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Di.sk drive apparatus and hard disk drive Detailed Description of t el FEB 2005
I'nvention: [Field of the invention] The present invention relates to

di sk drive apparatuses that are enployed as data storage neans for
conputers. [Background art) ' The nost commonly used hard-di sk drive
(hereinafter referred to ' as a HBPecdsFidaitd cut or age neans fo

has structure in which a single or plurality of magnetic di skmmmﬂmmwmww
coaxially and driven by a spindle notor. Data reading and witing,are done
by magnetic heads provided in opposition to the magnetic di sks. The

magneti ¢ heabkthe OfrthenThyemniact uat or, general ly a voice cgiy
(hereinafter referred to as a VCM. The magnetic disks, the nmmummmmms
and the actyatgr Oflrf stored in a housing called an enclosure caseg,lhe

maj or probl ere Wi th THhe B & 13 bkt e istlordagivesapaci ty per nagnéti c

di sk and to enhance the speed of reading out or witing data fromor to a
magnetic disk. For the latter, the data reading and witing speeds can be
enhanced by Dset]coa{it_leencl ng the seek tinme required to get a nagnetic head to the

required track-ona et dsel gdenfqweattd amgnet i ¢ head is driven by

the VCM as described above, it is possible to nake the seek speed taster
by enhaneiirg & ke perd aRNGS o f] the VCM To enhance the VCM perfornmance,
the magnetic characteristic of the permanent magnets constituting - 1

-1 FEB 2005 the VCM can be nade stronger, or the thickness can be thickened

to i ncr é88e Rregmypetinyehitaba tiatatss appl igds;ac t vQi ge coil .
a9§§eg%§) < St BPpStic

However arthem@loged lalsMyl ;0 5@ apcenent. in the nma ic %
of the pernmanent magnets. Insagélgg?oﬁf%apﬁe 8%i S°HPPEREE -t 0 i ncreasing the
t hi ckness of the permanent nmagnet greater than the existing thickness in

HDDs whePackgrpyndmpeiktant to save space.

- The most commonly used hard-disk drive (hereinafter referred to

. as.a HDD) as data storage means for computers has structuré in
which a single or plurality of magnetic disks are disposed
lco§xially and driven by a spindle motor. Data reading and
writing are done by magnetic heads provided in Opposition to
the magnetic disks. The magnetic heads are driven by an
actuator, generally a voice coil motor (hereinafter referred to
as a VCM). The magnetic disks, the magnetic heads, and the
actuator are stored in a housing called an enclosure case.

Tﬁe major problems with the HDD are to enhance storage Capacity
bPer magnetic disk and to enhance the speed of reading out or
writing data from or to a magnetic disk.

For the latter, the data reading and writing speeds can bpe
enhanced by shortening the seek time required to get a magnetic
’head to the required track on a magnetic disk. Because the
magnetic head is driven by the VvCM, as described above, it is
pPossible to make the seek speed faster by enhancing the
performance of the VCM. To enhance the vCM performance, the
magnetic characteristic of the permanent magnets constit;ting



The speed of reading out or witing data can be enhanced by making the
rotational speed of a nagnetic disk faster. However, if the rot atli kfBajqps
speed of a magnetic disk is made faster, flutter of the magnetic disk wll
be increased. The flutter refers to a phenorrenon in which a nmagnetic head
oscillates in the radial direction of a magnetic di sk because of a. flow
ai r crshee¥Yy ade He gedotatranptr speedthé th@cnﬁgggtbgndbgkth%kghghter

t t head_and t
magnet Lo drek 1] e Al PP AE R BT ek  Hot e

quant i F?lgf' fl d{‘%"éer"%s shesBvekse aef ﬂémtltontfac@mr aeghaficement r dadi bgeand
Wit ngagﬁenzle:x&mﬂmcﬂdlarsaﬂcﬁ of m%'@éfméﬂeﬁ@%a%ﬁé@s Wy bce(dg'ﬁ.{:ﬁ.&gn to a
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track differs e ired tr data is to Wifte
There fggagﬁot sfergp%g{snlgg: Hat At Ut A ﬁf‘ g‘é"r"é‘&& Sof fken Berpapgnt

di ffermﬁgn?ﬁorﬁﬁ%errequﬂédtl@@ aeklﬁtibngv\,mmwkdasa dmowpd shesiieaad Dyt ig

Par ti Clllhn@bkyanthits @@n@elg%ﬁcw || become conspicuous if storage density is
enhanced for meeting the high-capacity requirenment of a magnetic disk. The
rotational speed of a 3.5-in nmagnetic disk was 7200 rpm but a high

rot ati Bhal sred of mﬂgpn@\h’asOb?ee\mratlnmedatand:émrbhereamrael,celthgywith

a hi gh;na;a‘g;atgl onale spascheddaredi ng, 0900, kpmyhave hean devcfall edf Flutter

beco conspi cuous the velocity (flow vel oci ty) of t e FYGw of
air g‘gl?:uggl{’%g "bet weghl %ilcortﬁ IskEPBECorfs fadrgnetdichi 4 b3k y ist eade
vel oci £§sterow MaltdEn yfyfoﬁhﬁhena‘qrcmm diskoedudr iy betneesedRgnNeti&
di sks begetes fasters asothg rghahbRBAbLSPEgd CRL S
i b ocnen) By MR B I

faster the rota nal

di sks OSJEEL%E%S |nctrhe%s ?18 %&Ir S% nofo’gc%uF‘éﬁi}eB%cdéitlékr é%ﬁﬂweand
writi Rt dife £8°M ugter ciigateasechbire tonspiigousot#t inneY , sipeeaddofi amd o t he
pr obl ﬁgmead‘.c?l’d&@y of - mat a1 i eesh ngcaneds W |tth|en os'J_st:L%rﬂa'l”HcHltaac'ltonshlp
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nmeke afdestgn hasconsiadratd®nedfeftuiheracciier Qfl_e d@ﬁ/@nrbédih U 8la

occur S,qriﬁlxh§ de?bfagkgmbtﬂ@t Tthgrgu?@t A 'p%%s(.)%r Aty %Ela? V\%g nggeg[ ¢

di sks be. goua ual fromth yI ewpol nt
vi ewpd it tH R ndé QX|tsUcasC}i 0 FBVlCH’ef%e%ﬁ sETaFi vidlappaastasdwHinick i oa
hi gh- gﬁ@e@h HbB:-ai s chpabkewofitieduci Afetiee ivelamoithyerobodstibowi t§f takk

OCCUr I[ddigh Neal 1 Magnetiag Q)'uﬁ‘tksfx%'r( 'a(‘%f&é]@ﬂi??f@hﬁﬁ'% n@{.‘gc g' sks 30 t hat

flutter nce.can b up not need rovi-d&a di sk
drive appar a%ES % ndgh | I-%ﬁ?‘é\f‘?hbﬁ 6Iefi‘rgalciucfy ofPﬁ’éEjh%‘EJr‘?:r sk§hlﬁs
capabl?rﬁe%a‘f’ﬂzl n}@e(t?%e v@Pb%FW’é@U@f ifhetbrays dénaity béswearhahbed

nmagnetficx diesdkising Starai ygofcdhe ity efddoidendift RIS RhghRYERt %% xhave
measured the velocity of the flow of alr between the nmagnetic disks of a

HDD and found the followi ng facts. Note that this HDD has nmounted 6 (siX)
magneti c di sks. Al so, the magnetic di sk disposed at the position nearest to
the spindle notor is referred to as disk 1, and the nagnetic di sk

t 1 f dt di sk th , th
5g;|er IIrr‘gls%tedrrrgpc’r;lt\g },Qf g@:@g rde ei?egr[gl Dy dt v ariﬁkt%’s ‘11?"'1) Q?ﬁe%fzﬁ)g\rfrvel?/épagm ti gs

bet weENtt e %@%ef-%aait@kgl spendas If |1OW0Welmpai thashetammermddyecatl skend and
2, flﬁwr\tfhlemmdné beipmenyitie di akgh? ;¥4 t3.orRUC spAE el Anthddiere s
a gr e?‘b hff\?é SP&EE ! geue?opegl OCIFt1¥1tter3 become_slmFo%% 2coo('r)15sp3.cuous, as
the velocity (flow velocity) of the flow of air bccurring
between magnetic disks becomes faster. Similarly, the velocity
(flow velocity) of the flow of air occurring between magnetic
disks becomes faster, as the rotational speed of a magnetic
disk becomes faster. Therefore, if the rotational speed of



