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Di sk Drive Apparatus and Hard Di sk Drive Detail ed Description of the

I nvention: [0001] [Field of the invention] The present invention relates to
a disk drive apparatus used as =6 FEB 200 data recording neans in a
conputer, an disk drive apparatus that can increasagﬁg ks a track of
interest. [0002] [Background art] d in particul ags when a
magnetic A Hard Disk Drive that is nost conmonly used as data recording
means in a conputer has such structurelthat one or nore nmagnetic disks are
coaxially arranged and are driven by a spindle notor. A magneijy

provi ded with facing the magnetic disk reads and wites dat aﬂ“lmmmmmmmlml
magnetic head is driven by an actuator, generally speaking, a Voi.gge&oil
Mot or. The nmagnetic di sk, nmagnetic head, and actuator are contained in an
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Specification

Title of the Invention:

Disk Drive Apparatus and Hard Disk Drive

Detailed Description ¢f the Invention:

[0001]

[Field of the invention]

The present invention relates to a disk drive apparatus used as



A major technical task in the field of Hard Disk Drives is to increase
storage capacity per sheet of magnetic disk and to increase the speed of
reading data fromand witing data into the nagnetic disk. [0003] [Problens
to be solved by the invention] As for the Iatter,..i6£mm4ble to

i ncrease the speed of reading data fromand witif i " the magnetic
di sk by reducing the seek tine of a magnetic head noving to a track of
interest on the nmagnetic disk. It is possible to increase the seek speed of
the magnetic head by enhancing the perfornance of a Voice Coil Mtor since
the magnetic head is driven by the Voice Coil Mtor as described above. In
or der tod%@QaQ%%oEQ§n e&éogn&nce of the Voice i] Motor, it is sufficient
only to change a pernandnt fraghet® WHICH SConst1% utesPEh Widde ddil2 to
anot her RagheriKst apRaratron§ert nEghetnerpr operbyedr wheni acregsetac
magnet i cheépeél sealppla edac@ dheinMaireastCoil Mdtor by thickening the pernmanent
magnet. Nevertheless, up to now, a ~6 FEB 200 -3 pernmanent magnet havi ng
magneti c BBQPErty exceedi ng that of the pernmanent nagnet used in the Voice
Coi | I\/bt(gr as not been found. In addition, there is a limt of thickening
t he permanent magnet in a Hard Disk Drive requested to be snmall-sized. In
addi ti on[Batkgsoypassirtlile to increase the data read/ wite speed by
accelerating the rotation speed of the magnetic disk. Therefore, 7200-rpm
10000-rp Hggg EZOIQOBr{)m hi gh-speed Hard Di sk Drives have been cast in

mar ket . Never t het @5sP e Hi‘gh-'Sp&&a tr 6PREPOHY dt5 theé smilgitét irecar dkng

i ncrease$cadt onl yaf | aeRrttiary bfst heugqhaghétictuisk thbut @bso opowssre
consunpt nagne e idieksase «of cohei f1ut t eriagyadhyqaffrect grihe, agguracy of
data reagpyhite. nben. a haskaghothe mgsent daventign.is 40 provide a disk
drive apﬂg@%ylsct at, can Jjncr asre.l;;he aetek speed of a rragneatl c “head-
Furthernof e,  anot hier t'ask of "Ch&*predent * nvalt iBH i 2a5°ptovierd aldi sk
drive appat%tusPyY hat motuadmity dgneirntieasectHagseek VopeedCofl aMmagnet i c
head but Tia¢ soa gt isupprséssnbbeet Nerease ahdf hutterd NG @and cpeweregonsunpti on
at hi gh setatd iy sReed:summranabsthe Lavention In accordance with one
aspect of the present invention, there is provided a hard di sk drive,
conprising a magnetic disk to record data thereon; a head to read data from
and writ® @a¥artbethel srgrietsikc 1di se £igdificefcHipkdnbiok Poidrsd vies the head;
an encl osutecxasestorgpnt aipad ey npgnetheedi sk, nlabecheadqiand Lhe voi ce

coi | notofigrédie: encd ospees Case Havindd @3- Frbpchnhorm fact of. ”E'IF]@O center
of the n@g@qﬁé&héyf%kdggLng offset froma |ongitudinal center of the
enclosure case Iin a wdth direction in a range of approximately 1 to 5 mm

and wherein an outer dianeter of the magnetic disk is approxinmately 84 mm
whi ch isl@¥tl er than that corresponding to a formfactor of the enclosure
case. In accordance with another aspect of the present invention, there is

provi ded; g hard, dicsk dr L¥e, £ risin magnetic disk to record data
t her eon; ar head to read orxvvri{{/gt&%t ég\{%%trﬁogi to the magnetic disk; a voice

