.y e3e$h"%be | T" XDHETS6ST" % X8f *@00002* TITLE OF THE | NVENTI ON DI SK
SUPPORTI NG APPARATUS AND MAGNETI C DI SK DRI VE W TH THE SAME mmﬂmﬂmmmmlm:
THE I NVENTION 5 The present invention relates to a disk sup
apparatus, and in particular, to a disk supporting apparatus hayjigigs
magneti c di sks, a spacer ring, and the like fixedly stacked together around
a hub of a spindle notor, and a magnetic disk drive 10 conpri|gi NWMMWMHNSK
supporting apparatus. In general, a maghet}c disk drive ConpdmwMﬂ c
di sks, a spindle notor that rotationally supports and drives the.grgpetic
di sks, a carriage assenbly supporting nagneti c heads, a voice coil notor 15

e T L M
b around sk o 8PLUERL kel AEBAREELS diBKSpaN S PLUEE bl aspece

rings are nDuntfg agAﬁEe outer periphery of the hub and sandw ched between
a flange forned a% one end of the hub and a clanp ring screwed to the other

end of the hub. 25 Wth such g, MRGNSINS &Sk ?riN@EN§ngspeed at which the
magnetic di sks are rotated nust be mcreasedH 0 process data at high speed.

Thus, in gecent year gy asénthighespeed LehatiRd rargneglisg di sk drives
have beeﬁgstudied. Fbmgvgf?swﬁen naSnetic giskserotate a&sﬁigh speed, a

phenonenon cal | edppbldthgr appseHtssi Nanhi 6h phetreanati c tdi skeiake vibrated
owng to a variation 5 in air pressure. If flutter occurs, the magnetic

heads are | ess pupposelygpapphrabted heltrdhgveagaethe ddskespandpagemragneti c
di sks. This prevents recording density frombeing inproved. To prevent this
probl em a hi ghr$pgedandt dhenyike fagrdiycstrskedr tegelthsrbeenupdoposed in
whi ch each of the magnetic di sks has an outer dianeter corresponding to
that of a 2.5-ihegh ffigResPéndilskmakhdranandner magassier ddekr dspyRdi ng to
that of a 3.5-inch magnetic disk so as to reduce the area of each disk

whi ch ne¥0 15 beComBrafeésd thius PheKe8YPRETTLEInaPER&R Mt Baquency, while
reducing the level of flutter. However, nost,.of the parts of this

hi gh- speed rotating migd&ReEadr sk &Fﬁ?@téfédﬁﬁﬁng&W% PIRHTFSe conmmonl y

used in normel - spged. (U ALLYY MUDRLLG, 01 5KR0 dilyes, THi s Legyces

productivity, € I'nNCreasi ng man ct’ure costs. OF THE

| NVENTI ON An e”@ﬁ?%g??ﬁaghdtB@iQEESEHE haﬁﬁ@EHQPdEQXFprQé%ggrﬁa%ESk

supporting appara . reduces the 25 vibration o ‘a to"allow a
head to be nDreaBéeﬁb§9lgupgékt&ﬁaeﬂaPﬁb@&bvaebasyh@ Gerkespendi pgtdirsks,

whi | e suppressing an increase in manufacture - 3
15 that drives the carriage assembly, a board unit, and
the like, all these components being disposed in a
case.
The spindle motor has a cylindrical hub around
which a plurality of magnetic disks and a plurality of
20 spacer rings are alternately stacked together. These
magnetic disks and spacer rings are mounted at the
outer periphery of the hub and sandwiched between a
flange formed at one end of the hub and a clamp ring
screwed to the other end of the hub.
25 With such a magnetic disk drive, the speed at

which the magnetic disks are rotated must be increased

to process data at high speed. Thus, in recent years,



‘costs. According to an aspect of the present invention, to attain this

obj ect, a disk supporting apparatus conprises a notor including a rotatable
hub having a 5 di sk receiving portion at an outer periphery of an end of
the hub; a plurality of disks each of which has an inner hol e through which
the hub is inserted, the disks being fitted around an outer periphery of
the hub; a spacer ring having an inner hole through which 10 the hub is
inserted, the spacer ring being fitted arond"t he outer periphery of the
hub and being | ocated between the disks; and a clanmp nenber fixed to other
end of the hub to clanp the disks and the spacer ring between the clanp

menber and the di.sk receiyvin 9 portion. .The, .disk, receivyin ortion and
the clanp marrbe?’l E’vgpgeguﬁsot %tlingl Img?gél(f alc (ﬂi‘tsé{r ddﬁléfr?est g’ra‘ge]' “bacer ring

has a | arger ou i_amet t .di sk hecei vi par ti.on. and
cl anp nenber. I%%Pﬁge?Uteﬁﬁa%Rgﬁyigﬁ%ﬁa %é?fﬁﬁ?:§§4ﬁ%;iﬁﬁ§§§ %ﬁr%fi%
defined as rs t ter rJ l. radi ofg1€aGh, ,0f § j sks s defined
as rd, the i nnelrg%;?gr&l'pﬁe z;lén%n%g g%qtllﬁzi difslk 'S Igef%ér@(fcya??} P{J,ﬁacﬂld t he
outer peri pher akhagialsc®fi d kY sHisSk Hee ABHAE P HIRN NG Q)a@:%ﬂ%]:per S
defined 25 as rc, the'rs, rd, rh, rc have a relationship: (rc - r [ rd <
0.1 < (rss- rh) ih &dr<plelurdccondi Futd anddweirgsped efgrdia present -
4 invention, a magnetic disk drive conprises the above described di sk
supporting appahatds wiiech esisppateicd sang petsditiomdd redEities mrgnreid ¢ di sks;
magneti c heads configured to record and reproduce information on and 5 from
t he correspondi rgrmegreniddndi slesnartd ca ddsrks .agdhdss erisventts adecuphiord t he
magnetic heads so as to be novable relative to the correspondi ng nmagnetic

di sks. Accor di ngengiitive f@iogk bedpgodrmprg vashar at us and magnetic di sk drive
configured as described above, 10 when the outer peripheral radius of the
spacer ring is defind® & FENG e icuPdeRsmpifetd ghmaps doteaddndf t he

di sks ishaefined as rd, the.inner peripheral radius of, th?HSJSk i s defined

as rh, ahd the BEGPRETI& A3 & V&di ThP TP S Witdgh&aGbRtand 15
| nb i fi L l,at i hip i t abl i shed. Thi
chables the radiie SRSReELe Giski e Sh ety Hidh et SRR i ency

f the disk t i i t=h i t nber.
of the disk to he ingheased W i qlrlltcél(:?%{%gfteg%ctat b and f he Gl.anp menber

