present invention relates to a disc device 5 for recording and r
information, with a head opposed to a disc rotating in a seal ed

disc drive 100 with a top cover 112 having a structure for suppressi Hgooo*
di stortion due to external force is known as a conventi onal disc devi ce
(see, for 10 exanple, US 6,351,344 Bl;- Suyymery and FIGS. 4 a

disc drive, distortion of the top cover due to external force J@m’ﬂlﬂmwﬂ ’mfﬁm
to prevent the top cover fromcontacting discs or the notor th

the discs. 15 The top cover israttachedrye thgehasenof the disc drivveisyia a
plurality of fixing portions |located at the perineter. The base contains
heads, a contrpikerpeetce, used for reading data froma disc, as well as
the motor for rotating the discs. 20 To enhance the rigidity, the top cover
has a first indented porti orBACLGRGUNE CONATENABNEIT PO ti on 126 cl oser to
the discs than the first indented portion, and a raised portion 128 renoter
fromthe discs thanThkepfiesenti ndeeheédoporkilanesThe ki H3sc2Beivident ed
portion occupies substantially the entire surface of the top cover except
for the perinefer. r¥nerdahgedngorepovaditsingr apdocimatibay anthcenbentric

- 2 wth the axis of rotation of the discs. The second indented portion is
forned arcuat eCBPBERE FRedrdigedrotating in a sealed case.

A disc drive 100 with a top cover 112 having

'; e3ehL3e. ./ TO@ 1262TL3JT C7 DI SC DEVI CE BACKGROUND OF THE | NVE%E,MW& ﬁmmm

a structure for suppressing distortion due to external
force is known as a conventional disc device (see, for

10 example, US 6,351,344 Bl; Summary and FIGS. 4 and 5).
In this disc drive, distortion of the top cover due to
external force is suppressed to prevent the top- cover
from contacting discs or the motor that rotates the
discs.

15 The top cover is attached to the base of the disc
drive via a plurality of fixing portions located at
the perimeter. The base contains heads, a controller,
etc., used for.reading data from a disc, as well as
the motor for rotating the discs.

20 To enhance the rigidity, the top cover has a
first indented portion 124, a second indented portion
126 closer to the discs than the first indented
portion, and a raised portion 128 remoter from the
discs than the first indented portion. The first

25 indented portion occupies substantially the entire
surface of the top cover except for the perimeter.

The raised portion is formed circular and concentric



portion. However, this top cover is not rigid enough to 5 nount the disc
drive into a portable device, such as a notebook personal conputer (PC).

For instance, the top cover may well be pressed and di storted when the disc
drive is mounted in a notebook PC and the keyboard is operated. 10 If the
top cover is distorted, it may contact conponents, such as the notor,
contained in the base. In this state, -dust oeccurs and sticks to heads or

di scs, which disables data reading. Mreover, if the top cover is distorted
into 15 contact with a disc, it my danage part of or the entire disc,

thereby destrayitg Paétagisosrther@pidk eof nEQENBLEQY, r epRLdgd-bhgr eon. At
worst, the disc drive itself is destroyed. Further, if the top cover

contacts a rotiidegted goscion s stochadpgercuibe spdbahdoppt speedqof the

di sc may abruptly change and stop without retracting the head to the
out si de of thepalrstonWen the head is stopped over the disc surface, it may
be electro magnetically attached thereto, causing the disc drive 25 to be
conpl et el y i noper abHeweBRr EFtBUVMARY CBvakEL s NWENTE Qi dneaoaghdance with
one enbodi nment of present - 3 invention, there is provided a highly
reliabl e di sc e eethavihge adsiive i thent & ypoigaldle opevbver . sucboading to an
aspect of the enbodi ment of the jnvention, there is provided a disc device
conprising: 5 & RPLRLORK PEYFPRR L cePMRREeBNEPGUr edFeD SRppBRECantheot at e
the disc; a head configured to%iecord and reproduce information onto and

from the di sc; " FCA RSB RoNE At NPRPIRES R sendt AesHPFieAgWRERt FBR and t he
head, the case incl gin ;.4 case q&in uni t a¥ing g.an ogﬁning; and a
cover secured To°T he" t A8 et Ref At ,l%l%s?ﬂge A3 o% n?Rg 5R8 opposing the
di sc, and the pacl uding. irst arcuate stepped portion opposing an
out er peripher€8%$5?%£ %gséﬁggaggébnd arcuat e stepped portion | ocated

closer i® the disC 1f the top cover is distorted, it may contact
components, such as the motor, contained in the base.
In this state, dust occurs and sticks to heads or
discs, which disables data reading.
Moreover, if the top cover is distorted into
15 contact with a disc, it may damage part of or the
entire disc, thereby destroying part of or the entire
information recorded thereon. At worst, the disc
drive itself is destroyed.
Further, if the top cover contacts a rotating
20 disc or disc clamper, the rotational speed of the disc
may abruptly change and stop without retracting the
head to the outside of the disc. When the head is
stopped over the disc surface, it may be electro-
magnetically attached thereto, causing the disc drive
25 to be completely inoperable.
BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of present



'15 than the first stepped portion; and a second arcuate stepped portion

| ocated cl oser to the disc than the second stepped portion. BRI EF
DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi hg dr aw ngs,
whi ch are incorporated 2~ in and constitute a part of the specification,
illustrate an enbodi nent of the invention, and together with the general
description given above and the detail-ed mlescription of the enbodi nent

gi ven bel ow, serve to explain the principles of the 25 invention. FIG 1 is
an expl oded perspective view schematically illustrating the structure of a

hard disc drivenventidn, (HRBPYeags0pEbigate aMegROYi PENE 2RIt BEsknVention
FIG 2 is a plan V|em/|flustrat|ng the top covef of the HDD appearing in