(2) The flow velocity between the disks 3 and 4 is fastest. That is g
flow velocity between two axially center disks of the six magnetic” 1:IiF k005
fastest. Also, the flow velocity becones slower in the order of the flow
velocity between the disks 4 and 5, the flow velocity between the disks 2
and 3, the flow vel ocity bet ween the disks 5 and 6, and the flow velocity
bet ween the disks,1 and, 3@ ar,i n the fl veI O bet ween t he

di sks 4MR9pe ig t‘hl?]h% fLPO\ﬁ %ci{?y P& \?@éﬁdth eé‘h 3, 2ERBERAFEwW
vel oci tpfbetdmaesn theadlinks @andndwbitsngr eduer. t@orrﬁéni:hgrt heiilowbeeboei ty
bet ween ¢/ % o and 6 with the flow velocity between the disks 1 and 2,
the fl ow velocity between the disks 5 and 6 is faster. After obtaining the
af orenenti oned facts, the present inventors have neasured flutter. As a
resul t, itwdiasre petn mit:tmdtbhametpmnmgmi tBdecofirhtyt b€rdasa reading
appr oxi ly gto e cit net dis It
has al sO nocgen Vg%afﬁ%d tHat ﬁr{] Iultnfb\e&rflt?gs%nea)sel?lr?lg %@?tgﬁq?ﬂ !58 ks 3Iégled 4,
i..e., MAnubAAURinEneeurRgneff cHBPSks rlandiRtt F¥EeSmghi E’h‘dJéab’rtYI ait er
ibS COHSIndﬁjraéJ&ycradu&ed addi soundieaat 85 that ,Hiy. : ncreasing sueh spages, .
et ween .t [ Ity i S[duc ,3;}95 [ egged.
It al so ﬂ?pﬁleizgt ﬁa 1?‘?‘3’63\.6%5%%[) 36avrﬂnI muﬁt?e rfl,{d%%ﬁtﬁaf’[%ﬂ%@ ? 18

di sks, CIREGSTWN el B ] t?‘é%ebe?meéﬁsnﬁgneﬂ-flc 8P§Esd8§ﬁtb%“ma‘a€ e &HFtﬁﬁd the
magni t udgseddtelf t evemanif be Inmderunddoirg , by tadisistendrabse apraapr take,

t he spaces g i C ] R re i d
facts fOuURt dg%w\?% g?egzhltcgiegvzjﬁt%gregrﬂ '?rﬁ]lgﬁeeq%s% Sdrl\ogvklts{;eﬁcg1 @Iaqk %egﬂ%
appar at u@@wmsmg deskor to drive a plurality of disk data storage
media to rotate a disk assenbly in which the plurality of disk storage

medi a ang ) Dﬁurala%%rng'ntto @dsegysngshxtthaphsgat ghulped spaces from the.

not or ; ity o heads. dispo I n_opposition othe(glhurallty of
di sk storage nedl a, f or pE‘PfBFﬁYh‘gedat ﬁlst‘o?“ageeaﬂap?@fﬁ‘oﬁu‘@tt WHefei n
a space Ihjwespeadi BDDy dentarpahiisk sf oradeciedi ahef vieilbe iphurd id yfobw- 4

-1 FEB %9105a<§t'xskoéé9£§9§ n%dsaaf | Sa S8t 96 eatigkst ttarktxh;e PbhgEiSRACHS bakween
di sk stor a(gré 2] ecause%g d%a]ﬂktad“ ve a ar at us Co the pr esen;t3

i nventi dift ?El‘?h $58ce e n gy 88?1 Fela?%k SPordge” WBRT & ﬁ?gater

t han t hmtteer spaeds elieneen di sk st orage medi a, thetoelpgéregeofa t Adskl ow

of air 'dkixF@ %b'p@'rlakfu@emmtrcﬁpaﬁﬁf ganyie r,e@tuced pltﬁerqutqr e f fhaghetikn

t he cent $ace -bet V\%EQ axruaillll%l%entelr di S_I_OCSJ_t_‘L age, & Pf&é)e
suppr ess h the“aF cetrr Ve appar at us of 1 he presenet inventi on, 4 space
bet ween aiie stueey teatproretkc sdbildye nedia can be defined as fol | ows.
For instance, in the case where there are provided an m nunber of disk

st or age e i of 4 or nore), the space between the
1/2m h dqge‘gnuﬁ?o a(gfe ‘h@%rﬁ%@g (;{a Je 1/2(m+l) st di sk storage nedium counted
fromthe disk storage nmedi um di sposed at the position nearest to the

af or ementh®MedeFBHOr incontespondset mehhere@aone betWeeitt hef axial fjoweafer

Qi sk starage, Iedla, m tR8qfiBRecVAeLRs DETE ADS thvkgﬁﬁ]da@h@ BYITDE 1 06

di sk storage fne -or e e space, bet ween~t he
1/ 2( n- 1)53CHF sk étp&ﬁagélaﬁedih}rﬁ P thas ﬂ\%{fﬁﬁc} st eF &%) srf‘%sﬁéegfewrre%ﬂ%'ﬁ?and
t he spageldet wers mhgnét2¢ndipit ddspksstionageheedosirt aoul méHdE{TZ(m3t)hd

di sk stq dj cqunt t S orag

posi ti onsrri?lggcrlje%t in?%thlé ]fedfglrrgé(?r réetg %J?‘tdhtlék 1 (%m?gceH tvveen qﬂe axi| aI |y
center Bekikioradeahedfathehatisiorle, lE'r nr%he%?%dt‘?reﬁﬁ Sﬁst‘hé - pr eédenghe

i nventi afamé h@agi Skna@sespdinost spofest an diswnbere fefrrddskoshor agsknedi a
(where mis an even of 4 or nore), and a space between the 1/2nth disk
storage nedium and the 1/2(m+1)st disk st orage medi um counted fromthe

di sk st ofagernedifilowdi epbseit aes t e tpesint | bre ngwgast ifo d kst 8RCh| saget
great ersﬁetrgw tzgltgggggsbét%eﬁ %feweel@k@l gk a?ttd)r?,gefl’@/ﬂ'@eldd!it%ﬂ%éﬁv@ébnthe

di sk as nber of di sk storag eagegh % ere nis an odd
of 5 or a SpskedpetSlieen t ABE 1/PEAYR) st a §t6r dde feditfdGnd

t he 1/ZQnﬁﬁﬁéfeﬂéék1§t£&@@ﬁﬁé&mbiwyand a space between the 1/2(n+1)st disk
storage nedium and the 1/2(n+3)rd di sk storage nedium counted fromthe

di sk storage nedi um di sposed at the position nearest to the notor, - 5

-1 FEB 2005 are set greater than the other spaces between di sk storage
nmedia . In a preferred formof the disk drive apparatus of the present
invention, the disk assenbly satisfies a relationship of GL > & > G 4
where Gl represents a space between the 1/2~mth di sk storage nedi um and the
| /2(m+2) nd di sk storage nedium counted fromthe di sk storage nedi um

di sposed at the position nearest to the notor, & represents a space
betmeen the 1/2 nth drsk storage nedrunrand the 1 /2 (nr2 ) nd di sk storage

o v - a ~ 7 .



~1 FEB 2005 for storing data magnetically are di sposed coaxially, the ha rd
di sk drive conprising: a spindle notor to drive the magnet is disks 1tF¥B 2005
rotate; and a plurality of disk spacers, disposed coaxially with the
magnetic disk, for controlling a distance between adjacent magnetic disks,
wher ein ﬁge#ﬂgeis arelationship of tlI > t2 where tl represents a thickness
of an aXf Al Y cemdr WP ERCEPUc Betyeametbe uddisiksy df adids ki Spacef $s ek ~t 2
repr eseh?@talehi dbgedd aof wdleoalitsk spteesn other akhan 1yhe eatica! Ia,/i%eptgfe

di sk spalser sild haghesi¢ablighals | case where fhe of the present
i nvent il?@c&gé asf %?rg fact or Si zei%f f%sé;@l%% thé\ﬁgﬁi'ck%%s?ggwbe"%l@#ﬁﬁ or
greater . ang thd CHEkndssthe BEIETy oy Shel delow | Yelvakt sphetnsear e Hade
in thi liekge! and el bbet flow mellbewtef baikie@aCUHE YA Lhe Space bet ween
magnet i €16 Sk816antybpatSHBRAN edhsiN . & range, wher utter has o atverse
ef fect ;0 n_data l\{vrizi’i n}gszngﬁr 33‘3 ‘r%léﬁkﬁ]% nu r?taf‘ngaH]@s Ldpwt velasidkness
tl and 1%%‘}‘%?(%%3% £ XS det i hed dependi ng on the size and nunber of

magneti c disks to be nounted. For' instance, the upper |limt value of t1l
and t he 4 pvwedmbadidq vighde t .dependent | argely, on the nunber of
mignetieé )(d)i ﬂ;sé) mou %ed.éll ﬁgégdigfgégfqﬁhﬁegwteﬁ@ %@% c#llst}ﬂ;e ‘brareénf wdEéntion
can be. ;"bepl AVt §CaCf bl spekyerpDE hiet diskges) rad e3 t othappkyoirt viedodity
hi gh- s pedavedDD wiher eddles r at edndotmat iignagrspesd. i s bQIQQQrEH%‘ qr, 9" E?t er.
Furt henaXgn ity eeedancep thy anot @eraggpe t oft t he present inve 'Piﬁ’n,
there is provi'ded a di sk drive apparatus onﬁ;c)r "thg: te difdlevas¥ehbrytin
whi ch & 19FHl i e of 19k S k! dand <vortdise e avelke idiys posed-@paxhal hysagd
spaces Sbétnseen ot fecarsr .di sk st orage nedi a becone unequal ; a, notor for
driving the plurality of disk data storage nedia to rotate; and a plurality
of heag‘?,tedri S otse.d in ?ﬁ{msiti on to the Cgl urality of disk data storage
medi a, ‘fTor pertormiy ddts StUrefe gk pf ottt i O Because i hecsSPRESS
bet weehadies Riestsorrage feditzrn.n tAwe <omnvarntd onad 1 sk, &l V&, APPAL &4 US, 2 e
equal , thke wvedOctddesoef £1utd HFEB L0 f] of air between dis
st or ag%l%digeli%%cirres En?ﬁual .engm%ng?£$§ém%?% Y dPFVBOHpparat udofthae
present i Rventi o makeS StHESBpalBENBEi feeRiakif acent IUi shest crhge rmsim
unequafORERERERy tHeati nif t heupossi bl iMepstial thienvelaci §1 &8s of %f?l% fd ows of
air oCGUEBLi,NGEwWd 4:he; URE Q)+ SPa, i b equal .. In a preferred form
of t heogi S{hii{é-é’ agpac?gt us, tﬁgﬁggggﬂggé bggf\%\ggﬁ l?aeg'fé{ggnt Lcs agryrtatgte nedi a
in the di sk assenbly ar&SdEErdheédualefvretcor dirice wdiratvs r ohati omyof
sai d di-SBEr@afanst orage spaam basedeon wed ocdisies, ofrfdwows, af,&i, that,
when spadesebietameent ditderSt ©42098 MR ALE Jade ugjstoccuIrL.i n the equal
spaces; | f, gggehiag.?]hi Somanner . it becqmes possi t0° edUBr 28 fhet,
vel ocities of the frowsCof & & RHKEIdSHced Beoneshcadiiasent takorrage medi a
in the'8ieR1hd88nHNgEveRRe MO iveslimkgnetas Giesksad® eqhate byq argpindle
ot or .mAgeispiadl &f Of 1 WOHBET RGTBEACY| i SKSed SUBgWa&ﬁd t. both ends