Consequently, even if the disk is 2 Igh speed, 1ts vibration

can be reduced HQaglltew idoe re@poasnendited thaad 4 De pacisehg priitd oned
relative to the disk. Additional enbodi nents and advant ages of the

invention will Hesketsof @it o reldiecdener iaptdaom viacth 38 skohinaws, ranrd in
part will be obvious fromthe description, or may be | earned by practice of
t he i nvehbi on. ¥Blee vébbrediedsntthusnd nacheastiaged tef natmral- frequaneyt,i on nay
be realized and obtained by neans of the instrumentalities and conbi nations
particul arly poWhide sedusdng rtheet deveBRIEF MRICRILRTI ON OF THE SEVERAL

VIEWS OF THE DRAW NG 5 The acconpanyingldramjngs, whi ch are incorporated
However, most of the parts of this high-spee

rotating magnetic disk drive are different from those

commonly used in normal-speed rotating magnetic disk
20 drives. This reduces productivity, while increasing

manufacture costs.

BRIEF SUMMARY OF THE INVENTION
An embodiment of the present invention may

provide a disk supporting apparatus that reduces the
25 vibration of a disk to allow a head to be more

precisely positioned relative to the corresponding

disks, while suppressing an increase in manufacture



“in and constitute a part of the specification, illustrate enbodi nents of
the invention, and together with the general description given above and
the detail ed description of the enbodi ments given below, 10 serve to
explain the principles of the invention. FIG 1 is a perspective view
showi ng the interior of a hard disk drive according to an enbodi nent of the
present invention;, FIG 2 is a perspective,view of a carriage 15 assenbly
provided in the hard disk drive FIG 3 is an expl oded perspective view
showi ng a case of the hard disk drive, a spindle notor, and magnetic di sks;
FIG 4 is a sectional view showi ng a disk 20 supporting apparatus for the
hard di sk drive; G. 5 is a graph showing the relationship between (rs
-rh) / rd and apositional error signal ratio for the hard disk drive; FIG
6 i's a sectional Viewschenald ¢ lah SOHAY 25 thdliske SUAPONT g ARPAT at us
for a hard disk drive according to a second enbodi ment of the present
invention; and to a@tafthGthisl 983G i20RBls K iRWpaNRY iagdnatatow ng a
di sk supporting apparatus for a hard disk drive according to a third

embodi nent of t henpresent ai moedl ahcluddnbAla B HESERIP ThEN HavitdE a

| NVENTION Wth reference to the drawi ngs, a detailed description will be

gi ven bel bw of Hdkd diesk ithingepofitdion raf taey ovafear ped itpheasy "'dHDEST Jerab
magneti c di sk drives according to enbodi nents of the present 10 invention.
As shown in Fl Goflthanhtbd kaplaredsdyl® Ssithpds ldaah @ edtiargdlas diox
having an opened top, and a top cover (not shown) fixed to the case using a
plurality of scil&nert §odieosdronghopk ttde ofulx He dasertesl, A tdiesk
supporting apparatus 15.is disposed in the case 10, and_conprises three

magneti c di sks $28ks19810ghd1t3€daRd Ca it bRdt deriPhetst fugdd ts and
rotationally drives these magnetic.disks. Further, the se 10 hquses a
plurality of magi&ri @ FEAGE™ har DGl d?‘naﬁﬂmreéfprh(?g@cgé\%u(ﬂ(}’rﬁ& on and
fromthe gheti ¢ disks .12 v AN 2C ar.r.i_a semal.y. 14 that
supportsl hese Sng%?bl#egag%ggegg %%%%5¥§&F%1é%fvg%¥%§¥%ggﬁ%ﬁﬁgtic di sks

123, 12b and 1360 mdvabee old: BRLARHES SNk eh hPlad kg, a5 2 25

"VCM') 16 that rotationally nove itions the carriage senbly, and

a board unit 17 1RawuitRe ®eRiRINMPItH i Ad R ld Kl anp nenber AiRlddtRA
circuit board (not shown) is screwed to an outer surface of a bottom wall

of the case 10 atthezOROIE aper atubons @fl drre t3@ nllskseimr thdy dd-afCM 16,
and the magnetic heads via the board unit 17.
ring between the clamp member and the disk receiving
15 portion.

The disk receiving portion and the clamp member
have a substantially equal outer diameter. The spacer
ring has a larger outer diameter than those of the
disk receiving portion and clamp member. If the outer

20 peripheral radius of the spacer ring is defined as rs,
the outer peripheral radius of each of the disks is
defined as rd, the inner peripheral radius of the disk
is defined as rh, and the outer peripheral radius of
the disk receiving portion and clamp member is defined

25 as rc, the rs, rd, rh, rc have a relationship:

(rc = rh) / rd < 0.1 < (rs - rh) / rd < 0.15.

According to another aspect of the present



*5 As shown in FIGS. 1 and 2, the carriage assenbly 14 includes a bearing
portion 18 fixed to the bottomwall of the case 10. Six arns 26 are fixed
to the bearing portion 18 and extend parallel with one another in the sane
direction. Each of the arns 26 is 10 fornmed of a stainless steel-based
material such as SUS304 so as to be a thin plate of about 250u mthi ckness.
A magnetic head assenbly 28 is attached to,the extended end of each arm 26.
The magnetic head 15 assenbly 28 incl udes %n el ongat e suspension 30 and a
magneti c head 32 fixed to the suspension. The suspension 30 is forned of a
plate spring of 60 to 70um thickness and has its proximal end fixed to the
ext ended end of . pen AL 265 Dl 5p0L 1 weL ILROA0E vBUBGREODS2] ERe38HhALCX! eNd
fromthe arm Thé suspensi on 3 may be forned of sanme naterral "as that

of the arm and §a5egi{8blyqavékstPso At MhgEash %Eﬂgthﬁiéﬁaguéﬁoi@é and

a
general ly rectangul ar slider (not shown) and an MR (magnetic resistance) 25

head formed on iheasléfgI1y0dsevEY RHgnEeeeer di BEsANHagRREQHURERQY. The
magneti c head 32 is fixed to a ginbal portion fornmed at the extended end of

the _ g _ suspensieurdd.tdheesbxdnagaeteprbaads 3Rfothached ba hhe
respective arnms 32 so that each pair of nmagnetic heads 32 are |ocated

opposi te ®ach ofheti théhcontesposdiggt hegnetiesposrsnganagactheridagk
between 5 the pair. Further, the carriage assenbly 14 has a support frane
34 extending frass¢helpeahioy paoppooh tBei magndiiecheadsopposst eotbet hat in
which the arns 26 extend. A voice coil 35 is fixed to the support franme 10
34 and constitunesalbleagrelativactoChihesconsesnonding megneticwidéakehe
carriage assenbly 14_is incorporated into the case 10, the voice coil 35 is
| ocat ed between a ai PCEPTYOREsTR6RENAY SENEUBPOLRARTI SPBRERF)SI ARED to the