FIG 1; FIG 3désigeskstingah whewmitibysiyatigoat bepHEby6rof FIG 1; FIG 4
is a graph showing variations in the distortion ratio of the top cover

obt ai ned when the hatgbtrddhff evbeaneaspta of the sheppedepor biforseof the
top cover are varied; 10 FIG 5 is a graph variations in the distortion
ratio of the topventieonpbthenedishenovhéedi dt Hisat devotet bemprépphad:
portions of the top cover are varied; FIG 6 is a plan viewillustrating a
top cove? in whi@hsa’steppiiingnseotiporconhigyrpdotpdedpabohgante 15
entire periphery of a first stepped portion; and FIG 7 is a sectional view
illustrating akeFHBEEWRA €h&Ciop Bedr cepdhAurAadFLe, rgcord and

reproduce information onto and from the disc; and
a case containing the disc, the driving section and
the head, the case including: a case main unit having
10 an opening; and a cover secured to the case main unit,
closing the opening and opposing the disc, and the
cover including: a first arcuate stepped portion
opposing an outer periphery of the disc; a second
arcuate stepped portion located closer to the disc
15 than the first stepped portion; and a second arcuate
stepped portion located closer to the disc than the
second stepped portion.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
20 in and constitute a part 6f the specification,
illustrate an embodiment of the invention, and
together with the general description given above
and the detailed description of the embodiment given
below, serve to explain the principles of the
25 invention.
FIG. 1 is an exploded perspective view schemati-

cally illustrating the structure of a hard disc drive



'DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi ment in which the invention
is applied 20 to a hard disc drive (hereinafter referred to as an "HDD") 1
as a disc device will be described in detail with reference to the
acconpanyi ng drawi ngs. As seen fromFIG 1, an HDD 1 has a substantially
rectangul ar seal ed, case 11. The case 11 conprises 25 a substantially

rect angul ar box-shaped main unit 10 with an upper opening, and a
substantially rectangul ar top cover (lid nenber) 15. The top cover 15 is
screwed to the case main unit 10 by a plurality of screws 16, thereby

seal ing its uppEeHDIPRRNAIGdIHRE teAMR BRIHO UMdn t1Q € AR RS, WA JFBgnet i c
di scs 12a and 12b (discs) as nmagnetic recording nenbers, 5 a spindle notor

13 (driving section)Fifar Suppa tdngh ancew of lati St dthiengragietich dsass and a
plurality of magnetic heads 22 (heads) for recording and reproducing

i nformation toodndhier ¢IDEt ppeegnield drdilkds. 1The unit 10 further contains a
head actuator 10 14, a voice coil notor (hereinafter referred to as a
"VCM') 19, ranp | ocadilty rechard ssecdi8idriwdl diiegy neElchastirsa)irandliendidbd a | at ch
mechani sm 20 and flexible printed circuit board unit (hereinafter referred
to as and' FPC @fi tFIG.12.; The head actuator 14 supports the 15 magnetic
heads so that they can nove over the magnetic discs 12a and 12b. The VCM 19
rotates and positiofsGhe Head siarh ohominariea figipl radithg-irlechani sm 18

hol ds the magnet.ic heads in g ret ted position away fromthe position in
whi ch the head§ qﬁé’r I i5Gted ﬁ%ﬁ‘cﬁx&%&%&ht@d}%w%é}h% he heads

ore, moved o LI QLIS BEphe oo o Ble disesa Hesamh Lopding
roVLng, L2 LA B el Qi aces of the disos, The inertia 2
FPC unit;gl7 is proviggd w tih cl r&f’éﬁh caponentss sichasgaspseaplifier.
ratio of the top cover obtained when the width ratio
of the stepped portions of the top cover are varied;
FIG. 6 is a plan view illustrating a top cover in
which a stepped control portion is provided along the
15 entire periphery of a first stepped portion; and
FIG. 7 is a sectional view illustrating an HDD
with the top cover shown in FIG. 6.
DETAILED DESCRIPTION QOF THE INVENTION
An embodiment in which the invention is applied
20 to a hard disc drive (hereinafter referred to as
an "HDD") 1 as a disc device will be described in
detail with reference to the éccompanying drawings.
As seen from FIG. 1, an HDD 1 has a substantially
rectangular sealed, case 1l1. The case 11 comprises
25 a substantially rectangular box-shaped main unit 10
with an upper opening, and a substantially rectangular

top cover (lid member) 15. The top cover 15 is



'- 6 Aprinted circuit board (not shown) for controlling the operations of
the spindle nmotor 13, VCM 19 and magnetic heads 22 via the FPC unit 17 is
screwed to the outer surface of the case main unit 10, 5 opposing the
bottom of the case 10. The nagnetic discs 12a and 12b have a di aneter of,
for exanple, 48 mm (1.8 inches) and upper and | ower surfaces serving as
magneti c recording |ayers. The discs 12asnd 12b are concentrically nounted
10 around the hub (not shown) of the spindle notor 13 and cl anped by a
clanmp spring 21 such that they are stacked with a certain space

therebet ween ad@ngrddier @xiise addriandiub. udhe 116)51335 %?1@991@8? gfe rotated
ed.