coil notor to drive the head, the voice coil notor having a rotational
center, &h éRd pdrtibittemd &n éaclposaielease timccentai nhehespmgnesf ¢ di sk,
the headse@iihd heatoi €€oif Okhd MRt OEingther el N Centernafndie magnetie disk
(s offsetedioma dRhaldydingl Sentenabiang ofLhe g0¢95H e, caee L N # range
of 1to Eh{ggegf %Hl Q?%ﬁ%ne%%g gggk. It is possible to increase the

seek speed of the magnetic head by enhancing the performance of

a Voice Coil Motor since the magnetic head is driven by the

Voice Coil Motor as described above. In order to enhance the

performance of the Voice Coil Motor, it is sufficient only to

change a permanent magnet, which constitutes the voice coil, to

another magnet that has stronger magnetic property or to

increase a magnetic field applied to the Voice Coil Motor by

thickening the permanent magnet. Nevertheless, up to now, a



=6 FEB 200 -4 the voice coil notor are arranged on a diagonal |ine of the
encl osure case; and a center of gravity of the hard disk drive thereby
conforns and is closer to a center of a surface of the encl osure case;
wherein a diameter of the magnetic disk is smaller than that corresponding
to a formfactor of the enclosure case; wherein a IE\EtFEcBZ *voi ce coil
not or between the rotational center and the end portion that is greater
than that corresponding to the formfacBor of the enclosure case, the

| ength being in the range of 34 to 37 mm and wherein a clock head nounted

to the en SSHLE Sase pas a pro f’cm'g 0 thed.di ktt tpiegnasnrra“ er ettganit flat
corr espond™hg t6 b Vg RETC BHET O BaRE Permancyt PEgICUC. - s
Pr ef er r edinetirb 0iicee0bil Nestert Inafriot beerafouad.d IadditioN, thére A€ & Qielt BOtHickeAihg the

enbodi mrent of the present_invention will be described with referring to

dr awi ngs. PAEIEHY RAGNR! 18; Q%Qk Pﬁvgrqquﬁecaosb@ srallgzedy as a disk drive
apparatus, an enclosure case 16 is constituted by a shall ow bottomtype
base 12 nade of al umi num alloy, an open upper portion of which is closed by
a cover 1l adgition, énisIpessible te inpzease theadata read byrita gntedr by hegslerating the sbtatidmw

bot t , he. hor4 I cat Ihn or ,a.keyboard.
The. cover Tt SEEE miBadI CTiARbR 7o AR Eboodf, SETRLFLpE picRint 2
rect angul Hardsléiskim@vdyﬂnﬂvetbeémoistﬁh?im&et.dfgﬁd'ehmeﬁ, tﬂgehigllit@b@ﬁ%&ti@ﬁaﬂ‘ftﬂ@ i Sf
h ticall eal.ed.. An acoustic te . i ocat ed .on ,an upper surface o
he. covermiein gk Gt ol ofitEris oh s SRmeHt cdah PG A% P6VER ¢ he
encl osur ecdig@mpiién. f T InkRAY dTdhd AuftdimgWalB) HRcts the feduFRy22@8taGeddiwtill S

encl osure case 16, a spindle notor 18 havi'ng hub-in striucture is provided
at- a space near the center of the base 12 toward the left end portion. On

th . : | Ldl.eq: ' ' 22
e o o b 2 {0 phEhi TRy Siioh Wy BBV Lt L AparlTRRRGL bl elSe 07 |
st acked viha segkaspeed of andgactee heatlaFatthgrmmbre, \aeothbrytasihef tieipnelent imotmionti8to | n

it | i,ndl. . inr ration.
addi ti on, prtowd% asd?ékngrllvee ar}r)?)%roartusjlﬁatrn%tt %}1 ysca%tmc]fgaOsE:)?her &g]( Isgeedagf%dmggl%tlc theac{"

but also can suppress the increase of fluttering and power consumption at high rotation

speed.

Summary of the invention

In accordance with one aspect of the present invention, there is provided a hard disk drive,
comprising a magnetic disk to record data thereon; a head to read data from and write data
to the magnetic disk; a voice coil motor to drive the head; an enclosure case to contain the
magnetic disk, the head, and the voice coil motor, the enclosure case having a 3.5 inch form
factor, and a center of the magnetic disk being offset from a longitudinal center of the
enclosure case in a width direction in a range of approximately 1 to 5 mm, and wherein an
outer diameter of the magnetic disk is approximately 84 mm, which is smaller than that

corresponding to a form factor of the enclosure case.