10. Th ' il 35 15 tit the VCM.16 togeth ith th
Jokes 36 and 5 TRGREL€rOtSEHBRRTST PRbhe BBE Oesol SEREE JOROSaPOREY

lectricigy i d i il 35  the carri bl
TaTs' 1ot onafRoREb b EBriaiet Ry Fadthe: £2hshacoBgtas” .
ks of 20 th | Le i . 2 i
FIGS 1 and 2, SHE Bra O o frar hef DGR bl EoBi TRCGA ol FOLT Boarach of o' 1"

(hereinafter refgergdsks 8s @ef{REA EECrY, i 8nat iarbedpbe:ignReLl pher al
surface of the bearing portion 18 of the carriage 25 assenbly 14. The ot her

end of the mai nc&fCu88ofstkondeskedst @ethaeboaksdrupi and7thEaghitargnetic
head 32 peripheral radius of the disk receiving portion and
15 clamp member is defined as rc, the above relationship
is established. This enables the radius of a fixed
portion of the disk and the natural frequency of the
disk to be increased without changing the hub and the
clamp member. Consequently, even if the disk is
20 rotated at high speed, its vibration can be reduced to
allow the corresponding head to be precisely
positioned relative to the disk.
Additional embodiments and advantages of the
invention will be set forth in the description which
25 follows, and in part will be obvious from the

description, or may be learned by practice of the

invention. The embodiments and advantages of the



'is électrically connected to the main FPC 38 via - 9 a relay flexible
printed circuit board 40 extendi ng over the corresponding arm 26 and
suspensi on 30. Thus, each magnetic head 32 is electrically connected to the
board unit 17 through the corresponding relay 5 flexible printed circuit
board 40 and the main FPC 38. As shown in FIGS. 1 and 3, in the disk
supporting apparatus 15, the nmagnetic dlskg 12a, 12b, and 12c are each
formed to have a dianeter of 65 nm (2.5 i nthes) and each have an inner hole
42 in their central 10 portion, and magnetic recording |layers on their top
and bottom surfaces. The spindle notor 13 is of an outer rotor type and has

a cylindrical hub_44 functioning_as.a_rataor. TE t.hree, magnetic di E; 12a,
12b, and 12¢ ar SAUGAKIATI JoF] PPoACAradRa RS Rbb4AoHs DB arE Statked

t th in the.axi I : h ; d ' it ls. Th
magnet o diske 195 e rBhrtaRs T T3S ard Fordtod e Bhg BREh TR R At Cpeed by

the spindle nDtBBiégengﬁg seeeifhh¢akly, as shown in FIGS. 3 and 4, 20 a
flange 54 is formed at the outer periphery of the |ower end of the hub 44

to function as ap@isk PESER ¥PTHOWOOE i Pr Jherkub ¢fehasoRr Phu' BRANYNGT

t apped holes 55 forned in its upper end surface to screw down a clanp ring
descri bedsl ater. TheTspl BdcemPaniing’ dkAwihdd,X@thilc® & rRr af iraedd
position in the case 10 by screwing a notor bracket 45 to the bottom wal l
of the case 10.in andOcohbeithteeanpgret b€ dhekspkz2dafitadlioand 12c are
fitted around the outer peripheral surface of the hub 44 with the hub 44
bei ng i nserted thivaghatheembodimentisl e 4Re andeatéost ackdd tbggehkeer on a
flange 54 in 5 the axial direction of the hub 44. Annular abutting portion
54a is forned avi&h &heegeperephéesrrppitiodn ddverhebrye sodf &be of the

fl ange 54 and proLecis upward from the flange 54. The annul ar_abutting
portion 54a abuf€tadaPfsHerrEiBSLPBNPinghe: FEPPG1gREES194VeRUPEREN, a pair

f i 58 fitted, dth i_pher, f .the hub 44 and
are stackBd togSEREF S8 SEPLG:Be LanRREOHLEE Rie e HERHIERC di sks 122

and 120 and belueen che mongl o 3a 120 0] 1Py A5BEGH VSt ach o

the 15 spacer rings as annu rst_. and seco sar

abut ti ng agai nst ¢t he r ngi.-5 e i $KS.. A ,ag .60 rving
as clanp nenberBFsQnggg ?ge?hgkggsg?gg%gbgﬁ fzéeagfeﬁhggﬁﬂgh§4o ytﬁgans of
20 four screws fresbAtannvkarighytting portion 60a is formed on the inner
surface of the outer peripheral portion of the clanp ring 60 and projects
downward. The abutti BgGport ien ab@erapeict iagaivisiv ife at @prsukigace of central
portion of the top magnetic disk 12a to 25 press the three magnetic di sks
12a, 12bl5and 12esemdlvhprbowbdepader thenhsrb8diekadditvee fl ange 54. This
causes the magnetic disks 12a, 12b, and 12c and the - 11 spacer ring 58
to be sandwi ched bet ¥8&n Bhé sf PEn§EP3LdgRd PEFEPEcAiyer ivigweGhamwd nige af i xedl y

held on the hub 44 so as.to be tightl ontacted with one another.
case of the hard d?s& %rgve, a spindle motor, and

magnetic disks;
FIG. 4 is a sectional view showing a disk
20 supporting apparatus for the hard disk drive;

FIG. 5 is a graph showing the relationship
between (rs -rh) / rd and a positional error signal
ratio for the hard disk drive;