by the spindle notor 13 at a predeterm ned spe The head actuator 14
conpri ses a bestidgs ascentharedy fixeling ihe bopépwénihg. case 10, four
arns 27 attached to the bearing assenbly 24, and four magnetic head
assenbl i es 30 suppofhedchyethainespictiecanhaidd. tkachagnghéti dibead
assenbly 30 includes a slim 20 suspension fornmed of a plate spring, and a
correspondi ng IRgynand cl Aeatidocs) xasl nagnéelcuspensibng Bewhenagneti ¢ head
22 is electrically connected to the FPC unit 17 via the arns 27, a relay
flexi bl € 25 pra ntebndle cwEopok? d(dnbrirtowegt berhcied serpoetingface of

t he suspension, and a nain flexible circuit board 32. _ ~. _ During the
operation of t3ReHPFatingethrppgeetibt ofiaasi sardwagebyrahétvom 19 to
substantially r diall% nove oyer h? nqgnetic discs 12a and 12b to a target
track thereon.®s ®IR¢el ot HRFIhatrd, (RPrISULSPANTPEPTYIREcRBAGUl ar top cover
15 is obtained_b ress-formng an.iron (SP rolled steel, stainless
steel, etc.) p?%%% %f?%n%.%ﬁ%%%%%géo%fgof%?ggiﬁﬁ%f he BoErebiSs m FIG 2
is a plan vie he ver,d4s I 101 cL] i ew of

t he HDD 1, taﬁ%ﬁg%%bng%?ﬁegﬁ}ﬁel%aggfﬁgefhg%ﬁgﬁigﬁegcgﬁggrgéggsk?ﬁe

magnet i £o di sC.1 7he; copibQuEdti oo Obrt 18t OPngBVEE larstlbaney he described.

Through holes 40 are fornmed in the four corners

a "VCM") 19, ramp loading mechanism 18 (holding
mechanism) and inertia latch mechanism 20 and flexible
printed circuit board unit (hereinafter referred to as
an "FPC unit") 17. The head actuator 14 supports the

15 magnetic heads so that they can move over the magnetic
discs 12a and 12b. The VCM 19 rotates and positions
the head actuator 14. The ramp loading mechanism 18
holds the magnetic heads in a retracted position away
from the position in which the heads are positioned

20 above the magnetic discs, when the heads are moved to
the outermost peripheries of the discs. The ramp
loading mechanism 18 further prevents the peripheries
of the magnetic discs from moving in a direction
parallel to the surfaces of the discs. The inertia

25 latch mechanism 20 holds the head actuator 14 in
a retracted position. The FPC unit 17 is provided

with circuit components, such as a preamplifier.



'15 of the top cover 15 and substantially central portions of the two |ong
sides of the sane. The top cover 15 is fixed to the case main unit 10 by
screwi ng screws 16 through the holes 40 into screw holes forned in the unit
10. In this state, the top cover 15 bl ocks the 20 upper opening of the unit
10, opposing the magnetic disc 12a substantially parallel with a
predeter m ned space therebetween. Thus, téde sites including the through

hol es 40 formfixing sections for fixing the top cover to the case main
unit 10. 25 Further, the top cover 15 has another through hole 42 in a

position correspondyng, tarkhechbeali Ropdssambhy:2 sesewi ng a fixing
screw 43 into the _?6 _ uppgr end of thengeaFiﬁgogggeﬁg?y 24 through the

hole 42, a par¢éoRfréNEihOPLEOVEhetBti&NE0UE! Rt Spihg1 @sserbLY124. The top
cover 15 is press-forned such that its 5 greater part, except for the

perimeter wthvehelsi xnéhnaggdthel Bsadd, 2pr ovhdese anpoutMes diy asd upwardly
(in FIG 1) raised portion. Mre specifically, the top cover 15 has a

rai sed portions&bevéddt tocthpi estéhesgrfateropatheotasbemnsimfanetofot he top
cover, except 10 for the perimeter. The raised portion 50 includes a
substant?al |y eppesinag paeteehtohaofathescasearidunds the two magnetic discs
12a and 12b (hereinafter collectively called a disc 12). The substantially
circular pattern isTherpaenesieonésnsriléanend d2beheval apdiameke opposi ng
the center of the disc 12, having substantially the sane dianeter as the
disc 12. The paft efA*nh@¥aPpisr #8 THi (4. 8r énEhBSEt ePPedPPOFt #BAs 51 to 53
and a fourth s bstantiallé circul ar step egpgortion 54. The_first 20

arcuat e st eppetCPsFt PORI8Te8pPBEELREhBS oiPERhLri PREPYIORIt hRYBFEe 12. The
d t ti 52.is_I t ed i t i.nside th
Frret stepped BOFenoRcalPoh 8hapfoh®ar 8 apEleREk TSt hy Polites s "
| et i i h d ] 3 5 f th st d
bor i ontby 1o THagfd Bnb e eARE SRy o Rt B a1 e B B ort Ton 5.

In this enbodi gRAt c1bgebi b taae@aﬁgug%BiﬁheﬁpegueﬁrEhgestﬁé ared and 54
have the sane height, and the fourth steppéed portion 54 is continuous with

the portion of sthexeai seehper tbe8a08 gphee thanebBewsdRshaphhakhy circul ar
pattern. The first stepped portion 51 Is 5 separated fromthe other portion

of the raised pritiofi bRebjugtoovks Bhsapd156 dadclibedrkatetat¥Wét By
reference to the height of the first and fourth stepped portions 51 and 54,
t he second st eppedspondienmdRorslBoaked pkedetetrmihbd dpsedl2, and the
15 The head actuator 14 comprises a bearing assembly
24 fixed to the bottom of the case 10, four arms 27
attaéhed to the bearing assembly 24, and four magnetic
head assemblies 30 supported by the respective arms
27. Each magnetic head assembly 30 includes a slim
20 suspension formed of a plate spring, and a
corresponding magnetic head 22 fixed to the
suspension.
Each magnetic head 22 is electrically connected
to the FPC unit 17 via the arms 27, a relay flexible
25 printed circuit board (not shown) attached to the

surface of the suspension, and a main flexible circuit

board 32.



