatsdies epmptiamigeadr speeanof
el ectromagneti ¢ sound of a conponent that is 36 tines
h.ghér4pﬁaﬁpmhelﬁoﬂgpﬁéﬁéh aﬂr@&@@ﬁéymegeeﬂzy isgund of a

rom nent. The ectronmagneti c und IS
gttrlﬁﬁPQBFQ t5%95e1§p| dFémﬁﬁtgﬁg%§rh5 anc&ﬁ? Fotesional

nOtl%ggﬁgéyéyfﬁg%dHEhatF g&%%é%%n&o t%%e eﬁg%%rg%%gnetlc

Accor e pre iment i s Tarrangé

tl gatF séﬁ%ddltﬁ‘értetl% rt%qui%ﬁ%bigura% ¢aR len@tﬂee%%%d 13 has

2 shows a sound pressure nappln resul

3, 24@ohe @B bhensulilace a@f at BEuGAYehalS i@f ndrdndStichehe
HDD in an idling state at 5,400 rpm The sound

pr essumennmeppi.ng Acgoan iekflect the peekedtobmpodithent is
source searching in which sound pressure | evels near

15 t he rEDDedalsonghwitt fthehad e cirefterfaticoencar € oneas weed be
in alattice on a two-di nmensi onal plane, and the

obt aPhEGRYS56GAd pressure levels are plotted together
wth the 5ﬁ2§3% |nfornat|on In FIG 2, a sgnewhat

dark regi shows sound pressure mapping result at
3,240 Hz on the surface of the cover 15 of a 2.5-inch
HDD in an idling state at 5,400 rpm. The sound
pressure mapping is an effective method of sound
source searching in which sound pressure levels near
the HDD, along with phase information, are measured in
a lattice on a two-dimensional plane, and the obtained
sound pressure levels are plotted together with the
phase information. In FIG. 2, a somewhat dark region
Al that is situated in the center of a substantially
circular, light-colored region indicates a high sound
pressure. It can be concluded from this result that
the region Al right over the VCM 22 becomes a sound
source on the surface of the cover 15 at 3,240 Hz.

FIG. 3 shows a simulation result based on a

finite element method, and illustrates a vibration
mode of the cover 15 around 3,240 Hz in the HDD

according to the present embodiment. As recognized in
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Al that is situated in the center of a substantially
20 circular, light-colored region indicates a high
sound pressure. It can be concluded fromthis result
that the region Al right over the VCM 22 becones a
sound source on the surface of the cover 15 at 3, 240
Hz. FIG 3 shows a sinulation result based on a 25
finite element nethod, and i1l d&rates a vibration
node of the cover 15 around 3,240 Hz in the HDD
according to the present enbodi ment. As recognized in
12 FEG: 3, there is a vilbration mode iin whiich the
anplitude of the cover 15 is larger in a region A2

ri ght™BveéfufiRe OYCiN82COTRE rtegitdn LAFISE tthe 3 &egdrn A2

it in th [ bst anti al | L nci.dent
5 i ERSReoU5ing "BoUFte 2Pog) SACAR SoRNn APnoF| Ghop 1 =7er
Th lSck et d t ;
chowd” PR CE e 3R n e S8 1o e s g dent

by rasenarse gbuhbeseQyee tagithenyi Rhalmonmede of
the cover 15 is influenced fo nore consi derably by

t he paskli eReoliiserewecarrEGENC) sbehweeF the Gerdr clber
and the base 10, cover material, and cover plate

t hi ckhegs tthaRIby theashape sappbbed coveénviet deleh amplified

the case of an HDD of which the housing 11 externally

measBiesegoBanre( kéi ghe) cxves 20.nm (wi dth) X 100 nm

(depth) and contains the magnetic disk 12 of 2.5-inch

di amet er, TRSs¥LEKIATG OTpBGIdE OF e cOVET flastiénilmg liugnced

SUbS%gggi%gkgiderably by the position of screw connection
between the cover 15 and the base 10, cover material,
and cover plate thickness than by the shape of the
cover itself. 1In the case of an HDD of which the
housing 11 externally measures 9.5 mm (height) X
70 mm (width) X 100 mm (depth) and contains the
magnetic disk 12 of 2.5-inch diameter, a screwing
position for cover fastening is substantially
coincident with those of any other HDD’s of the same
specifications, owing to spatial requirements. 1In
general, the cover 15 of a 2.5-inch HDD is formed by
press-molding an aluminum alloy plate, and its
thickness is minimized to reduce its weight and cost.
The thickness of the cover 15 used in the sound
pressure mapping measurement shown in FIG. 2 and the
determination of the simulation result shown in FIG. 3