FIG. 6 is a sectional view schematically showing

25 a disk supporting apparatus for a hard disk drive
according to a second embodiment of the present

invention; and



" As shown in FIG 4, in the HDD according to this 5 enbodi nent, the outer
peripheral radius rc of the clanp ring 60 is fornmed to be substantially the
sane as that of the flange 54. Here, the outer peripheral radius rc of the
clanmp ring 60 indicates the radius of the abutting portion 60a, which abuts
agai nst the 10 correspondi ng magnetic disk. Further, the outer peripheral
radius of the flange 54 indicates the radigs of the abutting portion 54a,
whi ch abuts agai nst the correspondi ng magnetic disk. In contrast, the outer
peri pheral radius rs of each spacer ring 58 15 is forned to be larger than
the radius rc of the abutting portions 60a and 54a. Accordingly, the spacer
ring 58 projects out d fr h i,Ag ti ; he

out er peri pheral rad?ﬁg'op ggg% ESSEEFPSQZgE%?SEgﬁgmgggfﬁggygé%Fﬁhgﬁ% t he

i nner periphera}l Hﬁgku§uﬁéokﬁﬁn QgﬁbkﬁthsEoksadﬁﬁkaegiéﬁ BRivihe clamp
ring 60, the magnetic di sks, and the spacer ring 58 have the follow ng

rel ationship: (&&cor8fhg/ tbda<tfitd<ehbsdimeR}r bfr @he BriBen®5 According to
the HDD configured as descri bed above, when the outer peripheral radius of
t he spacer ringih8enthenouter peripheral radius of each magnetic - 12

di sk, and the abutting portions 60a and 54a have the above rel ati onship,
the radi us of the fixed POIAIIGED CPEICRIPRDORIOE THE KINEENDEONNCreased to

i ncrease the natural frequency of the nagnetic disk. Accordingly, 5 even if
the magnetic di sk i sWisharedezenkiegltosbed driawd ngishr at detraddredoe reduced to
all ow t he correspond[ng.nagnetic head to be_nore precisely positioned

rel ati ve to thedffgréPFrécni YkllThe PAVent Beleespédherd Fépit FEAIRSp bet ween
10 (rs - rh) / rd and ag error siggal ratio for the position, of thg
magnet i c head wilPRFPABREEETt bSLRETRftghRL PE diSRShy ¢&r PRAGSLRE Gdfle rs
whi | e keeping the.values rd .and %h c%%sgant. Fl G g shows thﬁ results of
the tests. As s8EAVEPoRCERFEIFIGGPeS™PBIFePRE 94 GBE(PECSRh) / rd is at
0.1 or e, th . signal ratio for the position decreases and the
nagnetingeads g%ﬁgégﬁggéitioned relative to the magnetic disk with high
accuracy. If the val 4g ghdwn R) Frd.d1),S 8Xe@PShuel ¥ lalkge 1 of Reapeeor di ng
20 capacity of the nmagnetic di sk decreases. Thus, the value (rs - rh) / rd
is desirably setigk Q. ¥2c@bnk@3sri Bo¥i B¥vehgl b bpkakhomshi, pawdt B the
storage capacity of the magnetic disk. Further, according to the above
descri bed HDD, 2bvtle (abtvehoehat fareli poi shebtakseedshygchapgumglanly t he
outer dianeter of the spacer ring 58 w thout changing the outer dianeter of
each magnetic dpfkscrhws to tloseutbe dbametertopf ofh&hkubass.t he ot her

di anmeter of the clanp ring 60, or the Consequently the vibration of the
magnet i cl8i sks can bé& Fa&kcSHPRPrERagyiRRyad aFusi hmimisusdisosredpdm $he
Therefore an HDD 5 mﬁéh a gi%g recordin% and regroducing precisign is
obt ai ned wi t houFafRcr8asPh RREAEEEr CAGSEoBRINEE1C 8dG&PNd 2Br odari vity.

di f hub .44, th di f th I i 60
outer, 0 ameter ob tBEChURLe4. Ehe 0 gy, o7S!er of LD clamyt ng 60 or
by changing a ”E:B‘tgg%ﬂﬂ? r 40t ,aar Eﬁesghﬁrasfn%g%c %Es'}'c'?[?. W, 0. ol gh
recordi ng and r éproduci ng precision i's obtarned w thout "i ncreasi ng

manuf act ur e COSE%eOEa%@“ﬂoaHoHQ@sa%CB&ﬁEQQiEQ 6§Sﬁ%%B@t%Eb9@EG%”EhQE the

present invention will be described.  As shown i

20 record and reproduce information on and from
the magnetic disks 12a, 12b, and 1l2c, a carriage
assembly 14 that supports these magnetic heads to be
movable relative to the magnetic disks 12a, 12b, and
12¢c, a voice coil motor (hereinafter referred to as a
25 "VCM") 16 that rotationally moves and positions the
carriage assembly, and a board unit 17 having a

preamplifier and the like.



'10 FIG 6, according to this HDD, spacer rings 58 of the disk supporting
apparatus 15 each have first and second surfaces 58a and 58b, which abut
agai nst correspondi ng magnetic di sks 12a, 12b, and 12c. An annul ar concave
portion 64 coaxial with the 15 correspondi ng spacer ring is fornmed in each
of the first and second surfaces 58a and 58b. The inner peripheral radius
rr of each annul ar concave portion 64 is sfraller than the outer peri pheral
radius rc of the clanp ring 60. 20 By thus form ng the annul ar concave
portion 64 in each of the contact surfaces of the spacer ring 58, the
magnetic disks is reliably fixed to the outer circunferential end portion

of ‘the first and secqnd aurlaces ol kg osary pRANdRGIPAGLT dilciq Hals 25

further increasing the natura requency of the magnetic |sks

reduces the vibpatbapak gu%ahaeea%nb 8btkBa WﬁqmebEctﬁbS%%sE01@|%ﬂW the -
14 correspondi ng magnetic heads to be nore precisely positioned relative

to the disks. |BaohbBrslenbpdiraeAbnst bE @ﬁ@C@EQnﬂQétm@ﬁo@418$ ftaemgdM n each
of the first and second surfaces 58a and 58b of the spacer ring 58. 5
However, the nafdgyakntir eéqgenaygnetithaerdgnetioe tiliesksacanuhéti ndr.eased by
form ng the concave portion in at |east one of the surfaces. Further, in an
HDD accor@ing to a t Risr dhewinodnmEiGSshdwanidn 27 Ghe?7 caa ripaeeassiemply8 of
the 10 di sk supporting apparatus 15 has the first and second surfaces 58a
and 58b abuttingdagarastenngnbersidgskort2anadd f2Bedr sopsbei oltyomAn
annul ar convex portion 66 is forned in an inner peripheral portion of each
of the first anvaddcehdther Faces188a &ad S8HsSand Bsecdixes Ly wWheh t he
spacer ring. In this enbodinent, the two na%netlc di sks 1§a and 12b and the
one spacer r|nngBr%QﬁdRPEﬁéSnb%@wéﬁﬂ exEepoRgratielaldks gpre attached to
the hub 44. By th ? fornln% t he_annul. ar onvex thé an ﬁg on_20 g i_nner
circunferenti al 88 PFSnle Pﬁesgﬂgc o éogs t i AR % rﬁﬁhera
port1 on 191 oker < bagaaB eyl gt peh LARCLRL OLLLAY ﬁ%g%?ggipéﬁéh Lisng 58, the
c disk