10 third stepped portion 53 is fornmed closer still to the disc 12. In other
words, the first and fourth stepped portions 51 and 54 are highest, the
second stepped portion 52 is second highest, and the third stepped portion
53 is lowest. Further, the first to third 15 stepped portions 51 to 53 are
formed concentric, opposing the disc 12, in a position deviated fromthe
novenent route of the magnetic heads 22. jThe.first to third stepped
portions 51 to 53 extend through at least 180 . In this enbodi nent, the
first to third 20 stepped portions 51 to 53 are extended through as |arge

angl e as possi bl e i pya;iRGSthi0BpAeYE abRULEN PRk vempnt ppgute of the
magneti ¢ heads 22. Tﬁelfgurth s?epped po?tig§b5§BPg?(o§§Ee8E§g that it does

not interfere ykthatbe hmbién@wuﬁaowg)tﬁé voe $pi pdl 8uB3tARL QL1 gL OUNd which
the disc 12 is nounted. Two grooves 55 and 56 are provided which™isol ate

the first steppadiablyinmovslovdhetlgeonxgsebbcandss6 12a 4Ad t1adi ably extend
fromthe correspondi ng through holes 40 (for fixing the top cover 15 to the
case nmi n unital@rgewatdathetbentonl portion C that opposes the center of
the disc 12. The grooves 55 and 56 are 5 forned at the sane |level as the
second s?epped portPontse. otherghande SBedefibatanbhelépdretteaghlat t he
second and third stepped gortions 52 and 53. A stepped control portion 58
for suppressi NEPRi BPEET oh> of st tletpbre@hleyypoesshodnstglani hranl0 direction
parallel to the surface of the disc 12 is provided in a position

di ametrical |y opposihglted saaplt osbRhylaeenhakpsh 18tGi t hptetpect to the
disc 12. The stepped contr ol or%io 58 cuts_out part of the first arcuate
st epped porti oh .aTﬁ%l?%ﬁ%? SOF f akRT 15%8FPL Re 2PePpel-€oant®ol portion 58

2,008 1L grgons ek ot Lok 5 BT LPNERY phe B dlags12uhepLhe i oo 12
Opposi my 1 oy Sunpres TRa vl be Aty ontar TRR A oenist AcofbTERL! LIReY Gi'sc
12 is preventqgaéépﬂ&bgﬁﬂgugh the center C of the magnetic disc.
The configuration of the top cover 15 will now be
described.
Through holes 40 are formed in the four corners
15 of the top cover 15 and substantially central portions
of the two long sides.of the same. The top cover 15
is fixed to the case main unit 10 by screwing screws
16 through the holes 40 into screw holes formed in the
unit 10. In this state, the top cover 15 blocks the
20 upper opening of the unit 10, opposing the magnetic
disc 12a substantially parallel with a predetermined
space therebetween. Thus, the sites including the
through holes 40 form fixing sections for fixing the
top cover to the case main unit 10.
25 Further, the top cover 15 has another through

hole 42 in a position corresponding to the bearing

assembly 24. By screwing a fixing screw 43 into the



‘destroyed by a great inpact that occurs, for exanple, when the HOD 1 is
dropped. As described above, in the enbodi nent, the raised 25 portion 50
that conprises the substantially circul ar stepped portion 54 and the three
arcuat e stepped portions 51 to 53 provided around the stepped portion -
11 54 enhances the rigidity of the top cover 15, thereby suppressing
distortion of the top cover when an exterpal _force is applied thereto. This
inparts sufficient rigidity to the HDD 1 and hence enables 5 the HDD 1 to
be nmounted in a portable device, such as a notebook PC. This also prevents

the top 'cover (15 fir amLyH ¢l %%atr]l%gi %%reﬂ@lgé%g%gﬁ%ﬁgftﬁgh%oﬁ@ L

t hereby preventing the previous st at’ed occur anage of the

disc 12, excespyedl patond RacldoBidierotit 1S AUBN o liie rel i abi ity
of the HDD 1 can be enhanced. Furthernore, the grooves 55 and 56 enpl oyed
in the enbodi marisemiivclz4r.adi al |y extend toward the central portion C from
the fixing portions for fixing 15 the top cover 15 to the case main unit
10, enhance the resiTtearop afoudre tOn < @rays sk dmmeah xdrerttadt ficrce exerted
thereon. The rigidity of the top cover 15 of the enbodi nent depends upon
the radi a w dorealierapdn? 2&depde fOlrGth?) pofr itnes exeedrith arhe tdii d st epped
portions 52 and 53, the height difference Hl (see FIG 3) between the
second st epped thaotigdn hed egnd 0, hé roviste 5( fagurautiwastddpp e dorawaord 151 and
second stepped portion 52, and the height difference H2 (see FIG 3)
bet ween (in FIG. 1) raised portion. More specifically, the
top cover 15 has a raised portion 50 that occupies the
greater part of the surface of the top cover, except
10 for the perimeter. The raised portion 50 includes a
substantially circular pattern that almost surrounds
the two magnetic discs 12a and 12b (hereinafter
collectively called a disc 12).
The substantially circular pattern is formed
15 concentric with a central portion C opposing the
center of the disc 12, having substantially the same
diameter as the disc 12. The pattern has first to
third arcuate stepped portions 51 to 53 and a fourth
substantially circular stepped portion 54. The first
20 arcuate stepped portion 51 opposes the outer periphery
of the disc 12. The second arcuate stepped portion 52
is located adjacent to and inside the first stepped
portion 51. The third arcuate stepped portion 53 is
completely included in the second stepped portion 52.
25 The fourth stepped portion 54 is located adjacent to

and inside the second stepped portion 52. In this

embodiment, the first and fourth stepped portions 51



25 the first and third stepped portions 51 and 53. In other words, the
rigidity of the top cover 15 can be enhanced by appropriately setting W,
W2, Hl and - 12 H2. The values W, W2, Hl and H2, which enhance the
rigidity, will be described. As seen fromFIG 3, the height of the fourth
stepped portion 54 of the top cover 15 is substan5 tially determ ned from
t he height of the hub of the spindle mptog 13 for rotating the disc 12.
Further, the height of the third stepped portion 53 that is closest to the
upper disc 12a is predeterm ned. Accordingly, the height difference H2

bet ween the 10.z4f gur t ed.parti 4 Lr S i 51) and
the third stepped g%r§?3§ EggigagngFgﬂF?él%@Huﬁbauggpg%ﬁhgeékhgg. In Iight