S

t her eof jti f_the netic di sks, can be eci anﬁ't hés
supporjtp %-é]l?fl?g?]é’ %%r%?%?%s, g%g’é%%’brwl‘/ﬁt%sﬂ%e present invention,
there is provided a hard di sk drive conprising: four or nore nagnetic
di sks,Icoaxd@btyasktspasad, Wdde predst ' pa for stqring. data
nagnetﬂlc%é%;_ ang,.a.spi;ndl ehllto myunt ﬁegit%gﬂﬁgti gggitgksffﬂggeoﬁ? t hle
spi ndlcg}mﬁaw hg "SUPPort SpostiFbhs 18t BEPRIFds & hétebf dnilver ehppahetus
pr edet het-Rpacesnaterddoerdiiined bapedrabiay dbst anee fam toe ort
posi timerdid nt@ psefess ed §osm gfsdhe o J 1} drive,. the space Ob%?%en t he
magnetd,c dj sks near _the suppart oSTT g% i's ge tn%?r%wraﬁdl YheP s phbek
bet vveer;C%t]%egsnag.ﬁ‘S?iié di%di&s atliPReS8ent C2¥%36rtdivon bet weenueheesuppiark
posi t Fdieslgtemwinad depaddr ef eom edhenhodo rpnthd( B Pt rETRRY TR, i rst
embodiimeoddla e Bpasent:dnventLaR WibkaREL§ 037 HeL,Pe descl bed vith

abrs per%orming dagaISTO%aﬁe and reproduction; wherein a Spacé

between axially center disk storage media of the plurality of



-1 FEB 2005 Figure 1 shows an expl oded perspective view of a HDD 10
according to the first embodiment. Note that the HDD 10. in the firstl FEB 2005
enbodi ment has a formfactor of 3.5 in and a rated rotational speed of
10000 rpm In the HDD 10, the top opening of an alum numalloy base 12 in
the formof a shallow box is sealed with a top cover 14, as illustrated in
Figure 1didheytbenpeamednal QsusR1Ca3@ater WG dig 1431 dpofp a.thin
rect angu(liar box and can.be hori zont%al Ia;ﬁ@gi \s@*[f)ﬁggle(frlénm é‘eet}: Sjcp%népgust e}?eato een
keyboar d* *¥Ke 58052950 Fdp%cover 14 is screwed to the base 12 through a
rectangul ar seal nenber (not shown), whereby the enclosure case 16 is
herneti c seal / thi S e ga 16, a spindle mytor 18 of .
hub-i n sl?%ﬁé'}lﬁr%e t?% p(ér%sf/l{]ddgdf\g% %E?[gﬂ@bs| %I onogl ?gﬁt P§e81ef1§etmﬁe8lihltoﬁe S&nt er
of the bEBE 19PRTHaMBUIEENedRELA G t KenggFerd bek f storeiget medid 2frexftdhi s
spi ndl e thhar the, cwgnetdgadhskseRoen 280k 22€0rahd RA3MiaWhicgh Q@l;;"éfftr;,gf a
gl ass or,al WRIN ogﬂutbsgr I]{e,iﬁar@hél x}((ajc_jfl% m)untgd Wth a tog clanmp a

are driven to rotate with the spindfe tHr CIRCeThEPRFBeFaBndeof adieed -
spi ndl e ThespipRe spfhdteerotisr tBei scentwd spacee bepweeverthist layimmans of
bol ts (neensbewa)skTbusralbems@indken 19 hasystaubl & end supported structure.
The magnetic di sks 22a, 22b, 22c, and 22d are di sk storage nedia for
storing data. Data is stored on a magnetic thin filmformed on the gl ass
substrat €D Ad§ |41t r dr&de i APFRGaAERS 20 Lt Hdenagrestdnt: diskent2Re, 22bspade
and 22d meewstacked wiktihlspaeense24aisR4Broange2feqbst @@ﬁnbéhﬁg‘figgﬁ as
spacers Eélfioﬁéb’ and %ﬁgtgﬁﬁemn‘ge%ﬁefgr confrol l% g t he spaces between
the magnetic disks . In the fifst enbodright ""EhE E t&rab3aPrgrdfedean
near est Mr SWMHIRE spfndiiéknottorras: media hdwhbpaeerm 24g, agi sposedomeat estr t 0

the spingbeehDt ehel8padeepcWALhnthbi ¢hHGSS, I, C of th
axially gggi?{ils)pgtceffszr‘ﬁbstéjfs(gosgd bgr\?\gﬁ ?%ggs%)ggc;}é%%é %‘ggfém ‘g‘ﬁdFﬁﬁezoo
24a and 4(3, I's '3 Thef 6707 & TRe YpacE BBl Gled -PHe Wagrttike afekagszb
and 22c BeCHIEs BprsSihidte the Bpatkinet weancthe teaghit i efdrekenpRanadd
22b, andne¢herspacerbepueén thethmgspiée HeslkseR2ehandx 221y hesore,r 2qmm), | n
ot her wosds he space betyee h i a e ti jsks.is_set
greater r’gh ﬁa?ha% et gﬁeen %eﬁgkh%%?]gg%fg gif'ﬁi%%m?%gaopgﬁq%lo%dtﬁ@ n
act uat or™3B°FE Brovitd8d SWOERPR ['RE1BnéMBEtPe cdSe 216 .0hiod fctatBPTSD. has
a magnettlze hepdcd2 lattvden onke and2i(@-9ypporded attbi&gé Nheamedi al@ PERLI on
on the base 12 iharoughsg pb%{&%agé- mdlf 3t %tdor.tg.%’ Ep&%%f%e Ls free to
I's provided a T AT

rotate O]C\’/IZ%RG %VQJ 34. The act uator e 0 eR_ndthe

t her eof R WSt &8 15 TEPge 86rfuBe aafd the rdRatwe Jod &l dedm strage
provi ded"§fit®Rn CRENERE dSife theedisk sisirelyecouvphiat edispdeded hatVAM€OI |
36. da'zta;mcbmﬁti@ntheaexser'ter t&gr h\@ger( E@b&@@b@@hﬁa%%) ok tslfgv%cféa%?et%?eéx? a
car n shp: a circuit board. This_card s rectan r in shape an
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-1 FEB 2005 results are shown. in Figure 3. Simlarly, flow velocitL ?SF@E{UES
measured by enploying. a simlar HDD as the first enbodi ment, except

t he spaces between nagnetic disks are all 2 mm The results are shown in
Figure 4. In Figures 3 and 4, the disk assenbly, constructed of the
magnetic di sk 22a and the spindle notor 18, is schematically shown and the
flow velocities are iIIustrat%glﬁgs hstogram; Thets%%strglg of £a h of the
nmagnetaxe dissiks grgaterp, iy 958 NasSRONEE r fGET OY 4 gf(ass SudLerat e
of thigkaess 1.0 nm and peripheral flow velocities were neasured at a
point of radius 40 mMm The rotational speed of the magnetic disk is 10000
rpom As illustrated in Figure 4, it is found that in the vent i onal
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at bot h, gndst heg gof vnEhensiange hhervekeci tas ofitt hgpdd omwaef airon nteach
space between the i.C dISk n ust d; [sTNals] Ehg apaces
bet V\eer?’%llffél%gﬁﬁPgagdl FRS SN Inge S%%twg se émeg@éﬂ;% B he Do
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the as é@nbé@@éeﬁ hei spageobeueradiheapagnetifordigkdispnsefie Note

i nternme |ate I on between t I SHEESRL p\ggigkmaﬁ IS
made gr &? ® f&@35Eher t&%ﬁ‘e?% %%%@g&%%ty i ©

of ., flu t
neasur e\obboyceupl ofi et tfelQHDB)floaM Pﬁéomﬁﬁstslé’r‘?’i%dl gr ?ﬁP{“gSar e
shown i 0, H-QPEE Sthd N AIGUT @edoctifg vBetomas agastendi caﬂé@rﬂf@r@sm fitating

dth tit f 2 t I
o s | nreates pragarc: o edabife nEARCKEToQeE o laroRRC ! Ko DECRYE

denot e i ghhie mBgaees chélaeen 32150 FERERIH HAELHDD 10. The number 0
indicates the nmagnetic head 32 on the side of the spindle notor 18, i.e.,

at the | owest positi on Wwhile the nu di ¢ etigr head 32

| ocat elPB® (He GPBerdISHGFISiVI% aSAsrm] é%??at ‘?es taEFag?gﬁ' , it has been
confi rr@ﬂeééﬁt tiheeasdbhl atsi g BRIt h din tth@ neghet | pé RedtPB2 t3€ 35RAFE