i nner peri phera es of t neti S a an are slightly bent

and def or med 'ns@séb@egb'a@ kB %é whicghnt Beadiesks absugepaogigd fromthe
spacer ring. This enables the magnetic disks 12a and 12b to be fixed to the

outer circunferenticaheesd portion of the - 15 first and second surfaces
58a and 58b of the spacer ring 58. This further increases the natural
frequency of the nmagretagn@ditiks head edueabillyei2s disbrmattiachald diosphacenent,
thus allowi ng the correspondi ng nagnetic 5 heads to be nore precisely

posi tioned rel aektented: kedmagnetict dirgk£6.InThki sagnetdicmbred t he convex
portion 66 is formed on each of the first and second surfaces 58a and 58b
of the spacer rﬁﬁ56991YH8ﬁe9@ﬁluﬁﬁé ﬁateﬂ&pgﬁteqﬁéﬁ@ynéﬂonhéOnagdeﬁuc di sks

can be 10 i ncreased rm.n ortion 66 . on at | east one of the
surfaces. In th@agﬁégﬁ& gﬁﬁdt%?rg nﬁﬁﬁssuﬁﬁgnﬁﬁﬁﬁr pngs of the
configuration are_the _sane

se of ﬁge fI&S enbodi % Bh sanme parts
re denoted by TooPRESIRG Porer CRERCRRE & B1okRa BRAFD. 4G &01 68
description i's oglth oy AddiLLonak Ag¥ant aggso i oGkl eatlaneo bl

readily occur to those's ed It ore he TNVention in its
broader aspectsgk$cngled ki 8¢ t8e arm 26 by spot welding or adhesion
20 sO as to extend from the arm. The suspension 30 may
be formed of the same material as that of the arm and
integrally with the arm.
Each magnetic head 32 has a generally rectangular
slider (not shown) and an MR (magnetic resistance)
25 head formed on the slider to carry out recording and

reproduction. The magnetic head 32 is fixed to a

gimbal portion formed at the extended end of the



' 20 the specific details and representative enbodi mrents shown and descri bed
herein. Accordingly, various nodifications my be nmade w t hout departing
fromthe spirit or scope of the general inventive concept as defined by the
appended cl ai ns and their equivalents. 25 For exanple, in the description
of the first and second enbodi nents, the apparatus conprises the three
magneti c di sks. However, the nunber of maggetic disks - 16 can be

i ncreased or reduced as required. Further, a spacer ring configured as
descri bed above may be arranged between the disk recei ving portion 54 of
the hub 44 and the bottom magnetic disk. Furthernore, a 5 spacer ring

g o e, TeaShERedpR e MHeDE1 3T hABART e LRAR bhe Af AR 38 D0 2N

the top nagneti reover, the paratus according to

the present invepLi eas ngécEQbe'h?h%egztgotﬁﬁa%a%%%h'%aQEs%fd&béﬁet e

present 10 invention be a ed to other disk drive apparatus such as

an optical di skheau&eazgf a@epmaﬁat@aaaggogw@ @hcA GREASL QiR cal disk
drive. - 17 WHAT IS CLAI MED | supporting apparatus

conprising: a npheerpbelindi RBeacbetabpbhaihgbmagnierd caddskkbeedelewi Ng
portion at an outer periphery of an end of 5 the hub; a plurality of disks

each of which hékeapaiimner hol e through which the hub is inserted, the

di sks being fitted around an outer periphery of the hub; a spacer ring
havi ng an i nner hol e Fulntbegh whieckati@itlhe luslsemdliynddr hed, at Isapgppader ring
being fitted around the outer periphery of the hub and being |ocated

bet ween the di sksamand4acstangingnbepnf thedbesrdngepostidonf 18hénhab to

clamp the disks and the spacer rlng bet ween the clanp 15 nenber and the
di sk receiving ﬁéF?FBhOHtHEPGﬁéﬁer eetbrigiportiich &he EHKBScE&np nenber

extend. A voice coil 35 is fixed to the support frame
10 34 and constitutes a part of the VCM 16.

As shown in FIG. 1, when the carriage assembly 14
is incorporated into the case 10, the voice coil 35 is
located between a air of yokes 36 (only one of them is
shown) fixed to the case 10. The voice coil 35

15 constitutes the VCM 16 together with these yokes 36
and a magnet (not shown) fixed to one of the yokes.
When electricity is conducted through the voice coil
35, the carriage assembly 14 is rotationally moved to
position the magnetic heads 32 on desired tracks of
20 the corresponding magnetic disks 12a, 12b, or 1l2c.

As shown in FIGS. 1 and 2, one end of a main
flexible printed circuit board (hereinafter referred
to as a "main FPC") 1s attached to a peripheral
surface of the bearing portion 18 of the carriage

25 assembly 14. The other end of the main FPC 38 is
connected to the board unit 17. Each magnetic head 32

is electrically connected to the main FPC 38 via



' having a substantially equal outer dianeter, the spacer ring having a

| arger outer dianeter than those of the disk receiving portion and clanp 20
menber, and if the outer peripheral radius of the spacer ring is defined as
rs, the outer peripheral radius of each of the disks is defined as rd, the
i nner peripheral radius of the disk is defined as rh, and the outer 25

peri pheral radius of the disk receiving_pogtion and clanp nenber is defined
as rc, thers, rd, rh, rc having a relationship: - 18 (rc - rh) / rd <
0.1 < (rs - rh) / rd < 0.15. 2. A disk supporting apparatus according to
claim11, wherein the spacer ring has annular first and second surfaces

abutting agai nsty tﬂ@.ﬁprfl%%ﬁ%@ Qﬁi%t@éf@i%@%mlﬁ egp%%ga;ﬁaqoorti on

formed in at |east one of the first and sec surfaces an ly with

the spacer ring.owr Anl YorSURRIHIdiNY 3NAH UhAEASHNG &P $daim 2,

wherein the inner peripheral radius of the 10 concave portion is smaller

than the outer peRihheszAln madriet i HR Ay erarsi bl A dethsdgnerting
apparatus according to claim1l, wherein the spacer ring has annul ar first

and second surf ageshbidd iy wgda NSt dHiouwd resd auh g pbn dirik sy an
annul ar concave portion forned in each of the first and second surfaces and
coaxi al ly5w t h tHexideceprimgd circuit board 40 and the main FPC 38.
As shown in FIGS. 1 and 3, in the disk supporting
apparatus 15, the magnetic disks 12a, 12b, and 12c are
each formed to have a diameter of 65 mm (2.5 inches)
and each have an inner hole 42 in their central

10 portion, and magnetic recording layers on their top
and bottom surfaces. The spindle motor 13 is of an
outer rotor type and has a cylindrical hub 44
functioning as a rotor. The three magnetic disks 12a,
12b, and 12c are coaxially fitted around the hub 44

15 and are stacked together in the axial direction of the
hub at predetermined intervals. The magnetic disks
12a, 12b, and 1l2c are rotated at a predetermined speed
by the spindle motor 13.