of this, the rpgrdiby 9f §BechbapifA¥EL %§tma§h@absygébﬁdoﬁhgh@ varying the
hei ght difference 15 Hl between the first and second stepped portions 51

and 52, with theibelgpbreibhereneent? wAghangedsubk@antighoys the results.
In the sinulations, the maxinumdistortion ratio of the top cover 15

obt ai ned when thecugatrphtperhi.onTheWadsrptessegpby B6raipredet egni ned
pressure was considered the rigidity of the top cover. Further, the

di stortidn ratsepanstednfidmr et otherlpbttihe béi ght dafibedepoetlidnwas 0.
It is understood fromFIG 4 that the maxinumdistortion ratio of the top
cover 15 can beOrkHugedoves255aandl € Hessrihad Oaterif the ratio (Hl/ H2)
of the height difference HL to the height difference H2 is set to 0.3 to
0.85. In this Hl/ H2Wit&Rg&eferenmexitpuihe heightdiodt e & risst B8dof the top

cover is higher th 8 t he niginunlone only by 8~. In particular, if there is
no second stepBBHrg r EFBRPSS PREFIHONS B) &8Yi R4y hEhEr 86Fens| $tePReEd 5

conventi onel dhagrBEhYER(VE 633k SL (LB TATY SLOLNLgY of the

10 third stepped portion 53 is formed closer still to the
disc 12. 1In other words, the first and fourth stepped
portions 51 and 54 are highest, the second stepped
portion 52 is second highest, and the third stepped
portion 53 is lowest. Further, the first to third

15 stepped portions 51 to 53 are formed concentric,
cpposing the disc 12, in a position deviated from the
movement route of the magnetic heads 22. The first to
third stepped portions 51 to 53 extend through at
least 180° . In this embodiment, the first to third

20 stepped portions 51 to 53 are extended through as
large angle as possible in a position deviated from
the movement route of the magnetic heads 22. The
fourth stepped portion 54 is located so that it does
not interfere with the hub (not shown) of the spindle

25 motor around which the disc 12 is mounted.

Two grooves 55 and 56 are provided which isolate

the first stepped portion 51. The grooves 55 and 56



means that the top cover does not have satisfactory rigidity. To determ ne
the optinmal W/WL ratio for 10 enhancing the rigidity of the top cover 15
the distortion ratio of the top cover 15 was cal cul ated, while varying the
wi dth WL of the second stepped portion 52 and the width W2 of the third
stepped portion 53. FIG 5 shows the results. In this case, 15 it was
assuned that the distortion ratio was_1 ywgen_.width W2 was 0. It is
understood fromFIG 5 that the maxi numdistortion ratio of the top cover
can be reduced to a value less than 0.65 if the ratio (W/ W) of width 20

W t dth W2 t t 9 e mum
dlstgrr1on ratf%§%§f%%eg%€% %o@%éh th%lgﬁpfésﬁgﬂa%%éaﬁgﬁ?ﬁéﬁ1%ﬁgé%nly by
8%. In particul@r(féf fmi@glﬁh@%g@lwv&ep@eéopeﬁéleasé%émlwuglo as

in the previously stated 25 conventional disc drive 6, 351, 344 t he

maxi mum di st ortd preewd@ O tdent PPL COYLELIdS Ce@ﬁQESoésteﬂhtHB means t hat
the top cover does not have - 14 satisfactory rigidity. As described

above, to enhaneetéheofighdidysof12he 109 §oyeved555i antisssubficient if the
ratio (H1/H2) of the height difference H between the first 5 and third

st epped porti ofsritdd amd H3et pamdeldeehes dihé esencrdHRtbppreepotheohi r st
and second stepped portions 51 and 52 is set to 0.3 to 0.85. Sinultaneously
or alternativeby; iThe¢sgsedvechbendefineheonat énd ¥/ ¥arhobft hberadi al wi dth
W2 of the third stepped 10 portion 53 to the radial width WB of the second
st epped porti ofe52n¢ sar@tthprd. steppedaporhtonaveat #ad P3.-not limted to

t he abovedescri bed enbodi ment, but pmay be nodified in various ways w thout
departing fromthe %cﬁE%ppﬁﬁrFﬂEFrOl portion 58 for suppressing

vibration of the periphery of the disc 12 in a

10 direction parallel to the surface of the disc 12 is
provided in a position diametrically opposing the
ramp loading mechanism 18 with respect to the disc 12.
The stepped control portion 58 cuts out part of the
first arcuate stepped portion 51. The inner surface

15 of the stepped control portion 58 is brought into
contact with the periphery of the disc 12 when the
disc 12 vibrates in the direction parallel to its
surface. The stepped control portion 58 cooperates
with the ramp loading mechanism 18 diametrically

20 opposing it to suppress the vibration of the disc 12.
As a result, the disc 12 is prevented from being
destroyed by a great impact that occurs, for example,
when the HDD 1 is dropped.

As described above, in the embodiment, the raised

25 portion 50 that comprises the substantially circular

stepped portion 54 and the three arcuate stepped

portions 51 to 53 provided around the stepped portion



15 various inventions can be realized by appropriately conbining structural
el ements di sclosed in the enbodi nent. For instance, sone of the structural
el enents di sclosed in the enbodi nent may not be enpl oyed. 20 Further, the
above-descri bed enbodi nent enpl oys the stepped control portion 58 that

di anetrically opposes the ranp | oadi ng nechani sm 18. However, instead of
the stepped control portion 58, an arcuate stepped control portion 60 as
shown in FIG 6 nay be 25 enpl oyed. The stepped control portion 60 extends
along the entire outer periphery of the first arcuate stepped portion 51.