In accordance with another aspect of the present invention, there is provided a hard disk
drive, comprising a magnetic disk to record data thereon; a head to read or write data from
or to the magnetic disk; a voice coil motor to drive the head, the voice coil motor having a
rotational center, an end portion; and an enclosure case to contain the magnetic disk, the
head, and the voice coil motor, wherein a center of the magnetic disk is offset from a

longitudinal center line of the enclosure case in a range of 1 to 5 mm; the magnetic disk and



[0010] In addition, in the. enclosure case 16, an actuator 26 is provided.
This actuator 26 has a nagnetic head 28 in an end portion, and an

i nternedi ate portion of ,the actuator 26 is supported on the base 12 via a
pivot 30 to be rotatable around the pivot 30. A voice OEE,éZZ[ﬁ provi ded
at another end portion of the actuator 26 to constitutg i %bil Mot or
(VCM with a VCM stator 39 provided in the enclosure case 16 for

col | aboration with this voice coil 32.-%he Voice Coil Mtor rotates the
actuator 26 with supplying current to the voice coil 32. On the outer

surface (thgwg{ce gbﬁ E%ost&fz %ﬁaﬁé&ﬁo&égg%ﬁﬁﬁrlﬁe(mhe %Hﬁér‘]\%)r% géi‘;sﬁ:?gﬁd Eggﬁtgr gto ard

is attached, an gul ar shape a i mensions that
t hi s car gramty afothe hatdhdislodties therebf @orfonhs tihd isbdser iPa cemtpridSa surthco wif thet s

such as power and signal.s for drivj t he notor . are perforned between the
card and DEERHRSos peres o GiactPh i AE masae gk 1 SorEaR el Rk earestrriing

voi ce Coitb a¥3rmafisttdre tRO¥IlosaRca8E;0Madrsinfadbn gtk 36 tHedvoide ddllEmb®YBefween igAd 2B
are perforned hetween the card and actuator 26. The inputs and out puts

bet ween tIAEtERH Fealey andithaend pogion Mahis gisise thap hatacqrrespRoning de b fqrmpe)
36. [001 r ] i i t 1 | Is a
di sk dri 3*%"%*5%%@3?@598%1%%‘*’ gﬁ%gcgéﬁ’l%ﬁj wgé%ée%eﬂdﬁﬁﬁm\%g%ﬁggtdus.
Thi s headlockalad hamded topthe dnelosute icase gsppapakingity to the digietia0 dysmalter dads t he

magneti c ad_28 at. an evacuat.e jtion without the magnetic head 28

cont act i ﬁB§t°8nﬁsp§89Fl§3%ﬁbefaf%méacg@fgﬁgb? E“cgqsé‘{&c% by nmaking a ranp bl ock 38
hol d the actuator 26 when the disk drive apparatus is not operating. The
magneti c head 28 is positioned above the magnetic di sks 22 by the actuator
26 driving the magnetic head 28 when the disk drive apparatus operating.
Figure 2 shows a top view of the Hard Disk Drive 10 according to the
present enbodi ment. Neverthel ess, for easier conprehension, parts except
the magnetic disks 22 and actuator 26 are onmitted. As shown in Figure 2,

di rensi ons of the enclosure case 15 (base 12) of the Hard Di sk Drive 10
according to the present enbodiment are 101.6 Wx 196 Dx 25.9 Hmm This
encl osure case 16 having the width of 101.6 nm corresponds to a 3.5 inch
formfactor. The magnetic disk 22 is made to have the dianmeter of 89 mm
and its center is positioned at the |location shifted fromthe center of the
encl osure case |16 by 3.3 nrmin the direction of width. Therefore, since the
wdth of the left space is 59.1 mmand the width of the right space is 97.5
mmwith the center of the nmagnetic disk 22 as a boundary, the |left space
where the actuator 26 is located is wider than the right space. This means
that it is possible to extend the dinensions of the actuator 26, nore
concretely, the distance fromthe shaft center (rotation center) of the
pivot 30 to the farthest end portion of the voice coil 32 (L in Figure 3).
In addition, although the eccentricity of the magnetic disk 22 is made 3.3
mmin the present enbodi nent, the disk drive apparatus according to the
present invention is not limted to this. For exanple, in case the w dth of
t he encl osure case 16 corresponding to the 3.5 inch formfactor is nade
101.6 mm and the outer dianmeter of the magnetic disk 22 is 89 nm the
eccentricity of 5.5 mmat the maxinumis possible. Thus, up to now, a 3.5
inch (outer dianmeter of 95 mm) nagnetic di sk 22 has been nounted in an

encl osure case 16 having the 3.5 inch formfactor. Therefore, with
considering that it is possible to - 6 FEB 2004 s nove the magnetic disk
havi ng the outer dianeter of 89 mmw thin the range where this 3.5 inch
magnetic disk 22 is nounted, the nmaxi mum eccentricity is 5.5 mm because of
(9.5 89)/2 Mm Wthin this range, it is possible to shift the nagnetic disk