Iess a Eas no(}gldver %e L1 ORs AGGUT @Gy 25 1 Tad ayhepdiangigdwl wpateng. -
|rrent) A second enbodi nent, of the present

| nvent iTon amcbirdahmeelwmalﬁtem gdoadfément befd Wie PLHeSFBt eh’é‘ée”ct&OPhetkb‘?r Hys. The
second errbod; ment | s .an .ex t pRgnetic
di sks 128k P O"@c? Yﬁ%g,gl%%gl@e %Y%g% rﬁgl\ﬂ I's t n’s%%nrréwécs t he HDD 10

of the first enbodi nent, except that it nmounts the six magnetic disks.
Therefore, an illustration of a specifkc-structure is omtted. For the HDD
100 of the second enbodi ment, as with the first enbodi ment, the velocities
of the flows of air between magnetic di sks were neasured. The spaces

bet ween adj acent magnetic disks are all 1.85 mm and equal, and the rated
rotational speed of the nmagnetic disk is 1000C rpm The results are shown
in Figure 6. As with Figures 3 and 4, Figure 6 schematically illustrates a
di sk assenbly, which consists of magnetic di sks and a spindle notor 1l 8.



As illustrated in Figure 6, it is found that the flow velocity in L??ﬁpﬁce
bet ween the magnetic disks 112,c and 122d becones greatest. It is al 05
found that the flow velocity becones smaller in the order of the space
bet ween the magnetic disks 122b and 122c, the space between the nagnetic
di sks 122d and 122e, the space between the magnetic di sks 122a and 122b,
and the spaee shetigen ddia rmig@% | $KS 2¢.and 122f. This tendency is
the same ggihe; HOD 10 havin no%%%éejjdf?oa%éng&ﬁgﬂsg dicQéE 1addFun tihe Frgude
4. That |3 (' $He’ % aSBh? £19 he as pRkEBd bet wesnrnagnet tvei she aﬁf?ﬁé}ygh,
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he 1 ow yehashiyss ihe pane bt imen Saraoner ek S By ot o Sied

) Y!%f&@ §H%C%%§%§%§w qagﬁe 1.C dI SKS, DPOS! 1l e ,
axially center portion of the's S 1 85X hedOfesCoperReLEINg Usi nbigtence
spi ndl e nBEbFeERs ofIFGRRE 6 BRI encliskshe fhhwreahoci ENeid t heg spage
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not or 118ax§9ﬁl§rh8efmlc8¥" M?LQCi té Ln t%]e I%'Slace bo%%%}}a%bet%e%_hﬁﬁggf’ﬁﬁ @ifsi@n
di sposed -at the' position fart REEESFr 8h the Hivsald tiordr diss, specere and
smal | est, “and SHESENGH vl Goiloynienst hef spaee disimespathe othdy thinV ok
FEB 2005 amgatlyccenskr | @taf eshhatet he i nternedi ate point becones great est
In addition, the flow velocity in the space between magnetic di sks vari es,
dependi ng_on,a distance fromthe position where the spindle notor 119 is
supportegl.t Nekt defarabhe EHbBt, 00N fihet tars svashaEastE€dybi ghetﬁngErggréglecr
as the fiimstertbodi hanta f@rxﬁtdﬁéét@ﬁ,sﬁ&ét5€r3‘{"§sigea§rﬁéeg wih the
magnet i c ﬂjssk,ﬁmlﬁgc angyd22d of the %D 00 rempved’ The df'$kkBE&8nbilybst
the HDD 100 .is showd rn Fr gufa®7thG ¢ efggrier iR i Sk 2Pe hews 1224 £
renoved. WSk FRAGPES 2He Bpdeceibethdsn namgeyagret iveldisiks, 122b, afngo\_;l,zggx
becones wider .od¥otrer ittt inhhetrBgnebh e hegds, £of di.ng tdgﬁ he (rgggovgfe
magnet i ¢ }ipideSe dlfrf d.1 e Q rd ed. The asur ene re t sPfor
flutter ?{% shown, inﬁlgi Surzlgaglogé a"rJl, %‘? Eﬁg%&éa% NfowRO t REVREASUredfimTit on
resul ts 61 he"HOD a0 Wl igpafbutted si Rhemgmenéxich Sksvanddi gur e g, Lhe
measur enditiakmds st T oandhe hHDRNEGE hawi Sger BBOWEH 1 YA g@?gﬁgi Q%S}i%he
di sks fremzddhensd xadmanetd gsr{%st ow,jn Fiqure 7. A s flluStrated i
Figure 8, it JEPS Jound hatftnﬂde uei%tqi |e}{éS of° Y UtRRI R t Hee Freigfeta nohead
nunbers 3 to FE% Pdd .V%é’%ﬁdnéﬂ% Headeowge Mdimsiposed uen dfhe: spaces
wher e t heepemeianty lgrgehy Phowhef naibeirs ogr patneTher 8Lok8, médnd S 8l SO found
that there is a correlation between the flow velocity and the flutter
gquanti tyof . etic.head,. As illustrated in Figure 9, it is found that
the HOD 160 %@@%ﬁgg‘?@n&@é@% hElSadhlt i @1 ditdhes RPoeenind inveationsnedh embd n
flutter GERAtECLY thah LAE-FDEEA0ODRaviy mwudeedrabxemagnetip di Skseol i t he
HDD | 00 haghrgpeedovued tvhereagnet ir‘ét@idSli%tJa%%@n@ﬁdsé%gg, .rshgoﬁgsce bet ween
the magngtikgtdi-sks 122b and 122e has wi dened as pre |ouslly escri bB. °%t is
consi dered that the reason why the quantity of flutter has been reduced is
that the_aforenmenti oned space has widened. Tn the HDD 100 illustrated in
“Figure 7, "THEEFEe e 1HACSHEERI%e Wirbly rstocbed i asipect 29D thrdpid@erti snvateon,
greater dnerLenpvi - = i~ -1 _FEB 2005 magnetic disks. 122c and 122d,
di sposed in _t he %ia?’é?%@ﬁrﬁ]lesi{n%“d%‘faet SPB%’?%ZﬁuSnC‘B‘f&Eﬁén%pi% K132y t He si x
magnet i TFSRs . @ HRISFELitYn Phe degondiadmbodineaye tiel Spaees N@YsPEssRde

| ,Covkiall d ti ' ¢ ng; bel il
descr | baghali iy rﬂg ggggggfgf Fy éggéjgéiggﬁéi‘?%”?b@@ iR e b thdresons, of

a hal f OfeFth di sk cons Wht ey nefndisk @Atskss teRagd o
122f on ¥e 3pi Al e*q9Btof téed spindblurmtidty 118f heads, disposed in
Opposition to the plurality of disk data storage media, for

performing'da"ta storage and reproduction.

Because the spaces between disk storage
conventional disk drive apparatus are equal,

media in the
the velocities of



As illustrated in Figure 10, in this disk assenbly the spaces betweer] Fgp 2005
adj acent magnetic disks are set as follows: Space between nagnetic di sks

d) ... 3.0 mm Space between nmagnetic disks G) ... 2.0 nm Space between
magnetic disks G3) ... 2.0 mm Space between nmagnetic disks 4) ... 1.85 mm
Space between magnetic disks G5) ... 1.85 nm 122c and 122d (hereinafter,

ipz)zzace tBab ﬂrtdu(leéIc (dier ebeabéer di?&;%tﬁ%@g?eaﬁae H_g&,rfn@gaﬁlt‘gguaf%ce

a a : ei ery,.:Spac e, an erei nafter, space Were
t he nagﬁ‘évtéigégdi s %12@?%0%&%& a%%?%?g}_ﬁ’?heoﬁad:ﬁ&ti PrEFSRt12PBVERSHORed at
the podfKesn theareBaced PREWSENndIdd amstrdr disk camobegexpreskisedunedqui®f M5 of
m (m =thg gnatiiedi $hk22assibiA26Rr Didvagnetedi skl22b.

1/ 2(m ngggg%gué %%klzz?i)i.ﬂll S nar Maﬂ net | cdi%{%zcgiélel.?% of the flows

1/ 2( m+ %n gneti cdisie122e.-"° TPSER )tﬁ%@é’gﬁ?et"flcldi deepRe equab mB) th

Ther ef BEeferedc foras sndihyy diskt donvhi pppatrates ,t hehes pacase GlbéOw&dn and m
IS expagssednas Hekkowst diFE 0 pace,be e ~nt h, and
the 1/ grgmzé;}:d Gl %Of:aeéébetn\l/.\% il Eenzlj%glfst MRk tg%gg@?;?m%%drg?t_ @
Space between the 17K Hef arfd Shet P23 t3en | ofx3s8pdcedheeweddita he

1/ 2( m 2¥Adagrd madd vy Xaned tén . velG iSpase diet fleens t be 24.2( rotdd,h vansh t he
1/ 2( mteptbBes. bedveenomitdxe Jy j criptj pa bet ween the
1/ 2~nt an%ﬁesti ¢ di sk }22 and o r}gﬁ‘g%swéz ﬁdh‘ﬁgent&aﬁéidi %%C%Z.d&} \géahseet

gr eat eF 3t Ran “HE St her p§88‘§ B8t %é&‘f’ ¥ c dFskscopgsad@issidde the

fol | owkAgatekrat i Behivielios idstesbl pShethe SFdomsGlos space iG2 Bhepaneadds Space
Gl > spaefeed adshaedtBtorage media in the disk assembly.