In this case, 54k@nﬁgﬁcéée@ﬂgdri?id%gyc§9n£ﬁ8|t8§r££9gr5§i2tpﬁ%§é$2p6d

control portion 60 is also positione oser to the drsc e third

st epped porti0§u§§r@§s§ﬁgwﬂié@0££§bn7ofTbﬁet985088§é£U&£§H st epped control

portion 60 can suppress the vibration of the disc 12 along substantially

the entire peré@h@fﬁapfféh@edi§0a%§11éaetﬁéye@6eveﬁﬁiggiﬁﬁ§r9§5trUCti0“ of
the disc 12 in an even nore reliable manner. Since the stepped control

portion 60 is shifidDehbcatetldttpses thethBDALssnd2héhas &hgpiBErd stepped
portion 63, if an external inpact is received by the HDD 1 when it is
operatiny or stippéd) theotbe mowvetredSinsappeveabrd feonrepntachi ag t he
disc 12 at the level of the third stepped portion 53. In other 15 words,
destruction of2tpetelpaek 1BCcanThés prévenprdvenytsethéngopheotierghbs of the
stepped portions to satisfy the following relationship: L3 < L2 < L1 where
L1 represents thendreibhcelngt teeninhersatf aewrouentstwé thecHBRaland t he
second stepped_portion 52, L2 the distance to_the third stepped portion 53,
and L3 the disYgﬁE%b¥opfﬂ%e%Fé%%eﬁh%oﬁ¥?8+°§§%Yi6ﬁa39d oCCUurEeng@igE| S
CLAIMED I S: 1. A disc_device_c ri.sing,.a disc; a drjving section
configured to %%%gbr a%ﬁ%eSOFogggedfﬁﬁ Uf scS*GeRRLYS cHRRTgORelNBo record

Gi'sc, ThE ori T Sbetron ana tnboren: be: het earElhd BB Ry BbEte i n-

disc, the driving sectron and the e main
unit having an-QpepkNgnhanced.

Furthermore, the grooves 55 and 56 employed in
the embodiment, which radially extend toward the
central portion C from the fixing portions for fixing

15 the top cover 15 to the case main unit 10, enhance the
- resistance of the top cover 15 to an external force
exerted thereon.

The rigidity of the top cover 15 of the
embodiment depends upon the radial widths W1 and W2

20 (see FIG. 2) of the second and third stepped portions
52 and 53, the height difference Hl (see FIG. 3)
between the second stepped portion 52 and the first
(fourth) stepped portion 51 and second stepped portion
52, and the height difference H2 (see FIG. 3) between

25 the first and third stepped portions 51 and 53.

In other words, the rigidity of the top cover 15 can

be enhanced by appropriately setting W1, W2, H1 and



and a cover secured to the case main unit, closing the opening and opposing
the disc, and 15 the cover including: a first arcuate stepped portion
opposi ng an outer periphery of the disc; a second arcuate stepped portion

| ocated closer to the disc than the first stepped 20 portion; and a second
arcuat e stepped portion |located closer to the disc than the second stepped
portion. 2. The disc device according_tojglaim1l, wherein 25 the first to
third stepped portions concentrically extend through at |east 180 away from
a novenent route of the head, opposing the disc. - 17 3. The disc device

according to ckal m gnowWhgrebd fihle §econg shepped patLhoD-Ls,RLOKhded inside

the first stepped poriion, and the third stepped porfion IS Inc ed in the

second steppedrp@iyiey;, wifi gbegdiscigdeyice according to claim3, wherein
the a fourth subStantially circular stepped portion is provided inside the

second stepped pOftAQnseéﬁefE@MthG§tQPDQHeDHéEEHE 8PP@SENG oA riub used to
attach the disc to the driving section. 10 5. The disc device according to

cl ai m 4, wheresteppedfporthost epped ppettep basesubst apt kabk¥aa-sane hei ght
as the first stepped portion. 6. The disc device according to claim 3,
wherein @ rativiaila detghhidefif Eremcehbehwtghtt b€ theshubndflbhsecond

st epped portions to a height difference between the first and third stepped
portions fallsspin@ilie motangé3ofoD. Botatdngs5thg. dike #iRsc Hwvvitberaccor di ng
to claim3, wherein a ratio of a radial wdth of the second stepped 20
portion to a réfahreiwltnodf thnethhrddsserppedrpstipanSBakhstwichi n a range
of 0.3 to 0.9. i sc device conpri si a disc; a driving section

. Ad ng:
configured to EﬁBﬁ%FF bAdths vBParedifie agécls predetermined.
Accordingly, the height difference H2 between the

10 ~ fourth stepped portion 54 (first stepped portion 51)
and the third stepped portion 53 is substantially
unique to the HDD 1.
In light of this, the rigidity of the top cover
15 was calculated while varying the height difference
15 Hl between the first and second stepped portions 51
and 52, with the height difference H2 unchanged.
FIG. 4 shows the results. In the simulations,
the maximum distortion ratio of the top cover 15
obtained when the central portion C was pressed by
20 a predetermined pressure was considered the rigidity
of the top cover. Further, the distortion ratio was
considered to be 1 if the height difference Hl was O.
It is understood from FIG. 4 that the maximum
distortion ratio of the top cover 15 can be reduced to
25 a value less than 0.78 if the ratio (H1/H2) of the
height difference Hl to the height difference H2 is

set to 0.3 to 0.85. 1In this H1/H2 range, the maximum



a head configured to record and reproduce information onto and fromthe

di sci and - 18 a case containing the disc, the driving section and the
head, the case including: a case nmain unit having an opening; 5 and a cover
secured to the case main unit, closing the opening and opposing the disc,
and the flat cover including: a first arcuate stepped portion 10 opposing
an outer periphery of the disc; a secand cuate stepped portion | ocated
closer to the disc than the first stepped portion; a second arcuate stepped
portion 15 | ocated closer to the disc than the second stepped portion; a