22, and on the other hand, if the eccentricity is small, the extent of
enl arging the di stance L between the shaft center of the pivot 30 and the
farthest end portion of the voice coil 32 becones small. Hence the

eccentricity should be 1 nmor larger, desirably, is 3 mmor larger. [0012]



Figures 5A and 5B are draw ngs schematically showing this, and two types of
magneti c disks 22 are used in the enclosures 16 having the sane form
factors. Thus, Figure 5A shows such an exanple that the nmagnetic disk 22
havi ng the di nensions snaller than those of a nagnetirgsd"iﬁ-mmﬂ
corresponding to the formfactor, is used according t wesemt
invention and is located with the center of the magnetic di sk 22 being
shifted (deviated) fromthe center of tAe enclosure case 16 in the
direction of width. on the other hand, Figure 5B shows such an exanpl e t hat
t he magnep.6 ﬁi : rresponding to the formfactor is used and is

| ocat ed \;evll‘g'tgfene eﬁlﬁoﬁﬁné})‘?of the magnetic disk 22 coinciding with the center
of the endtresuafter, adiaed Diski Drivdhaccdidiggtol amremfodivhetitiof theprastaht triventior wiltiss d

Di sk Dri\é‘?s at}ie%”?lgl? i.n current market, a center of a magnetic disk 22 in
each Har d"BFERENY Ee?fglflﬁgograﬁ%ﬁ?etic di sk 22 corresponding to its form
factor coincides with a center of each enclosure case 16 in the direction

of width like the Hard Di sk Drive shown in Figure 5B. This is because both
centers cdf seove inFigyredcin athiasd Rigle Driveaihroridisk duve epparatusuancenalosanet er

of each E L . I r 2 j
appar ent r%gg%@ (E:Sg(#égt?tllﬁg%ﬁb%? S%ﬁ@&’g‘k@ﬁgﬁg% %grfa dlgt% ?iagu%ggrgli %ﬁ’g’ H)oé?sﬂ ar ge
a VCM by uppdupénigntofievhich isrcloliedrbat covef 14h& hinemddsuee chiss K 62ths antcfaugilmer
shifting ghe magneti¢ di.sk 22. IL.n additiqn,, altho such. an exanpl e t hat
the di st a%‘%ée E“‘gét%@%wtq%toghélﬂi q’é’B‘r'ﬁ’ érang’lf’ W&omaﬂgﬁowgﬁaat%@w tHest
end portikeyboard. 6 FE B 2004 9 ' of the voice coil 32 is enlarged is shown
as a concrete exanple of enlarging the VCM the present invention is not
limted to this. [0013] Figure 9 is a graph showing the result of

si mul at i ngpet I @b | LA C f i

i stance o [l 40BRODE Bhasf VETRRE (& TRE obiER MIRC BB iU, BPtsh e
reduce t Healingemambes ok showm, byd henps the endomirdyasel Idnigadtermetidally sdalsd.adoe L

by 3 nm i .51 i.on . of the se tine,,jt. S achiev .

accel er at'’e %a@ é’tk?[gggll %lrolc‘f? tga%ﬁ‘ﬁgll@?eﬁ\lse%ﬁf’e EF Bﬁr°8¥ef6]ﬁi' ah %cgugﬁ%aﬁxg%%(ﬁm a
exanpl es mémbertfonpreygmgabisety thetenclosurs kase2d s 1¢ukath tothé bgsi@scl osures 16
having the sane formfactors. Thus, Figure 6A shows such an exanpl e t hat

t he magnetic disk 22 having the di nensions smaller than those of a magnetic
di sk 22, corresponding to the formfactor, is used according to the present
invention and is located with the center of the magnetic di sk 22 being
shifted (deviated) fromthe center of the enclosure case 16 in the
direction of width. On the other hand, Figure 6B shows such a conparative
exanpl e that the magnetic di sk 22 having the dinensions smaller than those
of a magnetic disk 22, corresponding to the formfactor, is used but is

| ocated. with the center of the magnetic disk 22 coinciding with the center
of the enclosure case 16 in the direction of width. The center of gravity
of each Hard Disk Drive 10 is shown in Figures 6A and 6B. By the way, the
-magnetic disk 22 (including the spindle notor 18) and VCM occupy a | arge
rate in the weight of the Hard Disk Drive 10. Therefore, positions of the
magnetic disk 22 and VCM greatly affect the position of the center of
gravity of the Hard Disk Drive 10. on the other hand, it is desirable in
the Hard Disk Drive 10 that the center of gravity coincides with the center
of the enclosure case 16. 6 FEB 200g 10 This is because the coincidence
can reduce vibration relating to the rotation of the magnetic disk 22.