is 0.4 mm. Thus, in the case of the 2.5-inch HDD

having the cover 15 formed of an aluminum alloy, the
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coincident wwth those of any other HDD s of the sane
specifications, owng to spatial requirenents. In 20
general, the cover 15 of a 2.5-inch HDD is formed by
press-nol ding an alumnumalloy plate, and its
thickness is mnimzed to reduce its weight and cost.
The thickness of the cover 15 used in the sound
pressure mappi ng measurement sié@wn-in FIG 2 and the
25 determnation of the sinmulation result shown in
FIG 3 is 0.4 nmm Thus, in the case of the 2.5-inch
HDD VhBvRhRgonhwodevehows fior Fed-oB 4 abpriAem &0l eyist
the 13 V|brat|on node shown in FIG 3 is supposed to
exi sETO8PBUAd239288 - Hz. FIG 4 shows the cover 15 of

he HDD rd
cover 15. "ihe & FeCrangUEar SRer Lt 8160 s WPh AESRIIRT tO
regi P0cB 503080 kR AelLl anale s 88,9 sant g the

gravity cente e triangl e regron B. “The

tf'aBGE%aH@§lhESapé%%hk%ego'Qg'YbQH€B|Xn0E B8 68N haped
of the second through hole 44, which is connécted to

the bagke 30tbyah@ltheoph¥oto2dpondndnt heer gspOEtVeenter C
centers of those two of the six first through hol es

40 whifchher erliiecgfiedreghiosest t @htherseagnd hbsodgb

hole 44. The gravity center C of the region B is
subsvantigkpylpdinéddenly aht hheheensgirorAZhien sgigiook

the vibration node shown 15 in FIG 3 has its |argest

ampl thaaBInThelL&f 8fe, WhAChef PeEPNPECERRRC thRePase 10 by

reso@ﬁgcgigéﬁqﬁgncg %athe respective centers of those two

of the six first through holes 40 which are located
closest to the second through hole 44. The gravity
center C of the region B is substantially coincident
with the region A2 in which the vibration mode shown
in FIG. 3 has its largest amplitude. Therefore, an
effect to enhance the resonance frequency can be
obtained by forming the aperture 50 in the cover 15 in
this position to reduce the mass of an oscillator.
Thus, resonance of the cover 15 with the 36th-order
discrete-frequency sound can be avoided to lower the
peak value of the discrete-frequency sound.

The size of the aperture 50 is settled depending
on the degree of shift of the resonance frequency.
More specifically, the larger the aperture 50, the
less the mass of the cover 15 in the region B is, and
the higher the resonance frequency is. The freqguency

of the sound pressure level was measured for an HDD in



10

15

20

25

obtai ned by formng the aperture 50 in the cover 15 in
this position to reduce the mass of an oscill ator.
Thus, resonance of the cover 15 with the 36th-order 20
di screte-frequency sound can be avoided to | ower the
peak val ue of the discrete-frequency sound. The size
of the aperture 50 is settled depending on the degree
of shift of the resonance frequéncy. Mre
specifically, the larger the aperture 50, the 25 |ess
the mass of the cover (15 in the region Bis, and the
hi gh¥hiChe 2r SSURERCEOLLHEESEY 1Ng. 1Phaws Peqlieney was

t he sound pressure | evel neasured for an HDD in 14
whi chOAMEGL A 0 THEI BPRELSEE G 10 MAEXCEYSHminag® 25 To

f h h
Orn%gn@gﬁk %h%p%{y Ceﬁ?%enée % Coépyglgligégfg%%Plt of

contalin the gravi An an

Lhe %@Shﬁ@g@%@t@m@w gRr %%g%g%n%dab oli dohiige Rl el R154n
FIG 5. In order to preve ust par i I 8S or the

li ke F&GO msget thng rideto thhe reeusicngukt, phhe 1@@%@ @rre 5@
of the cover 15 is closed by a seal 52. In the

accoﬂdkagftomtbetmﬁegenhtenhnélﬁeub;nqonpareﬂeWbbbraﬂre 50
HDD wi t hout the aperture 50 in its cover 15, the peak