More specifically, as shown in FIGS. 3 and 4,

20 a flange 54 is formed at the outer periphery of the
lower end of the hub 44 to function as a disk
receiving portion. The hub 44 has a plurality of
tapped holes 55 formed in its upper end surface to
screw down a clamp ring described later. The spindle

25 motor 13 is fixed to a predetermined position in the
case 10 by screwing a motor bracket 45 to the bottom

wall of the case 10.



' 5. A disk supporting apparatus according to claim4, wherein the inner

peri pheral radius of each 20 of the concave portions is smaller than the
outer peripheral radius of the clanp nmenber. 6. A disk supporting apparatus
according to claiml1, wherein the spacer ring has an annular first and
second surfaces abutting against the correspondi ng 25 di sks and an annul ar
convex portion fornmed in an inner peripher portion of at |east one of the
first and second surfaces and coaxially mﬂt t he spacer ring, - 19 and
the outer peripheral radius of the convex portion is smaller than that of
the clamp nenber. 7. A magnetic disk drive conprising a di sk supporting

apparat us supporting ffRINgLIG g’n Qﬂ 29&” eldzéjt 0 4y ats the magnetic

di sks; magnetic heads configure to recor reproduce | nformation on and

from the COVreSEQ@@b@Qa@%&ﬁ%t%%edb%%%r %@Ql%h%%%ﬂ'%%%ﬁ%%%e%ﬁlkh§yﬁﬁﬁft'“9
t he magnetic heads 10 to be novable relative to the correspondi ng nagnetic

di sks; the di sk4guppent ithe aRpaLat BeiGQMhistirted dhFeh itheiddiing e
rotatabl e hub having a di sk receiving portion at an outer periphery of an

end of 15 the hublegadl?,obhnthareaghreackedditskethaw e an filamefe 15al enf hr ough
whi ch the hub is inserted, and being fitted around an outer periphery of
t he hub; & spacéher iaxgalavdiimgcdnonnodr thel dubhrddugh Anmudlar abutting
portion 54a is formed at an outer peripheral portion
of the top surface of the flange 54 and projects
upward from the flange 54. The annular abutting
portion 54a abuts against the bottom magnetic
10 disk 12c¢c. Further, a pair of spacer rings 58 are
fitted around the outer periphery of the hub 44 and
are stacked together so as to be sandwiched between
the magnetic disks 12a and 12b and between the
magnetic disks 12b and 12c¢, respectively. Each of the
15 spacer rings 58 has annular first and second surfaces
58a and 58b abutting against the corresponding
magnetic disks.
A clamp ring 60 serving as clamp member is fixed
to the upper end surface of the hub 44 by means of
20 four screws 61. An annular abutting portion 60a is
formed on the inner surface of the outer peripheral
portion of the clamp ring 60 and projects downward.
The abutting portion 60a abuts against the top surface
of central portion of the top magnetic disk 12a to
25 press the three magnetic disks 12a, 12b, and 12c and
the two spacer rings 58 toward the flange 54. This

causes the magnetic disks 12a, 12b, and 12c and the



"the hub is inserted, the spacer ring being fitted 20 around the outer

peri phery of the hub and being | ocated between the magnetic di sks; and a
clanp nmenber fixed to other end of the hub to clanp the nagnetic disks and
t he spacer ring between the clanp nenber and the di sk receiving 25 portion;
the disk receiving portion and the clanp nenber having a substantially
equal outer dianeter, - 20 the spacer ging_having a | arger outer
dianeter than those of the disk receiving portion and clanmp nenber, and if
the outer peripheral radius of the spacer ring 5 is defined as rs, the
outer peripheral radius of each of the disks is defined as rd, the i nner

per i pher al radlgﬁi@ rtPendl 5K t§ Q@féﬁﬁéwﬁéhéa béﬂgeéﬂetﬂétﬁiaﬂ e Bgeral

radi us of the disk receiving portion and clanp nenber is defined as rc, 10

the rs, rd, rh afg H8Yi Ofafp relA§1 G0SEhE: bET EixelDy Aeié gnOthe<n(ibs - rh)
/ rd < 0.15. 8. A magnetic disk drive according to claim?7, wherein the

spacer ring hasqangsll 88 £orisé @D@hﬁﬁyoﬁﬁnﬁyéféﬁeﬁlabubhénQn@ﬁBéBSt the
correspondi ng nagnetic 15 disks and an annul ar concave portion formed in

each of the first andssenowsd s$urfaces4andncoensi Hbbyawcbbdiheg spa¢@fsri ng.
9. A magnetic disk drive according to claim@8, wherein the inner peripheral
radi us of5 each ahbediEn®it cottaveupertpensphersimtbhdiushan dvhietbat er
peripheral radius of the clanp menber. 10. A magnetic disk drive according
to claim?7, clamp ring 60 1s formed to be substantially the same
as that of the flange 54. Here, the outer peripheral
radius rc of the clamp ring 60 indicates the radius of
the abutting portion 60a, which abuts against the
10 corresponding magnetic disk. Further, the outer
peripheral radius of the flange 54 indicates the
radius of the abutting portion 54a, which abuts
against the corresponding magnetic disk. In contrast,
the outer peripheral radius rs of each spacer ring 58
15 is formed to be larger than the radius rc of the
abutting portions 60a and 54a. Accordingly, the
spacer ring 58 projects outward from the abutting
portions 60a and 54a.
If the outer peripheral radius of each magnetic
20 disk is defined as rd and the inner peripheral radius
of the magnetic disk is defined as rh, the clamp ring
60, the magnetic disks, and the spacer ring 58 have
the following relationship:
(rc — rh) / rd < 0.1 < (rs - rh) / rd < 0.15.
25 According to the HDD configured as described

above, when the outer peripheral radius of the spacer

ring 58, the outer peripheral radius of each magnetic



" wherein the spacer ring has an annular first and second surfaces abutting
agai nst the correspondi ng 25 di sks and an annul ar convex portion forned in
an inner peripheral portion of at |east one of the first and second
surfaces and coaxially with the spacer ring, 21 and the outer peripheral
radi us of the convex portion is smaller than that of the clanp nenber. . A