[ 0015]




In regard to the Hard Disk Drive 10 according to the present enbodi nent
that is shown in Figure 6A 'since the nagnetic disk 22 is shifted and hence
gets closer to an upper right corner of the encl osurepc the center
of gravity of the Hard Disk Drive 10 can coi ncide wi'ta gf‘aé%ﬂﬁoser to the
center of the enclosure case 1G On the other hand, in regard to the Hard
Disk Drive 10 shown in Figure 6B, since the magnetic disk 22 is |located so
that the center of the magnetic disk 22 may coincide with the center of the
enclosure case 16 in the direction of whdth, the center of gravity of the
Har d Dis§ Drihve 10 iis eccentrically positioned with being shifted in the
left side™of "tfie BICLESEe @aSe 6. Thepehadle, moter vidr aki,ong ofhubhe, Har d

Di sk Dri $eruye-\wivovirs iprofiigatieatin i spsimldearr thancdhal, off tt?}% B%EQ %sk
Drive 10tshomn tie F Ot &Bpo99IR] Next,y ;LGupFiegrur es 6A and 6 L onu ral 92
represents g,glock head. This cl gck head 42 1'S"a TRy 8EF cOheddlrbr 20ri ti ng
servo tracks on tHe ncg]gene’f‘? Ol R/ 2AMER Lehediskisd IF skabei wef 19148s

manuf act WRE TV Falane  Tiiesl olidek shead 92 ampi tas WEREVGetif ct&%a%aii‘g
magnet i cstthaleR2vim t bpheéng, | aser hed EBEQQQ&@ (glq\%qlgh?)?o e bored |h a side

wal | of mdwerencd osure £a68 (16, Pt the servo t¥acks, “PhRIES ock
head 92 gan Access closer ect%)@t' h\gh%g%\%ﬁl%ﬂ%i%mofzﬁ s FPhatRaghkt 1@0Q9 sk 22
gets cl oser Yo The sPHE* Wt of the encl osure case 16. Thus, as shown in
the present enbodi nent shown in Figure 6A it becones possible to make the
magnet i clAII$K 22 get closer to the side wall of the enclosure case 16 by
shifting the center of the magnetic disk 22 fromthe center of the

encl osurg, cgﬁgiEGbnTher efA?Ee, it becones easy for the clock head 92 to
‘write the servo tracks:” AFPRodgir e ure ddser i bed iam t hetprtesentseniodi ment
descri béf °videg - FEEFEGD aqatuaove 2Ashatast ke rMaymatiiacthendi $83.45 ifHches, and the
out er diRardtien, of andie anagnetdrmedi ske 2208189 WR the FE&?{‘& ipyention is
not | i mduggholr®etinics. tEerQEgsgptviglvggn[gi\p& can tbe appl [ éd o afi"entdl osure
case hauifg ]?p\%@egof ormfactor and. a nmgnetic di % RVRhePEhot Femabut er
diameter_in.Tine with the pr eS8ntCSrivettt | OR. PFOYiF4d ( Allvamoabes aind he

i nventi S1]" "AS"de¥r FhRd25bBYEOT ad€oitdi mypniseithee preseitel mvant ihod t i S
possi bl i ritirtdase Yee avetagessepkotidm ANdhense ids s I%%%%i hle to
accel er dtoe dad Bl s1RAd/tWoint 6,i5Peedh i SFULLher mre, %%Cordir{}% (9. the. present

i nventi etokt istRQssiple Lo reall zgethe e uctilor'l of e 'PrGEt é99dg and
power c%ﬁfu‘rerpt ioog ; a magnetic di sk KBF oVEPP-YHeI pFesesrt | hvertthieon has
such an effect thatit is possi ble to make the center of gravity coincide
with or get closer to a center of an enclosure case and to nmake witing of
servo t PackéeeasyrerBrsiveffabescLopét 08i@d) the Xawifigs: HFi qure L1 i(s gn

expl odedhpenspesd i ¥ecvi-ews of La Hgrd D Ighi ye accor ing to the 5\9 sent
enbodi n@@(:'tag%gygg g‘?:é S a r’gcg)p view of a Hard Di $K Dﬁ att'st dhag ©o the
present . enbodr ment ; RUrd' S §¥EL figsnsigee Bk Hyl ofcant awyuatoser26 in a
Hard Di SKEDPINVETaclofarfgofothhebpseskt eftjodisentd dtitgute Quis @sd' aph
showi ngPPHErr @nglt isdgnbétween thevidhgt aREenbtOM -4 %@J.Ifo%e%e%te rwete% a

f art hesthendapar tanan s@,finalgo}ﬂggopoiél S;n@nﬂlgul}e aver age seek 't

: : 5 and outputs such as
accordi pgytp tdhe Qﬁgse\%iceenbggifegt?’ and the power and signals for

reading of the magnetic head 28 are performed between the card
and actuator 26. The inputs and outputs between the card and
actuator 26 are performed via a flexible cable (FPC) 36