plurality of fixidgQ S8¢ qrésc %df t (}%ﬁt t&%;‘e very 4Q p?t Qater cc%sag} r%lnn unit;

and at | east one groove r adi a y exten roma Ion O e cover

near one of theifdixiig cYRC RS Hﬁpv@r.d a central portion of the cover
opposing a center of the disc. 9. The disc device according to claimS8,

wherein the first tord partisherped POHEHONS CONEEHEddGA | e dip&xt end
through at | east 180 away from a novenent route of the head, opposing the
di sc. 10. The diostidevisee @yadi=n®)t a<liai mH prari®iusly stated
5 conventional disc drive (US 6,351,344 Bl), the maximum
distortion of the top cover 15 exceeds 0.18 mm, which
means that the top cover does not have satisfactory
rigidity.
To determine the optimal W2/Wl ratio for
10 enhancing the rigidity of the top cover 15, thé
distortion ratio of the top cover 15 was calculated,
while varying the width W1 of the second stepped
portion 52 and the width W2 of the third stepped
portion 53. FIG. 5 shows the results. In this case,
15 it was assumed that the distortion ratio was 1 when
width W2 was O.
It is understood from FIG. 5 that the maximum
distortion ratio of the top cover can be reduced to
a value less than 0.65 if the ratio (W2/Wl) of width
20 Wl to width W2 is set to 0.3 to 0.9. In this W2/Wl
range, the maximum distortion ratio of the top cover
is higher than the minimum one only by 8%.
In particular, if there is no third stepped
portion 53 (W2/Wl = 0) as in the previously stated
25 conventional disc drive (US 6,351,344 Bl), the maximum
distortion ratio of the top cover 15 reaches 1.0,

which means that the top cover does not have



- 19 the second stepped portion is provided inside the first stepped
portion, and the third stepped portion is included in the second stepped
portion. 11. The disc device according to claim10, 5 wherein a ratio of a
hei ght difference between the first and second stepped portions to a height
di fference between the first and third stepped portions falls within a
range of 0.3 to 0.85. 12. The disc deuicggaccording to claim10, 10 wherein
aratio of a radial wdth of the second stepped portion to a radial w dth
of the third stepped portion falls within a range of 0.3fto 069. 13. The

di sc device ac L erein the groove is forned at
substantiall'y gQggﬁggcggg H%éit e second stepped portion. 14. A disc

devi ce conpri sing: ﬁsdH%%c%1€@ﬂvbB%v%eCEbOQnﬁQREEQHE%drﬁglﬁﬂQQO tr and
rotate the disc 20 a head configured to record and reproduce in £6r mat i on

onto and from the dbgctord ascase eentairpipfchheidi spe theidriving section
and the head, the case including: 25 a case main unit having an openi ng and
a cover securedHLﬁHEheoCaSBenhemghﬂlHlffereﬂae H1 between the first
5 and third stepped portions 51 and 53 to the height

difference H2 between the first and second stepped

portions 51 and 52 is set to 0.3 to 0.85. Simultane-

ously or alternatively, it is sufficient if the ratio

(W2/W1l) of the radial width W2 of the third stepped

10 portion 53 to the radial width W3 of the second
stepped portion 52 is set to 0.3 to 0.9.

The invention is not limited to the above-
“described embodiment, but may be modified in various
ways without departing from the scope. Further,

15 various inventions can be realized by appropriately
combining structural elements disclosed in the
embodiment. For instance, some of the structural
elements disclosed in the embodiment may not be
employed.

20 Further, the above-described embodiment employs
the stepped control portion 58 that diametrically
opposes the ramp loading mechanism 18. However,
instead of the stepped control portion 58, an arcuate
stepped control portion 60 as shown in FIG. 6 may be

25 employed. The stepped control portion 60 extends
along the entire outer periphery of the first arcuate

stepped portion 51. 1In this case, like the stepped



cl osi ng the opening and opposing the disc, and the cover including: a first
arcuat e stepped portion opposing an outer periphery of the disc 5 a second
arcuat e stepped portion |located closer to the disc than the first stepped
portion; a second arcuate stepped portion |ocated closer to the disc than

t he second stepped 10 portion; and a stepped control portion |ocated closer
to the disc than the third stepped pocrti gg, the stepped control portion
suppressing vibration of the outer periphery of the disc in a direction
parallel to 15 a surface of the disc. 15. The disc device according to

claim 14, whergbfcthe ;%bf@ioﬁoséh' fﬂesgeeﬁsgdpesﬁt98§ pS?EEﬁHt%bC LIy

extend through at |eas 80 away from a nobvenent route o

opposi ng the disse BOsibiolbe €lssedevbCenacgosdi ng EHaﬁlﬁhQ‘%ﬁirﬂhere'n
the second stepped portion is provided inside the first stepped portion,

and the third stepped portien bs hsckHerd in rhe.secondnst eppgd portion.
17. The disc device according to claim 16, 25 wherein a ratio of a height

di fference betuwerstthetédrsteppddsesndtost pppedoposbi 888 apprhekght

di fference between the first and third stepped - 21 portions falls
within a5rangetbé 0iBrabifn8sf tBe dhecdiBcatlemgcsubstandiagliyotakai m 16,
wherein a ratio of a radial wdth of the second stepped portion to a radi al
wi dth of the tenEdreteppephsrpopfi bhefdibs Wt hthesebyngeevwkn0ilgto 0. 9.