. A3 . As. A9. AL. AL. AF . A9. As. As. A&s. A9. A9. AL,A" . A . A's. Ash . Ahs. Ahs. A s5 $ds
CP|mwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
aJca] ca] ca]cal ca]ca]ca] ca]jcTa]c<aUlc a!;

AabBCQ\ } xsni d_ Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

]Ca]Ca]Ca]Ca]Cq&g ) cal ¢4l &T@f?&cfoP OSRE-80a_and 54a have the
uwvininnd #A## d z

a] ca] ca] CL] ga] ca]&@ixsgl ?f%afrl ﬁ]ﬂ@écacgizﬁﬁé%fgfﬁglﬁﬁiéal steabgabgal cal' $
$UR/EVNREEX' d' (S(T(Z(((()) ) ) 3*i **Fr*Fx*N+Y+a+} xsni d %ca ] ca] ca] ca] ca]

ca] ca] ca] ca] cal el Cﬁ«i@ﬁé‘@iﬂ& c@ €] €4 Civod Cﬁﬂa@ﬂé&@é@a&@alﬁé&éa];éah@é] ca] ca] caj
ca] ca] cal at+++++, ,,-..9// 119%R2Z223b4p6wW661727q7r 7277784959%x9} xsni d_Z] ] ca] ca] c

a] ca] ca] ca] ca] qa&m]@a] £ré qud ey cof cahe ahaghenl calitak cal mateaficayte) cal calc
a]ca]ca]ca]ca]ca'x9y99):::::::u
,,,,,, ; KoxG} =~==coaP>RESthre mg st tic Zl] sk ta] ratsbddajcahtghcapeadical cal cal c

) @ QUOX@ONAA ANANM Y ANRAANBL BER- By BBBBEswned 70 ] zh]lew] thé cal ca] ca] ca] ca] calc

a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c ]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'BBC
ovC correspondlng madgnhetic head e more precilse

EMEOEEEE! FWFXFGGE] LLGNH d Z
] ca] ca] ca] ca] cap@st %% c%ﬁ %ﬁ%%?hmgégﬁéaT%%%égiég gg%gg]gg]gg]gg]gg¥ﬁﬁkég

E?EE?fifIQIEQYIJIIl] Uﬁ%#%%]EQECStﬁyf A EE Eareh 6 %ﬁa]cﬁ]fg]§§i§giggiggiﬁ
ca]ca]ca ca]cz?gé{ééﬁééyéa]ca]cai Q%ca#yg%éﬁ? Tg%]ga%ég]gg%ca]ca]ca]ca]

cal YY Z9Z7>7?7Y. ti f th ti h th
ol pL LA K ARTST S T TR R AT b S et R EaTReT S ot 2ol 2% ca] ca] ca] ¢

a] ca] ca] ca] ca] Cﬁi@l@é@ﬂ&C@i@]@]l@:ﬁ]@@z}ﬁﬂﬂ@a‘lﬁélGéﬂ@éi]Eél]xﬁl@llié] rabgahg" " _=_p_{_
/"0 F { " aBataaaa, b\ bhbbbbblc=cocc}xsnid_ Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca

] ca] ca] ca] ca] catlca] cal ved cad cald atlc afongcahta] chical Bajkaysatha] ca] cal cal cc
ccc™d_dadi dj dgdr dudvdddd

eUeeeeeef 3f | f f f fedighys xahi the]teatsa] cAd ca¢en] Endmatloh$ chigatea] ca] cal ca] ca
]ca]ca]cagca]ca]ca] aJ cajca] ca]ca]ca ca]ca]ca]ca]ca]ca!ggggg$hdidjdqdrdudvd
ddd he'value (rs -'rh) / rd is at or more,

Ue f3f|ffff d
el cal ca] ca) cafea) R 0R] EaFEn] ol Co) cREat a) Koy Laf h GOETRNIO%RIE) v

8%&6 )dyfﬁi [180 & %%ﬁ/%}mo'r‘/%‘% /é%&b?)p?i"r&‘%@%‘d(ie{%ﬁ‘i%%o() G
| LOM 10%<<& ()-GL° &Qg’ﬁé@d% FRE DL Xt WVERL £&ad0dE ()13 402& L1qL 10<<

10<<
(rs - rh) / rd is excessively large, the recording

20 capacity of the magnetic disk decreases. Thus, the
value (rs ~ rh) / rd is desirably set at 0.15 or less
in view of its relationship with the storage capacity
of the magnetic disk.

Further, according to the above described HDD,

25 the above relationship is obtained by changing only
the outer diameter of the spacer ring 58 without

changing the outer diameter of each magnetic disk, the
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outer diameter of the hub 44, the outer diameter of
the clamp ring 60, or the like. Consequently, the
vibration of the magnetic disks can be reduced by
changing a minimum number of parts. Therefore, an HDD
5 with a high recording and reproducing precision is
obtained without increasing manufacture costs or
reducing productivity.
Now, an HDD according to a second embodiment of
the present invention will be described. As shown in

10 FIG. 6, according to this HDD, spacer rings 58 of the
disk supporting apparatus 15 each have first and
second surfaces 58a and 58b, which abut against
corresponding magnetic disks 12a, 12b, and 12c.

An annular concave portion 64 coaxial with the

15 corresponding spacer ring is formed in each of the
first and second surfaces 58a and 58b. The inner
peripheral radius rr of each annular concave
portion 64 is smaller than the outer peripheral radius
rc of the clamp ring 60.