(0011)

The Hard Disk Drive 10 according to the present embodiment is a
disk drive apparatus called a head-load/unload type disk drive

apparatus. This head-load/unload type disk drive apparatus



i i i f a Hard Disk Drive
-6 FEB 200 12 Figures 5A and 5B are schematic diagrams o : sk |
according to thegpresent enbodi ment and a conventional Hard Di sk Drive; ?nd
Figures 6A and 6B are schematic diagrams of a Hard Disk Drive according to
t he present enbodi ment and a Hard Di sk Drive for conparison. [Description

i i 16 ...
of synbols] 10 ... Hard Disk Drive 12 ... Base 19 ... Cover
Enclgsure Lase 18 ... Spindler notor 20 ... Hub 22 . épEBg?@m: gtzaad 24
... Top clanp 26 ... Actuator 28 ... Mgnectic head 3 Vot bI ’
Voice coil 39 ... VCMstator 36 ... Fle>§|ble cable (FPC) 38 ... Ranp Aoc
40 ... Acoustic plate 42 ... dock head 6 FEB 20~~ -13 d ains: 1.

eti.c disk to record data thereon; a head
Pgr?eghsgn%d%éfotnﬁr@g%%%lg &%tagagg% e Tagnéti @ tarseosatyom cui ket not or

A IEél‘acltl%mheearfjcI B urentad ndo teom apwrfdwe nafnebé cmdyskyid he
Lgag“ \éerfaljc}?eﬁe %%l ke woakingrot oramp helericl dsUnelLaske havinge & S 5 ‘;J}pé:rp LormI
factor, wend & gentervefagdia ARgneLi ¢ di %k»ek_igti‘ %Off§ﬁ£ ”ﬁg"eaocL qngi tudi na

irectl
ggg’; oxi Oréa tellhf p%%&'&%%ﬁ gf31(§de v#eer &aﬁnsgl%u‘flﬁksdl%é’tyelthéf af hiea el i | ° di sk
is appr oxfﬁﬁt”@l y %‘?1 Wﬁﬁn%i%hh%dsrﬁfl | @ren hahet rmiskcoain‘ﬁs@oaplpngaﬁ&i a orlm
fact or otPadsdiencl osure case. 2. The hard disk drive according to claim g
wherein a distance between a rotati onal center of the voice coil nptor an

4 to 37
n of ic 0|I he range of approximately 3

Erirrnn etngemd]irgtsdt& 022 Sbkgolvyn g‘race tert thaﬁ that Hééfir Bipbndrayet 80 aa¢eryifract or of
t he enclosur Rgaséges%n embodiment . Nevertheless, for easier

comprehension, parts except the magnetic disks 22 and actuator
26 -are omitted.

As shown in Figure 2, dimensions of the enclosure case 16 (base
12) of the Hard Disk Drive 10 according to the present
embodiment are 101.6 W X 146 DX 25.4 H mm. This enclosure case
16 having the width of 101.6 mm corresponds to a 3.5 inch form
factor. The magnetic disk 22 is made to have the diameter of
84 mm, and its center 1is positioned at the location shifted
from the center of the enclosure case 16 by 3.3 mm in the
direction of width. Therefore, since the width of the left
space 1is 54.1 mm and the width of the right space 1is 47.5 mm
with the center of the magnetic disk 22 as a boundary, the left
space where the actuator 26 is located is wider than the right
space. This means that it is possible to extend the dimensions
of the actuator 26, more concretely, the distance from the
shaft center (rotation center) of the pivot 30 to the farthest
end portion of the voice coil 32 (L in Figure 3). 1In addition,
although the eccentricity of the magnetic disk 22 is made 3.3
mm in the present embodlment the disk drive apparatus
according to the present invention is not limited to this. For
example, in case the width of the enclosure case 16
corresponding to the 3.5 inch form factor is made 101.6 mm and
the outer diameter of the magnetic disk 22 is 84 mm, the
eccentricity of 5.5 mm at the maximum is possible. Thus, up to
now, a 3.5 inch (outer diameter of 95 mm) magnetic disk 22 has
been mounted in an enclosure case 16 having the 3.5 inch form
factor. Therefore, with considering that it is possible to