The HDD drives magnetic disks to rotate by a spindle motor.
The spindle for mounting magnetic disks is supported at both
ends thereof. The positions of the magnetic disks can be
specified by the support positions. Therefore, in accordance
with the present invention, there is provided a hard disk drive
comprising: four or more magnetic disks, coaxially disposed
with predetermined spaces, for storing data magnetically; and a
spindle to mount the magnetic disks thereon, the spindle having
support positions at  both ends thereof, wherein the
predetermined spaces are determined based on a distance from
the support position.

In a preferred form of the hard disk drive, the space between
the magnetic disks near the support position is set narrow and
the space between the magnetic disks at the central portion
between the support positions is set wide.

[Preferred embodiment ]

(First Embodiment)

A first embodiment of the present invention will hereinafter be
described with reference to the drawings.



s~ hile a description has been nade of m- 6, the present invention,is not
limted to this. In the case where mis an even nunber greater thaﬁ1 ,Bt29ﬂ5
spaces between magnetic disks can be set so that a simlar relationship is
obtained. Note that since the spaces between nagnetic disks are regul ated
by the thickness of the spacers 124, the above-nentioned relationship can
be |i kdWigwepd! i tiows the tokpkodss QfetdicsPAGEN Syt JOr LXFF €, when
t he t hizGRBsHi | sposed in the space Gl I s represented by
tl and the thiﬁn%d;?%?aj{aﬁres%ﬁle@dzlﬁecn%’s %ﬁt? nthRk B‘E‘ﬁeﬁDEpégeénGﬁhﬁo €3
by t2, T SecEMEeddReRterhahak t SOrM ¢ Fowgbr iof t Be Sexanpl andhawn rip el gur e
10, spacea@ionalpapeed oand ogpacept - space G5, the present invention is
not limted to this exanple. For Instance, the spaces can be set as shown
in Figure 11. Space GL - 3.0 nm space & - 2.15 nm space G3 = 2.0 mm
Space &2 -the 8“515) Ogpllke BBP-operSngnplft aparaleenisafrel yl lsivatiegss hay the

val ues tafe therspaces GhdDLdd Bog S@f hasedyonithe yelogi ties of, fhe flows
of air ;hA {Ne-SRIHICES, owei n Figure 6. That is, the val ues of t]h sPaces
GL to G are determnédacSordi nd 1% t1dF Merghi ERALODILE HEAFE ohf» wBich -1
FEB 2085 veéibcithie i nfefe cafe ahetbimmgmetitandudks amexdi spesed.at egual

spaceshoBy zeeittailng thepspaaesnSldtoa BEohpPyuthis WFE?goa-ﬂi. beconmes possi bl e
to make the flow velocities in the spaces equaP. one in this way, it

becomes possible to equalize the flutters of the magnetic heads that occur
i n t heT8FacBE-43thi teb EAPBEL Bt )issteerbe abortﬂfmnbémedzfiﬁlﬁfoxﬁ’m second
DD

nbodi tt varb d iche it B i ' 0 d 100
ﬁav?nb?ﬁgggzgl EZg;ére?g?%Tgﬁﬁ%ﬁ?%g n})Mft %élgr;ﬁ’fen? ir'gr&gfesie%ﬁ} gﬁ[{%% eorﬁzilg{ﬁ MEHT S wi | |
refer

be descri bed w ng&® a HDD 200 havi ng nmounted an odd nunber of
magnetic di sks. The third enbodinent is an nmounted five magnetic disks,

first enbodnmentiexeaplothat 222¢, and 2228, are doupted, SErygtyre is
but since it is the same as the

omtte e .qf . 0 havin

magnet ?Ergfégggleﬂ%a_p%g%b&@gég aanp?ffgﬁé??atgil&ﬁh&flya ettt £5om glre 12

is a haPPt8EcPiohdr YRreE® of Aoward phet edbet he OHDDH20@ ppeeorstinTaded & t hird

enbodi Wkat huhs Rhowh thifi geiadia, mokert hig d @mp@naiggapg%kd%% with a
0 2e on t

di sk assgnbly € r b unting five disks 222a t !
spi ndl e 1f9a,)(§11cd the 'smf e %r%{‘%% 9 g.g A’ndfl"ﬁ‘ﬁe SpaldsmpBYfe Sibsdiracent
magnet FE€dilsikeetYe BaPNA§Af ditdws aSprie Isdmpen2 fagimet | erdi sksivald ko -
-2, qunz)lspﬁwegetMeeapgngneth@t@h‘:sk%. Gléhe. uppgro_emdégi-(ﬁﬂ&?%%%%&ez 0
magneti ¢ dirsksy R ce _bet ween nmagnetic _di sks CL 2.
222a and 222b %her%l’lﬁg%l?ernggsgga?g§ 9sPChMEED T89Me Celp S ver i by
means o bolts (not "shown). Thus, the spindle 19 has

double-end supported structure.

The magnetic disks 22a, 22b, 22c, and 22d are disk storage
media for storing data. Data is stored on a magnetic thin film
formed on the glass substrate. As illustrated in Figure 2, the
magnetic disks 22a, 22b, 22c, and 22d are stacked with spacers
24a, 24b, and 24c between them. The spacers 24a, 24b, and 24c

are members for controlling the spaces between the magnetic
disks.

In the first embodiment, the spacer 24a, disposed nearest from
the spindle motor 18, and the spacer 24c, disposed nearest to
the spindle motor 18, are 2 mm in thickness, and the thickness
of the axially center spacer 24b, disposed between the spacers



222.h and 222c (hereinafter, space 222c and 222d (hereinafter, spaCf 222d

and 222e (hereinafter, space - 17 1 FEB 2005 As with the second | FEB 2005
enbodi ment, where the magnetic di sks 222a to 222e are fromthe magnetic

di sk 122a di sposed at the position nearest to the spindle notor 218 can be
expressed in ternms of n (n = 5). Magneticdi sk222a. ..

| . 12~(n@83. r¥MAgretd cdiisk222bmm, 1/ mrb)mmgnehbcdggléaambel% en g Ehe
n

1/ 2( n+lmagivegnet i €0816k222q, . and/ 24 H33) g&ggg§ticdisk2 .
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nis ex resseg a ?f R 1Cg et ieAntdhe 21 ,2(an@) Lheaspatche HdRfarrl) st
b e kb6 SR Ikt S TRty M) 2 T gk SRR

et weenthbe o+ rd ... ace between the °'
1/2(n+3)rd s:% éﬂe 178‘ {;2"(3%5)%@. %‘?‘%&ﬁfﬁl ng?%ef hi'tad i FEFKS t her efair e,
the spa Ee%g‘?%e ap hehay Retwgen iasletdmr tregig2in+dysts di sk, and t he
space between the 1 /2~ ( n+l ) s4t disk and the 1 /2 ( n+3 ) rd disk, are
set gregheg he h tween _magnetjc disks. Wiile the third
embodi nent ﬁhg%ggg' ég%E?%%eg mﬁfﬁgfeégr§ﬁﬂ#¥Q%9iﬂif@ﬁ@ hhB¢i s@ ohosntred
five rnafiﬁnse?ii1 di skS P22t ed@nhasi ivemigoatic aksd 3@plicabte togea HDD
200 hawvimg dAsuntegbartatdanunher it oBEE@LA€e dighs 5V c&rhennkggsgaggeti c
di sks) .t ¢ e ] yzunderst 00 hat in _the HDD 200 havi ng ‘nount an
add nué%ef)o nggégsﬁngfgks gégie%C%Pa Fe fugnEf PECHPERs) st herepate

bet weerf THEN 4/ 9Pn-MPSstPHYXk 8Ad t HRha/ achearsr ditkisaptovhelcspage babween

the 1/ Z({thel) stendi skhaneof havil!i2( a+3)6 de & Sd@ilcaﬂlo'@%fzseﬁoﬂie%&f atnfg,]?inighﬁ
t as

ot her spacas-detyeen ngti ¢ dj sks, .. [ Adyantages o e i nvention
been described a ove,ﬂgﬁbg Vmgﬁé?%ﬁeqhglﬁségen1“?n€8ﬁ%P6Hr6rdVﬁué 46, 18
-1 FEB' HERUANE tHa itdec¥p¥breisdf 36educi ng the vel ocity of the flow
of air which occurs near nmagnetic disks during rotation of the magnetic
di sks s@a dhated heo OEGUT LEREE r. can be suppressed. In addition, the
presenHQinveﬁiioq%gﬁoviges glng g%%%g .|?ﬁfOWn£§r eq@ifpgett wesea
plural ity df faghet c (BPSkShowan edfiaki Bltheivebosictli es Ohit he afiddowss of

ai r befwsdmneygreet | tn disdkpe Binef cbeeetsi pihoN ek ci-he Drayd pYSs. of the

base 12. Input and output of electric power, signals, etc.,
for driving motors, are performed between the aforementioned
card and the above-mentioned spindle motor 18. In addition
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input and output of electric poWer and signals, for power to
the VCM coil 36, read and write operations by the magnetic head
32, etc., are performed between the card and the actuator 30.
The input and output, between the card and the actuator 30, are
performed through a flexible cable (FPC) 38.