10 vafuéhat c8Ve40 1Fz ivaslreddcbd by sebdut25. 6 Idbthe HDD
wWithout failing to mnimzing the increase of the
genePSForﬁépgetPe$€P Pé§s§ﬁ6wﬁmpﬁdFW€Ft5 cAEPargidny ity an

t he present enbodi as descri

abovg, tHé %895 t%% 8PSt hE Lo ﬁ& ifs §OVEE gSovFgédpeak

MAthvgﬁﬁeag%r%QEQOSQZtugg E%d%%%%agy a ou% 5.6 db without
failing to minimizing the increase of the general
noise level, as shown in FIG. 5.

According to the HDD of the present embodiment,
as described above, the cover 15 of the housing 11 is
provided with the aperture 50 that is situated in a
position that contains the gravity center C of the
triangular region B. In this case, the triangle of
the region B has its vertices individually on the
center of the second through hole 44, through which
the fixing screw 43 for threadedly fastening the pivot
23 of the bearing portion and the cover 15 together is
passed, and the respective centers of those two first
through holes 40 which are located closest to the

~second through hole 44, among the other first through
holes 40 through which the screws 16 for threadedly
fastening the cover 15 and the base 10 together are

passed. This situation is established when the region
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position that contains the gravity center C of the
triangular region B. In this case, the triangle of

the region B has its vertices individually on the
center of the second through hole 44, through which 20
the fixing screw 43 for threadedly fastening the pivot
23 of the bearing portion and the cover 15 together is
passed, and the respective cenfléers-of those two first
t hrough hol es 40 which are | ocated closest to the
second through hol e 44, anong the other first through
25 hBl és dofthedugh whi Ehushewsthebbelgover tLhreadedly
fasteni ng the_cover 15 and the base 10 together are
passRECOTRI RISVt ubhBoReFeNBBERLEF8ABENGHeRATt RBSr EGVEH 1O

O T
fr eqtendyedotnge &7 Sunaohdas: £a0: fa <ha%,dpSRRFB: re gne

humen, g2 £2p QQnaEéeQH@Eﬁgat§ﬁﬂcesﬁhgea9ﬁétHP%fﬁgﬁESSO is

| ocated at a distance froma support portion

pi volod3tefi dheabgaktafgcROELbANa BOHEOYEr pokeduat i8R the
of the rigidity of the support portion can be

preventet, 2andf sehé-bsarlihat pontdobna posedviven ngedh@tion
portion including the pivot 23 can be restrained.

Thusoft beeer haydbeyobfathedsaphibgh- pektabnl cey BHBED of

a sinple construction_ capabl e of reducing noise

wi t hBtieVeREeeaspRg ABAGFasEUliAgiensPs. aTResi6EPHMIAg

is a description of an HDD ,
portion including the pivot 23 can be restrained.

Thus, there may be obtained a high-reliability HDD of
a simple construction capable of reducing noise
without increasing manufacturing costs.

The following is a description of an HDD
according to a second embodiment of the invention.
FIG. 6 shows a cover 15 of the HDD, and FIG. 7 shows a
cross section of the cover. The cover 15 in the form
of a rectangular plate is formed by press-molding an
aluminum alloy plate with a plate thickness of, for
example, 0.4 mm. First through holes 40 are formed
individually in four corner portions of the cover 15
and in respective substantial centers of a pair of
long side edges of the cover. The cover 15 is
fastened to a base of a housing in a manner such that
screws that are passed individually through the first
through holes 40 are screwed into threaded holes in

the peripheral edge portion of the base, and closes a
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15 according to a second enbodi nent of the invention.
FIG 6 shows a cover 15 of the HDD, and FIG 7 shows a
cross section of the cover. The cover 15 in the form
of a rectangular plate is fornmed by press-nolding an
alum num alloy plate with a plate thickness of, for 20
exanple, 0.4 mm First through holes 40 are forned
individually in four corner “portd orrs of the cover 15
and in respective substantial centers of a pair of

| ong side edges of the cover. The cover 15 is

f ast ERBAOPEN&"Pasé &FeaPREGsi ng in a manner such that

25 screws that are passed individually through the
Tt Ol Poaatom SRTR0h, Lol Ghaasi FOSRER) dhagdet part