3. The hard disk drive according to claim1, wherein a center o:‘ gr?\él Egsgf
the hard disk drive is closer to a center of gravity of the enc Zsu_l_he ase
than that corresponding to a formfactor of the enclosure Icase. d-of en

di sk drive according to claim1l, wherein a rated rotational spee

[ [ is i [ Or and
magnetic disk is in a range of in excess of 10,000 rm&l@ﬁ& pm

wherein a clock head nmounted to the encl osure case *u
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.Ay.A&J.Ei@ﬁxe#“ﬁAﬁhdﬁ/53¢d¥%@ﬁﬂﬂ%ﬁagéfschematically showing this, and
two types of magnetic disks 22 are used in the enclosures 16
having the same form factors. Thus, Figure S5A shows such an

example that the magnetic disk 22 having the dimensions smaller
than those of a magnetic disk 22, corresponding to the form
factor, is used according to the present invention and is
located with the center of the magnetic disk 22 being shifted
(deviated) from the center of the enclosure case 16 in the
direction of width. 0On the other hand, Figure 5B shows such an
example that the magnetic disk 22 corresponding to the form
factor is used and is located with the center of the magnetic
disk 22 coinciding with the center of the enclosure case 16 in
the direction of width. In addition, in Hard Disk Drives
available in current market, a center of a magnetic disk 22 in
each Hard Disk Drive using a magnetic disk 22 corfesponding to
its form factor coincides with a center of each enclosure case
16 in the direction of width like the Hard Disk Drive shown in
Figure 5B. This is because both centers coincide with each
other due to approximation of an .outer diameter of each
magnetic disk 22 to the width of each enclosure case 16.

It is apparent from comparison of Figures 5A and B that it is
possible to enlarge a VCM by reducing the outer diameter of the
magnetic disk 22 and further shifting the magnetic disk 22. In
addition, although such an example that the distance L between
the shaft center of the pivot 30 and the farthest end portion
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reduce the average seek time by 1 ms or more by elongating the
distance L by 3 mmn. Owing to this reduction of the seek time,
it is achieved to accelerate data read/write.

(0014]

Next, Figures 6A and 6B show such examples that tuwo types of
magnetic disks 22 are used in the enclosures 16 having the same
form factors. Thus, Figure 6A shows such an example that the
magnetic disk 22 having the dimensions smaller than those of a
magnetic disk 22, corresponding to the form factor, is used
according to the present invention and is located with the
center of the magnetic disk 22 being shifted (deviated) from
the center of the enclosure case 16 in the direction of width.
On the other hand, Figure 6B shows such a comparative example
that the magnetic disk 22 having the dimensions smaller than
those of a magnetic disk 22, corresponding to the form factor,
is used but is located with the center of the magnetic disk 22

coinciding with the center of the enclosure case 16 in the
direction of width.

The center of gravity of each Hard Disk Drive 10 is shown in
Figures 6A and 6B. By the way, the magnetic disk 22 (including
the spindle motor 18) and vcuMm occupy a large rate in the weight

of the Hard Disk Drive 10. Therefore, positions of the
magnetic disk 22 and VCM greatly affect the position of the
center of gravity of the Hard Disk Drive 10. On the other

hand, it is desirable in the Hard Disk Drive 10 that the center
of gravity coincides with the center of the enclosure case 16.
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This is because the coincidence can reduce vibration relating
to the rotation of the magnetic disk 22.

[0015]

'In regard to the Hard Disk Drive 10 according to the present
embodiment that is shown in Figure 6A, since the magnetic disk
22 1is shifted and hence gets closer to an upper right corner of
the enclosure case 16, the center of gravity of the Hard Disk
Drive 10 can coincide with or get closer to the center of the
enclosure case 16. On the other hand, in regard to the Hard
Disk Drive 10 shown in Figure 6B, since the magnetic disk 22 is
located so that the center of the magnetic disk 22 may coincide
with the center of the enclosure case 16 in the direction of
width, the center of gravity of the Hard Disk Drive 10 is
eccentrically positioned with being shifted in the left side of
the enclosure case 16. Therefore, the vibration of the Hard
Disk Drive 10 shown in Figure 6A is smaller than that of the
Hard Disk Drive 10 shown in Figure 6B.

[0016]

Next, in Figures 6A and 6B, numeral 42 represents a clock head.
This clock head 42 is a magnetic head for writing servo tracks
on the magnetic disk 22 when the Hard Disk Drive 10 1is

manufactured. Usually, this clock head 42 writes servo tracks
on the magnetic disk 22 with being inserted through a through
hole bored in a side wall of the enclosure case 16. When

writing the servo tracks, the clock head 42 can access closer
to the magnetic disk 22 as the magnetic disk 22 gets closer to
the side wall of the enclosure case 16. Thus, as shown in the
present embodiment shown in Figure 6A, it becomes possible to
make the magnetic disk 22 get closer to the side wall of the
enclosure case 16 by shifting the center of the magnetic disk
22 from the center of the enclosure case 16. Therefore, it
becomes easy for the clock head 42 to write the servo tracks.