19. The disc device according to claim 17, wherein the cover further
conprises: a pFB?aﬁ??ErB?t¥P&|9§ ERet foRS L3ednt anf pXenhmore

reliable manner.
Since the stepped control portion 60 is thus
10 located closer to the disc 12 than the third stepped
portion 63, if an external impact is received by the
HDD 1 when it is operating or stopped, the top cover
15 is prevented from contacting the disc 12 at the
‘level of the third stepped portion 53. ' In other
15 words, destruction of the disc 12 can be prevented by
setting the heights of the stepped portions to satisfy
the following relationship:
L3 < L2 < L1
where L1 represents the distance between the surface
20 of the disc 12a and the second stepped portion 52, L2
the distance to the third stepped portion 53, and L3

the distance to the stepped control section 60.



cover to the case main unit; and 10 at | east one groove radially extending
froma portion of the flat cover near one of the fixing sections toward a
central portion of the cover opposing a center of the disc. 20. The disc
devi ce according to claim 14, 15 wherein the stepped control portion is
formed arcuate al ong an outer periphery of the first stepped portion. 21.
The di sc device according to claiml 4, whgreiLn the stepped control portion
dianetrically opposes a holding nechanismw th the disc interposed 20

t her ebet ween, the hol ding nechani sm being used to hold the head in a

retracted position deviated frcnnghj) td ch the head is positioned
above the disc. AY Al a. Al ;. AY. A AgﬁgA&%h%éb\MH . Aas. Aas. A A Aus. A;

A . A disc dev1ce comprising

Ss. A . Aa . Ays. Aasy, [@6mu r2b, b<EDZ|mmnhc“e]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]aab@a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]cRaU]c alz D
clp
Obf: Z*Dv}xsni d_Z] ] ca] daleahgakeatdtahcabadligaked] ca] eappaktahed] ca] ca] ca] cal
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Al G s!!13}xsnidoZiteatba] dasca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca]ca] cal !’ "" +# #H#HSPIWIRAZKEQER" () F*| * +
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]ca]ca]ca]ca]ca]ca]ca ca] ca] ca] ca] ca] ca] ca] ca] ca! 12: 2k2222+3] 33314435d55556
P666Y777728e888B5E503 éﬁPdOEFPcéP@aFé@TcEP@aPééFca?@é]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]cagca ca cag b hca ca]cagca ] ca! 9999

<<<>@\AJAbAAAALBEBGBER eZPiéarc PEaPEéY&&PcéFE&F@&]ca]ca]ca
]ca]ca]ca]ca]ca*&mk al ca a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caltDDD
E6Ei EEEFFFHHI | & ﬁEYﬁF OCO: OPPQRRR- SSS} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]Cféca]ca]ca]C§Lgakgghc§h%§h8§h%a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
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opposing an ter periphery of the disc;
a second arcuate stepped portion
located closer to the disc than the first stepped
20 portion; and
a second arcuate stepped portion
located closer to the disc than the second stepped
portion.
2. The disc device according to claim 1, wherein
25 the first to third stepped portions concentrically

extend through at least 180° away from a movement

route of the head, opposing the disc.
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5 4. The disc device according to claim 3, wherein
the a fourth substantially circular stepped portion'is
provided inside the second stepped portion, the fourth
stepped portion opposing a hub used to attach the disc
to the driving section.

10 5. The disc device according to claim 4, wherein
the fourth stepped portion has substantially a same
height as the first stepped portion.

6. The disc device according to claim 3, wherein
a ratio of a height difference between the first and

15 second stepped portions to a height difference between
the first and third stepped portions falls within
a range of 0.3 to.0.85.

7. The disc device according to claim 3, wherein
a ratio of a radial width of the second stepped
20 portion to a radial width of the third stepped portion
falls within a range of 0.3 to 0.9.
8. A disc device comprising:
a disc;
a driving section configured to support and
25 rotate the disc;
a head configured to record and reproduce

information onto and from the disc; and
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portion;
a second arcuate stepped portion
15 located closer to the disc than the second stepped
portion;

a plurality of fixing sections used to
fix the cover to the case main unit; and
at least one groove radially extending
20 from a portion of the cover near one of the fixing
sections toward a central portion of the cover
opposing a center of the disc.
9. The disc device according to claim 8, wherein
the first to third stepped portions concentrically
25 ektend through at least 180° away from a movement
route of the head, opposing the disc.

10. The disc device according to claim 9, wherein
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first and second stepped portions to a height
difference between the first and third stepped
portions falls within a range of 0.3 to 0.85.
12. The disc device according to claim 10,
10 wherein a ratio of a radial width of the second
stepped portion to a radial width of the third stepped
portion falls within a range of 0.3 to 0.9.
13. The disc device according to claim 8, wherein
‘the groove is formed at substantially a same level as
15 the second stepped portion.
14. A disc device comprising:
a disc;
a driving section configured to support and
rotate the disc;
20 a head configured to record and reproduce
information onto and from the disc; and
a case containing the disc, the driving section
and the head,
the case including:
25 _ a case main unit having an opening;

and

a cover secured to the case main unit,
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portion;
a second arcuate stepped portion
located closer to the disc than the second stepped
10 portion; and
a stepped control portion located closer to
the disc than the third stepped portion, the stepped
control portion suppressing vibration of the outer
periphery of the disc in a direction parallel to
15 a surface of the disc.
15. The disc device according to claim 14,
wherein the first to third stepped portions
~concentrically extend through at least 180° away from
a movement route of the head, opposing the disc.
20 16. The disc device according to claim 15,
wherein the second stepped portion is provided inside
the first stepped portion, and the third stepped
portion is included in the second stepped portion.
17. The disc device according to claim 16,
25 wherein a ratio of a height difference between the

first and second stepped portions to a height

difference between the first and third stepped
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wherein the cover furtTher comprises:
a plurality of fixing sections used to fix the
cover to the case main unit; and
10 at least one groove radially extending from
a portion of the flat cover near one of the fixing
sections toward a central portion of the cover
opposing a center of the disc.
20. The disc device according to claim 14,
15 wherein the stepped control portion is formed arcuate
along an outer periphery of the first stepped portion.
21. The disc device according to claim'l4,
wherein the stepped control portion diametrically
opposes a holding mechanism with the disc interposed
20 therebetween, the holding mechanism being used to hold
the head in a retracted position deviated from a

position in which the head is positioned above the

disc.