ol e8¢l nst B8, BET hBNErRLrCdgeOLL Lo 9Lt he asey and

[
cl oses a openinNg o € base seC rough

h0|ea%%rEﬁeB@Egﬁggi%F%?%ggpg%gemgﬁxtheAnggE 52 WMiiChover

faces the pivot orenenti one earing

assemBl ¥nodAtpar bigbtt B8 ae¥ers3tdncandot BEcR ¥ehe23in a
are fastened to each other in a manner such that a

fixi mgnaerewupassadtt br gighnghecreecpadsthr eugbubal ehe

44 is screwed into the upper end portion of the

pi vosecThe tbverghShhds #HKeisi xckewstd ihhpoubk hpobes end

40 for screwing in the peripheral edge 10 portion and

t he BEESAANt REoGGR RéVEt44 FBE sevew a§ hevetheheix first

pivo% 23. Eubtaer,4éh% cover 15 is_grovided wth a

cor r UGALBE N pBPLESN 484 L PRaPCFEVE B b SpPESLPREIFAInGITe
portion and the second through hole 44 for screwing
over the pivot 23.

Further, the cover 15 is provided with a
corrugated portion 54 that is formed by press-molding
and has a height d greater than a plate thickness t of
the cover. The corrugated portion 54 is situated in a
region D shaped like a rectangle of which each side
extends parallel to the contour of the cover 15. The
sides of the rectangle contain the center of the
second through hole 44, which is connected to the base
by the pivot, and the respective centers of those two
of the six first through holes 40 which are located
closest to the second through hole 44. The corrugated
portion 54 includes a plurality of rectangular ribs
54a that extend parallel to the long sides of the
region D.

Since the corrugated portion 54 is located in the

region D that corresponds to the region A2 in which
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and has a height d greater than a plate thickness t of
15 the cover. The corrugated portion 54 is situated in
a region D shaped like a rectangle of which each side
extends parallel to the contour of the cover 15. The
sides of the rectangle contain the center of the
second t hrough hole 44, which is connected to the base
20 by the pivot, and the respedti ve centers of those
two of the six first through holes 40 which are

| ocated closest to the second through hole 44. The
cor r G§8t EdPTBSLPRoACT2 sheliudés FIFl-uBahiesy aoflarge
rectangul.ar ribs 54a that extend parallel to the
sidegmg# ?ngzs thagi 3R~ DlnSFHEerFﬁéOGOFﬁﬁﬁétQﬁeﬁonﬁo%CM

54 155l ggated i BoLhe 40l 9qR:that, cortesponds ko Lhe

regi on on no e shovvn

FlG-lgcgéﬁsédlaﬁga tﬂgpkb%%qgncgh§keh%en ? EQet%%gb%@er 15
ri ght over the V 22 in this case, the rigidity of

t he a@w¥ahdls,pao HECbaaS%@ cARANtRE.r €80NANCehe discrete-
frequency of the cover 15 5 around 3,240 Hz can be

enhafceduelihys sothe dirscnet 8- 2M0efguentytsagnttaasbund the
3,240 Hz that is harsh to the human ear can be

at t ehumeedeasi gee bheatoenugaedd Pontieonh®4 coamuigeted
press-nol ded integrally with the cover 15, noreover,
n0|s@oééﬁoﬁe5ﬂe686eéeb?rﬁs§rﬁﬁﬂéeﬂ0l@éﬁ§ﬁﬁ&éﬁ|Uﬁth the
wi t hout |ng ea5|n manuf acturin sts. .~ Since t

secofidVEhb Vn@ﬁf HSFeSHBPﬁSrcggo ﬁﬁPHFPSngyo@ fREple

HDD @%%Qt%ﬂ%tgbasal%gggglq%@&éasing manufacturing costs.

Since the second embodiment shares other
configurations of the HDD with the first embodiment,
like reference numerals are used to designate like
portions of these embodiments, and a detailed
description of those portions is omitted.