The HDD 10 of the first embodiment is a HDD called a head
loading-unloading type. The head loading-unloading type HDD 10
unloads the magnetic head 32 to a save position without
contacting the head 32 with the magnetic disk surface, by
holding the actuator 30 at a ramp  block 40 during
non-operation. During operation, the actuator 30 is driven so
that the magnetic head 32 is located over the magnetic disk.

Flow velocities were measured in the spaces between adjacent
magnetic disks by employing the HDD 10 mentioned above. The
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igure 1 is an exploded perspective view of a HDD 10 having nounted f¢
\Eagnetic di sks; FPgure 2pis a sectional view of the HDD 10; Flgure'B{EEé2@5
graph show ng neasurenent results of a velocity of flow of air between the
magnetic disks of the HDD 10; Figure 4 is a graph show ng nmeasur enent
results of a velocity of flow of air between the disks of a conventi onal

HDD haveaglisspasedhoamr imag‘;iiqmlre ai. skssﬁﬁllgﬂ%@g} Sf’:lﬁéﬁsvef?ﬁie&%%% {{%ré
h t ut S oyi n
Pl gur or ot ey A0 eSSy oo ot FLHERE “HBEL 2 B Wit eiooihenh o
air bePHEERTt s@eofspéiqqm heoveeni mpamainieddsiks megreet atldizskan.
Fi gur eTRei acanﬂnagrmsbnwng iR Sﬁﬁé@rénﬂm' C".ﬂnt\@q r3 m&?&getd ¢ gdigks

h b n o] in ure 6 Fi gure is a graph
Show néﬁﬁeai%%e‘é“éa P ERELERRe AT, WP e ThEts | ddkhonse | AR g b
Fi gur eSpipdlg gmadersholf ng h‘éas@ﬁél@lmtlrcaimys giowh ut bed withe -f18y -1
FEB 200610vntgent eiremaneuberdisls emuadddomd e H | Qdpetiguee 40 1s a

shoun CRCRCgoRS IR padgelge” Hﬂ%%%égﬁgalshaﬂah;3°iz§£22€ Al Wbt otgme | ¢
di sks, CPéééﬁﬁﬁﬁaéd ‘Pﬁ taheglllsmﬂulshbmten Hf gurteldknearsd Hi.Qur gml2 &gda
di agr apeshpwepg1sFaces \bﬁdﬁmém%@fé CrdhgkSed’ %@@Eﬁgﬁﬂe b8 H 20(2300
haVIn%BgD ted B %ggagggéé Spe%%p geigr$ éhgglg dlSk is OOOO rpm.

As illustrated in Fiqure 4, it is found that in the
conventional HDD where the spaces between the magnetic disks
are uniform, the flow velocity in the space Dbetween the
magnetic disk 22b and the magnetic disk 22c¢ is the greatest.
Although the flow velocity in the space between the magnetic
disks 22a and 22b is approximately the same as that between the
magnetic disks 22c and 22d, the former is slightly greater.
There 1is a possibility that the flow velocity in the space
between the magnetic disks 22b and 22c will cause the problem
of flutter.

According to the HDD 10 of the first embodiment, on the other
hand, the flow velocity in the space between the magnetic disks
22a and 22b, the flow velocity in the space between the
magnetic disks 22b and 22c, and the flow velocity in the space
between the magnetic disks 22c and 22d, are approximately the
same, as illustrated in Figure 3. In addition, the value of
the flow velocity is much smaller than that of the flow
velocity in the space between the magnetic disks 22b and 22c in
the conventional HDD. Therefore, the HDD 10 in the first
embédiment is capable of avoiding the problem of flutter.

From the graphs shown in Figures 3 and 4, the following can be
found.

In the case where the spaces between adjacent magnetic disks

- 11 -



16 ... Enclosure case 18, 118, 218 ... Spindle notor 19, 119, 219 ... =1 FEB 2005

Spindle 20 ... Hub 22a to 22d ... Magnetic disk 122a to 122f ... Magnetic
di sk 222a to 222e ... Magnetic disk 24a to 24c ... Spacer 28 ... Top clanp
30 ... Actuator 32 ... Magnetic head 34 ... Pivot 36 ... Voice coil notor
(VCM coil 38 ... Flexible cable (FPC) 40 ... Ranp block 44 ... VCM- 20
-1 FEB 20865 WWhs: the) A W sketioeveiapparetiuisan CRIRRESE AT G & WDt Béﬁ{a@e

di sk asse y tn

drive aupkyualli.ty ofowdivek  datge Sstqrag di o.rotate; .
whi ch sa&gzgl yral it J of . di sk storagglg ?r%g?'a ‘gerlt'eo%ﬁtslp%%eiﬁ’eg&’&ﬁi“al pggpptic
sequence W th P dst PN etbPhcy FRbMLBEI dheotsmacembet pan ahhyeofc
heads, éigbﬁs@@eqnadppMBedonnt mh&anﬁ;q@malaltﬂ/.qmgl%lo%%g?gg ggg‘lﬂa% for
perfornhagndata stiaiage aﬂ@a# ejp_godgc&t |boenovvhere| n Jgklsigace et ween ax?_?l y
cent er gis\]c storage media of sal dpl iral Tty O t bP afekeedike i siset
gr eat er ~ tR¥n & Gt SirlcirehragRAt #f sid istker agmpaaredbg. a(d@hsmelc?di ske
drive apparatubetweendnagneéoi€l @igks, wherein said disk assenbly di sposes
an m nunber of disk storage nedia (where mis an even of 4 or nore), and a
space b§tween he i/ 2~nt h di. sk storage medium and the 1/2(m+l)st disk

st or age” MBGPul'€cddfPedCLPEAtYhéndidle spocaye atedicnmtdies pesathatc tdes ks

posi ti dromehiesedt oirsaiclenvdoialiy seht@reabgrtihan Jhegiheg gggfes

bet ween &l se st 913G R éSélJ‘pe Sisk dcg,l ve_apparat us according-t 0T aim
|, wherein said disk asse r}y I sposes an W ntideP ofr Hdedt by age ket a
(where T'3E aPPHR FIHRIET mbhep, hhe acthate bpaoeen t heel/ Hreb)osds 1di sk

st or agedeedr Upednd thiee sii2(diel) 589 dissks §t 56 Ag8q Madi qﬁg dﬁﬁd p%%ge bet ween
the 1/ 2fMehld 8- di s 0 iumand the 1/2(n+3)rd di sk stora di um
count ed from t he diktsriet s&%gggg?ged%m%?%po@éw aPlt hdlpositi sidHeasestice o

sai d motorveal e 86t TGUBALEr tHarkst Heawt her ashacesdbetyeeat disknshor age

medi a. STcel skedrior appanagust RECOLEkNYi h0aCkatMhee MISER 0 qistance
from the position at which the spindle 19 is supported. Note
that this adjustment is based on the assumption that the space
between the magnetic disks, in the intermediate portion between
the aforementioned two Support positions, is made greater than
the other spaces.

Next, the quantity of flutter was measured by employing the HDD
10 of the first embodiment. The results are shown in Figure 5.
In Figure 5, the vertical axis indicates the oscillating width
(quantity of flutter) of the magnetic head 32, and the
horizontal axis indicates frequencies. Also, the numbers 1
through 7 in Figure 5 denote eight magnetic heads 32 mounted in
the HDD 10. The number 0 indicates the magnetic head 32 on the
side of the spindle motor 18, i.e., at the lowest position,
while the number 7 indicates the magnetic head 32 located at
the uppermost position. As 1illustrated in Figure 5, it has
been confirmed that the oscillating width of the magnetic head
32 is 3 nm or less and has no adverse effect on accuracy of
data reading and writing.
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21 . -1 FEB 2005 said disk assenbly di sposes an m nunber of disk storage
media (where mis ar_ even of 6 or nore); said disk assenbly satisf4iBFER (05
relationship of GL > & > G 4 where Gl represents a space between the

1/ 2~nmt h di sk storage nmedi um and the 1/2(m2)nd di sk storage nmedi um counted
fromthe disk storage nmedi um di sposed at the position nearest to said

not or, (RecepdeBreinddimespace bet ween the 1/ 2~nt h di sk storage nedi um and
the 1/2(m2)nd disk storage nedium and (4 represents a space between the
1/2(m2)nd di sk storage nmediumand the 1/2(m4)th disk storage nedi um and
sai d di‘sk°5§588fbIG" &t i P epresesitatinret pof wEll> e einG fer