20 By thus forming the annular concave portion 64 in
each of the contact surfaces of the spacer ring 58,
the magnetic disks is reliably fixed to the outer
circumferential end portion of the first and second
surfaces of the corresponding spacer ring, thus

25 further increasing the natural frequency of the
magnetic disks. This reduces the vibrational

displacement of the magnetic disks to allow the
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the concave portion 64 is formed in each of the first
and second surfaces 58a and 58b of the spacer ring 58.
5 However, the natural frequency of the magnetic disks
can be increased by forming the concave portion in at
least one of the surfaces.
Further, in an HDD according to a third
embodiment shown in FIG. 7, a spacer ring 58 of the
10 disk supporting apparatus 15 has the first and second
surfaces 58a and 58b abutting against magnetic disks
12a and 12b, respectively. An annular convex portion
66 is formed in an inner peripheral portion of each of
the first and second surfaces 58a and 58b and
15 coaxially with the spacer ring. In this embodiment,
the two magnetic disks 12a and 12b and the one spacer
ring 58 sandwiched between these magnetic disks are
attached to the hub 44.
By thus forming the annular convex portion 66 on
20 the inner circumferential portion of the spacer ring
58 to make the inner peripheral portion thicker than
an outer peripheral portion of the spacer ring 58, the
inner peripheral edges of the magnetic disks 12a and
12b are slightly bent and deformed in a direction in
25 which the disks are separated from the spacer ring.
This enables the magnetic disks 12a and 12b to be

fixed to the outer circumferential end portion of the
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ring 58. This further increases the natural frequency
of the magnetic disks to reduce their vibrational
displacement, thus allowing the corresponding magnetic

5 heads to be more precisely positioned relative to the
magnetic disks. In this embodiment, the convex
portion 66 is formed on each of the first and second
surfaces 58a and 58b of the spacer ring 58. However,
the natural frequency of the magnetic disks can be

10 increased by forming the convex portion 66 on at least
one of the surfaces.

In the second and third embodiments, the other
parts of the configuration are the same as those of
the first embodiment. The same parts are denoted by

15 the same reference numerals, and their detailed
description is omitted.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

20 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.

25 For example, in the description of the first and
second embodiments, the apparatus comprises the three

magnetic disks. However, the number of magnetic disks
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a spacer ring configured as described above may be
arranged between the disk receiving portion 54 of the
hub 44 and the bottom magnetic disk. Furthermore, a
5 spacer ring configured as described above may be
arranged between the clamp ring 60 and the top
magnetic disk. Moreover, the disk supporting
apparatus according to the present invention is not
limited to the magnetic disk drive. The present
10 invention
may be applied to other disk drive apparatus such

as an optical disk drive of a phase-change type or a

magneto-optical disk drive.
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1. A disk supporting apparatus comprising:

a motor including a rotatable hub having a disk
receiving portion at an outer periphery of an end of

5 the hub;

a plurality of disks each of which has an inner
hole through which the hub is inserted, the disks
being fitted around an outer periphery of the hub;

a spacer ring having an inner hole through which

10 the hub is inserted, the spacer ring being fitted
around the outer periphery of the hub and being
located between the disks; and

a clamp member fixed to other end of the hub to
clamp the disks and the spacer ring between the clamp

15 member and the disk receiving portion;

the disk receiving portion and the clamp member
having a substantially equal outer diameter,

the spacer ring having a larger outer diameter
than those of the disk receiving portion and clamp

20 member, and

if the outer peripheral radius of the spacer ring
is defined as rs, the outer peripheral radius of each
of the disks is defined as rd, the inner peripheral
radius of the disk is defined as rh, and the outer

25 peripheral radius of the disk receiving portion and
clamp member is defined as rc,

the rs, rd, rh, rc having a relationship:
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(rc = rh) / rd < 0.1 < (rs — rh) / rd < 0.15,.

2. A disk supporting apparatus according to
claim 1, wherein the spacer ring has annular first and
second surfaces abutting against the corresponding

5 disks and an annular concave portion formed in at
least one of the first and second surfaces and
coaxially with the spacer ring.

3. A disk supporting apparatus according to
claim 2, wherein the inner peripheral radius of the

10 concave portion is smaller than the outer peripheral
radius of the clamp member.

4. A disk supporting apparatus according to
claim 1, wherein the spacer ring has annular first and
second surfaces abutting against the corresponding

15 disks and an annular concave portion formed in each of
the first and second surfaces and coaxially with the
spacer ring.

5. A disk supporting apparatus according to
claim 4, wherein the inner peripheral radius of each

20 of the concave portions is smaller than the outer
peripheral radius of the clamp member.

6. A disk supporting apparatus according to
claim 1, wherein the spacer ring has an annular first
and second surfaces abutting against the corresponding

25 disks and an annular convex portion formed in an inner
peripheral portion of at least one of the first and

second surfaces and coaxially with the spacer ring,
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and the outer peripheral radius of the convex portion
is smaller than that of the clamp member.
7. A magnetic disk drive comprising:
a disk supporting apparatus supporting magnetic
5 disks and configured to rotate the magnetic disks;
maghetic heads configured to record and reproduce
information on and from the corresponding magnetic
disks; and
a carriage assembly supporting the magnetic heads
10 to be movable relative to the corresponding magnetic
disks;
the disk supporting apparatus comprising:
a motor including a rotatable hub having a disk
receiving portion at an outer periphery of an end of
15 the hub, each of the magnetic disks having an inner
hole through which the hub is inserted, and being
fitted around an outer periphery of the hub;
a spacer ring having an inner hole through which
the hub is inserted, the spacer ring being fitted
20 around the outer periphery of the hub and being
located between the magnetic disks; and
a clamp member fixed to other end of the hub
to clamp the magnetic disks and the spacer ring
between the clamp member and the disk receiving
25 portion;
the disk receiving portion and the clamp member

having a substantially equal outer diameter,
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the spacer ring having a larger outer diameter
than those of the disk receiving portion and clamp
member, and

if the outer peripheral radius of the spacer ring

5 is defined as rs, the outer peripheral radius of each
of the disks is defined as rd, the inner peripheral
radius of the disk is defined as rh, and the outer
peripheral radius of the disk receiving portion and
clamp member is defined as rc,

10 the rs, rd, rh, rc having a relationship:

(rc — rh) / rd < 0.1 < (rs - rh) / rd < 0.15.

8. A magnetic disk drive according to claim 7,
wherein the spacer ring has annular first and second
surfaces abutting against the corresponding magnetic

15 disks and an annular concave portion formed in each of
the first and second surfaces and coaxially with the
spacer ring.

9. A magnetic disk drive according to claim 8,
wherein the inner peripheral radius of each of the

20 concave portions is smaller than the outer peripheral
radius of the clamp member.

10. A magnetic disk drive according to claim 7,
wherein the spacer ring has an annular first and
second surfaces abutting against the corresponding

25 disks and an annular convex portion formed in an inner
peripheral portion of at least one of the first and

second surfaces and coaxially with the spacer ring,
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