While certain embodiments of the inventions have
been described, these embodiments have been presented
by way of example only, and are not intended to limit
the scope of the inventions. 1Indeed, the novel
methods and systems described herein may be embodied
in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions.
The accompanying claims and their equivalents are
intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.
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i ke reference nunerals are used to designate |ike
portions of these enbodinents, and a detailed 15
description of those portions is onmitted. Wile
certain enbodi ments of the inventions have been

descri bed, these enbodi nents have been presented by
way of exanple only, and are not intended to limt

the scope of the inventions- | d8eed, the novel 20

nmet hods and systens described herein nmay be enbodi ed
in a variety of other forns; furthernore, various

omi ssi ons FoguBseimodei otbcantaplkande s hien ablke thigemosf the
t he met hods and systens described herein may be nmade
mﬁthSBFragﬁéﬁgiH@rFF8ﬁ1#Het§5iFPVeéflﬁhéOtnﬁéﬁﬂﬁsﬁsto the

"t oROEACESCEQVEr SUCKOPOERGLOP MGGt FCRDI e B8 woul d
fal | Hpbbinchbe BaOPE-9ndesRibiE 0l LIEILNSYLT oBR, 18

For exanpl e e aperture or
CorrHgggﬁgngerEk@&ubﬂc&h@aﬁoﬁgrehﬁaHeEdlb?‘&@gukgnbh%he

one described in connection wth each of

enbogbBBNbE bHt BBYebeorDdhtiredsyali Qusl ¥igThetd in the
resonance frequency can be enhanced by reducing the
massrefjibhewbever the Bmpiéasdngoift shei gibdrhyion thhele of
regi on where the anplitude of the vibration node of

the EbveFovsr| apgéarPhus, Thosh bhéhapbet apersndet had the
corrugated portion may be fornmed in conbination in the

10 r EgFEHIP ?dtﬁ@rFapgeméwsttﬁ@ﬁmﬁédénaﬁﬁmbﬂaaélomgln the

region for the large vibration-mode amplitude.
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WHAT IS CLAIMED I S: 1. A disk device conprising: a
housi ng havi ng an open-topped rectangul ar base and a
cover in the formof a rectangular plate which 5 is
screwed to the base and cl oses a top opening of the
base; a magnetic di sk arranged in the housing; a

spi ndl e notor which is nounted on the base and
supports and rotates the magnetli® disk; 10 a head

whi ch records and reproduces information to and from
t he magnetic di sk; and a head actuator which noves the
head with respect to WHBTnmA§n@LATMEDSKS: wherein: 15
t he head actuaton co ses a bearing portion having
a pivot filxed% @%%%é@eammiéséé\ger an arm
extendi ng from t.he earlng portion and supportlng t he

head, andZal@Ste% &GO Wi OFSTS HOEESCe d St o et 1gigbase
oppoghhe fr %QE%aﬁ E% fo@mr%%peCEeE%F%%gsbearln?glwpﬁch

portion an e arm he Cove

of fh%S%cEQ%@Hngth%sba@Q'%RdaEQOEQQV'd%gﬁeogenlngaﬁg the

individually in four corner portions of t over

in rpapegtive central parts of |long side edges of the
cover and through which 25 screws which fasten the

cover andat maghase ct diexchrrahiiend dmne tpassedsiard a
second t hrough hole which is provided opposite the

pi vot and at isirdugh ewmotlora whdrcéwis mounted on the base and

supports and rotates the magnetic disk;

a head which records and reproduces information
to and from the magnetic disk; and

a head actuator which moves the head with respect
to the magnetic disk,

wherein:

the head actuator comprises a bearing portion
having a pivot fixed to the base and the cover, an arm
extending from the bearing portion and supporting the
head, and a drive section which is located on the side
opposite from the arm with respect to the bearing
portion and rotates the arm,

the cover has a plurality of first through holes
which are provided individually in four corner
portions of the cover and in respective central parts
of long side edges of the cover and through which
screws which fasten the cover and the base to each
other are passed, and a second through hole which is

provided opposite the pivot and through which a screw
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- 20 which fastens the cover to the pivot is passed,
the cover includes an aperture fornmed in a region
shaped like a triangle and opposed to the drive
section so as to contain a center of gravity of the 5
triangle, the triangle having vertices individually on
a center of the second through hole and respective
centers of those two of the-fi2®t through hol es which
are | ocated closest to the second through hole. 2. A
di sk device according to claim1, wherein 10 the
covevhinbl ideseasseéhk whiveln tovehs andot| asepatibed,
aperture. 3. A disk device according to claim1 or 2,
wher ei n t kBeceeEeri §nfduged o apeaitymendoraleldoyn a region
plate, and the magnetic disk has a dianeter of 15 2.5
i nchégapgd Alfesp HéQPEQléoﬁﬁﬂl§Pﬁﬁse§ ﬁ8u§PﬁgdﬁéVﬁng
an op ped rec an base over i.n