~: . ~herlee Glespr dsmht widhspaedchbehveentbherdé 2(deid) Ny 4l Sl(; SIL}H_;T age Jpd um
and th h di sk.st dium_ counted fraomthe di sk storage

medi um%rﬁié@cg:gﬂé %t ltdéhelégos?{{?]gﬁl%ga#ejsta tgﬁﬁai goﬁmt Vilhd "BVt esdnt s a
space HRAIRRLNLF he18KB( he4prh Ididdk stiagel Dadi uiaed tamel 1V 24 fpr6hhb dissk
storagetinedsame @5) tAedHpl di \o&F apRarff s CORPE A Shdd: j asggenbl.y in
whi ch q%cmrwgl Lhy Qixd%ggmggig %t rage dia_ar eag’il%g%'s:edg%% §I§ﬁ§§} éghéd
spaces between adj acent di sk 5t Jr%b%’ medl e pEChRe dMedlArstragbesr offor
dri vi n@REFHEHF WP EIYeSuRs i sWniddeal st orage nedia to rotate; and a

plurality of heads, disposed in opposition to said plurality of disk data
reproduction. (6) The disk

st orag edi f pekf orm data stqra nd ]

drive gagr g?ﬁs If’;?cl)corﬂéllénorﬁ o O arn 5! mﬁg‘&é}%ﬁ“ieﬁ‘é?'sp%%eé’lfsé‘tv@@l Adjracent

di sk stORYULIRRYE a e suptPaiislesassenthly Blewsetf i aiacbetdasnemsiyhbtthe
rotati ahisifs saiededi meadatadst or age nedhday based, velociti.es | ows of -
22 -di IEB 2005, 7 ry that, when s acjgs be%mgen é(ﬁhsk%gggkjtaeng n@%?éeg%g made
equal , occur 1n the equal Spaces. Céjufj ThEYi Sk® of 7V apph Bi0Ra4cEBRERNg to
C ai m &% whe? eMRIPRE 1Felddsit ies b§0P0 owsmef dilke | neshibtspaces dietwveenn

adj acentiglisk storage nedila Fngsakdl di sknassenbkyqare %ﬁd&ﬁ%%ﬁ{j:gﬂ?' y
equal . (18, A hardd, désﬁ‘gfci Ve Jhpai ch foyr or nore magnetic disks for

stori n%d]ddgta magnet i cal Ty are di sposed Coaxt At VSt Rofpr "ML iE sPiplire

A VPP Rfivet i'd 8di sks to rotate; and

not or

As illustrated in Fiqure 6, it is found that the flow velocity
in the space between the magnetic disks 112¢c and 122d becomes
greatest. It is also found that the flow velocity becomes
smaller in the order of the space between the magnetic disks
122b and 122c, the space between the magnetic disks 122d and
122e, the space between the magnetic disks 122a and 122b, and
the space between the magnetic disks 122e and 122f. This
tendency is the same as the HDD 10 having mounted four magnetic
disks, shown in Figure 4. That 1is, 1in the case where the
Spaces between magnetic disks are equal, the flow velocities in
the spaces between magnetic disks are unequal and the flow
velocity in the space between magnetic disks, pritioned in the
axially center portion of the spindle 119, becomes greatest.
Using the spindle motor 118 of Figure 6 as reference, the flow
velocity in the space between the magnetic disks disposed at
the position nearest to the spindle motor 118, and the flow
velocity in the space between the magnetic disks disposed at
the position farthest from the spindle motor 118, become
smallest, and the flow velocity in the space between the
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a pl'urality of disk spacers, disposed coaxially with said nagnetic dj

‘for controlling a distance between adjacent nagnetic disks, wherei n'i?éBGZUUS

Is arelationship of tI >1t2 where tl1 represents a thickness of an axially
center disk spacer of said plurality of disk spacers and t2 represents a
t hi ckness of the di sk spacer other than said axially center disk spacer

(9) Tm@m@l@n smm VQo@@Q@Hdl g tocr@ ai m@erﬁo@@m@ I bolfRe 2y pdact or

size q kness reater and sai g thickness
t2is c';redat Qs a % o?hetﬁ?gr ﬁdﬁ“%lé’%frg achrerP‘ﬁgsPécél Hehwgen
wher elmﬁm*@lmgtﬁleﬂ@ dV@kldﬂas deperdingt adbnonal dpeednot 1GR0a r phe (11)
A har ghsh 5K 6 | Weer & OPRE | S NEH1 d M 1Y § JTRGYY sks, coaxially

di spo;bed with predeternm nsZ% spaces, for storing atrgte?riagnetl cally; and a
spindle to nount said magnetic disks thereon, said - 23 -1 FEB 2005
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LT q#rgRAKBS\ al ca]ca]ca]calcal] cal]ca]calca]lcalc
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888;
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VI e\V\W . . . .
avin ounted six magnetic disks and Figure 9 the measurement

results for the HDD 100 having removed two center magnetic
disks from the six magnetic disks shown in Figure 7.

As illustrated in Figure 8, it is found that the quantities of
flutter for the magnetic head numbers 3 to 8 are great. These
magnetic heads are disposed in the spaces where the velocity of
the flow of air is great. Therefore, it is also found that
there 1is a correlation between the flow velocity and the
flutter quantity of the magnetic head.

As 1llustrated in Figure 9, it is found that the HDD 100 having
removed the magnetic disks 122d and 122c is smaller in flutter
quantity than the HDD 100 having mounted six magnetic disks.
In the HDD 100 having removed the magnetic disks 122d and 122c¢,
the space between the magnetic disks 122b and 122e has widened
as previously described. It is considered that the reason why
the quantity of flutter has been reduced is that the
aforementioned space has widened.

In the HDD 100 illustrated in Figure 7, the space between the
magnetic disks 122b and 122e is made greater by removing two
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9900@ ntuslmbeapsel soal cal caleabral aatoallieal cal caloal cal calcdedl cal

ajcalc ca]ca ca cagca]c
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Tove (o b TN (SR ReL 6t Maziovs ()-
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10%)U§pepd1#1d@p of the spindle motor 118.

As illustrated in Figure 10, in this disk assembly the spaces
between adjacent magnetic disks are set as follows:

Space between magnetic disks 122c and 122d (hereinafter, space

Gl) ... 3.0 mm

Space between magnetic disks 122b and 122c (hereinafter, space
G2)y ... 2.0 mm

Space between magnetic disks 122d and 122e (hereinafter, space
G3) ... 2.0 mm

Space between magnetic disks 122a and 122b (hereinafter, space
G4) ... 1.85 mm

Space between magnetic disks 122e and 122f (hereinafter, space
G5) ... 1.85 mm

Where the magnetic disks 122a to 122f are from +the magnetic
disk 122a disposed at the position nearest to the spindle motor
118 can be expressed. in terms of m (m = 6).

Magnetic disk 122a ... 1/2-(m-4)th
Magnetic disk 122b ... 1/2-(m-2)nd
Magnetic disk 122c ... 1/2mth

Magnetic disk 122d ... 1/2-(m+2)nd
Magnetic disk 122e ... 1/2-(m+4)th
Magnetic disk 122f ... 1/2-(m+6)th

Therefore, the corresponding relationship between the spaces Gl
to G5 and m is expressed as follows:
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Space between the 1/2mth and the 1/2-(m+2)nd ... G1
Space between the 1/2mth and the 1/2-(m-2)nd ... G2
Space between the 1/2:(m+2)nd and the 1/2-(m+4)th ... G3
Space between the 1/2-(m-2)nd and the 1/2-(m-4)th ... G4
Space between the 1/2-(m+4)th and the 1/2-(m+6)th ... G5

From the foregoing description, the space Gl between the 1/2-mth
magnetic disk 122c and the 1/2-(m+2)nd magnetic disk 122d is set
greater than the other spaces between magnetic disks. In
addition, the following relationship is established.

Space Gl > space G2 > space G4
Space Gl > space G3 > space G5

While a description has been made of m = 6, the present
invention is not limited to this. In the case where m is an
even number greater than 6, the spaces between magnetic disks
can be set so that a similar relationship is obtained. Note
that since the spaces between magnetic disks are reqgulated by
the thickness of the spacers 124, the above-mentioned
relationship can be likewise applied to the thickness of the
spacers 124. For example, when the thickness of the spacer 124
disposed in the space Gl is represented by tl and the thickness
of the other spacers 124 in the other spaces G2 to G5 by t2, tl
becomes greater than t2.

Although, in the example shown in Figure 10, space G2 = space
G3 and space G4 = space G5, the present invention is not
limited to this example. For instance, the spaces can be set

as shown in Figure 11.

il

Space G1
Space G4

3.0 mm, space G2 = 2.15 mm, space G3 = 2.0 mm
1.85 mm, space G5 = 1.75 mm

It

It can be safely stated that the values of the spaces Gl to G5
are set based on the velocities of the flows of air in the
Spaces shown in Figure 6. That is, the values of the spaces Gl
to G5 are determined according to the magnitude of the flow
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becomes possible to make the flow velocities in the spaces

equal. If done in this way, it becomes possible to equalize

the flutters of the magnetic heads that occur in the spaces.

(Third Embodiment)

While the aforementioned first and second embodiments have

been

described with reference to the HDD 10 and HDD 100 having
mounting an even number of magnetic disks, a third embodiment

will be described with reference to a HDD 200 having mounted an

odd number of magnetic disks.

The third embodiment 1is an example of the HDD 200 having
mounted five magnetic disks, but since it is the same as the

first embodiment except that magnetic disks 222a, 222D,

222c,

222d, and 222e are mounted, an illustration of a specific

structure is omitted.

Figure 12 is a half sectional view of a main part of the HDD

200 according to a third embodiment. As shown in Figure 12,

the third embodiment 1is provided with a disk assembly

constructed by mounting five disks 222a to 222e on the spindle

119 of the spindle motor 118.