Although it is described in the present embodiment described
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above that the form factor is 3.5 inches and the outer diameter
of the magnetic disk 22 is 84 mm, the present invention is not
limited to this. The present invention can be applied to an
enclosure case having another form factor and a magnetic disk
having another outer diameter in 1line with the present
invention.

[0017]
[Advantages of the invention]

As described above, according to the present invention, it is
possible to increase the average seek time, and hence it is
possible to accelerate data read/write speed. Furthermore,
according to the present invention, it is possible to realize
the reduction of the fluttering and power consumption of a
magnetic disk. Moreover, the present invention has such an
effect that it is possible to make the center of gravity
coincide with or get closer to a center of an enclosure case
and to make writing of servo tracks easy.

Brief Description of the Drawings:

Figure 1 is an exploded perspective view of a Hard Disk Drive
according to the present embodiment;

Figure 2 is a top view of a Hard Disk Drive according to the
present embodiment;

Figure 3 is an enlarged drawing of an actuator 26 in a Hard
Disk Drive according to the present embodiment;

Figure 4 is a graph showing the relation between the distance
from a rotation center to a farthest end portion of a voice
coil 32 and the average seek time, according to the present
embodiment;
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Figures 5A and 5B are schematic diagrams of a Hard Disk Drive
according to the present embodiment and a conventional Hard
Disk Drive; and

Figures 6A and 6B are schematic diagrams of a Hard Disk Drive
according to the present embodiment and a Hard Disk Drive for

comparison.

(Description of symbols]

10 ... Hard Disk Drive
12 ... BRase

14 ... Cover

16 ... Enclosure case
18 ... Spindle motor
20 ... Hub

22 ... Magnetic disk
24 ... Top clamp

26 ... Actuator

28 ... Magnetic head
30 ... Pivot

32 ... Voice coil

34 ... VCM stator

36 ... Flexible cable (FPC)
38 ... Ramp block

40 ... Acoustic plate

42 ... Clock head
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Claims:

1. A hard disk drive, comprising;:
a magnetic disk to record data thereon;
a head to read data from and write data to the magnetic disk;
a voice coil motor to drive the head;
an enclosure case to contain the magnetic disk, the head, and the voice coil motor,
the enclosure case having a 3.5 inch form factor, and a center of the magnetic disk
being offset from a longitudinal center of the enclosure case in a width direction
in a range of approximately 1 to 5 mm, and wherein an outer diameter of the
magnetic disk is approximately 84 mm, which is smaller than that corresponding

to a form factor of the enclosure case.

2. The hard disk drive according to claim 1, wherein a distance between a rotational
center of the voice coil motor and an end portion of a voice coil is in the range of
approximately 34 to 37 mm, the distance being greater than that corresponding to a

form factor of the enclosure case.

3. The hard disk drive according to claim 1, wherein a center of gravity of the hard
disk drive is closer to a center of gravity of the enclosure case than that

corresponding to a form factor of the enclosure case.

4. The hard disk drive according to claim 1, wherein a rated rotational speed of the
magnetic disk is in a range of in excess of 10,000 rpm to 12,000 rpm, and wherein
a clock head mounted to the enclosure case has a proximity to the disk that is

smaller than that corresponding to the form factor of the enclosure case.

5. A hard disk drive, comprising;:
a magnetic disk to record data thereon;
a head to read or write data from or to the magnetic disk;
a voice coil motor to drive the head, the voice coil motor having a rotational
center, an end portion; and
an enclosure case to contain the magnetic disk, the head, and the voice coil motor,

wherein;
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<=>? @\BCDEFCH ‘]aK Iéle\:/rll\éga %ﬂeu magnetic disk is offset from a longitudinal center line of the
enclosure case in a range of 1 to 5 mm;
the magnetic disk and the voice coil motor are arranged on a diagonal line of the
enclosure case; and
a center of gravity of the hard disk drive thereby conforms and is closer to a center
of a surface of the enclosure case; wherein
a diameter of the magnetic disk is smaller than that corresponding to a form factor
of the enclosure case; wherein
a length of the voice coil motor between the rotational center and the end portion
that is greater than that corresponding to the form factor of the enclosure case, the
length being in the range of 34 to 37 mm; and wherein
a clock head mounted to the enclosure case has a proximity to the disk that is

smaller than that corresponding to the form factor of the enclosure case.