BN R R R S BT T L e LI R
baset?ggnghgseﬁhé E?Eagsﬁg'EQVERHtQgrt%gegaﬁﬁgﬁ@ldually on

magneti c i sk arrange e not

whi ch ksnbBYNbLedran EE@OQ@S€h§BQghSHB@%r%%daggsbgh%ﬁ%%
t he magnetic di sk; a head which records and reproduces

i nf oeeBtEoB 025thosandwbr om the ragaet i@ rdugk; hanésawhich
head actuator which noves the head with respect
are located closest to the second through hole.

2. A disk device according to claim 1, wherein
the cover includes a seal which covers and closes the
aperture.

3. A disk device according to claim 1 or 2,
wherein the cover is formed of an aluminum alloy
plate, and the magnetic disk has a diameter of
2.5 inches.

4, A disk device comprising:

a housing having an open-topped rectangular base
and a cover in the form of a rectangular plate which
is screwed to the base and closes a top opening of the
base;

a magnetic disk arranged in the housing;

a spindle motor which is mounted on the base and
supports and rotates the magnetic disk;

a head which records and reproduces information
to and from the magnetic disk; and

a head actuator which moves the head with respect

to the magnetic disk,
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to the magnetic disk, 21 wherein: the head actuator
conprises a bearing portion having a pivot fixed to
the base and the cover, an arm extending fromthe
bearing portion and supporting the 5 head, and a
drive section which is |located on the side opposite
fromthe armw th respect to the bearing portion and
rocks the arm the cover has-aZl urality of first

t hrough holes which are provided individually in four
corner 10 portions of the cover and in respective
central pathteseigf: | ong si de edges of the cover and

t hrough which screws which fasten the cover and the
base to eddl® h&taserd i@ toes SEMP s Sa 3 dxsdyd nchmsugh on

hol e whi.ch is  provided opposite the pivot and through
whi cR3Y 188 wPiE Ofhifdiefadetber B sCored (ther KO VSityoRN arm

i's ssed,..the caver .includes a corrugated portion,

f or el PRAIEY 6500 SafE I e PR T dEtarigre SAREOT Ting the
OPDO%%%dﬁoa%%ea @rEW% %%%%H%%’w%q%hrﬁgt%%%g%e%a%hnghe side
si des whi' ch extené substantially parall'el” to a

cont ol o@fi teh & roaY @heaRdn?Q 1 ¢ANtRisP R CoRYt €heObehle ng
second through hole and respective centers of those

two ebrthenf ahst rblkeughe Bekgs which are | ocated
cl osest to the second through hole. 5. A disk device
accor di ng tthe doaiem hasmrempdiuraldf vt e ddrrsigathecugh holes
portion has an indentation depth
which are provided individually in four corner
portions of the cover and in respective central parts
of long side edges of the cover and through which
screws which fasten the cover and the base to each
other are passed, and a second through hole which is
provided opposite the pivot and through which a screw
which fastens the cover to the pivot is passed,
the cover includes a corrugated portion formed in
a region shaped like a rectangle and opposed to the
drive section, the rectangle having sides which extend
substantially parallel to a contour of the cover and
contain a center of the second through hole and
respective centers of those two of the first through
holes which are located closest to the second through
hole.
5. A disk device according to claim 4, wherein
the corrugated portion has an indentation depth

greater than a plate thickness of the cover.

6. A disk device according to claim 4 or 5,



greater than a plate thickness of the cover. 6. A disk
devi ce according to claim4 or 5, 22 wherein the
corrugated portion includes a plurality of ribs
extending parallel to long sides of the rectangular
region. 7. A disk device according to any one of 5
claims 4 to 6, wherein the cover is forned of an
alum num al l oy plate, and the r&gnetic di sk has a

di aneter of 2.5 inches.

wherein the corrugated portion includes a plurality of
ribs extending parallel to long sides of the
rectangular region.

7. A disk device according to any one of
claims 4 to 6, wherein the cover is formed of an
aluminum alloy plate, and the magnetic disk has a

diameter of 2.5 inches.