And, the spaces between adjacent magnetic disks are set as

follows:

Space between magnetic disks 222a and 222b (hereinafter,
GI13) ...-2.0 mm
Space between magnetic disks 222b and 222c (hereinafter,
Gll) ... 3.0 mm

space

space

Space between magnetic disks 222c and 222d (hereinafter, space

G12) ... 3.0 mm

Space between magnetic disks 222d and 222e (hereinafter, space

Gl4) ... 2.0 mm
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U& () - 5230%4#% ( From0%he& nfagntlie4|diek| 122a disposed at the position
nearest to the spindle motor 218 can be expressed in terms of n

(n = 95).

Magnetic disk 222a ... 1/2:(n-3)rd
Magnetic disk 222b ... 1/2:(n-1)st
Magnetic disk 222c ... 1/2:(n+l)st
Magnetic disk 222d ... 1/2:(n+3)rd
Magnetic disk 222e ... 1/2-(n+5)th

Therefore, the corresponding relationship between the spaces
Gll to G14 and n is expressed as follows:

Space between the 1/2-(n-3)rd and the 1/2-(n=1)st ... GI13
Space between the 1/2:(n-1)st and the 1/2-(n+l)st. ... Gl1
Space between the 1/2-(ntl)st and the 1/2-(n+3)rd ... G12
Space between the 1/2-(n+3)rd and the 1/2-(n+5)th ... Gl4

In the +third embodiment, therefore, the space between the
1/2+(n-1)st disk and the 1/2-(n+l)st disk, and the space between

the 1/2-(n+l)st disk and the 1/2-(n+3)rd disk, are set greater
than the other spaces between magnetic disks.

While the third embodiment has been described with regard to
the HDD 200 having mounted five magnetic disks 222, the present
invention is also applicable to a HDD 200 having mounted an odd .
number of magnetic disks (seven or more magnetic disks). It

can be easily understood that in the HDD 200 having mounted an

odd number of magnetic disks (seven or more magnetic disks);

the space between the 1/2:(n-1)st disk and the 1/2:-(n+l)st disk,

and the space between the 1/2-(ntl)st disk and the 1/2-(n+3)rd

disk, can be set greater than the other spaces between magnetic

disks.

[Advantages of the invention]

As has been described above, embodiments of the present invention provide a
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disk drive that is capable of reducing the velocity of the flow

of air which occurs near magnetic disks during rotation of the
magnetic disks so that the occurrence of flutter can be
suppressed. In addition, the present invention provides a disk
drive which, in a HDD equipped with a plurality of magnetic
disks, can equalize the velocities of the flows of air between
magnetic disks.

Brief Description of the Drawings:

Figure 1 1is an exploded perspective view of a HDD 10 having
mounted four magnetic disks;

Figure 2 is a sectional view of the HDD 10;

Figure 3 is a graph showing measurement results of a velocity
of flow of air between the magnetic disks of the HDD 10;

Figure 4 is a graph showing measurement results of a velocity
of flow of air between the disks of a conventional HDD having
disposed four magnetic disks at equal spaces;

Figure 5 is a graph showing quantities of flutter measured by
employing the HDD 10;

Figure 6 is a graph showing measurement results of a velocity
of flow of air between the disks of a HDD 100 having mounted
Six magnetic disks;

Figure 7 is a diagram showing a state in which two center
magnetic disks have been removed from the HDD 100 shown in

Figure 6;

Figure 8 is a graph showing measurement results of flutter for
the HDD 100 shown in Figure 6;

Figure 9 is a graph showing measurement results of flutter with

- 19 -



10/ $109@& ()- 9$109%Z& ()-s' 109&& ()- 9109%&Z& ()-M 109%&Z& () - 109Z& () -

10/ hi +kl v} m-mmmdYNC 10/ 10Z 10Z 10ZY: &109%Z& () - 5#109%Z& () - g) #109%&Z& { FER 2005
#109Z& () - #109Z& () - &mmmJooodEYNC 10/ |, f

109% () - @ #10%& () - TS$10%& () - S$10%& () - F( S10%& () - \

| ' 109%&' () - op@nppppdEYNC 10/, 10%& ()- 3109& ()- °,f 100& ()-°,f

YR : 0@ (Lo £ 10%&R.().- NC, 10/ +10%& () -
1%“5/‘&-(‘%‘3’? Eyd%?éog/é@( @??8%&( )g{ &%18%8? )ggq(}%ggﬁ&%(‘)]é- HOPr D05 SFe 101
+109& ()- +109%& ()- +109%& ()-#3 +10%& ()- +109& () - $r3r4r=r Br G SreFYNC 10/
+10%& {}gurd0%® (Js @l@iB'glhm +IOMRig - #Baces between magnetic disks,

recommended in the HDD 100 shown in Figure 6;

Figure 11 is a diagram showing spaces between magnetic disks,
recommended in the HDD 100 shown in Figure 6; and

Figure 12 is a diagram showing spaces between magnetic disks,
recommended in a HDD 200 having mounted five magnetic disks.,

[Description of symbols]

16, 100, 200 ... HDD

12 ... Basze

14 ... Top cover

16 ... Enclaosure case

18, 118, 218 ... Spindle motor
19, 119, 219 ... Spindle

20 ... Hub

22a to 22d ... Magnetic disk
122a to 122f ... Magnetic disk
222a to 222e ... Magnetic disk
24a to 24c ... Spacer

28 ... Top clamp

30 ... Actuator

32 ... Magnetic head

34 ... Pivot

36 ... Voice coil motor (VCM) coil
38 ... Flexible cable (FPC)

40 ... Ramp block

44 ... VCM
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10%@ @& () 2sMeiedgbo@drdyesa plurality of disk data storage media to
rotate;

a disk assembly in which said plurality of disk storage
media are disposed coaxially in sequence with
predetermined spaces from said motor; and

a plurality of heads, disposed in opposition to said
plurality of disk storage media, for performing data

storage and reproduction,

wherein a space between axially center disk Sstorage media
of said plurality of disk storage media is set greater
than the other spaces between disk storage media.

(2) The disk drive apparatus according to Claim 1, wherein
said disk assembly disposes an m number of disk storage
media (where m 1is an even of 4 or more), and a space
between the 1/2:mth disk storage medium and the 1/2-(m+1)st
disk storage medium, counted from the disk storage medium
disposed at the position nearest to said motor, is set
greater than the other spaces between disk storage media.

(3) The disk drive apparatus according to Claim 1, wherein
said disk assembly disposes an n number of disk storage
media (where n is an odd of 5 or more), and a space
between the 1/2-(n-1)st disk storage medium and the
1/2-(n+l)st disk storage medium and a space between the

1/2-(n+l)st disk storage medium and the 1/2-(n+3)rd disk
storage medium, counted from the disk storage medium

disposed at the position nearest to said motor, are set
greater than the other spaces between disk storage media.

(4) The disk drive apparatus according to Claim 1, wherein
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said disk assembly disposes an m number of disk storage
media (where m is an even of 6 or more);

said disk assembly satisfies a relationship of Gl > G2 > @

4 where Gl represents a space between the 1/2-mth disk

storage medium and the 1/2-(m+2)nd disk storage medium,
counted from the disk storage medium disposed at the

position nearest to said motor, G2 represents a space

between the 1/2mth disk storage medium and the 1/2-(m-2)nd
disk storage medium, and G4 represents a space between the

1/2-(m-2)nd disk storage medium and the 1/2-(m-4)th disk
storage medium; and

said disk assembly further satisfies a relationship of Gl
> G3 > G 5 where G3 represents a space between the
1/2-(m+2)nd disk storage medium and the 1/2-(m+4)th disk
storage medium, counted from the disk storage medium
disposed at the position nearest to said motor, and G5
represents a space between the 1/2-(m+4)th disk storage
medium and the 1/2-(m+6)th disk storage medium.

(5) A disk drive apparatus comprising:

a disk assembly in which a plurality of disk data storage
media are disposed coaxially and spaces between adjacent
disk storage media become unequal;

a motor for driving said plurality of disk data storage

media to rotate; and

a plurality of heads, disposed in opposition to said
plurality of disk data storage media, for performing data
storage and reproduction.

(6) The disk drive apparatus according to Claim 5, wherein the
spaces between adjacent disk storage media in said disk
assembly are set in accordance with the rotation of said
disc data storage medium based on velocities of flows of
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air that, when spaces between disk storage media are made
equal, occur in the equal spaces.

(7) The disk drive apparatus according to Claim 6, wherein the
velocities of flows of air in the Spaces between adjacent
disk storage media in said disk assembly are made
approximately equal.

(8) A hard disk drive in which four or more magnetic disks for
storing data magnetically are disposed coaxially,
comprising:

a spindle motor to drive said magnetic disks to rotate;
and

a plurality of disk spacers, disposed coaxially with said
magnetic disk, for controlling a distance between adjacent

magnetic disks,

wherein there is a relationship of t1 > t2 where t]
represents a thickness of an axially center disk spacer of
said plurality of disk spacers and t2 represents a
thickness of the disk spacer other than said axially
center disk spacer.

(9) The hard disk drive according to Claim 8, wherein it has a
form factor size of 3.5 in, said thickness t1 is 2.5 mm or

greater, and said thickness t2 is 2.0 mm or less.

(10) The hard disk drive according to Claim 8, wherein said
magnetic disk has a rated rotational speed of 10000 rpm.

(11) A hard disk drive, comprising:

four or more magnetic disks, coaxially disposed with
predetermined spaces, for storing data magnetically; and

a spindle to mount said magnetic disks thereon, said
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